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ABSTRACT

Objective: The objective of this study was to evaluate ICT-supported innovative
solutions through a new-generation rural living model, Vodafone Smart Village
(VSV) model, which is Turkiye's first smart village equipped with end-to-end
digital technologies and offers a new-generation rural life model.

Material and Methods: The study is based on a qualitative research method, a
case study analysis. The research design is a holistic single-case design. Within
the scope of the study, Vodafone Smart Village (VSV), located in Kasaplar
Neighborhood (Aydin), was examined. Data were collected through semi-
structured interviews and a questionnaire.

Results: To ensure a balanced and sustainable rural development and to plan
rural areas for keeping the pace with the globalizing world in the process of
transformation into an information society, it is essential to integrate ICT-
supported innovative solutions to rural areas. In this context, the effective use of
LEADER and Smart Village models is crucial.

Conclusion: This study emphasizes the importance of ICT-supported
innovative solutions in rural development plans, projects and practices in
Tarkiye, in particular relevant plans, policies and strategies to be created in
order to compete in the global world.

0z
Amag: Bu galismanin amaci, BIT destekli yenilikci ¢éziimlerin Tiirkiye’nin uctan

uca dijital teknolojilerle donatiimisg ilk akilli kdyd, yeni nesil kirsal yasam modeli
olan Vodafone Akilli K8y (VAK) modeli zerinden degerlendirimesidir.

Materyal ve Yontem: Calisma, nitel arastirma yontemlerinden biri olan ornek
alan calismasina dayanmaktadir. Arastirma deseni ise bituncil tek durum
desenidir. Calisma kapsaminda Kasaplar Mahallesinde (Aydin) yer alan
Vodafone Akilli Kdy (VAK) incelenmistir. Veriler yari yapilandiriimis mulakat ve
anket ile toplanmigtir.

Arastirma Bulgulari: Dengeli ve surdurtlebilir kirsal kalkinmanin saglanmasi
ve kirsal alanlarin planlanarak bilgi toplumuna dénusidm surecinde kiresellesen
diinyaya ayak uydurabilmesi icin BIT destekli yenilikgi goziimlerin kirsal alanlara
entegrasyonu saglanmaldir. Bu kapsamda LEADER ve Akilli K&y modelleri
etkin bir sekilde kullaniimalidir.

Sonug: Bu galisma; Turkiye’de kirsal kalkinma plan, proje ve uygulamalarinda
Ozellikle kuresel diinyada rekabet edebilmek igin olusturulacak plan, politika ve
stratejilerin BIT destekli yenilikgi cdziimleri de icermesi gerektiginin énemini
vurgulamaktadir.
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INTRODUCTION

After the 1980s, rural development and rural area planning became one of the priorities of growth-
based policies (Gllgubuk, 2006; Mantino, 2010; Naldi et al., 2015). Problems such as increasing income
inequality and poverty, deterioration of the rural-urban balance in favor of the city, increasing
development gap between regions, social injustices and economic imbalances, pollution and rapid
consumption of natural resources, climate change, global warming, and growing digital divide with
developing technology have increased the focus on the development of rural areas (OECD, 2006;
Yenigul, 2017). Demographic and socio-economic structures of rural areas are more limited and static
than those of urban areas. In addition, many problems, such as infrastructure (roads, water, electricity,
telephone, internet systems), development, and advancement of education and health facilities are limited
in rural areas. The socio-economic characteristics of the people in rural areas are low. For this reason,
the inability to adapt and use technologies restrict rural people's access to technical information, thus
negatively affecting the development of rural areas and the transformation process of rural people into an
information society (World Bank, 2005; Maumbe & Okello, 2013).

Since the beginning of the 2000s, the information revolution has transformed technology into an
essential part of daily life, significantly improving the quality of life. Competitiveness of businesses has
increased, new economic growth and job opportunities have been created, better access to services has
been provided, and local communities have been strengthened; therefore, the global economy has been
reshaped, and the phenomenon of an information society has come to the fore (World Bank 2005; Hoq,
2012). In transforming countries into an information society, strategies for developing solutions for rural
people's problems also shape rural development approaches and area planning (Oztas Karl, 2021).
Developing information technologies requires a social structure that can adapt to the changes in
technology; for this reason, the concept of rural development has to dwell on community participation by
eliminating imbalances between rural and urban areas, ensuring collaboration between public and private
sectors, non-governmental organizations (NGOs), and local people, and adopting constructive
approaches, such as encouraging innovation (European Commission, 2006, 2017).

Information and communication technologies (ICT) are fundamental elements of the information
society and lead to inequalities that negatively affect the environmental, social, and economic structure due
to differences in use (Oztas et al., 2019). Societies are in a continuous process of transformation and
development, which causes a significant impact on individuals. One of these impacts, the inequality
between individuals, is called the "digital divide" (Hoffman & Novak, 1999) in the information society. When
inequality in the availability of information tools is added to the existing inequality in income and education
across rural and urban populations, the transition to an information society becomes more difficult.

In the transition to an information society, the socio-economic status of rural areas and people
affect the access and utilization practices of ICTs. In this context, the number of policies, projects, and
studies to increase access to ICTs and technology use in rural areas has been rising recently (European
Commission, 2018, 2020a, 2020b; ENRD, 2020). In particular, due to rapid technological developments,
the European Union (EU) is improving telecommunication services and solving the digital divide problem
through capacity-building programs (ENRD, 2019a). One of these efforts is the LEADER (Links Between
Actions for the Development of the Rural Economy) approach, an EU rural development initiative
(European Commission, 2017).

The LEADER approach is implemented in rural areas of the member states to achieve EU's rural
development objectives. The LEADER approach is a method that emerged in the context of achieving
and stimulating rural development through local rural communities, rather than through the
implementation of prescribed measures (European Commission, 2006; Cafete et al., 2020). The basis of
this approach is the participation of local actors in the decision-making processes of rural development
strategy-making and projects to be implemented in the EU, the openness and transparency of the
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process, the support of relevant private and public organizations, and the transfer of good practices
(Altundag, 2008; Nieto Masot et al., 2019). The LEADER approach distinguishes LEADER from traditional
rural development policies by showing "how" development will be achieved rather than "what" should be
done. The LEADER approach has 7 main components: bottom-up elaboration and implementation of
strategies, area-based local development strategies, local public-private sector partnerships: local action
groups (LAGS), innovation, networking, cooperation and integrated and multisectoral actions (Figure 1).
The components of the LEADER approach should not be considered separately from each other as they
complement each other (European Commission, 2006).

Area-based local
development strategies

i Bottom-up elaboration

and implementation of
/ strategies

Networking

The LEADER
Approach

\ Local public-private
sector partnerships: local

__—
/ \ action groups (L.A.G.s)

Integrated and Innovation
multisectoral actions

Figure 1. Seven key features of the LEADER approach (EC, 2006).
Sekil 1. LEADER yaklagiminin yedi temel ézelligi (EC, 2006).

In addition to the LEADER approach, one of the innovations emerging in the rural development
process is the smart village model, which is a model of rural development that uses ICTs to promote
sustainable development of rural areas based on clarifying characteristics and needs of rural
development, in addition to the LEADER approach in the EU (Zhang & Zhang, 2020). The smatrt village
model is based on a participatory approach that uses the solutions offered by digital technologies to
improve economic, social, and environmental conditions to develop and implement strategies, particularly
by promoting innovation (ENRD, 2019b).

Plans, projects, policies, and implementations for rural development in Tirkiye need to be more
organized, cohesive, and coordinated. The policies and practices were not formulated within the planning
discipline and plan gradation; they were partially supported by economic and social policies (Oztas &
Karaaslan, 2017; Berber, 2019). Policies were conducted to provide services to rural areas, and in
particular, the spatial dimension was ignored (Ogddil, 2019). While public and private sectors, as well as
NGOs, play active roles in decision-making processes, the participation of local people has not been
effective. In other words, an effective monitoring/evaluation mechanism was not established. Area-based
local development strategies have been designed, but local initiatives and regional and international
collaborations have not been supported adequately (Akci, 2015; Gokge et al., 2022).

In this context, local labor markets have yet to be established in Turkiye, and the contribution of
local organizations remains limited. Subsidies and loans were insufficient, and a top-down planning
approach was adopted (Gilgcubuk et al., 2016). In addition, social disharmony has increased; local
technology and knowledge have remained insignificant; ICT-supported innovative tools have not been
used effectively; and the increase in inequalities created by the digital divide has not been managed.
Smart and competitive strategies and policies that can integrate rural areas into the globalized world and
the transformation process stages of the society into an information society brought about by the
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developing technology have not been established. The policies on the topic were not implemented until
2003, and the concept of "rural area" comes to the fore only under two sections in Tirkiye's most recently
prepared "2015-2018 Information Society Strategy and Action Plan".

The objective of this study was to evaluate ICT-supported innovative solutions that can develop
innovative, local development strategies and support bottom-up planning to ensure rural development
and keep pace with the globalizing world in the process of transformation of rural areas into an
information society through the Vodafone Smart Village (VSV) model, which is Tirkiye's first smart village
equipped with end-to-end digital technologies and offers a new generation rural living model. Although
rural areas are not open to change due to their characteristics, they are more stable and can be easily
guided by appropriate transformation and planning policies.

In the rest of the study, the smart village model and ICT-supported innovative solution applications
are mentioned. Next, the study's methodology is detailed, and the findings are presented from the in-
depth interviews conducted in VSV and the surveys conducted in Kasaplar Neighborhood. Afterward, the
VSV Project is discussed within the scope of the LEADER approach. In the conclusion and
recommendations section, strategy and policy recommendations for the integration of ICT-supported
innovative solutions into rural areas are provided.

Smart village model

Technological developments and changes that alter people's daily routines, environmental
perceptions, electricity, food, health, and education are directly linked to the social and economic
characteristics of the community (Stojanova et al., 2021). Achieving sustainable development goals
requires finding the right solutions to economic inequality and climate change, ensuring access to modern
technologies, and utilizing the needed infrastructure (Oztas Karli, 2020). Considering the
disadvantages/advantages of practical approaches, making rural areas "smart" is one of the most
promising paths in rural development, as it improves the quality of life and economic level of rural people
by keeping pace with developing technology and has the potential to be more effective than other
strategies (Zavratnik, 2018; Gerli et al., 2022).

Smart villages are settlements based on a rural development model that acquires smart solutions
for the local problems of rural people (Renukappa et al., 2022). Building on existing local capabilities and
the sustainable development of their respective regions (Ella & Andari, 2018), they provide a participatory
approach to improving economic, social, and environmental conditions, developing and implementing
strategies, especially in promoting innovation and using the solutions offered by digital technologies.
Smart village managers collaborate with other communities and actors in rural and urban areas. The
creation and implementation of smart village strategies are financed by various public and private sources
(World Bank, 2019). To implement the smart village model, the decision-makers must adopt a bottom-up
integrated planning approach, establish effective public-private community partnerships, develop
supportive policy frameworks, and provide access to financing mechanisms. The most important point of
the process is to ensure local communities' participation and make decisions in parallel with the wishes
and needs of the community (Gevelt et al., 2018). Therefore, it is necessary to adopt a "problem-solving"
perspective that aims to determine the problems in rural areas and generate solutions with ICTs in
developing smart villages.

The developments in information technologies have changed the traditional service provision and
the demographic structure of rural areas. To keep pace with these developments, it is necessary to
increase and develop the use of ICT-supported innovative solutions (National Rural Development
Strategy, 2015). Internet technologies can provide access to any information from anywhere at any time,
and along with the developments in ICT, the interaction between people and computers is increasing.
These developments increase the need for applications related to the smart village. The "Internet of

544



ICT-supported applications in rural area planning: Vodafone Smart Village model

Things (IoT)" concept stands out as one of these smart systems. With 10T, any data can be received from
anywhere at any time, and data can be collected, exchanged, and analyzed. In this context, 10T offers
various opportunities to users (Can et al., 2016).

Several applications increase people's quality of life and contribute to societies' social, cultural, and
economic development in various fields, along with the increase in the ability of objects to interact while
sharing information. 10T is used in education, agriculture, and health services. In education, e-books,
teleconferencing, and video conferencing with experts are some examples (Mohanty et al., 2020). In the
medical and healthcare fields, telemedicine, remote health monitoring, emergency notification systems,
wearable IoT devices, real-time baby monitoring (Chandra et al., 2019; Gahlot et al., 2018), in agriculture,
smart agricultural applications (Sensitive Agriculture, Livestock Management / Animal Monitoring, Monitoring
of Climate Conditions, Smart Greenhouse / Greenhouse Automation, Crop Management, Pest Control
Management, Food Stock Management, Dairy Farm Monitoring, End-to-End Farm Management, Agricultural
Drones, Kindle E-Books, Mobile Applications, Site Specific Food Production, Productivity, Protection, Soil
Quality Control) can be given as some of the examples (Aleksandrova, 2018; Xing et al., 2021).

Recent technological advancements made smart systems more common across European
countries. These smart-systems analyze all factors required for production. Producers can monitor and
manage farming duties with a tablet or a phone, which reduces the labor force, creating more efficient
production opportunities (ENRD, 2019b; Komorowski & Stanny, 2020). Smart agriculture practices guide
actions to transform and reshape agricultural systems to effectively support development and provide
food security in a changing climate (FAO, 2019). High-tech smart farming systems are used on farms; the
whole farm is monitored, humidity and temperature levels are controlled with smart sensors, misuse of
resources is prevented, and pollution is reduced (Avsar, 2016). Smart irrigation is a relatively new
concept in the agricultural sector. Sensors and water flow controllers are used in the irrigation cycle.
These tools are programmed to run at certain times of the day to enable controlled water use, which
reduces the amount of water used on a field by automating the running times of the irrigation system
(Soni et al., 2018; FAO, 2019). The smart village model is not the only strategy for developing rural areas
(Zavratnik et al., 2018), but it facilitates the rural development process (Adamowicz & Zwolinska-Ligaj,
2020). Therefore, strategies and policies should be developed to create smart and competitive rural areas
in the rural development process by utilizing technological opportunities.

MATERIALS and METHODS
Materials

The main material of the study consists of printed and online publications, reports and documents
of various institutions and organizations, plans and projects, statistical data, and legal regulations. In
addition, the materials of the study include face-to-face in-detailed interviews conducted with 3 members
of the project team and fieldwork on 28.05.2019 in the implementation area of the VSV located in
Kasaplar Neighborhood of Kogarli District of Aydin Province, and face-to-face surveys conducted with 64
people on 27.05.2019 in Kasaplar Neighborhood.

Methods

The study is based on a case study, one of the qualitative research methods (Figure 2). The
research design is a holistic single-case design. In the holistic single-case design, there is a single unit of
analysis (a city, a family, a port, a village, etc.) (Yildinrm & Simsek, 2008). Within the scope of the study,
Vodafone Smart Village (VSV), located in Aydin Province, Kogarli District, Kasaplar Neighborhood, and
Kasaplar Neighborhood was examined. The practices in VSV were evaluated within the scope of the
LEADER approach. In this context, five features and 15 criteria were selected within the study's scope to
evaluate the VSV Project's impact on rural development. In the period of transformation to an information
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society in Turkiye, VSV was selected as the study area due to the use of ICTs in rural areas, especially in
the agricultural sector. In this context, it is the only "smart village" in Tlrkiye. In the study, data were
collected in May 2019 through in-detailed interviews and questionnaires. In-depth interviews and semi-
structured interviews were used to collect data from the founders of VSV in line with the VSV Project
process (project development process, project implementation process, and the project's effects). The
guestionnaires were used to evaluate the approach of the people of Kasaplar Neighborhood to the
problems experienced in rural areas, which constitute an obstacle to rural development in Turkiye in the
process of transformation into an information society in the context of technological developments. In this
context, the questionnaire included three headings: socio-economic and demographic and environmental
and social indicators and evaluated within the scope of this study.

A convenience sampling technique was used in the study. According to the province-based
neighborhood population for 2019 obtained from the TURKSTAT Address Based Population Registration
System (ABPRS), 470 (N) people live in Kasaplar Neighborhood (TURKSTAT, 2019). In order to ensure
statistical significance at a 95% confidence interval (Cochran, 1963), it was calculated that the sample
size should be at least 54 (Equation 1). To minimize the error value, the required number of surveys was
exceeded by 10%, and 64 face-to-face surveys were conducted.

Z°NPQ 1,962.470.50.50
n=——Wp——= 5 > =54 1)
ND?+Z?PQ 470.10%+1,962.50.50

n: sample size

Z: confidence coefficient

N: population

P: the probability that the characteristic to be measured is present in the population
Q:1-P

D: accepted sampling error (a sampling error of 10% was assumed for the study).

- Demographic and
socio-economic

Kasaplar — | Questionnaire |—* indicators
Village + Environmental

indicators
/ - Social indicators
PURPOSE < LITERATURE

+ Preparation process
\ for the project

Vodafone — |Semi-structured (.- Project
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Figure 2. Research framework.

Sekil 2. Arastirma cercevesi.
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RESULTS and CONCLUSION

Vodafone smart village (VSV) project

VSV Project was launched on 26 October 2017 in Aydin Province, Kogarli District, Kasaplar
Neighborhood, in partnership with TABIT (Tarimsal Bilisim ve iletisim Teknolojileri Ltd. Sti.) and Vodafone
Turkiye to support development in rural areas. VSV is "the world's and Turkiye's first smart village
equipped with end-to-end digital technologies" (Vodafone, 2017). This project created a "new generation
rural life model" by integrating advanced technology into traditional agricultural techniques. This model
aims to increase productivity in production and use smart agricultural practices in family farming and
improve the villagers' quality of life. The project area was 29.8 hectares together with the pasture belonging
to the village (Figure 3). The VSV Project includes sections such as "modern fruit growing area, under-
canopy vegetable growing area, modern hothouse practices, open field vegetable and fodder plant
cultivation, fruit and vegetable processing warehouse, cold air facility, collective milking and milk cooling
system, modern pasture (grazing) area, monitoring and tracking center, water and fertilizer management
center, animal feeding and management center, farmer decision support center, renewable energy solution
center, soil leaf analysis laboratories, experience workshops, training centers, social life, and sports
facilities" (Vodafone, 2017).

Figure 3. VSV settlement area (VAKDR, 2019).
Sekil 3. VAK yerlesim alani (VAKDR, 2019).

Preparation process for the project

The emergence of VSV is based on the "agricultural marketing" project of TABIT (Agricultural
Information and Communication Technologies). With this project, 17,000 villages in Tirkiye were visited,
the problems in rural areas were determined and solutions were generated. However, after a while, it
was observed that the rural people did not implement these solutions. For this reason, instead of visiting
every village, the foundations of the VSV Project were initiated with the idea of creating a center, a model
village that everyone can be inspired by and that can adapt to any place. The project was initiated with
the idea that it would be an area where farmers who want to be informed about the practices described by
visiting the villages or who want to apply them in their fields can come, receive training and practice (T.
AKin, personal communication, 28 May 2019).
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The main criteria determined for the site selection of VSV are given below;

+ It should be established on fertile agricultural land where most crops are grown ,

» It should be away from the leverage pressure brought by the housing and tourism sectors,

* It should be a village with dominant rural characteristics (economic, social, demographic),

* It should be about 1 hour from the international airport,

* It should represent Turkiye in terms of demographic characteristics (low education level,
average income level, high elderly population, high migration, etc.),

* It must be an undeveloped village in the western part of Turkiye,

» There should be resistance such as the education level of the village people, the population of
the village, and the existence of certain problems in the settlement area.

In the context of these criteria, 5 provinces were determined as Izmir, Aydin, Manisa, Mugla, and
Mersin. The main reason for choosing these 5 provinces is that 80% to 96% of the agricultural products
grown in Tilrkiye can be produced in these provinces. These 5 provinces were evaluated within
themselves, and it was seen that Kocarli District of Aydin Province met the above criteria, and it was
decided to establish the campus in Kasaplar Neighborhood. The selection of Kasaplar Neighborhood was
influenced by the fact that agricultural and animal production areas are very close (C. Yildirim, personal
communication, 28 May 2019).

The imbalances created by the plans and policies in Tirkiye between rural and urban areas have
increased with various problems arising in the rural development process. The objectives of the VSV
Project to solve these problems and especially the use of developing technology in agricultural production
are directly related to rural development policies. As a result of the rural development policies examined
by Yildinm and Akin (2019) in the process of smart village development, it was determined that there are
deficiencies in rural development since the development plans in Turkiye require a society that consumes
rather than produces-the project aimed to eliminate these deficiencies.

The projects and practices implemented within the scope of LEADER in the EU also show that
projects where local people are the main actors are successful. In the VSV Project, the "participation™
approach, one of Turkiye's biggest and most important deficiencies in rural development policies, has been
adopted. Within the scope of the VSV Project, which does not ignore local actors, the support of the public
was obtained by conducting interviews with local people before the implementation (T. Akin, personal
communication, 28 May 2019). However, in time, the locals did not support the project knowingly and
consciously, and the reason for this was that there was a different perception of economic income in the
village people due to the name "Vodafone" (C. Yildinm, personal communication, 28 May 2019).

Project implementation process

VSV is "Turkiye's first technology application village" (Vodafone, 2017); it aims to use fully smart
devices in the agricultural production process and animal husbandry in the village. In addition, automation
systems and measurements will be managed with mobile devices. Qualified data will be collected in a
single center in this way. In this context, 10T applications for "smart irrigation system, early warning
system, pest automation, seedling planting techniques, solar drying system, atmosphere-controlled
soilless green feed production, new generation olive and almond garden, smart milking system, smart
pasture, spraying unit, smart hothouse, N.F.C. technology, free-range chicken unit, beekeeping systems"
are included in VSV (O. Kurt, personal communication, 28 May 2019). It is planned to make farmers' lives
easier with these applications' effective and efficient use.

2016-2018 Vodafone Smart Village Status Report (VSVSR, 2019) was utilized in the
implementation process of the project (Figure 4-5);
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e Smart Pasture research for the reduction of feed costs in animal husbandry,

e Establishing a collective milking station to increase milk yield in animal husbandry and using
smart information management.

o Efficient lettuce cultivation work with women entrepreneurs using smart technologies,

e Efforts to increase yield in profitable melon cultivation,

o Efforts to increase yields in profitable cotton cultivation and olive cultivation, village poultry and
beekeeping,

e |n VSV, itis seen that objectives such as organizing various courses and activities for training
and socialization for farmers, women, youth, and children were achieved.

The VSV Project is actually a project closely intertwined with the villagers (T. Akin, personal
communication, 28 May 2019). It is seen that a community-based approach is adopted that does not
ignore the needs of society and tries to produce solutions by taking into account the problems that may
arise in the continuation of the process. In VSV, ICTs are currently used in agriculture and education. In
Kasaplar Neighborhood, especially the agricultural production process is combined with ICT.

Figure 4. Project implementation examples (1) (VAKDR, 2019).
Sekil 4. Proje uygulama ornekleri (1) (VAKDR, 2019).

DIJITAL TEKNOLOJI
UCTAN UCA DONAT

fDU'éYA N"iLK

Figure 5. Project implementation examples (2) (VAKDR, 2019).
Sekil 5. Proje uygulama ornekleri (2) (VAKDR, 2019).

Impacts of the project

The VSV Project promotes the region and Kasaplar Neighborhood on a local, national, and
international scale. However, the villagers' dependence on the traditional production method, lack of
willingness to work, being closed to innovation, and, most importantly, thinking that they have more
knowledge than experts and acting accordingly make the use of ICTs difficult and negatively affect the
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development process of the smart village (C. Yildirnm, personal communication, 28 May 2019). In
addition, while participation in smart village applications was high at the beginning of the project process,
the people of Kasaplar Neighborhood showed a negative attitude towards VSV later on. The application
in which almost the whole village actively participated is the smart milking center (O. Kurt, personal
communication, 28 May 2019). 5 women farmers earned significant income by producing lettuce in the
smart greenhouse with the training they received. One farmer also earned income through early melon
production (VAKDR, 2019). Although participation is not at the expected level, it is seen that the yield
obtained by the participating farmers is at the expected level. The approach of the surrounding
neighborhoods to the VSV Project is more moderate than in Kasaplar Neighborhood (C. Yildirim,
personal communication, 28 May 2019).

Kasaplar neighborhood survey assessment

The survey was conducted with 64 people living in Kasaplar Neighborhood; it was aimed to
determine the capacity use and skills of I.C.T. applications of the people living in Kasaplar Neighborhood
and to establish the relationship between Kasaplar Neighborhood and VSV. The findings obtained from
the evaluation of the survey results are given below.

Demographic and socio-economic indicators

The sample consists of 37.5% women and 62.5% men; 12.5% are 20-30 years old, 12.5% are 31-40
years old, 6.3% are 41-50 years old, 31.3% are 51-60 years old, and 37.5% are over 61 years old; 25%
are single and 75% are married. When the educational status was examined, it was found that 18.8%
were secondary education graduates, 25% were primary education graduates, 31.3% were literate, and
25% were illiterate. The people in the sample have yet to complete secondary, high school, and higher
education degrees.

While 6.3% of the respondents always, 50% sometimes, and 43.8% never use VSV's facilities
during agricultural production. It is observed that the rate of never utilization is high due to the low number
of people engaged in production among the respondents, the presence of elderly individuals, and
especially the fact that some individuals are against this project. However, to make a better evaluation,
another question was asked to the public about their use of VSV applications. The main purpose of
asking this question is to determine whether this is the case only in the agricultural production phase or
whether the utilization rates of VSV practices generally are at the same level. While 25% of the
neighborhood people do not use any application, 75% of them use applications. Among these
applications, it is noteworthy that the usage rates of the smart milking center (38.2%) and farmer SMS
package (35.6%) are higher than the other applications. Only 1.2% of the sample stated that they use
other applications (smart irrigation and smart pasture).

Notably, the milking process, a very difficult task, especially for women, became easier with the
"smart milking center,” which benefits women and is the most used application. It was determined that
after a certain period, the people come to the smart milking center, which is actively used only for the
cow milking action, and they do not have attitudes such as obtaining more efficiently and more liters of
milk and generating economic income from it. With the "farmer SMS package," producers received
daily data and news on weather conditions, irrigation amounts, etc., which provided great convenience
to the users. In addition, although the neighborhood residents did not use all of the VSV applications,
they stated that the smart village supported the producers by organizing courses on agricultural
productivity and production and by making the agricultural tools in the VSV available for the use of the
neighborhood people.

A total of 68.8% of the people surveyed with the VSV Project stated that they use smart
technologies in production and animal husbandry, making their lives easier and increasing their income.
The contribution of the VSV Project to employment was positively acknowledged by the majority, with 75%
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stating that it played a role. However, they expressed a preference not to work themselves. Once more,
participants in this sample expressed that the VSV Project contributed to women's participation in working
life, with a rate of 43.8%.

According to 75% of the respondents, the VSV Project team supports agricultural production and
productivity. With the use of smart agriculture practices, farmers learned industrial and traditional
agricultural  technigques. However, in terms of the transition to industrial agriculture, respondents
expressed varying views: 56.3% stated that agriculture was negatively affected, 12.5% found it beneficial,
while 31.2% remained undecided. Farmers generally do not want to change the traditional agricultural
techniques they are used to, so they have yet to adopt the industrial agriculture technique fully.

Among those surveyed with the VSV Project, a majority of 68.8% reported using smart
technologies in production and animal husbandry, citing that it eases their lives and enhances their
income. The positive response to the impact of the VSV Project on employment came from 75% of the
respondents. They acknowledged the project's contribution to employment but expressed a preference
not to engage in the work themselves. Once more, participants in this sample, at a rate of 43.8%, affirmed
the contribution of the VSV Project to women's participation in working life.

According to 75% of the respondents, the VSV Project team provides support in agricultural
production and productivity. With the use of smart agriculture practices, farmers have learned industrial
agriculture techniques as well as traditional agriculture techniques. However, for the transition to industrial
agriculture, 56.3% of the respondents stated that agriculture was negatively affected, 12.5% stated that it
was beneficial, and 31.2% were undecided. In general, farmers do not want to change the traditional
agricultural techniques they are used to, so they have not fully adopted the industrial agriculture technique.

Among the respondents, those who believed that the VSV staff involved in transferring VSV
practices to the neighborhood possessed sufficient knowledge constituted 56.3%, while 25% remained
undecided, and 18.7% expressed the need for more knowledge.

It is seen that the fact that Kasaplar Neighborhood has fertile soils and offers the opportunity to
grow a wide variety of products due to its climate cannot be turned into an opportunity by the
neighborhood people. The VSV Project offers various opportunities to the people of the neighborhood to
increase their economic income and improve their quality of life.

Environmental indicators

It has been determined that there are some problems in infrastructure services such as sewerage,
water, and roads in Kasaplar Neighborhood. 33.3% of the respondents state that VSV has yet to
contribute to Kasaplar Neighborhood regarding infrastructure and superstructure. On the other hand, 40%
of the respondents stated that VSV did contribute to the neighborhood; a stream in the neighborhood was
cleaned, the existing football pitch was improved, and wifi and internet were provided in the neighborhood
square. In addition, the respondents stated that infrastructure services should be provided by central and
local governments, that the VSV team does not have such an obligation, and that it is wrong to attribute
such problems to them. This statement indicates that there are problems in the planning process,
especially in the implementation and monitoring/evaluation stages, that infrastructure services in rural
areas need to be improved, and that the control of services cannot be ensured.

In addition, it was stated that the VSV team made arrangements in the idle pasture at the
neighborhood's entrance, made the pasture usable, provided road service, and contributed to the painting
of the exterior facades of the houses by providing free paint. It was found that the spatial arrangement of
the neighborhood was the focus of 78.7% of the examples provided by the respondents.

Social indicators

During their leisure hours, a substantial 68.8% of the surveyed individuals choose to allocate their
free time in coffeehouses. Moreover, worship is practiced by women to the extent of 18.8%, while 6.3%
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prefer spending time with neighbors, and an additional 6.3% of young individuals engage in sightseeing
activities. 85.7% of the people of the neighborhood who participated in the survey stated that VSV
provides opportunities for the socialization of the people of Kasaplar Neighborhood. Of these
opportunities, 64.3% are family tea gardens, and 21.4% are football pitches. 81.3% of the respondents
stated that VSV carries out activities to integrate women into social life. These activities generally include
training and courses for women. However, as in other practices, the neighborhood people stopped
attending these training after a while.

87.5% of the respondents stated that the VSV team provides various training courses to increase
people's ability to use technology. These courses are especially beneficial for the poorly educated and
elderly people. However, it was also found that the courses were ended due to insufficient participation in
these courses.

50 % of the respondents stated that VSV's technological infrastructure and applications contributed
to the neighborhood, 25% were undecided, and 25% stated that they did not contribute. When we look at
the ownership of technological tools of the neighborhood people, it is seen that the ownership of
smartphones (87.5%) and mobile internet (62.5%) is at the highest rate. Laptop ownership and home
internet use were found mostly in families with children. In addition, it was observed that the individuals
who use normal mobile phones are younger individuals with higher educational attainment. In general, it
is concluded that the neighborhood has an infrastructure in terms of device ownership, but they use them,
especially for communication and socializing purposes.

Notably, the social opportunities offered by VSV are especially targeted toward women and
children, who are characterized as disadvantaged groups. It is seen that courses are organized to
contribute to children's education, and social activities such as theatre and cinema, which are not
available in urban areas, are carried out in the VSV settlement. It has been determined that VSV has
carried out various activities for the people to follow the current technologies and improve their ability to
use technology. Still, all these activities have stopped due to the need for more public participation.

The survey findings show that the VSV team is trying to implement and disseminate the
technological infrastructure. Still, the neighborhood residents prefer to use these applications or attend
courses. To summarize, it was found that although the respondents knew what would benefit them and
were aware of the opportunities offered by VSV, they needed to be more engaged with VSV.

DISCUSSION

The current planning system and the laws and regulations made for this purpose are beginning to
differentiate under the influence of changing and developing technological and socio-economic factors.
Rural areas are being reshaped, and the problems of rural areas vary in this context. These problems are
the ones that arise due to the inability to use technological tools and technology, such as the digital divide
that emerges based on globalization and developing technology, the inability to take part in global
networks, the inability to use ICT-supported innovative solutions in production, and in this context, the
decrease in efficiency and loss of time. Among these problems, the digital divide makes structural
adaptation difficult in rural areas. The inability to take place in global networks causes rural people to be
inadequate in cooperation. The inability to use ICT-supported innovative solutions in production reduces
productivity and accelerates rural-urban migration. In addition, the inadequate educational status of the
rural people and the fact that they need to be open to innovations cause the emergence of the need for
more ability to use technological tools and technology. In other words, the problem of "imbalance between
rural and urban areas" no longer manifests itself in inadequacy/imbalance in-service distribution. As can
be seen, globalization and developing technology change society's structure and existing problems. For
this reason, the transformation process into an information society should be well designed, and priority
should be given, especially to rural areas where disadvantaged people are concentrated.
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Adaptation to technology for rural development will strengthen the rural-urban relationship and
reduce inter-regional inequality in all dimensions by bringing innovative solutions to social issues.

To assess the impact of the VSV Project on rural development, 5 dimensions and 15 criteria were
identified within the context of the LEADER approach. These are in the management and planning
dimension; participation understanding, approach, strategic approaches, cooperation, planning
understanding, financial instruments, monitoring and evaluation criteria; in the social and demographic
dimension; social cohesion, digital divide, education level of rural people, local-specific criteria, in the
community dimension; networks, target group, cooperation, in the economic dimension; sectoral diversity,
local employment, local economy, women entrepreneurs, local development criteria and in the
technological dimension; innovation and smart and competitive rural areas criteria (Table 1).

Table 1. Evaluation of practices in VAK within the scope of LEADER approach
Cizelge 1. LEADER yaklagimi kapsaminda VAK’daki uygulamalarin degerlendirilmesi

Implementations in

Dimension Criteria Sub-criteria the VSV

Participation approach

Bottom-up approach
Top-down approach
Region-based approach
Area based approach
Public institutions
Private Sector

NGOs

Approach

Strategic approaches

MANAGEMENT AND Cooperation

PLANNING -
Local community
. Holistic planning
Planning approach Segmental planning
Subsidy
Financial tools Incentives
Local incentives
Monitoring and Assessment
Social cohesion
Digital divide
SOCIAL AND Low
DEMOGRAPHIC Education level of the rural population Medium
High
Local specific
Newworks Internationa
COMMUNITY
Target group
Cooperation
Agriculture
Tourism
. I Industry
Sectoral diversification - -
Tourism-Services
ECONOMY Agriculture-Tourism

Agriculture-Industry

Local employment
Local economy
Women entrepreneur
Local development

ICT (Information communication
Innovation technologies)
l0T (Internet of Things)

TECHNOLOGICAL

O] < 2|22 | X[X|X|X[X|2|<[X|O|<|O|X|[X|2|<|O|<2X[X|X[X|O|<|[<|<2|0|<|<|0O|<|<

Smart and competitive rural areas

V- Available O- Not sufficient X- Not available
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Management and planning dimension

The VSV Project adopts a participatory approach. However, it is observed that there needs to be
sufficient in ensuring the participation of local people in the process and the continuity of the participants. It
is difficult to ensure the continuity of projects not orientated toward the demands and needs that the public is
not involved in. In this context, at the stage of determining the stakeholders in the SMP process, an effective
group should be formed in which the local people will be active, as well as the private and public sectors,
including people who are important and trusted by the neighborhood people. This situation, which is also
encountered in the EU, has been solved by establishing local action groups (LAGs), one of the main
features of the LEADER approach. In fact, with the LAGs, the unequal weight of stakeholders in the
participation process, which causes the SMP to be criticized up to date, is also solved. In the LEADER
approach, LAGs should have a balanced structure, and stakeholders and partnerships from the private
sector should constitute at least 50% of local partnerships in the decision-making process.

Adopting a bottom-up planning approach, the managers of the VSV Project have created region
and area-based strategies and carried out studies orientated toward the wishes and needs of the public.
The projects and practices implemented in the EU within the scope of LEADER show that projects where
local people are the main actors are successful. However, the village is a "spatial" concept, and planning
has multifaceted environmental, social, and economic characteristics. A holistic planning approach that
includes these three dimensions should be adopted in the plans and projects.

The fact that the globally recognized Vodafone corporate company is one of the partners of the VSV
project facilitates VSV's national and international cooperation and integration into global networks. Looking
at the collaborations made during the creation process of VSV, it is seen that private sector institutions and
organizations, NGOs, and local people are involved in the process, but collaborations with public institutions
are insufficient. During the creation process of the projects and applications, Tirkiye's incentive options and
numbers needed to be improved; VSV did not benefit from public grants and incentives.

The process until the achievement of the objectives within the scope of the VSV Project is
monitored and evaluated. Although interventions are made in some cases arising from local actors to
ensure the effective functioning of the process, the monitoring and supervision mechanism needs to be
improved, which is one of the problems experienced in the SMP process in Turkiye, also emerges in the
VSV Project.

Social and demographic dimension

The educational status of rural people plays an effective role in developing rural areas. The low
level of education of the people of Kasaplar Neighborhood has a negative impact on VSV and causes an
increase in the digital divide. However, VSV is trying to reduce the digital divide with the activities carried
out to improve the technology usage skills of the local people and the wireless internet access service
established in the village square to increase the access of the village people to the internet; various
activities are carried out, especially for women and children. Courses such as literacy and handicrafts
were offered for women, while educational courses and activities were organized for children. In addition,
initiatives were taken to employ women, and women entrepreneurs were supported by providing training
on smart greenhouse production. It is seen that there needs to be more work on local identity or culture in
the practices carried out in VSV.

Community dimension

It is observed that VSV has national and international collaborations and is integrated into global
networks. However, in the community dimension, problems related to the quality of social capital in VSV
are noteworthy. Social capital includes the number and quality of other cooperation networks established
within NGOs and society. The need for high-quality social capital hinders the successful implementation
of participation processes. During the creation of the VSV Project, this issue should have been
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considered when creating the site selection criteria. In addition, VSV has not been able to create
international and national networks for the target group of the Kasaplar Neighborhood, and it has yet to
be able to benefit from the knowledge sharing and experiences of other individuals at a sufficient level.

Economic dimension

The practices in the VSV are focused on agriculture and animal husbandry, and there are no
activities to increase sectoral diversity (tourism, industry). Considering that 70% of the individuals in the
neighborhood work as farmers, 20% as laborers, and 10% as daily wage laborers, sectoral diversification
activities were ignored at the initial stage of the project. Providing local employment opportunities to rural
people, VSV has organized various activities and practical training to support women entrepreneurs,
especially efficient lettuce cultivation using smart technologies. On the other hand, efforts were made to
increase yields in profitable melon cultivation and milk yield incomes with a smart milking center. In addition,
farmers were allowed to use all the tools owned by VSV free of charge and to receive free consultancy from
experts. Since agriculture is the main sector in the Kasaplar neighborhood, it is seen that VSV contributes to
local employment and development, especially in agriculture and animal husbandry.

Technological dimension

In VSV, efforts aimed at ensuring the integration of technological developments in rural areas to
develop local development with a focus on agriculture. However, the use of ICTs and 10T tools should be
encouraged and supported in agriculture, education, and health. Although insufficient, digital libraries
have been established in VSV to inform people about farming, fertilization, diseases, etc., and especially
to increase their technological competencies. With these initiatives, efforts have been made to create
smart and competitive rural areas in order for rural areas to play an active role in the global market.

In cases where local people are unwilling to VSV, there are problems in producing solutions.
Nevertheless, with VSV, a unique and positive case study smart village model has been created in which
ICTs are used in the agricultural sector to create smart and competitive rural areas, where the problems
experienced in the rural development process in Turkiye are tried to be solved, and which has been put
into practice for the development of rural areas with the globalizing world and developing technology.

CONCLUSION and RECOMMENDATIONS

The VSV Project experience teaches many things about rural development in Tirkiye, rural area
planning, and adapting different models to rural areas. First of all, although all efforts in the organization
are associated with planned and appropriate actions, rural Turkiye's demographic and socio-economic
structure stands as an obstacle in front of all VSV and similar projects. Adoption of technology in
agricultural production and animal husbandry required by the smart village model, overcoming the
problems in the fields of education, health, infrastructure, etc. by increasing the communication of farmers
among themselves and with institutions through technology, adoption of ICT-supported applications and
prevention of digital divide will be possible by overcoming the problems in the demographic and socio-
economic structure of the local people.

First, comprehensive studies should be carried out to keep the young population in rural areas. The
proportion of the young population has decreased in the Kasaplar neighborhood; therefore, the target
group to adopt technology was limited. Returning this structure with its causes and consequences will be
possible when it is handled at different scales with regional, urban, and rural policies. Job opportunities
and social interactions for the young population to return to the neighborhood and continue their lives can
be made more easily accessible with technology.

Another issue is that the uneducated population is higher in rural areas. Smart village projects
should be considered together with both short-term and long-term education processes to ensure the
continuity of interest. Continuity of interest is also very important for the participation and support of the
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local community. This situation is also problematic due to the issues within the scope of the economic and
social structure. Economically unsatisfied rural people or insufficient motivation from the economic
contribution of the technology cause the local people not to participate in the training processes to a
sufficient extent. In addition, the social segregation between the male and female population causes
women, who adopt the changes more easily, to start training but not to continue afterward due to social
and economic pressures. The trained population's impact on the neighborhood remains marginal for
these reasons.

Within the scope of the study, strategy/policy recommendations for creating smart and competitive
rural areas / smart village models that can keep up with the globalized world and the transformation
process to the information society brought about by technology are presented below.

In the planning phase

* It should not be neglected that the characteristics and dynamics of each rural area are different,
and these issues should be taken into consideration during planning,

» Participation of actors in the planning process should be ensured,

» The ICT access and usage levels and skills of disadvantaged groups should be measured and
focused policies should be developed for each group (middle-aged and above, low-income, women, disabled).

* LEADER approach should be adopted in this context;

o Local action groups (LAGs) should be established in rural areas,

o A bottom-up planning approach should be adopted,

o Local development strategies should be developed for each region,
o International and national networking should be targeted,

o Cooperation should be built,

o Integrated and multi-sectoral activities should be organized,

o Innovation should be encouraged.

In the implementation phase

* Broadband internet access should be provided to rural areas,

* Telecommunication infrastructure should be improved in rural areas,
* The competitiveness of rural areas should be increased,

* Funding and incentive opportunities should be increased,

* Networks and cooperation should be built,

* The demands and needs of rural areas should be taken into consideration together with local
characteristics,

* ICT device ownership and access to ICTs should be increased,

» Efforts should be made to improve the digital skills of rural people, courses and training should
be organized,

» Visual content in Turkish should be enriched for individuals whose educational status is not very
good or who cannot read or write at all,

* The use of ICT in agricultural production in rural areas should be encouraged,

* The creation of a solidaristic social environment should be supported,
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» Sectoral diversity in rural areas should be increased.
At the monitoring/assessment phase
* Monitoring and assessment mechanisms should be established,

+ A "digital divide index" should be developed to enable the development of policies for rural
people by measuring the ICT access, utilization, and skills of rural people.

ICT-supported innovative solutions should be integrated into rural areas to ensure balanced and
sustainable rural development and to plan rural areas and keep pace with the globalizing world in the
process of transformation into an information society. In this context, the effective use of LEADER and
Smart Village models in rural development contributes to increasing the competitiveness of rural areas,
improving environmental quality with spatial development projects, developing innovative methods in rural
area planning, developing interdisciplinary and public participation studies, and effective use of monitoring
and evaluation mechanism. Finally, this study emphasizes the importance of ICT-supported innovative
solutions in Tarkiye's rural development plans, projects, and practices, especially the plans, policies, and
strategies to be created to compete globally.
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ABSTRACT

Objective: The objective of this study was to examine the production quantity-
price relationship in cotton production in Azerbaijan with the data of the period
1995-2022.

Materials and Methods: In this study, the data obtained from FAOSTAT and
the State Statistics Committee of the Republic of Azerbaijan were analyzed.
Koyck model was used to analyze the relationship between cotton production
and price in Azerbaijan.

Results: It was determined that the time required for the change in cotton
prices to cause a significant and perceptible effect on cotton production is 2,86
years according to the average number of lags. A one-unit increase in cotton
prices increases production by 2,524 tons, while a one-unit change in prices in
the previous period increases cotton production by 1,870 tons.

Conclusion: In order to sustain and increase cotton production in Azerbaijan
and to create international competition opportunities, it is necessary to closely
follow the developments in the production of this product and develop
alternative strategies and policies.

0z

Amag: Bu ¢alismanin amaci, Azerbaycan'da pamuk Uretiminde Uretim miktari-
fiyat iligkisini 1995-2022 dénemi verileriyle incelemektir.

Materyal ve Yontem: Bu calismada FAOSTAT ve Azerbaycan Cumhuriyeti
Devlet Istatistik Komitesinden elde edilen veriler analiz edilmistir. Azerbaycan'da
pamuk Uretimi ile fiyat arasindaki iligkiyi analiz etmek igin Koyck modeli
kullanilimistir.

Arastirma Bulgularn: Ortalama gecikme sayisina goére, pamuk fiyatlarindaki
degisimin pamuk Uretimi lzerinde anlamh ve hissedilir bir etki yaratmasi igin
gereken slrenin 2,86 yil oldugu tespit edilmistir. Pamuk fiyatlarindaki bir birimlik
artis Uretimi 2,524 ton artirirken, 6nceki dénemde fiyatlardaki bir birimlik
degisiklik pamuk Gretimini 1,870 ton artirmaktadir.

Sonug: Azerbaycan'da pamuk Uretiminin surdurllebilmesi, arttirimasi ve
uluslararasi rekabet imkanlarinin olusturulabilmesi igin bu Grtinin Uretimindeki
gelismelerin  yakindan takip edilmesi, alternatif strateji ve politikalarin
gelistiriimesi gerekmektedir.
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INTRODUCTION

Due to the fact that agricultural production is significantly affected by natural conditions, producers
are faced to find solutions to different risks and uncertainties. The negativities in climatic conditions,
diseases and pests and uncertainties about the price have an impact on production (Erdal, 2006).
Farmers in Azerbaijan face significant price uncertainties due to their small lands and lack of organization.
Generally, farmers take the prices of the previous year as a basis when making production decisions.
This situation may cause fluctuations in production amount and price. In agricultural production, a period
of time must pass for the products to come to harvest. Therefore, the supply elasticity of agricultural
products is low in the short term. Therefore, farmers can show their price sensitivity in the next year's
production (Ercakar & Tasgi, 2011).

Due to this structural feature of agricultural products, production quantity-price relationship can be
analyzed with the help of Distributed Delay Models. In regression models using time series data, if the
model includes not only the present values but also the lagged (past) values of the explanatory variables,
it is called a distributed lag model (Gujarati, 2001). The Koyck model was developed to predict distributed
lag models in order to eliminate the problems of multicollinearity and decreasing degrees of freedom
depending on the lag length (Koyck, 1954). As a matter of fact, in many studies conducted in different
countries, it is seen that the Koyck model is used in the analysis of the relationship between the
production quantity and price of different crops (Yurdakul, 1998; Dikmen 2006; Erdal, 2006; Erdal & Erdal,
2008; Cetinkaya, 2012; Celik, 2014; De Silva et al., 2014; Dogan et al., 2014; Hasan & Khalequzzaman,
2015; Mbise, 2016; Akgul & Yildiz, 2016; Al-Shamary & Mikhlef, 2017; Berk, 2017; Hasan et al., 2017;
Agazade, 2021; Avcioglu & Aksoy, 2021; Faied & Elshater, 2022; Turgut et al., 2023).

Cotton is one of the most important crops in the economy of Azerbaijan. While cotton production
meets the country's needs, it also provides an important export income for the country. In 2021, 287,041
tons of cotton were produced on 100,590 hectares of land in Azerbaijan. In 2021, 38.4% of the cotton
produced in Azerbaijan came from Mil-mughan, 28.3% from Karabakh and 23.4% from Shirvan-salyan
economic regions. In 2022, the production area reached 104,000 hectares and the production reached
322,300 tons. About 190,000 people in the country still earn their living from cotton growing (The State
Statistics Committee of the Republic of Azerbaijan, 2023).

The “State Program for the Development of Cotton Production” covering the period from 2017 to -
2022 in Azerbaijan made significant contributions. The main policy objectives set in the program are to
increase cotton production, revive the ginning and processing industry, improve employment
opportunities and improve exports. With this program, the government also decided to support farmers in
purchasing agricultural machinery, fertilizers and other inputs (Zeynalova & Engindeniz, 2023a).
Estimation studies show that cotton production in Azerbaijan will increase and it may reach 326,112 tons
in 2024 (Uzundumlu et al., 2023).

In 2021, Azerbaijan exported 207,980 tons of cotton fiber and 58,115 tons of cotton fabrics to other
countries such as Turkiye, Iran, Russia, Pakistan, Ukraine, Bangladesh, and Switzerland (Zeynalova &
Engindeniz, 2023b). Azerbaijan exported 114,728 tons of cotton fiber and 16,186 tons of cotton fabrics to
Tarkiye in 2021 (The State Statistics Committee of the Republic of Azerbaijan, 2023).

The increases in cotton production and exports in Azerbaijan in recent years are significant. However,
research on cotton should be continued and this sector should be followed closely in order to ensure the
country's self-sufficiency and sustain the export level. In cotton production, prices received by farmers play
an important role in directing production. In many studies that analyze the effect of prices on cotton
production in different countries, it has been revealed that farmers plan production based on price and are
affected by price fluctuations (Hudson et al., 1996; Tossi, 2013; Ahmad & Afzal, 2018; MacDonald & Meyer,
2018; Geetha & Mahe, 2019; Shahraki et al., 2019; Wang et al., 2021; Bodjongo, 2022). Increasing studies
in this direction in Azerbaijan will be important in determining appropriate policies that can be implemented.
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Analyzing the relationship between production quantity and price of cotton will provide important
contributions in terms of revealing the sensitivity of farmers to prices and creating data for effective
marketing organizations for cotton. The objective of this study was to examine the production quantity-
price relationship in cotton production in Azerbaijan with the Koyck model.

MATERIALS and METHODS
Data

In the study, cotton production and cotton price data obtained from FAOSTAT and the State
Statistics Committee of the Republic of Azerbaijan were analyzed. Data are annual and cover the period
1995-2022. In addition, the results of previous similar studies were also used.

Method

In order to adjust cotton current prices from the effects of inflation, the price series were converted
to 1995-based fixed agricultural index values. The prepared data were regressed with the Koyck model
(the distributed lag model) and analyzes were carried out. Tons (1,000 kg) are used for cotton production,
and AZN (Azerbaijan Manat)/kg for cotton price. In 2022, it was 1 AZN =0.59 USD.

Koyck Model

Distributed lag models have a special importance in the economic literature in that they enable the
analysis of the behavior of economic units (consumers and producers, etc.). Distributed lag models, first
studied and used by Irving Fisher, include not only the present (current year) value of the explanatory
variable, but also past years' values (Isyar, 1999). If the explanatory variable is not defined how far back
into the past, it is called an "infinitely lag model" and is shown as follows;

Ye=a+BoXttB1Xer+B2Xez +..eeeee. + Ut (1)

If the number of years to go back to the past for the explanatory variable is determined by k, this is
called the “finite distributed lag model” and is defined as follows;

Yi=a+BoXt+ B1Xea+B2Xez +...eeeie. + Bk Xtk +Ut 2
In model, the dependent variable Y (Yi....... Ytk) is affected not only by the present value (X;) of the
explanatory variable X, but also by its past values (Xt1 ....... Xtk). Most of the time, Y reacts to X after a

while, this time is called lag (lag length) (Dikmen, 2006).

In distributed lag models, unknown parameters (a, fo,...., Bk) can be estimated by the classical
least squares method (Alt, 1942; Gujarati, 2001). However, there are some drawbacks of model-specific
estimation in distributed lag models. One of these drawbacks is that the model does not have any
preliminary information about how lag length will be. Another drawback is that the degrees of freedom of
the parameters decrease gradually in statistical significance tests, when a data set that can estimate a
large number of lags cannot be generated. Another drawback, and the most important one, is that the
variables determined as explanatory variables are in a multicollinearity.

A method was developed by Koyck in order to overcome the above-mentioned drawbacks in
distributed lag models (Koyck, 1954). In this method, which is referred to as the Koyck model, based on
the assumption that the lags of the independent variable affect the dependent variable at a certain weight
and that the weights of the lags decrease geometrically, the regression equation is estimated by making
the model reduced (Dikmen, 2006). To arrive at the reduced model, in an infinitely distributed lag model,
Koyck assumes that all B's are of the same sign, decreasing geometrically as shown below;

Bx=PoA k=01,..... 3)
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Here, A (0O < A < 1) denotes the rate of decrease or decrease of the distributed delay, 1- A denotes
the rate of adaptation. B« is the value of the lag coefficient. The lag coefficient value (B«) depends on A'
other than Bo. The closer A is to 1, the lower the rate of decrease in Bk, while the closer A is to zero, the
faster the decrease in Bk (Gujarati, 2001). In other words, the fact that A is close to 1 indicates that the
values of the explanatory variable in the distant past have a significant effect on the dependent variable,
and the fact that A is close to zero indicates that the effects of the values of the explanatory variable in the
distant past on the dependent variable disappear very quickly. The average number of lags is the
weighted average of all lags. It is calculated for the Koyck model as follows;

Average lag =

-1 (4)

The average number of lags shows the time period that must pass for a one-unit change in the
explanatory variable X to have a noticeable effect on the dependent variable Y (Yurdakul, 1998; Dikmen,
2006).

In the light of these explanations, the infinite lag model is constructed as follows;
Y=+ BoXt+ BoAXer + BoAZXe2 + .......... + Ut (5)

Linear regression analysis cannot be applied to the regression equation 5, since it contains infinite
lag and the A coefficients are far from linearity. In order to eliminate this problem, the following regression
model was obtained by withdrawing the model for a period by Koyck;

Ye1=a+ BoXer + BoAXtz + BoAXea+.......... + Ut1 (6)
When the equation 6 is multiplied by A, the equation 7 below is reached;
AYe1 = A+ AB oXe1 + A2B oXe2 + A3BoXes+.......... + AUt1 @)

When the equation 7, whose lag is withdrawn for 1 period, is subtracted from the equation 5,
whose delay is infinite, the following equation is obtained,;

Yi- AYer = o (1- A ) + BoXe+ (Ut- Ukt ) (8)

If the equation 8 is rearranged, the following equation 9 is reached. The vt = (ut - Aut1) in the
equation represents the moving average of ut and ut.1.

Ye=a (1-A)+ BoXe+ AYer + vt 9

The process described above is known as the Koyck transform, and the equation 9 is defined as
the Koyck model. In the Koyck model, variables containing the lagged values of the explanatory variables
were not defined, so the multicollinearity problem was solved in a sense. On the other hand, while there is
an obligation to predict a and an infinite number of  in the infinitely distributed model, in the Koyck
model, distributed lag model analysis can be performed by estimating only a, Bo and A.

RESULTS and DISCUSSION

Changes in cotton production and cotton prices in Azerbaijan in the period 1995-2022 are
presented in Figure 1. According to the figure, cotton production, which fluctuated over the years, reached
the lowest level in 2009, and significant increases were recorded in production, especially with the
policies implemented after 2017. In 2020, the highest production level of this period was reached. It is
observed that the current cotton prices received by the farmers have increased over the years.
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Figure 1. Developments in Cotton production and cotton price in Azerbaijan

Sekil 1. Azerbaycan’da pamuk Uiretimi ve pamuk fiyatindaki gelismeler

Source: FAOSTAT, 2023; The State Statistics Committee of the Republic of Azerbaijan, 2023.

To determine the level of relationship between cotton production and cotton prices in the examined
period, correlation analysis was performed and the correlation coefficient was calculated as 0,701. As a
result, it has been determined that there is a sufficient and high level of interest between cotton
production and its prices. This result reveals that the quantity-price relationship in cotton can be examined
with the Koyck model. The distributed lag model for cotton is constructed as follows;

Qi=a+BoPt+Pr1Pri+P2Pr2 +.......... + Bk Ptk + Ut (10)

In the model (equation 10): Q: = Cotton production (tons) in period t, Pt = Cotton price (AZN/kg) in
period t.

To create the Koyck model, it is necessary to determine the lagged value (lag length) of the Cotton
price series. Schwarz criterion (SC) is commonly used to determine the lag length in a distributed lag
model (Dikmen, 2006). Schwarz suggests minimizing the following function (Cetinkaya, 2003);

SC=Inc?+minn
In the function: G2 = Sum of squared errors / n, m = Lag length, n = Number of observations.

A regression model is used with various lag values (m), and the m value that makes the Schwarz
Criterion value the smallest is chosen (Guijarati, 2001). At this stage, without any limitation on the form of
the distributed lag, starting with a very large m value, it is observed whether the model undergoes a
significant deterioration when this time is shortened (Davidson & Mackinnon, 2021).

The Schwarz Criterion values determined at different lag lengths for equation 10 in the study are
given in Table 1.

Table 1. Schwarz criterion values according to lag lengths

Cizelge 1. Gecikme uzunluklarina gére Schwarz kriteri degerleri

Lag length SC value
k=0 23,61
k=1 21,97
k=2 22,02
k=3 22,27
k=4 22,63
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As can be seen from Table 1, the lowest Schwarz Criterion value was obtained with 1 lag length.
Accordingly, the effect of cotton prices on cotton production becomes zero after 1 year. According to the
determined lag length, the relationship between cotton production and price in the examined period was
estimated as follows using the equation 10 using the classical least squares method;

Q:=-221002,6 + 34,187 P+ 44,867 Pi1 (11)
t — (-3,393) (1,765) (2,531)
p — (0,002) (0,090) (0,018)
R2=0,68 F=1569 (p=0,000)

According to the results of equation 11, cotton price in period t and 1 period ago affects cotton
production positively. Partial regression coefficients in the model were found to be statistically significant.
The model as a whole is also statistically significant. The multiple determination coefficient of the model
was found to be 0,68 and this means that 68% of the changes in cotton production are explained by the
cotton price and its lagged distribution.

Although the model as a whole is statistically significant, two important problems in distributed lag
models have to be discussed in terms of the reliability of the model. The first problem is the multi-
correlation problem, since the lagged values of the price variable are taken into account in the model. The
second problem is the loss of observation that occurs in the set of lagged values. If the number of data in
the created series is not very large, the prediction values may show inconsistency due to lags.

To eliminate these two important problems, estimation was made using the Koyck Model. The
estimation results of the regression equation 11 obtained by Koyck Model are given below;

Q= -71974,4 + 2,524 P+ 0,741 Qua (12)
t — (-1,601) (2,095) (6,092)
p—> (0,122) (0,047) (0,000)
R2=0,88 F = 43,66 (p=0,000)

In the model (equation 12): Q: = Cotton production (tons) in period t, Pt = Cotton price (AZN/kg) in
period t, Qw1 = Cotton production (tons) in period before period t.

The model as a whole was found to be statistically significant. According to the model results, 1
AZN increase in cotton price increases cotton production by 1,524 tons, while 1 ton increase in cotton
production in the previous period increases cotton production by 0,741 tons.

Based on the model results (equation 12), the average number of lags was calculated as follows;
Number of average lag=A/1(1-A)=0,741/1(1-0,741)=2,86

According to the average number of lags, the time required for a change in cotton prices to have a
significant and perceptible effect on cotton production is 2,86 years. This result shows that farmers react
quickly to price changes in cotton farming in Azerbaijan.

Based on the Koyck model, the equation 11 can be reached as follows. If the Koyck model is rewritten;
Qi=a+BoPi+AQu1 +urand Bk =A< Bo
Since 0 < A < 1, the equation 11 is reached with the following calculations;

Bk =A< Bo
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Bo = A°Bo = (0,741)° (2,524) = 2,524
B1 = Al Bo = (0,741)" (2,524) = 1,870
o0 =a/(1-A\)=-71974,4/ ( 1- 0,741) = -277893 4

With these results, when the regression equation derived from Koyck's model is rewritten, the
following equation is obtained;

Qt=ao + Bo Pt+ PB1 Pr1+ ut
Qit= -277893,4 + 2,524 P¢+ 1,870 Pt1 (13)

In the equation 13 above, which expresses a distributed lag model derived from the Koyck model, it
can be stated that lagged cotton prices have a decreasing effect on cotton production since the coefficient
A is 0< A< 1. The fact that the parameters of the lagged prices gradually decrease is due to the fact that
the coefficient A creates a limiting effect in the model.

Based on the regression equation 13, one-unit increase in cotton prices in the current year
increases production by 2,524 tons, while a one-unit change in prices in the previous period increases
cotton production by 1,870 tons.

CONCLUSION

In this study, the relationship between cotton production quantity and prices in Azerbaijan was
analyzed using the Koyck model, one of the distributed lag models. In the model, cotton production was
considered as the dependent variable, cotton price and lagged values of cotton price were considered as
explanatory variables. The study was carried out with data from the period 1995-2022.

In the period examined in Azerbaijan, a 70% correlation was determined between cotton production
quantity and prices, and as a result, it can be stated that the quantity-price relationship could be
examined with the Koyck model.

The lag length was determined as 1 using the Schwarz Criterion for the estimation of unknown
parameters in the Koyck model. By using this lag length, a distributed lag model was created for cotton
production amount and price in the examined period and regression analysis was performed. Although
the obtained model is statistically significant as a whole, the model has been subjected to Koyck
transformation due to the problem of multiple correlations in the model. In the Koyck model, in which the
relationship between cotton production and price was examined, the multiple determination coefficient
was 88%, and it was determined to be statistically significant at the 1% level with the whole model. It has
been determined that the time required for the change in cotton prices to cause a significant and
perceptible effect on cotton production is 2,86 years according to the average number of lags. Based on
the results of the Koyck model, the 1 year lag-derived Koyck model parameters were calculated.
Accordingly, a one-unit increase in cotton prices in the current year increases production by 2,524 tons,
while a one-unit change in prices in the previous period increases cotton production by 1,870 tons.

It is also useful to compare the results in Azerbaijan with other countries. For example, according to
the results of the koyck model created with the data of 1985-1997 in Turkiye an increase of 1 unit per kg
in the cotton price in the t period increases the cotton production in the t period by 12,6 tons (Yurdakul,
1998). In another study, according to the results of the koyck model created with the data of 1991-2018 in
Tirkiye, it was determined that a 1% change in the real cotton price affected the cotton production
amount by 0.31% in the same year. In the study, the average time required for the reflection of the
change in the real price of cotton to the amount of cotton production was calculated as 4,99 years
(Adazade, 2021).
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According to the data of the International Cotton Advisory Committee (ICAC), Azerbaijan ranks
30th in the world in terms of cotton (lint) production. According to ICAC data, 68,000 tons of cotton (lint)
were produced in Azerbaijan in 2021, 30,000 tons of this was reserved for domestic use and 38,000 tons
were exported (ICAC, 2023). However, there are problems encountered in cotton production and need to
be resolved in Azerbaijan. Cotton production can be improved if sufficient training is provided to cotton
farmers on production technologies, varieties, irrigation and plant protection by extension organizations in
Azerbaijan. Currently, up-to-date information on modern cotton production is lacking and needs
improvement. Farmers especially need appropriate financing and training. The emergence of companies
that produce cotton under contract with farmers helped to resolve some of the problems. They help local
farmers overcome transition challenges by providing finance and technology. But even these large cotton
companies are currently struggling to reach skilled agronomists (Zeynalova & Engindeniz, 2003a).

In 2021, cotton was produced in 6.1% of the total cultivated area (1.6 million ha) and in 82.5% of
the industrial crops area (121,992 ha) in Azerbaijan. However, in the research conducted for the same
year, the net income of the farmers was 228 AZN/ha for cotton, 869 AZN/ha for tobacco and 1,389
AZN/ha for sugar beet (Zeynalova et al., 2023). It has also been revealed in previous studies that cotton
farmers in Azerbaijan have difficulties in paying their production costs and can earn less income than
other crops (Prikhodko et al., 2019; Tagiyeva, 2020). These results show that cotton farmers should be
supported by price and non-price methods in order to sustain production.

As a matter of fact, some measures were taken for cotton production upon the instruction of
President Ilham Aliyev. According to the measures, cotton production and processing companies decided
to increase their cotton purchase prices just before the harvest. According to the agreement reached between
the companies, the current cotton purchase prices have been increased by 50 AZN/ton for the 2022
harvest. Cotton production is also supported by the government. As of 2022, subsidies of 170 AZN have
been paid to farmers for each ton of cotton delivered to supply points (Azerbaijan Republic Ministry of
Agriculture, 2023).

As a result, in order to sustain and increase cotton production in Azerbaijan and to create
international competition opportunities, it is necessary to closely follow the developments in the production
of this crop, to reveal the problems encountered and to develop alternative strategies and policies.
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ABSTRACT

Objective: This study was aimed to develop synbiotic and probiotic instant
powder mixtures that can be used in food products to meet the increasing
interest of consumers in functional foods.

Materials and Methods Cereal flours (oat, rice, wheat), sesame, cranberry,
chestnut and milled germinated grains (lentil, mung bean) were blended and
autoclaved then subjected to fermentation process using the Lactobacillus
plantarum strain. A part of the porridge was conventionally dried (FPP) and skim
milk powder+fructooligosaccharide+inulin mixture as prebiotic sources were
added to the other part and subjected to freeze drying (FSP). The viability of
probiotics in the gastrointestinal environment and the Angiotensin-converting
enzyme inhibition and bile-acid binding capacities of the powders after in vitro
digestion were analyzed. The sensory acceptability of the desserts was evaluated.

Results: FSP contained a higher number of viable cells than FPP after in vitro
digestion. Relative bile-acid binding and angiotensin-converting enzyme
inhibition capacities of samples were confirmed as their cholesterol-lowering
and blood pressure-regulating potential. The panelists rated the dessert
samples enriched with 5-15% FPP and FSP as 'liked'".

Conclusion: The integration of these powders into a variety of food products
will provide consumers with healthier dietary choices that support their overall
health goals.

0z
Amag: Bu calismanin amaci, tiketicilerin fonksiyonel gidalara artan ilgisini

karsilamak icin gida Urinlerinde kullanilabilecek sinbiyotik ve probiyotik hazir
toz karisimlarin gelistiriimesidir.

Materyal ve Ydntem: Tahil unlar (yulaf, piring, bugday), susam, kizilcik,
kestane ve 0Ogutilmis cimlendirilmis taneler (mercimek, mas fasulyesi)
karigtirilarak otoklavlanmig ve Lactobacillus plantarum susu kullanilarak
fermantasyon iglemine tabi tutulmustur. Lapanin bir kismi konvansiyonel olarak
kurutulmus (FPT), dider kismina prebiyotik kaynak olarak yagsiz st
tozu+fruktooligosakkarit+inulin  karigimi ilave edilip, dondurarak kurutmaya
(FST) tabi tutulmustur. Probiyotiklerin gastrointestinal ortamdaki canliliyi ve in
vitro sindirim sonrasi anjiyotensin donustiriici enzim inhibisyonu ve safra
baglama kapasiteleri analiz edilmis, hazirlanan tatlilarin duyusal kabul
edilebilirligi degerlendirilmistir.

Aragtirma Bulgulan: FST, in vitro sindirimden sonra FPT'den daha yiiksek
sayida canli hiicre igermigtir. Orneklerin relatif safra asidi baglama ve anjiyotensin
donisturiict enzim inhibisyon kapasiteleri, kolesterol diisuriicii ve kan basincini
dizenleyici potansiyel etkileri dogrulanmigtir. Panelistler %5-15 FPT ve FST ile
zenginlestiriimis tath 6rneklerini 'begenildi' olarak degerlendirmislerdir.

Sonug: Bu tozlarin gesitli gida urlinlerine entegrasyonu, tiiketicilere genel saghk
hedeflerini destekleyen daha saglikli beslenme secenekleri saglayacaktir.
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INTRODUCTION

Recent studies have highlighted the significance of consuming cereals, vegetables, and fruits in
reducing the risk of chronic and degenerative diseases. Plant foods are rich in bioactive compounds,
including phenolics, fibers, and phytosterols, which have a pivotal role in maintaining oxidative balance,
which is a key factor in cancer development and chronic diseases (Samtiya et al., 2021). To enhance the
nutritional properties of foods, ancient and cost-effective methods such as germination and fermentation
have been employed. De novo synthesis and microbial activity, during these processes not only increase
the content and quality of proteins, amino acids, lipids, and vitamins but also lead to the development of
bioactive compounds with health benefits in humans (Nkhata et al., 2018). Furthermore, dietary fibers’
functional properties, such as bile acid sorption and bioactive peptide formation during germination,
fermentation, and gastrointestinal digestion, are vital in mitigating the risk of diet-related diseases (Prasadi &
Joye, 2020).

As cereal-based foods keep on being a major source of optimum nutrition in developed and
developing countries, the food industry should focus on improving their nutritive value by innovatively
formulating composite blends of cereals, grains, and dried foods. Additionally, optimizing daily nutrition
can be achieved, by enhancing prebiotic and probiotic properties in a wide range of products (El &
Simsek, 2012; Blandino et al., 2003).

In this study, we aimed to produce probiotic and synbiotic instant powders to achieve optimal
survivability. In this respect, cereal flours (oat, rice, wheat) and chopped sesame, cranberry, chestnut and
milled germinated grains (lentil, mung bean) were selected to prepare functional cereal-based fermented
probiotic and synbiotic instant powders. The fermentation process was carried out using a strain of L.
plantarum and skim milk powder, fructooligosaccharides and inulin were used as prebiotics. Instant
properties of powders were evaluated, and in vitro digestion was applied to powders. The ACE inhibition
(Angiotensin-converting enzyme) and bile-acid binding capacities of the samples were assayed.
Subsequently, these powders were integrated into a commercial ready-to-eat mousse powder at varying
ratios for dessert preparation, and sensory evaluation was conducted by a panel.

MATERIALS and METHODS
Ingredients and chemicals

Green lentil (Lens culinaris), mung bean (Vigna radiata), rice (Oryza sativa L.), whole wheat
(Triticum durum), oat (Avena sativa L.), chestnut (Castanea sativa), sesame (Sesamum indicum L.), dried
cranberry (Vaccinium oxycoccos), ready-to-eat instant mousse dessert and skim milk powder (SMP) were
purchased from the hypermarket in Izmir. Inulin (Beneo Orafti) and fructooligosaccharides (FOS) were
obtained from Artisan Food Inc. Lactobacillus plantarum (Lp) (Visby-vac Serie 1000, prod-Nr: 40022951)
was kindly provided by Ege University, Department of Food Engineering and Biotechnology Section. a-
amylase (A1031), pepsin (P7000), bile acids (B 8631), pancreatin (P1750), ACE (angiotensin-converting
enzyme, EC 3.4.15.1) (A6778), pefabloc SC (76307), FAPGG/N- (3-[2-furylacryloyl]-phe-gly-gly) (F7131)
were purchased from Sigma-Aldrich. MRS agar (1106600) and MRS broth (1106610) were provided from
Merck Darmstadt Germany. Bile Acid Diagnostic Kits were provided by Trinity Biotech plc, Bray Co.
(Wicklow, Ireland). The Vivaspin 20 model ultrafiltration membrane (MWCO 3000) ultrafiltration
membrane was obtained from Sartorius Stedim Biotech Gmb. The study was conducted at Ege
University, Food Engineering Department Nutrition Laboratory between 2016 and 2019.

Germination

Green lentils (Lens culinaris M.) and mung bean (Vigna radiata var.) were rinsed with water
containing 0.5% hypochlorite. The seeds were then soaked at room temperature for 6 h at 1:5 viw,
germination was performed in an incubator at 30°C for 3 days. Seeds with sprouts were freeze-dried and
milled into flour, then kept at -20°C.

572



Cereal-based fermented synbiotic instant powders: a dessert practice

Fermented probiotic powder (FPP) and Fermented synbiotic powder (FSP)

The production of cereal-based fermented probiotic powder (FPP) and synbiotic powder (FSP) is
shown in Figure 1. Rice, whole wheat, oat, and chestnut flours in equal amounts (8 g) and germinated
mung bean (3 g) and lentil (3 g) flours, chopped cranberry (3 g) and sesame (3 g) were mixed and then
water (1:10 g/mL) was added into the mixture. The mixture was placed into the glass jars and autoclaved
at 121°C for 15 minutes. After being cooled to room temperature, Lactobacillus plantarum (Lp) was
inoculated (10°® cfu microorganisms/100 g of product). The fermentation period ended after 32 h, at 37°C.
The mixture was divided into two parts; one of the parts was mixed with 10 g inulin+tFOS+SMP mixture
(1:1:2, wiwiw) to 100 g fermented sample. Then the sample was homogenized at 6000 rpm, 6 min and
subjected to a freeze-drying process (FSP). The other part (no added prebiotics) was dried at 60°C, 42 h
in a conventional oven (FPP). All samples were ground to a particle diameter of 0.3 mm and stored at -
20°C until analysis.

Analysis
Instant properties

The instant properties of the powders were studied by dispersibility, wettability, and solubility
capacities as described by Shittu & Lawal (2007).

Viability in simulated gastric and intestinal fluids

The viability of Lp under simulated gastric and intestinal conditions was measured according to the
method of Paez et al. (2012) with minor modifications. One-gram powder of FPP and FSP were mixed
with the five volumes of simulated saliva and gastric fluids prepared according to the suggestion by
Minekus et al. (2014). After incubation at 37°C for 90 minutes in a water bath, the samples were
centrifuged (6000xg, 15 min, 5°C) and resuspended in simulated intestinal juice. In vitro intestinal
conditions were applied (Minekus et al., 2014) and the samples were taken after 90, 270 and 450 minutes
of incubation for Lp cell counts cell counts (MRS, 37°C, aerobic incubation, 48 h, 450 min.) as extended
duodenal conditions.

In vitro digestion

In vitro static digestion according to the procedure described by Minekus et al. (2014) was used.
Also, as participants of INFOGEST, we applied minor modifications to this method. Digestive enzyme
activities were assayed and simulated digestive fluids and bile acid solution were prepared according to
El et al. (2015). The procedure was applied in oral, gastric, and duodenal phases. After digestion, digesta
was ultrafiltered with 10kDa cut-off membrane and then freeze-dried and stored at -18°C.

In vitro bile binding capacity

The bile-acid binding capacities were analyzed according to the method of Kahlon & Smith (2007).
A milliliter of 0,01 N HCI was added 100 mg sample in falcon tubes and incubated at 37°C for 1 h in a
shaker water bath. The pH was then adjusted to 6.3 with 0.1 mL of 0.1 N NaOH. The working solution of
the bile acid mixture (4 mL, 720 uM), 4 mL 0,1 M phosphate buffer (pH 6,3) and 5 mL of pancreatin
solution (10 mg pancreatin/mL phosphate buffer) was added and vortexed. After this step, the tubes were
incubated for 1 h in a 37°C shaker water bath and at the end of incubation. The mixtures were centrifuged
at 10,000xg for 10 minutes. Bile acids in the supernatant were analyzed at 530 nm using the Microplate
reader (Thermo Scientific Varioscan Flash, Finland) according to the Trinity Biotech bile acids procedure
(Trinity Biotech Distribution, St. Louis, MO). Cellulose and cholestyramine were used as negative and
positive controls, respectively. The results were calculated as the percentage of inhibition equivalent to
cholestyramine.
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ACE inhibition capacity

Angiotensin-converting enzyme (ACE) inhibitory activities of the samples after in vitro digestion
were performed by Lahogue et al. (2010). The digested sample was mixed with 100 pL 2,5 uM FAPGG,
in buffer solution in the Eppendorf tube. Five different concentrations were taken, and the reaction was
started by adding 25 pyL of ACE enzyme solution (100 mU/mL). Control and contain inhibitor samples
were injected into HPLC. The peak area of the FAP reaction product of FAPGG was used to evaluate the
degree of ACE inhibition (%).

Dessert practice and Sensory evaluation

A ready-to-eat instant mousse powder, which does not require any heating process, was used for
dessert practice. Mousse powder was placed in a container and FPP and FSP were added at different
amounts (5, 10, 15 and 20). Then, cold milk was added according to the instructions on the product label
and the mixture was whipped with a mixer for 5 minutes. Sixteen panelists were invited to evaluate and
rank all FPP and FSP enriched samples according to taste and appearance preferences. A five-point
scoring system was applied with scores ranging from 1 (dislike) to 5 (like) (Granato et al., 2012). Samples
that received at least 70% “very like” were considered successful.

Statistical analyses

The data were subjected to one-way analysis of variance (ANOVA) and the significance of the
difference between means was determined by Duncan's multiple range test (p<0.05) using the SPSS, version.

RESULTS and DISCUSSION
Viability of probiotics

The cell counts of FPP (containing no prebiotics) and FSP (containing prebiotics) were presented
in Table 1. The initial cell count in FSP was higher than in FPP (p<0.05). During in vitro gastric digestion,
both samples had reduced cell viability (p<0.05), with FPP showing the most significant decline after 90
minutes. No change in viability was observed for FPP during small intestinal digestion (270 min) (p>0.05),
but there was a notable increase in viability under extended intestinal conditions (450 min) (p<0.05). FSP
exhibited a difference in viability between extended incubation (450 min) and intestinal digestion (270
min) (p<0.05). Approximately 81% Lp cells survived under extended intestinal digestion (450 min) in FSP.

Our results suggest that extended intestinal conditions enhanced the survival of Lp in both FPP
and FSP. The differences in the number of live bacteria numbers between the beginning and the digestive
stages of the FPP and FPS could be attributed to the conventional drying method (60°C, 42 h) used for
FPP production and the freeze-drying method used for FSP production. Moreover, the addition of
prebiotics in FSP production may play a vital role in protecting and promoting the growth of Lp as
compared to FPP. The inclusion of prebiotics significantly enhanced Lp survival under acidic (pH 2.0-3.0)
gastric conditions and bile conditions during intestinal digestion, as compared to their levels before
digestion (p<0.05). Probiotic enrichment offers various health benefits by modifying the microbial balance
in the gastrointestinal tract (You et al. 2022). This can result in positive effects on commensal bacteria or
the disruption of the binding of pathogens in the gastro-intestinal tract. Probiotics can also produce
nutrients, microbial products, cofactors, and metabolites including polysaccharides which compete with
pathogens for binding sites (Nazir et al., 2018).

Maintaining probiotics viability during gastro-intestinal transit and food processing is crucial to
provide their health benefits. Typically, 1.0x10 8 cfu g* of intestinal contents are required for probiotics to
reach their intended site of action. it must contain viable cells from probiotic cultures of at least 105-107
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CFU/g or in the portion to be consumed and for beneficial action to occur in the intestine, they must be
able to survive processing and storage conditions, be ingested in adequate quantities, reaching the viable
number of microorganisms. The viability of microorganisms is notably affected by gastric conditions,
primarily due to high acidity (pH 2.0-3.0). Additionally, high bile salt concentrations in the intestine can
lead to significant losses in viability (Cook et al., 2012; Zubaidah & Akhadiana, 2013; Kent & Doherty,
2014; Wendel 2021). Jagannath et al. (2010) comparatively examined the cryoprotective properties of
skimmed milk, calcium alginate encapsulation, or 0.85% physiological saline and distilled water during the
freeze-drying process. It has been reported that skimmed milk exhibits cryoprotective properties during
freeze-drying and the colloidal structure contributes to the protection of microorganisms by increasing the
glass transition temperature.

Table 1. Cell counts of L.plantarum in samples before and after in vitro digestion

Cizelge 1. Orneklerin in vitro sindirim dncesi ve sonrasi L.plantarum sayilari

Cell counts (log CFU/g)

Before digestion After digestion
Gastric Intestinal
90 min 270 min 450 min
FPP 7.70+0.4224 4.31+0.22>A 4.35+0.2 6°A 5.29+0.25%A
FSP 8.56+0.33%B 5.67+0.43%8 6.14+0.28°8 6.92+0.33%E

Data are presented as mean values *standard deviation.
FPP, without prebiotics and conventionally dried sample; FSP with prebiotic and freeze-dried sample
&¢ Cell counts in rows with different superscripted letters are significantly different (p<0.05)

AB Cell counts in columns with different superscripted letters are significantly different (p<0.05)

Instant properties

The reconstitution properties of food powders, including wettability, dispersibility, and solubility play
a crucial role in their overall performance (Fang et al., 2008). In our study, we assessed these properties
for both FPP and FSP samples, and the results are presented in Table 2. It is noteworthy that instant
sugar-cocoa mixtures generally exhibit improved wettability with particle sizes larger than 0.4 mm (Shittu
and Lawal, 2007). Our average particle size of the samples was 0.3 mm, which may have influenced the
observed differences in wetting time between FPP and FSP (p<0.05).

Various factors can affect wetting time, such as particle size, porosity, surface charge, density
surface area, presence of amphipathic substances, and surface activity of particles (Kim et al., 2002).

The presence of SMP, FOS, and inulin in FSP could be responsible for the longer wetting time
compared to FPP. Additionally, the chemical composition of the milk powder, particularly the
crystallization of lactose, can influence wettability. Moreover, the fat content of particles, due to its
hydrophobic properties, can reduce wettability. A wide angle of contact between the powder surface and
penetrating water can also lead to deteriorated wettability (Kim et al., 2002; Shittu & Lawal 2007; Fang et
al., 2008). Previous studies on similar food powders have reported wettability and dispersibility values.
For instance, Audic et al. (2003) studied the ready-to-reconstitute form of a cereal-based traditional Indian
dessert, kheer mix powder, and found its wettability and dispersibility to be 2.0 minutes and 75.38%,
respectively. Kim et al. (2002) studied the distribution of components of the outer layer of industrial spray-
dried dairy powders, highlighting the presence of free fat globules protected by protein during the freeze-
drying process. They concluded that the outer surface of powders was largely covered by free fat
globules protected by protein during the freeze-drying process. In our study, both FPP and FSP
demonstrated high dispersibility, with values of 93.48 and 92.33%, respectively. These values were
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similar to those reported for cocoa mixtures by Shittu & Lawal (2007). Unlike fruit drink powders that
require complete dissolution, our goal was to provide functional benefits in instant desserts, making
dispersibility more important than solubility for our products. The dispersibility of our samples is crucial
since they are intended as a functional instant ingredient in instant desserts.

Table 2. Instant properties of samples

Cizelge 2. Orneklerin instant 6zellikleri

Time (s) %
Wettability Dispersibility Solubility
a
FPP 362+15.68 03.48+0.0427 50.19+1.34
b
FSP 2894+14.49° 92.33+0.208° 54.34+2.06

Data are presented as mean values +standard deviation.
Interpretation of symbols is as stated in Table 1.

a¢ Values in columns with different superscripted letters are significantly different (p<0.05)

Bile-acid binding activity and potential cholesterol-lowering effects

The relative bile-acid binding values of both FPP and FSP were compared to cholestyramine, with
values of 80.33% and 72.97%, respectively (Table 3). Although there were no differences between the
two (p>0.05), it is essential to note that FPP and FSP are highly concentrated powders designed for use
in formulations, as demonstrated in this study. Even under these conditions, it is evident that both FPP
and FSP can be considered functional ingredients with the potential to lower cholesterol levels and
support health claims. Kahlon et al. (2007) evaluated the cholesterol-lowering effect of foods and food
fractions by determining their bile-acid binding potential. They found that the relative binding of
cholestyramine, in vitro bile acid in dry matter, ranged from 1-18% in commonly consumed vegetables. In
vitro bile-acid binding capacities of lentil snack raw formulations and extruded formulations were
determined to range from 0.6-69%, with lentils exhibiting a binding capacity of 100% (Kahlon et al., 2014).
Furthermore, Dziedzic et al. (2012) performed the influence of buckwheat goat diet fractions on bile-acid
binding ability, with the highest bound bile acids o hull and bran due to their high total dietary fiber
content. While cholesterol reduction through bile-acid binding is beneficial to human health, Simsek et al.
(2014) highlighted in their study that sufficient bile salt concentration in the digestive system is essential
for efficient absorption of lipophilic compounds. Bile acids are crucial for fat digestion and absorption,
synthesized from cholesterol in the liver through the enterohepatic pathway. After absorption, bile acids
are reabsorbed by the terminal ileum. Binding bile acids with food fractions; leads to their fecal excretion
and stimulates the conversion of liver cholesterol into bile acid (Kahlon et al., 2014; Naumann et al.
2020). Considering Regulation (EC) No. 1924/2006 of the European Parliament and of the Council on
nutrition and health claims made on foods, certain food components can be approved for a label health
claim for lowering cholesterol. In this regard, our products exhibit the potential to lower cholesterol in a
dose-dependent manner and may support health claims related to cholesterol management.

ACE inhibition activity and potential hypertension management

The inhibitory activities of angiotensive converting enzymes (ACE) based on the ICsp values of the
samples after in vitro digestion are given in Table 3. The Angiotensin | Converting Enzyme (ACE, EC
3.4.15.1) catalyzes the conversion of angiotensin | to I, which shows a crucial responsibility in regulating
blood pressure by inactivating bradykinin, a potent vasodilator. Current medical ACE inhibitors in the-form
of pills are used to treat hypertension, however, they may have some side effects. As a result,
researchers are exploring natural inhibitory peptides and phenolics in food as potential ingredients to help
control hypertension (Simsek et al.,, 2014; Manzanares et al., 2019). These bioactive peptides are
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released from the inactive parent proteins through processes such as germination, fermentation, or
gastro-intestinal digestion. In our study, the IC50 values of FPP and FSP were found to be 8.52 and 8.29
Mg protein/mL, respectively (p>0.05). Kancabas & Karakaya (2013) reported the ACE inhibitory activity of
boza, a traditional fermented cereal beverage, with IC50 values of 7.2 ug protein/mL. Another study by
Torino et al. (2013) demonstrated that green lentil flour fermented by L. plantarum had a lower IC50 value
(200 pg protein/mL) compared to the unfermented sample (440 pg protein/mL).

Lahogue et al. (2010) reported that the synthetic ACE inhibitor Captopril and the fish hydrolysate
had ICso values of 0.19 ng and 43ug protein/mL, respectively. It is insignificant that ACE inhibitory activity
can increase in fermented vegetable juice due to the release of bioactive peptides during fermentation
and in vitro digestion, as explained by Simsek et al. (2014). These different 1Cso values observed among
samples are indicative of the minimum amount of sample required to inhibit 50% of enzyme activity.

As we continue to explore natural alternatives for managing health conditions, these findings open
new avenues for incorporating fermented synbiotic instant powders into various food products to harness
their health-promoting potential holistically and effectively.

Table 3. In vitro bile-acid binding and Angiotensin-converting enzyme (ACE) inhibitory capacities based on 1Cso by samples.

Cizelge 3. Orneklerin in vitro safra aside baglama ve anjiyotensin déndistiiriicii enzim (ADE) inhibisyon kapasiteleri (ICsq)

Bile binding capacity ACE inhibition
pmol/100 mg sample Chols;ﬁi\:ﬁiéz (%) mg pr(():;ir;gl_siample ICso values*
FPP 7.40+0.07° 80.33+0.80 0.58+0.322(8.52+0.29) 14.72+0.492
FSP 6.73+0.09° 72.97+0.82 0.60+0.312(8.29+0.20) 13.88+0.33"
Cholestyramine 9.23+0.022 100+0.21 - -
0.76+0.20

Cellulose 0.07+0.03 - -

Data are presented as mean values +standard deviation.
Interpretation of symbols is as stated in Table 2.
¢ Values in columns with different superscripted letters are significantly different (p<0.05)

*The concentration of the sample required to produce a 50% inhibition of the initial rate of reaction (IC50).

Sensory evaluation

The sensory evaluation of the samples enriched with FPP and FSP revealed a remarkable overall
consumer acceptance. However, it was observed that the preference for dessert samples enriched with
20% of FPP and FSP was comparatively lower. Despite this, no significant differences were recorded
between FPP and FSP samples across all enrichment ratios (p>0.05). With our results, we can conclude
that panelists favor both desserts enriched with 5-15% FPP and FSP due to their outstanding taste,
appealing appearance, and delightful texture properties. This optimal enrichment range demonstrates the
potential for creating functional foods that combine health benefits with sensory satisfaction. The positive
outcome of the sensory evaluation highlights the suitability of FPP and FSP as valuable ingredients in the
development of functional food products. These enriched powders offer an opportunity for the food
industry to create innovative and health-promoting desserts that align with consumer preferences.

CONCLUSION

In summary, our study indicates that dessert formulations enriched with 5-15% FPP and FSP hold
promise for functional food production. As consumers increasingly seek healthier food options without
compromising on taste and indulgence, these synbiotic instant powders open possibilities for developing
functional desserts that cater to both health-conscious and taste-driven consumers. Our study highlights
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the importance of incorporating prebiotics in synbiotic powder production to enhance probiotic viability
and maximize health benefits during gastrointestinal transit and food processing. Furthermore,
understanding and optimizing the instant properties of cereal-based fermented synbiotic instant powders
are essential for enhancing their performance and ensuring their seamless integration into a wide range
of food applications. Overall, the bile-binding activity demonstrated by FPP and FSP, along with their
potential cholesterol-lowering effects, reinforces their functional properties and further justifies their
incorporation as beneficial ingredients in various food formulations aimed at promoting health.
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ABSTRACT

Objective: Health and safety signs are critical in communicating messages
about potential hazards, safe practices, emergency procedures, and regulatory
guidelines. The objective of this study was to investigate the understanding of
safety sign comprehension among tractor operators in Turkiye's agricultural
sector. It seeks to determine operators' knowledge of occupational safety and
health signs, traffic signs, and tractor safety signs.

Materials and Methods: A total of 118 tractor operators from Izmir's two
districts (Menemen and Foga) were surveyed using a questionnaire. The
guestionnaire included demographic information, occupational safety and health
signs (ISO 7010), traffic signs (Turkish Standards for Road Traffic Signage) and
tractor safety signs (ISO 11684). Descriptive and inferential statistics were used
to analyze the data.

Results: The mean comprehension score was 37.2% for fourteen occupational
safety and health signs, 34.9% for seven traffic signs, and 28.0% for ten tractor
safety signs. The mean comprehension score for all signs was 33.7%

Conclusion: This study shows that tractor operators poorly understand these
signs. Engineering and administrative control measures, including training, should
be considered to improve sign comprehension. In addition, the poorly understood
signs should be revised to effectively convey the intended messages.

oz

Amag: Saglk ve givenlik isaretleri, potansiyel tehlikeler, giivenli uygulamalar,
acil durum proseddrleri ve yasal talimatlar konusunda iletisim kurmada kritik role
sahiptirler. Bu c¢alismanin amaci, Tirkiye tarim sektérindeki traktor
operatorlerinin  isaretleri anlama  seviyelerini arastirmaktir.  Arastirma,

operatorlerin is sagligi ve guvenligi isaretleri, trafik isaretleri ve traktér guvenlik
isaretleri hakkindaki bilgi diizeyini belirlemeyi amaglamaktadir.

Materyal ve Yéntem: Izmirin iki ilcesinden (Menemen ve Foga) toplam 118
traktor operatoru anket ile incelenmistir. Anket, demografik bilgiler, is saghg ve
glvenligi isaretleri (ISO 7010), trafik isaretleri (Karayolu Trafik Isaretleri
Standartlari) ve traktér guvenlik isaretlerini (ISO 11684) icermektedir. Verilerin
analizi icin tanimlayici ve ¢ikarimsal istatistikler kullanilmistir.

Arastirma Bulgulari: Ortalama dogru cevaplanma orani on dort is saghg! ve
guvenligi isareti icin %37.2, yedi trafik isareti icin %34.9 ve on traktor guvenlik
isareti icin %28.0 olarak bulunmustur. Tim isaretler icin ortalama dogru
cevaplanma orani %33.7 olarak hesaplanmistir.

Sonug: Bu calisma, traktdr operatorlerinin saglik ve guvenlik isaretlerini tanima
seviyesinin disiik oldugunu géstermektedir. isaretleri tanima seviyesini artirmak
icin egitim verilmesini de iceren yonetimsel ve muhendislik kontrol dnlemleri
dikkate alinmalidir. Ayrica, anlamasi zor olan isaretlerin amagclanan mesajlari
etkili bir sekilde iletebilmesi icin tasarimlarinin tekrar gozden gegirilmesi
gerekmektedir.
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INTRODUCTION

The agricultural sector, which provides the fundamental element of life, nutrition, is one of the most
important sectors in economic, social, and cultural terms. With the advent of the industrial revolution in
agriculture, mechanization has become widespread to facilitate tasks that were previously carried out by
hand. In recent years, the increased use of agricultural mechanization in Tirkiye has brought about
occupational safety and health risks in a sector where labor-intensive activities are predominant. Workers
are adversely affected by occupational injuries and illnesses, which could potentially result in either a
temporary or permanent reduction in their ability to work (Akkaya, 2007). According to the International
Labour Organization (ILO), of the world’s 1.3 billion agricultural workers, who make up half of the global
labor force, 170,000 workers die each year, with a significant proportion suffering serious injuries or
contracting occupational illnesses (ILO, 2023). It is estimated that about half of the fatal accidents in 1.95
million occupational accidents worldwide occur in the agricultural sector (Guven, 2012). According to the
Turkish Statistical Institute (TUIK) for the year 2022, the average number of people employed in
agriculture is close to 4.9 million, and the share of agriculture in total employment is 15.8% on average
(TUIK, 2023). Based on the statistics of Work Accidents and Occupational Diseases, 3,059 occupational
accidents and 19 fatalities were reported for 2021 (SGK, 2021). In the same year, the total number of
days of temporary incapacity including outpatient and inpatient treatment was 32,767.

The literature reports that agricultural machinery used in agricultural activities is one of the main
causes of accidents in the sector (Oz, 2005; Yurtlu et al., 2012; Vigoroso et al., 2019). One of the most
important power vehicles used in agricultural production is tractors. Baesso et al. (2014) have reported
that tractors a pose significant risk to agricultural workers, both physically and ergonomically. In regions
where agricultural activities are widespread in Turkiye, accidents involving fatalities, injuries, or disabilities
frequently occur due to tractors and the machinery attached to them (Kayhan et al., 2019). About half of
tractor accidents are due to overturning and rollover (Oz, 2005; Giiven, 2012). Reynolds et al. (2000)
studied tractor overturn accidents resulting in fatalites and demonstrated the significant accident-
preventing effect of Roll-Over Protective Structures (ROPS). A study conducted by Oz (2005) found that
54% of tractors removed the ROPS for specific reasons, including difficulty in getting under trees. In
addition, an analysis of 880 tractor and 1,167 agricultural machinery accidents in Turkiye by Gélbasi
(2002) found that 80% of the operators involved in accidents had not read the machine's operation and
maintenance manual and that 82% of tractors involved in accidents did not have a ROPS.

The reasons for agricultural workers’ lack of awareness of occupational safety and health are
similar to those in less developed and developing countries. The low level of education, the high
proportion of female and child workers, and the large number of seasonal workers contribute to this
problem (Eldes, 2022). In a study conducted by Caffaro et al. (2017) in ltaly, they investigated the
familiarity of 248 tractor operators with twelve different 1ISO 11684 safety pictorials. In this study,
operators were asked about the meanings of these signs before and after the training. According to the
results, the training provided increased the knowledge level of participants, and it was reported that such
training should be repeated regularly. In a study conducted by Kayhan et al. (2019) in Kirikkale province
(Turkiye), it was reported that 84.2% of tractor operators did not participate or receive any training in
occupational safety and health.

Various control measures, including engineering and administrative controls, are used to prevent
accidents in agriculture (Arphorn et al., 2003; Chan et al., 2009; Chan & Ng, 2010a; Ng et al., 2011;
Davoudian Talab et al., 2013; Zamanian et al., 2013; Yazdani et al., 2017). Occupational safety and
health signs are among the most important ones. Understanding the scope and meaning of these signs is
critical to prevent occupational accidents. In addition, the proper understanding and comprehensibility of
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such signs, as well as the accurate communication of the intended message, have become increasingly
important over time. Numerous studies (Easterby & Hakiel, 1981; Brelsford et al., 1994; Wogalter et al.,
1997; Blake Huer, 2000; Piamonte et al., 2001; Smith-Jackson & Essuman-Johnson, 2002; Arphorn et al.,
2003; Lesch, 2003; Shinar et al., 2003; Hancock et al., 2004; Liu et al., 2005; Chan et al., 2009; Lesch et
al., 2009, 2011; Chan & Ng, 2010b; Ng et al., 2011; Cavalcanti & Soares, 2012; Liu & Ho, 2012; Yazdani
et al., 2017; Bagagiolo et al., 2018, 2019; Alara et al., 2019; Vigoroso et al., 2020; Gung6r, 2023) have
been conducted in this regard. They provide directional insights. For example, the studies conducted by
Arphorn et al. (2003) and Gungor (2023) showed that workers do not fully understand occupational safety
and health signs, which means that the intended message is not conveyed correctly.

In 2015, the member states of the United Nations (UN) jointly adopted a collection of seventeen
Sustainable Development Goals (UN, 2022). Among these goals, the eighth focuses on promoting
sustainable economic progress, improving employment prospects, and ensuring decent work for people
around the world. Specifically, this goal is about upholding labor rights and ensuring the promotion of a
safe and healthy work environment for all workers by 2030. The current study aims to assess personal
comprehension of safety signs among tractor operators in Tirkiye. The objective of the study was to
determine the level of knowledge of tractor operators engaged in agricultural production regarding
occupational safety and health signs, traffic signs, and tractor signs. In addition, this study aims to
determine if these signs effectively convey the intended message to the target audience. A more
comprehensive understanding of sign design factors has the potential to empower safety experts in
devising safer workspaces, aligning with the goals outlined by the UN.

MATERIALS and METHODS
Sample

Participants in the present study were recruited from individuals engaged in agricultural
production and holding a tractor driving license. A total of 118 tractor operators were randomly
selected from the Menemen and Foca districts within the boundaries of Izmir province. They all
voluntarily participated in the study. Before participating, all participants were provided with an
informed consent document outlining the study's purpose, procedures, as well as the potential
advantages and risks of their involvement. It was a prerequisite for participants to review and endorse
the consent document before addressing any inquiries. Importantly, the researchers meticulously
adhered to all ethical principles, standards, and directives outlined in the Belmont Report (1978), the
Nuremberg Code (1949), and the Declaration of Helsinki (1964) to safeguard the autonomy, privacy,
confidentiality, and well-being of the participants. This study received approval from the Social
Sciences Ethics Committee of 1zmir Katip Celebi University (ethical approval number: SAE 2023/07-05
on 28.03.2023).

Data collection

A questionnaire survey was conducted to assess tractor operators' understanding of safety
signs and traffic signs in the agriculture sector. The questionnaire consisted of four sections. The first
section gathered information about the subjects’ demographics and background knowledge of
occupational safety and health. The subsequent section presented multiple-choice questions related
to the meanings of safety signs. Fourteen safety signs, as defined by the International Organization
for Standardization (TS EN ISO 7010, Graphical Symbols - Safety Colors and Safety Signs -
Registered Safety Signs) (ISO 7010, 2019), were included. Each multiple-choice question comprised
one correct option and three incorrect yet plausible choices, adapted from Caffaro et al. (2017, 2018)
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and Gungor (2023). Participants were required to select the correct answer that they believed to be
correct, even if uncertain about the sign's meaning. They were informed that the study focused on
their personal interpretation of the signs. The third section contained seven open-ended questions
concerning traffic signs, as prescribed by the Turkish Road Traffic Signage Standards (KGM, 2020).
Participants were tasked with explaining the meanings of these signs in writing. The final section
included ten open-ended questions, each featuring a two-panel safety label outlined in the ISO 11684
standard (Tractors, Machinery for Agriculture and Forestry, Powered Lawn and Garden Equipment -
Safety Signs and Hazard Pictorials) (ISO 11684, 2023). The two-panel safety label comprises a
hazard description panel and a hazard avoidance panel in a vertical configuration. The hazard
description panel contains either a hazard description pictorial enclosed by the safety alert triangle or
an exclamation mark enclosed by the safety alert triangle. The hazard avoidance panel contains one
hazard avoidance pictorial. All signs used in the survey were randomly selected from those commonly
employed within the agriculture sector.

It should be noted that multiple-choice questions were chosen for assessing ISO 7010
workplace safety signs due to their prior use in studies with established validity analyses. This
consistency allowed for comparisons across different sectors and cultures. In contrast, open-ended
qguestions were chosen for traffic and ISO 11684 signs to gather more detailed and nuanced
information in areas where multiple-choice questions had not been previously utilized, allowing for
richer insights and the potential to inform the development of future multiple-choice questions based
on the open-ended responses.

Statistical analyses

Descriptive statistics were calculated on subjects’ demographics and their self-reported
knowledge of occupational safety and health. Pearson's chi-square statistical tests were applied to
determine the relationship between subjects' demographic characteristics and correct response to a
sign. The significance level for this study was set at a probability level of 95% (p < 0.05). All statistical
analyzes were performed using IBM SPSS Statistics for Windows, Version 22.0.

RESULTS and DISCUSSION
Demographic data and background of study subjects

Participants were asked to provide their demographic information and indicate their familiarity
with occupational safety and health. Almost all participants (99.2%) were male. The average age of all
subjects was 46.4 (SD = 12.2) years, and the majority of participants (73.7%) fell within the age range
of 30 to 59 years. Slightly over half of the participants had completed elementary school. A significant
proportion of operators (86.4%) had held a driver's license for over 10 years. Within this group, 56.0%
had accumulated 20 years or more of driving experience. The majority (72%) had undergone safety
training, though only 9.3% of them rated their level of safety knowledge as high or very high. The
demographic details of the participants are presented in Table 1.

Tractor operators’ comprehension levels on occupational safety and health signs

To gauge the levels of familiarity with occupational safety and health signs according to the
relevant standard (ISO 7010) and to indirectly evaluate the accuracy of the intended messages conveyed
by these signs, 118 tractor operators, who participanted in the study, were surveyed. The outcomes
related to their responses to these inquiries are tabulated in Table 2.
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Table 1. Demographic data of the study participants.

Cizelge 1. Calismaya katilanlarin demografik 6zellikleri.

Variable Category n %
Gender Male 117 99.2
Female 1 0.8
20-29 12 10.2
30-39 27 22.9
Age (years) 40-49 28 23.7
50-59 32 27.1
260 19 16.1
City district Menemen 77 65.3
Foca 41 34.7
Elementary school 61 51.7
Educational level High school 30 25.4
Higher education 27 22.9
0-10 16 13.6
Driver license possession (years) 11-20 36 30.5
221 66 55.9
0-10 36 30.4
Driving experience (years) 10-20 16 13.6
220 66 56.0
Safety training ves 8 720
No 33 28.0
Very little 30 25.4
Little 31 26.3
Self-assessment of safety knowledge Average 46 39.0
High 9 7.6
Very high 2 1.7

Table 2. The distribution of knowledge levels of tractor operators regarding ISO 7010 occupational health and safety signs.

Cizelge 2. Traktor operatorlerinin ISO 7010 is sagligi ve giivenligi isaretleri hakkindaki bilgi diizeylerinin dagilimlari.

*%
ISO Number Sign Choices for the meaning of the sign* n % %{/IO)
Location of fire extinguisher 48 40.7 40.7
FOOL It can catch fire 9 7.6
Do not expose the fire extinguisher to heat 31 26.3 | 59.3
Place the fire extinguisher upright 30 254
First aid 92 78.0 78.0
Mosque area 3 25
) Night work continues 12 10.2 | 200
Emergency assembly area 11 9.3
Hot surface 60 50.8 50.8
WO17 Food semcg area' 3 25
The engine is heating up 14 11.9 49.2
There is vaporization 41 34.7
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Table 2. (Contiuned)

Cizelge 2. (Devami)

ISO Number Sign Choices for the meaning of the sign* n % C(:é/lo,;*
Emergency window with escape ladder 69 58.5 | 58.5
E016 Do not lean out of the window 15 12.7
In case of an earthquake, exit through the window 13 11.0 | 415
Emergency exit door 21 17.8
Disconnectin i i i
maintenance%rtrr]gprgﬁcmne or equipment before carrying out 61 517 | 517
MO21 The train changes track 31 26.3
Pull the handle to stop 10 8.5 48.3
Change the line 16 13.6
Counterrotating rollers 34 28.8 | 28.8
Risk of hand entrapment 32 27.1
Wo25 Change the belt 36 305 | 71.2
Crushing is being done 16 13.6
Not to be serviced by users 15 12.7 | 12.7
P0G9 Do not place hand tools 50 42.4
There is no service available 48 40.7 | 87.3
Toolkit is not present 5 4.2
Do not extinguish with water 63 53.4 | 534
No open fire 19 16.1
PO11 -
No fire 21 17.8 | 46.6
Do not extinguish the fire 15 12.7
Toxic material 25 212 | 21.2
Electrical hazard 18 15.3
w016
Danger of death 53 449 | 78.8
High voltage 22 18.6
Start engine in launch sequence 26 22.0 | 22.0
The gear is turning to the right 37 314
M038 Watch out for the saw 23 195 | 780
Piston is moving 32 27.1
First aid 33 28.0 | 28.0
Pharmacy area 12 10.2
E003 Emergency assembly point 45 38.1 | 72.0
Red Cross organization gathering area 28 23.7
No heavy load 24 20.3 | 20.3
Do not weigh the load 59 50.0
P012 An object can fall 25 212 | 444
The scale can malfunction 10 8.5
Sound horn 43 36.4 | 36.4
Do not sound horn 25 21.2
M029 Caution, very high horn sound 38 32.2 | 636
Horn can be played at certain times 12 10.2
Machinery may start automatically 21 17.8 | 17.8
WO018 Low temperature/freezing conditions 9 7.6
! ff ! Heavy wind 52 44,1 | 82.2
Biological hazard 36 30.5

*Correct answers are given in bold. The sequence of signs in the table corresponds to the order they appeared in the questionnaire.

** C/I; Correct/Incorrect.
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The overall mean comprehension score for the fourteen safety signs was 37.2%, with a standard
deviation of 19.0%, indicating a poor level of comprehension in accordance with the 1SO standard. The
comprehension scores for each individual sign ranged from the lowest score of 12.7% to the highest
score of 78.0%. Only one sign (Red Crescent symbol for First Aid) achieved a comprehension score of
67% or higher, as established by the acceptance criterion for safety-related symbols in ISO 3864 (ISO
3864-1, 2011; 1SO 3864-3, 2012). None of the fourteen signs achieved a comprehension score greater
than 85%, a threshold specified as an acceptance criterion in ANSI Z535.3-2022 (ANSI 2535.3, 2022).

For five signs, the mean comprehension score ranged from 40.7% to 58.5%, while for nine signs, it
was even lower than 40%. The average comprehension score for emergency signs (54.8% for three
emergency signs) was higher than that for other signs (28.8% for three prohibition signs, 29.7% for four
warning signs, 36.7% for three mandatory signs, and 40.7% for one fire safety sign).

The overall mean (37.2%) of comprehension score in the present study was similar to Arphorn
et al. (2003)’s scores in safety sign perception (39.2%), but smaller than most studies 63.8% (Chan et
al., 2009), 66.2% (Chan & Ng, 2010a), 67.5% (Ng et al., 2011), 69.2% (Davoudian Talab et al., 2013),
70.9% (Zamanian et al., 2013) 78.4% (Davoudian Talab & Azari, 2017), 63.4% (Yazdani et al., 2017),
and 66.6% (Gungor, 2023). The differences can be attributed to different backgrounds (e.g., ethnic,
cultural) or different experimental designs (e.g., sign selection). Some previous studies (Blake Huer,
2000; Piamonte et al., 2001; Smith-Jackson & Essuman-Johnson, 2002; Shinar et al., 2003; Chan et
al., 2009; Lesch et al., 2009) indicated that different cultural backgrounds might lead to differences in
sign perception. For example, the first aid sign with the red crescent was answered correctly by 78.0%
while its equivalent and internationally accepted version sign (green squared sign with white cross
pictorial on it) was only answered by 28.0%. In the present study, statistical analyzes could not
suggest any significant and meaningful relationship between demographic properties and answering
the sign correctly.

Tractor operators’ comprehension levels on traffic signs

Participants were asked to interpret the meaning of each traffic sign as prescribed by the Turkish
Road Traffic Signage Standard (Karayolu Trafik isaretleri Standartlari 1, KGM, 2020). The distribution of
the participants' answers can be found in Table 3. The average number of correct answers was 34.9%
(SD = 19.6%) for the seven traffic signs. The lowest comprehension score (14.4%) was obtained for the
'Controlled railway crossing' sign, while the highest score (72.0%) was obtained for the 'Maximum speed
limit' sign. Only one sign (‘Maximum speed limit') had a comprehension score higher than 50%.

The low knowledge level of tractor operators indicates that they may cause accidents because they
do not sufficiently understand the traffic instructions. For example, only 31.4% of operators correctly
interpreted the meaning of the 'No entry for tractors' sign. In other words, 68.6% of operators do not
understand the meaning of the sign, which may cause them to drive on roads where they are not allowed
to drive. This lack of understanding could pose an accident risk to themselves and others. The number of
accidents might be reduced by training of operators (Gorticti Keskin et al., 2012). Therefore, improving
operator knowledge through targeted training and education is imperative for ensuring safety, reducing
accidents, and enhancing overall agricultural efficiency. It should be noted that farm vehicles are not
primarily designed for road transportation and often share roads with other motorists, potentially resulting
in hazardous situations and severe crashes due to their large size and slow-moving nature (Karimi &
Faghri, 2021). The vehicle's large dimensions not only complicate maneuverability but also enlarge driver
blind spots, obstructs the view of other drivers, and heightens the risk of collisions with oncoming and
passing vehicles. In addition to physical cumbersomeness, unsafe behaviors by tractor operators, such
as a lack of sign interpretation and failure to adhere to rules, pose risks to both their own safety and that
of other road users.
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Table 3. The distribution of knowledge levels of tractor operators regarding the Turkish Road Traffic Signage Standard signs.

Cizelge 3. Traktor operatorlerinin karayolu trafik isaretleri standartlari isaretleri hakkindaki bilgi dizeylerinin dagilimlari.

Correct Answer

Code Sign Meaning of the sign n %
TT-15 E% No entry for tractors 37 314
T-21 & Uncontrolled intersection 26 22.0
T-33a ( Dangerous left curve 58 49.2
T-25 Controlled railway crossing 17 14.4
TT-41a @ Minimum mandatory speed 30 254
TT-29a Maximum speed limit 85 72.0
TT-1 v Yield 35 29.7

Tractor operators’ comprehension levels on tractor safety signs

Tractor operators were also asked about the meaning of the signs prescribed by the ISO 11684
standard (Tractors, machinery for agriculture and forestry, powered lawn and garden equipment - Safety
labels). These signs are affixed to the tractor or machine to warn operators of potential hazards. The
distribution of the subjects' responses to these signs are given Table 4.

The responses to the ten open-ended questions sourced from the ISO 11684 standard were
assessed by a safety expert. The accuracy of answers for the two-panel safety labels was determined
based on whether they were fully or partially correct; otherwise, they were considered incorrect. The
mean comprehension score for the ten pairs of signs was 28.0%, with a standard deviation of 16.2%. The
lowest score (6.8%) was recorded for the ‘Shut off engine and remove key before performing
maintenance or repair work’ sign, while the highest score (39.8%) was achieved for the ‘Do not ride on
machine except for in supplied seat’ sign.
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Table 4. The distribution of knowledge levels of tractor operators regarding ISO 11684 tractor safety signs.

Cizelge 4. Traktor operatorlerinin ISO 11684 tractor guvenlik isaretleri hakkindaki bilgi dizeylerinin dagilimlari.

Correct Correct

Answer Answer
Meaning of the sign n % Sign Meaning of the sign n %
Read operator manual 31 26.3 Keep a safe distance from 45 38.1

rotating parts

b 1

|
Do not open or remove 34 2838 Stay a safe distance from the 32 27.1
safety shields while engine machine to avoid crushing
is running torso (force applied from side)
Do not ride on machine 47  39.8 Stay clear of hot surface 26 22.0
except for in supplied seat

Always lock ROPS in 41 347
upright position unless it

has to be folded down to

allow operation underneath

trees or brushes.

Stay clear of articulation area 23 195
while engine is running

BT E B

N/
Do not drive on slopes 43 36.4 Shut off engine and remove 8 6.8
where machine could slip key before performing
or tip maintenance or repair work.

be >

ﬁ

According to a study by Oz (2005), it was revealed that 90% of operators transport individuals on
tractors. It is worth noting that transporting people on tractors is also prohibited by traffic laws. Some
preventive measures for the unsafe behavior of transporting individuals on tractors should be taken by
promoting safe practices, implementing training programs and raise awareness among tractor operators
about the potential hazards associated with carrying passengers. Operators should be educated about
the structural limitations and potential instability caused by added weight.

Tipping-over incidents are alarmingly frequent (Reynolds & Groves, 2000; Oz, 2005; Goricu
Keskin et al., 2012; Given, 2012; Keskin et al., 2016; Pessina & Facchinetti, 2017). To mitigate the risk of
tipping over, the protective bar (ROPS) should always remain locked in an upright position, except when it
needs to be folded down for operations around trees or bushes. It's also advisable to avoid driving on
sloping terrain to prevent tipping-over accidents. Studies suggest that accidents can be reduced through
effective training, particularly when it includes hands-on instruction regarding the proper utilization of
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ROPS and seat belts, as well as the inspection and correct installation of safety equipment on tractors
(Pate et al., 2019; Karimi & Faghri, 2021).

Other most common tractor incidents are due to entanglement of body parts in moving machinery,
and involved crashing into other vehicles or obstacles (Gorucu Keskin et al., 2012). In the present study,
tractor operators correctly answered signs ‘Keep a safe distance from rotating parts,” ‘Do not open or
remove safety shields while engine is running,’ ‘Stay a safe distance from the machine to avoid crushing
torso,” and ‘Stay clear of articulation area while engine is running’ signs at rates of 38.1%, 28.8%, 27.1%,
and 19.5%, respectively. The low levels of sign comprehension may indicate that tractor operators are not
aware of these hazards, which may explain why these incidents are common.

CONCLUSIONS

Safety signs placed in workplaces, on roads, or on agricultural machinery have significant potential
as effective communication tool. Their role is to communicate important messages about accident
prevention, fire safety, health hazards, emergency evacuation protocols, traffic regulations, and safe work
practices. However, the results of this study reveal a concerning trend wherein these signs were generally
poorly understood by tractor operators. The average comprehension score for the thirty-one signs stood
at 33.7%, with a standard deviation of 16.7%. These scores further break down to 37.2% for fourteen
occupational safety and health signs, 34.9% for seven traffic signs, and 28% for ten tractor safety signs. It
is noteworthy that only six (19.4%) of the thirty-one signs attained a comprehension score exceeding
50%. Overall, the results underscore the urgent need for more attention to effective risk communication.
One possible avenue for improvement is through the provision of safety sign training programs tailored
specifically for tractor operators.

Previous studies showed that safety sign training has a positive effect on improving comprehension
(Anger et al., 2006; Xu & Zheng, 2021). Future research could explore different approaches to determine
which methods are most appropriate for tractor operators. For example, adopting a user-centered design
approach to training materials could enhance learning efficacy (Vigoroso et al., 2020). Frequent training
sessions could also serve as reminders and reinforcements (Caffaro et al., 2017). Consequently, future
studies could investigate the frequency of follow-up training sessions to develop optimal training programs.

The results of the study also highlighted the possibility that certain safety signs are inadequately
designed, as evidenced from the limited comprehension by the majority of tractor operators. This indicates
the potential necessity for reevaluating the design of such signs. Overall, this study aims to contribute
valuable insights to the existing knowledge base concerning safety signs within the agriculture sector.
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ABSTRACT

Objective: The aim is to reveal depending on the location choices of solar power
plantsthe landscape protection strategies and what needs to be done in terms of
landscape restoration after the operations of the power plants are completed.

Material and Methods: Seven solar power plants owned by local governments in
izmir constituted the main material of this study. In this context, observations were
made in the research areas, the characteristics of the installed solar power plants
were determined and their environmental effects were evaluated within the scope
of landscape protection and repair.

Results: The installation years, locations, installed capacity, and installation areas
of the solar power plants, which are the subject of the research differ from each
other. Therefore, their environmental impacts are different from each other. In
order to evaluate the environmental impact, the profiles of the power plants within
the scope of the research were examined by taking into account the standards of
electricity generation from solar energy, and their distances to different uses and
transportation axes were measured as bird flights. In addition, the areas covered
by the installed power plants were revealed and the usage areas of the produced
energy were specified.

Conclusion: Five of the seven solar power plants examined within the scope of
the research are assembled roofs and the other two are land applications. Since
more space is required in the area preparation, logistics, and installation of solar
power plants, which are land applications, the negative impact on the environment
is higher. In order to prevent or reduce these negative effects, appropriate and
comprehensive landscape repair plans should be prepared with conservation
decisions for the solar power plant areas that are actively working, whose
activities have been terminated and will be newly installed.

0z
Amag: Glnes enerji santrallerinin yer segimlerine bagli olarak peyzaj koruma

stratejilerinin ve santrallerin faaliyetleri tamamlandiktan sonra peyzaj onarimi
agisindan yapilmasi gerekenlerin ortaya konulmasidir.

Materyal ve Yéntem: Izmirde yerel yonetimlere ait yedi giines enerji santrali,
arastirmanin ana materyalini olusturmaktadir. Bu kapsamda arastirma alanlarinda
gozlemler yapilmig, santrallerin 6zellikleri tanimlanmis ve cgevresel etkileri, peyzaj
koruma ve onarim kapsaminda degerlendirilmigtir.

Arasgtirma Bulgulan: Secilen santrallerin kurulum vyillari, konumlari, kurulu gii¢
miktarlari ve kurulum ylizeyleri birbirinden farklilik géstermektedir. Bu nedenle
cevresel etkileri birbirlerinden farklidir. Cevresel etki degerlendiriimesi igin glines
enerjisinden elektrik Uretimi standartlar dikkate alinarak arastirma kapsamindaki
santrallerin profilleri incelenmis, farkli kullanimlara ve ulasim akslarina olan
uzakliklari kus ugusu olarak olgulmustir. Ayrica kurulu santrallerin kapladiklari
alanlar ortaya konulmus ve Uretilen enerjinin kullanim alanlari belirtilmigtir.

Sonug¢: Arastirma kapsaminda incelenen yedi gines enerji santralinin besi ¢at
uygulamasi, diger ikisi ise arazi uygulamasidir. Arazi uygulamasi olan giines
enerji santrallerinin alan hazirlidi, lojistik ve kurulumunda daha fazla alan kullanimi
gerektiginden cevreye olumsuz etkisi daha fazladir. Bu olumsuz etkileri 6nlemek
ya da azaltmak igin aktif olarak calisan, faaliyeti sonlandirilmis ve yeni kurulacak
glines enerji santrali alanlarina yonelik, koruma kararlari ile uygun ve kapsamli
peyzaj onarim planlari hazirlanmalidir.
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INTRODUCTION

Meeting the energy need in a way that does not harm nature and people, and alleviating energy-
related climate change depends on the use of renewable energy, which includes water, solar, wind,
biomass and other renewable types that are more environmentally friendly than traditional fuels. While
electricity is produced using renewable energy sources, it can also help reduce the effects of climate change
globally. In this context, solar energy is among the energy types that come to the fore due to its high
potential, ease of use and environmental friendliness (Cao, 2003). Instead of using fossil, which account for
more than 80% of human-caused greenhouse gas emissions, solar power plants contribute to the reduction
of greenhouse gas emissions and provide clean and renewable energy (Akpan & Akpan, 2012).

Solar energy potential and solar radiation (Charabi & Gastli, 2011; Effat, 2013; Kengpol et al.,
2013) are the most important criteria in site selection for solar power plants. The choice of location is very
important because of the efficiency of solar energy, the geographical location of the place selected for the
power plant, the structure of the land, whether it is flat or uneven, its slope, gaze, the angle of arrival of
the sun during the day and depending on the season and the climate (Birisci et al., 2012.). The slope of
the region should be low and the slope should be in the south direction in terms of insolation (Effat, 2013;
Noorollahi et al., 2016). Factors such as the area use status of the region (lack of structural and vegetable
elements that will shade such as tree cover, etc.), and geological structure (being away from fault lines,
etc.) are important geographic criteria. Location criteria such as network connection, proximity to energy
consumption zones, accessibility, distance to water resources (in terms of facilitating cleaning and cooling
processes), ownership status and installation cost are also of great importance in location selection
(Senlik, 2017; Aydin, 2020).

Solar power plants provide clean and renewable energy, but they also affect the environment for
some reasons. In a study conducted by the Ministry of Environment, Urbanization and Climate Change
(2017) impacts that may occur are divided into three main stages: land preparation and construction
phase, the operation phase and the phase after the operation is closed. In this context, the possible
effects and reasons of solar power plants that may occur after construction, operation and operation are
given in Tables 1 & 2. Human health may also be adversely affected due to pollution and deterioration
that may occur in addition to the specified ones.

In parallel with the economic growth in Turkiye, energy demand is increasing by 9% per year on
average. Responding to this demand has a very strong potential in terms of renewable energy sources
but it is insufficient in terms of fossil resources in order to keep the energy supply-demand ratio balanced
(Development Library, 2016). Tirkiye is located in a geography with high potential in terms of solar
energy due to its location. Sunshine duration varies throughout the year; however, it has been determined
that there are approximately 2737 hours per year (7.5 hours per day) and the total annual incoming solar
energy is 1.527 kWh/m? (4.2 kWh/m? per day) (TEIAS, 2022). Compared to other renewable energy
sources, solar energy is the most potential energy source in Tlrkiye. Considering that the total installed
power of electricity is approximately 79,000 MW as of 2016, the importance of converting the potential of
solar energy into production is more clearly understood (Taktak & Ili, 2018). In Turkiye, where the number
of registered power plants was 674 as of May 2022, the power potentials of registered solar power plants
are stated as 8.270 MWe. Of these power plants, which have an annual energy production of
approximately 12.627 GWh, 37 are licensed and 637 are unlicensed (Energy Atlas, 2022a).

With this study, the factors that are effective in the definition and location selection of solar power
plants and what needs to be done in terms of the protection and repair of natural and cultural landscapes
after the applications are discussed. In addition, Turkiye's solar energy potential and suitability for the
solar power plant were mentioned. In this context, solar power plants belonging to local governments in
izmir province were selected as samples. The characteristics of the power plants installed over the
samples were defined and their environmental effects were evaluated within the scope of landscape
protection and repair.
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Table 1. Possible effects and reasons of solar power plants in construction, operation and post-operation periods (created from
the Ministry of Environment, Urbanization and Climate Change, 2017)

Cizelge 1. Giines enerji santrallerinin insaat, isletme ve igletme sonrasi donemlerde meydana gelebilecek olasi etkileri ve

nedenleri (Cevre, Sehircilik ve Iklim Degisikligi Bakanhgi, 2017'den olusturulmustur)

Reasons

Effects
(Results)

Process

Construction

Business
Administration

Post-Operation

Stripping of topsoil and temporary storage of
plants not carried out under appropriate
conditions

Decrease in the
amount of organic
matter in the soil

v

v

Leveling, excavation-filling operations, works of
construction machines and vehicle and
pedestrian traffic within the site

Compaction of
soil

v

v

Acceleration of precipitation surface flow and
erosion by removing vegetation

Losses from soil

As a result of uncontrolled or accidental
spillage of fuels used in chemical and fuel
supply used during the use and maintenance
of vehicles and equipment on the site
infiltration or spread of contaminants into the
soail

Soil
contamination

Traffic, construction works (installation of
solar energy panel feet, power plant building,
office  and auxiliary construction and
installation of facilities) used tools and
equipment

Noise pollution

Soil stripping, leveling, excavation - filling etc.
dust emissions from construction activities,
bare ground and traffic, and exhaust emissions
from vehicles, machinery and equipment

Air pollution

Absence of wastewater discharge,
sedimentation caused by construction activities
and rainwater flow and erosion reducing
surface water quality and domestic wastes

Water pollution
(surface and
underground)

Dismantling with construction activities such as
blasting, stone or rock extraction, building
foundations, pile driving, etc. machines used
during

Vibration

Domestic wastes, packaging and packaging
wastes, hazardous wastes, special wastes
(waste oils, batteries and filters), excavation and
construction wastes and system equipment
wastes (panel, cable, electronics, etc.)

Waste generation

The incoming angle of the sun's rays and the
geographical location of the power plant

Reflection and
glare

Degradation of habitats with new transportation
axes, narrowing or loss of nesting and habitat
of rare, threatened or endangered species,
restriction of wildlife activity, visual and
auditory emergence of disturbances

Ecological
degradation

MATERIALS and METHODS

Material

izmir is very popular with its geographical location, cultural and historical richness and socio-cultural
structure (Yanardag, 2014; Karadan & Biriggi, 2020). Also, energy etc.suitability for investments highlights
the city in terms of renewable energy and trade. When izmir is examined in terms of solar power plants,
especially in the energy sector, the presence of licensed, unlicensed and under construction power plants
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emerges. As of December 2022, there are 39 licensed power plants in the city, with a total of 17 MW; while
the exact number of unlicensed power plants is unknown, it is known that these power plants do not
produce a total of 290 MW (Energy Atlas, 2022b).

The main materials of the research consist of a total of 7 solar power plants (SPP) located in izmir
province, under the auspices of local municipalities, especially the metropolitan municipality. The locations
of the power plants subject to the research in our country and in the city of izmir are depicted in Figure 1.

DESCRIPTIONS A

B Rescarch Arca Boundary N

\ Location of Solar Power Plants (SPP)

Kargiyaka Municipality Solar'Figld"
Ekrem Akufgal Life Park SPP
Bornova Municipality SPP

T

&
90
’ 4 ESHQT Gediz Worksliop SPP

Q . :
’ Bb;yaﬁn Closed Marketplace SPP

SeferihisarMuriicipality. Closed Market SPP

9

Selguk Municfi;élhily Vegetable and Fruit Markcl SPPY
o A
v n "

T

Figure 1. Locations of research areas.

Sekil 1. Arastirma alanlarinin konumlari.
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Ekrem Akurgal Life Park SPP ESHOT Gediz Workshop SPP
(ESHOT, 2017) (ESHOT, 2020)

Figure 2. Solar power plants belonging to izmir Metropolitan Municipality.

Sekil 2. [zmir Biiyiiksehir Belediyesi'ne ait giines enerji santralleri.

. Two of the solar power plants in the city belong to izmir Metropolitan Municipality and are named
as ESHOT Gediz Workshop SPP and Ekrem Akurgal Life Park SPP (Figure 2). The other 5 belong to
different local municipalities and are named as Karsiyaka Municipality Solar Field, Bozyaka Closed
Marketplace SPP, Bornova Municipality SPP, Seferihisar Municipality SPP and Selguk Municipality
Vegetable and Fruit Market SPP (Figures 3 & 4).

Karsiyaka Municipality Solar Field Bozyaka Closed Marketplace SPP

(Karsiyaka Municipality, 2022) (Karabaglar Municipality, 2014)

Figure 3. In Izmir, the solar panel belonging to different local municipalities.

Sekil 3. zmir'deki yerel belediyelere ait giines enerji santralleri.
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Bornova Municipality SPP Seferihisar Municipality Closed Marketplace SPP
(Energy Diary, 2016) (Energy Atlas, 2022c)

Selcuk Municipality Vegetable and Fruit Market SPP
(Ipekler Electric, 2022)

Figure 4. In Izmir, continuous of the solar panel belonging to different local municipalities.

Sekil 4. [zmir'deki yerel belediyelere ait giines enerji santrallerinin devami.

Other materials of the research consisted of national and international literary sources on the
subject, examples of solar power plants whose construction has been completed, and notes taken during
the field research. Additionally, the data obtained from the internet and photographs for field research
also constitute visual data. The definitions made as a result of the observations related to the research
and the computer software used in the processing, analysis and evaluation of the data obtained from the
research constitute the other materials of the research.

Methods

In this study, in which solar power plants owned by the municipalities in izmir are examined, firstly,
the conceptual framework is drawn and scientific studies on the subject are examined. Then, considering
the condition of belonging to local governments in Izmir, the solar power plants to be examined in the
research were determined. Specific observation forms were created in accordance with the objective of
the research and field analyses were carried out by on-site observation method in the determined solar
power plants. With these observation forms, general information about the location, installation year,
installed power amount and installation surfaces of the solar power plants, and site selection features
such as land ownership forms, distances to different uses and distances to transport axes were
examined. While these forms were being prepared, Uyan (2017) and Guner et al. (2021) studies are
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taken as reference. In addition, the environmental impacts of the solar power plants on the spatial uses in
the vicinity were evaluated (Figure 5).

1.  SELECTION OF THE STUDY AREA

I Determination of solar power plants owned by local municipalities in Izmir ]

v

2. OBSERVATIONS

l Determination of criteria I | Creation of forms l l On-site observations l

v

3. DATA EVALUATION

v

4. CONCLUSIONS AND RECOMMENDATIONS

Figure 5. Methodology of the study.
Sekil 5. Calismanin yontem akigi.

All data obtained during the observation studies, notes taken and photographs taken were
transferred to the computer. Maps obtained from Google Earth software were updated in line with the
intended use. Then, the data obtained from the application area were analyzed, processed into forms and
the data were evaluated. In the conclusion phase, the findings determined in the light of the literature
information and the data obtained through observation studies were evaluated.

RESULTS

izmir is one of the prominent provinces in terms of its geographical location, ecological structure,
development in the agricultural and industrial sectors and the use and development of renewable energy
sources. izmir has significant potential in the field of solar energy with an average of 300 sunny days per
year, high solar radiation, sunshine time reaching 12 hours in summer, average sunshine radiation of
1500-1600 kwh/m?, high panel utilization capacity and rapid return on investment (IZKA, 2016). In this
context, solar energy investments are of great importance and interest in these investments is increasing
day by day. izmir Metropolitan Municipality and other local municipalities carry out many studies to raise
awareness on issues such as the use of renewable energy sources, environmental protection, conscious
energy consumption, energy efficiency and climate change in order to create healthy cities (izmir
Metropolitan Municipality, 2020). These studies are increasingly widespread in terms of awareness,
quantity and efficiency, supported by various institutions.

ESHOT Gediz Workshop SPP has been operating since August 2017. The plant, which is built on
the roof surface, covers an area of 10.000 m?. Between 2018 and 2021, the power plant produced an
average of 1.244.428,75 kWh of energy, which prevented an average of 619.5 tons of CO:2 equivalent
emissions between the same years. The amount of energy produced is at a level that all 20 electric buses
owned by ESHOT can be charged and the energy produced is used for this purpose (ESHOT, 2023).
ESHOT Gediz Workshop SPP is located in the Indnii Neighborhood of Buca district. Approximately 520
meters from Buca Sanayi located in the south; it is approximately 660 meters from the 6th Industrial Site.
There is no protected area around it. On the izmir Ring Road, ESHOT Gediz Workshop Solar Power
Plant is located on the distance to the 6th Industrial Site exit is approximately 550 meters. The distance of
bird flight to IZBAN District Garage Station, which is the nearest railway station, is approximately 895
meters; The distance of bird flight to Konak and Goztepe Ferry Pier is almost the same and this value is
approximately 7.40 km (Table 2).
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Table 2. Identification of ESHOT Gediz Workshop Solar Power Plant

Cizelge 2. ESHOT Gediz Atdlyesi Glines Eenerji Santrali’nin tanimlanmasi

GENERAL INFORMATION

Name ESHOT Gediz Workshop Solar Power Plant
Location Buca
Year of Installation 2017
Installed Power Amount 835 kWh
Type of Ownership of Person (Private) Treasury (State) Village and Pasture
the Land v
LOCATION SELECTION

Open Land Roof Facing Work
Installation Surface /
Location Selection Agriculture Forest Pasture  Other v
Distance to Different Residential Industry The Protected Areas
Uses 0 ~520m -
Distance to Highway Railway Sea Route
Transportation Axles ~550m ~ 895 m ~7.40 km

Ekrem Akurgal Life Park SPP was created by transforming the roofs of the gym and parking areas in
Ekrem Akurgal Life Park into a power plant. In this context, there are 716 solar panels with a total area of
1.217m?, 380 of which are on the roof of the sports hall and 336 of which are in the parking area. As of the
end of October, 185 trees were saved and 19 tons of carbon dioxide (COz2) emissions were prevented by

providing 45.000 kWh of

electrical energy in the first 3 months from the facility, which was commissioned in

August 2017. The disabled vehicle charging station and the electric passenger vehicle station that can

charge 2 vehicles at the
Life Park and 40% of the

same time in the park, which will meet all the electricity needs of Ekrem Akurgal
energy needs in the Gas Factory, also serve the visitors (Healthy City Izmir, 2023).

Table 3. Identification of Ekrem Akurgal Life Park Solar Power Plant

Cizelge 3. Ekrem Akurgal Yasam Parki Glines Eenerji Santrali’nin tanimlanmasi

GENERAL INFORMATION

Name Ekrem Akurgal Life Park Solar Power Plant
Location Bayrakli
Year of Installation 2017
Installed Power Amount 186 kWh
Type of Ownership of the Person (Private) Treasury (State) Village and Pasture
Land v
LOCATION SELECTION

Open Land Roof Facing Work
Installation Surface /
Location Selection Agriculture Forest Pasture  Other ‘/

) ) Residential Industry The Protected Areas

Distance to Different Uses

0 - ~10.06 km
Distance to Transportation Highway Railway Sea Route
Axles ~518m ~1.80 km ~1.50 km
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Ekrem Akurgal Life Park SPP is located in the Cengizhan Neighborhood of Bayrakli district. There
are residential areas in the south of the park, which does not have an industrial site in its immediate
vicinity. The nearest protected area around it is the Cicekli Nature Park, which has a bird flight distance of
10.06 km. The distance to izmir Ring Road, which is the closest highway at bird flight distance, is
approximately 518 meters, the distance to IZBAN Turan Station, which is the closest railway, is
approximately 1.80 km, and the distance to Bayrakli Ferry Port, which is the closest sea route, is
approximately 1.50 km (Table 3).

Karsiyaka Municipality Solar Field has been in operation since August 6, 2014 (Energy Atlas, 2023a).
It was implemented to draw attention to the use of alternative energy sources (Yapi, 2014). The solar field,
located on 9.000m? of land (Yapi, 2014), was expanded to an area of 17.000m? by adding 4.224 more
panels to the solar power plant established with 2.013 panels in 2014 (Kargiyaka Municipality, 2023). It
produces an average of 719.780 kWh energy in this power plant. This energy produced is at a level that can
meet the electrical energy needed by approximately 198 people in their daily lives (housing, industry, metro
transportation, official apartment, environmental lighting, etc.). When only the houses are considered, the
solar field produces energy that can meet the electricity needs of approximately 241 houses (Energy Atlas,
2023a). The income provided is used in offsetting with energy companies for the electricity expenses of the
buildings and facilities belonging to Kargiyaka Municipality (Karsiyaka Municipality, 2023). Karsiyaka
Municipality Solar Field is located in Ornekkdy Neighborhood of Karsiyaka district. However, it is 2.65 km
from the residential center of Ornekkdy Neighborhood. There is Karglyaka Waste Removal Center in the
north, Ornekkdy Cemetery in the south, Ornekkdy National Park in the west and Giller Bilgin Memorial
Forest in the east. It is 1.34 km to Kargiyaka Industrial Site located in the southeast. The nearest protected
area is Yamanlar Mountain Medical Park with a bird flight distance of 5.34 km. The distance to izmir Ring
Road, which is the closest highway at bird flight distance, is approximately 2.25 km, the distance to IZBAN
Mavisehir Station, which is the closest railway, is approximately 3.85 km, and the distance to Karsiyaka
Ferry Port, which is the closest sea route, is 5.90 km (Table 4).

Table 4. Identification of Karsiyaka Municipality Solar Field

Cizelge 4. Karsiyaka Belediyesi Giines Tarlasi’nin tanimlanmasi

GENERAL INFORMATION

Name Karsiyaka Municipality Solar Field
Location Karsiyaka
Year of Installation 2014

Installed Power Amount 493 kWh (2014); 1000 kWh (2020)

Type of Ownership of the Person (Private) Treasury (State) Village and Pasture

Land v

LOCATION SELECTION

Open Land Roof Facing Work

Installation Surface /

Location Selection Agriculture Forest Pasture  Other

v
) ) Residential Industry The Protected Areas
Distance to Different Uses
~ 2.65 km ~1.34 km ~5.34 km
Distance to Transportation Highway Railway Sea Route
Axles ~2.25 km ~3.85 km ~5.90 km

Bozyaka Closed Market SPP generates an average of 499.320 kWh of electricity (Energy Atlas,
2023Db). The plant, which is installed on the roof surface, covers an area of 5.000m? (Sabah Newspaper,
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2014). This energy produced is at a level that can meet the electrical energy needed by approximately
198 people in their daily lives (housing, industry, metro transportation, official apartment, environmental
lighting, etc.). Considering only the houses, this power plant produces energy that can meet the electricity
needs of approximately 167 houses (Energy Atlas, 2023b).

Bozyaka Closed Market SPP is located in the settlement of Bozyaka Neighborhood of Karabaglar
district. The distance to Karabaglar Industrial Site in the southeast is approximately 1.35 km. There is no
protected area around it. Greenery, the nearest highway at bird flight distance It is approximately 1 km
away from the 3rd Street, approximately 2.10 km away from IZBAN Running Station, which is the closest
railway, and approximately 3.65 km away from Konak Ferry Port, which is the closest sea route (Table 5).

Table 5. Identification of Bozyaka Closed Marketplace Solar Power Plant

Cizelge 5. Bozyaka Kapali Pazaryeri Giines Enerji Santrali’nin tanimlanmasi

GENERAL INFORMATION

Name Bozyaka Closed Marketplace Solar Power Plant
Location Karabaglar

Year of Installation 2014

Installed Power Amount 342 kWh

Type of Ownership of the Person (Private) Treasury (State) Village and Pasture

Land v

LOCATION SELECTION

Installation Surface / Open Land Roof Facing Work
Location Selection Agriculture Forest Pasture  Other v
Residential Industry The Protected Areas
Distance to Different Uses
0 ~1.35 km
Distance to Transportation Highway Railway Sea Route
Axles ~1km ~2.10 km ~3.65 km

1250 photovoltaic solar panels were used in Bornova Municipality SPP. This plant generates an
average of 43.000 kWh of electrical energy. This energy produced is at a level that can meet the electrical
energy needed by approximately 198 people in their daily lives (housing, industry, metro transportation,
official apartment, environmental lighting, etc.). Considering only the houses, this power plant produces
energy that can meet the electricity needs of approximately 147 houses (Energy Atlas, 2023c).

Bornova Municipality SPP, which is located on a 7000m? land (E-Municipality.info, 2015), is located
in Erzene Neighborhood in Bornova district. Approximately 500 m bird flight to the settlements, It is
located in the northeast of the Industrial Site. The distance to Ankara Street, which is the nearest
highway, is approximately 784 m and the distance to Bornova Metro Station, which is the closest railway,
is approximately It is 3.93 km. There is no sea transportation in the immediate vicinity (Table 6). In the
service buildings of the power plant and the municipality, it is planned to meet %of the electrical energy
needs (Energy Atlas, 2015), and also to prevent 250 tons of CO2 emissions that cause environmental
pollution every year (E-Municipality.info, 2015).

Seferihisar Municipality Closed Market SPP has been in operation since May 2014. An average of
248.200 kWh of electrical energy is produced in the power plant, which is built on the roof of the
marketplace (E-Municipality.info, 2015). and photovoltaic solar panel is used. This energy produced is at a
level that can meet the electrical energy needed by approximately 198 people in their daily lives (housing,
industry, metro transportation, official apartments, environmental lighting, etc.). Considering only the
houses, this power plant produces energy that can meet the electricity needs of approximately 83 houses
(Energy Atlas, 2023d).
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Table 6. Identification of Bornova Municipality Solar Power Plant

Cizelge 6. Bornova Belediyesi Kapali Pazaryeri Giines Enerji Santrali’nin tanimlanmasi

GENERAL INFORMATION

Name Bornova Municipality Solar Power Plant
Location Bornova
Year of Installation 2015
Installed Power Amount 438 kWh
Type of Ownership of the Person (Private) Treasury (State) Village and Pasture
Land v
LOCATION SELECTION
Open Land Roof Facing Work
Installation Surface / Agriculture  Forest  Pasture  Other
Location Selection
v
) . Residential Industry The Protected Areas
Distance to Different Uses
~500 m ~300m ~4.69 km
Distance to Transportation Highway Railway Sea Route
Axles ~784m ~3.93 km -

Seferihisar Closed Market SPP is located in Camikebir Neighborhood of Seferihisar district. The
bird flight distance to Seferihisar Industrial Site in the northwest is approximately 1.81 km. The closest
protected area around it is the Breadless Nature Park, where bird flight is 6.25 km. The distance to izmir
Street, which is the nearest highway, is about 530 meters and the distance to Sidacik Marina, which
is the closest sea route, is about 4.90 km. There is no railway around Seferihisar Closed Market SPP
(Table 7). With the energy produced, the heating, cooling and lighting needs of the municipality to which it
belongs are met. 180 thousand kg of CO2 emissions are also prevented with the installed power plant
(Seferihisar Municipality, 2023).

Table 7. Identification of Seferihisar Municipality Closed Marketplace Solar Power Plant

Cizelge 7. Seferihisar Belediyesi Kapall Pazaryeri Glines Enerji Santrali’'nin tanimlanmasi

GENERAL INFORMATION

Name Seferihisar Municipality Closed Marketplace Solar Power Plant
Location Seferihisar

Year of Installation 2014

Installed Power Amount 248 kWh

Person (Private) Treasury (State) Village and Pasture

Type of Ownership of

the Land v
LOCATION SELECTION
Open Land Roof Facing Work
Installation Surf ;
sta .atlo Su .ace/ Agriculture Forest Pasture  Other
Location Selection v
Distance to Different Residential Industry The Protected Areas
Uses 0 ~1.81 km ~6.25 km
Distance to Highway Railway Sea Route
Transportation Axles ~530m - ~4.90 km
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Selcuk Municipality Vegetable and Fruit Market SPP (Table 8) is located approximately 2.38 km
from the settlement of isa Bey Neighborhood in Selcuk district. The bird flight distance to Selguk Efes
Industrial Site, which is located in the south of the power plant located on the roof of Selguk Municipality
Vegetable and Fruit Market, is approximately 3.50 km. The Meryemana Nature Park and Selguk
Gebekirse Lake in its immediate vicinity are approximately 6.25 km away from the Wildlife Development
Area. The distance to Selcuk-izmir Road, which is the closest highway at bird flight distance, is
approximately 160 m, and the distance to IZBAN Selcuk Station, which is the closest railway station, is
approximately 2.40 km.

Table 8. Identification of Selguk Municipality Vegetable and Fruit Market Solar Power Plant

Cizelge 8. Selguk Belediyesi Sebze ve Meyve Hali Giines Enerji Santrali’nin tanimlanmasi

GENERAL INFORMATION
Name Selcuk Municipality Vegetable and Fruit Market Solar Power Plant

Location Selguk

Year of Installation -

Installed Power Amount -

Type of Ownership of Person (Private) Treasury (State) Village and Pasture

the Land v

LOCATION SELECTION

Open Land Roof Facing Work
Installation Surface /
Location Selection Agriculture Forest Pasture  Other v
Distance to Different Residential Industry The Protected Areas
Uses ~2.38 km ~3.50 km ~6.25 km
Distance to Highway Railway Sea Route
Transportation Axles ~160 m ~2.40 km

Selcuk Municipality Vegetable and Fruit Market SPP is located approximately 10 km away from the
Aegean Sea as a hird flight, but there is no sea transportation from this region. The distance to Kusadasi
Port, which is the nearest port, is 15 km by bird flight.

In addition, the fact that solar power plants are installed on bird migration routes is also considered
within the scope of environmental impacts. At this point, it would be more accurate to make a general
evaluation of the subject since there is no mapping of bird migration routes in Izmir. According to O.
Doénduren (2023, oral interview), bird migrations vary depending on many variables, especially migration
character and migrating species. Immigration in Tlrkiye is generally concentrated in the Western Anatolia
region. It is from north to south in autumn and from south to north in spring. When we look at the Aegean,
it is possible to say that there are not many migration routes. In general terms, migration routes follow the
Aegean coasts, concentrate on the Gediz Delta and wetlands are preferred especially by water birds;
there is no intense migration movement within the city. Only swallows, bee birds, ebb birds, etc. make
frontal migrations and when passing through Europe, the city uses the interior. In this context, especially
the bee hawk passes over the Karaburun peninsula. The migration route of this species starts from
Mytilene and continues southwards through Karaburun, west of izmir High Technology Institute and
Seferihisar, respectively. Species are affected by power plants. Especially when they encounter solar
power plants, they start to land by thinking that the surfaces of these structures are water. According to
Sabah Newspaper (2021), Selcuk is not only a region on the migration routes of storks but also an
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important feeding and shelter point for storks due to its availability in terms of wetlands and swamps and
the absence of noise pollution throughout the city.

CONCLUSIONS

In this study, which focuses on the protection and repair activities carried out in natural and cultural
landscapes where solar power plants are installed, eight solar power plants located in the city of izmir and
established by local governments were examined. According to the data obtained from these
examinations, the installation locations, years and installed power amounts of solar power plants differ
from each other. In this context, the degrees of effect are also different from each other. Among the plants
examined, it is seen that six of them are roof applications and two of them are land applications. In
general terms, it has been observed that solar power plants, which are land applications, have more
negative environmental effects than solar power plants, which are roof applications. Because land
applications require more space use in terms of area preparation, logistics and installation.

ESHOT Gediz Workshop, Ekrem Akurgal Life Park, Bozyaka Closed Marketplace, Seferihisar
Closed Marketplace, Selcuk Municipality Vegetable and Fruit Market and solar power plants are located
in an existing settlement. For this reason, the creation of a transportation route during its installation, the
establishment of a storage area, etc. did not cause actions that required the reshaping of the land.
Existing highways have been used to deliver the necessary materials to the area and no negativity has
been detected in the use of the area. Since these solar power plants are roof applications as installation
surfaces, they do not constitute a negative situation in terms of land cover. In addition, for the same
reason, vehicle users on the route are not adversely affected by the reflection and glare effect. However,
it may cause people residing in the houses in their immediate vicinity to be adversely affected by glare
and reflection at certain times of the day depending on the angle of sunlight. Solar power plants, which
have industrial sites in their immediate vicinity, require more frequent irrigation and washing activities due
to pollutants such as dust, etc. brought by the industry. This is a factor that increases the amount of water
that needs to be used for cleaning and maintenance.

Ekrem Akurgal Life Park Solar Power Plant, there is no industrial site in the immediate vicinity of
the Solar Power Plant, but due to its location, it may be exposed to pollutants such as dust, etc.,
especially since there are open lands in the north, which may increase the amount of water required
during cleaning and maintenance.

Since Karsiyaka Municipality Solar Field and Bornova Municipality Solar Power Plant is an
application based on land, changes are observed in terms of land use and land cover. Vegetable topsoil
on the land has been removed, leveling, and excavation-filling processes have been carried out and thus
the area has been made suitable for solar power plant installation. This situation causes a decrease in the
amount of organic matter in the soil, compaction n of the soil, air pollution, etc. Since new transportation
axes are created in order to provide vehicle traffic with pedestrians and to carry out logistics activities,
intense vibration, noise pollution and fragmentation between habitats lead to ecological deterioration.

Since Kargiyaka Municipality Solar Field and Bornova Municipality Solar Power Plant are located
relatively outside the residential and transportation areas, no negativity was observed in terms of glare
and reflection effect. However, since it is exposed to intensive sunlight, it is possible to state that the
amount of water needed for cleaning and maintenance is high due to its proximity to the cooling and
industrial site. There is also a risk of erosion in these areas. For this reason, it should be monitored at
regular intervals and observations should be made.

Selguk Municipality Vegetable and Fruit Market Solar Power Plant located in Sel¢uk, especially due
to its proximity to Selcuk Gebekirse Lake Wildlife Development Area, its important wetlands and marshes,
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which offer a favorable habitat for many species, can create negativity for these species. In addition,
Seferihisar Municipality Closed Marketplace Solar Energy, which is located in the Seferihisar district on
the bee hawk migration route, the power plant can also create negativity in terms of bird species. It can
mislead species into landing or cause them to be negatively affected by glare.

Although the orientation of local municipalities towards solar energy for renewable energy is not
limited to these plants, it is developing and expanding day by day. The applications aim to reduce
greenhouse gas emissions and contribute to nature and the economy (izmir Metropolitan Municipality,
2021). When the applications made and planned to be made are examined, it is seen that the majority of
them are roof applications. This situation is considered positive in terms of realizing renewable energy
applications without causing land shaping and habitat fragmentation.

Solar power plants, which reduce foreign dependence on energy (Energy Atlas, 2023d), create
added value on local and economic activities when the amount of energy produced and the areas that
use this energy are evaluated. However, what needs to be done to protect natural and cultural
landscapes and to carry out landscape repair in degraded areas is summarized below.

¢ When used for logistic purposes, existing transportation corridors should be preferred as much
as possible and habitat fragmentation should be prevented,

¢ The scraped topsoil should be stored under appropriate conditions for repair,

¢ Regular control and maintenance of the exhaust systems of the vehicles should be ensured,
and the formation of pollutants and compaction of the soil should be prevented by controlling
the speed limits,

¢ Frequent and sufficient irrigation should be done,

¢ In order to reduce the use of water, structural or plant applications that will reduce the dust
retention of the panels should be included (for example, creating plant curtains in the direction
of the prevailing wind, harvesting and storing rainwater, etc.),

¢ Erosion control has to be performed,
¢ Domestic wastes should be properly stored and disposed of in regular storage areas,

¢ Solid and liquid hazardous wastes should be stored in accordance with the regulations and on-
site waste management and hazardous material management plans should be prepared,

¢ The transfer of pollutants to the surrounding areas and water sources has to be prevented by
creating a drainage system.

In this context, appropriate and comprehensive landscape protection plans should be prepared first.
During the application, the effects that may occur in certain periods in the short and long term should be
monitored and changes should be made as a result of observations. In ongoing or new applications,
protection decisions and repair decisions for terminated solar power plant areas should be made accordingly.
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ABSTRACT

Objective: The objective of this study was to obtain solutions by modeling
different covariance structures with Bayesian analysis methods in repeated
measurement and to show its applicability to data in animal science.

Materials and Methods: This article focused on the analysis of the body weight
data of 4154 weaned 8-month-old lambs. Repeated measurement analyses
based on the mixed effect model were evaluated with Bayesian methods.
Models were created for 12 different covariance structures. As the model
comparison criterion, Deviation Information Criteria based on the relationship
between the fit of the data to the model and the complexity of the model were
used.

Result: Among 12 different covariance structures, the unstructured covariance
structure was determined as a suitable structure for the data of this study.

Conclusions: It was concluded that various variance-covariance structures,
such as body weight, can be easily modeled in repeated measurement data.
Instead of PROC MCMC methods that require complex and computational
difficulties and profound coding knowledge, it was presented a relatively user-
friendly and fast procedure with its theoretical structure and demonstrated its
feasibility. As a result of the literature review, this is the first study in which
Bayesian methods solved a wide variety of variance-covariance structure
models.

0z
Amagc: Bu calisma, tekrarli dlgimlerde farkli kovaryans yapilarini Bayes analiz

yontemleriyle modelleyerek ¢éziimler elde etmeyi ve bunun hayvan bilimindeki
verilere uygulanabilirligini gdéstermeyi amacglamaktadir.

Materyal ve Yontem: Bu makalede sutten kesilmis 8 aylik 4154 kuzunun canli
agirlik verileri analiz edilmistir. Karma etki modeline dayali tekrarli &lgim
analizleri Bayes yontemleri ile degerlendirilmistir. 12 farkli kovaryans yapisi igin
modeller olusturulmustur. Model karsilastirma kriteri olarak, verilerin modele
uyumu ile modelin karmasikligi arasindaki iliskiye dayali Sapma Bilgi Kriterleri
kullanilmistir.

Arastirma Bulgulan: 12 farkli kovaryans yapisi arasindan yapilandiriimamis
kovaryans yapisinin bu galismanin verilerine uygun yapi oldugu belirlendi.

Sonug: Tekrarlanan o6lgim verilerinde vicut agirhgr gibi gesitli varyans-
kovaryans yapilarinin kolaylikla modellenebilecegi gosterilmistir. Karmasik ve
hesaplama zorluklari ve derin kodlama bilgisi gerektiren PROC MCMC
yontemleri yerine, nispeten kullanici dostu ve hizli bir prosediir, teorik yapisiyla
birlikte sunuldu ve uygulanabilirligi gosterildi. Literatir taramasi sonucunda bu,
Bayes yontemlerin gok gesitli varyans-kovaryans yapi modellerini ¢ézdugu ilk
calismadir.
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INTRODUCTION

Repeated measurement analysis is a widely used design in biological researches. The primary
purpose of repeated measurement data is to examine simple factor effects (main effects) and their
interaction effects. The strength of this method is that repeated measurement analysis is the only design
form in which it is possible to obtain information on individual variations. Standard regression and variance
analysis methods do not meet the appropriate assumptions for repeated measurements. The models and
methods to analyze these data have to define the relationship between the observations obtained from the
same unit. For this reason and because of their correlation structure, there is a need to represent the
repeated measures data with special statistical models and their complementary analysis methods. Mixed
models provide more flexibility in modeling covariance structures for repeated measurement data and
adequately explain the time-dependent correlations of units (Eyduran & Akbas, 2010; Littell et al., 1998).
Verbeke and Molenberghs are pioneers in repeated measures, particularly with their work “Linear Mixed
Models for Longitudinal Data,” which is considered a classic in repeated measurement analysis (. The
mixed model for repeated measures is popular for individually randomized trials with continuous longitudinal
outcomes. The advantage of this method is that it does not have to take an equal number of measurements,
observations with missing data are included in the analysis, and it is flexible in determining the covariance
structure suitable for the data (Cnaan et al., 1997; Verbeke & Molenberghs, 2012). Bayesian Monte Carlo
methods offer a more effective alternative to statistical methods such as Maximum Likelihood (ML). For
instance, quantitative genetics has a historical record of relying on Bayesian statistics, especially in animal
breeding, since Sorensen and Gianola’s seminal work (de Villemereuil, 2019; Sorensen et al., 2002).
Geneticists Daniel Gianola and Daniel Sorensen introduced MCMC procedures in the 1990s to solve animal
breeding problems using Bayesian statistics, and its use has become more and more common. Instead of
using the mathematical expression, MCMC provides a set of random sample numbers extracted from a
probability density function (Blasco & Blasco, 2017). Unlike traditional approaches to estimating model
parameters, a Bayesian paradigm treats model parameters as random variables, and Bayes’ theorem is
used to derive probability distributions for model parameters.

As with all statistical models, each measurement has a residual. Since repeated measures on the
same individual are usually serially correlated, it is usual to have residuals that are not independently and
identically distributed, meaning that the covariance structure of the residuals must be clearly modeled
(McNeish, 2017). Correct determination of covariance structures for repeated measurements is essential
for accurately estimating the standard errors of the coefficients of the mean profiles (Fitzmaurice et al.,
2012). Although evaluating a suitable covariance structure for the data is complex, mixed model analysis
is more sensitive. A complex situation becomes even more complicated when the covariance structure is
unknown. In this case, the key to the data analysis strategy is to choose the covariance structure.

The expression of the general linear mixed model in matrix form is as follows:
Y=XB+Zy+¢

In the equation here, X and Z are the design matrix for fixed and random effects, respectively, B
and y are the fixed and random effects vectors, respectively, and ¢ is the errors vector. It is assumed that
Y and € are N(0, G) and N(0, R) distributions and independent, respectively.

While the error vector is normally distributed with e;~N (0, R;), it is R; = cov (e;). Assuming that the
random effects are normally distributed, the expected value and variance of the model are as follows:

Yil _ [0 Y1_[G O
E[N] =[] andvar [Y] <[ 9]
The representation of the covariance matrix of G random effects and the covariance matrix of
errors R are as follows:
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[ var(n)  cov@anra) - €ov(ViVa)]
G =Var(y,) = ICOV(V:lirVZi) Va’”gl’zi) cov(y?i, yqi)l
lcov(yli'bqi) cov(Va vqi) - var(yqi)
var(ey;) cov(ey;, ey;) ... cov(ey, en)
R=Var(e,) = cov(e‘li, €5) var(ezi) cov(e?i,eni)
cov(ey,en) coviey,ey) - var(en)

In the classical mixed model, R = ¢2I, where I is the n X n identity matrix, and G is the diagonal
matrix containing variance components. The choice of the covariance structure is equivalent to the choice
of structure for ¢ and R. The first step is to consider the study’s design and the obstructive nature of the
observations (Gomez et al., 2005).

This article is about facilitating the modeling of different covariance structures. Growth data
collected from lambs at different times were used to represent repeated measurement data commonly
used in animal science. Generating 12 models with different covariance structures for body weight data
and show how all models can fit in PROC BGLIMM because the procedure is relatively new. In the SAS
package program, Bayesian solutions are implemented using not only the long-standing original and
versatile Bayesian procedure, PROC MCMC, but also the new PROC BGLIMM procedure. PROC
MCMC is a simulation-based general Bayesian approach that offers flexibility in model specification but
requires more user programming knowledge. Mixing efficiency can sometimes be less than due to the
general sampling (non-model-specific) algorithms that PROC MCMC uses (Chen et al., 2016). PROC
MCMC also has certain limitations, such as the absence of automated support for a CLASS statement to
manage categorical variables. PROC BGLIMM is a Bayesian procedure designed explicitly for fitting
generalized linear mixed models using Markov chain Monte Carlo methods. It employs optimal
parallelized sampling algorithms for improved performance, handles multilevel nested and non-nested
random-effects models, and fits models to multivariate or longitudinal data that contain repeated
measurements (Shi & Chen, 2019). The Bayesian approach to statistical modeling involves treating
model parameters as random variables and estimating the joint distribution of all parameters in the model.
This can be done using Markov chain Monte Carlo (MCMC) methods, which allow for sampling from the
posterior distribution of the model parameters given the data. The random effects parameter y adds an
extra sampling step to the Gibbs algorithm, thus eliminating the need to integrate y to make inferences
about B numerically. MCMC methods generate estimates of the marginal distribution for all fixed-effects
parameters, including the G and R covariance matrices.

MATERIALS and METHOD
Data set and descriptive statistics

The material of this study consists of the repeated measurements of body weight data of 4154
weaned 8-month-old lambs. The number of measurements is the same for each animal, and body weight
measurements from 1 to 6 months were taken for each animal. The herd year (1 to 6), the number of
days to weaning, and the sire were recorded for each animal. Data for analysis were prepared in
longitudinal data format for 59 sires, with a record for the time of measurement in one column and a
record for each time at which body weight was measured in another column. The change of the repeated
measurement body weight data of lambs from the first month to the sixth month is depicted in Figure 1
with a boxplot.
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Boxplot of body weight by months
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Figure 1. Boxplot of body weight by months.
Sekil 1. Aylara gore viicut agirligi kutu grafigi.

The profile graph showing the change of body weights over time (months) according to six different
herd years is given in Figure 2. To have the correct standard errors of the estimated coefficients of the
mean profile, it is necessary to have or know a good idea of the appropriate covariance structure of
repeated measurements. In a Bayesian framework, the accurate covariance matrix will have appropriate
standard deviations for the posterior distribution of the coefficients included in the mean profile of the
repeated response over time. It should be noted that the covariance matrix of errors in the mean
response depends on the mean response and vice versa, so these two items are related.

Average profile graphs
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Figure 2. Average profile graphs for body weights (hy: herd year).

Sekil 2. Canli agirlik igin ortalama profil grafikleri (sirti yilina gére).
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Bayesian formulation of repeated measures

In this study, a linear mixed model will be used. The linear mixed model is a generalized version of
the linear model. In the general form, the linear mixed model is as follows: when the ith individual has n;
repeated measurements.

Yi=XiB+Zy +¢g i=12-,m (2.1)

where y; is (n; X 1) dimensional observation vector for ith individual and n; is the number of
measurements for the ith individual; X; is (n; X p) dimensional design matrix for the fixed effects; g8 is
(p x 1) dimensional vector of unknown fixed regression coefficients; Z; is (n; X q) dimensional a matrix of
covariates associated with the random effect; y; is (¢ X 1) dimensional vector of random effects
parameters and y;~N(0, G;); and g; is (n; X 1) dimensional a vector of error terms and &;~N(0,R;) and is
independent of y;.

When the sire effect is assumed to be a random effect, in this case, the effect of each sire on the
response variable y;,is represented by a random effect vector y;. Suppose the relationship between the
effects of all sire is described by a normal distribution with a mean of 0 and a variance of ¢2.

Repeated measurements can be obtained either as multiple measurements taken from the same
trial unit at the same time or as a single measurement taken from the same trial unit multiple times or as a
combination of these two. In this case, suppose ¢; = {1, €, -, €} IS @ vector of measurements taken
from m equal time interval. Each of the measurements comes from a normal distribution and has the
following covariance matrix.

011 021 - Oim

021 0Oz = Oy
R, =Var(g) =| : : : :

Omi Omz2z - Omm

Since all measurements were taken from the same experimental unit, they are related to each
other. Here R; is the covariance matrix of the errors for the ith individual. A linear mixed model extends
the simple multiple regression model, y = Xp + € , and allows the random effect y; to be added to the
regression coefficients. In other words, the addition of random effects helps to distinguish between the
conditional mean (individual-specific) E(y;|y;) = X;B + Z;y; and the marginal mean (population-mean)
E(y;) = X;B . Similarly, the individual-specific covariance Cov(y;|y;) and the population-mean covariance
Cov(y;) are:

Cov(y;ly:) = Cov(g;) = R;
Cov(y;) = Cov(Z;y;) + Cov(e)) = Z,G,Z; + R;

Finally, y;~N(X;B, Z;G;Z; + R;) can be written for each individual. Here, the variance of y; is
V; = Z,;G,Z; + R;. The random part of the model was fitted by identifying the terms describing the random
pattern matrix Z; and determining the variance-covariance structures of the matrices G; and R; . Now,
suppose we have matrix Zy,,, = block diagonal[Z;] where Y, n; . We assume that Y = (y{, 53, -, ¥m)’
X=X, X5, . X0 s Y=LV 0 Ym) s e=(&1,& 0 &), G = blockdiagonal[G;], and
R = blockdiagonal[R;] for the sake of simplicity of notation. The linear mixed effects model in Equation
(2.1) can be rewritten in full matrix notation.

Y=XB+Zy+¢ (2.2)

The marginal probability density function of Y~N(XB,ZGZ' + R) and given vy, the conditional
density function of ¥ can be written as Y|y~N(XB + Zy,R). In addition to these assumptions, the
Y~N(0,G) and &~N(0,R) assumptions should be considered while constructing the mixed effects
likelihood function.
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Prior distribution

The most critical part of Bayesian analysis is to assign prior distributions to all unknown parameters
(B,7,G,R) in the model. In the case of the fixed effects vector B, the multivariate normal distribution
representing sufficient a priori information about these parameters is determined as the a priori
distribution and can be written as following.

ﬂ |b0. Bo"’N(bo. Bo)-

_p —
f(B\bo, Bo) o |Bo| zexp {~2 (B — bo)' By~ (B — by)} (2.3)
The random effects vector y can be determined as the normal distribution to a priori distribution.

YIG~N(0,G)

F16) < 161 zexp {~2y'6 1y} (2.4)

To complete the prior distribution definitions, the variance-covariance matrices ¢ and R need to be
determined. It is possible to specify a prior probability expression for the parameters ¢ and R. It will be
assumed that these parameters have an inverse-Wishart distribution. Given V, and v,, the prior

distribution of G can be written as;

G~Wp(vy +m, V)
f(Glv, .V, ) « |G|_%("9+m+1)exp {—%tr (ng‘lVg)} (2.5)

Similarly, given V, ve v,, the density function of the prior distribution of R is the inverse-Wishart
distribution given below.

R~W,, (v, + m,V,.)
1
fRIv,,V,) o [RIZT ™ Dexp {=Jor (0, R7V,)) (2.6)
Here, V, and V, are hyperparameters of (m x m) dimensional and can be interpreted as initial

values of prior distributions of variance-covariance parameters G and R, respectively. v, and v, are also

hyperparameters of the prior distribution of the variance-covariance matrix, and these are as a measure
of the degree of belief in V, and V.. or as integer values that can be interpreted as degrees of freedom.
WhenV, =0 and V, = 0, in the absence of a priori information, the priori distributions of G and R given in

equations (2.5) and (2.6) will be noninformative as follows.

1

£(6) « |G|z
1

f(R) o |R|72™*)

Likelihood function

Model (2.2) states that given B,y, G, and R, the observation vector Y has the following likelihood
function.

f(IB,Y.GR) = @)™/ |RI™ 2 exp {(—3 (¥ = XB-ZY)RT'(X = XB-ZP)} (27)
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Joint posterior density function

The prior distributions given in equations (2.3), (2.4), (2.5) and (2.6) for B,y, G and R, respectively,
are multiplied by the likelihood function given in (2.7) for the model in (2.2). Given Y according to Bayes’
rule, the joint posterior density function of the parameters can be obtained as follows.

f(B,v, G RIY) = f(Blby, Bo) X f(¥16) x f(Glvg,V, ) X f(Rlv,, V) X f(Y|B,V,G, R)

P 1 R _4q 1

o 1Byl Fexp {~ (8 — bo)' By (8 — bo)} x 161 2exp |- S vy}
1 1 1 1

X |G|‘f("g+’"“>exp{—gtr(ng*Vg)} x |R| 20 Dexp {—Etr(er-lvr)}

1
X |RI™/2 exp{== (Y = XB = Zy) R (¥ = XB - Z )]
which can be rewritten as

FB..GRIV) IBO|‘?|G|‘%(Q+”g+m+l>|RI_%(N1WTWU
x exp{== (B — bo) By (B — bo)} exp{~ 5 tr[67 (5, + ¥V}
X exp {—%tr[R‘l(vTVr +(Y-XB—Zy)(Y-XB—Z y))]} (2.8)

Let's denote all parameters B,y, G and R, with 8 and let ©(0) be the function of interest. Bayesian
interpretation aims to obtain the expected mean under the posterior density function.

E[rn(0)1=[f(Y|6)f(6)do (2.9)

Where £(8) = f(Blby, Bo) X f(¥|G) x f(Glv,,V, ) x f(Rlv., V), f(¥]6) is the conditional density
function of Y given the parameters or the likelihood function given in (2.7). There are at least two
difficulties in obtaining this. In particular, (2.9) is analytically challenging to obtain. Second, although the
standard Monte Carlo approach can be a solution for such a high-dimensional integral problem, it is not
easy to apply. Because the marginal posterior density function may be of an unknown form and it is not
easy to draw a sample from such a density function. Fortunately, the Gibbs sampling approach can be
applied to overcome this problem, which allows the user to draw samples from the joint distribution using
the conditional posterior distribution of each parameter, given the other parameters.

Full conditional posterior densities

To apply Gibbs sampling for the model given in Equation (2.2), fully conditional posterior
distributions of B,y,G and R are required, given the remaining parameters. Considering the conditional
posterior distribution gives an idea about the structure of the posterior distribution and provides the basis
for an effective calculation. The full conditional posterior distributions of B,y, G, and R are obtained from
the joint posterior probability density function given in (2.8). To obtain the full conditional distributions of
B.v, the following rule is used. Let the probability density function of the vector 8 be proportional to the
following exponential expression;

1
exp {—ﬁ(e A6 — 20 a)}
Where 4 is a positive definite matrix, the distribution of 8 is N(47'a,A™1) in this case.

Conditional posterior distribution of B: The conditional posterior probability density function of g is
proportional to the following exponential expression.

1
exp {—E [B(XR'X+ By ')B— 2B (XR'(Y - Zy) + Bo_lbO)]}
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Thus, the conditional posterior distribution of g is as follows.
[BlY,G, R, Y]~N ((X'R—lx +By) (X'R™I(Y — Zy) + By 'b,), (X' R™'X + Bo_l)_l) (2.10)

Conditional posterior distribution of y: The conditional posterior probability density function of y is
proportional to the following exponential expression.

1
|- Ly @+ 28Dy - 2y (R0 - X))

Thus, the conditional posterior distribution of y is as follows.
[¥IB.G,RYI~N((6+Z'R*Z)" (ZR*(Y - XB)),(G+Z'R'Z)?) (2.11)

Conditional posterior distribution of G: The posterior probability density function of G is proportional
to the following expression.

1
|G|_%(vg+m+1 )exp {_ 3 tr[G_l(ngg + Y’Y)]}

Thus, the conditional posterior distribution of G is as follows.
[GIB, v, R Y]~W™(q + v, V'Y + ngg) (2.12)

Conditional posterior distribution of R: The posterior probability density function of R is proportional
to the following expression.

1 1
|R| ZWVHUrtmt D ey {—Etr[R‘l(err +Y-XB-Zy)(Y-XB-Z y))]}

Thus, the full conditional posterior distribution of R is obtained as follows.
RIB,V.GYI~-W'(N+v, (Y -XB—ZV)' (Y —XB—ZY) +v.V;) (2.13)

The W1 in (2.12) and (2.13) shows the inverse Wishart distribution with m variables. The Wishart
distribution is parameterized according to the degrees of freedom (v, and v,) and the precision matrix (V,
and V,). The inverse-Wishart distribution is a conjugate prior for the covariance matrix of the multivariate
normally distributed variables. This means that when combined with the likelihood function, it will result in
a posterior distribution belonging to the same family of distributions. Another significant advantage of the
inverse Wishart distribution is that it provides positive precision of the covariance matrix (Schuurman et
al., 2016).

Bayesian analysis of data set using proc BGLIMM
The mixed-effects model used for the dataset is as follows.
Yijk = Bo + Brhyi + BaxXiji + sk + €yji
Where, y; ;. monthly body weights; hy;: herd year; p,, f,, f,: regression coefficients; x;;,: days to
weaning; s,: sire; and e;: error. The effect of the sire, which is a random effect, follows a normal
distribution sk~N(Oq, a,flq).

For all regression coefficients, g; (j = 1,2), fixed effect herd year hy;, and weaning days x;j, were
determined as a noninformative prior distribution with large variance Normal (0; var=1e4). These
noninformative prior distributions were solved by the Proc BGLIMM procedure. A single chain of size
10,000 iterations was run. The initial 500 iterations were discarded as a burn-in, and every second
sample was recorded to reduce autocorrelation. In total, 5,000 samples were recorded for each
parameter, and the means of the sample values were used as an estimate of the parameters. Basically,
12 different models were created for 12 different variance-covariance structures. These 12 models are
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modeled with noninformative prior selection. In addition, variance components and unstructured variance-
covariance structures from these models were remodeled with informative priors. To compare models, a
Bayesian comparison criterion Deviance Information Criteria (DIC) was used, based on the relationship
between the fit of the data to the model and the complexity of the model. The Deviance Information
Criteria (DIC) (Spiegelhalter et al., 2002) is a model comparison tool similar to the well-known probability-
based information criterion Akaike Information Criterion (AIC) (Akaike, 1973), and Bayesian Information
Criteria (BIC) (Schwarz, 1978). This criterion, which uses the posterior distributions of the models
obtained by the MCMC method, is useful in Bayesian model selection and has been used in many studies
(Fikse et al., 2003; Rekaya et al., 2003; Legarra et al., 2005; Francois & Laval, 2011; Holand et al., 2013).
DIC is defined as DIC = D(8) + p,, where p, = D(8) — D(8). And D(6) is the mean of the deviation in
iterations. It measures how well the data fit the model using the likelihood function (—2logL(D|6)) and
sampled parameter values at each iteration.

RESULTS

For all models, the posterior distributions of the parameters were calculated one by one, and
convergence was checked. A special care should be given while interpreting the results when the chain does
not have MCMC convergence of posterior distribution. In this study, there was a general convergence in the
posterior distributions of all parameters, and different diagnostic tests, such as the Geweke test, Monte Carlo
standard errors, and effective sample size, were evaluated together with trace charts. Therefore, reliable
posterior statistics of parameters for body weight data have been obtained and can be interpreted.

The twelve models using different variance-covariance structures with informative prior and two
models with noninformative prior specification were created in this study, and the results were evaluated.
The DIC values of the models are given in Table 1. These values are calculated using the equation
DIC = Dbar + pD = Dhat + 2pD. Where pD is the number of effective parameters that should be included
in the model, the mean of the posterior distribution of the deviation Dbar, and the log-likelihoods
calculated from the Gibbs sampling iteration. Assuming the unknown parameters of the model is 6, the
deviation from the posterior mean of 0 is Dhat.

Table 1. Summary of DIC comparison values of models

Cizelge 1. Modellerin DIC karsilastirma degerlerinin 6zeti

Model DIC Dbar Dhat pD
vC 3320.31 3269.89 3219.47 50.42
Cs 3327.76 3280.51 3233.27 47.25
CSH 3014.26 2966.70 2919.13 47.57

° HF 2895.96 2891.27 2886.59 4.68
% AR (1) 3290.40 3249.74 3209.08 40.66
£ ARH (1) 2965.02 2913.68 2862.34 51.34
E FA (1) 2551.29 2481.55 2411.80 69.74
é ANTE 2533.23 2475.89 2418.55 57.34
TOEP 3214.28 3163.33 3112.38 50.95
TOEPH 2910.90 2872.92 2834.93 37.98
UN 2499.38 2460.82 2422.27 38.55
ARMA 3278.50 3234.29 3190.08 44.21
Informative vC 3320.20 3270.73 3221.27 49.47
UN 2482.95 2459.34 2435.74 23.60
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The model with the smallest DIC value is accepted to be the most suitable model. When the models
with noninformative prior distributions are evaluated, the model with the lowest DIC value among 12
different models is the unstructured (UN) variance-covariance structure. The variance-covariance matrix of
the model with the unstructured structure determined as the most suitable model is tabulated in Table 2.

Table 2. R variance-covariance matrix for the unstructured model

Cizelge 2. Yapilandiriimamis model icin R varyans-kovaryans matrisi

R Matrix
Row Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
1 0.18840 -0.0684 0.0177 0.0201 -0.0416 -0.1385
2 -0.06837 4.1512 3.1752 4.0258 5.4634 1.5813
3 0.01771 3.1752 3.9813 4.4706 4.7099 1.2691
4 0.02012 4.0258 4.4706 5.9967 6.5966 1.8482
5 -0.04155 5.4634 4.7099 6.5966 9.1552 3.4360
6 -0.13850 1.5813 1.2691 1.8482 3.4360 10.4639

The rows and columns of the variance-covariance matrix R represent the repeated measurement
time value. The diagonal elements of the matrix in Table 2 are variance components, and it can be easily
seen that this matrix has a heterogeneous covariance structure. It can easily be seen that the variance of
the body weight data increases from the first month to the sixth month. While the body weight variability in
the first month was 0.1884, the body weight variability in the sixth month was 10.4639. It is expected that
the variability will increase as the body weights increase over the months. The correlation matrix for the
model in the unstructured variance-covariance structure is given in Table 3.

Table 3. R correlation matrix for the unstructured model

Cizelge 3. Yapilandiriimamis model icin R korelasyon matrisi

R Correlation Matrix
Row Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
1 1.00000 -0.0773 0.0205 0.0189 -0.0316 -0.0986
2 -0.07730 1.0000 0.7810 0.8069 0.8862 0.2399
3 0.02045 0.7810 1.0000 0.9150 0.7801 0.1966
4 0.01892 0.8069 0.9150 1.0000 0.8903 0.2333
5 -0.03164 0.8862 0.7801 0.8903 1.0000 0.3510
6 -0.09865 0.2399 0.1966 0.2333 0.3510 1.0000

It can easily be seen from Table 3 that the correlation is generally higher between pairs of
observations close to each other and lower between pairs of observations far from each other. It is clear
from Table 1 that the unstructured model DIC value is also smaller in two covariance structures examined in
the informative prior specifications. Therefore, the unstructured model was determined as the most
appropriate covariance structure for the body weight data used in this study for informative and
noninformative prior specifications. For the model whose covariance structure is unstructured, the
parameters and the mean, standard deviations, and highest posterior density (HPD) of the posterior
distributions are given in Table 4.

The HPD intervals can be examined to determine if the model parameters have a significant effect.
As can be seen from Table 4, no significant effect of all herd years was found on monthly body weights
since their HPD intervals include O value. Likewise, the days to weaning do not have a statistically
significant effect on body weight. However, the measurement months have statistically significant effects.
Trace, autocorrelation, and posterior density graphs of each parameter are given in Appendix. It is
understood from these graphs that the Markov chain converges successfully for all parameters, as there is
no autocorrelation, and the posterior distributions are almost normally distributed.
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Table 4. Posterior statistics and intervals for model parameters

Cizelge 4. Model parametreleri igin sonsal istatistikler ve araliklar

Parametre N Mean Star_ldgrd 95% HPD' intervals
Deviation

Intercept 5000 36.1302 0.9449 34.2900 37.9510
hy 1 5000 0.1255 0.5489 -0.9809 1.1454
hy 2 5000 0.0515 0.3336 -0.6091 0.7105
hy 3 5000 0.0673 0.1288 -0.1846 0.3186
hy 4 5000 0.0498 0.1294 -0.2018 0.3039
hy 5 5000 0.0709 0.1284 -0.1790 0.3234
M1 5000 -32.0588 0.2823 -32.6451 -31.5284
M 2 5000 -21.2220 0.2908 -21.7861 -20.6364
M3 5000 -16.1885 0.2956 -16.7883 -15.6217
M 4 5000 -10.2416 0.3064 -10.8593 -9.6554
M5 5000 -5.9175 0.3088 -6.5463 -5.3426
iDW? 5000 0.0103 0.0185 -0.0257 0.0464
Residual UN (1,1) 5000 0.1884 0.0467 0.1148 0.2837
Residual UN (2,1) 5000 -0.0684 0.2352 -0.5124 0.3892
Residual UN (2,2) 5000 4.1512 0.6856 2.9183 5.5409
Residual UN (3,1) 5000 0.0177 0.1988 -0.3649 0.4043
Residual UN (3,2) 5000 3.1752 0.5996 2.0616 4.3649
Residual UN (3,3) 5000 3.9813 0.6122 2.8819 5.1980
Residual UN (4,1) 5000 0.0201 0.2541 -0.4623 0.5307
Residual UN (4,2) 5000 4.0258 0.7194 2.7390 5.4758
Residual UN (4,3) 5000 4.4706 0.7123 3.1413 5.8562
Residual UN (4,4) 5000 5.9967 0.8755 4.3278 7.6887
Residual UN (5,1) 5000 -0.0416 0.3308 -0.6591 0.6392
Residual UN (5,2) 5000 5.4634 0.8971 3.8913 7.3130
Residual UN (5,3) 5000 4.7099 0.8224 3.1916 6.3807
Residual UN (5,4) 5000 6.5966 1.0159 4.7490 8.6818
Residual UN (5,5) 5000 9.1552 1.2841 6.8359 11.7349
Residual UN (6,1) 5000 -0.1385 0.3007 -0.7204 0.4517
Residual UN (6,2) 5000 1.5813 0.6737 0.2997 2.9111
Residual UN (6,3) 5000 1.2691 0.6302 0.0680 2.5371
Residual UN (6,4) 5000 1.8482 0.7606 0.4526 3.4623
Residual UN (6,5) 5000 3.4360 0.9687 1.6401 5.3816
Residual UN (6,6) 5000 10.4639 1.3865 7.8027 13.1404
Random Var 5000 0.1402 0.0307 0.0866 0.1993

'HPD: Highest Posterior Density; %iDW: days to weaning; hy: herd year; M: Months

Geweke test, Monte Carlo standard errors and effective sample size, autocorrelation time, and
efficiency are reported in Table 5 to evaluate the convergence of the Markov Chain. At a probability level of
95% (p < 0.05) significance level, the Geweke diagnostic rejects the null hypothesis that the means from the
beginning and end parts of each chain are equal only for the model parameters hy2, hy3, hy4, and Residual
UN (6,6). All the other chains pass Gweke'’s test for stationary. The standard error of the mean, also known
as the Monte Carlo standard error (MCSE) provides the accuracy of the posterior estimates of the
parameters. The Monte Carlo standard errors of each parameter in Table 5 are significantly small relative to
the posterior standard deviations (MCSE/SD), indicating that the Markov chain has stabilized and the mean
estimates do not vary much over time. As a result of the examination of both autocorrelation graphs and
diagnostic tests for each parameter, it was concluded that although some parameters show that there may
be slight problems with convergence as a result of the diagnostic tests, the values are very close to the
desired results, and the trace plots also confirm the convergence of the Markov chain for all parameters.
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Table 5. Diagnostic tests of model parameters

Cizelge 5. Model parametrelerinin teghis testleri

Geweke Monta Carlo Standard Error Effective Sample Size
oraratre 2 Profz | Mcsgl |Stendard | yeseisp | pssz  Auto-corelation| grigigney
Intercept 0.7386 0.4601 0.036800 0.9449 0.0389 660.4 7.5707 0.1321
hy 1 2.1697 0.0300 0.028000 0.5489 0.0509 385.3 12.9761 0.0771
hy 2 1.0568 0.2906 0.018000 0.3336 0.0540 342.5 14.5970 0.0685
hy 3 0.4737 0.6357 0.002990 0.1288 0.0232 1852.2 2.6995 0.3704
hy 4 0.2222 0.8242 0.002820 0.1294 0.0218 2105.5 2.3748 0.4211
hy 5 -2.3034 0.0213 0.003160 0.1284 0.0246 1648.4 3.0332 0.3297
M1 0.9224 0.3563 0.003860 0.2823 0.0137 5338.8 0.9365 1.0678
M2 0.4914 0.6232 0.004040 0.2908 0.0139 5175.3 0.9661 1.0351
M3 1.0284 0.3038 0.004100 0.2956 0.0139 5209.2 0.9598 1.0418
M 4 0.4652 0.6418 0.004260 0.3064 0.0139 5177.5 0.9657 1.0355
apM 5 -0.4156 0.6777 0.004290 0.3088 0.0139 5193.6 0.9627 1.0387
iDW -0.9838 0.3252 0.000788 0.0185 0.0426 550.3 9.0865 0.1101
Residual UN (1,1) 0.9388 0.3478 0.001760 0.0467 0.0377 701.8 7.1245 0.1404
Residual UN (2,1) 1.2021 0.2293 0.015000 0.2352 0.0637 246.2 20.3062 0.0492
Residual UN (2,2) 0.8443 0.3985 0.032400 0.6856 0.0472 448.3 11.1533 0.0897
Residual UN (3,1) 1.9431 0.0520 0.011500 0.1988 0.0578 299.8 16.6754 0.0600
Residual UN (3,2) 1.1207 0.2624 0.027300 0.5996 0.0455 483.0 10.3518 0.0966
Residual UN (3,3) 1.4806 0.1387 0.023900 0.6122 0.0390 657.4 7.6058 0.1315
Residual UN (4,1) 1.7864 0.0740 0.015400 0.2541 0.0605 273.2 18.3042 0.0546
Residual UN (4,2) 1.0768 0.2816 0.031700 0.7194 0.0441 514.3 9.7213 0.1029
Residual UN (4,3) 1.2615 0.2071 0.027900 0.7123 0.0392 650.0 7.6923 0.1300
Residual UN (4,4) 1.1345 0.2566 0.030600 0.8755 0.0349 819.2 6.1038 0.1638
Residual UN (5,1) 1.2450 0.2131 0.020500 0.3308 0.0621 259.6 19.2584 0.0519
Residual UN (5,2) 0.8187 0.4129 0.038300 0.8971 0.0426 550.0 9.0903 0.1100
Residual UN (5,3) 0.9584 0.3378 0.033900 0.8224 0.0412 589.8 8.4768 0.1180
Residual UN (5,4) 0.8988 0.3687 0.039000 1.0159 0.0384 679.4 7.3591 0.1359
Residual UN (5,5) 0.5851 0.5585 0.042300 1.2841 0.0330 920.7 5.4305 0.1841
Residual UN (6,1) -1.6937 0.0903 0.013600 0.3007 0.0451 491.7 10.1681 0.0983
Residual UN (6,2) -1.5670 0.1171 0.017200 0.6737 0.0256 1530.8 3.2662 0.3062
Residual UN (6,3) -1.4985 0.1340 0.014200 0.6302 0.0226 1965.7 2.5436 0.3931
Residual UN (6,4) -1.4446 0.1486 0.016900 0.7606 0.0222 2029.2 2.4641 0.4058
Residual UN (6,5) -1.5982 0.1100 0.022500 0.9687 0.0232 1851.2 2.7010 0.3702
Residual UN (6,6) -2.2862 0.0222 0.030300 1.3865 0.0219 2093.4 2.3884 0.4187
Random Var -0.8471 | 0.3969 0.000470 0.0307 0.0153 4262.9 1.1729 0.8526

'MCSE: Monta Carlo Standard Error; 2ESS: Effective Sample Size; hy: herd year; M: Monthly body weights.
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DISCUSSION and CONCLUSION

The distinguishing feature of the repeated measure analysis model from other models is its
assumptions about error variance and covariance structure. Therefore, repeated measurement data
analysis relies on appropriately calculating the correlations between observations within the same unit and
the potential heterogeneous variances over time within the same unit. Based on this assumption, it was
aimed for a wide range of covariance selections to make more accurate calculations, hence facilitating the
selection of the most suitable model. As per the literature reviews, the GLM was chosen to analyze body
weight data, considering that general linear mixed models that allow for covariance structures are
appropriate for repeated measurement data. In determining the variance-covariance structure, it is effective
whether it is homogeneous or heterogeneous, whether there is data with missing observations or not,
whether the time intervals are equal or not, and whether the number of repeated measurements is more or
less. Therefore, it cannot be directly stated that a particular variance-covariance structure is appropriate.
Selecting the most suitable model for repeated measurement models containing complicated dynamics is
more accurate by trying different covariance structures. The number of parameters for different covariance
structures differs. It has been shown in this study that the convergence problem can be solved for a complex
covariance structure when the number of data is large enough.

Bayes Monte Carlo methods offer an attractive alternative as compared to other statistical
methods. Some advantages of the Bayesian approach are greater flexibility in model specification,
incorporation of prior information, and straightforward interpretation of uncertainty. Many academic
studies have adopted Bayesian methods in various research fields (e.g., (Calus et al., 2018; Gevrek¢i &
Akbas, 2014; Lemoine, 2019; Milkevych et al., 2021; Theobald et al., 1997)). In order to interpret
Bayesian analysis correctly, the researcher should have sufficient knowledge about MCMC. In cases
where MCMC convergence of the posterior distribution does not occur, care should be taken when
interpreting the results. Convergence can be achieved, and analysis accuracy can be increased by
creating longer chains or choosing different priors. Trace plots are the most efficient convergence test
used in the literature for convergence diagnosis. However, different diagnostic tests will give more
accurate results instead of relying on only one convergence tool. In this study, different diagnostic tests,
the Geweke test, Monte Carlo standard errors, and effective sample size, were evaluated together with
trace charts. There was a general convergence in the posterior distributions of all parameters for the
study data. Thus, reliable posterior statistics of parameters for body weight data were obtained, and their
interpretations were given.

The Bayesian approach has some advantages. For example, there is no negative estimation
problem of the variance components, and the sample size is increased by the simulation method in data
sets with small sample sizes. Basar and Firat (Basar & Firat, 2016) emphasized that the Bayesian
estimation method using the Gibbs sampling approach is suitable for estimating variance components
under a balanced two-way nested design, especially for small sample datasets, compared to traditional
methods. Yomi-Owojori et al. (Yomi-Owojori et al.,2020.) argued that the Bayesian approach is suitable
for small sample-size experiments, which are common for repeated measurement designs. They indicate
that the differences for different covariance structures are more than when the sample size is small but
converge to the same results when the sample sizes are large. However, while Bayesian methods are
better equipped to model data with small sample sizes, the estimates are susceptible to the properties of
the a priori distribution. McNeish (McNeish, 2016) emphasized that Bayesian estimations may be worse
than classical methods if this aspect is not considered.

Despite the many advantages of Bayesian analysis, there is an ongoing debate about its
application in practice. The two main disadvantages of Bayesian analysis are assumed subjectivity in
selecting informative priors and computational difficulties in applying Bayesian methods. A sufficiently
large sample selection can relatively eliminate the subjectivity of an informative prior selection. The new
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procedure of the SAS program, PROC BGLIMM, allows Bayesian analysis to be calculated more easily,
easing the computational difficulties relatively. The fact that this new procedure is more user-friendly than
PROC MCMC, which requires more programming knowledge, indicates that Bayesian analysis will be
preferred by more researchers. PROC BGLIMM uses efficient sampling parallelized algorithms for
performance, resulting in good mixing and faster computation (SAS Institute, 2019).

It was observed that the DIC values of the models created for the 12 different variance-covariance
structures determined were relatively close to each other for UN (DIC: 2499.38), ANTE (DIC: 2533.23),
and FA (DIC: 2551.29), with significant differences, compared to other models. Lunn et al. (Lunn et al.,
2012) discussed “approximate” rules for interpreting differences in DIC value when choosing a preferred
model. They concluded that while choosing the model according to the difference between the DIC values
of the compared models, the model with higher DIC should be excluded if there are more than 10
differences between them. They also concluded that differences between 5 and 10 reflect “significant”
differences in favor of the smaller DIC value model, and choosing a preferred model for discrepancies
between models less than 5 may have misleading results. Because the difference of 33.85 between the
models in the UN and ANTE variance-covariance structures with the closest DIC values to each other is
greater than 10, it was found to be appropriate to prefer the model with the smallest DIC value, which is
UN (see Table 1). This study proved that the Bayesian approach is suitable for repeated measurement
designs of different variance-covariance structures and can easily model repeated data in animal science,
such as body weight. As a result of the literature review, no variance-covariance structure model was
found in this diversity, which was solved by Bayesian methods. In the case of the UN structure, this is a
heterogeneous variance covariances structure with ho assumptions. It can also be a good choice for the
researcher when the number of repeated measurements is low. However, as with traditional regression,
the best model is parsimonious with as few parameters as possible. The larger the number of
parameters, the more complex the model, and the more specific the data and, therefore, less
generalizable. The decision should be made with the belief that we should prefer the simpler model
whenever possible. As a result, the UN covariance structure was considered preferable and suitable for
biological data in repeated measurement analyses. Having few repeated measures and balanced data
with equal time intervals led to choosing this model. In this study, the UN model also has a smaller DIC
value for the two covariance structures examined in the informative prior selection. The results of
noninformative and informative prior selections have been observed to be very similar. Therefore, the UN
model was determined as the most appropriate covariance structure for the body weight data used in this
study in selecting both informative prior and noninformative prior. This is the conclusion that if the sample
size is large enough, the posterior distribution will not be affected much by informative or noninformative
prior specifications. Although there are studies on modeling variance-covariance structures with classical
methods in the literature, there are limited number of studies that involve modeling variance-covariance
structures with Bayesian methods. This study presents the most comprehensive variety among the
studies on modeling the variance-covariance structure whose parameter estimation method is Bayesian.
It was proved that the complex formulations can be analyzed using Markov chain Monte Carlo
approaches for any variance-covariance structure.

Twelve different covariance structures were modeled with PROC BGLIMM, and this new procedure
was introduced. It was concluded that the PROC BGLIMM procedure is an effective and suitable method
for repeated measurement analysis of Bayesian solutions. Based on the logic that progress in scientific
research is based on accumulated knowledge, it is believed that the Bayesian solutions will find more
place in many fields.
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ABSTRACT

Objective: A study was conducted in wheat cultivation areas in Tekirdag to
estimate the soil health of fields using nematode biodiversity indices.

Material and Methods: In the study, nematode taxa identified in wheat fields
were subjected to community and food web analyses and several indices were
calculated to determine the health status of soils in sampled areas.

Results and Conclusion Nematodes belonging to 41 genera were identified in
wheat fields. The mean values of 10 biodiversity indices calculated in each
sampled field were as follows; the Maturity index (MI): 2.26+0.28; the Maturity
index MI2-5: 2.32+0.33; the Shannon-Weiner diversity index (H'): 2.03+0.24, the
Evennes (J'): 0.90+0.06, the Genera Richness index (GR): 8.32+3.17, the
Channel index (Cl): 91+20.44; the Basal index (Bl): 42.35+12.66; the
Enrichment index (El): 41.93+14.3, the Structure index (Sl): 33.6+26.49 and the
Plant-parasitic (PPI) index: 2.89+0.17. The nematode faunal indices indicate
that 21% of surveyed wheat fields have well-developed and 79% have
degraded soil profiles.

0z
Amagc: Tekirdag ilindeki bugday ekim alanlarinda nematod biyogesitlilik

indeksleri kullanilarak toprak sagliginin tahmin edilmesi igin bir calisma
yapilmistir.

Materyal ve Yontem: Calismada bugday tarlalarinda tespit edilen nematod
taksonlari, 6rnekleme alanlarindaki topraklarin saglik durumunu belirlemek igin
kominite ve besin agi analizlerine tabi tutulmus ve birgok indeks hesaplanmigtir.

Arastirma Bulgular ve Sonu¢: Bugday tarlalarinda 41 cinse ait nematod turu
teghis edilmistir. Ornek alinan tarlalarin hesaplanan 10 biyogesitlilik indeksinin
ortalama degerleri asagidaki gibidir; Maturity index (Ml): 2.26+0.28; Maturity
index MI2-5: 2.32+0.33; Shannon-Weiner diversity index (H'): 2.03+0.24,
Evennes (J'): 0.90+0.06, Genera Richness index (GR): 8.32+3.17, Channel
index (CI): 91+20.44; Basal index (Bl): 42.35+12.66; Enrichment index (El):
41.93+14.3, Structure index (Sl): 33.6£26.49 ve Plant-parasitic (PPI) index:
2.88+0.17. incelenen bugday tarlalarinin nematod fauna indeksleri, tarlalarin
%21'inin iyi gelismis ve %79'unun bozulmus toprak profillerine sahip oldugunu
gostermektedir.
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INTRODUCTION

Soil is a substance formed by the disintegration of rocks and organic matter, performing the task of
living environment for plants and providing water and nutrients. Mineral substances, water, air, and
organic matter comprise the soil volume, and the organic matter consists of humus, plant roots, and sail
organisms. There are more than 360.000 living species in the soil (Decaéns et al., 2006). The widespread
groups are species in the phylum Protozoa and Nematoda. They are common in all production areas. The
phylum Nematoda contains various nematode species, including free-living and plant parasites. There are
many nematode species in the soil in terrestrial environments. Nematodes with different trophic groups,
such as omnivores, predators, fungivores, and bacterivores, coexist in the soil and play an essential role
in forming soil structure with their various functions.

Free-living nematodes feeding on bacteria, algae, fungi, dead organisms, and living tissues constitute
52% of all nematode species on Earth (Freckman, 1988). They have a significant role in the sail
environment. Bacterial and fungal feeders do not feed directly on soil organic matter but on bacteria,
fungi, algae, and actinomycetes, which play a main role in decomposing plant and animal residues in the
carbon cycle. After feeding, they return minerals and other nutrients to the soil accessible to plant roots
(Yeates et al., 1993). The main impact of nematodes in sails is the release of available N for plants. For
example, bacterivore nematodes can be fed with 40-60% bacterial cells daily. (Lavelle & Spain, 2001).
Indeed, bacterivore nematodes in 1 hectare can consume 800 kg of bacterial cells, releasing 20-130 kg of
N (Forge & Simard, 2000). Nematodes, which have different feeding habitats due to these functions, can
be used as to estimate soil health. For example, an excess of N can be considered in soils with abundant
decomposer nematodes. Some nematode species can survive in forms such as cysts in degraded soil
conditions, and the high population of these species can indicate that the soil is not well. For this reason,
indices such as Shannon-Weiner, Basal, Structure, and Enrichment calculated using the trophic
structures, prevalence, and soil density of nematodes are used to determine the physical condition of the
soil. The indices also provide information about the soil food web status of fields (Bongers, 1990).

There are also many nematode species in cereal fields. The most harmful are cyst nematodes
(Heterodera spp.), root lesion nematodes (Pratylenchus spp.), and root-knot nematodes (Meloidogyne
spp.) (Laasli et al, 2022). It is possible to have an idea about the condition of the soil by using the indexes
calculated by determining the genus and species, prevalence, and density of these nematodes. Cereals
are mostly grown crops worldwide and have been a significant food source for humans throughout
history. Cereal growing areas, which cover 57 percent of our country's agricultural lands, provide income
to the rural population. The produced crops also are used as food for animals such as livestock (Giines &
Turmus, 2020). Cereals and cereal products contain vitamins, minerals, carbohydrates, and other
nutrients (Topping, 2007; Garg et al., 2021). Wheat is one of the most cultivated plants within cereals due
to its good adaptation and good yield under different environmental conditions (Olgun et al., 2013).

Tekirdag is among the biggest producers, with a 192.412 ha production area (TUIK, 2021). The
nematode community in wheat fields has not been studied in the province. Most previous studies have
been aimed at determining plant parasitic nematodes, especially Heterodera spp. Additionally, there are
limited studies in crop plants focused on evaluating the relationship between nematode diversity and soil
health. Therefore, a study was conducted in a wheat field in Tekirdag to investigate the nematode fauna
of wheat fields and to assess soil health and soil food web using nematode-based diversity indices.

MATERIALS and METHODS
Study area information

The study was conducted in nine districts of the Tekirdag province, located northwest of Tirkiye.
Sunflower and wheat cultivation are the most common agricultural activities and rural income for several
farmers in the province. Wheat was the main crop almost in all districts (Table 1). The surveys were carried
out in April-June, 2021. During the field visits, the temperature was between 19-31 °C. The total precipitation
was between 0.4-0.7 mm.
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Table 1. Wheat production area, districts, and total production in 2021 (TUIK, 2021)
Cizelge 1. Wheat production area, districts, and total production in 2021 (TUIK, 2021)

Districts Total Production Area Total Production Sampled locations

(ha) (ton)
CERKEZKOY 2.745 14.481 Merkez
CORLU 14.500 76.483 Sarilar, Seymen
ERGENE 15.341 83.612 Ahimehmet, Misinli, Velimese
HAYRABOLU 37.764 182.588 Soylu, Dambaslar, Susuzmusellim
KAPAKLI 5.470 28.856 Bahgeagil, Yanikagil
MALKARA 36.789 194.042 ibribey, Evrenbey, Karamurat
MARMARA EREGLISI 7.825 46.093 Turkmenli, Yenigiftlik, Yakuplu
MURATLI 16.425 96.741 Kirkkepenekli, inanli, Arzulu, Yurtbekler
SARAY 16.538 88.686 Biyiikyoncali
SULEYMANPASA 35.192 194.909 Biyikali, Barbaros, Mahramli, inecik, Yukarikiligli
SARKOY 3.817 20.127 Beyoglu, Ishakli

The survey, collection, nematode extraction, and identification

Sampling in 41 wheat fields was conducted by moving in a zigzag pattern between plants, and six
subsamples were collected from the rhizosphere of wheat fields at 60 cm soil depth. Nematodes in 100
cm® soil samples were extracted by the modified Baermann Funnel method within 24 hours. The
extracted nematodes were counted at 10x magnification and identified from nematode slides. The
identification of nematodes was conducted by using published polytomous keys (Geraert & Raski, 1987;
Loof & Luc, 1990; Brezski, 1991; Castillo & Volvas, 2005, Handoo et al., 2007).

Soil food web and community analysis of nematodes

Nematodes extracted from wheat fields were subjected to several diversity and food web analyses
to determine the health status of soils in sampled areas. The Shannon-Weiner diversity index, Evenness,
and Richness were calculated to evaluate the diversity index of nematode fauna in fields. The formulas
used to calculate the indices were as follows (Pielou, 1966; Neher & Darby, 2009).

Shannon-Weiner index (H'): H' = =Y[(pi) % log (pi)]
Pielou's evenness index (J'): J' = H'/In(S)
Genera richness index (GR): GR = S —1 /InN

Pi: the proportion of individuals in genera; S: the number of genera; N: the number of identified
nematodes

Maturity (MI), Maturity (MI) 2-5, and plant-parasite (PPI) indices were used to determine the
nematode community (Ferris et al., 2001). Food-web conditions of soil were evaluated with Basal (Bl),
Channel (Cl), Enrichment (El), and Structure (SI) indices calculated as follows

n
MI (Maturity index) = ¥ v(i) x f(i) v(i): the c-p of the family (free-living)
i=1 f(i): the frequency of free-living family
n
MI (Maturty miei)lz —5=2v@x /@) v(i): the c-p value of the 2-5

f(i): the frequency of family
PPI (Plant — parasitic index = Yvi X fi
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The soil food web-based indices, including, were calculated. SI was used to determine food-web
quality, El for enrichment, and BI for disturbance. The following formulas (Ferris et al., 2001) were used;

b
(e+s+b)

Basal index (BI) = 100 x b = (Ba, + Fu,) X W,

Ba,: bacterivores in c-p2 Fu,: fungivores in c-p2.

Channel index (CI) = % X 100 Bay: bacterivores in c-pl Fu,: fungivores in c-p2.
1 1 2 2
Enrichment index (EI) = 100 X (e:;b) e = (Ba; xW;) + (Fu, +W,)

s
(s+b)

Structure index (SI) = 100 X s = (Ba, x W) + (Fu, + W,) + (Ca, X W) + (Om,, X W)

Ba,. bacterivore nematodes in all c-p classes Fu,: fungivore nematodes in all c-p classes Ca,, carnivore
nematodes in all c-p classes Om,: omnivore nematodes in all c-p classes

Nematode Indicators Joint Analysis (NINJA) was used to prepare the c-p triangle and soil food-web
scheme (Sieriebriennikov et al., 2014).

RESULTS AND DISCUSSION

Nematodes belonging to 41 genera were extracted from wheat fields in Tekirdag. The identified
genera were divided into free-livings (Bacterivore, fungivore, omnivore, and predator) and plant parasitics
(Figure 1). Free-living species predominate in 95.12 % of the sampled fields.
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Figure 1. The % proportion of free-living and plant parasitic nematodes in 41 wheat fields in Tekirdag.

Sekil 1. Tekirdag'da 41 bugday tarlasinda serbest yasayan ve bitki paraziti nematodlarin orani.

Free-living nematodes in wheat fields

In this study, free-living nematode species from 23 genera, 11 suborders, and 15 families were
identified in wheat fields (Table 2). The proportion of bacterivores, omnivores, predators, and fungivores
among all identified fauna was 24.4%, 17%, 7.3%, and 7.3%, respectively. Fungivores were found to
predominate in wheat-growing areas. Fungivorous nematodes took first place in the number of species in the
soils of some fields, constituting 56.5-90.6% of all identified nhematodes (Figure 2). Omnivores and predator
species were detected in 26.8% of the fields. The population of omnivores was higher than predators.
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Table 2. Taxonomic classification, c-p values, frequency of occurrence of free-living nematodes in 41 wheat fields in Tekirdag

Cizelge 2. Tekirdag'da 41 bugday tarlasinda serbest yagsayan nematodlarin taksonomik siniflandirmasi, c-p degerleri, ve bulunma sikligi

Feeding c-p Frequency of

Genera/species habitat class Suborder Families occurrence (%)
Acrobeles Linstow, 1877 2 Cephalobina Cephalobidae 56.0
Alaimus de Man, 1880 4 Dorylaimina Alaimidae 17.0
Achromadora Cobb,1913 3 Chromadorina Achromadoridae 4.9
Acrobeloides Cobb, 1924 2 Cephalobina Cephalobidae 70.7
Cervidellus Thorne, 1937 ) 2 Cephalobina Cephalobidae 19.5
Cephalobus Bastian, 1865 Bacterivore 2 Rhabditina Rhabditidae 58.5
Monhystera Bastian, 1865 2 Monhysterina Monhysteridae 17.0
Plectus Bastian, 1865 2 Chromadorina Plectidae 4.9
Rhabditis Dujardin, 1845 1 Rhabditina Rhabditidae 26.8
Wilsonema Cobb, 1913 2 Chromadorina Plectidae 2.4
Aphelenchus Bastian, 1865 2 Aphelenchina Aphelenchidae 61.0
Aphelenchoides Fischer, 1984 Fungaivore 2 Aphelenchina Aphelenchioididae 70.7
Ditylenchus Filipjev, 1936 2 Tylenchina Anguinidae 82.9
Allodorylaimus Andrassy, 1986 4 Dorylaimina Qudsianematidae 2.4
Aporcelaimellus Heyns, 1965 5 Dorylaimina Aporcelaimidae 7.3
Aporcelinus Andrassy, 2009 5 Dorylaimina Aporcelaimidae 24
Dorylaimus Dujardin, 1845 Omnivores 4 Dorylaimina Dorylaimidae 39.0
Eudorylaimus Andrassy, 1959 4 Dorylaimina Qudsianematidae 7.3
Mesodorylaimus Andrassy, 1959 5 Dorylaimina Dorylaimidae 46.3
Prodorylaimus Andrassy, 1959 5 Dorylaimina Dorylaimidae 2.4
Clarkus Jairajpuri, 1970 4 Mononchina Mononchidae 24
Seinura Fuchs, 1931 Predators 4 Aphelenchina Aphelenchioididae 24
Tripyla Bastian, 1865 3 Tripylina Tripylidae 7.3
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Figure 2. The % proportion of fungivore, bacterivore, omnivore, and predator nematodes in 41 wheat fields in Tekirdag.

Sekil 2. Tekirdag'da 41 bugday tarlasinda fungivor, bakterivor, omnivor ve predatér nematodlarin % orani.

Fungivore Aphelenchus Bastian, 1865 (61%), Ditylenchus Filipjev, 1936 (82.9%), and
Aphelenchoides Fischer, 1984 (70.7%), as well as bacterivore Cephalobus Bastian, 1865 (58.5 %), were
frequent genera in wheat fields. Except for Mesodorylaimus Andrassy, 1959 (46.3%), omnivores and
predators were rare and not abundant.

Plant parasitic nematodes recovered from wheat soils belonged to two suborders, 10 families and 17
genera (Table 3). Based on feeding strategy, nematodes were categorized as ectoparasite (14 genera),

631



Ozturk et al.

migratory endoparasite (1 genus), sedentary endoparasite (1 genus), and semi-endoparasite (1 genus).
Ectoparasites dominated almost all (38 of 41) fields. Species with different feeding strategies coexisted in 23
soil samples. Only ectoparasite species were found in 16 fields. (Figure 3).

Table 3. Taxonomic classification, c-p values, frequency of occurrence, and abundance of plant-parasitic nematodes in wheat fields
in Tekirdag (M1: Ectoparasite M2: Migratory endoparasite M3: Semi-endoparasite M4: Sedentary endoparasite RHF: Root
hair feeder)

Cizelge 3. Tekirdag ili bugday tarlalarinda bitki paraziti nematodlarin taksonomik siniflandirmasi, c-p degerleri, bulunma sikliklar ve
yogunluklan (M1: Ektoparazit M2: Gezici endoparazit M3: Yari endoparazit M4: Sabit endoparazit RHF: K6k emici tiiyleri ile
beslenenler)

Feeding Feeding c-p Frequency of

Genera habitat  strategy  class Suborder Families Occurrence (%)
Bitylenchus Filipjev, 1934 M1 3 Tylenchina Dolichodoridae 2.4
Boleodorus Thorne, 1941 M1/RHF 2 Tylenchina Boleodorinae 12.2
Coslenchus Siddiqi, 1978 M1/RHF 2 Tylenchina Tylenchidae 17.0
Criconema Hofmanner and Menzel, 1914 M1 3 Tylenchina Criconematidae 2.4
Filenchus Andrassy, 1954 M1/RHF 2 Tylenchina Tylenchidae 78.0
Geocenamus Thorne & Malek, 1968 M1 3 Tylenchina Merliniidae 41.4
Helicotylenchus Steiner, 1945 M1 3 Tylenchina Hoplolaimidae 49
Heterodera Schmidt, 1871 M4 3 Tylenchina Heteroderidae 26.8
Paratylenchus Micoletzky, 1922 paFl)rlggitt-ic M1 3 Tylenchina Paratylenchidae 4.9
Paratrophurus Arias, 1970 M1 3 Tylenchina Telotylenchidae 2.4
Pratylenchus Filipjev, 1936 M2 3 Tylenchina Pratylenchidae 14.6
Pratylenchoides Winslow, 1958 M3 3 Tylenchina Pratylenchidae 17.0
Psilenchus de Man, 1921 M1/RHF 2 Tylenchina Boleodorinae 2.4
Rotylenchus Filipjev, 1934 M1 3 Tylenchina Hoplolaimidae 49
Sakia Khan, 1964 M1/RHF 2 Tylenchina Boleodorinae 2.4
Tylenchorhynchus Cobb, 1913 M1 3 Tylenchina Belonolaimidae 48.8
Xiphinema Cobb, 1913 M1 5 Dorylaimina  Longidoridae 2.4
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Figure 3. The % proportion of plant-parasitic nematodes based on feeding strategy in 41 wheat fields in Tekirdag.

Sekil 3. Tekirdag'da 41 bugday tarlasinda bitki paraziti nematodiarin beslenme sekli bakimindan % orani.

Filenchus Andrassy, 1954 (78%), Tylenchorhynchus Cobb, 1913 (48.8%) and Geocenamus
Thorne & Malek, 1968 (41.4%) were the most frequent and abundant (up to 111 individuals in 100 cm®
soil) in sampled areas. The population of lesion nematode Pratylenchus Filipjev, 1936, Pratylenchoides
Winslow, 1958, dagger nematode Xiphinema Cobb, 1913, and ring nematode Criconema Hofmanner and
Menzel, 1914 were under economic damage threshold in all fields (1-10 individual/ 100 cm?® soil). Cyst
nematode Heterodera Schmidt, 1871 was found in 26.8% of the samples, and the mean population of
second-stage juveniles in 100 cm?® soil was 8.1 (8-10).
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The extracted free-living and plant parasitic nematodes belonged to five colonizer-persister groups.
Among all nematodes, one genus belonged to c-p1, 15 to c-p2, 12 to c-p3, six to c-p4, and five to c-p5.
Generally, the c-p2 and c-p3 groups were dominant in all fields, and rare occurrences of c-pl (e.g.
Rhabditis Dujardin, 1845), c-p4 (e.g. Allodorylaimus Andrassy, 1986) and c-p5 (e.g. Aporcelinus
Andrassy, 2009) group species were observed. At the same time, c-p2 group nematodes were more
dominant than c-p3 in all areas except three wheat fields, and c-p3 nematodes were prominent in one
field. (Figure 4).
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Figure 4. The number of free-living and plant-parasitic nematodes based on c-p values in 41 wheat fields in Tekirdag.

Sekil 4. Tekirdag'da 41 bugday tarlasinda c-p degerlerine gore serbest yasayan ve bitki paraziti nematod sayisi.

Nematode diversity in wheat fields in Tekirdag

The nematode diversity of all surveyed wheat fields maintains 3 to 14 genera of free-living and
plant-parasitic nematodes. The average of the Shannon-Weiner diversity index (H') was calculated as
2.03+0.24 (1.35-2.42), and similar values in some fields showed the existence of species in similar
numbers and population densities. The mean of Evenness (J') value was between 0.90+0.06 (0.73-0.99),
and the Genera Richness (GR) was 8.32+3.17 (4-14) (Figure 5). The number of different plant-parasitic
genera was not high in the wheat fields, suggesting that it was due to the host status of the wheat plant.
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Figure 5. The Shannon-Weiner diversity index (H'), the Evenness (J'), and the Genera Richness (GR) values in 41 wheat fields
in Tekirdag.

Sekil 5. Tekirdag'da 41 bugday tarlasinin Shannon-Weiner diversity index (H'), Evenness (J'), ve Genera Richness (GR) degerleri.
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Nematode community analysis and estimation of the soil health status of wheat fields in
Tekirdag

The nematode maturity and soil food web-based indices were calculated for the surveyed wheat
field. The average of the Maturity index (MI) value was 2.26+0.28 (1.97-2.96); the Maturity index MI2-5
value was 2.32+0.33 (2-3.12), and the PPI value was 2.88+0.17 (2.29-3.0) (Figure 6). Except for six fields
with an Ml value of >2.5, most fields had values between 2-2.3, and low values indicate soil disruption
and enrichment of nutrients. The MI value increased in soils, maintaining the higher number of omnivore
nematodes like Mesodorylaimus spp. In areas with a PPI value of 3, the nhumber of plant-parasitic genera
from the c-p3 group was higher.

3,5

3 /-

25

A/

2

1,5
1
0,5
0
TNPYLer®o 2T NPIE e 2R R NRARRNRRRANBIBEERBS
EEME I EM ——MI25 ——FPPI

Figure 6. The Maturity Index (Ml), the Maturity Index (MI) 2-5, and the Plant-parasitic Index (PPI) values of 41 wheat fields in
Tekirdag.
Sekil 6. Tekirdag'da 41 bugday tarlasinin Maturity Index (MI), the Maturity Index (MI1)2-5 ve Plant-parasitic Index (PPI) degerleri.

The soil food web-related indices Channel (Cl), Enrichment (El), Basal (BI), and Structure (SI) were
calculated for all sampled fields. The Sl index took the values between 0 (excessively degraded) and 100
(well structured). The average Sl value was 33.6+26.49 (0-81.05) and showed great variations, calculated
as >50 in 11 and <50 in 30 fields. The El value was 41.93+14.3 (13.64-87.50). The average Bl value was
42.35+£12.66 (8.51-60.26). The Cl value was 91+20.44 (8.57-100) (Figure 7).
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Figure 7. The Enrichment Index (El), Basal Index (Bl), Channel Index (Cl), and Structure Index (SI) values of 41 wheat fields in
Tekirdag.

Sekil 7. Tekirdag'da 41 bugday tarlasinin Enrichment Index (EI), Basal Index(Bl), Channel Index (Cl) ve Structure Index (SI)
degerleri.
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The c-p triangle plot confirmed that most nematodes in wheat fields belonged to the c-p2 and c-p3-
5 classes (Figure 8A). Most of the fields showed stressed characteristics. The soil food-web graph
represents the replacement of the fields under four quadrats. Four were in quadrate A, 3 in quadrate B, 7
in quadrate C, and 27 in quadrate D. According to Figure 8B, 31 fields were disturbed and stressed, and
10 were maturing or matured.
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Figure 8. A. c-p triangle representing nematodes with c-pl, c-p2 and c-p3-5 values. B. Soil food web analysis representing
enrichment and structure conditions in sampled wheat soils in Tekirdag.

Figure 8. A. c-pl, c-p2 ve c-p3-5 degderlerine sahip nematodlari temsil eden c-p lggeni. B. Tekirdag'da 6rneklenen bugday
topraklarindaki zenginlesmeyi ve yapisal kosullari temsil eden toprak besin agi analizi.

Soil organisms are a key component in determining the food web's status in the soil. Especially
fungivores, bacterivores, and predator nematodes affect the food web and the nutrient content of the soil.
Nematode diversity represents soil characteristics. Nematodes’ consumption of soil organic residues
significantly increases available N, P, and other elements. The rate of other elements, such as N, C, and P,
is high, especially in areas with high bacterivore nematodes in the c-p1 and c-p2 classes (Sanchez-Moreno,
2018). For instance, Acrobeloides, a bacterivore species, exhibit a higher rate of copper resistance, and
their abundance promotes soil resilience against copper. It has been reported that the number of omnivore
and predator nematodes is reduced or eliminated from nematode communities in soil with high Cu and Zn
concentrations. Again, since c-pl group nematodes are lowly tolerant to the stress of chemicals and
pollutants, their abundance in the soil can provide information about the heavy metal status of the sail
(Bongers et al., 1997). For these reasons determining biotic agents’ principally nematodes, diversity, and
abundance in the soil is important in regulating soil productivity (Ara Khanum et al., 2022).

The nematode diversity in wheat fields in Tekirdag constitutes 41 genera of nematodes with
different feeding strategies and habitats. Free-living non-plant-parasitic belonged to 23 genera, and plant
parasitic to 18 genera. The dominant species in survey areas were bacterivore and fungivore nematodes.
Among all functional guilds, most of the identified nematodes belonged to c-p2. Conversely, nematodes
from the c-p group were common.
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Researchers in many provinces, such as Bolu, Sakarya, Isparta, Burdur, and Adiyaman in our
country, previously found the genera such as Heterodera spp, Pratylenchus spp, Helicotylenchus spp.
that we detected. But still, their population densities differed from area to region (Yildiz et al., 2017,
Kasapoglu Uludamar, 2018; Goze Ozdemir et al., 2022, Kegeci et al., 2022). H. avenae belonging to
Heterodera can cause 15-90% and H. filipjevi 20.4-24.8% vyield loss in wheat (Hassan et al., 2010;
Karimipourd Fard et al., 2018). In Pratylenchus species, P. thornei causes a 65% vyield decrease (Owen
et al., 2021). In studies conducted in Turkiye, Heterodera flipjevi caused nearly 40.5% vyield loss in wheat
(imren et al., 2020).

In our study, species such as Acrobeloides (70.7%), Aphelenchoides (70.7%), and Ditylenchus
(81%) were common in Tekirdag, and similarly, in a study by Yildiz et al. (2017) in Bolu, these two
species were found to be the most common with 92.7% and 72.1% occurrence, respectively. Like our
study, many nematode species were identified in wheat fields in several countries. In Morocco, 33 genera
of nematodes from different trophic groups were reported (Laasli et al., 2022).

The values of nematode diversity based on several indices were calculated in fields to determine the
conditions of the soil food web, soil degradation, and providers of organic material decomposition. Shannon
diversity index (H') value in wheat fields in Tekirdag was above 2 in 19 fields and below 2 in 22 fields. Low
values such as 1.35, 1.42, 1.43, and 1.56 were calculated in some areas. In these fields, nematode
abundance and genera richness were generally low. According to Hodda et al. (2009), as in Tekirdag, the
low diversity of nematodes is due to the degraded soil, and many agricultural areas in the world are in this
situation. Additionally, wheat host plants may affect the nematode diversity, promote the multiplication of
some genera and suppress others. Low Maturity index (MI) values calculated according to free-living
nematodes also indicate soil stress and disturbance. Plant parasitic index (PPI) value is low in poor soil
conditions with c-p2 group nematodes in the field (Bongers et al., 1990). In Tekirdag, while the Ml value was
below 2.5 in 34 fields, the PPI value was generally determined as 3 and calculated below this value in only
14 fields. Our H' (2.03+0.24), Ml (2.26+0.28), and PPl (2.88+0.17) values quietly fit with values (H"
2.52+0.0; MI: 2.37+0.1; PPI: 2.51+0.0) calculated in wheat fields in Bolu by (Yildiz et al., 2017).

The soil-food web-related indices in Tekirdag, representing food web conditions and the status of
bacterivores and fungivores in decomposition, were calculated. The Enrichment Index (El) indicates soil
nutrient enrichment (Ferris, 2001). In this study, the El values of 13.64, 15.87, and 17.65 calculated for
three fields were very low and indicated soil depletion. On the other hand, soils were considered highly
enriched in two fields with very high values of 87.33 and 83.5. On the other hand, according to Ferris
(2001) Structure Index (SI), which gives information about the presence of c-p 1-5 nematodes in soils and
its contribution to soil structure, took the value of 0 in 11 fields in Tekirdag and in these fields omnivores
and predators were not found. Sl levels between 0-30 indicate a degraded soil food-web chain (Sanchez-
Moreno & Ferris, 2018). Basal (Bl) and Channel (Cl) indices that give information about the conditions of
the soil food web and organic residue decomposition pathway were also calculated and the values were
91+20.44 and 42.35+12.66 CI values of >50, representing the dominance of fungivore nematodes, and
<50 represent the dominance of bacterivore nematodes in the decomposition of organic material in the
soil (Du Preez et al.,, 2022). Accordingly, it can be considered that there was mostly bacterial
decomposition in 5 fields and fungal decomposition in 36 fields in Tekirdag. In our study, the Bl value was
50 and above in 13 fields and 30 and below in 9 fields. When the Bl value is >50, the soils are considered
to have poor soil food-web conditions (Sanchez-Moreno & Ferris, 2018). In the c-p triangle, the sampling
fields were generally concentrated in the stress region. In the Soil food-web scheme, the sampling areas
in Tekirdag were included in the 4 Quadrats in parallel with the above-mentioned index values. More than
half of the fields were located in Quadrat D. Here; there are disturbed environments with a high C: N ratio,
and fungal decomposition is prominent (Ferris et al., 2001). On the other hand, Aphelenchus,
Aphelenchoides and Ditylenchus were highly distributed in wheat fields located in Quadrat D. Only seven
fields had biologically and physiologically matured well-developed soil characteristics.
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CONCLUSION

In this study, in wheat fields in Tekirdag province, nematode biodiversity was investigated. The
prevalence of nematode genera was determined, and taxonomic classification was made. Heterodera
and Pratylenchus, the most harmful genera of wheat, were extracted from several locations. With the
indices calculated based on the determined nematode biodiversity, information was obtained about the
food web status of the soil and the soil environmental conditions. Most of the sampled wheat fields
showed some degree of disturbed environment features.
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ABSTRACT

Objective: It was aimed to evaluate and interpret nut parameters of
“Chandler"walnut variety at two different altitudes according to years.

Material and Methods: Thisresearch was conducted in a commercial orchard
located at an altitude of 50 and 750 m in Manisa province during 2017 and 2021
years. “Chandler” walnut variety was used as plant material.

Results: Accordingly, the highest nut weight was determined as 13.89 g at 50
m altitude in 2018. The highest nut width, length, and height values were
detected in the same year and altitude. For altitudes of 50 m and 750 m, the
shell thickness was thin (1.38 mm and 1.30 mm) in 2020,whereas it was thick
(2.16 mm and 1.83 mm) in 2019. A light kernel color was stated at 750 m in
2019. The shrinkage value was found to be much less at 750 m (9.41%). Higher
yield was obtained at 50 m altitude. On the other hand, In the principal
component analysis, the most important distinguishing features in terms of
years were kernel weight for 50 m and kernel ratio for 750 m altitudes.

Conclusion: It was detected that the nut characteristicssuch as kernel ratio, nut
length, L* value and shrinkage ratiowere superiordue to the increase in altitude.
However, the yield was found to be higher at low altitudes.

(oy4

Amagc: Bu calismada, “Chandler” ceviz gesidinin iki farkli rakimdaki meyve
parametrelerinin yillara gére degerlendiriimesi ve yorumlanmasi amaglanmigtir.

Materyal ve Yontem: Bu ¢alisma, 2017 ve 2021 periyodunda, Manisa’da 50 m
ve 750 m yukseltide bulunan bir ticari meyve bahgesinde yuritilmustir. Bitkisel
materyal olarak “Chandler” ceviz gesidi kullaniimigtir.

Arastirma Bulgularn: Buna gore, en yuksek meyve agirligi, 2018'de 50 m
yukseltide, 13,89 g olarak saptanmistir. En yliksek meyve en, boy ve yiikseklik
degerleri yine ayni yil ve yukseltide tespit edilmistir. 50 m ve 750 m yukselti i¢in
kabuk kalnlidi 2020 yilinda ince (1.38 mm ve 1.30 mm) buna karsilik 2019
yilinda kalin (2.16 mm ve 1.83 mm) olmustur. Agik i¢ rengi 2019'da 750 m
yiikseltide belirtilmistir. I¢ blziisme (%9.41) 750 m'de g¢ok az bulunmustur.
Yiksek verim 50 m yikseltide elde edilmistir. Temel bilesenler analizinde ise
yillar agisindan en énemli ayirt edici 6zellikler 50 m igin i¢ agirigi ve 750 m igin
i¢c randimani olmustur.

Sonug: I¢g randimani, meyve uzunlugu, L* degeri ve buziisme orani gibi meyve
Ozelliklerin yiikseltiye bagh olarak iyilestigi gézlenmistir. Ancak disik yukseltide
verimin daha fazla oldugu gorilmastir.

639


https://doi.org/10.20289/zfdergi.1266186
https://orcid.org/0000-0002-5018-6347
https://orcid.org/orcid-search/search?searchQuery=0000-0002-6128-9974
mailto:nihal.acarsoy@ege.edu.tr
https://doi.org/10.20289/zfdergi.1266186
https://orcid.org/0000-0002-5018-6347�
https://orcid.org/orcid-search/search?searchQuery=0000-0002-6128-9974�

Acarsoy Bilgin & Misirli

INTRODUCTION

Walnut is an important nut species in the world. It is widely grown in Anatolia. This is the center of
origin (Akca et al., 2014). Walnut has been included in diet programs in recent years. It is one of the dried
fruits recommended for nutrition and consumed with pleasure due to its fatty acids, vitamins, antioxidants,
and mineral substances (Sarikhani et al., 2021). Production areas are also increasing, depending on the
trend of consumer interest. There has been an increase in the presence of trees in Tlrkiye in recent
years. This situation also affects the amount of production. Accordingly, walnut production was 325
thousand tons in 2021 and Trkiye ranked 4™ after China, USA and Iran (Anonymous, 2023).

With the support of the Ministry of Agriculture and Forestry in Turkiye, new walnut orchards have
been established and the production areas and amount have increased. In this context, certified saplings
and grant supports have increased the demand for walnut cultivation. Today, the state encourages the
establishment of new orchards, especially on treasury lands, thus contributing to the revival of the rural
economy (Yurtkulu, 2020). As a result of the economic value of this fruit species and the increasing interest
by consumers, producers prefer its cultivation. In recent years, despite the large amount of grafted walnut in
the orchard, products cannot be obtained from the trees at the optimum level and quality.

Many new plantations in different ecologies have been established in Turkiye with the “Chandler”
walnut variety, which has a yellow kernel color preferred by consumers. With the support of the state,
production is carried out in very large areas from sea level to high-altitude state treasury lands (Akca, 2016).
As known, efficiency is a significant criterion in production goals. However, the quality characteristics and
yield vary according as the species, ecological conditions and altitude (Ersoyol Kirigik et al., 2021). In fruit
species yield and quality vary depending on the genotype, ecological conditions and cultural practices.
However, the optimum amount and quality can be reached with varieties that adapt to the region. Since fruit
growing is a difficult and expensive investment, adaptation studies are of great importance.

On the other hand, the relationship between yield and quality is extremely important in terms of
growth (Sakar et al., 2016). As seen in many scientific studies, many features are examined individually
and the results are emphasized. In fact, fruit quality characteristics are interrelated. Determining the
direction and strength of the relationship between numerical data is important on account of interpreting
the whole event.

Multivariate analysis methods help to interpret these relationships and to determine the correlation
between variables. With principal component (PC) analysis, independent variables are reduced to smaller
component sets. Thanks to this method, highly correlated variables come together so that the principal
components that make up the most variation in the data can be determined (Kalayci, 2016). Since fruit
growing is a difficult and expensive investment, it is important to determine the performance of varieties in
new growing areas. This research aims to reveal that variation of the “Chandler” walnut cultivar grown at two
different altitudes, by means of statistical analysis method, as well as the change of traits according to years.

MATERIALS and METHODS

The current study was conducted in a commercial orchard located at an altitude of 50 m and 750 m
in Manisa province, Turkiye. The experimental orchard soil analysis findings are given below (Table 1).
Regular irrigation was carried out with a drip irrigation system. Plant nutrition practices were made taking
into account soil analysis. The experiment was carried out for 5 years between 2017 and 2021 and the 5-
year-old “Chandler” walnut variety was used as plant material. It has a thin shell, smooth, oval shape. It is
easy to separate from the shell and is suitable for consumption as dry and fresh walnuts. It has a light
kernel color and is a very productive variety (Ak¢a, 2016).

Walnuts were harvested when they had a cracked green pericarp. For the analysis, 30 walnut fruits
collected from the tree were separated from their green peels and then dried in the shade. These
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examples were used in the analysis. After determining the mean nut and kernel weight on a precision
electronic scale, the kernel ratio (%) was found. Shrinkage rate (%) was determined. The width, height,
and length of the nut were measured with a digital caliper (0.01 mm). The yield was determined by
weighing the total amount of nut in each tree at the time of harvest (kg tree'l). Fruit color was measured
by a CR400 model minolta colorimeter in CIE L* a* b* and the values of chrome (C*) and hue angle (h°)
were calculated by using the C* =(a*2 + b*2)1/2, h°® = tan-1 (b*/a*) formula (Mcguire, 1992).

The study was carried out in 3 replications, with 3 trees in each replication, according to the randomized
blocks design. The data were subjected to analysis of variance using IBM® SPSS® Statistics 19 statistical
software (IBM, NY, USA). Significant differences between averages were defined by Duncan test at the
P<0.05 significant level. In addition, the changes in the mentioned features according to the years were
also examined by using principal component analysis methods.

Table 1. Soil analysis results

Cizelge 1. Toprak analiz sonuglari

Soil Parameters 0m 750m

0-30 cm 30-60 cm 0-30 cm 30-60 cm
pH 7.74 Alkaline 7.85 Alkaline 7.77 Alkaline 7.71 Alkaline
EC (%) 0.046  Salt-free 0.047  Salt-free 0.038 Salt-free 0.048  Salt-free
CaCO; (%) 9.98 Medium 10.77 Medium 27.13 High 31.92 High
Sand (%) 44.24 44.24 42.24 46.24
Clay (%) 30.00 30.00 28.00 24.00
Silt (%) 25.76 25.76 29.76 29.76
Texture loamy soil loamy soil Clay loam soil Clay loam sand
Organic Matter (%) 0.68 Insufficient 0.14 Insufficient 3.39 Sufficient 2.90 Sufficient
N (%) 0.062 Insufficient 0.056 Insufficient 0.123 Sufficient 0.106 Sufficient
P (ppm) 0.80 Insufficient 0.2 Insufficient 0.20 Insufficient 0.40 Insufficient
K (ppm) 358.9 Sufficient 310.4 Sufficient 397.70 Sufficient 329.8 Sufficient
Ca (ppm) 5238  High 5044  High 5529 High 5238 High
Mg (ppm) 632 High 649  High 351.60 High 401.70 High
Na (ppm) 150.4 Normal 37.6 Normal 19.80 Normal 96.10 Normal
Fe (ppm) 6.31 Sufficient 1.14 Insufficient 3.80 Normal 3.34 Normal
Zn (ppm) 0.42 Insufficient 0.54 Insufficient 0.49 Sufficient 0.77 Insufficient
Cu (ppm) 1.34 Sufficient 0.82  Sufficient 1.53 Sufficient 1.33 Sufficient
Mn (ppm) 58 Sufficient 3.46 Sufficient 8.12 Sufficient 6.58 Sufficient
B (ppm) 0.32 Insufficient 0.4 Insufficient 0.51 Insufficient 0.54 Insufficient

RESULTS and DISCUSSION

In the evaluation of the nut characteristics of the “Chandler” walnut variety according to years and
altitude, it is seen that there is a statistical difference in terms of the examined feature (excluding nut
weight and width in 750 m). Accordingly, the highest nut weight (13.89 g) was obtained at 50 m altitude in
2018 (Table 2). Similarly, the highest value in kernel weight (6.73 g) was obtained in the same year and
altitude. On the other hand, the lowest value in terms of nut and kernel weight was found in 2020 at the
same altitude (9.70 g and 4.78 g). Kernel ratio was determined to be high (51.37%) at 750 m altitude in
2020, whereas it was low (41.79%) at 50 m altitude in 2019. The highest value for nut width, length and
height was found at 50 m in 2018 and was determined as 34.16 mm, 36.96 mm and 43.46 mm,
respectively. For both altitudes, the shell thickness was thinner in 2020, whereas it was thicker in 2019.
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According to the L* value of the color parameters, a light color was detected at 750 m in 2019
(Table 3). The a* value was found to be high at both altitudes in 2020. At 50 m altitude, the b* value
changed between 24.62 — 33.6 limit values. The light yellow kernel, which is an important quality indicator
in walnuts, was determined to be more effective in 2021. The highest C* value was measured at 50 m in
2021. In addition, the h°® value was low at both altitudes in 2020. While the highest shrinkage rate was
obtained at 50 m altitude (45.56%) in 2020, shrinkage was not determined in 2019 and 2020 at high
altitudes. Yield increased over the years at both altitudes. Accordingly, at 50 m altitude, the yield per
tree increased from 1.79 kg to 12 kg, while at 750 m altitude, it increased from 1.11 kg to 10 kg. It was
observed that the yield was higher at lower altitudes.

Examined features were evaluated according to altitude and presented in Table 4. Accordingly,
kernel ratio, nut length, and L* values expressing light color gave better results at high altitudes. In
particular, it was determined that the shrinkage value was approximately a quarter less at 750 m
(9.41%) altitude than at 50 m (35.94%). On the other hand, a*, h° value and yield took the first place
at low altitudes. It was observed that other features were not affected by altitude (Table 5).

The examined features also differed according to the years, in general, they were statistically
effective in 2018. Thus, it was in the first group statistically in terms of all features except a* value and
shrinkage. In addition, an increase in yield was recorded over the years. It was stated that
year*altitude interaction for values of the properties were significant (excluding shell thickness, L*, a*
value and yield).

In this study, it was carried out for 5 years at 2 altitudes in “Chandler” walnut variety, fruit
characteristics and yield values changed according to altitude and years. As a matter of fact, the
effects of cultivar, ecology and interaction on nut and kernel quality properties were discussed (Forde,
1975). Sarikhani et al., (2021) reported that large nut size and light yellow kernel color highlight that
properties may vary with environmental conditions. These quality criteria, which are important in
walnuts, were among similar values in our study carried out on the “Chandler”. Also, it was reported
that the quality properties of hazelnut cultivars examined in a different study changed depending on
altitude (Gulsoy et al., 2019). In another study, they stated that fruit sizes were small in high-altitude
varieties, however, positive results were obtained in terms of color values (Koyuncu et al., 2004).
Similarly, in another study of the “Chandler” walnut cultivar, characteristics were found to be superior
at lower altitudes (Acarsoy Bilgin et al., 2020). In another research carried out at 650, 800 and 900 m
altitude in “Chandler”, nut size increased with altitude (Buyuksolak et al., 2020). All these data were
parallel to our study. However, in the same study, it was found that the kernel ratio decreased due to
the increase in altitude (Buyuksolak et al., 2020), but this characteristic increased in our study.

Moreover, Ergun & Suslioglu (2021) emphasize that the average b* value is below 30 (light
yellow) in the selected genotypes in their study. In our study, a lighter kernel color was found at high
altitudes. Another important quality criterion for this species is kernel ratio and it is an important data
of the studies (Ergun & Sislioglu, 2021). At the same time, it has been reported that nut kernel ratio
is a genetic feature, and is affected by altitude (Amiri et al., 2010). In another study conducted at 4
different altitudes in the Mediterranean Region, the nut weight did not increase according to the
altitude, but the kernel ratio increased and the kernel became lighter in color (Bayazit et al., 2020).
Similar findings were obtained in our study. On the other hand, as it is known, high temperature
damage causes shrinkage in walnuts. In cold regions (750 m altitude), the shrinkage rate was low
(9.41%) due to low summer temperatures. In confirming this, it was observed that the shrinkage rate
increased in the low location where summer temperatures are high (Acarsoy Bilgin, 2022).

642



The effect of different altitudes on nut properties and yield in “Chandler” walnut variety

Table 2. The values of nut properties according to year and altitude

Cizelge 2. Ceviz 6zelliklerinin yillara ve rakimlara gére degerleri

Altitude  Year Nut weight Kernel weight Kernel ratio Nut width  Nut length  Nut height  Shell thickness  Shrinkage

© @) (%) (mm) (mm) (mm) (mm) ratio (%)
2017 12.27b 6.16 b 50.17a  32.92a  34.95b 40.82 b 151a 29.16 a
2018 13.89a 6.73a 4845ab  34.16a  36.96a 43.46 a 1.49a 38.33 ab
50m 2019 11.26¢ 4.70d 41.79¢  3046b  30.66¢C 36.83 ¢ 2.16b 28.33a
2020  9.70d 4.70d 49.31a  30.04b  3129c 37.30¢ 1.38a 45.56 b
2021 12.27b 5.67¢c 46.26b  32.77a  34.12b 40.46 b 1.49a 38.33 ab
2017 11.85ab 5.99™ 50.59ab  31.50™  34.93a 4171a 1.52 abc 35.00 b
2018  11.97 ab 5.97 49.99abc 3233  3445ab  40.11ab 1.50 ab 8.33a
750m 2019 12.08a 5.54 45.81 ¢ 3289  34.36ab  39.38b 1.83¢ 0.00a
2020  10.85b 5.58 5137 a 3220  3367ab  39.28b 1.30a 0.00a
2021 11.30ab 5.24 46.34 be 31.62 33.03b 39.12 b 1.63 bc 3.34a

ns: Non-significance.

Table 3. Effects of color values and yield according to year and altitude

Cizelge 3. Renk degerleri ve verimin yillara ve rakimlara gére etkileri

Altitude Year L* ar b* c* h° Yield (kg tree™)
2017 51.34 a 8.75 bc 29.87 bc 31.13 ab 73.68 a 1.79b
2018 49.65 a 8.54 bc 30.14 bc 31.33 ab 74.19 a 3.16b
50m 2019 50.35a 751c 28.44 b 29.42 b 75.22 a 11.04 a
2020 45.56 b 12.80 a 2462 c 27.76 b 62.53 b 11.66 a
2021 51.35a 9.09b 33.67a 3488 a 7481 a 12.00 a
2017 52.88 ab 6.95b 28.42 b 29.28 ¢ 76.28 a 1.11d
2018 53.91 ab 7.32b 28.99 ab 29.92 bc 75.87 a 0.77d
750 m 2019 55.81 a 6.90b 29.83 a 30.62 ab 76.97 a 4.66 c
2020 50.85 b 11.02 a 29.53 a 31.53a 69.54 b 6.16 b
2021 52.69 ab 7.45b 28.58 b 29.54 bc 75.39 a 10.00 a

Table 4. Average values of nut properties

Cizelge 4. Ceviz 6zelliklerinin ortalama degerleri

Nut weight Kernel Kernel Nut width ~ Nut length  Nut height  Shell thickness ~ Shrinkage
(9) weight (g)  ratio (%) (mm) (mm) (mm) (mm) ratio (%)
. 50 11.88™ 5.61" 47.20 b 32.07"™ 33.61b 39.77"™ 3594 b 1.60"
Alltude 750 11.61 5.66 48.82 a 32.10 34.01a 39.92 94la 1.55
2017 12.06 b 6.07 a 50.38 a 32.21 ab 3493 a 41.26 ab 32.08c 1.52 a
2018 12.93 a 6.35a 49.22 a 33.24a 35.75a 41.78 a 23.33b 1.50 a
Year 2019 11.67b 5.12b 43.80 c 31.67b 3257c 38.10c 14.35a 1.99b
2020 10.27c 5.18 b 50.34 a 31.12b 32.43c 38.29¢c 22.78b 1.34a
2021 11.79b 5.45b 46.30 b 32.19 ab 33.50b 39.79 bc 20.83b 1.56 a
Year * Al *x . * *x . . ns ok

*Significant at P<0.05, ** Significant at P<0.01. ns: Non-significance.
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Table 5. Average values of color and yield

Cizelge 5. Renk ve verimin ortalama degerleri

L* a* b* c* h° Yield (kg tree™)

Altitude 50 49.65 b 9.33a 29.35™ 30.90™ 72.08 a 793 a
750 53.23a 7.93b 29.07 30.18 74.81b 4.54 b

2017 52.11a 7.85b 29.15a 30.20 ab 74.98 a 1.45c

2018 51.78 a 7.93b 29.56 a 30.62 ab 75.03 a 1.97c

Year 2019 53.08 a 7.21b 29.14 a 30.02b 76.09 a 7.85b
2020 48.21b 1191 a 27.08 b 29.64 b 66.03 b 891b

2021 52.02 a 8.27b 31.12a 3221a 75.10 a 11.00 a

Year * Alt. ns ns * * * ns

*Significant at P<0.05, ** Significant at P<0.01. ns: Non-significance.

As a result of PC analysis carried out on the “Chandler” variety, 3 PC were clarified that identified
87.247% of the characteristics for 50 m altitude (Table 6). According to analysis, kernel weight, nut
length, height, yield, nut widthand nut weight datas made the highest contribution to PC1, constituting
40.177% of the total variance. The a*, h°, shell thickness, L*, shrinkage and kernel ratio datas contributed
to PC2, accounting for 27.470% of the total variance. PC3 explains the C* and b* value with 19.600% of
the total variance.

Table 6. Principal component analysis (50 m altitude)

Cizelge 6. Temel bilesen analizi (50 m yiikselti)

Features PC1 PC 2 PC 3
Kernel weight (g) 0.969 0.046 0.201
Nut length (mm) 0.918 -0.021 0.366
Nut height (mm) 0.888 0.008 0.383
Yield (kg tree™) -0.888 -0.175 0.242
Nut width (mm) 0.858 0.112 0.407
Nut weight (g) 0.787 0.383 0.395
a* -0.249 -0.933 -0.105
h° 0.306 0.849 0.400
Shell thickness (mm) -0.410 0.808 -0.202
L* 0.292 0.676 0.234
Shrinkage (%) -0.004 -0.655 -0.099
Kernel ratio (%) 0.621 -0.631 -0.261
C* 0.217 0.132 0.948
b* 0.265 0.329 0.894
Eigen value 5.625 3.846 2.744
Variance (%) 40.177 27.470 19.600
Cumulative (%) 40.177 67.647 87.247

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization.
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In PC analysis for 750 m height, 4 PC were obtained and they identified 84.062% of the five years
with fourteen characteristics (Table 7). According to this analysis, nut length, height and weight, kernel
weight and yield datas made the highest contribution to PC1, constituting 27.126% of the total variance.
This is the an important component. The h°, a* and L* value contributed to PC2, accounting for 23.920% of
the total variance. PC3 accounted for the b* and C* value, nut width and shrinkage contributing 19.303% of
the total variance. Kernel ratio and shell thickness contributed to PC4, resulting in 13.713% of the variance.

Rotated factor matrix analysis can be better interpreted and meaningful factors can be obtained. The
matrix shows the correlation between the original variable and its factor. Under which factor a variable has
the greatest weight, the variable is in close relationship with that factor. In addition, the fact that the eigen
values are greater than 1 indicates that the weight values of these axes are reliable (Kalayci, 2016).

In this current study, in the PC analysis, the most important distinguishing features in terms of years
were kernel weight for 50 m and kernel ratio for 750 m. Moreover, distinctive features have been revealed
for different genotypes (Acarsoy Bilgin, 2020, Ayar, 2018, Gouta et al., 2019). Thanks to this analysis
method, it is possible to select the distinguishing parameters in the data group (Acarsoy Bilgin et al., 2020b;
Fallah et al., 2022).

Table 7. Principal component analysis (750 m altitude)

Cizelge 7. Temel bilesen analizi (750 m yukselti)

Features PC1 PC 2 PC3 PC4
Nut length (mm) 0.906 0.005 0.085 0.120
Nut height (mm) 0.862 -0.240 -0.335 -0.022
Nut weight (g) 0.811 0.247 0.104 -0.318
Kernel weight (g) 0.776 0.058 -0.010 0.491
Yield (kg tree™) -0.707 -0.267 0.068 -0.373
h° 0.101 0.918 -0.243 -0.203
a* -0.112 -0.901 0.322 0.200
L* -0.003 0.867 0.207 0.001
b* -0.096 -0.159 0.884 -0.118
C* -0.132 -0.577 0.770 0.044
Nut width (mm) 0.302 0.208 0.708 0.040
Shrinkage (%) 0.541 0.125 -0.689 0.202
Kernel ratio (%) 0.198 -0.175 -0.090 0.928
Shell thickness (mm) 0.004 0.548 0.051 -0.651
Eigen value 3.798 3.349 2.702 1.920
Variance (%) 27.126 23.920 19.303 13.713
Cumulative (%) 27.126 51.046 70.349 84.062

Extraction method: principal component analysis. Rotation method: Varimax with Kaiser normalization.

CONCLUSION

Walnut, which is a food with high nutritional value, is valuable in terms of healthy nutrition.
"Chandler" variety is consumed with pleasure due to its kernel size, light color, and easy cracking.
Genotype is effective on these features. As it is known, yield and quality differs depending on ecological
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conditions and cultural practices. Recently, its cultivation in different ecologies and altitudes has become
widespread due to its increasing popularity and government support. In addition to evaluating fruit quality
characteristics individually, analyzing them with different statistical methods is necessaryin terms of
interpretation when their connections with each other are taken into account. In our study, in which data
obtained for 5 years were evaluated, the severity and direction of the distinguishing features between
numerical data were also determined. It was observed that the nut quality characteristics such as kernel
ratio, nut length, L* value and shrinkage ratio also improved depending on the increase in altitude.In
contrast, the yield was higher at low altitude. Besides it has been determined that the most important
distinguishing features in terms of years are kernel weight for 50 m and kernel ratio for 750 m.
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oz
Amag: Bursa ili, Niltfer ilgesi, Hasanaga mahallesinde enginar (Cynara cardunculus
var. scolymus L.) tarim topraklarinin verimlilik durumlarinin belilenmesi.

Materyal ve Yontem: Bu amagla 20 adet bahgeden toprak, yaprak ve meyve
ornekleri alinarak analiz edilmigtir.

Arastirma Bulgulan: Topraklar 0-30 cm'de nétr ve 30-60 cm ise hafif alkali
reaksiyondadir. Tuzluluk sorunu olmayan, orta bunyeli topraklardir. Topraklarin
yarisindan fazlasi orta seviyede kireglidir. Yarisindan fazlasinin da OM igeriginin
%2 ve daha diisiik seviyede oldugu belilenmistir. Incelenen topraklarin ézellikle
30-60 cm derinlikte %50'sinin N ile P ve %90’Inin K konsantrasyonlari duguk
seviyede belirlenmigtir. Toprak ekstraklarinin tamaminda B konsantrasyonlari
dusuk seviyede belirlenirken, %85'inin Ca konsantrasyonlari yuksektir. Sodik
olmadigi analiz edilen topraklarin, Mg, Fe, Cu, Zn ve Mn icerikleri iyi ya da yeterli
konsantrasyonda belirlenmigstir. Enginar yapradi ekstraktindaki makro element
konsantrasyonlari N>Mg>Na>Ca>K>P sekilde siralanmaktadir. Mikroelement
icerikleri degerlendirildiginde; yapraklarin mikro element icerikleri Fe>Mn>Zn>Cu
seklinde siralanmaktadir.

Sonug: Arastirma sonuclarina gore enginar yetistiriciligi yapilan topraklarda ve
enginar yapraklarinda K ve P iceriklerinin diger elementlerin gerisinde oldugu
belirenmistir. Enginar yaprak, cicek tablasi ve brakte yapraklarin bitki besin elementi
konsantrasyonlari, enginar hakkinda yapilan kimi arastirma sonuglari ile uyumludur.

ABSTRACT

Objective: Determination of the fertility status of artichoke (Cynara cardunculus
var. scolymus L.) grown agricultural areas in Bursa province, Nillifer district,
Hasanag@a neighborhood.

Material and Methods: For this purpose, soil, leaf and fruit samples were taken
from 20 gardens and analyzed.

Results: Soils are neutral at 0-30 cm and slightly alkaline at 30-60 cm. The soils
are medium textured without salinity problems and non-sodic. More than half of
the soils are moderately calcareous. More than half of the soils have OM content
of 2% or less. The N and P concentrations of 50% of the investigated soils and the
K concentrations of 90% of them were determined at low levels at 30-60 cm. The
B are low in all soil extracts, 85% of them have high Ca concentrations. The Mg,
Fe, Cu, Zn, and Mn contents were sufficient. The macro element concentrations in
the artichoke leaf extract are listed as N>Mg>Na>Ca>K>P. When microelement
contents are evaluated; according to the results of this research, the microelement
contents of the leaves are listed as Fe>Mn>Zn>C.

Conclusion: According to the results of this research, it was determined that the
K and P contents of the artichoke cultivated soils and artichoke leaves were less
than that of the other elements. Plant nutrient concentrations of artichoke leaves,
heads, and bract leaves are consistent with some research results on artichoke.
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GiRIiS

Enginar (Cynara cardunculus var. scolymus L.), Asteraceae familyasina ait olan Akdeniz orjinli bir
tirddr (Duman & Nas, 2020). Dogal bir mineral, lif, intlin ve polifenol kaynagidir. Cok az yag igeridine
sahip, otsu, yuksek azot talep eden, cok yillik bir bitkidir. Enginar, 4. ylzyildan beri alternatif tipta
kullaniimaktadir (Kiligtas vd., 2020). Preklinik ve klinik ¢alismalarda, enginarin safra sekresyonunu
artirdi§1, karaciger fonksiyonunu ve bagirsak mikrobiyotasini iyilestirdigi, lipoliz ve lipit metabolizmasini
dlzenledigi, antifungal, antimikrobiyal 6zellikleri oldugu ortaya cikariimistir. Dlslk kalorisi ile yiksek lif
icerigi ile kan sekeri seviyelerini diizenlemesi sebebiyle obezite ve diyabet hastaliklarinin tedavisinde
etkili olabilecegi dusiinilmektedir. iceriginde bulunan A, C ve B vitaminleri ve antioksidan etki gdsteren
diger bilesenleri enginarin besleyici degerini ortaya koymaktadir. Bu nedenle son yillarda fonksiyonel gida
olarak taninmasi ile ekonomik degeri artmaktadir (Lombardo et al., 2017). Enginar, UNESCO tarafindan
2010 yilinda “insanh@in Somut Olmayan Kiiltiirel Mirasi” ilan edilmistir (Negro et al., 2016). Besin ve
fitokimyasal bilesimleri nedeniyle saglikli gida olarak taninmalari nedeniyle enginara yonelik tuketici talebi
artmistir (Lattanzio et al., 2009; Guida et al., 2013).

Enginar, diinya ¢apinda taze, konserve veya dondurulmus sebze olarak kullanilir (Anwar et al.,
2017). Turkiye'de 2021 yilinda 28.160,00 da alanda toplam 40.114,00 t enginar Uretimi gerceklestirilmistir
(TUIK, 2023). Dunyada en fazla enginar tretimi yapan ilk tg llke sirasiyla; italya, Misir ve ispanya’dir.
Tirkiye, diinyada 8. sirada bulunmaktadir (FAO, 2023). illerin enginar uretim miktari incelendiginde; 2021
yilinda en fazla Uretim sirasiyla izmir, Aydin ve Bursa illerinde gerceklesmistir (TUIK, 2023). Bursa ilinde
enginar Uretimi 12 yilhk dénemde (2010-2021) yaklasik %2 oraninda azalmigtir. Bursa ilinde 2021 yili
verilerine gore, enginar en fazla NilUfer ilgesinde Uretiimektedir (3061 t). Bu ilceyi sirasiyla Mudanya
(1100 t) ve Yenisehir (626 t) izlemektedir (TUIK, 2023). Turkiye, dilnyada en ¢ok enginar ithal eden (5187
t) tiglinct tlkedir. Ulkemizde enginar ithalati daha ¢ok KKTC ve Misir'dan yapilmaktadir (FAO, 2023).

Turkiye'de enginar Uretimi gcogunlukla vejetatif yontemlerle gergeklestirimektedir (Eser vd., 2006;
Ugur & Eser, 2013). Yeni bir trin verme dongisi baslatmak icin bitkinin toprak Ustl kismina toprak
yuzeyinden kesme iglemi uygulanir. ilk yagan sonbahar yagmurlarindan (Eyliil) sonra toprak yiizeyinin
altindaki rizomatdz gdévdeden sirginler ¢ikar. Sirgin sayisi bitkinin yasina baghdir ve 1-12 veya daha
fazla arasinda degisir (Zeybekoglu & Ugur, 2013). Her bir dal, blylk yapraklardan olugan bir rozet
olusturur ve merkezde cicek tasiyan saplar buytr. Bu uzun saplarin hem uglarinda hem de dallarinda
yenilebilir baglar olusur. Bitkinin yenilebilir kismi; blyutilmus hazne ve olgunlasmamis cicek salkiminin i¢
kisimlari olan bas ve kalinlasmis brakte yaprak tabanlaridir (Tartoura et al., 2021). Bu boélim “cicek
tablas1”, "bas" veya "kapitulum" olarak gesitli sekillerde tanimlanir (Lombardo et al., 2017).

Glndiuz 20-22 °C ve gece 12-14 °C sicakliklar, enginarda iyi kalite ve yiksek verim elde etmek igin
en uygun degerlerdir. Enginarin mevsimsel su ihtiyaci hektar basina ve yilda 4.000-5.000 m¥e karsilik
gelir ve en yuksek verim igin suya olan ihtiyaci bas olusum asamasindadir (Bianco, 1990). Enginar kig ve
ilkbahar aylarinda vejetatif gelisir ve hizla bliiyiimeye devam ederek yaz aylarinda bas olusturarak hasat
icin hazir hale gelir (Duarte et al., 2006; Archontoulis et al., 2010; Colla et al., 2012). Genel olarak,
mineral elementlerin alim modeli, kuru madde birikimini takip eder ve bu nedenle bitki gelisimi sicaklik,
cesit, toprak tipi ve tarimsal uygulama yonetiminden etkilenir (Elia & Conversa, 2007).

Bu calismanin temel amaci; Bursa ili Nilifer ilcesi Hasanada mahallesinde enginar yetistirilen
plantasyonlardan alinan toprak, yaprak ve meyve 6rneklerinde kimi fiziksel ve kimyasal 6zelliklerin
incelenmesidir. Analiz sonuglarina dayanarak topraklarin verimlilik durumlari belirlenerek; tarimsal
Uretime yodnelik sorunlarin ortaya ¢ikarilmasi, bdolgenin tarimsal Uretim potansiyelinin arttiriimasi,
tarim arazilerinin sdrdurdlebilir kullanimini saglayacak konuma dayali glincel verilerin Uretiimesi
hedeflenmektedir.
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MATERYAL ve YONTEM
Materyal

Arastirma, enginar tariminin yogun olarak yapildigi, Bursa ili, Niltfer ilcesi, Hasanaga mahallesinde
2022 yilinda yuritilmustir (Sekil 1). Arastirma materyalini, Hasanaga enginari plantasyonlarindan alinan
toprak ve bitki drnekleri olusturmaktadir. Yéreyi temsil edecek nitelikte segilmis, 20 adet enginar bahcesi
ziyaret edilerek toprak ve bitki érnekleri alinmistir (Kacar, 2009; Kacar & inal, 2008). Bitki 6rnekleri;
yaprak, cicek tablasi ve brakte yapraklar olmak Uzere (¢ grupta incelenmistir. Hasanaga enginari,
11.09.2020 tarihinde Tirk Patent ve Marka Kurumu tarafindan tescil edilerek (tescil numarasi: 533)
cografi isaret almistir (Anonymous, 2020).

Yontem
Toprak analiz yontemleri

Eylul ayinda iki ayri derinlikten (0-30 cm, 30-60 cm) alinan toprak ¢rnekleri hava kurusu hale
getirilip 2 mm’lik elekten elenerek analize hazir hale getirilmistir (Kacar, 2009). Toprak 6rneklerinde
reaksiyon (pH) toprak:su; 1:2.5 (w/v) hacim suspansiyonunda pH/iyon metresi ile belirlenmistir (Richards,
1954). Toprak orneklerinde elektriksel iletkenlik (EC) toprak:su; 1:2.5 (w/v) hacim suspansiyonunda
kondaktivitimetre ile dlcllerek belirlenmistir (Rhoades, 1982). Organik madde miktari Nelson & Sommers
(1982)'in bildirdigi sekilde modifiye edilmis Walkley-Black yontemine gore belirlenmistir (Kacar, 2009).
Kireg; Nelson (1982) tarafindan bildirildigi sekilde Scheibler kalsimetresi ile belirlenmistir. Kil, silt ve kum
fraksiyonlari Bouyoucos (1951) tarafindan bildirildigi gibi hidrometre ydntemiyle belirlenmistir. Bulunan
sonuclara gore bunye siniflari Soil Survey Staff (1951)'in bildirdigi sekilde belirlenmistir. Toplam azot (N),
Bremner (1965) tarafindan bildirildigi sekilde Kjeldahl yontemi ile belirlenmistir (Kacar, 2009). Alinabilir
fosfor (P), toprak orneklerinin 0.5 M sodyum bikarbonat (NaHCO3) c¢ozeltisi (pH 8.5) ile ekstrakte
edildikten sonra askorbik asit varliginda gelisen mavi rengin yogunlugunun kolorimetrik olarak &lctlmesi
ile belirlenmistir (Olsen & Dean, 1965). Degisebilir katyonlar; toprak 6rnekleri pH's1 7.0 olan 1 M
amonyum asetat (NH4OAc) cozeltisi ile calkalandiktan sonra elde edilen ekstraktta Na, K ve Ca
konsantrasyonlari alevfotometre cihazi ile belirlenmistir. Alinabilir Mg, ICP-OES cihazi ile tespit edilmistir
(Kacar, 2009). Topraklarin alinabilir Fe, Zn, Cu ve Mn icerikleri 0.005 M dietilen triamin penta asetik asit
(DTPA) ozltleyici (Lindsay & Norvell, 1978) ile ekstre edilmistir. Konsantrasyon, ICP-OES ile
belirlenmistir. Toprak 6rneklerinin alinabilir B icerikleri, Wolf (1971) tarafindan bildirildigi sekilde,
topraklarin morgan ekstrakt ¢cozeltisi ile ekstrakte edildikten sonra Azometin-H ydntemiyle renklendirilerek
spektrofotometrik yonteme gore belirlenmistir.

Bitki analiz yontemleri

Enginar bitkisinin yaprak ve yenilebilir kisim olan bas bélgesinin érneklemesi; hasat doneminden 10-
15 giin 6nce yapilmistir. Mayis ayinin baslarinda, boyutlari ne olursa olsun, en az 10 hastaliksiz bitiin bas
hasat edilmistir (Mauromicale & lerna, 2000). Yaprak o6rneklemesi; gévdenin orta kisminda bulunan
gelismesini tamamlamig yapraklardan alinarak yapilmistir. Orneklemede her bir plantasyondan bahgenin
bltundni temsil edecek sekilde birkag ydniinde bulunan bitkilerden yaprak érnekleri alinmigtir. Alinan bitki
ornekleri laboratuvarda 6nce ¢esme suyu, sonra saf su ile yikandiktan sonra 65-70°C sicaklikta etlivde
kurutulmus daha sonra degirmende 6gutulerek analize hazir hale getiriimistir (Pandino et al., 2012). Bitki
orneklerinin toplam N icerikleri, Bremner (1965) tarafindan bildirildigi sekilde Kjeldahl ydntemi ile
belirlenmistir. Bitki drneklerinin toplam P icerikleri kuru yakma (550°C’de kil haline getirilerek 1:10 oraninda
3N HCl ile ¢ézuindlrilmis) yontemine gore elde edilen sliziikte vanadomolibdofosforik sari renk yéntemine
gore spektrofotometre ile belirlenmistir (Kacar & inal, 2008). Bitki érneklerinin toplam Na, K ve Ca miktarlari,
alev fotometre cihazi ile belirlenmigtir. Toplam Mg ise ICP-OES cihazi ile belirlenmistir (Pratt, 1965). Bitki
orneklerinin toplam Fe, Zn, Cu ve Mn igerikleri ICP-OES cihazi ile belirlenmistir (Kacar & inal, 2008).
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ARASTIRMA SONUCLARI ve TARTISMA
Topraklann fiziksel ve kimyasal 6zellikleri

Arastirma topraklarinin incelenen bazi fiziksel ve kimyasal 6zelliklerine ait degerler Cizelge 1 ve
Cizelge 2'de verilmistir. Topraklarin pH degerleri 0-30 cm derinlikte 6.92-7.97 (ortalama 7.43); 30-60 cm
derinlikte ise 7.14-7.91 (ortalama 7.59) araliinda degismektedir (Cizelge 1). 0-30 cm derinlikte topraklarin
%70'i notr; %30'u hafif alkali reaksiyondadir. 30-60 cm derinlikteki topraklarin reaksiyonu degerlendirildiginde,
topraklarin %65'inin hafif alkali ve %35'inin ise nétr reaksiyonda olduklari belirlenmistir (Cizelge 3). Enginarin
optimum olarak, 6.4-7.0 pH reaksiyonda gelistigi bildiriimistir (Ciancolini, 2012).

Cizelge 1. Toprak 6rneklerinin bazi fiziksel ve kimyasal 6zellikleri

Table 1. Some physical and chemical properties of soil samples

1: 2.5 wl/v (toprak : su) Konsantrasyon (%)
Koordinatlar pH EC (dSm™) O.M. CaCO;

No X y Mevki 1 2 1 2 1 2 1 2

1 653159.80 4448797.52 Hendek 738 753 0.18 0.18 167 172 5.95 6.22
2 651821.13 4449665.17 Calihk 770 791 028 027 190 178 9.88 9.60
3 652510.19 4450237.28 Congara 769 767 033 020 288 213 2.98 3.11
4 653770.03 4450286.77 Cayirlik 797 760 035 026 259 207 7.58 8.80
5 653659.86 4450346.27 Cayirhk 782 7.83 028 029 230 225 10.96 10.96
6 653524.60 4450173.70 Cayirhk 748 7.77 044 030 201 1.84 14.88 17.72
7 653390.92 4449203.40 Hendek 730 7.79 024 019 149 196 5.82 6.76
8 653446.30 4449015.90 Uluyol 737 7.77 058 037 213 1.67 12.05 9.74
9 653205.27 4451910.10 Ova 726 786 026 019 172 143 0.41 0.68
10 653208.01 4451200.89 Ova 731 778 031 034 254 0.74 2.57 3.11
11 653292.59 4449199.60 Hendek 779 788 020 015 178 155 2.98 3.38
12 651972.50 4449807.88 Caliliklar 716 720 014 012 196 155 1.21 0.41
13 652809.33 4448817.80 Mezarlik 6.92 7.14 022 015 271 265 0.68 0.41
14 653656.78 4449096.45 Hendek 739 730 031 028 346 2.01 2.03 2.16
15 653554.77 4448938.17 Hendek 729 747 053 025 184 155 13.93 13.80
16 653569.22 4449082.17 Hendek 759 758 027 018 201 1.55 7.98 8.25
17 653235.65 4450850.44 Ova 735 729 054 041 155 149 6.49 6.49
18 653041.65 4450771.38 Ova 733 747 044 032 225 161 6.36 8.52
19 653007.67 4449356.82 Benzinlik 729 753 068 051 196 172 1001 10.15
20 653188.34 4450600.74 Ova 736 748 020 0.16 201 196 0.41 0.54

Endugik 6.92 7.14 014 0.12 149 0.74 0.41 0.41
Enylksek 797 791 068 051 346 265 14.88 17.72
Ortalama 7.43 759 034 025 214 176 6.26 6.54

1: 0-30 cm, 2: 30-60 cm.

Topraklarin eriyebilir tuz degerleri birinci derinlikte 0.14-0.68 dS m* (ortalama 0.34 dS m'l), ikinci
derinlikte ise 0.12-0.51 dS m™ (ortalama 0.25 dS m'l) arasinda degistidi goralmustur (Cizelge 1).
incelenen topraklarin her iki derinlikte de tuzluluk agisindan, tuzsuz sinifta oldugu belirlenmistir (Cizelge
3). Enginar, verim acisindan tuzluluga orta, yagsama acisindan ise toleransli bir tur olarak kabul
edilmektedir (Grainfenberg et al., 1995; Pace et al., 2012). Yiksek toprak tuzlulugu veya yiksek sicaklik
kosullari, dusik transpirasyonlu cicek salkimlarinda bozulma (i¢c brakte yapraklarin ve basin kérelmesine
neden olabilir) (Elia & Converse, 2007). Francois et al. (1991), sulama suyu tuzlulugu 2.0 dSm™yi
astiginda pazarlanabilir enginar tomurcuklarinin sayisinin %20 veya daha fazla azaldigini bildirmigtir.
Arastirmamizda tuzlulukla ilgili bir sorun gérdlmemistir.
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incelenen topraklarin organik madde (O.M.) icerikleri; 0-30 cm derinlikte %1.49-3.46 (ortalama
%2.14); 30-60 cm’de ise %0.79-2.65 (ortalama %1.76) arasinda degismektedir (Cizelge 1). Analiz
sonugclari dederlendirildiginde, 0-30 cm derinlikte topraklarin yarisinin az miktarda O.M. igerdigi diger
yarisinin ise orta seviyede O.M. igerdigi anlasiimaktadir. 30-60 cm degerlendirildiginde topraklarin humus
icerigi daha da dustigu, %75 oraninda “az” O.M. ve %25 oraninda “orta” seviye O.M. icerdikleri
gorulmektedir. Genel olarak bakildiginda topraklarin yarisindan fazlasinin humus ydniinden distk oldugu
belirlenmistir (Cizelge 3). Enginar gibi 6nemli miktarda bitkisel biyokutle gelistiren ve vejetatif gelisme
doénemi 7 aydan daha uzun suren tirler i¢in topragin zengin O.M. igerigine sahip olmasi gerekmektedir
(Riahi et al., 2017). Khalfallah et al. (2015); O.M. igerigi %1.4 olan topraklara 9 t ha™ kompost uygulamis
ve enginarin kuru madde, N, P, K, Ca ve Mg igeriklerinin arttigini bildirmigtir. Arastirici, enginarda en iyi
performansin 17 t ha™ kompost uygulanmasiyla elde edildigini ve enginarda bas kalitesi icin 15 t ha™
kompost uygulandigini bildiriimistir (Khalfallah et al., 2015).

Arastirma topraklarinin %CaCO; iceriklerinin birinci derinlikte %0.41-14.88 (ortalama %6.26)
arasinda, ikinci derinlikte ise 9%0.41-17.72 (ortalama %6.54) arasinda degistidi belirlenmistir (Cizelge 1).
Analiz sonuglari Anonymous (1988)’e gore siniflandinidiginda topraklarin % 20'si kiregsiz, %20’si az
kirecli, %55'i orta kirecli ve %5'i kirecli sinifinda bulunmaktadir (Cizelge 3). Topraklarin her iki derinlikte
de blyik 6lctde enginar yetigtiriciliine uygun; tin, kumlu Killi tin, killi tin binyeye sahip topraklar olduklari
belirlenmistir (Cizelge 2). Enginar iyi drene edilmis olmak kaydiyla genis bir yelpazede yani ¢ok cesitli
toprak tiplerinde yetistirilebilir (Ciancolini, 2012).

Cizelge 2. Toprak 6rneklerinin binye 6zellikleri

Table 2. The texture of soil samples

Konsantrasyon (%)

Kil Silt Kum Binye Sinfi

No  Mevki 1 2 1 2 1 2 1 2
1 Hendek 25.90 2670  28.87 2534 4523  47.95 Tin Kumlu killi tin
2 Calilik 50.01  47.20 20.01 2173 29.99  31.07 Kil Kil
3 Congara 39.77 3991 1752 16.61 4271  43.48 Killi tin Killi tin
4 Cayirlik 27.12 27.83 2470 2461 4818 4756  Kumlukillitn  Kumlu killi tin
5  Cayirlik 29.42 31.00 41.47 39.01 2911  29.99 Killi tin Killi tin
6  Cayirlik 27.46 25.37 28.48  33.37 44.06 41.27 Killi tin Tin
7 Hendek 26.56 25.67 2536 2437 48.08  49.96  Kumlukillitn  Kumlu killi tin
8  Uluyol 20.67 2348 3255 2859 4678  47.93 Tin Tin
9 Ova 27.03 30.17 2874 2484 4423  44.98 Killi tin Killi tin
10 Ova 30.45 3120 3224 30.84 3731 37.96 Killi tin Killi tin
11 Hendek 22.96 2477 3292 2851 4412 @ 46.72 Tin Tin
12 Caliliklar 52.42 56.25  25.87 2349 2171  20.26 Kil Kil
13 Mezarlik 28.40 18.13 26,52 38.85 45.08  43.02 Killi tin Tin
14  Hendek 35.22 3481 2501 2479 39.77  40.40 Killi tin Killi tin
15  Hendek 20.14 18.09 2849 3271 51.37  49.20 Tin Tin
16  Hendek 22.04 2202 2649 2443 5147 5356  Kumlukilitn  Kumlu killi tin
17  Ova 24.27 2410 2679 2456 4894 51.34  Kumlukillitn  Kumlu killi tin
18 Ova 26.56 2463 2665 27.18 46,78 4818  Kumlukilitn  Kumlu killi tin
19  Benzinlik 24.39 28.11 3536 33.12 40.25 38.76 Tin Killi tin
20 Ova 29.95 30.07 26.68 27.07 4337 42.86 Killi tin Killi tin

Endistk  20.14 18.09 1752 16.61 21.71  20.26

Envyilksek  50.01 56.25  41.47 39.01 51.47 53.56
Ortalama  29.54 20.48  28.04 27.70 42.43 4282  Kumlukilli tin Killi tin
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Arastirmada incelenen enginar bahcelerine ait topraklarin bazi makro bitki besin elementi icerikleri
Cizelge 4'te sunulmustur. Bu sonuclara gore; topraklarin toplam azot (N) konsantrasyonlari 0-30 cm
derinlikte %0.07-0.17 (ortalama %0.12) arasinda degisirken, 30-60 cm’de, %0.04-0.14 (ortalama %0.09)
arasinda bulundugu belirlenmistir (Cizelge 4). Topraklarin toplam N yeterlilik durumlari incelendiginde; O-
30 cm derinlikte sirasiyla topraklarin %5'i az ve %95'i yeterli iken, 30-60 cm’de topraklarin %45'i az ve
%55'i yeter seviyede N icerdigi analiz edilmistir (Cizelge 3). Enginarin verimliligi, N miktarindan buytk
Olgude etkilenir (Salah et al., 2006). Enginarin uzun ve etkili kok sistemi, topraktaki N'den derinlemesine
yararlanmasini saglar (Archontoulis et al., 2011).

Cizelge 3. Toprak 6rneklerinin 0-30 cm ve 30-60 cm derinlikteki bazi toprak 6zelliklerinin yeterlilik sinir degerlerine gére oransal olarak
gruplandiriimasi

Table 3. Proportional grouping of soil samples according to the sufficiency limit values of some soil properties at 0-30 cm and 30-

60cm depth
Konsantrasyon (%)
Toprak derinligi
Birim Ozellk 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 0-30 30-60 Kaynak
Orta asit Hafif asit Notr Hafif alkali  Kuvvetli alkali Richards (1954)
4555 5.5-6.5 6.5-7.5 7.5-8.5 >85
pH - - - : 70 35 30 65 - -
Tuzsuz Hafif tuzlu Orta tuzlu Cok fazla tuzlu Anonymous (1988)
0-4 4-8 8-15 >15
dsm™ EC 100 100 - - - - - -
% Kiregsiz Az kiregli Orta kirecli Kirecli Asiri Anonymous (1988)
<1l 1-5 5-15 15-25 >25
CaCQOs 20 20 20 20 60 55 - 5 - -
Cok az Az Orta fyi Yiiksek Anonymous (1988)
<1 1-2 2-3 34 >4
O.M. - 5 45 70 50 25 5 - - -
Diger Kil Killi tin Tin Kumlu killi tin USDA (2013)
Blnye - - 10 10 40 35 25 25 25 30
Cok az Az Yeterli Fazla Cok fazla Anonymous (1988)
< 0.045 0.045-0.09 0.09-0.17 0.17-0.32 >0.32
N - - 5 45 95 55 - - - -
mg kg™ Duslk Orta Yeterli Olsen & Dean (1965)
<5 5-10 >10
P 10 10 5 40 85 50
Noksan Diisiik Orta lyi Yiiksek Pizer (1967)
<101 101-152 152-199 199-250 250-320
K 55 65 25 25 5 10 5 - 10 -
Cok az Az Orta Yiiksek Loué (1968)
<714 714-1430 1430-2860 >2860
Ca - - - - 25 15 75 85
Sodik degil Hafif sodik Orta sodik Yuksek sodik Asin sodik Anonymous (1951)
<6992 6992-14996 14996-19982  19982-29992 >29992
Na 100 100 - - - - - - - -
Dusik Orta Tyi Loué (1968)
<54 54-114 >114
Mg 15 - 55 - 30 100
Noksan Kritik Yeterli Lindsay & Norvell (1978)
<2.5 2.5-45 >4.5
Fe - - 5 - 95 100
Noksan Kritik Yeterli Lindsay & Norvell (1978)
>0.5 0.5-1 >1
Zn - - - 5 100 95
Yetersiz Yeterli Lindsay & Norvell (1978)
<0.2 >0.2
Cu - - 100 100
Yetersiz Yeterli Lindsay & Norvell (1978)
<1 >1
Mn - - 100 100
Cok az Az Orta lyi Yiiksek Wolf (1971)
<0.4 0.5-0.9 1-2.4 2.5-45 >4.5
B 90 90 10 10 - - - - - -
n 20
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Topraklarin fosfor (P) icerikleri analiz edildiginde (Cizelge 4), birinci derinlikte alinabilir P'nin 2.77-
59.84 mg kg™ (ortalama 20.61 mg kg™) arasinda oldugu ve topraklarin %85'inin yeterli P icerigine sahip
oldugu belirlenmistir (Cizelge 3). ikinci derinlikte ise topraklarin P iceriginin 1.39-39.28 mg kg™ (ortalama
13.71 mg kg'l) arasinda bulundugu belirlemistir. 30-60 cm derinlikteki P icerigi degerlendirildiginde,
orneklerin %10'u dusuk, %40’ orta ve %50'si de yeterli diizeydedir (Cizelge 3). P alinimi, muhtemelen
topragdin kimyasal dzelliklerinin (pH ve toprak karbonat igerigi) P mevcudiyeti Uzerindeki yiiksek etkisinden
dolayi daha degiskendir (Elia & Conversa, 2007). Toprak P mevcudiyetindeki eksiklik veya yiiksek bir K/P
orani, "siyah u¢" bozuklugunun ortaya ¢ikma riskini artirdigi bildirilmistir (Elia & Conversa, 2007).

Cizelge 4. Toprak 6rneklerinin bazi makro besin elementi igerikleri

Table 4. Some macro nutrient contents of the soil samples

Konsantrasyon Konsantrasyon (mg kg™)
(%)
N P K Ca Mg Na

No  Mevki 1 2 1 2 1 2 1 2 1 2 1 2

1 Hendek  0.11 0.04 277 139 38 25 3954 3902 44.79 116.70 69 67
2 Calihk 0.10 0.10 12.01 832 130 149 3963 3883 246.24 23145 141 145
3 Congara 0.14 0.10 40.20 2357 284 147 2515 4631 102.42 138.63 110 91
4 Cayirhk 0.13 0.08 2495 23.80 134 107 4152 4117 147.30 17841 123 119
5 Cayirhk 0.15 0.12 15.02 10.86 68 60 4605 4703 153.93 179.94 122 123
6 Cayirlik 0.11 0.06 27.73 13.63 79 36 4124 4036  91.20 140.16 144 107
7 Hendek 0.12 0.09 16.64 1386 114 88 3915 3891 62.64 123.84 103 105
8 Uluyol 0.11 0.10 1040 9.01 66 71 3837 3842 51.42 12741 7% 71
9 Ova 0.12 0.06 1479 531 108 46 2509 2977 85.08 132.00 115 95
10 Ova 0.13 0.14 20.33 39.28 107 130 4266 4217 89.16 141.69 98 130
11 Hendek 0.14 0.08 1848 7.86 72 45 3814 3770 43.77 119.25 87 75
12 Cahhklar  0.07 0.05 13.86 6.93 161 131 2725 2686 563.46 452.79 125 112
13 Mezarhlk 0.14 0.11 5892 19.87 227 161 2295 2273 13455 197.28 62 54
14 Hendek 0.17 0.12 59.84 30.50 457 157 4827 4866 273.27 19575 168 138
15  Hendek 0.10 0.10 1340 8.78 29 31 3964 3857 61.62 123.33 71 69
16  Hendek 0.10 0.09 27.03 19.18 98 60 3862 3834 80.49 126.39 86 81
17  Ova 0.10 0.08 5.08 531 39 41 4140 4066  62.64 117.72 91 97
18 Ova 0.12 0.10 14.32 8.09 60 45 4204 4217 78.96 129.96 94 84
19 Benzinlk 0.11 0.10 2.78  4.39 56 44 4240 4073 7233 13149 213 164
20 Ova 0.11 0.10 13.63 14.32 49 46 2373 2425 85.59 137.10 62 57

Endusik 0.07 0.04 2.77 1.39 29 25 2295 2273  43.77 116.70 62 54
Enylksek 0.17 0.14 59.84 39.28 457 161 4827 4866 563.46 452.79 213 164
Ortalama 0.12 0.09 20.61 13.71 119 81 3714 3813 126.54 162.06 108 99

Topraklarin degisebilir potasyum (K) icerikleri Cizelge 4'te sunulmustur. Buna goére 0-30 cm’de 29-
457 mg kg'1 (ortalama 119 mg kg'l) arasinda degisen K iceriginin topraklarin %80’inde digsik ve noksan
seviyede oldugunu ortaya koymustur. 30-60 cm derinlikte topraklarin K igerigi 25-161 mg kg'1 (ortalama
81 mg kg™ arasinda degismektedir. Bu sonuglara gore ikinci derinlikte, topraklarin %90’inda K, diisiik ve
noksan seviyededir. Her iki derinlik birlikte degerlendirildiginde enginar yetistiriciligi yapilan alanlarin K
yoninden oldukga eksikliklerinin oldugu anlagiimaktadir (Cizelge 3).

Arastirma topraklarinin alinabilir kalsiyum (Ca) miktarlari her iki derinlikte de birbirine yakin
degerlerdedir (Cizelge 4). Kalsiyum icerikleri, 0-30 cm’de 2295-4827 mg kg™ (ortalama 3714 mg kg™)
bulunmustur. Bu sonuglara gore, topraklarin %25'i orta seviyede, %75'i ise yuksek seviyede Ca icermektedir.
30-60 cm'de ise topraklarin Ca igerigi 2273-4866 mg kg™ (ortalama 3813 mg kg™) arasinda bulundugu
belirlenmistir. Ikinci derinlikteki sonuclar degerlendirildiginde; topraklarin %85'inin yilksek diizeyde Ca icerdigi
anlagiimaktadir (Cizelge 3). Topraklarin alinabilir magnezyum (Mg) miktarlari, 0-30 cm ve 30-60 cm
derinliklerde sirasi ile 43.77-563.46 mg kg™ (ortalama 126.54 mg kg™) ve 116.70-452.79 mg kg™ (ortalama
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162.06 mg kg™) arasinda degismektedir (Cizelge 4). Alinabilir Mg icerikleri degerlendirildiginde; 0-30 cm
derinlikte topraklarin %15 oraninda yetersiz oldugu, %55'inin orta ve %30’unun ise iyi diizeyde Mg icerdigi
belirlenmigtir. ikinci derinlikte, topraklarin tamaminin Mg igerigi iyi durumda bulunmaktadir (Loué, 1968).
Topraklarin Cizelge 4'te sunulan sodyum (Na) icerikleri incelendiginde; 0-30 cm derinlikte ve 30-60 cm
derinlikte sirasiyla 108 mg kg™ ve 99 mg kg™ Na icerdikleri belirlenmistir. Anonymous (1951) tarafindan Na
icin bildirilen sinir degerlere gore topraklarin her iki derinlikte de sodik olmadiklar belirlenmistir (Cizelge 3).

Aragtirmanin  yOrituldigu enginar tarlalarinin  alinabilir mikro element icerikleri Cizelge 5'te
sunulmustur. Buna gore; topraklarin alinabilir demir (Fe) icerikleri; 0-30 cm’de 3.94-26.56 mg kg™ (ortalama
11.63 mg kg™) araliginda oldugu ve 30-60 cm'de ise 5.99-42.13 mg kg™ (ortalama 13.97 mg kg™) arasinda
degistigi belirlenmigtir. Topraklarin Fe icerikleri Lindsay & Norvell (1978) tarafindan bildirilen sinir degerlerine
gore degerlendirildiginde; yeterli oldugu sonucuna variimistir (Cizelge 3). Arastirmada incelenen topraklarin
alinabilir bakir (Cu), ¢inko (Zn) ve mangan (Mn) miktarlari incelenmis (Cizelge 5) ve Lindsay & Norvell (1978)
tarafindan bildirilen sinir degerlere gore degerlendiriimistir (Cizelge 3). Bakir (Cu) icerikleri yoninden
topraklarin 0-30 cm derinlikte 1.52-14.67 mg kg™ (ortalama 4.26 mg kg™), 30-60 cm'de ise 1.34-13.56 mg kg’
! (ortalama 4.46 mg kg™) arasinda degisiklik gosterdigi ve yeterli durumda olduklari belirlenmistir. 0-30 cm
derinlikte 1.08-4.64 mg kg™ (ortalama 2.14 mg kg™), 30-60 cm'de ise 0.75-3.06 mg kg™ (ortalama 1.75 mg kg’
1) arasinda degisiklik gosterdigi belirlenen Zn elementi, yeterli durumda bulunmaktadir. Mn igerikleri ise, 0-30
cm ve 30-60 cm derinliklerde sirasi ile 6.90-26.43 mg kg'1 (ortalama 15.26 mg kg'l) ve 7.26-36.53 mg kg'1
(ortalama 16.64 mg kg'l) arasinda degismektedir. Mn elementi yoniinden topraklar yeterli durumdadir.
Arastirma topraklarinin bor (B) icerikleri 0-30 cm derinlikte 0.07-0.58 mg kg™ (ortalama 0.26 mg kg™), 30-60
cm'de ise 0.02-0.68 mg kg™ (ortalama 0.26 mg kg™') arasinda degisiklik gosterdigi belirlenmistir. Topraklarin
her iki derinlikte tamaminin ya cok az ya da az (0.5-0.9 mg kg™) diizeyde B icerdikleri belirlenmistir.

Cizelge 5. Toprak 6rneklerinin bazi mikro besin elementi igerikleri

Table 5. Some micronutrient contents of the soil samples

Konsantrasyon (mg kg™)

Fe Cu Zn Mn B
No Mevki 1 2 1 2 1 2 1 2 1 2
1 Hendek 9.23 6.62 2.55 1.63 1.09 1.40 13.79 18.85 0.07 0.21
2 Calilik 5.92 6.62 1.67 1.34 364 142 6.90 726 0.14 0.12
3 Congara 12.35 17.49 1.81 2.06 1.08 1.04 1406 1092 0.29 0.20
4 Cayirlik 6.18 14.48 1.52 3.00 158 210 6.06 11.71 0.33 0.29
5 Cayirlik 17.03 21.01 2.75 313 194 187 11.02 16.43 0.27 0.68
6 Cayirlik 10.46 8.86 4.23 490 2.16 1.20 10.37 895 0.32 0.12
7 Hendek 3.94 9.16 1.83 2.84 1.46 1.82 7.34 1377 0.28 0.22
8 Uluyol 9.81 13.74 9.52 1160 167 201 16.60 1551 0.20 0.30
9 Ova 13.20 9.34 3.23 242  2.67 1.80 26.43 18.12 0.42 0.23
10 Ova 7.00 8.43 1.96 268 158 218 1269 17.65 0.30 0.62
11 Hendek 5.88 8.55 2.78 359 157 1.47 13.78 22.07 0.25 0.20
12 Caliliklar 24.00 28.37 2.32 237 122 0.75 24,75 21.23 0.07 0.02
13 Mezarlik 26.56 42.13 10.50 1356 2.06 3.06 25.15 36.53 0.12 0.29
14 Hendek 18.06 12.18 14.67 10.72 464 2.86 17.05 1111 057 0.18
15 Hendek 10.13 17.48 2.55 352 236 246 14.42 20.26 0.16 0.12
16 Hendek 7.98 9.55 6.50 6.93 4.22 1.71 13.39 1344 0.24 0.34
17 Ova 7.30 5.99 1.59 1.42 1.04 141 1486 18.16 0.18 0.14
18 Ova 12.52 12.49 3.99 311 246 1.13 20.35 1246 0.23 0.21
19 Benzinlik 13.62 11.59 6.55 548 1.72 1.29 1760 11.67 0.58 0.43
20 Ova 11.44 15.36 2.64 287 268 201 18.67 26.78 0.12 0.25

En digik 3.94 5.99 1.52 1.34 1.08 0.75 6.90 7.26  0.07 0.02
Enylksek  26.56 42.13 14.67 1356 4.64 3.06 26.43 36.53 0.58 0.68
Ortalama  11.63 13.97 4.26 446 214 175 1526 16.64 0.26 0.26
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Enginar yapraklarinin, cigcek tablasi ve brakte yapraklarin bitki besin elementi igerikleri

Enginar bahgelerinden alinan yaprak, gi¢ek tablasi ve brakte yaprak érneklerinin makro besin elementi
icerikleri Cizelge 6'de verilmistir. Aragtirmada, yaprak 6rneklerinin toplam N icerikleri %2.00-3.31 (ortalama
%2.64) arasinda degismektedir. Cicek tablasi (bas) ornekleri ise, %2.31-4.37 (ortalama %3.58) arasinda
degisirken, brakte yapraklarin azot miktar1 %1.97- 4.11 (ortalama %2.97) arasinda belirlenmigtir (Cizelge 6).
Yapraklarin toplam N icerigi, basin ve brakte yapraklarin toplam N igeriginden daha dusuk seviyede oldugu
belirlenmigtir. Azot, genellikle yapraklarda baglardan daha yogundur (Ezz EI-Din et al., 2010). Cesitli
arastirma sonuglari, farkli cesitlerde yiksek vejetatif biyime ile tomurcuk verimini iyilestirmede ve bas
verimini artirmada N gubrelemesinin olumlu etkisinin altini cizmektedir (Elia & Conversa, 2007; Allahdadi et
al., 2016). Enginarlar buyik miktarlarda N alabilir (400 kg N ha'l) (Rincén et al., 2007). Asin N gibrelemesi
bitkilerde N birikimine yol acar, bu da verimi artirmadan sadece biyokditleyi arttirir (Akkal-Corfini et al., 2021).
Allahdadi et al. (2016) daha yiksek seviyelerde N uygulamasinin enginar buyltmesini iyilestirdigini ancak
toplam fenol, toplam flavonoid ve antioksidan aktiviteyi azalttigini bildirmigtir. N gtibrelemesinin asirisinin bitki
dokusundaki kafeoilkinik asitler ve flavonoid igerigi ile ters orantili oldugu bildiriimistir (Elia & Conversa, 2007).
Birbirini takip eden her enginar mahsuliinin kalintilarindan N’un akibetini tayin etmek, N kullanim etkinligini
artirmak icin dzel bilgi ve arastirma gerektirmektedir (Elia & Conversa, 2007).

Cizelge 6. Enginarin yaprak (y), cicek tablasi (¢t) ve brakte yaprak (b) dérneklerinin bazi makro element icerikleri

Table 6. Some macronutrient contents of leaf (y), flower head (¢t) and bract leaf (b) samples of artichoke

Konsantrasyon (%)
N P K Ca Mg Na

No y ct b y ct b y ct b y ¢t b y Gt b y Gt b
1 201 231 206 018 0.48 0.33 0.88 2.00 1.70 141 0.39 0.36 0.16 0.14 0.12 1.03 0.25 0.22
2 282 391 3.07 026 0.72 0.53 1.47 278 232 185 0.74 062 0.18 0.24 0.16 177 0.47 0.33
3 260 350 279 0.19 0.67 051 123 278 232 2.03 0.67 0.68 0.18 0.19 0.15 143 0.39 0.28
4 259 3.71 3.02 0.22 0.60 0.47 1.33 257 211 148 045 0.53 0.20 0.24 0.18 2.01 0.57 0.36
5 292 437 361 0.26 0.77 054 115 271 212 125 0.65 0.68 0.22 0.28 0.21 2.07 0.84 0.53
6 265 4.01 3.05 0.23 0.68 0.47 0.98 185 154 157 047 050 0.22 0.23 0.15 2.74 0.73 0.53
7 277 3.80 3.57 0.31 0.67 0.57 153 257 229 1.06 0.73 0.48 0.17 0.23 0.18 1.80 0.58 0.37
8 278 388 326 0.26 0.70 058 1.82 292 262 1.38 0.37 0.39 0.15 0.18 0.18 098 0.26 0.22
9 265 310 294 021 042 043 0.89 189 190 1.39 049 055 0.16 0.14 0.14 170 0.36 0.36
10 229 392 266 0.19 0.66 0.46 1.09 234 208 182 0.66 0.79 0.17 0.19 0.16 1.78 0.66 0.40
11 331 3.78 4.11 0.28 0.80 0.61 1.38 248 2.01 1.79 0.61 0.57 0.17 0.19 0.16 1.26 0.68 0.56
12 266 244 197 0.27 042 0.28 181 228 164 164 050 044 0.22 0.22 0.14 144 0.35 0.20
13 297 4.33 348 0.28 0.79 0.57 1.38 293 253 217 0.77 0.74 0.26 0.22 0.16 1.33 0.35 0.27
14 281 245 215 0.21 043 0.31 142 195 168 148 047 037 0.14 0.15 0.12 1.76 0.35 0.26
15 261 4.04 324 0.23 0.66 0.48 144 240 204 161 066 0.61 0.16 0.19 0.15 1.33 0.50 0.33
16 237 296 230 0.18 055 0.39 098 235 182 1.70 0.69 0.52 0.18 0.22 0.13 120 042 0.27
17 292 386 295 0.25 0.62 0.47 162 225 203 1.63 055 0.71 0.15 0.17 0.15 159 051 0.34
18 2.00 397 3.14 0.15 0.63 0.50 0.78 245 2.03 1.85 0.57 0.53 0.18 0.18 0.15 1.76 0.53 0.32
19 263 360 3.03 0.18 0.54 0.49 124 240 2.08 1.67 047 0.54 0.18 0.22 0.17 275 0.77 0.49
20 246 3.63 3.11 0.22 056 043 0.70 2.15 186 184 037 050 0.17 0.18 0.14 181 0.60 0.38

Min 2.00 2.31 197 0.15 042 0.28 0.70 1.85 154 1.06 0.37 0.36 0.14 0.14 0.12 0.98 0.25 0.22
Mak 3.31 4.37 4.11 031 0.80 0.61 1.81 293 262 217 0.77 0.71 0.26 0.28 0.21 2.75 0.84 0.56
Ort. 2.64 358 297 0.23 0.63 0.47 1.26 240 2.04 1.63 056 056 0.18 0.20 0.16 1.68 0.51 0.35

Yapraklarin toplam P icerikleri %0.15-0.31 (ortalama %0.23) arasinda degismektedir. Cicek tablasi
orneklerinde; %0.42-0.80 (ortalama %0.63) arasinda degistigi, brakte yapraklarin P miktarinin ise %0.28-
0.61 (ortalama %0.47) arasinda bulundugu belirlenmistir (Cizelge 6). Yapraklarin toplam P igerigi, gicek
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tablasi ve brakte yapraklarin toplam P igeriginden daha disiik miktardadir (Cizelge 6). Fosfor, genellikle
yapraklarda baslardan daha dusuktir (Ezz EI-Din et al., 2010). Gugla kékler icin vazgecilmez bir unsur
olarak kabul edilen P, enginar bitkisinin blyimesine olumlu yansiyan metabolik streclerde besin 6gesi
olarak 6énemlidir (Elia & Santamaria, 1994; lerna et al., 2006). Genel olarak, flavonoid igerigi artan P dozu
ile kademeli olarak ylkselmistir. Buna karsin polifenol yiizdesi, P seviyeleri arttikga azalmistir (Ezz EI-Din
et al,, 2010). N ve P’lu gubrelemeler arasindaki iligskilere, dzellikle besin etkinligi agisindan, sistematik
aragtirma eksikligi bulundugu bildirilmistir (lerna et al., 2012).

Yapraklarin toplam K igerikleri %0.70-1.81 (ortalama %21.26) arasinda degismektedir. Cigek tablasi
orneklerinin, %1.85-2.93 (ortalama %2.40) arasinda degistidi belirlenirken, brakte yapraklarin K icerikleri
%1.54-2.62 (ortalama %2.04) arasinda belirlenmigtir (Cizelge 6). Yapraklarin toplam K igeridi bas ve brakte
yapraklarinkinden daha dusik miktarda bulunmustur. Halbuki Ezz EI-Din et al. (2010), genellikle K'un
yapraklarda baslardan daha yogun miktarda bulundugunu bildirmistir. Enginar derin bir kdk sistemine
sahiptir (Schrader & Mayberry, 1997). Enginar, diger sebze bitkilerine kiyasla daha yiiksek su ihtiyaci olan
bir bitkidir. Bu nedenle enginar verimliligi, sulama miktarindan gucli bir sekilde etkilenir (Anwar et al.,
2017). Bununla birlikte enginar taban suyunu sevmez (Eser vd., 2006). K, enginarda su ve gaz aligverigini
dizenler, erkenciligi arttirarak Urlin kalitesini iyilestirmektedir (Saleh et al., 2016). K'un enginarda bitki
boyu, ana bas agirhgi, bitkide bas olusumu, bas sayisini artirdigini bildirilmistir (Rincon et al., 2007; Saleh
et al., 2016; Anwar et al., 2017; Oztiirk vd., 2020; Tartoura et al., 2021; Petropoulos et al., 2022). K alimi
kis aylarinda neredeyse 40 gin durur ve biyumenin sonraki asamasinda hemen ve dikkat ¢ekici bir
sekilde yeniden baglar. Buyime mevsimi boyunca surekli bir artis gosterir (Elia & Conversa, 2007).

Elia & Conversa (2007) tarafindan bildirildigine gore, her bir element ile N arasindaki
konsantrasyon orani (element/N) (bitkinin yaprakl kisimlari bazinda) birden kuguktur. Yalnizca K igin bu
oran birden (1.2) yiksektir. Yapilan baska arastirmalar (Shaheen et al., 2007; Colla et al., 2012; Rocchetti
et al., 2020) bu sonucu desteklemektedir. Bazi aragtirmalarda (lerna et al., 2012; Ozturk vd., 2020;
Tartoura et al., 2021; Petropoulos et al., 2022) ise K/N oraninin birden dusik oldugu belirlenmigtir.
Nitekim bu arastirmalar enginarda K takviyesine yonelik arastirmalardir (Cizelge 8). Bu galismada da K/N
orani birden dusuk cikmistir (0.47). Yapraklarin toplam Ca miktarlari %1.06-2.17 (ortalama %21.63)
arasinda degismektedir. Cicek tablasi 6rneklerinin Ca icerikleri ise, %0.37-0.77 (ortalama %0.56)
arasinda degistigi belirlenirken, brakte yapraklarda benzer sekilde %0.36-0.71 (ortalama %0.56) arasinda
Ca belirlenmistir (Cizelge 6). Yapraklarin Ca igerigi ¢gicek tablasi ve brakte yapraklarin Ca igeriginin Ug¢
kati daha yiksek oldugu gortlmektedir (Cizelge 6). Fransa'da 'Violet du Provence' gesidi icin baharda
blyime sirasinda ¢ok yuksek bir Ca alimi rapor edilmigtir (Elia & Conversa, 2007). Yaprak 6rneklerinin
toplam Na icerikleri %0.98-2.75 (ortalama %1.68) arasinda degismektedir. Cicek tablasi érneklerinde,
%0.25-0.84 (ortalama %0.51) arasinda belirlenirken, Na igeridi yoninden brakte yapraklarin %0.22-0.56
(ortalama 9%0.35) arasinda degistigi belirlenmistir (Cizelge 6). Yapraklarin Na igerigi, bas olarak ifade
edilen cicek tablasinin Na igeriginden Uc¢ kat ve brakte yapraklarin Na igeriginden yaklasik bes kat daha
yuksek oldugu belirlenmistir. Magnifico & Lattanzio (1981) tarafindan 'Locale di Mola' ¢gesidinde gézlemlenen
yuksek Na aliminin dikkat cekici oldugu bildiriimistir. Grainfenberg et al. (1995), enginar bitkisinin tuz
stresi etkilerinin Ustesinden gelmek icin bir iyon dahil etme mekanizmasi olarak eski yaprak dokusunda
Na biriktirme kapasitesine sahip oldugunu bildirmistir. Enginar ayrica bitkinin yasli yapraklarinda biyik
miktarda Na biriktirme kapasitesine sahipken, NPK icin yaprak konsantrasyonu bitkinin yasiyla birlikte
belirgin sekilde azalir (Elia & Conversa, 2007). Arastirmada Ca ve Na, yapraklarda basa goére sirasiyla
3.5 ve 4 kat daha yuksektir. Bu durumu Elia & Conversa (2007), bu tirun, bitkinin vejetatif kisimlarinda
fazla iyonlari bdlme kapasitesini dogruladidini bildirmigtir. Yapraklarin toplam Mg konsantrasyonlari
%0.14-0.26 (ortalama %0.18) arasinda degismektedir. Cicek tablasi 6rneklerinde, %0.14-0.28 (ortalama
%0.20) arasinda Mg icerigi belirlenirken, brakte yapraklarda ise %0.12-0.21 (ortalama %0.16) arasinda
belirlenmistir. Enginarda yapraklarin Mg miktari, cigcek tablasinin Mg miktarindan dusuk fakat brakte
yapraklarinkinden yuksek oldugu analiz edilmistir (Cizelge 6).
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Demir (Fe), yapraklarda toplam olarak ortalama 115 mg kg™ belirlenmistir. Cicek tablasi drneklerinde
Fe konsantrasyonu, ortalama 48.90 mg kg™, brakte yapraklarin ise ortalama 34.41 mg kg™ Fe igerdigi
belirlenmistir (Cizelge 7). Yapraklarin, gicek tablasindan 2.35 kat ve brakte yapraklardan 3.34 kat yiksek
Fe icerigine sahip oldugu belirlenmistir. Arastirmada enginar yapraklarda toplam Cu icerikleri ortalama
6.22 mg kg™ belirlenmistir. Cicek tablasi 6rneklerinin Cu miktari, ortalama 3.71 mg kg™, brakte yapraklarda
ise ortalama 5.13 mg kg'l Cu belirlenmigstir (Cizelge 7). Yapraklarin Cu icerikleri bas kismin Cu igeriginin
1.68 kati kadardir. Brakte yapraklarin Cu igeriginden yine yiiksek miktarda oldugu belirlenmistir. Enginar
yapraklarda toplam Zn yoéniinden ortalama 21.76 mg kg™ bulundugu analiz edilmistir. Cicek tablasi
orneklerinin, ortalama 44.05 mg kg'l Zn igerdigi belirlenmigtir. Brakte yapraklarda ise ortalama 47.59 mg
kg™t Zn belirlenmistir (Cizelge 7). Enginarin yenilebilir boliimi olan cicek tablasi ve brakte yapraklarin
toplam Zn igeriklerinin, yapradin Zn igeriginden iki kati yiksek oldugu belirlenmistir. Yapraklarin toplam
Mn dizeyi ortalama 30.50 mg kg'l belirlenirken, gicek tablasi orneklerinde, ortalama 11.44 mg kg'l Mn
konsantrasyonu belirlenmistir. Brakte yapraklarin ise ortalama 17.99 mg kg™ Mn icerdigi belirlenmistir
(Cizelge 7). Yapraklarin Mn icerikleri bas kismin Mn igeriginin 2.66 kati kadardir. Brakte yapraklarin Mn
iceriginden ise 1.69 kat daha yuksek miktarda oldugu belirlenmistir.

Cizelge 7. Enginarin yaprak (y), cicek tablasi (¢t) ve brakte yaprak (b) érneklerinin bazi mikro element igerikleri

Table 7. Some micronutrient contents of leaf (y), flower head (¢t) and bract leaf (b) samples of artichoke

Konsantrasyon (mg kg™)
Fe Cu Zn Mn

No y Gt b y Gt b y ct b y Gt b
1 66.74 43.81 41.79 488 4.95 3.42 27.07 38.83 40.14 29.92 11.30 13.85
2 80.80 39.33 27.15 4.22 4.04 8.08 24.38 47.98 52.41 27.87 10.32 16.16
3 114.23 7292 19.19 4.14 114 161 1751 33.49 32.27 20.90 13.49 22.02
4 11292 4090 56.91 8.76 5.08 10.75 18.12 49.22 55.31 18.09 9.25 14.39
5 85.22 89.69 71.77 13.90 6.75 10.81 22.47 59.55 66.10 12.93 11.01 17.13
6
7
8
9

206.33 36.70 43.88 6.14 3.02 6.28 17.59 56.17 57.69 27.51 10.59 16.03

87.20 36.05 40.14 523 3.08 4.38 23.46 38.24 52.29 23.48 11.91 21.48

107.33 31.81 4497 4.95 538 7.08 1831 51.64 60.55 27.32 13.25 23.22

83.45 29.12 3745 501 223 6.54 17.76 4554 4477 26.26 13.66 13.57

10 90.90 77.94 4165 398 163 599 24.63 44.92 5526 2582 11.86 22.98
11 178,50 58.80 56.14 6.07 4.72 4.75 41.88 52.88 51.52 32.97 19.61 24.27
12 12437 39.32 11.01 10.76 153 0.44 3580 34.32 31.56 89.70 10.06 14.67
13 141.93 40.80 25.93 4.79 7.19 4.74 17.07 40.18 53.20 42.59 11.27 20.87
14 68.15 54.65 13.06 4.58 1.15 0.64 12.81 18.13 20.11 25.38 10.83 13.61
15 108.26 45.64 29.46 3.56 4.57 357 18.29 5221 55.13 3590 13.02 23.97
16 80.57 40.99 3524 562 355 6.42 13.94 3559 31.64 27.82 10.19 14.46
17 7141 46.04 19.03 830 347 3.21 18.87 39.31 40.30 23.19 8.75 14.48
18 149.69 84.98 2544 454 261 548 1991 4440 44.16 32.60 8.80 13.58
19 18196 37.15 31.81 556 576 6.63 29.47 54.38 59.60 34.28 12.14 24.84
20 160.03 3143 16.09 9.40 237 176 1590 43.98 47.86 2543 7.48 14.13
Min 66.74 29.12 1101 356 1.14 044 1281 18.13 20.11 12.93 7.48 13.57
Mak 206.33 89.69 71.77 13.90 7.19 10.81 41.88 59.55 66.10 89.70 19.61 24.84
Ort. 115.00 48.90 34.41 6.22 3.71 513 21.76 44.05 47.59 30.50 11.44 17.99

Enginar yaprak, cigek tablasi ve brakte yapraklarin bitki besin elementi konsantrasyonlari, enginar
hakkinda yapilan kimi arastirma sonuglari ile uyumludur. Enginar yapragi ekstraktindaki makro element
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konsantrasyonlari azalan sirada su sekilde siralanmaktadir; N>Na>Ca>K>P>Mg. Benzer ¢alismalarda
ortalama olarak K>N>Ca>P>Na>Mg seklinde bir siralama ortaya ¢cikmaktadir (Cizelge 8).

Bu sonuclara goére enginar yapraklarinin K, P ve Mg iceriklerinin diger elementlerin gerisinde
oldugu gorulmektedir. Yapraklarin mikro element icerikleri degerlendirildiginde; bu arastirma sonuglarina
gore yapraklarin mikro element icerikleri Fe>Mn>Zn>Cu seklinde siralanmaktadir. Evvelce yapilan bazi
calismalarda da genel olarak Fe>Mn>Zn>B>Cu benzer sekilde siralanmaktadir (Cizelge 8). Arastirmada,
cicek tablasi ekstraktindaki makro element konsantrasyonlari; N>K>P>Ca>Na>Mg, mikro elementler ise
Fe>Zn>Mn>Cu azalan seklinde siralanmaktadir. Yapilan bazi arastirmalarin (Cizelge 8) makro ve mikro
element icerikleri ile aragtirma sonuglari kiyaslandiginda genellikle benzer hatta nispeten daha yiksek
degerlerin oldugu belirlenmistir (Cizelge 7). Arastirmada brakte yaprak ekstraktinin makro element
konsantrasyonlari, azalan sirada su sekilde sunulabilir: N>K>Ca>P>Na>Mg. Brakte yaprak ekstraktindaki
mikro element igerigi ise Zn>Fe>Mn>Cr olarak siralanmaktadir (Cizelge 7).

Cizelge 8. Yaprak ve bas drnekleri element iceriklerinin kimi ¢calismalarla karsilastiriimasi

Table 8. Comparison of element contents of leaf and head samples among some studies

Konsantrasyon (%) Konsantrasyon (mg kg™)

YAPRAK N P K Ca Mg Na Fe Cu Zn Mn B
Francois et al.,1991 - - 357 122 027 148 - - - - -
Elia & Conversa, 2007 3.09 0.30 3.74 219 037 1.21 - - - - -
Orlovskaya et al., 2007 - 0.20 0.69 0.69 0.21 2.70 207.00 3.45 414 20.70 20.70
Shaheen et al., 2007 3.00 0.40 3.80 0.90 - - 200.00 - - - -
Colla et al., 2012 4.46 0.93 573 1.65 0.49 0.13 34.80 3.20 22.06 69.60 27.46
Rouphel et al., 2012 4.50 0.96 2.69 1.40 0.30 - 26.40 240 1750 40.70 20.00
Allahdadi et al., 2016 - 0.05 - - - - - - - - -
Ben Salem et al., 2017 2.66 - 288 136 043 1.76 161.17 13.00 73.70 130.50 -
Angelova et al., 2019 - 0.08 1.16 1.17 0.31 - 117.90 4.80 28.90 7.50 -
Biel et al., 2020 1.28 0.41 0.51 0.39 0.22 0.19 16.00 - 21.00 8.00 -
Oztiirk vd., 2020 - - 044 - - - - - 914 - -
Rochetti et al., 2020 4.70 0.78 7.50 1.00 0.40 - - - - - -
Akkal et al., 2021 2.29 - - - - - - - - - -
Tartoura et al., 2021 2.05 0.26 1.70 - - - - - - - -
Petropoulos et al., 2022 2.20 0.25 1.60 - - - - - - - -
De Falco et al., 2022 - - 403 131 0.28 0.31 44,60 5.60 20.70 14.70 -
Arastirmamizda 2.64 0.23 126 1.63 0.18 1.68 115.00 6.22 21.76 30.50 -

CICEK TABLASI

Elia & Conversa, 2007 2.64 0.35 294 0.63 0.25 0.40 - - - - -
Pandino et al., 2011 - - 196 056 0.15 0.10 28.60 7.00 25.10 6.70 -
Saleh et al., 2016 2.87 0.41 3.39 - - - - - - - -
Lombardo et al., 2017 3.50 0.25 160 0.42 0.25 0.18 30.00 8.90 30.00 8.80 -
Mohamed et al., 2017 3.06 0.30 2.91 - - - - - - - -
Spanu et al., 2017 - - 233 0.21 0.18 0.24 32.15 6.66 36.64 8.55 -
Elsharkawy et al., 2021 2.85 0.38 1.55 - - - - - - - -
Arastirmamizda 3.58 0.63 240 0.56 0.20 0.51 48.90 3.71 44.05 11.44 -
BRAKTE YAPRAK

Francois et al., 1991 - - 259 010 0.18 0.13 - - - - -
De Falco et al., 2022 - - 453 0.15 0.06 0.11 26.80 1.61 17.35 6.49 -
Aragtirmamizda 2.97 0.47 2.04 056 0.16 0.35 3441 513 4759 17.99 -
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Sekil 1. Enginar bahcelerin bulundugu konumlar.

Figure 1. The locations of artichoke gardens.

SONUC

Enginar yetistiriciligi yapilan Hasanaga yoresi topraklarinin bazi fiziksel ve kimyasal 6zellikleri
degerlendirildiginde; topragin 0-30 cm’de g¢ogunlukla nétr, 30-60 cm’de ise c¢ogunlukla hafif alkali
reaksiyonda oldugu, tuzluluk sorunu bulunmadigi ve orta binyeli olduklari belirlenmigtir. Topraklarin
yarisindan fazlasinin orta seviyede kirecli oldugu belirlenirken, OM igeriginin 0-30 cm orta, 30-60 cm
derinlikte ise disik oldugu analiz edilmistir. incelenen topraklarin bazi bitki besin elementi icerikleri
degerlendirildiginde; 6zellikle 30-60 cm derinlikte topraklarin %50'sinde N ile P yeter seviyenin altinda
kalirken, %90’inda K konsantrasyonlari disuk seviyede belirlenmistir. Toprak ekstraktlarinin tamaminda
B konsantrasyonlari dusuk seviyede, %85’inde Ca konsantrasyonlari yuksektir. Sodik olmadigi analiz
edilen topraklarin, Mg, Fe, Cu, Zn ve Mn icerikleri iyi ya da yeterli konsantrasyonda olduklari
belirlenmistir. Enginar yaprak, cicek tablasi ve brakte yapraklarin bitki besin elementi konsantrasyonlari,
enginar hakkinda yapilan kimi arastirma sonuglari ile uyumludur. Arastirma sonuglara gdére enginar
yapraklarinin K, P ve Mg iceriklerinin diger arastirma sonuglarina kiyasla daha az oldugu gorulmdastar.
Mikro element icerikleri degerlendirildiginde; arastirma sonuglarina goére yapraklarin mikro element
icerikleri Fe>Mn>Zn>Cu seklinde siralanmaktadir. Yenilebilir kisimdaki bitki besin elementi icerikleri
enginar icin bildirilen degerlerle uyumludur. Enginar plantasyonlari tesis edilirken toprak analizlerinin
yapilmasi, ¢ok yillik Uretimlerde de toprak ve bitki analizlerine gére giibreleme programlarinin yapiimasi
surdardlebilir tarimsal Gretim icin 6nemlidir.
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659



Gurel & Biyikli

KAYNAKLAR

Akkal-Corfini, N., P. Robin, S. Menasseri-Aubry, M.S. Corson, J.P. Severe, J.M. Collet & T. Morvan, 2021. Fate of
nitrogen from artichokeli: (Cynara cardunculus L. var. scolymus L.) crop residues: A Review and lysimeter study.
Nitrogen, 2 (1): 41-61. https://doi.org/10.3390/nitrogen2010004

Allahdadi, M., Y. Raei, B. Bahreininejad, A. Taghizadeh & S. Narimani, 2016. Effect of chemical and biological fertilizers
on quantitative and qualitative yield of artichoke (Cynara scolymus L.). Biological Forum-An International Journal,
8 (1): 500-508. ISSN No. (Online): 2249-3239.

Angelova, V., M.P. Nemska, G. Uzunova & L. Krustev, 2019. Chemical composition of cardoon (Cynara cardunculus L.)
grown in South Bulgaria. AGROFOR International Journal, 4 (3): 100-110. Doi: 10.7251/Agreng1903100A

Anonymous, 1951. Soil Survey Manual (U.S. Department of Agriculture Handbook). U.S. Gout Print Office, Washington
D.C., No: 18, 209 p.

Anonymous, 1988. Turkiye Gubreler ve Gubreleme Rehberi (T.C.T.O.K.B. K8y Hizmetleri Genel Muduirligu, Toprak ve
Gibre Arastirma Enstitlisi). Genel yayin no: 151, Teknik yayin no: T-50, Ankara, 182 s.

Anonymous, 2020. Hasanagda enginari. Turk Patent ve Marka Kurumu. (Web page: https:/ci.turkpatent.gov.tr/cografi-
isaretler/detay/38469) (Erisim tarihi: Ocak 2021).

Anwar, R.S.M., M.A. Mahmoud & N.H. Hussien, 2017. Effect of irrigation and potassium fertilizer on vegetative growth,
yield and quality of globe artichoke plants under sandy soil conditions. Journal of Plant Production, 8 (11): 1267-
1276. https://dx.doi.org/10.21608/jpp.2017.41308

Archontoulis, S.V., P.C. Struik, J. Vos & N.G. Danalatos, 2010. Phenological growth stages of Cynara cardunculus:
codification and description according to the BBCH scale. Annals of Appllied Biology, 156 (2): 253-270.

http://dx.doi.org/10.1111/j.1744-7348.2009.00384.x

Archontoulis, S.V., J. Vos, X. Yin, L. Bastiaans, N.G. Danalatos & P.C. Struik, 2011. Temporal dynamics of light and
nitrogen vertical distributions in canopies of sunflower, kenaf and cynara. Field Crops Research, 122 (3): 186—
198. https://doi.org/10.1016/j.fcr.2011.03.008

Ben Salem, M., H. Affes, K. Athmouni, K. Ksouda, R. Dhouibi, Z. Sahnoun, S. Hammami & K.M. Zeghal, 2017.
Chemicals compositions, antioxidant and anti-inflammatory activity of Cynara scolymus leaves extracts, and
analysis of major bioactive polyphenols by HPLC. Hindawi, Article ID : 4951937, 14p,
https://doi.org/10.1155/2017/4951937

Bianco. V.V., 1990. “Carciofo (Cynara scolymus L.), 209-251". In: Orticoltura (Eds. V.V. Bianco & F. Pimpini), Patron
Editore, Bologna (in Italian).

Biel, W., R. Witkowicz, E. Pigtkowska & C. Podsiadto, 2020. Proximate composition, minerals and antioxidant activity of
artichoke leaf extracts. Biological Trace Element Res., 194: 589-595. Doi: 10.1007/s12011-019-01806-3

Bouyoucos, G.J., 1951. A Recabliration of the hidrometer for marking mechanical analysis of Soil, Agronomy Journal,
43: 435-438.

Bremner, J.M., 1965. “Total nitrogen,1149-1178". In: Methods of Soil Analysis, Part 2, Chemical and Microbiological
Properties, no 9 in the series Agronomy (Eds. C.A. Black). American Society of Agronomy Inc. Pub., Madison,
Wisconsin, USA.

Ciancolini, A., 2012. Characterization and selection of globe artichoke and cardoon germplasm for biomass, food and
biocompound production. PhD Thesis, Universita Degli Studi Della Tuscia, Italy. 251p.

Colla, G., Y. Rouphael, M. Cardarelli, E. Svecova, E. Rea & L. Lucini, 2012. Effects of saline stress on mineral
composition, phenolic acids and flavonoids in leaves of artichoke and cardoon genotypes grown in floating
system. Journal of the Science of Food and Agriculture, 93 (5): 1119-1127, Doi: 10.1002/jsfa.5861

De Falco, E., A. Senatore, G. Roscigno & M. Pergola, 2022. The Artichoke “Bianco di Pertosa”: The Enhancement of
crop residues through environmentally friendly uses. Horticulturae, 8 (20): 900.
https://doi.org/10.3390/horticulturae8100900

Duarte, D., R. Figueiredo, S. Pereira & J. Pissarra, 2006. Structural characterization of the stigma style complex of
Cynara cardunculus (Asteraceae) and immunolocalization of cardosins A and B during floral development.
Canadian Journal of Botany, 84 (5): 737—749. http://dx.doi.org/10.1139/B06-029

660


https://doi.org/10.3390/nitrogen2010004
https://doi.org/10.7251/AGRENG1903100A
https://dx.doi.org/10.21608/jpp.2017.41308
http://dx.doi.org/10.1111/j.1744-7348.2009.00384.x
https://doi.org/10.1016/j.fcr.2011.03.008
https://doi.org/10.1155/2017/4951937
https://doi.org/10.1007/s12011-019-01806-3
https://doi.org/10.3390/horticulturae8100900
http://dx.doi.org/10.1139/B06-029

Fonksiyonel bitki enginarin (Cynara cardunculus var. scolymus L.) tescilli, Bursa ili Hasanaga ydresi plantasyonlarinin toprak ve bitki
besin maddesi degisimlerinin incelenmesi.

Duman, I. & Y. Nas, 2020. Tohumdan konservelik enginar (Cynara scolymus L.) Uretiminde verim ve kalite
ozelliklerindeki degisimin belirlenmesi. Ege Universitesi Ziraat Fakiltesi Dergisi, Ozel Sayi: 1-7, Doi:
10.20289/zfdergi.703747

Elia, A. & P. Santamaria, 1994. Influence of nitrogen, phosphorus and potassium on artichoke transplanting growth.
Agronomy Media, 124: 106-111.

Elia, A. & G. Conversa, 2007. “Mineral nutrition aspects in artichoke growing, 239-249”". In: Proc. VI™ IS on Artichoke,
Cardoon and Their Wild Relatives, (Eds. J.A. Femandez et al). Acta Horticulturae, 730.
http://dx.doi.org/10.17660/ActaHortic.2007.730.30

Elsharkawy, G.A., H.A.H. Ibrahim, A.H. Salah, M. Akrami, H.M. Ali & D.Y. Abd-Elkader, 2021. Early and total yield
enhancement of the globe artichoke using an ecofriendly seaweed extract-based biostimulant and PK fertilizer.
Agronomy, 11 (9): 1819. https://doi.org/10.3390/agronomy11091819

Eser, B., H. IIbi & A. Ugur, 2006. Enginar Yetistiriciligi, Hasad Yayincilik, ISBN: 975-8377-45-5, istanbul, 64 s.

Ezz EI-Din, A.A., E.E. Aziz, S.F. Hendawy & E.A. Omer, 2010. Impact of phosphorus nutrition and number of cuttings on
growth, yield and active constituents of artichoke. International Journal of Academic Research, 2 (4): 240-244.
https://www.researchgate.net/publication/269874326

FAO, 2023. Food and Agriculture Organization of the United Nations (FAO) Statistics. (Web sayfasi:
https://www.fao.org/faostat/en/#data/QV) (Erigim tarihi: Subat 2023).

Francois, L.E., T.J. Donovan & E.V. Maas,1991. Calcium deficiency of artichoke buds in relation to salinity. Hortscience,
26 (5): 549-553. https://doi.org/10.21273/HORTSCI.26.5.549

Grainfenberg, A, L. Giustiniani, O. Temperini & M. Lipucci di Paola, 1995. Allocation of Na, Cl, K and Ca within plant
tissues in globe artichoke Cynara scolymus L. under salinesodic conditions. Scientia Horticulturae, 63 (1/2): 1-10.
Doi: 10.1016/0304-4238 (95)00797

Guida, V., G. Ferrari, G. Pataro, A. Chambery, A. Di Maro & A. Parente, 2013. The effects of ohmic and conventional
blanching on the nutritional, bioactive compounds and quality parameters of artichoke heads. LWT-Food Science
and Technology, 53 (2): 569-579. Doi: 10.1016%2Fj.lwt.2013.04.006

lerna A., G. Mauromicale & P. Licandro, 2006. Yield and harvest time of globe Artichoke in relation to nitrogen and
phosphorus fertilization. Acta Horticulturae, 700 (16): 115-119.

lerna, A., R.P. Mauro & G. Mauromicale, 2012. Improved yield and nutrient efficiency in two globe artichoke genotypes
by balancing nitrogen and phosphorus supply. Agronomy Sustainable Development, 32: 773-780. Doi:
10.1007/s13593-011-0048-7

Kacar, B. & A. inal, 2008. Bitki analizleri (2. Baski). Nobel Akademi Yayincilik, No. 892, Ankara, 912 s.
Kacar, B. 2009. Toprak analizleri (3. Baski). Nobel Akademi Yayincilik, No. 1387. Ankara, 466 s.

Khalfallah, K.K., N. Turki, M. Rébai & I. Ghazel, 2015. Compost and Compost Tea Fertilization Effects on Soil and
Artichoke Mineral Nutrition in Organic Farming. International Journal of Current Engineering and Technology, 5
(6): 3835-3842. https://www.researchgate.net/291330470

Kiligtag, S., T. Ozli & G. Garipoglu, 2020. Enginar (Cynara scolymus L.): Besin degeri ve olasi saglik etkileri. USBAD
Uluslararasi Sosyal Bilimler Akademi Dergisi, 3 (5): 6-22. Doi: 10.47994/usbad.788581

Lattanzio, V., P.A. Kroon, V. Linsalata & A. Cardinali, 2009. Globe artichoke: a functional food and source of
nutraceutical ingredients. Journal of Functional Foods, 1 (2): 131-144. Doi: 10.1016/j.jff.2009.01.002

Lindsay, W.L. & W.A. Norvell, 1978. Development of a DTPA soil test for zinc, iron, manganese and copper. Soil
Science Society of America Journal, 42: 421-28. https://doi.org/10.2136/sssaj1978.03615995004200030009x%

Lombardo, S., C. Restuccia, G. Muratore, R.N. Barbagallo, F. Licciardello, G. Pandino, G.O. Scifd, A. Mazzaglia, F.
Ragonese & G. Mauromicale, 2017. Effect of nitrogen fertilisation on the overall quality of minimally processed
globe artichoke heads. Journal of the Science of Food and Agriculture; 97 (2): 650—658. Doi: 10.1002/jsfa.7784.

Loué, A., 1968. Diagnostic pétiolarie de prospection etudes sur la nutrition et la fertilisation potassiques de la vigne,
Société Commerciale des Potassiques d’Alsae Services Agronomiques, 31-41 p.

Magnifico, V. & V. Lattanzio, 1981. Ritmo di asportazione di elementi nutritivi nel carciofo. Na, Ca, Mg, Fe, Mn, Zn, Cu.
Atti 3° Congr. Int. Carciofo, Laterza Bari. 283-294 pp.

661


http://dx.doi.org/10.17660/ActaHortic.2007.730.30
https://doi.org/10.3390/agronomy11091819
https://www.researchgate.net/publication/269874326
https://www.fao.org/faostat/en/#data/QV
https://doi.org/10.21273/HORTSCI.26.5.549
https://www.researchgate.net/291330470
https://doi.org/10.2136/sssaj1978.03615995004200030009x

Gurel & Biyikli

Mauromicale, G. & A. lerna, 2000. Panorama varietale e miglioramento genetico del carciofo. L‘Informatore Agrario, 56:
39-45. http://dx.doi.org/10.13140/RG.2.1.1830.8241

Mohamed, N.A., U.M. Saif El-deen, & A.E.M. Abd El-Hameid, 2017. Yield and quality of globe artichoke (Cynara
scolymus L.) as affected by bio and mineral NK fertilizer levels. Journal of Productivity and Development, 22 (3):
697-713. https://dx.doi.org/10.21608/jpd.2019.42117

Negro, D., V. Montesano, G. Sonnante, P. Rubino, A. De Lisi & G. Sarli, 2016. Fertilization strategies on cultivars of
globe artichoke: Effects on yield and quality performance. Journal of Plant Nutrition, 39 (2): 279-287.
https://doi.org/10.1080/01904167.2015.1022185

Nelson, D.W. & L. Sommers, 1982. Total carbon, organic carbon and organic matter. Methods of Soil Analysis, Part 2.
Chemical and Microbiological Properties, Agronomy Monograph No.9, 2nd Ed., ASA-SSSA, Madison, Wisconsin,
USA, 539-579 pp.

Nelson, R.E., 1982. “Carbonate and gypsum,181-196". In: Methods of Soil Analysis, Part 2. Chemical and
Microbiological Properties. (Eds. A.L. Page), American Society of Agronomy Inc. Pub. Agronomy Series, No.9,
Madison, Wisconsin, USA.

Olsen, S.R., & L.A. Dean, 1965. “Phosphorus,1035-49". In: Methods of Soil Analysis, Part 2 (Eds. C. A. Black),
American Society of Agronomy Inc. Pub., Madison, Wisconsin, USA.

Orlovskaya, T.V., I.L. Luneva & V.A. Chelombit'’ko, 2007. Chemical composition of Cynara scolymus leaves. Chemistry
of Natural Compounds, 43 (2): 239-240. Doi: 0009-3130/07/4302-0239

Oztiirk, B., M. Zengin & F. Goékmen Yilmaz, 2020. Effects of potassium and zinc fertilization on the yield and yield
components of artichoke. Journal of Tekirdag Agricultural Faculty, 17 (2): 180-190, Doi: 10.33462/Jotaf.605673

Pace, B., F. Boari, N. Calabrese, E. De Palma & V. Cantore, 2012. “Effects of salinity and watering regime on artichoke,
Cynara cardunculus L. subsp. scolymus (L.) Hayek”. In: Proc. VI IS on Artichoke, Cardoon and Their Wild
Relatives (Eds. C. Bazinet), Acta Horticulturae. 942. Doi: 10.17660/ActaHortic.2012.942.51

Pandino, G., S. Lombardo, R.P. Mauro & G. Mauromicale, 2012.Variation in polyphenol profile and head morphology
among clones of globe artichoke selected from a landrace. Scientia Horticulturae, 138: 259-265.
https://doi.org/10.1016/j.scienta.2012.02.032

Petropoulos, S.A., R. Sami, N. Benajiba, R.M.Y. Zewail & M.H.M. Mohamed, 2022. The response of globe artichoke
plants to potassium fertilization combined with the foliar spraying of seaweed extract. Agronomy, 12 (2): 490. Doi:
10.3390/agronomy12020490

Pratt, P.F., 1965. “Potassium”. In: Agronomy Monographs, (Eds. A.G. Norman), Doi: 10.2134/agronmonogr9.2.c20

Rhoades, J.D., 1982. “Soluble salts, 167-178". In: Methods of Soil Analysis, Part 2. Chemical and microbiological
properties (Eds. A.L. Page), American Soc. Ag. Inc. Pub. Agronomy Series, No.9, Madison, Wisconsin, USA.

Riahi, J., C. Nicoletto, G. Bouzaein, P. Sambo & K.K. Khalfallah, 2017. Effect of vegetative propagation materials on
globe artichoke production in semi-arid developing countries: agronomic, marketable and qualitative traits.
Agronomy, 7 (4): 65. Doi: 10.3390/agronomy7040065

Richards, L.A., 1954. Diagnosis and Improvement of Saline and Alkali Soils. Agriculture Handbook No. 60. United States
Department of Agriculture, Washington, DC, 160 p.

Rincon, L., A. Pérez, C. Pellicer, A. Abadia & J. Saez, 2007. Nutrient uptake by artichoke. Acta Horticulturae, 730 (37):
287-292. https://doi.org/10.17660/ActaHortic.2007.730.37

Rocchetti, G., L. Lucini, G. Corrado, G. Colla, M. Cardarelli, S. De Pascale & Y. Rouphael, 2020. Phytochemical profile,
mineral content, and bioactive compounds in leaves of seed-propagated artichoke hybrid cultivars. Molecules, 25
(3795): 1-16. Doi: 10.3390/molecules25173795

Salah, S.A., S.M. Shehata, M. EL-Desuki & A.M. Shaheen, 2006. Response of artichoke plants to agriculture sulphur
and chicken manure application. Journal Plant Production, 31 (11): 7287-7304. Doi: 10.21608/jpp.2006.236393

Saleh S.A., M.F. Zaki, A.S. Tantawy & Y.A.M. Salama, 2016. Response of artichoke productivity to different proportions
of nitrogen and potassium fertilizers. International Journal of ChemTech Research, 9 (3): 25-33.
www.researchgate.net/publication/301678673

Schrader, W.L. & K.S. Mayberry, 1997. Artichoke production in California. Univ. of California. Vegetable Research and
Information Center. Division of Agriculture and Resources. Vegetables Production Series. Publication 7221

662


http://dx.doi.org/10.13140/RG.2.1.1830.8241
https://dx.doi.org/10.21608/jpd.2019.42117
https://doi.org/10.1080/01904167.2015.1022185
https://doi.org/10.1016/j.scienta.2012.02.032
https://doi.org/10.2134/agronmonogr9.2.c20
https://doi.org/10.17660/ActaHortic.2007.730.37
https://dx.doi.org/10.21608/jpp.2006.236393
http://www.researchgate.net/publication/301678673

Fonksiyonel bitki enginarin (Cynara cardunculus var. scolymus L.) tescilli, Bursa ili Hasanaga ydresi plantasyonlarinin toprak ve bitki
besin maddesi degisimlerinin incelenmesi.

Shaheen, AM., A. Fatma, A.M. Rizk, A.M. Elbassiony & Z.S.A. El-Shal, 2007. Effect of ammonium sulphate and
agricultural sulphur on the artichoke plant growth, heads yield and its some physical and chemical properties.
Research Journal of Agriculture and Biological Sciences, 3 (2): 82-90.

Soil Survey Staff, 1951. Soil Survey Manual, Agricultural Research Administration United States Department of
Agriculture Handbook, No. 18, Ground Print Office, Washington D.C., 340-377 p.

Spanu, E., P. A. Deligios, E. Azara, G. Delogu & L. Ledda, 2017. Effects of alternative cropping systems on globe
artichoke qualitative traits. Journal of the Science of Food and Agriculture, 98 (3): 1079-1087. Doi:
10.1002/jsfa.8558.

Tartoura, E. A., U. M. Seif EI-Deen & A.Y. El-Adawy, 2021. Effect of irrigation intervals and foliar applications with some
nanofertilizers on growth and productivity of globe artichoke plant: A-Vegetative growth and chemical content in
leaves. Journal of Plant Production, 12 (3): 209-216. Doi: 10.21608/jpp.2021.154344

TUIK, 2023. Tiirkiye Istatistik Kurumu. (Web sayfasi: https://www.tuik.gov.tr/) (Erisim tarihi: Subat 2023).

Ugur, A. & B. Eser, 2013. The effects of plant ages and cultivar on the offshoots yield and rooting of globe artichoke.
Acta Horticulturae, 983 (56): 387-392. Doi: 10.17660/ActaHortic.2013.983.56

Wolf, B., 1971. The Determination of boron in soil extracts, plant materials, manures, waters and nutrient solution. Solil
Science and Plant Analysis, 2 (5): 363-374. https://doi.org/10.1080/00103627109366326

Zeybekoglu, E. & A. Ugur, 2013. Potted artichoke seedling propagation by using different vegetative materials and
techniques. Acta Horticulturae, 983 (983): 317-324. Doi:10.17660/ActaHortic.2013.983.44

663


https://dx.doi.org/10.21608/jpp.2021.154344
https://www.tuik.gov.tr/
https://doi.org/10.1080/00103627109366326
http://dx.doi.org/10.17660/ActaHortic.2013.983.44




Arastirma Makalesi
(Research Article)

Alim AYDIN **

Hakan BASAK 2

! Kirgehir Ahi Evran Universitesi, Pilot Tarim
ve Jeotermal Koordinatérligi, 40100,
Merkez, Kirsehir, Tirkiye

2Kirgehir Ahi Evran Universitesi, Ziraat
Fakultesi, Bahcge Bitkileri Bolumi, 40100,
Merkez, Kirsehir, Turkiye

* Sorumlu yazar (Corresponding author):

alim.aydin@abhievran.edu.tr

Anahtar sdzcukler: Anag, karpuz, melez
kombinasyonlari, su kultird, tuz stresi

Keywords: Rootstock, watermelon, hybrid
combinations, hydroponic culture, salt stress

Ege Univ. Ziraat Fak. Derg., 2023, 60 (4):665-678
https://doi.org/10.20289/zfderqi.1284786

Farkli melez kombinasyonlari ile elde
edilmis su kabagi (Lagenaria siceraria)
melezlerinin su kulttri kosullarinda tuz
stresine morfolojik ve fizyolojik olarak
tolerans dluzeylerinin belirlenmesi*

Determination of morphological and physiological
tolerance levels of bottle gourd (Lagenaria siceraria)
hybrids obtained by hybrid combinations salt stress in
hydroponic conditions

Received (Alinig): 18.04.2023 Accepted (Kabul Tarihi): 23.11.2023

0z
Amagc: Bu galisma, tuza toleransli olduklari 6nceki galismalarda belirlenen, ileri
kademelerdeki hatlarin kullaniimasi ile elde edilen su kabagi melezlerinin su

kultdri kosullarinda tuz stresine tolerans seviyelerinin belilenmesi amaciyla
yuratdlmastar.

Materyal ve Yontem: Calismada 4 adet ana ebeveyn hat (S7 kademesinde), 6
adet baba ebeveyn hat (S3 kademesinde), 9 adet melez kombinasyonu ve 1
adet ticari su kabagi anaci materyal olarak kullaniimistir. Calisma
materyallerinin tuza tolerans seviyelerini belirlemek Uzere, temel bilesen analizi
ve kimeleme analizleri uygulanmigtir.

Arastirma Bulgular: Tuza tolerant olan kimenin Uyeleri; 8xA13, 9xAll,
6xAl2 ve 6xA10 nolu melez kombinasyonlari olurken, orta dizeyde tuz
toleransina sahip olanlar ise 9xA1l, 1xA13, 8xA16 ve Al nolu bitkiler olmustur.

Sonug: 6xAll ve 9xA16 melezleri hari¢ diger tim melez kombinasyonlari, ana
ve baba hatlar ile ticari su kabagi ¢esidinden tuz stresine daha fazla tolerans
gOstermigtir.

ABSTRACT

Objective: This study was carried out to determine the salt stress tolerance
levels of gourd hybrids obtained using advanced lines, which were determined
in previous studies to be salt tolerant under hydroponic conditions.

Material and Methods: In the study, 4 female parent lines (S7 level), 6 male
parent lines (S3 level), 9 hybrid combinations, and 1 commercial bottle gourd
rootstock were used as material. Principal component analysis and clustering
analyses were applied to determine the salt tolerance levels of the study
materials.

Results: Members of the cluster that are salt tolerant; While hybrid
combinations numbered 8xA13, 9xAll, 6xAl1l2, and 6xA10, those with
moderate salt tolerance were plants numbered 9xA1, 1xA13, 8xA16 and Al.

Conclusion: Except for hybrids 6xAll and 9xA16, all other hybrid
combinations showed greater tolerance to salt stress than the parental lines and
the commercial bottle gourd variety.
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GiRIiS

Cucurbitaceae familyasina ait olan su kabagi (Lagenaria siceraria), beyaz ta¢ yapraklarina sahip
olmasi nedeniyle genel olarak “beyaz cicekli kabak” olarak kabul edilir. Tek yillik, tek evcikli ve gugli
tirmanma yetenegdine sahip olan L. siceraria, en eski kultire alinmis bitki turlerinden biridir (Decker-
Walters et al., 2004). Su kabagi dinya Uzerinde genis bir dagiima sahiptir ve okyanus akintilarinin L.
siceraria'nin Afrika'dan Amerika'ya gociine aracilik ettigine inanilmaktadir (Kistler et al., 2014). Su
kabaginin kokeninin Afrika mi yoksa Asya mi oldugu, Turkiye dahil tum dinyada arastirmalara konu
olmaktadir. Gircan et al. (2015) Turkiye'de yetistiriciligi yapilan su kabaklarinin Afrika ve Asya su
kabaklarinin karigsimi oldugunu ileri surmektedir. Su kabaklarinin olgun kurutulmus meyveleri diinya
c¢apinda insanlar tarafindan kap, mutfak esyalari, mizik aletleri, sanatsal amagclarla veya bazi kiyi
boélgelerinde balik agi tutuculari olarak kullaniimaktadir (Decker-Walters et al., 2004). Su kabaginin geng
yapraklari, strgunleri, tohumlari ve taze filizleri insan beslenmesinde veya bazi tedavi edici amaclar icin
kullaniimaktadir (Loukou et al., 2007). Ayrica L. siceraria, Fusarium solgunlugu (Yetisir et al., 2003), tuz
stresi ve su basmasi (Yetisir & Uygur 2009) gibi farkli biyotik ve abiyotik stres faktérlerine karsi toleransli
olmasi nedeniyle karpuza anag olarak kullaniima potansiyeline sahiptir.

Karpuz (Citrullus lanatus), kabakgiller familyasinin (Cucurbitaceae) bir Uyesi olup, Turkiye ve
Dinya'nin bircok ulkesinde ticari dederi yuksek bir sebzedir. Dlinya toplam karpuz uretimi 2022 yilinda
yaklasik 101 milyon ton dizeyindedir. Cin, diinya toplam karpuz tretiminin %60.03'Unl gergeklestirerek
aclk ara birinci sirada yer alirken, onu sirasiyla Turkiye (%3.41), Hindistan (%3.20) ve Brezilya (%2.10)
takip etmektedir (FAO, 2022). Son yillarda tim diinyada artan tiketici talebiyle tretim miktari da yukselen
karpuz vyetigtiriciliginde, Uretimi kisitlayan c¢esitli sorunlar da ortaya ¢ikmaktadir. Karpuz, biyotik (viris,
bakteri, fungus, bocek vb.) ve abiyotik (tuzluluk, kuraklik vb.) stres faktorlerine kargl hassastir (Rivero et
al., 2003; Yetisir et al., 2007; Rouphael et al., 2008; Uygur & Yetisir, 2009; Colla et al., 2010; Huang et al.,
2013; Nawaz et al., 2018). Karpuz yetistiriciligini sinirlandiran en dnemli abiyotik stres faktorl toprak
tuzlulugudur. Dinyadaki tarim alanlarinin yaklasik %7'si ve sulanan tarim alanlarinin %20'si toprak
tuzlulugundan etkilenmektedir (Yamaguchi & Blumwald, 2005).

Tuzlulugun tarimsal Uretim Uzerindeki etkisini azaltmak ve toprak tuzlulugunun giderilmesi ile ilgili
son yillarda gesitli stratejiler gelistirimis ve bunlar uygulanmaktadir. Tuzlu topragin islahi ve toprak
tuzlulugunun giderilmesi tarimda temel stratejidir; ancak kullanilan bu yontemler kisa sureli etkili olmakta
ve uygulama maliyetleri de cok yiksektir (Dasgan et al., 2002). Bitkilerin tuza toleransini artirmak
amaciyla humik asit (Ouni & Lakhdar, 2014), brassinolide (Yuan et al., 2015), poliamin (Gong et al., 2014)
ve melatonin (Liu et al., 2015) gibi bazi bitki blyume diizenleyiciler ve organik bilesikler kullaniimaktadir.
Ancak, bu maddeler tuza toleransda uzun sureli etkili olamamaktadir. Tuza tolerans genotiplerin
gelistiriimesi  stratejisi, bahce bitkilerinde toprak tuzlulugu ile micadelede etkinligi en ylksek
yontemlerinden birisidir (Yamaguchi & Blumwald, 2005; Ashraf & Foolad, 2007; Zhu et al., 2008; Rasel et
al., 2021). Ozellikle de tuza toleransi yilksek genotiplerin anag¢ olarak kullanilmasi, tuz stresine kargi
micadelede diger yontemlere kiyasla uygulanabilirligi yiksek ve etkili bir yontem olarak kabul
edilmektedir (Albacete et al., 2009; Thies et al., 2016; Ulas et al., 2019). Sebzelerde asilama tekniginin
kullaniimasi, Uriin rotasyonunun artik bir se¢genek olmadigi ve mevcut arazinin yogun kullanim altinda
oldugu Avrupa ve Asya llkelerinde yaygin olarak kullaniimaktadir. Asilama, toprak kaynakli patojenlerden
kaynaklanan hasari azaltmak ve bitki blyime ve gelismesini sinirlandiran biyotik ve abiyotik stres
faktorlerine kargi toleransini artirmak icin kullanilan alternatif bir yéntemdir (Uygur & Yetisir, 2009;
Soteriou & Kyriacou, 2015; Ulas et al., 2020; Aydin & Yetisir, 2022, 2023a). Son ¢alismalar agik alan ve
ortialti sebze yetistiriciliginde asili bitkilerin kullaniminin; hiyar (Aydin & Yetisir, 2023a), domates
(Schwarz et al., 2013), biber (Rubaye et al., 2020) ve kavun (Ulas et al., 2020) dahil olmak tzere bircok
sebze turiinde tuz toleransini iyilestirmek icin gecerli bir strateji oldugunu géstermistir. Tuz stresinden
kaynaklanan verim kayiplarini azaltmak igin, karpuz kalemleri tuz stresi toleransi yiiksek olan anagclara
asllanmaktadir. Gunumuzde karpuza anag¢ olarak, C. maxima x C. moschata ve Lagenaria siceraria
turleri basta olmak Uzere, C. moschata, Citrullus lanatus var. citroides, C. ficifolia ve C. maxima tirlerine
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ait olan anaclar kullaniimaktadir (King et al., 2010). Karpuzda agilama ilk olarak, Kore ve Japonya'da
1920 yilinda, karpuzda (C. lanatus) Fusarium solgunlugu hastaldina kargi direncini artirmak amaciyla su
kabagi (L. siceraria) anaci Uzerine asilanmasiyla baslanmis ve basarili sonuclar elde edilmistir (Nisini et
al., 2002). Karpuz bitkisinde ana¢ olarak tuza tolerans Lagenaria spp. ve Cucurbita spp. kabak
anaglarinin kullaniimasi, karpuzun tuzluluga toleransini arttirabilir (Uygur & Yetisir, 2009). Karpuza anag
olarak Lagenaria siceraria kullanildiginda tuza toleransinin ve meyve kalitesinin, C. moschata anaci
Uzerine asih veya agisiz bitkilere gore daha iyi oldugunu bilinmektedir (Yan et al., 2018). Bu galismanin
amaci farkli melez kombinasyonlari ile elde edilen su kabagi melezlerinin, su kultirii kosullarinda tuz
stresine karsi tolerans diizeylerinin morfolojik ve fizyolojik olarak belirlenmesidir.

MATERYAL ve YONTEM
Calismanin bitkisel materyali

Melez bireylerin elde edilmesinde kullanilan S7 kademesindeki ana hatlarin (4 adet) tuz stresine
tolerant oldugu daha 6nceki calismalarda belirlenmistir (Yetisir et al., 2016). S3 kademesindeki 6 adet
baba hat ise ticari su kabaginin acgiimasiyla elde edilmigtir. Calismada kullanilan melez genotipler ana ve
baba ebeveyn hatlarin farkli kombinasyonlarda melezlenmesiyle elde edilmistir (Cizelge 1). Su kiltirt
¢alismasinda kullaniilmak Uzere her genotipten 20’ser adet tohum ekilmis ve fideler serada kontrolli
kosullarda buyataimastar.

Cizelge 1. Calismada kullanilan bitkisel materyal listesi
Table 1. The list of plant materials used in the study

Melez Kombinasyonlari

(Lagenaria sicerariax Lagenaria siceraria) Ana Hat Kodu Baba Hat Kodu
Ana Hat Kodu  Baba Hat Kodu Melez Kodu (Lagenaria siceraria) (Lagenaria siceraria)

1 Al13 1xA13 1 Al

6 All 6xAll 6 A10

8 Al6 8xAl16 8 All

8 Al13 8xA13 9 Al12

6 Al2 6xA12 Al13

9 Al 9xAl Al6

9 All 9xAll

6 Al0 6xA10

9 Al6 9xA16 Kontrol Ticari Anag (Lagenaria siceraria)

Su kulttrid sisteminin kurulmasi ve tuz testlemesi

Fide donemi tuz testiemeleri Kirgehir Ahi Evran Universitesinde tam otomasyonlu venlo tip cam AR-
GE serasinda yUrutilmustir. Denemede 9 adet melez genotip, bunlarin ana ve baba hatlari olan genotipler
ve kontrol amach kullanilacak olan ticari anacin 2-3 gergek yaprakli agamadaki fideleri su kultiri ortamina
(st yuzeyleri delikli kompozit levha ile kapatiimis 130 L’lik ve zaman ayarli havalandirma yapilan saksilara)
tesadif parseller deneme desenine gore 3 tekerrlrli ve her tekerriirde 3'er bitki olacak sekilde dikilmistir
(Her bir konu i¢in 9=kontrol, 9=tuz uygulamasi). Su kiltlrt ¢ézeltisinin bilesimi; 1500 uM Ca (NOs),, 750 uM
K>SO, 650 l.,lM MgSO4, 500 l.,lM KH,PQO,, 10 HM HsBO3, 0,5 l.,lM MnSQ,, 0.5 HM ZnSQO,, 0.4 l.,lM CuSQ,, 0.4
UM MoNa,O, ve 80 uM Fe EDDHA icerecek sekilde hazirlanmis ve pH 6.5'a ayarlanmistir. Dikimden 2 gin
sonra tuz uygulamasina kademeli olarak baslanmis ve 6. glinde 10.00 dS/m’e ulasiimistir. Tuz uygulamasi
¢Ozelti icerisine NaCl eklemesi seklinde yapilmistir. Tuzlu kosullarin yani sira, ayni genotipler tuzsuz (1.8
dS/m) kosularda da yetistirilmistir. Tam NaCl dozu olan 10 dS/m’e ulasildiktan sonra bitkiler 21 gin su
kultirinde yetistirilmistir ve deneme sonlandiriimistir.

Tuz testlemesinde bitkilerde dl¢tilen parametreler

Bitkisel gelisimin gorsel degerlendiriimesi icin 0-5 skalasi kullanilmigtir. Tuz stresi uygulamasi
yapilmayan bitkiler (Kontrol), 0 kabul edilmis ve bitkilerin tuzdan etkilenme derecesine gore; 1: Yapraklarda
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kivrilma ve lokal sararma, 2: Yapraklarda 1/4 nekrotik leke ve sarama, 3: Yapraklarda dokilme baslamasi ve
2/4 nekrotik leke, 4: Oliimlerin baglamasi ve yapraklarda 3/4 oraninda nekrotik leke, 5: Bitkilerin tamamen
6lmesi velveya yapraklarda %4/5 oraninda siddetli nekrotik leke gorilmesi seklinde degerlendiriimistir. SPAD
indeksi, (SPAD-502, Minolta corporation, Ltd., Osaka, Japan). cihazi ile belirlenmistir. Bitki ana gévde ¢ap!,
kotiledon yapraklarin altindan dijital kumpas yardimi ile mm olarak dl¢llmustur. Bitki ana govde uzunlugu,
metre yardimi ile cm olarak dlglimastir. Yaprak sayisi (adet/bitki), deneme sonunda bitkiye ait tiim yapraklar
sayllmistir. fyon sizintisi Premchandra et al. (1990) ile Sairam & Saxena (2000)in yéntemlerine gore
belirlenmistir. Yaprak-govde ve kok taze agirligi, deneme sonunda bitkiler kék ve diger organlarina ayrildiktan
sonra tartilarak belirlenmistir (g). Yaprak-govde ve kdk kuru agirhdi ise, taze agirigi belirlenen érneklerin
65°C’'de 48 saat etiivde kurutulmasi ile tespit edilmigstir (g). Kk uzunlugu (cm), ¢api (mm) ve hacmini (cm3)
belirlemek icin, her calisma konusundan 5 g kok taze alt 6rnegdi alinmis ve alt 6rneklerin kdk uzunlugu, hacmi
ve c¢apl kok goéruntileme programi kullanilmistir (WinRhizoRegular LA2400, Regent Instruments). Bes gram
kok icin belirlenen degerler, toplam taze agirliklan ile orantilanarak bitkilerin kdk uzunlugu ve kok hacimleri
hesaplanmistir. Su kiltiirii galismasindan elde edilen veriler, %5 énem diizeyinde (IBM, Chicago, IL, ABD)
SPSS 18.0 istatistik programi kullanilarak veriler tek yonlii varyans analizi (ANOVA) ile analiz edilmis ve
ortalamalar arasindaki fark Duncan coklu karsilastirma testi ile belilenmistir. XLSTAT Software (XLSTAT,
ABD) istatistik programi kullanilarak temel bilesen analizi (TBA) yapilmistir. Kimeleme analizi PAST istatistik
programi (versiyon 4.03, ABD) kullaniimistir.

ARASTIRMA SONUCLARI ve TARTISMA

Calismamizda tuz stresine tolerant ve duyarli bitkilerin belirlenmesinde énemli bir kriter olan 0-5
skala degerleri Cizelge 2'de verilmistir. Tuz stresinden 0-5 skala degerlendirmesine gére en az
etkilenenler 2 skala degeriyle; 1xA13, 8xA16, 8xAl3, 6xAl2, 9xAl, 9xAll ve 6xA10 nolu melez
kombinasyonlari ve Al ve A12 nolu baba hatlari olmugtur. Skala degeri 3 olanlar ise; ana hatlarin hepsi,
baba hatlardan A10, All, A13 ve Al4 nolu olanlar ve 6xAl11l, 9xA16 nolu melez kombinasyonlari
olmustur. Gorsel skala derecelendirmesi her ne kadar gdzlemsel bir dederlendirme yontemi olsa da
bircok arastirmaci tarafindan genotiplerin tuz stresine dayanimlarini siniflandirmada yaygin olarak
kullaniimaktadir (Emirzeoglu & Basak, 2020). Gorsel skala dederlendirmesinde 6xAll ve 9xAl6 melez
kombinasyonlari haric diger tim melezlerin, ana ve baba hatlar ile ticari su kabagi ¢esidinden tuz
stresinden daha az etkilenerek daha dusuk skala degeri (2) almis olmasi, bu melez kombinasyonlarinda
degisen diuzeylerde de olsa ana ve baba hatlardan tuza daha yiiksek tolerans gosterdigi belirlenmisgtir.

Cizelge 2. Tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerde 0-5 gorsel skala degerleri

Table 2. Visual scale values of 0-5 in plants grown in saline (10 dS/m) conditions

Genotipler Skala Degeri Genotipler Skala Degeri
1xA13 2 6 3
6xAl1l 3 8 3
8xA16 2 9 3
8xA13 2 Al 2
6xA12 2 Al0 3

9xAl 2 All 3
9xAll 2 Al2 2
6xA10 2 Al3 3
9xA16 3 Al6 3

1 3 Ticari Anag (Lagenaria siceraria) 3

0: Hic etkilenme yok (kontrol bitkileri) 1: Bilyimede yavaslama (kontrol bitkilerine gore) 2: Alt yapraklarda solgunluk baslangici 3:
Ust yapraklarda kivriima (kapanma) ve solgunluk 4: Yapraklarda siddetli solgunluk ve sararma, yaprak kenarlarinda kuruma
baslangici. 5: Bitkilerde solma ve alt yapraklarda kuruma.

Kontrol ve tuzlu kosullarda yetistirilen melez kombinasyonlari, ana ve baba hatlar ile kontrol olarak
kullanilan ticari anacin govde taze ve kuru agirliklari ile kontrole gore % degisimleri Cizelge 3'te verilmistir.
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Cizelge 3. Kontrol (1.8 dS/m) ve tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerin gdvde (gévde+yaprak) taze ve kuru agirliklar
Table 3. Stem (stem+leaf) fresh and dry weights of plants grown in control (1.8 dS/m) and saline (10 dS/m) conditions

. Govde Taze Agirlik (g/bitki Goévde Kuru Agirlik (g/bitki
Genotipler Kontrol gTuz . E;oD Kontrol T?.IZ ¢ %?D
1xA13 86.33e-g 24.52cd 72 8.71ef 2.59cd 70
6xAl1l 117.92c-f 16.13ef 86 11.94c-e 1.73e-g 86
8xA16 152.53bc 28.07bc 82 15.46bc 2.91bc 81
8xA13 166.16ab 31.37ab 81 17.05ab 3.27ab 81
. 6xA12 208.11a 33.56ab 84 20.89a 3.49ab 83
Melez Kombinasyonlari
9xAl 142.39b-d 30.53a-c 79 14.38b-d 3.16a-c 78
9xA1l 154.33bc 35.55a 77 15.64bc 3.69a 76
6xA10 128.22b-e 34.77a 73 13.26b-d 3.58ab 73
9xAl16 150.23bc 10.92fg 93 15.17bc 1.23f-h 92
Ortalama 145.14 27.27 80 14.72 2.85 80
1 102.43d-g 11.78fg 89 10.36d-f 1.32f-h 87
6 85.85e-g 9.14¢g 89 8.92ef 1.02h 89
Ana Hatlar 8 83.74fg 9.47g 89 8.48ef 1.08gh 87
9 138.25b-d 8.52¢g 94 13.95b-d 0.99h 93
Ortalama 102.57 9.73 90 10.43 1.10 89
Al 79.37f-h 16.71ef 79 8.15e-g 1.80ef 78
A10 30.21i 11.76fg 61 3.45h 1.31f-h 62
All 38.90hi 10.64fg 73 3.97gh 1.17f-h 70
Baba Hatlar A12 67.98g-i 20.48de 70 6.94f-h 2.18de 69
Al13 39.92hi 7.969 80 4.20gh 0.96h 77
Al16 31.21i 6.95¢g 78 3.49h 0.80h 77
Ortalama 47.93 12.42 73 5.03 1.37 72
Kontrol Ticari Ana¢  104.65d-g 11.56fg 89 10.77d-f 1.29f-h 88
Genotip Fkk Fkk
TUZ *k%k *k%k

*%5; ** 0.01. ***0.001 seviyesinde 6nemli. ©.D: Onemli Degil. %D: yiizde degisim.

Tuzlu kosullarda yetistirilen melez kombinasyonlarinin gévde taze agirlik ortalamasi 27.27 g, ana
hatlarin 9.73 g, baba hatlarin 12.42 g olarak tespit edilirken, kontrol olarak kullanilan ticari anacin govde
taze agirhdi ise 11.56 g olarak belirlenmigtir. Tuzlu kosullarda en yiksek gdvde taze agirligina sahip olan
melez kombinasyonlari sirasiyla 9xA11 (35.55 g) ve 6xA10 (34.77 g) nolu kombinasyonlar olurken, en
disik govde taze agirhgi baba hat olan A16 (6.95 g) ve A13 (7.96 g) nolu bitkilerde olgliimistir. Gévde
kuru agirliklari, govde taze agirlik verileri ile paralellik gosterirken, benzer sekilde tuzlu kosullarda da en
yuksek govde kuru agirligi ortalamasi 2.85 g ile melez kombinasyonlarinda belirlenirken, ana hatlar 1.10 g,
baba hatlar 1.37 g ve kontrol olarak kullanilan ticari anacin gévde kuru agirhgr ise 1.29 g olarak
belirlenmistir. Tuzlu kosullarda en yliksek goévde kuru agirligina sahip olan melez kombinasyonlari, gévde
yas agirhginda oldugu gibi, sirasiyla 9xA11 (3.69 g) ve 6xA10 (3.58 g) nolu melez kombinasyonlari olarak
tespit edilmistir. Tuz stresi uygulamasi ile kontrol kosullarina gére gévde kuru agirlidi en fazla azalan bitkiler
ana hatlar (%89) ve ticari ana¢ (%88) olmustur. Baba hatlarda (%72) ve melez kombinasyonlarinda (%80)
daha dislk oranda azalma saptanmistir. Kontrol ve tuzlu kosullarda yetistirilen 160 adet su kabaginin tim,
tuz uygulamasindan olumsuz etkilenmis ve bitki blyime parametreleri farkli diizeylerde azalmistir. Strgin
taze agirhgindaki azalmalar kontrole kiyasla %6 ile %93 arasinda degismistir (Yetisir et al., 2016). Aydin &
Yetisir (2023a) hiyar bitkisinde anag kullaniminin tuz stresi etkisini azalttigi ve tim asi kombinasyonlarinda,
asili bitkilerin kontrol bitkilerinden daha yiksek kok taze adirliga sahip oldugunu bildirmiglerdir.
Bulgularimizla uyumlu olarak Munns & Tester (2008) tuzlu kosullarda yesil aksamdaki gelisme
engellenmesinin kdklere oranla daha fazla oldugunu bildirmiglerdir.

Tuz stresi kosullarinda yetistirilen bitkilerde en yiiksek kék taze ve kuru agirligi ortalamalari, gévde
taze ve kuru agirliklarin da oldugu gibi melez kombinasyonlarinda elde edilmistir (Cizelge 4). Tuzlu
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kosullarda en yuksek kok taze agirhgi melez kombinasyonlari arasinda yer alan 6xA10 (24.85 g), 6xA12
(22.49 g) ve 9xA1l (22.19 g) nolu bitkilerinde 6élcilurken, en dusuk kok taze agirliklar ise sirasiyla baba
hatlar arasinda bulunan A13 (4.21 g), A16 (4.61 g) ve ana hatlar arasinda bulunan 6 (4.84 g) ve 9 (4.88
g) nolu bitkilerde olgilmustir (Sekil 1). Tuz stresi uygulanmis bitkilerde, 9xA16 melezi hari¢, tim melez
kombinasyonlarinin kok taze ve kuru agirliklar ticari anagtan énemli dizeyde yuksek belirlenmistir.

Sekil 1.Tuz stresi kosullarinda yetistirilen 6xA12 ve 9xA1 melez kombinasyonlari ve ana, baba hatlari.
Figure 1. 6xA12 and 9xA1l hybrid combinations and parents grown under salt stress conditions.

Cizelge 4. Kontrol (1.8 dS/m) ve tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerin kok taze ve kuru agirliklari
Table 4. Root fresh and dry weights of plants grown in control (1.8 dS/m) and saline (10 dS/m) conditions

. Kok Taze Agirlik (g/bitki Kok Kuru Agirlik (g/bitki
Genotipler Kontrol ° Tuz(g °/)oD Kontrol gTuz ¢ °/1D
1xA13 23.29e-h 17.83b 23 2.41d-h 1.89%bc 21
6xA11 34.41c-e 9.59cd 72 3.58cd 1.09de 70
8xA16 45.36b-d 17.09b 62 4.75bc 1.84c 61
8xA13 65.03a 16.99b 74 6.94a 1.80c 74
Melez 6xA12 49.93b 22.49a 55 5.07b 2.39a 53
Kombinasyonlari 9xAl 28.87e-g  22.19a 23 3.03d-f  2.32ab 23
9xAll 64.96a 17.42b 73 6.71a 1.88c 72
6xA10 46.01bc 24.85a 46 5.03b 259 49
9xA16 48.54b 5.59de 88 5.00b 0.70e-g 86
Ortalama 45.16 17.12 57 4.72 1.83 56
1 20.42f-i 9.18cd 55 2.16e-h 1.06d-f 51
6 24.94e-h 4.84e 81 2.83d-g 0599 79
Ana Hatlar 8 16.95g-i 6.67de 61 1.81f-h 0.80e-g 56
9 45.13b-d 4.88e 89 4.63bc 0.62fg 87
Ortalama 26.86 639 71 2.86 0.77 68
Al 23.80e-h 12.02c 50 2.59d-h 1.34d 48
Al10 16.91g-i 9.18cd 46 2.12e-h 1.05d-f 50
All 14.23hi 6.24de 56 1.50gh 0.73e-g 51
Baba Hatlar A12 32.72d-f 5.97de 82 3.42c-e 0.73e-g 79
Al13 14.18hi 4.21e 70 1.63gh 0599 64
Al6 9.69i 4.62e 52 1.34h 0.56g 58
Ortalama 18.59 7.04 59 2.10 0.83 58
Kontrol Ticari Anag 13.61hi 7.32de 46 1.66gh 0.87e-g 48
Genotlp *k%k *kk
Tuz *kk *kk

*%5; ** 0.01. ***0.001 seviyesinde cnemli. ©.D: Onemli Degil. %D: yiizde degisim.
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Farkli melez kombinasyonlari ile elde edilmis su kabagi (Lagenaria siceraria) melezlerinin su kultird kosullarinda tuz stresine morfolojik ve
fizyolojik olarak tolerans dizeylerinin belilenmesi

Kontrol ve tuzlu kosullarda yetistirilen bitkilerin taze ve kuru agirliklari arasinda paralellik tespit
edilirken, tuzlu kosullarda yetistirilen bitkilerde kontrol kosullarina gore kék kuru agirliklarinda en fazla azals
ana hatlarda (%68) belirlenirken, en disik azalis ise kontrol bitkisinde (%48) ve sonrasinda melez
kombinasyonlarinda (%56) belirlenmigtir. Tuz stresi altinda kok taze agirhginda oldugu gibi kdk kuru
agirhginda da en yiksek degerler 6xA10 (2.59 g), 6xAl12 (2.39 g) ve 9xAl (2.32 g) nolu melez
kombinasyonlarinda odlgulmustir. Gévde ve kdk yas-kuru agirliklarinin tuz stresinden etkilenme dizeyleri
karsilastirildiginda, kontrol bitkilerine kiyasla, govde yas ve kuru agirliklarinda daha yuksek oranlarda
azalma tespit edilmistir. Tuzlu stresi kosullarinda, farkli anaglar tzerine asilanan karpuzlarin, biomaslarinda
asisizlara gore daha az azalmanin oldugu farkh arastirmacilar tarafindan bildiriimektedir (Colla et al., 2006;
Uygur & Yetisir, 2009). Alzahrani et al. (2018) tuzluluk gibi abiotik stres faktorlerinin kok anatomisi tizerinde
belirgin etkiler yaratabildigini, kdk gelisimini olumsuz etkileyebilecegini ifade etmislerdir.

Tuzlu kosullarda yetistirilen tim bitkilerin gévde c¢apinda degisen oranlarda azalmalar meydana
gelmistir (Cizelge 5). En yiksek oranda azalma baba hatlarda (%34) belirlenirken, en disiik oranda
azalma ise kontrol bitkisinde (%6) tespit edilmistir. Tuz stresi altindaki tim melez kombinasyonlarinin
gbvde caplari, ticari anactan 6énemli dizeyde daha yiksek belirlenmistir. Tuzlu kosullarda yetistirilen
bitkilerde en yiksek gévde uzunlugu ortalamasi melez kombinasyonlarinda 40.74 cm, olarak &l¢ulirken,
en dusik govde uzunlugu ortalamasi ise baba hatlarda 11.89 cm olarak dlgulmuUstar.

Cizelge 5. Kontrol (1.8 dS/m) ve tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerin gdvde ¢api, gdvde uzunlugu, yaprak sayisi

Table 5. Stem diameter, stem length, number of leaves of plants grown in control (1.8 dS/m) and saline (10 dS/m) conditions

Genotipler Govde Capi (mm/bitki) Govde Uzunlugu (cm/bitki) Yaprak sayisi (adet/bitki)

Kontrol Tuz %D Kontrol Tuz %D Kontrol Tuz %D

1xA13 6.95a-c 4.72ab 32 89.33hi 32.33fg 64 8.00c-e 4.67d-g 42

6xA11 6.35bc  5.19ab 18 119.00fg 23.00gh 81 7.67d-f 5.00c-g 35

8xA16 8.43ab 5.41ab 36 130.67c-g 30.67fg 77 7.33d-f  5.67b-f 23

8xA13 7.04a-c  5.55ab 21 157.00a-c 47.33cd 70 9.33a-d 6.67a-d 29

Melez 6xA12 7.82ab 5.46ab 30 149.67a-e 65.67a 56 11.67a 7.67ab 34

Kombinasyonlari  gxa1 6.37bc 5.47ab 14 124.00e-g  44.00c-e 65 7.67df 6.00ae 22

9xAll 5.94b-d 5.42ab 9 166.00ab  57.67ab 65 9.67a-d 8.00a 17

6xA10 6.14b-d 5.76a 6 129.00d-g 50.33bc 61 8.33b-e  7.00a-c 16

9xA16 6.98a-c 487a 30 154.00a-d 15.67hi 90 9.67a-d 3.33g 66

Ortalama 6.89 5.32 21 135.41 40.74 69 8.81 6.00 31

1 5.39cd 4.51ab 16 145.00b-f 32.00fg 78 11.33ab  4.00e-g 65

6 4.50cd 4.20ab 7 114.50gh 31.00fg 73 8.33b-e 3.67fg 56

Ana Hatlar 8 4.45cd 3.99b 10 117.00g 35.33ef 70 7.67d-f 4.33e-g 43

9 6.23b-d 4.67ab 25 172.33a  37.33d-f 78 11.00a-c  4.00e-g 64

Ortalama 5.14 4.34 14 137.21 33.92 74 9.58 4.00 56

Al 6.82a-c 5.40ab 21 70.33i 14.67hi 79 6.67d-f 4.67d-g 30

Al10 8.13ab 5.0lab 38 12.33j 11.67i 5 4.67fg 4.00e-g 14

All 8.17ab 4.41ab 46 15.00j 13.67hi 9 5.33e-g 3.00g 44

Baba Hatlar Al2 9.48a 5.15ab 46 33.33j 10.67i 68 5.33e-g 3.67fg 31

Al3 6.90a-c  4.60ab 33 12.67j 10.33i 18 3.33g 3.00g 10

Al6 6.00b-d 4.57ab 24 12.00j 10.33i 14 3.33g 3.00g 10

Ortalama 7.58 486 34 25.94 11.89 32.29 4.78 3.56 23

Kontrol Ticari Anag 3.50d 3.30b 6 114.50gh  39.00d-f 66 8.33b-e  4.00e-g 52
Genotip ok ok ok
Tuz ok ok ok

*05; ** 0.01. ***0.001 seviyesinde énemli. O.D: Onemli Degil. %D: yiizde degisim.
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Tuz stresi altindaki bitkilerde en uzun gévde boyu 6xA12 (65.67 cm) nolu melez kombinasyonunda
belirlenirken, en kisa govde boyu baba hatlar arasinda bulunan A13 ve A16 nolu hatlarda saptanmigtir.
Tuz stresi uygulanan bitkilerin yaprak sayisinda kontrol kosullarinda yetistirilen bitkilere kiyasla azalma
tespit edilse de yaprak sayisinda en yiuksek azalma orani %56 ile ana hatlarda ve %52 ile ticari anacta
tespit edilmistir. Yaprak sayisinda en disik oranda azalma ise %23 ile baba hatlarda ve %31 ile melez
kombinasyonlarinda belirlenmistir (Cizelge 4). Gévde ve kok taze-kuru agirliklarinda oldugu gibi, tuz
stresi altinda, 9XA16 melezi hari¢, tim melez kombinasyonlarinin yaprak sayisi ticari anagtan daha
yiiksek belirlenmistir. Naseer et al. (2022) “Nuefield” ve “Crystal long” su kabag! c¢esitlerinde tuz stresi
altinda en ylksek yaprak sayisi, sirgiin uzunlugu ve kok uzunlugu, bitki taze agirhg ve bitki kuru
agirhgr elde etmiserdir. Tuz stresi altindaki bitkilerin koklerinin su alma potansiyelinin dnemli diizeyde
azaldidini, kok gelisimi ve gbvde uzamasinda gerilemenin oldujunu, gévde ¢aplari ve bitki boylarinin ve
yaprak alaninin kontrole kiyasla azaldigini bildirilmistir (Aydin & Yetisir, 2023a). Bulgularimizda da benzer
sonuglar elde edilmistir. Tuz stresinin, bitki biinyesinde morfolojik ve fizyolojik olarak pek cok degisime
neden oldugu bircok arastirici tarafindan bildirilmektedir (Morton et al., 2019; Pailles et al., 2020).

Tuzlu kosullarda yetigtirilen bitkilerin kdk goértntileme ve analiz sistemi ile belirlenen kok
uzunluklarinda, kontrol kosullarinda yetistirilen bitkilerin kék uzunluklarina gére %17 ile %93 oranlari
arasinda azalmalar meydana gelmistir (Cizelge 6).

Cizelge 6.Kontrol (1.8 dS/m) ve tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerin kék uzunlugu, kék hacmi, kék gapi

Table 6. Root length, root volume, root diameter of plants grown in control (1.8 dS/m) and saline (10 dS/m) conditions

Genotipler K&k uzunlugu (cm) Kok hacmi (cm®) Kok ¢api (mm)
Kontrol Tuz %D Kontrol Tuz %D  Kontrol Tuz %D
1xA13 4940.52fg  4095.67d-f 17  12170.00e-h  9600.00cd 21 0.48a 0.57a -20
6xA11 10161.11d-f  2728.67f-i 73  17562.27c-e  4993.19ef 72 0.48a 0.46e 4
8xA16 21299.60c 3808.62e-g 82  23377.24b-d  9374.88cd 60 0.37b-d  0.56a -54
8xA13 43908.17a 5262.37b-d 88 40771.72a  12181.83b 70 0.36b-d  0.56a -57
Melez 6xA12 24269.35c  6291.20b 74 25179.68b  15428.14a 39  0.35cd  0.56a -61
Kombinasyonlari  gxa1 5981.12fg 4898.8lc-e 18  12964.13e-g 8492.65d 34  0.34de 0.48c-e -43
9xA11 33031.69b 5106.78b-e 85 37743.70a  12887.46b 66  0.39bc 0.55ab -43
6xA10 22934.45c 13270.73a 42  24431.31bc 11033.40bc 55 0.38b-d  0.34g 9
9xA16 23373.62c 1611.41i 93  21261.98b-d  2440.97g 89  0.34de  0.42f -26
Ortalama 20608.95 5230.47 63 23940.22 9603.61 56 0.39 0.50 -32
1 10679.96d-f  2884.84f-i 73 10194.72f  6160.60e 40 0.36b-d 0.5lcd -42
6 13149.20de  1799.24hi 86  13492.54e-g  2829.45fg 79  0.36b-d  0.47e -29
Ana Hatlar 8 8788.04d-f 3159.11f-h 64  11036.62e-i 3973.33e-g 64 0.46a  0.41f 11
9 20949.30c  2046.61hi 90  16561.49d-f  2791.64fg 83 0.3le  0.41f -32
Ortalama 13391.63 2472.45 78 12821.34 3938.76 66 0.37 0.45 -23
Al 10253.83d-f  5912.20bc 42 7274.67g§  5731.95e 21 0.30e  0.36g -20
A10 7408.27e-g  3917.61d-g 47 5264.33h-j 3939.65e-g 25 0.30e  0.36g -19
A1l 4343.00fg  2657.16ghi 39 4221.33f  2786.61fg 34 0.36b-d 0.36g O
Baba Hatlar A12 14039.06d  2401.13hi 83 5887.00h-j  2495.46g 58 0.30e  0.36g -20
A13 5981.12fg 1556.89i 74 5270.23hj  2500.16g 53  0.34de 0.47de -40
A16 4572.43fg 1758.25i 62 3228.89] 240259y 26 0.30e  0.42f -39
Ortalama 7766.29 3033.87 57 5191.08 3309.40 36 0.32 0.39 -22
Kontrol Ticari Anag 5915.27fg  2225.00hi 62 7370.28g-j 4399.76e-g 40 0.40b 0.51bc -29
Genotip
Tuz

*%5; ** 0.01. *+0.001 seviyesinde 6nemli. ©.D: Onemli Degil. %D: yiizde degigim.
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Farkli melez kombinasyonlari ile elde edilmis su kabagi (Lagenaria siceraria) melezlerinin su kultird kosullarinda tuz stresine morfolojik ve
fizyolojik olarak tolerans dizeylerinin belilenmesi

En ylksek oranda azalma incelenen diger parametrelerde de melez kombinasyonlari icerisinde en
kétl performansi gosteren 9xAl16 (%93) melezinde elde edilirken, en disik oranda azalma ise 1xA13
(%17) kodlu melez kombinasyonunda belirlenmistir. Tuzlu kosullarda en fazla koék uzunlugu 6xA10
(213270.73 cm) melezinde dlgulirken, en dislk kok uzunlugu ise baba hatlardan A13 (1556.89 cm) kodlu
bitkide élgtlmustir. Tuz stresi kok uzunlugunda oldugu gibi tiim genotiplerin kék hacmini de énemli dizeyde
azaltmistir. Kk hacminde en yiiksek oranda azalma ana hatlar arasinda yer alan 9 (%83) kodlu bitkide
tespit edilirken, en dislik azalma orani ise %21 ile 1xA13 melez ve Al nolu baba hatta tespit edilmistir. Tuz
stresi altinda bir genotipin kdk c¢api degismezken, on alti genotipin kdk ¢api artmis ve U¢ genotipin ise
azalmistir. Tuz stresi kosullarinda en yuksek kdk ¢apr 0.56 mm ile 8xAl16, 8xAl3 ve 6xA12 nolu melez
kombinasyonlarinda dl¢ulirken, en dusik ise 0.34 mm ile 6xA10 nolu melez kombinasyonunda o6lgulmustur.
Aydin & Yetigir (2023a) genel olarak asili hiyar bitkilerinin hem kontrol hem de tuz stresi altinda daha uzun
koklere sahip oldugunu ve tuzluluk gibi abiyotik stres faktorlerinin kok anatomisi Uzerinde belirgin etkiler
yaratabildigini, kdk gelisimini olumsuz etkileyebilecegini ifade etmislerdir.

Tuz stresi bitkilerin yaprak iyon sizintisini %12 ile %73 oranlari arasinda artirirken, kok iyon
sizintisini ise %43 ile %91 oranlari arasinda artirmistir (Cizelge 7).

Cizelge 7. Kontrol (1.8 dS/m) ve tuzlu (10 dS/m) kosullarinda yetistirilen bitkilerin yaprak, kok iyon sizintisi, SPAD indeksi
Table 7. Leaf, root ion leaching, SPAD index of plants grown in control (1.8 dS/m) and saline (10 dS/m) conditions

Genotipler Yaprak iyon sizintisi (%) Kok iyon sizintisi (%) SPAD Indeksi
Kontrol Tuz %D Kontrol Tuz %D Kontrol Tuz %D
1xA13 56.31bc  74.57c-f -32 51.60b-e 73.94e -43  39.87c-g 53.20cd -33
6xA11 54.64bc 72.81c-g -33 52.89a-e 80.15c-e -52 36.60g 50.03c-f -37
8xA16 54.69bc 69.36e-g -27 57.64ab 89.59a-d -55 39.47c-g 55.87a-d -42
8xA13 54.56bc 70.23e-g -29 53.66a-d 88.34a-d -65 41.97a-f 54.67cd -30
Melez 6xA12 59.20ab 70.93d-g -20 52.52b-e 88.12a-d -68 42.97a-f 53.97cd -26
Kombinasyonlar  gxa1 55.75bc  62.66g -12 51.11b-e 91.52a-d -79  43.10af 55.43a-d -29
9xA11l 54.39bc  66.11fg -22 52.15b-e 88.16a-d -69 38.40e-g 55.13b-d -44
6xA10 57.08a-c 68.64e-g -20 47.21de 90.18a-d -91 41.80a-f 50.30c-e -20
9xA16 56.11bc 69.03e-g -23 56.47a-c  90.26a-d -60 44.03a-c 48.77d-g -11
Ortalama 55.86 69.37 -24 52.81 86.70 -64 40.91 53.04 -30
1 54.02bc  89.47a -66 54.67a-c 89.50a-d -64  42.47a-f  41.23fg 3
6 52.89bc 91.34a -73 56.63a-c 92.31la-c -63 38.33fg 40.63g -6
Ana Hatlar 8 55.95bc 82.61a-d -48 59.69a 94.33ab -58 39.03d-g 44.07e-g -13
9 64.73a 84.59a-c -31 53.12a-e  96.47a -82 43.37a-d 48.60d-g -12
Ortalama 56.90 87.00 -54 56.03 93.15 -66 40.80 43.63 -7
Al 58.16a-c  80.20a-e -38 51.28b-e 87.94a-d =72 45.63a 63.77ab -40
Al10 51.05c 82.40a-d -61 46.31e 84.07b-e -82 46.37a 58.33a-c -26
All 54.18bc  75.37b-f -39 50.90b-e 80.49c-e -58 43.27a-e 52.20c-e -21
Baba Hatlar Al12 51.85bc  87.09ab -68 51.04b-e 79.20de -55 44.83ab 52.30c-e -17
Al3 56.53bc  76.24b-f -35 52.63a-e 86.10a-e -64 45.77a 64.20a -40
Al6 55.20bc  86.89ab -57 49.57c-e 83.87b-e -69 46.13a 48.67d-g -5
Ortalama 54.49 81.37 -49 50.29 83.61 -66 45.33 56.58 -24
Kontrol Ticari Ana¢  55.48bc 80.18a-e -45 53.75a-d 93.06ab -73 40.10b-g 48.83d-g -22
Genotip ok ok ok
Tuz ok ok ok

*05; ** 0.01. ***0.001 seviyesinde énemli. O.D: Onemli Degil. %D: yiizde degisim.

Tuzlu kosullarda melez kombinasyonlarin yaprak iyon sizintisi ortalamasi %69.37, ana hatlarin %
87.17, baba hatalarin %81.37 ve kontrol bitkisi olan ticari anacin ise %80.18 olmustur. Melez bitkilerin
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diger bitkilerden daha distk yaprak iyon sizintisi diizeyine sahip olmasi, incelenen diger parametrelerde
elde edilen verilerle de desteklenerek tuz stresine daha fazla tolerans goésterdiklerini kanitlamasi
bakimindan dnemli bulunmustur. Tuzlu kosullarda en yiksek kdk iyon sizintisi ana hatlardan birisi olan 9
nolu hatta %96.47 olarak olculirken, en disik ise %73.94 ile 1xA13 melez bitkisinde elde edilmistir.
Tuzlu kosullarda melez bitkilerin kok iyon sizintisi ortalamasi %86.70 iken, ticari hibrit su kabagi anacinin
ise %93.06 olmustur. Tuz stresi altinda ana hat olan 1 nolu bitki hari¢c diger genotiplerin SPAD indeksi
farkli oranlarda artis gostermistir. Tuz uygulamasi ile SPAD indeksinde en yiiksek artis %44 ile 9xAl11l
melez bitkisinde elde dilmistir. Tuzlu kosullarda melez kombinasyonlarin SPAD indeksi ortalamasi 53.04,
ana hatlarin 43.63, baba hatalarin 56.58 ve kontrol bitkilerinin ise 48.83 olmustur. Bitkilerde hiicre zarinin
bltinliginin ve stabilitesinin bir gostergesi olan yaprak ve kok iyon sizintisi, bitkilerin strese tolerans
dizeyini belirlemede 6nemli bir parametre olarak kullaniimaktadir (Kocheva et al., 2004). Stres sonucu
olusan iyon sizintisinin miktarinin belirlenmesi, dokularda olusabilecek zararlanmalarinin diizeyinin
belirlenmesine imkan saglamaktadir. Bu degisim sureci icerisinde tuz stresine en hassas olan bitki
organlari ise yapraklardir. Bulgularimizda belirlenen tuzlu kosullarda yaprak SPAD indeks degerlerinde
ortaya ¢ikan artisin tuzun kok bdlgesinin osmotik basincini yikseltmesi sonucu olusan su alimindaki
azalmadan kaynaklanabilecegdi dusunulmektedir (Aydin & Yetigir, 2023a).

Tuz stresi altindaki bitkilerin morfolojik ve fizyolojik parametrelerine dayali temel bilegsen analizi

Tuz stresi kosullarinda yetigtirilen su kabagdi gorsel skala, govde taze agirlik, gévde kuru agirlk,
kok taze agirlik, kok kuru agirlik, gévde ¢api, gévde uzunlugu, yaprak sayisi, kok uzunlugu, kék hacmi,
kok capi, yaprak ve kok iyon sizintisi ve SPAD indeksine dayali olarak yapilan temel bilesen analizi (TBA)
Sekil 2 ‘de verilmisgtir.

Biplot
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Sekil 2. Su kabagi genotiplerinin tuzlu kosullarda morfolojik ve fizyolojik dzelliklerinin TBA'sI.

Figure 2. PCA of morphological and physiological characteristics of gourd genotypes in saline conditions.

TBA cizelgesine gore, toplam varyasyonun % 99.99'unu iki temel bilesen (PCl'e gore %86.91 ve
PC2ye gore %13.08) agiklamistir. TBA ¢izelgesi incelendidinde, Olcllen Ozelliklere gore melez
kombinasyonlarinin icinde bulundugu yesil daire, grafigin sag tarafinda bulunan parametreler bakimindan
en iyi sonug veren bitkilerdir. Sari daire icinde bulunan A16 ve 9xA16 nolu bitkiler gorsel skalasi ve yaprak
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iyon sizintisi en yuksek olan bitkilerdir. En yuksek kok iyon sizintisi ticari anag ve ana hatlarin icinde
bulundugu mavi daire icerisinde yer alan bitkilerde belirlenmigtir. Kirmizi daire icinde yer alan genotipler ise,
grafigin ikinci ve dordiinci bolgesinde yer alan parametreler bakimindan en kétl sonug veren bitkilerden
olusmaktadir. Tuza dayanikh hatlari belirlemek igin Brassica napus L. (Shuvo, 2021), Zea mays L. (Andrade
et al., 2020), Glycine max (Azam et al., 2020), Triticum aestivum (Uzair et al., 2022) ve Oryza sativa (Das et
al., 2019) gibi farkli tarimsal Urtinlerde, temel bilesen analizi (TBA) kullaniimiglardir.

Tuz stresi altindaki bitkilerin morfolojik ve fizyolojik parametrelere gére kimeleme analizi

Tuz stresi uygulanan bitkilerde gorsel skala, gévde taze agirlik, gévde kuru agirlik, kok taze agirlk,
kok kuru agirhk, gévde capi, govde uzunlugu, yaprak sayisi, kok uzunlugu, kok hacmi, kok c¢api, yaprak
ve kok iyon sizintisi ve SPAD indeksi parametrelerine goére hiyerarsik kiimeleme analizi yapiimistir (Sekil
3). 20 genotip tuz stresinden etkilenme derecesine gore hassas, yari hassas, yari tolerant ve tolerent
olmak lzere doért ana gruba ayrilmislardir. Noorka & Khaliq (2007) cgesitli 6zelliklere dayali olarak farkh
bugday genotiplerini gruplandirmak icin kiimeleme analizini kullanmis ve bir grup icindeki bugday
genotiplerinin benzer 6zelliklere sahip oldugunu bildirmistir. 6xA10, 6xA12, 9xA11 ve 8xAl13 nolu melez
kombinasyonlari tolerant grubunda yer alirken, 9xAl, 1xA13, 8xA16 ve Al nolu genotipler yari tolerant
grubunda yer almistir. Hassas grubunda yer alan genotipler ise 9xA16, A13, Al16, 6, 9, A1l ve 12 nolu
bitkilerdir. Ticari ana¢ ise 1, 8, A10 ve 6xA11 nolu genotipler ile yari hassas grubunda yer almistir.
Literatdrler, bitki germplazmini stres toleransi agisindan kiime analizinin kullanimina vurgu yapmaktadir
(Vahdati et al., 2009; Farshadfar & Elyasi, 2012; Noorifarjam et al., 2013; Aydin & Yetigir, 2023b). Secilen
bitkiler, ileride yapilacak tuza tolerans ¢esit ve anaglarin islah ¢alismalarinda kullanilabilecektir.
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Sekil 3. Tuz stresi kosullarindaki performanslarina gore bitkilerin gruplandiriimasi. Dort ana grup (hassas, orta yari hassas, yari
tolerant ve tolerant) olusturuldu.

Figure 3. Grouping of plants according to their performance under salt stress conditions. Four main groups (sensitive, moderate,
semi-sensitive, semi-tolerant and tolerant) were formed.

SONUGC

Bu galisma, tuz toleransi agisindan su kabagi genotiplerinin taramasinda incelenen morfolojik ve
fizyolojik parametrelerin basarili bir sekilde kullanilabilecegini agikca gdstermigtir. Farkli buyume ve
gelisme parametreleri kullanilarak olusturulan temel bilesen ve kiimeleme analizi sonuglari taranan su
kabadi melezleri icerisinde tuza toleransli olanlari belirlemede yeterli olmustur. Tuza tolerant olan
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kiimenin Gyeleri; 8xA13, 9xAl1l, 6xA12 ve 6xA10 nolu melez kombinasyonlari olurken, orta diizeyde tuz
toleransina sahip olanlar ise 9xA1l, 1xA13, 8xA16 ve Al nolu bitkiler olmustur. 6xA11 ve 9xA16 melezleri
hari¢c diger tum melez kombinasyonlari, ana ve baba hatlar ile ticari su kabagi gesidinden tuz stresine
daha fazla tolerans goéstermigtir. Tuza toleransh bitkiler, tuzdan etkilenmig topraklarda karpuza anag
olarak dogrudan tavsiye edilebilecegdi gibi, yiksek verimli ve tuza toleransh anac¢ gelistirmek amaciyla
yuritilecek ¢alismalarda da kullanilabilecektir.
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(oy4
Amagc: Bu galismanin amaci, iki ¢esit kiraz domatesi meyvesinin ktle, hacim,
geometrik ortalama c¢ap, kuresellik, ylizey ve projeksiyon alani gibi fiziksel

oOzellikleri ile statik yuk etkisi altinda farkli sikistirma pozisyonlarinin ve farkh
depolama surelerinin mekanik 6zellikler tGizerindeki etkisini incelemektir.

Materyal ve Yontem: Orneklerin fiziksel 6zelliklerinin belirlenmesi icin kiitle,
hacim, geometrik ortalama cap, kiresellik ve ylizey alani degerleri hesaplanmigtir.
Projeksiyon alani ImageJ gériintii isleme programi ile belirlenmistir. Orneklerin
kuvvet etkisi altindaki davraniglarinin tespiti icin drnekler sikigtirma testine tabii
tutulmustur.

Arastirma Bulgulan: Kiraz domatesi meyvesinde yapilan dlgimlerde, fiziksel
ozellikler Trend F1 gesidinde daha yilksek oldugu bulunmustur. Iki farkh
eksende vyapilan Oolcimlerde, her iki sikistirma pozisyonunda depolama
suresindeki artisla beraber deformasyonda da artis gorilmustir. Ayrica, meyve
sap eksenindeki kuvvetin meyve sap eksenine dik uygulanan kuvvete gore
daha fazla oldugu, deformasyonun da benzer bir egilim gosterdigi gézlenmistir.

Sonug: Domates meyvesinin 6zellikle depolama sirasinda meyve sap eksenine
dik olarak konumlanmasinin statik yuk altinda meyve sap eksenine dik
pozisyonda tagimaya gore daha dayanimh olacadi sonucuna variimistir.

ABSTRACT

Objective: The aim of this study was to investigate the physical properties such
as mass, volume, geometric mean diameter, sphericity, surface and projection
area of two varieties of cherry tomatoes and the effect of different compression
positions under static load and different storage times on mechanical properties.

Materials and Methods: To determine the physical properties of the samples,
mass, volume, geometric mean diameter, sphericity and surface area values
were calculated. The projection area was determined by ImageJ image
processing program. The specimens were subjected to compression test to
determine the behavior of the specimens under force.

Results: In cherry tomato measurements, physical properties were found to be
higher in Trend F1 variety. In the measurements made on two different axes, an
increase in deformation was observed with the increase in storage time in both
compression positions. It was also observed that the force on the fruit stem axis
was higher than the force applied perpendicular to the fruit stem axis, and the
deformation showed a similar trend.

Conclusion: It was concluded that positioning the tomato perpendicular to the
fruit stem axis, especially during storage, would be more resistant under static
load than transportation perpendicular to the fruit stem axis.
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GiRI$
Domates, (Solanum lycopersicum) Solanaceae familyasinda yer alan, diinyada ve Ulkemizde
ekonomik acidan 6nemli 3 sebze turtinden birisidir (Tunabag, 2022). Diunyada 2021 yil icerisinde toplam

5.167.388 ha alana domates ekimi yapilmis olup toplam 189.333.955 ton domates uretimi
gerceklestiriimistir (Cizelge 1) (FAO, 2021).

Cizelge 1. Dunyada 2021 yil domates Uretim verileri
Table 1. World tomato production data for 2021

Ulke adi Uretim (ton) Ekim alani (ha)  Verim (ton/ha)
Cin 67.636.724 1.144.821 59.08
Hindistan 21.181.100 845.000 25.07
Tarkiye 13.095.258 165.204 79.27
ABD 10.475.265 109.226 95.90
italya 6.644.790 102.060 65.11
Misir 6.245.787 150.109 41.61
ispanya 4.754.380 56.110 84.73
Meksika 4.149.240 90.306 45.95
Brezilya 3.679.160 51.907 70.88
Nijerya 3.575.968 844.633 4.23
Dunya 189.333.955 5.167.388 36.64

Domates igeriginde karbonhidrat, organik asit, amino asit, vitamin, pigment, cesitli mineral ve
fenolik bilesenleri barindirmaktadir (Yilmaz & Ozer, 2022). Ayrica, domatese olgunlasma asamasinda
kirmizi rengini veren likopen maddesi, glclu bir antioksidan olmanin yaninda antikarsinojenik,
antiteratojenik ve kolesterol duslrict etkilerinden dolayr bazi kanser turlerinin ve kronik hastaliklarin
Onlenmesinde etkili oldugu yapilan caligmalarla kanitlanmigtir (Sabbagd & Sdrlicloglu 2011; Figueiredo-
Gonzélez et al., 2017). Domatesin taze olarak tiketiminin yani sira salga, konserve, domates kurusu,
domates suyu, ketcap gibi ¢ok cesitli kullanim alanlari bulunmaktadir (PA Silva et al., 2019). Domatese
uygulanan kurutma, yikama, se¢cme-ayiklama, parcalama, i1sitma, pastorizasyon ve sterilizasyon gibi
islemler sonrasinda gida sanayisinde tuketilebilir hale getirilebilmektedir (Cumhur, 2019).

Domates, llkemizde tarla ve ortl alti sebzeciliginde Uretimi en fazla yapilan Grtinlerden birisidir.
Turkiye’de domates Uretiminin bir kismi Akdeniz, Ege ve Marmara Bolgesinde yapilmakta olup
Tirkiye'nin her bir bélgesinde domatesin farkh cesitlerine rastlamak mimkindir (TUIK, 2022). Bu
cesitler, yerli ve hibrit (melez) olmak tzere 2 gruba ayriimaktadir. Gunumduzde yerli ve hibrit gesitlerle
birlikte kiraz, kokteyl, erik, salkim ve beef tipi domatesler drnek olarak verilebilir (Abak, 2016). Bu cesitler
arasinda, kiraz domatesinin kendine 6zgl olan tadi, aromasi, albenisi ve her mevsim tiketilebilir olmasi
ile son yillarda popdularitesi artan bir Griin olarak karsimiza ¢ikmaktadir. Ancak, kiraz domatesinin hem
hassas bir driin olmasi hem de hasattan belli bir stire sonra yumugsamaya ve bozulmaya baglamasi,
drtnde belli bagli deformasyonlarin meydana gelmesine sebep olmaktadir. Bu gibi olumsuzluklarin éniine
gecilebilmesi, hasat sonrasinda tasima, iletim, siniflandirma, paketleme ve depolama sirasinda
kullanilacak tarim alet ve makinelerinin tasariminda, imalatinda ve Urdnlerin islenmesi asamasinda,
biyolojik malzemelerin bazi teknik 6zelliklerinin (fiziksel ve mekanik) bilinmesi gerekmektedir (Yurtlu &
Erdogan, 2005a). Daha Onceki yillarda literatiirde meyve ve sebzelerin fiziksel ve mekanik &zelliklerinin
belirlenmesine iligkin yapilan pek ¢cok ¢calisma bulunmaktadir. Bunlar arasinda domates (Yurtlu & Erdogan
2005a; Saragoglu & Ozarslan, 2015), seftali (Eraltan, 2005), sofralik zeytin (GUmusoglu vd., 2006),
cekirdeklik kabak (Durgut, 2008), portakal (Caliskan & Vursavus, 2009), erik (Alniak, 2012), patates
(Kesim & Altuntas, 2012), nektarin (Kabas vd., 2016), idde (Sahin & Altuntas, 2017) bulunmaktadir.

Calismanin amaci, iki ¢esit kiraz domatesinin (Verty F1, Trend F1) boyut, geometrik ortalama cap,
kiresellik, ylzey alani ve gorintu isleme teknidi ile projeksiyon alani gibi fiziksel 6zelliklerin tespit edilmesi ve
statik yik etkisi altinda farkli sikistirma pozisyonlarinin ve farkli depolama sirelerinin mekanik 6zellikler
(deformasyon, deformasyon enerjisi, kopma kuvveti ve poisson orani) Uzerindeki etkisinin belirlenmesi
amaglanmistir.
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MATERYAL ve YONTEM

Calismada Antalya yoresinde serada yetistirilen Trend F1 ve Verty F1 ¢esidi domatesler kullaniimisgtir.
Denemelerde kullanilan érnekler retici serasindan hasat edilmistir. ilk giin her gesitten 30 adet {riin oda
sicakhiginda bekletilerek, geri kalanlar ise kasalara konularak 5 °C depo sicakligi kosullarinda %85-90 ortam
nemi degerinde depolanmistir (Yurtlu & Erdogan, 2005a; Kesim & Altuntas, 2012). Denemeler ilk giin, 3. gun,
6. giin, 9. glin ve 12. giin depolama sirelerinde gerceklestiriimistir. Domates 6rnekleri depodan ¢ikarildiktan
sonra 2-3 saat oda sicakliginda bekletiimis ve daha sonra denemeye alinmislardir.

Fiziksel ozellikler

Fiziksel 6zelliklerin belirlenmesi icin yapilan denemelerde her gesit icin 30 adet érnek kullaniimistir.
Orneklerin kitle dlgimleri 0.01 g olcum aralijina sahip hassas terazi kullanilarak gergeklestirilmistir.
Orneklerin gercek hacminin belirlenmesi amaciyla su tagirma yontemi kullanilmigtir. Olgiim iglemi igin 50
cm® hacme sahip dereceli silindir icerisine 20 cm® su konulmus ve domates dereceli silindir icerisine
birakilmigtir. Domates konulduktan sonra yikselen su seviyesi kap Uzerinden okunmustur. Suyun
hacmindeki artis degeri, 6rnegin hacmini vermektedir (Karababa & Cogkuner, 2007).

Orneklerin boyut 6zelliklerinin tespit edilmesi amaciyla dijital kumpas yardimiyla (i eksenden belirli
eksenleri baz alinarak (uzunluk, geniglik ve kalinlik) boyut dlguimleri yapiimistir (Sekil 1).

| | I

Sekil 1: Kiraz domates meyvesinin boyutlari, L: uzunluk, W: geniglik, T: kalinlik.

Figure 1: Dimensions of cherry tomato fruit, L: length, W: width, T: thickness.

Domates meyvesinin boyut dlciimlerinde elde edilen degerler kullanilarak geometrik ortalama c¢ap
degeri, kiresellik ve yiizey alani degerleri agagidaki esitliklerden yararlanarak bulunmugtur (Mohsenin,
1986; Akcakal & Saracoglu, 2019).

D, = (L.W.T)/3 1)
Sp =" @)
S =n(D,)? 3)

D, : Geometrik ortalama ¢ap (mm),

L : Uzunluk (meyve sap ekseni dogrultusunda) (mm),
W : Geniglik (mm),

T : Kalinlik (mm),

S, « Karesellik (%),

S : Yuzey alani (mm?)
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Projeksiyon alaninin belirlenmesi amaciyla domates 6rneklerinin meyve sap eksenine dik ve
meyve sap eksenine paralel dogrultuda 1 cm?lik kalibrasyon yizeyleri ile dijital fotograflari ¢ekilmis ve
ImageJ goérinti isleme programi kullanilarak analiz edilmistir (Sekil 2).

Sekil 2: Domatesin projeksiyon alanindaki gorintusu.

Figure 2: Image of tomato in the projection area.

Mekanik 6zellikler

Sikigtirma testleri icin Zwick-Roell marka Universal Test Cihazi kullaniimigtir. Cihaz diiz plaka ve
veri aktarimini saglayan masatstu bilgisayar ve TestXpert 2 yazilim programindan olugsmaktadir ($Sekil 3).
Test cihazi maksimum 500 N'a kadar 6lcim yapmakta ve cihazda yapilan élciimlerin degerlendiriimesi
icin coklu egriler elde edilerek dogrudan karsilastiriimasi yapilabilmektedir (Anonymous, 2019).

Sekil 3: Zwick-Roell Universal Test Cihazi.

Figure 3: Zwick-Roell Universal Testing Machine.

Her depolama suresi i¢in yapilan denemede 15 adet meyve sap eksenine dik pozisyonda ve 15
adet meyve sap eksenine paralel konumda olmak lzere toplam 30 adet 6rnek kullaniimistir. Sekil 4'te
kiraz domates meyvesi sikistirma eksenleri gosterilmektedir. Denemeler Oncesinde cihaz ayarlar
gercgeklestiriimistir. Yikleme hizi olarak Dantas et al., (2017)'in galismalarindaki degerlere yakin olacak
sekilde 4 mm.min™* olarak belirlenmis ve 6n yik olarak 0.2 N esas alinmigtir.

Meyve Sap Ekseninde
Kuvvet

Meyve Sap Eksenine
Dik Kuvvet

Sekil 4: Meyve sikistirma eksenleri.

Figure 4: Fruit compression axes.
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Cihaz tarafindan olusturulan kuvvet-deformasyon egrileri bilgisayar ortaminda Excel formatinda
export edilerek kaydedilmistir.

Deformasyon enerijisi, Sekil 5'te yer alan eg@ri yardimiyla asagidaki esitlikten hesaplanmistir.

Kuvvet, (F,) N

Deformasyon (AD,), mm

—

Sekil 5: Biyolojik malzemeler icin denemelerden elde edilen 6rnek kuvvet-deformasyon egrisi.
Figure 5: Example force-deformation curve from trials for biological materials.
AD * FA
)

(4)

E, : Kabuk yirtiima noktasindaki deformasyon enerjisi (Nmm),
AD : Kabuk yirtilma noktasindaki deformasyon (mm),
F, : Kabuk yirtiima noktasindaki deformasyon kuvveti (N)
Poisson oranini belirlemek amaciyla sikistirma testleri sirasinda érneklerin serbest konumda cap ve

boylari dl¢llmis, sikistirma sonunda kabuk yirtilma noktasinda sistem durdurularak tekrar ¢cap ve boylari
Olculerek asagidaki esitlik yardimiyla poisson orani belirlenmistir (Yurtlu & Erdogan, 2005b).

D; — Dy)/D,
- ®
D, : ikincil cap (mm),
Do : ik cap (mm),
L : ikincil boy (mm),
Lo : ilk boy (mm)

ARASTIRMA SONUCLARI ve TARTISMA
Fiziksel ozellikler

Cizelge 2'de denemelerde kullanilan Trend F1 ve Verty F1 cesidi kiraz domatesi meyvesi
cesitlerinin fiziksel 6zellikleri gosterilmektedir. Denemeye alinan Trend F1 c¢esidi domates meyvelerinin
ortalama uzunluklari 34.38 mm, geniglikleri 31.42 mm, kalinliklari 30.01 mm, kutleleri 18.71 g, hacimleri
16.83 cm®, geometrik ortalama g¢aplari 31.87 mm, kiresellik degeri 0.92, yuzey alani 3205.16 mm? ve
projeksiyon alani 749.98 mm? ‘dir. Verty F1 gesidi domateslerin ortalama uzunluklari 33.79 mm,
geniglikleri 30.70 mm, kalnlklari 29.25 mm, kdtleleri 17.24 g, hacimleri 14.85 cm?®, geometrik ortalama
caplari 31.18 mm, kuresellik degeri 0.94, yizey alani 3062.33 mm? ve projeksiyon alani 731.11 mm?
olarak bulunmustur.
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Cizelge 2. Domateslerin fiziksel dzellikleri icin ortalama ve standart sapma degerleri

Table 2. Mean and standard deviation values for physical properties of tomatoes

Trend Verty
Uzunluk L, (mm) 34.38+2.42 33.79+2.39
Geniglik W, (mm) 31.42+2.30 30.70+1.83
Kalinhk T, (mm) 30.01+2.13 29.25+1.82
Kitle m, (g) 18.71£3.71 17.24+2.95
Hacim V, (cm?®) 16.83+4.04 14.85+3.00
Geometrik Ortalama Cap D,, (mm) 31.87+2.15 31.18+1.81
Kuresellik Sp, (%) 0.92+2.99 0.94+3.76
Yiizey Alani S, (mm?) 3205.16+427.89  3062.33+353.25
Projeksiyon Alani (mmz) 749.98+112.19 731.11+105.45

Saracoglu & Ozarslan (2015) yapmis olduklar galismada kiraz domatesinin uzunluk, genislik,
kalinlik, geometrik ortalama c¢ap, kiresellik, ylizey alani, kiitle ve hacim deg@erlerinin ortalamasini sirasiyla
26.24 mm, 27.30 mm, 25.99 mm, 26.50 mm, %97, 2227.94 mm?, 10.20 g, 10.08 cm?® olarak bulmuslardir.
Bu sonuclar calismada ele alinan Trend ve Verty degerleri ile karsilastirildiginda uzunluk, genislik,
kalinlk, ylzey alani, kutle ve hacim degerinin daha ytiksek, geometrik ortalama ¢ap, kuresellik dederinin
daha dusuk oldugu belirlenmisgtir.

Mekanik dzellikler

Sikigtirma testleri ile elde edilen kuvvet-deformasyon egrilerinde biyolojik akma noktalari
gorulmemistir. Biyolojik akma noktasi gortilmediginden maksimum kuvvet, deformasyon ve deformasyon
enerjisi degerleri icin kabuk yirtima noktasindaki maksimum kuvvet degerleri kullaniimistir. Cesit,
sikistirma pozisyonu ve depolama siresine bagl olarak elde edilen verilerin normalligi SPSS 13 paket
programinda Cok degiskenli (Multivariate) varyans analizi yapilarak kontrol edilmigtir. Cizelge 3
incelendiginde depolama siresine bagh olarak deformasyon ve deformasyon enerjisi degerlerinin farkli
olmadigi, geri kalan tum degerlerin bagimsiz degiskenler cesit, sikistirma pozisyonu ve depo suresi igin
farklihklarin 6nemli oldugu goérilmektedir.

Cizelge 3. Cesit, sikistirma pozisyonu ve depolama suresi i¢in en kucik kareler ortalamasi ile standart hata degerleri

Table 3. Least squares mean and standard error values for variety, compression position and storage time

N Kopma Kuvveti (N) Deformasyon (mm)  Deformasyon Enerjisi (Nmm) Poisson Orani

Cesit P=0.001 P=0.004 P=0.001 P=0.000
Verty 139 25.49+0.609 7.83+0.113 111.18+3.838 0.31+0.007
Trend 134 22.71+0.619 7.36+0.115 92.08+3.901 0.35+0.007
Sikigtirma Pozisyonu P=0.000 P=0.000 P=0.000 P=0.000
Meyve eksenine dik 139 17.43+0.609 5.43+0.113 48.18+3.838 0.36+0.007
Meyve ekseninde 13 30.76+0.619 9.76+0.115 155.08+£3.901 0.31+0.007
Depo Suresi P=0.007 P=0.426 P=0.510 P=0.043
1.gun 39 26.71+1.141 7.32+0.211 106.83+7.187 0.35+0.013
3. gln 57 24.78+0.944 7.51+0.175 103.76+5.948 0.35+0.010
6. gln 60 24.58+0.920 7.62+0.170 105.6445.794 0.33+0.010
9. gin 60 21.96+0.920 7.72+0.170 93.75+5.794 0.32+0.010
12. gun 57 22.44+0.944 7.81+0.175 98.16+5.948 0.31+0.010
Genel 273 24.10+0.437 7.6+0.081 101.63+£2.754 0.33+0.005

Denemelerde Verty F1 ve Trend F1 kiraz domates ¢esitleri icin meyve sap ekseninde ve meyve
sap eksenine dik pozisyonlarda gerceklestirilen sikistirma testlerinde elde edilen kopma kuvveti,
deformasyon, deformasyon enerjisi ve poisson orani de@erlerinin depolama siresine bagh olarak
degdisimini gosteren grafikler Sekil 6-9 arasinda verilmistir. Sekil 6 incelendiginde her iki ¢esit ve her
sikistirma pozisyonu igin depolama suresine bagl olarak maksimum kuvvet (Fn.x) azalma gorilmektedir.
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Meyve Sap1 Ekseninde Meyve Sapi Eksenine Dik
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Sekil 6. Verty F1 ve Trend F1 cesitlerine ait meyve sap ekseni ve meyve sap eksenine dik pozisyonda kopma kuvveti degerlerinin
depolama siiresine bagli olarak degisimi.

Figure 6. Variation of breaking force values of Verty F1 and Trend F1 cultivars in the position perpendicular to the fruit stem axis
and fruit stem axis depending on the storage period.

Depolama suresine bagli olarak deformasyon degisimi gosteren Sekil 7 incelendiginde, her ne
kadar istatistiksel olarak anlamli olmasa da depolama slresinin artmasina bagl olarak her iki sikistirma
pozisyonunda deformasyonda artis gézlemlenmistir.

Meyve Sapi Ekseninde Meyve Sapi Eksenine Dik
12,00 R= 0,892 ® Verty 12,00 B Verty
| Trend ® Trend
- . ——
_ 10,00 | o __ 1000
= —a———=a =
E 800 R*=0,9376 E 800
€ - R!=0,9107
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g E ———————)
§ 400 g 400 R"=0,6758
[=]
2,00 2,00
0,00 0,00
0 5 10 15 0 5 10 15

Depolama Siiresi (giin) Depolama Siiresi (giin)

Sekil 7. Verty F1 ve Trend F1 gesitlerine ait meyve sap ekseni ve meyve sap eksenine dik pozisyonda deformasyon degerlerinin
depolama siiresine bagli olarak degisimi.

Figure 7. Variation of deformation values of Verty F1 and Trend F1 cultivars in the fruit stem axis and in the position perpendicular
to the fruit stem axis depending on the storage period.

Denemelerde her iki gesit icinde sikistirma pozisyonu agisindan sonuglar incelendiginde meyve
sap ekseninde uygulanan kuvvetin meyve sap eksenine dik pozisyonda uygulanan kuvvete gére daha
fazla oldugu, deformasyonun da benzer sekilde meyve sap ekseninde, meyve sap eksenine dik konuma
gore daha fazla oldugu belirlenmistir. Yurtlu & Erdodan (2005a) da yapmis olduklar ¢alismalarindaki
sikistirma testlerinde depolama slresinin artigsina bagh olarak domates gesitlerinin maksimum kuvvet
degerlerinin azaldid1 ve deformasyon degerlerinin ise arttigini ifade etmiglerdir.

Sekil 8 ve Sekil 9 incelendiginde her iki gesit igin ve her iki sikistirma pozisyonu igin depolama
sUresinin artisina baglh olarak deformasyon enerjisi ve poisson orani degerleri azalma gdstermistir.
Deformasyon eneriisi degerlerinin meyve sapi ekseninde yapilan sikistirma testlerinde elde edilen degerleri,
meyve sapi eksenine dik pozisyonda yapilan sikistirma sonucu elde edilen dederlerden yiksek bulunmustur.
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Sekil 8. Verty F1 ve Trend F1 cesitlerine ait meyve sap ekseni ve meyve sap eksenine dik pozisyonda deformasyon enerjisi
degerlerinin depolama siresine bagli olarak degisimi.

Figure 8. Variation of deformation energy values of Verty F1 and Trend F1 cultivars in the fruit stem axis and perpendicular to the
fruit stem axis depending on the storage period.
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Sekil 9. Verty F1 ve Trend F1 gesitlerine ait meyve sap ekseni ve meyve sap eksenine dik pozisyonda poisson orani degerlerinin
depolama suresine bagli olarak degigimi.

Figure 9. Variation of Poisson's ratio values of Verty F1 and Trend F1 cultivars in the fruit stem axis and perpendicular to the fruit
stem axis depending on the storage period.

Gurhan vd. (2001) Malatya yoéresinde yetistirilen tg¢ farkli kayisi ¢esidinin (Hacrhaliloglu, Hasanbey ve
Coéloglu) basi yiki altindaki mekanik davranislarinin belirlenmesi tzerine yapmis olduklari bir galismada,
eksenler arasinda (x, y ve z) deformasyon enerjisi agisindan yapilan degerlendirmede, tim cesitlerde
eksenler arasindaki farkliiklar 6nemli olup, deformasyon enerjisinin en yuksek degeri tim cesitler igin y
ekseninde oldugu tespit edilmistir. Bu sonuclar kiraz domates meyvesi ile yapmis oldugumuz galisma
sonucuna benzer bir egilim gostererek, her iki gesit icin sikistirma pozisyonuna bagl olarak deformasyon
enerjisi deg@erlerinin istatiksel olarak anlamli bir farkin oldugu tespit edilmistir. Eraltan (2005) Dixired ve
Earlyred seftali gesitleri icin 0., 7., 14., 21., 28. giin depolama surelerinde maksimum kuvvet (kabuk yirtiima
noktasindaki kuvvet) ve deformasyon enerijileri her iki gesit icin de depolama suresindeki artigsa bagli olarak
azaldigini saptamislardir. Her iki ¢esit icinde 21. gline kadar gergeklestirilen depolama islemlerinin meyve
dokusundaki yumusama ve buna bagli mekanik 6zelliklerdeki dedisim agisindan uygun bir depolama suresi
oldugu belirlenmistir. Durgut (2008) cekirdeklik kabadin hasat ve harmanina yonelik fiziko-mekanik
Ozelliklerini saptadigi ¢alismasinda, kabak kabugu maksimum kuvvet 18.96+8.62 N oldugu ve bu noktadaki
deformasyon degerinin 3.827+£1.319 mm, deformasyon enerjisinin ise 57.91+17.63 Nmm oldugunu
belirlemistir. Polat et al. (2012) ¢alismalarinda nektarin meyvesine farkh pozisyonlarda uygulanan sikistirma
testinde, sap tarafindan sikistirma icin kaydedilen deformasyon enerjisinin (1067 Nmm) yan tarafindan
sikistirma icin kaydedilen deformasyon enerjisinden (607.5 Nmm) oldukc¢a yuksek oldugu bulunmustur.
Kiraz domates meyveleri Uzerinde gergeklestirdigimiz bu galismada ise, benzer sekilde deformasyon
enerjisinin meyve sap ekseninde (155.08 Nmm), meyve sap eksenine dik konuma (48.18 Nmm) goére daha
fazla oldugu tespit edilmistir. Kohyama et al. (2013) cilek meyvesiyle yaptiklari galismada, sikistirma testleri
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sonucunda elde ettikleri egrilerde biyolojik akma noktasinin gértlmedigini belirtmislerdir. Ayrica, meyvenin
her iki pozisyonda yapilan sikigtirma testi sirasinda en fazla deformasyonun meyve sap eksenine dik
pozisyonda oldugu goériimistir. Dik pozisyondaki doku hasari her zaman meyvenin u¢ kisminda, ¢canak
yapraklarin oldugu sap kismindan daha fazla olduju gézlemlenmistir. Kabas vd. (2016) galismalarinda
nektarin meyvesinin sikistirma testlerinde maksimum kuvvetinin 75.20 N ile 180.20 N arasinda oldugunu,
buna karsilik gelen deformasyon miktarinin ortalama 5.77 mm, poisson oraninin ise 0.14-0.24 degerleri
arasinda degistigini ve ortalamanin 0.19+0.01 oldugunu saptamiglardir. Ansar et al. (2020) cilek meyvesinin
farkli eksenlerde sikistirma testine tabii tutuldugu bir calismada, yatay eksendeki deformasyonun dikey
eksendekinden daha fazla oldudunu tespit etmiglerdir. Dikey eksen yoniinden sikigtirmanin, meyve yapisi
ve hicre dokusu kutlesi arasinda birlesik bir mekanik tepki Gretecegini, yatay eksendeki mekanik tepkinin
ise sadece meyve yapisindan kaynaklandigini vurgulamiglardir. Akgakal (2022) cilek meyvesi ile yapmis
oldugu calismada, bu iki farkli sikistirma yoninin maksimum kuvvet ve deformasyon tzerinde énemli bir
etki (p<0.05) gosterdigini ifade etmistir. Elde edilen bu sonug, bu galismadaki sonucla ortiismektedir. Unsal
(2022) kiraz meyvesine sikistirma testi uygulamis ve ezilme sirasindaki kuvvet degerlerini z ve y ekseninde
sirasiyla 18.57 ve 21.57 N olarak kaydetmis, kaydettigi bu degerlerin literatiirdeki kiraz meyvelerinden daha
yuksek oldugunu vurgulamistir. Bu farkin sebebi olarak da meyvelerin gesit farkliliklari, farkl iklimsel
kosullar ve sulama, giibreleme gibi yetistirme kosullarinin farklilik gdsterebilecegini ifade etmistir.

SONUC

Bu calismada, iki ¢esit kiraz domates meyvesinin fiziksel 6zelliklerinin yaninda, iki farkh eksende
(meyve eksenine dik ve meyve ekseninde) ve farkli depolama sirelerinde sikistirma testleri yapilimistir.
Deneme sonuglarina gore kiraz domatesinde meydana gelen deformasyon, deformasyon ener;jisi,
maksimum kuvvet ve poisson orani belirlenmisti. Meyve ekseninde yapilan d&l¢iimlerin analiz
sonuglarinda maksimum kuvvet, deformasyon ve deformasyon enerjisinin meyve eksenine dik yapilan
Olcimlerden daha yiksek oldugu goérilmustir. Bu sonuca bagh olarak domatesin 6zellikle depolama
sirasinda meyve sap eksenine dik olarak konumlanmasinin statik yik altinda meyve sap eksenine dik
pozisyonda konumlanmasina gére daha dayanimli olacagi sonucuna varilabilir. Ayrica domates
meyvelerinin tagsinma sirasinda da bu konumu koruyacak sekilde konumlandirici 6nlemler alinmasi
meyvelerin statik yik altinda zedelenmelerine engel olacaktir. Sonug olarak kiraz domates gesitlerinde ilk
gln itibariyle depo siresinin artisina bagh olarak deformasyonun artigi nedeniyle trinlerin depo émdurleri
boyunca dikkatlice taginmasinin ve iletimesinin gerekliligi sdylenebilir. Ozellikle diiz plakalar ile yapilacak
Olcimler depolama sirasinda etkili olan sikistirma kuvvetleri hakkinda daha gercek¢i sonuclar
vereceginden sikistirma testlerinde diiz plakalar arasinda yapilan testler dnerilmektedir.
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0z
Amagc: Antalya kenti Konyaalti ilgesi icin potansiyel ve mevcut mavi altyapi
unsurlarinin belirlenmesi ve alan kullanimlarina bagli gegirimlilik durumu ile

dogal drenaj hatlari analizi 1s1ginda mavi altyapi durumunun degerlendiriimesi
ve sistem onerisinin gelistiriimesidir.

Materyal ve Yontem: Calisma materyali olarak alana ait 1957 ve 1958 tarihli
ortofoto gorintileri, 1/25000 6lcekli topografik haritalar, 2023 Google Earth
uydu goruntileri, 10x10 cm ¢ozundrliklh DEM verisi ile BoJdagay ve Sarisu
Q100 taskin risk bolgesi verileri kullaniimig; yontem kapsaminda mavi altyapi
unsurlarinin belirlenmig, alan kullanimlarina bagl gegirimlilik durumu ile dogal
drenaj hatlarinin ortaya koyulmus, mavi altyapi durumu degerlendiriimis ve
mavi altyapi sistem Onerisi gelistirilmistir.

Arastirma Bulgulari: Calisma ile Konyaalti ilgesindeki mavi altyapi unsurlari
olarak kiyilar, akarsular, sulak alanlar ve goéletlerin varligi tespit edilmis;
kentlesme dolayisiyla mavi altyapi agisindan en énemli kaybin akarsular ve
akarsu yataklarinda gergeklestigi, alandaki taskin risk boélgesinin gogunlukla
gecirimsiz kentsel ylzeyler ile kapli oldugu belirlenmistir.

Sonug: Yapilan analizler ile Konyaalti ilgesi igin gegirimli yuzeyler ile dogal mavi
altyapi unsurlarinin korunmasi ve yari gecirimli alanlar ile kentlesme 6ncesi
potansiyel mavi altyapi unsurlarinin yesil altyapi unsurlan ile iyilestiriimesi;
gecirimsiz yuzeyler nedeni ile sorunlu alanlarin gri altyapi ¢ézimlerine
kavusturulmasi gerektigi sonucuna variimigtir.

ABSTRACT

Objective: The aim of the study is to evaluate the blue infrastructure situation
for Konyaalti district of Antalya city in the context of the potential and existing
blue infrastructure elements the permeability situation analysis depending on
the land uses and natural drainage lines and to develop a system proposal.

Material and Methods: As study materials; Orthophoto images of the area
dated 1957 and 1958, 1/25000 scale topographic maps, 2023 Google Earth
satellite images, 10x10 cm resolution DEM data and Bogagay and Sarisu Q100
flood risk zone data were used. Within the scope of the method, blue
infrastructure elements were determined, permeability status depending on land
uses and natural drainage lines were identified, blue infrastructure situation was
evaluated and blue infrastructure system proposal was developed.

Results: The study determined the presence of coasts, rivers, wetlands and
ponds as blue infrastructure elements in Konyaalti district; stated that the most
important loss in terms of blue infrastructure due to urbanization occurred in
rivers and river beds, and the flood risk zone in the area is mostly covered with
impervious urban surfaces.

Conclusion: Based on the analysis for Konyaalti district, permeable surfaces
and natural blue infrastructure elements should be protected and semi-
permeable areas and potential blue infrastructure elements before urbanisation
should be improved with green infrastructure elements; problematic areas due
to impermeable surfaces should be provided with grey infrastructure solutions.
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GiRiS

Gunlmizde peyzaj planlamanin temel konularindan biri iklim degisikligi ve olasi etkilerinin
yonetiimesinde ekolojik tabanli ¢éziimler getirmektir. Kent nufusunun hizla artmasi, buna bagli olarak
kentlerin cevresindeki dogal alanlara dogru biyiimesi ve dogal kaynaklara artan talep iklim degisikliginin
kentler Uzerindeki olumsuz etkilerini hizlandiran sureclerdir. Tim canlilar igin yagsamin temel tasi olan su, su
kaynaklari ve suregleri iklim degisikliginden olumsuz etkilenen peyzaj bilesenlerinin basinda gelmektedir En
basta hayatta kalmak igin ihtiyacimiz olan su insanoglunun biyolojik, fizyolojik hatta psikolojik olarak
gereksinimi niteligindedir (Karadan & Birisci, 2020). icme suyu ihtiyacinin yani sira tim kentler temizlik,
endustriyel ve tarimsal Uretim, enerji vb. birgok alanda aktif olarak suya muhtag durumdadir.

Artan nufus ve biuyuyen kentler ile suya olan talep yuksek bir ivme kazanirken, kentsel yayilimin
dogal kaynaklar Uzerinde yarattigi baski su kaynaklarinin giderek tikenmesine ve bozulmasina neden
olmaktadir (Ana¢ vd., 2011; Oral vd., 2020). Bunun yani sira kuresel isinma ve degisen iklim dolayisiyla
gerceklesen asin hava olaylari, 6zellikle gecirimsiz ylzeylerin ¢ok yogun oldugu kentsel alanlarda sel ve
taskin gibi dogal afetlere ve kurakliga neden olmaktadir (NRDC, 2022). Bu durumun yakin gelecekte
dinyay! su kithg riski ile karsi karsiya birakmasi beklenmektedir. Nitekim Birlesmis Milletlerin kalkinma
hedefleri arasina suyun surdirilebilir ydnetimi ve sanitasyonunun saglanmasi adina 2015 yilinda “Su ve
sanitasyonla ilgili surddrulebilir kalkinma amaci” eklemistir (UN, 2022). Bu badlamda o6zellikle kentlerde
suyun korunmasi ve surdurulebilifiginin saglanmasi i¢in mavi altyapi planlamasi biyik 6nem tagimaktadir.

Kelime olarak altyapi yerlesim veya yapilar igin gerekli kanalizasyon, su, yol, elektrik vb. teknik
tesisati anlamina gelmektedir (TDK, 2023). Mavi altyapi ise literatiirde yesil altyapi ile beraber tanimlanan
ve yesil altyapi ile surekli etkilesim halinde olan, kent icerisindeki dogal ve insan yapimi tim su unsurlarinin
surdurdlebilirlik kapsaminda ekolojik baglantililigi hedefine dayanan bir kentsel planlama unsurudur (Haase,
2015; European Comission, 2017; Parlak & Atik, 2020; Oztas Karli & Artar, 2021; Parlak, 2023). Mavi
altyapi; iklim degisikligine karsin sirdirulebilir dodal sistemlerin saglanabilmesi ve ekosistem hizmetlerinin
surekliligi icin temel planlama araglari arasindadir. Kentlerde mavi altyapi planlamasi, yeralti ve yerustu
sularinin korunmasi, yagmursuyu depolamasi, su aritiimasi, tagkin ve sel kontroli, mevcut su kaynaklarina
erisimin saglanmasi vb. bircok konuda katki saglamakta, suya bagh tim sistemlerin surekliligini
desteklemektedir (European Commission, 2017; Li et al.,2017; Parlak, 2023).

Mavi altyapi dinyada farkh yoénleri ile ele alinmaktadir. Toledo-Gallegos et al. (2022), Vietnam
Mekong Deltasi’'ndaki Can Tho kenti i¢indeki stinger parklarin mavi yesil altyapi kapsaminda sagladigi
ekosistem servisleri halkin bakis agisina gore degerlendirmig; halk icin parklarin sagladiyi en degerli
ekosistem servisinin sel kontroll oldugunu ortaya koymusglardir. loja al. (2021), mavi altyapi agisindan
Roma kenti icin kentsel gelismeye baglh olarak mavi altyapi kullanilabilirliginin dugtuk oldugunu, mavi
altyapinin yiizey formlari, morfolojik ozellikler ve tarihi miraslarla sekillendigini tespit etmislerdir. Diger
yandan kentlerdeki kiigik su ekosistemleri insan saghgini desteklerken, ayni zamanda ylzey akigina gecen
su miktarinin azalmasinda fayda saglamakta ve halk igin rekreasyonel kaynak sunmaktadir.

Kentlerin iginde bulunduklari cografyalarin ozellikleri dikkate alindiginda, her kent icin mavi altyapi
durumunu, kentin karakteri ve tarihsel gelisim suregleri kapsaminda 6zel olarak degerlendirmek
gerekmektedir. Bununla beraber Langemeyer & Bar6 (2021), glinimizde iklim degisikligine direngli kentler
olusturulmasi adina uygulanan doga tabanh ¢ézimlerin bdlgesel ¢dzimlerin yerel dlgekteki uygulamalara
uygunlugu konusunda ispanya, Barselona’da gergeklestirdikleri paydas degerlendirmeleri sonucunda mavi
ve yesil altyapi ¢ézimlerinin kent planlamasina Ust 6lgeklerde entegre edilmesi gerektigini vurgulamiglardir.

Battemarco et al. (2022), yaptiklari galismada suyun kentle biitiinlesik bir unsur olmasindan ¢ok yapisal
bir unsur olarak gorilmesini elestirmis, gelecek icin mavi yesil altyapi ve nehir restorasyonu yaklasimlarini
benimseyerek kentsel vyerlesim alternatifi tanimlamiglar; gelecede yonelik modeller ve indekslerle
karsilastiriididinda kentsel genislemenin sel riskini hayli artiracagini, mavi yesil altyapi uygulamalarinin ise
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havzalarin ¢evresel kalitesini iyilestirmenin ve stratejik mekénsal planlama onceliklerini belirlemesi yani sira
olasi riskleri de azaltma potansiyeli tagidigini ortaya koymuslardir.

Kentler icin mavi altyapi ¢calismalari genellikle kentsel gecirimsiz yuzeylerdeki sel ve taskin riskinin
kontroll igin irdelenirken, gri altyapi uygulamalarina sikga basvurulmaktadir. Buna karsin Alves et al.
(2019) gri altyapinin, sel riskini azaltmada iyi bir performansa sahip olmasina ragmen yesil altyapinin, gri
altyapinin sunamayacagi ¢ok sayida ek fayda sagladigini vurgulamistir. Mavi altyapinin iyilestiriimesi
adina yesil altyapi ile desteklenmesi sel riskini azaltmanin yani sira su tasarrufu, enerji tasarrufu, hava
kalitesinin iyilestiriimesi ve karbon tutulmasi gibi birgok fayda saglamaktadir.

Dianyanin birgok yerinde oldugu gibi Ulkemizde de kentsel buylime iklim degisikligi konusundaki
kaygilari artirmakta, bu degisimin yaratmis oldugu sel, tagkin, kuraklk, su kithdi, olagandisi hava olaylari
vb. sorunlarla yuz yuze gelmektedir. Bu sorunlari en aza indirgemek, iklim degisikligine direngli ve daha
surdirulebilir kentler elde etmek adina farkli 6lgeklerde gerceklestirilecek entegre ¢dézimlere ihtiyag
vardir. Kentsel peyzaj planlamasi kapsaminda, her bir kentin mavi altyapi durumu, bu altyapinin entegre
oldugu kentin gelisimine, sosyo-ekonomik durumuna, kentin konumu ve sahip oldugu dogal kaynaklara,
tarihi ve kiltirel yapisina gore sekillenmektedir. Bu nedenle mavi altyapi kentler icin blyik o6lcekte
bitincul bir sistem olarak dikkate alinirken, her bir kent i¢in ayr ayri ele alinmalidir. Turkiye'nin giiney
batisinda yer alan, Akdeniz ikliminin sicak ve kurak gecen yazlarina ragmen sonbahar ve ilkbahar
mevsimlerinde sellerle sonuglanan asiri yagis alan Antalya kenti mavi altyapi ¢ézimleri agisindan énemli
bir yere sahiptir. Bogagay, Diiden, Sarisu gibi igerdigi dogal yluzey sulari yaninda, 6zellikle 1980’lerle
hizla artan kentlesmeyle tamamen degisen Antalya kenti, kentlesmenin de etkisiyle mavi altyapi
bakimindan kritik bélgelerden biri haline gelmistir.

Bu calismada Antalya kenti Konyaalti ilgesi mavi altyapr durumunun degerlendiriimesi amaglanmistir.
Kentin en blylk akarsuyu olan Bogagay’'in Toroslardan getirdigi allivyonlar Gizerinde yer alan ve son 20
yilda kentin en hizli gelisimine konu olan Konyaalti ilgesi, asirn yagislarla 6zellikle sel ve taskinlara maruz
kalmaktadir. Calismada Antalya, Konyaalti ile Akdeniz érnegdinde mavi altyapi dogal ve kiiltirel unsurlari
ile birlikte tanimlanmig ve mavi altyapinin bir sistem dahilinde planlanmasi amaclanmigtir. Entegre bir
mavi altyapi plani ¢alismasi yaninda surddrilebilir, daha saglikli ve ekolojik dederleri yiuksek kent
peyzajlari igin temel verilerin ortaya konulmasi; basta turizm ve tarim olmak tGzere ekonomik faaliyetlerin
yani sira Antalya kentinin iklim degisikligine uyumu ve slrdurllebilir kent gelisimlerine katki sunacak
verilerin Uretilmesi hedeflenmistir. Sonuglari itibariyle ¢alismanin kentlerde mavi altyapi ¢alismalarina
ornek teskil etmesi ve bilimsel literatiire bu dogrultuda katki saglamasi beklenmektedir.

Yesil altyapi ve yesil altyapi planlamasi konulari son yillarda surdurilebilir kentsel gelisme igin etkin
bir planlama araci olarak benimsenirken, mavi altyapi kavraminin yesil ve gri altyapi konularindan ayri ve
Ozel olarak ele alindigi sinirli sayida calisma oldugu gérilmektedir. Yerel Olgekte iklim degisikligi
hakkindaki dngorlerin belirsizligi nedeniyle, iklim degisikliginin yerel su havzalari bazinda hidrolojik yapi
Uzerindeki etkilerinin anlasiimasi ve iklim degisikligine uyum stratejilerinin ortaya konmasi igin daha fazla
calismaya ihtiya¢ vardir (Cheng et al., 2017). Bu calisma; Antalya, Konyaalti ilgesi icin potansiyel ve
mevcut mavi altyapr durumunun ele alinmasini, yizey gecirimliligi temelinde mavi altyapi planlamasina
yonelik oneriler gelistiriimesini amaclarken, ayni zamanda iklim degisikligine uyum c¢ergevesinde mavi
altyapi konusunun kentler icin dGneminin vurgulanmasi hedeflemistir.

MATERYAL ve YONTEM
Materyal

Calisma alani Antalya kenti Konyaalt ilgesini kapsamaktadir (Sekil 1). Tarkiye’'nin gineyinde,
Akdeniz kiyisinda bulunan Antalya kentine bagh Konyaalti ilcesi gerek konumu gerek su varliklari
bakimindan zenginligi, gerek turizm agisindan 6nemi ve Antalya’nin kentlesme surecinde aldigi géclerle
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nifusunun ginden gine artmasi ve buna bagl olarak dogal su kaynaklari i¢in hizla artan talebi ilgenin
mavi altyapi planlamasi kapsaminda degerlendiriimesini gerekli kilmistir. Ozellikle 1980’lerde turizmde
meydana gelen yogun hareketlilik cografi konumu nedeniyle galisma alaninin da iginde bulundugu
Antalya kentini etkilemis, dncesinde tarimsal kimligin baskin oldugu sehirde kentsel yayillimin hizla
genislemesine neden olmustur (Atik vd., 2021).

Uzun sahil bandinin yani sira; barindirdigi akarsulari, kent icinde hala mevcut olan vadileri ve
daha kucuk dereler ile zengin bir su agina sahip (Atik vd., 2021) Konyaalti, Toros Daglar’nin aldigi
yagislardan gelen Bogacay ve Sarisu caylarinin alGivyonlari ile olusan bir kiyr ovasi niteligindedir.
Calisma materyalinin bir kismini Konyaalti ilgesi dogal ve yapay mavi altyapi unsurlari
olusturmaktadir. Bu kapsamda akarsular, dereler, vadiler, kiyi, sazlik ve batakliklar dogal altyapi
unsurlarini tanimlarken, sulama ve drenaj kanallari, géletler, havuzlar yapay mavi unsurlari olarak
dikkate alinmistir.

Buna ek olarak c¢alisma alani igin kentlesmenin mavi altyapiya olan etkisinin de irdelendigi bu
calismada kentsel alan kullanimlari belirlenirken Copernicus Land Monitoring Service tarafindan
hazirlanan CORINE (2018) ve Urban Atlas (2018) verileri Google Earth (2022) uydu goérintuleri ve
arazi gozlemleri ile dizenlenmisgtir.

Yagisla yeryizine disen sularin ylzey sekilleri boyunca izledigi yollar da dogal drenaj hatlar
olarak mavi altyapi sisteminin 6nemli parcalandir. Dogal drenaj hatlar belirlenirken Copernicus Land
Monitoring Service tarafindan hazirlanan Dijital Yikseklik Modeli verileri ArcGIS 10.5 programi
kullanilarak yapilan analizlerde temel materyallerden biri olmustur.

Calisma alani igerisindeki temel mavi altyapi unsurlarindan olan Bogagay ve Sarisu ¢aylari igin
Meteoroloji isleri Genel Midirliigi (2022)den Q100 tagkin debilerine gére taskin risk bolgeleri verisi de
galisma alani mavi altyapi bakimindan sorunlu alanlarin belirlenmesi adina kullaniimistir.

30°30’

|
36°57"

B 36°51"

36°45

AKDENIZ

36°39

Sekil 1. Calisma alani konumu.

Figure 1. Location of the study area.
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Yontem
Konyaalti ilgesi icin mavi altyapi sisteminin degerlendiriimesini amaglayan ¢alismada;

* Mavi altyapinin 1950Q’lerin esas alindigi kentlesme 6ncesi ve mevcuttaki mavi altyapi unsurlarinin
tanimlanmasi ve mavi altyapidaki degisimin belirlenmesi,

= Kentsel alan kullanimlarina bagli yiizey gegirimlilik durumunun ortaya konulmasi,
 Kentlerdeki ylzey gecirimliligini 6nemli dizeyde sekillendiren “dogal drenaj hatlari’nin analizi

* Yizey gecirimliligi temelinde ¢alisma alani i¢in mevcut mavi altyapl durumunun degerlendiriimesi

« Mavi altyapi sistem 6nerisi kapsaminda korunmasi gereken, iyilestirme alanlari ve sorunlu alanlar
tespit edilerek dneriler gelistiriimistir (Sekil 2).

Calismanin ilk asamasinda c¢alisma alaninda heniiz kentlesmenin olmadidi yillar olan 1957-1958
yillarinda dogal olarak bulunan mavi altyapi unsurlari ile kentlesme sonrasi degisime ugramis hali ile mevcut
mavi altyapi unsurlari belilenmistir. Kentlesme 6ncesi mavi altyapi unsurlarinin belirlenmesi igin 1957 ve
1958 tarihlerine ait ortofoto goéruntileri kullaniimistir. Mevcut mavi altyapi unsurlari igin 1/25000 6lgekli
topografik haritalar ile 2023 Google Earth uydu goriintileri arazi galismalari ile birlikte analiz edilmistir. Bu iki
veri karsilastirildiginda kentlesme ile alanda dogal olarak bulunan mavi altyapi unsurlarinin nasil degistigi
ortaya konulabilmistir. Bu agsamada ¢alisma alani igin kentlesmenin mavi altyapi sistemini nasil etkiledigi
g6zlemlenirken ayni zamanda kentlesmenin etkisiyle kaybedilen mavi altyapi unsurlarinin mevcut mavi

altyapiy destekleyebilecek potansiyel mavi altyapi iyilestirme unsurlari olarak degerlendirilmistir.

Kentlesme ile alanda artan gegirimsiz kentsel ylzeyler suyun dogal akisini ve rejimini degistirmekte,
olas!I drenaj problemlerine ve suyun dogal dongliye katilamadan atik sulara karisarak yitiriimesine neden
olmaktadir. Mavi altyapi sisteminin sirdirdlebilirligini ve baglantililigini olumsuz yénde etkileyen bu durum,
calisma alani icin kentsel alan kullanimlarina bagli gecirimlilik durumunun ortaya konmasini gerekli
kilmaktadir. Bu amagla alan kullanimlarina gére bir gegirimlilik siniflamasi yapilmistir.

- Gegirimli alanlar: insan etkisinden korunmus dogal alanlar ile agik alanlar, tarim yapilan tarla,
meyve bahgesi vb. tarim alanlari,

* Yari gegcirimli alanlar: Orti alti tarimin yogun bulundugu tarim alanlari, insan etkisiyle dogallig
bozulmus kent ici acik yesil alanlar ile gegirimsiz yluzeylerin yaygin olmadigi kirsal yerlesim alanlari,

+ Gegirimsiz alanlar: Tamamen degistirilmis, blylik kismi sert zeminlerle kaplanmis kentsel yerlesim
alanlari, endustriyel bdlgeler vb. alanlar olarak degerlendirilmistir.

Mavi altyapi kapsaminda yagisla yerylzine digen suyun dogal dénguye kazandinimasina kadar
gecen siredeki dongisi 6zellikle kentsel alanlarda suyun vyitirilmesinin engellenmesi ve yagmur suyu
birikimi acisindan Onemlidir. Suyun yeryiiziinde izledigi yollar ile, drene oldudu, biriktigi veya dogal
kaynagina ulastigi alanlarin surdarilebilir mavi altyapi planlamasi adina géz éntinde bulundurulmasi ihtiyaci
vardir. Calisma kapsaminda ArcMap programi kullanilarak 10x10 cm ¢6zUnUrliklG DEM verisi Gzerinden
yapilan akis ydnu, akig birikimi analizleri gergeklestiriimis ve dogal drenaj hatlari haritasi Gretilmigtir. Burada
dogal drenaj hatlari gizgisel bir veri olarak elde edilmis olup, ylzey akisinin yiksek oldugu yerlerde 100
metre, yuzey akisinin orta ve dusiuk oldudu yerlerde ise 50 metre genisligindeki bir etkilesim zonu
tanimlanmistir. Bu tanimlama, 1990 yili kiyi kanununda belirtilen yapilasma sinirlan referans alinarak
yapiimistir. Bu sayede yagisla yerylziine disen suyun mavi altyapi kapsaminda g¢alisma alani igerisinde
hangi noktalardan gegip hangi alanlarda drene olduguna dair gerekli bilgiler alansal olarak elde edilmistir.

Mavi altyapi ile ilgili olarak yogun yagislar sirasinda akarsularin tagsma ihtimali ¢ok ylksek olan bu
bdlgeler icerisinde kentlesme sonucunda olugan gecirimsiz ve yari gecirimli alanlar, suyu drene
edemeyeceginden risk alanlari olarak belifenmistir. Bu amagla Meteoroloji isleri Genel MidurlGgi
(2022)'den Bogacgay ve Sarisu icin Q100 taskin debilerine gore tasgkin risk bolgeleri verisi temin edilmistir.
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Ayni zamanda arazi yapisina bagl ylizey akisina gegen yagmur sularinin kaynagina ulasana kadar
izledigi yollar olarak degerlendirilen ve arazi sekillerine bagh olarak olusan dogal drenaj hatlarinin
gecirimlilik durumu ortaya konulmustur (Sekil 2). Bu veri sayesinde yagisla yerylziine inen suyun izledigi
yol boyunca akisa gectigi gegirimsiz ylzeyler ile drene oldugu gegcirimli bélgeler mavi altyapi kapsaminda
irdelenmesi mimkan olmustur.

Mavi altyapi sistem o6nerisi kapsaminda korunmasi gereken, iyilestirimesi gereken alanlar ile
sorunlu alanlar tespit edilmistir. Burada

« Korunmasi gereken alanlar; dogal mavi altyapi unsurlari ile dogal drenaj hatlari ve taskin risk
bdlgesi icerisinde bulunan gecirimli alanlar,

- lyilestirme alanlari; kentlesme ©ncesinde mevcut olup giinimiizde kaybedilen, yeniden
canlandirilabilecek potansiyel mavi altyapi unsurlari ile dodal drenaj hatlari ve tagkin risk bdlgesi
icerisinde bulunan, yesil altyapi ile desteklenmesi mimkun olan yari gegirimli alanlar

= Sorunlu alanlar; dogal drenaj hatlari ve taskin risk bdlgesi icerisindeki mavi altyapinin gri altyapi
ile desteklenmesini gerekli kilan gecirimsiz alanlar olarak belirlenmistir.

Belirlenen sorunlu alanlarin tamamen gegirimsiz kentsel ylizeylerle kapli olmasi bu alanlara yapilacak
olan midahaleleri kisitlamaktadir. Burada mavi altyapinin iyilestirimesi adina gelistirilecek ¢oziimlerin
sorunlu alanlarla baglantili yari gecirimli alanlar Gzerinde gerceklestiriimesi ile bu alanlar icerisinde mavi
altyapinin gri altyap! ile desteklenmesi énerilmigtir.

1. MAVi ALTYAPI 2. ALAN KULLANIMINA DR / 4. MAVI ALTYAPI 5. MAVi ALTYAPI
UNSURLARININ BAGLI GEGIRIMLILIK RI _DURUMUNUN SiSTEM ONERISi
BELIRLENMESI DURUMU VIES DEGERLENDIRILMESI
_——
* Mevcut Mavi * Korunmasi Gereken
Kantiegme Altyap: Alanlar
Oncesi Mevcut
S 2 Gegirimli yazeyler
(PO(I"S'VQ') ° Gecirimli Alanlar ® Ak'$ Yonl Analizi . Taskm Risk Dogal Mavi Altyap: Unsurlan
Bolgeleri « lyilegtirme Alanlari
* Akarsu L * Akig Birikimi Analizi Gegirimlilik -
o Kiyr  Yar Gegirimli Alanlar Durumu Potansiyel Mavi Altyop:
Unsulan
* Sulak Alan L * Dogal Drenaj Hatlari Yari1 Gegirimli Yuzeyler
* Akarsu Yatagi * Gegirimsiz Alanlar Analizi « Dogal Drenaj
* Golet Hatlarnm * Sorunlu Alanlar
Gegirimlilik Gri Altyapi ¢6zimii gerektiren
Durumu gegirimsiz yuzeyler
—

Sekil 2. Calisma yontemi akis semasi.

Figure 2. Study method diagram.

ARASTIRMA BULGULARI

Antalya ovasi kalkerli yapida, travertenlerin ve ¢dkinti alanlarin ve didenlerin oldugu bir ovadir. Bu
ovada kentin kuzey kesimindeki daglardan (Beydaglari) gelen sular, bu travertenler, didenler ve ¢oklntiler
vasitasiyla yeraltina iletilir (Sarigil, 2021). Plansiz ve kontrolsiiz kentlesme nedeniyle artan gegirimsiz
yuzeyler ve sert zeminler bu alanlarda suyun yeraltina iletimini engellediginden dolay! ani ve yodun siddetli
yadislar Antalya icin sellere ve tagkinlara sebep olmaktadir. Bunun yani sira Antalya Limaninin da bulundugu
Hurma gibi bazi yerlesim alanlari 6zellikle kentlesme 6ncesi sulak alan 6zelligi gosteren bdélgeler olup, bu
bolgelerde son zamanlarda yogunlasan kentlesme durumu ylzey sularinin bu bdlgede yeraltina
gecememesine ve sel tagkin felaketlerine neden olmaktadir (Sarigll, 2021). Konyaalti ilgesi Antalya kenti
icerisinde ylUksek kentlesme baskisi altinda, fakat mavi altyapi bakimindan da oldukga &nemli bir yere
sahiptir. Ginimizde kent icin en dnemli su kaynaklarindan Bogagay ve Sarisu akarsularini barindirmaktadir.
Pinarbasi, Girsu, Arapsuyu, Sarisu, Akkuyu, Kuskavagi, Suicecek, Caglarca, Ugoluk, Kurugay, Gokdere
mahalle isimleri Konyaalt'nin su kaynaklari ve 6zellikle de mavi altyapi unsurlari agisindan cesitliliginin ve
potansiyelinin gostergesidir.
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Konyaalti iigesi Mavi Altyapi Unsurlari

Mavi altyapi unsurlari temel olarak kiyilar, akarsular, géller, sulak alanlar, kurumus akarsu yataklari
ve batakliklardan olusan dogal unsurlar ve akarsu setleri, biyo-hendekler, goletler, gesmeler, kanallar, su
tutma havzalari ve su drenaj sistemlerinden olusan yapay unsurlar olarak tanimlanmaktadir (Haase,
2015, European Comission, 2017). Bu kapsamda kentlesme 6ncesi 1957-1958 yillari potansiyel ve 2023
yih mevcut mavi altyap! analizleri sonucunda Konyaalti ilgesindeki mavi altyapir unsurlari kiyilar,
akarsular, sulak alanlar, goletler ve kanallar olarak belirlenmistir (Sekil 3).

AKARSULAR KIYI SERIDI
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Sekil 3. Konyaalti ilgesi kentlesme 6ncesi ve sonrasi mavi altyapi unsurlarinin durumu.

Figure 3. Condition of blue infrastructure elements before and after urbanization in Konyaalti district.

Konyaalti ilgesi i¢cin 1957-1958 yillarindaki dodal mavi altyapi unsurlari ile ginimizde mevcut
olarak bulunan mavi altyapi unsurlari karsilastirildiginda, degisimin agirlikli olarak ilgenin konut-
yerlesim bdlgesinde oldugu goérilmektedir. Calisma alani igin kentlesmenin 48.75 km akarsu kaybina
neden oldugu belirlenirken, ekolojik agidan ¢ok énemli olan sulak alanlarindan 23.86 ha’i kentlesme ile
ortadan kalkmigtir. Akarsu yataklarinda kentlesmenin 461.42 ha’lik alan kaybina neden oldugu tespit
edilmistir. Bogacay akarsu yatagi, Konyaalti ilgesindeki konut dokusunun ve kentsel yapinin ortasinda
kalmistir. Akarsuyun kurudugu yaz dénemlerinde dere yatagindan yogun bir tas ve malzeme alimi
dikkat cekmektedir. Diger yandan kiyi alanlarinda kentlesme sonrasi 82.29 ha kayip tespit edilmistir.
Buna karsin ilgede sulama amagli kullaniimak tzere 5.62 ha yapay golet olusturulmustur (Sekil 4).

Alan Kullanimlarina Bagh Gegirimlilik Durumu

Calisma kapsaminda Konyaalti ilgesi i¢in alan kullanimlarina bagli gegirimlilik durumu irdelenmigtir
(Sekil 5). Buna gore ilgenin %77.59'unu gecirimli alanlarin, %12.56’sin1 gegirimsiz alanlarin ve %9.85’ini ise
yari gegirimli alanlarin olusturdugu belirlenmistir. Sayisal olarak gegirimli alanlarin ilgenin geneline dagildigi
gorulurken, burada ilgedeki dogal alanlarin varligi 6nemli rol oynamistir. Buna karsin kentsel dokunun 6ne
ciktigi ilgenin kuzeydogu kesiminde gegirimsiz ylzeylerin yogunlastigi gérilmektedir. Calisma alanindaki
temel akarsular olan Bogagay ve Sarisu igin belilenmis Q100 tagkin risk bélgelerinin (Meteoroloji isleri
Genel Muduarluga, 2022) gegirimlilik durumuna bakildiginda bu bdlgelerin 1038.88 ha alani gegirimsiz
kentsel ylzeylerle kapli oldugu tespit edilmistir. Risk boélgelerinde 251.44 ha yari gecirimli ve 234.34 ha
gecirimli alanlar oldugu belifenmigtir.
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Sekil 4. Konyaalti ilgesi kentlesme 6ncesi ve sonrasi mavi altyapi unsurlarinin degisimi.

Figure 4. Change of blue infrastructure elements before and after urbanization in Konyaalti district.
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Sekil 5. Konyaalti ilgesi alan kullanimlarina bagli gegirimlilik durumu.

Figure 5. Permeability situation of Konyaalti district with respect to land uses.

Kentlerde sirdurilebilir mavi altyapi planlamasi kapsaminda énemli bir diger konu, yagisla yeryiziine
inen suyun, yeryuzu sekillerine bagl olarak kaynagdina ulagana kadar izledigi yoldur. Dogal drenaj hatlari,
kentsel bdlgelerin yeniden sekillendiriimesi ve ylzeylerin gecirimsiz veya yari gecirimli malzemelerle
kaplanmasi dolayisiyla insan unsuruna bagh olarak dedismektedir. Bu bdlgelerde suyun ydnlendiriimesi ve
kontrolll, surdarilebilir su yonetimi agisindan énemli olup, kentlerde sel riskini de azaltmak adina buytk
Onem tasimaktadir. Yapilan analizlere gére dogal drenaj hatlarinin 1508.29 km'’si gegirimli alanlar Gzerinde
bulunurken, 255.26 km’si yari gecirimli ve 251.77 km’si ise gegirimsiz alanlarda yer almaktadir (Sekil 5).
Ozellikle gegirimsiz ve yari gecirimli kentsel alanlar igin yiizey akisinin planlanmasi ve kontrolii mavi altyapi
bakimindan buyidk éneme sahiptir. Bu alanlarda yagmur suyunun yizey akigi dogru yonetiimedigi takdirde
bolgede akisa gegemeyen su ani ve yodun yagislarda sel felaketini beraberinde getirecek, kaynagina
ulagamayan ve yeraltina sizamayan sular ise atik sulara karisip vyitirilecektir.
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ARASTIRMA SONUCLARI ve TARTISMA

Hizla artan nifus ve kentlesmenin dogal gevre ve ekosistemler lzerindeki baskisi ve bu baskinin
bir sonucu olarak ortaya ¢ikan iklim dedisikligi; dogal kaynaklarin tikenmesi, habitat kayiplari, dogal
dengenin bozulmasi gibi olumsuz degisimleri beraberinde getirmektedir. Bu noktada kentlerde
surdurulebilirlik, ekolojik planlama, yesil ve mavi altyapi planlamasi iklim degisikligine direnglilik ve cevre
sorunlarinin temel ¢ézumleri arasinda kabul edilmektedir. Kentler icin mavi altyapi planlamasi tim bu
¢bzumler icin ana asamalardan birisidir. Calisma alani olarak segilen Antalya kenti, Konyaalti ilgesi hizla
artan nifus ve kentlesmenin etkisi altinda stirekli bir degisim halindedir. Degisim halindeki bu kentleri
iklim degisikligine direncli kilmak adina basvurulan ¢oézimlerin basinda ise mavi ve yesil altyapi
planlamasi gelmektedir (Mértberg et al., 2007; Hepcan vd., 2013; Parlak vd., 2022).

Calisma sonuglari kentlesmenin Konyaalti ilgesi mavi altyapi unsurlarn i¢in yaklasik 48 km
uzunlugunda akarsu kaybina, 24 ha sulak alanin yitiriilmesine, 82 ha kiyinin yok olmasina ve 461 ha’dan
fazla akarsu yataginin kentsel alanlarla kaplanmasina neden oldugunu ortaya koymustur. Bu kayiplarin
¢ogunlukla kentlesmenin yogun oldugu, ilgenin giney kiyi kesimi ile i¢ kisimlarinda yogun olmasi, ilgenin
dogal 6zelligini kaybetmedigdi kuzey ve bati kesimlerinde ise daha az olmasi dedisimin temel sebeplerinden
birinin kentlesme oldugunu destekler niteliktedir. Calisma alani olan Konyaalti ilgesi, mavi-yesil altyapi
sisteminin temel baglarindan olan akarsular ve dogal vadiler bakimindan hayli zengin bir boélge olmasina
karsin, kent igerisindeki bu alanlarin Gzerinin yapisal unsurlarla kapanmasi, sistemi blyUk oranda riske
sokmaktadir. Belirlenen kayiplar, bu mavi altyapi unsurlarina bagli olan habitatlarin ve turlerin yok
olmasina, suyun yitiriimesine neden olmakta; habitatlar ve ekosistemler icin tehlike arz etmektedir. Ekolojik
tehlikelerin yani sira, bu kentlerde yasayan insanlar igin iklimsel konfor ve estetik alanlarda sosyoekonomik
olarak olumsuz etkilere sebep olmaktadir. Konyaalti ilgesinin 6zellikle kuzeydogu kesimlerinde
kentlesmenin hemen gerisinde yodunlasan toplamda yaklasik 877 ha kirsal yerlesim alani ile ilge
genelinde 4357 ha tarim alani belirlenmistir. Turizm disinda en 6énemli gelir kaynaklarindan biri tarim olan
Antalya kenti igin dogal su kaynaklari sosyal ve ekonomik olarak da blyik 6nem tagsimaktadir.

Kent igerisinde su unsurlarinin kentsel 1s1 adasi etkisini azalttigi bilinmektedir (Bilgili, 2009; Rozos et al.,
2013; Wu et al., 2019; Elma, 2020). Kent dokusu igindeki dogal su kaynaklari ve formlarinin kaybi ise hem
iklimsel konforu hem de ekosistemleri olumsuz etkilemekte ve ¢ogu zaman kentin estetik degerini
dustrmektedir. Gegmiste tarimsal niteliginin baskin oldugdu ilge merkezi glinimuzde ¢ok katli yapilarin, ticari
ve turistik alanlarin, farkli is kollarindan ve farkli klttirlerden birgok insanin bir arada barindigi Turkiye'nin en
fazla nlfusa sahip kentlerinden biri haline gelmis, karakteri ve kentin imgesi biylk bir degisime ugramistir.
Bununla beraber T.C. Tarim ve Orman Bakanligi Meteoroloji isleri Genel Mudirigi aylik ortalama
sicakliklarina bakildiginda, kentlesmenin yeni basladi§i zamanlar olan 1980 yili en ylksek ortalama sicakligin
agustos ayinda 27.9°C oldugu olgulmuisken, 2020 yili agustos ayinda ayni istasyonda sicaklik ortalamasi
29.7°C olarak belirlenmigtir (T.C. Tarim ve Orman Bakanli§i Meteoroloji isleri Genel Mudarliigi, 2021).

Mavi altyapl kapsaminda ele alindiginda, 6zellikle her yil sel ve tagkin olaylarinin sikga yasandigi
Konyaalti ilgesi icin kentsel alanlarin olusturdudu gecirimsiz yizeylerin miktari ve kapsami bu noktada
onemlidir. Tagkin risk bdlgeleri icerisinde bdylesi bliylk oranda gegirimsiz kentsel dokunun bulunmasi su
kaynaklarinin surddrulebilirligi konusunda ciddi sorunlar yaratiyorken, kent igin olasi tagkin ve sel riskini
de artirmaktadir (Berland et al., 2017). Bu yonlyle ele alindiginda ¢alisma alani mavi altyapi sisteminin
degerlendiriimesi ile elde edilen en dikkat ¢ekici bulgulardan biri Bogacay ve Sarisu nehirleri taskin risk
boélgelerinin 1038.88 ha kisminin gecirimsiz alan kullanimlari ile kapali olmasidir.

iklim degisikligi ile kentsel gelisim, hidrolojik rejimin de degisimine sebep olmakta, bu durum yiizey
akis hizinin degisimi, taban suyu seviyesinin azalmasi, akarsu erozyonlan ve dogal afetler gibi olumsuz
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sonuglar dogurmaktadir (Romnée et al., 2015). Bu durum; Ozellikle de sel, taskin gibi ylzey sularinin
yonetimi 6nlemlerini gerekli kilmaktadir. Coskun Hepcan (2022)Ya goére taskin dogal bir slire¢ olarak
tanimlanmakla birlikte; ekolojik kentsel planlama kapsaminda bu slrecin g6z ardi edilmesi tagkin olaylarini
bir dogal afet haline getirmektedir.

Yilmaz (2008), topografik 6zellikler ile sekillen Antalya kentinde yillik ortalama yagis degerinin 800
mm’yi astigini, hatta 2003 yilinda kente 1773’8 mm yagis dustigunu belirtmistir. Kentte yagis miktarinin
bu denli fazla olmasinin nedenlerinden biri cografi konumu itibariyle Toros daglarinda meydana gelen
cephe yagislari, diger neden ise nemli hava kutlesinin daglar boyunca yikselip soguyarak orografik
yagislara sebep olmasidir. Kuvvetli siklonik faaliyetlerin yol actidi yadislarla birlikte bazen bdlgede olusan
hortumlarin taskinlara dénustigu, kentsel gcevreye ve 6zellikle sera alanlarina bliylk zarar vermektedir
(Sekil 6). Bu kapsamda kent i¢cin mavi altyapi planlamasi su déngisinun iyilestiriimesi, ylzey sularinin
korunmasi ve yagmur suyu emiliminin saglanabilmesi ve bu sayede olusabilecek felaketlerin azaltiimasi
Onem tasimaktadir.

Sekil 6. Antalya'da meydana gelen sel ve taskinlar: a) Anadolu Ajansi (2018), b) Anonymous (2013), c) IHA (2020), d) T24
Bagdimsiz Internet Gazetesi (2020).

Figure 6. Floods and overflows in Antalya: a) Anadolu Ajansi (2018), b) Anonymous (2013), ¢) IHA (2020), d) T24 Bagimsiz interet
Gazetesi (2020).

Antalya kentindeki su kaynaklari yoninden hayli zengin olan Konyaalti ilgesi su &geleri,
gunumuzde gerek kullanim talebinin artmasiyla gerekse kent icerisindeki sert zeminlerin artigiyla yer yer
bozulmakta ve yer yer bozulma riskiyle karsi karsiya kalmaktadir. Yildiz (2011) gegmiste kentin yogun
yagis aldigi dénemlerde falezlerden gelen sularin gaglayanlar olusturdugunu, fakat glinimizde yanlis
imar uygulamalari ile dogal drenaj ylUzeylerinin ve su yollarinin kapatilmasi sonucunda falezlerde
cokintuler goruldiguni belirtmistir.

Kentlerde mavi altyapi planlamasi 6zellikle iklim degisikligi ile beraber ekolojik planlama
kapsaminda giderek daha da 6nemli hale gelmektedir. Buna karsin mavi altyapiyi ¢evresinden ve yesil
altyapidan bagimsiz distinmek mimkin degildir. Sun et al. (2017)'a gore ekolojik kentsel altyapi, mavi,
yesil ve gri altyapilarin birbirleri ile olan dengeli iligkisi ile sadlanabilecek bir planlama yaklagimidir.
Ozellikle kentsel alanlarda mavi altyapinin, yesil ve gri altyapi ile birlikte disiinilip planlanmasi
surdurilebilirlik kapsaminda fayda saglayacak niteliktedir (Oztag Karli & Artar, 2021). Kent igerisinde mavi
altyap! kapsaminda belirlenen sorunlu alanlar i¢in yuzey suyu akisinin dizenlenmesi ve yesil altyapi
¢6zumlerinin kullaniimasi 6nerilmekte, bunun mimkin olmadigi yapilasmis alanlarda ise gri altyapinin
degerlendiriimesi s6z konusudur. Cheng et al. (2017) etkin bir yagmur suyu yonetiminin kentin su
kaynaklar Gzerinde olusturdugu baskiyi azaltacak sekilde degerlendiriimesi ve ylzey suyu akisi yagmur
sularinin kaybini 6nlemesinde doga tabanh ¢ézimlerin benimsenmesi gerektigini vurgulamistir. Burada,
mavi altyapinin yesil altyapi ile desteklenerek yagmursuyu birikimi yapilmasi, biriktirilen suyun sulama,
endustri gibi ihtiyaclarda kullanilmasi kent i¢i su kullanimin verimini artiracaktir. Bu sayede dogal su
dongusinin ve kaynaklarin surdirdlebilirliginin saglanmasi yaninda sel, taskin gibi dogal afetlerin
onlenmesi de mumkindur. Kentsel alanlarda bu dogrultuda ekolojik ve doga tabanli bir yaklagsimla uygun
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noktalarda yapilacak olan dogru muadahaleler kentlerde dodal su dongusinin sirdirilebilirigini
destekleyecek olup, ayni zamanda olusabilecek dogal afetlerin 6niine gececek, surdurilebilir kentsel
gelisimi destekleyecek, kentleri iklim degisikligine daha direngli hale getirecek ve kentsel yasam kalitesini
artiracaktir (Sekil 7).

Kentsel yesil alanlarin . Yagmur suyu tutulmasini
artirilmasiyla suyun yiizey akisina Dodal karakteri bozulmus artirmak igin kentsel yesil

gegisinin engellenmesi yari gegirimli alanlarin altyapi ¢oziimlerinin gelistirilmesi

Mavi altyapi bakimindan iyilegtirilmesi Yiizey akisina gegen suyun
onemlidogal alanlarin Gri altyap: goziimleri yerine emiliminin saglanmasi iin
korunmasi doga tabanli ¢oziimlerin uygun alanlarin

tercih edilmesi niteliklendirilmesi

Sekil 7. Kentlerde mavi altyapi planlamasi 6rnegi.

Figure 7. Example for blue infrastructure in cities.

Dogal sistemler ¢ok fonksiyonludur ve diger sistemlerle surekli iligki igerisindedir. Bu nedenle bu
sistemler igerisinde temel unsur olan suyun guvenligi, yagmur suyunun ydnetimi, tagkin yénetimi, biyolojik
cesitlilik vb. konulari tek basina ele alan ¢6zim o6nerilerinden ziyade ekolojik planlama kapsaminda
biitiinlesik bir planlama yaklasimi gerekmektedir (Victoria State Government, 2017). iklim degisikligine
direngli kentler yaratiimasi adina tek bir hedef odakli ve genelde gri altyapiya dayali sunulan yapisal
¢6zUm onerileri uygulandiklar alanlarda beklenen verimi saglayamamaktadir (Cogkun Hepcan, 2022). Bu
durum mavi altyapi kapsaminda su kaynaklari yonetimi adina su déngusi ve bu dénginin gevre ile olan
diyalogundaki karmasik iligkilerin anlagilmasi ihtiyacini ortaya ¢ikarmaktadir (Parlak, 2023).

Buna karsin kentler idari sinirlari igerisindeki dogal sistemlerden daha c¢ok ekolojik sinirlar
icerisindeki sistemlere de bagimlidir (loja et al., 2021). Dolayisiyla saglikli, surdurdlebilir ve iklim
degisikligine direngli gevreler elde edilmesi adina miilki ve idari ayrismalarin temel hedefler dogrultusunda
birlesmesi gerekmektedir.
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Sekil 8. Konyaalti ilgesi mavi altyapi sistem onerisi.

Figure 8. Blue infrastructure system proposal of Konyaalti district.

Konyaalti ilgesi icin, jeolojik 6zellikleri kapsaminda kentsel gelisimini tamamlamis ilgcelerden biri
olmasina ragmen, yesil ve gri altyapi desteg@i ile mavi altyapi sisteminin iyilestirimesi mimkindar.
Calisma ile Konyaalti mavi altyapi sisteminin iyilestiriimesi adina mavi altyapi unsurlari agisindan sorunlu
alanlar kentsel ve gecirimsiz doku ile tamamen kaplanmig, yagmursuyu emiliminin mimkun olmadigi, sel
ve taskin suyu birikimi bakimindan ylksek riske sahip alanlar olarak belirlenmistir (Sekil 8). Bu alanlar
Uzerindeki baskinin azaltiimasi adina kent igerisindeki yari gecirimli yuzeylerin yesil altyapi unsurlari ile
desteklenmesi ve iyilestiriimesi ile mavi altyapi sistemine dahil edilmesi ¢alismalarina elverigli alanlar
mavi altyapi sisteminin iyilestiriimesi adina mudahalelerde bulunulabilecek iyilestirme alanlan olarak
tanimlanmistir (Sekil 8). Bununla birlikte sistemde halihazirda etkin bir role sahip dogal alanlar ve
gecirimli ylzeyler ise mavi altyapi kapsaminda korunmasi gereken alanlar olarak belirlenmistir (Sekil 8).
Bogacay ve Sarisu tagkin risk bolgesinin 1038.88 ha olarak belirlenen gegirimsiz ylizeylerle kapli olan
kismi ile, ilgenin yodun kentsel dokuya sahip dogu kiyilari ile kiyir gerilerinde gecirimsiz yuzeylerin
kapattigi dogal drenaj hatlari mavi altyapi sistemi icerisindeki sorunlu bdlgelerdir. Bu bdlgelerin tamamen
yapilasmis olmasi, mavi altyapinin iyilestiriimesi adina yapilacak olan midahaleleri hayli kisitlamaktadir.
Buralarda mavi altyapr sisteminin desteklenebilmesi adina yalnizca gegici gri altyapr ¢6zimleri
gelistirilebilmektedir. Fakat ne yazik ki uzun vadede bu c¢bézumler yeterli olmayacaktir. Buna karsin,
kentsel alanlarin gevresinde genellikle tarimsal ve kirsal nitelige sahip yar gecirimli alanlarda, 6zellikle
mavi altyapi bakimindan énemli dogal drenaj hatlari boyunca sorunlu alanlarin baskisinin azaltilmasi
adina mudahale edilebilir iyilestirme alanlari belirlenmistir. Bu alanlar doga tabanli ¢oézimler ve yesil
altyapi uygulamalari ile iyilegtirilerek mavi altyapi kapsaminda suyun tutulmasi, sel ve taskin riskinin
azaltilmasi, bdélgenin suya dayali baglantilihdinin ve dogal su ddngusunin desteklenmesine katkida
bulunacaktir. Bunlarin yanisira, ¢alisma alani sinirlari igerisinde yizolgimu olarak hayli yogun miktarda
bulunan dogal alanlarin, 6zellikle de bu alanlardan gegen dogal drenaj hatlarinin mavi altyapi sisteminde
en verimli ve en énemli bélgeler oldugu géz éniinde bulundurulmalidir. ilgenin bati ve orta kesimlerinde
yogunlasan bu alanlar mavi altyapi sistemi i¢in korunmasi gereken alanlardir.
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Kentlesmeden dolayi kaybedilen mavi altyapi unsurlarinin 6zellikle kritik noktalarda iyilestiriimesinin
saglanmasi, gegirimsiz yuzeylerin yogun oldugu bdlgelerde kosullar elverdigince su toplama alanlari,
biyohendekler, yesil catilar, yagmur bahgeleri vb. mavi-yesil altyapi c¢dzimlerinin Uretiimesi alan
gecirimliligini artiracak olup, tamamen yapilagmig alanlar i¢in suyun drenaji ve toplanmasi icin kanallar,
borular vb. yapisal gri altyapi unsurlarinin destegine ihtiyag duyulmaktadir. Konyaalti ilgesindeki 6nemli
mavi altyapi unsurlarinin basinda gelen Bodagay ve Sarisu caylan ¢evresindeki kentlesmeden olumsuz
olarak etkilenmektedir. Ekolojik kapsamda olusan baskinin yani sira dere taskin yataginda kentlesmenin bu
denli yogun olmasi Antalya iklimi igin tipik olan yodun yadis zamanlarinda tagkinlara ve sel felaketlerine
neden olarak kent halkini maddi ve manevi olarak zora sokmaktadir. Bu noktada kentsel alanlardan
etkilenen dogal drenaj hatlarinin 6zellikle kentsel alanlarda yeniden agida ¢ikariimasi suyun kentte birikimini
ve olasi felaketler ile su kaybi riskini azaltacaktir. Fakat 6neriler kisa vadede ve kuguk Olgekte gegici
¢ozumler sunarken, ileriye dénik ekolojik planlama hedefleri agisindan daha genis dlgekte ve batincul bir
yaklagimla ele alinmasi ihtiyaci vardir.

Antalya kenti merkez ilgelerinden biri olarak Konyaalti ilgesi halen hizla artan nifus ve buna bagl
artan kentsel alanlarin yiiksek baskisi altindadir. Bu baski kentsel gelismenin Bodagay'in Ust kisimlarindaki
Cakirlar bdlgesi gibi ilgenin kuzey kisimlarinda mevcut kirsal ve tarimsal alanlara ydnelmesine sebep
olmaktadir. Kentlesme baskisina ragmen calisma alani halen mavi altyapi unsurlari ile buna bagh olarak
yesil altyapi unsurlari bakimindan cesitlilik gdstermektedir. iklim degisikligi ve bu degisikligin kentlerdeki
olumsuz etkilerinin yonetilebilmesi igin imar planlarinda bu gesitliligin korunmasi ve gelistirimesi adina
kararlar alinmasi gerekmektedir. Bu kapsamda kent ekolojisi, kent sosyolojisi, ¢evre sagligi, dogal su
kaynaklarinin surdurulebilirligi, dogal yesil alanlarin iyilestiriimesi, geleneksel tarim alanlarinin korunmasi
gibi faydalarin gozetilmesi kentin iklim degisikligine direngli hale gelmesinde blylk 6neme sahiptir.
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0z
Amag: Domates bitkisinde hastaliga neden olan toprak kokenli funguslara

karsi, domates bitkilerinin rizosferinden izole edilen rizobakterilerin biyolojik
mucadele potansiyellerinin belirlenmesidir.

Materyal ve Yontem: 10 farkl rizobakteri izolatinin bitki gelisimini tesvik etme
ve 3 farkl fungal patojene (Fusarium oxysporum HMK2-6, Rhizoctonia solani
HB-66, Verticilium dahliae YY-14) kargl biyokontrol potansiyelleri in vitro
kosullarda belirlenmigtir. Ayrica, aralarindan segilen iki rizobakteri izolatinin R.
solani'ye kars! etkisi in vivo kosullarda belirlenmistir.

Arastirma Bulgulari: Pseudomonas chlororaphis T142 strainin %19.9 ve
Bacillus subtilis T139 straininin %11.9 oraninda biyokontrol etki gostererek R.
solani’'nin hastalik siddetini azalttigi tespit edilmistir. Ayrica Bacillus subtilis
T139 izolati, domates bitkilerinin kdk gelisimini kontrole gore artirmigtir.

Sonug: Calismada kullanilan rizobakteri izolatlari domateste R. solani’nin
biyolojik miicadelesi i¢in Umit vadedici sonuglar ortaya koymustur.

ABSTRACT

Objective: The aim is to determine the biological control potential of
rhizobacteria isolated from the rhizosphere of tomato plants against soil-borne
fungi that cause disease in tomato plants.

Materials and Methods: The biocontrol potentials of 10 different rhizobacteria
strains against 3 different fungal pathogens (Fusarium oxysporum HMK2-6,
Rhizoctonia solani HB-66, Verticilium dahliae YY-14), and their plant growth-
promoting characteristics were determined in vitro. In addition, the effects of two
selected strains among these strains against R. solani were determined in vivo.

Results: It has been determined that Pseudomonas chlororaphis strain T142
and Bacillus subtilis strain T139 decreased the disease severity of R. solani at
rates of 19.9% and 11.9%, respectively. In addition, Bacillus subtilis strain T139
increased the root growth of tomato plants compared to negative control.

Conclusion: Rhizobacteria strains in this study showed promising results for
the biological control of R. solani in tomato plants.
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GiRiS

Domates (Solanum lycopersicum L., Solanaceae), diinya genelinde Uretimi, tiketimi ve ticareti en
¢ok yapilan tarimsal Uriinler arasinda ilk siralarda yer almaktadir (Keskin & Dolekoglu, 2004). Tirkiye’de
domates yetigtiriciligi, agikta ve Ortu altinda yapiimaktadir. 2021 yih verilerine goére, 189.133.955 ton olan

diinya domates Uretiminin %6.92’sini Ureten Turkiye, domates Uretiminde Cin ve Hindistan’in ardindan
Uclincu sirada yer almaktadir (FAO, 2021).

Bitkiler yasam sureclerinin  bircok evresinde c¢evrelerinde bulunan cesitli faktorlerden
etkilenmektedir. Bu faktorler bitki metabolizmasini olumsuz etkileyerek bitki gelisimini sinirlandirmakta
veya sonlandirmaktadir (Gurel & Avcioglu, 2001). Bitkiler Gizerinde strese neden olan faktdrler; abiyotik ve
biyotik olarak iki gruba ayrilmaktadir. Soguk, sicak, kuraklik, tuzluluk, su fazlalidi, radyasyon, cesitli
kimyasallar, oksidatif stres, rlizgar ve toprakta besin yetersizligi gibi ¢cevresel faktorler abiyotik stres
faktorleri olarak degerlendirilir. Virus, viroid, bakteri, fitoplazma, fungus ve fungus benzeri organizmalari
iceren patojenler, bocekler ve herbivorlar ise biyotik stres faktorleridir (Mahajan & Tuteja, 2005).

Biyotik faktorler arasindan Ozellikle funguslar, domates yetistirciliinde ekonomik anlamda zarar
olusturan baslica mikroorganizma grubunu olusturmaktadir. Rhizoctonia solani, Fusarium oxysporum
f.sp. lycopersici, F. oxysporum f.sp. radicis-lycopersici, Fusarium solani, Phythophthora capsici,
Sclerotinia sclerotiorum, Pyrenochaeta lycopersici, Macrophomina phaseolina ve Pythium ultimum gibi
fungal patojenler tarla ve sera kosullarinda domateste dnemli verim kayiplarina neden olmaktadir (Yucel
et al., 2008). Toprak kaynakli patojenler arasinda yer alan Verticillium, Fusarium ve Rhizoctonia turleri
¢cOkerten, solgunluk, kdk ve govde curuklikleri gibi 6nemli hastaliklara neden olmaktadir (Agrios, 2005).
Ozellikle R solani, diinya capinda yillik driin kaybina (%20-40) neden olan Solanaceae familyasina ait
tarimsal Urdinlerde farkl hastaliklara neden olan, toprak kaynakl dnemli bir fungal bitki patojenidir (Ghosh
et al., 2017). Domateste olusturdugu zarar ile 6ne ¢ikan bu patojenin virlilensligi, anastomosis gruplari ve
micadelesi Glkemizde yogun bir sekilde calisiimistir (Tuncer & Erdiller, 1990; Demirci & Dodken, 1995;
Yildiz & Doken, 2002; Buhur, 2014; Yildirim, 2017; Askin vd., 2018; Durak & Ok, 2019; Eken & Tuncer,
2019; Teniz, 2020). Bu hastaliklarin micadelesinde bitki atiklarinin yok edilmesi, solarizasyon, ekim
nobeti ve fungisit uygulamalari gibi yontemler dnerilmektedir. Ancak fungisit uygulamalarinin ¢evresel ve
ekonomik nedenlerden dolayi uygulanmasinin zor ve tehlikeli olmasi, bu patojenlerin fungisitlere karsi
dayaniklilik olusturmasi mucadelede karsilasilan zorluklar arasinda yer almaktadir (Capar, 2012; Panth et
al., 2020). Bununla birlikte genis bir konukc¢u dizinine sahip olmalari (Fiers et al., 2012), mikrosklerot,
sklerot, klamidospor ve oospor gibi dayanikli yapilari sayesinde toprakta ve bitki atiklarinda uzun sire
canl kalmalar (Panth et al., 2020; Duff & Firrell, 2021; Parajuli et al., 2022) bu patojen grubuyla
micadelenin etkinligini sinirlandirmaktadir. Micadelede karsilasilan bu zorluklar, arastiricilan alternatif
yontemler gelistirmeye yoneltmistir. Biyolojik miicadele; cevre dostu ve sirdirtlebilir bir ydntem olmasiyla
bu fungal hastaliklarin miicadelesinde tercih edilen bir yontem olarak dne ¢ikmaktadir.

Son yillarda arastirmacilar arasinda, bitki hastaliklarinin biyolojik miicadelesi icin bitki blyimesini
tesvik eden bakteriler (PGPB)’in kullanimi olduk¢a yaygindir. Bu bakteriler arasindan, 6zellikle bitki
kokleriyle birlikte yasayan bitki buyimesini tesvik eden rizobakteri (PGPRY)'ler, ¢esitli mekanizmalar ile
bitki biytmesini artirirken, ¢cevresel ve biyotik streslerin bitkiler Gzerindeki olumsuz etkilerini azaltmaktadir
(Altunlu, 2020). Tohumlara inokulasyonun ardindan bitki koklerini kolonize eden ve bitki biyimesini tesvik
eden rizobakteriler ilk olarak Kloepper & Schroth (1978) tarafindan tanimlanmistir. Bitki kék dokularinin
icerisini (endofitik) ve yuzeyini (epifitik) kolonize eden rizobakteriler, serbest yasayarak veya bitki kokleri
ile ortak bir iliski kurarak bitki gelisimini olumlu yonde etkilebilmektedir (Vejan et al., 2016; Kumar et al.,
2017; Kumari et al., 2019). PGPB’ler, bitki gelisimini tesvik eden, bitkileri biyotik ve abiyotik strese karsi
farkh mekanizmalar ile koruyabilen yararli bakterilerdir. Bu yararli bakteriler entegre miicadelenin énemli
bir pargasi olarak gelismis tlkelerde etkin bir sekilde kullaniimaktadir (Akbaba & Ozaktan, 2021). Yapilan
bircok calismada R. solani, V. dahliae ve F. oxysporum patojenlerinin biyolojik miicadelesinde cesitli
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bakteriyel etmenlerin kullanildigi ve basarili sonuglarin alindidi tespit edilmistir (Grosh et al., 2005; Bubici
et al.,, 2013; Ben Abdallah et., 2015; Zohora et al., 2016; Safdarpour & Khodakaramian, 2019; Su et al.,
2021). Ozellikle Bacillus ve Pseudomonas tiirlerinin etkinligi, gesitli aragtirma sonuglarinda vurgulanmistir
(Larkin & Fravel, 1998; Liu et al., 2010; Huang et al., 2012; Su et al., 2021).

Toprak kaynakl bitki patojenleri, tarimsal urlnler Gzerinde gesitli sekillerde zararli etkilere sahiptir
(Jambhulkar et al., 2015). Dinya capinda tarimsal uriin vyetigtiriciliginde, toprak kaynakh bitki
patojenlerinin Uretimde ve verimde ciddi kayiplara neden olmasi yiiksek triin maliyetlerine yol agmaktadir
(Panth et al., 2020). Rizosferdeki mikrobiyal aktivite ise hem dodal hem de ydnetilen tarimsal topraklarda
patojenlerin girisine ¢ok yatkin olan koklerde hastaliga neden olan toprak kaynakli bitki patojenlerini
baskilanmasinda kilit rol oynamaktadir (Hariprasad & Umesha, 2007; Rani et al., 2007). Bu kapsamda
domates bitkisinde hastaliga neden olan toprak kékenli funguslara karsi, domates bitkilerin rizosferinden
izole edilen rizobakterilerin biyokontrol aktivitelerinin belirlenmesi bu ¢galismada amacglanmistir.

MATERYAL ve YONTEM
Bitkisel materyal, patojen ve rizobakteriler

Bu galisma Igdir Universitesi Ziraat Fakiiltesi Bitki Koruma Bolumii iklim odasi sartlarinda 2022-
2023 yillarinda yapilmigtir. Bu ¢alisma igin Igdir (Turkiye) ilinde yaygin olarak yetistiriciligi yapilan; gugli
bitki gelisimine sahip oturak domates grubuna ait beef tipde ve tuza orta diizeyde tolerant yerel genotip
“Super” domates gesidi bitkisel materyal olarak tercih edilmistir (Ozden, 2019). Patojen izolatlari olarak;
farkli projelerden elde edilen fitopatoloji labortatuvari stoklarinda bulunan Fusarium oxysporum HMK2-6
(Proje No: 2017-FBE-L18), Rhizoctonia solani HB-66 (Proje No: ZiF1220Y13) ve Verticillium dahliae YY-
14 (Proje No: 2018-FBE-A08) izolatlar fungal materyal olarak kullaniimistir. Ayrica Igdir ilinde 2020
yilinda yapilan sorveylerde Tuzluca, Aralik, Karakoyunlu ve Merkez ilcelerinde domates yetistiriciligi
yapilan alanlardan toplanan domates bitkilerinin rizosferinden (kok ylzeyinde kalan topraktan) bakteri
izolasyonlari yapilmistir. Kéklerde kalan toprak pargaciklari, kurutma kagidi tGzerine ¢irpilmis ve daha
sonra polietilen torbalar igerisine alinmigtir. Polietilen torbalardan alinan toprak érnekleri (1 g), steril fosfat
tamponu (10 ml) iceren falkon tuplere (15 ml) konulmustur. Tupler 135 rpm’de 30 dk. boyunca
calkalyicida tutulmustur. Elde edilen stispanstyonlar, 10"den 10" e kadar seyreltiimistir. Daha sonra bu
seyreltme serilerinden 100 pl alinmis. petri kaplarinda bulunan Triptik Soya Agar (TSA) ylzeyine
yayllmistir. Petriler 24 + 2°C’de 48 saat boyunca inkubasyona birakilmistir. Gelisen bakteri kolonileri
saflastinimistir (Naseem & Bano. 2014). Saflastinimis rizobakterilere tutiin bitkisinde HR, patates
bitkisinde pektolitik aktivite, Gram testi (KOH), floresan pigment Uretimi ve 37°C gelisme gibi testler
uygulanmistir (Schaad et al., 2001). Bu testlerin sonuglarina gore, -80°C’de stoklanmig olan 10 rizobakteri
izolati bu ¢alismada uygulama materyali olarak kullaniimak Uzere segilmistir. Ayrica Triptik Soya Agar
(TSA), King’s medium B (KB), Nutrient Agar (NA) ve Nutrient Broth (NB) gibi besi ortamlarindan bakteri
kolonilerinin gelistirilebilmesi asamasinda yararlaniimistir (Schaad et al., 2001).

In vitro’da rizobakterilerin bitki gelisimini tegvik etme potansiyellerinin belirlenmesi

Calismada kullanilan 10 rizobakteri izolatinin, bitki gelisimini tesvik etme potansiyellerinin
belirlenebilmesi icin asagida belirtilen in vitro testler uygulanmistir.

Siderofor tretim aktivitelerinin belirlenmesi

Bakterilerin siderofor Uretim potansiyelleri Chrome Azurol S (CAS) eklenmis Blue-CAS Agarda
belirlenmigtir (Louden et al., 2011). -80°C saklanan bakteri kilttrleri ilk dnce NA iceren petrilere ekilmig ve
24 + 2°C ’de 48 saat boyunca inkubasyona birakilarak canlandinimis ve bakteri kolonileri + 4°C’de gunluk
kullanim icin saklanmigtir. Test icin 24 + 2°C’de 48 saat boyunca TSA ortaminda gelistirilen saf bakteri
kolonileri, steril saf su icinde stispanse edilmistir. Bakteri stispansiyonlari ODsoonm: 0.1 konsantrasyonda
hazirlanmistir. Her bakteri kiltirinden 2 pl alinarak Blue-CAS Agar iceren petrilere inokule edilmistir.
Petriler, 24 + 2°C’de 72 saat sure ile inkibe edilmistir. Blue-CAS Agar'da bakteri kolonilerin etrafinda
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sari-turuncu bir hale olusumu, siderofor Uretimininin gostergesi olarak kabul edilmistir (Sekil 1a). Olusan
halelerin ¢api élgulmis ve kaydedilmistir. Denemeler 4 tekerrirli olarak kurulmustur.

Fosfati ¢dzebilme aktivitelerinin belirlenmesi

NBRIP (National Botanical Research Institute’s Phosphate) besi ortami, rizobakterilerinin trikalsiyum
fosfat gibi ¢coziinmeyen kaynaklardan fosfati ¢6zme yetenegini tespit etmek icin kullaniimistir (Nautiyal,
1999). Bakteriyel stspansiyonlar énceki bolimde anlatildigi gibi hazidanmistir. Her bakteri kiltirinden 2 pl
alinarak NBRIP Agar’a inokule edilmigtir. Petriler 7 giin boyunca 24 + 2 °C’de inkiibe edilmis ve kolonilerin
etrafinda berrak bir halenin olusumu, fosfatin ¢ézindugunin gostergesi olarak kabul edilmigtir (Sekil 1b).
Olusan halelerin ¢api 6lgtlmUs ve kaydedilmistir. Denemeler 4 tekerrlrli olarak kurulmustur.

Nitrojen fiksasyon aktivitelerinin belirlenlenmesi

Rizobakterilerin nitrojeni fikse etme yetenegi, nitrojen icermeyen Bromthymol Blue yari kati (NFb)
ortami  kullanilarak tespit edilmistir. Onceki bélumlerde anlatildigi  gibi hazirlanan  bakteri
suspansiyonlarindan 100 pL alinarak, yari kati bir NFb ortami (2,5 ml) i¢ceren bir test tipune (5 ml) inokule
edilmistir. inokle edilen tiipler 7 giin boyunca 24 + 2°C’de inkiibe edilmis, ortam yiizeyinin altinda olugan
duman benzeri bir halkanin varligi (pelikil) ve renk degisimine gére sonuclar degerlendirilmistir (Caceres,
1982; Baldani et al., 2014; Widawati & Suliasih, 2019). Pelikil olusumu ve renk degisimi, 0'dan 3’e kadar
bir gorsel derecelendirme 6lgegi kullanilarak 7 giin sonra degerlendirilmistir. Olcek: 0 = renk ve pelikl
olusumunda degisiklik yok; 1 = renk degisikligi ve zar olusumu yok; 2 = renk degisikligi ve zayif zar
olusumu; 3 = renk degisikligi ve giicli zar olusumu (Sekil 1c). Nitrojen fiksasyonu aktiviteleri 6lcek dikkate
alinarak, negatif (-), pozitif (+), ortalama (++) ve iyi (+++) olarak degerlendirilmigstir.

IAA Uretim aktivitelerinin belirlenmesi

IAA aktivitesi, L-triptofan iceren NB sivi ortaminda kolorimetrik yodntem kullanilarak
spektrofotometrede optik densite (OD) okunarak kantitatif olarak saptanmistir (Gang et al., 2019).
Rizobakterilerin IAA Gretimi, L-triptofan (L-TRP) varlidinda kolorometrik olarak degerlendirilmistir. L-
triptofan (0.5 g) iceren NB besiyeri (100 mL), 250 ml’lik bir beherde hazirlanmistir. Daha sonra bu
besiyerinden 2.5 ml alinarak, 5 ml'lik test tlplerine konulmustur ve tlpler otoklavda sterilize edilmistir.
Otoklavdan c¢ikarilan tupler 50°C’ye kadar sogutulmus ve daha 6nceki bdlimlerde anlatildigi sekilde
hazirlanan 100 pl bakteri kiltirt ile inokule edilmistir ve Gniform bir slispansiyon elde edilene kadar
vortekslenmigtir. Negatif kontrol olarak kullanilan tiplere steril saf su (100 ul) eklenmistir. Tlpler 48 saat
boyunca 24 + 2°C’de, 120 rpm’de calkalanarak karanlkta bir ortamda inkiibe edilmistir. inkiibasyon
sonrasi elde edilen sivi kdlttirler 1.5 ml’lik mikrosantrifiij tiplerine alinarak mikrosantrifujde 16.278 g'de 5
dakika santrifij edilmistir. islem sonunda elde edilen siipernatanttan 1 ml alinarak ayri bir tiipe aktariimig
ve Uzerine 1 ml Salkowski ayiraci (2 ml 0.5 M FeCI3 + 98 ml %35'lik HCIO4) ilave edilerek ve 30 dk.
boyunca 24 + 2°C’de karanlik bir ortamda renk olusumu icin bekletilmistir. Negatif kontrol de ayni
prosedire tabi tutulmustur. Siire sonunda spektrofotometrede optik densite (ODszsnm) Okunarak degerler
belirlenmistir. Elde edilen degerleri pg/ml'ye doénistirmek icin farkh ppm dizeylerinde metanolde
¢ozilmis IAA suspansiyonu hazirlanarak o6lcimler yapimistir ve IAA’nin farkh doz (0-100 ppm)
serilerinden hazirlanan standart egri; Y=bX-a esitligi [Y: absorbans, X: konsantrasyon, b: regresyon
katsayisi (slope), a: regresyon sabiti (intersep)] ile bu olcim dederleri karsilastirilarak kantitatif pg/ml
(ppm) degerler elde edilmigstir. Elde edilen egriye gore rizobakterilerin IAA Uretimi hesaplanmigtir (Sekil 1d
& e). Her bakteri icin IAA Uretimi 3 kez élglimustur.

In vitro’da fungal patojenlere karsi rizobakterilerin ikili kaltur testleri

Fusarium oxysporum, R. solani ve V. dahliae ile rizobakteri izolatlari arasindaki antagonistik iligkiyi
belirlemek icin ikili kultur yontemi kullaniimigtir. Bu yontemde F. oxysporum ve V. dahliae Patates
Dekstroz Agar (PDA) iceren besi ortaminda 14 gin, R. solani ise ayni besi ortaminda 7 giin geligtirilmistir.
Bununla birlikte rizobakteri izolatlari da TSA besiyerinde 48 saat boyunca 24 + 2°C’de de geligtirilmigstir.
Fungal izolatlara ait kltirlerden 5 mm ¢apinda alinan iki disk, PDA iceren petrilere (9 cm) 1 cm iceriden
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karsilikh olacak sekilde yerlestirilmistir. Rizobakteri izolatlari ise ayni anda petri kabinin orta kismina gizgi
ekim yapilmigtir. Petriler 24 £ 2°C’de inkibasyona birakilmistir (Hang et al., 2005; Dénmez et al., 2015).
Deneme 3 tekerrurli olarak kurulmustur. Bakteri inokule edilmeyen, sadece fungus ekimi yapilan petriler
kontrol grubu olarak degerlendirilmistir. In vitro deneme sonunda inhibisyon oraninin 6l¢imu funguslarin
gelisim hizlari g6z 6ndnde bulundurularak yapilmistir (R. solani 3. gun., F. oxysporum 9. gin ve V.
dahliae 21. giin). Inhibisyon orani (%), kontrol petrilerindeki fungus koloni yarigapi ile bakteri
inokulasyonu yapilan petrilerdeki fungus koloni yarigapi Olgulerek, asagidaki formile (1) gére %
engelleme orani hesaplanmistir (Cubukcu, 2007).

(Kontroldeki fungus koloni yarigapi—Uygulamadaki fungus koloni yarigapi)
: : x 100 1)
Kontroldeki fungus koloni yarigapi

Engelleme orani (%)=

In vivo’da Rhizoctonia solani’ye karsi rizobakterilerin biyokontrol etkilerinin belirlenmesi

iklim odasi kosullarinda R. solani’ye karsi rizobakterilerin biyokontrol etkilerinin belirlenebilmesi igin
asagida belirtilen asamalar sirasiyla takip edilmigtir.

Bitkilerin yetistiriimesi

Bitki bliylime odasinda yapilan saksi denemelerinde tohumlar steril torf iceren 0.38 Itlik tek kullanimhk
termoform saksilara (8x8x9 cm) ekilmigtir. Daha sonra domates bitkileri, %75-80 oransal nemde, 16 saat
aydinlk 8 saat karanlik, giindiiz/gece (24°C / 20°C ) olan kosullarda deneme sturesi boyunca tutulmustur.

Fungal inokulumun hazirlanmasi

In vivo denemede kullaniimak 0(zere inokulum kaynagi olarak bugday taneleri kullaniimistir
(Ichielevich-Auster et al., 1985; Botha et al., 2003; Sharon et al., 2007). Bugday taneleri saf su ile
nemlendirilmis ve tlplere (16x100 Vida Kapakh Deney Tlpu) konularak agizlari kapatiimistir. Bu haliyle
121°C’de 1 saat boyunca 2 gin Ust Uste otoklavda sterilize edilmigtir. PDA’da 7 giin 25°C’de gelistirilen R.
solani HB-66 izolatina ait 5 mm capinda 2 adet misel diski bugday tanelerine inokule edilmis ve tipler 1
ay stre ile karanlikta 25°C’de inkiibe edilmistir.

Bakteri inokulumunun hazirlanmasi

In vitro testler sonucunda antimikrobiyal dzellikleri ve bitki gelisimini tesvik etme potansiyelleri yiksek
olan 2 farkl rizobakteri izolatinin domates bitkilerinde R. solani’'ye kargi biyokontrol etkileri in vivo kosular
altinda belirlenmigtir. Bu amagla, +4°C’de muhafaza edilen T139 ve T142 kdltirlerinden TSA'ya ekim
yapilmis, 24-25°C’de 48 saat boyunca inkibatdrde inkiibasyona birakiimistir. Geligsen bakteriler iki farkli
zaman ve yontem ile bitkilere inokule edilmistir (Akbaba & Ozaktan, 2018). ilk olarak, rizobakteriler ile tohum
bakterizasyonu islemi tohum ekimi dncesi gerceklestiriimistir. Bu igleme gore, rizobakteri izolatlari 50 ml’lik
NB sivi besiyeri iceren 250 mfl'lik erlenlere inokule edilerek 48 saat boyunca 24 + 2°C sicaklikta 150 rpm’de
calkalayicida gelistiriimistir. Gelisen bakteri kulttrler 3500 rpm’de 15 dakika santrifilj edilmis ve pellet 10 mPlik
%1.5 Carboxymethyl Cellulose ile suspanse edilmistir. Domates tohumlari, bakteri siispansiyonunda 30
dakika bekletildikten sonra kurutma kagitlarina alinarak 1 saat boyunca oda sicakliginda kurutulmustur.
Kurutulan tohumlar, icerisinde steril torf bulunan saksilara ekilmistir. Steril saf su icerisinde 30 dk. bekletilen
domates tohumlari ise kontrol grubu olarak degerlendirilmigtir. ikinci uygulamada ise, TSA besiyerinde 48
saat boyunca gelisen koloniler ODsoonm: 0.1 yodunlukta olacak sekilde steril saf su ile stispanse edilmigtir. 1-2
damla Tween 20 damlatilan bu rizobakteri siispansuyonlari (100 ml), patojen uygulamasindan 24 saat énce
yaklasik 10 ml/saksi olacak sekilde domates bitkilerinin (3-5 yaprak asamasinda, 25. Gin) kék bélgesine
icirme seklinde uygulanmigtir. Kontrol grubuna ise saf su verilmistir. Rizobakteri uygulamasindan 24 saat
sonra, her bir saksiya misel sardirimig 10 bugday tanesi bitkinin kék bogazi bdlgesine esit olarak
dagitilmistir. Kontrol saksilarina ise 10 steril bugday tanesi birakilmigtir.

Denemeler; yalniz bakteri uygulamalari (T139, T142) sadece patojen fungusun inokule edildigi
pozitif kontrol uygulamasi (HB-66), fungus x bakteri uygulamasi (HB-66 x T139, HB-66 x Pc142) ve steril
saf su verilen negatif kontrol uygulamasi olmak Uzere 6 karakterden olusmustur. Calisma tesaduf
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parselleri deneme desenine gore 4 tekerrurli ve her tekerride 1 bitki olacak sekilde planlanmis olup,
denemeler iki kez tekrarlanmistir. Patojen uygulandiktan sonra 2.5 ay boyunca iklim odasinda yetistirilen
bitkilerde hastalik belirtileri dikkatle takip edilmistir. Bu sure sonunda bitkiler sokulip Muyolo et al.
(1993)’den modifiye edilerek kullanilan 0-4 skalasi (0: Saglikh bitki, 1: Koklerde veya gévdede ¢ok kuguk
kahverengi yuzeysel lezyonlar, 2: Kok veya gévdede derin ve genis lezyonlar ile kokte gelisme geriligi, 3:
Siddetli kdk gurdkluga, ana kok veya govdeyi cepecgevre saran derin lezyonlar ve belirgin olarak azalmis
kok uzunlugu, 4: Olu bitki) ile degerlendirilmistir. Ayni zamanda bitkilerin kok ve govde uzunlugu
Olgulmis, yaprak sayisi sayllmisg, yas ve kuru agirhklar tartiimistir. Skala degerleri kullanilarak Towsend-
Heuberger’s formulline (2) gore hastalik siddeti degerleri hesaplanmigtir (Townsend & Heuberger, 1943).

Y. (Skala degeri x Skalada degerlendirilen bitki sayisi)

. 0=
Hastalik $Iddet| ( /0) Toplam bitki sayisi x En yiiksek skala degeri

x100 2

Rizobakterilerin MALDI-TOF MS ile tanisi:

In vitro test sonuglarina gdre hem bitki gelisimini tesvik etme potansiyeli gosteren hem de R.
solani’'ye karsl antagonist etki gosteren T139 ve T142 kodlu izolatlarin tanisi, Uysal vd. (2019) deginilen
protokolden yararlanilarak MALDI-TOF MS (Matrix Assisted Laser Desorption lonization- Time of Flight
Mass Spectrometry, Bruker Daltonics GmbH, Bremen, Almanya) ile yapilmistir. Analiz hizmet alimi
karsiliginda, Hatay Mustafa Kemal Universitesi Bitki Saghgi Klinigi Uygulama ve Arastirma Merkezi'nde
yapilmistir. Bakteri drneklerine ait kutle spektrumlar Flex Control Yazilimi (Bruker Daltonics GmbH,
Bremen, Almanya) ile analiz edilmis ve kitliphanedeki referans spektrum verileri (BIOTYPERTM 1.1
yazihmi) ile eglestirilerek orneklerin kesin teshisi yapilmigtir (Pavlovic et al., 2012). Uretici firmanin
Onerisine gore 2.00-3.00 arasi skor degeri ile elde edilen sonuglar ‘givenilir tir tayini’, 1.70-1.99 arasi
skor degeri ile elde edilen sonuclar ‘cins dizeyinde givenilir teshis’ olarak kabul edilmektedir. 1.70’in
altindaki skor degerleri, hicbir dizeyde guvenilir tanimlamalar olarak kabul edilmemektedir. Tutarhlik
kategorileri ise A (tir dizeyinde tutarll), B (cins duzeyinde tutarli), C (tutarh degil) seklindedir.

istatistiksel analizler

SPSS (IBM SPSS Statistics, version 18.0) istatistik programinda veriler analize tabi tutulmustur.
Uygulamalar arasinda fark olup olmadigi tek yonli varyans analizi (ANOVA) ile belilenmis olup, bu belirlenen
farklliklar icin gruplara ayriima islemi DUNCAN c¢oklu karsilastirma testi kullanilarak yapilmistir (p<0.05).

ARASTIRMA SONUCLARI ve TARTISMA

Calismada hitki ve insan patojeni olma riski tasimayan 10 bakteri izolati kullaniimistir. Bu izolatlara
ait bitki gelisimini tesvik etme potansiyellerini gosteren testlere ait bulgular Cizelge 1'de sunulmustur.

Cizelge 1. Calismada kullanilan rizobakteriler ve dzellikleri

Table 1. Rhizobacteria used in the study and their characteristic

No Kodu Yer Hr Pa Gr Fp Nf S (mm) F(mm) IAA (ug/ml)
1 T54 Tuzluca/lgdir - - + - 4+ 10 0 32.78
2 T82 Karakoyunlu/Igdir - - + - 4+ 6 0 26.06
3 T93 Karakoyunlu/Igdir - - - -t 24 0 133.99
4 T96 Karakoyunlu/Igdir - - -+ o+ 19 14 59.22
5 T125 Arahk/Igdir - - e e 20 10 79.74
6 T131 Arahk/1gdir - - + - 4+ 0 0 29.85
7 T133 Aralik/Igdir - - - -+ 33 20 121.85
8 T139 Aralik/Igdir - - + - 4+ 6 0 25.23
9 T142 Merkez/Igdir - - -+ o+ 22 12 116.25
10 T184 Merkez/Igdir - - + - ++ 0 0 31.28

Tatunde hipersensitiv reaksiyon (Hr), Pektolitik aktivite (Pa), Gram testi (Gr), Floresan pigment tretimi (Fp), Nitrojen
fiksasyonu (Nf), Siderofor uretimi (S), Fosfati ¢dzebilme aktivitesi (F), IAA Uretimi (laa), Negatif (-), Pozitif (+)
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Bitki gelisimini tesvik
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Sekil 1. Rizobakterilerin in vitro bitki gelisimini tesvik etme potansiyellerini belirleme testleri: a) siderofor Uretimi, b) fosfati ¢ozebilme,
c) nitrojen fiksasyonu, d) IAA Uretimi ve e) standart egri,

Figure 1. In vitro tests to determine the potential of rhizobacteria to promote plant growth: a) siderophore production, b) phosphate
solubilization, c) N, fixation, d) IAA production and e) standard curve.

PGPRlerin, iki yoldan bitki biyiimesini tesvik etme potansiyeline sahip oldugu bilinmektedir. ilk
olarak, nitrojen fiksasyonu, fosfat ¢6zindirme, potasyum ¢ézundirme, fitohormon dretimi (IAA, sitokinin,
etilen ve giberellinler) ve ACC (1-aminocyclopropane-1-carboxylate) deaminaz Uretimi yoluyla bitki
biiyimesinin dogrudan desteklenmesidir. ikincisi ise uyarilmis sistemik dayaniklilik, siderofor Gretimi,
antibiyotikler, ekzopolisakkaritler, ugucu yadlar, litik ve koruyucu enzimlerin iretimi yoluyla bitki blyiimesinin
dolayli olarak tesvik edilmesidir (Abdelaziz et al., 2023). PGPR genellikle kok sistemini kolonilestirerek ve
zararl rizosfer mikroorganizmalarinin olusumunu 6nleyerek veya baskilayarak bitki blylimesini iyilestirir
(Schroth & Hancock, 1982). Calismamizin sonuglari incelendiginde kullanilan rizobakteri izolatlarinin 6-33
mm c¢apinda siderofor ve 25.23-133.99 pg/ml IAA dretimi, 10-20 mm ¢apinda fosfati ¢ozme ve orta-lyi
diizeyde nitrojeni fikse etme potansiyeline sahip oldugu tespit edilmistir. Ozellikle T96, T125, T133 ve T142
izolatlari, bitki gelisiminin tesvik edilmesi ile iligkili olan siderofor dretimi, IAA Uretimi ve fosfati ¢cbzme
potansiyelleri birlikte degerlendirildiginde galismadaki izolatlar arasinda 6n plana gikmistir.
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Reynolds et al. (2003), bitki ile toprak kaynakli mikroorganizma etkilesimlerinin, bitki sistemi
kompozisyonu ve dinamiklerinin itici gucleri olarak tanimlamistir. Toprak kaynakli mikroorganizmalarin
toprak olusum sureclerine dahil oldugu, topragin ayrismasina, humus olusumuna ve topraktaki bitki
patojenlerinin gelisiminin kontrol altinda tutulmasina 6nemli katki yaptigi bildiriimistir (Weller et al., 2002;
Matei et al., 2017). Toprak ile yakin iligkili olan rizobakteriler, bitki hastaliklarina karsi genis spektrumlu
biyokontrol aktivite gostermektedir (Liu et al., 2017).

ikili kultiir test sonuglarina gére bazi rizobakteri izolatlarinin, patojenlerin misel gelisimini engelledikleri
tespit edilmistir (Sekil 2).

b

vd xT142 —~

vd xT139 /_\

Sekil 2. Rizobakteri uygulamalarinin (T139, T142) farkh fungal patojenlere [Fo (Fusarium oxysporum HMK2-6), Rs (Rhizoctonia
solani HB-66) ve Vd (Verticillium dahliae YY-14)] karsi antimikrobiyal etkileri.

Figure 2. Antimicrobial effects of rhizobacteria treatments (isolates T139 and T142) against different fungal pathogens [Fo
(Fusarium oxysporum HMK2-6), Rs (Rhizoctonia solani HB-66), and Vd (Verticillium dahliae YY-14)].

Denemelerde kullanilan bakteri izolatlari arasindan; 5 bakteri izolatinin kontroller ile
karsilastirildiginda R. solani HB-66 izolatina karsi %22.4-31.4, T82 izolati hari¢ 9 izolatin F. oxysporum
HMK2-6 izolatina karsi %1.1-41.2 ve tim izolatlarin ise V. dahliae YY-14 izolatina karsi %26,9-66.9
arasinda degisen oranlarda biyokontrol etki gosterdidi tespit edilmistir (Cizelge 2). Anova Testi
sonuglarina goére, fungus ve bakteri uygulamalar arasindaki antagonistik iligki istatistiksel agidan
onemlidir (p< 0.05). Rizobakteri izolatlari arasinda biyolojik etkinlik agisindan kontrole goére istatistiksel
olarak fark oldugu tespit edilmistir. Yapilan Duncan ¢oklu karsilastirma testleri sonucunda en basarili
uygulamalarin V.dahliae YY-14 izolatina karsi T184 izolati, F. oxysporum HMK2-6 izolatina kars1 T131
izolati ve R. solani HB-66 izolatina karsi ise T93, T139 ve T142 izolatlari oldudu tespit edilmigtir.
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Cizelge 2. Rizobakteri uygulamalarinin t¢ farkli fungal patojen karsi in vitro da biyokontrol etkileri

Table 2. In vitro biocontrol effects of rhizobacteria treatments against three different fungal pathogens

Rhizoctonia solani HB-66 Fusarium oxysporum HMK2-6 Verticillium dahliae YY-14

Uygulamalar Ort. Yarigap . Ort. Yarigap . Ort. Yarigap .

(mm) £stn hata Etki (%) (mm)xstn hata Etki (%) (mm) £stn hata Etki (%)

T54 35.0£0.00 c* 0.0 29.2+0.44fg 1.1 15.8 + 0.16 def 45.7
T82 35.0+0.00 ¢ 0.0 28+0.16 g 0.0 17.3+£0.60 ef 40.6
T93 24.0+0.28a 314 26.7+0.16 e 9.6 142+0.44 cd 51.4
T96 35.0+0.00 c 0.0 28+0.28 f 5.1 16.3 +1.01 ef 44.3
T125 35.0+0.00 c 0.0 24.8+0.72d 15.8 17.8+0.44f 38.9
T131 26.5+0.50b 24.3 17.3+0.60 a 41.2 12+0.86 b 58.9
T133 35.0+0.00 ¢ 0.0 22.3+0.16 ¢ 24.3 15.5 +0.50 de 46.9
T139 24.0+0.28 a 314 20.8+0.88b 294 13.5+0.76 bc 53.7
T142 24.0+0.28 a 314 26.2+0.16 e 11.3 21.3+044¢ 26.9
T184 27.2+0.60b 22.4 22 +0.00 bc 254 9.7+101a 66.9
Kontrol 35.0+0.00 ¢ 0.0 29.5+0.28¢g 0.0 29.2+0.16 h 0

* Duncan c¢oklu karsilastirma testine gdre ayni situnda ayni harfler ile gosterilen ortalamalar arasindaki fark P<0.05’e gdre
onemsizdir.

In vitro testlerin sonuglarina gére biyokontrol ve siderofor Uretimi, fosfat ¢ozebilme ve IAA Uretimi
gibi bitki gelisimini artici 6zelliklere sahip olan iki rizobakteri izolati (T139 ve T142), domates bitkilerinde
R. solani HB-66 izolatina karsi biyokontrol etkilerinin in vivo ‘da belirlenebilmesi icin secilmistir. In vivo
denemelerde kullanilan T139 ve T142 izolatlarinin MALDI-TOF MS analizi (Skor Degeri, Tutarhlik
Kategorisi) kullanilarak tanilari yapiimigtir. Bu rizobakteri izolatlari analiz sonuclarina gore; Bacillus
subtilis strain T139 (2.06;A) ve Pseudomonas chlororaphis strain T142 (2.14;C) olarak tanilanmigtir.
Calismada kullanilan Bacillus ve Pseudomonas cinsine ait bakterilerin biyolojik miicadelede yaygin olarak
kullanildigi bilinmektedir. Shafique et al. (2016) tarafindan yapilan galismaya gére Trichoderma, Bacillus
ve Pseudomonas turlerini igceren uygulamalarinin birgok Grinde toprak kaynakli patojenlerin neden
oldugu kok curlklugine karsi etkili oldugu bildiriimektedir. Shafi et al. (2017) tarafindan yapilan bagka bir
calismada, Bacillus spp. (B. subtilis, B. amyloliquefaciens, B. firmus ve B. pumilus), Fusarium spp.,
Pythium spp., Aspergillus flavus ve R. solani gibi bitki patojenlerini rekabet, dogrudan antibiyosis ve
konukcularda dayanikliigin uyariimasi yoluyla baskilayabildigi bildirilmisti. Pseudomonas spp. ve
Bacillus spp. izolatlarinin ¢ok yonli ve ¢ok sayida biyoaktif bilesik Ureticisi oldugu bilinmesine ragmen
bunlarin in vitro’da gosterdikleri basarili aktivitelerinin, 6zellikle saha kosullari altinda in vivo kosullara
kolayca aktarilamadigina birgok ¢alismada deginilmistir (Ravensberg, 2011; Glare et al., 2012).

Bu calismada denemelerin ortalama sonugclarina gore; testlenen P. chlororaphis T142 ve B. subtilis
T139 izolatlarinin domates bitkilerinde R. solani’nin neden oldugu hastalik siddetini pozitif kontrole
(%78,1) gore sirasiyla %19.9 ve %11.9 oranla ¢ok yuksek duzeylerde olmasa da azalttiklari tespit
edilmistir (Cizelge 3, Sekil 3). Benzer bir galismada, Azospirillum sp., Azotobacter chroococcum ve
Pseudomonas fluorescens gibi rizobakteri izolatlarinin, domateste R. solani’nin neden oldudu ¢okerten
hastaligina karsi etkili biyokontrol potansiyeline sahip oldugu rapor edilmistir (Gupta et al., 1995).
Pseudomonas ve Bacillus izolatlarinin Phytophtora infestans’in patateste neden oldugu gec¢ yanikliga
karsi etkilerinin kiicuk 6lcekli tarla denemesinde belirlendigi bir calismada ise; Pseudomonas protegens
44R-P8 izolatinin, belirtilerin ilk ortaya ¢ikisindan 16 gun sonrasina kadar dogal olarak olusan gec
yanikhda kargi énemli bir koruma (%19) sagladigi, B. subtilis 30B-B6 izolatinin ise denemenin sonuna
kadar 6nemli bir koruma (%22) gdsterdigi rapor edilmigtir (Caulier et al., 2018).

713



Akbaba & Genc¢ Kesimci

Cizelge 3. Rizobakterilerin in vivo’da Rhizoctonia solani’ye kars! etkileri ve bitki gelisimini tesvik etme potansiyelleri

Table 3. In vivo efficacy of rhizobacteria against Rhizoctonia solani, and their potential for plant growth promotion

|.Deneme I.Deneme I-1l Deneme Ortalamasi

=
5 £ k£ K g 5 K £ K K
= 8 8 8 o o ~ & & €& 9 o - 3 3 8 o o @~

s 2 2 % % % @ 2 ¢ % 7 ¢ & ¢ 2 B Z
=R 0.0 0.0 0.0 254 214 21.0 21.8 258 195 222 218 24.0 10.9 12.9 9.8 238 216 225
EU/ +0.00 +0.00 +0.00 +5.33 +2.11 +2.64 +1.10 +1.79 +1.51 +1.48 +2.48 +2.26 +4.14 +4.93 +3.75 +2.57 +1.46 +1.70
é b b b a a a ab a b ab ab ab b b b a a a
£ 00 00 0.0 653 713 66,5 526 613 585 66.7 703 71.0 263 306 29.3 66.0 70.8 68.8
\;/ +0.00 +0.00 +0.00 +4.05 +3.38 +2.78 +2.91 +2.49 +3.83 +0.93 +4.91 +7.09 +10.02 +#11.63 £11.19 +1.88 +2.67 £3.55
© b b b a a a b ab ab a a ab b b b a a a
’{;; 0.0 0.0 0.0 93 103 11.0 100 100 10.0 100 9.7 103 5.0 5.0 50 9.7 10.0 10.7
E +0.00 +0.00 +0.00 +0.88 +0.66 +0.57 +0.40 +0.91 +0.81 +0.57 +0.66 +0.88 +1.89 +1.93 +1.92 +0.49 +0.44 +0.49
g ® ® c b ab a a a a a a a b b b a a a
5 00 00 00 16 11 11 05 09 12 14 09 09 0.2 0.5 06 15 10 1.0
i +0.00 +0.00 +0.00 +0.03 +0.17 +0.04 +0.18 +0.09 +0.47 +0.04 +0.10 +0.06 +0.12 +0.18 +0.30 +0.06 +0.10 +0.44
x G © c a b b b ab ab a ab ab © © © a b b
= 0.0 0.0 0.0 04 03 03 0.2 0.3 03 03 03 03 0.1 0.2 02 04 03 03
;( +0.00 +0.00 +0.00 +0.01 #0.04 +0.01 *0.07 *0.05 #0.11 +0.03 +0.03 +0.02 +0.04 =+0.06 +0.08 +0.02 +0.02 +0.16
X ® © c a b b a a a a a a b b b a a a
- 0.0 0.0 0.0 17.7 18.1 169 124 16.8 16.6 174 169 17.9 6.2 8.4 83 176 175 174
g +0.00 +0.00 +0.00 +0.36 +1.85 +0.61 *1.37 +0.34 +1.51 +0.80 +0.32 +0.65 +2.37 +3.18 +3.21 +0.39 +0.88 *0.45
o b b b a a a b a a a a a © b b a a a
5 00 00 00 33 32 29 21 30 27 29 29 31 1.0 15 13 31 3.0 30
§ +0.00 +0.00 +0.00 +0.17 #0.39 *0.06 *0.42 *0.29 #0.37 +0.16 +0.10 +0.09 =+0.43 +0.57 £0.53 #0.14 +0.19 +0.07
o b b b a a a a a a a a a b b b a a a
§ 100.0 100.0 100.0 00 ©00O0 00 563 250 375 00 OO 00O 781 625 688 00 00 0.0
I
g
Z 00 00 00 00 00 00 00 555 333 00 0.0 0.0 00 199 119 0.0 0.0 0.0
|

* Duncan ¢oklu karsilastirma testine goére denemelerin her biri igin ayni satirda ayni harfler ile gésterilen ortalamalar arasindaki fark
P<0.05’e gore 6nemsizdir.

** Negatif Kontrol (K-), Pozitif Kontrol (K+), Rhizoctonia solani HB-66, Bacillus subtilis strain T139 ve Pseudomonas chlororaphis

strain T142’nin kisaltmalaridir.

*** Bitki biylme parametreleri; Kok uzunlugu (KU), Govde uzunlugu (GU), Yaprak Sayisi (YS), Kok Yas Agirhgi (KYA), Kok Kuru
AJihgr (KKA), Govde Yas Agirhigr (GYA), Govde Kuru Agirhgi (GKA), Hastalik Siddeti (HS).

Bu calismada, yapilan denemeler sonucunda rizobakteri uygulamalarinin pozitif kontrolde gorilen
hastalik siddetine gore, R. solani enfeksiyonuna kargi gosterdigi bitkiyi koruma reaksiyonlarinda farklilik
oldugu gdézlemlenmigtir. Deneme I'de pozitif kontrolde hastalik siddeti %100 hesaplandidinda, rizobakteri
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uygulamalarinin R. solani enfeksiyonunun gelisiminin sinilanmasi Uzerine higbir etkisinin  olmadigi
gorulmektedir. Ancak Deneme II'de hastalik siddeti %56.3 hesaplandiginda, rizobakterilerden P. chlororaphis
T142 izolatinin %55.5 ve B. subtilis T139 izolatinin %33.3 oraninda patojenin neden oldugu hastalik siddetini
sinifadigi tespit edilmistir (Cizelge 3). Bu durum hastalik siddetinin ¢ok yiiksek seviyelerde gorildiagu
bitkilerde, 6zellikle kok ve kdk bodazi patojenlerine kargi rizobakteri uygulamalarinin etkisinin azaldiginin
veya tamamen ortadan kalktiginin bir gostergesi olabilir. Ayrica patojenin kisa slrede bitkiyi dldurmesi
rizobakteri uygulamalarinin etkinligini sinirlandirmis olabilir. Bu duruma deginilen bir ¢alismada, bir biyolojik
kontrol ajaninin potansiyel etkinligi, toprakta bulunan patojen (ler)in virilansi ve inokulum potansiyeli ile
iliskilendirilmistir. Yani rizosferdeki yiuksek patojen inokulum yogunlugunun, her tirli biyolojik kontroli etkisiz
hale getirebilecedi vurgulanmistir (Azcon-Aguilar & Barea, 1997).

Negatif kontrol bitkilerinde her iki deneme igin, tim parametrelerde birbirine yakin degerler elde
edilmistir. Ayrica bu c¢alismada rizobakteri uygulamalarinin patojen varliginda ve yoklugunda bitki
gelisimine etkileri incelenmistir. Denemelerin ortalama sonuglarina goére, patojen yoklugunda rizobakteri
uygulamalarinin, bazi bitki biylime parametreleri [Kok uzunlugu (KU), Gévde uzunlugu (GU), Yaprak
Sayisi (YS), Kok Kuru Agirhgi (KKA), Govde Kuru Agirhigi (GKA)] dikkate alindiginda bitki gelisimine olan
etkileri istatistiksel agidan énemsizdir (p>0.05). Her iki rizobakteri uygulamasinin hastalik etmenine maruz
kalan bitkilerde istatistiksel agidan 6nemli dizeyde gévde yas agirligr (GYA)'ni artirdigi tespit edilmistir
(p<0.05). Ayrica B. subtilis T139 izolatinin kék yas agirhidi (KYA)Yni hem hastaliga maruz kalan hem de
hastaliktan ari bitkilere gore istatistiksel agidan dnemli diizeyde artirdidi kayit edilmistir (p<0.05). Bacillus
ve Pseudomonas ile uygulama gdren domates bitkilerinde, uygulamalarin 6zellikle kbk yas ve gdvde yas
agirhigi tzerine olumlu etkilerini goésteren veriler, 6nceki ¢galismalarda elde edilen verileri desteklemektedir
(Hamza et al., 2016; Cochard et al., 2022).

Denemelerin ortalama sonuglarina gére P. chlororaphis T142 izolatinin ise %19.9 oraninda
biyokontrol etki gostererek R. solani enfeksiyonunun gelisimini sinirladidi tespit edilmistir. Bacillus spp.
gibi diger énemli grubu olusturan Pseudomonas genusu Uyeleri, bitki icinde kolonizasyon ve ¢ogalma,
diger mikroorganizmalarla rekabet, streslere uyum sagdlama gibi onlari hayati bir biyokontrol ajani yapan
ayirt edici 6zelliklere sahiptir. Bu bakteriler antibiyotikler, sideroforlar, ugucu bilesikler ve blytme uyarici
bilegikler gibi genig bir yelpazede aktif biyolojik metabolitler tretirler (Stockwell & Stack 2007). Bu turler
sekonder metabolitlerin Uretimi (antibiyotikler, Fe-selatlayici sideroforlar), selllolitik ve kitinolitik aktivite ve
konukcu bitkide fitopatojenlere karsi sistemik direncin indiiklenmesi gibi farkli mekanizmalari kullanarak
toprak kaynakli bitki patojenlerinin gelisimini baskilayabilmektedir (Garbeva et al., 2004). Ozellikle
siderofor Uretim mekanizmasi Pseudomonas spp. igin yogun bir sekilde arastiriimigtir. Rizosferlerdeki
patojen populasyonlarinin, patojenlerin etrafindaki demirin azalmasina yol acan sideroforlarin varligi
nedeniyle baskilandidi kayit edilmistir (Raaijmakers & Mazzola, 2012; Wilson et al., 2016). Calismamizda
kullanilan P. chlororaphis T142 izolatinin literatiir ile uyumlu olarak yiksek oranda siderofor uretme
potansiyeline sahip oldugu tespit edilmistir.

Bu calismada, bir diger énemli gruba ait olan B. subtilis T139 izolatinin %11.9 oraninda
biyokontrol etki gostererek patojen gelisimini sinirladigi belirlenmistir. Bacillus turlerinin, R. solani’nin
neden oldugu kok ¢urlklugune ve ¢okertene karsi iturin A, surfactin, plipastatin, bacilysin, mikobasilin
ve mikosubtilin gibi gesitli antibiyotikleri Ureterek etkili oldugunu bildirmistir (Abdelaziz et al., 2023).
Bacillus spp. en hayati 6zelligi ise dogadaki bakterilerin dayanikliligina yardimci olan ve uzun yillar
canhligini surdurebilen endospor olusturabilmeleridir (Zimina et al., 2016). Ayrica Bacillus tirlerinin
antifungal metabolitlerinin sicaklik ve pH degisikliklerine direncli oldugu ve antifungal aktivitelerini
kaybetmedigi kaydedilmistir (Sansinenea & Ortiz, 2011). Ornegin B. subtilis bitki koklerinde,
lipopeptitlerin Uretiimesine yardimci olan ve topraktaki antimikrobiyal aktivitelerini artiran biyofilmler
olugturmaktadir (Davey et al., 2003).
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Rs + T139 Rs + T142

Sekil 3. Rhizoctonia solani’ye karsi rizobakteri uygulamalarinin in vivo etkinligi

Figure 3. In vivo efficacy of rhizobacteria treatments against Rhizoctonia solani

Bacillus turlerinin biyokontrol stratejileri arasinda hem bitki savunmasi hem de bitki buyimesini
tesvik edici 6zellikleri 6n plana ¢ikmaktadir (Bargabus et al., 2002; Bach et al., 2016). Bacillus tdrleri,
uzun 6murld, strese dayanikh sporlar olusturma ve bitki biyimesini uyaran ve patojen enfeksiyonunu
Onleyen metabolitler salgilama yetenegdine sahiptir. Ayrica toksik iyonlarin hareketini engelleyen ve iyonik
dengenin korunmasina yardimci olan, bitki dokularinda suyun hareketini destekleyen ve patojenlerin
gelisimini sinirlayan ekzopolisakkaritler ve sideroforlar salgilar (Radhakrishnan et al., 2017). Ayrica
Bacillus turlerinin P ve N gibi temel besin maddelerinin kompleks halini, bitki kdkleri tarafindan kolay
alinabilir bir forma doénugstururler (Kang et al., 2015; Kuan et al., 2016). Calismamizda B. subtilis T139
izolatinda oldugu gibi N fiksasyonu, P ¢dzunurligu, bitki biylimesini destekleyici hormonlar ve enzimler
Ureten Bacillus spp., tarimsal Urdnlerin biyUmesini ve verimini artirmaktadir. Bacillus tirlerinin bitki
biyimesini tesvik edici 6zellikleri kdklerin, surginlerin ve yapraklarin gelisimindeki artigsa paralel olarak
ortaya c¢ikan verim artigidir (Radhakrishnan et al., 2017). Sonug¢ olarak bitki buyumesini tegvik eden
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rizobakteriler, birgok bitki patojenine karsi en umut verici stratejilerden biridir. Rizobakteriler c¢esitli bitki
patojenlerini kontrol etmek icin guvenli ¢cevre dostu uyaricilar olarak gérev yapmaktadir. Bu bakterilerin
roli sadece bitki patojenlerini inhibe etmek degil, ayni zamanda bitkide sistemik direnci aktive ederek ve
besin alinimini kolaylastirarak biyotik ve abiyotik streslere kargi bitki gelisimini tegvik etmektir. Calismada
kullanilan rizobakteri strainleri R. solani’nin biyolojik micadelesi i¢cin Umit vadedici sonuclar ortaya
koysada, biyoajan arastirma sirecinin biyoinformatik, molekiler biyoloji, analitik kimya ve biyoistatistik
gibi alanlarin entegre bir sekilde kullanildii yararli bakteri-patojen-bitki etkilesiminin arka planini
aydinlatmay! kolaylastiran gelismis yontemler ile strdirilmesinin daha etkili strainlerin ortaya ¢ikariimasi
agisindan oldukga énemli olacagi diglnilmektedir. Ozellikle molekiler taramadaki teknolojik avantajlar
ve ekolojik fonksiyonlarin genetik ve evrimsel mekanizmalarina iliskin bilgi birikiminin bu slreci oldukca
hizlandiracagi disinilmektedir.
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0z
Amag: Calismada, meyveli sut Urlnlerinde, sentetik boya varlidinin tespit

edilmesi, ayrica anket calismasi ile ebeveynlerin sit Urunlerinde gida boyasi
Uzerinde tiketici tercihleri ve tutumlarinin kiyaslanmasi amaglanmigtir.

Materyal ve Yontem: Piyasadan 59 adet meyveli sut Uriiniinde HPLC ydntemiyle
suda géziinen sentetik boyalarin tespiti ve miktar belilenmesi yapilmistir. izmir ili
merkez ilcelerinde yasayan ebeveynlerin tlketici aligkanliklarinin belirlenmesi
amaclyla kolayda ornekleme ve kartopu Orneklemesi kullanilarak anket
yapilmistir. Ankette demografik 6zellikler, ebeveynlerin gida ve beslenmeye
yonelik egitim ve bilgi dizeyleri, ebeveynlerin gida boyasi bulunan/bulundugu
dusunulen Urinlere yonelik tuketici aliskanliklarini belilemeye yonelik toplam 28
soru sorulmustur. Toplanan veriler IBM SPSS 18 programinda analiz edilmistir.
Analizde bagimsiz érneklem t-testi analizleri gergeklestirilmistir.

Arastirma Bulgular: 59 Uriinden 3 adet pastane dondurmasinda sentetik boya
tespit edilmigstir. Tespit edilen miktarlar ilgili yonetmelige goére yasal sinirlar
icerisinde yer almaktadir. Egitim alan ve almayan ebeveynlerin meyveli sit
arina tercihleri farkliik gostermektedir. Ebeveynlerin %54’0 gida boyasi
hakkinda bilgiye sahip iken, %45’i ise gida boyasi hakkinda bilgiye sahip
degildir. Ebeveynlerin %98'i Urlinlerin son tiketim tarihine bakmakta, %88'i ise
etiket bilgilerini okumaktadir.

Sonug: Etiketli Grlinlerde, etiketinde sentetik boya kullanmadigini beyan ettigi
hic bir 0rinde sentetik boya tespit edilmemis, etiket bilgisine kolayca
ulasilamayan pastane urlnlerinin bazilarinda ise sentetik boya tespit edilmistir.

ABSTRACT

Objective: The aim of this thesis study is to detect the presence of synthetic
dyes in fruit dairy products, and to measure the level of awareness of parents
over their knowledge and preferences on food coloring in dairy products with a
guestionnaire study.

Material and Methods: The determination and amount of water-soluble
synthetic dyes were determined by HPLC method in 59 fruit dairy products from
the market. In order to determine the consumer habits of parents living in izmir,
a survey was conducted using convenience sampling and snowball sampling. A
total of 28 questions were asked in the survey to determine demographic
characteristics, education and knowledge levels of parents on food and
nutrition, and consumer habits of parents for products with/thought to contain
food coloring.The collected data were analyzed in SPSS 18 program.
Independent sample t-test were performed in the analysis.

Results:Synthetic dye was detected in 3 patisserie ice creams out of 59
products.The amounts determined are within the legal limits according to the
relevant regulation.The preferences of the parents who received and did not
receive education on dairy products with fruits differ.While 54% of the parents have
knowledge about food coloring, 45% do not have knowledge about food coloring.
98% of parents look at the expiry date of the products, 88% read the label.

Conclusion: It could not detect synthetic dyes in any of the labeled products,
on which he declared that he did not use synthetic dyes on the label. Synthetic
dyes have been detected in some of the patisserie products whose label
information is not easily accessible.
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GiRIiS

Siit ve siit Grinleri igerigi bakimindan zengin bilesime sahip olan besin kaynaklaridir. insan hayati
boyunca sit ve drtnlerinin tilketimine gereksinim duyar. Cocukluk dénemlerinde bu gereksinim daha da
artmaktadir. Ureticiler siit Grtinlerini daha cazip hale getirmek icin gida katki maddelerini kullanmaktadir.
Renk, tuketicinin gida secimini ve yeme arzusunu dogrudan etkileyen en énemli dzelliklerden biri olarak
kabul edilmektedir (Martins et al., 2016). Lezzet, Grini tanima ve kabul edilebilirligini etkilemekte iken,
renk hem gercek hem de algilanan beslenme degerini etkileyebilmektedir (Branen & Haggaerty, 2002).
Saleem et al. (2013) insanlarin 6zellikle de kiglk yastaki cocuklarin hos renkli yiyecek ve iceceklere ilgi
duymalarinin iggtdisel bir durum oldugunu belirtmektedir. Bu nedenle, gidalara gekici renklerin katilmasi,
tuketiciler tarafindan yiyecek ve igeceklerin istah agici degerini ve lezzetini artirabilmektedir.

Gida katki maddelerinden biri olan gida boyalari, gida maddelerinin kaybolan rengini tekrar
kazandirmak, rengi olmayan gidalari renklendirmek, gidalari daha c¢ekici hale getirmek amaciyla gidalara
eklenmektedir. Fakat gida katki maddelerinin bilingli olarak kullaniimadidi zamanlarda insan saghgi
agisindan olumsuz sonuglara neden olacagi disunulmektedir (Atli, 2010)

Arastirmamizda, suda c¢ézinen sentetik boyalarda en ¢ok tercih edilen ybntem olan High
Performance Liquid Chromatography (HPLC) ydntemi ile miktar analizi yapiimistir. Arastirma icin
cocuklar tarafindan sikga tercih edilen, piyasadan elde edilen farkli markalardan ve renklerden meyveli
yogdurt, meyveli peynir, meyveli kefir, meyveli sit, meyveli puding ve meyveli dondurma drinleri tercih
edilmigtir. Bu sekilde Uretilen Urtnlerde boya kullanip kullaniimadigi, kullanildi ise TGK (Turk Gida
Kodeksi) Gida Katki Maddeleri Yonetmeligi'nde belirtilen limitlere uygunlugu tespit edilmesi
amagclanmigtir. Ayni zamanda calismamizda, izmir ve merkez ilgelerindeki ebeveynlerin gocuklari igin
renkli sut ve Urunlerini tercih etmedeki tutumu, gida renklendiricileri hakkinda ne derecede bilgi sahibi
olduklari ve etiket okuma aligkanliklarinin arastirilmasi hedeflenmistir.

MATERYAL ve YONTEM
Materyal

Bu calismada, 8 farkl firmaya ait 20 adet meyveli yodurt, 4 farkl firmaya ait 8 adet meyveli peynir,
4 farkh firmaya ait 6 gesit meyveli kefir, 4 farkli firmaya ait 7 ¢esit meyveli puding, 2 farkl firmaya ait 6
cesit ve 3 farkli pastaneye ait 5 ¢esit meyveli dondurma ve 4 farkli firmaya ait 7 ¢esit meyveli sit Urinleri
olmak lizere toplam 59 farkl siit Griinii izmir piyasadan temin edilmistir. Analizi yapilan boya maddeleri
(renklendiriciler); Allura Red-Pembe, Carmosine(Azorubin)-Pembe, Tartrazin-Sari, Green-S-Yesil,
Quinoline Yellow-Sari, Sunset Yellow FCF-Turuncu, Amarant-Pembe, Ponceau 4RC (Kosineal Red A)-
Pembe, Indigotin (Indigokarmin)-Mavi, Brillant Black BN-Siyah, Brillant Blue FCF-Mavi'dir.

Yontem

Renk tayini, Nordic Committee on Food Analysis (1989) No:130 667,28/543-544 yayininin 6nerdigi
“Colours Synthetic, Water-Soluble-Liquid Chromotogrophic Determination in Foods” metotu kullaniimistir.
Kati érneklerden 5 g numune behere tartilip Gzerine bir miktar saf su eklenerek karistirma cihazinda
karismasi saglanmistir. Kati numune daha sonra 5000 devirde 10 dk santriflj edilip, sivi numunelerden 5
mL alinmistir. Sep-pak kartus vakum manfolduna yerlestirilerek ilk 6nce sartlanmasi saglanmistir. Bunun
icin yavag bir sekilde 6nce 2 mL metanol daha sonra 5 mL Tetrab(til amonyum hidrojen silfat (TBA,
Sigma Aldrich, ABD) 2 cozeltisi gecirilmistir.Santrifijlenme sonrasi elde edilen Ust sivi kisim yavascga
kartustan gegirilerek boyanin kartusta tutunmasi saglanmig, ardindan yine yavas bir sekilde 10 mL TBA2
¢Ozeltisi gecirilerek kartustaki sekerli kisim atiimis oldu. Valf kapatilip, her bir kartus altina 15 mL’lik
falkon tlp yerlestiriimistir. Once yavasca 2 mL metanol daha sonra 3 mL saf su yine yavasca kartustan
gecirilerek boyanin falkon tlpte toplanmasi saglanmistir. Falkon tlp icerisindeki karisim iyice karistirilarak
0,45 pm’lik teflon filtreden suzilerek viale alinmig, vial HPLC cihazi otomatik enjeksiyon bolimiine
yerlestirilmigtir.
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HPLC cihazi (Agilent 1100, ABD) icgin kromotografik sartlar; Mobil faz i¢in, 480 mL TBA1 ¢ozeltisi
520 mL metanol ile homojen bir sekilde karistirilarak hazirlanmistir. Diyot Dizi Dedektérii (DAD)
kullaniimig olup, boyutlari; 3,2*250 mm olan 5 ym partikiilli silika igeren C18 kolonu kullaniimistir. Kolon
Sicakhgi 25 °C, akis hizi 1,0 mL/dk, enjeksiyon hacmi: 20 yL’dir.

Veriler kalibrasyon egrisi kullanilarak hesaplanmig, analiz edilen numunede bulunan suda ¢oziinen
sentetik boya konsantrasyonu tespit edilmistir. Uriine ait tespit edilen degerler TGK Gida Katki Maddeleri
Yénetmeligi ile karsilastiriimis ve sonuglarin ilgili ydonetmelige uygunlugu kontrol edilmigtir.

Anket Metodoloji
Arastirma yéntemi, evren, érneklem ve veri toplama teknigi

Calismanin evreni izmir il merkezinde (Balgova, Bayrakli, Bornova, Buca, Cigli, Gaziemir, Glizelbahge,
Karabaglar, Karsiyaka, Konak ve Narlidere) ikamet eden ebeveynlerden olusturmaktadir. Calismada kartopu
ve kolayda drnekleme ydntemlerinden yararlaniimistir. Veri toplama teknigi olarak online anket ydntemi
kullanilmistir. Online anket araciligiyla 21.09.2020 ile 12.02.2021 tarihleri arasinda gecerli 417 Kkisiye
ulasiimistir. Anket giris bolimad dahil Gg bolim, toplam 28 sorudan olugsmaktadir. Anketin giris bolimUinde
demografik 6zellikleri belirlemeye yonelik 7 soru, ikinci béliminde ebeveynlerin gida ve beslenmeye yonelik
egitim ve bilgi diizeylerinin belirlenmesi amaciyla 4 soru bulunmaktadir. Uglincii bélimde ise ebeveynlerin
gida boyasi bulunan/bulundugu dusinulen Urlnlere ydnelik tiketici aliskanliklarini belilemeye ydénelik 15
soru bulunmaktadir. Anket sorularinin olusturulmasinda Caglar (2019) calismasindan yararlaniimigtir.
Toplanan veriler SPSS 18 programinda bagimsiz érneklem t-testi analizi ile analiz edilmistir. Bu arastirma,
Ege Universitesi Rektorligl, Fen ve Miihendislik Bilimleri Bilimsel Arastirma ve Yayin Etik Kurulu tarafindan
15.04.2020 tarihli, 04/06 sayili karar ve 589 protokol numarasiyla onay almistir.

Parametrik ya da parametrik olmayan testlerin uygunlugunun belirlenmesi amaciyla normallik testi
gerceklestiriimistir. Normal dadilima sahip olan verilerin basiklik ve ¢arpiklik degerlerinin +1 ile -1 arasinda
olmasi olmasi gerekmektedir (Hair et al., 2006). Normallik testi sonuglarina gore, tiketici aliskanlklarinin
skewness (carpiklik) degeri -,689 ve kurtosis (basiklik) degeri ,260’dir Bu baglamda veriler normal dagilima
sahip olup, analizde parametrik testler uygulanabilmektedir. Calisma verileri betimleyici analizler ve t-testi ile
analiz edilmistir.

ARASTIRMA SONUCLARI ve TARTISMA
Gida boyasi tayini

Bu galismada piyasadan satin alinan 6 farkli kategoriye ait meyveli stt Grtnleri icin HPLC cihazi ile
“Suda Co6zlnen Sentetik Boya Tayini” analizleri yapilmistir. 8 farkli firmaya ait 20 gesit meyveli yogurt, 4
farkli firmaya ait 8 gesit meyveli peynir, 4 farkli firmaya ait 6 ¢esit meyveli kefir, 4 farkli firmaya ait 7 ¢esit
meyveli puding, 4 farkli firmaya ait 7 ¢esit meyveli sit ve 2 farkli firmaya ait 6 ¢esit meyveli dondurma
drdnlerinin higbirinde sentetik boya tespit edilememistir.

Meyveli yogurt, meyveli peynir ve meyveli kefir Griinleri 30 Haziran 2013 tarih ve 28693 sayil
Resmi Gazetede yayinlanan TGK Gida Katki Maddeleri Yonetmeligi’nin Ek Il, Bolim D’de belirtilen “Gida
Kategorileri'ne goére “Aromalandirilmig fermente st Grinleri, 1sil islem gérmis drtnler dahil”
kategorisinde yer almaktadir. Yonetmelige goére bu drunlerde, birlikte kullanildiinda maksimum sentetik
renklendirici icerme siniri 150 mg/kg’dir. Tek basina kullanildiginda maksimum miktar belirlenen
renklendiriciler igin ise: Kinolin Sarisi igin 10 mg/kg, Sunset Yellow icin 5 mg/kg, Ponceau 4R ic¢in 5
mg/kg’dir. Analizi yapilan meyveli yogurt, meyveli peynir ve meyveli kefir numunelerinin hicbirinde
sentetik boya tespit edilmemistir. llgili yénetmelige gore, meyveli pudingler “Tatlilar” kategorisinde
degerlendiriimektedir. Yonetmelige goére, bu kategoride yer alan urlnler igin birlikte kullanimlarinda
maksimum miktar belirlenmis olan gida renklendiricileri i¢in izin verilen maksimum miktar 150 mg/kg’dir.
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Tek basina kullanildiginda maksimum miktar belirlenen renklendiriciler igin ise: Kinolin Sarisi igin 10
mg/kg, Sunset Yellow i¢in 20 mg/kg, Ponceau 4R i¢in 10 mg/kg’dir. Meyveli puding numunelerinin de
hicbirinde suda ¢ozlinen sentetik boya tespit edilmemigstir. 30 Haziran 2013 tarih ve 28693 sayili Resmi
Gazetede yayinlanan TGK Gida Katki Maddeleri Yénetmeligi'ne gore “Yenilebilir Buzlar ve Dondurma”
kategorisinde yer alan Uriinlerde renklendiriciler i¢in birlikte kullanimlarinda belirlenen maksimum miktar;
150 mg/kg’dir. Pastaneden alinan 3 dondurma 6rnegdinde suda ¢dzlinen sentetik boya tespit edilmigtir.
Diger Urtinlerde ise tespit edilememistir. PASB1 kodlu yaban mersini meyveli mavi renkli dondurmada 6,4
mg/kg Brillant Blue; PASB2 kodlu kavun meyveli sari renkli dondurmada 15,9 mg/kg Tartrazin ve 11,2
mg/kg Sunset Yellow; PASC1 kodlu yaban mersini meyveli mavi renkli dondurmada 8,1 mg/kg Brillant
Blue tespit edilmigtir. Tespit edilen miktarlar TGK Gida Katki Maddeleri Yonetmeligi'ne gére yasal sinirlar
icerisindedir. Kalyoncu ve Yurttagul (1995) tarafindan yapilan ¢alismada; 25 farkli pastaneden alinan 100
adet dondurma numunesine yapilan hem kalitatif hem kantitatif analizler sonucunda, dondurma
numunelerinin %52’sinde bir veya birden fazla boya maddesi tespit edilmistir. Erdogan (2007) tarafindan
yapilan benzer bir calismada 40 adet meyveli yogurtta da sentetik boya tespit edilmemigtir. Ding (2007)
tarafindan yapilan yenilebilir buzlarda suda ¢6ziinen sentetik boya analizi sonuglarina goére; analiz edilen
9 numuneden 1 tanesinde TGK’da belirtilen limit degerin Uzerinde Tartrazin (167,21 mg/kg) bulundugu
tespit edilmistir. Renklendirici miktari belirlenen diger numunelerin limit degeri asmadigi ancak Tartrazin
ve Karmoisin ikili karigimi kullanilan bir numunede tespit edilen Karmoisin miktarinin (79,18 mg/kg) tek
bagina izin verilen yasal limiti astigi tespit edilmistir. Onceki calismalarda pastaneden alinan dondurma
orneklerinde sentetik boya tespit edilmesi bizim ¢alismamizla da uyum gdstermektedir.

Tuketici davranigi anket verileri

Betimleyici analizler

Normal dagilima sahip olan verilerin, demografik 6zellikleri, beslenme/gida ile ilgili egitim ve bilgi
dizeyleri ve tuketici aligkanliklarina yonelik betimleyici istatistikleri gergeklestiriimistir. Katihmcilarin
demografik 6zelliklerine yonelik betimleyici istatistik sonuglari Cizelge 1'de verilmistir.

Cizelge 1.Demografik 6zelliklere iliskin betimleyici istatistik

Table 1. Descriptive statistics on demographics

Cinsiyet Frekans % Meslek Frekans % Egitim Durumu  Frekans %
Kadin 316 75,8 Ev Hanimi 43 10,3 ilkokul 4 1,0
Erkek 101 24,2 Kamu Sektoru 168 40,3 Ortaokul 4 1,0

Yag Frekans % Ozel Sektor 129 30,9 Lise 25 6,0
18-25 yag arasi 0 0 Serbest Meslek 34 8,2 Onlisans 39 9,4
26-35 yas aras| 74 17,7 issiz 10 2,4 Lisans 231 55,4
36-45 yas arasi 193 46,3 Ogrenci 0 0 Lisansistu 114 27,3
46-55 yas arasi 117 28,1 Emekli 21 5,0 Diger 0 0

55 ve Uzeri 33 7,9 Diger 12 29
Caligma Siiresi  Frekans % Cocuk Yasi Frekans % Cocuk Sayisi Frekans %
1-5 yil arasl 24 5,8 0-12 ayhk 9 14 1 gocuk 179 42,9
6-10 yil arasi 68 16,3 1-5 yas arasi 129 20,1 2 cocuk 211 50,6
11-20 yil arasi 158 37,9 6-10 yas arasli 200 31,1 3 ¢ocuk 19 4,6
20 yil ve Uzeri 167 40,0 11-15 yas arasi 129 20,1 4 cocuk 6 1,4
16-20 yas arasi 62 9,6 5 ve Uzeri 2 5
21-25 yas arasi 62 9,6
26 yas ve Uzeri 52 8,1

Cizelge 1'de gorildigu uzere, katilimci ebeveynlerin %75'i anne, %24l ise babadir. Calisma ebeveynler
Uzerine yapildigindan kadin katilimcilar anne, erkek katilimcilar baba olarak degerlendiriimektedir.
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Ebeveynlerin cogunlugu 36-45 yas aralidinda, 20 yil ve Uzeri suredir ¢calisan, kamu ve 6zel sektérde
galisan ve lisans ve lisansUstl egitim seviyesine sahiptir. Ebeveynlerin sahip oldugu ¢ocuklarin yaslari
agirhkli olarak sirasiyla, 6-10 yas arasi (200), 1-5 yas arasi (129) ve 11-15 yas arasi (129)dir.
Ebeveynlerin sahip oldugu cocuk sayisi ise agirlikh olarak sirasiyla, 2 gocuk (%50) ve 1 gocuk (%42)'tur.

Katilimci ebeveynlerin demografik dzelliklerine ek olarak ¢ocuklari igin tercih ettikleri Griinlerin son
kullanim tarihi ve etiket bilgilerine olan dikkatine iliskin betimleyici istatistik sonuglarina gére ebeveynlerin
cogunlugu (%98) son kullanim tarihine dikkat etmekte ve yine g¢ogunlugu (%88) etiket bilgilerini
okumaktadir. St Urdnlerinin son kullanim tarihi ve etiket bilgisi 6nemlidir. Analiz sonuglarina gore
ebeveynlerin %98’i Urinlerin son tiketim tarihine bakmakta, %88’ ise etiket bilgilerini okumaktadir. Son
kullanim tarihine bakan ya da bakmayan ebeveynlerin tiketici aliskanligi farklihk gostermezken, etiket
bilgisini okuyan ve okumayan ebeveynlerin tiketici aliskanhgi farklilik gostermektedir. Konu ile ilgili
yapilan énceki ¢alismalar degerlendirildiginde (Ozgil & Aksulu, 2006; Topuzoglu vd, 2007, Kdksal vd.,
2003, Uzunéz vd., 2008, Yilmaz vd., 2009, Yalg¢in, 2012, Saglam & Gumus, 2019; Yangic Yiksel &
Karag6zli, 2022) tiketicilerin gida drlnleri satin alma asamasinda dikkat ettikleri faktorler arasinda son
kullanma tarihinin énemli oldugu, bu sonuglarin yaptigimiz anket calismasi ile de paralellik gosterdigi
sdylenebilir.

Ebeveynlerin gida boyasi hakkinda bilgi sahibi olup olmadigi, varsa gida bilgisine ydnelik bilgiyi
nereden elde ettigi, gida ve beslenme Uzerime egitim alip almadigi ve varsa egitimin nereden aldigina
yonelik betimleyici analizler gergeklestirilmistir. Analiz sonuglari Cizelge 2’de verilmistir.

Cizelge 2. Gida boyasi egitimi ve urin bilgisine iligkin betimleyici istatistik

Table 2. Descriptive statistics on food coloring education and product knowledge

Gida Boyasi Hakkinda Bilgi Frekans % Gida ve Beslenme Uzerine Egitim Frekans %
Evet 229 54,9 Evet 121 29
Hayir 188 45,1 Hayir 296 71
Bilgi Kaynagi Frekans Gida ve Beslenme Egitimi Tiiri Frekans
Okul 100 Universitenin Gida/Ziraat/Beslenme vb. 93
internet 144 Bolimi
TV 46
Seminer/Konferans 41 Sertifika Programi 23
Yakin Gevre/Tanidiklar 2
isyeri 8 Kurs 15
Yayinlar (Mevzuat/Bakanlik) 2
Uzman Gériigleri i Diger 1

Diger

Cizelge 2'de goéruldigu uzere Ebeveynlerin %54°0G Urln icerisinde kullanilan gida boyalarina
yonelik bilgi sahibi oldugunu, %45’ ise bilgi sahibi olmadigini belirtmigtir. Caglar (2019)'In 260 tuketici
ile yapmis oldugu anket calismasina gore; tuketicilerin gida boyalari konusundaki bilgili olma
durumlarina bakildiginda (%73,1) kismen bilgili oldugu saptanmistir. Gida boyalari hakkinda bilgi
sahibi olan ebeveynler bilgilerini agirlikli olarak sirasiyla internet, okul, TV ve seminer/konferanslardan
edinmistir. Ebeveynlerin  %29’u gida ve beslenme UGzerine egitimli iken, %71nin egitimi
bulunmamaktadir. Egitimi bulunan ebeveynlerin bir kismi, ilgili egitimi Universitelerin gida, ziraat ve
beslenme bélimlerinden mezuniyetleri ile elde ederken, bir kismi ise sertifika programlari ve kurslardan
yararlanarak elde etmisgtir.

Tuketici ahigkanhigi betimleyici istatistigi

izmir il merkezinde yasayan ebeveynlerin tiiketici aliskanliklarinin betimleyici istatistikleri gergeklestirilmistir.
Betimleyici istatistikler Cizelge 3'te verilmistir.
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Cizelge 3.Tuketici aliskanhigi betimleyici istatistikler

Table 3. Consumer habits descriptive statistics

Sorular Ortalama Standart Sapma
1. Ahgveris yaparken mutlaka etiket bilgilerini incelerim. 3,92 1,237
2. Aligveris yaparken meyveli st Urlinlerini tercih ederim. 1,92 1,045
3. Meyveli sit drlnlerinin daha lezzetli oldugunu disintyorum. 2,30 1,310
4. Meyveli sGt urunlerindeki bahsedilen rengin  meyveden kaynaklandigini
A 1,80 1,026
distnuyorum.
5. Meyveli sut drunlerini, sadece meyvelerden Uretilen dodal gida boyalari ile Uretildiyse
. ) 2,56 1,413
tercih ediyorum.
6. Meyveli sut Urunlerindeki bahsedilen rengin kullanilan yapay boyalardan
g R 3,53 1,444
kaynaklandigini distniyorum.
7. Gida boyalarinin sagliksiz oldugunu digintyorum. 3,64 1,424
8. Gida boyalarinin kullanildigi Grinlerin sirekli tuketiimedikge c¢ocuklar igin zararli
9 A 2,32 1,269
olmadigini diistiniyorum.
9. Meyveli sut urunlerini tercih ederken markasina gore tercih ederim. 3,07 1,526
10. Etiketlerde yazan "E" kodu hakkinda bilgim var. 3,02 1,454
11. Urlnln etiket bilgilerinde kullanilan boyaya ait "E" kodu varsa kullanilan boyanin
S . P 2,40 1,193
guvenilir oldugunu disundyorum.
12. Tercih ettigim markalarin TC Tarim ve Orman Bakanhginin Tirk Gida Kodeksine 310 1266
uygun olduguna inantyorum. ' '
13. Cocugumun st Urunlerini tiketmesine fayda saglayacaksa boya igerse de tercih
edenm 1,75 1,037
14. Gida boyalarinin gocuklarda hiperaktiviteye neden oldugunu diistiniyorum. 3,10 1,231
15. Gida boyalarinin ¢ocuklarda alerjiye neden oldugunu disuniyorum. 3,38 1,375
Genel Ortalama 2,65

Cizelge 3'te goruldigu Uzere katilmci ebeveynlerin tuketici aligkanliklarinin dlgimua ile ilgili
ifadelere vermis olduklari yanitlarin ortalamasi 2,65'tir. ilgili deger ifadelerin katiimiyorum ile tarafsizim
arasinda degistigini géstermektedir. Olgek igerisinde en yiiksek ortalamaya sahip olan ifade 3,92 ile
“Aligveris yaparken mutlaka etiket bilgilerini incelerim.” ifadesidir. Oranin 3,92 olmasi ifadenin katiliyorum
ile kesinlikle katiliyorum ifadeleri arasinda oldugunu goéstermektedir. Sirasiyla en yilksek ortalamaya
sahip diger ifadeler 3,64 ile “Gida boyalarinin saglksiz oldugunu distniyorum” ve 3,53 ile “Meyveli sit
Urtinlerinde bahsedilen rengin kullanilan yapay boyalardan kaynaklandigini digtinilyorum”dur. Betimleyici
istatistik sonuclarina gére ebeveynler aligveris yaparken etiket bilgilerini okumaktadir. Gida boyalarinin
sagliksiz, sentetik boya kaynakli, alerjik ve hiperaktivite sebebi oldugu diisiinilmektedir. Olgek igerisinde
en dusuk ortalamaya sahip olan ifade 1,75 ile “Cocugumun sit drdnlerini tiketmesine fayda
saglayacaksa boya icerse de tercih ederim.” ifadesidir. Oranin 1,75 olmasi ilgili yanitin cevaplarinin
kesinlikle katilmiyorum ile katilmiyorum arasindan oldugunu gostermektedir. Bu dogrultuda, fayda
saglayacak olsa dahi ¢ocuklari igin boya igeren st Urinlerini satin almamaya egilimdir. Aksulu (2001)
tarafindan yapilan anket calismasina goére; gida Urtnlerinin besleyicilik degeri ile ilgilenen 418 denede en
6nemli besleyici unsuru soruldugunda, ilk olarak tazelik ve dogallik oldudu, ikinci sirada mineral ve
vitamin icerigi ve Uclncu sirada ise katki ve koruyucu maddeleri icermemesi 6nemli bulunmustur. Katki
maddesi denildiginde ise ilk akla renk maddeleri gelmektedir. Sezek vd. (2008) yaptigi bir arastirmada;
katkili besinlerin sagliga zararli olduguna inananlari %68,7, kismen zararli olduguna inananlari %22,4,
zararli olduguna inanmayanlar ise %5,0 olarak saptamistir. Bu durum bizim anket sonuglarimizla da
uyum gostermektedir. Erdem’in (2014) yaptigi arastirmaya goére, ankete katilan tiketicilerin %76’s1 hazir
ve yari hazir gidalarda kullanilan bazi gida katki maddelerinin (renklendiriciler gibi) alerji, migren, gut ve
hiperaktivite gibi hastaliklar tetikledidi gorisinde oldugu tespit edilmistir. Tuketicilerin %84,5’inin
¢ocuklarin tukettigi cikolata, dondurma gibi Urinleri alirken gereginden fazla gida katki maddesi igerdigini
dislnerek tereddit yasadiklar tespit edilmistir. Yangic Yiksel ve Karagozli (2023) tiketicilerin %
44,87'sinin Urlnin alerjen madde igerip igermedigine dikkat ettiklerini belirtmislerdir.
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Kesfedici Faktor Analizi (KFA)

Tuketici aligkanhgi olgeginin boyutlarini saptamak amaciyla kesfedici faktor analizi yapiimistir.
Faktor analizinde tiketici aliskanhdi dlgeginde yer alan bir ifade varyans katkisi disukligi ve iki madde
capraz yuklenme gdsterme sebebiyle analizden ¢ikariimistir. Cikarilan ifadelerin ardindan yapilanfaktér
analizinde KMO ve Barlett’s test sonucu Cizelge 4’te verilmistir.

Cizelge 4.Tuketici alisgkanligi KMO and Barlett's Test Tablosu
Table 4. Consumer habits KMO and Barlett's Test Chart

Kaiser-Meyer-Olkin (KMO) Ornekleme 721
Bartlett's Kuresellik Testi Tahmini Ki-Kare 1337,817
Serbestlik Derecesi 66
Anlamhhk ,000

Cizelge 4te goruldugl Uzere KMO Orneklem degeri 0,721'dir. KMO degerinin 0,60’dan yuksek
olmasi drneklemin faktdr analizi i¢in uygun oldugunu géstermektedir (Gurbiz ve $ahin, 2015). KMO
degerinin ,721 olmasi drneklemin faktdr analizi igin yeterli oldugunu gdstermektedir. Anlamlilik degerinin
p<0,05 olmasi degiskenlerin olusturdugu matrisin faktdr analizi i¢in anlamli oldugu ve faktor analizinin
yapilabilece@i anlamina gelmektedir. Faktor analizine goére, tiketici aligkanhklari 6zdegerleri 1°den buyik
olan Uc¢ faktore ayrilmakta ve ilgili G¢ faktér toplam varyansin %56’sini agiklamaktadir. Dondurilmis
bilesenler matrisi cizelgesi ile tiketici aliskanliklari &lgcegi icerisindeki maddelerin hangi faktorlere
yuklendigi ve yUk deg@eri gorulebilmektedir. Bilesen situnu altinda yer alan ve gruplanan sorularin her bir
grubu bir faktorl ifade etmektedir. Faktdr analizi sonucunda elde edilen tiketici aliskanliklari déndartlmis
bilesenler matrisi Cizelge 5'te verilmistir.

Cizelge 5.Tuketici aliskanhigi 6lgegi dondurulmus bilesenler matrisi

Table 5. Consumer habit scale rotated components matrix

Bilesen (Faktoér)

1 2 3
GBB MSUT GBYG

15. Gida boyalarinin gocuklarda alerjiye neden oldugunu distniyorum. ,796
7. Gida boyalarinin sagliksiz oldugunu disuniyorum. ,755
6. Meyveli sut drunlerindeki bahsedilen rengin kullanilan yapay boyalardan kaynaklandigini ,755
disunuyorum.
14. Gida boyalarinin cocuklarda hiperaktiviteye neden oldugunu distniyorum. 124
1. Aligveris yaparken mutlaka etiket bilgilerini incelerim. 722
3. Meyveli sit triinlerinin daha lezzetli oldugunu digintyorum. ,817
2. Aligveris yaparken meyveli st Urtnlerini tercih ederim. ,803
4. Meyveli sut Urtnlerindeki bahsedilen rengin meyveden kaynaklandigini distniyorum. ,636
5. Meyveli sut Uriinlerini, sadece meyvelerden Uretilen dodal gida boyalari ile Uretildiyse tercih ,503
ediyorum.
11. Uriiniin etiket bilgilerinde kullanilan boyaya ait "E" kodu varsa kullanilan boyanin giivenilir ,729
oldugunu distnuyorum.

8. Gida boyalarinin kullanildigi Grinlerin strekli tiketilmedikge cocuklar igin zararl 727
olmadigini dusunldyorum.
13. Cocugumun st Griinlerini tiketmesine fayda saglayacaksa boya igerse de tercih ederim. 711

Cizelge 5’te de goruldugu tzere donduridlmus tlketici aligkanliklari dlgegi 12 soru ve 3 faktorld bir
yapidan olusmaktadir. Her bir faktor icerisinde yer alan sorular g6z 6éniinde bulundurularak faktorler, Gida
Boyasi Bilgisi (GBB), Meyveli Siit Uriinii Tercihi (MSUT) ve Gida Boyasina Yénelik Giiven (GBYG) olarak
basliklandiriimigtir.

729



Senylz vd.

Olgek igerisindeki sorularin tutarli sekilde élgim yapip yapmadidi ya da 6lgek maddeleri arasinda
tutarhlik olup olmadiginin belirlenmesi maksadi ile glvenilirlik analizi yapilmaktadir (Girbiz ve Sahin,
2015). Olgeklerin i¢ tutarhginin belirlenmesinde Cronbach Alpha degeri baz alinmistir. Cizelge 6'da
Tuketici Aligkanliklari élgeginin guvenilirlik analizi sonuglar verilmistir.

Cizelge 6'da gorlldigu Uzere Tiketici Aliskanliklari élgeginin guivenilirlik katsayisi (a) ,681'dir. Gida
Boyasi Bilgisi faktériinin givenilirlik katsayisi (a) ,811; Meyveli Sut Uriinii Tercihi faktériinin givenilirlik
katsayisi (a) ,661 ve Gida Boyasina Yonelik Given’in guvenilirlik katsayisi (a) ,600'dir. Bu baglamda,
Gida Boyasi Bilgili 6lgegi yiiksek, Gida Boyasina Yénelik Giiven ve Meyveli Sit Uriini Tercihi dlgekleri
orta derece guvenilirlige sahiptir.

Cizelge 6.Tuketici aliskanliklar 6lgegi glvenilirlik analizi

Table 6. Consumer habits scale reliability analysis

Cronbach’s Alpha ’g:sg?
Tuketici Aigkanhgi 681 12
Gida Boyasi Bilgisi (GBB) 811 5
Meyveli Siit Uriinii Tercihi (MSUT) 661 4
Gida Boyasina Yonelik Giiven (GBYG) ,600 3

Fark analizi

izmir il merkezinde yasayan ebeveynlerin tiiketici davranislari arasinda fark olup olmadigini
incelemek amaciyla iki bagimsiz érneklem t-testi yapiimistir. iki bagimsiz érneklem t-testi ile iki ayri
orneklemin (cinsiyet (kadin/erkek), egitim (var/yok), gida boyasi bilgisi (var/yok), etikete bakmak
(evet/hayir), SKT'ye bakmak (evet/hayir)) belirli bir degiskene (tlketici aliskanliklari) ait ortalamalari
karsilastinimaktadir (Girbliz ve $Sahin, 2015). Bu dogrultuda, asagida belirtilen hipotezler
olusturulmustur;

H.: Ebeveynlerin cinsiyetine gore sut Urlinleri tiketici aligkanliklari; gida boyasi bilgisi (H14), meyveli
sit Grdnd tercihi (Hy,), gida boyasina yonelik gliven (Hy.)arasinda farklilik vardir..

H,: Ebeveynlerin gida veya beslenme Uzerine egitim alip almamasina gére sit Urlnleri tuketici
aligkanliklari; gida boyasi bilgisi (Hz,), meyveli sit Gruni tercihi (Ha,), gida boyasina ydnelik guiven
(Hayo)arasinda farkhhk vardir.

Hs: Ebeveynlerin gida boyasi hakkinda bilgisi olup olmamasina goére st Urdnleri tuketici
aligkanliklari; gida boyasi bilgisi (Hsa), meyveli st Grund tercihi (Hs,), gida boyasina ydnelik guiven
(Hac)arasinda farkhhk vardir.

H,: Ebeveynlerin Uriin Uzerindeki etiket bilgisine bakip bakmamasina gére sut Urlnleri tlketici
aligkanliklari; gida boyas! bilgisi (Has), meyveli siit Grind tercihi (Ha), gida boyasina yonelik gliven (Hac)
arasinda farklilik vardir.

Hs: Ebeveynlerin SKT bakip bakmamasina goére sut drlnleri tiketici aliskanliklari; gida boyasi
bilgisi (Hsa), meyveli siit Grund tercihi (Hsp), gida boyasina yénelik glven (Hsc) arasinda farklilik vardir.

izmir ili merkez ilgelerinde yasayan anne ve babanin siit Grinine yonelik tiiketici davraniglari
arasinda farklilk olup olmadigini incelemek amaciyla bagimsiz érneklem t-testi yapiimis ve sonucu
Cizelge 7'de verilmistir.
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Cizelge 7.Cinsiyete iliskin bagimsiz érneklem t-testi sonuclari
Table 7. Independent sample t-test results on gender

Levene Varyans Ortalama Esitligi icin t-testi

Esitligi
- . % 95 Guven
F Anlamlilik Td(%ge” Direer(l:):ssiﬂ?(;f) Anlamlilik Oré:lsl(?a Sstgn?na: Aralig

P Alt Ust

Esit Varyans 6,161 ,013 2,537 415 ,012 ,29237 ,11522 ,06588 ,51887
o Varsayimi

8 Esit Olmayan 2,343 149,711 ,020 ,29237 ,12481  ,04575 ,53899
Varyans
Varsayimi

Esit Varyans ,195 ,659 -1,406 415 ,160 -,13677 ,09726  -,32794 ,05441
= Varsayimi

g Esit Olmayan -1,372 162,290 172 -,13677 ,09965 -,33354 ,06001
Varyans
Varsayimi

Esit Varyans 8,915 ,003 1,696 415 ,091 ,16875 ,09950 -,02684 ,36433
¢ Varsayimi

8 Esit Olmayan 1,911 210,690 ,057 ,16875 ,08831  -,00534 ,34283
Varyans
Varsayimi

Bagimsiz 6rneklem t-testi yorumlanirken, Levene test sonucunun anlamli olup olmadigina
bakilmaktadir. Eger Leven test sonucu anlamli ise (p<0,05) ise, varyanslarin esit olmayan varyans
dagihmi satiri; test sonucu anlamsiz ise p>0,05) esit varyans varsayimi satirindaki p (anlamhlik
degerine) bakilmaktadir. P degeri anlamli (0,05’ten kiguk ise) farklilik vardir, P degeri anlamsiz (0,05'ten
blyuk ise) farklilik yoktur. Bu baglamda Tablo 7'deki t-testi sonuglarina gore, ilk olarak anna ve babanin
gida boyalar bilgisine yonelik gorisleri arasinda anlamli bir farkhlik bulunmaktadir (ty49= 2,343; p<0,05
(0,012)). Annelerin gida boyalari bilgisine yonelik gorislerinin ortalamasi 3,58 iken, babalarin gida
boyalari bilgisine yonelik goérislerinin ortalamasi 3,29'dur. Bagimsiz 6rneklemler t-testi sonuglarina gore
H,, hipotezi kabul edilir. Diger bir ifade ile anneler babalara oranla gida boyasi hakkinda daha fazla
bilgiye sahiptir. ikinci olarak, anne ve babanin meyveli sit Uriinleri tercihlerine yénelik gorisleri arasinda
anlamh bir farkliik bulunmamigtir (5= -1,406; p>0,05 (0,160)). Annelerin meyveli st urdnleri
tercihlerine yonelik gorislerinin ortalamasi 2,11 iken, babalarin meyveli sut Grtnleri tercihlerine yonelik
goruglerinin ortalamasi 2,24’tir. Bagimsiz orneklemler t-testi sonuglarina goére Hj, hipotezi red edilir.
Diger bir ifade ile anne ve babanin meyveli sut Urlnlerine ydnelik gérigleri arasinda anlamli bir farklilik
yoktur. Son olarak anne ve babanin gida boyasina yonelik given gorisleri arasinda anlaml bir farklilik
bulunmamistir (t,10= 1,911; p>0,05 (0,057). Annelerin gida boyalari glivenine yonelik gorislerinin
ortalamasi 2,19 iken, babalarin gida boyalari glivenine yénelik gérislerinin ortalamasi 2,02’dir. Bagimsiz
orneklemler t-testi sonuglarina goére Hi. hipotezi red edilir. Diger bir ifade ile anne ve babanin gida
boyalari giivenine yonelik gorusleri arasinda anlamli bir farklilik yoktur.

izmir ili merkez ilgelerinde yasayan gida ve beslenme egitimi alan ve almayan ebeveynlerin tiiketici
davranislari farkina yonelik t—testi analizi yapilmis ve sonuglari Cizelge 8’de verilmigtir.

Cizelge 8'deki t-testi sonuglarina gore ilk olarak, Gizere gida ve beslenme U(zerine egitim alan ve
almayan ebeveynlerin gida boyasi bilgilerine yonelik gorisleri arasinda anlamli bir farklilik bulunmamigstir
(treo= 538; p>0,05 (0,616)). Gida ve beslenme Uizerine egitim alan anne ve babalarin gida boyalari
bilgilerine yodnelik goruslerinin ortalamasi 3,55 iken, almayan ebeveynlerin gida boyalari bilgisine yonelik
goruslerinin ortalamasi 3,49'dur. Bagimsiz 6rneklemler t-testi sonuglarina gére H,, hipotezi red edilir.
Diger bir ifade ile gida ve beslenme Uzerine egditim alan ve almayan ebeveynlerin gida boyalari bilgisine
yonelik gorisleri arasinda anlamli bir farklilik yoktur. ikinci olarak, gida ve beslenme Uzerine egitim alan
ve almayan ebeveynlerin meyveli sut urunleri tercihine yonelik gorUsleri arasinda anlamli bir farklilik
bulunmaktadir (t4:5= 3,543; p<0,05 (0,000)). Gida ve beslenme Uzerine egitim alan ebeveynlerin meyveli
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sut drtnleri tercihine yonelik goruslerinin ortalamasi 2,37, almayan ebeveynlerin meyveli sit Grinleri
tercihine yonelik gorlslerinin ortalamasi 2,05°dir. Bagimsiz orneklemler t-testi sonuglarina gére Hay
hipotezi kabul edilir. Diger bir ifade ile gida ve beslenme Uzerine egitim alan ebeveynlerin meyveli st
Urtnleri tercihi daha yiksektir. Son olarak, gida ve beslenme Uzerine egitim alan ve almayan
ebeveynlerin gida boyasina glivene yonelik gorusleri arasinda anlamli bir farkhlik bulunmamaktadir (t4;5=
1,320; p>0,05 (0,187)). Gida ve beslenme Uzerine egitim alan ebeveynlerin gida boyasina giivene yénelik
goruglerinin ortalamasi 2,24 iken, almayan anne ve gida boyasina yonelik guvene iligkin goruglerinin
ortalamasi 2,11°dir. Bagimsiz érneklemler t-testi sonuglarina gére H,. hipotezi red edilir. Diger bir ifade ile
gida ve beslenme Uzerine egitim alan ve almayan ebeveynlerin gida boyasina yonelik guvene iligkin

gorugleri arasinda anlaml bir farkhlik yoktur.

izmir ili merkez ilgelerinde yasayan gida boyasi hakkinda bilgisi olan ve olmayan ebeveynlerin
tuketici davraniglar farkina yénelik t—testi analizi yapilmis ve sonuglar Cizelge 9'da verilmistir.

Cizelge 8. Gida ve beslenme egitimine gore t-testi sonuglari

Table 8. T-test results according to food and nutrition education

Levene Varyans
Esitligi

Ortalama Esitligi igin t-testi

% 95 Guven

T degeri  Serbestlik Ortalama Standart o
F Anlamhlik ® Derecesi (df) Anlamhlik Farki Sapma Aral|g|__
Alt Ust

Esit Varyans 4,785 ,029 ,503 415 616 05507  ,10958 -,16032 ,27046
% Varsayimi
©  Esit Olmayan 538 260,908 591 05507  ,10229 -,14635 ,25649

Varyans Varsayimi

Esit Varyans 1,556 213 3,543 415 ,000 32123 09067 14300 ,49945
(Ij—) Varsayimi
= Esit Olmayan 3,414 206,423 ,001 32123 09410 ,13571 50674

Varyans Varsayimi

Esit Varyans 027 869 1,320 415 ,187 12418  ,09405 -,06070 ,30906
8 Varsayimi
© Esit Olmayan 1,353 235,410 177 12418 09177 -,05661 ,30497

Varyans Varsayimi

Cizelge 9.Gida boyasi bilgisine gore t-testi analiz sonuglari

Table 9. T-test analysis results according to food coloring information

Levene Varyans

Ortalama Esitligi igin t-testi

Esitligi
T degeri  Serbestlik Ortalama  Standart _ % 95 Given Araligi
F Anlamhilik ) Derecesi (df) Anlamhlik Farki Sapma Ust Alt
Esit Varyans 502 54 2,079 415 ,038 20680  ,09946  ,01129 40230
o Varsayimi
m .
o  EsitOmayan 2,087 404,597 ,038 20680  ,00909 01200  ,40159
Varyans
Varsayimi
Esit Varyans 347 063 -571 415 568 04794 08390  -21287 11699
= Varsayimi
U) .
s  EsitOlmayan -565 379,515 572 04794 08481  -21471 11882
Varyans
Varsayimi
Esit Varyans 593 087 ,188 415 851 01618  ,08596  -,15279 18516
o Varsayimi
m .
o  EsitOmayan ,190 410,851 ,849 ,01618 08514  -,15119 ,18355
Varyans
Varsayimi
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Cizelge 9'daki t-testi sonuglarina gore ilk olarak, gida boyasi hakkinda bilgisi olan ve olmayan
ebeveynlerin gida boyasi bilgisine yonelik gorlsleri arasinda anlamh bir farkhhk bulunmaktadir (t415=
2,079; p<0,05 (0,038)). Gida boyasI hakkinda bilgisi olan ebeveynlerin gida boyasi bilgisine yodnelik
goruglerinin ortalamasi 3,60 iken, gida boyasi hakkinda bilgisi olmayan ebeveynlerin gida boyasi bilgisine
yonelik goruglerinin ortalamasi 3,40°dir. Bagimsiz drneklemler t-testi sonuglarina gore Hs, hipotezi kabul
edilir. Diger bir ifade ile gida boyasi hakkinda bilgisi olan anne ve babalar, olmayan anne ve babalardan
daha fazla gida boyasi bilgisine sahiptir. ikinci olarak, gida boyasi hakkinda bilgisi olan ve olmayan
ebeveynlerin meyveli sit Grinleri tercihine yonelik gortsleri arasinda anlamli bir farkhlik bulunmamaktadir
(t415= -,571; p>0,05 (0,568)). Gida boyasi hakkinda bilgisi olan ebeveynlerin meyveli sit Grinleri
tercihlerine yonelik gorugslerinin ortalamasi 2,12 iken, gida boyasi hakkinda bilgisi olmayan ebeveynlerin
gida boyasi bilgisine yoénelik goéruglerinin ortalamasi 2,17°dir. Bagimsiz drneklemler t-testi sonuglarina
gore Hgs, hipotezi red edilir. Diger bir ifade ile gida boyasi hakkinda bilgisi olan ve olmayan ebeveynlerin
meyveli sit Urlnu tercihi arasinda anlamli bir farklihk bulunmamaktadir. Son olarak, gida boyasi hakkinda
bilgisi olan ve olmayan ebeveynlerin gida boyasina yonelik gliven goérisleri arasinda anlamli bir farkhlik
bulunmamaktadir (t;;5= -,571; p>0,05 (0,851)). Gida boyasi hakkinda bilgisi olan ebeveynlerin gida
boyasi guvenine yoénelik goruslerinin ortalamasi 2,16 iken, gida boyasi hakkinda bilgisi olmayan
ebeveynlerin gida boyasi givenine yonelik gorislerinin ortalamasi 2,14’dir.Bagimsiz érneklemler t-testi
sonuglarina gdre Hj. hipotezi red edilir. Diger bir ifade ile gida boyasi hakkinda bilgisi olan ve olmayan
ebeveynlerin gida boyasi glivenine yonelik gorisleri arasinda anlamli bir farkhlik bulunmamaktadir.

izmir ili merkezinde yasayan gida iriinlerinin etiketini okuyan ve okumayan ebeveynlerin tiiketici
davranislari farkina yonelik t—testi analizi yapilmis ve sonuglari Cizelge 10’da verilmistir.

Cizelge 10.Etiket okuma t-testi analiz sonuglari

Table 10. Label reading t-test analysis results

Levene Varyans

Esitligi Ortalama Esitligi icin t-testi
geri i % 95 Guven Araligi
E Anlamlilik T degeri Serbes_tllk Anlamlilik Ortalama Standart °" g
® Derecesi (df) Farki Sapma Ust Alt
Esit Varyans 1,09 ,296 3,051 415 ,002 ,46203  ,15144 ,16433 75972
o Varsayimi 7
g Esit Olmayan 2,930 61,624 ,005 ,46203  ,15767 ,14681 77724
Varyans
Varsayimi
Esit Varyans ,006 940  -1,249 415 212 -,16034  ,12833 -,41259  ,09191
= Varsayimi
g Esit Olmayan -1,229 62,482 224 -,16034 13045 -,42106  ,10038
Varyans
Varsayimi
Esit Varyans 2,05 ,153 -,567 415 571 -,07468 13162 -,33341  ,18405
o Varsayimi 0
g Esit Olmayan -,650 69,653 ,518 -,07468  ,11482 -,30371  ,15435
Varyans
Varsayimi

Cizelge 10'daki t-testi sonuglarina goére ilk olarak etiket bilgisine bakan ve bakmayan ebeveynlerin
gida boyasi bilgisine yonelik gorisleri arasinda anlamli bir farkhlik vardir (t4;5= 3,051; p<0,05 (0,002)).
Etiket bilgisine bakan ebeveynlerin gida boyasi bilgisine yénelik gorlslerinin ortalamasi 3,57 iken, etiket
bilgisine bakmayan ebeveynlerin gida boyasi bilgisine yonelik gorislerinin ortalamasi 3,10°dur. Bagimsiz
orneklemler T-Testi sonuglarina gore H,, hipotezi kabul edilir. Diger bir ifade ile etiket bilgisine bakan
anne ve babalar, bakmayan anne ve babalara gére daha fazla gida boyasi bilgisine sahiptir. ikinci olarak,
etiket bilgisine bakan ve bakmayan ebeveynlerin meyveli stt Grlnleri tercihine yonelik arasinda anlamli
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bir farkhlik yoktur (t415= -1,249; p>0,05 (0,212)). Etiket bilgisine bakan ebeveynlerin meyveli sit Grinleri
tercihine yonelik goérlslerinin ortalamasi 2,12 iken, etiket bilgisine bakmayan ebeveynlerin meyveli sit
Urtnleri tercihine yonelik goruslerinin ortalamasi 2,28'dir. Bagimsiz 6rneklemler t-testi sonuglarina gore
Ha4p hipotezi red edilir. Diger bir ifade ile etiket bilgisine bakan ve bakmayan ebeveynlerin meyveli sit
drtnleri tercihine yodnelik gorusleri arasinda anlamh bir farklilk bulunmamaktadir. Son olarak etiket
bilgisine bakan ve bakmayan ebeveynlerin meyveli st Grtnleri tercihine yonelik arasinda anlamli bir
farklihk yoktur (t415= -,567; p>0,05 (0,571)). Etiket bilgisine bakan ebeveynlerin gida boyasi glvenine
yonelik goruslerinin ortalamasi 2,14 iken, etiket bilgisine bakmayan ebeveynlerin gida boyasi giivenine
yonelik gorislerinin ortalamasi 2,22’dir. Bagimsiz 6rneklemler t-testi sonuglarina gore H,. hipotezi red
edilir. Diger bir ifade ile etiket bilgisine bakan ve bakmayan ebeveynlerin gida boyasi givenine ydnelik
gorusleri arasinda anlamli bir farklilik bulunmamaktadir.

izmir ili merkez ilgelerinde yasayan gida riinlerinin son kullanma tarihine bakan ve bakmayan
ebeveynlerin tlketici davranislari farkina yonelik t—testi analizi yapilmis ve sonuglari Cizelge 11'de
verilmigtir.

Cizelge 11. Son kullanma tarihine gore t-testi analiz sonuglari

Table 11. t-test analysis results by expiration date

Levene Varyans Ortalama Esitligi igin t-testi

Esitligi
T degeri  Serbestlik Ortalama Standart % 95 Gilven Araligi
F - Anlamhlik ()  Derecesi (df) Anlamiilik Farki Sapma Ust Alt
Esit Varyans 4,629 ,032 2,400 415 ,017 ,99562 41486 , 18014  1,81110
o Varsayimi
8 Esit Olmayan 1,498 5,055 ,194 ,99562 ,66448 -, 70687 2,69811
Varyans
Varsayimi
Esit Varyans ,198 ,656 -1,395 415 ,164 -,48814 34990  -1,17593 ,19965
= Varsayimi
g Esit Olmayan -1,313 5,130 ,245 -,48814 ,37178  -1,43660 ,46032
Varyans
Varsayimi
Esit Varyans 1,169 ,280 -,820 415 413 -,29440 ,35890 -,99989  ,41108
o Varsayimi
8 Esit Olmayan -,615 5,081 ,565 -,29440 47854  -1,51863 ,92983
Varyans
Varsayimi

Cizelge 11'deki t-testi sonuglarina gore, ilk olarak son kullanma tarihine bakan ve bakmayan
ebeveynlerin gida boyasi bilgisine yonelik gorlsleri arasinda anlaml bir farklilk bulunmaktadir (tsgss=
1,498; p<0,05 (0,017). Son kullanma tarihine bakan ebeveynlerin gida boyasi bilgisine yonelik
gériglerinin ortalamasi 3,52 iken, son kullanma tarihine bakmayan ebeveynlerin gida boyasi bilgisine
yonelik gorlslerinin ortalamasi 2,53'dir. Bagimsiz 6rneklemler t-testi sonuglarina gére Hs, hipotezi kabul
edilmistir. Diger bir ifade ile son kullanma tarihine bakan ebeveynlerin gida boyasi bilgisi daha ylksektir.
ikinci olarak, son kullanma tarihine bakan ve bakmayan ebeveynlerin meyveli sit Griinleri tercihine
yonelik gorusleri arasinda anlamh bir farklilik bulunmamaktadir (t4;5= -,395; p>0,05). Son kullanma
tarihine bakan ebeveynlerin meyveli sut Urunleri tercihine yonelik gorislerinin ortalamasi 2,13 iken, son
kullanma tarihine bakmayan ebeveynlerin meyveli sut drinleri tercihine yonelik gorlslerinin ortalamasi
2,62'dir. Bagimsiz Orneklemler t-testi sonuglarina gére Hg, hipotezi red edilir. Diger bir ifade ile son
kullanma tarihine bakan ve bakmayan ebeveynlerin meyveli sut Grlnleri tercihine yonelik gérugleri
arasinda anlaml bir farkhlik bulunmamaktadir. Son olarak, son kullanma tarihine bakan ve bakmayan
ebeveynlerin gida boyasi givenine yonelik gorisleri arasinda anlamli bir farklilik bulunmamaktadir (t;15= -
,820; p>0,05). Son kullanma tarihine bakan ebeveynlerin gida boyasi glivenine yonelik goérislerinin
ortalamasi 2,15 iken, son kullanma tarihine bakmayan ebeveynlerin gida boyasi glvenine yodnelik
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goruslerinin ortalamasi 2,44°dir. Bagimsiz 6rneklemler t-testi sonuglarina goére Hs. hipotezi red edilir.
Diger bir ifade ile son kullanma tarihine bakan ve bakmayan ebeveynlerin gida boyasi glvenine yonelik
gorusleri arasinda anlamli bir farklilik bulunmamaktadir.

SONUC

izmir ili merkez ilgelerinde yasayan ebeveynlerin gogunlugu (%54°() gida boyasi hakkinda bilgi
sahibidir. Gida boyalarina yonelik bilgiler ¢ogunlukla okul, internet ve televizyondan elde edilmistir.
Ebeveynlerin gogunlugu alisveris esnasinda etiket bilgilerini okumakta, E kodunun ne anlama geldigini
bilmekte marka bilgisine dikkat etmektedir. Ayrica gida boyalarinin alerjiye sebep oldugunu, sagliksiz ve
yapay boyalardan elde edildigini disinmektedir.

Ebeveynlerin demografik Ozellikleri ile gida boyasi bilgisi, meyveli st Grini tercihi ve gida
boyasina yonelik gliven arasindaki farkhliklar incelendiginde; cinsiyete gore (anne ve baba olmak) gida
boyasi bilgileri farklihk gostermektedir. Anneler babalardan daha fazla etiket bilgisine dikkat etmekte ve
meyveli st drinlerindeki rengin yapay boyalardan elde edildigini, gida boyalarinin sagliksiz ve
hiperaktivite/alerji sebebi oldugunu disinmektedir. Ebeveynlerin cogunlugu (%71’i) gida ve beslenme
Uzerine egitim almamistir. Egitim alan ve almayan ebeveynlerin meyveli sut Grind tercihleri farkhhk
gostermektedir. Gida ve beslenme Uzerine egitim alan ebeveynler, egitim almayan ebeveynlere oranla
daha fazla meyveli sut urlnlerini tercih etmekte, lezzetli oldugunu/meyveli st Grtnlerinin renginin
meyveden kaynaklandigini dusuinmekte ve dogal gida boyasi ile Uretildiyse tercih etmektedir. Gida
boyasi hakkinda bilgisi olan ebeveynlerin etiket okudugu, E kodunu, gida boyasi saghgi hakkinda bilgisi
daha fazladir. Ebeveynlerin ¢odunlugu ¢ogunlugu (%88) etiket bilgilerini okumaktadir. Etiket bilgilerini
okuyan ebeveynlerin gida boyasina yonelik bilgisi daha yuksektir. Ebeveynlerin Grinlerin son kullanim
tarihine bakanlar ile bakmayanlar arasinda gida boyasi bilgisi farklilik géstermektedir. (%98) son kullanim
tarihine dikkat etmektedir. Son kullanim tarihine bakanlarin gida boyasi bilgisi daha yiksektir. Bu
baglamda, kadinlar, gida boyasi hakkinda bilgi sahibi olanlar, etiketleri okuyan ve son kullanim tarihine
bakan ebeveynlerin gida boyasina yonelik bilgi dizeyleri daha yliksektir. Gida ve beslenme (izerine
egitim alanlarin meyveli sit tercihi orani daha yuksektir. Gida boyasina ydnelik given demografik
Ozelliklere gore degdiskenlik gostermemektedir. Gida boyalarinin sirekli tiketiimemesi durumunda zararli
olmadiginin, gida boyasina yonelik ‘E’ kodu belirtiimigse givenilir oldugunun ve boyal dahi olsa st
tiketimini artiriyorsa boyal  Urinlerin tercih edildigine yonelik goérigler farkliik icermemektedir.
Ebeveynlerin meyveli sut Urdnlerini tercih etmesi, lezzetli olusu, renginin dodal gida boyalari ve
meyvelerden Uretildiyse tercih edilmesi ile cinsiyet, etiket bilgisi okuma/okumama ve son kullanma
tarihine bakma/bakmama arasinda farklilik bulunmamaktadir.

Calisma sirasinda piyasa arastirmasi yapildiginda, ¢ocuklar icin ¢gok fazla renkli sit Grinlerinin oldugu
g6zlemlenmis ve bu dogrultuda mimkin oldugunca Urin gesitliligini artinlmistir. Arastirma sonuglarina
baktigimizda, etiketli Urlinlerde, etiketinde sentetik boya kullanmadigini beyan ettidi hi¢ bir ambalajli Grinde
sentetik boya tespit edilmemistir. Etiket bilgisine kolayca ulagilamayan pastane drlnlerinin bazilarinda ise
sentetik boya tespit edildigi rapor edilmistir. Bu baglamda, etiket beyani olan Urtinlerin daha guvenilir oldugu
ifade edilebilir. Pastane Urtnleri gibi etiketi tlketici tarafindan kolayca ulasilamayan Urlnlere yorum
yapabilmek igin ileriki zamanlarda sadece bu Urlnleri kapsayan daha genis bir ¢alisma yapilabilir. Sentetik
boya tespit edilemeyen Urtnlerin etiket beyanlarinda daha g¢ok, antosiyanin, beta karoten, pancar koki
kirmizisi gibi dogal boyalar kullanildigi beyan edilmektedir. Analizini yaptigimiz Grinlerde, ilgili ydnetmelige
gbre dogal boyalarin kullanimina yasal bir sinir koyulmamistir. Bunlarin kullanimi ve saglik tzerine etkileri
detaylica arastiriimasi gereken konular arasindadir. Anket ydntemi ile ebeveynlerin renkli Uriinleri tercih
etmedeki tuketici tutumlari degerlendirildiginde % 88 oraninda etiket okuma ve % 54 oraninda gida
renklendiricileri hakkinda bilgi sahibi olduklari gézlemlenmistir. Bu oranlarin artirimasi amaciyla ebeveynlere
daha fazla egitim ve sosyal medya araciligi ile daha fazla bilgilendirme yapilmasi onerilir.

735



Senylz vd.

KAYNAKLAR
Aksulu, 1., 2001. Tiketicide sagligini koruma bilinci ve satin aima noktasinda tlketici tutumlari: ambalajli gida Grtnleri
iizerine arastirma. D.E.U..1.B.F. Dergisi, 16 (1): 115-127.

Ath, B., 2010. Gida Boyalari. Namik Kemal Universitesi Fen Bilimleri Enstitiisti, Gida Miihendisligi Anabilim Dal,
(Basllmamig) Yiksek Lisans Tezi, Tekirdag, VI+76 s.

Branen, A.L. & R.J. Haggaerty, 2002. Introduction to Food Additives. New York, CRC Press, 11 s.

Gaglar, C., 2019. Pastacilarin Gida Boyas! Kullanimina iliskin Tutumlari ve Tiiketici Tercihleri. Yayimlanmamis Yiiksek
Lisans Tezi, Gazi Universitesi Sosyal Bilimler Enstitlisli, Gastronomi ve Mutfak Sanatlari Anabilim Dali,
(Basllmamig) Yiksek Lisans Tezi Ankara, XIll + 196 s.

Ding, M., 2007. Gidalara Katilan Bazi Suda Coziinen Sentetik Boyalarin Belilenmesi. Namik Kemal Universitesi Fen
Bilimleri Enstitiisti, Gida Mihendisligi Anabilim Dali, Tekirdag, VII+79 s.

Erdem, K., 2016. Tiiketicilerin Demografik Ozellikleri ile Satin Alma Tarzlar Arasindaki lligki: Aydin ilindeki Tiiketiciler
Uzerlne Bir Arastirma. Adnan Menderes Universitesi, Sosyal Bilimler Enstitiisii, (Basilmamis) Yiiksek Lisans Tezi,
Aydin, 85 s.

Erdogan, $., 2007. Ankara Piyasasinda Satisa Sunulan Bazi Gidalarda Sentetik Boya Miktarlarinin Aragtirimasi. Gazi
Universitesi Saglk Bilimleri Enstitlis(i, (Basilmamis) Yiksek Lisans Tezi, Ankara,128 s.

Glrbiz, S. & F. Sahin, 2015. Sosyal Bilimlerde Arastirma Yéntemleri. 2. Baski, Seckin Yayinevi, Ankara,479 s.

Hair J. F., W. C. Black, B. J. Babin, R. E. Anderson & R. Tatham, 2006.  Multivariate Data Analysis. Pearson Prentice
Hall, New Jersey, USA, 449 pp.

Kalyoncu, A. & M. Yurttagll, 1995. Ankara piyasasinda satilan ¢esitli dondurma, sekerleme ve pasta suslerine katilan
sentetik gida boyalarinin kantitatif olarak arastiriimasi. Beslenme ve Diyet Dergisi, 24 (2): 279-291.

Koksal, E., N. Bilgili & A.A. Topgu, 2003. Ankara ili Gulveren bdlgesinde yasayan ev hanimlarinin besin satin alma ve
etiket okuma konusundaki bilgi diizeylerinin belirlenmesi. Saglik ve Toplum, 13 (2): 77-83.

Martins, N., C. L. Roriz, P. Morales, L. Barros & I.C.F.R., 2016 Food colorants: challenges, opportunities and current
desires of agro industries to ensure consumer expectations and regulatory practices. Trends In Food Science and
Technology, 52: 1-15.

Nordic Committee on Food Analysis, 1989. Colours Synthetic, Water-Soluble-Liquid Chromotogrophic Determination in
Foods. N0:130 667,28/543-544, 2 pp.

Ozgill, E. & I. Aksulu, 2006. Ambalajli gida Griinlerinde tiiketicilerin etiket duyarliigindaki degisimler. Ege Akademik Bakis
Dergisi, 6 (1): 1-10.

Saglam, F., A. Gimis & B. Dokcan, 1999. Tiketicilerin besin satin alimina iligkin bilgi, tutum ve davranislari. Beslenme ve
Diyet Dergisi, 28 (1): 39-46.

Saleem, N., Z. N. Umar & S.I. Khan, 2013. Survey on the use of synthetic food colors in food samples procured from
different educational institutes of Karachi City. The Journal of Tropical Life Science, 3 (1): 1-7.

Sezek, F., E. Kaya & S. Dogan, 2008. Universite égrencilerinin genel beslenme aliskanliklari, katkili besinler hakkindaki
bilgi, gbriis ve tutumlari. Cankaya Universitesi Sanat ve Bilim Dergisi, 10: 117-134

Topuzoglu, A., S. Hidiroglu, P. Ay, F. Onsiiz & H. ikiisik, 2007. Tiiketicilerin gida triinleri ile ilgili bilgi diizeyleri ve saglk
risklerine karsi tutumlari. TSK Koruyucu Hekimlik Bdilteni, 6 (4): 253-258.

Tirk Gida Kodeksi, 2013, Gida Katki Maddeleri Yonetmelidi. T.C. Tarim ve Orman Bakanhgi, T.C. Resmi Gazete, Sayi:
28693.

Uzundz, M., E. Orug & G. Bal, 2008. Kirsal kadinlarin gida glvenligi konusunda biling diizeyleri (Tokat ili 6rnegi). Uludag
Universitesi Ziraat Fakiiltesi Dergisi, 22 (2): 35-46.

Uniisan, N., 2007. Consumer food safety knowledge and practices in the home in Turkey. Food Control, 18: 45-51.

Yalgin, A., 2012. Tiiketicilerin Gida Giivenligi ile ilgili Tutum ve Davranislari (Samsun ili Ornegi). Gaziosmanpasa
Universitesi, Fen Bilimleri Enstitiisii, Tarim Ekonomisi Anabilim Dali, (Basiimamus) Yiiksek Lisans, Tokat, 128 s.

Yangi¢ Yuksel, C. & N. Karagézll, 2022. Tuketicilerin gida guvenligi bilgi ve bilinglerinin belirlenmesi: Ankara, Etimesgut
ornegi. Ege Univ. Ziraat Fak. Derg., 2022, 59 (4): 645-659

Yangig Yiksel, C. & N. Karagozlii, 2023. Tuketicilerin satin alma aligkanliklari: Ankara, Etimesgut 6rnegdi. Ege Univ. Ziraat
Fak. Derg., 60 (2): 291-302

Yilmaz, E., Y. Oraman & I. inan, 2009. Gida Uriinlerine iliskin tiiketici davranisi dinamiklerinin belirlenmesi: “Trakya
ornegi”. Journal of Tekirdag Agricultural Faculty, 6 (1): 1-10.

736



Review Article
(Derleme Makale)

Pelin OZKAYA*
Seval DAGBAGLI*

Miige UYARCAN ¥

! Manisa Celal Bayar Universitesi,
Muhendislik Fakiltesi, Gida Mihendisligi
B6lumu, 45030, Yunusemre, Manisa,
Tarkiye

* Sorumlu yazar (Corresponding author):

muge.akkara@cbu.edu.tr

Keywords: Bacterial cellulose, cellulose,
food industry, food waste

Anahtar sdzcukler: Bakteriyel seliiloz,
sellloz, gida endustrisi, gida atiklar

Ege Univ. Ziraat Fak. Derg., 2023, 60 (4):737-749
https://doi.org/10.20289/zfdergi.1350359

Utilization of food waste in production of
bacterial cellulose

Gida atiklarinin bakteriyel sellloz uretiminde kullanimi

Received (Alinis): 26.08.2023 Accepted (Kabul Tarihi): 03.12.2023

ABSTRACT

Cellulose is defined as a polymer that exists in the cell walls of plant tissues and
is widely used in many industrial fields. However, the recent threat of deforestation
has led researchers to find alternative wood sources for cellulose production.
For this reason, literature studies have focused on certain types of bacteria
known to be capable of producing cellulose, such as Acetobacter,
Gluconobacter, Alcaligenes, etc. It is stated that cellulose of plant origin and
bacterial origin have a similar structure. Bacterial cellulose possesses a big
economic and commercial potential depending on the purpose and the
production method and is generally used in food applications as a fat substitute,
rheology modifier, immobilization material for probiotics and enzymes, stabilizer
of pickering emulsions, component of food coatings and green packaging film.
Recently, it has become more prominent to use food waste as production
inputs, such as beet and sugar cane molasses, fruit waste, dairy industry waste,
etc. So, the utilization of industrial by-products, agro-forestry, and food industry
residues as carbon sources has been providing significant advantages, such as
increasing yield and reducing cost. The objective of this study was to present a
general look related to bacterial cellulose production in combination with the use
of food waste and future trends.

0z

Sellloz, bitki dokularinin hiicre duvarinda bulunan ve endistrinin birgok
alaninda yaygin olarak kullanilan bir polimer olarak tanimlanmaktadir. Ancak son
zamanlarda ormanlarin yok olma tehlikesiyle karsi karsiya kalmasi arastirmacilar
sellloz dretimi icin odun yerine alternatif kaynaklar bulmaya yonlendirmistir. Bu
nedenle literatir g¢alismalari sellloz Uretebildikleri bilinen Acetobacter,
Gluconobacter, Alcaligenes, vb. gibi belirli bakteri turlerine odaklanmistir. Bitki
kaynakli ve bakteriyel kaynakli selilozun benzer yapiya sahip oldugu ifade
edilmektedir. Bakteriyel seliiloz, Uretim amacina ve yontemine bagh olarak biyuk
bir ekonomik ve ticari potansiyele sahiptir ve gida uygulamalarinda genellikle yag
ikame maddesi, reoloji duzenleyici, probiyotik ve enzimler i¢cin immobilizasyon
materyali, pickering emdlsiyonlarinin stabilizatérli, gida kaplamalari ve yesil
ambalaj Uretiminde film bileseni olarak kullaniimaktadir. Son zamanlarda pancar
ve seker kamigi melasi, meyve atiklari, sit sanayi atiklari gibi gida atiklarinin
Uretim girdisi olarak kullaniimasi 6n plana ¢cikmistir. Bu nedenle, endustriyel yan
Urunlerin, tarim-orman ve gida endustrisi atiklarinin karbon kaynagi olarak
kullaniimasi, verimi artirmak ve maliyeti disirmek gibi 6nemli avantajlar
saglamaktadir. Bu calismada bakteriyel seliloz Uretiminde gida atiklarinin
kullanimi ve gelecekteki egilimler ile ilgili bilgiler derlenmistir
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INTRODUCTION

Cellulose is a plant-originated polymer that exists in the cell wall. It is obtained from plant tissues
such as tree trunks. However, benefiting from trees as the primary source of cellulose production has
been threatening the wealth of forests. Thus, the environmentalist approach has promoted the
researchers to explore new sources and techniques for cellulose production (Akoglu et al., 2010). So,
Bacterial Cellulose (BC) is also described as an eco-friendly material with excellent structural and
functional properties (Navya et al., 2022). BC is a good alternative to satisfy this need which is based on
a specific microbial bioprocess. BC was first identified in 1886, while Brown was observing vinegar
fermentation and reported it to be a substance called the “vinegar plant” or “mother”, whose composition,
structure, and reactivity were the same as plant cellulose (Cacicedo et al., 2016). Moreover, it is easily
recognized that BC is superior to standard cellulose due to its advantageous aspects. It has been
reported that BC has high purity, highly hydrophilic nature (high liquid loading capacity), high crystallinity,
high surface area/mass unit, high degree of polymerization, good biocompatibility and biodegradability
and excellent mechanical properties (Revin et al., 2018). In addition, it has high chemical purity, shape
stability (when it is folded), long chained structure with a thin network, favorable for modifications during
production, high mechanical strength, high water holding capacity, being ability to be synthesized with
various substrates (Poyrazoglu Coban & Biyik, 2008). BC is the purest form of cellulose available from
microorganisms, it does not contain lignin or other contaminants, so purification step and extra energy
request are eliminated (Bandyopadhyay et al., 2018). However, BC pellets are sometimes claimed to
have impurities such as metabolic substances, cells, or nutrient residues, while elimination of these
seems to be easy by application of the following three steps: alkaline treatment at 100°C / 15-20 minutes
to remove the cells, isolation of the BC pellets from the alkaline solution and finally washing it with distilled
water to obtain the neutral pH (Zhong et al., 2020). BC is also independent from regional and climatic
conditions. In addition, microorganisms can be genetically modified to obtain desired properties, and their
growth rate can be controlled for production in the requisite quantities and time span (Shi et al., 2014).

Thanks to all these advantageous properties, BC has promising applications in various food
processes. For instance, BC is claimed to be a good reinforcement material, emulsifier-stabilizer, heat-
stable suspending agent, non-caloric agent, texture enhancer (reducing stickiness of pasty foods), source
of dietary fiber, and potential fat replacer to reduce the energy density of several foods (salad dressings,
meatballs, etc.). Moreover, it has recently been used as a component of packaging film materials
(Azeredo et al., 2017; Ferrer et al., 2017; Khan & Kamal, 2021; Thivya et al., 2022). These film materials
are generally produced in disassembled form. Then, it is converted to micro/nanofibrils or nanocrystals
via mechanical or chemical techniques (Mishra et al., 2018; Cazon & Vazquez 2021). So, types of
nanocellulose can be aligned as cellulose nanocrystals, nano fibrillated cellulose, and bacterial
nanocellulose (Bharmalla et al., 2017). The type of production is also effective on the morphology of
obtaining BC. The BC membrane (pellicles) is obtained by static fermentation, while BC fibers (pellets)
are produced by agitated fermentation (EI-Gendi et al., 2023).

BC can be produced by many aerobic bacteria such as Aerobacter, Agrobacterium, Azotobacter,
Alcaligenes, Gluconacetobacter (Komagataeibacteria), Rhizopium, Rhodobacter, Pseudomonas and
Sarcina, and Dickeya, while particular algaes (Vallonia) and some moulds (Saprolegnia, Dictystelinum
discoideum) are also capable of producing BC (Costa et al., 2017; Lin et al., 2020; Jang et al., 2023) and
the cellulose ultrastructure together with its physical and mechanical properties are affected by cultivation
techniques including static culture, agitated culture and bioreactor culture (Andriani et al., 2020).
Addtionally , it is a multivariate biotechnological process in which the process inputs (production media),
selected bacterial culture, process conditions, and the yield of the process are changeable. So, it has not
been possible to claim that there is one type of production, and the biosynthesis process is generally
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complex. Nevertheless, the biosynthesis process of bacterial cellulose has recently attracted much
attention due to its water retention capacity, high tensile strength, and ability to be modified with various
elements, polymers, or bioactive materials (Jang et al., 2023). Moreover, production yield can also be
enhanced via new developed media (Cakar et al., 2014; Mohammadkazami et al., 2015). However, the
main drawback of such a production is its high cost (Azeredo et al., 2019). Thus, cost minimization
requires finding alternative and valuable sources for the production which results in the valorization of
waste as culture media (Esa et al., 2014; Zhong, 2020; Cazon & Vazquez 2021). As is known, the food
industry produces waste continuously. Hence, waste management strategies and sustainable valorization
of waste become as important as food production. In addition, handling these waste requires specific
applications depending on the type of waste, because there have been a wide variety of waste materials
from many kinds of production. The diversity of industrial waste generated from various food sources can
be exemplified as solid waste (excreta, feathers, claws) or liquid waste (urine faeces, blood, and
remnants of drugs and pesticides) from poultry processing; shells, roes, and trimmed parts from marine
product processing; paneer whey skim milk, cheese whey, spilt milk, spoilt milk and curd chunks,
buttermilk and ghee residue from dairy processing; husk, chaff, hull, bran and stalks from cereals and
pulse processing; skin, pomace, peels, pith and stones from fruits and vegetable processing; hulks and
stalks from spices and condiments, and so on (Kaur et al., 2023).

However, the valorization of food waste has not reached satisfactory levels yet. For instance,
according to the data of the Republic of Turkiye Ministry of Agriculture and Forestry, 18 million tons of food
is wasted annually (Tarim ve Orman Bakanhgi, 2022). FAO also reports that around 1.3 billion tons of food
are wasted annually, accounting for a third of all edible foodstuffs produced worldwide (FAO, 2019). This
unsatisfactory state reflects the gap between theory and practice, which is mostly due to the technological
and economic unfeasibility of many of the valorization strategies (Mou et al., 2023). But new progressive
studies seem to be promising by providing waste management and the production of alternative products
as a contribution to the circular economy at the same time. Hence, this review aims to show how to utilize
food waste in the production of BC, which enables both the valorization of food/industrial waste and the
sustainable & green production of cellulose instead of plant-originated cellulose.

BIOSYNTHESIS MECHANISMS OF BACTERIAL CELLULOSE

The biosynthesis of BC takes place as a result of synchronic, accurate and regulated reaction chains
with plenty of enzymes and protein complexes (Caciedo et al., 2016). BC vyield and properties depend on
how the biosynthesis has been performed. Several factors such as selection of the BC producing bacteria,
composition of the culture medium, cultivation process, and process variables influence properties and yield
of BC obtained. These aspects need to be carefully considered to get BC with yields high enough to
increase its viability for food and food packaging applications (Azeredo et al., 2019)

Selection of BC producing bacteria

Among the BC producing bacteria (Aerobacter, Agrobacterium, Azotobacter, Alcaligenes,
Komagataeibacteria, Rhizopium, Rhodobacter, Pseudomonas, Sarcina, and Dickeya), members of
Komagataeibacteria (former Gluconacetobacter) are generally preferred for production because of their
high capacity to utilize a wide variety of nutritional sources. The Komagataeibacter species is defined as
gram-negative, strictly aerobic, living mainly in fruits and vegetables in the decomposition process, which
are capable of converting common carbon sources at 25-30°C and pH 3-7 with changing yields and
properties (Caciedo et al., 2016). However, this ability is not sufficient to fulfill the industrial demand (Lin
et al.,, 2020). So, genetic engineering practices contribute to enhancing BC production yield for better
results. For instance, genetically modified cells have been able to grow in spite of low nitrogen conditions
and low oxygen environments (Azeredo et al., 2019).
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Production medium

Production medium is especially claimed to be influential on the physical properties and
morphology of BC. However, production cost is considered as important as the nature of obtaining BC
(Navya et al., 2022). The high production cost and low yield of BC are significant issues, that limited its
industrial production and wide range of applications (Lin et al., 2020). Thus, alternatives to the
conventional culture medium (HS medium) are still being investigated. These alternatives may include a
wide variety of fruit juices, coconut water or milk, molasses, starch hydrolysate, brewery waste, etc.,
resulting in different contents that are effective on BC yield (Navya et al., 2022).

According to the studies, the most important factors affecting BC production are the carbon and
nitrogen sources used. In addition to being effective of BC vyield, the carbon sources also affect the
production cost of BC (Akoglu et al., 2010). Cakmakgi et al. (2008) investigated the effect of using
glucose, fructose, maltose, and galactose as carbon sources on BC production. According to the results,
the use of fructose, maltose, sucrose, and glucose as carbon sources was claimed to support BC
biosynthesis, while galactose was not found to be a good substrate. On the other hand, it was reported
that D-xylose was not effectively metabolized by the BC forming bacteria unlike D-glucose (Ishihara et al.,
2002). Moreover, glucose is reported to be more active than other carbon sources, except for the two
sugar alcohols (arabitol and mannitol) (Navya et al., 2022). The price of complex nitrogen sources also
affects the cost of BC production. Nitrogen sources, yeast extract, peptone, etc. are generally preferred,
but these are expensive and complex production sources. Actually, synthetic fermentation medium is
recommended instead of glucose containing complex growth medium (Akoglu et al., 2010). Hestrin and
Schramm's medium (HS medium) is widely used for BC production, having a specific formulation (2%,
w/v, glucose; 0.5%, w/v, peptone; 0.5%, w/v, yeast extract; 0.27%, w/v, Na,HPO,) (Hestrin and Schramm,
1954). However, modification of the type and proportion of culture media is usually practiced to figure out
the yield, cost, and properties of BC. At this point, it is suggested to optimize variables in defined media,
then switch carbon & nitrogen sources to determine whether BC production has progressed (Singhania et
al., 2022).

Recent studies have focused on finding alternative fermentation media to substitute for these
expensive materials and HS medium. Castro et al. (2011) succeeded to perform an alternative and feasible
production with the use of sugar cane juice and pineapple peel. According to the results, it was highlighted
that the carbon and nitrogen sources of these waste were found to be sufficient for microbial growth. In a
more recent study conducted by Hasanin et al. (2023), mango peel waste hydrolysate was found to be a
significant inducible fermentation medium with no need for extra nutrients and increasing the BC yield about
2.5 fold in comparison to the HS medium. So, it can be re-emphasized that the composition of the
fermentation medium is a critical determinant factor in both the production yield and cost.

Valorization of wastes can be an attractive practice. However, wastes can not be directly used in BC
production. For this reason, pretreatment of waste before production is great important (Akintunde et al.,
2022; ElI-Gendi et al., 2023). An effective pretreatment application is expected to satisfy three criteria. The
first one is enhancing sugar yield or the ability to form sugars via enzymatic hydrolysis. The second one is
elimination of carbohydrate degradation and the final one is being cost effective. Chemical and physical
pretreatment processes are employed for agricultural waste. Chemical pretreatment includes acid and alkali
pretreatment. Acid pretreatment is performed by organic (acetic) or inorganic (nitric) acids and is used for
decomposing biomass waste, increasing cellulose availability, but alkali treatment is more common and is
performed for improving the digestibility of the lignocellulose via swelling it, resulting in a higher surface area
for the process, reduction of crystallinity and disruption of lignin structure. However, the type of waste is a
determinant on the chemical pretreatment, and waste such as switchgrass and wheat straw require ionic
liquid pretreatment in which imidazolium-based ionic liquids are used to improve enzymatic saccharification.
On the other hand, pretreatment is also claimed to be effective on hydrolysis, which is one of the main steps
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of BC production. Hydrolysis is performed to make it easier for BC producing microorganisms to metabolize
carbohydrates. Hydrolysis can be performed in two ways: acid hydrolysis and enzymatic hydrolysis. In acid
hydrolysis, saccharification of waste is generally achieved by the use of diluted sulphuric acid. Although acid
hydrolysis has some disadvantages and detrimental effects like corrosion of the equipment, high energy
consumption, and the formation of some inhibitors during the reaction, this process eliminates the
complexity of the carbon source, and formed simple sugars can easily be metabolized by the BC producer
microorganisms. The problem about the formation of toxic (for microorganisms) chemicals can be
eliminated by detoxification steps such as atmospheric cold plasma technique. These drawbacks are not
seen in enzymatic hydrolysis and different enzymes can be used, including amylase, lactase, cellulase, etc.,
depending on the composition of the waste (El-Gendi et al., 2023). The practicability and applicability of
the waste for several purposes can also be improved by some other biological (e.g.fungal pretreatment) and
physicochemical (e.g. steam explosion pretreatment, extrusion pretreatment) methods, especially for
lignocellulosic waste (Awogbemi and Kallon, 2022; Blasi et al., 2023).

Process variables

Process variables such as oxygen, pH, and temperature play a significant role in the biosynthesis
of BC and have a direct impact on production yield due to their ability to promote microbial growth. The
optimum pH range is explained to be 4-7, while the optimum process temperature is generally 28-30°C
(except for some thermotolerant species that are isolated from some fruits and require high temperatures
of 37-40°C) (Akoglu et al., 2010). Monitoring and controlling the pH is suggested to achieve maximum BC
yield since the pH of culture medium could change as time passes because of the deposition of
secondary metabolites, such as acetic, lactic, or gluconic acids produced during the consumption of
nitrogen and sugar sources (Azeredo et al., 2019). Oxygen is the other necessity for this process and
approximately 10% of oxygen is reported to be needed (Akoglu et al., 2010).

Another crucial process variable that must be controlled during cultivation is ventilation. Since the
BC producing bacteria are highly aerobic, a sufficient supply of oxygen is essential in the process. When
dissolved oxygen levels in the production environment are low, bacteria cannot grow and produce BC, but
high oxygenation helps the production of gluconic acid (Azeredo et al., 2019). Especially in old-type
fermentors, insufficient ventilation due to cellulose formation and an increase in viscosity are claimed to
cause less performance (Akoglu et al., 2010). So, these issues cause to design new alternative reactors
such as airlift bioreactors (Navya et al., 2022).

Cultivation process

The process is considered as a determinant factor to obtain maximum BC production yield and
recent studies have mostly focused on enhancing the yield, while controlling the costs at the same time.
In this frame, type of reactor and the fermentation process are influential as well as the species and
genetic modifications of bacteria, feedstock type & composition (Lin et al., 2020).

The selection of cultivation process involves static or agitated cultivation and these two types of
production differ from each other at some points. For instance, agitated cultivation is found to be superior
in terms of BC vyield. However, this method may cause the mutation of BC producing microorganisms
because of high shear stress and turbulance and this problem needs to be overcome by the addition of
ethanol to the culture medium or by the use of different reactors. Moreover, obtaining fibrous BC is
generally highly viscous and requires high agitation power and energy consumption for the same reason,
but alternative reactor designs such as airlift bioreactors, which continuously supply oxygen from the
bottom into the culture medium, seem to be promising to overcome this problem (high shear stress) with
extra advantages (higher water holding capacity in comparison to BC obtained by the static cultivation
method). However, in these reactors, BC is obtained in irregular form. On the other hand, static cultivation
is a simple method and widely used but is also time consuming and inapplicable for meeting industrial
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demand. Static cultivation system is based on static fermentation, resulting in the formation of 3D-
interconnected reticular BC pellicles (Navya et al., 2022), floating on the surface due to entrapping CO,
bubbles generated by the bacteria (Lin et al., 2013). Alternative bioreactor designs, such as horizontal-lift
reactor and aerosol bioreactor provide better BC yield in this type of production, too (Azeredo et al., 2019).
As a result, the reactors, in which the cultivation process takes place can have different designs. Examples
of reactors operating at static conditions can be aligned as horizontal lift reactors, aerosol bioreactors and
rotary disc reactor, while the reactors operating at agitated conditions can also have several kinds
according to agitator configurations (turbine, maxblend, helical ribbon, screw with draft tube, gate with
turbine) (Shi et al., 2014) or airlift bioreactors can be used (Singhania et al., 2022). However it should be
mentioned that the operation should be well organized depending on the intended production capacity
so that the application of cultivation processes may require large-scale, semi-continuous/continuous
productions for commercialization (Azeredo et al., 2019).

In summary, it can be concluded that BC production is based on these fundamentals and
especially nutritional conditions can dramatically affect production. This fact points out the importance of a
fermentation medium, which contains a big potential for valorization of waste with plenty of alternatives,
while production details may also bring some individual requirements (Caciedo et al., 2016).

PRODUCTION OF BACTERIAL CELLULOSE FROM FOOD WASTE

Obtaining the data from the information as reported by Seberini (2020), Caldeira et al. (2019) and
FAO (2019) observations, it has been estimated that approximately 46% of the fruits, vegetables, tubers,
and roots are wasted. On the other hand, 30% of cereals and 35% of fish and shellfish are wasted. The
FAO has declared that this ratio accounted for the food produced on nearly 1.4 billion hectares,
representing 28% of the world’s agricultural area. If this issue is evaluated in detail, it would easily be
seen that waste formation is proportional to the population of the countries. It was reported that according
to the status of total food wastage around the world, Australia, Spain, Russia, the United Kingdom,
France, Germany, Japan, the United States, India and China are aligned in increasing order. In the same
research, worldwide wastage of several foods was reported as cereals, vegetables, fruits, fish waste,
orange peels, oil crops, milk, tomatoes and bananas, onions, pineapples, and meat in descending order
(Lahiri et al., 2023).

Wastage problem leads to new ideas and innovative applications such as bioconversion of the
waste (e.g. dairy waste) into value-added products which contributes to the circular economy approach
and promotes sustainable production with waste reduction (Usmani et al., 2022). Valorization of the waste
is also advantageous instead of using overpriced pure substrates (Tsang et al., 2019). Normally, Hestrin-
Schramm (HS) is a standard and the most appropriate medium for cultivation of BC, but it is expensive
(Ghozali et al., 2021). So, this fact is considered as a starting point for many research studies, and
obtaining cellulose is found to be substitutable with satisfactory or even superior characteristics as shown
by recent studies (Table 1).

Table 1 summarizes the recent studies related to BC production from food or food industry waste
and/or by-products. Ghozali et al. (2021) investigated the utilization of liquid tapioca waste for BC
production. In their study, Acetobacter xylinum was used as fermentation culture, and different
concentrations of sugar and urea were used as nitrogen sources for biosynthesis. According to the
results, it was reported that Fourier transform infrared spectroscopy (FTIR) and Scanning electron
microscopy (SEM) analysis approved the bacterial cellulose structure and the usage of liquid tapioca
waste is suitable for BC production, which has already been widely used (tapioca starch) as a non-staple
food resource in many industrial fields due to its low cost and high availability.
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Table 1. BC production with various food or food industry waste/by-products

Cizelge 1. Cesitli gida veya gida endlistrisi atiklari/yan Uiriinleri ile bakteriyel seliiloz (retimi

Waste Culture Production Method Results Reference
0,1 M NaOH treatment Ultrasonication combined with mild acid
Beer veast waste S;ﬂigﬂﬁcgga%éer Ultrasonication hydrolysis was an effective pre-treatment  Lin et al.,
y 3917 High speed homogenizer and the resulting BC had good 2014
Microwave treatment physicochemical attributes
The physicochemical attributes of BC
produced from pineapple waste were
. ) . comparable to those produced from
Sugar cane juice and Gluconacetobacter Static and dynamic culture g2 ndard culture media Algar et al.,
pineapple waste medellinensis conditions . ) 2015
Different morphologies were
biosynthesized under static and dynamic
culture conditions
Acid hydrolysis increased the yield of BC
Waste water from Gluconacetobacter  Ammonjum citrate treatment but decreased the crystallinity index Lietal
candied jujube- xylinum CGMCC id hvdrolvsi . . hancing th 2015 '
processing industry NO.2955 Acid hydrolysis Ammor_m_Jm_cnrate was enhancing the
crystallinity index and yield of BC
The greatest yield of BC was obtained
idi i on thin stillage
Acidic food industry Gluconacetobacter Cultivation of the bacterium .g . . Revin et
by-products (alcohol - sucrofermentans B- | 4 crillage and whey  COsteffective production was achieved 5”518
and dairy industries) 11267 with usage of thin wheat stillage and '
whey
Nicotine was found to be an inhibitory
icoti factor for synthesis
Tobacco waste Acetobacter xylinum N'COtm.e Ejgfrpoval from the n 4 Ye et al.,
extract ATCC 23767 waste in different Obtaining BC from the tobacco waste 2019
fermentation stage extract was similar to that of obtained by
HS standard medium
68 kg BC obtained from 1 ton of orange
Orange peel waste Komagataeibacter T peel (extra value-added products were Tsouko et
generated from Airlift bioreactor o =
. . sucrofermentans phenolic-rich and pectin rich extracts, al., 2020
catering services T
essential oils)
Citrus processing Komagataeibacter Ultrasound-assisted dilute ~ 5.82 g BC per 100 g waste was Karanicola
waste biorefinery sucrofermentans acid hydrolysis process produced by fermentation process etal., 2021
K. sucrofermentans cultivation in static
cultures at carbon / free amino nitrogen
ratio of 24.5 g/g and pH 5 produced 5.7
g/L BC.
Crude confectionery ~ Komagataeibacter E;%iif:&%?u?(fe?r?s?;?clac The obtained nanoBC analysis results Efthymou
waste hydrolysates  sucrofermentans It showed that they could be used as et al., 2022
culture conditions reinforcing agents in innovative food
formulations and biopolymers in various
forms (hydrogels, aerogels, emulsions,
nanocomposites) and bio-based films for
food packaging application
. ) . The biorefinery produced 42,65 g BC I
\S/l/rlggrnilswaste ?Ség?lgagggz Holistic biorefinery scheme and other value co-products from 1 kg of Z;I'pz%ze;
9 each waste stream "
Komagataeibacter KomagTataeibacter melomenusus
melomenusus AV436 AV436" was found to be the most .
Grape pomace Tand Different culture conditions  efficient microorganism in this process in Gorgieva
hydrolysate . - . : et al., 2023
Komagataeibacter comparision to Komagataeibacter xylinus
xylinus LMG 1518 LMG 1518
Okara (a Japanese Nanocellulqse producthn by The higher cellulose yield was achieved
food product and a biosynthesis using acetic- / . - .
Gluconacetobacter . o . by acetic-acid modified okara protein as Taokaew
by-product of agro- - acid modified okara protein, ]
xylinus compared to homogenized raw okara etal., 2023

industrial soybean
waste)

homogenized okara and
okara protein

and okara protein
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Table 1. Continued

Cizelge 1. Devami

Waste Culture Production Method Results Reference

Production of BC by Obtaining BC was sustainable

kombucha fermentation - ) N Aglera et al.,
Coffee by-products ~ Kombucha cultures including coffee by- remforcmg and active filler for 2023
biopolymers
products

6-fold higher yield in BC (in comparison
. » with HS standard medium)
Corn steep liquor addition e o
Acetobacter xylinum  as nitrogen sources Combining ultrasonication and .
0416 Homogenization homogenization was an effective safe ~ Azmi et al., 2023
Ultrasonication and simple method for converting BC
obtained from oil palm frond juice to
nanofibrillated BC

Oil palm frond juice

Obtaining BC has good crystallinity,
Production of BC by K15  and the K15 strain presents a highly
culture isolated from viable alternative strategy to reduce the Lietal., 2021
kombucha tea production costs using agro- industrial

residues as nutrient sources

Komagataeibacter

Kitchen waste rhaeticus (K15)

Different glucose and

Liquid tapioca waste Acetobacter xylinum  nitrogen source Obitaining good crystal structure with Ghozali etal,

composition an economical process 2021

Pristine BC produced by

HS standard medium

Production of BC by BC/PGPE composite was produced as i
:)?tr:;i?ranate peel S;%zcérrl]ﬁcetobacter pomegranate peel a promising antibacterial wound ;Jé;lam etal.,

EX situ preparation of dressing material

BC/pomegranate peel
extract (PGPE) composite

The use of developed SSC resulted in
Conventional static culture a 22.02% increase in BC production.
(CSC) with HS medium High crystallinity index of BC obtained
Gluconacetobacter Conventional static culture from CSC and SSC (in comparison Oz & Kalender,
xylinus NRRL B-759  with sugar beet molasses  with HS medium). 2023
Series static culture (SSC) Obtaining hano-sized cellulose fibrils
with sugar beet molasses  with high mechanical strength and
water holding capacity

Sugar beet molasses

Komagataeibacter Despite its lower titer, the BC from K.
Industrial residue of  xylinus ATCC xylinus ARSB42 presented a high Guimaraes et
cashew apple juice 53582 and Different culture conditions thermal resistance and a remarkable al. 2023
processing Komagataeibacter absorption capacity (a potential "

xylinus ARS B42 superabsorbent biomaterial).

Bacterial cellulose production methods had previously been classified as agitated/shaking culture,
and bioreactor culture methods. However, in a recent study conducted by Oz & Kalender (2023), a new
static cultivation system, which is being called as “series static culture (SSC)” was developed to solve the
problem of air limitation in conventional static culture. This system includes plastic autoclavable containers
for the culture medium, silicon tubes for medium transfer, valves, and peristaltic pump. It is based on
transferring the fermentation broth at the bottom of the BC pellicle to the next empty sterile culture medium
at the end of fermentation (10 days) until BC production has stopped. As a result, the culture medium under
BC was transferred from one stage to the next using related valve and peristaltic pump. Purified BC was
obtained, dried, weighed and characterization tests were carried out. The process is started with sugar beet
molasses at 30°C / pH=5 and Gluconacetobacter xylinus NRRL B-759, while total BC production increased
with increasing sugar level in the system (BC yield 22.02 % at initial sugar concentration of 100 g/L). It was
determined that BC produced under these conditions had high water holding capacity mechanical strength,
and crystallinity index. According to obtained results, it was concluded that the use of alternative carbon
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sources which are also cheap, waste, and renewable provides a feasible process instead of synthetic
media. So, sugar beet molasses is re-confirmed to be a good substrate for such a process that, it has
already been used in many fermentation processes, since its content is suitable for such a purpose
(containing fructose, sucrose, glucose, vitamins, and N, Fe, Ca, K, Mg).

In the last ten years, the studies indicated that any kind of food waste and/or industrial waste
could be utilized as a good production substrate for the production of BC in addition to reducing the
process cost. Among these studies, especially utilization of fruit and vegetable peels, tomato juice, pecan
nutshell, or vegetable oil etc. in the BC production become prominent (Guzel & Akpinar, 2018; Bozdag et
al., 2021; Saleh et al., 2022; Varjani et al., 2023). Moreover, food industry by-products such as beet
molasses, vinasse, and waste beer fermentation broth can also be valorized with some differences in
structural properties when compared with BC obtained by HS-medium usage (Heydorn et al., 2023).
Diversity of potential feedstocks can be re-emphasized with another recent study which was dealing with
acidic dairy industry by-products as growth medium. The process was found to be feasible and a
promising application and it was reported that the maximum BC yield was 2.42-fold higher than cellulose
produced by HS medium under optimum conditions (after 15 days under static conditions at room
temperature) (El-Bestawy et al., 2023). On the other hand, food waste can sometimes be utilized in
different ways, too. For instance, Novacetimonas hansenii strain, which was capable of producing
cellulose was isolated from rotten pomegranate for BC production in a recent research performed by
Neelima et al. (2023). This is an example to a different type of utilization from waste where function of the
waste has changed and become the source of culture instead of being production media. The research of
Hasanin et al. (2023) is also a similar example that strawberry was reported as a source for isolation of
newly BC producing bacteria. In general, the usage of waste seems to be widespread with an increasing
trend and multifunctional utilization opportunities might draw more attention in the following years.

CONCLUSIONS and FUTURE TRENDS

Various cellulosic waste from agro-forestry residues or industrial by-products were utilized as
carbon sources in BC production and those are claimed to improve the yield, while also reducing the
economic cost. Thus, the main limitation of BC production is the requirement for highly priced substrates
such as Hestrin-Schramm (HS) medium. On the other hand, the composition of different kinds of waste
varies as well as the production type (at laboratory scale or in static/agitated reactors), resulting in
different product (BC) properties. Hence, process conditions are specifically examined and optimized in
the basis of the operation itself. That kind of process would promote the circular economy and sustainable
& green technology approach in addition to obtaining high quality BC to be used in many fields of
industry. In conclusion, the valorization of waste for BC production seems to be open to progress
because there have been plenty of different substrates and cultures that verify production potentials.
Additionally the process design can also be improved as in SSC (series static culture), while utilization of
the waste might be in a different way, too. Obtaining BC producing cultures from food waste is a good
example of this concept. As a result, all of the efforts are expected to reach a satisfactory level by
supporting green production and waste management at the same time in the future.
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