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ABSTRACT

Objective: Some of the parliament buildings have public open and green
spaces nearby. For instance, United States’ Capitol Building has Capitol
Grounds, Germany’s Reichstag Building has Platz der Republik Park and
Spreebogen Park, The Palace of Westminster of United Kingdom has Victoria
Tower Gardens. These spaces originated as green public spaces associated
with state. The parliament buildings are often landmarks. Their green spaces
enhance the spatial quality. Green spaces make parliament buildings more
attractive places to visit and work. There is no landscape architecture research
on Tdurkiye’s first parliament building’s green space so called Millet Garden. The
objective of this study is to identify historic features and evaluate components.

Material and Methods: The research is structured in qualitative research
method and consists of four parts. The first part includes theoretical framework.
The explanation of research design and the implementation of data collection
method is the second part. The third part contains description of the site. The
fourth part constitutes analyses the components of historic landscape in details.

Results: This study reveals the importance of the Millet Garden by evaluating it
in terms of landscape architecture.

Conclusion: This study touches upon the importance and benefits of historic
landscapes. Finally, the study revealed some directions for further studies.

0oz

Amag: Bazi parlamento binalarinin halka agik ve yesil alanlari bulunmaktadir.
Bunlara 6rnek olarak, ABD’nin Capitol Binasinin Capitol Grounds alani,
Almanya'nin Reichstag Binasinin Platz der Republik Parki ve Spreebogen
Parki, Buylk Britanya'nin The Westminster Sarayinin Victoria Tower Bahgeleri
verilebilir. Bu mekanlar, devletle iligkili yesil alanlar olarak ortaya c¢ikmis olup
parlamento binalari genellikle sembolik yapilardir. Bu yapilarin yesil alanlari
mekansal kaliteyi artirmaktadir. Turkiye'nin ilk parlamento binasinin Millet
Bahcgesi olarak adlandirilan halka acik yesil alani ile ilgili detayl peyzaj
mimarhgi arastirmasi bulunmamaktadir. Bu arastirma tarihi 6zellikleri
belirlemeyi, analiz etmeyi ve dederlendirmeyi amaglamaktadir.

Materyal ve Yéntem: Arastirma alani Ankara Ulus Millet Bahcesi Ankara'nin ilk
tasarlanmis kamu parki olarak ele alinmistir. Arastirmada nitel arastirma
yoéntemi kullaniimis olup dért bélimden olusmaktadir. Ik béliim teorik gerceveyi
icermektedir. Arastirma tasariminin aciklanmasi ve veri toplama yonteminin
uygulanmasi ikinci béliimde yer almaktadir. Uglincii bélim aragtirma alaninin
tanimini icermektedir. Dérdunct bélumde, tarihi kentsel peyzajin bilesenlerini
detayl olarak analiz edilmektedir.

Arastirma Bulgulari: Bu arastirma, Millet Bahc¢esi’'nin peyzaj mimarhdi disiplini
acisindan degerlendirerek 6nemini ortaya koymaktadir.

Sonug¢: Bu arastirma, Turkiye'deki tarihi kamusal alanlarin énemine ve yararlarina
deginmektedir. Arastirma daha ileri galismalar igin yonlendirme onerileriyle
sonuglanmaktadir.
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INTRODUCTION

The majority of the parliament buildings have green public spaces nearby. For in-stance, The
Capitol, which is the parliament building of United States has Capitol Grounds (designed by Frederick
Law Olmsted), The Reichstag, which is the parliament building of Germany has Platz der Republik Park
(Konigsplatz) and Spreebogen Park, The Westminster Palace, which is the parliament building of United
Kingdom of Great Britain and Northern Ireland has Victoria Tower Gardens. These parks originated as
green spaces associated with the state. The parliament buildings are often symbolically important and
architecturally impressive landmarks. Their green spaces enhance the spatial quality and identity. Green
spaces make parliament buildings more attractive places to visit and work.

There is some research on historical parks and other Millet Gardens in Anatolia, but there in no
study on a more specific and detailed landscape research on Ankara Millet Garden. Besides transforming
the park plot into a paved square is on the agenda of the Ankara metropolitan municipality. This attempt
could be an opportunity to rebuild and reshape Millet Garden. t Hence a study was conducted and the
objective of this study was to identify historic landscape features, analyze and evaluate components of
public green space, which is called Millet Garden (Millet means Nation in Turkish). The Millet Garden can
also be considered as the first designed public park in Ankara, where green spaces for public recreation
were lacking.

The research is structured in qualitative research method and consists of five parts. Theoretical
framework is given in the first part. Secondly, research design is explained. The description of the
research area is provided in the third part. The fourth part features analyses of historic urban landscape
components. This study revealed some recommendations and directions for further studies. This study is
of importance and benefits of historical public landscapes in Turkiye.

MATERIALS and METHOD

The literature review shows that there has been no detailed research within landscape architecture
approach on Ankara Millet Garden. No research has been carried out specifically adopting an urban
design and landscape approach. As a research location, Millet Garden did not attract many scientists.
Besides, little attention is paid to the designed historic landscape of Ankara. Millet Garden is chosen
because the general history and development of the site was not very well documented.

The objective of this study was to demonstrate the significance of the first designed public urban
landscape of Ankara. This qualitative research seeks to examine how the Millet Garden was developed,
how it was changed and why it disappeared. Therefore, case study method which involves the detailed
examination of physical and social history was employed.

lllustrative case study method which is used to provide a detailed and descriptive account, is
carried out to gain an in-depth understanding of Millet Garden. Carrying out an extensive analysis of Millet
Garden is inevitable to interpret and evaluate data that contributes to its significance and integrity. It is
important to identify the natural, cultural and social context for historic landscape.

The transformation process and the components of the research site are identified. Components
define the archeological, landscape architectural features, values, and associations that make the
landscape significant. The physical units provide an understanding of the designed landscape’s evolution.
The following components of historic landscape were analyzed:

1. History of the Site
2. Topography

3. Land Use and Settlement History
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4. Vegetation

5. Design and Spatial Organization of the Park

6. Circulation

7. Buildings, Small Scale Features and Structures of the Park

These landscape components are determined according to National Park Service’s cultural
landscape studies (an agency of the United States government), Parks Canada’s cultural heritage studies
(the agency of the Government of Canada), ICOMOS Historic Urban Public Parks’ approach and
UNESCO's Historic Urban Landscape approach.

In this context, the data used to support this study were obtained from many different sources such
as books, articles, drawings, old images, historic maps and plans. General Directorate of Mapping and
The Vehbi Koc and Ankara Research Center’s Archives were especially used for obtaining historical
visual data. The analysis of qualitative data entails the exploration of all the data that is found.

Theoretical framework

The natural landscapes have been shaped from the beginning of human history. Agricultural and
religious practices which began thousands of years ago, can be regarded as the first interventions on
natural open landscapes. The development of agriculture created early settlements (villages) with kitchen
gardens, roads and water storages. The early gardens where vegetables, grains and fruits were cultivated,
were the products of the basic human need, which is food. The history of gardens overlaps with the history
of agricultural lands (Turner, 2005). Gardens and parks can be regarded as the product of human effort to
control, change and imitate earth and nature. They can be regarded as the connection between nature and
human beings. The designed green spaces which were not defined as parks and gardens existed since
the ancient times in the cities. Gardens have been created in different parts of the world with various styles
for thousands of years. West Asia region not only consists of very old cities but also first garden designs
with different uses. Mesopotamia civilizations (Sumerians, Akkadians, Assyrians, and Babylonians) were
urban and literate from about 3,000 BCE and evidence for their gardens especially temple gardens comes
from written texts, pictorial sculptures, and archaeology (Dalley, 1993). Vegetable, herb, fruit and medicinal
gardens as well as temple gardens were built by Ancient Egyptians. Their gardens were usually walled and
had pools and native plants (Anonymous, 2021a).

Like the Egyptians, upper-class Assyrians enjoyed gardens and they created large hunting parks
but they also made pleasure gardens irrigated by water canals (Lambert, 2021). The earliest Chinese
gardens (1600-1046 BC) were created as large enclosed parks where the kings and nobles hunted game,
or where fruit and vegetables were grown (Yuhao, 2022). The Greeks developed public gardens, as
meeting and market places protected within city walls (Anonymous, 2021b). Egyptian, Persian, and Greek
gardens became a part of Roman horticulture, producing villa and palatial pleasure gardens usually in
courtyards for relaxation and rejuvenation along with public parks and gardens meant for enjoyment or for
exercising in (Anonymous, 2018). Roman civilization influenced garden design around Europe. Spain was
influenced by the Islamic, Moroccan and Andalusian design and paradise gardens were built. The
Ottomans built palaces and religious centers with gardens mostly in Istanbul and Bursa. In short, gardens
were private and had symbolic and ritualistic significance.

Garden designs have evolved around the world and their area of coverage increased. The concept
of ‘park’ came to be sometimes used synonymously with words such as garden, square, or similar
expressions (ICOMOS, 2017). The first parks can be the property of the royal or wealthy families and were
used leisurely for pleasure serving for activities such as horse-riding, celebrations, walking, fishing, and
hunting. These parks were enclosed areas secured by a wall or fence. The size and features of the parks
were also an indication of the owner's wealth and status. The first known use of the word ‘park’ is from the
late 13" century (Merriam-Webster, n.d.). Middle English: from Old French “parc”, from medieval Latin
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“parricus”, of Germanic origin; related to German “Pferch” ‘pen, fold’, also to paddock and it was originally
a legal term designating land held by royal permission for keeping game animals: this was enclosed and
therefore distinct from a forest or chase, and (also unlike a forest) had no special laws or officers. In this
study, park and garden terms are used interchangeably because both refer to public urban green open
spaces (Oxford, n.d.).

There are many definitions of the word park. A park is the green and open space where hard
landscape or soft landscape or both designed or planned to serve various functions. Any public or private
land set aside and availed for recreational, educational, leisure, cultural, scenic, or aesthetic use, or for
preservation of open space with vegetation or such features is called a park (Gardenvisit.com, 2021). A
park can either be considered as a necessity or as a luxury. Parks can be categorized as natural, man-
made or according to their size. Parks have various types such as national parks (Yellowstone, USA),
conservation parks (Birmingham Wildlife Conservation Park, UK) public gardens (Abbotsbury Garden,
UK), neighborhood parks, or sports parks (Hamilton) (Turner, 2005).

City roads, junctions, some cemeteries and squares such as Greek Agoras / Roman Forums can
be regard as the pioneers of the open and semi-open public spaces. The squares were functioned as
formal and informal gathering spaces for various activities such as religious, commercial, political and
celebratory events. The 19" century Victorian writer, John Ruskin, made the observation, "The measure
of any great civilization is its cities; and the measure of a city's greatness is to be found in the quality of its
public spaces — its parkland" (Hinds, 1979).

The content and definition of public space has been changing due to globalization. Parks and
gardens became public after social revolutions and reforms. The concept ‘public park/garden’ rests on the
principle of openness and accessibility for all people to visit and enjoy. The concept is not limited or
defined by size. Public parks are typically in public ownership and represent common wealth (Sadeghian
& Vardanyan, 2015). The oldest public park of a city or town could be a cemetery without trees. But
cemeteries were built spaces and were not active green spaces and where not used for recreational
activities. Public parks are very important subject of urban life, landscape architecture and urban design.
Johann Peter Willebrand who was a German judge, historian and author, demanded in 1775 that public
gardens should be created inside the town or in its immediate vicinity (Sadeghian & Vardanyan, 2015). In
France, the public function of parks was pointed out, though without any substantial alterations being
proposed as to their arrangement. Thus in 1774 Watelet, in his essay Essai sur les jardins (Essay on
Gardens), wrote that in large cities the “royal parks” should be regarded as public walking grounds
(Andela, 1981).

Many sources claim that the modern public park was first seen in England in the 18™ century. In
1840, Derby Arboretum and public park was opened in the city of Derby and is often described as
England's first public park. The land was a private garden. It was donated by the mayor of Derby and
designed by a Scottish botanist and garden designer John Claudius Loudon (Kirby, 2015). The historic
green landmark which was an inspiration for New York’s Central Park has historic buildings, fountains,
statues, ornaments and a collection of trees. The oldest public park in the United States is in Boston
Common. It is located in the heart of Boston. Although the footprint of Boston Common has changed only
marginally over its history, it has undergone numerous interventions that have transformed it from an
open field into a landscaped park (Westerby, 2021). The park which is designated as a national historic
landmark, today contains monuments, a statuary, ponds, fountains, spray pools, bandstands, a baseball
field and tennis courts. The public park movement was followed by Princes Park in the Liverpool in 1842,
Peel Park in the Salford in 1846, and Central Park in the New York City in 1857 (Tan & Jim, 2017).

The concept of opening urban green spaces to the public started in late 19™ century and spread to
the world. Furthermore, as cities expanded and urban population increased, the private gardens and
parks opened to the public. They became premium for city centers because of their health, cultural,
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economic, social and environmental benefits to community. Public parks improve the quality and enhance
the livability of a neighborhood or a city. Public parks have great significance when it comes to protection
of health, welfare and the integration of cultural diversity. Moreover, parks serve essential roles for
erosion control, water storage, carbon sequestration and reducing habitat fragmentation. Public parks are
inevitable components of cities that maintain the well-being of humans. Cities are living laboratories
where various studies are conducted. Public parks are the subject of many disciplines.

Fundamental to the identity of historic urban parks is their composition and dependency on such
elements as vegetation, architectural elements, water features, paths, or topography. These elements
contribute to their character, seasonal interest, shade, and spatial and visual identity (ICOMOS, 2017).

Millet (Nation) Gardens can be regarded as the first public parks in Anatolia. The origin of the
“Millet (Nation) Garden” name is unknown, though the name possibly comes from late 19th century
Ottoman Government’s reform efforts to unite Muslim and non-Muslim population and create only one
Ottoman Nation (Saglik et al., 2021). It is known that the 19™ century passed with reforms for the Ottoman
Empire due to the westernization movement. Provincial Municipality Law, which was declared in 1877
was a significant reform for establishing the city scale governmental organization, in other words,
municipalities. According to this law, municipalities became responsible for landscaping (Coskun et al.,
2021). Several parks and gardens of France were opened to the public in late 19" century. This
development inspired the Ottoman Government to create public gardens in big cities. Therefore, the first
Millet Gardens (Taksim Millet Garden, Uskudar Sarikaya Millet Garden and Sultan Ahmet Millet Garden)
which were located in Istanbul, can be regarded as an effort for transforming society and for the sake of
socialization. Following Istanbul, Millet Gardens were built in the big cities of Turkiye (Sagdlik et al., 2021).
The main focus of the study is Ankara Millet Garden which can be considered as the first urban public
green space of Ankara, capital city of Turkish Republic. This research investigates the development, the
design evolution, and the significance of the Millet Garden which was laid out and linked to the Parliament
Building at the time.

Ankara and Millet Garden

The Republic of Tirkiye in Anatolia was established in Ankara after the fall of Ottoman Empire in
1923. At that time, Ankara which was a small historic town with an organic historic urban fabric around
the historic castle, had a population of 75000 (Arkun, 2012). Ankara's 2023 population is estimated
around 6 million. Ankara has a rich history. It was home to many eastern and western civilizations such
as Hittites, Phrygians, Lydians, Persians, Macedonians, Galatians, Romans, Byzantines, Seljuks, and
Ottomans. Ankara has an archeological record of more than 4000 years of human use. The historic
quarter of the city developed around Hatip River, flat arable land and old castle hill which is considered as
the oldest settlement area of city center. The Ankara Castle, which is located on top of a high hill and
visible from afar, was the center of the historic settlement and had dominance over the surrounding
geography. The historic city core grew organically. Ankara became a walled city after a defensive wall
was built in early 1600s and demolished in the late 19" century (Erdogan et al., 2008). Historic core of the
city had several different sized squares and defensive wall gates. Ten city gates were drawn on Von
Vincke’s 1839 Ankara Map. The Millet Garden’s land lot was very close to the demolished west of the
defensive wall, Istanbul Gate and it was used as a city cemetery till the beginning of the 20" century
(Tuncer, 2019).

Ankara was declared as the capital of Turkiye on 13 October 1923. However, at that time new
capital’s urban standards were not adequate. The organic urban form of the historic core was extended
with a gridiron urban layout and uneven (squatter) settlement during 20" century. The new administration
center required to provide public service spaces and commercial functions. Ankara was planned to be a
model city for the whole country and as the symbol of the Republic. The main reason was to develop a
modernized urban settlement and a new city life for the new Republic. Republican ideals, which aimed at
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radical social and cultural change, could not have been successful unless at the same time a conscious
spatial change took place (Uludag et al., 2005).

In 1892, Ankara Train Station was opened and Istasyon (Station) Avenue was built to connect the
city center to the train station. Originally a narrower thoroughfare, istasyon (Station) Avenue was
widened, both sides were planted with trees and used during the 20" century. In this context, a new
square which is called Ulus (Nation) was constructed at the east end of istasyon Avenue where three
other avenues from other directions meet. Ulus Square can be considered as the west end of the historic
core. Ulus Square became very popular and symbolic after the first Turkish Grand National Assembly
(parliament) building was opened in 1920. Designed in late Ottoman style, the construction of the building
as of The Committee of Union and Progress Headquarter was started in 1915. The one story building
which serves as Independence War Museum, has a rectangular ground plan, built in andesite stone and
houses Grand Assembly Hall, Assembly President’'s Room, Chambers of The Ruling Council, Committee
Room, Legislative Committee Room, Administration Room, lobby and a prayer room (Anonymous, 2015).

After the republic was officially proclaimed on October 29, 1923 the Ulus Square were Millet
Garden was located became the national symbol and gained significance.

FINDINGS

Millet Garden was evaluated according to the below components of historic urban landscape.

1. History of the Site, 2. Topography, 3. Land Use, 4. Vegetation, 5. Design and Spatial
Organization of the Park, 6. Circulation, 7. Small Scale Features and Structures of the Park

1. History of the Site

Ankara has been settled since 1600 BC, Hittite Empire. Some of the Millet Garden's land could be
originally settled during Roman Galatia period. Roman Galatia was established by the first Emperor of the
Roman Empire, Augustus in 25 BC. Before the city cemetery, the defensive city wall which was built in 3"
Century, was passing through the park site. There could be some structures from Roman period because
there was a Palatium (palace) or Public Bath and Cardo Maximus (the main north-south road) on east and
Nymphaeum (ancient Roman sanctuary consecrated to water nymphs) on north of Millet Garden. Palatium
and Nymphaeum ruins were documented by Turkish Archaeologist Mahmut Akok in 1954 (Gorkay &
Kadioglu, 2007).

Millet Garden was opened in the beginning of 1900s when Ankara Governor Resit Bey decided to
establish an open and attractive green space (Arkun, 2012). The green space land which belonged to
Kizilbey Foundation, was a city cemetery for a long time. Governor Resit Bey turned the cemetery into a
park which would be accessible to the public. Millet Garden was also known as Belediye (Municipality)
Garden or Concert Garden (Arkun, 2012). It was to be the first public park in Ankara, probably the
frequently used park of the new capital in Ulus Historic Center. According to Memluk (2009) the park was
designed by Agriculturalist Muhittin Bey who was one of the teachers of the Agricultural School.

Princess Kadria Hussein who was one of the last princesses of Hidiv descendance in Egypt, wrote
a book about Ankara and Turkish Revolution in 1921. The book was called Lettres D'angora La Sainte
(Letters from Angora the Holy) and it was written in French. She stated that ‘The Millet Garden which is
opposite the Parliament Building has relaxing feature. This is the meeting place for everyone. Because
there is a building with a restaurant and a coffee house in the middle of this triangle shaped site and the
site was decorated with flowers. In summer and winter there is no other drink other than cold drinks and
tea’ (Hussein, 1921).

Grace Ellison, who was British journalist, wrote a book called An Englishwoman in Angora in 1923.
In her book she stated the following: “When | arrived in Millet Garden one afternoon, the orchestra band
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started playing. | think to myself, it was a very strange way of going to the serious duty of parliament. The
band kindly asked me to a wish song. | asked for the Turkish music. One of the deputies wrote an opera”.
(Ellison, 1923). The park was demolished in late 1950s and row shops were built on the north and west of
the land. The shops were small and one story. The shops burned in early 1960s and the site was
completely cleared to build an office and shopping building complex called 100.Yil Carsisi (100" Year
Shopping Center). When the renewal plan for Ulus district was brought to the agenda in 2018, demolition
of 100" Year Shopping Center building complex was planned. However, the demolition was stopped by a
court decision. Ankara Metropolitan Municipality opened an architectural competition in May 2022 to
renovate the building, claiming that it is a cultural asset and an example of modern architectural heritage.
The Ankara Metropolitan Municipality conducted a survey on July 2022 to obtain opinions from the public
about whether the 100™ building complex should be demolished or not (Anonymous, 2022). Therefore,
the demolition was decided and completed in mid 2023.

2. Topography

Old maps, plans, drawings and photographs were analyzed to understand former landscape.
Topography of the park (39°56'31.0"N 32°51'15.9"E) was in the elevation range of 870-875 meters.
Elevation was lower than the surrounding landscape. When the park land was used as cemetery, the
topography of the park was characterized by rocks. It had rock, rough, undulating terrain and the park was
not generally steep and general slope was from east to west. It could appear rather featureless. In the early
1900s, site grading work was carried out, topography was flattened to create the park area (Figure 1). Flat
land which was 8000 m?, created views towards the parliament building and the west side of the park.

Figure 1. Flattened Millet Garden land, its fences and Parliament Building in 1922. Source: Gadmer, 1922.

Sekil 1. Bastirimis Millet Bahcesi arazisi, ¢itleri ve Meclis Binasi, 1922. Kaynak: Gadmer, 1922.

In 1930s, a few narrow terraces were built on east boundary. Topography was completely changed
when foundation excavation of 100.Yil Shopping Center was started in 1970s.

3. Land Use and Settlement History

Millet Garden was located at Ulus Square and both were interconnected. This important urban node
was surrounded by mixed land use. The east, west and south of the park had governmental and
administrative uses and north of it had commercial uses. Besides, it was very close to residential district. The
main entrance of Millet Garden was from Ulus Square. After the parliament building was opened, Ulus
Square became one of Ankara’s most vibrant space in the historic center of the city. The square is a
crossroad of four important avenues. Ulus Square hosted many official and cultural celebrations, commercial
events and demonstration.

Like other squares, Ulus Square and its land use was changed over the years. Some of the
historical buildings which were vanished are listed below.

1. City (Kizilbey) cemetery which existed from 19" to the 20" century

2. Tashan Hotel (Hotel d’Angora) which existed from 1895 to 1935 was situated on the northeast
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3. Hariciye Vekaleti (the department of state) Building which existed from 19" century to 1935 was
situated on the south

4. Kizilbey Mosque and Tomb which existed from 12™ century to 1925 was situated on the south
5. Mustafa Tevfik Efendi Hani which was inside the park land, existed from 19" century to early 1920s

6. Dar'dl-Muallimin Building (Teacher Education School later Ministry of National Education) which
existed from 1895 to 1935 was situated on the east (Figure 2).

7. Two story traditional buildings which existed from 18" century to late 1950s, was situated on the
east and north

8. City Shopping Center (Sehir Carsisi) which was built on the east edge of the park in 1930s, was
narrowed the park land and caused the change of initial park design.

Figure 2. Dar’il-Muallimin Building (School for Educating Male Teachers) which existed from 1895 to 1935 and two story traditional
buildings were situated on the east of site. Ankara Castle on the background, gazebos, boundary wall and fence, deciduous
trees, planting beds and rocky part of the site is seen. Source: School for Educating Male Teachers, 1901.

Sekil 2. 1895-1935 yillari arasinda var olan Dar'iil-Muallimin Binasi (Ogretmen Yetistirme Mektebi) ve alaninin dogusunda iki katli
geleneksel yapilar yer almaktadir. Arka planda Ankara Kalesi, ¢ardaklar, cevre duvari ve ¢itler, yaprak doken agaclar, dikim
tarhlari ve alaninin kayalik kismi gorilmektedir. Kaynak: Erkek Ogretmenler Yetistirme Okulu, 1901.

There was a one and a half story timber building inside the parkland. The building was called
Mustafa Tevfik Efendi Hani. Mustafa Tevfik Efendi was the governor of Ayas district (Erdogan et al.,
2008). His building which existed from 19th century to early 1920s in the Millet Garden land was used as
his residence. The west facade of the building had an entrance in the middle of the building and eight
arched windows. The focal point was the two winged arched main door. Building had a basement which
was probably made of local stone and used as cellar and supporting foundation. There was a porch
above this basement. The porch extended across the all sides, had wooden columns, posts and railings
and function as a transition space between indoor and outdoor. The porch was not a common
architectural element in historic quarter of Ankara. The roof had gable on all sides. The size, style and
detailing of the porch and roof define the building’s historic character. After Mustafa Tevfik Efendi left the
residence, building was used as an entertainment venue such as music hall, coffee shop or restaurant
(Arkun, 2012). This change increased the popularity of the space (Figure 3). The building was demolished
in early 1920s to build the Millet Garden. The gate of the park was directly opposite of Parliament
Building’s gate (Figure 4).

The east and north border of the park was demolished in late 1930s to make room for the one story
commercial building which was called City Shopping Center (Sehir Carsisi). Park area was narrowed,
some trees were cut down and fountain. The building, which was designed by Austrian architect Robert
Oerley, had L-shaped floor plan and contained restaurant, patisserie, book stores, retail shops (Erdodan
et al., 2008). This commercial building was demolished in late 1960s. Millet Garden site’s boundaries for
a long time (nearly from 1930 to 1955) were Parliament Building, Ulus (Nation) Square, Zafer (Victory)
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Monument, Sumerbank Buildingand Cankiri Avenue on the north, istasyon Avenue and Ankara Palace
Hotel) on the west, Mekteb-i Sanayi (later Atatiirk) Avenue and Dar’tl-Muallimin Building (Teacher
Education School) on the east and Inebolu Street and Central Bank Building on the south (Acar, 2013).

In 1953, an architectural competition was launched to design a shopping and office building
complex on the north of the park. Ulus Office and Shopping Complex was opened in early 1960s (Acar,
2013). The complex has five-story shopping block and a fifteen-story. It is not an appropriate structure
within the historic city center. The crossroad was changed and Zafer (Victory) Monument was moved in
front of the open space of Ulus Office and Shopping Complex. In the years that followed, the Ulus Square
and its vicinity became the center of Ankara and intensively used. The park was demolished in late 1950s
one story row shops was built on north and east of the land and in late 1960s. 100.Yil Carsisi (100" Year
Shopping Center) construction was started in 1967 and completed in early 1980s (Acar, 2013). It has
shopping center block (80 stores and 5 storey) and 10-storey office building.

As a result, Millet Garden, cultural landscape component was lost. It can be inferred that
surrounding buildings were historic landmarks and had significant role for the whole country.

Figure 3. Istanbul Military’s Department of Mapping prepared the 1/4000 scale map of Ankara, in 1924. This map shows the Millet
Garden in detail and surrounding spaces. Source: Ankara Settlement Map, 1924.

Sekil 3. [stanbul Askeriyesi Harita Dairesi Baskanligi 1924 yilinda 1/4000 dlgekli Ankara haritasini hazirlamigtir. Bu haritada Millet
Bahcesi ve cevresi ayrintili olarak gosteriimektedir. Kaynak: Ankara Yerlesim Haritasi, 1924.
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Figure 4. Millet Garden and its vicinity’s urban fabric, land use in late 1930s. Source: Cangir, 2007.

Sekil 4. Millet Bahgesi ve cevresinin kentsel dokusu, 1930'larin sonlarinda arazi kullanimi. Kaynak: Cangir, 2007.
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4. Vegetation

The climate of the area is cold, usually snowy in winters and hot and dry in summers. Temperature
varies more from summer to winter. The park land was rocky and specific information on the vegetation of
the site before the park construction is very limited. Old photographs provide an insight into composition
of species in the park. One may suppose that the vegetation was not varied and was predominantly
grasses and grass-like low plants.

The planting design of the park did not offer a variety of plants. The plant palette was limited. It
could be understood from the old photographs (1920s-1950s) that deciduous trees and shrubs were used
(Figures 4 & 5). The use of deciduous plants could be considered as climate-wise soft landscaping.
Because the winters are usually harsh, sun is needed and tree canopies provided shade during hot
summers. Separate lawn areas were created probably distributed (Figure 5). All plants could have been
native. Trees were planted in lines next to or within the edge of walkways and north and east boundary to
emphasize the rhythm of movement through the landscape. The main trees could have been Black
Locust (Robinia pseudoacacia), White Poplar (Populous alba), Common Ash (Fraxinus excelsior). Shrubs
were closely planted to form hedges. Their species were not determined. These hedges were mainly
used as physical barriers ad space defining element (Figure 3). Vertical planes of the park formed by
these dense tree planting. The findings of this study claim that conifer species were not used in the park.
The tree plantation and landform significantly affected of the microclimate of the park. The 1924 Ankara
Map shows the position and the components of the park in detail. Star, crescent, oval and ellipse shape
planting beds and trees were mapped (Figure 3). These planting beds were character-defining elements
of the park and probably lawn was planted. The bordering avenues were planted with deciduous trees in
rows. Several trees and shrubs were removed from the east and south border of the park in early 1940s
due to shopping center construction. However, dense deciduous tree canopies are seen in 1940s
photographs (Figure 5). The trees provided shade and create a microclimate effect in hot dry summer.
The vegetation had played a significant role in the definition of spaces throughout the park. Unfortunately,
all planting was removed in late 1960s. It could be concluded that the vegetation created an ‘urban oasis’
that functions as a passive space to relax and active space for cultural events and collectively give a
landscape character.

I.Meclis

Figure 5. Deciduous trees, shrubs and lawn were seen in early 1930s. Source: Cangir, 2007.

Sekil 5. 1930'larin baginda yaprak doken agaglar, ¢alilar ve ¢im gorilmektedir. Kaynak: Cangir, 2007.

5. Design and Spatial Organization of the Park

The 1924 and 1944 Ankara Maps and old photographs are useful sources to interpret the general
layout and design approach of the park (Figure 6). The initial park design was changed throughout
history. The plot had five sides and was approximately 7800 m? and narrowed in late 1930s.
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Figure 6. Millet Garden landscape design and details in 1924 Settlement Map (A.) and 1944 Ankara Map (B.) Source of A: Ankara
Settlement Map, 1924. Source of B: Ankara Settlement Map, 1944.

Sekil 6. 1924 Yerlesim Haritasi (A.) ve 1944 Ankara Haritasi (B.) Millet Bahcgesi peyzaj tasarimi ve detaylari. Sekil A. Kaynak:
Ankara Settlement Map, 1924. Sekil B. Kaynak: Ankara Settlement Map, 1944.

The first design of the park included both formal and naturalistic, informal shapes. According to
1924 Ankara map, formal shapes were three rectangles and served as a one story theater building,
outdoor cinema area and tree planted resting area and informal shapes were star, crescent, oval and
ellipse shaped planting beds or grassed area (Figure 6 A.). They could be considered as interesting
ground forms. A circle fountain was designed on the entrance. The fountain and parterres laid out along
the axis of the main entrance. Besides, on the 1924 Ankara map five octagonal shaped structures were
seen. They were wooden gazebos in various sizes. Gazebos were freestanding, open on all sides,
ornamental features and a shade place to rest. The park site was divided into spaces for theater building,
open air cinema area, resting areas and two decorative circular fountains. The theater building and open-
air cinema area was placed parallel to east border. These cultural activity spaces increased popularity
and usage of the park. The main entrance was on the corner of Ulus Square where istasyon (Train
Station) Avenue and Bankalar (Ataturk) Avenue meet (Figure 6 B.). The main entrance location was
perfect because it directly connects the park with the square and parliament building. The two
guardhouses were placed on both sides of the entrance and they create a welcoming arrangement. The
main entrance location and design were changed through the years. After the Ulus City Shopping Center
was built in late 1930s, the main entrance was in the middle of the City Shopping Center. In 1940s
another entrance with a few steps was opened on north wall. This entrance was across the Parliament
Building and a small, one story building was built next to it. The park had stone boundary wall with
wooden railings which were not very high. It deterred access to park while allowed light and visibility. On
the north of park wall was also used as a protection against accidental falls to istasyon Avenue.

The design of the park was changed, after the City Shopping Center was built in late 1930s (Figure
5). The second design did not rely on symmetry. The curved lines and naturalistic shapes were used and
more relaxed feel and softening effect on surrounding buildings were achieved. The new design approach
created irregularity and softness within the space. This was associated more with nature, tree planting
and asymmetrical balance. Theater and cinema spaces were removed. The decorative circle fountain
was moved to center of the park to create a gathering and resting space. Benches were placed around
the fountain and this space became the focal point. The visual interest was heavily weighted towards the
spreading tree planting. Hermann Jansen who prepared the Ankara Master Plan in early 1930s, protected
the function of the site as an open and green space. In his plan Konser Baggesi which means “Concert
Garden” was written. Occasional concerts were performed in the park. In conclusion, the geometry of the
design where organic forms and meandering lines were used, was romantic in character. The park had
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various character defining features and sub-spaces. The informal design style determined the main form
and functionality of the park. This style values nature and visually appealing and natural-looking. This
informal asymmetrical balance provided order and unity. A hierarchy of spaces was created ranging in
size from intimate small-silent spaces where one can rest or read a book to larger open areas for
gatherings and events. The only public green space showed its splendor and innovation with its design.
On this basis, it may be inferred that a new landscape fashion was established for new republic. Not only
was the standard of design high, but the social organization (with theater, cinema concerts and other
events) was also up to high standard for a new capital.

6. Circulation

The circulation was one of the defining features of historic landscape. Footpaths reflected the
pattern of movement. Since the early twentieth century, especially after Ankara train station and then the
Turkish Grand National Assembly (parliament) building were opened the pedestrian and vehicular traffic
were increased in Ulus Square. The front of the entrance was used as a public transportation hub in early
1930s and the neighborhood of the park was rapidly built up with government and banks buildings.
Therefore, Millet Garden became a very popular spot. According to the first design of the park, circulation
network had five major features main entrance, fountain, gazebos, theater and outdoor cinema. The park
design was reshaped following the opening of Sehir Shopping Center in 1930s. The landscape was
developed as a series of curves; most of the curvilinear planting beds were removed. This change
affected the circulation. Changes to circulation included the change of main entrance and the addition of
entrance. The gate of the park was on the corner of Ulus Square where istasyon (Train Station) Avenue
and Bankalar (Atatlirk) Avenue meet (Figure 2, 5). The gate location was perfect because it directly
connects the park with the Ulus Square and parliament building. The circulation paths were almost in
same level and they were local soil. The original gate was demolished because of the Ulus City Shopping
Center construction on east boundary. The new gate was opened in the middle of Sehir Shopping Center.
In late 1930s, a new entrance was opened on the north boundary by demolishing the part of boundary
wall. This entrance had a door, steps and probably used by parliament members As a result, both
designs were laid out with a network of curving and winding walks that constitute systems of movement
which made visitors’ experiences as comfortable and enjoyable as possible.

7. Small Scale Features and Structures of the Park

The historic character of the park was its physical appearance as it has evolved over time. The first
design (from early 1920s to mid 1930s) of the park had unique structures: gate, theater building, gazebos,
guard houses, fountains, retaining walls, fences, gate, benches and light posts (Figures 2, 3).

- Gates and fences: Pedestrians accessed the park only by using the Ulus Square gate. The
design and location of the gate had changed over time. The perimeter fence was built on the boundary
wall and attached to gate (Figures 2, 3, 5). The timber cross buck fence with evenly spaced stone posts
enclosed the park. The fence was waist-high vertical and brought homey feeling to historic landscape.
The fences were removed in mid 1930s and never built again. The gate was changed in mid 1920s and
two stone posts with cross buck wooden door was built. Millet Garden’s Cinema banner was hanged
between two stone posts. In early 1930s, two guard houses were symmetrically placed on both sides of
the gate.

- Wall: The park had boundary wall with one gate. The design of the park was changed over time.
The first low wall which surrounds the park site was built from stone and had high wooden fences. (Figure
5). The boundary fence was nearly 370 meters. The south, west and east walls were served as retaining
walls to stabilize ground elevation to gate. The foundation wall might have been built from the demolished
buildings stones. In late 1930s, the north wall and fences was demolished to build shopping center. The
unique gate was demolished to build the Sehir Shopping Center. A new gate which had arched glass porch,
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- Guard House: Two guard house was placed on both sides of the gate. They were made from
stone, had arched windows and dome like roofs. Their addition created a monumental entrance and
welcoming arrangement. They were probably used to sell event tickets and as a control point.

- Theater Building: It was one story traditional wood-frame construction (Figure 3) near the east
border. It was demolished in early 1930s.

- Fountains: The 1924 and 1944 Ankara maps and also old photographs show that there were two
fountains in the Millet Garden. The first was one was circle shaped, was near the main entrance and
demolished in early 1930s. The second was a pool surround fountain. It had quatrefoil shape. It was
drawn in the west of the park in 1924 map. It was drawn in the middle of the park in the 1944 map. It was
also seen in 1950s photographs. The circular basin surrounded the fountain. Classic wide benches were
placed all around the fountain. The use water in the park had two main functions: aesthetic and cooling
off on hot summer days. Therefore, the neoclassic style fountain with one tier in the middle became the
main focal point of the park. The fountains had decorative dramatic effect. Both fountains were probably
produced in natural stone. The large fountain was conveying a sense of centrality.

- Lights: There were a few lights illuminating the walkway in late 1930s. The lights were probably
black painted cast-iron with two frosted globes.

- Gazebos: On the old map of Ankara from 1924 hexagon shaped five gazebos were drawn
(Figure 2). They were made of wood, freestanding, semi open roofed and probably open on all sides
(Figure 3). They were ornamental features in historic landscape, and provided shade. All gazebos were
removed in late 1930s.

- Seating: Millet Garden had flexible seating areas. French Style benches were freestanding and
placed in various locations (Figure 3). There were benches around the fountain which was an important
gathering space. All benches were constructed of metal foot and wooden seats and backs. Flexible
arrangements of folding chairs with low folding tables were also used in 1930s. The folding chairs might
have been used at outdoor cinema. These benches might have been the first outdoor furniture of Ankara.
Gazebos were also used as seating places until mid 1930s.

- Pathways: The pathway was the original and main element of the park design because it played
a prominent role in shaping the park. Circular pathways were used. Surface material was porous and
durable, probably gravel and sand mixture was used because of local availability (Figures 3, 5, 6).

DISCUSSION and CONCLUSION

Public parks are very important components of urban life and land use. They are designed to
provide aesthetic spaces for relaxing, resting, entertainment, sports and leisure activities and have many
benefits. Most of the Parliament Buildings around the world have public gardens or parks for providing a
better setting. Public Parks of government buildings play an important role in forming the visual imagery.
The way public parks are designed and managed influences the magnitude of their direct and indirect
impact on society. The research provides an evaluation of the historic significance and integrity of Millet
Garden. Main soft and hard landscape components and features (history of the site, topography, land
use, vegetation, design and spatial organization of the park, circulation, small scale features and
structures of the park) that contribute to the significance, integrity and historic character were analyzed.
The research documented the changing appearance of a historic public landscape over time.

The methodology of the research was structured around the consideration of significance. The
significance for evaluation is associated with unique components, historic style of design, method of
construction and historic events. All landscape features contributed to the historic character of the Millet
Garden and Ulus Square and the alterations to the appearance of the landscape over time were analyzed.
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According to Australia Victoria State’s Department of Planning and Community Development
landscape significance is the designation of a particular landscape as special or important arising from its
cultural landscape values, including aesthetic values (both visual and non-visual) historic, environmental,
scientific, and social or other values. Landscapes are significant to different people for different reasons.
Levels of significance are attributed to each landscape component, and an overall significance level in
relation to values is determined. The significance levels could be moderate = local significance, high =
regional significance and exceptional = state significance or higher. Understanding the significance of a
historic designed landscape is necessary to preserve, restore, renewal and reconstruction. This
qualitative research tries to put forth why Millet Garden is significant. A landscape must be significant to
be considered to be historical. The identity and character-defining features and components and of the
park which contribute to significance of landscape is given below:

- With the proclamation of the Turkish Republic and the opening of the Parliament Building in
Ankara, closed and open spaces were needed for public services. The Millet Garden, which was built in
an area of significant historic and symbolic value in early 1920s, is considered as an open and green
space of the Parliament Building. It could also have been described as a pleasure garden until mid 1930s
because of its theater and cinema venues. It was an important part of urban identity and played an
important role in Ankara’s heritage.

- Millet Garden could be considered as the first public park of Republican period of Turkiye. It was a
designed landscape at Ulus Square which increased the quality of life. Ulus square has been used as a
public parade ground since 1920s. As a landscape strongly associated with the Parliament Building and
nearly the same age as the Turkish Republic itself. Therefore, as the public park of the Ankara, it retains
integrity of location, design, setting, materials, workmanship, feeling and association.

- There was a Palatium (Roman Palace) on the north edge of the park site. It has archaeological
value as well as historical features. Therefore, it has its own distinctive history. Archaeological remains
can be uncovered and made visible if Ulus Square will be redesigned.

- Millet Garden offered a picturesque counterpoint to the surrounding buildings formal architecture.

- The hard and soft landscape features found throughout the green space are representations of
the evolving values of design, history, culture and society. Its intrinsic beauty contributed to urban cultural
identity and sense of place.

- Millet Garden was a historic designed urban landscape because it was designed by gardener in a
naturalistic design style and had unique features and components. A distinctive sense of place was
created because circular geometry rather than straight lines was used.

- Small scale features of the park provided diversity. It was both a symbolic and a functional site.
The primary purpose was to provide green space for recreational activities. Millet Garden offered a quiet
retreat from city life, right next to the parliament building.

- The findings confirm that Millet Garden was easily accessible and enjoyable. Statesmen,
parliament visitors, employees, guests and citizens used the park extensively. Numerous music and
theater performances have been staged in the park during 1920s to 1930s. Therefore, the park coalesced
with the community over many years.

- Millet Garden was directly associated with social and cultural events. Because it was located at
Ulus Square which hosted lots of different events and activities such as official celebrations, cultural
events, rallies and demonstrations. It has significance in social history.

This research shows that even though Millet Garden changed over time it was a major cultural and
physical asset for historic center of Ankara. It provided opportunities for recreation, education and
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enjoyment. Therefore, Millet Garden is unique, with its own identity and its own distinctive character. The
findings confirm that Millet Garden possesses the quality of significance and integrity in the history of
Ankara, and landscape architecture of Tirkiye. Moreover, Millet Garden possesses sufficient physical
integrity to convey its historic significance. As a result, it has spirit of the place.

The main limitation of this research is the lack of detailed site plans, sections, elevations and
drawings. There was no prior historic landscape approach on Millet Garden. It became the subject of
systematic research for the first time. This research may contribute to further research on designed
historic and cultural landscapes of Tiirkiye. This research has moved the body of scientific knowledge on
historic urban landscape of Turkiye forward. This research can contribute to similar studies that aim to
identify and describe the essential and distinguishing features and qualities of the historic landscape.
Future studies could investigate the association between parks and social events. This research draws
attention to the significance of the first public park of Ankara. If historic urban landscape was preserved,
Ankara Historic City Center could be inscribed on the UNESCO World Heritage List.

The park had to be administratively designated a conservation area in 1950s. This case study of
Millet Garden has demonstrated that as an heritage, historic designed landscapes, old public parks in
Tirkiye must be preserved or reconstructed in accordance with The Athens Charter for the Restoration of
Historic Monuments 1931, The Venice Charter 1964, UNESCO World Heritage Centre 1972, The
Florence Charter (Historic Gardens) 1981, The Washington Charter 1987, The European Landscape
Convention 2000, ICOMOS-IFLA Document On Historic Urban Public Parks 2017 and national law on
cultural properties and heritage. The reconstructed park will not only provide new recreational
opportunities, but also more importantly, provide social, health, environmental and economic benefits.
The findings of this study indicate that the Millet Garden had local, high and regional level significance.
The cultural resources management plan and urban design of the historic city core must also be prepared
for the preservation of the historic urban landscape of Ankara. Various actors of the city can think and
make decisions together to sustain the urban historic landscape of Ankara.
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ABSTRACT

Objective: Satsuma mandarin (Citrus unshiu Marc.), an important export
product for Turkiye, is kept on the tree until the beginning of January. This study
aimed to determine the effects of single and co-application of salicylic acid (SA)
and gibberellic acid (GA3) on the storability of Satsuma mandarin on trees.

Material and Methods: For this purpose, 20 ppm GA; two weeks before the
color break period, 2 mM SA, and 1.5 ml/L Rezist at the color break period were
applied alone and together to Satsuma mandarin fruit. Those without treatment
were accepted controls. Various measurements and analyses were made in the
samples taken at monthly intervals during storage on the tree.

Results: It was harvested in three periods at approximately one-month intervals
from the beginning of November. The applications of SA or GA; alone or
together limited the fruit drop rate during on-tree storage, the increase in the
shell thickness, and the decrease in the specific gravity. Applications involving
GA; delayed the coloration of fruits. The maturity index of the fruits treated with
Resist and GA; in the first harvest was lower.

Conclusion: The results showed that the pre-harvest applications of Satsuma
mandarin would have positive contributions to the storage of fruits on the tree
until the beginning of January by preventing fruit drop, and delaying the peel
and fruit aging.

oz

Amag: Turkiye igin 6nemli bir ihrag UrGni olan Satsuma mandarini agac
Uzerinde Ocak ayinin basina kadar depolanmaktadir. Bu ¢alismada, salisilik asit
(SA) ve giberellik asitin (GAs) teksel ve birlikte uygulanmasinin Satsuma
mandarinin  aga¢ Uzerinde depolanabilirligine etkilerinin  belirlenmesi
amaclanmistir.

Materyal ve Yontem: Bu amacla Satsuma mandarin meyvesine renk
donumiinden iki hafta 6nce 20 ppm GAgz, renk déniiminde 2 mM SA ve 1.5 ml/L
Rezist teksel ve birlikte uygulanmistir. Uygulama yapilmayanlar kontrol olarak
kabul edilmistir. Kasim ayinin basindan itibaren aylhk aralklarla ic donemde
hasat edilmigtir.

Arastirma Bulgulan: SA ve GA; uygulamalarinin teksel ve birlikte yapiimasi
agacta depolama suresince dokilen meyve oranini, kabuk kalinhginin artigini
ve Ozgul agirhginin azalisini sinirlandirmigtir. GAs’in yer aldi§i uygulamalar
meyvelerin renklenmesini geciktirmistir. ik hasatta Rezist ve GA; uygulanan
meyvelerin olgunluk indisi daha digslk olmustur.

Sonug: Sonuglar, Satsuma mandarin meyvelerine hasat 6ncesi yapilan
uygulamalarin meyve dokuiminl engelleyerek, meyve ve kabuk yaslanmasini
geciktirerek Uriiniin ocak ayinin basina kadar agag Ustiinde basarili bir sekilde
depolanabilecegini géstermistir.
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INTRODUCTION

Satsuma mandarin (Citrus unshiu Marc.) is a citrus fruit that is demanded and loved in the
domestic and international markets. Mandarin has an important place in Turkiye's citrus production with
1.585.629 tons/year. Satsuma mandarin is an important foreign trade product for the Turkish economy,
and its production is 767.482 tons/year (TUIK, 2020).

In order to ensure the Satsuma mandarin to be introduced into the market for a longer time, it must
be harvested late by being kept on the tree or stored in cold weather conditions. Although the harvest
time of Satsuma mandarin in the Aegean Region varies more or less by year, it starts at the beginning of
October. The harvest lasts until mid-January due to such reasons as the limited capacity of the factories
processing and storing this product, the inability to have enough workers at the harvest, non-suitable
climatic conditions for harvesting, and high price desire of producers. As the harvest continues, ripening
continues in the fruits left on the tree, peel resistance disappears after a certain period, puffiness occurs,
fruit drops increase, quality decreases due to aging, fruits become susceptible to diseases, and ultimately
crop losses increase (Sen et al., 2013). In Satsuma mandarin, fruit drop is increasing due to various
factors such as extended on-tree ripening time, inappropriate climatic conditions (precipitation, hoarfrost,
wind, etc.), disease development, and insect damage. In some years, this drop rate can reach to 15-20%
at the beginning of January (Sen et al., 2009). The fact that the fruits remaining on the tree undergo a
rapid aging process also leads to a shortening of the period of taking Satsuma mandarins into cold
storage. Because the losses increase with the lengthening of the storage period of the harvested fruits in
cold storage at the next maturation stage (Mendilcioglu, 1991).

In order to successfully store Satsuma mandarin stored on the tree, some plant growth regulators
applied during the pre-harvest period ensure that ripening is delayed, product endurance is increased,
and disease losses are reduced, which has a positive effect on prolonging the on-tree storage period
(Ferguson et al., 1982; Davis, 1986). One of these plant growth regulators, salicylic acid (SA), affects a
wide range of metabolic and physiological events, affecting the growth and development of plants. SA
treatment has many effects such as decreased ethylene production, induction of disease resistance,
prevention of oxidative stresses, induction of tolerance to cold damage, decrease in respiratory rate,
decrease in ripening and aging speed, prevention of enzymes disrupting the cell wall and preservation of
product hardness (Ding and Wang, 2003). Although the main role of SA is on biotic stresses, many
studies show that SA also has important roles against several abiotic stresses such as cold stress, and
heat shock (Ding et al., 2001; Ding and Wang, 2003). In recent years, it has been reported that
commercial preparations containing Fe, Mn, and Zn together with salicylic acid stimulate the production of
natural defense molecules against biotic stress by supporting and improving the natural defense system
of the plant (Anonymous, 2020).

Gibberellic acid is another growth regulator substance in citrus fruits that is effective in the
resistance of fruits during on-tree storage. It has been observed that the treatment of GAs before
harvesting in many citrus species delays the aging, softening, deterioration, and coloration of the peel
during the harvest period and reduces the loss of disease (EI-Otmani & Coggins, 1991; Ismail & Wilhite,
1992; EI-Otmani et al., 2000; Pozo et al., 2000; Tumminelli et al., 2005; Sen et al., 2009, 2013; Sezer et
al., 2020). This, in turn, allows citrus fruits to be stored on the tree and prolongs the harvest period. For
this purpose, it is recommended to apply GAs, especially in orange (Tumminelli et al., 2005), lemon (EI-
Zeftawi, 1980), grapefruit (Ferguson et al., 1984), and mandarin (EI-Otmani et al., 1990; Taminaga et al.,
1998; Sen et al., 2009, 2013) varieties to be harvested in the late season.

Although there are studies on storing Satsuma mandarin on the tree using GAs treatment before
harvesting, no previous study was found in which SA was applied together with GAz or alone. This study
aims to determine the effects of single and co-administration of salicylic acid and gibberellic acid
treatments on the on-tree storage of Satsuma mandarin.
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The effect of pre-harvest salicylic acid and gibberellic acid applications on-tree storability in ‘Satsuma’ mandarins (Citrus unshiu Marc.)

MATERIALS and METHODS
Plant Material

The study was conducted on ‘Owari Satsuma’ mandarin trees grafted onto ftrifoliate orange
rootstock at commercial orchard located in Seferihisar, izmir, western Tiirkiye (32°12'28.90"N,
26°49'09.29"E). The experimental orchard was established in 2006 with a planting distance of 4.5 m x 4.5
m, and irrigated via drip irrigation.

Salicylic acid has a purity of 99% (Merck, KGaA, Chine). Rezist™ is a commercial compound
containing 1.75% Cu, 1.75% Mn, and 1.75% Zn (Stoller, USA). Gibberellic acid contains 1 g of the active
substance in each tablet (Berelex, Hektas, Turkiye).

20 ppm GAs was applied to Satsuma mandarin trees 2 weeks before the color break of the fruits,
and SA 2 mM and Rezist 1.5 ml/L were applied on leaves at the color break period. GAz was also applied
by combining SA (GAz+SA) and Rezist (GAs + Rezist). During the first treatment period, only the trees
where water was applied on leaves were accepted as the control. A pneumatic back sprayer was used to
spray the foliage all over the tree (~ 5 L). Only water was sprayed on the control trees in the first
treatment through a spreader-sticker (SPRAY-AIDE®, Miller Chemicals & Fertilizer, USA). Nitric acid was
added to reduce the pH of the water used in the treatments to pH 6-7.

Harvest and Sampling

In the study related to the on-tree storage of Satsuma mandarin, the optimum harvest time was
determined according to the maturation index (TSS/TA content) (Karagali, 2016). The first harvest was done
when the WSDM/TA ratio was between 6.5-7, and since then, 3 more harvests were made at monthly
intervals. The first harvest was done on October 17, 2019, at the optimum (normal) harvest time, while the
other harvests were made on 12 November 2019 (15t Harvest), 9 December 2019 (2" Harvest), and 4
January 2020 (3" Harvest) respectively. During each harvest period, 30 samples of fruits (10 fruits from
each tree) were taken from around the tree crown and from a height of 1.5 - 2 m from the ground. The study
was planned as a Randomized Complete Block Design with 3 replications, and every 3 trees were accepted
as a replication.

Fruit Drop and Quality Attribute

The weights of the fruits that dropped from the tree were determined during each harvest period,
and the ratio (%) of the fruit drop was calculated by comparing this value to the total fruit weight of the
tree. In addition, by examining the fruit drop, the rates of fruit drop due to ripening or decaying were also
determined.

Twenty fruits selected to represent each replication were weighed with precision scales, and the
average fruit weights, diameter, and length of these fruits were determined by a digital caliper, and peel
thickness was determined by a micrometer.

The peel color was measured in CIE L*, a* b* with a colorimeter (CR-400, Minolta Co., Tokyo,
Japan) from both sides of the equatorial region of the fruits (McGuire, 1992). The specific gravity of the fruits
was determined according to Karagal et al. (2001) in g/cm®. The juice yield was calculated by weighing the
weight of the juice squeezed from the mandarins whose weights were determined (Sen, 2004).

After filtering the mandarin juice from the filter paper, the total soluble solids (TSS) content was
determined by a refractometer (ATC-1, ATAGO, Italy), and the results were given as a percentage (%).
The titratable acid (TA) content was detected with 5 ml of the sample taken from the juice, 0.1 N NaOH
was dripped until the pH reached 8.1, which was measured with the help of a pH meter, thus the TA
content was calculated in citric acid g/100 ml.
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L-ascorbic acid (Vitamin C) content of the fruit juice was measured in the filtrate by using 2,6-
dichloroindophenol according to the titrimetric method (AOAC, 1995). Absorbance at 518 nm was
measured by spectrophotometer (Carry 100 Bio; Varian, Mulgrave, Australia). Total phenolic content was
determined by the Folin-Ciocalteu method (Zheng & Wang, 2001). The absorbance was measured at 725
nm using a spectrophotometer and the results were expressed as mg gallic acid equivalent (GAE)/100
ml. The ferric reducing ability of plasma (FRAP) assay was performed as previously described by Benzie
and Strain (1996), where reductants (“antioxidants”) in the sample reduce Fe (lll)/tripyridyltriazine
complex to a blue ferrous form, with an increase in the absorbance at 593 nm. The final results are
expressed in ymol trolox equivalents (TE)/ml, with reference to a trolox (25-500 umol/l) standard curve.

Statistical Analyses

The data obtained from the experiment was subjected to analysis of variance using the statistical
package program IBM® SPSS® Statistics 19 (IBM SPSS v19, NY, USA). For each on-tree storge,
significant differences between the means for each year were determined by Duncan’s multiple range
tests at p< 0.05.

RESULTS

The effect of pre-harvest treatments on the proportion of fruits dropped during on-tree storage was
statistically significant (p<0.05) in the 3 harvest, while it was insignificant in the 15t and 2" harvests.
During the 3 harvest period, the fruit drop rate was found to be lowest (2.14%) in the trees treated with
GA;+Rezist and the highest (5.66%) in the control trees. In Rezist, SA, and GA; treatments, the rate of
fruit drop was similar to each other. The rate of fruit drop in all treatments during the on-tree storage was
found to be lower than the control. The effect of the treatments on fruit drop in the 15t and 2™ harvests
was similar, ranging from 0.29% to 0.76% and 0.81% to 1.74%, respectively. With the increase in storage
time on the tree, an increase in the rate of fruit drop was observed especially in the 3™ harvest period
(Figure 1).

During the on-tree storage period, the effects of the treatments on ripening-induced fruit drops were
significant only in the 3 harvest (p<0.05) (1.68-2.94%), and ripening-induced drops were lower in all
treatments than the control (4.61%). The effect of the treatments on the fruit drop due to decaying was
similar to each other, ranging from 0.43% to 1.04% (Figure 1).
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Figure 1. Effects of different pre-harvest treatments on the rate of fruit drop during on-tree storage and ripening-induced drop

Sekil 1. Hasat éncesi farkl uygulamalarin agacta depolama stiresince dékiilen ve yaslanma kaynakli dékiilen meyve oranina etkileri
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The fruit weight and specific weight of Satsuma mandarin fruits during the on-tree storage period
are given in Table 1 based on pre-harvest treatments. The effect of different pre-harvest treatments on
fruit weight during on-tree storage was similar to each other, with fruit weights ranging between 99.64 g -
111.92 g, 100.78 g - 115.55 g, and 110.09 g - 120.05 g in the 1%, 2", and 3" harvest, respectively.

The effect of the treatments on the specific weight of mandarin fruit during the on-tree storage
period differed significantly, and the specific weights of the fruits in the treatments with GA; were found to
be 7.7%, 12.3%, and 16.2% higher in the 1%, 2"4 and 3' harvests, respectively, compared to the control.
At the end of the 3-month on-tree storage period, the specific weight of the fruits was between 0.88-89
g/cm3 in the treatments with GA; and 0.76 g/cm3 in the control.

Table 1. Effects of different pre-harvest treatments on the fruit weight and specific weight of Satsuma mandarin

Cizelge 1. Hasat 6ncesi farkli uygulamalarin agacta depolama siiresince Satsuma mandarinin meyve agirligi ve 6zgdil agirhigina etkileri

Fruit weight (g) Specific weight (g/cm?®)
Treatments 1t ond 3 18t ond 3
Harvest Harvest Harvest Harvest Harvest Harvest

Control 108.28+7.58NS 116.08+6.34NS  118.69+4.74NS 0.87+0.02° % 0.81+0.03" 0.760.07"
Rezist 103.25+9.96 103.49+4.20 115.0949.65 0.90+0.02? 0.88+0.05% 0.86+ 0.022°
SA 99.64+4.90 100.78+6.27 110.09+4.58 0.91+0.04% 0.89+0.03? 0.80+0.10%
GA; 111.924+8.78 115.5546.07 120.0548.71 0.93+0.03? 0.91+0.012 0.88+0.022
GAs+Rezist 101.96+9.81 104.72+7.80 112.38+9.58 0.95+0.012 0.92+0.022 0.89+0.022
GAsz+SA 102.00+9.02 108.73+3.68 114.36+4.56 0.93+0.03? 0.90+0.022 0.88+0.017

? Mean separation within columns by Duncan’s multiple range test, p<0.05.
NS * ™ Non-significant or significant at p<0.05, or 0.01, respectively

Changes in the diameter, and length of Satsuma mandarin during on-tree storage according to the
treatments are presented in Table 2. The effect of treatments on fruit diameter was significant in the 3™
harvest (p<0.05) and the diameter of control fruits was higher than those treated with GA; + Resist and
GA; + SA. The effect of different pre-harvest treatments on fruit length differed significantly in the 3
harvest (p<0.05), while fruit length was the highest with 52.26 mm in GA; and lowest with 47.35 mm in
GA; + Rezist treatment.

Table 2. Effects of different pre-harvest treatments on the diameter, and length of Satsuma mandarin
Cizelge 2. Hasat éncesi farkl uygulamalarin agacta depolama siiresince Satsuma mandarinin eni ve boyuna etkileri

Fruit diameter (mm) Fruit length (mm)
Treatments 18t ond 3w 18t ond 3
Harvest Harvest Harvest Harvest Harvest Harvest
Control 64.40+1.98NS 65.20+1.01N  69.70+0.773 % 47.80+2.06NS 49.90+0.78Ns 50.96+1.54%"
Rezist 63.80£2.40 63.17+0.87 67.77+2.65% 50.10£2.76 48.32+£1.85 51.03+1.20%®
SA 62.00£1.15 63.03+£1.51 66.55+1.85% 49.80+0.78 46.71+ 1.53 48.82+0.68™
GA; 64.20+3.43 65.10+1.85 67.63+2.36% 51.50+2.23 47.62+1.44 52.26+2.83%
GAs+Rezist 63.40+£3.00 64.21+2.67 65.03+2.19° 50.10+1.77 47.55+1.54 47.35+0.92°
GAsz+SA 62.50+£2.41 64.83+1.80 65.44+0.81° 48.90+£2.04 47.62+1.25 48.00+1.24

? Mean separation within columns by Duncan’s multiple range test, p<0.05.
NS * Non-significant or significant at p<0.05, respectively.

The peel a* and b* values of mandarin fruits formed by different pre-harvest treatments during on-
tree storage are given in Figure 2. The effect of treatments to the value a* (+ represents red, - represents
green on the horizontal axis) of Mandarin peels differed significantly during all harvest periods. The a*
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values of mandarin peels in the groups with GAs during on-tree storage were found to be lower than those
of control, SA, and Rezist treatments. While this difference was very pronounced in the first harvest, it
decreased in the later harvest periods. The a* value of the fruit peels was found to be 135%, 15%, and
10% lower in the 1%t, 2", and 3 harvests, respectively, compared to GAs treatments. The effect of
different treatments on the b* value of mandarin peel was found to be significant in the 1st and 2nd
harvests during on-tree storage, and in general, the peel b* value (+ represents yellow and - represents
blue on the vertical axis) was found to be lower in the treatments with GA; compared to the others.
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Figure 2. Effects of different pre-harvest treatments on the peel a* and b* values during on-tree storage

Sekil 2. Hasat éncesi farkli uygulamalarin agacta depolama siiresince Satsuma mandarinin kabuk a* ve b* degerine etkileri

The peel thickness, and fruit juice ratio of Satsuma mandarin fruits during the on-tree storage
period are given in Table 3 based on pre-harvest treatments. The effect of treatments on the peel
thickness of Mandarin fruit differed significantly during the on-tree storage period (p<0.05), while the peel
thickness of the control fruits was found to be the highest, SA treatment was the lowest in the 15t harvest,
and among the lowest treatments in the 2" and 3™ harvests.

The effect of treatments on the juice ratio was significant in the 15t and 3" harvest (p<0.01), the
juice ratio of the GA; group in the 15 harvest and all treatment groups in the 3 harvest were found to be
higher than the control. At the end of the on-tree storage period, the juice ratio of the treated mandarins
was 24% higher on average than the control.

Table 3. Effects of different pre-harvest treatments on the peel thickness, and fruit juice ratio of Satsuma mandarin fruits during on-
tree storage

Cizelge 3. Hasat dncesi farkli uygulamalarin agagta depolama siiresince Satsuma mandarinin kabuk kalinligi ve meyve suyu
oranina etkileri

Peel thickness (mm) Fruit juice ratio (%)
Tretments 18t ond 3rd st ond 3rd
Harvest Harvest Harvest Harvest Harvest Harvest

Control 2.28+0.492% 2.66+0.13* 3.19+0.17% 47.17+3.58"" 48.56+4.87NS 39.77+1.47%
Rezist 1.99+0.13% 2.35+0.13% 2.71+0.39° 47.69+1.80° 45.82+2.36 46.37+3.08°
SA 1.73+0.14° 2.24+0.17° 2.58+0.24° 47.90+2.16% 46.43+1.17 50.11+2.99%¢
GA; 2.17+0.112 2.34+0.20% 2.66+0.25° 52.79+1.88? 50.77+1.48 50.97+2.17%
GAs+Rezist 2.06+0.26% 2.11+0.08° 2.64+0.22° 51.49+4,54% 47.41+4.05 47.2044.37"
GAz+SA 2.13+0.10® 2.33+0.35% 2.75+0.11% 50.5443.69% 49.37+2.76 51.88+1.25%

? Mean separation within columns by Duncan’s multiple range test, p<0.05.
NS * ™ Non-significant or significant at p<0.05, or 0.01, respectively
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The TSS, and TA content of mandarin fruits during the on-tree storage period is presented in Table 4.
The effect of treatments on the TSS content during the on-tree storage period was significant in harvest 3
(p=<0.05) and the TSS content was found to be higher in GAs + SA treatments than in control and Rezist
treatments.

The effect of different pre-harvest treatments on the TA content of fruits differed significantly during
the on-tree storage period (p<0.05). Although the effect of the treatments on the TA content did not
change decisively, the TA content of mandarins treated with GAs+SA and Rezist was generally higher
than in SA and control groups.

Table 4. Effects of different pre-harvest treatments on the TSS, and TA content of Satsuma mandarin fruits during on-tree storage

Cizelge 4. Hasat éncesi farkli uygulamalarin agagta depolama sliresince Satsuma mandarinin SCKM ve TA miktarma etkileri

TSS content (%) TA content (g/100 ml)

Tretments 15! 2nd 3rd 151 2nd 3rd

Harvest Harvest Harvest Harvest Harvest Harvest
Control 11.83+0.40N 12.83+0.83NS 11.70+0.30° 1.03+0.07° 0.83+0.05"" 0.81+0.05""
Rezist 11.13+0.57 12.30+0.98 11.97+0.21° 1.17+0.092 0.92+0.10% 0.84+0.02%
SA 12.03+0.99 12.87+0.93 12.53+0.58% 0.97+0.07°¢ 0.82+0.09° 0.81+0.03°
GAs 11.10+0.25 11.97+1.22 12.47+0.84% 1.13+1.13% 0.8440.04%° 0.81+0.02°
GAz+Rezist 11.57+0.70 12.27+0.25 12.23+0.61% 1.1241.14% 0.91+0.03% 0.88+0.04%

? Mean separation within columns by Duncan’s multiple range test, p<0.05.

NS " Non-significant or significant at p<0.05, respectively.

The effects of different pre-harvest treatments on the maturation index, and vitamin C of Satsuma
mandarin during on-tree storage are given in Table 5. The effect of pre-harvesting treatments on the
maturation index of mandarin fruit was significant in the 15 harvest (p<0.05), and the maturation index of
mandarins treated with Rezist and GA; was lower than the control and other treatments.

The effects of different pre-harvest treatments on vitamin C, total phenol content, and antioxidant
activity of Satsuma mandarin during on-tree storage are given in Table 4. The effect of the treatments on
the vitamin C content in satsuma mandarin during on-tree storage was similar, ranging from 21.45
mg/100 ml to 27.48 mg/100 ml.

Tablo 5. Effects of different pre-harvest treatments on the maturation index, and vitamin C of Satsuma mandarin fruits during on-
tree storage

Cizelge 5. Hasat éncesi farkli uygulamalarin adacta depolama sliresince Satsuma mandarinin olgunluk indisi ve C vitamini
miktarina etkileri

Maturation index Vitamin C (mg/100 ml)
Tretments 1 ond 30 1 ond 30
Harvest Harvest Harvest Harvest Harvest Harvest

Control 11.54+41.11® 7  1550+0.72N  14.51+0.60N 22.4742.71N8 25.76+2.02N8 21.45+2.06"S
Rezist 9.56+1.07°¢ 13.43+0.78 14.32+0.50 26.48+£1.95 27.48+£1.96 22.61+1.92
SA 12.43+0.742 15.74+1.32 15.44+0.94 24.1142.22 25.66+2.42 22.13+2.59
GA; 9.81+0.49¢ 14.30+1.08 15.60+1.05 23.68+2.01 25.89£1.70 24.11+2.58
GAs+Rezist 10.31+1.70% 13.49+0.35 13.87+0.74 25.18+1.74 25.931.81 25.62+2.73
GAz+SA 10.60+0.28™ 13.56+0.89 14.64+1.35 24.22+2.90 26.06+0.92 23.34t1.61

? Mean separation within columns by Duncan’s multiple range test, p<0.05.

NS * Non-significant or significant at p<0.05, respectively.
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The effect of the treatments on the total phenol content of satsuma mandarin was insignificant, the
total phenol content ranging between 44.45-51.54 mg GAE/100 ml in the 15 harvest ranged from 40.45 to
47.33 mg GAE/100 ml in 3 harvest. The antioxidant activity of the treatments during on-tree storage was
similar, ranging from 4.17 to 5.91 pmol TE/ml (Table 6).

Tablo 6. Effects of different pre-harvest treatments on the total phenol content, and antioxidant activity of Satsuma mandarin fruits
during on-tree storage

Cizelge 6. Hasat éncesi farkli uygulamalarin agagta depolama siiresince Satsuma mandarinin toplam fenol miktari ve antioksidan
aktivitesine etkileri

Total phenol content (mg GAE/100 ml) Antioxidant activity (umol TE/ml)

Treatments 18t ond 3 1t ond 3

Harvest Harvest Harvest Harvest Harvest Harvest
Control 45.32+4.43NS 43.80+5.85M8 40.81+1.39"S 5.78+0.60NS 4.88+0.44NS 4,39+0.12NS
Rezist 49.97+1.58 42.761+2.65 40.45+3.26 5.54+0.21 5.13+0.54 4.17+0.42
SA 51.54+1.70 42.69+4.95 42.91+1.25 5.91+0.65 4.74+0.33 4.29+0.28
GAs 48.80+4.98 46.14+1.85 42.38+4.20 5.67+0.28 4.79+0.22 4.51+0.30
GAs+Rezist 50.06+4.44 47.33+4.78 42.61+3.69 5.85+0.14 5.194+0.32 4.52+0.51
GAz+SA 44.45+1.95 40.81+2.42 43.762.27 5.46+0.23 4.59+0.26 4.36+0.17

NS Non-significant.

DISCUSSION and CONCLUSION

In order introduce Satsuma mandarins to the market for a longer period of time, the on-tree
storage, as well as storage in cold weather conditions, must be fulfilled successfully. Delaying the
ripening and aging of fruits on the tree will contribute to the success of on-tree storage. The treatments
limit the rate of fruit drop during on-tree storage compared to the control, which is because salicylic acid
and gibberellic acid inhibit ethylene biosynthesis in fruits, delaying aging. These treatments limit the effect
of ethylene, slowing aging, maintaining peel resistance, and delaying the fruit to break from the stem.
Therefore, it is thought that SA and GAs are effective in slowing down fruit aging and maintaining peel
resistance, and reducing fruit drops. SA and GA; delayed aging by inhibiting ethylene synthesis, this
result is compatible with previous studies in mandarin (Ritenour et al., 2005), banana (Srivastava and
Dwivedi, 2000), apple, and pear (Romani et al., 1989; Babalar et al., 2007) fruits.

The treatments did not affect fruit weight, diameter, and length or showed instability. This is
because the treatments were made during and after the optimum harvest period, during which the
development was largely completed (Sen et al., 2013).

The delaying effect of the treatments with GA3; on the coloring of fruits depends on the fact that it
slows down the degradation of chlorophyll in fruits treated with GA;. This effect of GA; decreased with the
progression of on-tree storage duration. One of the most obvious changes that occur during the ripening
of mandarin fruit is the degradation of chlorophyll, which gives the peel a green color, and this is replaced
by yellow-red carotenoids, and coloration occurs (Senthilkumar & Vijayakumar, 2014). The effect of GA;
treatment on delaying coloration by slowing down the loss of chlorophyll in citrus fruits has been revealed
in many studies (Sen et al., 2013; Rokaya et al., 2016; Sezer et al., 2020).

A more significant decrease in the value of the specific gravity of control fruits with the progression
of the on-tree storage period indicates that the peel resistance of fruits decreases, the albedo texture of
fruits deteriorates, and the tendency to puffiness increases. Puffiness is the separation of the softened
peel from the fruit flesh, which is observed with the progression of the ripening of mandarin fruits
(Karagali, 2016). The specific gravity of the treated fruits is higher than the specific gravity of the control
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fruits, which can be explained by the delaying effect of the treatments on the ripening of the fruits. This
delays the formation of puffiness, which is an aging disorder, when on the tree.

The low peel thickness of the treated mandarin fruits can be explained by the fact that SA, GA;,
and Rezist treatments limit the increase in peel thickness and slow down the deterioration of the peel
during the on-tree storage of fruits. The thin peel of Satsuma mandarin fruits is an indicator of their quality
and strength in storage, while the thickening of the peel is an indicator of the increase in the fruit's
sensitivity to puffiness and a decrease in quality. Indeed, the effect of treatments limiting the increase in
peel thickness is compatible with the fact that the specific gravity values of the treated fruits are higher
than the control. The treatment of GA; reduced the peel thickness in the mandarin (Garcia-Luis et al.,
1992; Pozo et al., 2000) and Valencia Navel orange (Sezer et al., 2020) varieties.

The higher juice yield in the treated mandarins than in the control and the thickening of the peel at
the last harvest may be associated with increased puffiness. As the tendency to puffiness increases, the
juice ratio decreases (Karagali, 2016).

The effect of pre-harvest treatments was limited and/or unstable on the TSS and TA content of the
Satsuma mandarin during on-tree storage, indicating that there was no significant effect. It is believed that
the differences are caused not by treatment, but by sampling. Also, it was observed that GAz treatment did
not have a significant effect on the TSS content in orange, mandarin, and grapefruit stored on the tree
(Ben-ismail et al., 1995; Ritenour et al., 2005; Balkig et al., 2019). The low maturation index of mandarin
fruits treated with Rezist and GAs in the 1%t harvest can be explained by the aging-delaying effect of the
treatments. Because the low TSS content and the high TA content in these treatments are compatible with
slow aging.

The effect of the treatments on vitamin C, total phenol content, and antioxidant activity during on-
tree storage was limited, and we thought that this depended on the fact that the treatments were made
during the optimum harvest and post-harvest periods. It is reported that the treatment of GAs during these
periods specified before harvesting has no or very little effect on the biochemical properties of many citrus
fruits (Coggins, 1982; Pozo et al., 2000). Studies are showing that salicylic acid treatments increase the
total amount of phenol and antioxidant activity in fruits and vegetables (Huang et al., 2008; Tareen et al.,
2012; Aghdam et al.,, 2016; Haider et al., 2021), but the time of treatment in these studies varies.
Therefore, it is thought that the time of treatment is effective in limiting the effect of treatments on the
biochemical properties of the fruit.

The pre-harvest treatments limited the rate of fruit drop during on-tree storage, the increase in peel
thickness, and the decrease in specific gravity compared to the control. Treatments with GA; delayed the
coloring of fruits. In general, the juice yield was found to be higher in the treated mandarins than in the
control. The maturation index of fruits treated with Rezist and GAs at the first harvest was lower. The
effects of the treatments on TSS, TA, total phenol content, vitamin C, antioxidant activity, fruit weight,
diameter, and length of fruits during on-tree storage were limited and/or showed instability.

Considering all the data, the treatment of GAsz two weeks before the color break and the treatments
of SA and Rezist at the color break prevented fruit drop and delayed the peel and fruit aging, and
contributed positively to the on-tree storage of the Satsuma mandarins until the beginning of January.
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ABSTRACT

Objective: The ecosystem services (ES) term is defined as all of the products,
services, and benefits provided by ecosystems on earth to human beings and
other living entities. In order to determine the ES capacity and integrating such
data into management plans is a key element for nature conservation and
sustainable land-use planning. Hence, a study was conducted, and the
objective of this study was to determine the ES capacity of Mamak district
(Ankara, Turkey) with an evaluation approach based on expert opinions using
EUNIS habitat data.

Material and Methods: Besides raw scores obtained from experts with the
evaluation approach based on expert opinions, the areal ES capacity (AESC)
indices for each EUNIS habitat type were calculated, and maps were developed
accordingly.

Results: The results obtained from this study showed that; (1) with raw scores,
ES capacities of habitat types are very diverse for each ES type, (2) with AESC
indices, almost all ES capacity class are same for each habitat type.

Conclusion: As a conclusion, it can be stated that the use of EUNIS habitat
maps is applicable to assess ES capacities in such studies if and when the
presence of such habitat data.

0oz

Amag: Ekosistem hizmetleri (EH) terimi, yerylzindeki ekosistemlerin insan ve
diger canlilara sagladidi drun, hizmet ve faydalarin timui olarak tanimlanmaktadir.
EH kapasitesinin belilenmesi ve bu tir verilerin yonetim planlarina entegre
edilmesi, doganin korunmasi ve surdirllebilir arazi kullanim planlamasi icin kilit
bir unsurdur. Bu g¢alismada, EUNIS habitat verileri kullanilarak uzman goéruglerine

dayali degerlendirme yaklasimi ile Mamak ilgesinin (Ankara, Turkiye) EH
kapasitesinin belirlenmesi amaclanmaktadir.

Materyal ve Yoéntem: Uzman gorislerine dayali degerlendirme yaklasimi ile
uzmanlardan alinan ham puanlarin yani sira her bir EUNIS habitat tipi igin alansal
EH kapasite (AESC) indeksleri hesaplanmis ve buna goére haritalar geligtiriimigtir.

Arastirma Bulgulari: Sonuglar goéstermistir ki; (1) ham puanlarla, habitat
tiplerinin EH kapasiteleri her EH tipi igin gok farkli iken, (2) AESC indeksleriyle,
hemen hemen tim EH kapasite siniflari her habitat tipi igin aynidir.

Sonug: Sonug olarak bu galisma, EUNIS habitat haritalarinin kullaniminin,
EUNIS habitat verilerinin mevcut olmasi durumunda ve bu tip ¢gahigsmalarda EH
kapasitelerini dederlendirmek i¢in uygulanabilir oldugunu géstermektedir.
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INTRODUCTION

The concept of ecosystem services (ES) is defined as all of the products, services and benefits
provided by ecosystems on earth to humans and other living entities (Costanza et al., 1997; Daily, 1997;
MEA, 2005). The term was suggested mainly by naturalists in the late 1970s and early 1980s to point out
how biodiversity loss directly impacts ecosystem functions based on services critical to human health and
thereby trigger action on nature conservation (Anonymous, 2016). “Millennium Ecosystem Assessment”
(MA) classifies ES under four main groups; supporting ES, regulating ES, provisioning ES and cultural
ES. Supporting services are ecological functions such as biodiversity, habitats for animal and plant
species, and genetic diversity; regulating services are goods from ecosystems such as purification of air
and water, climate regulation, and control of pests and diseases, whereas provisioning services are what
humans can obtain from the ecosystems such as food (animal and plant products), non-wood products,
and medicine materials; and finally, cultural services are non-material benefits such as ecotourism,
recreation, and religious value (MEA, 2005). Following that, “The Economics of Ecosystems and
Biodiversity” (TEEB) labelled supporting services as “habitat or supporting services” and finally “The
Common International Classification of Ecosystem Services” (CICES) organized sections hierarchically,
however didn’t include supporting services (Kasparainskis et al., 2018).

Although the mapping of ES is one vital concept that is required to improve the recognition,
integration and implementation of ES into various institutions and decision-making mechanisms, the
quantification and mapping of ES have been put forward as one of the major challenges for the
implementation of ES in decision-making mechanisms (Daily & Matson, 2008). Several new ES mapping
approaches have recently been developed in a variety of research (Troy & Wilson, 2006; Turner et al.,
2007; Egoh et al., 2008; Nelson et al., 2009; Tallis & Polasky, 2009; Vihervaara et al., 2010; Vihervaara et
al.,, 2012; Hepcan & Coskun Hepcan, 2021). Most recent mapping strategies have relied heavily on
biological data (for example, plant functional traits, ecosystem structure, and habitat data) (Vihervaara et
al., 2012).

It is a fact that humanity is subjected to biodiversity and ecosystem functions, and ES are a tool to
exhibit human impacts on ecosystems and biotopes such as land use (MEA, 2005; Swetnam et al., 2011;
Vihervaara et al., 2012). ES in urban areas have gained significant attention due to the rapid urban
development lately (Zinia & McShane, 2021). Although urban systems are perceived as separate from
natural ecosystems (Costanza et al., 1997; Mcintyre et al., 2000; de Groot et al., 2002; Grimm & Redman,
2004; Niemela et al., 2010; Li et al., 2017), every detailed study on urban ecosystems is quite significant
for people living in cities (Ahern et al., 2014). According to Gutman (2007) and Sandhu & Wratten (2013),
urban ecosystems and ecosystems out of the cities both provide ES for people living in cities.

EUNIS habitat classifications offer precise biodiversity data, making their usage plausible in
mapping links between biodiversity and ES (Maes et al., 2016). Although these two are interrelated, there
is still need for clarification on that (Haines-Young & Potschin, 2012; Vihervaara et al., 2012). Approaches
such as deriving information on ES directly from land cover/habitat maps may be appropriate at national
or larger scales, for areas where the dominant ecosystem service is directly related to land use, or where
data availability or expertise is limited, and where the main focus is on the assumed presence of ES
rather than quantification of the supply (Brander et al., 2012; Burkhard et al., 2012). However, studies on
ES assessment through EUNIS habitat classification are still insufficient and new studies should be
developed and supported.

Mamak is one of the utterly active districts of Ankara (Turkiye) with the wide range of different land
use and habitat types within the context of constantly growing trend of urbanization and emerging slum
areas (Cakmak & Aytag, 2020). Therefore, Mamak is chosen in order to examine its wide range of
different land use forms and habitat types. The main objectives of this study were;
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a) to determine the ES capacity and map of the district by using EUNIS habitat data.

b) to provide a policy related data and a viewpoint to decision-makers in order to integrate
ecological information (biological data and ES) into management plans.

¢) to analyse the effect of different habitat types on the provision of ES in the study area.

d) to reveal a method for evaluation approach based on expert opinion and point out essential ES
to be studied in detail for further studies.

MATERIALS and METHODS
Study area

The Mamak district is located in the eastern section of Ankara, Turkiye’s capital city (32°55'23" E
and 39°56'31" N). It covers an area of 34200 ha. Altindag (in the north-northwest), EImadag (in the east)
and Cankaya (in the south-southwest) are neighboring districts (Figure 1) (Cakmak & Aytag, 2018). The
district has a total population of 682420 people. Total amount of open green spaces in Mamak district is
1697.63 ha (T.C. Mamak Belediyesi, 2023). The study area is under the influence of the Mediterranean
Region’s continental climate. In terms of the Mediterranean bioclimatic divisions, the area is close to the
slightly humid zone with semi-arid cold winter (Cakmak & Aytag, 2018). Triassic aged Elmadag, Emir,
Kecikaya, Ortakdy formations and Late Pliocene aged Golbasi formations are dominant in the study area
(Celik et al., 2007).

Coordinate System: GCS WGS 1984
Datum: WGS 1984
Units: Degree
32"59'0'% 32°550'E 33°0'0"E 33°50"E 33°100'E
40°0'0"N- F40°0'0"N
Altindag
39°55'0"N 39°55'0"N
Elmadag
Cankaya
39°50'0"N- -39°50'0"N
N T I Km
0 225 45 9 13,5 18
Golbasi
32°500°E 32°550"E 33°0'0°E 33°50°E 33°100°E

Figure 1. Location of the study area.

Sekil 1. Calisma alaninin lokasyonu.
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Despite the district's rapid development and continuing urbanization, it nevertheless retains a
diverse floristic (233 plant taxa) and habitat (29 types at level 3 and 14 types at level 4, totally 43 EUNIS
habitat types) diversity (Cakmak & Aytac, 2018, 2020). 18 habitat types at level 2 were derived from the
study of Cakmak & Aytag (2020) (Table 1, Figure 2).

Table 1. Level 2 EUNIS habitat types of Mamak district (Cakmak & Aytag, 2020)
Cizelge 1. Mamak ilgesinin 2. seviye EUNIS habitat tipleri (Cakmak & Aytag, 2020)

EUNIS Habitat

Codes (Level 2) EUNIS Habitat Names Area (ha) Area (%)
C1 Surface standing waters 80.77 0.24
Cc2 Surface running waters 165.57 0.48
C3 Littoral zone of inland surface waterbodies 109.82 0.32
E1 Dry grasslands 5468.67 15.97
E2 Mesic grasslands 52.79 0.15
E5 Woodland fringes and clearings and tall forb stands 5.17 0.02
Gl Broadleaved deciduous woodland 828.58 242
G5 Iégr?;;;'ggev%gmaalrll;gré%%%gp(iegéc woodlands, recently felled woodland, 3184.81 930
H3 Inland cliffs, rock pavements and outcrops 172.75 0.50
H5 Miscellaneous inland habitats with very sparse or no vegetation 1717.71 5.02
11 Arable land and market gardens 15531.50 45.35
12 Cultivated areas of gardens and parks 81.18 0.24
J1 Buildings of cities, towns and villages 3355.90 9.80
J2 Low density buildings 1169.78 3.42
J3 Extractive industrial sites 890.85 2.60
Ja Transport networks and other constructed hard-surfaced areas 1351.73 3.95
J5 Highly artificial man-made waters and associated structures 6.55 0.02
J6 Waste deposits 71.62 0.21

TOTAL 34245.75 100

>z

w \
\4‘ ¢

Figure 2. EUNIS habitat types (level 2) of the study area (Cakmak & Aytag, 2020).
Sekil 2. Calisma alaninin EUNIS habitat tipleri (2. seviye) (Cakmak & Aytag, 2020).
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Methods

The main approach in this study was to evaluate the EUNIS habitat types for Mamak in terms of ES
by using an evaluation approach based expert opinion, first step was to prepare a matrix table as a
survey where experts have to grade ES capacities by considering EUNIS habitat types (Table 2). On the
behalf of ES classes, four main groups (provisioning, regulating, cultural and supporting ES) according to
MEA (2005) and “ES bundles” as the bundles of all four types were included. Besides that, EUNIS habitat
types of the study area was obtained from a study conducted by Cakmak & Aytac (2020) where habitat
types ranked up to EUNIS level 2 (Table 1, Figure 2). In accordance with the EUNIS habitat classification
system, level 1 delineates primary ecosystem types, level 2 broadly encompasses habitats similar to a
land cover system, and at level 3, notably, phytosociological units such as alliances and associations play
a pivotal role in habitat identification (Davies et al., 2004; Arslan & Arslantiirk, 2009; Cakmak & Aytag,
2021). In the aforementioned study, the abundance of habitat types (43 habitats) below level 2 rendered
them impractical for ES assessment due to the need for more intricate knowledge and analyses.
Consequently, as the utilization of habitat types below level 2 for ES assessment was considered to be
unfeasible, level 2 was used in the study.

As the second step, thirty experts from different backgrounds such as water management, non-
wood production, animal and plant products, green spaces in cities, micro climate conditions in cities,
carbon sequestration, bio-assessment in accordance with the topics that form the basis of 4 different ES
(provisioning, regulating, cultural and supporting) were determined and matrix table were shared with
these experts as the survey where they can grade. The assessment grades ranged from 1 to 5 as the
Likert scale, where 1 grade presented “no relevant capacity to provide a certain ES”, and 5 grade
presented a “very high relevant capacity to provide a certain ES” (Vihervaara et al., 2012). Thus, experts
scored the relationship of each ES with each EUNIS habitat types. Although most experts were familiar
with the environmental, social and economic conditions of the study area, some documents such as maps
and reports about the district were also provided them. Twenty-seven experts filled up the survey matrix
table. After gathering survey results, the standard deviation was calculated by taking sum of scores into
consideration, and two extreme lowest values were removed. Therefore, analyses were focused on other
25 surveys.

In this study, mainly two methods were employed: using (1) sum of scores of experts, (2) AESC
(Areal ES Capacity) indices. The results of both methods were mapped for four main ES (provisioning,
regulating, cultural and supporting) and ES Bundles. EUNIS habitat types obtained from Cakmak & Aytag
(2020) were used as the base in the maps by using ArcGIS 10.8. In addition, the most prioritized EUNIS
habitat types for conservation (C1, E1, G1, H3, 11 and J1) according to the study of Cakmak & Aytag
(2020) were also evaluated.

For the areal ES capacity (AESC) indices for each EUNIS habitat type were calculated by using the
following equation (Vihervaara et al., 2010), and 4 main ES and ES bundles maps were prepared:

3. XHABITAT AR ABITAT 1)

I =
AESC ATOTAL

where XuaeraT is the habitat value (average of ES production capacity per habitat), AnasiTat is the area of
the EUNIS habitat type in the study area, and ArotaL is the area of the study area.
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Table 2. A sample scoring matrix table (survey) for the interview with experts
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RESULTS and DISCUSSION

Based on the expert evaluations

Based on the expert evaluations, four main ES and ES bundles were mapped and depicted in Figure 3.

€
I S KT
0 10 20 40

Legend

Services Capacity
No relevant

- Low relevant

- Relevant

- Medium relevant

I High relevant

Figure 3. ES mapping based on the mean scores (3a: Provisioning, 3b: Regulating, 3c: Cultural, 3d: Supporting, 3e: Bundles).

Sekil 3. Ortalama puanlara dayall EH haritalamasi (3a: Tedarik, 3b: Diizenleyici, 3c: Kiiltiirel, 3d: Destekleyici, 3e:Tiim).
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As I1 habitat covers about %45 of the study area and is “high relevant” in terms of provisioning ES,
checking over Figure 3a may cause a misunderstanding of results, since except G1 habitat (also high
relevant), the half of the other habitats have low relevance to provisioning services. The same trend was
valid for other ES maps: the results for the other 3 ES types (regulating, cultural and supporting) are mostly
“relevant”, therefore these maps are seen as most of the EUNIS types are also “relevant”. However,
habitats such as C1, C2 and G1 are high relevant for them. Regulating ES reached the result of no
relevant for J3, J4 and J6 habitat types.

As mentioned as the most prioritized EUNIS habitat types for conservation; C1, E1, G1, H3, 11 and
J1 are also examined in detail. The scores of G1 and J1 habitats are self-balanced. While G1 is high
relevant to all ES types while J1 is low relevant. On the other hand, H3 habitat ranges from low relevant
to medium relevant. High relevant habitat types for provisioning ES are G1 and I1, for regulating and
cultural ES are C1 and G1, for supporting are C1, E1 and G1. According to which ES capacity class each
EUNIS habitat is in, the calculated areal percentages in percent (%) that these capacity classes cover in
the whole study area were determined. The ES capacity of the study area is shown in Figure 3 and Table
3. The provisioning services capacity of the study area has high relevant capacity with %48 percentage.
These figures show that almost half of the area of the district has high production capacity. For regulating
ES; nearly half of the area of district has relevant capacity (%51), while %7 of the study area has no
relevant capacity. This shows that regulating ES do not have much big impact for the study area.
According to relevant capacity (%62), cultural ES do not have a huge impact in the study area, just like
regulating ES. The supporting services capacity is similar to the situation of the regulating and the cultural
services capacities, whereas the supporting services capacity do not have a very large impact for the
district. Finally, when all ES capacity of the study area is evaluated, it can be seen that medium relevant
capacity has the highest percentage (%71).

Table 3. The areal distribution percentages of ES capacities for each ES types

Cizelge 3. Her bir EH tipi i¢cin EH kapasitelerinin alansal dagilim ylizdeleri

ES Capacities Provisioning  Regulating Cultural Supporting  ES Bundles

ES (%) ES (%) ES (%) ES (%) (%)
No relevant 0 6.76 0 0 0
Low relevant 25.49 13.23 24.99 19.97 19.97
Relevant 16.39 50.87 61.86 50.39 5.55
Medium relevant 10.34 16.38 9.77 0.91 71.33
High relevant 47.77 12.76 3.38 28.73 3.14

Based on the AESC indices

The results of the AESC indices are given as maps in Figure 4. For all ES types, as |1 habitat
covers nearly half of the district, the study area mostly has the capacity class “high relevant”.

By examining the AESC indices scores for each EUNIS habitat type, the ES type with the highest
value (most dominant) for that habitat type was determined. Then, by using the coverage percentages of
these EUNIS habitat types, the coverage percentages of the most dominant ES types were calculated
and mapped (Figure 5 and Table 4). The areal distribution percentages of dominant ES types respectively
are as follows; provisioning ES (48%), supporting ES (25%), cultural ES (14%), regulating ES (9%), and
finally, in 4% of the district, supporting and cultural ES are dominant together (Table 3 and Figure 5). ES
types that are dominant for C2, C3, E1, E2, H3, H5, I1, 12 and J2 habitats are dominant with high
differences from other ES types score-wise when each habitat is evaluated within itself. On the other
hand, for J1, J3, J4, J5, J6 habitats, the difference in score between the other 3 ES types and the
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dominant ES type is low. Besides for C1 habitat, regulating and cultural ES are close to supporting ES
score-wise, while for E5, G1 and G5 habitats’ regulating and supporting ES are close to each other.

Legend

Services Capacity

- Low relevant capacity
- Relevant capacity

- Medium relevant capacity
- High relevant capacity

Figure 4. ES mapping based on the AESC indices scores (6a: Provisioning ES, 6b: Regulating ES, 6c: Cultural ES, 6d: Supporting
ES, 6e: ES Bundles).

Sekil 4. AEHK indis puanlarina dayali EH haritalamasi (4a: Tedarik EH, 4b: Diizenleyici EH, 4c: Kiiltiirel EH, 4d: Destekleyici EH,
4e:Tiim EH)
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Table 4. The areal distribution percentages of dominant ES types

Cizelge 4. Baskin EH tiplerinin alansal dagilim yiizdeleri

ES Types Percentage (%)
Provisioning ES 47.95
Supporting ES 25.35
Cultural ES 13.45
Regulating ES 9.30
Supporting - Cultural ES 3.95
N
Legend y_
Ecosystem Service Type
I Frovisioning A /‘.’
- Regulating
Cultural
Supporting
- Supporting-Cultural km
0 3 6 12

Figure 5. Dominant ES mosaic map.
Sekil 5. Baskin EH mozaik haritasi.

This study was conducted with an objective to determine the ES capacity of the study area with
evaluation approach based on expert opinion by using EUNIS habitat data to provide a viewpoint to
decision-makers to integrate ecological information (biological data and ES) into management plans. As
EUNIS habitat classification is more detailed, comprehensive and updated system compared to other
habitat classification/land cover systems in Europe (e,g, CORINE Land Cover, EU Habitats Directive,
Palaearctic Habitat Classification, Nordic Habitat Classification), it provides a significantly accurate basis
for the ES assessment than the others (Evans, 2012; Cakmak & Aytag, 2020). However, as mentioned in
the “Methods” section, in this study EUNIS habitats were used in level 2, since the ES assessment of
habitat types below level 2 requires more complex and specific analyses and there are too many habitat
types (43 habitats) Cakmak & Aytag (2020). Hence, it is not feasible to analyze each single habitat for the
ES assessment.

According to the evaluation of expert scores, the capacities of ES were quite different from each
other except for the J habitat type (constructed, industrial and other artificial habitats). J1 and J2 have the
same ES capacity class for all ES types, both separately and together. On the other hand, J3, J4, J5 and
J6 have the same ES capacity class for all ES types but regulating services. Experts stated that J3, J4,
and J6 habitats have nothing to do with regulating services. However, in accordance with the AESC
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indices; all the ES capacities are relevant for J1 and low relevant for J3, J4, J5, and J6. Finally, J2 habitat
type is low relevant to ES capacities except cultural ES. That means, there are differences between J
habitat type according to two different methods.

The habitat destruction constitutes a significant threat to biodiversity and of course ES (Tilman et
al., 1994). Habitat conservation is one of the most efficient and rational ways to prevent and/or slow
biodiversity loss and provide continuity of ES (Lin et al., 2017; Cakmak & Aytag, 2021). When compared
the AESC indices and the expert mean scores for C1, E1, G1, H3, 11, and J1 habitats, which were stated
as significant in terms of conservation by Cakmak & Aytac (2020), only H3 and 11 habitats in provisioning
ES, E1 habitat in regulating and ES bundles were found to have the same ES capacity class. Apart from
this, no other capacity classes were found to be the same. This indicated that these two methods reveal
quite different results from each other. The areal size of the habitats is thought to be the main reason for
this because the non-constant variable in the AESC indices formula is the areal size. In addition to that,
interestingly, the variability of the areal size of the habitats and the variability of the scores of the habitats
are quite positively correlated with each other.

The following are the highlights of interpreting the distribution maps of the main ES types: the
highest cultural ES values were observed in natural terrestrial and aquatic habitats (C1 and G1). In this
case, they are water bodies and deciduous forest. It shows that experts believed that natural habitats
have high cultural and recreational value than managed habitats. This result is consistent with the
findings by Vihervaara et al. (2010). On the other hand, regulating ES were high in both natural and
managed habitats. In this case G1 had the highest value, followed by G5, C1 and C2. This is related to
disaster risk reduction functions of ecosystems (EEA, 2015; Cohen-Shacham et al., 2016). The level of
provisioning ES was high in arable lands (I11) and low in urban habitats (J1-J2).

The Convention on Biological Diversity prioritizes the value of urban biodiversity and its contribution
to ES (CBD, 2016). This study showed that the dominant ES of Mamak is provisioning (almost %50), that
means, experts believe that access to plant and animal products, clean water, wood products etc. are still
possible in urban ecosystems. On the other hand, supporting ES, which represents biodiversity and
forming a suitable habitat for plant and animal species, have only %25 areal distribution percentage.
Results also indicated that urban areas have the negative impacts on the supply of all ES. However, the
interactions between urbanization and ES were consistent with previous studies (Tratalos et al., 2007;
Vihervaara et al., 2010; Wang et al., 2020).

As conclusion, quantifying and mapping ES has become a rapidly expanding research field and
several approaches have been used so far (Bolliger and Kienast, 2010; Vihervaara et al., 2012; Maes et
al., 2016). ES assessments considering habitat types have become an important issue for ecological
studies in Turkiye, as well as all over the world and several approaches have been used so far (Bolliger
and Kienast, 2010; Vihervaara et al., 2012; Maes et al., 2016). Like for many other countries, the lack of
urban biodiversity data (Kremen & Ostfeld, 2005) and more important a national assessment of ES is also
the main challenge (Basak et al. 2022) for Tirkiye. Therefore, EUNIS habitat classification data could be
used for rapid ES assessment in urban areas. The results of assessments depend on methodology and
quality data were used. The use of the ES concept has shown considerable promise in terms of
presenting and developing new tools for researchers, stakeholders, and decision-makers. The outputs of
ES assessment of urban habitats of Mamak district provides valuable quantitative ecological data for
urban development and management plans. High-quality living environment is positively related to ES
provided by urban nature (MEA, 2005; Tzoulas et al., 2007). It can be concluded that approach to ES
assessments for EUNIS habitats can contribute to urban plans as expert-based decision-making and
guide to development process.

In this paper, EUNIS habitat classification was used for evaluation approach based on expert
opinion using EUNIS habitat data. Although a similar approach was tested in some EU countries
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(Tuominen et al., 2001; Vihervaara et al., 2010), it was tested in Turkiye for the first time. While different
classifications are used in these studies such as CORINE, EUNIS habitat classification are used in this
study. The results obtained showed that this approach is applicable in all areas of Turkiye if and when the
presence of EUNIS habitat maps. This article presented the necessity and importance of having such
studies should become widespread across the country. Although different methods are used, there are
ecosystem services studies conducted in Turkiye; e.g: assessing regulating ecosystem services for
improving the air quality by using tree canopy (Coskun Hepcan & Hepcan, 2017; Cakmak & Can, 2020),
determining the effects of land cover changes on forest carbon storage through remote sensing (Karahalil
et al, 2018), determining the importance of the historical values examining by the framework of some
parameters (Tirnakgl, 2021a; 2021b, 2022), biological valuation (Bilgin & Dogan, 2012), making temporal
and spatial analysis of ES potential by using social media photos (Oriicli & Arslan, 2021), etc. Scientific
studies on ES in Turkiye are mostly related to land use/land cover, but are not directly related to habitat
classes. There are no studies on ES and habitat classification, but rather studies on ecosystems. This
study was approached from such a different perspective and was conducted to fill this gap.
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ABSTRACT

Objective: The main objective of this study is to examine the gender
participation in sweet potato production (SPP) among farmers in Delta State.

Material and Methods: Multi-stage sampling procedure was used to select 131
respondents, comprising 73 male and 58 female sweet potato farmers. The
data were obtained between October and December in 2019. Data were
collected through interview schedule and analyzed using descriptive statistics,
T-test, Pearson Product Moment Correlation and multiple regression.

Results: The results indicated that male and female farmers were at an age of
39.5+8.9 years old and 41.9+11.1 years old, respectively. Household sizes for
male and female were 916 persons and 8+4 persons, respectively. Most male-
(95.9%) and female- (81.0%) were formally educated. Men participated more in
planting (¥=2.62), while women participated more in marketing (x=2.91). The level
of participation in SPP was high and low among more than half of the male-
(56.2%) and female- (55.2%), respectively. Flooding was the highest constraint to
SPP faced by male (¥=1.93) and female (¥=1.90).There was no significant
difference between male and female level of participation in SPP (t=0.92;p>0.05),
and constraints to SPP (t=0.74;p>0.05).Household size (f=-0.46); and education,
household size and being married (r=0.26, 0.26, and (=4.19) significantly
influenced male and female participation in SPP, respectively.

Conclusion: Household size influenced men participation in SPP while
education, household size and marriage enhanced women patrticipation in SPP.

0z
Amag: Bu calismanin temel amaci Delta Eyaletindeki ciftciler arasinda tatli
patates Uretimine (TPU) cinsiyet katilimini incelemektir.

Materyal ve Yontem: 73'0 erkek ve 58'i kadin tatl patates cift¢isinden olusan
131 katihmciyr se¢gmek icin ¢cok asamali érnekleme metodu kullanildi. Veriler
2019 yili Ekim-Aralik aylari arasinda elde edilmistir. Veriler anket araciligiyla
toplanmig ve betimsel istatistikler, T-testi, Pearson Momentler Carpimi
Korelasyonu ve ¢oklu regresyon kullanilarak analiz edilmistir.

Arastirma Bulgulari: Sonuclar, erkek ve kadin ciftcilerin sirasiyla 39, 58, 9 ve
41, 9+11, 1 yasinda olduklarini gostermistir. Hane halki biyUkligu erkek ve
kadinlarda sirasiyla 946 kisi ve 8+4 kisidir. Erkeklerin (%95, 9) ve kadinlarin
(%81, 0) gogu orgiin egitimlidir. Erkekler ekime daha fazla katilirken (x =2, 62),
kadinlar ise pazarlamaya daha fazla katiimigtir (x =2, 91). TPU'ye katilim diizeyi
siraslyla erkeklerin (%56, 2) ve kadinlarin (%55, 2) yarisindan fazlasi arasinda
yiksek ve disgiktir. Su baskini, erkeklerin (x=1, 93) ve kadinlarin (x=1, 90)
karsilastigi TPU'ne yonelik en yiiksek kisitlamadir. Erkek ve kadinlarin TPU'ne
katilim duizeyleri (t=0, 92;p>0, 05) ve GPP'ye yonelik kisitlamalar (t=0, 74;p>0,
05) arasinda anlamli bir fark yoktur. Hane halki buyuklugu (8=-0, 46); ve egitim,
hane halki buyikligu ve evli olmak (r=0, 26, 0, 26 ve =4, 19) sirasiyla erkek ve
kadinlarin TPU'ne katimini anlamli diizeyde etkilemigtir.

Sonug: Hane halki biyikiigi erkeklerin TPU'ne katilimini etkilerken, egitim,
hane buyUklugu ve evlilik kadinlarin TPU'ne katihmini artirmigtir.
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INTRODUCTION

Sweet potato (SP) is one of the most significant crops and also one of the staple foods worldwide.
It is the world’s seventh most important food crop (Odebode et al., 2021) and fifth primary food crop on a
fresh-weight basis (with respect to annual production) in developing countries (Oyibo, 2021). Common
varieties include white-fleshed, red-fleshed, yellow-fleshed and orange-fleshed or reddish-purple. One
percent of the world's agricultural land that is approximately nine million hectares is used to grow SP each
year (Oyibo, 2021). It is the only major root and tuber crop whose leaves, shoots and tuberous roots are
of tremendous use for both, humans and livestock.

Over the years, SP has become more important in the production of global food crops. According to
Mwanja et al. (2017), it is widely grown throughout the tropical, subtropical and temperate regions of the
world. In sub—Saharan Africa (SSA), Nigeria, Tanzania, Uganda, Ethiopia, Angola, Madagascar, Rwanda
and Mozambique are the leading producers and consumers of SP (FAOSTAT, 2017). The countries
accounts for 82.2 percent of the continent’s total sweet potato production (SPP). Sweet potato is a staple
and/or co-staple food crop throughout the aforementioned countries, especially in Nigeria, Uganda,
Ethiopia, Kenya and Angola. According to Olagunju et al. (2013), Nigeria ranks number two in SPP in the
world. Also, FAOSTAT (2017) named Nigeria as the top producer of SP in Africa and the only West
African country among the top 20 SP-producing nations in the world.

In Nigeria, Delta State inclusive, SPP is a practical economic endeavor for income generation, food
security and poverty reduction among rural households. In the country, SP has over several years been
one of the major roots and tuber crops grown in Delta State and its production has always involved men
and women. However, despite the seemingly bright employment and poverty reduction potentials of SPP
in Nigeria and Delta State in particular, the crop, according to Odebode et al. (2021), is still under-
explored. Oyibo & Odebode (2023) stated that little progress has been made in increasing the production
level of SP in Nigeria, despite the several interventions by the Nigeria government as well as the nation
having a wide variety of agro-climatic parameters that favor SPP. Also, despite the involvement of men
and women in SPP, low production of SP is still prevalent in Delta State. This is because agricultural
research and extension as well as interventions (policies, projects and programs) have not taken into
account, the gender needs, differences and constraints.

Sweet potato production is influenced by gender as a result of the roles, responsibilities and
constraints of the farmers (both men and women). According to Sangotegbe et al. (2013), gender issues
may have a role in the poor rate of agricultural production. According to Olagunju et al. (2013), is because
gender roles, relations and inequality affect agricultural production. Hence, for men and women to have a
positive effect on their SPP and/or farming enterprise, agricultural research and extension would have to
take into account gender roles, potentials and constraints. However, gender analysis of SPP that will give
more information on the activity of women and men’s potentials and constraints involved in SP farming
enterprise as well as highlight the gender inequalities in SPP, has not been sufficiently investigated.

Women in SSA, including Nigeria, are more involved in agricultural activities, as well as provide most
labor for a number of agricultural activities. Empirical data covering SSA villages has shown that generally,
in farming households, more females and/or women did agricultural work than the male and/or men
counterparts (Quisumbing et al., 2014). They are in the front position with respect to food production
(Uzokwe et al., 2017), especially arable crops and staple food items. This is true to the extent that, generally
speaking, women comprise around 90% of the workers engaged in the direct production of arable crops
(Oyibo, 2021), which is difficult to ignore (Sangotegbe et al., 2013). Despite these contributions to food
production by women, their interests, needs and priorities are not taken into consideration. They have not
been given due recognition in the agricultural sector. This is because their specific activities and/or roles
as well as problems encountered are poorly appraised as well as rarely articulated.
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According to a study conducted by Sangotegbe et al. (2013), there is little to no scientific
documentation on the specific activities and/or roles of female farmers in food production, including SPP.
Although, Oyibo (2021) stated that women play a crucial role in the agricultural economies of all
continents. However, the precise contribution’s nature and magnitude are often challenging to determine
and vary greatly between different nations and geographical areas of the world as well as across regions
within countries (Sangotegbe et al., 2013). According to Sangotegbe et al. (2013), the specific activities
and/or roles in agriculture, SPP inclusive, are not well-documented for women in Nigeria.

Despite the gender roles of farmers in agricultural production (including SPP), there are problems
being faced by the farmers. Aboderin (2017) affirmed that despite the fact that women and men have
different roles and access to resources, agricultural projects have not taken gender differences into
account. Gender inequality remains a major problem that characterized the agriculture sector (Olagunju
et al., 2013), SPP inclusive. Gender analysis has established that women have less control over decisions,
incomes, choices and productive resources. They do not have equal access and control over resources,
especially land and fund, as compared to men (Odebode et al., 2018), reducing their agricultural production.
In addition, women/females face inequalities in accessing skill development, training opportunities and
education, which impair their agricultural production. The foregoing persistent gender inequalities suggest
that the gender dimension is crucial in the agricultural sector, including SPP sector, to prevent undermining
a sustainable and inclusive development of the sector. However, gender-disaggregated data and/or
scientific information to effectively plan SPP interventions (policies, projects and programs) have not been
sufficiently provided. In lieu of the foregoing, the study was conducted with the following specific
objectives: to describe the demographic traits of female and male SP producers; to determine the
participation level of male and female farmers in SPP; and to identify the different SPP constraints based
on gender. In light of the study’s specific objectives, the following null forms-stated hypotheses were
tested: there is no significant correlation between selected demographic traits and level of participation in
SPP by gender; there is no significant correlation between constraints to SPP and level of participation in
SPP by gender; participation in SPP by male and female farmers does not differ significantly; there is no
significant difference in constraints to SPP between male and female; and selected independent variables
do not significantly contribute to participation in SPP by gender.

MATERIALS and METHODS
Study area

The study was conducted in Delta State, which lies between longitudes 5°00' and 6°45' East of the
Greenwich Meridian and latitudes 5°00' and 6°30' North of the equator. The State is divided into three
agro ecological zones by the Delta State Agricultural Development Programs (DADPS). These are Delta
South, Delta Central and Delta North zones.

Population and sampling procedure

All Delta State SP farmers made up the study's population. The respondents for the study were
selected using a multi-stage sampling procedure. The first stage involved the purposive sampling of two
(2) ADPs zones out of the three (3) in the study area based on predominance of SPP. Thus, Delta-
Central and Delta-South were purposively selected. Delta-Central and Delta-South zones have 10 and six
blocks respectively. The second stage involved stratification of the blocks in each of the selected zones
into SP and non-SP producing blocks. The SP producing blocks were five and four in Delta-Central and
Delta-South zones, respectively. The third stage involved random sampling of 40% of the SP producing
blocks in the selected zones. The blocks sampled were Ughelli-South and Ughelli-North from Delta-
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Central zone; Patani and Bomadi from Delta-South zone. The cells known for SPP in each of the selected
block were identified. Altogether, 18 cells were identified in the selected blocks.

The fourth stage involved a random sampling of 25% of the SP producing cells in the selected
blocks. These cells were Ewu from Ughelli-South block, Uwheru from Ughelli-North block, Bedeseigha
from Patani block and Kpakiama from Bomadi block. The final stage, 20% of both male and female
farmers responsible for SPP in the farming households were randomly selected from each of the selected
cell from the list of SP farming households in the selected cells, for analysis, using proportionate sampling
technique. The total number of male and female farmers responsible for SPP in the farming households
randomly selected was 131. This comprised 73 males and 58 females.

Data collection

The data gathering took place between October and December 2019. Primary data was used for this
study. Interview schedule was used to obtain the primary data. The interview schedule captured information
on demographic characteristics, SPP’s constraints, and extent (frequency) of participation in SPP.

Measurement of variables

Gender related constraints to SPP were measured at interval level. The respondents were
presented with a list of 23 possible constraints which inhibit SPP. The severity of the 23 potential SPP
constraints was measured. The response was rated on a three-point rating scale with the options "Severe
constraint (2), " "Mild constraint (1), " and "Not a constraint (0)". A minimum score of 10 and a maximum
score of 25.49 were obtained from the 23 constraint items.

Participation of males and females in SPP was also measured at interval level. A list of sixteen
items generated from the literature on all SPP field and postharvest operations was provided. This was
rated on a four-point rating scale of always, occasionally, rarely and not at all with scores of 3, 2, 1 and 0
assigned, respectively. The scores were summed for each respondent. The minimum and maximum
scores obtained were 0 and 37.00, respectively. The mean (21.21+7.12) was used to categorize
respondents into: low participation in SPP, scores between minimum and just below the mean (0.00-
21.20), and high participation in SPP, scores between mean and maximum (21.21-37.00).

Data analysis

Data collected were entered into Statistical Package for Social Science (version 20), and analyzed
using descriptive statistics (frequency counts, percentages, means and standard deviation) and inferential
statistics (Chi-square, Pearson Product Moment Correlation-PPMC, spearman rho, independent samples
t-test and multiple linear regression). Multiple linear regression was used to ascertain the significant
contributors to participation in SPP field and postharvest operations. The multiple linear model used is
expressed as in the following:

Y=a+blX1...... +bnXn+e 1)

Where: Y = Participation in SPP field and postharvest operation scores (dependent variable); a =
constant term or intercept; b1, bo......... bn = regression coefficients; Xi, Xo........ Xn = regression
parameters; and e = Error term

The regression parameters that are included in the model are: X1 = Age of respondents (actual age
in years), X2 = Marital status (married = 1, Otherwise=0), X3 = Educational attainment of respondents
(formal education=1, Otherwise=0), X4 = Farming household size (actual number of persons in the
household), Xs = SP output.
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RESULTS and DISCUSSION
Demographic characteristics of respondents

The results on age distribution of respondents indicate that the mean ages of the male and female
farmers were 40 + 9 years and 42 + 11 years, respectively (Table 1). It could be deduced that most of the
respondents were matured, in their economically active ages and possessing the wherewithal to actively
participate in physical activities vis a vis SPP. The implication is that SP cultivation in the study area was
carried out mostly by the middle-aged farmers who still have the enough potential to meet with the labor
demands of SPP. This finding agrees with the findings in a study conducted by Ahmad et al. (2014). They
found that farmers who were middle aged and in their active ages were involved in SPP in Kano State.
On the other hand, this finding disagrees with finding of Olagunju et al. (2013) that the mean ages of the
female and male SP farmers in Osun State were 54 years and 53 years, respectively. The educational
attainment shows that 95.9% of male and 81.0% of female respondents had formal education. The study
also shows that there were more males (76.4%) than females (47.9%) in the same educational groups
with greater educational attainment who had both secondary and university education. This implies that
male respondents’ literacy level was higher than that of the female respondents. The implication is that
male SP producers have a better chance as compared to their female counterparts as regards changes in
their knowledge, skills and attitude, as well as enhance/increase utilization/adoption of novel methods,
approaches and innovations in SPP vis a vis SPP intervention and evaluating information from several
sources. This result contradicts Sugri et al. (2017) who found that over half of SP farmers in Northern
Ghana had no formal education. The result, however, partly supports the finding of Aboderin (2017) that
more male watermelon farmers than female counterparts had higher educational level, including both
secondary and tertiary education, in Ibarapa area of Oyo State. In addition, the result is consistent with
the findings of Oyibo (2020) that majority of rural farmers had formal education.

As regards the respondents’ marital status, the majority of males (84.9%) and females (81.0%)
were married whereas 2.7% of men and 19.0% of women had previously been married. This indicates
that substantial proportion of the male and female farmers had family they were responsible for. The
implication is that male and female farmers cultivating SP in the study area had family responsibilities
(economic, resources and social responsibilities) that needed financial commitment. The results also
suggest that male and female SP producers have the opportunity to receive assistance from their
families (children and spouses) when it comes to performing SP field and postharvest operations. The
result supports the finding of Oyibo (2021) that over 79.0% of SP farmers were married. The result is
also consistent with Ofuoku & Aganagana (2018) finding that majority (75.0%) of rural farmers were
married. The average household sizes of 9.0 + 6.0 persons and 8.0 = 4.0 persons were obtained for
male and female farmers, respectively. It could be deduced that both male and female SP farmers had
large households in the study area. The consequence of the big farming household size is that farmers’
household would not struggle to offer a reasonable number of farm workers required for the farmers’
SPP operations. This result partly agrees with Olagunju et al. (2013) who found that the average
household sizes of female and male SP farmers were 7.0 persons and 7.0 persons, respectively. The
results on yearly output of cultivated SP of respondents presented in Table 1 reveal disparity between
male and female, SP farmers. While the mean SP output of male respondents in tones per annum was
83.6 + 111.4, the mean SP output of female respondents was 57.2 + 43.8 tones annum™. The SP
farmers generally had low output of SP, with lower severity among male farmers than their female
counterparts. The implication is that, irrespective of the gender of SP farmers in the research area, the
SP farmers were generally small-scale farmers. The result is at variance with Olagunju et al. (2013)
who found that the female SP farmers realized better SP output (¥=308.4 tones) than their male
counterparts (x=208.2 tones).
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Table 1. Distribution of demographic characteristics of respondents

Cizelge 1. Katilmcilarin demografik 6zelliklerinin dagilimi

Variables Male Female
Frequency % Frequency %

Age (Years)

<20 0 0.0 0 0.0
21-30 11 15.1 14 241
31-40 35 47.9 15 25.9
41 - 50 18 24.7 17 29.3
51-60 8 11.0 9 155
> 60 1 14 3 5.2

Mean + SD = 39.5 + 8.9 Mean + SD=419+11.1
Educational status

No formal education 3 4.1 11 19.0
Primary education 14 19.2 25 43.1
Secondary education 34 46.6 20 34.5
NCE/OND 13 17.8 2 34
TCII 5 6.8 0 0.0
B. Sc./HND 3 4.1 0 0.0
Postgraduate 1 14 0 0.0
Marital status
Single 9 12.3 0 0.0
Married 62 84.9 47 81.0
Divorced 2 2.7 0 0.0
Widowed 0 0.0 11 19.0
Household size (persons)
1-5 26 35.6 21 36.2
6-10 31 42.5 28 48.3
>10 16 21.9 9 155
Mean £+ SD=9.0+6.0 Mean £ SD =8.0+ 4.0
SP outputs (tones)
1-10 1 1.4 3 5.2
11 -20 11 15.1 9 15.5
> 20 61 83.5 46 79.3
Mean £+ SD=83.6 +111.4 Mean+ SD = 57.2 £ 43.8

% = Percentage, SD = Standard deviation

Extent of participation in SPP

The majority of male farmers, as tabulated in Table 2, agreed that they always participated in more
time-and-energy-consuming field and postharvest activities of SPP than the minority of female farmers who
responded to similar categories. These operations include sorting [54.8% (male), 48.3% (female)], weeding
[41.1% (male), 19.0% (female)], pest and disease control [42.5% (male), 20.7% (female)], storage [49.3%
(male), 34.5% (female)], irrigation [43.8% (male), 36.2% (female)], and land clearing [17.8% (male), 5.2%
(female)]. The result is in agreement with the findings obtained by Olagunju et al. (2013) and Aboajah et al.
(2018) that land clearing and/or land preparation was done mostly by male SP farmers. The findings also
agree with Odebode et al. (2018) who found that men performed tedious operations like weeding. However,
the results contradict the findings of Olagunju et al. (2013) and Aboajah et al. (2018) that weeding was
carried out mostly by female SP farmers. The Table further revealed the field and postharvest operations
majority of female always participated in, in contrast to the minority of male farmers who consistently
performed the same operations. These field and postharvest operations included marketing [93.1%
(female), 37.0% (male)], planting [77.6% (female), 72.6% (male)] and packing/picking of tubers [34.5%
(female), 30.1% (male)]. The high participation in marketing activity implies that SPs are disposed by
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females. The result supports the finding of Olagunju et al. (2013) that marketing and planting were done
mostly by female SP farmers. Aboajah et al. (2018) also found that female SP farmers account for planting
operation. However, some of the field and postharvest operations were always participated in by female and
male at a close range of proportion. They included harvesting [43.1% (female), 41.1% (male)], packing of
cleared vegetation [36.2% (female), 32.8% (male)], and transportation/carriage [17.2% (female), 16.4%
(male)]. The result disagrees with the finding of Olagunju et al. (2013) and Aboajah et al. (2018) that
harvesting was done mostly by female SP farmers, while land preparation/packing of cleared vegetation
was carried out mostly by male SP farmers. This result, however, agrees with the findings of Odebode et al.
(2018) that both female and male were involved in harvesting activity.

The difference in the degree of participation of males and females in the various field and
postharvest activities in SPP is indicated by the mean distribution. The top five operations
performed/participated by men, as shown in Table 2, were planting (2.62), weed control (2.02), harvesting
(1.96), sorting (1.90) and irrigation (1.90). The top five activities participated/performed by female farmers
were marketing (2.91), planting (2.66), harvesting (1.98), sorting (1.93), and irrigation (1.72). The result
disagrees with Aboajah et al. (2018) who reported land preparation and ridging as the top operations
involved by male SP farmers. The result, however, agrees with Aboajah et al. (2018) who reported
planting and harvesting as the top operations involved by female SP farmers. Additionally, Table 2 shows
that there is a higher degree of participation in the tiresome and/or time-consuming field and postharvest
activities of land clearing, weed control, pest and disease control, irrigation, and storage with the
respective means of 1.16 (male) and 0.75 (female) for land clearing; 2.02 (male) and 1.00 (female) for
weed control; 1.84 (male) and 1.03 (female) for pest and disease control; 1.90 (male) and 1.72 (female)
for irrigation; and 1.81 (males) and 1.45 (female) for storage.

Table 2. Distribution of participation in field and postharvest activities of SPP

Cizelge 2. TPU'in tarla ve hasat sonrasi faaliyetlerine katilim dagihimi

Male Female
Operation/Activities A (0] R N A (0] R N
Mean Mean
% % % % % % % %

Land clearing 17.8 26.0 11.0 452 1.2 5.2 259 10.3 88.6 0.8
Packing of cleared vegetation 32.8 17.8 16.4 329 15 36.2 190 103 345 1.6
Burning 17.8 0.0 14 808 0.6 12.1 3.4 17 828 0.5
Ridge/heap making 14 4.1 27 918 0.2 5.2 1.7 1.7 914 0.2
Planting 726 19.2 55 2.7 2.6 776 138 5.2 3.4 2.7
Mulching 1.4 55 0.0 932 0.2 17 6.9 0.0 914 0.2
Irrigation 438 247 96 219 1.9 36.2 259 121 259 1.7
Fertilizer application 4.1 4.1 27 89.0 0.2 8.6 5.2 1.7 845 0.4
Weed control 411 370 55 164 2.0 19.0 17.2 8.6 552 1.0
Pest and disease control 425 233 96 247 1.8 20.7 155 103 534 1.0
Harvesting 411 301 123 164 2.0 431 31.0 6.9 19.0 2.0
Packing/Picking of tuber 30.1 219 164 315 15 345 224 121 310 1.6
Sorting 548 8.2 9.6 274 1.9 483 19.0 103 224 1.9
Transportation/carriage 16.4 123 8.2 63.0 0.8 17.2 6.9 52 707 0.7
Storage 493 96 137 274 18 345 17.2 6.9 414 15
Marketing 370 164 151 315 1.6 93.1 5.2 17 0.0 2.9

A = Always; O = Occasionally; R = Rarely; N = Never, % = Percentage
Categorization of participation in SPP

Table 3 reveals the results of participation in all the SPP field and postharvest operations by male
and female respondents. More than half of the male respondents (53.4%) highly participated in SPP field
and postharvest operations. Conversely, 58.6% of the female respondents had low participation in SPP
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field and postharvest operations. This implies that there was a higher participation of male farmers in SPP
field and postharvest operations than the female farmers, which is suggestive that the male farmers
channeled higher energy into their SP farming business than their female counterparts.

Table 3. Categorization of respondents’ according to participation in field and postharvest activities of SPP

Cizelge 3. Katilimcilarin TPU'in tarla ve hasat sonrasi faaliyetlerine katilimlarina gore siniflandirilmasi

S Male Female
Participation
Frequency Percentage Frequency Percentage
Low 34 46.6 34 58.6
High 39 53.4 24 41.4

Constraints to SPP

Table 4 shows the various constraints faced by male and female SP farmers in the study area. The
Table reveals that on the overall, most of the male respondents indicated flooding (¥=1.9) as SPP’s
biggest constraint. This was followed by inadequate capital (¥=1.8), limited knowledge of SP processing
(x=1.8), inadequate credit facilities (¥=1.7), and difficulties associated with transportation in tropical
condition (¥=1.6). With respect to the female respondents, it was indicated that flooding (¥=1.9) was the
SPP’s highest constraint. This was followed by limited knowledge of SP processing (¥=1.9), difficulties
associated with transportation in tropical condition (¥=1.9), inadequate capital (¥=1.8), and inadequate
credit facilities (x=1.7).

Table 4. Constraints to SPP
Cizelge 4. TPU'ne yonelik kisittamalar

Male Female
Constraints to SPP SC MC NC SC MC NC
Mean Mean

% % % % % %
Poor extension services 69.9 8.2 21.9 15 81.0 17 17.2 1.6
Few markets for SP 63.0 233 137 15 58.6 276 138 1.5
Limited knowledge on processing of SP 795 17.8 2.7 1.8 86.2 13.8 0.0 1.7
Poor storability of SP 575 19.2 233 1.3 63.8 138 224 14

Difficulties associated with trans ion i

tropical coriion porationin 767 110 123 16 879 86 34 19
Scarcity/inadequacy of land for SPP 46.6 219 315 1.2 43.1 276 293 11
Inadequate capital 83.6 15.1 14 1.8 79.3 17.2 3.4 1.8
Inadequate credit facilities 72.6 247 2.7 1.7 74.1 20.7 5.2 1.7
Sweet potato pests (field/store) 61.6 35.6 2.7 1.6 56.9 37.9 5.2 15
High susceptibility to disease 37.0 411 219 11 39.7 39.7 207 1.2
Lack of improved cultivars 46.6 233 30.1 11 448 241 31.0 11
Low yield of SP 315 425 26.0 11 241 431 3238 0.9
lir;ﬁgequacy/shortage of seedling at planting 507 26.0 233 13 345 379 276 11
Low cash value per unit of weight 64.4 26.0 9.6 1.6 60.3 32.8 6.9 15
Sweet potato is being overlooked by 260 411 329 09 345 241 414 09
Drought 64.4 151 205 14 466 36.2 17.2 1.3
Flooding 945 4.1 14 1.9 914 6.9 17 1.9
Shortage of herbicide 1.4 0.0 98.6 0.0 0.0 0.0 100.0 0.0
Lack of tractors 0.0 0.0 100.0 0.0 0.0 0.0 100.0 0.0
Farmers/Herdsmen conflict 644 0.0 35.6 13 414 0.0 58.6 0.8
Inadequacy of laborers 0.0 0.0 100.0 0.0 0.0 0.0 100.0 0.0
Insufficient fertilizer 0.0 0.0 100.0 0.0 0.0 0.0 100.0 0.0
Lack of irrigation facilities 0.0 0.0 100.0 0.0 0.0 0.0 100.0 0.0

SC = Serious Constraint; MC = Mild Constraint; NC = Not a Constraint, % = Percentage
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It could be deduced that flooding, inadequate capital, limited knowledge of SP processing,
inadequate credit facilities, and difficulties associated with transportation in tropical condition were major
challenges to SPP in Delta State. However, unlike the male farmers that indicated that flooding,
inadequate capital, limited knowledge of SP processing, inadequate credit facilities, and difficulties
associated with transportation in tropical condition were first, second, third, fourth and fifth most severe
constraints, the female group posited that flooding, inadequate capital, limited knowledge of SP
processing, inadequate credit facilities, and difficulties associated with transportation in tropical condition
were first, fourth, second, fifth, and third most severe constraints.

These findings are in line with a similar study by Aboderin (2017) who reported inadequate credit
facilities, poor transportation system, and lack of processing technology, as major constraints to male and
female farmers carrying out watermelon production. However, lack of credit, poor transportation system,
and lack of processing technology were identified as the first, sixth and fifth factors that hindered male
farmers watermelon production, while for female farmers, the foregoing factors ranked first, seventh, and
fifth. Sangotegbe et al. (2013) reported inadequate funding and bad weather effect as major challenges to
rice production among male and female farmers in Obafemi Owode Local Government Area of Ogun State,
Nigeria; inadequate funding and bad weather effect ranked first and sixth for male farmers in contrast to
second and third for female farmers. Additionally, lack of knowledge on production and processing of SP,
inadequate technological skill’/know-how on local processing, inadequate access to credit facilities, poor
access to credit and inadequate finance were identified by Sugri et al. (2017) as the major challenges to SPP.

Relationship between selected demographic characteristics and level of participation in SPP
by gender

The results in Table 5 indicate that male respondents household size (r = -0.3) was significantly (p
< 0.05) related to participation in SPP field and postharvest activities, while female respondents’ level of
education (r = 0.3) and household size (r = 0.3) were significantly (p < 0.05) related to participation in SPP
field and postharvest activities. This implies that household size and level of formal education of
respondents had significant relationship with participation status in SPP field and postharvest activities.

Table 5. Relationship between selected demographic characteristics and level of participation in sweet potato production by gender

Cizelge 5. Se¢ilmis demografik 6zellikler ile tatli patates Uretimine katilim diizeyi arasindaki cinsiyete gore iligki

. Male Female
Variables
Df X2 r-value p-value Df X2 r-value p-value

Age - - -0.2 0.06 - - 0.0 0.92
Education level - - -0.1 0.27 - - 0.3* 0.05
Marital status 2 0.7 - 0.70 1 1.1 - 0.29
Household size - - -0.3* 0.02 - - 0.3* 0.05
Output of SP - - -0.1 0.28 - - 0.0 0.90

df = Degree of Freedom, x? = Chi-square Coefficient, r = Correlation coefficient, *Significant at p<0.05.

The positive correlation between household size of female respondents and participation status in
SPP field and postharvest operations implies that female farmers’ participation in SPP field and
postharvest operations increases as the size of their households’ increases. Increased household size
implies increase in quantity and/or number of family labor available for use as labor source, thereby
increases support from families (husbands and children) as far as carrying out of SP field and postharvest
operation is concerned which could translate into female farmers more commitment in SPP and high
participation in SPP field and postharvest operations. The positive correlation between level of formal
education and participation status in SPP field and postharvest operations implies that formal education
of the female respondents influences their participation status in SPP field and postharvest operations.
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Hence, high level of education will likely enhance high participation in SPP field and postharvest
operations. Formal education attainment enables female respondents to apply their education to critically
observe, analyze and take advantage of SP wide range of desirable attributes to make the best out of
their less or low access and control over assets (especially land and fund), thereby, resulting in increased
participation status in SPP field and postharvest operations.

The negative correlation between male respondent’s household size and participation level in SPP
field and postharvest operations indicates that the bigger the farming household of male farmers, the less
his participation in SPP field and postharvest operations. The bigger the farming household, the more
and/or higher the family responsibility placed upon the male farmers as well as number of family
members available as farm labor. This can lead to increased economic, resources and social obligations
that needs financial commitment as well as increased supports from families (wives and children) as far
as carrying out of SP field and postharvest operation is concerned which could translate into male
farmers diversification into other activities vis a vis livelihood activities and low participation in SPP field
and postharvest operations.

Relationship between constraints to SPP and level of participation in SPP by gender

Table 6 indicates that no significant (p > 0.05) correlation existed between constraints to SPP and
participation in SPP field and postharvest operations for the male (r = 0.1) and female (r = -0.2) farmers. It
implies that male and female respondents’ constraints to SPP had no significant relationship with their
participation status in SPP field and postharvest operations. It could be deduced that the constraints to
SPP of the male and female respondents do not necessarily affect and/or determine their participation
level in SPP field and postharvest operations. The fact that male and female respondents have high
constraints to SPP does not guarantee low participation in SPP field and postharvest operations. Male
farmers’ participation status in SPP field and postharvest operations is influenced by household size,
while female farmers are enhanced by both household size and level of formal education.

Table 6. Relationship between constraints to SPP and level of participation in SPP by gender

Cizelge 6. Cinsiyete gore TPU kisitlamalari ile tatli patates tretimine katihm diizeyi arasindaki iligki

Male Female

Variable
r-value p-value r-value p-value

Constraints to SPP 0.1 0.38 -0.2 0.13

r = Correlation coefficient.
Gender difference in level of participation SPP

Table 7 shows no significant (p > 0.05) difference in participation in SPP field and postharvest
operations of male and female farmers (t = 0.9). However, male SP producers (21.7 + 7.4) had higher
participation status in SPP field and postharvest operations than female (20.6 + 6.8), with a mean
difference of 1.2. The no significant difference in participation in SPP field and postharvest operations of
male and female farmers implies that participation in SPP field and postharvest operations does not differ
between the male and female farmers. The implication is that, notwithstanding a few minor differences
between the roles played by male and female SP producers in field and postharvest operations of SPP,
on the overall, the role performed by male in SPP does not differ from the role by female. Hence, both
females and males are important actors in the production of SP. This finding corroborates Sangotegbe et
al. (2013) that the involvement level in Ofada rice production does not differ significantly based on
gender. However, this finding is in contradiction with the results obtained by Aboderin (2017). He found
that gender differences existed significantly in roles performed in watermelon production.
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Table 7. Difference between the level of participation of male and female farmers in SPP

Cizelge 7. Erkek ve kadin giftcilerin TPU'ne katilim diizeyleri arasindaki fark

Variable  No. of case Mean SD Mean difference t-value Df p-value
Male 73 21.7 7.4 1.2 0.9 129 0.35
Female 58 20.6 6.8

Gender difference in constraints to SPP

Table 8 reveals no significant difference between constraints to SPP of male (25.8 =+ 5.3) and
female (25.1 = 5.4) producers of SP (t = 0.7, p > 0.05). The null hypothesis is therefore accepted. This
implies that male and female farmers face almost the same constraints to SPP. Hence, it could be
deduced that the constraints to SPP affect and/or hinder both male and female farmers almost at the
same level. The implication is that the constraints encountered by male and female grouping are felt in
almost the same way by the respondents in the different categories. An earlier study by Aboderin (2017)
found that male and female watermelon farmers had similar constraints in watermelon production.

Table 8. Difference in constraints to SPP between male and female farmers

Gizelge 8. Erkek ve kadin ciftgiler arasindaki TPU kisitlamalarindaki fark

Variable No.ofcase Mean SD Mean difference t-value Df p-value
Male 73 25.8 5.3 0.7 0.7 129 0.46
Female 58 25.1 5.4

Contribution of selected independent variables to participation in production of SP by gender

Table 9 reveals that, for male and female respondents, the R? values were 0.17 and 0.21,
respectively. This indicates that the selected independent variables explained for 17.0% and 21.0% of
participation status in SPP field and postharvest operations of respondents in the respective gender
categories. In male respondents’ category, household size (B = -0.5, p < 0.10), while in female
respondents, (married) marital status (8 = 4.2, p < 0.10) contributed significantly to participation status in
SPP field and postharvest operations.

Table 9. Regression analysis on contribution of selected independent variables to participation status in SPP by gender

Cizelge 9. Secilen bagimsiz degiskenlerin tatli patates Uretimine katiim durumuna cinsiyete gore katkisi Gzerine regresyon analizi

Male Female
Variables
B- value t- value p- value B- value t-value p-value

Age -0.0 -0.0 0.98 0.0 0.3 0.79
Marital status (Married) -2.5 -0.9 0.36 4.2%* 1.8 0.09
Educational attainment 1.9 0.4 0.67 3.0 1.2 0.25
Household size -0.5%* -1.9 0.06 0.4 15 0.13
SP output 0.0 0.0 0.97 -0.0 -0.1 0.92
Constraints 0.3 15 0.15 -0.2 -0.9 0.39
Summary

R-value 0.4 0.5

R? 0.17 0.21

Adjusted R Square 0.1 0.1

g;%rrf;tgjd Error of the 79 6.5

**Significant at p<0.10.
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This implies that household size and marital status were major contributors to respondents’
participation status in SPP field and postharvest operations. The household size of male respondents and
marital status of female respondents were contributors to participation in SPP. The significant and
negative contribution of household size of male respondents implies that increased household size led to
low participation in SPP field and postharvest operations. The implication is that with increased household
size, male respondents are likely to decrease participation in SPP. The significance of marital status of
female respondents implies that it contributed significantly to increasing participation status in SPP field
and postharvest operations as being married appeared to have a positive effect on their participation in
SPP. Hence, individuals who are married will enhance high participation in SPP.

CONCLUSION

Sweet potato farmers were matured and middle aged with family responsibilities that needed
financial commitment. They would not have any trouble finding enough family labor for SPP operations.
Although, both male and female farmers are formally educated, male farmers’ literacy level was high
compared to female respondents. The male and female farmers generally had low output of SP, with
lower severity among male farmers.

The most important constraints to SPP as noted by male and female farmers were flooding and
inadequate capital; and flooding, and limited knowledge of SP processing, respectively. Planting, weed
control, and harvesting were the top three SPP field and postharvest operations participated in by male,
while for female marketing, planting and harvesting were the top three operations in which they
participated. Male farmers always engaged in tiresome and/or time-consuming field and postharvest
activities of SP production such as sorting, weeding, pest and disease control, storage, irrigation, and
land clearing while female always participated in less tedious field and postharvest operations such as
marketing, planting and packing/picking of tuber.

Finally, the male and female farmers face almost the same constraints to SPP, implying that the
constraints encountered by male and female grouping are felt in almost the same way by the respondents
in the different categories. Although there were minimal differences between the roles played by men and
women SP producers in field and postharvest operations of SPP, on the overall, the participation by male
in SPP does not differ from the participation by female. Increased household size influenced male and
female farmers’ participation in production of SP, while education enhanced female farmers’ participation
in production of SP. Constraints to SPP of the male and female respondents do not necessarily affect
and/or determine their participation level in SPP field and postharvest operations. Household size of male
respondents and marital status of female respondents were contributors to participation in SPP, however,
increased household size of male respondents led to low participation in SPP field and postharvest
operations while being married had a positive effect on female respondents’ participation in SPP.

Based on the conclusion, the following recommendations can be implemented:

1. Female should be rigorously targeted during intervention programs especially on capacity
building due to their lower level of education. In addition, female farmers should be encouraged to
regularly participate in SP farming related training as this would enhance their ability to deal with the
dynamic nature of constraints to SPP.

2. The result of this study showed that female farmers who are married and with large household
size are mainly high in Delta State of Nigeria, and that increased or large household size and being
married enhanced female farmers participation in SPP, it is recommended that intervention programs
should embrace and offer sensitization on benefits of large household size and being married to its
female beneficiaries during the official span of the program. Married female farmers with large household
size should be rigorously targeted during intervention programs for sweet potato farming households.
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3. Intervention programs and/or projects should place emphasis on ensuring that SP postharvest
handing (storage and processing) knowledge and/or technologies are provided to male and female
farmers. Agricultural extension agents should incorporate SP postharvest handing (storage and
processing) in extension packages and improve on transmission of SP postharvest handing (storage and
processing) information to male and female farmers.

4. Extension agencies (especially the Agricultural Development Programs, and Root and Tuber
Expansion Programme) and research institutes (especially the National Root Crops Research Institute)
should work and cooperate more closely together in terms of campaign and provision of information on
improved SPP with great consideration for gender implication. In addition, research institutes and extension
services must concentrate on finding solutions to the problems that both male and female farmers face.
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ABSTRACT

Objective: The objective of this study was to reveal some extension indicators
in the province, to contribute to the extension memory of the country, and to
develop advice for the extension system by examining the change in the last
guarter century.

Material and Methods: The main material of the study consisted of the data
from 229 extensionists working in Manisa Provincial Directorate of Agriculture
and Forestry and some district directorates. Logistic regression analysis was
used to determine factors affecting occupational satisfaction of extensionists.

Results: The number of young, female and university educated extensionists
has increased. While the time devoted to extension has decreased, the
bureaucratic workload has increased. The number of farmers served by an
extensionist increased by 43% during the covered period. Extensionists who
spend a lot of time on farmer training were found to become satisfied with
their work.

Conclusion: The employment policy should be planned in such a way that one
extensionist serves 200 farmers. Extension activities should be carried out with
project logic by defining criteria such as time, region, targets, budget,
opportunities, collaborations, and result indicators.

0z
Amag: Calisma, son ceyrek yuzyildaki degisimi inceleyerek ildeki bazi yayim

gostergelerini ortaya koymayi, Ulkenin yayim hafizasina katkida bulunmayi ve
yayim sistemine yonelik 6neriler gelistirmeyi amaglamistir.

Materyal ve Yéntem: Calismanin ana materyalini Manisa il Tarim ve Orman
MudurlGgu ile bazi ilge mudurliklerinde gorev yapan 229 yayimcidan elde edilen
veriler olusturmaktadir. Yayimcilarin mesleki memnuniyetlerini etkileyen faktorlerin
belirlenmesinde lojistik regresyon analizi kullaniimigtir.

Arastirma Bulgulan: Manisa'da geng, kadin ve Universite mezunu yayimcilarin
sayisi artmigtir. Yayima ayrilan siure azalirken, burokratik is yukd artmigtir.
Kapsanan donemde, bir yayimcinin hizmet verdigi giftci sayisi %43 artmistir. Ciftci
egitimine daha fazla zaman harcayan yayimcilar islerinden daha memnunlardir.

Sonug: Istihdam politikasi, bir yayimci 200 ciftgiye hizmet verecek sekilde
planlanmalidir. Yayim faaliyetleri, zaman, bolge, hedefler, bitce, firsatlar,
isbirlikleri, sonug gostergeleri gibi kriterler tanimlanarak proje mantigiyla
yuratalmelidir.
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INTRODUCTION

Extension studies carried out to raise living standards in rural areas began to be institutionalized in
the 1800s in the world, became widespread in the 1900s, and especially after the Second World War. It
gained great momentum with the newly established states after World War Il. For disseminating the
inputs of the green revolution and overcoming the technological deficiencies and communication
problems the General Extension Approach till 1970s; aiming to update the information of the
extensionists, strengthen the relations with research, and planning the regular farmer contacts the
Training-Visit Approach in the late 1970; and in the 1980s the small farmers and approaches as Farming
Systems Research that take into account their families were utilized by extension organizations in the
world (Anderson et al., 2006; Swanson & Rajalahti, 2010; Ashraf & Yousaf Hassan, 2021). It is stated that
40% of the extension organizations in the world use Training-Visit Approach, and 23% use general
extension approach (Axinn, 1988; Contado, 1990). In the rural extension and development, holistic
approaches including information systems in the late 1980s, local participation in the 1990s, innovation
systems in the 2000s were appeared in the world. Approaches have led to changes on such as financing
mechanisms, digitalization, participation, and localization in a way that can respond to economic, political,
technological, and sociological developments. (Rogers, 1993; Chambers, 1994; Dinar & Keynan, 2002;
Rivera et al., 2002; Anderson & Feder, 2003; Davis & Franzel 2018; Norton & Alwang, 2020).

In Turkiye, in the middle of the 18th century, the first extension attempts were started with the activities
such as printing farmers' brochures and organizing agricultural exhibitions to improve cotton production with
export agreements (Anonymous, 1938). In the First Agricultural Congress (1931) some decisions were such
as being informing about agricultural issues the teachers working in the village for training the farmers,
educating of rural youth on agricultural issues during the military service and using the radio and press for
informing the rural people. Furthermore, establishment of agricultural faculty was decided during this congress
and Ankara University Faculty of Agriculture was founded in 1933. At the Village and Agriculture Congress in
1938, the word agricultural extension was used for the first time in Turkish and it was decided to institualization
of extension in Turkiye. In this context, the organizational activities that started in Ankara, Eskisehir and
Manisa provinces in 1943 were completed in 1958 throughout the country. General/ Traditional Extension
Approach, which was used in the world for more than a century, has been used for many years in Turkiye as
well, and with the reorganization of the Ministry in 1984, it was planned to expand the training-visit system in all
over the country. The approached was employed within the scope of the Agricultural Extension and Applied
Research Project (TYUAP). With the support of the World Bank, the first slice of TYUAP was carried out in 16
provinces including Manisa in the 1984-1993 period, and the second slice was carried out in 37 provinces
between 1990-1997 with the addition of 21 provinces (Anonymous, 2004). In the project was aimed to
strengthen relations between research and extension, regular in-service training of extensionists, and planned
farmer visits. The TYUAP approach had been also continued to use by some extension organizations for a
while after the project was completed (TOKB, 1987; TKB, 2004). The extension activities carried out by the
Ministry in the form of free public service, the result of the shrinkage in the state budget and the inadequacies
in personnel employment, ministry applied the Village-Centered Agricultural Production Support Project (KOY-
MER) (2004-2007). Carrying out throughout the country and aiming the cost sharing, but intended results were
not realized at KOYMER after which the Agricultural Extension Development Project (TAR-GEL) has been
implemented in Turkiye in 2007 (Boyaci & Yildiz, 2011). The name of the Ministry has been changed over time
to the Ministry of Agriculture and Rural Affairs, Agriculture and Livestock and finally the Ministry of Agriculture
and Forestry, and it was referred to as the Ministry of Agriculture or the Ministry in the study. In this study, the
province of Manisa (Figure 1), where extension the first institutionalized in Turkiye and the TYUAP project was
first implemented, and which has significant experience in the field of extension such as KOY-MER and TAR-
GEL examined. The importance of the province in the country's agriculture is highly significant. For example, in
Turkiye, 89% of seedless raisins, 21.1% of table olives, 25% of tobacco and 18.8% of tomato (for paste) are
produced in Manisa. The agricultural export value of the province in 2019 was $676.150.884 (Manisa il Tarim
& Orman Mudurluga, 2023).
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It thought that examining the extension activities in the province in different periods and revealing
the change might shed light on extension in Tirkiye. Due to the inadequacy of comparison studies for
different periods, the study will fill a gap and contribute to the extension memory of the country. The data
of three different studies conducted in between 1995-2017 used in the study. Considering that change
takes time, it can be said that the study covers the quarter-century experience of extension in the
province. The personal characteristics of extensionists working in the public sector, their education levels,
the activities spending time, target topics and groups, adoption levels of farmers, and the reasons for
rejection of advice, the level of professional satisfaction, and factors affecting examined in the study.
Hence the study conducted with the objective was to answer the research question "to what extent have
extension activities in the region changed over time?"

MATERIALS and METHODS

The main material of the study consisted of data from three different research conducted in Manisa
province in 1996-1998, 2006-2007 and 2016-2017 periods ((Boyaci, 1998; Boyaci, 2007; Boyaci, 2017). In
all three studies data were collected via questionnaire forms from 229 public extensionists working in Manisa
Provincial Directorate of Agriculture and Forestry and district directorates of Turgutlu, Ahmetli, Salihli, Salihli,
Alasehir, Sarigdl and Saruhanli. The years, in which the data used in the study collected, the number of
participating extensionists and their shares are tabulated in Table 1. The research covering the first period
(1996-1997) deals with the time of implementation of TYUAP. The Ministry aimed to change the extension
with this project. The other two researches conducted ten years apart in Turkiye and in the Aegean Region.

Table 1. The frequencies of interviewed extension workers by years

Cizelge 1. Gértigiilen yayimcilarin yillara gére dagihimi

Periods Years Number Percentage (%)
Period | 1996-1997 72 314
Period Il 2006-2007 78 34.1
Period Ill 2016-2017 79 34.5
Total 229 100.0

Kruskal Wallis test, Mann Whitney U test, and Chi-square test were used to determine whether there
was a difference between the averages for variables that were not normally distributed. For normally
distributed variables, T test was used to test the difference between means (Field, 2009; Pallant, 2010).
Logistic regression analysis was used to determine factors affecting occupational satisfaction of
extensionists. Economic satisfaction, regular in-service training, gender, individual methods, and farmer
groups were considered as independent variables of the analysis. Logistic regression tests models for
predicting categorical outcomes with two or more categories. Independent variables can be categorical,
continuous, or a combination of the two in a single model (Pallant, 2010). In this study, some opinions on
attitudes, behaviors and tendencies collected from extension workers with a Likert scale (5 points) were
recoded and transformed into two groups for comparison purposes. IBM SPSS Version 25 was used to
analyze the data.

RESULTS and DISCCUSSION

Some personal characteristics of extensionists

The characteristics and skills of the employees affect the success of the organization. Age and
experience are the indicators of knowledge and skills, and it is of great importance in services based on
human relations (UNDP, 2003). The average age of extensionists in Manisa by years is 38.8, and it
differs according to the periods. The average age in the province, which was 39.7 in 1996, became 42 in
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2006 and 34.6 in the following period. Similar fluctuation is seeing in experience duration that differs
according to the periods. Extensionists have the lowest professional experience in recent period.

The gender of the extensionists was found to be significant according to the periods the ratio of
female extensionists in the world is stating as 13% in 1990’s, and 15% of public extension agents in
2008’s (Swanson et al., 1990; Heinemann et al., 2009). Overall, about one in four extensionists (24%) are
women in Manisa. The number of female extensionists increased in the province. While the rate of female
extensionists was 6.9% in the first period, it reached 35.4% in the last period. The marriage rate of
extensionists has decreased over the years. In the first period, 95.8% of the extensionists, and in the last
period, 69.6% were married. In the study, living in the village, the family's livelihood being agriculture, and
the existence of farming experience defined as the rural life experience of the extensionists. In general,
49.3% of extensionists have good rural life experiences, but they are higher in the first period.

Educational qualifications of extensionists

The quality of human resources available to extension is a major factor influencing the
effectiveness of extension. A primary measure of quality is the educational qualifications of extension
staff. It has stated that 23% of the extensionists in the world are university graduates and 5% have
postgraduate education (Swanson et al., 1990). The education level of extension staff has increased over
the years in Manisa. The number of agricultural high school graduates has decreased substantially
throughout the province. The rate of agricultural high school graduates is 69.4% in the first period, 32.1%
in the second period and 5.3% in recently. The number of faculty and college graduates has increased in
a quarter of a century. The fact that the level of foreign language has improved over the years is an
important development in terms of monitoring foreign information resources and project opportunities.
17.5% of the extensionists have a master's degree and there is no difference according to the period.
72.5% of extensionists are stating the education at the faculty does not prepare them to business life and
remains inadequate and this idea has not changed over the years (Table 2).

Table 2. Comparison of some educational indicators of extensionists (Chi-Square Test)

Cizelge 2. Yayimcilarin bazi egitim gbstergelerinin karsilastiriimasi (Ki-Kare Testi)

Period 1996 2006 2016 Total
. Chi Square  Df Asymp
Variable N % N % N % N % Sig.
High school 50 69.4 25 32.1 3 5.3 78 37.7
Education . .
status University 22 30.6 53 67.9 54 94.7 129 62.3 57.497%+* 2 0
Total 72 100.0 78 100.0 57 100.0 207 100.0
No 63 87.5 63 80.8 63 79.7 189 82.5
Master's
degree Yes 9 12.5 15 19.2 16 20.3 40 17.5 1.826 2 04
Total 72 100.0 78 100.0 79 100.0 229 100.0
Foreign Poor 45 62.5 57 73.1 40 50.6 142 62.0
language Good 27 375 21 26.9 39 49.4 87 38.0 8.403** 2 0.02
level Total 72 1000 78 1000 79 1000 229  100.0
Insufficient 48 66.7 58 74.4 60 75.9 166 72.5
Education -
at school Sufficient 24 33.3 20 25.6 19 24.1 63 27.5 1.835 2 0.4
Total 72 100.0 78 100.0 79 100.0 229 100.0

Significance level: *** a <0.01; ** a <0.05

Time-allocated activities by extensionists

It is important for the diffusion of innovations and development to spend most of the time on extension.
It generally states that, the extension activities involve 75% of the work of the extensionists in the world
(Swanson, et. al., 1990). In EU countries, on the other hand, the average of extension activities over the
working hours of the extensionists is 80% (Boyaci, 1996). In the province of Manisa, the issues that
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extensionists spend their time on differentiate from one year to another. The share of extension has
decreased over the years, but the bureaucratic workload has increased. In general, 39.4% of the time in
Manisa goes extension; 34.5% is reserved for bureaucratic work. The time allocated to the extension, which
was low in all three periods decreased even more recently. The excessive bureaucratic workload in extension
organizations is one of the discussed issues as it negatively affects extension and development studies.
While the bureaucratic workload was 25.9% in the first period, it increased in the following periods and
became between 45.1-31.9%. The share of personal development and research in overtime has increased
recently. It is noteworthy that the time devoted to research has tripled in the last 25 years (Table 3).

Table 3. Comparison of the activities allocated for working time by periods (Kruskal Wallis test)

Cizelge 3. Dénemlere gébre faaliyetler igin ayrilan ¢alisma siiresi (Kruskal Wallis testi)

Activities (%) Period N Mean Mean Rank Chi Square Df Asymp sig.
1996 72 52.9 151.5
. L 2006 7 34.5 99.5
Extension activities 33.409*** 2 0
2016 79 31.9 95.4
Total 228 39.4
1996 72 25.9 90.7
. . 2006 77 45.1 143.3
Bureaucratic affairs 25.003*** 2 0
2016 79 31.9 108.1
Total 228 34.5
1996 72 15.3 122.2
. 2006 77 10.1 83.9
Self-improvement 27.651%* 2 0
2016 79 18.1 137.3
Total 228 145
1996 72 5.2 84.3
e 2006 77 101 106.8
Research activities 39.939*** 2 0
2016 79 15.0 149.5
Total 228 10.2

Significance level: *** a <0.01

In the past, while extensionists were not favored to be active in research and in recent years they
have been involved in joint studies. With Training-Visit Approach put into practice in Manisa in 1984, the
time allocated to the extension activities has increased, regular in-service training (IST) has given to
extensionists, and strong relations have established with research. For extension efforts, a strong in-
service training is essential to success (Norton & Alwang, 2020). While 87.5% of extensionists received
regular IST in 1996, there was a serious decrease in the following period, and the rate of those who
received regular IST decreased to 6.3% in 2017 (Table 4).

Table 4. The status of extensionists receiving regular in-service training (Chi-Square Test)

Cizelge 4. Yayimcilarin diizenli hizmet i¢i egitim alma durumu (Ki-Kare Testi)

N ) . 1996 2006 2016 Total . )
Receiving in-service training Chi Square Df Asymp sig.
N % N % N % N %
Not receiving 9 125 58 744 74 937 141 616
Receiving 63 875 20 256 5 6.3 88 38.4 113.079%+* 2 0
Total 72 100.0 78 100.0 79 100.0 229 100.0

Significance level: *** a <0.01.

65



Boyaci & Yildiz

It was observed that existing strong relations in the 1990s between research and extension
weakened considerably in recent years (Table 5). In fact, these relations increase the social and

economic benefits of research besides the solution of rural problems and the spread of innovations.
Table 5. Level of research and extension relations (Chi-Square Test)

Cizelge 5. Arastirma ve yayim iliskilerinin diizeyi (Ki-Kare Testi)

Relations with 1996 2006 2016 Total Chi Square  Df Asymp sig
research N % N % N % N % '
Poor 17 23.6 48 61.5 45 57.0 110 48.0

Strong 55 76.4 30 385 34 43.0 119 52.0 25.427% 2 0
Total 72 100.0 78 100.0 79 100.0 229 100.0

Significance level: *** a <0.01

The knowledge transfer function, which is the heart of the extension, should have adequate
mechanisms to formulate and bring knowledge to farmers (Cawley et al., 2023). For this reason, rural
areas should be included in target setting processes in extension and development. The objectives in the
extension relate to the rural structure and country priorities. While quality is at the forefront in the products
subject to export, production and productivity increase is the priority in the products/places where
insufficiency is experienced. Production-efficiency increase in the 1990s, quality improvement in the
2000s, and cost reduction and environmental issues in the 2010s were more on the extension agenda of
Manisa (Table 6). The target groups in the extension have changed. Although medium-sized farmers
generally take precedence, the share of large farmers has increased in the 1990s and 2010s, and since
the 2000s, the share of small farmers. In addition, women and disadvantaged groups were considered in
the extension, albeit very limitedly, in the 2010s. Taking the views of the farmers in the planning of the
extension motivates the bottom-up information flow. While the level of farmers' being a source of
information was high in the 1990s, it decreased in the following periods (Table 6).

Table 6. Targets in extension by periods and the status of farmers as a source of information (Chi-Square Test)
Cizelge 6. Ddnemlere gére yayimda hedefler ve bilgi kaynagi olarak ciftcilerin durumu (Chi Kare Testi)

Period 1996 2006 2016 Total Chisquare Df  ASYmP
Variables N % N % N % N % sig.
Yield/production 60 845 40 526 20 260 120 536
Quality 7 9.9 18 237 19 247 44 196
ljtr)?:ét Cost 1 14 10 132 26 338 37 165 57578 6 0
Environment 3 4.2 8 10.5 12 15.6 23 10.3
Total 71 1000 76 1000 77 100.0 224 100.0
Big 23 354 11 183 29 372 63 310
Target Middle 34 523 29 483 28 359 O 448 ..., 001
group Small 8 123 20 333 21 269 49 241
Total 65 100.0 60 100.0 78 100.0 203  100.0
Farmeras  Low 37 226 64 39 63 384 164 716
information  High 35 588 14 215 16 246 65 284 21.239% 2 0
sources Total 65 100.0 60 100.0 78 100.0 229  100.0

Significance level: *** a <0.01; ** a <0.05

The number of farmers served by an extensionist in the world varies between 325 and 2661
(Swanson et al., 1990). It has planned that an extensionist will serve 500 farmers under dry farming
conditions and 250 farmers under irrigated farming conditions at TYUAP (TOKB, 1987). The number of
farmers provided with extension services in Manisa has changed over time. The number of farmers (1794
farmers) served by an extensionist has increased in the last 20 years (Table 7).
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Table 7. Comparison of the number of farmers served by periods (Mann-Whitney U Test)
Cizelge 7. Donemlere gore hizmet verilen ciftgi sayisinin karsilastiriimas: (Mann-Whitney U Tesi))

Period N Mean Mean Rank Sum of ranks Mann-Whitney U Z value Asymp sig.
1996 46 1254.7 63.1 2903.5

1213.5* -1.802 0.07
2016 66 1794.2 51.9 34245

Significance level: *a <0.1
Tools and methods used in extension

Several factors such as the conditions of the institution, the skills of the extensionists, the nature of
the message, the characteristics of the target group, and the stages of the diffusion process of the
innovations are effective in the preference of the extension methods (Van den Ban & Hawkins, 1985;
Rodewald, 2001). The rates of methods used in extension studies in the world are 43% individually, 41%
in groups and 16% in mass (Swanson et al., 1990). In the study, extension tools and methods were
classified as individual, group, and mass. In the last quarter, the use of individual methods decreased in
Manisa, group while the mass methods have increased (Table 8).

Table 8. Comparison of the extension methods used according to the periods (Kruskal Wallis Test)
Cizelge 8. Dénemlere gére kullanilan yayim yéntemlerinin karsilastirimasi (Kruskal Wallis Test)

Extension aids Year N Mean Mean Rank Chi Square Df Asymp sig
1996 72 50.8 123.8
Individuals (%) 2006 & 51.0 132.6 37.075%** 2 0
2016 79 36.5 74.8
General 216 45.6
1996 72 26.7 82.2
Group (%) 2006 65 30.7 100.7 32 595+ 5 0
2016 79 37.0 138.9
General 216 31.7
1996 72 22.6 98.0
2006 65 18.9 85.1
Mass (%) 28.131%* 2 0
2016 79 26.4 137.3
General 216 22.9

Significance level: *** a <0.01
Job satisfaction levels of extensionists

Employee satisfaction level affects corporate performance. Satisfaction has professional (spiritual,
promotion, assignment, etc.) and economic (income, bonus, reward, etc.) dimensions (Cole, 1993). In
addition, the desire to recommend his profession to his close circle/of friends reflects his job satisfaction.
It has stated that 94% of extensionists working in public, private sector, and farmer organizations are
professionally satisfied in Turkiye (Boyaci & Yildiz, 2015). The level of professional satisfaction has
decreased over the years. While 87.5% of extensionists were satisfied with their jobs in the 1990s, the
rate decreased to 52% in the 2000s. The level of economic satisfaction, on the other hand, decreased to
12.8% in the 2000s and increased in the following years. While during periods when adverse conditions
such as high inflation in the country were the level of economic satisfaction of extensionists decreased, in
the 2010s increased compared to previous periods (Table 9).
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Table 9. Extensionists' professional satisfaction status (Chi-square Test)
Cizelge 9. Yayimcilarin mesleki memnuniyet durumu (Ki-kare Testi)

Period 1996 2006 2016 Total Chi Df Asym
Variables N % N % N % N % Square p sig.
No 24 333 59 756 31 392 114 498
Efg‘f’ﬂg‘gg Recommends 48 66.7 19 244 48 60.8 115  50.2 32167 2 0
Total 72 1000 78 1000 79 1000 229 100.0
, No 40 556 68 872 25 316 133 581
Economic e
onomi Satisfied 32 444 10 128 54 684 96 419 49.989% 2 0
satisfaction
Total 72 1000 78 1000 79 1000 229 100.0
_ No 9 125 37 474 38 481 84  36.7
Professional ~g icfied 63 875 41 526 41 51.9 145  63.3 26447 2 0
satisfaction
Total 72 1000 78 1000 79 1000 229 100.0

Significance level: *** a <0.01

Factors affecting the professional satisfaction levels of extensionists found to be economic
satisfaction, regular in-service training, gender, use of individual extension tools and methods in
extension studies, and the size of the farms served. While economic satisfaction, receiving IST, utilizing
individual extension methods, and male extension workers are increasing job satisfaction but giving
priority to the small farmers has decreased the job satisfaction levels of extension staff (Table 10).

Table 10. Factors affecting occupational satisfaction (Logistic Regression analysis)
Cizelge 10. Mesleki memnuniyeti etkileyen faktorler (Lojistik Regresyon Analizi)

B S.E. Wald df Sig. Exp (B)
Constant 0.541 0.149 13.152 1 0.00 1.718

Factors B S.E. Wald df Sig. Exp (B)
Constant -2.041 0.818 6.229 1 0.01 0.130
Economic satisfaction 1.825 0.413 19.526 1 0.00 6.201
Regular in-service training 1.817 0.426 18.165 1 0.00 6.154
Gender 1.465 0.439 11.129 1 0.00 4.326
Individual methods (%) 0.023 0.012 3.749 1 0.04 1.023
Farmer groups -0.451 0.244 3.416 1 0.04 0.637
-2 Log likelihood 188.311 Cox & Snell R Square 0.288 Nagelkerke R Square 0.394

Those with high professional satisfaction; are spending more time on extension but, less time on
bureaucratic work, and serve fewer farmers (Table 11). Asadi et al. (2008) stated that extensionists who
are married earn more and have higher job satisfaction.

Table 11. Comparison of some extension indicators according to the level of job satisfaction (T test)

Cizelge 11. Bazi yayim gdstergelerinin is memnuniyeti diizeyine gére karsilastiriimasi (T testi)

Variables Level of job satisfaction Number  Mean  Standard deviation T Value Df Asymp sig.

i i Low 83 34.7 21.669
Time fog extension . D D57k 226 0.03
works (%) High 145 42.1 24.607

i i Low 83 39.5 24.893
Time fog bureaucratic _ 2.433% 226 0.01
works (%) High 145 31.6 23.102

L 34 2237.4 3209.671

Number of farmers QW 1.968* 110 0.05
served High 78 1282.8 1883.571

Significance level: ** a <0.05; *a <0.1
Adoption tendency of extension advice

Adoption of advice/innovations is one of the important indicators of the success of extension
(Engel, 1990). While the farmers in some countries adopt almost all the extension advice, the adoption of
80% of the farmers considered a success in some studies (Contado, 1990). The advice adoption levels of
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by farmers in Manisa have compared by two periods. The adoption level which, is generally below 50%,
is higher in 2016 than in 2006 (Table 12).

Table 12. Adoption levels of farmers in different periods (T-Test)

Cizelge 12. Ciftcilerin farkli d6nemlerdeki benimseme diizeyleri (T-Testi)

' ) Period N Mean Stand. Deviation Std. Error Mean T df Asymp sig.
Farmer's advice 2006 70 4257 23.786 2.843
adoption rate (%) -1.672* 145 0.097
2016 77 49.53 26.447 3.014

Significance level: *a <0.1

Two groups of low and high (below and above average) adoption levels of innovations/advice were
formed for comparison. According to the adoption groups, target groups and the reasons for the farmers'
rejection of innovation/advice found significant. Medium-sized farmers are more tendency to adopt

innovation (Table 13).
Table 13. Propensity of farmers to adopt according to target groups (Chi-square test)

Cizelge 13. Ciftcilerin hedef gruplara gére benimseme egilimi (Ki-kare testi)

Farmers Big Middle Small Total Chi .

- Df  Asymp sig.
Adoption levels N % N % N % N % Square
Low 25 67.6 30 54.5 30 76.9 85 64.9
High 12 32.4 25 45.5 9 23.1 46 35.1 5.178* 2 0.08
Total 37 100 55 100 39 100 131 100

Significance level: *a <0.1

According to the extensionists, the reasons for the rejection of the advice/innovations by the farmers
are sociological factors (such as tradition, low level of education), farmer circumstances (economic, farm
conditions, etc.), and extension-depended (information lack, not believing in its benefits, being of priorities
different). The reasons for the rejection of the advice varied by the year as the farmers' circumstances in
1996, sociological factors in 2006, and extension-depended justifications in 2016 (Table 14).

Table 14. Reasons for rejecting innovations/extension proposals by farmers by periods/years (Chi-square test)

Cizelge 14. Ciftcilerin yenilik/tamamlama tekliflerini dénemlere/yillara gére reddetme nedenleri (Ki-kare testi)

1996 2006 2016 Total Chi Asymp
Reasons N % N % N % N % Square sig.
Circumstances 37 55.2 20 28.6 24 30.8 81 37.7
Sociological 14 20.9 48 68.6 21 26.9 83 38.6

- 56.693*** 4 0
Extension 16 23.9 2 2.9 33 42.3 51 23.7
Total 67 100 70 100 78 100 215 100

Significance level: *** a <0.01; *a <0.1

CONCLUSION

The extension staff in Manisa, whose ages fluctuate over the years, is generally composed of
young people, and the number of women has increased in the extension organization. The increase in the
number of female extensionists made it easier to reach rural women. Despite the increase in the rate of
faculty-educated extensionists, extensionists find their education during their student years insufficient.
Since rapid developments in technical and economic fields require continuous updating of information,
the importance of IST studies in organizations is increasing. Conducting regular IST studies in extension
will also increase cooperation with different segments, especially with agricultural research institutes.
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The time devoted to the extension has decreased over the years, and the bureaucratic workload
has increased. It is not economical in terms of personnel policy for personnel with a high technical
capacity to deal with a bureaucratic workload. To provide the expected benefits from the extension
organizations, it is imperative to focus on farmer training.

In Manisa, production-efficiency increase in the 1990s, quality improvement in the 2000s, and cost
and environmental issues in the 2010s were higher in the extension agenda. Although production-
efficiency increase and quality improvement are important due to exports, sustainable development goals
should be more widely included in the extension.

In the analyzed period (1996-2017), the number of farmers served by an extensionist increased by
43%. However, this increase is because extensionists, whose numbers have decreased, are employed
more like office workers, rather than the increase in the number of farmers in rural areas. The fact that an
extensionist served 1794 farmers in 2017 hinders success and widespread influence in extension.
Extension not only transmits information but also requires monitoring for observing the changes or
unchanged and the reason behind them. It is impossible for the staff, which serves such many farmers,
properly manage all extension processes at the desired level. For this reason, it is imperative for the
efficiency of extension and the sustainability of agriculture to design an employment policy in a way that
an extensionist can serve at most 200 farmers over time.

While the proportion of individual methods of communicating with farmers in extension has
decreased, group and mass methods have increased. The use of individual extension methods, which
contribute to institutional visibility in rural areas, persuading the adoption of advice, and being aware of
local conditions and problems has decreased due to the lessen in the number of personnel, excessive
bureaucratic workload, and inadequate transportation possibilities. Although individual interviews increase
the economic cost of the extension, they will increase the social benefit and the effectiveness of the
extension with the increase in efficiency. For this reason, it is imperative to devote more time to
extension, employ more staff, improve transportation opportunities, and establish strong and active
communication networks with different segments, especially local actors.

Extensionists' job satisfaction levels have decreased in the study period. As the economic
satisfaction of extensionists, their tendency to receive IST and to use individual extension methods
increase, and their level of professional satisfaction also increases. Those with high occupational
satisfaction allocate more time to extension, use individual extension methods more frequently, and
provide extension services to fewer farmers. According to the findings, those who take the time to the
extension are more satisfied with their jobs.

Adoption of advice/innovations in extension by farmers is the indicator of success. In Manisa, the
rate of adoption of the advice by the farmers has decreased over the years. The continuation of this
situation is worrisome in terms of competition and change capabilities of rural areas in the long term. For
increasing of adoption rate of farmers, in setting the extension agenda, it is necessary to increase the
influence of farmers, increase the time allocated for extension, institutionalize collaborations with different
segments, especially research, and markets, and conduct on a program and project basis extension. In
project-based extension; activities should be carried out with a team of experts in a certain time and
region, identifying objectives, work packages, responsibilities, collaborations, budget, and opportunities,
and the results should be evaluated according to predefined indicators.
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ABSTRACT

Objective: The objective of this study was to i) investigate the distribution
characteristics of heavy metals, ii) examine their relationships with basic soil
properties, and iii) characterize their potential sources and ecological risks.

Material and Methods: A total of 85 samples were collected from the surface
horizon (0-15 cm) of Chernozem soil in a representative agricultural area located
in the Lesser Caucasus Mountains (Gadabay district), and heavy metal contents
and basic soil properties were determined.

Results: The mean of the heavy metals followed a decreasing order:
Mn>Zn>Cu>Cr>Ni>Co>Pb>As>Se>Cd and some heavy metals (As, Cd, Se)
exhibited a fragmented distribution. Co, Cr, Mn, Se and Zn contents were higher
than the background concentration, while others (As, Cd, Co, Cu, Pb and Zn)
exceeded the maximum permissible concentration.

Conclusion: The spatial distribution of heavy metals was characterized by their
typical and element-specific distribution. The noted variability was likely related to
geologic features (soil mineralogy), mining history and agricultural practices.
Notably, the presence of limestone and clay minerals contributed to the association
of Cd, Cu and Se and Mn and Pb, respectively. Sand content influenced the
mobility of Cr and Cu. The relations between pH and Cr, Ni and Se was the
indication of the influence of the parent material on the distribution of these metals.

Oz
Amag: Amag: Calismanin amaci, i) agir metallerin dagihm o6zelliklerini

arastirmak, ii) temel toprak 6zellikleri ile iligkilerini incelemek ve iii) potansiyel
kaynaklarini ve ekolojik risklerini karakterize etmektir.

Materyal ve Yontem: Kafkas Daglari'nda (Gadabay bélgesi) yer alan temsili bir
tarim alaninda Cernozem topraginin yuzey katmanindan (0-15 cm) toplam 85
ornek toplanmis, agir metal icerikleri ve temel toprak 6zellikleri belirlenmistir.

Arastirma Bulgulan: Agir metallerin ortalamalari azalan bir sira izlemigtir:
Mn>Zn>Cu>Cr>Ni>Co>Pb>As>Se>Cd ve bazi agr metaller (As, Cd, Se)
parcali bir dagilim sergilemistir. Co, Cr, Mn, Se ve Zn igerikleri arka plan
konsantrasyonundan daha yiksek iken digerleri (As, Cd, Co, Cu, Pb ve Zn) izin
verilen maksimum konsantrasyonu asti.

Sonug¢: Agir metallerin uzaysal dagilimi, tipik ve elemente 6zgu dagihmlariyla
karakterize edilmistir.. Belirtilen degiskenlik muhtemelen jeolojik 6zellikler
(toprak mineralojisi), madencilik ge¢cmisi ve tarimsal uygulamalarla ilgilidir.
Kirectag! ve kil minerallerinin varligi sirasiyla Cd, Cu ve Se ile Mn ve Pb'nin
birlikteligine katkida bulunmustur. Kum icerigi Cr ve Cu'nun hareketliligini
etkiledi. pH ile Cr, Ni ve Se arasindaki iligkiler, ana materyalin bu metallerin
dagihmi Gzerindeki etkisinin gdstergesiydi.
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INTRODUCTION

Heavy metal contamination and accumulation is a serious problem around the world due to the
potential threat to food safety and its detrimental effects on human and animal health (Hu et al., 2017). The
natural concentrations of metals in soils tend to remain low depending on the geological parent material
composition (Shan et al., 2013). However, as reported by Bortivka et al. (2005) and Kabata-Pendias (2011),
the main sources of heavy metals in the soil beside geogenic also includes various anthropogenic factors.
As known, heavy metal content and distribution in soils are influenced by several factors including organic
matter content, types of land management, particle-size distribution, parent material, drainage, soil age,
vegetation and aerosol input (Esser et al.,, 1991; Lee et al., 1997; Sun et al., 2019). Understanding the
presence and origin of specific heavy metals in soils is a priority for the European Union, as it aligns with its
goals of promoting sustainable agriculture and restoring landscapes. Thus, monitoring land quality in
mountain areas affected by agricultural practices and mining require a systematic investigation of heavy
metal concentrations in the sails, since (i) mountainous ecosystems provide the vital functions and services,
such as water supply and biodiversity conservation, and (ii) contribute to local food security, and directly
impact downstream and lowland areas through ecosystem services.

Although most of agricultural lands are related to livestock production (e.g., pastures and hays), in the
mountainous areas of the Caucasus region, yet the dry farming agriculture is the main type of practice in
these areas. However, long-term intensified and blind use of mineral fertilizer and manure, driven by
variable soil fertility level, runoff and erosion damage (i.e., onsite and offsite impact), has raised concerns
about increased heavy metal pollution. Excessive use of agrochemicals and manure, as documented by
Nicholson et al. (2003) and Hani & Pazira (2010), can lead to elevated levels of toxic heavy metals like
Pb, Ni, Cr and Zn in agricultural soils. Such practices further complicate the assessment of soil health or
quality in mountainous regions due to a critical lack of data on spatial and temporal variation of heavy
metal content (Zinn et al., 2020; Mammadov et al., 2022).

Soil quality is related to the physical, chemical and biological soil properties, and hence to soil
fertility, which is traditionally managed by applying organic amendments and mineral fertilizers. Healthy
soil with high organic matter can enhance biological (microbial activity and community) and physical (bulk
density, water holding capacity, infiltration and drainage capacity) and chemical properties (Celik et al.,
2004; Herencia et al., 2011; Li et al., 2018). However, not only soil organic matter content and fertility
elements (e.g., N, P, Ca, K), but also concentration of heavy metals should be considered, since the
elevated concentration of the heavy metal and its availability (i) can be associated with certain soil
chemical properties, land use and environmental processes, (ii) can negatively affect plant development,
soil biota and biological processes and quality, and (iii) create various environmental and ecological risk
(Sungur et al., 2014; Kars & Dengiz, 2020; Kandziora-Ciupa et al., 2021).

In this study, it was studied to evaluate heavy metal content of agricultural soils in the Gadabay
district, Azerbaijan. It is a typical mountainous agricultural land, a representative of those situated in the
Lesser Caucasus Mountains. The study area, has been long cultivated with predominantly potato,
cereals, and to some extend cabbage, beet and carrot, yet the majority of lands are used under pasture
and hay depending on slope conditions. The cultivated lands are distributed on mountain plateau where
typical soil groups are Chernozems (with high soil organic matter) according to the International Soil
Classification System (IUSS, 2015). This region is well-known with its mineral deposits (Ismayil et al.,
2018; Veliyev et al., 2018) and historical mining activity (started as long as 2000 years ago). More recent
activity was during 1849-1917 when the Mekhor Brothers, followed by the German Siemens Bros
Company developed and operated a copper mine in Gadabay. The area includes the first operating gold
mine as well as a number of exploration targets in Azerbaijan. An open pit mine and a conventional heap
leach activity commenced once more in 2008 and it is presently operational.
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As obvious, the studied region is rather complex in terms of the combined effect of these factors. A
long-term mining activity, traditional agricultural practices, blind use of mineral and organic fertilizers, land
use variety in association with erosion processes and parent material diversity make this region more
impedimental area in view of soil health and regular soil monitoring. Given that the region was not studied
in view of the impact of the long-term mining as well the agricultural practices on soil properties, it can be
stated that the present pioneering study may play an important role in future environmental studies. Thus,
the determination of background levels of heavy metals is an important approach to prevent
environmental pollution and physiological disorders in plant and grazing animals, and to establish an
initial or modified threshold levels for studying heavy metal concentrations (Kabata-Pendias, 2011;
Bayrakli & Dengiz, 2019). Furthermore, the basic soil properties, such as texture (clay), pH, organic
matter, carbonates and salinity significantly affect the concentrations and availability of heavy metals in
the soil (Omran, 2016; Kars & Dengiz, 2020; Lasota et al.. 2020; Mammadov et al., 2022). Therefore, the
basic soil properties were also studied. The objectives of this study were to (i) asses the concentrations of
heavy metals in the study area, (ii) evaluate relationships between heavy metal concentration and basic
soil properties, and (iii) estimate the level of environmental and ecological risk posed by heavy metals and
sources of heavy metals in agricultural lands.

MATERIALS and METHODS
Study area

The study site is situated within the administrative area of Gadabay district (Figure 1), known for its
abundant mineral deposits in the Caucasus region. Geographically located in the western part of
Azerbaijan, within the Lesser Caucasus Mountains, the site spans elevations ranging from 1060 to 3271
m above sea level. In general, the study area is complicated due to the tectonic structure of anticlinal
pattern and magmatic occurrences in three different periods as Bajocian, Batonian (Middle Jurassic) and
Upper Jurassic-Early Cretaceous (Karimov, 1976).
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Figure 1. Geographical location of the study area and sampling points.

Sekil 1. Calisma alaninin cografi konumu ve drnekleme yerleri.
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Therefore, in the geological setting of the area alluvium of Quaternary, quartz porphyry and
granodiorite-diorite of Upper Jurassic and Lower Cretaceous, andesitic tuff-conglomerate, andesite,
rhyolite and rhyodacite of Middle Jurassic/Bathonian stages played an important role. The study area is
characterized by predominantly grasslands, mountainous forests, cultivated lands and locally occurring
shrubbery areas. Given the region’s extensive involvement in agriculture, soil erosion is typical, and all
rates of soil erosion occurred in the region. The climate in the region is moderate, featuring dry winters.
The annual precipitation is 650 mm, and average air temperature is 7.8°C.

Soil sampling and chemical analyses

As the lack of previous information on heavy metal content of soils in this study area, a simple
sampling procedure was applied to avoid deliberate bias and partially fill the data gaps in this region. The
elevation of sampling site varied between 1450-1800 m. The samples (85) were randomly collected from
the soil surface horizon (0-15 cm) of the representative land uses (pastures, hays, cultivated-potato,
wheat, cabbage, carrot and beet) within Gadabay district, including neighboring agricultural lands of the
copper-gold mine (Figure 1). The cultivated lands primarily were small patches associated with traditional
land tenure. Soil samples were subjected to microwave acid digestion with HNOz (Moral et al., 1996), and
the concentration of heavy metals (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, Pb, Se, and Zn) was measured
through ICP-OES analysis. In addition to heavy metals content, basic soil properties were analyzed to
characterize relationships between heavy metals and basic properties. The soil organic carbon (SOC)
was determined by Walkley-Black method (Nelson & Sommers, 1996), soil reaction (pH) by using a pH-
meter, CaCOs content by a pressure-calcimeter method (Sherrod et al., 2002), and texture (sand, silt and
clay contents) by the hydrometer method (Gee & Bauder, 1986).

Statistical analysis and environmental risk assessment

Descriptive statistics of environmental variables, especially the concentration of heavy metals in
soil is important in view of the nature and spatial distribution. Therefore, the results of chemical tests were
analyzed in terms of minimum (Min), maximum (Max), mean, median, standard deviation (SD) and
coefficient of variation (CV). The CV values were classified as low (<15%), medium (15-35%) and
moderate (>35%) according to Mallants et al. (1996). To elucidate the relations between basic soil
properties and heavy metals the Spearman Rho correlation coefficients were calculated. Furthermore,
different environmental indexes were calculated to characterize the nature, sources and environmental
risk of heavy metal content of the soils in the area.

A single pollution index was calculated to characterize the present status of each heavy metal
concentrations. The pollution index (Pi) was computed as the ratio between the metal concentration and
its reference value (national criteria of the metal).

Pi = Ci/Si

where, Pj is the pollution index, Ci is the metal concentration in a given sample, and S; is the
maximum permissible concentrations (MPC) of pollutants established by Azerbaijan legislation (GN
2.1.7.2041-06, 2000).

An enrichment factor (Ef) was used to assess the contribution of anthropogenic sources to natural
levels of heavy metals in the soil:
_Gi/C,
™ B/B,

where, Ci and Cr are the concentrations of the target metal and the reference metal in the sample,
while Bi and B: are the background concentrations (BC) of the target metal and the reference metal for the
natural soils of the study area. In this study, the BC values for target heavy metals were adopted from the
Azerbaijan legislation (GN 2.1.7.2041-06, 2000) which referred to the existing studies. Commonly, the
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concentrations of immobile elements such as, Al, Ti, Fe and Mn are used to compute enrichment factor
(Hu et al., 2013). Thus, in this study, the concentration of Mn was used as the reference.

The geoaccumulation (lgeo) and potential ecological risk indexes were calculated to evaluate the
environmental and ecological risk for the soils of the study area. The geoaccumulation index was introduced
by Miiller, (1979) and is widely used to assess the contamination level of heavy metals in soils:

lgeo=10g2 ( Cn )
=lo
geo ™09 {1758,
where Ci is the measured concentration of the given heavy metal, Bn is the local geochemical
background concentration. It is commonly accepted that the constant of 1.5 can minimize the possible
variations in the background concentration derived from lithological effect.

Ecological risk index (Ri) was also computed to assess the potential risk of the given heavy metal
according to Hakanson (1980):
Ci

Ri:z Ei s Ei=Tifi=Ti g
|

where, Ei is the risk factor of the given element i, T is the toxic effect factor of the given metal i, fi is
the measured concentration of the given metal (Ci), Bi is the background concentration.

The maximum permissible and background concentrations (BC) of heavy metals in the soils of
Azerbaijan as well the values of Ti for the given heavy metals were adopted from the national standard
((GN 2.1.7.2041-06, 2000)) and presented in Table 1. The values of the pollution and geoaccumulation
indexes (lgeo), enrichment (Ef) and potential ecological risk (Ri) factors (Table 2) were classified according
to Hakanson (1980) and Brady et al. (2015).

Table 1. Background concentration and maximum permissible concentration of heavy metals in Azerbaijani soils
Cizelge 1. Azerbaycan topraklarindaki agir metallerin arka plan konsantrasyonu ve izin verilen maksimum konsantrasyonu

Element BC MPC considering BC MPC (without BC) Ti
As 15 2 2.0 10
Cd 3 2% 2.0 30
Co 8 5% 5 5
Cr 40 6 6 2
Cu 100 3 3 5
Hg 0.4 2.1 2.1 40
Mn 250 1500 1500 1
Ni 45 4 4 5
Pb 20 32 32 5
Se 0.1 3

Zn 70 23* 23 1

* MPCs according to other standards

Table 2. The classification of pollution (P;), enrichment (E) and geoaccumulation (i¢e,) indexes and potential ecological risk (R;)

Gizelge 2. Kirlilik (P;), zenginlesme (Ex) ve jeoakiimiilasyon (lye,) endekslerinin siniflandiriimasi ve potansiyel ekolojik risk (R;)

PI Ef Igeo RI
Unpolluted/weakly Depletion to mineral Unpolluted/slightly Low potential ecological
<1 <2 ] <0 <40 :
polluted enrichment polluted risk
Moderate Moderate potential

1-3 Moderate-strong 2-5 0-1 Moderately polluted 40-80

enrichment ecological risk
) : Significant ) From moderately to . Considerable potential
3-6 Strong 5-20 enrichment 1-3 strongly polluted 80-160 ecological risk
2040 Ve r:“gh 35  Strongly polluted 160-320 H|gf|1 pf’tel”t.'al'(
6 Very strong enrichment _ ecological risk
>40 Ext_remely high >5 Extremely polluted >320 very h'.gh p_otentlal
enrichment ecological risk
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RESULTS and DISCUSSION
Descriptive statistics of the reference data

The descriptive statistics of basic soil properties and heavy metals are tabulated in Table 3, and the
heavy metals in Chernozem soil samples with the clay-loam and loam-clay texture showed their both
typical and element-specific distribution. Except soil pH, the spatial distribution of basic soil properties and
heavy metal concentration was characterized with medium and moderate variation. Among others, only
the pH (mean value of 6.4) showed a low variability (10%), i.e., smooth spatial continuity. The sall
reaction were charasterized as slightly acidic, however 6% of the samples were slightly alkaline, showing
the importance of land use and soil processes, and local environmental condition (Mammadov et al.,
2022). Soil clay, CaCOsz and SOC content were moderately, while sand and silt content were medium
variable. As the main driver for many processes in soil medium, the large variation in SOC (1.3-9.1%)
was related to elevation, vegetation cover, land use and slope (Mammadov et al., 2021).

The CaCOs content varied in between 1% to 15% in surface soils owing to parent material, erosion and
slope condition (Table 3). Recent studies in the adjacent district revealed that CaCOs content was typically
associated with parent material, elevation, slope and land use (Mammadov et al., 2021; Mammadov et al.,
2022,). The mean value of CaCOs content (8.6%) was an affirmative indication of carbonate-rich parent
material and its dominance in the study area (Ismayil et al., 2018). However, silt content (20-45%), which
has CaCOs size, showed medium variation (16.5%), while sand (16-65%) and clay (9-47%) content
displayed medium and moderate variation, respectively. The mean value (21%) of clay content was lower
than those of silt (33 %) and sand (45%) content. This can be attributed to erosion and selective transport of
eroded particles in the surface soails, typical of the study area (Mammadov et al., 2021).

Based on the mean values, the heavy metals followed the sequence of Mn > Zn > Cu > Cr > Ni > Co >
Pb > As > Se > Cd. The Hg was not detected in the samples (Table 3). The content of As (detected in 31
samples) varied in a narrow range (7.10-19.70 mg/kg) and its overlapping mean and median values as
well skewness value confirmed unimodal distribution (Table 3, Figure 2). Among the tested soil samples,
the concentration of As in one sample slightly exceeded the MPC that might be related to mining activity.
Occurrence of elevated As level is typical to soils around gold and copper mines, and As occurs as
arsenopyrite (FeSAS), realgar (As2S2) and orpiment [As2S3] in gold bearing rock (Fashola et al., 2016).

The Cd was detected in 24 out of 85 samples which confirms its fragmented distribution, whereas
its histogram showed unimodal distribution (Figure 2). One of the tested samples (very close to mining
area) exceeded the MPC. Cd is reported as one of the most toxic heavy metals to most organisms and
occurs in gold bearing orebodies as an isometric trace element in sphalerite and its concentration
depends on the concentration of the sphalerite in the ore body (Fashola et al.,, 2016). The specific
distribution of Cd is presumably associated with the local geology, topography and soil moisture regime.
As reported by Han et al. (2007) soil moisture could greatly affect the solubility, toxicity, bioavailability,
and mobility of Cd and cause it redistribution in soils.

The typically distributed in the study area, Co content (not detected only in one sample and
symmetric unimodal pattern, Figure 2) varied between 6.48 and 34.30 mg/kg with a mean value of 18.91
mg/kg (Table 3). Given that the BC, Co content was double higher than the MPC in 36 samples. It was
assumed that the noted higher Co concentration is typical to the study because the BC for Co according
to Azerbaijani legislation is 8 mg/kg and additionally MPC for Co is not indicated from unknown reasons.
Therefore, other standards from other regions were used (Table 1). As well, mean concentration of Co in
Europe is reported to vary between 1 and 20 mg/kg and this range can be higher in geologically Co-rich
areas (Angelone & Bini, 2009). The concentration of Co in soil is dependent on several factors, such as
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local geological features, precipitation and Co-rich dust, soil moisture regime, soil age and texture, land-
use and application of chemicals. Bradley, (1980) reported that Co concentration exceeds the value of
2500 mg/kg in Northern Wales and the ecosystem of those areas have been adapted to such high
concentration and healthy. Thus, geological setting of the region and the existence of gold-copper mine in
Gadabay district presumably causes high Co concentration in the study area.

Table 3. Descriptive statistics of basic soil properties and heavy metals

Cizelge 3. Temel toprak 6zellikleri ve agir metallerin tanimlayici istatistikleri

Element Min Max Mean Median SD Ccv
Basic soil properties
CaCOs; (%) 1.06 15.00 8.61 9.00 3.98 46.25
Sand (%) 16.00 65.00 44.85 46.00 12.18 27.15
Silt (%) 20.00 45.00 33.69 33.00 5.56 16.51
Clay (%) 9.00 47.00 21.46 21.00 8.81 41.05
pH 5.31 8.30 6.36 6.30 0.67 10.50
SOC (%) 1.32 9.10 4.34 3.94 2.02 46.61
Heavy metals

As (mg/kg) 7.10 19.70 10.81 10.68 2.63 24.33
Cd (mg/kg) 0.58 6.60 1.08 0.76 1.17 108.56
Co (mg/kg) 6.48 34.30 18.91 17.40 5.52 29.19
Cr (mg/kg) 5.30 110.00 44.28 42.26 18.09 40.85
Cu (mg/kg) 34.59 180.20 68.73 67.00 25.40 36.95
Mn (mg/kg) 326.08 1214.27 690.26 653.40 204.51 29.63
Ni (mg/kg) 11.49 67.00 37.74 38.20 10.82 28.68
Pb (mg/kg) 3.60 77.90 12.26 10.89 9.01 73.53
Se (mg/kg) 0.63 3.02 1.48 1.33 0.58 39.52
Zn (mg/kg) 4.90 2655.09 107.15 7151 282.23 263.39

In the study area, Cr was detected in all tested samples, ranging from 5.30 to 110 mg/kg and the
content exceeded the BC in 50% of the samples (Table 3). The unimodal and symmetric distribution (Figure
2) showed its typical distribution that was attributed to the geological features of the study area
(Karimov, 1976).

The Cu was the third abundant heavy metal in terms of mean value (67.32 mg/kg, Table 3). Its
moderate variability and bimodal distribution (peaks centered around 40 and 75 mg/kg, Figure 2)
evidently reflected local geological features of the study area (Figure 2). The Cu concentration
exceeded the MPC in 9 samples that can be attributed to the lithological features of the parent
material or mining as Cu is widely distributed in sulphides, arsenites, chlorides and carbonates
(Fashola et al., 2016). On other hand, gold mining leads greatly increased Cu concentration in the
environment which upon release binds to particles of organic matter, clay minerals and sesquioxides
leading to great accumulation in the soil (Fashola et al., 2016).

The most abundant heavy metal, Mn ranged from 326 to 1214 mg/kg with a mean value of 690 mg/kg
(Table 3). Overall, Mn content in the study area was averagely higher than the BC, however the tested
samples showed no values exceeding the MPC. The medium variability and unimodal, yet large spread
pattern (Figure 2) showed its typical distribution. A similar distribution pattern was also found for Ni, the
fifth abundant heavy metal with a mean value of 37.74 mg/kg. However, Ni content slightly exceeded the
MPC in some samples. The noted high concentration for heavy metals such as Ni, Co and Cr was in line
with previous studies (Bayrakl & Dengiz, 2019; Kars & Dengiz, 2020). Such characteristics of the heavy
metals are associated with the nature of parent material as reported by Chen et al. (2005), the Ni
concentration in volcanic rocks is 20-40 times greater as compared to other ones.
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Figure 2. Histogram of the tested heavy metals.

Sekil 2. Test edilen agir metallerin histogrami.
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The soils in the study area can be considered abundant with Pb content, e.g., the range (3.60-77.90
mg/kg, Table 3) was concordant with a range of 10-67 mg/kg in surface soils worldwide (Fashola et al.,
2016). The Pb content showed moderate variability and associated with Mn and Zn. In addition, the
elevated concentration was found for one sample and exceeded the MPC that maybe related to the
parent material in severely eroded pastureland.

Unlike other heavy metals, Se content showed specific distribution, and it was not detected in 3
samples. Its content varied from 0.63 to a maximum of 3.02 mg/kg and the mean value (1.48 mg/kg) was
ten times higher than the BC according to the native regulation (Table 1 and Table 3). Besides that the
MPC is missing in the native regulation. A unimodal symmetric pattern and spatial continuity may confirm
its naturally higher concentration in the study area. On the other hand, we assume that significant gaps
exist in compiling native regulation of BC and MPC as noted in Vodyanitskii (2016).

As there exists data scarcity on Se content of soils in Azerbaijan, it is important to provide a brief
overview from different study examples. According to the studies from different regions of the world, Se
content ranges between 0.1-0.6 mg/kg and the background value of 0.4 mg/kg (Fordyce, 2013). It was
reported that Se content in Canada varies from 0.02 to 3.70 mg/kg with a mean value of 0.30 mg/kg
(Haluschak et al., 1998). Tan (1989) and Dinh et al. (2018) reported that Se content is in toxic level in the
Hubay region of Chine, mean concentration is about 2.3 mg/kg. Another characteristic making Se specific is
the narrow range between Se toxicity and deficiency. According to Fleming (1980), a high Se concentration
and its main origin in soil is associated with limestones, shales and other volcanic rocks of the Jurassic and
Cretaceous stages. Summarizing above-mentioned studies and considering predominating rocks in the
study region, the noted Se content maybe related to the nature of the study area.

The soils in the Gadabay district are characterized by a remarkable high Zn content, the second
abundant element following Mn. A large range (4.90-2655 mg/kg) and high CV value made its distribution
different from others (Table 3). The mean content (107.15 mg/kg) was higher than the BC (70 mg/kg).
According to the national standards (GN 2.1.7.2041-06, Table 1), the present status of Zn content in the
study area is indicative of massive pollution. Because the MPC is accepted 23 mg/kg considering BC, in
this case the Zn concentration of majority of the samples is higher than the MPC. Therefore, it would be
reasonable to pay attention to the MPC of other standards. For example, MPC for Zn in Soil Code
DEFRA standard is 200 mg/kg. This level is also accepted in other standards. Bos et al. (2005) found that
the toxic effect of heavy metals on soil ecosystem is dependent on soil type and considering the changes
in BC of Zn depending on soil types, the authors prepared special methodology for determining MPC for
Zn content. The presented approach showed that the difference between BC of Zn for different soil types
reaches to 7.5 times thereby MPC ranges from 44 mg/kg to 208 mg/kg depending on soil type.

Summarily, the distribution of heavy metals in the study area was basically attributed to the
geologic settings and heavy metal levels were to some extent higher compared to the BC both in
nationally and internationally. The presented study found that the content of some heavy metals such as
Co, Se and Zn is considerably higher, however the comparisons made between the studies from different
regions of the world showed that there is great need to study those elements in the country and the native
standards need to be improved.

Relations between the soil properties and heavy metals

The significant correlations were found not only between basic soil properties themselves, but also
between basic soil properties and heavy metals (Table 4). As expected, very close relations were found
between the particle sizes, sand content was inversely correlated with silt (r = -0.76) and clay (r = -0.91)
while the silt and clay (r = 0.45) occur associated in soil medium. This is in line other studies and typical
case for the region where calcareous parent material occurs (Mammadov et al., 2022).
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The relations between CaCOs and sand content (r = 0.45), CaCOs and SOC (r = -0.56), SOC and
clay content (r = 0.72) apparently represent characteristic features of soil-forming processes in the
mountainous temperate climate where a favorable ratio of precipitation to temperature in the background
of topography and parent material formalize Chernozems. Meanwhile, the significant relationships
between clay and pH (r = -0.34), sand and pH (r = 0.29), SOC and pH (r = -0.39) well characterize soil-
forming environment and weathering process. These relations also ascertained the relations between
basic soil properties and heavy metals.

The positive correlation coefficients between clay and Mn, clay and Pb confirmed the importance of
clay mineralogy. The study conducted in the adjacent district found out the similar relations between clay
content and plant available forms of Mn and Pb (Mammadov et al., 2022). However, Cu, Cr and Co
showed inverse relations, e.g., decrease with increasing the clay content. Among the studied heavy
metals, solely Cr and Cu was found associated with sand content, their concentration increases with sand
content. The impact of calcareous parent material on heavy metal content was evident through the
correlation coefficients found between CaCOs and solely three elements (Cd, Cu and Se). The elements
As, Zn and Ni showed no significant relationships with basic soil properties. As regards the relationships
between pH and heavy metals, the significant correlations were solely found for Cr, Ni and Se. Although
the total content of most heavy metals showed no relations to pH in our study area, the availability of Cd,
Pb and Mn content was significantly affected by pH in this region (Mammadov et al., 2022).

The correlation coefficients indicated that most heavy metals occur associated in soil medium, e.g.,
As content increases with increasing the content of all heavy metals (Table 4). The tested heavy metals
presented evident grouping e.g., Pb and Mn, Pb and Zn, Cr and Ni, Cd and Zn couples showed
significant relations that was presumably attributed to the geogenic factor leading to their similarly
bonding in parent material and soil (e.g., Karimov 1977). The close relations found between those
couples were in line with other studies (Hadzi et al., 2019, Mammadov et al., 2022). Hadzi et al., (2019)
reported associated distribution of Cd and Zn in surface soil of mining areas. As well, Mammadov et al.
(2022) found significant relations between Zn and Pb, Pb and Cd in the surface soils of the Caucasus
Mountains. In addition, the relations found between other heavy metals (for example Co, Cu, Mn and Ni;
Cd, Se and Zn; Cr, Ni and Cu) were in line with previous studies. The associated distribution of Cd, Cr,
Cu and Zn was reported regardless of land use types (farmland, grassland and woodland) in Southwest
Chine (Sun et al., 2019).

Environmental risk assessment

According to the mean value of pollution index, the studied samples were related to the unpolluted and
weakly polluted class (Pi<1.0) except Co, which was characterized with moderate-strong (Pi = 1.44)
pollution (Table 5). As noted before, the MPC for Co is missing in the national standard, and the MPC
value was taken from another country’s standard. The interpretation of Pi values of individual samples
also showed a moderate-strong point-source pollution: the pollution was noted in one location for As and
Cd, and in four locations for Zn. The three Zn-polluted samples were in mine-adjacent areas that may be
linked to mining activity (Omwene et al., 2018). The contamination levels of heavy metals and other major
elements (Pb, As, B, Cd, Zn, Cr, Mo, Co, Ni, Cu, and Ag) in surface sediments and their possible pollution
sources was studied in Mustafakemalpasa catchment in Tirkiye. The highest Igeo Values were recorded
for Cr, B, Ni, As and Zn, and occurred near urban settlements and mining sites. The sources of Pb, Zn
and Cu in the sediments were attributed to weathering of sulfide ore minerals (Omwene et sl., 2018).
Thus, the gaps in the national standards for MPCs of heavy metals and absence of earlier soil data (one
or several decades ago) appeared as a limiting factor in calculating and evaluating other environmental
indices (Han et al., 2021). Han et al. (2021) encountered the similar issue to study spatial distribution of
soil salinity and heavy metals in the lowland region of Azerbaijan. The study found that among the studied
20elements Ca, Cl, and S and the heavy metals Cr, Ni, and Pb were classified as problematic on the

82



Heavy metal content of mountainous agricultural soils and ecological risk assessment in Gadabay district, Azerbaijan

basis of lgeo index, and As was also identified as posing a possible risk on the basis of the potential
ecological risk index. Soil guideline values were proposed to monitor soil pollution in lowland areas of
Azerbaijan (Han et al., 2021), however to fill the gaps concerning the monitoring of mountainous regions
an extensive study is required.

Table 4. The Spearman Rho correlation coefficients between soil properties and heavy metals

Cizelge 4. Toprak ozellikleri ile agir metaller arasindaki Spearman Rho korelasyon katsayilari

CaCO;| Sand | Silt Clay pH SOC As Cd Co Cr Cu Mn Ni Pb Se
CaCO; |1
Sand [0.45" |1
Silt t0.27" }0.76™ |1
Clay (0.43" [0.91" [0.45" |1
pH 0.12 |0.29" t0.08 10.34" |1
SOC (0.56™ 10.65™ [0.31 0.72" }0.38" |1
As t0.04 |0.18 0.13 (0.16 |0.22 0.11 |1
Cd 0.51" 10.13 |0.07 0.19 (0.11 (0.01 1
Co t0.25"° |0.12 |0.10 0.27° [0.04 (0.37" p.54" [0.27" |1
Cr 0.24 |0.31" [0.09 0.36™ [0.25" [0.22° .30 }0.02 (0.24 |1
Cu 0.44” |0.40" [0.22" t0.41" [0.05 (0.38" p.42° |0.16 |0.35" [0.24" |1
Mn t0.46” 0.44™ |0.35™ |0.357 [0.14 [0.24" 0.48" [0.23" |0.35" [0.28" [0.24" |1
Ni +0.03 0.06 0.12 f0.16 |0.37" 10.11 p.44° }0.13 |0.32" (0.75" [0.05 |0.16 1
Pb t0.35” 0.62™ |0.42™ |0.60™ }0.15 [0.40” p.38" |0.17 }0.12 0.20 }0.37" [0.45™ (0.10 |1
Se 0.33" |0.11 0.02 0.17 }0.29° [0.04 .30 0.42™ |0.10 0.01 0.31" }0.04 }0.05 |0.05 1
Zn 0.18 +0.13 |0.15 (0.13 (0.01 |0.04 p.48" |0.46” +0.10 (0.19 |(0.16 |0.08 }0.05|0.44™ |0.417

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level

The geoaccumulation index for Se (3.19) showed strong pollution (3.0<lge0o<5) while lgeo Values for
As, Cd, Cr, Cu, Ni, Pb and Zn presented unpolluted or slightly polluted class (lgeo<0). Based on lgeo, the soils
were moderately polluted with Co and Mn. According to Ef values, Co and Cr were in the moderately
enrichment class (2.0 < Er < 5) while other heavy metals showed a depletion to mineral enrichment
(E+<2.0). The potential ecological risk for all the studied heavy metals was low while moderate for only Se
(Table 5). The result was in line with other studies showing the impotance of land use (Sun at el., 2019)
and mining history on onsite and offsite pollution potential (Omwene et al., 2018), as well water erosion
and aeolian processes.

Table 5. Environmental indices calculated for the heavy metals

Cizelge 5. Agir metaller icin hesaplanan ¢evresel endeksler

Element

As
Cd
Co
Cr

Cu
Mn
Ni

Pb
Se
Zn

BC

15
3
8

40

100

0
0
1
0
0
0
0
0
0
0

Pi

.63
.35
44
.96
.67
.46
77
.24
.48
.53

=
1.24
0.99
3.34
2.35
1.63
1.00
1.80
0.53
1.14
1.41

Igeo
-1.09
-2.35
0.57
-0.56
-1.22
0.81
-0.90
-1.50
3.19
-0.53

Ri
7.21
10.75
11.72
2.21
3.44
2.76
4.19
3.06
72.70
1.53

BC-background concentration, P-pollution index, E-enrichment factor, lge-geoaccumulation index, Ri-ecological risk factor

CONCLUSIONS

The spatial distribution of heavy metals in the study area was characterized by their typical and
element-specific distribution. The order of means, and medium to moderate variation of heavy metal
concentrations in this mountainous area were intricated and related to land use and past mining history, and
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erosion and aeolian processes, along with environmental condition and geologic features. The
concentration of heavy metals were (i) fragmentary (As, Cd and Se), (i) higher than the BC (Co, Cr, Mn, Se
and Zn), and (iii) higher than MPC (Co: 36, Cu: 9, and Zn: 47 samples). The correlation between basic soil
properties and heavy metals concentration revealed their association with CaCOs (Cd, Cu and Se), clay (Mn
and Pb), sand (Cr and Cu), SOC (Co, Mn, Pb) and pH (Cr, Ni and Se). The significant correlations with pH
were attributed to the bedrocks and parent material. The soils were non- and slightly-polluted (excluding
three metals). Except two, the metals displayed as depletion to mineral enrichment. In general, the potential
ecological risk for the studied heavy metals was low. Moreover, the sole weathering effect of parent material
and anthropogenic activity in the regions leaded to high spatial heterogeneity of heavy metals in the sail,
thus increasing the difficulty of extrapolation uncertainty by descriptive statistical method.

The evaluation of pollution and ecological risks was impeded by the gaps in the national standards.
Further studies are needed to thoroughly investigate the impact of agricultural practices and mining by
means of extensive, purposive sampling and cluster analysis.
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0z
Amag: Bu arastirmada, tath sorgum [Sorghum bicolor var. saccharatum (L.)

Mohlenbr.] genotiplerinin ikinci Uruin kosullarinda verim ve bazi verim dgeleri
yoniinden performanslarinin belirlenmesi amaglanmigtir.

Materyal ve Yontem: Arastirmada; Gulseker, Sorge, Erdurmus, Ulusoy, Uzun,
M81-E, Tracy, Cowley, Smith ve USDA Tayvan genotipleri bitkisel materyal
olarak kullanilmistir. Tarla denemesi tesadiif bloklari deneme desenine gore 3
tekrarlamali olarak yuritalmuistir. Tath sorgum genotiplerinde ot ve tane verimi
ile bazi verim 6@eleri ve ot kalite parametreleri incelenmistir.

Aragtirma Bulgulari: incelenen tiim 6zellikler yéniinden genotipler arasinda
anlamh (p<0.01) farkliliklar saptanmistir. Genotiplere gére; bitki boyu 133.6-
363.0 cm, yesil ot verimi 2247-12029 kg/da, sap verimi 1809-10009 kg/da, kuru
madde verimi 572.4-3346.7 kg/da, tane verimi 88.89-195.27 kg/da, ham protein
(HP) orani %11.27-13.81, HP verimi 64.7-462.1 kg/da, asit deterjanda
¢o6ziinmeyen lif orani %27.69-35.65 ve notral deterjanda ¢6ziinmeyen lif orani
%51.45-65.61 arasinda degisim gostermistir.

Sonug: Arastirma sonuglarina gore, ot Uretimi amaciyla Gullseker ve USDA
Tayvan, tane Uretimi amaciyla da Uzun gesidi 6nerilmektedir.

ABSTRACT

Objective: In this research is intended to be determined performances of sweet
sorghum [Sorghum bicolor var. saccharatum (L.) Mohlenbr.] genotypes in terms
of yield and some yield components grown as a second crop.

Material and Methods: In the study, Gullseker, Sorge, Erdurmus, Ulusoy,
Uzun, M81-E, Tracy, Cowley, Smith and USDA Taiwan genotypes were used
as plant material. The field experiment was conducted according to the
randomized complete blocks design with 3 replications. Forage and grain yield,
some yield components and forage quality parameters were examined in sweet
sorghum genotypes.

Results: The significant (p<0.01) differences were found between genotypes in
terms of all examined characteristics. According to genotypes, plant height
ranged from 133.6 to 363.0 cm, green herbage yield ranged from 2247 to 12029
kg/da, stem yield ranged from 1809 to 10009 kg/da, dry matter yield ranged
from 572.4 to 3346.7 kg/da, grain yield ranged from 88.89 to 195.27 kg/da,
crude protein (CP) content ranged from 11.27% to 13.81%, CP yield ranged
from 64.7 to 462.1 kg/da, acid detergent fiber content ranged from 27.69% to
35.65%, and neutral detergent fiber content ranged from 51.45% to 65.61%.
Conclusion: Based on the results of the study, Gulseker and USDA Taiwan
genotypes for forage production while Uzun variety for grain production can be
recommended genotypes.
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GiRiS

Yeryliziinde, devam eden kiresel degisim, bircok tiirde populasyon azalmalarina yol actigi gibi (Staude
et al., 2020), bazi bitkilerin de vejetasyon siiresinde degisimlere neden olmaktadir. Ani sicaklik degisimleri,
bazi alanlardaki gece ve giindiiz arasindaki sicaklik farklari, ylksek sicakliklar ve buna bagli olarak uzun
suren kuraklik olaylan ve biyotik etkilesimler gibi bir dizi faktdrler bitki ttrlerinin gelisimini, performansini ve
uyumunu olumsuz etkilemekte; bu durum, bitkilerin normal yagam surelerini degistirmekte, hatta bazi durumda
tirlerin hayatta kalmasini dogrudan sinidayabilmektedir. Bu anlamda siddetli kuraklik, diinya ¢apinda gida
drunlerinin Gretimine en ¢ok zarar veren iklimsel faktorlerden birisi olup, ekilebilir alanlarin azalmasina neden
olmaktadir (Farrant & Hilhorst, 2022). Kiresel dlcekteki bu cevresel degdisimler, tarimsal alanlarda ayni
zamanda; Urln sistemlerini, bitki Gretim desenlerini, ekim ndbeti sistemlerini de dnemli dictide etkilemektedir.
Bu degisim sireci kolay kolay durdurulamayacagi icin dinya nifusunun gida givenligini tehlikeye atmama
adina; iklim dostu tarim sistemlerinin gelistiriimesi, ihmal edilen veya yeterince kullanilmayan gida
kaynaklarinin tretiminin arttirimasina yonelik stratejilerin hayata gegcirilmesi gerekmektedir.

Diinya genelinde oldugu gibi Turkiye’de de kurak ve yari kurak alanlar, yagisa dayal Uriinlerin
yetistirildigi baslica alanlardir. Bliyllk oranda tahil-tahil ya da tahil-nadas sisteminin uygulandigi bu alanlar,
bircok stratejik Urinlerin yetistirilebildigi tarimsal Uretim sisteminin sdrdurulebilirigine katki saglayan
alanlardir. Bu alanlarda degerlendiriime potansiyeli yiksek olan drinler arasinda sorgum cinsi (Sorghum
sp.) gelmektedir. Sorgum turleri, gida disi ¢esitli kullanimlar icin -6zellikle enerji bitkisi olarak- ilgi géren ¢ok
amagcl tahillardir (Barbanti et al., 2006; Meki et al., 2013). Sorgum tirleri kurakhida ve sicaklik stresine
dayaniklidir (Soudek et al., 2014). Sorgum, yiuksek fotosentetik ve su kullanim verimliligi ile marjinal alanlarda
blylmek icin stresli ortamlara karg! yiuksek tolerans ¢zelliklerine sahip bir bitkidir (Pinnamaneni et al., 2022).
Sorgum tirleri; tath sorgum, tane sorgum ve yem sorgumu olarak siniflandiriimaktadir (Almodares et al.,
2008a). Tath sorgum [Sorghum bicolor var. saccharatum (L.) Mohlenbr.], sadece gida uretimi igcin dedgil
(Anglani, 1998); ayni zamanda enerji (Pinnamaneni et al., 2022), yem (Fazaeli et al., 2006) ve lif (Murray et
al., 2008) Uretimi icin de 6nemli bir potansiyele sahiptir. Tath sorgum, kurakliga (Tesso et al., 2005),
tuzluluga (Almodares et al., 2008b) dayanikhlik ve yiksek biyokitle verimi (Almodares & Hadi, 2009) gibi
bircok iyi ozelliklere sahiptir. Tane sorgumlar gibi tath sorgumda da tane verimi yiksektir (Almodares &
Mostafafi, 2006). Ancak, tath sorgumun esas karakteri tanesinden degil, yiksek seker igerigine sahip olan
sapindan kaynaklanmaktadir. Gévdesinde fermente edilebilir sekerler biriktiren (Rutto et al., 2013) tatl
sorgumlar, genel olarak 5400-6900 kg/da arasinda sap Uretebilmektedir (Almodares et al., 2008c). Cok
amagli kullanim olanagdi bulunmasina ragmen, tatli sorgum; esas olarak konsantre surup, tane ve hayvanlar
icin kaba yem ve silaj Uretimi amaciyla yetistiriimektedir (Gnansounou et al., 2005). Bu itibarla tatli
sorgumlar, tipik olarak orta tane verimi, ancak ytksek biyokitle Gretimi ile karakterize edilir (Pinnamaneni et
al., 2022). Yuksek fotosentetik etkinlige sahip bir C4 trtnd olan tath sorgumun (Almodares & Hadi, 2009)
geligtiriimesi ve yayginlastirimasinin, tarimsal dretimin ve hayvanciligin gelisiminde énemli rol oynayacagi
vurgulanmaktadir (Fazaeli et al., 2006).

Tarkiye’de hayvancilik, tarim sektériniin 6nemli bir bileseni durumundadir. Bu yéniyle 6zellikle Dogu
ve Glneydogu Anadolu Bélgesi, Turkiye hayvanciliginin bel kemigi konumundadir. Ancak, hayvansal tretim
heniliz istenilen duzeyde degildir. Hayvansal Uretimin arttirlmasi, hem kaliteli hem de yeterli miktarda yem
saglanmasiyla mumkin olmaktadir. Turkiye’de ciftlik hayvanlarinin yagsam ve Uretim payi i¢in gereken
kaliteli kaba yem ihtiyacinin karsilanamadi§i ve ortaya ¢ikan acgigin yogun tahil samani kullanilarak
kapatiimaya calisildidi bilinmektedir (Acikbas & Ozyazici, 2019; Yavuz vd., 2020). Kaba yem ac¢idinin
yaklasik 49 milyon ton oldugu Turkiye’'de (Yavuz vd., 2020), yem kaynaklarinin mevcut durumuna gére hem
yesil yemde hem de kuru yemde 6nemli agiklar oldugdu bir gergektir. Agigi kapatmada yesil yem arzinin yillik
bazda artigl, bu anlamda buyik énem tasimaktadir. Yesil yem zincirinin arttirlmasinda, tahil hasadindan
sonra ikinci Urin sisteminin yayginlastirnimasi ve bu sisteme uygun yem bitkileri tir ve cesitlerinin
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geligtiriimesi dnemli segeneklerden birisidir. Tath sorgum yuksek verimliligi, besleyici degeri ve farkh
tarimsal-ekolojik kosullara uyum saglama yetenegi nedeniyle dinyanin bircok bélgesinde 6nemli bir yem
bitkisidir (Mishra et al., 2017). Yesil yem kaynagi olarak yiiksek biyokutle treten tath sorgum, silaj ve kuru ot
eldesine de uygun oldugu icin ot sikintisinin yasandidi mevsimlerde besleyici arzi da tamamlama gibi
onemli bir avantaja sahiptir (Mishra et al., 2017). Hayvan sayisindaki artis ve buna bagli olarak artan yem
gereksinimi dikkate alindiginda, yuksek yem verimi saglayan tath sorgum genotiplerinin tanimlanmasina acil
ihtiyac vardir. Enerji tariminda genis capta kabul gérmis olan tatli sorgumun, yem bitkisi olarak kullanimina
iliskin bilgiler ise oldukca sinirldir.

Bu galismanin amaci, yesil yem kaynagi olarak degerlendirilebilecek tatli sorgum [S. bicolor var.
saccharatum (L.) Mohlenbr.] genotiplerinin Mardin ili ikinci Griin kosullarinda yem verimi ve kalitesi agisindan
performansinin belirlenmesidir.

MATERYAL ve YONTEM
Materyal

Arastirmada, tarla denemesi; Mardin ili Kiziltepe ilgesi ciftci arazisinde 2021 yih ikinci Grdn
kosullarinda yuratilmastir. Gineydogu Anadolu Bdlgesinde yer alan Mardin ili; Diyarbakir, Sanliurfa,
Batman, Sirnak ve Suriye ile komsudur (MKTM, 2023). Arastirmanin yaritildagu Kiziltepe Ovasi (Sekil 1),
deniz seviyesinden ortalama 450 m yukseltide bulunmakta olup; kuzeyinde daglik Mardin-Midyat esigi ile
sinirlanan ova, dogusunda bulunan Mardin Ovasi ile batidaki Ceylanpinar Ovasi ve glineyde uzanan Suriye
ovalarinin ortasinda kalmakta ve bu ovalarin devami niteligi gostermektedir (Celik & S6nmez, 2013).

MARDIN ILI Kiziltepe ligesi
1625 325

Sekil 1. Arastirma alani lokasyon haritasi.

Figure 1. Research area location map.

Mardin’de yazlar kurak, Akdeniz yagis rejimi ve giiney c¢ollerinin etkisi altinda kalan bir kara iklimi
gorulur (MKTM, 2023). Yari kurak iklim sartlarinin hakim oldugu, Turkiye ile Suriye arasindaki sinir
noktasinda bulunan Kiziltepe ilgesi, Glineydogu Anadolu Bélgesi Step Iklimi'nin tipik 6zelliklerini
tasimaktadir. Kiziltepe ilcesi, yaz aylarinda, guneydeki c¢ol ikliminin etkisi altina girmekte; bu nedenle,
sicakliklar genellikle 30°C’yi ge¢mektedir. Bu duruma bagli olarak Kiziltepe'nin de i¢ginde bulundugu alan
Tarkiye’'nin en kurak yorelerinden birini olusturmaktadir (Celik & S6nmez, 2013). Mardin iline ait arastirma
yili ve uzun yillar bazi iklim verileri Cizelge 1'de verilmigtir (MGM, 2023). Cizelge 1 incelendiginde; tatl
sorgumun vejetasyon siresince ortalama sicaklik degeri 26.4°C iken, bu degerin ayni dénemin uzun yillar
verilerinden bir miktar yiiksek oldugu goriilmektedir. Arastirmanin yuratildigid Haziran-Ekim déneminde
sadece Ekim ayinda 9.5 mm’lik yagis kaydedilirken, ayni dénemde uzun vyillar toplam yagis ortalamasi
50.0 mm olarak saptanmistir (Cizelge 1).
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Cizelge 1. Mardin ili uzun yillar (1941-2021) ve arastirma doénemi (Haziran-Ekim 2021)’ne ait bazi meteorolojik veriler

Table 1. Some meteorological data for Mardin province for long years (1941-2021) and the research period (June-October)

iklim parametreleri Rasat yillan Haziran Temmuz Agustos Eylul Ekim Ortalama
1941-2021 25.6 29.8 29.6 253 18.6 25.8
Ortalama sicaklik (°C)
2021 26.9 31.3 31.0 248 197 26.4
. 1941-2021 30.6 35.0 34.7 30.1 229 30.7
Ortalama en yiksek sicaklik (°C)
2021 37.8 41.3 394 348 30.0 36.7
o 1941-2021 20.3 245 24.7 20.8 147 21.0
Ortalama en dusuk sicaklik (°C)
2021 15.9 223 234 134 10.6 17.1
N . 1941-2021 2.25 217 0.83 0.92 542 11.6
Ortalama yagish giin sayisi
2021 0 0 0 0 4 4
. ) 1941-2021 6.6 3.2 2.3 40 339 50.0
Aylik toplam yagis miktari ortalamasi (mm)
2021 0.0 0.0 0.0 0.0 9.5 9.5
En yiksek sicaklik (°C) 1941-2021 40.0 42.5 42.0 39.3 356 39.9
En dusik sicaklik (°C) 1941-2021 0.6 11.8 12.8 8.0 -25 7.7

Arastirmanin yiratildugu deneme topraklarinin bazi fiziksel ve kimyasal ozellikleri Cizelge 2'de
verilmistir. Cizelge 2 incelendiginde, tath sorgum vyetistirilen topraklar killi teksturll, tuzsuz, hafif alkalin
karakterde olup; kire¢ icerigi “orta kiregli”, organik madde icerikleri “az”, alinabilir fosfor (P) kapsami “cok
az” ve alinabilir potasyum (K) miktari ise “yeterli” dizeydedir.

Cizelge 2. Arastirma yeri topraklarinin bazi fiziksel ve kimyasal 6zellikleri (0-20 cm)*

Table 2. Some physical and chemical properties of research area soils (0-20 cm)*

Toprak ozelligi Birim Degeri
Su ile doygunluk % 73.3
pH 8.37
Elektriksel iletkenlik dS/m 0.680
Kireg % 6.4
Organik madde % 1.64
Alinabilir P kg P,Os/da 2.0
Alinabilir K kg K.O/da 69

* Analizler, GAP Uluslararasi Tarimsal Arastirma ve Egitim Merkezi Midurliigt Toprak Analiz Laboratuvari'nda yapilmistir.

Arastirmada bitkisel materyal olarak; Gllseker, Sorge, Erdurmus, Ulusoy, Uzun, M81-E, Tracy, Cowley,
Smith ve USDA Tayvan olmak (zere 10 adet tath sorgum [S. bicolor var. saccharatum (L.) Mohlenbr.]
genotipi kullaniimigtir.

Yontem
Tarla deneme teknigi ve uygulanan tarimsal islemler

Deneme alani 6n bitkisi bugday olup, bugday hasadindan sonra tarla pulluk ile derin surdlmis,
daha sonra diskaro ve tirmik ¢ekilmek suretiyle ekime hazir hale getirilmistir.

Arastirmada tarla denemesi, tesaduf bloklari deneme desenine gore 3 tekrarlamali olarak
kurulmustur. Parsellerde sira arasi mesafe 70 cm, sira Uzeri 15 cm olacak sekilde 4 sira halinde ekim
yapilmis olup, parsel boyu 4 m tutulmustur. Buna goére parsel ebadi 2.8 m x 4 m= 11.2 m? olmustur.
Parseller arasinda 70 cm, bloklar arasinda ise 2 m mesafe birakilmis olup, toplam deneme alani 34.3 m x
16 m= 548.8 m?dir.

Ekimden once, toprak analizi sonuglarina gére (Cizelge 2), her parsele homojen miktarda olacak
sekilde; 7 kg/da saf P20s hesabiyla fosforlu glibre (Triple siiper fosfat, % 43-44 P20s)'nin tamami ve
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dekara 15 kg hesabiyla da azot (N)'lu gibre (Amonyum silfat, % 21 N)’nin yarisi banda uygulanmistir.
Ekim islemi; 22 Haziran 2021 tarihinde dekara 2-2.5 kg tohum hesabiyla (TTSM, 2010), ekim derinligi 2-3
cm (TTSM, 2010) olacak sekilde elle yapilmigtir. Bitkiler, 15-20 cm yukseklige ulastiyi dénemde (4
yaprakli oldugu donem) birinci capa ile birlikte tekleme ve ayni zamanda yabanci ot micadelesi
yapilmistir. ikinci capa ve bogaz doldurma, bitkiler 40-50 cm boylandiginda, 6-8 yaprakli oldugu dénemde
yapilmis; bogaz doldurma isleminden 6nce, azotun kalan diger yarisi da uygulanmistir. Daha sonraki
doénemlerde, yabanci ot durumu g6z 6nunde bulundurularak capa ile yabanci otlar kontrol altina
alinmistir. iklim ve toprak sartlarina gére bitkinin kritik gelisme donemlerinde (6zellikle, ciceklenme 6ncesi
ve salkim ¢ikisi gibi) damla sulama ydntemiyle sulama yapilmistir. Bitkilerin hasadi, her bir genotipin
olgunlasma suresi dikkate alinarak yapilmistir. Parsellerin yarisinin ot, diger yarisinin ise tane igin
degerlendirildigi calismada; yesil ot verimi igin tatl sorgum bagsaklarindaki tanelerin hamur oluma ulastigi
donemde (Chavan et al., 2009), tane verimi i¢in ise tanelerin fizyolojik olgunlagsma devresinde (TTSM,
2010) bicimler gerceklestirilmistir. Hasat sirasinda, parsel baglarindan 50’ser cm’lik kisimlar ve parsel
kenarlarindan da birer sira kenar tesiri olarak atilarak 10 cm aniz yiksekligi kalacak sekilde ortadaki 2
sira bigilmigtir. Tane verimi i¢in hasat edilen salkimlar (basaklar) golge bir yerde, 3-5 guin kurutulduktan
sonra elle harmanlanarak, taneler gikariimistir.

incelenen parametreler ve yontemleri

Calismada, hasat sirasindaki gézlem ve bazi élciimler, her parselin ortasindaki 2 siradan tesadiifi
olarak secilen 10 bitki tizerinden yapiimistir. Arastirmada; salkim gikarma stresi, ciceklenme giin sayisi,
bitki boyu, sap kalinhdi, sap orani, yaprak orani, salkim orani, yegil ot verimi, sap verimi, kuru madde
(KM) verimi, fizyolojik olgunlasma suresi, yatma durumu [1-9 skalasi: Yatma yok (1), %1-25 (3), %26-50
(5), %51-75 (7), %76-100 (9)], tane verimi ve bin tane agirhgi degerleri TTSM (2010) ve Avcioglu (2018)
tarafindan bildirilen esaslar dahilinde belirlenmistir.

Kuru madde verimini tespit etmek amaciyla kurutulan ot drnekleri (tim bitki aksami), her parsel igin
ayri ayr 6gutilmis ve analizlere hazir hale getirilmistir. Ogutilen 6rneklerin ham protein (HP), asit
deterjanda c¢tzinmeyen lif (ADF), nétral deterjanda ¢6zinmeyen lif (NDF) oranlari; Ondokuz Mayis
Universitesi Ziraat Fakiiltesi Tarla Bitkileri Bolumi Laboratuvar’nda, NIRS (Near Infrared Reflektance
Spectroscopy-Yakin Kizil Otesi Yansimasi Spektroskopisi) cihazi ile #/C-0904FE kalibrasyon seti (WinlISl,
2022) kullanilarak belirlenmistir (Brogna et al., 2009). Tath sorgum genotiplerine ait belirlenen HP orani
degerlerinin dekara KM verimleri ile garpilmasi sonucu, dekara HP verimleri bulunmustur.

Kaba yemin hayvan tarafindan tiiketim potansiyeli ile saglayacagi enerji degerinin tahminine yénelik
bir indeks olan nispi yem degeri (NYD), Rohweder et al. (1978) tarafindan gelistirilen asagidaki esitlikler
yardimiyla belirlenmistir. Bunun icin dncelikle; Esitlik 1 yardimiyla, sindirilebilir kuru madde (SKM, %); Esitlik
2 ile kuru madde tuketimi (KMT, %) hesaplanmis; Esitlik 3 yardimiyla da NYD saptanmistir.

SKM (%) = 88.9 - (0.779 X % ADF) 1)
KMT (%) = 120 / % NDF )
NYD (%) = % SKM x % KMT x 0.775 @)

Tath sorgum genotiplerinin kuru otunda belirlenen HP, ADF, NDF ve NYD verilerine gére otun
kalite sinifinin degerlendiriimesinde Rohweder et al. (1978) tarafindan bildirilen siniflandirma sistemi [(HP
icin: >%19= en Ustln kaliteli, %17-19= cok iyi, %14-16= iyi, %11-13= orta, %8-10= kot ve <%8= kabul
edilemez), (ADF igin: <%31= en Ustun Kaliteli, %31-35= ¢ok iyi, %36-40= iyi, %41-42= orta, %43-45= koti
ve >%45= kabul edilemez), (NDF icin: <%40= en Ustin kaliteli, %40-46 cok iyi, %47-53= iyi, %54-60=
orta, %61-65= kotl ve >%65= kabul edilemez), (NYD igin: >151= en Ustln kaliteli, 151-125= ¢ok iyi, 124-
103=iyi, 102-87= orta, 86-75= kotl ve <75= kabul edilemez)] kullaniimistir.
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Verilerin degerlendirilmesi

Arastirmadan elde edilen verilerin varyans analizi, JMP paket programi kullanilarak tesaduf bloklari
deneme desenine goére yapilmis; ortalamalar arasindaki farkliliklar, TUKEY coklu karsilastirma testi ile
belirlenmistir (Acikgdz & Agikgdz, 2001). Cizelgelerde deg@erler ortalama + standart hata seklinde verilmigtir.

ARASTIRMA SONUCLARI ve TARTISMA

Bazi fenolojik ve morfolojik 6zellikler

Tath sorgum genotiplerine ait bazi fenolojik ve morfolojik parametrelere ait veriler Cizelge 3'te
verilmigtir. Cizelge 3’te sonuglari verilen bu 6zellikler ydoninden tath sorgum genotipleri arasindaki farklilik
istatistiki agidan p<0.01 diizeyinde 6nemli bulunmusgtur.

Salkim g¢ikarma sresi

Arastirmada ele alinan genotiplerden Sorge ¢esidinin 56.0 giin ile en kisa siirede salkim ¢ikaran
cesit oldugu, M81-E ve Cowley cesitlerinin ise 69.0 giin ile en uzun sirede salkim gikaran cesitler oldugu
saptanmistir (Cizelge 3). Salkim gikarma siiresi genotipik bir 6zellik olmakla birlikte, gevre sartlarindan da
etkilenebilmektedir (S6nmez, 2020). Benzer bulgular Avcioglu (2018) ve Oktem vd. (2021a) tarafindan da
rapor edilmigtir.

Ciceklenme glin sayisi

Ciceklenme suresinin en kisa oldugu genotip 64.0 giin ile Sorge ve Tracy cesitleri olurken, en uzun
ciceklenme suresine sahip genotipler 79.0 giin ile M81-E ve Smith ¢esitleri olmustur (Cizelge 3). Tatl
sorgum cesit ve hatlar ile degdisik ekolojilerde yapilan ¢alismalarda, bu arastirma bulgularinda oldugu gibi
giceklenme giin sayisi yoninden genotipler arasinda anlamh farkliliklarin oldudu, drin sistemleri ve
uygulanan bazi kultirel iglemlere gbre genotiplerin ¢iceklenme giin sayilarinin 51.3-108.0 giin arasinda
degiskenlik gosterdigi rapor edilmistir (Reddy et al., 2005; Girgin, 2012; Avcioglu, 2018; Samarth et al.,
2018; Kaplan, 2021; Oktem vd., 2021b). Ciceklenme giin sayisi yoniinden literatir ile olugan farkliliklar,
arastirmalarin yurataldugua iklim (6zellikle, sicaklik ve yadis) ve toprak kosullarinin farklilidi ile agiklanabilir.

Cizelge 3. Tath sorgum genotiplerinin bazi fenolojik ve morfolojik 6zelliklerine ait sonuglar*

Table 3. Results of some phenological and morphological characteristics of sweet sorghum genotypes*

Salkim Ciceklenme Bitki Sap Sap Yaprak Salkim
Genotipler cikarma siresi gln sayisi boyu kalinhgi orani orani orani
(guin) (gin) (cm) (mm) (%) (%) (%)

Gllseker 62.0+0.00° 74.0£0.00°  350.7+1.30%  28.43+2.242 83.2+0.51*  10.5+0.55° 6.3+0.40¢
Sorge 56.0+0.00°¢ 64.0+0.00¢ 133.6£7.97°  19.22+0.39*  80.5+0.73*  12.1+1.39" 7.4+0.22"
Erdurmus 60.0+£1.00" 70.0£0.00°  316.9+4.18"  18.06+0.39%  81.4+0.99%  12.3+0.54 6.3+£1.23¢
Ulusoy 61.7+1.45° 76.3+0.67®  324.7+2.66° 16.38+0.48¢ 79.1+0.24%  14.7+0.42% 6.2+0.37°
Uzun 58.0+2.00° 76.0+1.00®®  325.4+1.85" 19.86+0.96% = 72.2+1.75° 16.0+1.252 11.7+1.782
M81-E 69.0+0.00? 79.0£0.00*  363.0+1.96% 21.66+1.15"°  78.6+1.05%  12.4+1.26 9.0+0.57°
Tracy 58.0+2.00° 64.0+0.00¢ 327.7+#3.80°  18.39+0.43%  81.1+0.55°  11.3+0.76° 7.6+0.20
Cowley 69.0+0.00? 70.0£0.00°  320.5+8.66° 20.59+0.29%*  81.0+1.00*  11.7+1.52% 7.3+0.28"
Smith 62.0+0.00° 79.0£0.00*  315.6%3.24°> 20.47+0.15%  79.6+0.66* 12.0+1.01* 8.4+0.39%
USDA Tayvan 62.0+0.00° 74.7+1.45°  358.6%2.54%  25.48+1.05®  79.7+0.32%  12.5+0.25 7.8+0.32"
Ortalama 61.8+0.81 72.7+0.99 313.7+11.62 20.86+0.68 79.7£0.57 12.6+0.32 7.840.31
F degeri 16.903** 82.772*%* 283.313* 14.552* 9.802** 7.271% 12.190*

* Ayni harfle gosterilen ortalamalar arasindaki farklilik istatistiki agidan 6nemli degildir. ™ p<0.01 hata sinirlari igerisinde 6nemlidir.
Bitki boyu

Aragtirmada, en yiksek bitki boyu 363.0 cm ile M81-E c¢esidinde elde edilirken, bunu istatistiki
olarak ayni grupta yer alan USDA Tayvan (358.6 cm) ve Gulseker (350.7 cm) genotipleri takip etmistir.
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Calismada, en disuk bitki boyu degeri ise ortalama 133.6 cm ile Sorge ¢esidinde belirlenmistir (Cizelge
3). Cesitler arasindaki genetik farkhlik ile genotip ve c¢evre interaksiyonunun, bitki boyunun degiskenlik
gostermesinde etkili oldugu dusinllmektedir. Tath sorgum genotipleri ile yapilan bazi c¢alismalarda
(Avcioglu, 2018; Kaplan, 2021; Oktem vd., 2021b) da benzer bulgular elde edilmistir.

Tath sorgum genotipleri ile ikinci Uriin kosullarinda yuritilen ¢alismalarda bitki boyu degerlerinin,
Ornegin; Bornova'da azot dozlarina goére 198.1-225.7 cm (Girgin, 2012), Sanlhurfa’da 252.3-340.8 cm
(Avcioglu, 2018), Cukurova’da M81-E gesidinde farkli su duzeylerine gbére 268.7-368.3 cm (Dundar vd.,
2020), Diyarbakirda 326.1-373.7 cm (Kaplan, 2021) arasinda degiskenlik gdsterdigi Dbildirilmigtir.
Arastirmada ele alinan genotiplere ait bitki boyu degerlerinin, literatirdeki bu degisim arahdi sinirlari
icerisinde oldugu soylenebilir.

Sap kalinhig

Calismada, en kalin sap 28.43 mm ile Gllseker gesidinde tespit edilirken, bu gesit ile USDA
Tayvan genotipi (25.48 mm) arasindaki farkhlik istatistiki agidan 6nemsiz bulunmustur. En disik deger
ise 16.38 mm sap kalinhdi ile Ulusoy cesidinde saptanmistir (Cizelge 3). Sap kalinhgi, kiltirel
uygulamalara bagli olarak degiskenlik gostermekle birlikte, genel olarak bitkilerin genetik 6zelliginin bir
sonucu olarak sekillenmektedir (iptas & Acar, 2003; Yimaz vd., 2007). Tath sorgum ile yapilan gok
sayida caligmalarda (Adiyaman vd., 2020; Oktem vd., 2021b; Yonter vd., 2022) da sap kalinh@inin
genotiplere gore degdiskenlik gosterdigi ifade edilmistir. Literatrde tatli sorgum genotiplerinin sap ¢api
degerleri 19.15-28.83 mm arasinda degismistir (Avcioglu, 2018; Adiyaman vd., 2020; Dundar vd., 2020;
Kaplan, 2021; Oktem vd., 2021b).

Sap orani

Sap orani yonunden anlamh farkhhk, Uzun gesidi ile diger genotipler arasinda gerceklesmistir.
Uzun cesidinin sap orani %72.2 ile en dusuk olarak saptanirken, diger tim c¢esitlerin sap orani degerleri
istatistiki agidan birinci grubu olusturmus ve degerler %78.6-83.2 arasinda degiskenlik gostermistir
(Cizelge 3). Sap orani yoniinden cesitler arasindaki farkhihiga; Avcioglu (2018), Oktem vd. (2021b) ve
Yonter vd. (2022) tarafindan da isaret edilmigtir. Sap orani yiksek oldugunda, lignin ve seliloz gibi hiicre
duvari bilesenlerinin orani arttigindan SKM miktari azalmaktadir. Bu nedenle yem bitkilerinde kaba yem
kalitesi agisindan sap oraninin disiik olmasi istenir (Budak & Budak, 2014; Oktem vd., 2021b). Glilseker,
Sorge, Erdurmus, Tracy ve Cowley cgesitlerinin sap orani degerleri arastirma ortalamasinin tzerinde iken,
diger genotipler %79.7’ye esit veya altinda bulunmustur (Cizelge 3).

Yaprak orani

Yapraklar 6nemli bir fotosentetik organ olup, yaprak orani yem kalitesinin dnemli gdstergelerinden
birisidir. Yapraklarin saplara kiyasla kalitesi daha yuiksektir (Budak & Budak, 2014); bu nedenle, yem
kalitesi bakimindan yaprak oraninin yiiksek olmasi istenmektedir (Oktem vd., 2021b). Arastirma
sonucunda en yiksek yaprak orani %16.0 ile Uzun gesidinde belirlenirken, bunu %14.7 ile Ulusoy ¢esidi
takip etmis; Tracy (%11.3) ve Gllseker (%10.5) cesitleri en disik yaprak oranina sahip cesitler
olmuglardir (Cizelge 3). Yaprak orani yoniinden cesitler arasindaki degiskenlik diger bazi arastirmalarda
(Avcioglu, 2018; Oktem vd., 2021b; Yoénter vd., 2022) da rapor edilmistir. Bunun yani sira; Oktem vd.
(2021b), arastirmaya konu olan 6rnegin M81-E c¢esidinde yaprak oranini %13.1, Smith ¢esidinde %11.3,
Tracy cesidinde %6.6 ve Gllseker cesidinde %9.2 olarak belirlemiglerdir. Tath sorgum genotipleri ile
yapilan diger arastirmalarda yaprak oraninin %6.23-29.92 arasinda degisim g0Osterdigi bildirilmigtir
(Girgin, 2012; Avcioglu, 2018; Oktem vd., 2021b). Arastirmada elde edilen veriler, literatiirdeki bu degisim
araligi icerisinde yer almaktadir.

Salkim orani

Arastirma sonucunda en yiksek salkim orani %11.7 ile Uzun g¢esidinde, en dusuk salkim orani ise
Gllseker (%6.3), Erdurmus (%6.3) ve Ulusoy (%6.2) cesitlerinde tespit edilmistir (Cizelge 3). Salkim
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oraninin ¢egitlere godre ©Onemli oranda degiskenlik gdsterdidi, sorgum tirlerinde yapilan bazi
arastirmalarda (Avcioglu, 2018; Oktem vd., 2021b) da bildiriimistir. Tatll sorgum genotiplerinin salkim
oranini; Avcioglu (2018) %4.40-10.31 ve Oktem vd. (2021b) %1.70 (Gllseker)-7.65 (M81-E) arasinda
tespit etmiglerdir. Arastirmada belirlenen salkim orani degerlerinin dnceki c¢alismalarla benzerlik
gosterdigi séylenebilir.

Salkim uzunlugu, salkim yan dal sayisi, salkimda tane sayisi ve salkimda tane agirhgi gibi
morfolojik yapilar salkim oranini etkileyen en dnemli bilesenlerdir. Dolayisiyla adi gegen bu 6zelliklerin
farkhihgi, genotipler arasindaki salkim oraninin degiskenlik gdstermesinde etkili olmaktadir. Bunun yani
sira, Oktem vd. (2021b) genellikle salkim sekli ve blyukliginin genotipik faktorlerden kaynaklandigini
bildirmektedirler. Tanelerin protein, karbonhidrat ve mineral madde icerigi genellikle diger bitki
aksamlarina gore yuksek oldugundan, yem icerisinde salkim oraninin ve buna bagl olarak tane oraninin
yiiksek olmasi yem Kalitesi agisindan istenilen bir durumdur (Oktem vd., 2021b).

Ot ve tane verimi ile ilgili 6zellikler

Tath sorgum genotiplerine ait ot ve tane verimine ait bazi veriler Cizelge 4’te verilmistir. Cizelge
4’teki Ozellikler yonunden tath sorgum genotipleri arasindaki farklilik istatistiki agidan p<0.01 diizeyinde
onemli bulunmustur.

Yesil ot verimi

Kiziltepe Ovasi ikinci Uriin kosullarinda, en yiiksek yesil ot verimi Gilseker (12029 kg/da) ¢esidinde
belirlenirken; bu c¢esit ile USDA Tayvan (10657 kg/da), M81-E (10437 kg/da) ve Cowley (9921 kg/da)
genotiplerinin yesil ot verimleri arasindaki farkllik istatistiki yonden énemsiz bulunmustur. Calismada, en
dislk yesil ot verimi 2247 kg/da ile Sorge ¢esidinden elde edilmistir (Cizelge 4).

Yesil ot verimine en etkili parametrelerin bitki boyu, sap kalinhgi ve sap orani oldugu séylenebilir.
Nitekim bu parametrelerin yiiksek oldugu genotiplerden daha yiksek yesil ot verimi elde edilmistir.
Ozellikle Giilseker gesidinin her (¢ 6zellik yoniinden de oldukga énde oldugu gorilmastir. Tatl sorgum
genotipleri arasindaki yesil ot verimi farkliklarinin anlamli oldugunu bildiren arastirmacilar, yesil ot
veriminin; Avcioglu (2018) 9284-18401 kg/da, Adiyaman vd. (2020) 10633-16172 kg/da ve Oktem vd.
(2021b) 7714-16381 kg/da arasinda degdiskenlik gosterdigini rapor etmiglerdir. Aragtirmadan elde edilen
sonuglarin literaturdeki bu verilerden farkliliklari; genotip, iklim ve toprak farkliliklari ile agiklanabilir.

Cizelge 4. Tath sorgum genotiplerinin verim ve bazi verim unsurlarina ait sonuglar*

Table 4. Results of yield and some yield components of sweet sorghum genotypes*

Yesil ot Sap Kuru madde Fizyolojik Yatma Tane Bin tane
Genotipler verimi verimi verimi olgunlagsma durumu verimi agirhgi

(kg/da) (kg/da) (kg/da) siresi (giin) (2-9) (kg/da) (9)
Gulseker 120294252 10009+205% 3346.7+60.0*°  106.0+0.00° 1.00£0.00°  153.47+7.123°  24.08+0.36%°
Sorge 2247+34f 1809+30° 572.4+17.3¢ 96.0+0.00¢ 1.00+0.00° 88.89+8.10¢ 16.50+1.38°
Erdurmus 4063+124°  3312+138%  1370.4+58.9°  104.0+1.00° 1.00£0.00° 118.96+30.08%  22.33+0.58"
Ulusoy 6905+138%  5464+103° 2008.1+92.8"  119.7+2.03%  1.00+0.00° 116.13+10.62*  16.83+0.08%
Uzun 5437+379%  3925+272%  1780.3+297.3° 116.0+0.00°  2.33+0.67° 195.27+38.57% 27.25+1.23*
M81-E 10437+507%  8209+435° 2799.1+118.78 120.0+0.00®  1.00+0.00° 184.66+12.93*  26.50+1.38%
Tracy 8968884  7262+663° 2802.6+485.7%8  116.0+0.00°  3.67+0.67® 149.95+5.61%°  22.33+0.08"
Cowley 9921+678® 8033521 2867.3+377.1* 119.7+2.03*  5.00+0.00° 138.44+26.48"¢ 20.58+0.30%
Smith 9762+238° 7776+252°  2700.3+70.5%  120.0£0.00®*  1.67+0.67° 182.97+16.71%*  25.42+0.79%
USDA Tayvan 10657+215%® 8495+156° 2812.5+106.8% 123.0+0.00% 1.00+£0.00°  174.54+0.47% 24.77+0.23%
Ortalama 80424578 6429+477  2306.0+154.1 114.0+1.59 1.87+0.27 150.33+37.32 22.66+0.69
F degeri 52.487** 58.494** 38.529** 78.856** 13.827** 10.639** 25.127**

* Ayni harfle gosterilen ortalamalar arasindaki farklilik istatistiki agidan énemli degildir. ™ p<0.01 hata sinirlari igerisinde 6nemlidir.
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Sap verimi

En yuksek sap verimi Gllseker (10009 kg/da) c¢esidinde belirlenirken, bu cesit ile USDA Tayvan
(8495 kg/da) genotipinin sap verimi arasindaki farkllik istatistiki yénden énemsiz bulunmustur. Calismada,
en disuk sap verimi 1809 kg/da ile Sorge ¢esidinden elde edilmistir (Cizelge 4). Arastirma bulgularina
benzer sekilde sap verimi yéninden genotipler arasinda onemli farkhliklar gézlemleyen; Avcioglu (2018)
sap veriminin genotiplere gore 7440-13950 kg/da, Adiyaman vd. (2020) 9117-13413 kg/da ve Oktem vd.
(2021a) 5763-14433 kg/da arasinda degisim gosterdigini rapor etmislerdir. Ek olarak, tath sorgum sap
verimlerini; Tsuchihashi & Goto (2004), Java-Endonezya sartlarinda 4790 ile 6593 kg/da, Reddy et al.
(2005) ve Chavan et al. (2009) Hindistan kosullarinda sirasiyla 4100-5200 ve 2276-4485 kg/da, Geren vd.
(2011) ve Girgin (2012) Ege Bélgesi ikinci uriin kosullarinda sirasiyla 2150-2660 ve 2320-2626 kg/da
arasinda degistigini bildirmislerdir. Literatirdeki bu sonuclar ile arastirma verileri arasindaki farkliliklar, ¢esit
Ozelligi ile yetistirilen bolgenin iklim ve toprak 6zelliklerinin farkhihgi ile agiklanabilir.

Kuru madde verimi

Arastirmada, en yiuksek KM verimi istatistiki olarak ayni grupta yer alan; Gllseker (3346.7 kg/da),
Cowley (2867.3 kg/da), USDA Tayvan (2812.5 kg/da), Tracy (2802.6 kg/da) ve M81-E (2799.1 kg/da)
genotiplerinde belirlenmis olup, bu genotiplere ait KM verimi ile Smith (2700.3 kg/da) ¢esidinin verimleri
arasindaki farkllk istatistiksel agidan 6nemsiz ¢gikmistir. Calismada, en disiuk KM verimi ise 572.4 kg/da ile
yesil ot veriminde oldugu gibi Sorge ¢esidinden elde edilmistir (Cizelge 4). Kuru madde verimi yoninden
cesitler arasindaki bu farkhhk, genotiplerin iklim ve toprak sartlarina gosterdikleri uyum farkliligindan
kaynaklandigi dustndlmektedir.

Tath dan ile yapilan bazi calismalarda da KM verimi yoninden cesitler arasindaki anlamli
farkhliklara vurgu yapilmistir (Avcioglu, 2018; Adiyaman vd., 2020; Oktem vd., 2021b; Yonter vd., 2022).
Literatirdeki bu galismalarda, Sanliurfa ikinci tGriin kogullarinda, KM verimini; Avcioglu (2018) UNL-hybrid-
4 (8456.3 kg/da) gesidinden, Adiyaman vd. (2020) ilk yil en yiiksek degerin 4529.7 kg/da ile Urja
¢esidinden, ikinci yil ise Theis (3989.9 kg/da), Top 76-6 (3827.8 kg/da), M81-E (3595.5 kg/da) ve Urja
(3569.8 kg/da) cesitlerinden elde etmislerdir. Buna karsilik Kaplan (2021), KM verimi bakimindan tatli dar
cesitleri arasinda 6nemli farkliliklarin saptanmadigini, cesitlerin KM verimlerinin 2698.6-3496.5 kg/da
arasinda degiskenlik gosterdidini ve rakamsal olarak en yiksek miktarin No91 (USDA Tayvan)
genotipinden elde edildigini rapor etmistir.

Genel olarak yesil ot verimi ve bitki boyu yiiksek olan, buna karsilik salkim orani disik olan
genotiplerin KM verimlerinin de yiksek oldugu gorilmektedir. Bu durum; Gllseker, M81-E ve USDA
Tayvan genotiplerinde oldukga belirgin bir sekilde kendini gostermektedir. Tatli dar c¢esitleri ile farkli
ekolojilerde yapilan ¢alismalarda KM verimlerinin 763.0-8456.3 kg/da arasinda degisim gosterdigi rapor
edilmistir (Girgin, 2012; Khaled, 2013; Hiroshi et al., 2015; Avcioglu, 2018; Geren vd., 2019; Adiyaman vd.,
2020; Kaplan, 2021; Oktem vd., 2021b). Calismada elde edilen KM verimlerinin literatiirde belirtilen bu
degisim araligi icerisinde oldugu goérulmustir. Kuru madde verimleri yoninden literatirdeki sonuclardan
farkhhk ise, arastirmalarin; farkli ekolojik kosullarda ve farkli genotiplerle yapilmis olmasi ile agiklanabilir.

Fizyolojik olgunlagma suresi

Cizelge 4’teki sonuglar incelendiginde; en kisa fizyolojik olgunlasma suresi degeri 96.0 guin ile Sorge,
en uzun fizyolojik olgunlagsma siresinin ise 123.0 gin ile USDA Tayvan genotipinde tespit edilmistir.
Fizyolojik olgunlasma siresinin uzun olmasi, fotosentezin artigina bagli olarak daha fazla KM ve besin
maddelerinin bitkide birikmesine neden olmaktadir. Bu durum, 6zellikle tane verimini etkilemektedir.

Fizyolojik olgunlagsma siresi bakimindan tatli sorgum genotipleri arasinda anlamli farkliliklarin tespit
edildigi bazi galigmalarda, fizyolojik olgunlasma siresi 6regin; Sanhurfa ikinci Urin kosullarinda 94.25 ile
121.00 giin (Avcioglu, 2018) ve Harran Ovasi ana (riin kosullarinda 128 ile 168 giin (Oktem vd., 2021a)
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arasinda degisim gdstermistir. Calismada belirlenen tath sorgum genotiplerinin fizyolojik olgunlagsma
surelerinin, literaturdeki ikinci Urtin kosullarinda yapilan ¢alismalarla uyumlu oldugu séylenebilir.

Yatma Durumu

Yapilan goézlemlerde; Cowley cesidinde fizyolojik olumdan sonra, parseldeki bitkilerin %26-50
arasinda degdisen oranlarda yatma gortulmuistir. Tracy ve Uzun gesitlerinde bu oranin %1-25 arasinda
degiskenlik gosterdigi, ele alinan diger cesitlerde ise yatma durumunun s6z konusu olmadig
g6zlemlenmigtir. Nitekim yapilan istatistiki analizlerde de anlamli farkhlik, Cowley, Tracy ve Uzun cesitleri
ile diger genotipler arasinda belirlenmigtir (Cizelge 4). Tatli sorgum (Avcioglu, 2018) ve sorgum turleri
(Ozge vd., 2022) ile yapilan bazi arastirmalarda da yatma durumu yéniinden genotipler arasindaki 6nemli
farkhhklara vurgu yapilmistir. Kaba yem amaciyla degerlendirilebilecek bitkilerde yatma, genel olarak
istenmeyen bir durumdur. Yatma, besin maddeleri ve suyun bitkiler tarafindan kullanimini etkilemekte;
yem bitkilerinde 6nemli oranda verim ve kalite kayiplarina yol acabilmektedir. Yatma, ayni zamanda;
tanesi de degerlendirilen trlnlerde 6nemli oranda tane kayiplarina da yol agmaktadir.

Tane verimi

Kiziltepe Ovasi ikinci Uriin kosullarinda en yiksek tane verimi 195.27 kg/da ile Uzun cesidinde
belirlenirken; bu cesit ile M81-E (184.66 kg/da), Smith (182.97 kg/da), USDA Tayvan (174.54 kg/da),
Gllseker (153.47 kg/da) ve Tracy (149.95 kg/da) genotipleri arasindaki farklilik istatistiki olarak dnemsiz
bulunmustur. Calismada, en dusuk tane verimi ise 88.89 kg/da ile Sorge ¢esidinden elde edilmistir (Cizelge
4). Tane verimi yéninden genotipler arasindaki bu farkhlik; genetik faktérler yaninda, genatiplerin iklim ve
toprak sartlarina gosterdikleri uyum farklihgindan kaynaklandidi disinulmektedir.

Salkim orani (Cizelge 3) yuksek olan genotiplerin, genel olarak tane verimlerinin de yiksek oldugu
gorilmustir. incelenen genotipler arasinda tane verimi yoninden biyiik varyasyon gériilmemesine
ragmen, Sorge gibi bazi gesitlerin salkimlarinin ve tane boyutlarinin kiiciik olmasi nedeniyle disik tane
verimleri elde edilmigtir (Cizelge 4).

Sanlurfa ikinci Griin kosullarinda Avcioglu (2018), arastirma bulgularina benzer sekilde tane verimi
yonlnden cesitler arasindaki énemli farklihga vurgu yapmis; gesitlerin tane verimlerinin 110.50-494.03
kg/da arasinda degiskenlik gosterdigini rapor etmistir. Endonezya (Tsuchihashi & Goto, 2004), Hindistan
(Reddy et al., 2005) ve Cin (Zhao et al., 2009)’de yapilan arastirmalarda tath sorgum c¢esitlerinde tane
verimlerinin 20-650 kg/da arasinda degisim gdsterdigi tespit edilmistir. Arastirmada, tane verimi yoniinden
elde edilen degerlerin 6nceki galismalarda belirlenen degerlerle benzerlik gésterdigi séylenebilir.

Bin tane agirhgi

En yiksek bin tane agirligi, Uzun (27.25 g) ve M81-E (26.50 g) cesitlerinde saptanmis olup; bu
cesitler ile Smith (25.42 g), USDA Tayvan (24.77 g) ve Gllgeker (24.08 g) genotipleri arasindaki farklhk
istatistiki olarak énemsiz bulunmustur. Calismada, en disik bin tane agirligi ise 16.50 g ile Sorge gesidinde
saptanmistir (Cizelge 4). Tath sorgum ve diger sorgum tirlerinde bin tane agdirlhidi degerlerinin genotiplere
gore degiskenlik gosterdigi bazi arastirmalarda (Oktem vd., 2021a; Ozge vd., 2022) da bildirilmigtir. Tatli
sorgum bitkisiyle yapilan galismalarda bin tane agirhginin 15.41-93.40 g arasinda degiskenlik gosterdigi
rapor edilmistir (Tsuchihashi & Goto, 2004; Girgin, 2012; Samarth et al., 2018; Oktem vd., 2021a).
Arastirmada tespit edilen bin tane agirigi degerleri literatiirdeki bu degisim aralidi icerisindedir.

Ot kalitesi ile ilgili bazi 6zellikler

Tath sorgum genotiplerinin kuru maddesinde belirlenen ortalama HP, ADF ve NDF oranlari ile otun
HP verimi ve NYD sonugclari Cizelge 5'te sunulmustur. Cizelge 5’teki 6zellikler yéniunden tath sorgum
genotipleri arasindaki farklilik istatistiki agcidan p<0.01 diizeyinde 6nemli bulunmustur.
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Ham protein orani

En ylUksek HP orani, istatistiki olarak birinci grupta yer alan Gilseker (%13.81) ve Uzun (%13.67)
cesitlerinde belirlenmis; bu degerleri, %12.56 ile Erdurmus ve %12.50 ile Ulusoy cesitleri takip etmistir. En
distik HP orani ise %11.27-11.95 arasinda degisen HP oranlarina sahip olan Sorge, M81-E, Tracy,
Cowley, Smith ve USDA Tayvan genotiplerinde tespit edilmistir (Cizelge 5). Genotipler arasindaki bu
farkhih@in, genetik 6zelliklerinin farkli olmasindan kaynaklandigi distnilmektedir. Ham protein orani
yoninden, tath sorgum (Yicel vd., 2017; Geren vd., 2019; Oktem et al., 2021) ve diger sorgum tirleri
(Bilen & Turk, 2021; Uygur Goéger & Karadag, 2022) ile yapilan calismalarda da cesitleri arasindaki
anlamli farkhhklar rapor edilmistir. Oktem et al. (2021), Sanlurfa ikinci Urin kosullarinda, iki yillik ortalama
sonuclara gore, tath sorgum genotiplerinin HP oranlarinin %4.20 (Tracy)-5.90 arasinda degistigini; Cowley,
M81-E, Smith, USDA Tayvan ve Gllseker genotiplerinin HP oranlarinin sirasiyla %4.37, %4.87, %4.25,
%5.00 ve %5.58 oldugunu bildirmiglerdir. Arastirmada belirlenen HP orani degerlerinin Oktem et al.
(2021)nin verilerinden yiksek oldugu goérilmuistir. Bu durumun, uygulanan kuilttrel iglemler ile analiz
yonteminin farklihgindan kaynaklandigi distiniimektedir.

Yem kalitesini karakterize eden dnemli kriterlerden birisi de HP orani olup (Budakh Carpici & Celik,
2014; Hu et al., 2021); Meen (2001), HP oraninin yemin sindirilebilirligi Gzerine etkisi oldugunu, genel olarak
ruminantlann ihtiyaglarini karsilamak i¢cin yem rasyonlarinda HP igeriginin en az %7 duzeyinde olmasi
gerektigini vurgulamistir. Arastirmada incelenen tatli sorgum genotiplerinin HP iceriklerinin literatiirde
belirtilen bu sinir degerin tizerinde oldugu; Rohweder et al. (1978) tarafindan yapilan siniflandirmaya gére
de, HP yonunden tatl sorgum kuru otunun “orta” kalitede ota sahip oldugu séylenebilir.

Cizelge 5. Tath sorgum genotiplerinin ot kalitesi ile ilgili sonuglar*

Table 5. Results on forage quality of sweet sorghum genotypes*

Genotipler HP _HP ADF NDF NYD
orani (%) verimi (kg/da) orani (%) orani (%)
Gllseker 13.81+0.05% 462.1+5.60% 29.49+0.55% 57.18+0.27°¢ 107.2+0.39%
Sorge 11.30+0.48° 64.7+5.38" 35.65+1.042 65.61+1.35% 86.7+2.509
Erdurmus 12.56+0.12% 172.046.51¢ 30.51+2.85" 52.53+0.68¢ 115.3+1.96%
Ulusoy 12.5040.35% 250.7+9.17¢% 34.39+1.38?2 61.86+0.43% 93.4+1.51%
Uzun 13.67+0.03% 243.5+41.58% 32.160.69% 58.12+1.05% 102.2+1.38%
M81-E 11.72+0.25° 327.6+2.78 30.430.31% 57.82+0.56° 104.9+1.11°%%¢
Tracy 11.41+0.26° 320.0+59.50° 32.45+0.77%° 60.59+0.97%° 97.7+1.79%"
Cowley 11.68+0.26° 334.4+39.55° 32.76+1.46%° 60.66+0.39 97.2+1.63%
Smith 11.27+0.11° 304.2+2.84b 27.69+0.37°¢ 51.45+0.28¢ 121.7+0.42?
USDA Tayvan 11.95+0.18° 336.2+19.00° 30.20+0.67"° 57.52+0.84° 105.8+2.01%
Ortalama 12.19+0.18 281.6+19.38 31.57+2,51 58.34+0.83 103.2+10.18
F degeri 12.856** 42.492* 10.038** 28.724** 37.648**

* Ayni harfle gosterilen ortalamalar arasindaki farklilik istatistiki agidan énemli degildir. ™ p<0.01 hata sinirlari igerisinde 6nemlidir.
Ham protein verimi

Calismada, en yuksek HP verimi 462.1 kg/da ile Gllseker cesidinde, en disik HP verimi ise 64.7
kg/da ile Sorge cesidinde elde edilmistir (Cizelge 5). Kuru madde verimi ile HP oraninin birlikte
degerlendirilmesinin dogal bir sonucu olarak, yuksek KM verimi elde edilen genotiplerde genel olarak HP
verimi de yiiksek olmustur. Sorgum tiirleri ile yapilan bazi ¢alismalarda (Ozmen, 2017; Bilen & Tiirk,
2021) da HP verimi yéninden cgesitler arasinda anlamh farkhliklarin oldugu rapor edilmistir.

Asit deterjanda ¢6zinmeyen lif orani

En yuksek ADF orani, istatistiki olarak birinci grupta yer alan Sorge (%35.65) ve Ulusoy (%34.39)
cesitlerinde belirlenmis; bu degerleri, %32.76 ile Cowley, %32.45 ile Tracy ve %32.16 ile Uzun gesitleri
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takip etmistir. En dusuk ADF orani ise %27.69 ile Smith gesidinde tespit edilmistir (Cizelge 5). Tath
sorgum genotipleri ile yapilan bazi ¢aligsmalarda (Yucel vd., 2017; Geren vd., 2019; Oktem et al., 2021;
Oktem vd., 2021b) da, arastirma bulgularina benzer sekilde ADF orani yéniinden genotipler arasinda
anlamli farkliliklar tespit edilmistir. Genotiplere bagli olarak, ADF oraninin; tath sorgum silajlarinda Yucel
vd. (2017) %29.91-43.94, Geren vd. (2019) %31.9-37.9 ve Kaplan (2021) %29.96-39.05, tath sorgum
kuru otunda ise Oktem et al. (2021) %27.84-36.30 ve Oktem vd. (2021b) %27.09-34.76 arasinda
degistigini bildirmislerdir. Arastirmada saptanan ADF oranlarinin literatirdeki degisim sinirlari icerisinde
oldugu gorulmustir. Bitkilerin yapisal karbonhidratlar icerisinde yer alan, seliiloz ve ligninden olusan ADF
orani (Carlier et al., 2009), kaba yemlerde toplam sindirilebilir besin maddelerinin iyi bir gostergesi olup
(Gursoy & Macit, 2014); kaba yemlerde, ADF oraninin dugtk olmasi istenir (Van Soest, 1994; Stokes &
Prostko, 1998). ADF iceridi yoninden tatl sorgum genotiplerinin yem kalitesi degerlendirildiginde,
genotiplerin “en Ustln kaliteli” ve “gok iyi” kalite standartlarinda degisen yem Urettigi belirlenmistir.

Notral deterjanda ¢6ziinmeyen lif orani

En dusik NDF orani, istatistiki olarak ayni grupta yer alan Smith (%651.45) ve Erdurmus (%52.53)
cesitlerinde belirlenmis; bu degerleri, %57.18 ile Gllseker, %57.52 ile USDA Tayvan ve %57.82 ile
M81-E genotipleri takip etmigtir. En yiiksek NDF orani ise %65.61 ile Sorge cesidinde tespit edilmigtir
(Cizelge 5). Yemlerin NDF konsantrasyonu Uzerine, yetistirildigi ortamin ekolojisi, uygulanan kultirel
islemler, tur ve cesit farkhlid1 etkili olmaktadir. Tatl sorgum genotipleri ile yapilan bazi ¢alismalarda
(Yicel vd., 2017; Kaplan, 2021; Oktem et al., 2021; Oktem vd., 2021b) da, arastirma bulgularina benzer
sekilde NDF orani yoninden genotipler arasinda dnemli farkliliklar tespit edilmistir. Genotiplere bagli
olarak, NDF oraninin; tatli sorgum silajlarinda Yicel vd. (2017) %41.62-62.47 ve Kaplan (2021) %47.23-
59.33, tatli sorgum kuru otunda ise Oktem et al. (2021) %43.11-56.49 ve Oktem vd. (2021b) %43.68-
55.35 arasinda degistigini bildirmiglerdir. Arastirmada saptanan NDF orani degerlerinin literatiirdeki bu
degerlerin bir miktar Gzerinde oldugu gordlmistir. Mevcut galisma ile 6nceki ¢calismalar arasindaki bu
farkliliklar Uzerinde; cevresel faktdrler, bicim zamani, bitki ¢esidi, analiz yontemi gibi faktorlerin etkili
oldugu dusunilmektedir. Bitki hiicre duvarinin en 6nemli yapisal bileseni olan ve seliloz, hemiseliloz ve
ligninden olusan NDF (Lee et al., 2017; Skamarokhova et al., 2020), gevis getiren hayvanlarin yemi
tuketimi ile iliskili olup (Budak & Budak, 2014; Lemaire & Belanger, 2019), NDF oraninin da kaba
yemlerde dusik olmasi istenir. Yem Kkalite standardi dikkate alindijinda, NDF igerigi yoniinden tath

LTS

sorgum genotiplerinin “iyi”, “orta” ve “k6tl” kalite standartlarinda degisen yem Urettigi belirlenmigtir.
Nispi yem degeri

Nispi yem degeri yoninden genotipler arasindaki degisim incelendiginde; en yuksek NYD 121.7 ile
Smith cesidinde, en dusik NYD ise 86.7 ile Sorge cesidinde tespit edilmistir (Cizelge 5). Genotiplerin
ADF ve NDF orani yoninden farklihk gostermesi, dogal olarak NYD sonuglarini da ayni yénde
etkilemistir. Tath sorgum (Yicel vd., 2017; Kaplan, 2021; Oktem et al., 2021) ve diger sorgum tirleri ile
(Tekin, 2018; Bilen & Turk, 2021; Wahyono et al., 2021; Khalilian et al., 2022) yapilan bazi ¢alismalarda
da NYD yoninden genotipler arasindaki anlamli degiskenlikler ortaya konmustur. Amerika Birlesik
Devletleri’nde yonca bitkisinde kalite kontroll igin gelistirilien NYD indeksi siniflamasi, giinimizde kaba
yemlerin pazarlanmasi ve kalitesinin belirlenmesinde bitin yem bitkileri i¢in kullanilan 6nemli bir
rehberdir (Gursoy & Macit, 2017; Kesen & Geren, 2020). Rohweder et al. (1978) tarafindan bilidirilen bu
skalaya gére, NYD yodnunden, tatli sorgumdan elde edilen yemlerin “k6ti” ve “iyi” kalite sinifinda degisen
yem grubuna girdigi anlasiimaktadir.

SONUC ve ONERILER

Tath sorgum bitkisi, yuksek verimli kaliteli bir yesil yem bitkisi olarak, ikinci triin kosullarinda
yetistiriimek suretiyle yar kurak iklime sahip Kiziltepe Ovasi bitkisel tretim deseni icerisine dahil edilebilir.
Yorede, Ozellikle sezon disi veya hayvan yeminin kit oldugu dénemde genotiplerin yiksek besleyici
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potansiyelleri nedeniyle, kurakliga dayanikl olan tatli sorgumun ekimi tesvik edilmelidir. Bu itibarla; ot
Uretimi amaciyla bircok tarimsal 6zellikler yéninden 6ne ¢ikan Gilseker ve USDA Tayvan genatipleri,
tane Uretimi amaciyla da Uzun ¢esidi y6re kosullarinda ekilebilecek genotipler olarak tavsiye edilebilir.
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0z

Amag: Bu galismanin amaci, aromatik bitkilerden inflizyon teknigi ile ekstraktlar
elde ederek farkli formulasyonlarda elma suyu ile karistirilarak fonksiyonel
olarak zenginlestiriimis bir Grin gelistiriimesi ve Urinun fizikokimyasal
analizlerinin yapilmasidir.

Materyal ve Yontem: Ihlamur cicegi (Tilia cordata), kekik (Thymus collinus),
kasni otu (Ferula galbaniflua) ve yarpuz (Mentha pulegium) bitkilerinden
infuzyon teknigi ile ekstraktlardan farkli oranlarda alinarak, elma suyuna ilave
edilmis ve fonksiyonel elma suyu Uretimi gergeklestirilmistir. Farkl ekstraktlarin
etkinligini belirlemek amaciyla, elde edilen meyve sularina suda ¢ozinir kuru
madde, pH degeri, renk, berraklik, hidroksimetil furfural (HMF), toplam seker,
fenolik madde, antioksidan kapasite, askorbik asit analizleri yapilarak sonuglar
istatistiksel olarak degerlendirilmistir.

Aragstirma Bulgulan: Farkli formilasyonlarla uUretilen elma sularinda artan
bitkisel ekstrakt miktarina bagh olarak HMF ve toplam seker miktarlar
azalirken, ekstraktlarin icerdigi biyoaktif bilesenler sebebiyle toplam fenolik
madde, antioksidan kapasite ve askorbik asit miktarlarinda artis tespit edilmistir.

Sonug: Elde edilen bulgular, bitkisel ekstraktlarin elma sularinin igerigini etkin
bir sekilde zenginlestirdigini ve fonksiyonel 6zelliklerini arttirdigini géstermistir.

ABSTRACT

Objective: This study aims to obtain extracts from aromatic plants using the
infusion technique to produce a functionally enriched product by mixing it with
apple juice in different formulations and performing physical and chemical
analysis.

Material and Methods: Functional apple juice was produced by adding extracts
from linden flower (Tilia cordata), thyme (Thymus collinus), galbanum (Ferula
galbaniflua) and pennyroyal (Mentha pulegium) plants to apple juice in different
proportions using the infusion technique. To determine the properties of the
obtained fruit juices, water-soluble dry matter, pH value, color, clarity,
hydroxymethyl furfural, total sugar, phenolic substance, antioxidant capacity,
and ascorbic acid analyses were performed, and the results were evaluated
statistically.

Results: While the amounts of HMF and total sugar decreased due to the
increasing amount of aromatic plant extracts in apple juices produced with
different formulations, an increase in the amounts of total phenolic substances,
antioxidant capacity, and ascorbic acid was detected due to the bioactive
components contained in the extracts.

Conclusion: These findings show that aromatic plant extracts can be used
successfully to enrich the content of apple juices and increase their functional
properties.
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GiRiS

GiUnumuzde saglikl yagsam tarzina olan mevcut egilim ve beslenme gereksinimlerindeki degisiklik,
fonksiyonel gidalara olan ilginin artmasi (izerinde etkili olmustur (Barauskaite et al., 2018). Ozellikle
yasadigimiz COVID-19 pandemisi ve ayni zamanda fonksiyonel gidalarin sagladigi bagisiklik desteginin
kronik bir hastaligi 6nlemede kullanilabilmesi nedeniyle fonksiyonel gida Uretimi ve tiketimi buyuk bir ilgi
gormektedir (Cebeci & Mankan, 2022). Bu kapsamda fonksiyonel icecekler, formilasyonlari itibariyle
tuketicilerin taleplerine cevap verebilme dzellikleriyle beraber daha kolay daditim ve depolama avantajlar da
g6z 6niinde bulunduruldugunda ilgi ¢ekici ve arzu edilen gida kategorisindedirler (Rubio-Perez et al., 2014).

Meyve sulari ginlik hayatta hos lezzet, aroma ve vitamin icerikleri nedeniyle siklikla
tuketilmektedir. Ayrica icerdikleri fenolik bilesenler, antioksidanlar gibi biyoaktif bilesenler ile yuksek lif,
vitamin ve minerallerin saghgi olumlu yénde etkilemesi sebebiyle de popilerliklerini korumaktadirlar
(Ghinea et al., 2022). Meyve sularl biyoaktif bilesenler bakimindan zengin olmalarina ragmen, elde
edildikleri meyvelerin ham maddeleri ile karsilastirildiginda, uygulanan iglemler sonucunda énemli oranda
kayiplar oldugu belirtiimektedir (Torronen et al., 2012; Male$ et al., 2023). Bu asamada c¢esitli aromatik
bitki ekstraktlarinin meyve sularinin biyoaktif bilesen kompozisyonunu zenginlestirmek amaciyla kullanimi
bir alternatif olarak karsimiza ¢gikmaktadir (Gomez et al., 2023; Males et al., 2023).

Elma (Malus domestica) siklikla tercih edilen ve dinyada en cok yetistirilen meyvelerden bir
tanesidir (FAOSTAT, 2021). Taze olarak tuketilmesinin yani sira basta meyve suyu olmak lzere, sirke,
elma sarabi, cips ve sekerleme gibi farkli sekillerde islenerek tiketici talebine sunulmaktadir. Meyve suyu
uretiminde portakal ve ananas ile birlikte en ¢cok Uretimi yapilan elma suyunda da diger meyve sularinda
uygulanan 1sil iglemler sonucu biyoaktif bilesenlerde kayiplar gérilmektedir. Literatir galismalarinda
kekik, adagayi, biberiye gibi aromatik bitkilerden elde edilen bitkisel ekstraktlarin icerdikleri
hidroksisinnamik asitler, flavonlar ve terpenler gibi biyoaktif bilesenlerin elma sularinda fenolik icerikleri,
antioksidan o6zellikleri ve duyusal nitelikleri olumlu yonde etkiledigi belirtilmistir (Carovi¢-StanKo et al.,
2016; Raudone et al., 2017; Abd Rashed & Rathi, 2021; Males et al., 2023).

Literatirde elma suyu dretiminde hali hazirda kullaniimamis dogal bitki ekstraktlarinin elde
edilmesinde Azerbaycan, zengin bitki gesitliligi ile dikkat ¢eken bir Ulkedir. Kafkasya'nin glineydogusunda
yer alan Azerbaycan, cografi konumu dolayisiyla birgok farkl iklim bdlgesinin kesisim noktasinda bulunur
ve bu sayede c¢ok cesitli bitki tirlerine ev sahipligi yapar. Ozellikle daglik bolgelerde bulunan bitki
cesitliligine dair yapilan galismalarda 60 aileden, 194 cinse ait 321 faydal bitki bulundugu bildirilmigtir.
Gence ili de ulkenin geneline yayilmig bitkisel gesitlilige sahip olup dogdal olarak yetisen bir¢ok faydali bitki
bulundurmaktadir (Seyddahmedov & Atamov, 2008; Atamov vd., 2017). Bu bitki gesitliligi hem yerel
halkin gecim kaynaklarina hem de gida, eczacilik gibi cesitli endistrilere potansiyel ham madde
saglamaktadir. Bu bilgiler isiginda yapilan bu ¢alismada, Gence ilinde dogal olarak yetisen ihlamur gicegi
(Tilia cordata), kekik (Thymus collinus), kasni otu (Ferula galbaniflua) ve yarpuz (Mentha pulegium)
bitkilerinden infiizyon teknigi ile ekstraktlar elde edilerek farkli oranlarda elma suyu ile karistiriimis ve
fonksiyonel olarak zenginlegtiriimis bir Grin gelistiriimesi ve fizikokimyasal analizler ile fonksiyonel
Ozelliklerinin belirlenmesi amaglanmistir.

MATERYAL ve YONTEM

Materyal

Bu galismada elma suyu uretimi kapsaminda kullanilan elmalar (Golden delicious) Azerbaycan’in
Gence ilindeki yerel bir marketten temin edilmistir. Bitkisel ekstraktlarin Gretimi icin kullanilan thlamur
cicegi (Tilia cordata), kekik (Thymus collinus), kasni otu (Ferula galbaniflua) ve yarpuz (Mentha pulegium)
bitkileri Gence ilinden (40°40'0" Kuzey Enlemleri, 46°21'0" Dogu Boylamlari) toplanmistir. Analizler icin
gerekli olan kimyasallar ise analitik saflikta olup, Sigma-Aldrich firmasindan (Sigma Chemical Co., St.
Louis, MO, ABD) satin alinmigtir.
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Bitkisel ekstraktlarin ve bitkisel ekstraktlarla zenginlestirilmig elma suyunun tretimi

Bitkisel ekstrakt elde etmek tzere thlamur gigegdi (Tilia cordata), kekik (Thymus collinus), kasni otu
(Ferula galbaniflua) ve yarpuz (Mentha pulegium) bitkileri kullaniimistir. 1 kg bitkiye 80 °C'de 1 L su
(kati:sivi orani; 1:1) ilave edilerek 10 dk boyunca inflizyon gergeklestiriimistir. Siire sonunda bitkiler
ortamdan sizlerek uzaklastiriimis ve bitki ekstraktlar elde edilmigtir.

Bu islem sonrasi Sekil 1'de detaylari verilen elma suyu Uretimi gerceklestirilerek ve Cizelge 1'de
ifade edilen formulasyonlar kullanilarak bitkisel ekstraktlarla zenginlestiriimis elma sular elde edilmistir.
Bu asamadan sonra yapilan analizler tretimi yapilan Ug¢ farkh formilasyona sahip elma suyu ve bitkisel
ekstrakt icermeyen kontrol grubu elma suyu icin gergeklestirilmistir.

‘ Bitkisel
A ekstraktlarla
Bitkisel zenginlestirilmis
‘ ekstraktlarla elma suyu
Farkh zenginlestirilmis
formiilasyonlar elma sularinin
Dekantasyona i¢in farkh bitki 100 "C'de 30
‘ birakilan ekstraktlarimin dakika sterilize
| Bulamk meyve ilave edilmesi edilmesi
p \ ‘ meyve suyunun
< Parcalanmig suyunun | giin stiziilerek
- l A elmalanin siire ile 4 “C'de berrak elma
- ) Ayiklama, preslenerek dekantasyona suyu eldesi

" . yikama ve elma suyunun birakilmasi
Elma (Golden par¢alama eldesi
delicious)

F 3

ES-1 ES-2 ES-3

Sekil 1. Bitkisel ekstraktlarla zenginlestirilmis elma suyu uretimi akim semasi.

Figure 1. Flow chart of apple juice production enriched with plant extracts.

Cizelge 1. Bitkisel ekstraktlarla zenginlestiriimis elma sularinin farkli formilasyonlarina ait karigim oranlari ve trin kodlar

Table 1. Mixing ratios and product codes of different formulations of apple juices enriched with plant extracts

Uriin Kodu Elma Suyu Ihlamur Cigegi Kekik Ekstrakti Kasni Otu Yarpuz Ekstrakti
(mL) Ekstrakti (mL) (mL) Ekstrakti (mL) (mL)
Kontrol 1000 - - - -
ES-1 1000 10 10 10 10
ES-2 1000 15 15 15 15
ES-3 1000 20 20 20 20

Suda ¢6zinur kuru madde analizi

Farkli formilasyonlar ile hazirlanmig elma suyu Orneklerinin suda ¢6zunir kuru madde (SCKM)
ierigi dijital refraktometre (RFM 330 Bellingham Stanley Limited, ingiltere) kullanilarak belirlenmistir
(Cemeroglu, 2013; Ghinea et al., 2022).

pH degeri analizi

Farkl formulasyonlar ile hazirlanmis elma suyu orneklerinin pH degerleri pH metre (Inolab WTW,
Almanya) kullanilarak belirlenmistir (Cemeroglu, 2013; Ghinea et al., 2022).
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Renk analizi

Hunterlab Colorflex CFLX 45-2, VA (Managment Company, ABD) renk cihazi kullanilarak elma
suyu orneklerinin renk degerleri belirlenmistir. Orneklerin CIELAB renk degerleri L*, a" ve b" olarak
Olglimuistir. L™ degeri aydinlik, a* de@eri kirmizilik-yesillik ve b" degeri sarilik-mavilik degerlerini ifade
etmektedir (Tekin et al., 2023).

Orneklerin spektrofotometrik renk degerleri ise Peak Instruments, C-7200 (Houston, ABD)
spektrofotometrik dl¢cim cihazi kullanilarak olgulmastir. 440 nm’de oOl¢iimler gergeklestirilerek sonuclar
%Ta40 oOlarak ifade edilmistir (Kaya, 2010).

Berraklik analizi

Elma suyu o6rneklerinin berraklik degerleri Peak Instruments, C-7200 (Houston, ABD)
spektrofotometrik dlgiim cihazi kullanilarak dl¢timastir. 625 nm’de olgtimler gergeklestirilerek sonuglar
%Te2s olarak ifade edilmistir (Kaya, 2010).

Hidroksimetil furfural analizi

Elma sularinin hidroksimetil furfural (HMF) igerigi TS 6178/ISO 7466 Tirk Standardina (Turk
Standartlan Enstitiisii (TSE), 2002) goére belirlenmistir. 2 mL meyve suyu 6rnegi Uzerine 5 mL p-toluidin
¢Ozeltisi ve 1 mL barbitlrik asit ¢ozeltisi eklenerek sahit numuneye karsi 550 nm'de absorbans degerleri
spektrofotometrede élglilmustir. Orneklerin HMF igerigi mg/L olarak ifade edilmistir (Ersus et al., 2019).

Toplam seker analizi

Fenol-slfurik asit yontemi (Nielsen, 2017), elma sularinin igcerdigi toplam seker miktarini (polisakkaritler,
oligosakkaritler, basit sekerler ve turevleri) belilemek icin kullamlmistir. 0,5 mL elma suyu 6rnegi, 1 mL %5
fenol ve 5 mL %98 sulfurik asit ile karistirldiktan sonra spektrofotometre ile 490 nm’de absorbans degerleri
okunmustur. D-Glukoz (40-200 pg/mL) standardiyla hazirlanan kalibrasyon egrisine karsilik érneklerin toplam
seker miktarlari hesaplanarak g/100 mL olarak ifade edilmistir (Oztiirk & Kusgu, 2019).

Toplam fenolik madde miktari analizi

Elma sularinin igerdigi toplam fenolik madde miktari Folin Ciocalteau (FC) reaktifi kullanilarak
spektrofotometrik yontemle belirlenmistir. Belirli miktar 6rnek (5 mL) %80’lik 50 mL etanol kullanilarak
homojenize edildikten sonra santrifilj edilmistir. Santrifij sonucu elde edilen ekstrakttan 0,5 mL alinarak
tzerine 2,5 mL FC (%10) eklenmistir. Hazirlanan karisim 4 dk boyunca karanlik bir ortamda ve oda
sicakh@inda (25 °C) inkiibe edildikten sonra 2 mL Na2COs (75 g/L) ¢ozeltisi eklenmistir. Ornekler 50 °C su
banyosunda 5 dk bekletilip akan suyun altinda oda sicakligina (25 °C) getirildikten sonra 760 nm'de
absorbans degerleri okunmustur. Orneklerin fenolik madde miktari mg GAE/100 mL olarak ifade edilmistir
(Akylz et al., 2022; Metiner & Ersus, 2023).

Toplam antioksidan kapasite analizi

Elma sularinin antioksidan kapasite yizdesi (%AK), 2,2-difenil-1-pikrilhidrazil (DPPH) serbest
radikal analizi ile degerlendiriimigtir. 5 mL 6rnek %80 konsantrasyonda hazirlanan 50 mL etanol ile
karistinimistir. Elde edilen karisim 2 dk siireyle homojenize edildikten sonra santriflijlenmis ve ekstrakt
elde edilmistir. Ekstrakt (0,5 mL), etanol (3 mL) ve DPPH (0,3 mL) ile elde edilen karisimin 517 nm’deki
absorbans degeri kor (etanol + ekstrakt) ve kontrol (etanol + DPPH) numunesine Kkarsilik
spektrofotometre ile (Peak Instruments, C-7200, Houston, ABD) belirlenmistir. Toplam antioksidan
kapasite yuzdesi (%AK) Denklem 1 kullanilarak hesaplanmistir ve % olarak ifade edilmistir (Akylz et al.,
2022; Tekin et al., 2023).

AbSsrnek—Absksr

%AK =100 — [ % 100] (Denklem 1)

Abskontrol
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Askorbik asit analizi

Farkli formulasyonlarla hazirlanmis elma suyu o6rneklerinin askorbik asit (AA) miktarlari, 2,6-
dikloroindofenol titrimetik yéntemi (AOAC Yontemi 967.21, 2016) kullanilarak belirlenmistir (AOAC, 2016).

istatistiksel analiz

Uretimler 2 tekerriir, analizler 3 paralel olacak sekilde yapilarak sonuglar ortalama ve standart hata
olarak kaydedilmistir. Elde edilen deneysel veriler IBM SPSS Statistics V20.0 programi (SPSS Inc.,
Chicago, IL, ABD) kullanilarak %95 guven araliginda istatistiksel olarak test edilmistir (P<0,05). Farkli
formulasyonlara sahip elma sularinin ortalama analiz sonuglari arasindaki farklarin dnemi tek yonli
varyans analizi (One-way ANOVA) ile degerlendirilmistir. Ayrica gruplar arasi farklihdin belirlenmesi icin
Duncan coklu karsilastirma testi kullaniimis ve sonuglar istatistiksel harfler ile ifade edilmistir.

ARASTIRMA SONUCLARI ve TARTISMA

Bitkisel Ekstraktlarla Zenginlestirilmis Elma Sularinin Suda Coziniur Kuru Madde ve pH
Degeri Sonuglarinin Degerlendirilmesi

Bitkisel ekstraktlarla zenginlestiriimis elma sularinin ve kontrol érnegdinin suda ¢ozindr kuru madde
(SCKM) ve pH degerleri Cizelge 2’de gosterilmigtir. SCKM, sivi veya yari sivi haldeki trunlerde kivam,
yogunluk ve kalite kontroliinde °Briks cinsinden ifade edilen temel bir parametre olarak kabul edilir. Elde
edilen sonuclar degerlendirildiginde kontrol érneginin SCKM degeri 12,03+0,03 °Briks olarak bulunurken,
farkh formilasyonlara ait ES-1, ES-2 ve ES-3 Uriin kodlu bitkisel ekstraktlarla zenginlestiriimis meyve
sularinin SCKM degerleri sirasiyla 11,23+0,03; 9,53+0,06; 7,37+0,09 °Briks bulunmustur. Bitkisel ekstrakt
konsantrasyonun artmasina bagh olarak 6érneklerin SCKM degerlerinde bir azalma belirlenmistir. Turk
Gida Kodeksi Meyve Suyu ve Benzeri Uriinler Tebligine (TEBLIG NO: 2014/34) gére elma sularinda
minimum SCKM degeri 11,2 °Briks olarak belirlenmistir. Bu standart ile karsilastirildiinda ES-1 Uriin
kodlu meyve suyunun standart ile uyumlu oldugu belirlenmistir. Diger 6rneklerde bitkisel ekstraktlarin
elma suyuna kiyasla daha az suda ¢ozindr kuru madde icermesinin bu duruma neden oldugu
disunulmektedir. Literattr incelendiginde farkli elma tdrlerinden elde edilen meyve sularinin SCKM
degerleri 7,5-21,62 °Briks gibi genis bir aralikta yer almaktadir (Kowalczyk, 2004; Eisele & Drake, 2005;
Siguemoto, 2018; Ghinea et al., 2022). Farkh Ulkelerin yasal diizenlemeleri dogrultusunda ticari elma
suyu dretiminde belirlenen degerler ise (retimler konusunda sinirlamalar getirmektedir. Depolama
sirasindaki Uriin givenligi ve karakteristik lezzet agisindan 6nemli olan bir diger parametre ise pH
degeridir. Turk Gida Kodeksi Meyve Suyu ve Benzeri Uriinler Tebliginde pH degeri igin bir sart
bulunmamakla birlikte kontrol érneginin pH degeri 4,33+0,01 olarak bulunurken farkli formilasyonlara ait
ES-1, ES-2 ve ES-3 Urin kodlu bitkisel ekstraktlarla zenginlestirilmis meyve sularinin pH degerleri
sirasiyla 4,34+0,01; 4,42+0,00; 4,40+0,00 olarak belirlenmigtir. ES-1 kodlu 6rnek ve kontrol grubu
arasinda istatistiksel anlamda bir fark bulunmazken, ES-2 ve ES-3 kodlu 6rnekler arasinda da anlamli bir
farkhilik belirlenmemistir.

Cizelge 2. Suda ¢ozunir kuru madde ve pH degerleri

Table 2. Water-soluble dry matter and pH values

Uriin Kodu SCKM (°Briks) pH Degeri
Kontrol 12,03+0,032 4,33+0,01°
ES-1 11,23+0,03° 4,34+0,01°
ES-2 9,53+0,06° 4,42+0,002
ES-3 7,37+0,09¢ 4,400,002

Veriler ortalama degerleri ve standart hatalari temsil eder.

Her bir analizdeki deg@isen harfler, istatistiksel olarak 6nemli farkliliklari yansitmaktadir (P<0,05).
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Bitkisel Ekstraktlarla Zenginlestirilmis Elma Sularinin Renk ve Berraklik Sonuglarinin
Degerlendirilmesi

Bitkisel ekstraktlarla zenginlestirilmis elma sularinin ve kontrol érneginin renk (L*, b*, a*, %Ta40) ve
berraklik (%Ts2s) degerleri Cizelge 3’te goOsterilmektedir. Renk, kalite ve 6zellikle tuketici kabull igin
meyve sularinda o6nemli parametrelerdendir. Yapilan bu c¢alismada elde edilen renk degerleri
incelendiginde artan bitkisel ekstrakt miktari L*, a* ve b* renk degerlerinde azalma olmasina neden
olurken berraklik degerleri Gizerinde olumlu etkiler gosterdigi gorilmektedir. En yiksek L* degeri
(15,61+0,00) kontrol drneklerinde tespit edilirken en dustk degder (4,13+0,02) ES-3 Uriin kodlu elma
suyunda tespit edilmistir. Benzer sekilde a* ve b* degerleri igin en yuksek degerler kontrol drneginde
tespit edilirken en dusik degerler ES-3 Uriin kodlu elma suyunda tespit edilmistir. Berraklik degerleri
incelendiginde ise artan bitkisel ekstrakt miktarinin berrakhdi olumlu yonde etkiledigi belirlenmistir. Bu
durum elde edilen bitkisel ekstraktlarin elma suyuna kiyasla daha berrak olmasi ve elma suyu ile homojen
bir sekilde karismasi ile acgiklanabilir. Yapilan bir galismada reishi mantari ekstrakti ile zenginlestirilen
portakal sularinda da artan ekstrakt miktarinin renk degerlerini azaltma yodninde etki gosterdigi
belirtilmistir (Kusgu & Oztiirk, 2019).

Cizelge 3. Renk ve berraklik degerleri

Table 3. Color and clarity values

Uriin

Kodu L* a* b* %T 40 %Te25
Kontrol 15,61+0,00° -1,65+0,012 13,06+0,12° 20,06+0,10° 60,08+0,14°
ES-1 14,68+0,00° -1,08+0,03° 11,16£0,19° 24,27+0,06° 64,02+0,21¢
ES-2 7,09+0,02° -0,89+0,06° 4,05£0,14° 40,99+0,08° 67,14+0,18°
ES-3 4,13+0,02¢ -0,57+0,02¢ 1,56+0,03¢ 50,7840,272 76,85+0,06°

Veriler ortalama degerleri ve standart hatalari temsil eder.

Her bir analizdeki degisen harfler, istatistiksel olarak dnemli farkliliklar yansitmaktadir (P<0,05).

Bitkisel Ekstraktlarla Zenginlestirilmis Elma Sularinin Hidroksimetil Furfural ve Toplam
Seker Sonuglarinin Degerlendirilmesi

Hidroksimetil furfural (HMF), meyve sularinda 6nemli bir kalite gostergesi olarak kabul edilir. Bu
bilesik, seker iceren gidalardaki sekerin asitli ortamda pargalanmasi ile veya Maillard reaksiyonu
esnasinda bir ara urln olarak ortaya ¢ikmaktadir. Meyve sularinda yuksek HMF degerleri, trlnin isleme
sirasinda asiri 1sinmasi veya depolama sureclerinde olumsuz sartlar altinda bulunmasi durumunda
ortaya c¢ikabilir. Yiksek HMF seviyeleri, meyve suyu kalitesini digtrebilir ve trtintn tazeligini etkileyebilir.
Ayrica, HMF'nin bazi saglik endigeleri de bulunmaktadir. Bu nedenle, meyve suyu uretimi sirasinda ve
depolama asamalarinda HMF seviyeleri dizenli olarak kontrol edilir. HMF'nin diaslk seviyelerde
tutulmasi, meyve sularinin taze, dogal ve yuksek Kkaliteli olmasini saglamak icin 6nemlidir. Ayrica
Ulkemizde ydrirlikte olan Turk Gida Kodeksine gére HMF meyve sularinda 5 ppm degerinin altinda
olmalidir (Batu vd., 2014; Ersus et al., 2019).

Meyve sularinin tat profili genellikle icerdikleri dogal seker miktarina bagl olarak sekillenir. Dogal
olarak meyvede bulunan seker, trtine dogal bir tat ve lezzet katar. Ancak, asir miktarda ilave seker
iceren meyve sulari, potansiyel olarak saglik sorunlarina neden olabilir. Yuksek seker igerigi, obezite,
diyabet ve diger saglik sorunlariyla iligkilendirilebilir. Bu nedenle, bircok Uretici, tiketicilere saghkh bir
secenek sunmak adina seker igerigini azaltmaya ve dogal meyve tatlarina vurgu yapmaya yonelik
cabalarini artirmaktadir. DUsUk seker icerigine sahip meyve sulari, saglikh yasam tarzini benimseyen
tuketiciler arasinda popdlerlik kazanmaktadir (Batu vd., 2014; Muslu & Kermen 2020).

108



Aromatik bitki ekstraktlari ile zenginlestirilmis fonksiyonel elma suyu Uretimi

Bu kapsamda kontrol 6rnegi ve farkl formilasyonlara sahip elma sularina ait HMF ve toplam seker
icerikleri Cizelge 4’te belirtiimektedir. Sonuglar degerlendirildiginde her bir 6érnek icin HMF degerlerinin
yasal sinirlar altinda oldugu dikkat cekmektedir. Kontrol, ES-1, ES-2 ve ES-3 Uriin kodlu érneklerin HMF
icerikleri sirasiyla 4,81; 4,59; 2,43 ve 1,84 mg/L olarak belirlenmistir. Artan bitkisel ekstrakt miktarinin
arin Ozerinde HMF degerlerini azaltacak sekilde etki gosterdigi belirlenmistir. Bu durumun, bitkisel
ekstraktlarin seker icermemesi nedeniyle uygulanan isil igslem sirasinda HMF olusumunu katalize edecek
seker miktarinin oransal olarak azalmasiyla iligkilendirildigi dustunulmektedir. Ayrica artan bitkisel ekstrakt
miktarina bagl olarak Uretimi yapilan elma sularinin fenolik ve antioksidan maddelerce zengin hale
gelmesinin de HMF olugsumu engelleyecek sekilde etki ettigi dustnllmektedir. Orneklerin toplam seker
icerikleri ise HMF degerlerine benzer sekilde bitkisel ekstrakt miktarinin artigsina bagll olarak azalma
egilimi gostermistir. Sonuclar arasindaki farkhliklar istatistiksel anlamda 6nemli bulunmustur (P<0,05).
Bitkisel ekstraktlarin ilave ve dogal seker icermemesinden dolayi bu beklenen bir sonugtur.

Cizelge 4. HMF ve toplam seker degerleri

Table 4. HMF and total sugar values

Uriin Kodu HMF (mg/L) Toplam Seker (g/100 mL)
Kontrol 4,81+0,00? 11,02+0,03?
ES-1 4,59+0,05° 8,81+0,05°
ES-2 2,43+0,16° 6,98+0,12°
ES-3 1,84+0,12¢ 6,19+0,10¢

Veriler ortalama degerleri ve standart hatalari temsil eder.
Her bir analizdeki degisen harfler, istatistiksel olarak 6nemli farkliliklar yansitmaktadir (P<0,05).

Bitkisel Ekstraktlarla Zenginlestirilmis EIma Sularinin Toplam Fenolik, Antioksidan Kapasite
ve Askorbik Asit Sonuglarinin Degerlendirilmesi

Elma suyu, dogal olarak icerdigi biyoaktif bilesenlerle saglik agisindan faydali bir icecek olarak
bilinir. Ozellikle icerdikleri fenolik bilegikler antioksidan etkileriyle de dikkat cekmektedir. Biyoaktif
bilesenlerce zengin olmasina ragmen meyve suyu Uretimi sirasinda uygulanan iglemler sebebiyle taze
meyve ile kiyaslandiginda daha az oranda biyoaktif bilesen icerdigi bilinmektedir. Bu ¢alisma kapsaminda
bitkisel ekstraktlarla zenginlestiriimis elma sularinin toplam fenolik madde, antioksidan kapasite ve
askorbik asit icerikleri Cizelge 5'te gosterilmektedir. Elde edilen sonuclar degerlendirildiginde artan bitkisel
ekstrakt miktarina baglh toplam fenolik miktarinda kontrole kiyasla artis saglandigi belirlenmistir. En fazla
bitkisel ekstrakt iceren ES-3 trun kodlu elma suyunda kontrole kiyasla yaklasik olarak 2,3 katlik bir artis
saglanmistir. Benzer sekilde toplam antioksidan kapasite ve askorbik asit miktar icinde artan bitkisel
ekstrakt miktari de@erleri olumlu ydnde etkilemistir. Yapilan bir calismada yesil cay ekstrakti ile
zenginlestirilen elma sularn 240 giin sireyle depolanmis ve sire sonunda yesil cay ekstraktindan gelen
fenolik bilesenlerin hala varligini strdirdigu tespit edilmistir. Portakal suyuyla yapilan bir baska
fonksiyonel igecek uUretiminde ise reishi mantari ekstrakti kullaniimig ve fenolik bilegenler agisindan
zengin olan bu ekstrakt miktari meyve suyunda arttikga beklenen bir sonug olarak biyoaktif bilegenlerce
zengin bir Griin Gretildigi belirlenmistir (Oztiirk & Kusgu, 2019; Samaei et al., 2022).

Cizelge 5. Toplam fenolik madde, antioksidan kapasite ve askorbik asit degerleri

Table 5. Total phenolic substance, antioxidant capacity and ascorbic acid values

Uriin Kodu Toplam Fenolik Madde (mg Toplam Anfioksidan Askorbik Asit
GAE/100 mL) Kapasite (%) (mg/100 mL)
Kontrol 161,10+0,25¢ 18,17+0,12¢ 0,98+0,00¢
ES-1 176,94+0,42° 21,44+0,13° 1,39+0,00°
ES-2 228,19+0,55° 24,58+0,06° 1,52+0,00°
ES-3 366,31+0,42° 36,73+0,13% 1,71+£0,002

Veriler ortalama degerleri ve standart hatalari temsil eder.
Her analize iligkin farkl harfler istatistiksel olarak anlamli farkliliklari temsil etmektedir (P<0,05).
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SONUC

Bu calisma, aromatik bitkilerden inflizyon teknigi ile elde edilen ekstraktlarin elma suyuyla
kombinasyonunu iceren fonksiyonel iceceklerin dretimini ve analizini kapsamaktadir. lhlamur cicegi,
kekik, kasni otu ve yarpuz bitkilerinden elde edilen ekstraktlar farkli oranlarda elma suyuna eklenerek
ardnler gelistirilmigtir. Elde edilen meyve sularinin cgesitli fiziksel ve kimyasal 6zellikleri incelenmis ve
sonuclar istatistiksel olarak degerlendirilmistir. Elde edilen sonuclar degerlendirildiginde artan bitkisel
ekstrakt miktarina bagl olarak HMF ve toplam seker miktarlarinda azalma belirlenirken, ekstraktlardaki
biyoaktif bilesenler nedeniyle toplam fenolik madde, antioksidan kapasite ve askorbik asit miktarlarinda
artis tespit edilmistir. Bu sonuclar, bitkisel ekstraktlarin elma suyu iceriklerini zenginlestirmek ve
fonksiyonel 6zelliklerini artirmak icin etkili bir sekilde kullanilabilecegini go6stermektedir. Gida
endustrisinde yeni drin gelistirme ve fonksiyonel iceceklerin formilasyonunda potansiyel bir yol
acgabilecedi dusunidlmektedir. Ayrica, tuketicilerin saglik agisindan faydali bilesenlerle zenginlestiriimis
iceceklere olan talebini karsilamak igin yenilikgi ¢6zUmler sunabilir. Yapilan bu ¢alismanin bitkisel
ekstraktlarin farkh meyve sulariyla kombinasyonunun saglik yararlarini anlamak ve Urtnlerin ticari
potansiyelini degerlendirmek i¢in gelecekteki aragtirmalara ilham olacagi distnilimektedir.

Veri kullanilabilirligi
Veriler makul talep Uzerine saglanabilmektedir.
Yazar Katkilari

Calismanin konsepti ve tasarimi: SE, ZA, 6rnek toplama: ZA, RV, IA, AH, RK, DA, verilerin analizi
ve yorumlanmasi: iT, SE, istatiksel analiz: iT, SE, gorsellestirme: iT, SE, makalenin yazimi: iT, SE, ZA,
RV, IA, AH, RK, DA.

Cikar catismasi

Bu calismada yazarlar arasinda ¢ikar catismasi bulunmamaktadir.

Etik Beyan

Bu arastirma igin etik kurula ihtiya¢ olmadigini beyan ederiz.

Finansal Destek

Bu calisma herhangi bir kurum tarafindan finansal olarak desteklenmemistir.
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0z

Amag: Bu calismada etkin mikroorganizmalarin ve kompostun ayri ve birlikte
uygulanmasinin isitmasiz sera kosullarinda biber (cv. Pusula F1)
yetistiriciliginde verim, meyve kalitesi ve yaprak besin elementi igerigi Uzerine
etkilerinin belirlenmesi amaglanmigtir.

Materyal ve Yontem: Arastirmada 5 konu denemeye alinmistir: (1) Kontrol, (2)
Ecorec kompost uygulamasi (KMP), (3) Etkin Mikroorganizma (EM) uygulamasi
(dikimde ve 15 glinde bir surekli) (EM), (4) Dikimde EM uygulamasi +kompost
(EM+KMP) ve (5) EM wuygulamasi (15 ginde bir surekli) +kompost
(15EM+KMP). Kontrol dahil olmak lizere tim uygulamalara toprak analiz
sonuglarina gére mineral glibre uygulamasi yapilmigtir.

Arastirma Bulgulari: Uygulamalarin Ust aksam ve kdk yas agirigina etkileri
énemli bulunmustur. Ust aksam yas agirigi EM uygulamasinda en yiiksek
olmustur. Kompost uygulamasindan en yiksek verim degerleri alinmistir.
Kompost uygulamasi ile toplam ve pazarlanabilir verim degerleri sirasiyla
%60.4 ve %61.4 artmistir.

Sonug: KMP ve EM+KMP uygulamalarinin verim wve bitki besin elementi
alimina etkileri nedeniyle 6n plana ¢ikti§i ve yuksek verim ve toprak
verimliliginin strdirulebilirligi agisindan -avsiye edilebilecek uygulamalar oldugu
sonucuna variimigtir.

ABSTRACT

Objective: The aim of this study was to determine the effects of separate and
combined application of effective micrcorganisms and compost on yield, fruit
quality and leaf nutrient content in pepper (cv. Pusula F1) cultivation under
unheated greenhouse conditions.

Material and Methods: In the research, 5 treatments were included in the
experiment: (1) Control, (2) Ecorec compost application (KMP), (3) Effective
Microorganism (EM) application (at planting and continuously every 15 days)
(EM), (4) EM application + compost at planting (EM+KMP and (5) EM
application (continuously every 15 days) + compost (15EM+KMP). Mineral
fertilizer was applied to all treatments, including the control, according to the
results of soil analysis.

Results: The effects of the treatments on shoot and root fresh weight were
found to be significant. Fresh weight of the shoot was the highest in EM
treatment. The highest yield values were obtained from compost treatment.
Total and marketable yield values increased by 60.4% @and 61.4% with compost
treatment, respectively.

Conclusion: It was concluded that KMP and KMP+EM applications stand out
due to their effects on yield and nutrient uptake. They can be recommended for
the sustainability of high yield and soil fertility.
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GiRiS

Ulkemizde seracilik, genel olarak iklim avantajindan yararlanilarak gergeklestirildiginden verim ve
kalite kayiplari yasanmakta, bu kayiplari azaltmak amaciyla Ureticiler yogun olarak gibre, pestisit gibi
girdiler kullanmaktadir. Bu uygulamalar zaman igerisinde toprak verimliligini azaltmakta, hastalik ve
zararlilara dayanikliligi artirmakta, gevre kirliligine yol agmakta ve insan saglhgini da tehdit etmektedir
(TGzel vd., 2020). Diger taraftan hizla artan nifusun gida gereksiniminin karsilanabilmesi ve iklim
degisikliginin neden oldugu etkilerin azaltilabilmesi icin tarimsal Gretimin iyi yonetiimesi ¢ok énemli bir
konu haline gelmis ve tarimda sirdurilebilir tekniklerin ve teknolojilerin kullanimi yayginlik kazanmistir
(Pakdemirli vd., 2021).

Toprak verimliligi agisindan en hayati parametre toprak organik maddesidir ve toprakta organik
maddenin arttirlmasi C'un tutulmasi, dengeli ve entegre besin yonetimi icin 6nemlidir. Organik madde
miktarinin artiriimasi, kompost, ciftlik glibresi, solucan giibresi, yesil gubre gibi uygulamalar, malglama,
artin atiklarinin geri dondsim, biyolojik inokulasyon gibi farkh teknolojik seceneklerle yapilabilir (Biswas
& Kole, 2017). Organik gibreleme doza bagl olarak verim ve kalite &zelliklerini de iyilestirmektedir
(Bozokalfa vd., 2017).

Son yillarda toprak verimliligini artirmak, bitki gelisimini tesvik etmek, strese dayanikhhgi artirmak
ve biyolojik savas ajani olarak da fayda saglamak amaciyla biyoglbre, biyopestisit veya biyostimulant gibi
gruplar adi altinda biyolojik preparatlar gelistirilmistir. Bu amagla bitki gelisimini tesvik eden funguslar ve
bakteriler (Pérez-Alvarez et al., 2022), fosfat ¢dziicii bakteriler (Bhardwaj et al., 2022), azot fikse edici
bakteriler, mikorizalar (Kulahtas & Cokuysal, 2016), seltloz ayristiran mikroorganizmalar (Yi et al., 2022),
endofit funguslar (Shelke et al., 2022), Trichoderma’lar (Aydin, 2015) ve etkin mikroorganizmalar (Javaid,
2010) gibi pek ¢ok yararli mikroorganizma kullaniimaktadir.

Etkin Mikroorganizmalar (EM), topraklarin mikrobiyal ¢esitliligini artiran, bitki gelisimini, verimliligi ve
Urin kalitesini artirmak amaciyla kok bolgesine asilanan faydali mikroorganizmalarin karigik bir
kultaridar. EM’lar dogal ortamlardan izole edilmis ve faydali etkileri ile karisik kilttrlerdeki uyumluluklari
nedeniyle secilmis tlrlerdir (Singh et al., 2011). EM kavrami ve kullanimiyla ilgili arastirmalar 1960'larin
sonlarinda baglamistir. Topraklardaki bozulmalar, verimdeki azalmalar, monokultir ile ortaya ¢gikan yogun
tarimsal kimyasal kullaniminin ortaya c¢ikardigi sorunlara yonelik olarak ortaya c¢ikan EM’lar 1980’li
yillarda pazarlanabilir bir Griin haline gelmistir (Higa, 1998).

EM’lar sadece toprak kaynakli patojenleri baskilamakla kalmaz, organik materyalin pargalanmasini
saglar ve bunun sonucu olarak da besin elementlerini ve 6nemli organik bilesikleri bitki igin elverigli hale
getirir (Singh et al., 2003). Uriin rotasyonu, organik diizenleyicilerin/iyilegtiricilerin kullanimi, koruyucu
toprak isleme, Urln kalintisinin geri dénisimu ve zararlilarin biyolojik kontroll gibi en iyi toprak ve Grun
yonetimi uygulamalari ile saglanacak etkiyi dnemli 6lgliide artirabilir (Javaid, 2010).

EM'In icindeki ana mikroorganizma gruplari fotosentetik bakteriler (Rhodopseudomonas spp.),
laktik asit bakterileri (Lactobacillus spp.) ve mayalardir (Saccharomyces spp.) (Zuraini et al., 2010).
Fotosentetik bakteriler bagimsiz, kendi kendine yeten mikroorganizmalardir. Enerjilerini glnesten ve
toprak isisindan saglarlar ve kok sistemlerinden salinan maddeleri, toprak organik fraksiyonunu ve
amonyak gibi gazlari amino asitler, nikleik asitler ve sekerler gibi hiicre yapi malzemelerine donistirmek
icin kullanirlar. EM'daki laktik asit bakterilerinin, EM'daki fotosentetik bakteri ve mayalarin Urettigi seker ve
karbonhidratlardan laktik asit Urettigi bilinmektedir. Laktik asit sterilize edici etkiye sahiptir ve topraktaki
varlidi nematod populasyonunun g¢ogalmasini kontrol eder ve bitki hastaliklarina kargi koruma saglar.
EM'daki laktik asit bakterileri ayrica topraktaki selllolitik ve odunsu organik maddelerin pargalanmasinda
da rol oynar (Ouwehand, 1998; Towett, 2016).

EM ilk olarak tarimda pestisitlere bir alternatif olarak ortaya ¢ikmig, ancak yogun arastirmalar ve saha
¢alismalari, organik atiklari kompostlastirma, hayvan gubresi kullanimini azaltma ve kirli su aritma gibi
cesitli alanlarda da etkili kullanimlarini ortaya koymustur (Mohamed et al., 2021). Mikroorganizmalarin
ilavesi topragin fiziksel, kimyasal ve biyolojik 6zelliklerini iyilestirir; topradin organik maddesini, katyon
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degisim kapasitesini ve mevcut mineral besin maddelerini artirir ve ayrica pahali kimyasal gubrelerin yogun
kullanimini azaltir (Idris & Yusof, 2018).

Organik atiklarin deg@erlendiriimesine olanak saglayan kompost deg@erli bir organik materyaldir ve
organik gubre ya da toprak iyilestirici olarak kullaniimaktadir (Chang et al., 2006). Kompostlama isleminde EM
kullanimi ¢calismalarinin (Sharma et al., 2014; Fan et al., 2018; Panisson et al., 2021) yaninda, kompostun
EM’lar ile birlikte kullaniimasinin olumlu etkilerinin gorilebilecedi bildirilmektedir (Hu & Qi, 2015). Bununla
birlikte yapilan ¢alismalar, organik ve mineral glibre kombinasyonunun iklim degisikligi gergevesinde gelistirilen
akilli tarimda tekil olarak kullanimlarina gore daha iyi sonuglar verebilecedi konusunda fikir birligi icindedir
(Sileshi, 2019; Zerssa et al., 2021). Bu calismada da mineral glbreleme ile birlikte etkin mikroorganizmalarin
ve kompostun ayri ve birlikte uygulanmasinin isitmasiz sera kosullarinda biber yetistiriciliinde verime, meyve
kalitesine ve yaprak besin elementi igerigine etkilerinin belirlenmesi amaglanmistir.

MATERYAL ve YONTEM

Arastirma, 2022-2023 vyillarinda Ege Universitesi Ziraat Fakiiltesi Bahge Bitkileri Bolimine ait
12x44 m olgllerinde polietilen 6rti materyali ile ortilmus, yay catili, yan ve g¢ati havalandirmasi bulunan
arastirma serasinda (38027’17.03”N, 27°14'17.71"E; Bornova-izmir) gerceklestirilmistir.

Denemeye baslamadan oOnce toprakta bulunan yabanci ot tohumlarini, hastalik etmenlerini ve
zararlilan etkisiz hale getirmek igin 4 Agustos 2022 tarihinde 4 hafta sure ile solarizasyon uygulamasi
yapimigtir. Bitkisel materyal olarak Pusula 22 F1 (AG Tohum) biber (Capsicum annum L.) c¢esidi
kullaniimistir ve fideler ‘Maki Fide’ fide Gretim tesisinden temin edilmistir. Etkin mikroorganizma (EM) olarak
bir mikrobiyal kiiltir karisimi olan Herasim mikrobiyal giibre kullanilmigtir. Bu Griin Herasim Tarim Urtinleri
Hayvancilik ve Cevre Bilimleri firmasindan (Gebze/Kocaeli) temin edilmistir. Herasim mikrobiyal gubre,
fotosentetik bakteriler (Rhodopseudomonas palustris), Lactobacillus spp. (L. lactis, L. rhamnosus, L.
plantarum, L. acidophilus, L. casei), mayalar (Kluyveromyces lactis, Saccharomyces cerevisiae), Bacillus
subtilis, organik kegiboynuzu melasi, aktif karbon ve kum filtresinden gegmis su icermektedir ve
mikroorganizma sayisi 1x10”dir. Kompost Ecorec Cevre ve Enerji Teknolojileri San. Tic. A.S. firmasindan
temin edilmistir. Uygulama yapilan kompostun ve topradin analiz sonuglari Cizelge 1'de verilmistir.

Cizelge 1. Ecorec giibresinin ve sera topradinin bazi fiziksel ve kimyasal 6zellikleri

Table 1. Some physical and chemical properties of Ecorec fertilizer and greenhouse soil

Analiz Birim  Toprak (0-30 cm) Analiz Birim Kompost
(Ecorec)

pH 8.03 7.30
Toplam Tuz (dS/m) 1.52 6.35
Kireg (%) 1.36 KDK cmol/kg 133.00
Kum (%) 62.72 CIN - 12.36
Mil (%) 22.00 Solvita testi - 7.00
Kil (%) 15.28 CO; Olugum Orani mg CO,-C/g . OM.glin 0.07
Blnye Kumlu tin OUR Testi (O, Tiketim Hizi) mg/g.h. OM 0.02
Organik Madde (%) 1.28 35.70
Toplam N (%) 0.07 NH;-N % 0.30
Alinabilir P (mg/kg) 57.70 Toplam P % 1.60
Alinabilir K (mg/kg) 246.40 Toplam K,O % 1.80
Alinabilir Ca (mgrkg) 4561.30 Ca % 8.90
Alinabilir Mg (mg/kg) 616.20 Al % 0.80
Alinabilir Na (mg/kg) 201.70 Mg % 1.00
Alinabilir Fe (mg/kg) 6.63 Fe % 1.00
Alinabilir Zn (mg/kg) 3.92 Mn % 0.02
Alinabilir Cu (mg/kg) 5.18 Pb mg/kg % 3.10
Alinabilir Mn (mg/kg) 14.02 Kararllik (Dewar Test) - Sinif:v
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Arastirmada 5 konu denemeye alinmistir: (1) Kontrol, (2) Ecorec kompost uygulamasi (KMP), (3)
EM uygulamasi (dikimde ve 15 guinde bir sirekli) (EM), (4) Dikimde EM uygulamasi +kompost (EM+KMP)
ve (5) EM uygulamasi (15 gunde bir surekli) +kompost (15EM+KMP). Kontrol dahil olmak Gzere tum
uygulamalara toprak analiz sonuglarina gére 15 giin ara ile fertigasyon seklinde gubre uygulamasi
yapiimistir (Kacar & Katkat, 1999). EM 10 litre suya 100 ml olacak sekilde soliisyon olarak hazirlanmis ve
EM uygulanmis tim parseller icin fideler 30 dakika EM soliisyonunda bekletilmistir. Dikim yerlerine,
hazirlanan etkin mikrorganizmadan bitki basina 30 ml dikim 6ncesi ve 30 ml dikim sonrasi uygulama
yapiimistir. 3 ve 5 no’lu uygulamalarda 15 giin aralikla ayni dozda uygulamalara devam edilmistir.
Kompost dikimden hemen 6nce ilgili parsellere 200 kg/da olacak sekilde karistiniimistir (Memeli, 2023).

Biber fidelerinin dikimi sira arasi ve sira tzeri mesafeler 60x50 cm (3.33/bitki/m2) olacak sekilde 16
Eylil 2022 tarihinde yapilmistir. Arastirma tesaduf parselleri deneme desenine gére 3 tekerrirlli olarak
kurulmus ve her tekerriirde 11 bitki yer almigtir. Bakim islemleri Oztekin (2019)’e gére yapilmis ve tretim
21 Haziran 2023 tarihinde sonlandiriimistir.

Uretim dénemi sonunda her parselden tesad(ifi olarak segilen 3’er bitkide (ist aksam yasg agirligi ve
65°C’lik sicaklikta sabit agirlida kadar kurutulan 6rneklerde kuru agirlik belirlenmistir. Bitki kokleri
yikandiktan sonra yas ve kuru agirliklari élgiilmiis ve kuru madde (KM) igerikleri (%) hesaplanmistir. ilk
hasattan son hasada kadar her tekerrtrden toplanan meyveler ayri ayri tartilip sayilarak toplam verim ve
toplam meyve sayisi belirlenmistir. Ortalama meyve agirlidi, toplam verim degerinin toplam meyve
sayisina bolunmesiyle elde edilmistir. Pazarlanamaz olan meyveler ayrildiktan sonra pazarlanabilir verim
degeri ve meyve sayisi bulunmustur. Uretim déneminde 19 Ocak 2023 tarihinde hasat edilen
meyvelerden tesadifi olarak secilen 10 meyvenin cetvel yardimiyla boyu, kumpas ile meyve eti kalinligi
ve Minolta CR-300 renk dlger ile L, a ve b olarak meyve rengi dlgilmus, a ve b degerlerinden hue ve
chroma hesaplanmistir. Bu meyvelerden blender ile elde edilen siiziiklerde Abbe dijital el refraktometresi
ile suda ¢ozunebilir kuru madde miktan élgilmas (Karagali, 2002), Mettler Toledo SG serisi ile pH ve EC
degerleri okunmus, titre edilebilir asitlik degeri (Karagali, 2002) ve okzalik asit ile pargalanarak stzilen
Orneklerde C vitamini icerigi (Pearson, 1970) belirlenmistir. Bitkinin blyime ucundan itibaren 4. ve 5.
yapraklarindan yaprak érnekleri alinmig, kurutulmus ve égitilmistir. Ogitilen érneklerde makro (N, P,
K, Ca, Mg) ve mikro (Fe, Zn, Mn, Cu) besin element igerikleri belirlenmistir. Toplam azot Bremner
(1996)’e gore Kjeldahl yontemine gére hesaplanmistir. Diger besin elementleri 6érneklerde yas yakma
(HNO3+HCIOy; 4:1) sonrasi P, vanadomolibdo fosforik sari renk yontemi ile spektrofotometrik olarak (Lott
et al., 1956), K, Ca ve Na alev flame (alev) fotometre ile Mg, Fe, Zn, Mn ve Cu ise Atomik Absorbsiyon
Spektrofotometrede 6lgiilmiistiir (Kacar & inal, 2008).

Elde edilen bulgular JMP istatistik programinda varyans analizi yapilarak degerlendirilmigtir.
Ortalamalar p<0,05 6nem seviyesinde asgari 6nemli fark testi (LSD) ile karsilastinimistir. Uygulamalarin
bitki gelisimi, verim, meyve kalitesi ve yapraktaki besin madde igerigine etkileri, korelasyon mesafesi
benzerlik 6lglist ve hiyerarsik kimeleme igin averaj baglanti metodu ile https://biit.cs.ut.ee/clustvis/ online
paket programi kullanilarak isi haritasi (heatmap) ile gorsellestiriimistir (Carillo et al., 2019). Veriler,
kirmizi degerlerin arttidini ve mavi degerlerin azaldidini gdsteren yapay bir renk ol¢edi kullanilarak
derecelendirilmistir.

ARASTIRMA SONUCLARI ve TARTISMA

Bitki geligimi

Bu aragtirmada etkin mikroorganizmalar ve kompost sera biber yetigtiriciliginde ayri ve birlikte
uygulanmis ve biber gelisimi ile ilgili dlgllen parametrelerden toprak Usti aksam ve kdk yas agirliklarinin
uygulamalara gére degisimi istatistiki olarak 6nemli bulunmustur. Ust aksam yas agirhigi EM

uygulamasinda en yuksek bulunmus, bunu 15EM+KMP, KMP ve EM+KMP uygulamalari izlemistir. EM
uygulamasi kontrol ile karsilastirildiginda Ust aksam yas agirliginin %17.9 oraninda arttigi belirlenmistir.
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KMP, EM+KMP ve 15EM+KMP uygulamalarinda artis sirasiyla %5.08, 5.05 ve 16.58 oranlarinda
gerceklesmistir. Kok yas agirhgi ise kompost uygulamasinda yiksek bulunmustur. Uygulamalarin toprak
Ustl aksam ve kok kuru agirligi ile kuru madde (biyomas) dederlerine etkileri istatistiksel olarak énemli
bulunmamistir (Cizelge 2).

Cizelge 2. Uygulamalarin bitki Gst aksam yas ve kuru agirligina etkisi

Table 2. Effect of treatments on fresh and dry weight of plant shoot

Uygulama ) Yas agirlik (g/bitki) ) Kuru agirlik (g/bitki) ) Kuru madde (%)

Ust aksam Kok Ust aksam Kok Ust aksam Kok
Kontrol 977.334+27.32 b 120.00+0.01 b 198.00+14.00 29.33+1.53 20.29+1.90 22.10+2.08
KMP 1027+102.27 ab 142.33+2.52 a 215.00+£19.00 27.331.53 20.97+1.16 19.25+1.31
EM 1152.33+54.50 a 115.33x1.53 b 250.33+39.50 29+4.58 21.65+2.41 25.14+3.96
EM+KMP 1026.67+67.10 ab 106.00+3.00 ¢ 200.33+22.50 27+2.00 19.48+1.10 25.45+1.17
15EM+KMP 1139.33+34.50 ab 116.00+1.00 b 234+5.0 28.33+2.52 20.56+1.06 24.41£1.96
LSDg.0s * ** 6.d. 6.d. 6.d. 6.d.
Ortalama 1064.53 119.93 219.53 28.20 20.59 23.26

(1) Kontrol (sadece mineral giibreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
ginde bir surekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15SEM+KMP, EM uygulamasi (15 giinde bir surekli)
+kompost. **P<0.01, *P<0.05 6nem diizeyi, 6.d.: dnemsiz deger.

Topraga ilave edilen uygulamalarin kullaniimasi ile bitki gelisim parametrelerinde ortaya c¢ikan
artiglarin, bu tir uygulamalarin dogal toprak diizenleyici/iyilestirici 6zelliklerinden, topragin su tutma ve
verimlilik artirma gibi temel rollerinden kaynaklanmig olabilecedi digsunulmektedir. Bu uygulamalar besin
elementlerini selatlayarak bitki kokleri tarafindan alinmaya daha uygun hale getirir, kok bluyimesini tesvik
eder. Ayrica sitokininler, gibberellinler ve oksinler gibi buyime duzenleyicileri icin bir kaynak saglar ve
Na'nin toprak pargaciklarinin yizeyinde Ca ve Mg ile yer degistirmesine neden olur (Mohamed et al.,
2021). Siyah mercimekte etkin mikroorganizmalar tarafindan meyve atiklarinin parcalanmasi ile elde
edilen kompostun vegetatif gelismeyi artirdigi (Namasivayam & Bharani, 2012), biber fidelerine
uygulanan EM ve biyostimulant (FitoMas-E®) uygulamasinin bitki boyu, yaprak sayisi, gévde c¢api, kok
uzunlugu ve Ust aksam ve kok yas ve kuru agirliklari gibi morfolojik 6zellikleri artirdigi (Gonzalez et al.,
2021) bildiriimektedir.

Verim

Uygulamalarin toplam ve pazarlanabilir verim, toplam ve pazarlanabilir meyve sayisi ve ortalama
meyve agirhgi Uzerine etkileri istatiksel olarak énemli bulunmustur (Cizelge 3).

Cizelge 3. Uygulamalarin verim &zelliklerine etkisi

Table 3. Effect of treatments on yield characteristics

Toplam verim Pazarlanabilir verim  Toplam meyve sayisi  Pazarlanabilir mey. sayisi  Ort. meyve agir.

Uygulama (kg/m?) (kg/m?) (adet/m?) (adet/m?) (g/adet)
Kontrol 3394015 3342017 625.00454.84 b 616.33£56.80 b 18.5441.86 ¢
KMP 5.4440.55 a 5.3940.51 a 709.00£5.00 ab 705.50£5.50 ab 24.6142.28 ab
EM 4.630.18 b 457017 b 675.67+33.50 ab 666.00429.46 ab 22.6240.51 a-c
EM+KMP 5.24+0.22 ab 5.2£0.22 ab 720.00£46.00 ab 716.00£47.00 a 25.38+1.20 a
15EM+KMP 451£0.06 b 4.48£0.06 b 755.3342013 a 7516741922 a 19.700.40 be
L SDoos - - . \ -
Ortalama 464 4.60 697.00 691.10 2217

(1) Kontrol (sadece mineral glibreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
glinde bir strekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15SEM+KMP, EM uygulamasi (15 giinde bir sirekli)
+kompost. **P<0.01, *P<0.05 6nem diizeyi, 6.d.: 6nemsiz deger.
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En ylksek verim degerleri kompost uygulamasindan alinmistir. Kompost uygulamasi ile toplam ve
pazarlanabilir verim degerleri sirasiyla %60.4 ve %61.4 artmistir. Kompost uygulamasindan sonra 2.
grupta yer alan EM+KMP uygulamasi ile %54.6 ve %55.69 oranlarinda kontrole gére verim artigi
saglanmistir. Bu artis degerleri dnceki galismalarla uyumludur (Kodippili & Nimalan, 2018; Yu et al.,
2019). Toplam meyve sayisi 625.00 ile 755.33 adet arasinda degigmistir. 15EM+KMP uygulamasinda en
fazla meyve sayisi elde edilmistir. Uygulamalar arasindaki farklilikta 6zellikle ortalama meyve agirliginin
da etkili oldugu dikkat cekmistir. En yliksek ortalama meyve agirligi EM+KMP uygulamasinda belirlenmis,
bunu KMP ve EM uygulamalari izlemigtir (Cizelge 3).

Meyve kalitesi

Uygulamalarin meyve c¢api haricinde meyve kalite Ozelliklerine etkisi, istatistiki olarak énemli
bulunmamistir. Meyve boyu 19.90 ile 21.13 cm, meyve et kalinhdr 3.15 ile 3.63 mm, SCKM degerleri
%4.07 ile 4.37, TA 1.39 ile 1.68 mval/100 ml, kuru madde icerigi %5.98 ile 6.56 arasinda degismistir.
Meyve capinin 6zellikle EM, EM+KMP ve 15EM+KMP uygulamalarinda yiiksek oldugu belirlenmistir.
Meyve suyunun ortalama EC ve pH degerleri sirasiyla 4.13 dS/m ve 6.02 dS/m olmustur (Cizelge 4).
Uygulamalarin L, Hue ve Croma degerlerine etkisi de istatistiki olarak dnemli bulunmamistir (Cizelge 5).

Cizelge 4. Uygulamalarin meyve kalite 6zelliklerine etkisi

Table 4. Effect of treatments on fruit quality characteristics

Uygulama Boy (cm) Cap (cm) Et T:qlr':;'g' SCKM (%) (mval;rﬁ)O ml) KM (%) EC (dS/m) pH
Kontrol 20.15£0.48  21.79+0.51b 3.15%0.19  4.20+0.01 1.39+0.07 6.3620.25 3.79+0.96 6.13+0.06
KMP 20.37+0.66  23.31+0.40 ab  3.32+0.47 4.17£0.21 1.55+0.21 6.15¢0.30 4.27+0.19 6.030.14
EM 21.13+1.24 24171054 a 3.63+0.37 4.37+0.15 1.68+0.43 6.010.04 3.88+0.41 5.96+0.03
EM+KMP 20.14+0.58  23.89+1.01a 3.29+0.29 4.20+0.17 1.52+0.27 6.56+0.24 4.39+0.03 5.94+0.04
15EM+KMP 19.90+0.52  24.68+0.41 a 3.22+0.25 4.07+0.06 1.43+0.25 5.98+0.17 4.3240.21 6.06+0.13
LSDy.05 6.d. * 6.d. 6.d. 6.d. 6.d. 6.d. 6.d.
Ortalama 20.35 23.57 3.32 4.20 151 6.21 4.13 6.03

(1) Kontrol (sadece mineral gibreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
glinde bir surekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15EM+KMP, EM uygulamasi (15 giinde bir sirekli)
+kompost. **P<0.01, *P<0.05 6nem dizeyi, 6.d.: dnemsiz deger.

Cizelge 5. Uygulamalarin meyve rengine etkisi

Table 5. Effect of treatments on fruit color

Uygulama L Hue Chroma
Kontrol 37.74+1.70 55.07+0.94 25.61+1.00
KMP 37.63+0.17 54.82+0.50 24.32+1.00
EM 37.66+0.32 55.06+1.77 24.23+1.46
EM+KMP 38.39+0.45 54.54+0.25 25.31+0.36
15EM+KMP 37.7040.65 54.60+0.40 24.61+0.55
LSDg.05 0.d. 0.d. 6.d.
Ortalama 37.82 54.82 24.82

(1) Kontrol (sadece mineral giibreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
glnde bir surekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15EM+KMP, EM uygulamasi (15 giinde bir sirekli)
+kompost. **P<0.01, *P<0.05 6nem diizeyi, 6.d.: 6nemsiz deger.

Yaprak besin elementi igerigi

Makro element igerigi olarak, uygulamalarin toplam N, P ve Mg degerlerini istatistiki olarak
etkiledigi gérulmustir. Toplam N ve P igerigi en dusik olarak kontrol uygulamasindan sirasiyla %3.70 ve
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0.31 ve en yuksek deger olarak toplam N degeri % 4.44 ile EM+KMP uygulamasinda ve P degeri ise
15EM+KMP, EM+KMP ve KMP uygulamalarinda sirasiyla %0.46, 0.40 ve 0.45 olarak saptanmistir.
Potasyum ve Ca elementlerinde uygulamalarin énemli bir etkisi olmamis ve K elementi degeri %4.19-
4.94, Ca ise %4.37-5.46 araliinda saptanmistir. Mg igeriginin de 15EM+KMP uygulamasinda % 0.55 ile
en ylksek degeri ve % 0.39 ile kontrol uygulamasinda en kugcik degeri aldigi belirlenmis, diger
uygulamalar ikinci grupta yer almigtir (Cizelge 6).

Cizelge 6. Uygulamalarin yaprak makro besin elementleri Gizerine etkisi

Table 6. Effect of treatments on leaf macronutrients

Uygulama Toplam N (%) P (%) K (%) Ca (%) Mg (%)
Kontrol 3.70+0.41b 0.31+£0.02 b 4.19+0.14 4.8310.65 0.391£0.03 b
KMP 4.30£0.17 ab 0.45+0.03 a 4.94+0.38 4.37+0.17 0.40+0.03 b
EM 4.30%0.17 ab 0.38+0.03 ab 4.54+0.47 4.59+0.41 0.41£0.02 b
EM+KMP 4.44+0.18 a 0.40£0.05 a 4.54+0.18 4.50£0.31 0.45+0.04 b
15EM+KMP 4.16+0.09 ab 0.46+0.03 a 4.66+0.08 5.46+0.19 0.55+0.04 a
LSDg 05 * * 0.d. 6.d. **
Ortalama 4.18 0.40 4.58 4.71 0.44

(1) Kontrol (sadece mineral glibreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
ginde bir surekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15EM+KMP, EM uygulamasi (15 giinde bir surekli)
+kompost. **P<0.01, *P<0.05 6nem diizeyi, 6.d.: dnemsiz deger.

Mikro elementlerden Fe ve Cu’'in degisimi istatistiki olarak 6nemli bulunmustur. Fe igerigi
bakimindan en yiksek deger 15EM+KMP (235.31 mg/kg) ve Kontrol (213.86 mg/kg) uygulamalarindan,
en disiUk deger ise diger uygulamalardan alinmistir. Bakir degeri KMP uygulamasinda 43.40 mg/kg ile en
yuksek deger olarak bulunmustur (Cizelge 7). Mangan 144.06-172.88 mg/kg ve Zn ise 65.16-77.06 mg/kg
degerleri arasinda saptanmistir.

Cizelge 7. Uygulamalarin yaprak mikro besin elementleri Gizerine etkisi

Table 7. Effect of treatments on leaf micronutrients

Uygulama Mn (mg/kg) Fe (mg/kg) Zn (mg/kg) Cu (mg/kg)
Kontrol 144.06+3.84 213.86+10.12 a 65.16+2.28 37.21+0.01 bc
KMP 156.15+14.21 163.8410.85 b 72.96+2.04 43.40+2.91 a
EM 144.41£10.70 150.7616.45 b 66.71+7.54 34.12+0.59 ¢
EM+KMP 149.18+13.11 160.87+£10.68 b 67.53+5.73 33.11+3.23 ¢
15EM+KMP 172.88+12.68  235.31+20.60 a 77.06+2.94 41.56+1.59 ab
LSDy.05 6.d. ** 6.d. **
Ortalama 153.34 184.93 69.88 37.88

(1) Kontrol (sadece mineral glbreleme), (2) KMP, Ecorec organik kompost glibre uygulamasi, (3) EM uygulamasi (dikimde ve 15
ginde bir surekli), (4) EM+KMP, dikimde EM uygulamasi +kompost ve (5) 15SEM+KMP, EM uygulamasi (15 giinde bir surekli)
+kompost. **P<0.01, *P<0.05 6nem diizeyi, 6.d.: dnemsiz deger.

Biber bitkilerinin yeterli beslendigi kosullarda yapraklarda bulunmasi gereken bitki besin elementi
icerikleri Jones et al. (1991) tarafindan gelisme dénemi ortasindaki yapraklardaki optimum element
degerleri olarak N (% 3.50-5.00), P (%0.22-0.70), K ( %3.50-4.50), Ca (% %1.30-2.80), Mg (% %0.30-
1.00), Mn (50-250 mg/kg), Fe (60-300 mg/kg), Zn (20-200 mg/kg) ve Cu (6-25 mg/kg) elementleri
degerlerine goére de@erlendirildijinde biberde beslenme duzeyi agisindan yeterli dizeyde oldugu
gOralmastar. EM+KMP uygulamasinda yapraklarin &zellikle toplam N ve fosfor igeriginin arttigi
belirlenmistir. Onceki galismalarda da kompostun bitki gelisimini tesvik ettigi (Ozeng & Hut, 2018),
kompost uygulamasinin biber de verimi, toprakta toplam N, kullanilabilir P, K, Ca, Mg ve Na igerigini
(Cercioglu, 2019) arttirdigi bildiriimektedir. Bitki gelismini tesvik eden koék bakterilerinin kompost ile
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kanistiriidiktan sonra kullaniminin biber verimini (Yu et al., 2019), ¢ok 6zellikli bakteri konsorsiyumu
(Azospirillum, Arthrobacter, and Pseudomonas spp.) ve mikro elementlerce zenginlestiriimis kompostun

Sili biberi ve domateste biyokiitleyi, verimi, N ve P igerigini artirdidi bildiriimektedir (Imran et al., 2022) ve
sonuclarimizla uyum igindedir.

Olgiimii yapilan parametrelerin is1 haritasi

Arastirmada denemeye alinan uygulamalarin i1sitmasiz sera kosullarindaki biber yetistiriciligine

etkilerinin goérsel bir karsilastirmasini yapmak amaciyla 6lgimui yapilan parametrelerde toplu bir veri
kiimeleme is1 harita analizi yapilmistir (Sekil 1).
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Sekil 1. Deneme konularinin biber yetistiriciligine etkilerini 6zetleyen i1s1 harita analizi.

Figure 1. Figure 1. Heat map analysis summarizing the effects of treatments on pepper cultivation.

Is1 haritasi analizi 2 dendogram ortaya ¢ikarmistir. Dendrogram 1, deneme konularini, dendogram
2'de dagilimi etkileyen parametreleri gostermektedir. Dendrogram 1°de iki ana grup olusmus, soldaki
kime (A) KMP ve KMP ile EM uygulamalarini, sagdaki kime (B) EM ve kontrol uygulamalarini
kapsamistir. Dendogram 1 altindaki 15SEM+KMP konusu L degeri, yaprak Mg, Ca, Mn, Zn Fe, Cu igerigi,
toplam ve pazarlanabilir meyve sayisi, KMP kok yas agirhgi, K icerigi, toplam ve pazarlanabilir verim,
EM+KMP meyve kuru madde igeridi, toplam N, toplam ve pazarlanabilir verim, kdk kuru maddesi ve
chroma degeri, EM uygulamasi bazi meyve kalite (SCKM, TA, et kalinhdi, Hue) we bitki gelisim (Ust
aksam yas ve kuru agirhgi, kok yas agirhgi) ve kontrol meyve suyu pH’si, chroma, hue ve kok yas agirhgi
parametrelerini etkilediginden gruplara ayriimistir. Dendrogram 2'de deneme konularinin etkilerini agik
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olarak ortaya koyacak sekilde dlgimu yapilan parametreleri gruplamigtir. Dendrogram 2’nin ilk salkiminda
(1) kontrolde yiksek degerler veren meyve kuru maddesi, chroma, hue degeri, meyve suyu pH’si ve kdk
kuru agirligi toplanmisken, diger salkimlarda (Il) verim ve yaprak element igerikleri ikinci salkim altinda alt
salkimlar olusturmustur. Alt salkimlar kendi igerisinde incelendiginde Il-a verim parametreleri ile birlikte
bazi besin elementi parametreleri ve Cu igeridi ve kok yas agirligi degerlerini bir araya getirmistir. 1l-b
salkiminda ise Mg, Ca ve Fe degerleri ve L degeri toplanmisken Il-c salkiminda bitki gelisimi ile ilgili
veriler meyve et kalinligi, boy ve gapi, SCKM ve TA degerleri gruplanmistir. Ozellikle EM+KMP ve KMP
uygulamalarinda yaprak makro ve mikro element igeriklerinin ylksek oldudu dikkati ¢ekmektedir
(Mohamed et al., 2021; Imran et al., 2022; Memeli, 2023).

Toprak ekosistemi, sinerji icinde birlikte calisan patojenik ve ¢ok sayida yararli mikroorganizma
arasindaki iliskiyi dengelemektedir. Yararli saprobik mikroflora, topragin organik materyalini fermente
ederek ayristirmakta ve bitkiler igin besin havuzuna katki saglarken, ilave olarak topragdin nem ve besin
maddesi tutma kapasitelerine yardimci olan toprak pargaciklarini da arttirmaktadir (Naik et al., 2020).
Organik gubreler ve yararli mikroorganizmalar toprak kalitesini iyilestirmek, bitki biylimesini tesvik etmek
ve bitkileri patojenlerden korumak igin kullanilabilmektedir (Kasmaei et al., 2019; Kucuk, 2019).

Elde edilen veriler degerlendirildiginde KMP ve EM+KMP uygulamalarinin verim ve bitki besin
elementi alimina etkileri nedeniyle 6n plana ¢iktigi, yiksek verim ve toprak verimliliginin surdurdlebilirligi
acisindan tavsiye edilebilecek uygulamalar oldugu sonucuna variimistir.
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0z
Amag: Karbon ayak izi ve yesil organizasyon arastirmalari; yazarlarin
vurguladigi kavramlara, kavramlarin birbirleri ile iligkilerine, yillar itibari ile

popdller olan kelimelere, llkeler agisindan yazarlara iliskin arastirma oranlarina
aclklik getirmektir.

Materyal ve Ydntem: Scopus ve WoS veri tabanlarindaki arastirmalarin
incelenmesinde R programi ve bibliyometrik analizlerden faydalaniimistir.

Arastirma Bulgularn: Karbon ayak izi ve yesil organizasyon arastirmalarinin
son yillarda yogun arastirildidi; karbon ayak izinde surdurdlebilirlik ve iklim
degisikligi kavramlarinin siklikla vurgulandidi ve gugcli iliskilere sahip oldugu
gbzlemlenmistir. Son yillarda, karbon ayak izi, gevresel surdurilebilirlik, karbon,
surdurdlebilirlik, yesil tedarik zinciri yonetimi, yesillendirme, cevre, cevreci
bilisim, enerji, yesil teknoloji, yenilikler, iklim degisikligi ve dongusel ekonomi
kelimelerinin oldukga populer oldugu anlasiimigtir.

Sonug: Glinimiizde organizasyonlarin faaliyetleri, birgcok ¢evreci yaklagimdan
etkilenmektedir. Gunden gine daha fazla kirlenen dinyada, yesil
organizasyonlara oldukga fazla ihtiyag vardir. Ulkelerin éncelikleri arasinda yer
alan ekonomik kazanimlar, karbon salinimlarinin artirmasina ve butin canlilarin
yasam alanlarinin daralmasina sebep olmaktadir.

ABSTRACT

Objective: Carbon footprint and green organization research clarify the
concepts emphasized by the authors, the relations between the concepts, the
words that have been popular over the years, and the research rates of the
authors in terms of countries.

Material and Methods: R program and bibliometric analyses were used to
analyze the studies in Scopus and WoS databases.

Results: Carbon footprint and green organization research have intensively
been researched in recent years, the concepts of sustainability observed,
climate change in the carbon footprint frequently emphasized, and the strong
relationship among them observed. In recent years, it has been understood that
the words carbon footprint, environmental sustainability, carbon, sustainability,
green supply chain management, greening, environment, green informatics,
energy, green technology, innovations, climate change, and circular economy
are very popular.

Conclusion: Today, the activities of organizations are influenced by many
environmental approaches. In a world that is getting more polluted day by day,
there is a great need for green organizations. Economic gains, which are
among the priorities of countries, cause an increase in carbon emissions and a
narrowing of the habitat of all living things.
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GiRiS

Dunyada iklim degisikliklerine iliskin endiseler, belirli bir Grtndn, hizmetin veya organizasyonun
toplam sera gazi miktarinin hesaplanmasina olan ilgiyi artirmistir. Bu durum karbon ayak izini, iklim
degisikligine uyum saglama ve sera gazi etkilerini hafifletme konusunda toplum tarafindan yaygin
kullanilan bir terim haline getirmistir (Grosbois & Fennell, 2011). Dinyada bir¢ok organizasyonun ig faaliyeti,
karbon salinimlarini tetikleyebilmektedir. Bu durum yesil organizasyon algisinin olugsmasini zorunluluk haline
getirmigtir. Literatlirde karbon ayak izi ve yesil organizasyonlarin birlikte incelendigi arastirmalar oldukga
sinirhdir. Bu durum karbon ayak izi ve yesil organizasyonlarin birlikte degerlendirilebilmesi ihtiyacini
dogurmustur.

Endustriyel toplumlarin kullandigi on binlerce kimyasalin ¢evreye ne derecede salindiklarini tespit
edebilmek oldukg¢a zordur. Clnkul her bir kimyasalin emisyonlarinin tutarli bir sekilde belilemek igin ¢ok
cabalar gerekmektedir (Laurent et al., 2012). Karbondioksit emisyonlarinin blyUk bir kismi; enerji santralleri,
petrol rafineri, gaz isleme tesisleri, glibre, petrokimya, celik, ¢imento ve kagit fabrikalari gibi
organizasyonlardan kaynaklanmaktadir (Balat et al., 2003). Organizasyonlarin ¢ogu bu kaynaklar ile
faaliyetlerini yuritebilmektedir. Gergeklestirilen faaliyetlerde olusan karbon salinimi, ¢cevreye ciddi zararlar
verebilir. Ozellikle bilingsizce yapilan is faaliyetleri, daha fazla kazang elde etmek icin gerekli tedbirlerin
alinmamasi gibi bircok sebep karbon saliniminin yogunlugunu artirmakta ve cevresel kirlilige sebep
olmaktadir.

Organizasyonlarda gergeklestirilen faaliyetler 1s1ginda, kurumsal karbon ayak izleri ile bir yil boyunca
iklim degisikliklerine olan etkiler incelenir. Sera gazi emisyonlarinin etkilerini 6lgmek icin elektrik tiketimi, fosil
yakit kullanimi veya is faaliyetleri uguslari gibi faaliyetlerin kullanim oranlari dikkate alinir. Organizasyonlarda
kurumsal ayak izleri, bireylerin karbon ayak izlerinden farkli olarak belirli kurallara, standartlara ve
karsilastirmalara bagl gerceklestirilir (Walenta, 2021). Organizasyonlar tiiketicilerinin daha ¢evreci urinler
talep edeceklerini tahmin ettikleri igin yesil Uretim agisindan birgok yenilik gerceklestirir (Green et al., 2000).
Bu durum karbon ayak izi olusumu ile yesil organizasyon faaliyetlerinin iligkisini ortaya koyar. Yani
organizasyon ne kadar gevreci bir tretim anlayisina sahip olur ise karbon salinimi o derece az olacaktir. Bu
anlayis hem yerel olgcekte hem kiiresel Olgekte cevreci veya yesil organizasyonlara karsi pozitif alginin
olusumuna katkida bulunacaktir.

OECD (Organisation for Economic Co-operation and Development / Ekonomik Isbirligi ve Kalkinma
Orgiitti) Glkelerindeki ekonomik gerilemelerin organizasyonlardaki yesil ve strdirilebilir teknolojik yenilikleri
olumsuz etkiledigini, bu durumun dolayh olarak CO2'de artisa sebep oldugu vurgulanmaktadir (Khattak &
Ahmad, 2022). Dunyadaki nifus artisina bagli olarak enerji talebi birgok alanda artmaktadir. Eneriji
taleplerindeki bu artis, daha yogun teknoloji kullanimi ve daha fazla kaynak tilketimini beraberinde
getirmektedir. Bu agidan teknolojik gelismelere ve degisimlere bagli olarak son yillarda ¢evresel problemler
Ulkelerin ve dinyanin en ciddi problemleri icerisinde yer almaktadir. Kiresel iklim degisiklikleri bircok bélgenin
dogal yapisini (kuraklik, yangin ve sel gibi) degistirebilmektedir. Bu durum bircok organizasyonun is
faaliyetlerinde gergeklestirdikleri karbondioksit salinimlart ile iligkili olabilmektedir.

Bibliyometrik analiz tekniginde, bilimsel haritalar ve performans analizleri yer almaktadir. Bilimsel
haritalar, arastirma bilesenlerinin iligkilerini, performans analizleri ise arastirma bilesenlerinin katkilarini ortaya
koymaktadir (Donthu et al., 2021). Arastirmalarda bilesenlerin, Uretkenliklerin ve sosyal iligkilerin ortaya
koyulabilmesi agisindan tlke, yazar, anahtar kelime, kavramsal iligkiler ve tematik haritalara iligkin bilgilere
yer verilmektedir (Mukherjee et al., 2022). Bu agidan karbon ayak izi ve yesil organizasyonlar incelemesinde,
bilimsel haritalar ile performans analizlerinin yer aldii bibliyometrik uygulamada WoS ve Scopus
literatlirinde yer alan arastirmalar incelenmistir. Arastirmada her iki veri tabaninda yer alan arastirmalarda
yazarlara, Ulke adreslerine, vurgulanan ana kavramlara, tematik sireglere iliskin bilesenlere, vurgulanan
anahtar kelimelerin birlikte iligkilerine, tanimlamalara ve agiklamalara yer verilmistir. Arastirmada bibliyometrik
analiz yardimi ile uygulamaya karbon ayak izi ve yesil organizasyonlar agisindan bir gerceve cizilmigtir.
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Karbon ayak izi ve yesil organizasyon sureglerinin sistematik bir sekilde islevsellik kazanabilmesi igin ¢esitli
Onerilerde bulunulmustur. Uygulamanin literatir destekli sonuglari dikkate alinarak yesil organizasyon
aktivitelerinin guclendirilmesine yonelik ¢ikanimlar ortaya koyulmustur.

Karbon ayak izi

Ayak izi, terim olarak bir 6lcimu ifade etmektedir. Karbon ayak izi ise, dogrudan ve dolayl bir
sekilde bir faaliyetin sebep oldugu ya da bir Grinin yasam evreleri suresince biriken toplam karbondioksit
(CO2) emisyon miktarinin bir élgusi olarak tanimlanmaktadir (Wiedmann & Minx, 2008). Karbon ayak izi
herhangi bir Grin ya da faaliyetin yasam doénglsu asamalari boyunca olusan kapsamli sera gazi
hesaplamalari ile es anlamli olarak kullaniimaktadir (Pandey et al., 2011). Karbon ayak izi, genellikle ginlik
faaliyetler sirasinda fosil yakitlarin yanmasi ile yayilan karbondioksit miktari olarak da ifade edilmektedir.
Bu karbondioksit miktarinin herhangi bir organizasyonda séz konusu olmasi, dogrudan ve dolayli olarak
gunlik iglemlerinin bir sonucudur (Recker et al., 2012). Bu agidan karbon ayak izi, fosil yakitlarin siklikla
kullanildigi alanlarda enerjiye bagli bir sekilde artmaktadir. Enerji kullanimlarinin optimal seviyelere
getirilmesi ve yenilenebilir enerjiye dncelik veriimesi karbon salinimini azaltabilir (Danisman & Ozalp,
2016). Dinyada sanayilesmis Ulkeler ve ylksek gelire sahip olan bireyler tarihsel olarak karbon
emisyonlarinin olusumuna en fazla katkiy1 saglamaktadir (Ayoungman et al., 2023). Bu durum o6zellikle
ekonomik agidan gelismislik ile karbon emisyonlarinin olusmasi arasinda dogru bir orantinin olabilecegini
gostermektedir. Ayrica karbon emisyonlarinin gevreye birgok agidan (bireysel ve 6rgitsel ¢iktilar agisindan)
etkisinin olabilecegini ortaya koymaktadir.

Kilresel sera gazi emisyonlarinin azaltilma c¢abasi, insanhdin en blyulk zorluklarindan biridir.
Karbondioksit ticaretinin olumlu ve olumsuz argimanlari olduk¢a karmasiktir. Bu durum ekonomik,
sosyal, politik ve ¢cevresel konulari icerisine almaktadir (Paulsson & Malmborg, 2004). Karbon ayak izinde
kurumsal ekolojik strdurulebilirlik agisindan sera gazi emisyonlarinin etkilerini azaltmak icin; ¢alisanlara,
tedarikgilere musterilere, yatinm topluluklarina STK’lara, politikacilar ile yetkili kisilere ve genel olarak
topluma 6nemli goérevler dismektedir (Penz & Polsa, 2018). Karbon ayak izi insanlarin farkindalgini
artirmaya yardimci olabilir (Weidema et al., 2008). Bu sonuglar karbon ayak izi olusumunda birgok
organizasyonun c¢esitli sorumluluklara sahip olmasi gerektigini géstermektedir. Sorumluluklarin bazilari;
uzun vadeli surdurdlebilir Griin veya hizmet uretmek, daha gevreci bir biling ile kaynaklari kullanmak,
organizasyon ciktilarinin ¢cevresel veya toplumsal zararlarini minimize etmek ve toplumsal kalkinma igin
ilgili tim paydaslara 6rnek olabilmek gibi uygulamalar olabilir.

Yesil organizasyon anlayisi bircok alanin (6zellikle enerji lretimi yapan organizasyonlarda) temel
hedefleri icerisinde yer almalidir. Cevresel yasam alaninin tim insanhgin ortak kullanim alani oldugu
dusunulduginde; uretici, tuketici, tedarikci veya yetkili herkes bilingli bir yaklagsimla hareket etmelidir. Sera
gazi emisyonlarinin olusumunun azaltiimasi i¢cin hem bireysel hem de organizasyonel dizeyde yesil
atilimlara ihtiyag vardir. Balat et al. (2003) insan kaynakli karbondioksit emisyonlarinin, diinyanin karbon
donglsinde karmasik degisimlere yol actigini belirtmislerdir. Atmosferde olusan net karbondioksit
birikiminin yarisinin insan kaynakli emisyonlardan olustugunu ifade etmiglerdir. Galli et al. (2012) ise
karbon ayak izi ile tilketicilerin yasam tarzlarindan kaynaklanan sera gazi emisyonlari hakkinda
bilinclendirmeleri gerektigi, hukiimetlerde ve organizasyonlarda dolayli emisyonlar konusunda farkindalik
olusturulmasinin kiymetli olacagi vurgulanmistir.

Yesil organizasyonlar

Yesil organizasyonlar ve isbirlikleri, uzun vadeli stratejiler ile olusmaktadir. Yesil organizasyonlar,
kullandiklan cihaz, ekip ve araglari gézden gegirir, karbon emisyonunu yonetir ve optimize ederler. Yesil
organizasyonlar basari igin yesil bir vizyon, strateji ve degerler uygulamaya gayret ederler (Raja, 2021).
Bowen (2000) yesil organizasyonlarda, cevresel gorunurligin destekleyici 6zelligi oldugunu ve cevresel
performansi iyilestirmek icin zayif yonlerin ifade edilmesi gerektigini belirtmistir. Ayrica organizasyonlardaki
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glzel uygulamalarin ddullendirilerek dogrulugu test edilmis c¢evre raporlarinin hazirlanabilecegini
vurgulamistir. Yildiz (2023) ise organizasyonlarda ¢Op ve atiklarin ayristirilarak atiklarin tekrardan
kullaniimasi, is disi faaliyetlerde bilgisayarlarin ve diger cihazlarn figlerinin ¢ikarilmasi gibi faaliyetlerin yesil
organizasyon davranislarina 6rnek olabilecegini ifade edilmistir. Bu durum yesil organizasyon olarak
nitelendirilen organizasyonlarin is faaliyetlerinde, karbon emisyonlarinin olusmamasi igin gaba sarf ettiklerini
gOsterir. Ayrica organizasyonlarda yesil bir politika anlayisinin hakimiyeti, cevresel ¢iktilarin, degerli bir imaj
(veya gOrunurlik) olusturabilecegini ortaya koyar.

Yesil organizasyonlara iligkin bagsarili organizasyonel eko-degisimlerin, teknoloji ve ydnetim
sisteminin ¢evresel uygunlugu benimsemesi ile gerceklesebilecedi belirtiimektedir (Newton & Harte,
1997). Bu agidan organizasyonlarda yesil dederlerin vurgulanmasi, is faaliyetlerine iliskin politikalarin,
uygulamalarin ve prosedurlerin bu degerlere gore yerine getirilmesi, ¢cevreci bir organizasyon kultiriini ve
iklimini olusturabilecedi vurgulanmaktadir (Zacher et al., 2023). Bu durum vyesil organizasyonlari
olusturmada, yénetim mekanizmasinin ve organizasyon politikalarinin etkili oldugunu géstermektedir.

Organizasyonlarda cevreye iliskin AR-GE'ye surekli yatinm yapmak, yeni yesil teknolojiler
Uretmeye ya da mevcut yesil teknolojileri iyilestirmeye yardimci olur. Daha sonra yesil teknolojilerin
uygulanmasi, ticarilestiriimesi ve Uretim sirecinde gevre ile ilgili teknolojinin kullaniimasi s6z konusudur
(Xin et al., 2021). Organizasyonlarda yoneticiler yesil inovasyon stratejilerine dikkat etmeli, kurumsal
kimlik gelistirmek icin en uygun yaklagimlan dikkate almalidir. Bu durum yesil organizasyonlarda
performansin artmasina ve c¢evre korumaya yonelik gereksinimlerinin karsilanmasina katkida bulunur
(Song & Yu, 2018). Yesil organizasyonlar g¢evreci tutumlari ile birgok faaliyetinde toplumun begenisini
kazanir. Bu durum yesil teknoloji kullanimini ig faaliyetlerine adapte edebilen organizasyonlarin
kurumsallik yaklasimlari ile iligkilidir. Choi et al. (2013) karbon emisyonlarinin kapsamini belirlemede;
karbon emisyon seviyelerinin, organizasyonlarin blyukligunin ve kurumsal yonetisim kalitesinin etkili
oldugunu vurgulamislardir. Bu agidan Hermawan et al. (2018) organizasyon buyudkliginin ve karlihgin
karbon emisyonlari beyanlari (zerinde etkili oldugunu; =zayif finansal performansa sahip
organizasyonlarin, finansal hedeflerine ve performanslarini iyilestirmeye odakladiklarini, dolayisi ile
karbon emisyonlarini énleme ve raporlama yeteneklerinin sinirli oldugunu vurgulamiglardir.

Organizasyonlar mal ve hizmet Uretirken kullandiklari teknolojinin yaninda hammadde, yakit veya
enerji gibi birgcok etken karbondioksit olusumunu tetiklemektedir. Bu agidan karbon ayak izi ve yesil
organizasyonlar gercevesinde, toplumsal olarak daha bilingli bir yapinin olusmasina katkida bulunulabilir.
Organizasyonlarda bilingsizce daha ¢ok kazang elde etme hirsi, ¢evresel problemlerin olusumunu daha
fazla hizlandirmaktadir. Arastirmada kiglk ya da blyUk organizasyonlardaki ¢evreci tutumlar ile giinden
gline teknolojik degisimlere bagli karbon salinimlarinin etkileri incelenmektedir. Karbon ayak izi ve yesil
organizasyon algisinin, daha c¢evreci bir yaklasim igin tim paydaslarin ilgisini cekebilecegi
dusunulmektedir. Arastirmada karbon ayak izi ve yesil organizasyon arastirmalarinda; yazarlarin
vurguladigi kavramlara, kavramlarin birbirleri ile iligkilerine, yillar itibari ile populer olan kelimelere, Ulkeler
acisindan yazarlara iligkin arastirma oranlarina aciklik getiriimesi amac¢lanmigtir. Arastirmada ayrica
organizasyonel agidan karbon ayak izi ve yesil organizasyon anlayisi igin yeni ¢ikarimlar olusturulmustur.
Erisilen sonuglar ile literatirde énemli bir boslugun doldurulabilecedi distiniimektedir.

MATERYAL ve YONTEM

Arastirmanin uygulamasi etik kurul izni gerektirmemektedir. Arastirma Scopus ve Web of Science
(WoS) veri tabanlarinda karbon ayak izi ve yesil organizasyonlar (Carbon Footprint and Green
Organizations) konusunda yer alan arastirmalardan olusmaktadir. Literatlirde bibliyometrik analizlerde
veri analizi icin bir ya da daha fazla bibliyometrik veya istatistiksel yazilimlarin kullanilabilecegi
belirtiimektedir (Aria & Cuccurullo, 2017). Arastirma uygulamasi R programi ve R Studio kullanilarak
bibliyometrik analizler yardimi ile 20.06.2023 tarihinde gergeklestiriimistir. Analizlerde herhangi bir yil
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veya dil sinilamasi yapiimamistir. Bu agidan her iki veri tabaninda yer alan butin arastirmalari
kapsamaktadir. Arastirmada erisilen sonuglara literatir yardimi ile yeni yorumlar ve bakis agilari
kazandirilmaya c¢alisiimistir. Donthu et al. (2021) bibliyometrik analizlere iligkin araglar igerisinden ana ve
zenginlestiriimis  tekniklerin oldugunu vurgulamiglardir. Arastirmacilar bu ana teknikler igerisinde
performans analizlerinin ve bilim haritalarinin, zenginlestiriimis tekniklerde ise ag analizlerinin yer aldigini
belirtmiglerdir. Arastirmanin analizlerinde bu tekniklerden faydalaniimistir. Bibliyometrik analiz yonteminin
ilk asamasinda, karbon ayak izi ve yesil organizasyonlara iliskin Scopus ve WoS veri tabanlarinda yer
alan arastirmalar incelenmistir. Daha sonra konu Uzerinde arastirma ydriten en Uretken yazarlara,
arastirma yillarina, konunun igerik olarak gelisme oranlarina, Ulkelere, vurgulanan anahtar kelimelere,
kelimelerin birbirleri ile iligkilerine ve vurgulanan kavramlarin populer olduklari zamanlara yer verilmigtir.
Analizler Scopus ve WoS veri tabanlari kiyaslamasi ile gergeklestiriimistir. Bu agidan literatire farkl bakis
agllari kazandirabilecegi dustinilmektedir. Ozellikle veri tabanlarinda karbon ayak izi ve yesil
organizasyon arastirmalarinda, vurgulanan anahtar kelimeler, iligkiler, tematik gelisim suregleri, yazarlar
ve Ulke adresleri gibi sonuglarin benzerlikler ya da farkliliklari ortaya koyulabilecektir. Uygulamada
anahtar kelimelere iliskin taramalarda yil sinirlandirmasi yapilmamistir. Analiz sonucglarinda WoS veri
tabaininda 2007-2023 vyillan Scopus veri tabainda ise 2006-2023 vyili yayinlar dikkate alinmigtir.
Arastirmada asagida ifade edilen degiskenlere iligkin problemlere cevap aranmaktadir.

» Karbon ayak izi ve yesil organizasyon arastirmalarinin Scopus ve WoS veri tabanlarindaki yillara
gore genel arastirma, kaynak, yazar, biyidme ve alinti oranlari nedir?

» Karbon ayak izi ve yesil organizasyon arastirmalarina iliskin yayin yapan yazarlar, ulkeler ve
anahtar kelime eslesmesi hangi diizeydedir?

« Karbon ayak izi ve yesil organizasyon arastirmalarinda yazarlarin siklikla vurguladigi anahtar
kelimeler ve en yogun arastirildigi zamanlar nelerdir?

» Karbon ayak izi ve yesil organizasyon arastirmalarinda iligkiler agisindan vurgulanan anahtar
kelimelerin birlikte olusum agi nasil sekillenmigstir?

» Karbon ayak izi ve yesil organizasyon arastirmalarinin tematik haritasinda hangi kavramlar
oldukga populer olmustur?

» Karbon ayak izi ve yesil organizasyon arastirmalarinin tematik gelisim siregleri nasildir?

» Karbon ayak izi ve yesil organizasyon arastirmalarindan elde edilen sonuglar nelerdir, gelecege
yonelik ne gibi tedbirler alinabilir?

ARASTIRMA BULGULARI

Bibliyometrik analizler yardimi ile literatiirde karbon ayak izi ve yesil organizasyonlara iligkin WoS
ve Scopus veri tabanlarinda yer alan arastirmalar Cizelge 1°de 6zetlenmistir.

Cizelge 1. Karbon ayak izi ve yesil organizasyonlar arastirmalari genel sonuglar

Table 1. General results of carbon footprint and green organizations research

Veriler Yillar Kaynak Arastirma Yillk Biiyiime Orani Yazarlar Tek Yazar
WoS 2007-2023 142 182 %17,39 578 23
Scopus 2006-2023 238 290 %20,25 876 47
Ortak Yazar Ortak Yazar Orani  Anahtar Kelimeler Referans Ortalama Yil Alinti
WoS %33,52 3,31 782 9835 4,77 17,28
Scopus %23,45 3,17 916 12029 5,32 18,08
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Erigilen sonuglar Scopus veri tabaninda yer alan arastirmalarin, WoS’a gére bir yil édnce (2006)
basladidi, Scopus’da daha fazla kaynagin (238) ve arastirmanin (290) yer aldigi g6zlemlenmektedir.
Karbon ayak izi ve yesil organizasyonlara iliskin arastirmalarin yillik biuyime oranlari her iki veri
tabaninda (%17,39-%20,25) oldukga ylksektir. Konuya iliskin tek yazarli arastirmalar Scopus'ta (47)
daha fazladir. Uluslararasi ortak yazar ve arastirma basina ortak yazar oranlarinin WoS'ta (%33,52-3,31)
daha fazla oldugu gorilmektedir. Yazarlarin kullandi§i anahtar kelimelerin, referanslarin, arastirmalarin
ortalama yillar1 ve arastirma basina ortalama alintilarin Scopus veri tabaninda daha ylksek oranlara
sahip oldugu anlasilmaktadir.

Karbon ayak izi ve yesil organizasyonlar literatiir arastirmalari dikkate alindiginda hem Scopus
hem de WoS’da 2022 yilinda en yogun arastirmalarin gergeklestirildigi gozlemlenmektedir. Ayrica
arasgtirmalarin yillara goére gelisme duzeyleri birbirine oldukga yakindir. Bu durum literatirde genel olarak
yazarlarin karbon ayak izi ve yesil organizasyonlar arastirmalarina giinden giine daha fazla énem
verdiklerini gdstermektedir. Ayrica arastirma analizi 2023 yili haziran (20.06.2023) ayini kapsadigi igin
aralik ayr sonunda 2023 yili arastirmalarinin daha da fazla olabilecegini gostermektedir. Bu agidan
karbon ayak izi ve yesil organizasyonlara iliskin arastirmalarin gelecek yillarda daha da yodun bir
arastirma agina sahip olabilecegini ortaya koymaktadir.
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Sekil 1. Konuya iligkin Ulke, yazar ve anahtar kelime eslesmesi.

Figure 1. Country, author and keyword match related to the topic.

Aragtirmada karbon ayak izi ve yesil organizasyonlar agisindan Ulke yazar ve vurgulanan anahtar
kelimeler karsilastirmasi yapiimistir. Sekil 1’de Scopus analiz sonucunda taranan yayinlar tlkelere gore
siralanmis ve bu siralamanin; Birlesik Kralliklar, ABD, iran, Pakistan, Malezya, Hindistan, Cin, Birlesik
Arap Emirlikleri, Kanada, Avustralya ve Fransa seklinde oldugu belirlenmistir. Konu Gzerinde en yogun
arastirma gergeklestiren yazarlar ise Haines, A., Kumar, A., Amokrane, A., Godbole, NS., Boutaba, R.,
Lamb, J., Hsiao, C-T., Kandsamy, J., Kor, A-l., Ahmad, M., Aljaberi, MA., Heydari, J., Khan, SN., Jain, V.,
Sutton-Parker, J., Fernando, Y., Jamieson, M., Babin, R., Charlesworth, KE. ve Eusebio LM. seklinde
siralanmistir. Yazarlarin vurguladigi anahtar kelimeler; karbon ayak izi, bulut bilisim, ¢evreci bilisim,
yesillendirme, saglik hizmeti, surdirilebilirlik, ¢cevresel sirdirdlebilirlik, enerji verimliligi, karbon ayak
izleri, iklim degisikligi, enerji tiketimi, cevre ve dénglsel ekonomi kavramlarindan olusmustur.

Sekil 1 WoS analizi sonucunda taranan yayinlar Ulkelere gore siralanmis ve bu siralamanin; Malezya,
ABD, Almanya, Cin, Hindistan, Avustralya, Birlesik Krallik, Fransa ve Kanada seklinde oldugu belirlenmistir.
Konu Uzerinde en fazla arastirma gerceklestiren yazarlar; Kumar, A., Vandenberg, MP., Hsiao, CT., Trappey,
AJC. Ou, JJR. Lamb, J., Godbole, NS., Amokrane, A., Langar, R., Pujolle, G., Zhani, MF., Boutaba, R.,
Genovese, A., Sarkis, J., Thormann, TF., Jain, V., Kumar, S., Prause, G., Wicker, P. ve Pandey, A. olarak
siralanmigtir. Yazarlarin en fazla vurgu yaptiklari kelime listesinde; karbon ayak izi, strdurilebilirlik, karbon,
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bulut bilisim, yesillendirme, ¢evresel, yenilenebilir enerji, yesil, enerji verimliligi, iklim degisikligi, yesil tedarik
zinciri ydnetimi ve ayak izi kavramlari yer almigtir.

Scopus ve WoS arastirmalarinda karbon ayak izi ve yesil organizasyonlar arastirmalarinda ABD,
Birlesik Kralliklar, Malezya, Hindistan, Cin, Kanada, Avustralya ve Fransa'dan yazarlarin arastirmalar
yurittiga anlasiimaktadir. Analizlerde Kumar, Amokrane, Godbole, Boutaba, Lamb, Hsiao ve Jain her iki
alanda da konu Uzerinde yodun arastirmalar ylrittigi goézlemlenmistir. Yazarlarin en fazla vurguladigi
anahtar kelimeler icerisinde karbon ayak izi, bulut bilisim, yesillendirme, surdurulebilirlik, enerji verimliligi
ve iklim degisikligi kavramlarinin her iki alanda arastirmalarda vurgulandigi géraimastur.

Arastirmada karbon ayak izi ve yesil organizasyonlara iligkin yazarlarin tek Ulke yayinlarina ve
birden fazla Ulke yayinlarina yer verilmistir. Scopus arastirmalarinda yazarlar agisindan en fazla
arastirma gergeklestiren Ulke yazarlarinin; Hindistan, ABD, Cin, Birlesik Krallik, Avustralya, italya,
Malezya, ispanya, Kanada, Fransa, Almanya, iran, Hollanda, Norveg, Polonya, Tayland, Birlesik Arap
Emirlikleri, Kibris Turk Cumhuriyeti ve Danimarka olarak siralanmaktadir. WoS aragtirmalarinda ise Ulke
yazarlari; Hindistan, Amerika Birlesik Devletleri, Cin, Birlesik Kralllk, Malezya, Avustralya, ispanya,
Almanya, italya, Hollanda, Tayland, Kanada, Fransa, Norveg, Pakistan, Birlesik Arap Emirlikleri,
Hirvatistan, Danimarka ve Finlandiya seklinde siralandigi gézlemlenmektedir. Karbon ayak izi ve yesil
organizasyonlara iliskin Scopus ve WoS’da yer alan arastirma yazarlarinin Ulkeleri birbirine oldukca
benzer sonuglar ortaya koymaktadir. Konu Uzerinde en fazla arastirma gergeklestiren yazarlarin tlkeleri
dikkate alindiginda Hindistan, ABD, Cin ve Birlesik Krallik ilk siralarda yer aldigi gézlemlenmektedir.
Sonuglar konu tGzerinde Turkiye 6lgcedinde arastirmalara oldukga fazla ihtiyag oldugunu gdstermektedir.
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Sekil 2. Konuya iligkin arastirmalarda en fazla vurgulanan anahtar kelimeler.

Figure 2. The most emphasized keywords in researchs on the subject.

Sekil 2'de Scopus veri tabani arastirmalari sonucu dikkate alindiginda, yazarlarin en fazla
vurguladigi anahtar kelimelerin; karbon ayak izi, surdurilebilirlik, iklim degisikligi, cevre, surdirdlebilir
kalkinma, yesil bilgi islem, yesillendirmek, bulut bilisim, yesil tedarik zinciri yonetimi, yenilenebilir eneriji,
enerji verimliligi, cevresel surdurllebilirlik, karbon ayak izleri, enerji, enerji tlketimi, saglk hizmeti,
dongusel ekonomi, CO2 emisyonu, kiresel 1Isinma, yasam déngusu degerlendirmesi, yesil, yesil teknoloji,
sera gazi, bilisim teknolojisi, tedarik zinciri yonetimi, sanallastirma, karbon salinimi, ekolojik ayak izi,
karbon yonetimi, gevre dostu, ¢cevre yonetimi, sera gazi emisyonu, yesil inovasyon, karbon vergisi, yesil
ofis, yenilik, OECD, planlama ve optimizasyon olarak siralanmistir.

Sekil 2’'ye iligkin WoS veri tabani arastirma sonucunda ise yazarlarin en fazla vurguladigi anahtar
kelimeler; karbon ayak izi, surdurllebilirlik, iklim degisikligi, karbon, yesil, ¢cevre, yesillendirmek, yesil
tedarik zinciri yénetimi, surdurdlebilir kalkinma, enerji, enerji verimliligi, yenilenebilir enerji, bulut biligim,
ekolojik ayak izi, sera gazlari, gevresel sirdirilebilirlik, ayak izi, yasam doénglsi degerlendirmesi,
surdurdlebilir, karbon ayak izleri, bilgi islem, emisyonlar, verimsiz, ¢evre politikasi, dénglsel ekonomi,
iklim, yasam doéngusu, sera gazi emisyonlari, tedarik zinciri, alti sigma, adaptasyon, karbon eftkisi,
biyoenerji, blylk veri ve analiz seklinde siralanmigtir.
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Karbon ayak izi ve yesil organizasyonlar arastirmalarinda vurgulanan anahtar kelimelerin en
populer olduklari (yogun arastirildiklar) zamanlar dikkate alindiginda, Scopus arastirmalarinda; déngtsel
ekonominin 2022-2023, saglik hizmetinin 2016-2022, enerji tiketiminin 2021-2023, iklim degisikliginin
2019-2022, emisyonlarin 2020-2021, karbon ayak izinin 2015-2022, surdurilebilirligin 2017-2022, bulut
bilisimin 2018-2021, cevrenin 2016-2021, ¢evreci bilisimin 2018-2021, cevresel surdurdlebilirligin, 2018-
2022, surdurulebilir kalkinmanin 2014-2022, yesil tedarik zinciri yonetiminin 2016-2019, yasam ddngusu
degerlendirmesinin 2016-2021, yesillendirmenin 2010-2020 ve enerji verimliliginin 2012-2020 yillari
arasinda oldukga popdler olduklari anlasiimaktadir.

WoS'ta yer alan aragtirmalarda; yenilenebilir enerjinin 2016-2022, ekolojik ayak izinin 2022, ayak izinin
2014-2021, iklim degisikliklerinin 2018-2022, yesilin 2017-2022, enerjinin 2018-2022, sirdirilebilirigin 2016-
2022, karbonun 2014-2021, ¢evrenin 2018-2022, karbon ayak izinin 2015-2022, yesillendirmenin 2015-2018,
cevreselin 2016-2022, yesil tedarik zinciri yonetiminin 2016-2022 ve eneriji verimliliginin 2014-2019 yillarinda
oldukca yogun aragtirnldigi gézlemlenmektedir.
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Sekil 3. Yazarlarin vurguladigi anahtar kelimelerin birlikte olusum agi.

Figure 3. Co-occurrence network of keywords highlighted by authors.

Analizde birlikte olusum aginda, yazarlarin arastirmalarinda birbirleri ile gucli iliskilere sahip olan
kavramlari vurgulamalari séz konusudur. Bu durum karbon ayak izi ve yesil organizasyonlara iligkin
incelemelerde, birbirleri ile giiglii iligkilere sahip kelimelere yer verilmektedir. ilgili sonuglar Sekil 3'te ifade
edilmistir. Scopus’ta yer alan arastirmalarda karbon ayak izinin; strdarilebilirlik, iklim degisiklikleri, bulut
bilisim, yenilenebilir enerii, kiiresel 1Isinma, gevre ve eneriji tiketimi kelimeleri ile guglu iliskilere sahip oldugu
gorulmektedir. Analizde ayrica karbon ayak izinin; yesil ofis, yasam dongusi degerlendirmesi, saglik
hizmeti, yesillendirme, analitik, sanallastirma, alternatif enerji ve surdirilebilir kalkinma kelimeleri ile iligkili
oldugu anlagiimaktadir. Analizde surdurdlebilirligin; iklim degisikligi, enerji verimliligi, sera gazi, déngusel
ekonomi, cevre, klresel isinma ve tedarik zinciri yonetimi kelimeleri ile gugli iligkilere sahip oldugu
gézlemlenmektedir. Arastirmada karbon ayak izinin yesil teknoloji iligkili oldugu goérilmektedir. Ayrica
ekolojik ayak izi ile OECD’nin iligkili oldugu anlagiimaktadir. Karbon ayak izi ve yesil organizasyonlara iligkin
WoS'ta yer alan arastirmalarda karbon ayak izinin; surdrdlebilirlik, iklim degisiklikleri, cevre, strdirulebilir
kalkinma ve enerji kelimeleri ile glglu iligkilere sahip oldugu anlasiimaktadir. Analizde karbon ayak izi ile
surdirtlebilir kalkinma, alternatif enerji, bulut bilisim, tiketim, yesillendirme, blyUk veri, analitik, karbon
dengelemesi ve sera gazlarinin iligkilere sahip oldugu goértlmektedir. Arastirmada surdurdlebilirligin, iklim
degisikligi, cevre, yesil, alti sigma, verimsizlik, yesil tedarik zinciri yonetimi ve tedarik zinciri yonetimi ile iligkili
oldugu goézlemlenmektedir. Analizde iklim degisikliginin surdirulebilirligin yaninda adaptasyon, iklim ve
cevre ile iliskilere sahip oldugu goérilmektedir. Analizde karbon ve ayak ile karbon ayak izlerinin iligkili
oldugu, analitik, buydk veri, yesillendirme, tiketim ve bulut bilisimin birlikte iligkili oldugu anlagiimaktadir.
Karbon ayak izi ve yesil organizasyonlar analizi sonucu her iki veri tabani arastirmalarinda da karbon ayak
izi, surdardlebilirlik ve iklim degisikliklerinin en glclu iliskilere sahip oldugunu géstermektedir.
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Tematik haritada karbon ayak izi ve yesil organizasyonlara iliskin merkezilesme ve yodunlugun
(veya yayginligin) dizeyleri verilmistir. Motor temalar kisminda hem yogunluk hem de merkezilesme
dlzeyi yuUksektir. Yani yazarlarin vurguladigi anahtar kelimeler literatirde hem yogun bir sekilde
incelenmekte hem de merkezi veya populer bir nitelie sahip olmaktadir. Nis temalarda merkezilesme
dizeyi dusuk, yodunlugun yliksek oldugu kelimelere yer verilmektedir. Kaybolan ya da yeni olusan
temalarda ise hem yogunluk hem merkezilesme derecesi dusuktir. Sekil 4'te sunulan temel temalarda ise
merkezilesmenin yiksek, yogunlugun distk oldugu kelimeler yer almaktadir.
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Sekil 4. Merkezilesme ve yodunluk agisindan tematik harita.

Figure 4. Thematic map in terms of centralization and density.

Arastirma kapsaminda, Scopus veri tabaninda yer alan arastirmalarda yazarlarin vurguladigi anahtar
kelimelerin merkezilesme ve yodunlugunun yiksek oldugu motor temalar kismi incelenmistir. Her grupta
kelimelerin hem yogdun kullanildigi hem de konuya iliskin merkezi bir konuma sahip oldugu anlagiimaktadir.
Ayrica her grup igerisinde yer alan kelimeler birbirleri ile glicli baglantilara sahiptir. ilgili sonuglar Sekil 4'te
belirtiimistir. Bu acgidan birinci grupta; karbon ayak izi, strdurdlebilirlik, iklim degisikligi, cevre, sirdurilebilir
kalkinma, yenilenebilir enerji, eneriji tiketimi, kiiresel 1sinma, sera gazi ve tedarik zinciri yonetimi kelimeleri
yer alinmistir. ikinci grup igerisinde; yesillendirme, bulut bilisim, enerji verimliligi, saglik hizmeti, analitik,
biiyik veri, karbon salinimi, yesil binalar, yesil bilgi sistemleri ve isabet kelimeleri yer almistir. Uglincii grup;
enerji, donglsel ekonomi, yasam dongusi degerlendirmesi, sanallastirma, optimizasyon, planlama, veri
merkezleri, e-atik, emisyon ve enerji yildiz kelimelerinden olusmustur. Dérdlnci grup; karbon vergisi, diisuk
karbonlu tedarik zinciri, gelir paylagsimi sézlesmesi ve tedarik zinciri koordinasyonu kelimelerinden
olusmustur. Besinci grupta; karbon ayak izi, sinir ve ticaret, ile yesil tedarik¢i secimi kelimeleri yer almistir.
Altinci grup; karbondan arindirma, alternatif yakitlar ve temiz sevkiyat kelimelerinden olugsmustur. Yedinci
grupta, karbon yonetimi, emisyon faktorli, yesil enerji, endustriyel ekoloji ve yasam dénglsi
degerlendirmesi kelimeleri yer almistir. Sekizinci grup; karbon ayak izleri, yesil teknoloji, enerji ve
surdurdlebilirlik, eneriji tasarrufu saglayan Urtnler, yesil is uygulamalar ve karbon emisyonunu azaltmak igin
kullanmak kelimelerinden olusmustur. Sekil 4'te WoS'ta yer alan arastirmalar incelendiginde, motor temalar
birinci grubunda; karbon ayak izi, strdirulebilirlik, iklim degisikligi, cevre, cevresel, surdirulebilir kalkinma,
enerji, sera gazlari, yasam dénglisii degerlendirmesi ve iklim kelimeleri yer almistir. ikinci grup; yesil,
verimsiz, surdurilebilir, dongisel ekonomi, alti sigma, tedarik zinciri ydnetimi, isletme, karbon vergisi, yesil
ve yesil yalin alti sigma kelimelerinden olusmustur. Uglincii grupta; yesillendir, bulut bilisim, bilgi islem, sera
gazi emisyonlari, analitik, buyuk veri, karbon dengelemesi, yeterlik enerji tiketimi ve enerji yildizi kelimeleri
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yer almistir. Dordincl grup; yasam dongusu, kurumsal karbon ayak izi, ekonomi ve etki kelimelerinden
olusmustur. Besinci grupta kelimelerde; karbon ayak izi ve yesil tedarik segimi yer almistir.

Analizde Scopus'ta yer alan arastirmalar agisindan merkezilesmenin dusik, arastirma
yogunlugunun yiksek oldugu nis temalar kismi dikkate alindiginda, birinci grupta; yesil, yesil tedarik
zinciri, geri dénlgiim, tersine lojistik ve strdirdlebilir kelimeleri yer almistir. ikinci grup; karbon azaltma,
sekillenmis karbon ve operasyonel karbon kelimelerinden olusmustur. Uglincii grup igerisinde; biyoenerii,
sera gazi emisyonu ve su ayak izi kelimeleri yer almistir. Dérdiinci grupta; karbon emisyonu, disik
karbonlu tedarik zinciri ve sistem dinamikleri kelimeleri yer almistir. Besinci grup; cevresel etki ve
organizasyon kelimelerinden olugsmustur. WoS nig temalar da yer alan birinci grup kelimeler; emisyon,
girdi-gikti analizi ve sistem dinamiklerinden olugmustur. ikinci grup; sekillenmis karbon ve operasyonel
karbon kelimelerinden olusmustur. Uglincii grupta; temiz sevkiyat ve karbondan arindirma kelimeleri yer
almigtir. Dérdunci grup kelimeler; yesil teknoloji, Banglades ve yenilenebilir kavramlarindan olusmustur.

Arastirmada Scopus arastirmalarinda hem merkezilesme hem de yogunlugun duisik oldugu, yeni
ortaya ¢ikan veya kaybolan kelime listesi dikkate alindiginda birinci grup; karbon tarafsizligi (nétr), cevre
politikasi, yesil inovasyon ve gevresel performans kelimelerinden olusmustur. ikinci grupta; yesil tedarik
zinciri yénetimi ve kurumsal baskilar kelimeleri yer almistir. Uclincli grup; sera gazi emisyonlari ve karbon
dengelemesi kelimelerinden olugsmustur. Dérdliincl grupta ise yenilenebilir enerji kaynaklari kelimesi yer
almistir. WoS arastirmalari yeni ortaya ¢ikan veya kaybolan kelime listesi dikkate alindiginda birinci grup;
gevreci bilisim ve karar verme kelimelerinden olusmustur. ikinci grupta ise bilgi kelimesi yer almistir.

Scopus arastirmalari agisindan analizde merkezilesme derecesinin ylUksek, yogunlugun duisuk
oldugu temel temalar kismi birinci grubunda; ¢evresel sirdurulebilirlik, ekolojik ayak izi, OECD ve ayristirma
kelimeleri yer almistir. ikinci grup; yenilik ve kurumsal teori kelimelerinden olusmustur. Uglincii grupta;
cevresel yonetim kelimesi yer almistir. Dérdinct grup; bilgi teknolojileri kelimesinden olugsmustur. Besinci
grupta; cevre dostu ve sirdurilebilir kalkinma hedefleri yer almistir. Altinci grup; CO2 emisyonlari yer
almistir. Yedinci grup; kiiresellesme kelimesinden olusmustur. WoS arastirmalari temel temalar kismi birinci
grupta; karbon, ayak izi, biyoenerji, cevre yonetimi, yesil ofis, yenilikler ve su ayak izi kelimelerinden
olusmustur. ikinci grup; yesil tedarik zinciri yénetimi, enerji verimliligi, yenilenebilir enerji, ekolojik ayak izi,
cevresel sirdirilebilirlik ve analiz kelimelerinden olusmustur. Uglincli grupta; emisyonlar yer almigtir.
Dérdlncl grup; karbon ayak izlerinden olusmustur. Besinci grupta; geri tepme etkisi kelimesi yer almistir.

Karbon ayak izi ve yesil organizasyon arastirmalarinin tematik gelisimi dikkate alindiginda, Scopus
arastirmalarinda 2006-2019 yillarinda en yogun vurgulanan kelimeler; alternatif eneriji, cevre, enerji
verimliligi, yenilenebilir enerji, ¢evreci bilisim, karbon ayak izi, enerji, karbon ayak izleri, cevresel
surdurilebilirlik ve yesil tedarik zinciri yénetimi kavramlarinda olusmustur. 2020-2023 yillarinda ise karbon
ayak izi, cevresel surdurulebilirlik, yesil tedarik zinciri yonetimi, yegillendirme, cevre, yesil teknoloji ve
dongusel ekonomi kelimeleri vurgulanmistir. WoS arastirmalarinda ise 2007-2019 yillarinda; ayak izi,
karbon, enerji verimliligi, enerji yildizi, karbon ayak izi, yesil tedarik zinciri yénetimi, yesil, gevreci bilisim
ve yesillendirme kelimelerinden olugsmustur. 2020-2023 vyillarinda ise karbon ayak izi, karbon,
surdurulebilirlik, cevresel surdurulebilirlik, cevreci bilisim, yesillendirme, enerji, yenilikler ve iklim degisikligi
kelimelerine vurgu yapildigi gézlemlenmektedir. Analiz sonuglari her iki veri tabaninda da vurgulanan
birgok ortak kelimenin oldugunu gostermektedir. Ozellikle son yillarda (2020-2023); karbon ayak izi,
cevresel surdurulebilirlik ve yesillendirme kavramlarinin siklikla vurgulandigi anlasiimaktadir.

TARTISMA ve SONUG

Karbon ayak izi ve yesil organizasyonlar arastirmalari sonucunda Scopus ve WoS veri
tabanlarinda benzer kavramlara vurgu yapildigi goézlemlenmistir. Yazarlar arastirmalarinda en fazla
karbon ayak izi, surdurUlebilirlik, iklim degisikligi, yesil, cevre, yesil tedarik zinciri yonetimi, enerji ve enerji
verimliligi kavramlarina vurgu yapmislardir. Kavramlarin birlikte olusum aglar dikkate alindiginda; karbon
ayak izi, surdurulebilirlik ve iklim degisikliklerinin en giglu iligkilere sahip oldugu gorilmastir. Analizlerde
merkezilesme ve yodunlugun ylksek oldugu anahtar kelimeler igerisinde karbon ayak izi, strdurilebilifik,
iklim degisikligi, cevre, cevresel, surdirilebilir kalkinma, sera gazlari, yenilenebilir enerji, enerji tliketimi,
kuresel 1sinma, sera gazi, tedarik zinciri ydnetimi, yagsam déngusi degerlendirmesi ve iklim kelimeleri yer
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almistir. Arastirma sonuglari daha temiz ve yasanabilir bir gevre (diinya) igin yesil organizasyonlara daha
fazla ihtiya¢ oldugunu gostermistir.

Hem drin dizeyinde hem organizasyonel diizeyde sera gazi emisyonlarinin izlenmesi ve
raporlanmasi, ¢evresel sirdurilebilirlik performansina pozitif katki saglar (Scipioni et al., 2012). Arastirmada
sera gazi emisyonlari ve surdurllebilirlik anahtar kelimeleri arasinda bir iligki oldugu gbézlemlenmektedir.
Organizasyonlar is faaliyetlerinde; yesil Grln, yesil inovasyon, yenilenebilir enerji ve surdirilebilir cevresel
faaliyetleri dikkate almalari gerekir. Ayrica Ulkelerin ve uluslararasi érgutlerin uymak zorunda oldugu kurallar
g6z onune alinmalidir. Organizasyonlarin ticari hedeflerinin sdrekliligi icin karbon ayak izi ve yesil
organizasyon algisi uzun vadeli hedefleri icerisinde yer almalidir. Sirdirilebilirlik faaliyetlerinin yesil
uretimle anlayisi ile desteklenmesi, organizasyonlarin katma degerli Urin veya hizmet ciktilarina énemli
katkilar saglar. Kanemoto et al. (2016) sera gazi emisyonlarinin azaltilmasini kiiresel bir zorluk olarak ifade
etmiglerdir. Arastirmacilar 6zellikle gelismis Ulkelerde karbon ayak izlerinin strekli blyidiguni ve dinyanin
diger bdlgelerine yayildigini belitmislerdir. Mustard et al. (2022) ise yiksek gelire sahip Ulkelerin sinirsiz
ekonomik buytmeleri ile refahlarini artirmakta oldugunu ancak toplumsal saglik agisindan sera gazi
emisyonlarindan 6ttrd kaynak kullanimlarinin sinidandirilabildigini vurgulanmiglardir.

Analizde CO2 emisyonlarinin karbon ayak izi ve yesil organizasyonlar iliskisinde oldukga etkili
oldugu gorulmektedir. Literatlirde bu emisyonlarin karbon ayak izinin olusumunda ve organizasyonlarin
faaliyetlerinde etkili oldugu anlasiimaktadir. Turkiye agisindan degerlendirildiginde; Turkiye’'nin karbon
salinimi, enerji tiketimine paralel bir sekilde artmaktadir (Demirbas et al., 2004). Sera gazi emisyonlari
agisindan TUIK'in en giincel verilerine gore Tirkiye’'de 2021 yilinda toplam emisyonlar icerisinde en
yiksek oranin CO: emisyonlarina ait oldugu anlasiimaktadir. Bu agidan CO: %85.2’sinin ener;ji
sektoriinden, %32.7’sinin elektrik ve 1si Uretiminden, %14.5'inin endustriyel islemler ve Grtn kullanimina
iliskin sektorlerden ve %0.3'liniin tarim ve atik sektdrlerden olustugu gézlemlenmektedir (TUIK, 2023).
insan faaliyetlerinin diinya iklimi {izerinde etkili oldugu ve en énemli etkinin CO. ve insan kaynakl sera
gazlarinin atmosfer emisyonlarindaki artistan kaynaklandigi vurgulanmistir (Krishnan et al., 2023). Ayrica
mekanik Uretim yapan organizasyonlarda karbon emisyonlari agisindan enerjideki yanma miktarinin
azaltiimasi ve karbon yakalama cihazlarinin artiriimasi gerektigi belirtiimistir (He et al., 2023). Arastirma
sonuglarinda karbon ayak izi ve yesil organizasyonlar iligkisinde COg2, enerji, enerji verimliligi, enerji
tiketimi, yenilenebilir enerji, yesil eneriji, alternatif eneriji, enerji yildizi, enerji tasarrufu saglayan trinler ve
biyoenerji kavramlarinin oldukca etkili oldugu gorulmektedir. Bu agidan Turkiye’de enerji sektorinde
faaliyette bulunan organizasyonlarin enerji kullanimlarinda sera gazi emisyonlarini minimal dizeyde
tutabilmeleri yesil organizasyon davranisina uygun bir hareket olacaktir.

Analizde ekonomi ve dongusel ekonominin karbon ayak izi ve yesil organizasyon arastirmalarinda
etkili oldugu goriimustir. Bu durum Ulkelerin ekonomik gelismiglik diizeyleri ile karbon salinimlarinin
iligkili oldugunu go6stermektedir. Ayrica ekonomik yeterlilide sahip Ulkelerde yesil organizasyon
olusumunun desteklenmesi daha kolay olabilir. Shandra et al. (2004) ekonomik degiskenlerin gelismekte
olan Ulkelerde karbondioksit emisyonlarini etkileyen tek gli¢ olmadigini vurgulamislardir. Uluslararasi sivil
toplum kuruluglarinin, ¢ok uluslu organizasyonlarin, hikimetlerin ve uluslararasi kredi kuruluslarinin
cevresel sorunlari azaltmaya yardimci olduklari belirtilmistir.

Arastirmada iklim degisikliginin karbon ayak izi ve yesil organizasyon arastirmalarinda etkili oldugu
gordlmastir. GUnimiz c¢evresel veya iklimsel degisikliklerin olusumunda, organizasyonlarin is
faaliyetlerinde (Uretim, tiketim ve dénisim gibi) kullandiklari hammadde, mamul veya enerji gibi kaynaklar
etkili olabilmektedir. Organizasyonlarin mal veya hizmet Uretiminde olusan ciktilari (karbondioksit
emisyonlari gibi) birgcok gevresel probleme sebep olabilmektedir. Matthews et al. (2008) ayak izlerinin
iklim degisikligi politikalarini izleyebilmede etkili oldugunu, karbon ayak izinin bir organizasyonun
tedarikgilerini etkileyebilecegini ve organizasyonlarda etkili kurumsal iklim degisikligi politikalarini motive
edebilecegini belirtmiglerdir.
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Analizde karbon ayak izi, ticaret, sinir ve yesil tedarikgi segiminin iligkilere sahip oldugu
goézlemlenmistir. Bu durum tedarikgilerin organizasyon faaliyetlerinde etkili bir konuma sahip olduklarini
gosterir. Tedarikgiler yesil organizasyon olusumuna katkida bulunabilir. Kumar & Jain (2010)
organizasyonlarin tedarikgiler ile karbon farkindaligi olusturmalari ve ¢evre dostu yaklagimlar tesvik
etmeleri gerektigini vurgulamiglardir. Ayrica arastirmacilar, karbon ayak izlerinin, tedarik¢i seciminde
cevresel etki kriteri agisindan dogru bir 6lcim sagladigini belirtmiglerdir. Lee & Cheong (2011)
organizasyonda Uretim surecinde tedarikgilerin karbon emisyonlarini kontrol etmeleri gerektigini, risklerin
erken tespitinin, karbon emisyonlari ve enerji tiketimlerinin azaltiimasinda surekli iyilestirmelerin yapiimasi
gerektigini vurgulamiglardir.

Ulkelerin karbondioksit emisyonlari ihracat ve ithalat rakamlarina gore sekil alabilir. Ayrica Ulkelerin
enerji kullanim yerlerindeki farkliliklar da emisyonlarin olusumunda etkili olabilir. Wiedmann et al. (2010)
Birlesik Krallik'ta ithalata bagl karbondioksit emisyonlarinin yillara gére (1992-2004) guiclu bir artis (%60)
olusturdugunu, ihracatla ilgili emisyonlarin daha az artis (%28) sergiledigini ortaya koymuslardir.
Arastirmacilar tiketici emisyonlarinin ise yillara gore sabit kaldigini ifade etmiglerdir.

Analizde karbon ayak izi ve yesil organizasyonlarda su ayak izinin de etkili oldugu goriimustir.
Dinya genelindeki karbon salinimlarinin yogunlugu birgok bdlgede susuzluga (veya kurakliga) sebep
olabilmektedir. Bu durum 6zellikle iklimsel dedisikliklere neden olmakta, insan ve diger canhlarin yagsam
alanlarinda degisikliklere sebep olabilmektedir. Galli et al. (2012) karbon ayak izinin AB iklim hedeflerine
hitap edebildigini, su ayak izinin; dogrudan veya dolayli olarak tath su gereksinimleri ile iligkili oldugunu,
sinirli bir uygulama alanina sahip oldugunu ve AB su politikalar ic¢in bilgilendirici bir nitelige sahip
oldugunu belirtmislerdir. Oztag Karli & Artar (2021) su déngusuniin sirdirilebilirliginde su ayak izinin
azaltiimasi igin kentlerin, kaynaklari ve kaliteyi iyi yonetmesi gerektigini belirtmiglerdir.

Analizde tedarik zinciri yonetimi, yesil tedarik zinciri yonetimi, karbon ydnetimi, ¢cevre yonetimi ve
cevresel yonetim kelimelerinin karbon ayak izi ve yesil organizasyon arastirmalarinda etkili oldugu
gOrulmustdr. Yoénetim mekanizmasi hem ulusal hem uluslararasi ticari faaliyetlerde Ulkeler bazinda oldukca
etkili bir kavramdir. Ozellikle giice sahip (ilkeler birgok faaliyetinde yonetim mekanizmasinin roliinden
faydalanabilmektedir. Hukuki ve politik kararlar karbon ayak izi ve yesil organizasyon algisini etkileyebilir.
Gani (2012) gelismekte olan Ulkelerde karbondioksit emisyonlarinin kontrol edilmesinde (politika, hukuk ve
yolsuzluk agisindan) iyi yonetisimin etkili oldugunu, ticari acgiklik ve sanayi sektorinin de emisyonlarin
olusumunda etkili oldugunu vurgulamistir. Scipioni et al. (2012) organizasyon diizeyinde alinan kararlarin;
aranlerin karbon ayak izlerini nasil etkiledigini ortaya koyabilecegini, GrUnlerin karbon ayak izine katkilarini
anlamalarinda ve karbon salinimini azaltmak igin tedarik zincirinde nereye muidahale edilmesi gerektigini
belirleyebilecegini vurgulamiglardir. Arastirmalarinda sera gazi emisyonlarinin izlenmesi ve raporlanmasi
sayesinde, herhangi bir Grinin iklim dedisikligi Uzerindeki etkilerini arastiran yonetim stratejilerinin
hazirlanmasinin  kolaylasabilecedini belitmislerdir. Ayrica yonetim ve c¢evresel etkiler agisindan,
organizasyonlarin operasyonlarini ve tedarik zinciri yonetimlerini daha iyi yapabilmelerine, iklim degisikligi
Uzerindeki etkilerin azalmasina katki saglayabilecegini vurgulamislardir.

Arastirmada karbon vergisi, karbon emisyonu, kiresel 1sinma ve iklim degisikligi kavramlarinin
oldukga etkili oldugu gézlemlenmistir. Ulkelerin ihracat ve ithalatlarina bagl olarak karbon emisyonlarina
iliskin birgok ticari faaliyet gergeklestirimektedir. Ozellikle uluslararasi ticari s6zlesmeler karbon olusumunda
etkili olabilmektedir. Hrasky (2012) Kyoto Protokoli’niin birgok hiikiimet tarafindan onaylanmasi ile birlikte
emisyon ticaretindeki buyumeler, karbon vergisi, karbon denklestirme planlari, génulli girisimler, karbon
emisyonlari, iklim degisiklikleri ve kiiresel 1sinma gibi birgok etkenin politikacilarin ve tiketicilerin endiselerini
artirdigini belirtmistir.

Analizde ilgili Glke arastirmacilarinin karbon ayak izi ve yesil organizasyonlara iliskin arastirmalar
yurittigu gdézlemlenmistir. Ulkeler karbon salinimini azaltmak igin gesitli anlagmalar gerceklestirebilmektedir.
Bu durum yesil organizasyonun yaninda yesil Griin algisinin olusmasina katkida bulunabilir. Trappey et al.
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(2012) Avrupa Birligi, Avustralya, Japonya, Kaliforniya, Tayland, Kore ve Tayvan’in karbon etiketine ydnelik
standartlar i¢cin dizenlemeler gerceklestirdigini belirtmiglerdir. Organizasyonlarin karbon ayak izini azaltma
konusunda ilerleme kaydetmeleri durumunda, ¢evre dostu Urlnlerin itibarinin, markasinin ve satislarinin
daha olumlu kargilanacagini vurgulamisglardir.

Organizasyonlardaki ticari faaliyetlerin streklilik arz edebilmesi, tiketici memnuniyetinin olusturuimasi
ile ilgili olabilir. Bu memnuniyetin olusumunda organizasyonlarin yesil veya cevreci faaliyetleri etkili
olmaktadir. Bu agidan gerek 6zel gerekse kamusal faaliyetlerde yesil organizasyon algisinin olusturulmasi,
gucli bir ekonomik yapinin olusturuimasina katkida bulunabilir. Alvarez & Rubio (2015) karbon ayak izinin
yesil kamu alimlarinda, guigli ekonomik bir inovasyonu tesvik edebilecegdini belirtmislerdir. Karbon ayak izi
uygulama ydntemlerinin, tlketim kaliplarindaki degisimleri degerlendirebilme ve organizasyonlar icin
karsilanabilir olmasi gerektigini vurgulamislardir.

Analizde karbon ayak izi ve yesil organizasyon aragtirmalarinin strdarilebilirlik ile gok guglu iliskiye
sahip oldugu gdzlemlenmistir. Ayrica surdirilebilirligin yaninda sirdurdlebilir kalkinma ve c¢evresel
surdurilebilirligin de birgok kavram ile iligkili oldugu goérilmuistir. Bu durum sirduarulebilir bir ¢cevre igin
yesil organizasyon faaliyetlerinin degerli oldugunu ortaya koymaktadir. Ayrica karbon olusumunun
onlenmesinde surdurdlebilirligin etkili oldugu anlasiimaktadir. Gallego-Alvarez et al. (2015) sera gazi
emisyonlari, iklim degisikligi, ¢evresel proaktivite ve kurumsal performans kavramlarinin
organizasyonlarin imajini (veya itibarini) sekillendirdigini, yoneticilerin stirdurtlebilir yatirimlari daha fazla
performans ¢iktisi olarak degerlendirmeleri gerektigini vurgulamiglardir. Demiral et al. (2021) enerji
tiketimi ile olusan sera etkisinin; sicakliklari artirdigini, ekosistemi, insan ve diger canlilarin saghgini
etkiledigini, sosyoekonomik surdurilebilir kalkinma agisindan tehdit olusturdugunu belirtmislerdir.

Arastirmada ABD’li ve Cin’li yazarlarin konu tizerinde birgok arastirma yirittiga gézlemlenmistir.
Ulkelerin buyiiklGgu, tiketim inhtiyaglari, gelismislik dizeyleri, toplumsal beklentileri ve (retim ihtiyaglari
gibi birgok faktér karbon ayak izi ve yesil organizasyon olusumunda etkili olabilir. Ayrica Ulkelerin glg
savasl ve daha fazla kazanma istedi (veya ekonomik ve politik glice sahip olma arzusu) enerji
kullanimina bagli olarak birgok organizasyonun faaliyetini etkiler. Wu et al. (2016) Cin’'in ekonomik
biylimesine bagl olarak enerji tiketiminin ve karbondioksit emisyonlarinin énemli derecede arttigini
belirtmiglerdir. 2007 yilindan beri Cin’in ABD’yi geride birakarak dinyanin en buyuk karbondioksit yayici
ulkesi oldugunu vurgulamiglardir. Grant & Vasi (2017) ABD’de enerji tesislerinin emisyon yogunluklarini
azaltmaya oncelik vermediklerini, g¢alisanlarda karbon salinim miktarinin azaltiimayacagina yoénelik bir
alginin oldugunu vurgulamislardir.

Arastirmada yesil tedarik zinciri yénetiminin, karbon ayak izi ve yesil organizasyonlar agisindan
oldukga etkili bir roli oldugu anlagiimigtir. Bu durum yesil tedarik zinciri yonetiminde organizasyonlarin
faaliyetleri ile etkili bir mal ve hizmet Gretimi anlayisina sahip olabilmelerinin 6nemine dikkat gekmektedir.
Burada yesil organizasyonlarin daha pozitif, gevreci bir izlenim uyandirabilmeleri s6z konusudur. Yu & Su
(2017) yesil tedarik zinciri yonetimi ¢aginda, surdirilebilir yesil yonetime sahip olabilmek igin uygun
tedarikgi segiminin dnemli oldudunu, g¢evreyi korumaya yoOnelik degerlendirme kriterlerinin dikkate
alinmasi gerektigini vurgulamiglardir.

Analizde OECD’nin karbon ayak izi ve yesil organizasyonlar arastirmalarinda etkili oldugu
gozlemlenmistir. OECD gibi orgltler dinyada birgcok organizasyonun faaliyetine etki edebilmektedir.
Ozellikle Ulkelerin belirli konulardaki politikalarina énerileri ile yén verebilmektedir. Bu durum birgok
faaliyette Ulkelerin olusturdugu birliklerin, ¢evreci amaglara da sahip olmasinin dnemini ortaya koyar.
Alvarez et al. (2019) OECD llkelerinin (34 Ulke) kentlesme diizeyindeki artis ile kisi basina disen CO:2
emisyonlarindaki artis oraninin dogrusal oldugunu ortaya koymuslardir.

Aragtirmada iklim degisikliginin karbon ayak izi ve yesil organizasyon arastirmalarinda oldukga ¢ok
vurgulandigi gdézlemlenmistir. iklimsel olarak meydana gelen diizensiz degisimler birgok cevresel felakete
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yol agabilmektedir. Ozellikle asirn sicakhgin sebep oldugu kuraklik veya asiri yagmurlarin olusturdugu
seller, dinyada LUlkeleri etkilemektedir. Organizasyonlarin sagladigi c¢iktilar ile gevrelerine verdikleri
zararlar bu duruma sebep olan bir etken olabilir. iklim degisikliklerine yol agabilecek uygulamalar, birgok
organizasyonun faaliyetlerinde sorumluluk bilinci ile hareket etmesini gerektirir. Du et al. (2019) iklim
degisikligi ile muicadele etmenin tim ekonomilerin ortak sorumluluklari oldudunu, yesil teknolojik
inovasyonlarin ekonomik biyimeyi tesvik ederken karbondioksit emisyonlarini azaltacagini ve gelismekte
olan ekonomilerin yesil inovasyon kapasitelerini glgclendirmelerine ihtiyaglari oldugunu belirtmislerdir.
Steg (2023) iklim degisikliginde, insanlarin iklim degisikligini algilanma derecesinin, insan kaynaklh olma
derecesinin ve olumlu ya da olumsuz sonuglara sahip olma anlayislarinin etkili oldugunu vurgulamigtir.
Bu acidan iklim degisikligine sebep olabilecek faktorler organizasyonlar diizeyinde etkili olabilir.

Karbon ayak izinin olusmasini énlemek igin gerceklestirilen her adim, tim toplumun yasam alanina
katkida bulunur. Ozellikle bireysel ve organizasyonel faaliyetlerde uygulanan politikalar veya kurallar bu
duruma etki edebilir. Vita et al. (2020) daha dugik tuketimli karbon ayak izinin daha ylksek yagam
memnuniyeti olusturdugunu ortaya koymuslardir. Chen et al. (2021) Cin’deki eneriji yapisi agisindan disuk
karbon gelisimini desteklemek icin 2014’te yedi bolgede karbon ticaretini baslattigini ifade etmiglerdir.
Cin’in emisyon ticaret politikalarinin, isletmelerin yesil patente iligkin politikalarini %9.3 azalttigini, yesil
inovasyon Uzerinde baski olusturdugunu, yesil yenilik faaliyetlerini engelledigini, yesil teknolojik yenilikleri
ve Uretime olumsuz etkileri oldugunu belirtmislerdir. Bu durumun organizasyonlarin yesil inovasyonu
etkileyen AR-GE’ye yatirnmlarin azalmasina sebep oldugunu vurgulamiglardir. Arastirmalarinda karbon
emisyon ticareti kontrol sisteminin kurulmasi gerektigini ve g¢evresel sorumluluk igin biling
olusturulmasinin 6nemli oldugunu belirtmiglerdir.

Analizde, cevre, gevresel surdurulebilirlik, gevreci bilisim, ¢cevresel ydnetim, ¢cevre dostu ve cevre
performansi gibi kavramlarin olduk¢a yogun kullanildidi gdzlemlenmistir. Yesil organizasyonlarin
sergiledigi cevreci yaklasim, uzun vadeli surekliliklerinde etkili olabilir. Ayrica tlketiciler Uzerinde
olusturduklar pozitif izlenim, markaya veya organizasyona olan giiveni giiglendirebilir. Cevreci yaklagimi
dikkate alan birgok 6rgiit, organizasyonlarin is faaliyetlerinde g¢evresel bir anlayigla hareket etmelerini
dikkate alirlar. Fraser & Temocin (2021) Japonya’da 2005-2017’li yillarda ndfusun blayUklugine goére
daha cevreci drgltlere sahip olan sehirlerde, karbon emisyonlarinin azaltilmasi i¢in baski yapildigini ve
bu durumun gevresel bagliligr artirdigini ifade etmislerdir.

Uygulamada vyesil, yesillendirme, yesil ofis, yesil tedarik zinciri ve yesil inovasyon kavramlarinin
karbon ayak izi ve yesil organizasyon arastirmalarinda etkili oldugu goézlemlenmistir. Bu durum
organizasyon faaliyetlerinde c¢evreci bir tutuma sahip olmanin kiymetli olabilecegini géstermektedir. Bu
agidan yesil yaklasimin birgok organizasyonun politikalari igerisinde yer almasi ve galisanlari ile bitinlik
olusturmasi etkili olabilir. Liu et al. (2021) organizasyonlarin yesil faaliyetlerde etkili olabilmeleri igin
calisanlarina yesile yonelik egitim ve 6gretim uygulamalari ile yesil bilgi ve beceriye sahip olmalarinin
saglanabilecegini belirtmiglerdir. Jayaraman et al. (2023) yesil inovasyonun kurumsal surdirulebilirlik
performansina katkida bulundugunu ortaya koymuslardir. Tang et al. (2023) g¢alisanlarin aligkanliklarinin
yesil davranis sergilemelerinde etkili oldugunu ifade etmislerdir.

Kaliteli bir yasam igin yesil organizasyon anlayisina, dinya genelinde ihtiya¢g duyulmasi oldukc¢a
dikkat cekicidir. Teknoloji bagimhhdin sirekli olarak artis egilimine sahip olmasi, enerji tiketimine olan
ihtiyaci giinden giine artmaktadir. Organizasyonlarin daha fazla kar elde etme arzusu, enerji tiketiminde
yeni alternatiflere yonelmeyi beraberinde getirmektedir. Bu acgidan organizasyonlarin enerjiye olan
ihtiyaclari, gevresel kaynaklara ve verimli enerji kaynaklarina talebi desteklemektedir. Yenilenebilir enerjiye
yonelimin saglanmasi birgok organizasyonun, organizasyon politikasi haline getirilmelidir. Organizasyonlar
is faaliyetleri ile bircok alanda topluma 6rnek olma kabiliyetine sahiptir. Bu ¢ergevede yesil organizasyon
anlayisi, kiguk ya da buyilk o6lgekte bitlin organizasyonlarin uygulamalarinda yer almalidir. Arastirma
Scopus ve WoS veri tabanlarinda karbon ayak izi ve yesil organizasyon arastirmalari ile sinirhdir. Gelecek
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aragtirmalarda karbon ayak izi ve yesil teknolojiler kavramlari incelenebilir. Ayrica yesil organizasyon
algisini olusturan temel bilesenlerin neler olabilecegi ortaya koyulabilir. Eneriji verimliligi, surdurulebilirlik ve
yesil gcevre anlayisini olusturan yeni arastirmalara da yer verilebilir.
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