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ARTICLE
ABSTRACT INEO
Eliminating regional imbalances and developing regions is a situation that has been desired by Received:

societies for many years. To realize regional development effectively and to use resources rationally 07.07.2023
for this purpose, it is necessary to be aware of the existing potential of the regions and to reveal their Accepted:
strengths and weaknesses. Agriculture is a sector that plays a key role in regional and national 23.10.2024
development. TR61 Region (Antalya, Isparta, Burdur) is a Level 2 region according to The

Nomenclature of Territorial Units for Statistics (NUTS) and has high agricultural potential because of

its soil structure, water resources, underground riches, flora, and fauna. In this context, this study

aimed to reveal the agricultural potential and current situation of the TR 61 region with a comparative

method. The period range of this study covers the year 2000 and later, and the data of the last current

year were used in the comparison of the data in the study. Because of this research, it has been

determined that agriculture makes an important contribution to the development of the region. The

region stands out in many areas such as grain, vegetable and fruit production, organic farming

practices, undercover farming, and herbal and animal production. The region also draws attention in

terms of agricultural tools and machinery, agricultural investments, sectoral exports, as well as many

leading sectors such as food, cosmetics, and rose industry. In addition, because of this research, it has

also been observed that the existing potential has not been shown effectively. Based on these research

findings, it can be said that cooperative steps are needed to increase the contribution of agriculture to

regional development and this process should be supported by policies.

Keywords: Agriculture, Regional Development, Turkiye
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INTRODUCTION

Agriculture, which has been an important field of activity for many years, is a sector that is important in
many respects, such as the production of basic nutrients, employment, growth, rural development, and
regional development. This sector has a central role to play in economic transformation. Not taking
advantage of the transformative role of agriculture slows and delays economic transformation to the
detriment of the growth rate, food security, poverty reduction, and the well-being of rural and urban people
(Mellor 2017). However, opinions about the fact that agriculture is an area that should be given priority from
the point of view of nations have varied over time. In the traditional approach, governmental finance and
subsidies play a very important role in terms of agricultural enterprises and farms to increase production and
food supply. However, the unsustainable cost of support to agricultural enterprises has created the
impression that investments in agriculture are highly unprofitable. Therefore, the attention has moved away
from agriculture to focus on other areas relevant to promoting development (FAO 2010). The importance of
maintaining agricultural production has been recognized by all countries throughout history. However, in the
economic literature of the 1950s and 1960s, the role of agriculture in terms of development was evaluated as
an assistant to the modern industrial sector where most of the accumulation and growth is expected to occur.
Theoretical research and the unexpectedly poor performance of agriculture in many developing countries
have led to the belief that the role of agriculture in development should be re-examined (Cornia 1985).
However, the projections on food prices and food requirements have begun to reinvigorate the discussion by
the Food and Agriculture Organization of the United Nations (FAQ) and other development organizations on
the necessity for increased investments in agriculture (FAO 2010). On the other hand, together with the
Covid-19 process and the political developments in the international arena (e.g. Russia-Ukraine tension),
problems have been experienced on the point of supply in the agricultural sector, price fluctuations in
agricultural products and increasing costs have become the focus of discussions today, and the importance of
agriculture has become the agenda again with these developments.

Nowadays, discourses about the need to develop agriculture, which is an important sector, are frequently
expressed. However, agricultural development largely depends on how successfully knowledge is generated
and applied (World Bank 2006). Technological developments and innovative activities contribute to the
increase in yields in agriculture and livestock while increasing yields and profitability in the sector is
facilitated by applications developed and integrated into this sector. Biological deficiencies of plants and
animals are eliminated with developing molecular techniques, labor requirements are reduced with
improvements in mechanization, and productivity and worker safety are increased. In addition, the
environmental sustainability of production systems is increased while reducing the negative effects on soil
and water with the help of advanced techniques (Sassenrath et al. 2008). Additionally, digital technologies
overcome information problems that hinder market access for many small-scale farmers, they also increase
information through new ways of providing extension services and provide novel ways for improving
agricultural supply chain administration (Deichmann et al. 2016). Developing and changing conditions lead
to the emergence of new approaches in regional policies. It is important to closely follow and adopt these
developments to increase competitiveness in agriculture.

In the national and international literature, many studies on agriculture and development emphasize that
agriculture is an important sector in terms of economic growth, sustainable development, regional or rural
development (Batie 1989; Foster & Rosenzweig 2007; Tolunay & Akyol 2009; Pezikoglu 2012; Martin
2019; Loizou et al. 2019; Surgun Celikten & Seving 2020). Agriculture is the backbone of Tlrkiye’s
economy, and this sector still maintains its importance. That is why it is necessary to work on addressing and
developing agriculture, which is a critical sector, for Turkiye. TR 61 region is among the prominent regions
in Turkiye in terms of geographical structure, favorable conditions for agriculture, and export of agricultural
products. For this reason, we have taken the TR 61 region as a basis for this research, where we try to reveal
the role and importance of agriculture in regional development. This study aims to evaluate the strengths and
weaknesses of the TR 61 region and to reveal the potential of agriculture in regional development.
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MATERIALS AND METHODS

This study focuses on the role of agriculture in regional development. TR 61 region (Antalya, Isparta,
Burdur) is an important region in terms of agriculture in Turkiye. For this reason, this study is based on the
TR 61 region (Figure 1).

A O Isparta
[ Burdur

B Antalya

Figure 1. The Field of Research

In this study, the agricultural potential and current situation of the TR61 region have been revealed using a
comparative method. In this process, the general appearance and agricultural potential of Isparta, Burdur and
Antalya provinces were evaluated by using regional statistics that stand out in terms of the agricultural
sector. Regional plans and various statistics (such as business records, and foreign trade statistics) were
utilized to reveal the current situation of the region. The study periodically focuses on the data of the current
year. The findings are evaluated on the axis of the study.

There are some limitations to this research. For example, one of the main limitations of this study is that the
current versions of some data, reports and plans have not been published/disclosed yet. In addition, the
provinces in the region under consideration have different values from each other in terms of population,
surface area, etc.

RESULTS AND DISCUSSION

Overview of the TR 61 Region

TR 61 region, with an area of 36,996 square kilometers, constitutes 4.7% of Tiirkiye’s surface area (West
Mediterranean Development Agency 2015: 33). Considering the annual population growth rate (%) values
of the provinces in Tlrkiye, Burdur Province stands out with 0.3, Isparta Province -0.8 and Antalya Province
25.7 in 2022 compared to the previous year. Antalya is in the top five among 81 provinces in terms of
population with 2 million 688 thousand 4 inhabitants (TURKSTAT 2023c).

Rank the inter-provincial competition index prepared by the Istanbul University Center for Research and
Practice in City Policies, Antalya ranks 4™, Burdur ranks 47" and Isparta ranks 21% during the 2021-2022
main index. In the study, while Antalya from the TR61 region is among the leading cities in demographic
structure, tourism and health, transportation, and financial markets, Burdur is also among the leading cities in
education. Isparta province, on the other hand, stands out in education, health, and higher education. In the
sub-index rankings, Antalya ranks 3, Isparta 5", Burdur 78" in the health index, and Isparta 12", Burdur
37", Antalya 44" in the infrastructure index. While Antalya ranks 9", Isparta 31%, and Burdur 53" in the
Social Life Index, Isparta 27", Burdur 37", and Antalya 6" in the Macro Economy Index. In the agriculture
index, Burdur ranks 37", Isparta 45", and Antalya 15" among 81 provinces. Antalya ranks 11", Burdur 17",
and Isparta 22" in the Innovation Index, and Antalya 8", Burdur 57" and Isparta 62" in the
Entrepreneurship Index (Seker et al. 2023).

According to the 2017 Socio-Economic Development Ranking Research (SEGE) grouping, Antalya is the
1st tier, Burdur is the 3™ tier, and Isparta is the 2nd tier-developed city. According to SEGE studies for
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districts in 2022, the Central district (0.917) and the Bucak district (0.439) are leading in the Burdur
Province, and these districts are at the 2" level. While the Central district (1.551) is the most developed in
Isparta province, it is followed by the Gonen district (-0.034). The central district of Isparta province is in the
2" level in terms of development, and Génen district is in the 3™ level. Muratpasa (3.173), Konyaalti
(2.465), and Alanya (1.676) districts, which are in the first three places in Antalya province, are the 1% tier
developed districts (Republic of Tirkiye Ministry of Industry and Technology 2023). The TR61 region is
also important in terms of foreign trade. According to the TURKSTAT (2023a) Foreign Trade Statistics, the
TR61 region exported 2,766,091,970 US Dollars in 2022. Antalya stood out in the region with 2,220,293,804
US Dollars, and the export figures of Burdur and Isparta are 272,468,072 US Dollars and 273,330,094 US
Dollars, respectively.

The Outlook of the Agriculture Sector in the TR 61 Region and Its Importance for the Region

Agriculture has a critical place in the economy of the TR61 region. This sector is a source of livelihood for
those engaged in agriculture and makes a significant contribution to rural development. TURKSTAT
(2023d) data shows that the share of the agriculture, forestry, and fishery sectors in Gross Domestic Product
varies across provinces. Compared to 2004, the share of this sector in Gross Domestic Product dropped in
Antalya and Isparta Province but rose in Burdur Province (Figure 2).

20,1

22,2
218

18,5

17,7

19
19,8

21,9

19,3

16,6

17

14,6

14,8

15

155

16,8

16

14,8

1—1

[

< [Tl [{] ~ © (2] o — o~ ™ < [Te] © ~ o (2] o —

o o o o o o — hom) — — hom) — - - i - N N

o o o o o o o o o o o o o o o o o o

N N N N N N N N N N N N N N N N N N
m Antalya = Burdur  Isparta

Figure 2. Share of Agriculture, Forestry, and Fishing in Gross Domestic Product (Based on 2009)
Source: Created by the author with data from TURKSTAT (2023d)

The agricultural sector has an important place in developing industrial activities in the TR61 region. The
number of enterprises in the agriculture, forestry, and fishing sectors is increasing year by year in this region

(TURKSTAT, 2023d).
336
336 340
276 295 345
103 1 204 |f 506 [ 210 225 250 || 263 1| 257 ol
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Figure 3. Number of Enterprises in the Agriculture, Forestry, and Fishing Sector
Source: Created by the author with data from TURKSTAT (2023d)
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Agriculture and livestock are prominent in the foreign trade of the TR61 region. In addition, fishing, forestry,
and logging have also an important place in the foreign trade of this region (Table 1).

Table 1. TR61 region exports (dollars)*

Year Antalya Burdur Isparta
Agriculture and livestock 2021 702,027,295 6,203,116 49,007,165
2022 680,602,179 4,231,243 51,838,982
2023 346,746,190 1,518,087 21,892,525
Forestry and logging 2021 1,948,340 587,670 8,921
2022 1,666,770 530,715 149,246
2023 147,587 - -
Fishery 2021 2,667,726 - 550,342
2022 99,047 - 210,208
2023 - - -

Source. TURKSTAT (2023a).
*Data for 2022 and 2023 are provisional data.

When regional shares by sectors (2009-based) are analyzed (TURKSTAT 2024), according to activity A10
(NACE rev.2), Antalya (4.41) stands out in TR61 Region in agriculture, forestry, and fishing for 2022. This
is followed by lIsparta (1.15) and Burdur (0.8) respectively. However, when the data is considered on a
provincial basis, professional, scientific, technical, administrative, and support service activities (6.29) are
the most prominent sector in Antalya. In contrast, the agriculture, forestry, and fishing sectors are more
prominent in Burdur and Isparta provinces compared to other sectors.

TR61 Region has an ideal climate and soil for agricultural production. In addition, irrigation facilities have
an important role in the development of the agricultural sector. The most common agricultural activity in the
region is vegetable cultivation (West Mediterranean Development Agency 2015). When the sector figures
based on provinces are analyzed, it is seen that fresh fruits and vegetables, and fruit and vegetable products
stand out in the sector’s export performance of exporting companies (Table 2).

Table 2. Sector Export Performance of Exporting Companies in the TR61 Region ($1000)

Isparta Burdur Antalya
1 January-31 May 2022 2023 2022 2023 2022 2023
Hazelnuts and Products 0.00 1.72 - - 08.16 21.18
Cereals, Pulses, Oilseeds, and
Products 2,710.00 2,324.35 79.46 117.86 17,329.16 23,920.40
Dried Fruits and Products 92.51 274.59 - - 788.20 662.99
Fruit and Vegetable Products 4,783.44 5,975.58 0.00 0.00 9,510.33 11,164.53
Aquaculture and Animal
Products 4,333.41 3,331.16 1,677.58 1,503.87 8,220.08 6,259.73
Ornamental Plants and
Products 2,616.13 1,680.86 36.25 35.85 36,637.91 34,529.42
Fresh Fruits and Vegetables 34,201.04 33,783.61 754.48 672.18 277,596.47  358,894.38
Olives and Olive Oil 0.00 0.00 - - 37.26 99.73

Source. Turkish Exporters Assembly (2023).

The decrease in the total cultivated agricultural area in the TR 61 region draws attention. The total cultivated
agricultural area of Antalya province was 270,681 hectares for the year 2021. When we look at the year
2000, it is seen that the total amount of agricultural land processed in the province has decreased. Similarly,
in Burdur and Isparta provinces, there has been a decrease in the total cultivated agricultural area compared
to 2000 in recent years (Figure 4).
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154461
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Figure 4. Total cultivated agricultural area (hectares) for TR 61 region
Source. Created by the author with data from TURKSTAT (2023b)

Developing production technologies in the greenhouse sector (e.g. the use of geothermal energy, vertical
farming practices, and irrigation systems) have been effective in increasing productivity from year to year.
The productivity rate of undercover farming is quite high since it is less affected by seasonal conditions (The
Banks Association of Turkiye, 2023). TR61 Region has advanced a lot in undercover farming activities.
According to TURKSTAT (2024) data for 2023, Antalya has 311,042.2 decares, Burdur has 13,936 decares
and Isparta has 4,771 decares of undercover farming area. Vegetable production is possible in undercover
farming areas from October to May, when vegetable production is limited both at home and abroad. This
situation is effective in making the region come to the fore in vegetable production. Natural resources and
agricultural raw materials power the industrial growth of the TR61 region. However, the manufacturing
industry for the processing of agricultural products in the region is not developed enough, causing the
products to be sold outside the region without being largely processed (West Mediterranean Development
Agency 2015).

Organic agriculture is also performed in the region, as well as undercover agricultural activities. In addition,
when the agricultural tools and machinery of the region are examined, there has been an increase in the
number of tractors since 2000. There are also significant increases in plant production and the value of
animal products (Table 3).

Table 3. Some Agricultural Indicators for the TR 61 Region

Year Province Number Value of Crop Areas for land  Vegetable and fruit Organic crop
of animal production under production for land production
Tractors products value (1000 protective under protective (including the
(1000 b) b) cover by type cover (tons): Total transition process):
(decare): Total Production (tons)
2000  Antalya 28,476 85,018 620,078 141,783 1,771,627 -
2020  Antalya 36,483 840,951 16,254,994 312,226 4,012,571 9,348
2021  Antalya 36,608 - 19,353,522 326,967 4,718,048 11,185
2000 Isparta 10,694 34,994 212,923 172 1,458 -
2020  Isparta 18,038 537,060 3,464,965 5,378 69,875 2,998
2021  Isparta 20,864 - 4,231,693 5,228 56,491 2,538
2000  Burdur 11,156 38,594 100,484 152 1,604 -
2020  Burdur 23,078 934,212 1,599,298 11,678 188,004 3,770
2021  Burdur 23,577 - 1,329,334 12,804 197,904 3,327

Source. TURKSTAT (2023b).

As in the world, chemical control is the most preferred agricultural control method in the control of diseases,
pests, and weeds in Tirkiye. Although Tirkiye is below the world average in terms of pesticide use, when
analyzed on a regional basis, pesticide use is much higher than the world average, especially in the
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Mediterranean Region (Ozercan & Tasc1 2022: 86-87). According to the data of Republic of Tirkiye
Ministry of Agriculture and Forestry General Directorate of Food and Control (2024), amounts of use of
plant protection products at provincial level (in Agricultural Control Practices) (kg-L) reveal that Antalya
ranks 2" (4,460,580) in Turkiye after Adana (4,849,281) in the total use of plant protection products for
2023. In the relevant data, Isparta's value is 1,424,769 and Burdur's value is 343,657.

The economic structure of the Isparta province is heavily based on agriculture and other agriculture-based
sectors. This province is one of the important centers of cattle and ovine breeding, poultry breeding, and
freshwater fishing and is an important region that exports rose oil. Fruit growing is prominent in terms of
agricultural activities that characterize the province. Apple, cherry, grape, apricot, and sour cherry cultivation
have an important place among fruit products. Rose production is prominent in Isparta. In addition, cereals,
legumes, and industrial plants also have an important place in provincial agriculture (West Mediterranean
Development Agency 2017a). Agricultural production activities in the province are making progress
depending on the developing technology and production techniques. However, a limited part of the products
produced can be exported. Most of the products produced in the province are offered for consumption in
Isparta and in the country (West Mediterranean Development Agency 2014).

In livestock and milk production, Burdur Province is the leader in the region. However, because of its
advantages such as transportation, employment, and being a tourism center, Antalya is considered the
locomotive province of the region in milk and dairy products production and trade. Dairy producers
operating in Burdur and Isparta produce mostly to meet the needs of the region. However, the number of
animals in Burdur province is high, and the organization is strong. As the strengths of the sector in this
province, we can list the factors such as the developments in artificial insemination and breeding, the
bacteria level being close to zero, the cold chain transportation of the milk, and the openness of the breeders
to innovations (West Mediterranean Development Agency 2017b). The existence of a university specialized
in animal husbandry is an important advantage for the province.

CONCLUSIONS

The importance of agriculture for regional development is frequently emphasized by both agricultural
economists and regional scientists. Many factors from openness to innovations and the degree of adoption of
technological developments to agricultural knowledge and learning have a significant impact on increasing
the competitiveness of regions, creating new job opportunities in rural areas, preventing rural-to-urban
migration and generally increasing the productivity of the sector. Considering the changing and developing
conditions, it is essential to increase productivity to compete more effectively in the agricultural sector.
Today, agriculture still maintains its critical position in regional and rural development in Tirkiye and TR61
region has an important place in the agricultural sector in economic terms. Studies on sectoral analysis for
the regions are in a guiding position in activities to increase productivity and competitiveness. In this
framework, this study aims to evaluate the strengths and weaknesses of TR 61 region and to reveal the
potential of agriculture in regional development. The period range of this study, which uses the comparative
method, covers the year 2000 and later, and the data of the last current year were used for the comparison of
data in the study.

According to the research findings, the provinces of Isparta, Burdur, and Antalya have different advantages
and prominent strengths. TR61 region is highly convenient for the agricultural sector with its geographical
location, ideal climatic conditions for production, natural resources, and fertile soils. The region stands out in
many areas such as grain, vegetable and fruit production, organic farming practices, undercover farming, and
herbal and animal production. The region also draws attention in terms of agricultural tools and machinery,
agricultural investments, sectoral exports, as well as many leading sectors such as food, cosmetics and rose
industry. TR 61 region has important potential in terms of the agriculture sector. However, to make a general
assessment, it is debatable how effectively this potential is used in the region's development. The existence
of small-scale enterprises, inadequacy of capital accumulation, lack of infrastructure, and weak use of
advanced technology slow the pace of development of the agricultural sector in this region. Therefore, it is
important to make the necessary improvements to the processing of agricultural products in the region, to
develop agricultural and agriculture-based industrial activities, and to take strategic steps to improve the
sector.
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In conclusion, in this study, which focuses on the role of agriculture in regional development, the findings
obtained from the TR 61 sample reveal that there are strengths in the development of this region, but also
raise the need to take some steps to develop this potential. Based on the research findings, it can be said that
collaborative steps are needed to analyze the potential of the region/country in detail and reveal it rationally
to be able to follow a correct path towards eliminating regional imbalances in this process and to develop the
region. In addition, it is necessary to perform remedial activities for the solution of problems, such as the
scale size of agricultural enterprises, the use of technology, and the lack of infrastructure. Thus, the
contribution of the sector to regional development will be increased.
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kok bolgesi mikrobiyolojik 6zelliklerine etkisi incelenmistir. Deneme serada tesadUf parselleri deneme 01.10.2024

desenine gore 3 tekrarli olarak yiiriitiilmistiir. Vermikompostun 4 dozu (kontrol, % 10, % 20 ve % 40),
stvi yosun giibresinin 4 dozu (kontrol, % 1, % 2 ve % 3) ve vermikompost ile sivi yosun giibresinin
kombinasyonu ayr1 ayri topraklara uygulanmistir. Tohum ekiminden 60 gin sonra bitkiler hasat
edilmistir. Uygulamalar yesil aksam ve kok agirligmni, bitki boyu ve kok uzunlugunu artirmigtir.
Yapraklarin klorofil igerikleri vermikompost ve sivi yosun giibresi uygulamasi ile kontrole gore
artmistir. Vermikompostun ve sivi yosun giibresinin artan dozlar1 rizosferdeki mikrobiyal solunum ve
B-glukosidaz aktiviteyi kontrole gore 6nemli olgiide artirmus, en yiiksek artis vermikompost %40 ile
yosun giibresinin %3’liik interaksiyonunda elde edilmistir.
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GIRIS

Tarimda uygulanan azot, fosfor ve potasyum gibi temel besin giibrelerinin kullanimi, tiiketimin artigiyla
dogru orantili olarak artmaktadir (Penuelas ve ark., 2023). Kimyasal giibreler {iriin verimliligini artirsa da
asirt ve bilingsiz kullanimi toprak sagliginin bozulmasina, Gtrofikasyona, iklim degisikligine yol agmis ve
sonug olarak tarimsal verimliligin azalmasina neden olmustur (Adegbeye ve ark., 2019; Banerjee ve ark.,
2019; Frank ve ark., 2019). Ayrica iire, amonyum nitrat, kalsiyum amonyum nitrat, mono, di-amonyum
fosfatlar ve siiperfosfatlar gibi sentetik kimyasal giibrelerin tamami yenilenemeyen kaynaklardan
tiretildiginden (Blouin ve ark., 2019), tiretim siiregleri ile ayn1 zamanda metan, karbon oksitler, azot (NOx)
ve kiikiirt gibi zararli sera gazlari, hatta zehirli ugucu hidrojen floriir gazinin (HF) da cevreye yayildigi
bildirilmistir (Hao ve ark., 2020). Kullanilan azot ve fosforlu giibrelerin yaklasik olarak % 80 ve % 25-75'i
cevrede kaybolmakta, olusan bu kaybin agir1 yagis ve yagmurla beslenen tarimsal ekosistemler tarafindan
tesvik edildigi agiklannustir (Choudhary ve Kumar, 2019). inorganik kimyasallarin kullanimma iliskin
endiseler, bitkisel bliylime ve tarimsal verimi siirdirilebilir bir sekilde iyilestirmek i¢in alternatif, ¢evre
dostu ve daha glvenli yontemler gelistirmeye zorlamistir. Bu baglamda, zirai ila¢ kullanimini azaltan
organik tarim, tiiketicilerin ilgisini ¢ekmistir. Bununla birlikte, organik tarimdaki verim, konvansiyonel
tarimla karsilastirildiginda daha diisik bulunmustur (Raza ve ark., 2024). Organik tarimla uyumlu
biyostimiilantlarin uygulanmasi, organik ve konvansiyonel tarim sistemleri arasindaki verim farkini
kapatabilecegi diisiiniilmiistiir (Raza ve ark., 2024; Voko ve ark., 2022). Kiiresel iklim degisikligi de iiriin
rekoltesinde olumsuzluklara yol agmistir. Bu stres etkenleriyle yiizlesmek veya hafifletmek igin bitkinin
fizyolojik siireglerini diizenleyebildigi ve degistirebildigi, sonug olarak verim stabilitesini garanti edebildigi
icin biyostimiilantlarin kullanimu ile ilgili caligmalar son yillarda hiz kazanmustir (Raj ve ark., 2022; Raza ve
ark., 2024).

Uretilen deniz yosununun énemli bir kismu, bitkisel iiretimin daha hizli gelismesine yardime1 olmak icin
besin takviyesi ve biyostimiilant olarak kullanilmustir (Khan ve ark., 2009). Deniz yosunu sivi giibreleri ve
bunlarin siispansiyonlari, daha az hacimli olmalari, depolanmasi, dagitilmast ve kullamlmasi kolay
oldugundan tarimda kullanimlar1 kabul edilebilir hale gelmistir (Craigie, 2011; Kumari ve ark., 2011; Arioli
ve ark., 2015). Deniz yosunu sivi giibreleri, fizyolojik olarak aktif maddeler saglayan g¢esitli kahverengi
alglerin 6ziitlenmesiyle yapilmakta olup, bitkilerin tiretkenliklerini artirmalarina yardimei olan en iyi bilinen
biyostimiilantlar oldugu bildirilmistir (Demirsoy ve Aydin, 2020; Du Jardin, 2015). Vermikompost yani
solucan giibresi solucan ¢iftliklerinde, organik iceriklerin solucanlarin sindirim sistemlerinden gegirilerek
iiretilmesi ile elde edilmektedir (Dominguez, 2004). Solucanlar toprakta bulunan omurgasiz tiirlerinin
yaklasik %92'sini olusturmaktadir (Yasmin ve D'Souza, 2007). Vermikompostun mucizevi bir bitki biiylime
artiricis1 oldugu bilimsel olarak kanitlanmistir (Sahab ve ark., 2020). Yapilan ¢alismada vermikompost
uygulamasinin topraktaki hiimik asit, mevcut azot ve fosfor seviyelerini artirdig1 saptanmustir (Sahab ve ark.,
2020). Vermikompost uygulanmasiyla azot fikse eden bakteri ve aktinomisetlerin 1 popiilasyonunun arttigi,
boylece rizosfer bolgesinde giiclendirilmis mikrobiyal aktivitelerin de topraktaki fosfor ve azotun
kullanilabilirligini artirdig1 agiklanmistir (Parastesh ve ark., 2019). Vermikompost topragin mikrobiyal
aktivitesini etkilemek i¢in uyararak, oksijenin kullanilabilirligini arttirdigi, normal toprak sicakligini
korudugu, topragin besin igerigini iyilestirerek bitki biliylimesini, verimini ve kalitesini arttirdigi yapilan
calismada bildirilmistir (Parastesh ve ark., 2019). Yapilan bir arastirmada, deniz yosunu ve sivi
vermikompost farkli dozlarda karistirilarak domates fidesinin gelisimi izlenmis, uygulamalarin artan
dozlarinin kok, govde ve yaprak kuru agirligi kontrole gore onemli olgiide arttirdigi belirlenmistir
(Demirsoy ve Aydin, 2020). Cevre kirliligi, saglik sorunlar1 ve kimyasal biiyiime artiricilarin neden oldugu
reaksiyonlar ve bunlarin biyolojik olarak parcalanabilirli§inin diisitk olmasi, arastiricilart biiylime
diizenleyici aktiviteye sahip yeni biyogiibre arayisina yoneltmistir. Bu nedenle bu ¢alismada; biyostimiilant
olarak kullanilan s1vi yosun giibresi ve vermikompostun farkli dozlarimin arpanin temel blyiume 6zellikleri
ile rizosferdeki solunum ve B-glukosidaz aktivite {izerine etkisi incelenmistir.

MATERYAL VE YONTEM

Bitki materyali olarak arpa (Hordeum vulgare L.) ¢esidi Akhisar-98 kullanilmigtir. Sivi yosun giibresi ve
vermikompost ticari glibre satan bayiden saglanmustir. Kullanilan sivi yosun giibresinin organik madde
icerigi %12, suda c¢oziinir KO %3, Aljinit asit miktar1 %0.3, EC; 13.56 dS/m, pH igerigi 6’dur.
Vermikompost (EcosolFarm) kati formda kullanilmigtir. Deneme saksilaria (2 kg’lik) 2 mm capl elekten
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elenmis topraklar doldurulmus, tohum ekiminden 6nce vermikompost ayri ayri (kontrol (hichir uygulama
yapilmayan), %10, % 20 ve % 40 ) saksilara uygulanmigtir. Tohumlar ekiminden sonra ayri1 ayri farkli
dozlarda s1v1 yosun giibresi (kontrol, % 1, % 2, % 3) uygulanmistir. Tesadiif parselleri faktoriyel deneme
desenine gore 3 tekerrlrli olarak kurulan deneme dogal 151k alan serada yiiriitiilmiistiir. Saksilara arpa
tohumlar1 5 tane ekilmis, ¢ikis sonrasi 2’e seyreltilmistir. Stvi yosun giibresinin her uygulama dozu ayr1
ayr1 saksilara 50 ml olacak sekilde ¢imlenme sonrasi uygulanmustir. Bitkiler gerektiginde su ile sulanmugtir.
Bitkiler ¢imlenmeden 60 giin sonra hasat edilmistir. Kullamlan topragin pH’18.01, EC 0.94 dS/m, organik
madde % 1.68, total N igerigi % 0.06; kire¢ % 19.8, KoO 112.4 kg/da, Yarayigh fosfor 4.68 kg/da, tekstiir
killidir.

Temel bitki buytime 6zellikleri

Bitki boyu (cm); bitkinin topraktan ¢ikisindan en u¢ kisminm cetvel ile dlgiilmesi ile belirlenmistir. Hasat
zamani uygulamalardaki bitkiler, yesil aksamlari igin kok bogazindan kesilmis, kokler ile ayr1 ayr1 80 °C’de
kurutulmus, yesil aksam ve kok kuru agirliklart tartilmistir. Hasat zamani her bir uygulamaya ait bitki
kokleri, su ile yikanmigs ve topraktan armdirilmig, cetvel ile kok uzunluklari 6lgiilmiis, cm olara
kaydedilmistir.

Yapraklarin Klorofil Icerigi

1 g taze yaprak Ornegi distile su ile yikanmis, % 80 aseton ile homojenizasyon sonrast 6.000 devir/dk 5
dakika boyunca santrifiijlenmistir. Toplanan siipernatanin OD'si, spektrofotometre kullamlarak klorofil a ve
klorofil b i¢in sirastyla 663 ve 646 nm'de dlgiilmiistiir. Klorofil a ve klorofil b konsantrasyonlar1 (mg/kg)
Rathore ve Kumar (2021) tarafindan agiklanan asagidaki formiillere gore hesaplanmistir.

Klorofil a = 12.21x0ODeg3—2.81x0ODs4s, Klorofil b = 20.13xODess—5.03x0ODsgs3

Kok bolgesinin bazi mikrobiyolojik Ozellikleri

Rizosfer bolgesinden alinan toprak oOrneklerinde mikrobiyal toprak solunumu (CO: olusumu) ve B-
glukosidaz aktiviteleri incelenmistir. Toprak 6rneklerinde solunumu belirlemek amaciyla Isermayer yontemi
kullanilmistir. Bu yontemde toprak érnekleri (50 g) NaOH (0.1 N) ¢ozeltisinde 25 °C’ de 1 giin inkiibe
edilmis ve 6l¢iimleri yapilmustir (Anderson, 1982). B-glukosidaz aktivitesi icin; bir test tipine toprak (1 g)
alinarak, toluen (0.25 ml) ilave edilmistir. Daha sonra 4 ml MUB (pH 6) ve 1 ml p-nitrofenil--D-glukozit
(25 mM PNGQG) ilave edilmis, karigtirilmstir. Siispansiyon 37°C'de 1 saat siireyle inkiibe edilmistir. Ardindan
1 ml kalsiyum kloriir (0.5 M) ve tris ¢ozeltisi (4 ml) eklenmistir filtre kagidindan stiziilmiistiir. Stiziikk 400
nm'de spektrofotometrede okunmustur. Standart i¢in p-nitrofenil-p-D-glukozitin (PNG) bir kalibrasyon egrisi
hazirlanmustir ve aktivite mg PNG g ' kuru toprak h™' olarak ifade edilmistir (Mukherjee ve ark., 2021).

Istatistik Analiz

Denemeye ait sonuglar JMP11 istatistik programu kullanilarak bitki temel biiyiime 6zellikleri, rizasferdeki
mikrobiyal solunum, B-glukosidaz aktivite degerlendirilmistir. Sonuclar, her bir 6l¢limiin {i¢ ortalamasi (n =
3) £ SE olarak verilmistir. Uygulamalar arasindaki farkliik Duncan Coklu Aralik Testine gore
belirlenmistir.

SONUCLAR VE TARTISMA

Cevre giivenligi ve sosyo-ekonomik konular i¢in saglikli bitkisel {iriinlerin siirdiiriilebilir iiretimini saglamak
yalnizca tarim, ekoloji ve cevre agisindan kritik bir konu degil, ayn1 zamanda ¢iftciler, arastirmacilar ve
paydaslar tarafindan da iizerinde diisliniilmektedir. Ancak ciftciler, bitki biiylimesini ve iiretkenligini
artirmak icin kimyasal giibre gibi liretiminde ¢ok fazla enerjisi gerektiren kimyasallar kullanmaktadirlar; bu
da CO; konsantrasyonunu, sicakligi, sera gazi emisyonlarmni, ¢evre kirliligini artirdigi gibi tiriin kalitesi de
dahil olmak {iizere toprak sagligimin bozulmasina neden olmaktadir. Organik tarim uygulamalari, topragi
iyilestirmenin ve uzun vadede tarimsal iiretimi artirmanin tek yoludur (Zhang ve ark., 2020). Toprak sagligi,
topragin fiziksel, biyolojik ve kimyasal bilesenleri arasindaki karmasik etkilesimin bir sonucudur. Toprak
yOnetimi gibi tarimsal uygulamalarin da bu bilesenler iizerinde 6nemli bir etkisi olabilmistir (Zhang ve ark.,
2020; Hu ve ark., 2021). Bu nedenle arastirmamzda biyostimiilant olarak kullanilan sivi yosun giibresi ve
vermikompostun bitki biiyiime oOzellikleri ile rizosferde mikrobiyal solunum ve PB-glukosidaz aktivite
lizerindeki etkisi arastirilmistir.
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Bitki kokleri ile topraktaki mikroorganizmalar arasindaki etkilesimler rizosfer bolgesinde meydana
geldiginden, kok yiizeyinde ve kok g¢evresinde mikrobiyal g¢esitlilik olduk¢a yogundur. Rizosferdeki
mikroorganizmalar tarafindan iiretilen metabolitler ile bitki gelisimi stimiile edilebildigi gibi patojen
mikroorganizmalarinda gelisimi engellenebilmektedir (Sahab ve ark., 2020; Voko ve ark., 2022). Topraklara
eklenen vermikompost, deniz yosunu gibi organik maddelerin topraktaki mikrobiyal populasyon tzerinde
olumlu etkileri yapilan ¢esitli caligmalarda agiklanmistir (Voko ve ark., 2022). Calismamizda uygulamalar
sonucu %3 yosun giibresi ile %20 vermikompost uygulamasinin diger uygulamalara gore; yesil aksam kuru
agirlik, bitki boyu ve kok uzunlugu iizerinde daha etkili oldugu (Tablo 1), kontrole gore yesil aksam kuru
agirhgim %45.6, bitki boyunu %5.2 ve kok uzunlugunu %24.3 oraninda arttirdigi belirlenmistir (Tablo 1).
En yiiksek kok kuru agirligr %40 vermikompost ve %2 ile %3 yosun giibresinin kombinasyonu ile elde
edilmis, kontrole gore artis % 41.7 olmustur. Yapilan varyans analiz sonuglarina gore giibrelerin, yosun
glibresi x vermikompost interaksiyonunun etkisi istatistiki olarak énemsiz bulunmustur.

Uygulanan yosun giibresinin dozlar1 kendi aralarinda karsilastirildiginda % 3’liik doz diger dozlara gore
etkili bulunmakla birlikte, istatistiki olarak Onemsizdir. Yapilan ¢aligmalarda ise farkli dozlardaki
vermikompost ve sivi deniz yosunu uygulamalari cesitli bitkilere uygulanmig, elde edilen sonuglar
uygulamalarin bitkilerin bitki agirlii, bitki boyu, kok kuru agirlik ve kok uzunlugu iizerinde etkili oldugunu
gostermistir (Ji ve ark., 2017; Kumari ve ark., 2011; Meng ve ark., 2022). Arastiricilar uygulanan bitki
cesitleri, toprak yapisi, uygulanan giibre ¢esidine gore farklilik olacagini agiklamiglardir (Kumari ve ark.,
2011; Meng ve ark., 2022). Yapilan bir ¢alismada ise Macrocystis pyrifera ekstrakti uygulanan marulun kok
gelisimi kontrole gore onemli Olgiide artmis ve uygulamanin marul lzerinde oldukca etkili oldugu
aciklanmustir (Julia ve ark., 2020).

Tablo 1. Yosun giibresi ve vermikompost uygulamalarinin arpanmin bazi bitki ozelliklerine etkileri

Yosun Vermikompost (%)
Bitki gubresi
Ozellikleri uygulamas1  Kontrol 10 20 40 ortamalar
(%)
Yesil aksam O 0.29+0.2e 0.47+£0.2b 0.56+0.1a 0.36+0.1de  0.42
kuru agirhk 1 0.48+0.2b 0.37+0.2de  0.50+0.2ab  0.49+0.2b  0.46
(g/bitki) 2 0.39+0.3d 0.44+0.4bc  0.56%0.2a 0.55+0.4a 0.48
3 0.46+0.1bc ~ 0.41+0.3d 0.57+0.1a 0.43+0.2cd  0.47
Ort.(LSD:0.32) 0.40 0.41 0.55 0.45
Bitki boyu 0 35.840.1a-d  34.2+0.1b-e  33.8+0.5de = 31.6+0.2ef 33.9
(cm) 1 34.9+0.2b-d  36.1t+0.4a-d  33.9+0.2c-e  30.7+0.1f 33.9
2 34.6+0.1b-d 36.7 +0.3abc 36.6+0.1a-d 31.6+0.2ef 349
3 35.3+0.2a-d 36.9+0.3ab  37.8+0.l1a 34+0.2c-e 36
Ort.(LSD:0.49) 351 36 355 39
0 1.4+0.4d 1.67£0.6 b-d 1.32+0.4d 1.4+0.3d 15
Kok kuru 1 1.65+0.06 b- 1.41+0.2d 1.94+0.1bc =~ 1.7+0.1b-d 1.7
agirhk d
(g/bitki) 2 1.74+0.1b-d 1.47+0.2cd 1.54+0.2cd 2.4+0.2a 1.8
Ort.(LSD:0.47) 3 1.62+0.4b-d 1.68+0.1b-d 2.1+0.1ab 24+0.2a 2
1.6 1.6 1.7 1.97
0 19+0.5bc 18.2+0.4 c 20.61+0.2 a-c  20.3t+0.2a-c  19.5
Kok uzunlugu 1 21.2+0.2a-c = 21.1+0.5a-c 21.1+0.1 a-c 20.2+0.la-c 20.9
(cm) 2 20.2+0.2a-c  25.1+05a 21.940.1 a-c 24.2+0.1ab 22.9
3 23.30.1a-c 20.7#0.2a-c  25.1+0.2 a  23%0.la-Cc 23.1
Ort.(LSD:5.58) 20.9 21.3 22.2 21.9

Tim uygulamalar, kontrolle karsilagtirildiginda fotosentetik pigmentlerin bir dl¢iisii olan klorofil a ve b
konsantrasyonlarini  6nemli Olciide arttirmustir  (Sekil 1). Sadece vermikompost kendi arasinda
incelendiginde, en etkili uygulama dozu %40 olarak, yosun giibresi kendi arasinda karsilastirildiginda ise
%?3’lik doz dozlar arasinda en etklili olarak belirlenmistir. En yliksek klorofil a ve klorofil b %3 yosun
giibresi ile %40 vermikompost uygulamasinda elde edilmistir ve kontrole gore sirasiyla; %53.6, %72.9
oraninda artis elde edilmistir. Benzer bulgular Amaranthus hybridus L.'de, vermikompost ve eckol gibi dogal
biyostimiilantlarm yapraga uygulanmasinda da rapor edilmistir (Ngoroyemoto ve ark., 2019).Voko ve ark.
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(2022) tarafindan yapilan ¢alismada; Vigna unguiculata (L.)’da kuraklik stresi altinda deniz yosunu ekstrakti
ve vermikompost uygulamalarindan sonra klorofil igeriginin arttig1 belirlenmistir . Biyostimiilantlarin biyo-
uyarici etkisi ¢esitli mekanizmalarla agiklanabilir; topraktan bitki besin alimini ve asimilasyonu iyilestirmek,
kok yapisinin giiclendirilmesi, bitkilerin fizyolojik performansinin arttirilmasi, antioksidan savunma
sisteminin giiclendirilmesi, besin asimilasyonu, tasiyici genlerin regiilasyonu, enzimlerin ve organik
bilesiklerin tiretimi yoluyla rizomikrobiyomun degistirilmesidir (Trivedi ve ark., 2022). Benzer sekilde deniz
yosunu ekstrakti, hormonal homeostazis, besin tastyici genlerin yukari regiilasyonu, fotosentezin uyarilmasi
ve reaktif oksijen tirleri (ROS) seviyeleri de dahil olmak (zere antioksidan uyarimi ve azalan lipit
peroksidasyonu nedeniyle artan stres toleransi yoluyla bitki bliylimesini ve gelisimini artirabilir (Trivedi ve
ark., 2018). Deniz yosunu ekstraktlarindaki polisakkaritlerin, betainlerin, poliaminlerin, fenolik bilegiklerin
ve fitohormonlarin varligi, ¢esitli sinyal yollarin1 ve gen ifadesini etkileyebilir, dolayisiyla bitkiler {izerinde
olumlu bir etki yaratabilir (Trivedi ve ark., 2022). Yapilan varyans analizi sonuglarina gore; klorofil a ve b
icerigine sadece vermikompost uygulandiginda en etkili doz %40 olarak belirlenmis, bunu sirasi ile %20 ve
%10’luk dozlar izlemistir. Benzer olarak sadece yosun giibresi uygulandiginda da en etkili doz %3 olarak
belirlenmis bunu siras1 ile %2 ve %]1°lik dozlar izlemistir. Calismamizda da vermikompost ve yosun
giibresinin beraber uygulanmasi ile fotosentetik pigmentlerin artiginin belirlenmesi hem vermikompost hem
de s1v1 yosun giibresinin olumlu etkisinden kaynaklandigi arastiricilarin bulgulari ile desteklenmektedir.
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Sekil 1. Farkli dozlardaki yosun giibresi ve vermikompostun klorofil icerigine etkileri

Topragin biyolojik o6zellikleri arasinda mikrobiyal solunum; solunum siirecinde toprak mikroflorasi
tarafindan serbest birakilan CO2'nin tahminini ve toprak mikroorganizmalarinin hiicre yapilarinda sabitlenen
karbonun miktarini belirtir. Her ikisinin de topragin mikrobiyal popiilasyonu ve aktiviteleri ile iligkili oldugu
belirtilmistir (Parastesh ve ark., 2019). Calismamizda yosun giibresinin artan dozlarinin topraga eklenmesi
mikrobiyal solunumu 6nemli 6lgtide arttirmustir (p<,0001). Vermikompost (%40) ve yosun giibresinin (%3)
birlikte uygulanmasi ile B-glukosidaz aktivite ile mikrobiyal solunumda en yiiksek deger elde edilmistir.
Uygulamalar kontrole gore glukosidaz aktiviteyi %59.7 oraninda artirirken, mikrobiyal solunum %64
oraninda artmgtir (Tablo 2). Glukosidazin, toprakta bulunan yaygin bir enzim oldugu ve karbon dongiisiinde
yer aldig1 i¢in organik bilesiklerin bozunma ve stabilizasyon siireglerini 6lgmede biyokimyasal bir gosterge
olarak kullanildigi agiklanmustir (Ruiz ve Salas, 2019). B-glukosidaz aktivite ve mikrobiyal solunumdaki
onemli artisin, uygulamalarm topraga kazandirdigi organik maddeden kaynaklanabildigi diistiniilmektedir,
cunkd organik icerikler substrat gérevi gorebildiginden, toprak mikroflorasina ¢dziinebilir besin maddeleri
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saglayabilmekte ve toprak mikrobiyal popiilasyonunun bollugunu artirabildigi yapilan bir ¢alismada rapor
edilmistir (Sarma ve ark., 2018).

Topraklarin fizikokimyasal ozelliklerinin analizi, iiretim potansiyellerini 6lgmek igin yaygin olarak
kullamlmaktadir. Topragin organik materyalinin kalitesinin dogrudan gosterge toprak enzimleri ile iliskili
oludugundan; yonetim uygulamalari ve maruz kalinan biyotik ve abiyotik faktorler sonucunda toprak
kalitesindeki degisikliklerin gdstergesi olarak kabul edilir ve mikrobiyal aktiviteyi izlemek igin
kullanilmaktadir (Ruiz ve Salas, 2019). Enzimlerin ayn1 zamanda toprak fonksiyonunda da vazgegilmez
oldugu, organik maddenin ayrigmasinda ve besin dongiisii doniisiimiinde hayati bir rol oynadigi bildirilmigtir
(Ruiz ve Salas, 2019). Tablo 2’de goriildiigi gibi, hem yosun giibresi hem vermikompostun artan dozlarinda
mikrobiyal toprak solunumu ve B- glukosidaz aktivede artis olmustur. Uygulanan vermikompost dozlari
kendi aralarinda karsilagtirildiginda en etkili doz %40 olmus, bunu sirasi ile %20 ve %10’luk dozlar
izlemistir. Benzer olarak yosun giibresinin yiiksek dozu (%3’litkk doz) en etkili bulunurken dozlarin azalmasi
ile etki azalmustir. Topraklara uygulanan giibre ile topraklara belirli oranda karbon girmekte, topraklardaki
bu karbonun mikroorganizmalarca karbon ve enerji kaynagi olarak kullanilarak mikrobiyal aktivitenin
arttirdigit ve dolayisiyla mikrobiyal toprak solunumu ve glukosidaz aktivede artisa neden oldugu
diisiiniilmektedir. Caligmamizda da uygulamalarin farklt olmasi topraktaki aktivitedede farkli etki
olusturmus, kontrolle karsilastirildiginda 6nemli lgiide artis meydana gelmistir (Tablo 2).

Vermikompost ve yosun giibresinin yiiksek uygulama dozunun diger uygulama dozlarma gore topraga daha
fazla ~ karbon saglamasmmin  mikrobiyal toprak solunumu ve [-glukosidaz aktiviteyi artirdigi
diistiniilmektedir. Ruiz ve Salas (2019) topraklara uygulanan giibrelerin ve uygulama dozlarina baglh olarak
ortaya ¢ikan farkliliklarin topraktaki mikroorganizmalarin farkli oranlardaki stimiilasyonuna, giibre ¢esidi ve
miktarma bagli olarak topraktaki mikrobiyal aktiviteyi farkli etkilemesine baglamislardir. Bu da bizim
uygulama bulgular arasindaki farkliligi desteklemektedir. f-glukosidaz enzimi karbon dongiisiiniin ayrilmaz
bir pargasidir ve selilloz bozulmasinda etkili oldugundan toprak kalitesinin degerlendirilmesinde analiz
edilen enzimdir (Ruiz ve Salas, 2019). Bu reaksiyonun son driini, mikroorganizmalar igin dnemli bir
karbon kaynagi olan glikozdur. Glikozun ortamda bulunmasi mikrobiyal aktivitenin artmasina neden
olmaktadir. Topragin enzimatik 6zelliklerinden B-glukosidaz aktivitenin artmasi organik katki maddeleri
tarafindan gelistirilmis mikrobiyal solunum ile iligskilendirilebilir, bu da topragin metabolik aktivitelerinin
iyilesmesine neden olabilir (Hamdi ve ark., 2019). Ayrica vermikompost, sivi deniz yosunu gibi organik
materyallerin, yapilan bazi arastirmalarda toprak sagliginda 6nemli bir artisa neden oldugunu gostermistir.
(Gupta ve ark., 2019; Trivedi ve ark., 2022).

Tablo 2. Yosun giibresi ve vermikompostun farkli dozlarinin rizosferde mikrobiyal solunum ve f-glukosidaz
(mg-p nitrofenol/g toprak) aktivite Uzerine etkisi

Yosun Vermikompost
Rizosferdeki gubresi (%) dozlar (%)
;nklg\r/(i)tt:yal Kontrol 10 20 40 ortalama
0 26.1+0.5°' n 29.4+051 34.3%0.2] 36.3+0.21 315
Mikrobiyal 1 28.5+0.5m 32.7+0.7k 37.9 41.4 £0.2¢g
toprak solunumu 10.2h 35.1
(mg/toprak) 2 36.7£0.31 42.9+0.8f 62.8 65.6+0.4 c
+0.2d 52
(LSD:0.88) 3 42+0.2 g 56.5 +0.6e  68.8 72.5+0.3a 60
Ort. 33.3 40.4 +0.7b 54
51
B-glukosidaz 0 31.3+t0.3m 32.1+0.7m 37 0.2k  38.1+0.5j 34.6
(mg-p 1 34.3+t1.61 3491051 423+0.41 46.5+0.3¢g 39.5
) 2 43.4+0.1h 55.4+0.4e 575 68.3 +0.4b
nitrofenol/g +0.5d 56.2
toprak) o '
3 48.3 +0.2f 57.2+0.4d 63.5 77.5 +0.4a 61.6
(LSD :0.96) Ort, 39.3 44.9 10.3c 57.6
50.1
*p<,0001 duzeyinde onemlidir.
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SONUC

Tahil bitkileri kiiresel gida iiretiminde dnemli bir rol oynamaktadir. Bununla birlikte, {iretimde ve zararhlarla
miicadelede kimyasal giibrelerin ve pestisitlerin geleneksel kullanimi, insan saghigi i¢in risklere, ¢evresel
surddrulebilirlik konusunda 6nemli endiselere yol agmustir. Calismamizda; vermikompostun %40 ve yosun
giibresinin %3’liik doz interaksiyonunun rizosfer topraginin mikrobiyal solunum ve B-glukosidaz enzim
aktivitesini 6nemli dlglide arttirdig1 belirlenmistir. Mikrobiyal aktivitedeki artigin, topraktaki besin maddesi
mineralizasyonunu hizla artiracagi ve dolayisiyla bitki gelisimini tesvik edecegi diisliniilmektedir.
Biyostimiilantlarin kullanimi toprak kalitesini iyilestirebilir. Ancak herhangi bir 6neriden dnce uzun vadeli
caligmalara, tarla denemelerine ve molekiiler diizeyde arastirmalara ihtiyag vardir. Biyostimulantlar kimyasal
giibrelere olan bagimlilig1 azaltmada timit verici bir role sahip olmakla birlikte, artan gida talebini karsilamak
icin kaliteli tarim iriinleri saglama yetenegine sahiptir. Bitkiler, amino asitleri ve diger biyostimiilantlar1
besin gereksinimlerine, ¢evresel kosullarina ve genetik yapilarma goére kullanirlar. Yosun glbresi ve
vermikompost gibi biyostimiilantlarin {iriin ¢esidine, doza, uygulama siiresine, yonteme ve iklim kosullarina
0zgii olmasi nedeniyle sonuglarimiz bildirilen diger sonuglardan farkli olabilir. Calismada uygulanan
biyostimiilantlarin optimum dozlari, uygulama siiresinin ciftcilere Onerilmesi, etki mekanizmasim ve
ekonomik analizini bulmak i¢in daha fazla aragtirma yapilmasi gereklidir.
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OZET

MAKALE
BIiLGiSi

Hiyar yetistiriciliginde Fusarium oxysporum f. sp. cucumerinum J.H. Owen (FOC) iiriin kaybina neden
olan toprak kdkenli énemli bir fungal bitki patojenidir. Glnimuzde kabakgillerde 6zellikle karpuz, kavun
ve hryarda asili fide kullanimi1 Fusarium solgunlugu miicadelesinde etkili ve yaygin kullanilan bir
yontemdir. Asili hiyar fidesi i¢in anag olarak, en ¢ok tiirler aras1 kestane kabagi (Cucurbita maxima) x
bal kabagi (Cucurbita moschata) melezleri ile tiir igi bal kabagi melezleri kullanilmaktadir. Bu ¢alismada,
once asili hiyar iiretiminde anag 1slah programi i¢in 49 kestane kabag1 genotipinden olugan bir gen havuzu
olusturulmus, daha sonra kestane kabagi hatlarinin F. oxysporum f. sp. cucumerinum’a kars1 dayaniklilik
durumlarinin belirlenmesi ve FOC ile muamele edilmis kestane kabagi hatlari ile kontrol bitkilerinin
vejetatif bliytime 6zellikleri yoniinden incelenmesi amaglanmigtir. Pozitif kontrol olarak Nun 9075 ticari
kabak anaci ve negatif kontrol olarak Cengelkdy hiyar gesidi kullanilmistir. Aragtirma sonucunda, 20
genotipin yiiksek diizeyde dayanikli, 23 genotipin ise orta diizeyde dayanikli ve 5 genotipin diigiik
diizeyde dayanikli oldugu belirlenmistir. Patojenle enfekteli olan ve kontrol uygulamasinda incelenen
bitki boyu, gévde ¢ap1, yaprak sayisi, kuru kok, gévde ve yaprak agirligi 6zellikleri yoniinden istatistiksel
olarak ¢ok onemli diizeyde farkliliklar oldugu saptanmustir. Aragtirma sonucunda; hem hastalik dayanimi
hem de vejetatif biiylime parametreleri yoniinden 6ne ¢ikan hatlar yeni hibrit kabak anaglarmin
gelistirilmesine yonelik 1slah programinda iimitvar kestane kabagi ebeveynleri olarak se¢ilmistir.

Anahtar kelimeler: Asili hiyar, Fusarium solgunlugu, kestane kabagi, dayaniklilik, vejetatif biiytime
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INFO

In cucumber cultivation, F. oxysporum f. sp. cucumerinum J.H. Owen (FOC) is an important soil-borne plant
pathogenic fungus causing crop loss. Nowadays, the use of grafted seedlings in cucurbits, especially in watermelon,
melon and cucumber is effective and widely used method in the control of Fusarium wilt. For rootstock of grafted
cucumber seedlings, intraspecific hybrids of Cucurbita maxima xCucurbita moschata and intraspecific hybrids of
Cucurbita moschata are commonly used. In this study, first, a gene pool consisting of 49 genotypes of Cucurbita
maxima was created for the rootstock breeding program in grafted cucumber production. Subsequently, the
resistance levels of these winter squash lines against F. oxysporum f. sp. cucumerinum were determined, and the
vegetative growth characteristics of these lines treated with FOC were compared with control plants. Nun 9075
commercial rootstock was used as positive control and Cengelkdy cucumber cultivar was used as negative control.
As a result of the study, it was determined that 20 genotypes were highly resistant, 23 genotypes were moderately
resistant and 5 genotypes were low resistant. It was determined that there were statistically significant differences
in plant height, stem diameter, number of leaves, dry root, stem and leaf weights in pathogen-infected and control
treatments. As a result of the research, the lines which stood out in terms of both disease resistance and vegetative
growth parameters were selected as promising winter squash parents in the breeding programme for the
development of new hybrid rootstocks.
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GIRIS

Diinya genelinde, kabakgil ekili alanlarda yaygin olan toprak kaynakli cesitli fungal patojenler, solgunluk, kdk
ve kok bogazi ciiriikliigii gibi hastaliklara yol agmaktadir (Erper ve ark. 2015). Ulkemizde kavun, karpuz,
kabak ve hiyar yetistirilen alanlarda hastaliklara neden olan fungal patojenler iizerine birgcok caligma
yapilmigtir. Bu ¢alismalar sonucunda kabakgil bitkilerinde Fusarium spp. (F. culmorum, F. equiseti, F.
oxysporum f. sp. cucumerinum, F. oxysporum f. sp. niveum, F. oxysporum f. sp. melonis, F. solani), Pythium
spp., R. solani ve B. cinerea tespit edilmistir (Y1ldiz ve Delen 1977; Sagir 1988; Maden ve ark. 1989; Erper
ve Hatat 1998; Kirbag ve Turan 2005; Tok ve Kurt 2009; Erper ve ark. 2015). Fusarium solgunlugu hastalig1
optimum olmayan kosullardan kaynakli meydana gelmektedir. Fusarium solgunlugunun belirtileri tim
kabakgillerde genellikle benzer olup, hastaligin siddeti topraktaki inokulum miktari, ¢evresel kosullar, besinler
(6zellikle azot) ve konuk¢unun duyarliligi gibi ¢esitli faktorlere gore belirgin degiskenlikler gostermektedir
(Altinok ve ark. 2022). Bununla birlikte Fusarium solgunlugunun belirgin karakteristik simptomu, kok veya
govde enine kesitinde kolaylikla gzlenebilen vaskiiler sistemdeki (ksilem) renk degisikliginin olmasidir (Tok
2010).

Fusarium oxysporum f. sp. cucumerinum J.H. Owen (FOC), hiyar yetistiriciliginde yiiksek diizeyde iiriin
kaybina neden olabilen ve herhangi bir gelisme doneminde bitkilerde enfeksiyon yapabilen 6nemli toprak
kokenli patojenlerden biridir. F. oxysporum f. sp. cucumerinum fide doneminde toprak sicakliginin diisiik
oldugu yerlerde de ¢cokerten hastaligina neden olabilmektedir. Daha olgun bitkilerde ise baslangicta bir ya da
birkag siirgiinde solma sonrasinda tiim bitkide solma ve bitkide 6lim meydana getirmektedir (VVakalounakis
1996). Patojenin bilinen ii¢ adet irk1 bulunmaktadir (0, 1, 2). Bu hastalik ilk olarak 1930’1u yillarda Japonya’da
tespit edilmistir (Yiicel ve ark. 2022). Hiyar yetistiriciliginde 6nemli bir hastalik etmeni olan F. oxysporum f.
sp. cucumerinum, birgok tilkede yaygin olarak goriilmektedir. Bu iilkeler arasinda Amerika Birlesik Devletleri,
Ingiltere, Yunanistan, Israil, Japonya, Cin, Almanya, Avustralya ve Hollanda yer almaktadir (Martyn 1996;
Vakalounakis ve Fragkiadakis 1999; Altin ve Bora 2015). Bu hastalikla miicadele i¢in daha ¢ok kaginma
stratejisi uygulanmis, hastalik etmeniyle bulasik alanlarda turfanda tiretimi (soguk sezon), enfekteli olmayan
alanlarda normal sezon (yaz) iiretimi yapilmaktadir (Yiicel ve ark. 2022). Miicadelesi zor olan bu hastaligin
kontroli icin 6nerilen fumigasyon (Hopkins ve EImstrom 1974; Gonzales-Torres ve ark. 1993), ekim nobeti
(Hopkins ve Elmstrom 1984), toprak solarizasyonu (Martyn ve Hartz 1986; Gonzales-Torres ve ark. 1993) ve
biyolojik kontrol (Martyn ve ark. 1991; Bora ve ark. 1994) gibi hastalikla miicadele yontemlerinin yaninda
dayanikli gesit kullanimi etkili ve yaygin bir yontem olarak karsimiza ¢ikmaktadir. Patojen toprakta uzun yillar
canli kalabildiginden dayanikli ¢esit kullanimi disindaki yontemler kesin ¢6ziim olmamaktadir (Aras ve ark.
2017). Glintimiizde FOC etmenine dayanikli bazi hryar hatlar1 gelistirilmistir (Vakalounakis ve Smardas 1995;
Karaagac 2013) ancak bu hatlarin, hibrit hiyar ¢esitlerinin gelistirilmesinde kullanilmas1 miimkiin olmamistir
(Yiicel ve ark. 2022). Bunun yaninda kabakgillerde 6zellikle karpuz, kavun ve hiyarda asili fide kullanim
toprak kokenli hastaliklardan olan Fusarium solgunlugu ve Verticillium solgunlugunun miicadelesinde
kullanilan 6nemli bir uygulamadir. Son yillarda, diinyanin bir¢ok {ilkesinde sebze iiretiminde asili fide
kullanimi yayginlagmis ve pratikte gerekli hale gelmistir. Asili bitkilerin, asisiz bitkilere kiyasla daha giiclii
gelistigi, toprak kaynakli patojenlere karsi daha dayanikli oldugu ve verimi artirdig1 belirlenmistir (Davis ve
ark. 2008; Lee ve ark. 2010; Karaaga¢ 2013). Asili fide tiretimi, Solanaceae ve Cucurbitaceae familyasi sebze
tirlerinde yaygin olarak kullanilmaktadir. Son yillarda kullanilan teknolojiler sayesinde, iilkemizde fide
sektoriinde asili fide iiretimi olanakli hale gelmistir. Asilama ile saglikli ve kaliteli fideler elde edilmekte, buna
bagli olarak da iiriin verimliligi ve kalitesi artmaktadir (Y1ldiz ve ark. 2013; Balkaya 2014; Tiizel ve ark. 2020).

Giiniimiizde hiyara anag olarak, tiirler aras1 C. maxima x C. moschata melezleri, tiir i¢i Cucurbita moschata
(bal kabagi) ve Cucurbita ficifolia (incir yaprakli kabak) tiirlerine ait anaglar yaygin olarak kullanilmaktadir
(Balkaya 2014). C. ficifolia anaglari, F. oxysporum f. sp. cucumerinum’a kars1 orta diizeyde dayaniklidir
(Louws ve ark. 2010). Ancak bu anagta ¢imlenme giicii diisiikligii ve kisa hipokotil gibi dezavantajlar
bulunmaktadir. Bu nedenlerden dolayi, hiyara anag olarak daha ¢ok C. moschata tir ici ve C. maxima x C.
moschata tiirler aras1 melez anaglari daha ¢ok tercih edilmektedir (Davis ve ark. 2008; Bekar ve ark. 2017).
Hiyar bitkisinde ilk asilama 1960’11 yillarda Japon giftgiler tarafindan diisiik sicakliga toleransi artirmak ve
Fusarium solgunluguna dayanikliligi artirmak amaciyla baslamistir. 1970°1i yillardan 1980°1i yillara kadar
anag olarak diislik sicakliga tolerant olan incir yaprakli kabak kullanilmistir. 1980°li yillarda ise yeni hibrit
kabak anaglarinin gelistirilmesiyle birlikte bu anaglarla agili hiyar fideleri iiretilmeye baslanmigtir (Sakata ve
ark. 2007; Yiicel ve ark. 2022). Yapilan bir ¢alismada, C. ficifolia (A27), C. moschata (Kirameki Fi, Patron
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F1) ve C. maxima x C. moschata (Brava F1, Peto 42.91 F4, Tetsukabuto F1, TS-1358 F1, TZ-148 F) tirlerine
ait anag ¢esitler; Brunex F1 hiyar ¢esidine anag olarak kullanilarak F. oxysporum f. sp. radicis-cucumerinum
etmeninin farkli izolatlarina karst dayaniklilik durumlari belirlenmistir. Kullanilan anag¢ cesitlerine asili
hiyarlarin tamaminin bu etmene karsi dayaniklilik gosterdigi, asisiz hiyarlarin ise hassas oldugu tespit
edilmistir (Pavlou ve ark. 2002). 1990'l1 yillarda viriislere (CMV, ZYMV) dayanikli hiyar cesitleri
gelistirildikten sonra ana¢ kullanimi tekrar yayginlasmaya baslamistir. Bazi bal kabagi genotiplerinin
asilandiginda hiyar meyvesi iizerindeki mumsulugu giderdigi ve daha kaliteli bir meyve olusumuna neden
oldugu tespit edildikten sonra 2000'li yillarda C. ficifolia anacinin yerini tekrar C. moschata anaglari almistir
(Sakata ve ark. 2007). Bu ana¢ grubunda yapilan islah ¢alismalar1 sonucunda hipokotilleri daha kalin, as1
uyusumu daha yiiksek ve diigiik sicakliklara daha toleransli niteliklere sahip hibrit C. moschata anaglar
gelistirilmistir (Seo ve ark. 2005).

Asil hiyar yetistiriciliginde en iyi dayanimin C. maxima x C. moschata anaglarindan elde edildigine dair
bir¢ok arastirma sonucu mevcuttur (Kim ve ark. 1997; Dianez ve ark. 2007; Papadaki ve ark. 2017; Kamel ve
Taher 2021; Reyad ve ark. 2021). Ancak literatiirde bal kabag1 anaglarinin da Fusarium solgunluguna dayanikl
oldugu bir¢ok caligmada bildirilmistir (Kim ve ark. 1997; G6¢men ve ark. 2014; Karaagag ve ark. 2017; Reyad
ve ark. 2021). Her ne kadar hiyar anac1 olarak diisiik sicaklik performansindan dolay: C. ficifolia turti 6n plana
¢ikmis olsa da yapilan ¢alismalarda bu anacin FOC dayanimu yeterli diizeyde bulunmamistir (Lee 2003; Davis
ve ark. 2008; Karaagag ve ark. 2017).

Ulkemizde, fide sektdriinde asili hiyar fidesi iiretiminin pay1 her gegen giin artmaktadir. Kabak anaglari, ticari
olarak fideliklerde asili karpuz, hiyar ve kavun iiretiminde yaygin olarak kullanilmaktadir. Bu nedenle genis
Olcekte farkli amaglar dogrultusunda degerlendirilebilecek olan yerli hibrit kabak anaglarinin 1slah edilmesi
onemlidir. Tohumluk Tescil ve Sertifikasyon Merkez Miidiirliigii (TTSM 2024) kayitlarina gore asili fide
iiretiminde kullanilan standart tohumluk kaydina alinmis 89 anag ve iiretim izni alinmig 18 anag¢ olmak iizere
toplam 107 ticari ana¢ bulunmaktadir. Bu anaglarin 46 tanesi domates anaci ve 38 tanesi ise kabak anacidir.
Turkiye’de asili fide tiretiminde kullanilan anaglarin biiyiik bir kismi yurtdisindan temin edilmektedir. Bu
durum, anag 1slahina yonelik calismalara daha fazla 6nem verilmesi gerektigini gostermektedir (Kandemir ve
ark. 2022). Ulkemizde iiniversiteler, tarimsal arastirma enstitiileri ve 6zel sektdr is birlikleri ile biyotik ve
abiyotik stres faktorlerine dayanikli, meyve kalitesini olumsuz yonde etkilemeyen, verim artis1 saglamaya
yonelik anag 1slah programlarinin sayilarinin artirilmasi bityiik bir 6nem tasimaktadir (Balkaya 2014; Balkaya
ve ark. 2020). Bu amag dogrultusunda iiniversite ve 6zel sektor isbirligi kapsaminda yiiriitiilen bir ¢alismada
“Asili Hiyar Fidesi Uretimi I¢in Yerli Kabak Genotiplerinin Anaclik Bitkisel Ozelliklerinin incelenmesi,
Fenotipik Kabak Seleksiyonu” projesinde nitelikli kestane kabagi (Cucurbita maxima Duch.) gen havuzu
olusturulmustur (Balkaya ve Yapict 2022). Bu calismada, belirtilen projede morfolojik karakterizasyonu
tamamlanmus olan kestane kabagi hatlarinin hiyarda solgunluk etmeni olan F. oxysporum f. sp. cucumerinum’a
kars1 dayaniklilik durumlarimin belirlenmis ve FOC etmeni ile muamele edilmis kestane kabagi hatlar ile
kontrol bitkilerinin vejetatif biiyiime 6zellikleri karsilastirilmigtir.

MATERYAL VE YONTEM

Bu calisma, Ondokuz Mayis Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii sebze ¢ogaltma serasinda
gergeklestirilmistir. Denemede farkli 1slah kademelerindeki (S4-S5 generasyonu) 49 adet kendilenmis kestane
kabagi hatt1 kullanilmistir. Hastalik testi denemelerinde pozitif kontrol olarak Nun 9075 ticari kabak anac1 ve
negatif kontrol olarak ise Cengelkoy hiyar gesiti kullanilmistir (Cizelge 1).
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Cizelge 1. Kestane kabagi gen havuzunda yer alan hatlarin aksesyon numaralart

No Kod Aksesyon No Kod Aksesyon

1 FK1 22ANC024-2-1 26 FK26 23ANC224-4

2 FK2 22ANC024-3-1 27 FK27 23ANC225-2

3 FK3 22ANC027-3-1 28 FK28 23ANC227-3

4 FK4 22ANC029-2-2 29 FK29 23ANC228-2

5 FK5 22ANC032-1-1 30 FK30 23ANC229-1

6 FK6 22ANC032-2-1 31 FK31 23ANC230-3

7 FK7 22ANC032-3-1 32 FK32 23ANC232-1-1
8 FK8 22ANCO045-3-1 33 FK33 23ANC235-2-1
9 FK9 22ANC047-1-1 34 FK34 23ANC236-2-1
10 FK10 22ANC097-1-1 35 FK35 23ANC237-3
11 FK11 22ANC097-2-1 36 FK36 23ANC238-3-1
12 FK12 22ANC107-1-1 37 FK37 23ANC240-4-1
13 FK13 23ANC157-1-1 38 FK38 23ANC253-3
14 FK14 23ANC158-1 39 FK39 23ANC254-3
15 FK15 23ANC162-1-1 40 FK40 23ANC256-1
16 FK16 23ANC163-2-1 41 FK41 23ANC267-1
17 FK17 23ANC165-3-1 42 FK42 23ANC268-2-2
18 FK18 23ANC166-2-1 43 FK43 23ANC269-1-1
19 FK19 23ANC167-4-1 44 FK44 23ANC270-1
20 FK20 23ANC168-2 45 FK45 23ANC272-3-1
21 FK21 23ANC178-1 46 FK46 23ANC274-1
22 FK22 23ANC183-2 a7 FK47 23ANC275-1-1
23 FK23 23ANC187-3 48 FK48 23ANC276-1
24 FK24 23ANC188-2 49 FK49 23ANC277-1-2
25 FK25 23ANC189-3

Denemede kestane kabagi genotiplerinin F. oxysporum f. sp. cucumerinum’a karsi tepkileri incelenmistir. Bu
amagla yuksek virtilense sahip Fusarium oxysporum f. sp. cucumerinum (FOC) izolati, Bati Akdeniz Tarimsal
Arastirma Enstitiisii’nden (BATEM) temin edilmis ve Ondokuz Mayis Universitesi Ziraat Fakiiltesi Bitki
Koruma Béliimii Fitopatoloji laboratuvarinda kiiltiirlenip cogaltilmistir. Inokulum hazirlamak igin izolat, 9 cm
capindaki petri kaplarinda patates dekstroz agar (PDA: Oxoid) besiyerinde 25 °C’de 5-7 glin boyunca
gelistirilmis, ardindan steril distile su eklenerek spatiille kazinmis ve konidilerin suya gegmesi saglanmistir.
Siispansiyon, iki kat steril tiilbentten gecirilerek miselyum kalintilarindan arindirilmistir. Hazirlanan
stispansiyondaki sporlar Thoma lami (hemocytometer) kullanilarak sayilmis ve konsantrasyonlar1 1x10°
konidi/mL olarak ayarlanmistir (Saribag 2019).

Kestane kabag1 hatlarinin tohumlari, steril bir bitki ortamu (torf ve perlit 2:1 oraninda) igeren 8.0 cm ¢apindaki
viyollere ekilmistir. inokulasyon islemine kadar fideler, 22-26 °C sicaklik araliginda kontrollii iklim odas1
kosullarinda yetistirilmigtir. Arastirmada patojenisite denemesi i¢in kok daldirma yontemi kullanilmistir (Biles
ve Martyn 1989). Ik olarak, 3-4 gercek yapraga sahip fidelerin kokleri gesme suyunda yikanmis ve kok uclari
temiz bir makasla hafif¢e kesilerek yara dokusu olusturulmustur. Daha sonra, kokler hazirlanmis konidi
stispansiyonuna (1x10° konidi/mL) batirilarak 10 dakika bekletilmistir (Altinok 2005). Kontrol grubunda ise
kestane kabag bitkileri ayni siire boyunca steril saf su iginde tutulmustur. inokulasyondan sonra fideler, torf
ve perlit (2:1, v) karisimi igeren 25%20 cm ¢apindaki plastik saksilara, her saksiya bir fide olacak sekilde
dikilmistir. Arastirma, tesadif parselleri deneme deseninde 3 tekerrurli olarak (her tekerrurde 9 bitki)
diizenlenmistir. Kestane kabagi hatlari, son hastalik degerlendirmesine kadar kontrollii sera kosullarinda 2442
°C’de 3 hafta boyunca yetistirilmistir. Bu siirenin sonunda tiim bitkiler, asagida belirtilen 0-3 skalasi
kullanilarak hastalik siddeti acisindan degerlendirilmistir (Cizelge 2; Sekil 1) (Vakalounakis 1996;
Vakalounakis ve Fragkiadakis 1999).
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Cizelge 2. Bitkilerde 0-3 skalast kullanilarak hastalik siddeti yoniinden degerlendirilmesi

Belirti yok
Hafif veya orta derece solgunluk, kokte hafif damar rengi degisikligi

Siddetli solgunluk, bitki gelisiminde gerileme, gévdede ve fidede damar rengi degisikligi
Ol bitki

W|IN |~ |O

Elde edilen skala degerleri kullanilarak, kestane kabagi hatlarinda, % hastalik siddeti asagida verilen
Townsend-Heuberger formiilii ile hesaplanmustir (Swiader ve ark. 2002).

Hastalik siddeti: Y (n.v)/(V-N)-100
n: Ayni degerdeki 6rnek adeti v: Skala degeri

V: En yiiksek skala degeri N: Toplam 6rnek sayisi

Arastirmada, Martyn ve McLaughlin (1983)’e gore; kestane kabag1 hatlarinda dayaniklilik seviyesi yoniinden
gruplamalar yapilmistir. Buna gore;
I.  9%0-20: Yiiksek diizeyde dayanikli (HR)
1. %21-50: Orta diizeyde dayanikli (MR)
1.  %51-80: Diisiik diizeyde dayanikli (SR)
IV.  %81-100: Duyarl (S) olarak degerlendirme yapilmistir.

Sekil 1. Kestane kabagi hatlarinin 0-3 skalasina gére degerlendirilmesi

Denemenin son asamasinda, kestane kabagi hatlarinda hastalik bulastirilan ve kontrol bitkilerinin 21. giin
sonunda vejetatif biiyiime iizerindeki kantitatif etkileri ayrintili olarak incelenmistir. Bu kapsamda, asagida
belirtilen 6zellikler degerlendirilmistir. Test sonuglarindan elde edilen veriler yiizdelik degerler oldugundan,
varyans analizi yapmak icin SPSS istatistik paket programinda arcsin Vx doniisiimii uygulanmistir. Ardindan,
dayaniklilik seviyelerinin oranlari Duncan c¢oklu karsilastirma testi ile istatistiksel olarak analiz edilerek
farkliliklar belirlenmistir (Karaagag 2013).

a) Bitki boyu: Bitki kok bogazindan biiylime ucuna kadar olan mesafe (cm) olgiilerek belirlenmistir.
b) Govde ¢apr: Dijital kumpas (mm) yardimi ile 6l¢iilmiistiir.
¢) Yaprak sayisi: Bitkilerde tam gercek yapraklar sayilarak belirlenmistir.

d) Kok, govde ve yaprak kuru agirhk degerleri: Bitki kisimlart 70 °C’de 48 saat siireyle etiivde
kurutulmustur. Daha sonra hassas terazide (0.001 g) tartilarak kok, govde ve yaprak kuru agirliklari
belirlenmistir.

Verilerin istatistiksel analizinde, JMP 13.2 programi kullanilarak varyans analizi (ANOVA) belirlenmis ve
sonrasinda istatistiksel agidan 6nem diizeyi yiiksek bulunan parametreler Tukey testi yardimu ile gruplara
ayrilmustir.
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BULGULAR VE TARTISMA

Kestane kaba@ hatlarimin Fusarium solgunlugu (F. oxysporum f. sp. cucumerinum)’na Kkarst
dayamklhihk diizeylerinin belirlenmesi

Arastirma sonucunda, denemede yer alan kestane kabagi hatlarinin ve kontrol olarak kullanilan anag cesit
iizerinde FOC’a ait izolatin olusturdugu hastalik siddetleri arasinda istatistiksel olarak 6nemli diizeyde (%5)
farkliliklarin oldugu saptanmustir. Kestane kabagi hatlari, F. oxysporum f. sp. cucumerinum’a dayaniklilik
yoniinden birlikte degerlendirildiginde 20 genotipin yiiksek diizeyde dayanikli, 23 genotipin orta diizeyde
dayanikli ve 5 genotipin ise diisiik diizeyde dayanikli oldugu belirlenmistir (Cizelge 3). Bununla birlikte 1
kestane kabagi genotipinin (FK13) ise hassas oldugu saptanmistir. Ayrica denemede pozitif kontrol olarak yer
alan Nun 9075 ticari anacinin F. oxysporum f. sp. cucumerinum’a yiiksek diizeyde dayanikli ve negatif kontrol
Cengelkdy hiyar ¢esidinin ise hassas oldugu belirlenmistir (Cizelge 3).

Cizelge 3. Kestane kabagi hatlarimin F. oxysporum f. Sp. cucumerinum etmenine karsi gosterdigi hastalik indeksi,
hastalik siddeti ve dayamklilik seviyeleri

Genotip Hastahk Hastalik Dayanikliik  Genotip Hastahk Hastahk Dayamkhihk
kodu indeksi siddeti (%) seviyesi kodu indeksi siddeti (%)  seviyesi
FK1 0.00d 0 HR FK27 0.00d 0 HR
FK2 1.33bc 44.44 MR FK28 0.00d 0 HR
FK3 1.33bc 44.44 MR FK29 1.00 bcd 33.33 MR
FK4 0.00d 0 HR FK30 1.00 bcd 33.33 MR
FK5 1.00 bcd 33.33 MR FK31 2.00b 66.67 SR
FK6 2.00b 66.66 SR FK32 0.33 cd 11.11 HR
FK7 1.00 bcd 33.33 MR FK33 0.00d 0 HR
FK8 1.33bc 44.44 MR FK34 0.00d 0 HR
FK9 0.33cd 11.11 HR FK35 0.33cd 11.11 HR
FK10 0.00d 0 HR FK36 1.00 bcd 33.33 MR
FK11 1.00 bcd 33.33 MR FK37 0.00d 0 HR
FK12 1.67b 44.44 MR FK38 1.67b 44.44 MR
FK13 3.00a 100 S FK39 1.00 bcd 33.33 MR
FK14 1.67b 44.44 MR FK40 1.33 bc 44.44 MR
FK15 2.00b 77.77 SR FK41 0.00d 0 HR
FK16 0.33cd 11.11 HR FK42 0.00d 0 HR
FK17 2.00b 66.67 SR FK43 0.33cd 11.11 HR
FK18 1.33bc 44.44 MR FK44 1.33 bc 44.44 MR
FK19 1.33bc 44.44 MR FK45 0.67 cd 22.22 MR
FK20 1.00 bcd 33.33 MR FK46 1.33 bc 44.44 MR
FK21 1.33bc 44.44 MR FK47 0.00d 0 HR
FK22 0.33cd 11.11 HR FK48 0.33cd 11.11 HR
FK23 1.67b 44.44 MR FK49 1.67b 44.44 MR
FK24 2.00b 66.67 SR Cengelkdy 3.00 a 100 S
FK25 0.00d 0 HR Nun9075 0.00d 0 HR
FK26 0.33cd 11.11 HR

P <0.05 <0.05

* 0: Simptom yok, 1: Hafif veya orta derecede solgunluk.kékte hafif damar rengi degisikligi, 2: Siddetli solgunluk,gdvdede ve fidede damar rengi
degisikligi, 3: Olii bitki  ** I: %0-20: Yiiksek diizeyde dayamkli (HR), II: %21-50: Orta diizeyde dayanikli (MR) , III: %51-80: Diisiik diizeyde
dayanikli (SR), IV: %81-100: Duyarli (S)

Kestane kabagi hatlarinda F. oxysporum f. sp. cucumerinum testlemesi sonucunda hastalik siddetinin
genotiplere gore %0-100 arasinda degisim gosterdigi tespit edilmistir (Cizelge 3). Yapilan degerlendirme
sonucunda 12 kestane kabag1 hattinda hastaligin hi¢ ortaya ¢ikmadigi (%0) ve yiiksek diizeyde dayanikli (HR)
olduklar1 saptanmustir. Dayanikli olarak se¢ilen kabak hatlar1 (FK1, FK4, FK10, FK25, FK27, FK28, FK33,
FK34, FK37, FK41, FK42, FK47), yiiriitilen hiyar anag 1slahinda tiirler aras1 melezleme programinda anne
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ebeveyn olarak kullanilacaktir. Klasik hastalik testlemesi sonucunda tiim genotipler arasinda FK13 nolu
kestane kabagi hattinin ise patojene karsi en hassas (%100) hat oldugu belirlenmistir. Dayanikli olarak
belirlenen kestane kabagi hatlarinin gerek ¢esit 1slahinda ve gerekse anag 1slahinda degerlendirilmesi buytk
onem tasimaktadir. Literatiirde baz1 ¢alismalarda su kabaklar1 ve kestane kabaklarinin, tiirler aras1 melez ve
bal kabaklarindan daha az dayanikli oldugu bildirilmistir (Lee 2003; Yiicel ve ark. 2022). Arastirma sonuglart
incelenen kestane kabagi hatlarina gore degismekle birlikte belirtilen literatiirleri destekler niteliktedir.

F. oxysporum f. sp. cucumerinum (FOC) etmeni ile muamele edilmis kestane kabag: hatlari ile kontrol
bitkilerinin vejetatif buytme dzellikleri yoninden incelenmesi

Arastirmada kestane kabagi kontrol bitkilerinde bitki boyu degerleri incelendiginde en uzun bitki boyu FK34
(99.80 cm) ve en kisa ise FK17 (11.20 cm) genotipinde belirlenmistir (Cizelge 4). FOC etmeni bulastirilan
bitkilerde 21. giin sonunda en yiiksek bitki boyu degeri FK 12 hattinda ortalama 57.36 cm olarak dl¢iilmiistiir.
Denemede hastalik testlemesi sonucunda hassas olarak belirlenen FK13 nolu kestane kabagi hattina ait
bitkilerde olusan zarar nedeniyle bitki boyunun en kisa oldugu tespit edilmistir. Arastirma sonuglar
istatistiksel olarak karsilastirildiginda kestane kabagi hatlarinda hastalik etmeni ile bulasik bitkilerde ve kontrol
bitkilerinde bitki boyu degerleri yoniinden ¢ok 6nemli diizeyde farkliliklarin oldugu belirlenmistir. Benzer
sekilde, calismada negatif kontrol olarak yer alan Cengelkdy hiyar ¢esitinde ise tiim bitkilerin 6ldiigii ve bitki
boyunun en kisa (0.001 cm) oldugu saptanmustir (Cizelge 4). Incelenen kestane kabag hatlarinda kontrol
bitkilerinde ortalama bitki boyu, 40.47 cm olarak bulunmustur. Patojenle bulastirilan kabak hatlarinda ise bitki
boyu ortalamasi1 17.36 cm olarak belirlenmistir. Buna gére enfekteli bitkilerde bitki boyunda yaklasik %57.1
oraninda belirgin azalisin oldugu tespit edilmistir. Arastirmada yiiksek diizeyde dayanikli (HR) olarak
belirlenen kestane kabagi hatlarinda, kontrol bitkilerinde enfekteli bitkilere gore bitki boyunda azalis
miktarinin daha diisiik oranlarda oldugu belirlenmistir. Ayrica pozitif kontrol olarak kullanilan Nun 9075 ticari
kabak anacinda kontrol bitkilerde bitki boyu 27.7 cm ve patojen ile bulasik olan bitkilerde ise ortalama 16.26
cm Ol¢iilmiistiir. Secilen kestane kabag1 hatlarinda bitki boyundaki azalig miktarinin genel olarak ticari anacin
bitki boyundaki azalis miktarindan fazla oldugu saptanmustir.

Arastirmada kestane kabagi hatlarinda hastalik etmeni ile bulasik bitkilerde ve kontrol bitkilerinde gévde ¢ap1
degerleri yoniinden istatistiksel olarak ¢ok 6nemli diizeyde farkliliklarin oldugu belirlenmistir (Cizelge 4).
Kestane kabagi hatlarinda hastalik etmeni ile bulasik olmayan kontrol bitkilerinde govde ¢ap1 degerleri
incelendiginde en genis gdvde capt FK15 (12.10 mm) ve en dar govde capi ise FK27 (5.30 mm) hattinda
Ol¢iilmiistiir (Cizelge 4). F. oxysporum f. sp. cucumerinum etmeni bulastirilan bitkilerde 21. giin sonunda
Olciilen govde cap1 degerleri ortalama 10.06 mm (FK19) ile 0.001 mm (FK13) arasinda degisim gostermistir.
Denemede hastalik testlemesi sonucunda hassas olarak belirlenen FK13 nolu kestane kabagi hattina ait
bitkilerde olusan zarar nedeniyle gévde capinin en dar oldugu tespit edilmistir. Benzer sekilde, ¢aligmada
negatif kontrol olarak yer alan Cengelkdy hiyar cesitinde de govde ¢apinin oldukca dar (6.60 mm) oldugu
saptanmistir (Cizelge 4). Kestane kabag1 hatlarinda kontrol bitkilerinde ortalama gévde ¢ap1 8.89 mm olarak
bulunmustur. Patojenle bulastirilan kestane kabagi hatlarinda ise govde g¢api ortalama 6.48 mm olarak
belirlenmistir. Buna gore enfekteli bitkilerde govde ¢apinda yaklagik %27.1 oraninda azalisin oldugu tespit
edilmistir. Denemede pozitif kontrol olarak kullandigimiz Nun 9075 ticari kabak anacinda kontrol bitkilerde
gbovde ¢ap1 10.1 mm ve patojen ile bulasik olan bitkilerde ise ortalama 7.3 mm Ol¢iilmiistiir. Gévde ¢apinda
azalis miktar1 %27.7 olarak bulunmustur. Secilen kestane kabagi hatlarinda gévde ¢apindaki azalis miktari,
ticari anagtaki govde capinin azalis miktar1 ile benzer oranlarda bulunmustur. Bu sonug o6zellikle secilen
kestane kabag1 hatlarinin gelecekte ticari anag olarak degerlendirilmesi yoniinden 6nemlidir.
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Cizelge 4. Kestane kabagi genotiplerinde Fusarium oxysporum f. sp. cucumerinum etmeninin bitki boyu, gévde
capt ve yaprak sayisina etkisi

Genotip Bitki boyu (cm) Govde ¢ap1 (mm) Yaprak sayisi (adet)
Enfekteli bitki Kontrol Enfekteli bitki  Kontrol Enfekteli bitki ~ Kontrol
FK1 10.30 1-n 25.20 k1 7.76 a-Cc 8.10 x 4.00 a-d 5.009g
FK2 14.70 e-m 16.00 g1 7.70 a-c 9.60n 3.00 b-e 6.00 e
FK3 11.00 h-n 13.50t1 7.46 a-c 8.30v 3.33b-d 5.00¢g
FK4 14.06 e-m 16.20 p1 9.43a,b 10.70 f 4.66 a-d 6.00 e
FK5 26.06 c-g 33.30el 6.50 a-c 8.00y 4.33 a-d 6.00 e
FK6 15.30 e-m 47.00 t 5.53 a-d 7.00cl 3.00 b-e 8.00b
FK7 15.96 e-m 53400 5.50 a-d 6.40 el 3.66 b-d 4.001
FK8 12.70 g-n 39.20 z 5.15 a-d 8.60u 3.66 b-d 5.00¢g
FK9 22.23 d-j 58.10 h 7.86 a-c 11.60b 3.66 b-d 5.009g
FK10 26.46 c-g 55.40 m 8.50 a-c 9.10p 5.00 a-c 5.00g
FK11 24.96 c-h 42.80 x 8.40 a-c 9.80 1 5.66 a,b 8.00b
FK12 57.36 a 78.30d 4,86 a-d 5.90 g1 7.00a 8.00b
FK13 0.001n 31.00 f1 0.001d 9.00 ¢ 0.001e 8.00b
FK14 7.80 k-n 13.00 ul 6.83 a-c 8.80s 4.33 a-d 6.00 f
FK15 4.66 m,n 11.60 wl 4.46 a-d 12.10a 1.66d,.e 8.00b
FK16 10.33 1-n 11.40 x1 9.60 a,b 10.60 h 4.00 a-d 8.00b
FK17 5.50 m,n 11.20y1 3.50c,d 11.10d 1.66d,e 9.00a
FK18 11.50 h-n 55.80 j 6.76 a-c 8.10 x 5.00 a-c 6.00 f
FK19 10.50 1-n 15.10s1 10.06 a 11.40c 5.66 a,b 8.00b
FK20 33.56 b-d 55.80 k 7.06 a-c 8.20 w 5.00 a-c 7.00d
FK21 19.50 el 53.40n 7.76 a-Cc 9.70 m 3.66 b-d 6.00 f
FK22 13.30 f-n 51.80 p 6.90 a-c 9.801 4.33 a-d 6.00 f
FK23 7.96 k-n 45.20u 4.63 a-d 8.00y 2.66 b-e 5.009g
FK24 13.53 f-n 36.30 al 5.96 a-c 8.30 v 4.33 a-d 5.009g
FK25 22.93 ¢+ 48.70r 6.86 a-c 9.60n 4.00 a-d 5.009g
FK26 21.16 d-k 40.90 y 6.06 a-c 8.10 x 4.66 a-d 5.00¢g
FK27 46.80 a,b 50.20 q 4.50 a-d 5.30 hl 5.00 a-c 6.00 e
FK28 14.53 e-m 29.00 g1 7.80 a-c 8.80s 4.00 a-d 5.00¢g
FK29 13.43 f-n 36.00 bl 5.86 a-c 7.20 bl 5.00 a-c 5.00¢g
FK30 12.93 g-n 20.20 n1 5.73 a-d 7.20b1 4.00 a-d 4.00 k
FK31 9.06 j-n 44.60 w 4.00 b-d 7.40 al 2.33c-e 6.00 e
FK32 12.76 g-n 24.60 11 6.63 a-c 11.00e 4.00 a-d 4.00 k
FK33 13.03 g-n 33.60 d1 8.36 a-c 8.90r 5.00 a-c 7.00c
FK34 27.83 c-e 99.80 a 7.26 a-c 8.80s 4.00 a-d 6.00 e
FK35 13.23 f-n 63.40 g 7.13 a-c 9.400 3.66 b-d 7.00d
FK36 23.96 c-1 63.80 f 7.83 a-c 8.30 v 4.33 a-d 6.00 e
FK37 9.50j-n 26.40 j1 7.30 a-c 8.80s 4.00 a-d 4.00]
FK38 11.33 h-n 55.60 | 4.66 a-d 8.70t 2.66 b-e 5.00¢g
FK39 20.66 d-k 86.30 b 7.63 a-c 9.70 m 4.00 a-d 5.00¢9
FK40 11.03 h-n 48.10 s 6.70 a-c 9.801 4.00 a-d 6.00 e
FK41 27.06 c-f 57.301 8.03 a-c 9.90 k 4.00 a-d 4.00j
FK42 43.03b 72.40¢€ 5.76 a-d 7.60z 4.33 a-d 6.00e
FK43 36.40 b,c 86.20 ¢ 5.60 a-d 6.20 f1 5.66 a,b 8.00b
FK44 14.33 e-m 34.60 cl 5.56 a-d 10.50 1 3.66 b-d 7.00c
FK45 18.10 e-m 24.30 m1 6.13 a-c 8.10 x 5.33a-c 7.00c
FK46 20.66 d-k 28.60 hl 7.23 a-C 8.10 x 4.00 a-d 5.009g
FK47 12.93 g-n 15.80r1 8.50 a-c 10.10j 4.33 a-d 5.009g
FK48 12.06 h-n 18.60 01 8.60 a-c 10.60 g 4.33 a-d 5.009g
FK49 6.40 I-n 12.30 vl 5.43 a-d 10.60 g 3.33b-d 7.00c
Nun 9075 16.26 e-m 27.7011 7.30 a-c 10.10j 4.00 a-d 5.00 h
Cengelkoy 0.001n 45,10 v 0.001d 6.60 d1 0.001e 6.00 f
P < 0.0001 <0. 0001 <0. 0001
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Kestane kabagi hatlarina ait kontrol bitkileri yaprak sayis1 degerleri yoniinden incelendiginde en fazla yaprak
sayist FK17 (9.0 adet) hatt1 ve en az yaprak sayisi ise sirastyla FK7, FK30, FK32, FK37 ve FK41 (4.0 adet)
hatlarinda belirlenmistir (Cizelge 4). Fusarium oxysporum f. sp. cucumerinum izolati bulastirilan bitkilerde
ise 21. gilin sonunda yaprak sayisi degerleri ortalama 1.66 (FK15, FK17) ile 7.0 (FK12) adet arasinda degisim
gostermistir. Kestane kabagi hatlarinda hastalik etmeni ile bulagik bitkilerde ve kontrol bitkilerinde yaprak
sayist yoniinden ¢cok 6nemli diizeyde farkliliklarin oldugu belirlenmistir (Cizelge 4). Kestane kabagi hatlarinda
kontrol bitkilerinde ortalama yaprak sayis1 5.96 olarak bulunmustur. Patojenle bulastirilan kabak hatlarinda ise
yaprak sayist ortalama 3.93 olarak belirlenmistir. Buna gore enfekteli bitkilerde yaprak sayisi yoniinden
yaklasik %31.5 oraninda belirgin bir azalisin oldugu tespit edilmistir. Denemede pozitif kontrol olarak
kullandigimiz Nun 9075 kabak anacinda kontrol bitkilerde ortalama yaprak sayis1 5 adet, patojen ile bulasik
olan bitkilerde ise 4 adet olarak belirlenmistir. Yaprak sayisindaki azalig miktar1 %20 olarak bulunmustur.
Arastirmada tiim kestane kabagi hatlarinda ortalama yaprak sayisindaki azalis miktarinin, ticari anacin yaprak
sayisinin azalig miktarindan daha fazla oldugu saptanmstir.

Kestane kabagi hatlarinda kantitatif analizler yapilarak hastalik etmeni ile bulasik bitkilerde ve kontrol
bitkilerinde kok, govde ve yaprak kuru agirliklar1 yoniinden incelemeler yapilmistir. Patojen ile bulasik
olmayan kontrol bitkilerinde en fazla govde kuru agirligi FK11 (1.42 g) ve en az govde kuru agirlik degeri ise
FK30 (0.30 g) hattinda belirlenmistir (Cizelge 5). Fusarium oxysporum f. sp. cucumerinum etmeni bulastirilan
bitkilerde ise govde kuru agirlik degerleri ortalama 0.001 g (FK13) - 0.41 g (FK20) ile arasinda degisim
gostermistir. Denemede hastalik testlemesi sonucunda hassas olarak belirlenen FK13 nolu kestane kabag:
hattina ait kontrol bitkilerinde gévde kuru agirliginin 0.47 g oldugu belirlenmistir. Benzer sekilde, calismada
negatif kontrol olarak yer alan ve testlemede hassas olarak belirlenen ve 6len Cengelkdy hiyar ¢esidinde de
govde kuru agirligin 0.001 g oldugu saptanmustir (Cizelge 5). Tiim kestane kabagi hatlarinda kontrol
bitkilerinde ortalama goévde kuru agirlik degeri 0.66 g olarak bulunmustur. Patojenle bulastirilan kabak
hatlarinda ise gdvde kuru agirlik ortalama 0.19 g olarak belirlenmistir. Buna gore enfekteli bitkilerde, gévde
kuru agirligi degerlerinde belirgin azaliglarin oldugu tespit edilmistir. Denemede pozitif kontrol olarak
kullandigimiz Nun 9075 ticari kabak anacinda kontrol bitkilerde govde kuru agirlik 0.47 g ve patojen ile
bulasik olan bitkilerde ise ortalama 0.21 g olarak belirlenmistir. Gévde kuru agirhigin azalig miktart %55.3
olarak bulunmustur.

Kestane kabagi hatlarina ait kontrol bitkilerinde yapilan kantitatif analizde ortalama yaprak kuru agirlik
degerleri en fazla FK11 hattinda 5.62 g ve en diisiitk FK27 hattinda 1.31 g olarak belirlenmistir (Cizelge 5). F.
oxysporum f. sp. cucumerinum etmeni bulasgtirilan bitkilerde ise yaprak kuru agirlik degerlerinin ortalama
0.001 g (FK13) - 2.49 g (FK43) arasinda degisim gosterdigi tespit edilmistir. Denemede hastalik testlemesi
sonucunda hassas olarak belirlenen ve zarar goren FK13 nolu kestane kabag1 hattina ait kontrol bitkilerde ise
yaprak kuru agirliginin 3.02 g oldugu belirlenmistir. Yine benzer sekilde, ¢alismada negatif kontrol olarak yer
alan ve tiim bitkileri zarar goren Cengelkdy hiyar ¢esitinde kontrol bitkilerinde yaprak kuru agirliginin 1.98 g
oldugu saptanmistir (Cizelge 5). Arastirma sonucunda incelenen kestane kabagi hatlarinda kontrol bitkilerinde
ortalama yaprak kuru agirlik degeri 2.91 g olarak bulunmustur. Patojenle bulagtirilan kabak hatlarinda ise
yaprak kuru agirligimin ortalama 1.13 g oldugu belirlenmistir. Buna gore enfekteli bitkilerde yaprak kuru
agirh@min %61.2 oraninda belirgin olarak azaldig1 tespit edilmistir. Denemede pozitif kontrol olarak
kullandigimiz Nun 9075 kabak anacinda kontrol bitkilerde yaprak kuru agirlik 2.52 g ve patojen ile ile bulasik
olan bitkilerde ise ortalama 1.43 g olarak bulunmustur. Yaprak kuru agirhgindaki azalis miktar1 %43.3 olarak
hesaplanmustir.

Kantitatif analizde kestane kabag1 hatlarinda kontrol bitkilerinde ortalama kok kuru agirligi 0.31 g ve patojenle
bulastirilan kabak hatlarinda ise 0.13 g olarak belirlenmistir (Cizelge 5). Buna gore, enfekteli bitkilerde kok
kuru agirliginda yaklasik %58.1 oraninda belirgin bir azalma oldugu tespit edilmistir. Denemede pozitif
kontrol Nun 9075 ticari kabak anacinda ise kontrol bitkilerde kok kuru agirligi 0.33 g ve patojen ile bulagik
bitkilerde ise ortalama 0.25 g olarak belirlenmistir. Calismada, kok kuru agirligindaki azalis miktar1 yaklasik
%24.7 olarak bulunmustur.
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Cizelge 5. Kestane kabagi genotiplerinde F. oxysporum f. sp. cucumerinum (FOC) etmeninin kontrol ve
enfekteli bitkide govde kuru agirligi, yaprak kuru agirligi ve kék kuru agirligy iizerine etkisi

Genotip Govde k.ur.u gglrhgl (g) Yaprak. kl.lrl.l agirhg (g) Kok kuru agirhgi (g)
Enfekteli bitki ~ Kontrol Enfekteli bitki Kontrol Enfekteli bitki Kontrol
FK1 0.11 b-d 0.33k1 0.78 a-d 2.1001 0.09 b-e 0.30p
FK2 0.16 b-d 0.67r 1.35a-d 3.60 k 0.09 b-e 0.17 bl
FK3 0.26 a-d 0.32ml 1.24 a-d 2.51d1 0.09 b-e 0.32n
FK4 0.22 a-d 0.32ml1 1.40 a-d 2.2811 0.15 a-e 0.24u
FK5 0.23 a-d 0.48 al 0.87 a-d 1.861t1 0.12 a-e 0.20y
FK6 0.18 a-d 0.811 051lcd 3.89h 0.08 b-e 04le
FK7 0.18 a-d 0.740 0.91 ad 2.00 p1 0.16 a-e 0.30p
FK8 0.29 a-d 0.87] 1.79 a-c 341n 0.15 a-e 0.32n
FK9 0.31 a-d 0.43 h1 1.77 a-c 2.27j1 0,13 a-e 0.27r
FK10 0.35a-<c 0.81k 1.85a-c 2.66 z 0.22 a-d 0310
FK11  050a 142 a 2.23ab 5.62a 0.19 a-d 0.33m
FK12  0.39a-c 0.66 s 1.45 a-d 2.16 ml 0.15a-e 0.25t
FK13  0.001d 0.47cl 0.001d 3.02t 0.001e 0.50 a
FK14  0.14b-d 0.61u 1.41 a-d 4.09e 0.16 a-e 0.36 ]
FK15  0.09 b-d 0.55 x 0.86 a-d 4.04 f 0.16 a-e 0.46 ¢
FK16  0.15b-d 0.44 el 1.68 a-d 4009 0.18 a-e 0.40f
FK17  0.09 b-d 0.66s 0.70 b-d 550b 0.07 c-e 0.50 a
FK18  0.10b-d 0.76 n 0.74 b-d 2.89w 0.09 b-e 0.24u
FK19 0.23a-d 0.56 w 1.30 a-d 428¢ 0.13a-e 0.43d
FK20 0.4lab 0.61u 1.87 a-c 3.661 0.21 a-d 0.4le
FK21  0.30a-d 0.68q 0.94 a-d 3.11s 0.09 b-e 0.29q
FK22  0.16 b-d 0.79m 1.01 a-d 3.62] 0.19 ad 0.22w
FK23  0.27 a-d 0.71p 0.82 a-d 2.59 b1 0.11 b-e 0.32n
FK24  0.09 b-d 0.50y 0.57 b-d 2.26 k1 0.10 b-e 0.39¢
FK25  0.13b-d 0.64t 0.70 b-d 1.80ul 0.10 b-e 0.26 s
FK26  0.11b-d 0.41j1 0.53 b-d 1.93s1 0.13 a-e 0.23v
FK27 0.23 a-d 04391 0.85a-d 1.31x1 0.12 a-e 0.19z
FK28  0.24a-d 0.56 w 1.96 a-c 2.34n1 0.31a 0.27r
FK29  0.12b-d 0.48 b1 0.91 a-d 2.10n1 0.10 b-e 0.40f
FK30 0.07cd 0.30n1 0.84 a-d 1.67 wl 0.11 b-e 0.38 h
FK31  0.06c,d 0.71p 0.27cd 22211 0.09 b-e 0.43d
FK32  0.08 b-d 0.3311 0.86 a-d 1.77v1 0.21 a-d 0.29q
FK33 0.16 b-d 0.44 11 0.99 a-d 2.92u 0.13a-e 0.23v
FK34 0.21a-d 0.58 v 1.06 a-d 1.95r1 0.12 a-e 0.47b
FK35 0.11b-d 1.09d 1.23 a-d 3.17r 0.13 a-e 0.30p
FK36  0.25a-d 0.891 1.11a-d 2.50e1 0.10 b-e 0.341
FK37  0.15b-d 1.03¢ 1.86 a-c 4.26d 0.10 b-e 0.21x
FK38 0.17 a-d 1.05e 0.95a-d 3.19¢q 0.18 a-e 0.36 ]
FK39 0.16 b-d 1.13c 1.26 a-d 3.23p 0.14 a-e 0.18al
FK40  0.09 b-d 0.68q 0.63 b-d 2.88 x 0.10 b-e 0371
FK41  0.13b-d 0.92h 0.98 a-d 23791 0.17 a-e 0371
FK42  0.37a-c 0.68q 1.56 a-d 24911 0.10 b-e 0.24u
FK43  0.32a-d 1.23b 249 a 428¢ 0.14 a-e 0.17 bl
FK44  0.16 b-d 0.68q 0.68 b-d 3240 0.03d,e 0.18 a1
FK45  0.26 a-d 1.03¢ 1.39 a-d 3.521 0.09 b-e 0.24u
FK46  0.27 a-d 1.05f 0.93 a-d 2.64 al 0.17 a-e 0.50a
FK47  0.13b-d 0.58 v 1.08 a-d 290v 0.14 a-e 0.35k
FK48  0.23a-d 049z 1.93a-c 2.66y 0.26 a,b 0.341
FK49  0.10b-d 0.4211 1.51 a-d 3.44m 0.17 a-e 0.341
Nun 9075 0.21 a-d 0.47d1 1.43 a-d 252cl 0.25a-c 0.33m
Cengelkdy 0.001d 0.58 v 0.001d 1.98 g1 0.001 e 0.23v
P <0.0001 <0.0001 <0.0001
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Kantitatif analiz sonuglar1 birlikte degerlendirildiginde arastirma sonucunda her {i¢ parametre i¢in de
uygulamalar arasinda istatistiksel olarak ¢ok 6nemli diizeyde farkliliklarin oldugu ve belirgin diizeylerde
azaliglarin oldugu saptanmustir (Cizelge 5). Bununla birlikte 6zellikle F. oxysporum f. sp. cucumerinum
etmenine dayanikli olarak belirlenen hatlarda azalis miktarinin daha diisiik diizeylerde oldugu saptanmistir.
Aragtirma sonuglar1 belirtilen paramtereler yoniinden Karaagag (2013)’mn sonuglarimi destekler nitelikte
bulunmustur.

SONUC VE ONERILER

Asili fide kullanimu toprak kokenli hastaliklardan olan Fusarium solgunlugu miicadelesinde énemli bir ¢6zim
yoludur. Bu kapsamda yiiriitiilen bu ¢alisma ile iiniversite ve 6zel sektor is birligi kapsaminda asil1 hiyar fidesi
iiretiminde kullanilmak iizere yerli kabak anaglarinin gelistirilmesi hedeflenmektedir. Bu aragtirma sonucunda
incelenen kestane kabagi hatlarinda yapilan F. oxysporum f. sp. cucumerinum testlemesi sonucunda hastalik
siddetinin genotiplere gore %0-100 arasinda degisim gosterdigi tespit edilmistir. Ayrica 20 kestane kabagi
hattinin yiiksek diizeyde dayanikli, 23’{iniin ise orta diizeyde dayanikli oldugu belirlenmistir. Vejetatif biiyiime
Ozellikleri yoniinden yapilan kantitatif analiz sonuglarina gore dayanikli olarak belirlenen kestane kabagi
hatlarinda bitki boyu, gdvde cap1 ve yaprak sayisi yoniinden azalislarin daha diisiik diizeylerde oldugu
saptanmistir. Elde etti§imiz tiim sonuglar dogrultusunda; dayanikli olarak belirlenen kestane kabagi hatlarinin
gelecekte ¢esit 1slah programlarinda gelistirilmesi ile birlikte hem kestane kabagi iiretiminin yaygin olarak
yapildigi bolgelerde saglikli bir sekilde yetistirilecegi hem de asili hiyar i¢in yapilacak olan anag ¢esit 1slahi
programinda kestane kabagi (C. maxima) x bal kabagi (C. moschata) melezlerinde anne ebeveyn olarak
kullanilabilecegi ortaya konulmustur.
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ABSTRACT

This work investigated food security status among vegetable women producers in North West, Nigeria.
Primary data were used based on a well-organized questionnaire. The data were evaluated using
descriptive statistics, Tobit regression model, food security index, and principal component model. The
outcome shows that averagely the age, household size, and farm size approximates 48 years, 9, and

0.75 ha respectively. A household is regarded as food secure if it achieves at least g of the MPCFE

(Mean per Capital Consumption Food Expenditure) per month. Therefore, the vegetable women
producers that spent at least N 2,125.51 (1USD =N 1,040) on food per month were grouped as food
secure, and those that spent less than this figure were grouped as food insecure. This denotes that the
vegetable women producer to be regarded as food secure will spend above N 70.85 on food per day.
Based on the headcount ratio, about 54% of vegetable women producers had their per capital food
expenditure equal or above N 2,125.51, while 46% of them had their per capital food expenditure
below N 2,125.51. The educational level, age, household size, income from vegetable farming off farm
income and access to credit were different significantly from zero in deciding the food security status
of vegetable women producers. The major challenges faced by vegetable women producers include
lack of improved seeds (1%), lack of credit (2"), and lack of access to land (3'). Credit should be made
available at single digit interest rate to enhance productivity, and increase food security
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INTRODUCTION

Vegetables can be explained as plant part or plant which are normally eaten with menu and are generally
boiled, salted and used as salads, they are significant component for human diets all over the world (USAID,
2019). Vegetables can be fresh pod, root, ripe fruits, immature fruits, immature flower, tender leaf, shoot or
bulb and the examples include green beans, carrot, tomato, okra, cauliflower, Amaranthus, and onion
respectively (Kughur et al., 2018). Vegetables contains 25% dry matter and 75% water (Ajayi and Nwalieji,
2010). The huge level of fibre contain in vegetable prevent constipation and put the digestive system healthy
(Shettima et al., 2016). Vegetable production create employment for people, provide sources of livelihood for
smallholder farmers, reduce poverty and generate income (Oladoja et al., 2006). Vegetable production can
generate income and employment and it is a significant source of minerals, vitamins, carbohydrates, proteins,
and dietary fibres (Aju and Popoola, 2010; Agbuegba et al., 2013). Nigeria is one of the vegetable producing
nations in Africa, in 2021 and 2022, approximately 15.8 milliom tonnes 95% CI [15.75, 15.85 million tons]
and 16.1 million tonnes 95% CI [16.05, 16.15 million tons] of vegetables were produced in Nigeria
respectively (FAO, 2024). Around the world, in 2021 and 2022, approximately 1.16 billion tonnes 95% CI
[1.15, 1.17 billion tons] and 1.17 billion tonnes 95% CI [1.16, 1.18 billion tons] were produced (FAO, 2024).
In Africa, about 80% of farm labour, 60% of agricultural production and 80% of food production are accounted
for by women (Lawal et al., 2017). Women in Africa are poor, food insecure, no adequate nutrition, no access
to nutrition, and lack basic necessities of well-being. Most African women are illiterate, the level of illiteracy
is twice as high as men, this further shows that they are at disadvantaged position. Rural women are significant
when addressing nutrition and food security in Africa. Rural women lack technical knowledge, lack credit,
lack extension services, lack farm inputs, lack support to enhance agricultural productivity The lack of
statistical figures on the status and role of women is important factor and challenges to understanding women
situations. The resources owned by women tend to be smaller, they also have less decision making power, and
less control over productive resources than men (Moore et al., 2015). According to World Bank (2008) who
documented that women are as effective as men and they add more substantially to agricultural productivity.
Cultural practices do not regard women in term of ownership of land in Africa, female children do not also
inherit land from their fathers. Most rural women in Africa are the invisible producers, and the fact is that half
of Nigeria’s food is produced by women (Adenugba and Rahji, 2013). The policies targeted at enhancing food
production and food security tend to either underscore the role of women in decision making process and food
production. In rural areas of Nigeria, women perform a significant role in the survival of families (Ajibade et
al., 2021).

According to USAID (1992) who detailed food security as a condition when all people at all times have both
material and financial access to sufficient food required to accommodate their dietary exigencies for a healthy
and useful life. Food security is entrenched in poverty and the impact on the families is for a long term, and
the 3 pillars of food security is food availability, food access, and food utilization. The developing countries
face acute food insecurity, and they suffered from malnutrition and poverty.

The objective of the study investigated food security status among vegetable women producers in North West,
Nigeria. Specifically, the objectives entail:

(i) determine the summary data of vegetable women producers,

(i) estimate the food security status of vegetable women producers,

(iii) evaluate factors deciding the food security status of vegetable women producers,

(iv) determine the problems faced by vegetable women farmers.
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MATERIALS AND METHODS

This study was organized in Kano and Kaduna States, Nigeria. A multi-stage sampling design was utilized to
choose 120, 95% CI [122, 118] vegetable women producers. Primary data were used based on a well-structured
guestionnaire. The sample number of vegetable women producers was sustained on the Yamane (1967)
formula presented as:

N  _ 171 =120

T 1+N(e?)  1+171(0.052)

Where,
n = The Sample Number
N = The Total Number of VVegetable Women Producers (Number)
e = (5%)
1)

Descriptives Statistics

This relate to the use of standard deviation, mean, percentages and frequency distribution, to have a summary
figures of factors of interest.

Food security index

The model following Omonona and Agoi (2007) is stated as:
FS, = PerCapitaFoodExpenditurefortheithVegetableWomenProducers (2)
;=

%MeanPerCapitaFoodExpenditureofallVegetableWomenProducersHushold
Where

FS; = Food Security Index

FS; 2 1 = FoodSecure

FS; <1 = FoodInsecure

The Headcount Index Formula is given as:
Headcountindex(H) =

M =Number of Food Secure/Food Insecure
N = Number of Vegetable Women Producers Household

@)

Tobit Dichotomous Regression Model

The model is explicitly stated as:
FS; = Bo+ B1Z, + .BZJZCZ -|:S"83Zi + BaZa 25,3525 + BeZe + 1y (4)
. L if FS; =1 is FoodSecure
FSi= {Fsi 0, Otherwise
Where,

FS; = Latent or Unobserved Food Security Status (Number)
Bo = Constant Term

B1 -Bs = Regression Coefficients

Z, = Educational Level (Years)

Z, = Age in Years

Z5 = Household Size (Number)

Z, = Income from Vegetable Farming (Naira)

Zs = Off-Farm Income (Naira)

Zs = Access to Credit (1, Access; 0, Otherwise)

u;= Noise Term

PCM (Principal Component Model)

The problems faced by vegetable women producers was submitted to PCM, the model will reduce many
interrelated constraints to few unrelated ones.

RESULTS AND DISCUSSION

Summary Figures of Variables of Interest
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The summary details of factors of interest among vegetable women producers is displayed in Table 1. The
average age, household size, years of experience and educational level approximately 48 years, 9, 12 years, 11
years respectively. This denote that they are young, resourceful, agile, and energetic producers. Similarly,
approximately 59%, 41% and 98% of women vegetable producers have access to credit, are members of
cooperative organizations, and are married respectively. The average farm size is 0.75 hectares which is less
than 5 hectares of land, hence they are smallholder or small-scale farmers. This is in accord with outcome of
Nwaiwu et al. (2022) who documented an average age of 44 years for vegetable women farmers in Imo State,
Nigeria.

Table 1. Summary Estimates of Factors of Interest

Variables Unit of Measurement X; Sd

Age Years 48 6.21
Household Size Number 9 0.37
Access to Credit 1, access; 0, otherwise 0.59 0.07
Years of Experience Years 12 2.71
Educational Level Years 11 2.56
Cooperative Membership 1, members; 0, otherwise 0.41 0.06
Farm Size Hectare 0.75 0.08
Marital Status 1, married; 0. Otherwise 0.98 0.09

Food Security Status of Vegetable Women Producers

The vegetable women farmers were figured into food secure and food insecure category based on their per
capital food expenditure and the outcome is displayed in Table 2. The food insecurity mark is established as §
of the mean per capital food expenditure (MPCFE) of the vegetable women producers’ household. Based on
the work of Omonona and Agoi (2007), a household is regarded as food secure if it achieves at least § of the

MPCFE per month. Therefore, the vegetable women producers that spent at least N 2,125.51 (1USD =N 1,040)
on food per month were classified as food secure, and those that spent less than this figure were classified as
food insecure. This correspond to the fact that the vegetable women producer to be regarded as food secure
will spend above N 70.85 (0.07 USD) per day. In addition, about 54.16% of the vegetable women producers
were food secure while 45.84% were food insecure. Established on the headcount ratio, about 54% had their
per capital food expenditure equal or above N 2,125.51, while 46% of the vegetable women producers had
their per capital food expenditure below N 2,125.51. The mean per capital monthly expenditure for the food
secure household of the vegetable women producers is N 5,078.94, a food secure household spends on the
average approximately N 163.84 per day on food. The food insecure households spend N 953.85 per month
which approximately to N 30.76 per day on food. This outcome is more than the value of N 2, 694.95
(MN86.93/day) for the respondents as documented by Irohibe and Agwu (2014) in Kano State, Nigeria.
Similarly, Olabisi and Olawamiwa (2014) obtained approximately N3, 513 (N 117.10 per day) for respondents
in Oyo State, Nigeria. This outcome is supported with findings of Jabo et al. (2021) who obtaained food
security approximately 60.4% among farming households in Sokoto State, Nigeria. This findings also agrees
with results of Folorunso et al. (2018) who obtained food security approximately 67% among agropastoralists
in Plateau State, Nigeria.

Table 2. Food Security Status of Vegetable Women Producers

Food Security Status Food Secure Food Insecure Total
Percentage 54.16 45.84 100
Frequency 65 55 120
Monthly Expenditure

Sum (Naira) 330, 131.10 52, 461.65 382,592.75
Mean (Naira) 5,078.94 953.85 3,188.27
Head Count Ratio(h) 0.54 0.46

2 Mean per capita Food Expenditure = 2,125.51 naira

1USD =1, 040 Naira
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Factors Influencing the Food Security Status of Vegetable Women Producers

The estimates of factors deciding food security status of vegetable women producers using Tobit regression
model is displayed in Table 3. Approximate six stimuli were considered in the model. All the stimuli except
household size had positive coefficients and this corresponds to the a priori expectations. The age, household
size income from vegetable farming and access to credit were different significantly from zero at 5%
probability level. The educational level, and off-farm income were different significantly from zero at 1%
probability level. A 1% increase in educational level keeping all other stimuli fixed will give rise to 27.19%
increase in food security status of vegetable women producers. Similarly, a 1% increase in household size
keeping all other stimuli fixed will give rise to 31.54% increase in food insecurity status of vegetable women
producers. This outcome is in consensus with report of Place et al. (2003) who documented that chronically
food insecure households tends to be large. The Pseudu R square value is 0.8601, this connotes that 86.01%
of the food security status is elucidated by the stimuli entered in the model. The LLF (The Likelihood Function)
(-147.31) is different significantly from zero at 1% probability level. This is an evidence that the model and
data is of good fit. This outcome is in consensus with Omonona et al. (2007), Alabi et al. (2021), and Ighalajobi
et al. (2013). This result is supported with Oyediran and Olajide (2023) who reported that age of household,
household size, education were significant factors influencing food security among rural household in North
East, Nigeria. This work is also supported with findings of Ergando and Belete (2016) who reported that family
size, off-farm income, total annual farm income, and agricultural extension services were significant factors
influencing food security among household in Ethiopia.

Table 3. The MLEs (Maximum Likelihood Estimates) of the Tobit Dichotomous Regression Model

Variables Parameters Coefficient Standard t-Value ME
Error

Constant Bo 0.6306*** 0.1501 4.20 0.0521
Educational Level B 0.4102*** 0.0578 7.09 0.2719
Age B, 0.2561** 0.0996 2.57 0.1405
Household Size B3 -0.3602** 0.1380 -2.61 -0.3154
Income from Vegetable Farming B 0.2710** 0.1067 2.54 0.2819
Off farm Income Bs 0.3209*** 0.0533 6.01 0.3815
Access to Credit Be 0.1109** 0.0415 2.67 0.4029

Diagnostic Statistics

Sigma 0.28654
Lr,z2 (6) 97.56%**
Pseudo R? 0.8601
Log-Likelihood -147.31
Prob >.2 0.00000%***

ME=Marginal Effect

**Significant at 5% Probability Level, ***Significant at 1 % Probability Level.

The Problems Faced by Vegetable Women Producers

The problems faced by vegetable women producers were made to undergo principal component analysis and
the outcome is displayed in Table 4. Approximate 6 stimuli were withheld by the PCM for those with Eigen
values greater than 1. Lack of improved seeds with Eigen value of 8.5824 is ranked 1% position, and this
measure 31.12% of all challenges faced by the vegetable women producers. The major threats faced were lack
of credit facilities with Eigen value of 4.8255 is ranked 2™ position, and this explained 10.84% of all problems
encountered by the vegetable women producers. Similarly, lack of access to farm land with Eigen value of
2.8163 is ranked 3™ and this measure 10.69% of all problems faced by the vegetable women producers. All
challenges faced by the vegetable women producers measure approximate 82.49% of all challenges included
in the PCM. The chi square value of 4670.31 is different significantly from zero at 1% probability level. This
demonstrate the feasibility of using PCM for the analysis. This result is supported with findings of Ajibade et
al. (2021) who reported that inadequate capital, lack of improved planting seeds.lack of contact with extension
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services, high cost of labour, and high transportation cost were constraints facing tomato farmers in Abuja,
Nigeria.

Table 4. The Problems Faced by Vegetable Women Producers

Constraints Eigen- Differenc  Proportio Cumulativ Rank
Value e n e

Lack of Improved Seeds 8.5824 3.7569 0.3102 0.3102 1
Lack of Credit 4.8255 2.0092 0.1084 0.4186 2nd
Lack of Access to Land 2.8163 0.4101 0.1069 0.5255 3rd
High Cost of Fertilizers 2.4062 0.0810 0.1047 0.6302 4t
Lack of Good Storage 2.3252 0.2510 0.1042 0.7344 5
No Market Linkages 2.0742 1.1490 0.0905 0.8249 6t
Bartlett Test of Sphericity
v 4670.31**
KMO *
Rho 0.8070

1.00000

KMO - Kaiser-Meyer-Olken
CONCLUSION

This study investigated food security status among vegetable women producers in North West, Nigeria. A
multi-staged sampling design was applied. Primary data were utilized based on a well-organized questionnaire.
The outcome shows that averagely the age, household size, years of experience, educational level and farm
size approximately 48 years, 9, 12 years, 11 years and 0.75 ha, respectively. A household is regarded as food
secure if it achieves at least § of the MPCFE per month. Therefore, the vegetable women producers that spent

at least N 2,125.51 (1USD =N 1,040) on food per month were classified as food secure, and those that spent
less than this figure were classified as food insecure. This correspond to the fact that the vegetable women
producers to be regarded as food secure will spend above N 70.85 (0.07 USD) per day. Based on the headcount
ratio, about 54% had their per capital food expenditure equal or above N 2,125.51, while 46% of the vegetable
women producers had their per capital food expenditure below N 2,125.51. The educational level, age,
household size, income from vegetable producers, off-farm income and access to credit were different
significantly from zero in influencing food security status of vegetable women producers. The major problems
facing the vegetable women producers were lack of improved seeds (1%), lack of access to credit (2"9), and
lack of access to farm land (3'). Established on the outcomes of this work, the subsequent recommendations
were made:

(i) Credit should be made available at single digit interest rate to enhance productivity, increase income and
increase food security.

(ii) The women producers should through policy formulations be allowed more access to farm land to increase
productivity and increase food security

(iii) Farm inputs such as fertilizers, chemicals, improved seeds, should be made accessible to vegetable women
producers,

(iv) Good refrigerated storage facilities should be supplied for the vegetable women producers

(v) The vegetable women producers should be linked to good market for appropriate prices of produce
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.. MAKALE
OZET BILGISI
Ciftciler, iiretim maliyetlerini diisiirmek, pazarlama ve satis siireglerini gliglendirmek ve finansal destek Gelis:
alabilmek icin ortaklik esasina dayali olarak tarimsal kooperatifleri kurmaktadir. Bu ¢alismada ciftgilerin 5

) A I o . 16.08.2024
kooperatife ortak olma nedenleri, bitki koruma iiriinii satin aldiklar1 yerlerden ihtiyaglarin1 hangi oranda Kabul:
karsiladig1, bitki koruma iiriinii satin alirken ve bitki koruma triinii satin alacagi yer segciminde 6nem 20.11 20'2 4

verdigi kriterlerin belirlenmesi amaglanmustir. Basit tesadiifi rnekleme yontemi kullanilarak érneklem
hacmi belirlenmistir. Igdir ili Merkez veya Yayci1 Tarim Kredi Kooperatif ortagi 100 iiretici ile yiiz yiize
goriismeye dayali anket ¢alismasi yapilmistir. Calismanin istatistiksel analizinde Mann-Whitney-U testi
kullanilmustir. Ciftcilerin kooperatife ortak olma nedenlerinden ilk ti¢ii sirasiyla; tarimsal kredi alabilmek
(4,89 puan), bitki koruma Grtni alabilmek (4,85 puan) ve bitki besleme Grlnd alabilmek (4,84 puan)
olup ortagi olunan kooperatife gore istatistiksel anlamli bir fark yoktur (p>0,05). Kooperatif ortaklari
bitki koruma {iriinii ihtiya¢larinin bityiik bir kismin1 Tarim Kredi Kooperatifleri (%75,56) ve zirai ilag
bayilerinden karsilamaktadir (%22,06). Ciftgilerin bitki koruma {irlinii satin alirken en ¢ok énem verdigi
kriter Urtiniin son kullanma tarihidir (4,66). Yayci Tarim Kredi Kooperatif ortaklart Merkez Tarim Kredi
Kooperatif ortaklarina gore bu kritere daha fazla 6nem vermektedir (p<0,05). Ciftgilerin bitki koruma
iriinii satin almak i¢in yer se¢iminde en ¢ok 6nem verdigi kriter ise 4,84 puan ile giivenilir olmasidir

(p>0,05).

Anahtar kelimeler: Tarim Kredi Kooperatifi, Bitki Koruma Uriinleri, Satin Alma Tercihleri, Igdir

Farmers Preferences for Purchase of Plant Protection Products: A Case of Agricultural
Credit Cooperatives in Igdir

ARTICLE

ABSTRACT INFO

Farmers form agricultural cooperatives to reduce costs, improve marketing, and access financing. This

study aims to identify factors influencing cooperative membership, evaluate pesticide supplier Received:
satisfaction, and identify key pesticide purchase and supplier preference criteria. The sample size was 16.08.2024
determined using the simple random sampling mass proportion estimation method. A face-to-face survey Accepted:
of 100 cooperative members from Merkez or Yayci Agricultural Credit Cooperative in lgdir was 20.11.2024
conducted. The Mann-Whitney-U test was used in the statistical analysis of the study. The primary

reasons for farmers to be members of Agricultural Credit Cooperatives were access to agricultural credit

(ms:4.89), purchase of pesticides (ms:4.85), and purchase of plant nutrition products (ms:4.84),

respectively. No statistically significant differences were found between cooperatives regarding these

reasons (p>0.05). Cooperative members primarily obtain pesticides from Agricultural Credit

Cooperatives (75.56%) and dealers of plant protection products (22.06%). The criterion that farmers

attach most importance to when purchasing plant protection products is the expiration date of the product

(ms:4.66), and Yayci Cooperative members attach more importance to this criterion than Merkez

Cooperative members (p<0.05). The criterion that farmers attach most importance to when choosing a

place to purchase plant protection products is reliability with a mean score (ms) of 4.84 (p>0.05).
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GIRIS

Kooperatif, ortak amaglar dogrultusunda bir araya gelen bireylerin, ekonomik kaynaklarin1i ve bilgi
birikimlerini birlestirerek, bireysel olarak elde edemeyecekleri faydalar sagladigi bir kurulustur (Milayim,
2019). Kooperatifler, tarimsal iiretimi daha karli, verimli ve siirdiiriilebilir hale getirmek i¢in kdy, mahalle ve
sehir merkezlerinde kurulan ¢ift¢i birlikleri olarak tanimlanabilir (Ak¢abey ve Paksoy, 2023). Tiirkiye’de
kirsal alanin refah diizeyinin artirilmasinda 6nemli rol oynayan Tarim Kredi Kooperatifleri (TKK); Tirkiye
genelinde 17 bolge birligi, 1625 birim kooperatifi, 189 hizmet biirosu ile kirsal alanda yasayan iireticilerin
tarimsal liretimine katkida bulunmakta ve ¢ift¢ilerin iirlinlerini degerlendirerek araliksiz hizmet vermektedir
(TKK, 2022). Turkiye Tarim Kredi Kooperatifleri; gida, sigorta, bireysel emeklilik, hayvancilik, ilag, giibre,
yem, tohum, sera ve sulama sistemleri, lojistik, lisansli depoculuk ve bilisim vb. sektdrlerde iiretim ve hizmet
vermektedir (TKK, 2022). Everest ve Yercan (2016) tarafindan yapilan bir aragtirma; ¢ift¢ilerin Tarim Kredi
Kooperatiflerine {iye olmalarindaki en onemli nedeninin girdi temini oldugunu gostermistir. Ayrica bu
caligmada nakit kredi, teknik bilgi ve {iriin pazarlama gibi konular ise gift¢iler i¢in sirasiyla ikinci, liglincii ve
dordiinct oncelikli nedenler olarak bildirilmistir. Tarim kredi kooperatifleri tarimsal tiretimde sorun olan
hastalik ve zararlhilarin kontroliinde kullanilan Bitki Koruma Uriinlerinin temini i¢inde ortaklaria kredi olanag:
sunmaktadir (Coskun Arslan ve Cigdem, 2016).

Son yiizyilda bitki koruma iiriinlerinin (BKU) kullanimiyla modern tarimsal iiretimde {iriin kaybu riski en aza
indirilmistir (Kim ve ark., 2017). BKU, verim kayiplarin1 azaltmak veya ortadan kaldirmak ve yiiksek iiriin
kalitesini korumak amaciyla zararlilari, hastaliklari, yabanci otlar1 ve diger bitki patojenlerini 6nlemek veya
kontrol altina almadaki etkinlik ve giivenilirlikleri nedeniyle modern tarimsal iiretimin 6nemli bilegenleri
olarak degerlendirilmektedir (Damalas, 2009, Damalas ve Eleftherohorinos, 2011). Pestisitler olarakda
adlandirilan BKU’leri; sentetik veya dogal kimyasal yapiya sahip olan formiile edilmis aktif maddelerdir
(Marchand, 2023). BKU'lerde bulunan aktif maddeler (AS'ler); yardimc1 maddelerin yam sira herbisitler,
fungisitler, insektisitler, akarisitler, nematisitler, molluskisitler veya bitki biyume dizenleyicilerini tek
baslarina veya kombinasyon halinde igerebilir (FAO, 2006). 2022 yilinda diinya ¢apinda BKU kullanimimnin
3.697.552 milyon ton (aktif madde) oldugu tahmin edilmektedir. Diinya genelinde kullanilan herbisit miktari,
fungisitlerin ve insektisitlerin yaklasik 2.5 kati civarmdadir (FAO, 2022). BKU'lerin kullanim tarimsal
iretime ve gida gilivenligine onemli diizeyde katkida bulunmus olsa da (Cooper ve Dobson, 2007), bazi
arastirmalar bu maddelerin potansiyel olarak zararli etkilerini ortaya koymustur (Evenson ve Gollin, 2003;
Anderson ve Meade, 2014; Bernauer ve ark., 2015). Pestisitler, yaygin kullanimina ragmen hem ¢iftgiler hem
de tiiketiciler i¢in saglik riskleri konusunda ciddi endiselere yol agmustir. Ciftgiler hazirlarken, uygularken
veya uygulama gormiis alanlarda ¢alisirken bu aktif maddelere maruz kalirken, tiiketiciler yiyecek ve sudaki
pestisit kalintilarindan kaynaklanan risklerle karsi karsiyadir (Damalas ve Eleftherohorinos, 2011).

Pestisitlerin ¢evreye zarar verme, kalint1 birakma, hastalik, zararli ve yabnci otlarakarsi dayaniklilik olugturma
gibi riskleri, bu maddelerin kullanimini etkileyen baslica faktérlerdir. Ureticilerin pestisitleri kullanmadan
once, kullanirken ve kullandiktan sonraki davraniglari, bu risklerin ortaya ¢ikma olasiligini dogrudan etkiler.
Bu nedenle, ciftgilerin pestisit kullanimi ve se¢imi konusunda ne kadar egitimli ve bilgili olduklarini
belirlemek biiyiik 6nem tasimaktadir (Durmusoglu ve ark., 2010). Genel olarak BKU'lerinin (reticiler
tarafindan kullanim egilimlerini etkileyen faktorler arasinda hastalik ve zararli baskisi, hastalik ve zararl
kontroliiniin etkinligi, erisilebilirlik, maliyet ve diizenleyici yasalar yer almaktadir (Barzman ve ark.,2015).
Ayrica, c¢iftgiler arasinda pestisit satin alma ve kullanim tercihleri; cinsiyet, bilgi diizeyi, pestisit
perakendecileri, yas, algilar ve hatta kiiltiirel veya yetistirme farkliliklar1 gibi faktorlerden etkilenebilmektedir
(Fan ve ark.,2015).

Bursa'da ilag bayileri ile gergeklestirilen bir ¢alismada, tarim ilaci satin alan iireticilerin 6ncelikli olarak {iriin
fiyatlarini1 (%48,2), kullanim zamani ve dozajini (%25,0), kullanim seklini (%20,8) ve g¢evresel etkilerini
(%6,0) sordugu belirlenmistir (Erbek, 2019). Konu ile ilgili yapilan diger aragtirmalarda ise; Kavak (1998)
Tokat'ta gerceklestirdikleri arastirmaya gore, ¢iftgilerin %98'i pestisitler ve uygulamalar1 hakkinda daha fazla
bilgiye ihtiya¢ duydugunu belirtmistir. Ciftciler, bu bilgileri gogunlukla bitki koruma Grinleri bayilerinden
(%55,1) ve tarim kuruluslarindan (%42,7) almaktadir. Demirci ve ark. (2005), Ankara'da gerceklestirdikleri
aragtirmaya gore, ¢iftgilerin %44'i pestisit secerken tarim miidiirliikleri personelinin Gnerilerini, %22'si ise
bitki koruma iirtinleri bayilerinin Onerilerini dikkate almaktadir.Igdir ilinde konu ile ilgili ¢aligmalar
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incelendiginde, Ertiirk ve ark. (2012) tarafindan ireticilerin zirai ilag uygulamalar1 sirasinda cevre
duyarliliklar1 konusunda biling diizeylerini tespit etmeye yonelik bir ¢alismanin yiirirtiildiigli gérilmistiir

Igdir ilinin, Dogu Anadolu Boélgesinin mikroklimatik kosullarina sahip, tarim iriinleri yetistiriciligi igin
6nemli bir merkez olmasi nedeniyle, bu ¢alismada Igdir Tarim Kredi Kooperatifleri'ne {iye tireticiler ana hedef
kitle olarak belirlenmistir. Bu ¢calismada, ¢iftgilerin kooperatife ortak olma nedenleri, bitki koruma {iriinii satin
aldiklar1 yerlerden ihtiyag¢larini hangi oranda karsiladigi, bitki koruma iiriinii satin alirken ve bitki koruma
irlinii satin alacag yer segiminde dnem verdigi kriterlerin belirlenmesi amaglamustir.

MATERYAL VE YONTEM

Aragtirmada kullanilan veriler Igdir ili ve ilgelerinden tarimsal iiretim yapan Tarim Kredi Kooperatif
ortaklarindan elde edilmistir (Sekil 1). Tiirkiye'nin en dogusunda yer alan Igdir ili, 39° 38' - 44° 03' kuzey
enlemleri ile 44° 49' - 45° 31' dogu boylamlar: arasinda yer alir. Kuzeydogusunda Aras nehri ve bu nehrin
yatagindan olusturdugu Ermenistan sinir1, doguda Nahgivan ve Iran sinir1, giineyinde Agr ili, kuzey batisinda
ise Kars ili bulunmaktadir. (Karadas ve Ozger, 2022).

ARMENIA

BULGARIA

GREECE &

CYPRUS SYRIA

Sekil 1. Calisma alam (Harita agik veri kaynaklar kullanilarak yazarlar tarafindan olusturulmustur)

Igdir ilinde bitkisel iiretim yapan kooperatif ortagi 100 iiretici ile yiiz yiize goriisme yontemiyle gerceklestirilen
anket ¢aligmasindan elde edilen veriler aragtirmanin ana materyalini olusturmaktadir. Anket ¢aligmasi 2024
yil1 Ocak-Mart aylar arasinda yapilmistir. Kooperatif ortaklari ile yapilan anket ¢alismasi; kooperatife ortak
olma nedenleri, bitki koruma tiriinii satin aldiklar1 yerlerden ihtiyaglarini hangi oranda karsiladigi, bitki koruma
iiriinii satin alirken dikkat edilen kriterleri ve bitki koruma iirliniiniin satin alinacag yer secilirken dikkat edilen
kriterleri belirlemeye yonelik sorular icermektedir. Ikincil veri olarak yerli ve yabanci yaymlardan, kamu
kurum ve kuruluslarin kayitlar ve istatistiki verilerinden faydalanilmstir.

Ornekleme Yontemi

Arastirma alam olarak, Igdir Merkez, Aralik, Karakoyunlu ve Tuzluca ilgeleri se¢ilmis olup, bu bélgede
bitkisel {iretim yapan ve kooperatif ortagi olan giftci sayilar1 [gdir Tarim Kredi Kooperatiflerinden alinmugtir.
Igdir ilinde faaliyet gdsteren ve bitki koruma iiriinii satis1 yapan 2 tarim kredi kooperatifi karsilagtirilmisktir.
Arastirmanin popiilasyonunu Igdir ilinde bitkisel {iretim yapan ve bitki koruma {iriinii satin alma tercihini
ortagi oldugu Merkez Tarim Kredi Kooperatifi veya Yayct Tarim Kredi Kooperatifi’'nden yapan 959 giftci
olusturmaktadir.

Yamane (2010) belirlemis oldugu Basit Tesadiifi Ornekleme Y1gin Oran Tahmini Yontemi kullanilarak %90
giiven diizeyi, %10 hata pay1 ve 6rnek hacmini maksimum yapacak sekilde p ile q degerleri 0,5 olarak alinmig
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olup 6rneklem biiylikliigii 87 olarak hesaplanmustir. Hatali, eksik veya yetersiz cevap gibi olumsuz durumlar
icin 6rneklem biiyiikliigiine %20 ilave anket yapilarak hesaplanan 100 anket ile saha ¢aligma yapilmistir.

3 N.t%.pq

(N —-1)D? + t2pq

n= Populasyonu temsil edecek kooperatif ortagi sayisini

N= Populasyondaki kiime biiytikliigiinii

D= Kabul edilen veya arzu edilen 6rnekleme hatasini (0,10)
t= Tablo degerini (1,96)

p= Hesaplanmasi istenen orani (0,5)

q=1-p

(1.1)

n

B 959x1.962x0.1x0.9
~ (959 — 1)0.052 + 1.962x0.1x0.9

n = 87,38 (1.2)

Igdir ilinde bitki koruma tiriinii satan kooperatiflerin ortak sayisina gore yapilan anket sayisinin dagilimi Tablo
1’de gosterilmistir. Merkez Tarim Kredi Kooperatif Ortag: ¢iftei ile 62 anket ve Yayct Tarim Kredi Kooperatif
Ortag ciftei ile 38 anket yapilmis olup toplam 100 anket yapilmistir.

Tablo 1. Ortak sayisina gore anketlerin oransal dagilimi

Kooperatifler Ortak sayis1 Yiizde  Asgari anket sayis1 ilave anket  Yapilan anket sayisi
(N) (%) (n) sayisi (n) (n veya %)

Merkez Tarim Kredi Kooperatifi 622 64,85 56 6 62

Yayct Tarim Kredi Kooperatifi 337 35,14 31 7 38

Toplam 959 100,00 87 13 100

Caligma kapsaminda goriisme gergeklestirilen kooperatif ortagi ciftgilerin yasadiklar ilgeler Tablo 2°de
gosterilmistir. Ciftgilerin 58’1 Merkezde ve bagli koylerde, 20°si Karakoyunlu ilgesinde, 15’1 Aralik ilgesince
ve 7’si Tuzluca ilgesinde yagamaktadir.

Tablo 2. Anketlerin ilgelere gore dagilimu

lgeler Merkez Tarim Kredi Koop. Yayci Tarim Kredi Koop. Genel Toplam
Sayi (n) Oran (%) Sayi (n) Oran (%) Sayi(n)  Oran (%)
Merkez 35 56,5 23 60,5 58 58,0
Karakoyunlu 16 25,8 4 10,5 20 20,0
Aralik 5 8,1 10 26,3 15 15,0
Tuzluca 6 9,7 1 2,6 7 7,0
Toplam 62 100,0 38 100,0 100 100,0

Analiz Yontemi

Arastirmada, bitkisel liretim yapan {ireticilerle yapilan anket verilerine dayali olarak elde edilen alan
bulgularinin analizinde; frekans dagilimi, ylizde ve aritmetik ortalama gibi tanimlayici istatistikler
kullanilmigtir. Caligsmada; agik uglu soru, iki segenekli ve ¢cok segenekli sorularla birlikte 5°1i Likert tipi sorular
kullanilmigtir. Likert tipi sorularda ortalamalarin yorumlanmasinda Palaz ve Boz (2008), tarafindan
kullanilmis olan Likert skalasi tercih edilmistir. Bu skalada her bir sorunun likert ortalamasi hesaplanmustir.
Ortalamalarin degeri i¢in asagidaki yorumlama skalas1 gelistirilmistir: Ortalama 1.00-1.49 arasi=Kesinlikle
Katilmiyorum, 1.50-2.49 arasi=Katilmiyorum, 2.50-3.49 arasi=Orta diizeyde katiliyorum, 3.50-4.49
arasi=Katiliyorum ve 4.50-5.00 arasi=Kesinlikle Katiliyorum bir skala kullanilmis olup sonuglar bu skalaya
gore yorumlanmigtir.

Arastirmada siirekli degiskenlerin istatistiksel analizinde Mann-Whitney-U testi kullanilmistir.—Mann-
Whitney-U testi genellikle bagimsiz 6rneklem t-testinin alternatifi olarak kullanilan parametrik olmayan bir
testtir (Perme and Menevski, 2019). G6zlenen farkliliklarin anlamliligini belirlemek igin kriter olarak 0,05
veya daha diisiik P degeri kullanilmistir.
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Ciftcilerin Tarun Kredi Kooperatifine ortak olma nedenleri

Ciftcilerin 5’1i Likert 6l¢egi kullanilarak puanladiklar Tarim Kredi Kooperatifine ortak olma nedenleri Sekil
2’de gosterilmistir. Ciftcilerin kooperatif liye olma nedenleri arasinda ilk sirada 4,89 puan ile “Tarimsal kredi
alabilmek” gelmektedir (Kesinlikle katiliyorum). Daha sonraki nedenler sirasiyla; 4.85 puan ile “Bitki koruma
{iriinii alabilmek”, 4.84 puan ile “Bitki besleme iiriinii alabilmek”, 4,80 puan ile “Uriiniimii satmak” ve 4.79
puan ile “Uretimle ilgili teknik bilgi alabilmek” gelmektedir (Kesinlikle katiliyorum). “Ortak makine
Kullanim1” ve “Tarimsal desteklerden yararlanmak” sirasiyla 2,61 puan (Katilmiyorum) ve 2,45 (Kesinlikle
katilmiyorum) puan ile son siralarda gelmektedir. Erol (1998) tarafindan yapilan arastirmaya gore, kooperatif
iiyelerinin biiyiikk bir gogunlugu (%59,40) kooperatife katilma nedenleri arasinda kooperatifin sundugu
avantajlardan yararlanmay1 gostermistir. Karli ve Celik (2003) tarafindan yapilan ¢aligmada ise iireticilerin
kooperatiflerden en ¢ok bekledigi seylerin ucuz girdi temini (%43,20), diistik faizli kredi (%33.00), {iriin
pazarlamasi (%12.20) ve piyasa kosullarinin iyilestirilmesi (%11,60) oldugu belirtilmistir. Calismamizin
bulgular1 daha 6nceki ¢alismalar1 desteklemektedir. Oncelikle tarimsal kredi kullanabilmek iireticilerin,
kooperatife ortak olma nedenlerinin baginda yer almaktadir. Ayrica Akcabey ve Paksoy (2023) Gaziantep
ilinde yaptiklar1 bir caligmada; iireticilerin giiven duyduklar1 ve kolaylikla bilgiye ulastiklari i¢in tarim kredi
kooperatiflerine ortak olduklarini belirmektedirler. Ayrica iireticilerin, desteklerden yararlanabilmek i¢in tarim
kredi kooperatifine iiyelik zorunlulugu olmamasina ragmen, Tasc1 ve ark. (2023) tarafindan belirtildigi gibi
tarimsal desteklerden faydalanabilmek i¢in Ziraat Odalarina, tarimsal girdi ve finansman ihtiyaglarin1 daha
kolay saglayabilecekleri diislincesi ile Tarim Kredi Kooperatiflerine lyelik oraninin yiiksek oldugu
bildirilmektedir. Bu durum ¢alismamizda oldugu gibi Ureticilerin kooperatif tiyeliginin, tarimsal desteklerden
faydalanmalarinda kendilerine bireysel avantaj saglayacagini diistinmelerinden ileri gelmektedir.

Tarimsal kredi alabilmek i¢cin I 4,89

Bitki koruma iiriinii alabilmek icin ] 4,85
Bitki besleme iiriinii alabilmek icin I 4,83
Urtinimi satmak icin - I 4,80
Uretimle ilgili teknik bilgi alabilmek I 4,79

Ortak makine kullanimi i¢in ] 2,61

Tarimsal desteklerden yararlanabilmek i¢in | 2,45

Sekil 2. Cificilerin Tarim Kredi Kooperatifine ortak olma nedenleri

Ciftgilerin ortagi Tarim Kredi Kooperatife gore ortak olma nedenleri Tablo 3’de verilmistir. “Ortak makine
kullanabilmek” (p<0,01) ve “iiretimle ilgili teknik bilgi alabilmek” (p<0,05) amaglariyla kooperatif ortagi olan
ciftgiler istatistiksel olarak anlaml sekilde Yayci Tarim Kredi Kooperatifinde daha fazladir. Bunun nedeni
olarak Yayc1 Tarim Kredi Kooperatifi ortaklarinin, ortagi olduklari kooperatiflerin igleyisi ile ilgili yeteri kadar
bilgiye sahip olmamalar1 gosterilebilir. Ayrica tretimle ilgili teknik bilgi alabilmek icin ise alternatif bir
tarimsal kurulusun yakin ¢cevrede olmamasi, tireticiler igin kooperatif iiyeligini 6ncelikli hale getirmistir. Diger
ortak olma nedenleri (Tarimsal kredi alabilmek, bitki koruma {iriinii alabilmek, bitki besleme iiriinii alabilmek,
Urlinimi satabilmek) arasinda ortagi olunan kooperatife gore istatistiksel olarak anlamli fark yoktur.

Tablo 3. Cifigilerin ortagi oldugu Tarim Kredi Kooperatifine gore ortak olma nedenleri

Ortak olma nedeni Kooperatif Ortalama Mann-Whitney U Test  p-degerit

Tarimsal kredi alabilmek y;;if;:r?g’rl‘(izdl'(ﬁ;;‘;ﬁﬁ jgg 1087,00 0,214

Bitki koruma triinii alabilmek 1;4:;1:sz ::;‘::I;(ir;d;:;’sgz?gﬁ j;g 1047,00 0,099

Bitki besleme driinii alabilmek g:;ﬁfé:rﬁiir;d;:;’;gjgﬁ j;; 1022,50 0,082

Uretimle ilgili teknik bilgi alabilmek gfyﬂﬁf?:r?ﬂfﬁiﬁdgfﬁiffﬁﬁ j;g 964,00 0,026%*
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o . Merkez Tarim Kredi Kooperatifi 4,74

Urtinimi satabilmek . . 1066,00 0,212
Yayci Tarim Kredi Kooperatifi 4,89
Merkez T Kredi K tifi 1,35

Ortak makine kullanabilmek eres Jarim Rrect Roopera i 101,00 0,000
Yaycit Tarim Kredi Kooperatifi 4,66

t Onem seviyesi: * p-degeri < 0.01; ** p-degeri < 0.05
Ciftcilerin bitki koruma iiriinii satin alma yerlerine gore ihtiyaclarini karsilanma oranlari

Tarim Kredi Kooperatifi ortagi ¢iftgilerin bitki koruma iirlinii satin alma yerlerine gore ihtiyaglarini karsilanma
oranlar1 Sekil 3’de gosterilmistir. Ciftciler ihtiyacinin %75,56’sim1 Tarim Kredi Kooperatifinde, %22,06’sin1
Zirai ilag bayisinden, %1,82’sini diger kooperatiflerden ve %0,56’sim1 diger yerlerden karsilamaktadir. Sivas
ili bugday iireticileri ile yapilan bir ¢aligmada; “Ureticilerin tarim ilac1 temin yeri” olarak iireticilerin %55’
giibre ve ilag bayisini, %42,73’1 tarim kredi kooperatifini, %40,45°1 ziraat odasi ve %6,36’s1 seker sirketini
tercih etmektedirler (Belen ve ark. 2020). Meram (Konya) ve Beypazari (Ankara) ilgelerindeki Havug
ureticileri yapilan bir ¢alismada; tarim ilaglarini temin ederken ireticilerin %77,5’i zirai ilag bayi, %12,5 ‘i
tarim kredi kooperatiflerini ve %10 ‘u ziraat odasimi tercih ettiklerini vurgulamislardir (Caliskan, 2022).
Tekirdag ilindeki bugday ireticilerinin tarimsal ilag temininde kooperatifler ve ilag bayileri 6nemli bir yer
tutmaktadir. Ureticilerin %40°1 ihtiyac1 olan ilac1 kooperatiflerden temin etmektedir. Bu kooperatiflerin
basinda Tarim Kredi Kooperatifleri ve Trakyabirlik gelmektedir (Kog ve ark., 2001). Igdir ilinde ortaklarin
bitki koruma iriinlerini satin almak igin yiliksek oranda Tarim Kredi Kooperatiflerini tercih etmelerinin
nedenleri arasinda, zirai ilag bayii sayisinin diger illere nazaran daha az olmasi, Tarim Kredi Kooperatiflerinin
kurumsal bir yapiya sahip olmasi ve bdlgedeki ciftciler tarafindan gilivenilir bir kurulus olarak
degerlendirilmesi ve kurulugun ortagi olmalari yer almaktadir. Engin (2018)’e goére Tarim Kredi Kooperatifleri
istiraki {rlinleri, ortak iiriinii olarak goriip tercih eden ortaklarin orant %67°dir. Bu durum Igdir ilinde
kooperatif ortaklarinin bitki koruma firiinlerinin temininde %75,56 gibi yiiksek bir oran ile tarim kredi
kooperatiflerini tercih etmelerinin sebebini net bir sekilde agiklamaktadir.

® Tarim kredi kooperatifleri

%22,06

m Zirai ilag bayileri
= Diger kooperatifler

%75,56 Diger

Sekil 3. Ciftcilerin bitki koruma Grinl satin alma yerlerine gére ihtiyaglarini karsilanma oranlar

Ciftgilerin ortagi oldugu Tarim Kredi Kooperatifine gore bitki koruma {iriinii ihtiya¢larini karsiladigi yerler
Tablo 4’de gosterilmistir. Merkez Tarim Kredi Kooperatif ortaklari ihtiyaglarinin %69,92’sini ortagi oldugu
kooperatiften, %27,1’ini zirai ila¢ bayisinden ve %2,1’ini diger kooperatiflerden almakta iken Yayci Tarim
Kredi Kooperatif ortaklari ihtiyaglarinin %84,74’iinii ortagi oldugu kooperatiften, %13,83’linli zirai ilag
bayisinden ve %1,33’iinii diger kooperatiflerden almaktadir.

MJAVL Volume 14 (2) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

161

Akbaba & Bulut. / Manas Journal of Agriculture Veterinary and Life Sciences 14 (2) (2024) 155-166

Tablo 4. Ortag: oldugu Tarim Kredi Kooperatifine gore bitki koruma iirtinii ihtiya¢larin karsiladigi yerler

Merkez Tarim Kredi Koop. Yayci Tarim Kredi Koop. Genel Toplam

Satin alinan yerler Ihtiyacin karsilanma oram Ihtiyacin karsilanma oram Ihtiyacin karsilanma oram
(%) (%) (%)

Tarim kredi kooperatifleri 69,92 84,74 75,56
Zirai ilag bayileri 27,10 13,83 22,06
Diger kooperatifler 2,10 1,33 1,82
Diger 0,89 0,00 0,56
Toplam 100,00 100,00 100,00

Ciftcilerin bitki koruma iiriinii satin alirken dikkat ettigi kriterler

Ciftcilerin bitki koruma iiriinii satmn alirken dikkat ettigi kriterler Sekil 4’de gosterilmistir. Uriiniin son
kullanma tarihi (4,66 puan), iiriinii daha dnce kullanmig olma durumu (4,56 puan), {irlinlin insan sagligina
etkisi (4,54 puan), iiriiniin ambalajinin saglamligi (4,54 puan) ve {iriiniin ¢cevreye etkisi (4,51puan) en yiiksek
puan alan kriterlerdir. Cifteilerin dikkat ettigi diger kriterler puan (3,50-4,49 arasi: Katiliyorum) siralamasina

ST XL L 9% Cers

gore su sekildedir; “lrtiniin kullanilabildigi bitkiler”, “lirliniin diger Uriinler ile karigabilirlik durumu”, “liriiniin

99 GGrs e 199 Gere e EEENTE

fiyat1”, “iiriiniin son ilaclama ile hasat arasindaki bekleme siiresi”, “lirliniin kullanim kolaylig1”, “iiriiniin
markas1”, “lrliniin kampanyada olmas1”, “iirliniin gramaj1”, “liriiniin muadil olup olmamas1” ve 3.49 puan
(Orta diizeylde katililiyorum) ile son olarak “{irliniin mensei” gelmektedir. Aydin ili zirai miicadele
uygulamalarmin degerlendirildigi bir ¢aligmada anket yapilan tireticilerin %93,54 satin aldiklar1 pestisitlerin
ambalaj iizerindeki etiket bilgileri okuduklarini ve %87.09°u etiket iizerindeki son kullanma tarihine dikkate
aldiklarmni bildirmislerdir (Boz ve ark. 1998). Celik ve Karakaya (2017) gore treticilerin %50.9’u ilag
aliminda etki sekline (kontak etkili veya sistemik etkili), %28.7’si ilacin ucuz olmasina ve %20.4’1i ise ilacin
taninir olmasina dikkat ettiklerini belirtmislerdir. Tiryaki & Akar (2018)’ e gore iireticilerin % 79.1°1 tarim
ilacin1 secerken son kullanma tarihlerine, % 71.2’si ruhsatli olup olmadigina ve %87,3’1i ilaglama ile hasat
aras1 siireye dikkat ettiklerini belirtmislerdir. Meram (Konya) ve Beypazari (Ankara) ilgelerindeki Havug
iireticileri yapilan bir ¢alismada {ireticilerin tarim ilaglarini satin alirken; bilinen, taninmis bir ila¢ olmasina
(%28,75), etkili olmasina (%25), kullanilacak iiriine ruhsatli olmasina (%21,25), ekonomik olmasina (%15)
ve karigabilir olmasina (%10) dikkat ettikleri belirlenmistir (Caliskan, 2022). Peker (2012) tarafindan yapilan
calismada ise tireticilerin %46’ sinn tarim ilaci se¢iminde kendi bilgi, tecriibe ve deneyimleriyle karar verdigi
vurgulanmistir. Igdir ilinde kooperatif ortaklarinin bitki koruma {irlinlerini satin alirken “iiriinii daha 6nce
kullanmis olma durumu” Onermesine kesinlikle katilmalari, Peker (2012)’de vurgulandigi gibi gecmis
tecriibelerine dayali olarak hareket ettiklerinin bir gostergesidir. Diger 6nermeler agisindan ortaklarin verdigi
cevaplar, 6nceki calismalar ile tutarlidir.

Urtindin son kullanma tarihi I 4,66
Uriinii daha 6nce kullanmis olmam I 4,56
Uriiniin insan saghgna etkisi I 4,54
Uriiniin ambalajinin saglamhg I 4,54
Uriiniin gevreye etkisi I 4,51
Uriiniin kullanilabildigi bitki ] 4,45
Uriiniin diger tiriinler ile karigabilirlik durumu I 4,42
Uriiniin fiyat1 I 4,33
Uriiniin son ilaglama ile hasat arasindaki bekleme siiresi I 4,31
Uriiniin kullanim kolaylig: I 4,30

Uriiniin markas1 ] 3,90
Uriiniin kampanyada olmast ] 3,87
Uriiniin gramaj1 ] 3,83
Uriiniin muadil olup olmamas1 ] 3,66
Uriiniin mensei ] 3,49

Sekil 4. Cificilerin bitki koruma iirtinii satin alirken dikkat ettigi Kriterler
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Ciftgilerin ortagi oldugu Tarim Kredi Kooperatifine gore bitki koruma {iriinii satin alirken dikkat ettigi kriterler
Tablo 5°de gosterilmistir. Merkez TKK ortaklarinin Yayci TKK ortaklarina gore “iiriin mensei” (p<0,05) ve
“Urlinlin gramaj1” (p<0,01) kriterlerine daha ¢ok dnem vermekte iken “liriintin kullanilabildigi bitki” (p<0,05)
ve “Uriinii daha 6nce kullanmig olup olmamasi” (p<0,05) kriterlerine daha az 6nem vermektedir.

Tablo 5. Ortagi oldugu Tarim Kredi Kooperatifine gore bitki koruma iirtinii satin alirken dikkat ettigi kriterler

Kriterler Kooperatif Ortalama M&Mn-Whitney U b "
Test degeri
Uriiniin markas1 Merkez Tarim Kredi Kooperatifi 3,90
1124,000 0,683
Yayct Tarim Kredi Kooperatifi 3,89 ' '
Uriiniin mensei Merkez Tarim Kredi Kooperatifi 3,65
917,000 0,049**
Yayct Tarim Kredi Kooperatifi 3,24
Uriiniin kullamlabildigi bitki Merkez Tarim Kredi Kooperatifi 4,19
830,500 0,002**
Yayci Tarim Kredi Kooperatifi 4,87 ' '
Uriinin sgn ilaclama jle hasat Merkez Tarim Kre.dl Koopera.mﬁ 4,16 1056,500 0,300
arasindaki bekleme siiresi Yayci1 Tarim Kredi Kooperatifi 4,55
Uriiniin muadil olup olmamas1 Merkez Tarim Kredi Kooperatifi 3,84
Yayct Tarim Kredi Kooperatifi 3,37 991,500 0.165
Uriiniin ambalajinin saglamhig Merkez Tarim Kredi Kooperatifi 4,42
1163,000 0,888
Yayci Tarim Kredi Kooperatifi 4,74 ' '
Uriini kull ihi Merkez T Kredi K tifi 4.4
Urliniin son kullanma tarihi erkez Tarim e-dl oopera} ifi 48 948,000 0,012%*
Yayci Tarim Kredi Kooperatifi 4,95
Uriiniin fiyat: Merkez Tarim Kredi Kooperatifi 4,23
o 1118, ,617
Yayci Tarim Kredi Kooperatifi 4,50 8,500 06
Uriiniin kampanyada olmas1 Merkez Tarim Kredi Kooperatifi 3,92
Yayct Tarim Kredi Kooperatifi 3,79 1099,500 0.540
Uriinii daha 6nce kullanmis olmam Merkez Tarim KI'C-dI Koopera.mﬁ 4,35 961,000 0,030%*
Yayct Tarim Kredi Kooperatifi 4,89
Uriiniin kullanim kolaylig: Merkez Tarim Kredi Kooperatifi 4,26
4 4
Yayci Tarim Kredi Kooperatifi 4,37 940,000 0.05
Urliniin dlg.e.r 1.1runler ile Merkez Tarim Kre.dl Koopere}tlﬁ 4,22 906,500 0,064
karistirilabilirlik durumu Yayci Tarim Kredi Kooperatifi 4,76
Uriiniin gramajt Merkez Tarim Kredi Kooperatifi 4,08 .
Yayci Tarim Kredi Kooperatifi 3,42 657,000 0,000
Uriiniin insan sagligima etkisi Merkez Tarim Kredi Kooperatifi 4,27
898,500 0,002**
Yayci Tarim Kredi Kooperatifi 4,97 ' '
Uriiniin gevreye etkisi Merkez Tarim Kredi Kooperatifi 4,23
. . 879,000 0,002**
Yayct Tarim Kredi Kooperatifi 4,97

! Onem seviyesi: * p-degeri < 0.01; ** p-degeri < 0.05

Ciftcilerin bitki koruma iiriinii satin alinan yer seciminde dikkat edilen kriterler

Tarim Kredi Kooperatifi ortag ¢ciftgilerin bitki koruma iirlinii satin alinan yer se¢iminde dikkat ettigi kriterler
Sekil 5’de gosterilmistir. Ciftcilerin bitki koruma {irlinii satin almman yer se¢iminde dikkat edilen kriterler
incelendiginde ilk sirada 4,83 puan ile “Giivenilir olmas1” gelmektedir (Kesinlikle katiliyorum). Daha sonraki
kriterler sirasiyla; 4,76 puan ile “Daha dnceden iiriin satin aldigim yer olmas1”, 4,54 puan ile “Uriin fiyatinin
uygun olmasi”, 4,53 puan ile “Veresiye {iriin satisinin olmas1” ve 4,50 puan ile “Uriin hakkinda teknik bilgi
veriliyor olmas1” gelmektedir (Kesinlikle katiliyorum). “Uriin ¢esitliliginin fazla olmas1”, “Uriin satismin
yapildig1 yerin yakin olmasi” ve “Uriin satiginin yapildigi ortamin konforlu olmasi” sirasiyla 4,38 puan
(Katilmiyorum) ve 3,96 puan (Katiliyorum) ve 3,51 puan (Katiliyorum) ile son siralarda gelmektedir.
Ureticilerin bitki koruma {iriinii satin alinan yer se¢iminde farkli dnceliklerinin oldugu bilinmektedir. Emeli
(2006) tarafindan yapilan bir ¢aligmaya gore; ¢ogu zaman ireticilerin %33’l bayinin Ziraat Miihendisi
olmasina, %331 bayinin tanidik olmasina, %25,9’u fiyat ve 6deme kosullarina, 12.5’1 bayinin yakin mesafede
olmasina ve %8’1 ¢cevreden gelen tavsiyelere gore segimlerini yaptiklarini belirtmiglerdir. Ayni ¢alismada;
ciftcilerin ila¢ konusunda en 6nemli bilgi kaynaklarindan biri ilag bayileri olmalarina ragmen, ciftcilerin bir
kismi, bayilere ticari kaygilar nedeniyle fazla giivenmediklerini de belirtmektedirler. Akgabey ve Paksoy
(2023) tarafindan Gaziantep ilinde Tarim Kredi Kooperatifi ortaklari ile yapilan bir ¢alismada ise; kooperatifin
girdi temininde ¢alistigi marka veya firmalardan, sagladigi girdi iriin ¢esitliliginden, tarimsal  girdiler
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hakkinda bilgilendirme yapilmasindan, saglanilan girdilerin depolanma sartlarindan, girdiler konusunda
iireticilerin isteklerine cevap verebilmesinden ortaklarin memnun olduklart vurgulanmigtir. Cumra (Konya)
Merkez ve Beylerce Tarimsal Kalkinma Kooperatifi ortaklari ile yapilan bir ¢aligmada; Tarimsal ilag temin
yeri olarak treticilerin %84 iiniin kooperatiflerden, %16’s1 ise zirai ilaglar1 bayilerinden tarimsal ilag temin
ettiklerini belirtmislerdir. Ureticiler kooperatiften ila¢ temin etmelerinin nedeni olarak kooperatiften alinan
tarimsal ilaglarin diisiik fiyata sahip oldugu vurgulanmistir (Peker, 2012). Onceki arastirmalar ve bizim
bulgularimiz, kooperatif ortaklarinin bagli olduklar1 kooperatiflerden bitki koruma {iriinleri almay1 tercih
etmelerinin baglica nedenlerinin; kooperatiflere giivenmeleri, daha 6nce aligveris yapmis olmalari, uygun
fiyatlar, kredi imkan1 ve ziraat miihendislerinin sundugu teknik destek oldugunu géstermektedir.

Gitvenilir olmas: I 4,83
Daha 6nceden iiriin satin aldigim yer olmas: I 4,76
Uriin fiyatlanmin uygun olmas: - I 4,54
Veresiye iiriin satiginin olmas1 I 4,53
Uriin hakkinda teknik bilgi veriliyor olmas: I 4,50
Uriin gesitliliginin fazla olmas1 N 4,38

Uriin satigmim yapildig1 yerin yakin olmast | 3,96

Uriin satiginmn yapildig1 ortamin konforlu olmast | 3,51

Sekil 5. Cificilerin bitki koruma tiriinii satin alirken yer segiminde dikkat ettigi kriterler

Ciftgilerin ortag1 oldugu Tarim Kredi Kooperatife gore bitki koruma {irlinii satin alinan yer se¢iminde dikkat
ettigi kriterler Tablo 6’ da gosterilmistir. Ciftgilerin bitki koruma tirlinii satin alinan yer segiminde dikkat ettigi
kriterler incelendiginde Yayci TKK ortaklarinin Merkez TKK ortaklarina gére “daha dnceden iiriin satin aldig1
yer olmas1” (p<0,05), “iiriin ¢esitliliginin fazla olmas1” (p<0,05), “liriin fiyatinin uygun olmasi” (p<0,05),
“firtin hakkinda teknik bilgi veriliyor olmas1” (p<0,01) ve “iirlin satiginin yapildig1 ortamin konforlu olmas1”
(p<0,01) kriterlerine daha fazla 6nem verdigi ve bu farkin istatistiksel olarak anlamli oldugu saptanmistir.

Tablo 6. Ortagi oldugu Tarim Kredi Kooperatifine gore bitki koruma tiriinii satin aldigi yer se¢iminde dikkat
ettigi kriterler

Mann-Whitney U

Kriterler Kooperatif Ortalama Test p-degeri'
Daha 6nceden iiriin satin aldigim  Merkez Tarim Krédl Kooperenltlﬁ 4,61 912,000 0,002%*
yer olmasi Yayci Tarim Kredi Kooperatifi 5,00
. Merkez Tarim Kredi Kooperatifi 4,34
o | 1
Veresiye {iriin satiginin olmast Yayer Tarim Kredi Kooperatifi 4,84 008,000 0,090
- e Merkez Tarim Kredi Kooperatifi 4,08 -
Uriin gesitliliginin fazla olmasi Yayer Tarim Kredi Kooperatifi 4,87 913,000 0,008
.. Merkez Tarim Kredi Kooperatifi 4,31
tin fiyatl 1 952,000 0,019**
Urlin fiyatlarinin uygun olmast Yayci Tarim Kredi Kooperatifi 4,92 ' '
. Merkez Tarim Kredi Kooperatifi 4,77
svenili ol 11 44
Gitvenilir olmas: Yayci Tarim Kredi Kooperatifi 4,92 33,500 05
Urun hakkinda teknik bilgi Merkez Tarim Kre-dl Koopera_lt_lﬁ 4,19 741,000 0,000%
veriliyor olmasi Yayci Tarim Kredi Kooperatifi 5,00
Uriin satisinin yapildigi ortamm  Merkez Tarim Kre‘dl Koopera.mﬁ 2,87 418,000 0,000%
konforlu olmasi Yayct Tarim Kredi Kooperatifi 4,55
Urii 5 i Merkez T Kredi K tifi 4,02
Urlin satisinin yapildigi yerin erkez Tarim re. i ooperz? ifi 1176,000 0.988
yakin olmasi Yayci Tarim Kredi Kooperatifi 3,87
* Onem seviyesi: * p-degeri < 0.01; ** p-degeri < 0.05
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SONUC VE ONERILER

Tarim sektorii, sadece gida ihtiyacini karsilamakla kalmayip, istihdam, sanayiye hammadde saglama, milli
gelire katki ve dis ticaret gibi bir¢ok alanda iilke ekonomisine dnemli katkilar saglamaktadir. Orgiitlii tarim ise
bu sektoriin verimliligini artirmak, ireticilerin gelirlerini yiikseltmek ve kirsal kalkinmayi desteklemek
amactyla ortaya cikmistir. Bu kapsamda Tarim kredi kooperatifleri; ¢iftgilere girdi temininde kolaylik
saglayarak, pazarlama konusunda destek vererek ve teknik egitim imkanlar1 sunarak kirsal kesinde faaliyet
gosteren ¢iftcilere onemli hizmetler sunmaktadir. Bu sayede hem iireticilerin yasam standartlar1 yiikselmekte
hem de Ulke ekonomisine 6nemli katkilar saglanmaktadir.

Tarim sektorii; diinya niifusunun artisi, iklim degisikligi ve sehirlesme gibi kiiresel sorunlarin yani sira, arazi
bozulmasi, su kithgi, zararli organizmalarin artisi, kimyasal girdi bagimliligy, is giicii eksikligi ve yetersiz
destek gibi yerel sorunlarla da kars1 karsiyadir. Tarimsal {irlinlerin verim ve kalitesini artirmak i¢in modern
tarim tekniklerinin ve girdilerinin kullanilmasi gerekmektedir. Bitki koruma iiriinleri i¢erisinde yer alan pestisit
kullanimi da bu girdilerden biridir ve modern tarimin tamamlayici bir bilesenidir. Tarimsal iiretimde pestisitler
kullanilmadiginda ekonomik anlamda onemli diizeyde iirliin kayiplari oldugu belirtilmektedir. Ancak,
pestisitlerin bilingsiz kullanilmasi insan ve gevre saghgimi olumsuz etkileyebilmektedir.

Caligmada, tarim sektoriinde aktif rol oynayan iireticilerin bitki koruma {iriinleri kullanimina yonelik bilgi
diizeyleri ve iiriin secim davranislar1 detayli olarak incelenmistir. Ozellikle tarim kredi kooperatifi iiyesi olan
Ureticilerin, bitki koruma iriinleri konusunda bilgiye ulasmak i¢in en ¢ok kooperatif g¢alisanlarina
basvurduklari tespit edilmistir. Ureticilerin gegmis deneyimleri, iiriiniin son kullanma tarihi, insan sagligina ve
cevreye etkisi gibi faktorler de Grin seciminde 6nemli kriterler olarak belirlenmistir. Kooperatiflerin,
iireticilere giivenilirlik, uygun fiyat ve ziraat miithendisleri tarafindan sunulan teknik destek gibi avantajlar
sunmasi, bu kuruluslarin tercih edilmesindeki en 6nemli nedenler arasinda yer almaktadir.

Tarim Kredi Kooperatifleri, Ureticilerin ihtiya¢ duydugu kaliteli ve giivenilir bitki koruma firiinlerine kolayca
ulagmalarim saglar. Ustelik, genellikle piyasaya gore daha uygun fiyatlarla bu iiriinleri sunarak ciftcilerin
maliyetlerini diisiirtirler. Ayrica, kooperatifler araciligiyla c¢iftcilere dogru iiriin se¢imi konusunda teknik
destek verilerek, bitki hastalik ve zararlilarina kars1 etkili miicadele saglanir. Bu konuda Ureticiler ise, bitki
koruma druinleri secerken etiketteki bilgileri dikkatlice inceleyerek, Urliniin kendi ihtiyaglarina uygun olup
olmadigini, dogru sekilde nasil kullanilacagini ve ¢evreye ve insan sagligina olan etkilerini 6grenirler. Yanlig
iirlin se¢cimi veya yanlis kullanim, hem {ireticiye ekonomik zarar verebilir hem de ¢evre ve insan sagligina
olumsuz etkiler yaratabilir. Bu nedenle, Bitki koruma iiriinlerinin dogru ve bilingli kullanimi konusunda
ciftcilerin, tarim il midirliikleri, ziraat odalari, kooperatifler ve tarim danigmanlari gibi kurum ve kuruluslar
tarafindan bilinclendirilmesi gerekmektedir.
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Yazarlar herhangi bir ¢ikar ¢atismasi bildirmemistir.
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ABSTRACT

ARTICLE
INFO

In this study, the structure of the papillae in the tongue of Morkaraman sheep was investigated by light
(LM) and scanning electron microscopy (SEM). The aim of this study was to investigate the morphology
and topographic distribution of the lingual papillae of the tongues of Morkaraman sheep breed. Adult
male Morkaraman sheep tongues were used in the study. Tongue samples for light and scanning electron
microscopy were taken from the apex, corpus, radix and torus lingua regions of the upper surface of the
tongue and the lower surface of the tongue tip. Two types of taste papillae, papillae fungiformis and
vallata, were observed on the tongue. Papillae fungiformis were found under the tip of the tongue, on
the upper surface and sides of the tip and body of the tongue and on torus lingua. Papillae vallata were
observed on both posterior sides of the torus lingua of the tongue. SEM examination showed that the
surface of the papillae was smooth and there were no taste pores opening to the surface. On LM
examination, filiform papillae at the lingual apex were common in materials. These papillae had
secondary keratin extensions on the main body. The light and scanning electron microscopic structures
of the taste papillae on the tongue of Morkaraman sheep were examined and their similarities and
differences with other ruminant species were determined.
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INTRODUCTION

Morkaraman sheep breeds are intensively bred in Turkey, especially in Central Anatolia and they constitute
almost half of the existing sheep population. These sheep breeds are very well adapted to the regional
conditions and are raised in the regions close to Anatolia, especially in Eastern and Southeastern Anatolia,
Black Sea and Mediterranean regions (Akcapinar 2000; Tiirkyilmaz 2014).

In vertebrate organisms, diet is one of the most important factors in adaptation to the environment (Roth and
Wake 1989). The tongue has a great importance in nutrition like other anatomical structures in the oral cavity.
The structural differences of the tongue in all living organisms actually show the changes in the life sphere of
the organism. Therefore, the morphological differences of the tongue among mammals show that there is a
correlation between the adaptation between lifestyles (Erdogan and Sagsoz, 2018). In mammals, there are
mechanically effective tongue papillae and taste receptors on the tongue. Mechanically acting papillae are
involved in the intake, disintegration and swallowing of food. Taste-sensing papillae play a role in food
selection by providing sweet, bitter, sour, salty, etc. flavours (Toprak et al. 2020). Simultaneously, an important
part of the tongue gets covered with variable papillae, which exhibit regional variations in the mucous
membrane and primarily focus on the upper surface responsible for mechanical or gustatory tasks. Each species
exhibits variations in the distribution, size, quantity, and shape of the papillae. (Kénig and Liebich 2014).

Many studies have been carried out on ruminant tongues by gross, scanning electron microscopy and light
microscopy, revealing the anatomical structures of the tongue (Kurtul and Atalgin 2008; Shao et al. 2010;
Emura et al. 2011; Kokubun et al. 2012).

For this purpose, the morphology and topographical distribution of the lingual papillae of the tongues of
Morkaraman sheep breed, anatomical differences on the surface area and mucosal structures of the lingual
papillae, taking into account the similarities and differences of the species-specific features.

MATERIAL AND METHODS
Material

Morkaraman sheep tongues used in the study were collected from slaughterhouses in Diyarbakir province.
Tongues were washed with 0.9% saline immediately and freshly after slaughtering in a local slaughterhouse.
Tongue samples were collected from certain sections of the tongue, including the apex, corpus, root, and
lingual torus regions on the upper surface of the tongue, as well as the ventral surface of the lingual apex.
These samples were then examined using light and scanning electron microscopy.

Light microscopy (LM)

Morkaraman sheep tongue samples were fixed in 10% formaldehyde for light microscopic examination. Then,
washing, dehydration, paraffin and embedding procedures were performed for these tissues. Sections of 5 um
thickness were taken from these paraffin blocks. These sections were stained with Mallory's trichrome and
Hematoksilen-eosin (H&E) staining. The sections were examined and photographed with an Olympus CX21
light microscope.

Scanning electron microscopy (SEM)

The parts taken from the tongue apex, dorsum, torus and radix blot were kept in 10% formaldehyde for 24
hours. After washing with 0.1 M PBS (Phosphate buffer solution) 2 times for 10 minutes each, they were kept
in 2.5% glutaraldehyde for 6 hours and washed 5 times in 0.1 M buffer solution. It was kept in appropriately
in four different ethyl alcohol series in ratios appropriate to the literature (Baygeldi et al. 2023). After drying
and coating in the incubator, images were taken with SEM (JEOL JSM 5600 LV) at Dicle University Science
and Technology Application and Research Centre.
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RESULTS
The histological results

The specimens taken from various regions of the tongue including apex, dorsum, torus and radix were found
to have a cutaneous mucosa. The outermost mucosa layer consisted of multilayered keratine epithelial cells,
the submucosa, which is also characterised as stroma consisting of connective tissue, and the muscular
structure, which constituted most of the tongue, was located at the bottom. There were papillae (filiformis,
fungiformis, lenticularis, circumvallata) with different histological structures on the surface of the tongue.
Filiform papillae at the lingual apex were common in the specimens examined. These papillae were seen to
have secondary keratin extensions on a main body. It was observed that papillae fungiformis were rare in
Morkaraman sheep. Papillae filiformis were more common. Filiform papillae were also common in the lingual
torus. Fungiform and especially lenticular papillae were more common in the lingual torus. The submucosa
was mostly composed of connective tissue, but there were serous and mucous glands, lymphoid and adipose
tissues in the stroma. In the profund tissue, skeletal muscle fibrils extending transversally and longitudinally,
as well as nerve endings, lymph follicles, adipose tissue and blood vessels were observed (Figure 1 and Figure
2).

Figure 1. Histological image of the tongue of Morkaraman sheep (H&E)

A: Papillae filiformis (arrow), papillae fungiformis linguinal (arrowhead), lingual apex, Morkaraman, HE,
X100. C; Papillae filiformis (arrowheads), keratin spines (hollow arrowheads), lingual dorsum, Morkaraman,
HE, X200. B: Papillae circumvallata (arrowhead), taste buds (hollow arrowhead), muscular tissue (star),
lingual torus, Morkaraman, HE, X200. D; Papillae lenticularis (arrowheads), ductus glandularis (arrows),
lingual radix, HE, X200. K; Keratin, E; Epithelium, S; Stroma
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Figure 2. Histological image of the tongue of Morkaraman sheep (Mallory's trichrome)

E: Papillae filiformis (hollow arrowhead), papillae fungiformis (arrowhead), lingual apex, Morkaraman, MTC,
X200. F: Papillae filiformis (arrowheads), keratin spines (hollow arrowheads), mucous glandula (arrow),
lingual dorsum, Morkaraman, MTC, X200. G: Papillae circumvallata (arrowhead), taste buds (hollow
arrowhead), transversal muscle fibrils (asterisk), longitudinal muscle fibrils (hollow asterisk), blood vessel
(arrow), lingual torus, Morkaraman, HE, X200. H: Papillae lenticularis (arrowheads), ductus glandularis
(arrow), mucous glandula (hollow arrowhead), muscular tissue (asterisk), lingual radix, HE, X200. K: Keratin,
E: Epithelium, S: Stroma

Scanning electron microscope results

Papillae fungiformis were seen to be quite abundant at the apex of the sheep tongue. Papillae fungiformis had
the golden mushroom appearance and sometimes had the appearance of deflated peas (Figure 3). Papillae
fungiformis were sparse in the dorsal part of the tongue (Figure 4). In addition, papillae fungiformis were
observed very rarely in the torus part of the tongue (Figure 5). When the papillae filiformis were examined, it
was observed that they were widespread throughout the tongue and were mostly seen in the apex and dorsal
part of the tongue as main papilla filiformis and secondary papilla filiformis (Figure 3,4). Papillae lentiformis
were located in the torus region of the tongue and were seen as two types that differed from each other in
shape. There were pyramid-shaped (type-I) lenticular papillae and irregular round-shaped (type-I1) lenticular
papillae (Figure 5). Papillae vallata, bordered by a ditch, were observed as round or oval shaped large and
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small papillae in two rows postero-lateral to the lingual torus of the tongue. Papillae conica of different sizes
were observed in the lateral part of the tongue (Figure 6).

Figure 3. Scanning electron microscope image of the apex of the tongue of Morkaraman sheep

Al: PFi: Papillae filiformis, PFu: Papillae fungiformis; A2: PFi: Papillae filiformis; A3: PFu: Papillae
fungiformis, MPFi: Main Papillae filiformis, SPFi: Seconder Papillae filiformis; A4: PFi: Papillae filiformis,
PFu: Papillae fungiformis
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Figure 4. Scanning electron microscope image of the dorsal part of the tongue of Morkaraman sheep

B1: PFi: Papillae filiformis, PFu: Papilae fungiformis; B2: PFu: Papilae fungiformis, MPFi: Main Papillae
filiformis, SPFi: Seconder Papillae filiformis; B3: PFi: Papillae filiformis, PFu: Papilae fungiformis; B4:
PFu: Papilae fungiformis, SPFi: Seconder Papillae filiformis

i S
L P

Figure 5. Scanning electron microscope image of the torus section of the tongue of Morkaraman sheep

C1: PFu: Papilae fungiformis, PPLe: Pyramid-shaped (type-l)lenticular papillae, RPLe: Irregular round-
shaped (type Il) lenticular papillae; C2: Papilae fungiformis, PPLe: Pyramid-shaped (type-I)lenticular
papillae
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Figure 6. Scanning electron microscope image of the radix of the tongue and lateral aspect of the tongue of
Morkaraman sheep

D1: PVa: Papillae vallatae; D2: PCo: Papillae conica
DISCUSSION

In this study, histological and scanning electron microscopic investigations were carried out on the tongue
papillae of Morkaraman sheep. Contrary to the reports that cow (Chamorro et al. 1986) has 3 types of taste
papillae as papilla fungiformis, papilla vallata and papilla foliata and hippopotamus (Yoshimura et al. 2009)
has two types of taste papillae as papilla fungiformis and papilla foliata, two types of taste papillae as papilla
fungiformis and papilla vallata were found in the tongue of Morkaraman sheep.

According to Erdogan and Sagsoz (2018), the filiform papillae on the borders of the ventral surfaces of the tip
of the tongue consist of one main papilla and 2-6 subordinate papillae. Kumar et al. (1998) observed that in
Jamunapari goats, the filiform papillae on the ventro-Ilateral side of the tongue tip are composed of a primary
papilla and 2-4 subsidiary papillae, which agrees with previous findings. The findings presented in this
investigation were found to be consistent with the findings of previous studies.

Jamunapari goat (Kumar et al. 1998), Zavot cattle (Sar1 et al. 2010), Dwarf deer (Agungpriyono et al. 1995),
Saanen goat (Kurtul and Atalgin 2008), gazelle (Harem et al. 2011), Angora goat papillae vallata were
surrounded by a deep moat, similar to those reported in the Markhoz goat (Goodarzi and Hoseini 2015), alpaca
(Erdogan et al. 2016; Gozdziewska-Hartajczuk et al. 2015) and Karacabey merino (Can et al. 2016). The
papillae trenches had an annular pads. In Akkaraman sheep (Harem et al. 2009), the papilla vallata are
surrounded by a moat, either individually or sometimes in groups of 2-3, and do not have a distinct annular
pad. In sheep (Erdogan and Sags6z 2018), some papilla vallata do not have an annular pad. In this study these
findings were not found.

In sheep (Erdogan and Sagsoz 2018), it was reported that the papilla vallata had a multilayered squamous
epithelial layer in light microscopic examination and this was also observed in this study. It has been reported
that there is a weak keratinisation on the surface of papilla vallata in alpaca (Gozdziewska-Harlajczuk et al.
2015) Akkaraman sheep (Harem et al. 2009), dwarf deer (Agungpriyono et al. 1995), and sheep (Erdogan
and Sagsoz, 2018). Harem et al. (2011) reported that the keratin layer of the deer was of medium thickness. A
weak keratin layer was observed in dwarf deer (Agungpriyono et al. 1995), Akkaraman sheep (Harem et al.
2009), alpaca (Gozdziewska-Hartajczuk et al. 2015) and sheep (Erdogan and Sagséz 2018). In dwarf deer
(Agungpriyono et al. 1995), cattle (Tabata et al. 2003), Akkaraman sheep (Harem et al. 2009), Zavot cow (Sar1
et al. 2010), gazelle (Harem et al. 2011), dromedary camel (EI Sharaby et al. 2012), buffalo (El Sharaby et al.,
2014), alpaca (Gozdziewska-Hartajczuk et al, 2015), and sheep (Erdogan and Sagsoz 2018), taste buds in the
papillae vallata are found intraepithelially on the medial walls of the papillae facing the ditch and these taste
buds open into the papillae ditches with taste pores. Tabata et al. (2003) reported that there were two types of
taste bud cells, type 1 and type 2, in the taste buds of papilla vallata in cattle. This study found that the number
of papilla vallata was limited and the structure contained secondary Kkeratin.
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Gozdziewska-Hartajczuk et al. (2015) documented the existence of flavor pores on the outer layer of fake
papillae within the papilla vallata of alpacas. Chamorro et al. (1986) documented the existence of a papilla
vallata trench and flavor pores on the surface of papillae in cows, Goodarzi and Hoseini (2015) in Markhoz
goats, Yanping et al. (2016) in cattle-goats, and Erdogan and Sagsoz (2018) in sheep. Nevertheless, this study
did not observe any flavor holes on the surface of the papilla vallata. Emura et al. (1999) reported the absence
of irregular round and pyramid-like lenticular papillae in deer. In this study has the opposite findings of these
findings.

CONCLUSION

The light and scanning electron microscopic findings of the taste papillae in the tongue of Morkaraman sheep
were compared with the findings obtained from the taste papillae in the tongue of other domestic and wild
ruminants. As a result, similarities and differences were observed. It is thought that these differences may be
due to the type of food and diet of Morkaraman sheep. It is predicted that the data obtained from this study
will contribute to the knowledge in the field.
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ARTICLE
ABSTRACT INFO

This study was performed on their tendons and the muscles of the shoulder and the elbow joint in the

two Anatolian bobcats. To achieve the objective, dissection and radiography techniques were applied to 2?8?;?)%4
two dead materials. In this study, it is observed that the muscles connecting the forelimb to the trunk A(.:ce' ted:
are composed of the rhomboid and the trapezius muscles called the dorsal group, and consist of the 27 09p202.4

omotransverse, the brachiocephalic, the ventral serrate, superficial and deep pectoral muscles, and the
broadest muscle of the back called the ventral group. Although the biceps and triceps of the forearm act
on both the shoulder and elbow joints, it has been seen that the deltoid, infraspinous, supraspinous,
subscapular and coracobrachial muscles take action on the shoulder joint and the brachial, anconeal
muscles move the elbow joint in the Anatolian bobcat. In additional , it has been found that the rhomboid
muscle has a cephalic head, the deep pectoral muscle are composed of the cranial, caudal and abdominal
portions, the venter of the biceps muscle of the forearm are made by two distinct bellies, the triceps
muscle of the forearm belongs distinct five heads in this research. The shoulder and elbow joints suggest
that they may play an important role in the adaptation of the Anatolian bobcat not only in the movement
but also in the hunting.

Keywords: Anatolian bobcat (Lynx lynx), muscles of the elbow joint, muscles of the shoulder joint,
anatomy
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INTRODUCTION

Cats are active hunters (Bicnevicius and Van Valkenburg, 1996). The Eurasian lynx, a member of the feline
family, is a typical ambush predator that stalks its prey (Krofel et al., 2009). The functional adaptations of the
lynx forelimbs are highly complex, enabling them to move and hunt in the snow during winter (A et al, 2018). Biewener
(1993) described that Iynx have a diverse locomotion repertoire, such as trekking in deep snow. Although
forelimbs play no propulsive role during trot, they actively acts as struts and absorbs forces and determine
stride lengths (English 1974a). The forelimb of all mammals has functionally three segments consisting of the
scapula, brachium and antebrachium (Fischer, ab Blickhan 2006). The scapula and the brachium form the
shoulder joint, while the brachium and the antebrachium compose the elbow joint. In addition to, forelimb is
connected to the body via the muscles (Konig et al., 2012). The muscles attached to the element of the joint
are protract, retract and fix to the forelimb (Fischer & Blickhan 2006).

The muscles located in the region between the scapula and the body can be sorted as the dorsal and ventral
groups. The dorsal group muscles are contain the trapezius and rhomboid muscle, while the ventral group
contain the latissimus dorsi muscle, superficial and deep pectoral, serratus, omotransversal and brachiocephalic
muscles.

The trapezius muscle consisted of the thoracal and cervical portions originates from the supraspinal ligament
from the third cervical vertebra to the tenth thoracal vertebra in the carnivores (Nickel et al., 1986; Getty, 1995;
Julik etal., 2012; Konig & Liebich, 2014), or from the fourth cervical vertebra to the eleventh thoracal vertebra
in the Euroasian linx (Viranta et al.). The cervical portion inserts via fibrils onto the suprahamate process and
scapular spine in the ocelots (Julik et al., 2012), while it ends to the acromion and the scapular spine in the
carnivores. The pars thoracalis of the trapezius muscle inserts via aponeurosis onto the scapular spine (Nickel
et al., 1986; Getty, 1995; Konig & Liebich, 2014). The region of the insetion of the thoracal portion is higher
on the scapular spine and there is a tendinous area between insertion of the portions of the muscle in the
carnivores (Getty, 1995).

The musculus rhomboid is composed of a distinct pars capitis, pars cervicis and pars thoracalis, easily no
separated one from the other. The portions of the muscles stem supraspinal ligament in the cervical and thoracal
region until at level of the second and third thoracal vertebras (Nickel et al., 1986; Getty, 1995; Julik et al.,
2012; Konig & Liebich, 2014; Viranta et al., 2016). In literature (Getty, 1995), it mean that pars thoracalis
directly originate from the thoracal vertebra. The aponeurosis formed the portions of the muscle inserts the
vertebral border of the scapula, just above insertion of the muscle serratus ventralis (Getty, 1995; Julik et al.,
2012; Konig & Liebich, 2014; Viranta et al., 2016).

The omotransverse muscle of the ventral group originates from the wing of the atlas (Getty, 1995; Julik et al.,
2012; Konig & Liebich, 2014; Viranta et al., 2016). The muscle ends the distal scapular spine and acromion
in the Eurasian lynx and carnivores (Getty, 1995; Konig & Liebich, 2014; Viranta et al., 2016). In the ocelot
(Julik et al., 2012), the insertion of the muscle was described as the suprahamate process in the left limb, while
the scapular portion of the deltoid muscle in the right limb. The muscle protract the shoulder in the carnivores,
when the neck is fixed (Getty, 1995). The neck in the position, omotransverse muscle pulls the scapula dorsally
and forward in the ocelot. Whereas, when the scapula is stabilized, the muscle extends the neck with bilateral
contraction and flexes the neck laterally with unilateral contraction in the ocelot (Julik et al., 2012).

The brachiocephalic muscle composed three portions, the cleidobrachial, cleidocephalic and cleidomastoid
muscles in the ocelot (Julik et al., 2012). In the carnivores, it is described that the muscle consist of the
cleidobrachialis and clediocephalis (Getty, 1995; Konig & Liebich, 2014). The brachiocephalic muscle taken
origin from the part of the nuchael ligament at the level of the nuchael crista from the first and third cervical
vertebras (Julik et al., 2012) ends to the entire length of the intersectio clavicularis. The cleidobrachial muscle
situated in the region between the idge of the cranial aspect of the humerus shafts and intersectio clavicularis
is the caudal portion of the brachiocephalic muscle in the carnivores (Getty, 1995; Julik et al., 2012; Konig &
Liebich, 2014). In the study done on the ocelot (Julik et al., 2012), it has been reported that the insertion tendon
of the muscle is fused with the cranial aspect of the tendon of the brachial muscle to end in the area of the
proximal ulnar shaft. The caudal portion of the brachiocephalic muscle, called the cleidocephalic muscle,
divides into the cleidomastoideus and the cleidocervical muscle in the carnivores clediocephalis (Getty, 1995;
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Konig & Liebich, 2014). Whereas, it described that the cleidocephalic and the cleidomastoid muscles are two
separate muscles in the ocelot (Julik et al., 2012). Both cleidocervical and cleidomastoid muscles originate the
intersectio clavicularis. The cleidocervical muscle insert onto the median raphe in the first half of the cervical
region while the latter ends to mastoid process of the temporal bone in the carnivores (Getty, 1995; Konig &
Liebich, 2014). In the ocelot, the brachiocephalic muscle originated from intersectio clavicularis inserts onto
the nuchal crest and nuchal ligament at the level of I-111 cervical vertebra (Julik et al., 2012). The parts of the
muscle protract the forelimbs, they extend the muscle extends the neck with bilateral contraction and flexes
the neck laterally with unilateral contraction in the ocelot, when forelimb is fixed (Julik et al., 2012).

The broadest of the back arise from the distinct level of the thoracolumbal facia in the carnivores (Getty, 1995;
Konig & Liebich, 2014; Viranta et al., 2016). In the ocelot (Julik et al., 2012), for example the region in the 7-
9 thoracal vertebra and thirteenth ribs (Julik et al., 2012). The muscle inserts on the medial aspect of the
brachium with the teres major muscle in the carnivores (Getty, 1995; Konig & Liebich, 2014; Viranta et al.,
2016). In additional to, it described that the insertion of the muscle divides to superficial and profund in the
ocelot. When the forelimb is fixed and advanced, the muscle drawns the trunk craniad. The muscle retract the
free forelimbs (Julik et al., 2012).

The deep pectoral muscle, orginating the different area of the sternum (Getty, 1995; Julik et al., 2012; Konig
& Liebich, 2014; Viranta et al., 2016), has a different number of bellies, for example three bellies as caudal,
cranial and abdominal in the ocelot (Julik et al., 2012), two bellies in the Eurasian lynx (Viranta et al., 2016).
The bellies fused together extends craniolaterally on the lateral aspect of the sternum to end the medial aspect
of the tuberculum majus of the humerus in the Euroasian lynx (Viranta et al., 2016), in additional to the muscle
attached the craniomedial border of the humeral shaft in the ocelot (Julik et al., 2012). In the literature (Getty,
1995), the insertion of the muscle has been reported as the tuberculum minus of the humerus in the carnivores.

The superficial pectoral muscle fused with its counterpart at its origin stems from the ventrolateral aspect of
the sternum in the carnivores (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016).
The muscle inserts onto the greater tubercule of the humerus and a ridge of the cranial aspect of the humerus
(Julik et al., 2012).

The ventral serrate muscle located among the cervical vertebras (3-7), the ribs (1-8) and the vertebral border
of the medial aspect of the scapula divides the cervical and thoracal portions in regard to origin in the carnivores
(Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016). When the forelimb is free, the
cervical portion protract the limb. When the forelimb is fixed, the thoracal portion of the muscle drawns the
trunk craniad (Julik et al., 2012) and sling the trunk.

The muscles of the shoulder joint grouped by their location are lateral composed of the supraspinatus,
infraspinatus, deltoid and minor teres muscles, and medial group muscles consist of the major teres, the
subscapular and the coracobrachial muscles in the carnivores (Konig & Liebich, 2014).

The suprascapular muscle of the lateral group, filled supraspinous cavity originates the cranial border of the
scapula and scapular spine in the carnivores. The muscle end to attaching the cranial parts of the greater
tubercule of the humerus (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016). In the
study carried out in the ocelot, it has been seen that the muscle belongs to deep and superficial layers (Julik et
al., 2012).

The infraspinous muscle entirely filled the infraspinous cavity and attached via a tendon to the lateral aspect
of the greater tubercule of the humerus in carnivores.

The minor teres muscle originated via a straight tendon from the caudal border of the scapula that inserts the
greater teres tubercule of the humerus (Getty, 1995; Konig & Liebich, 2014; Viranta et al., 2016), while the
joint capsule of the shoulder in the ocelot (Julik et al., 2012).

The deltoid muscle of the lateral group consisted of the scapular and acromial heads situates the caudolateral
aspect of the scapular spine in the carnivores. The scapular head stems via a aponeurosis from infraspinous
muscle and the acromion in the carnivores (Getty, 1995; Konig & Liebich, 2014; Viranta et al., 2016). In the
ocelot, the origin of the head has been also described as suprahamate process of the scapula (Julik et al., 2012).
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The acromion head arises from the acromion in the Eurasian lynx and carnivores (Getty, 1995; Konig &
Liebich, 2014; Viranta et al., 2016), while the suprahamate process occurs in the ocelot (Julik et al., 2012).
The two heads of the muscle inserts via tendinous fibers onto the deltoid ridge of the humerus (Getty, 1995;
Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016). In addition, some fibers end at the lateral aspect
of the lateral head of the triceps brachii and brachialis muscles in the ocelot (Julik et al., 2012).

The subscapular of the medial group, consisted of a variable number of the muscles bundles according to
animal species, stems from the medial aspect of the scapula (Getty, 1995; Julik et al., 2012; Konig & Liebich,
2014; Viranta et al., 2016). The number of the muscles bundels are six or seven in the Eurasian lynx (Viranta
et al., 2016), while six are in the left limb and nine are in the right limb of the ocelot (Julik et al., 2012). The
bundles of the subscapular muscle fused with each other inserts via a broad tendon onto the lesser tubercule of
the humerus. The muscle acts as the flexor and the medial collateral of the shoulder joint.

The major teres of the medial group, originating from the caudal border of the scapula, travel distally to end
the teres major tuberosity of the humerus.

The coracobrachial muscle situated deep to the subscapular muscle originates from the supraglenoid tubercule
and inserts onto the caudal aspect of the humerus in the carnivores (Getty, 1995; Julik et al., 2012; Konig &
Liebich, 2014; Viranta et al., 2016).

The muscles of the elbow joint are primarily responsible for the extention and flexion of the elbow joint, but
also fixe the limb during the stance phase of the locomotion. Some of these muscles, as the biceps and the
triceps of the forearm act on both the shoulder and the elbow joint, while others, for example the brachial, the
anconeus and the tensor muscle of the brachial facia only move the elbow joint (Konig & Liebich, 2014).

The biceps of the forearm bridging the shoulder and the elbow joint take origin via a strong tendon from
supraglenoid tubercule (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016). The origin
tendon of the muscle passes through the intertuberal groove in the carnivores (Getty, 1995; Julik et al., 2012;
Konig & Liebich, 2014). As soon as the tendon emerges from the groove, it turns into a large, fusiform muscle
belly on the cranial aspect of the forearm (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et
al., 2016). The muscle inserts onto distinct areas of the antebrachium, for example the lateral coronoid process
of the ulna and the radial tuberosity of the radius in the Euroasian lynx (Viranta et al., 2016) and carnivores
(Getty, 1995), and only radial tuberosity in the ocelot (Julik et al., 2012). The biceps of the forearm extend the
shoulder joint while it flex the elbow joint. In addition, the muscle stabilizes the elbow joint when standing in
the ocelot (Julik et al., 2012).

The brachialis muscle emerging from the proximal of the humeral shaft (Getty, 1995; Julik et al., 2012; Konig
& Liebich, 2014; Viranta et al., 2016) entirely fills the spiral groove in carnivores (Getty, 1995). The muscle
inserts via a thin tendon onto the medial border of the ulna in the Eurasian lynx (Viranta et al., 2016) and
ocelot (Julik et al., 2012). Whereas, it ends to ulnar tuberosity in the carnivores (Getty, 1995). The brachial
muscle flexes the elbow joint in the ocelot (Julik et al., 2012).

The tensor muscle of the facia antebrachii originates from the superficial aspect of the latissimus dorsi (Getty,
1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016) and inserts onto the caudal aspect of the
olecranon and the facia antebrachii in carnivores (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014;
Viranta et al., 2016).

The anconeus muscle emerging from the lateral supracondylar crest of the humerus attaches the olecranon and
the lateral border of the proximal ulna (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014). In the ocelot
(Julik et al., 2012), it has been reported that the origin of the muscle posses two sesamoid bones in the left
while three sesamoid bones in the right.

The triceps of the forearm composed of five heads in the Eurasian lynx (Viranta et al., 2016) and ocelot (Julik
et al., 2012), while the same muscle consist of four heads in the carnivores (Getty, 1995; Konig & Liebich,
2014). No expressing the accesory medial head in the carnivores (Getty, 1995), another heads called as the
long, lateral, medial and accessory heads in the lynx (Viranta et al., 2016) and ocelot (Julik et al., 2012). The
long head of the muscle originating the caudal border of the scapula ends via a stout tendon to the olecranon
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in the carnivores (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016). In addition to,
it take origin from the neck of the scapula in the ocelot. The lateral head attaching the long head of the triceps
of the forearm emerges from the proximal humeral shaft and the neck of the humerus (Julik et al., 2012). The
medial head of the triceps of the forearm originating the medial aspect of the proximal humeral shaft fuses
with the accessory heads of the triceps of the forearm and inserts onto the medial aspect of the olecranon in
the carnivores. The accessory head of the triceps of the forearm emerges from the caudal aspect of the proximal
humeral shaft and fuses with the medial head of the same muscle (Getty, 1995; Julik et al., 2012; Konig &
Liebich, 2014; Viranta et al., 2016). The medial accessory of the triceps of the forearm stems the medial
supracondylar crest of the distal humerus and attaches to the medial aspect of the olecranon (Julik et al., 2012;
Viranta et al., 2016). The triceps of the forearm stabilize the elbow joint during standing (Julik et al., 2012).
Due to the lack of anatomical descriptions for the muscles connecting the axial skeleton and forelimb, as well
as the muscles of the shoulder and elbow joint in the Anatolian bobcat, our current study aims to provide a
comprehensive macroanatomy of these muscles.

MATERIAL AND METHODS

The study was conducted on two female Anatolian bobcats (cadaver | was 6.9 kg and cadaver Il was 7.6 kg in
weight, respectively). The animals were obtained from Republic of Turkey Ministry of Forestry and Water
Affairs Sivas Branch Manager. After the animals died of natural causes (Cumhuriyet University was delivered
dead Iynx in Sivas in order to conduct the post-mortem  examination (2016.
WwWw.sivas.ormansu.gov.tr/sivas/Anasayfa/ resimli Haber). They were immediately transported to the
Department of Anatomy of Faculty of Veterinary Medicine at Cumhuriyet University. The animals were fixed
with 10% formalin via the carotid common artery to prepare the cadavers. Then, the forelimbs of the cadavers
were dissected and photographed with a Canon 50D camera. Radiographic images of manus were taken in
dorso-palmar position using PCMAX-100H® (led input voltage: 3.3 VDC, 2A: Korea). The terminology used
in the manuscript is in accordance with the prevailing veterinary nomenclature (Nomina Anatomica
Veterinaria, 2012).

RESULTS

In this study, the shoulder joint is composed of the glenoid cavity of the scapula and the head of the humerus,
while the elbow joint is composed of the trochlea of the humerus and the proximal parts of the antebrachium,
radiographically (Figure 1/A).

The trapezius muscle located in the region between the cervical and thoracal portions of the vertebral column
and the lateral aspect of the scapula is triangle form (Figure:1/B) in all specimens. The portion of the muscle
(Figure:1/B) emerging from the thoracal portion situates in the caudal of the dorsal scapula and is in the right
triangle form that its long upright edge attach to the midline of the thoracal portion of the backbone while its
short upright edge end at the caudal border of the dorsal half of the scapular spine in two cadaver. Whereas,
another edge (Figure:1/B), the ventral border of the muscle, fused with the broadest muscle of the back in all
cadavers. The fibres of the portion travels cranioventrally to insert onto the caudal aspect of the dorsal scapular
spine in all materials. The cervical portion of the trapezius muscle (Figure:1/B) originates from the dorsal half
of the cranial border of the scapular spine and attaches to the midline of the cervical portion of the backbone
in all specimens. The venral border of the portion (Figure:1/B) The fibres extended craniodorsally to the
vertebral column fuses with the dorsal border of the omotransversal and cleidocervical muscle in the two
cadavers.

The rhomboid muscle (Figure:1/D) situated under the trapezius muscle belongs to three portions, called
cephalic, cerviacal and thoracal portions. The cephalic portion originated from the nuchal crest and extends
caudally on the lateral aspect of the cervical region to end the cranial angle of the scapula. The cervical portion
stems the middle line of the cervical area of the back and inserts the cranial area of the dorsal border of the
scapula in all specimens. The thoracal portion is located between the middle line of the back and the caudal
area of the dorsal border of the scapula in the interscapular region in cadavers. Both the cervical and the
thoracal portion is seen as individual muscle fibres, while the cephalic portion is uniform in the two specimens.
The cephalic portion appears to be the longest. Whereas, the thoracal portions are shorter than the cervical
portions in the two cadavers.
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The fibres of the omotransverse muscle (Figure:1/D) emerging from the ventral half of the scapular spine, the
hamate process and the lateral aspect of the acromial portion of the deltoid muscle extend caudocranially to
pass under the cleidocervical muscle. The muscle ends the caudal crest of the wing of the atlas in the two
specimens.

The broadest of the back muscle Figure:1/B,D) orginating from the area of the thoracolumbal facia between
the eighth thoracal and the second lumbal vertebra is situated under the skin on the lateral aspect of the thorax
in the two cadavers. The dorsal border of the muscle fused with the thoracal portion runs cranioventrally on
the lateral aspect of the thorax to attach to the medial aspect of the brachium under the triceps brachium muscle
and the deep pectoral muscle in the two specimens. The minor teres muscle takes its origin from the medial
aspect of the muscle near the dorsal border in the two cadavers. The origin width of the broadest back muscle
is thicker than the insetion width of the muscle.

The ventral serrate muscle (Figure:1/B,C,D) situated between forelimb and trunk is formed by the cervical and
the thoracal portions in all samples. The thoracal portion of the muscle stemming the external aspect of the
ventral half of the first eight ribs as distinct interdigitates extends dorsocranially to the medial aspect of the
scapula to end the medial aspect of the dorsal border of the scapula in the two cadavers. The fascicles of the
muscles orginating from first four ribs lies deep to the dorsal scalene muscle. The portion is wider in the origo
area than the intertio area in all specimens. The cervical portion of the muscle arising from the transverse
process of C3-C7 and T1 ascendns dorsocaudally to the medial aspect of the dorsal border of the scapula in
all samples. Its insertion is covered by the dorsal scalene muscle in the two cadavers.

It is seen that the brachiocephalic muscle (Figure:1/D) is composed of three parts as the cleidobrachial,
cleidocervical and cleidomastoid muscles in the two samples. The cleidobrachial muscle originating from the
medial aspect of the proximal ulnar shaft runs craniodorsally along the cranial border of the brachium to inserts
to the entire caudal border of the intersectio clavicularis, the fibrous remnant of the clavicula, in the two
Anatolian bobcat cadavers. Along its course, the muscle lies on biceps brachii and is fused with the cranial
border of the superficial pectoral muscle. The cleidocervical muscle takes its origin from the nuchal ligament
at the level of C1-C3 and from the nuchal crest in all specimens. Then, it continues caudoventrally on the
lateral aspect of the cervical region to ends the entire cranial border of the insectio clavicularis at just the
cranial area of the shoulder joint in all cadavers. The cleidomastoid muscle located between the mastoid
process and intersectio clavicularis extends deep to the cleidocervical muscle in the lateral aspect of the cervical
region.

The superficial pectoral muscle (Figure:1/B,C) take originating from the ventrolateral aspect of the cranial
portion of the sternum extends mediolaterally to inserts the greater tubercle and the humeral shaft in the two
Anatolian bobcat cadavers. Its cranial border is fused with the cleidobrachial muscle, while its caudal border
is fused with the cranial portion of the profund pectoral muscle in the two specimens.

It can be seen that the profund pectoral muscle (Figure:1/C) is composed of three bellies as cranial, middle and
caudal bellies in all samples. The cranial belly stems the ventrolateral aspect of the cranial half of the sternum
and inserts the greater tubercle of the humerus and the caudal border of the superficial pectoral muscle in the
two cadavers. The middle belly originating from the ventrolateral aspect of the middle sternum continues
craniolaterally to ends the caudal border of the cranial belly of the profund pectoral muscle in all materials.
The caudal belly arises from the ventrolateral aspect of the xiphoid process and the caudal third of the sternum
ascends craniodorsally to ends the middle belly and the external aspect of the ribs in both cadavers.

The deltoid muscle (Figure :1:F) crossing the shoulder joint is composed of two parts called as the scapular
and the acromial parts in the lateral aspect of the shoulder joint in the all specimens. The scapular part
originating from the caudal border of middle third of the spine of scapula via a aponeurosis runs cranioventrally
on the infraspinous muscle to inserts the caudal edge of the acromial part at level of the caudal area of the
shoulder joint and just caudal to the deltoid ridge in two Anatolian bobcat cadavers. The acromial part arising
from the acromion and the hamate process travels proximodistally on the cranial aspect of the shoulder joint
to ends the deltoid ridge of the humerus in all samples. The parts resembling a triangle is thinner in the intertion
area than the origin area.
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In the two cadavers, the major teres muscle (Figure:1/E,F,G) stems the poximal third of the caudal edge of
the scapula via flesly muscle fibres. The muscle continues craniodistally to pass under the long head of the
triceps brachii the level of the half of the caudal edge of the scapula. Then, the teres major muscle travels
craniodistally on the medial aspect of the long head of the triceps brachii to inserts via an aponeurosis the
medial aspect of the proximal third of the humeral shaft in all specimens. Its aponeurosis locates to just near
the coracobrachialis muscle and the tendon of the biceps brachii muscle in the medial aspect of the proximal
humeral shaft in the two Anatolian bobcat cadavers.

The infraspinous muscle (Figure:1/B,D,E) filling in the infraspinous cavity arises from the cavity and the
caudal border of the scapular spine, extends craniadistally under the deltoid muscle to pass over the lateral
aspect of the shoulder joint in two cadavers. The muscle inserts via a aponeurosis the lateral aspect of the
greater tubercle of the humerus under the deltoid muscle. The belly stemming the distal third of the caudal
border of the scapula joins the supraspinous muscle in all samples.

The supraspinous muscle (Figure:1/B,D,E) covering a strong facia fills entirelly the supraspinous cavity and
travels craniodistally in the cavity to passes over the cranial aspect of the shoulder joint in all samples. The
thinner medial part of the muscle inserts the minor tubercle of the humerus, while the stronger lateral part of
the muscle ends the greater tubercle of the humerus via a tendon in the Anatolian bobcat. The biceps brachii
tendon passes through the area in the two insertion tendon.

The subscapular muscle (Figure:1/B,D,G) belongs six to seven bellies situates on the medial aspect of the
scapula in two cadavers. The muscle bellies filling entirely the subscapular cavity continue distally to pass
over the medial aspect of the shoulder joint in all samples. The muscle inserts the minor tubercle of the humerus
to just near the insertion of the coracobrachial muscle in all specimens.

The coracobrachial muscle (Figure:1/F) originating from the coracoid process at the level of the medial distal
third of the scapula pass over the medial aspect of the shoulder to attaches to the caudomedial aspect of the
proximal third of the humeral shaft in the cadavers.

The brachial muscle (Figure:1/B) arising from the lateral side of the proximal third of the humeral shaft
immediatelly distal to the insertion of the deldoid muscle descendens craniodistally in the spiral groove of the
humeral shaft in all research materials. The muscle pass under the lateral head of triceps brachii and the
brachioradial muscle in the cranial aspect of the distal third of the humeral shaft, then, crosses the cranial
aspect of radioulnar joint. It inserts into the medial side of the ulna via a thin tendon and the medial coronoid
process of the ulna in the two Anatolian bobcat cadavers.

The biceps muscle (Figure:1/F) of forearm composed of two belly stems the supraglenoid tubercle via a strong
and thick tendon and its origo tendon pass through the intertuberal groove in the two cadavers. At the level of
the proximal third of the humeral shaft, the tendon becomes two bellies of the muscle. The bellies continue
distally parallel to the cranial aspect of the humeral shaft to passes through the area between the origo of the
ulnar flexor and extensor of the carpus in both research materials. The biceps muscle of the forearm passes
over the cranial aspect of the elbow joint and then ends the radial tuberosity and distal to the lateral coronoid
process of the ulna in all specimens.

The triceps muscle (Figure:1/B) of the forearm filling the triangle between the caudal border of the scapula,
the brachium and the olecranon is composed of five heads, called the long, lateral, medial, accesory and medial
accesory heads in all samples. The long head originating from the middle-third of the caudal border of the
scapula passes through the major teres muscle and the lateral head in the caudal region of the scapula. The
head that can be seen both medial and the lateral aspect of the brachium travels parallel to the humeral shaft
to becomes the tendon in the distal third of the humeral shaft in the all specimens. The tendon ends attaching
the medial aspect and the olecranal tuber in the research materials. The lateral head arising from lateral aspect
of the proximal third of the humeral shaft deep to the insertion parts of the deltoid muscle continues caudally
on the lateral aspect of the brachium to ends via aponeurosis on the lateral aspect of the olecranon in the
cadavers. The medial head originating from the medial aspect of the proximal third of the humeral shaft travels
caudodistally deep to long head to turns into a tendon at level of the middle third of the humeral shaft. The
tendon descends deep to the long head to attaches the medial aspect of the olecranon in the research materials.
The accesory head stems the medial aspect of the humeral shaft in the half of the brachium and runs
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caudodistally on medial aspect of the humeral shaft deep to the long head to ends the medial aspect of the
olecranon in all specimens. The medial accessory head that can be seen as the shortest head take originates
from the medial supracondylar ridge to inserts into the medial aspect of the olecranon in all materials.

The anconeus muscle situated in the area between the distal third of the humeral shaft and the olecranon lies
deep to the triceps muscle of the forearm in two cadavers. The muscle is fused with the capsule of the elbow
joint while passing over it.

The tensor muscle of the antebrachial facia (Figure:1/B,D) stemming the distal third of the caudal border of
the scapula via an aponeurosis extends caudodistally on the medial aspect of the long head to become a broad
aponeurosis in the distal third of the brachium. Its aponeurosis attaches to the medial aspect of the olecranon
in the Anatolian bobcat cadavers.

Figure.1. Radiography and lateral photography of the shoulder and elbow joint.
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A. Radiography of the shoulder and elbow joint muscles
B. Lateral view of the shoulder and elbow joint muscles
C. Ventrodorsal view of the shoulder and elbow joint
muscles

D. Dorsoventral view of the shoulder and elbow joint
muscles

E. Deep lateral view of the shoulder and elbow joint muscles
F. Medial view of the shoulder and elbow joint muscles
G. Deep medial view of the shoulder and elbow joint muscles
cs. Cartilago scapula

s. Scapula

2.The thoracal portion of the trapezius muscle

3.The teres major muscle

7. The cleidocephalic muscle

8. The brachiocephalic muscle

9. The triceps muscle of the forearm (TMF)

9 m. Medial head of (TMF)

9lh. Lateral head of (TMF)

9Lh. Long head of (TMF)

9mah. Medial accesory head of (TMF)

9a. Accesory head of (TMF)

10. The brachial muscle

11. The deep pectoral muscle (DPM)

11*. The caudal portions of (DPM)

1.The cervical portion of the trapezius muscle
tv. Thoracal vertebrae

c. Costae

h. Humerus

u. Ulna

r. Radius

0. Olecranon

st. Sternebrae

4.The broadest muscle of the back

5.The omotransverse muscle

6.The deltoid muscle

6*. The acromial part of the deltoid muscle

6**. The scapular part of the deltoid muscle

11*** The abdomianal portions of (DPM)

12.The thoracal portion of the ventral serrate muscle
12*.The cervical portion of the ventral serrate muscle
13. The superficial pectoral muscle

14. The tensor muscle of the antebrachial facia

15. The ventral sclane muscle

16. The rhomboid muscle

16*. The cervical portion of the rhomboid muscle
16**. The thoracal portion of the rhomboid muscle
16¢p. The cephalic portion of the rhomboid muscle
17. The subscapular muscle

18. The minor teres muscle

19. The coracobrachial muscle

20.The biceps muscle of the forearm (BMF)

21. The supraspinous muscle

11** The cranial portion of (DPM) 22. The infraspinous muscle

DISCUSSION

In this study, as has been described in the previous literature (Konig et al., 2012), the muscles attaching the
elements forming the shoulder and elbow joints are sorted as muscles of the shoulder and elbow joints,
connecting the forelimb to trunk.

The muscles connecting the forelimb to the trunk are grouped a dorsal group composed of the rhomboid and
the trapezius muscles, and the ventral group consisted of the omotransverse, the brachiocephalic, the ventral
serrate, superficial and deep pectoral muscles, the broadest muscle of the back, depicted previously by
literature (Nickel et al., 1986; Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014). As previously described
(Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016), the rhomboid of the dorsal group
is also composed of the cervical and thoracal portion in the research. But, it has been previously observed the
cephalic portion of the rhomboid muscle in this study. The insertion and origo area, and the parts of the
trapezius muscle are expressed in the literature (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta
et al., 2016) are similar to the observation of the study.

The results related to the insertion and origo area of transverse muscle of the ventral group that obtained from
the research are same the description in the literature (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014;
Viranta et al., 2016). Although the statements related to the origin area of the the broadest muscle of the back
in the Euroasian lynx (Viranta et al., 2016) are similar to the findings of the research, it has been previously
found that the muscle give origin to the minor teres muscle in the Anatolian bobcat. In addition , it has been
observed that the muscle ends at the deep pectoral muscle in the study materials. As depicted by Viranta et al.,
(2016) in the Euroasian lynx, it has been found that the thoracal portion of the ventral serrate muscle originates
from the external aspect of the ribs as 8 interdigitates and inserts the medial aspect of the dorsal border of
the scapula in the Anatolian bobcat. But, the evidence that first four interdigitates are covered by scalene
muscle has been firstly stated in the research.

Although it has been stated that the deep pectoral muscle belongs to two bellies as cranial, caudal and
abdominal in the Euroasian bobcat (Viranta et al., 2016), it is observed that the muscle is composed of three
bellies as cranial, caudal and abdominal in the Anatolian bobcat, as described by Julik et al., (2012) in the
ocelot. Besides connecting this muscle to the greater tubercle of the humerus, as depicted by the literatur
(Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016), the study showed that it has been
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also attached to the caudal border of the superficial pectoral muscle in the Anatolian bobcat. It has been seen
that the muscle fused with not only the deep pectoral muscle but also the cleidobrachial muscle in this research.

As stated by the literature in the carnivores (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta
etal., 2016), it has been also seen that the brachiocephalic muscle composed of two portions, the cleidobrachial
muscle of the portions situated the area between the intersectio clavicularis and antebrachium, the
cleidocephalic muscle the portions located in the area between that and the cranium in this research. As
reported in the carnivores (Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014), the ocelot (Julik et al.,
2012) and Euroasian lynx (Viranta et al., 2016), it has been found that The brachiocephalic muscle is composed
of the cleidocervical and cleidomastoid muscle in the Anatolian bobcat.

The muscles of the shoulder joint grouped as the medial and lateral of the shoulder joint, be depicted previsouly
in the literatur carnivores. In addition the muscles as the biceps and a few heads of triceps of the forearm act
on the shoulder of the elbow joints in this sudy, as stated in the studies on carnivores (Getty, 1995; Julik et al.,
2012; Konig & Liebich, 2014; Viranta et al., 2016). As stated in the literature carnivores (Getty, 1995; Julik et
al., 2012; Konig & Liebich, 2014), the medial group muscles of the shoulder are composed of the subscapular
and the coracobrachial muscle, while the lateral group muscles of the joint are consisted of the deltoid, the
infraspinous and the supraspinous muscle in the research. In the research, it has been seen that the deltoid
muscle is consisted of the acromial and the scapular heads, as expressed in the ocelot (Julik et al., 2012),
Eurosian lynx (Viranta et al., 2016) and carnivores (Getty, 1995; Konig & Liebich, 2014). Although it has
been found that the insertion, location and origo of both portions are similiar to the descriptions in the literature
(Getty, 1995; Julik et al., 2012; Konig & Liebich, 2014; Viranta et al., 2016), in the research, it has been
obseved that the scapular portion inserts to the caudal border of the acromial portion in two samples. The
insetion, the course and the origo of both the supraspinous, subscapular and the infraspinous muscles are
similar to the statements in the ocelot (Julik et al., 2012), Eurosian lynx (Viranta et al., 2016) and carnivores
(Getty, 1995; Konig & Liebich, 2014). As stated by Viranta et al, (2016), it has been also found that the
subscapular muscle belongs to the number of six to seven bellies in the study carried out on the Anatolian
bobcat.

The muscles of the elbow joint are composed of the brachial, the biceps and triceps of the forearm muscle and
the tensor muscle of the facia antebrachii, as stated by literature (Getty, 1995; Konig & Liebich, 2014). In this
study, it has been seen that the brachial muscle attaches to the medial side of the ulna via a thin tendon and the
medial coronoid process of the ulna, depicted in the Eurasian lynx by Viranta et al, (2016). In this study, it
has been found that the biceps of the forearm consisted of two bellies contrary to description in the the acelot
(Julik et al., 2012) and Eurasian lynx (Viranta et al., 2016) originates from the supraglenoid tubercle via
strong and thick tendon as reported in the carnivores by lileratiir (Getty, 1995; Julik et al., 2012; Konig &
Liebich, 2014; Viranta et al., 2016). It has been observed that the triceps muscle of the forearm composed of
five heads as the long, lateral, medial, accesory and medial accesory situated in the triangle region between the
caudal border of the scapula, the brachium and the olecranon. The finding obtained from the research is similar
to the statement in the acelot (Julik et al., 2012) and Eurasian lynx (Viranta et al., 2016).

CONCLUSION

As a result, it has been found that the rhomboid muscle has a cephalic head, the deep pectoral muscle are
composed of the cranial, caudal and abdominal portions, the broadest muscle of the back resembles a triangle
and also inserts to the superficial pectoral muscle, the venter of the biceps muscle of the forearm are made by
two distinct bellies, the triceps muscle of the forearm belongs distinct five heads in this research. The strong
and developed muscles of the connected forelimb to the trunk, shoulder and elbow joints suggest that it may
play an important role in the adaptation of the Anatolian bobcat not only in the movement but also in the
hunting.
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ARTICLE
ABSTRACT INEO
The aim of this study was to investigate the parietal and temporal regions of the brain stereologically

after epilepsy induced by pentylenetetrazole (PTZ). 20 healthy male Wistar Albino rats, 3 months old, Received:
weighing approximately 250 gr, were chosen for the study. The rats were divided into PTZ and control 23.07.2024
groups, 10 in each group. 80 mg/kg PTZ was mixed into 0.5 ml of 0.9% physiological saline and Accepted:
administered intraperitoneally as a single dose injection to the PTZ group. Behavioral changes 10.11.2024
specified in six stages were determined by following the Racine scale within a 30-minute observation

period. After perfusion, the rats’ brains were removed. After tissue tracking, an average of 10 sections

were obtained for each animal, with a thickness of 1/75 of 5um. Sections were stained with
Hematoxylin-Eosin. The preparations were photographed with a 1.25 objective. For each brain tissue,

the total lobus parietalis, lobus temporalis, the grey matter volume and the total number of neurons in

the lobus parietalis and lobus temporalis were calculated. Mann-Whitney U test was used for statistical

analysis (IBM SPSS for Windows, ver.25) No statistically significant difference could be detected in

the total lobus parietalis, lobus temporalis and the grey matter volume, volume values of the brain and

the number of neurons determined between the groups (p>0.05). However, when evaluated according

to groups, a significant difference was obtained in the volume ratio values, the grey matter

volume/total lobus parietalis and the grey matter volume/total lobus temporalis ratio (p<0.05).

Keywords: Epilepsy, Parietal lobe, Pentylenetetrazole (PTZ), Stereology, Temporal lobe.

Pentilentetrazol ile Epilepsi Olusturulan Sicanlarda Beynin Parietal ve Temporal
Bolgelerinin Stereolojik Incelenmesi

- MAKALE
OzET BILGiSi
Bu calismanin amaci, pentilentetrazol (PTZ) ile olusturulan epilepsi sonrasi beynin pariyetal ve

temporal bolgelerini stereolojik olarak incelemektir. Calisma igin yaklasik 250 gr agirhginda, 3 aylik, Geliy:
20 adet saglikli erkek Wistar Albino sican secildi. Siganlar her grupta 10 adet olacak sekilde PTZ ve 23.07.2024
kontrol gruplarina ayrildi. 80 mg/kg PTZ, 0.5 ml %0.9 fizyolojik salin igerisine karistirildi ve PTZ Kabul:

grubuna tek doz enjeksiyon halinde intraperitoneal olarak uygulandi. Alti asamada belirlenen davranig 10.11.2024
degisiklikleri, 30 dakikalik go6zlem siiresi icerisinde Racine skalasi takip edilerek belirlendi.
Perflizyonun ardindan siganlarin beyinleri ¢ikarildi. Doku takibi sonrasinda her hayvan igin 1/75 5 pm
kalinhgmda ortalama 10 adet kesit elde edildi. Kesitler Hematoksilen-Eozin ile boyanarak 1.25
objektifle fotograflandi. Her beyin dokusu i¢in lobus parietalis, lobus temporalis, gri madde hacmi ve
lobus parietalis ve lobus temporalis'teki toplam noron sayis1 hesaplandi. Istatistiksel analizde Mann-
Whitney U testi kullanildi (IBM SPSS for Windows, ver.25).Lobus parietalis, lobus temporalis ve
beyindeki gri madde hacmi, hacim degerleri ve gruplar arasinda néron sayisi degerlerinde istatistiksel
olarak anlamli bir fark saptanmadi. (p>0.05). Ancak gruplara gore degerlendirildiginde hacim orani
degerlerinde yani gri madde hacmi/toplam lobus parietalis ve gri madde hacmi/toplam lobus
temporalis oraninda anlamli farklilik elde edildi (p<0.05).

Anahtar kelimeler: Epilepsi, Parietal lob, Pentylenetetrazol (PTZ), Stereoloji, Temporal lob.
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INTRODUCTION

The oldest known detailed source on epilepsy was found in the Mesopotamia Region as a result of
archaeological excavations. Article 278 of the laws of the Babylonian King Hammurabi (1750 BC) states: “If
a person buys a male or female slave and the slave develops bennu (epilepsy) disease within a month, he will
return the slave to the seller and take back the money paid” was stated (Renger, 2016).

Stereology is actually a branch of science that allows interpretations to be made about the properties of three-
dimensional structures with the data provided by two-dimensional sections obtained from three-dimensional
structures (metallurgical, biological samples, etc.). Sections are two-dimensional examples passing through a
structure. When two-dimensional sections are considered as components that shape the structure with three-
dimensional intersecting planes, each building formation in these sections creates profiles (projections) with
their size, length, number, area and volume ratios. These profiles are used to provide information about the
components of the structure. However, the components of the structure that appear in the sections consist
only of the representation of the structure to which they belong on the section plane. For this reason, making
direct comments using the profiles obtained may be misleading due to the lack of real data on the three-
dimensional properties of the components to which the profiles belong (Kaplan et al., 1997).

Epilepsy is one of the most common neurodegenerative diseases. It is characterized by recurrent,
spontaneous seizures arising from abnormal electrical activity in the brain (McNamara, 1999). This epileptic
seizure is defined by the International Association Against Epilepsy (ILAE) as “a temporary appearance of
signs or symptoms due to abnormal, excessive or synchronized neural activity in the brain” (Fisher et al.,
2005). Epileptic seizures are examined in three groups: partial (focal), generalized and unclassifiable. In
partial epilepsy, excessive discharge of neurons occurs in a specific region of the cerebral hemisphere,
whereas in generalized epilepsy, excessive discharge of neurons occurs in both hemispheres (Falco-Waltera
et al., 2018). The effectiveness of anticonvulsant drug candidate chemicals, which form the basis for the
history of epilepsy, was initiated by studies conducted on cats by Merrit and Putnam in the 1930s (Onat et
al., 2013).

Today, there are many animal experimental models of epilepsy. The most commonly used of these is the
pentylenetetrazol (PTZ) model, which enables primary generalized seizures to occur. Since the epileptic
seizure patterns in this model are very similar to those in humans, the most commonly used agent is PTZ
(McDonald and Barker, 1978; Paredes et al., 1989). PTZ is generally used in the dose range of 50-80mg/kg
in experimental models. It shows its effectiveness with clonic convulsions occurring within 30 minutes after
injection and lasting for 3-5 seconds, either in the front or back extremities alone or in the hind extremities
alone (Onat et al., 2013).

The aim of this study is to calculate the total volumes of the lobus temporalis and lobus parietalis and the
volumes of the grey matter regions using stereological methods and to reveal whether there is any change in
the number of neurons in the grey matter.

MATERIAL AND METHODS

This study was conducted at the Experimental Medicine Application and Research Center, in accordance
with the decision of the Van Yuzuncu Yil University Animal Experiments Local Ethics Committee dated
28.11.2019 and numbered 2019/11. This research was supported by Yuzuncu Yil University Scientific
Research Projects Directorate as project number TDK-2020-8840. This article is summarized from the
doctoral thesis “A Stereological Study on the Temporal and Parietal Region of the Brain in Male Rats with
Epilepsy Applied by Pentylenetetrazole (PTZ)”. Laboratory studies were carried out in the research
laboratories of Van Yuzuncu Yil University, Faculty of Veterinary Medicine Department of Anatomy and
Faculty of Medicine, Department of Histology and Embryology.

In this study, 3-months-old healthy twenty adult male Wistar Albino rats with an average weight of 250 g
were used. Experimental animals were housed in standard cages at the Experimental Medicine Application
and Research Center in an environment with 12 hours of light, 12 hours of darkness and a temperature range
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of 18-24°C. 20 male adult rats were divided into 2 groups: control and PTZ groups. The rats were divided
into groups and kept for 10 days so that they could adapt to the new environment and group elements. After
the waiting period, no experimental substance was given to the animals in the control group. In the PTZ
group, 80 mg/kg PTZ was mixed into 0.5 ml of 0.9% physiological saline and administered as a single dose
injection intraperitoneally. Observation was made for 30 minutes after the injection. It was observed that the
rats, in which 6 behavioral change stages were detected according to the Racine scale, were in convulsion
(Racine, 1972). Animals in both control and PTZ groups were perfused.

In perfusion application, ketas was given to the animals intraperitoneally at a dose of 50 mg/kg as an
anesthetic agent. The animals were allowed to enter deep anesthesia. The skin, ribs and abdominal muscles
were cut horizontally from the diaphragm border of the animals that had entered deep anesthesia. Access was
made to the ventriculus sinister of the heart with a three-input and single-output cannula set. By
administering 0.5cc heparin through the first cannula, the blood in the circulatory system was prevented from
coagulating with the help of the heart.

After perfusion, the heads of the animals were dissected after being separated from the body, placed in 10%
buffered formaldehyde and kept for 24 hours, and the calvaria, which is the dome of the fossa cranii, was
removed and the cerebrum was exposed.

Cerebrum separated from meninges. The 24-hours fixing process was repeated. The lobus temporalis of the
cerebrum was cut from its anterior and posterior borders. Since the lobus parietalis is located above the lobus
temporalis and within the anterior and posterior borders of the lobus temporalis, the lobus parietalis was also
dissected while the lobus temporalis was removed (Figure 1).

Figure 1. Separation of lobus parietalis and lobus temporalis from the cerebrum.

The part of the cerebrum, where both lobus temporalis and lobus parietalis are located, was divided into
pieces considering the stereological fraction (f) sampling rate 1/1 (f1). Tissue tracking was applied to the
dissected lobes. Then, the tissues were blocked with paraffin. Sections (f2) were taken from the obtained
blocks in the form of 5um thick parallel and serial sections at a ratio of 1/75. An average of 10 sections were
obtained for each animal. Sections were stained with Hematoxylin-Eosin (Sikandar et al., 2013). It was
viewed on a Zeiss 40 model light microscope. The resulting preparations were photographed under a
microscope with a x1.25 microscope. The total volume of the lobus temporalis and lobus parietalis and the
volume values of the grey matter regions were measured with a dotted area measurement ruler. Cell counting
was performed using an unbiased counting frame on sample and observation section photographs taken at
x100 objective magnification (Figure 2).
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Figure 2. View of the neuron structure under the mlcroscope x200 objectlve (Hematoxylin-Eosin).

Cavalieri’s Principle was used to calculate the total volumes of lobus temporalis and lobus parietalis (Canan
et al., 2002). The application of component volume ratios was used for the grey matter regions. Physical
dissector Cavalieri Principle was used for cell counting (Ragbetli et al., 2010). Volume and cell count were
calculated with the SHTEREOM 1 program and transferred to the excel environment (Oguz et al., 2007,
Cakmak et al., 2019) (Figure 3, Figure 4).
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Figure 4. Unbiased counting frame in the sample cross section.
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RESULTS AND DISCUSSION

Microanatomical Results

Cerebrum tissue taken from the control and PTZ groups was observed microscopically. In the cerebrum
sections where Hematoxylin-Eosin staining was applied, the total cerebrum, grey matter region and neuron
cells appeared structurally normal.

Measurement Results

Shrinkage rate of cerebrum tissue

As a result of the measurement of the cerebrum tissue on the preparation using a caliper, it was determined
that the average size of the PTZ group increased by 0.02291 compared to the average size of the control

group.

Comparison of volume of lobus temporalis and lobus parietalis regions, volume of the grey matter and
number of neurons in control and PTZ groups

Table 1. Comparison control and PTZ groups. of total lobus parietalis and lobus temporalis brain volume
values in the

Total lobus temporalis and lobus parietalis volume (cm3)

Control Group PTZ Group
C1 0.5904 PTZ1 0.5630
C2 0.6696 PTZ2 0.6486
C3 0.7866 PTZ3 0.6898
C4 0.6638 PTZ 4 0.7074
C5 0.5558 PTZ5 0.5540
Cé6 0.6088 PTZ6 0.5360
C7 0.6106 PTZ7 0.6070
C8 0.7086 PTZ8 0.6214
Co9 0.5142 PTZ9 0.7902
c10 0.5320 PTZ 10 0.6660
Mean 0.6240 Mean 0.6383

C: Control group, PTZ: Pentylenetetrazole group.

Stereological measurements made on the sections of the control and PTZ groups, total lobus temporalis and
lobus parietalis volume and grey matter volume results were obtained in cm®. Neuron number measurement
results were determined in units (Table 1).

According to these obtained values, the highest total lobus temporalis and lobus parietalis brain volume
value in the control group was 0.7866 cm® and the lowest was 0.5142 cm?®. In the control group, the mean
total lobus temporalis and lobus parietalis brain volume value was determined as 0.6240 cm?®. In the PTZ
group, the highest total lobus temporalis and lobus parietalis brain volume values were 0.7902 cm?® and the
lowest were 0.536 cm®. In the PTZ group, the mean total lobus temporalis and lobus parietalis brain volume
value was calculated as 0.6383 cm® (Table 1).

Table 2. Comparison of the grey matter volume values of total lobus parietalis and lobus temporalis in
control and PTZ groups.

Volume of the grey matter (cm?3)

Control Group PTZ Group
C1 0.1331 PTZ 1 0.1247
C2 0.1510 PTZ 2 0.1436
C3 0.1724 PTZ 3 0.1527
c4 0.1497 PTZ 4 0.1566
C5 0.1253 PTZ5 0.1227
Cé6 0.1373 PTZ 6 0.1187
Cc7 0.1377 PTZ 7 0.1344
C8 0.1598 PTZ8 0.1376
C9 0.1160 PTZ9 0.1750
c10 0.1360 PTZ 10 0.1474
Mean 0.1418 Mean 0.1413
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C: Control group, PTZ: Pentylenetetrazole group.

When the control and PTZ groups were evaluated in terms of the mean total lobus temporalis and lobus
parietalis brain volume values, it was determined that the volume value in the PTZ group increased by
approximately 2.29% compared to the control group (Table 1).

The grey matter volume values of the lobus temporalis and lobus parietalis regions in the control and PTZ
groups were calculated using stereological methods. According to the values given in table 2, the highest
grey matter volume value in the control group was 0.1724 cm?, the lowest was 0.116 cm?®, and the mean
volume value was determined as 0.1418 c¢cm?®. In the PTZ group, the highest grey matter volume value was
determined as 0.175 cm® and the lowest was 0.1187 cm?®, while the mean volume value was calculated as
0.1413 cm®. When the grey matter volume mean of the control and PTZ groups were compared, it was
determined that there was an approximately 0.35% decrease in the PTZ group compared to the control group
(Table 2).

Table 3. Comparison of the number of neurons in the lobus temporalis and lobus parietalis regions in the
control and PTZ groups.

Number of Neurons

Control Group PTZ Group
C1 11600000 PTZ1 11532000
C2 12230000 PTZ2 12396000
C3 12798000 PTZ3 12542000
C4 12050000 PTZ 4 12722000
C5 11420000 PTZ5 11514000
Cé6 12325000 PTZ6 11364000
C7 12418000 PTZ7 12300000
Cc8 12659000 PTZ8 12346000
Co9 11306000 PTZ9 12344000
c1o 11369000 PTZ 10 12432000
Mean 12017500 Mean 12149200

C: Control group, PTZ: Pentylenetetrazole group.

The number of neurons in the lobus temporalis and lobus parietalis regions in the control and PTZ groups
was calculated using stereological methods. According to the obtained values, the highest number of neurons
in the control group was 12798000 cells and the lowest was 11306000 cells, while the mean number of
neurons was counted as 12017500 cells. In the PTZ group, the highest number of neurons was determined to
be 12722000 and the lowest was 11364000, while the mean number was calculated to be 12149200. When
the number of neurons in the control and PTZ groups was compared in terms of mean values, it was
observed that there was an approximately 1.09% increase in cells in the PTZ group compared to the control
group (Table 3).

Table 4. Coefficient of Variance (CV) values of the brain volume of the total lobus parietalis and lobus
temporalis regions of the groups, the grey matter volume and number of neurons.

Groups Total lobus temporalis and lobus Brain grey matter Number of neurons
parietalis brain volume (CV) volume (CV) (n) (CV)

C 0.13 0.11 0.10

PTZ 0.12 0.12 0.11

C: Control group, PTZ: Pentylenetetrazole group.
CV= Coefficient of Variance (interindividual variation).

In the control and PTZ groups, the Coefficient of Variance (CV) value, defined as the ratio of the total lobus
temporalis and lobus parietalis brain volume, brain grey matter volume and neuron number standard
deviation to the arithmetic mean and multiplied by one hundred, was calculated (Table 4). Table 4 was used
in the calculation. The fact that the inter-individual variation values in both groups was between 0.10 and
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0.13 showed that the number of rats used in the study was sufficient and inter-individual variation did not
affect the results (Table 4).

Table 5. Average Coefficient of Error (CE) values of the brain volume of the total lobus parietalis and lobus
temporalis regions of the groups, grey matter volume and number of neurons.

Groups Total lobus temporalis and lobus Brain grey matter Noron sayisi (n) (CE)
parietalis brain volume (CE) volume (CE)

C 0.045 0.048 0.046

PTZ 0.042 0.044 0.039

C: Control group, PTZ: Pentylenetetrazole group.
CE: Coefficient of Error.

Coefficient of Error (CE), obtained by dividing the standard deviation to the arithmetic mean, was calculated
separately for the total lobus temporalis and lobus parietalis brain volume, brain grey matter volume and
number of neurons in the control and PTZ groups (Table 5). The results obtained showed that this value was
below 5%.

Statistical Analysis

In this study, the power of each variable was determined as at least 0.80 and the type 1 error was 0.05 in
calculating the sample size of the study. Descriptive statistics for continuous variables in our study are
expressed as mean, standard deviation, median, minimum and maximum. Whether the measurements in the
study were normally distributed or not was analyzed with Shapiro-Wilk (n<50) and Skewness-Kurtosis tests,
and nonparametric tests were applied because some measurements did not show normal distribution and the
number of samples was insufficient. Mann-Whitney-U Test was used to compare measurements by groups.
Spearman correlation coefficients were calculated to determine the relationships between measurements,
separately in the groups in the study. In the calculations, the statistical significance level (a) was taken as 5%
and the Statistical Package for the Social Sciences (SPSS (IBM SPSS for Windows, ver.25)) statistical
package program was used for the calculations.

Table 6. Statistical comparison of total lobus parietalis and lobus temporalis brain volume, grey
matter/volume, number of neurons and grey matter /total lobus parietalis and lobus temporalis brain volume
values of the groups.

Groups Mean Std. Dev.  Median Min. Max. *n.

Total lobus temporalisand  Control .6240 .0843 .6097 5142 .7866 650
lobus parietalis brain volume PTZ .6383 .0788 .6350 .5360 .7902 '
(cmgd) Total .6312 .0798 .6160 5142 7902
Brain grey matter Control 1418 .0166 1375 .1160 1724 940
volume (cm?) PTZ 1413 .0174 .1406 .1187 1750

Total 1416 .0166 1377 .1160 1750

Control 12017500 555774.6 12140000 11306000 12798000 496
Number of brain neurons (n) PTZ 12149200 485758.2 12345000 11364000 12722000

Total 12083350 5124935 12312500 11306000 12798000
Grey matter/total lobus Control 2279 .0100 .2255 2192 .2556 002
temporalis and lobus PTZ 2214 .0001 2214 2213 2215 '
parietalis brain volume Total 2247 .0076 .2215 2192 .2556

* Significance levels according to Mann-Whitney-U test results.

The difference between groups receiving different names or letters is significant (P<0.05).
C: Control group, PTZ: Pentylenetetrazole group.

Std. Dev: Standard deviation, Min.: Minimum, Max.: Maximum.

In the table above, total lobus temporalis and lobus parietalis brain volume (cm3), brain grey matter volume
(cm3), number of neurons in total lobus temporalis and lobus parietalis (n) and the grey matter/total lobus
temporalis and lobus parietalis brain volume measurement values are divided into groups. Comparison
results are given accordingly. Accordingly, when table 6 is examined, no statistically significant difference
was observed in total lobus temporalis and lobus parietalis brain volume values according to groups
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(p>0.05). In other words, total lobus temporalis and lobus parietalis brain volume measurements were found
to be statistically similar in both groups. However, microanatomically, it was determined that the total lobus
temporalis and lobus parietalis brain volume was higher in the PTZ group than in the control group.
Similarly, no statistically significant difference was observed between the groups in the grey matter volume
measurement of the lobus temporalis and lobus parietalis regions (p>0.05) (Table 6). In other words, the grey
matter volume measurement of the lobus temporalis and lobus parietalis regions was found to be similar in
both groups.

No statistically significant difference was observed in the number of neurons in the lobus temporalis and
lobus parietalis regions according to the groups (p>0.05) (Table 6). When these values were examined
statistically, the number of neurons in the lobus temporalis and lobus parietalis regions was found to be
similar in the PTZ and control groups.

On the other hand, a statistically significant difference was detected in the grey matter/total lobus temporalis
and lobus parietalis brain volume values according to the groups (p <0.05) (Table 6). Thus, the grey
matter/total lobus temporalis and lobus parietalis brain volume values were found to be lower in the PTZ
group compared to the control group. In fact, when the volume values of the grey matter and total lobes were
calculated separately and the volume values and number of neurons were evaluated statistically in the control
and PTZ groups, no significant difference was detected. No statistical differences could be determined within
and between groups in the grey matter/total lobus temporalis and lobus parietalis brain volume values and
number of neurons for each group. However, differences were detected in grey matter/total lobus temporalis
and lobus parietalis volume values in both groups. Accordingly, it has been noticed that the separate statistics
are independent of the grey matter/total lobus temporalis and lobus parietalis volume values. According to
scientific opinion, it can be concluded that this statistical difference is due to the cell background material in
both volumes or the change in glial cells that have not been counted.

Table 7. Correlation analysis results between the grey matter volume (cm?) and neuron number (n)
measurements of lobus temporalis and lobus parietalis regions in the control group.

Total lobus temporalis and
lobus parietalis brain
volume (cm3)

Brain grey matter
volume (cmgd)

Brain grey matter r .964*

volume (cmgd) p. .001

Number of neurons in total lobus r .903* .867*
temporalis and lobus parietalis (n) p .001 .001

*p<0.05 r: Coefficients of Spearman correlation.

When the inter-measurement correlation analysis results in the control group given in Table 7 were
evaluated, a statistically significant relationship was found between the total lobus temporalis and lobus
parietalis brain volume and the grey matter volume of the lobus temporalis and lobus parietalis regions
(p<0.05). This situation was found to be 96.4% positive. In other words, as the total lobus temporalis and
lobus parietalis brain volume increases, the grey matter volume of the lobus temporalis and lobus parietalis
regions also increases.

Similarly, a statistically significant relationship was observed between the total lobus temporalis and lobus
parietalis brain volume and the number of neurons in the lobus temporalis and lobus parietalis regions
(p<0.05) (Table 7). This significant relationship was found to be 90.3% positive. In other words, as the total
lobus temporalis and lobus parietalis brain volume increases, the number of neurons in the lobus temporalis
and lobus parietalis regions also increases.

In the control group, a statistically significant relationship was detected between the grey matter volume of
the lobus temporalis and lobus parietalis regions and the number of neurons in the lobus temporalis and lobus
parietalis regions (p<0.05) (Table 7). This relationship was found to be 86.7% positive. In other words, as the
number of neurons in the lobus temporalis and lobus parietalis regions increases, the grey matter volume of
the lobus temporalis and lobus parietalis regions also increases. On the other hand, no statistically significant
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relationship was found between the grey matter volume/total lobus temporalis and lobus parietalis brain
volume and the number of neurons in the lobus temporalis and lobus parietalis regions (p>0.05) (Table 7).

Table 8. Correlation analysis results between the grey matter volume (cm?3) and neuron number (n)
measurements of lobus temporalis and lobus parietalis regions in the PTZ group.

The grey matter of the lobus
temporalis and lobus parietalis
regions
volume (cm?3)

Total lobus parietalis and
lobus temporalis brain
volume (cm?)

The grey matter of the lobus temporalis r .995*

and lobus parietalis regions 0. 001

volume (cm?d)

Number of neurons in lobus temporalis r .818* .817*
and lobus parietalis regions (n) p. .002 .004

*p<0.05 r: Coefficients of Spearman correlation.

Table 8 shows the correlation analysis results between measurements in the PTZ group. According to the
data obtained as a result of the analysis, a statistically significant relationship was detected between the total
lobus temporalis and lobus parietalis brain volume and the grey matter volume of the lobus temporalis and
lobus parietalis regions (p<0.05). This relationship was found to be 99.5% positive. In other words, as the
total lobus temporalis and lobus parietalis brain volume increases in the group given PTZ, the grey matter
volume of the lobus temporalis and lobus parietalis regions also increases.

Similarly, in the PTZ group, a statistically significant relationship was found between the total lobus
temporalis and lobus parietalis brain volume and the number of neurons in the lobus temporalis and lobus
parietalis regions (p<0.05) (Table 8). This value was found to be 81.8% positive. In other words, as the total
lobus temporalis and lobus parietalis brain volume increases, the number of neurons in the lobus temporalis
and lobus parietalis regions also increases.

In animals with PTZ, a statistically significant relationship was detected between the grey matter volume of
the lobus temporalis and lobus parietalis regions and the number of neurons in the lobus temporalis and lobus
parietalis regions (p<0.05) (Table 8). It was observed that this relationship was 81.7% positive. In other
words, as the number of neurons in the lobus temporalis and lobus parietalis regions increases, the grey
matter volume of the lobus temporalis and lobus parietalis regions also increases.

When the the grey matter/total temporal and parietal lobe brain volume and the number of neurons in the
lobus temporalis and lobus parietalis regions were evaluated, a statistically significant relationship was
detected between them (p<0.05) (Table 8). This situation was found to be 81.2% positive. In other words, as
the brain volume ratio of the grey matter/lobus temporalis and lobus parietalis increases, the number of
neurons in the lobus temporalis and lobus parietalis regions also increases.

DISCUSSION

Epilepsy is a disease that directly affects the cortex cerebri (Pardoe et al., 2017). Models of epilepsy have
emerged as a result of testing molecules used to produce anticonvulsant drugs (Onat et al., 2013; Uslu and
Kulaksizoglu, 2018).

In order to examine the effect of topiramate, one of the epilepsy drugs produced in the 1990s, on neurons,
Sonat and Balci (2010) created experimental epilepsy with pilocarpine. The experiment was conducted with
the occurrence of numerous tonic-clonic seizures with a single intraperitoneal injection of 380 mg/kg
pilocarpine, which is considered a high dose (Sonat and Balci, 2010). In our study, a dose of 80mg/kg, which
is considered a high dose, was preferred in the experimental epilepsy model created using PTZ. As a result of
the application of this dose, tonic-clonic contractions were observed in the animals, similar to the results
obtained with pilocarpine applied at a dose of 380 mg/kg by Sonat and Balci (2010).
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In a thesis study conducted in 2008, an epilepsy model (status epilepticus) was created by administering
lithium (127 mg/kg) and low dose pilocarpine (50mg/kg) to rats intraperitoneally (i.p.). In this application,
lithium and pilocarpine are dissolved in distilled water and administered i.p. in 0.2 ml. It was carried out by
injection (Yetismis, 2008). In this study, 80 mg/kg PTZ was mixed into 0.5 ml of 0.9% physiological saline
and administered as a single dose injection intraperitoneally. The study does not agree with the study
conducted by Yetismis (2008) both in terms of the chemical substance used in the epilepsy model and in
terms of dosage. Additionally, Yetismis (2008) used two different chemicals to be able to create epilepsy.
However, in this study, the use of PTZ in a single dose was preferred. Thus, the animals used in the
experimental study were kept under less stress. While Yetismis (2008) applied the status epilepticus model in
his study, the generalized model was preferred in this study. Both studies also differ in the choice of creating
an epilepsy model.

In an experimental study, a single dose of PTZ 35 mg/kg was given intraperitoneally to rats and the number
of c-fos positive neurons in the lobus dexter cerebri was calculated by immunohistochemical method. As a
result, it was determined that there was an increase in the number of c-fos positive neurons (Cetindag et al.,
2021). While the chemical substance and method used in this study are similar to the study conducted by
Cetindag et al., (2021), there are differences in the doses applied. In addition, although they are similar in
terms of neuron count, Cetindag et al., (2021) preferred immunohistochemical staining, while the
Hematoxylin-Eosin staining method was chosen in this study. However, as a result, a neuron count was
made. While Cetindag et al., (2021) found an increase in the number of c-fos positive neurons in his study,
no statistical difference was detected in the neuron count in this study. Similar to the study conducted by
Cetindag et al., (2021), Willoughby et al., (1997) preferred the immunohistochemical method to calculate the
number of c-fos positive neurons. They found that there was an increase in the number of c-fos positive
neurons in both the hippocampus and cortex with the intravenous administration of 10 mg/kg kainic acid to
rats. Unlike the current study, no increase in the number of neurons was found in this study.

It was examined whether there was neuronal loss in the dentate gyrus in the experimental epilepsy model
created by administering kainic acid with an average dose of 32 mg/kg. Fewer neurons were observed in the
subject group than in the control group (Buckmaster and Dudek, 1997). Our study differs from this study in
terms of both chemical PTZ application and the subtantia grisea areas of the lobus temporalis and lobus
parietalis regions. However, although we counted neurons in a similar manner, no change was detected
between the groups in our study in terms of the number of neurons.

In a study, an audiogenic epilepsy model was created by exposing rats to 110-120 dB sound stimuli for 90
seconds, and the colliculus superior sinister and dexter were evaluated with the stereological method. While
there was a statistically significant difference in terms of total number of neurons in the colliculus superioris
dextra between the control and epilepsy groups, it was determined that there was no statistically significant
difference between the control group and the epilepsy group in the colliculus superioris sinistra (Keloglan et
al., 2017). Although the fact that neuron counting was performed in cortex cerebri made a difference in our
study, the number of neurons was calculated in a similar way.

In the study conducted by Courchesne et al., (2000), the volume of the grey matter in the Cortex cerebri in
healthy children and adults increased by 13% between early childhood (between 19-33 months, average 26
months) and late childhood (6-9 years), and then it increased by 1% every 10 years. They found that it
decreased by 5% (2000). Bonilha et al., (2004) found that there was a significant decrease in cortex cerebri
and the subcortical grey matter in adults with temporal lobe epilepsy In a study, no significant difference was
found in cerebrum volumes in volume measurements taken from radiological images between epileptic and
healthy adults and patients with partial and generalized epileptic disorder in the epilepsy group (Bonilha et
al., 2004).

In another study where stereological measurements were obtained using the Cavalieri method, a total of 100
children, 50 females and 50 males, between the ages of 3-16 were used. In the study, cranial magnetic
resonance images and volumetric measurements of cerebral cortex, the cerebral white matter, cerebrum,
cerebellum and total brain were taken retrospectively in children with generalized and partial seizures
diagnosed with idiopathic epilepsy. The brain volume values obtained between the partial and generalized
seizure groups were compared and no statistically significant difference was detected. However, asymmetry
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in cerebral cortex volume was detected in both seizure groups (Adanir, 2019). In this study, the physical
dissector method was used and the volume measurement values on the obtained sections were carried out
using the Cavalieri’s Principle, one of the stereological calculation methods. This study is not similar to
existing studies in obtaining measurement values. However, as stated in both literatures, no difference or
change in the volume values of the lobus temporalis and lobus parietalis regions of the PTZ group was
detected in this study. However, this study on the experimental epilepsy model differs from the study
conducted by Adanir (2019) in terms of lobus temporalis and lobus parietalis total volume measurement and
neuron count, which are targeted to be determined in this study.

In a different study on Temporal Lobe Epilepsy (TLE), the lobus temporalis/telencephalon volume ratio was
examined on 30 healthy women and 30 female patients with lobus temporalis epilepsy as a control group. In
this investigation, stereological measurements were made using the Cavalieri method on magnetic resonance
images (MRI). In the calculation of the lobus temporalis/telencephalon volume ratio, it was determined that
the patient group was significantly lower than the healthy participants. In this study, stereological
measurement was obtained using the Cavalieri method, and it is similar to the methodological calculation
method made by Kurkcuoglu et al., (2010) in terms of the use of the stereological method. Although the
epilepsy-focused lobus temporalis/telencephalon volume ratio study of Kurkcuoglu et al., (2010) was similar
to this study, it differed in terms of volume and neuron counts of the lobus parietalis region other than the
lobus temporalis. Additionally, when the results were evaluated, no statistically significant difference could
be detected in the grey matter/total lobus temporalis and lobus parietalis volume values between the control
and PTZ groups in this study.

Bonilha et al., (2004) found that there was a significant decrease in cortex cerebri and subcortical the grey
matter in adults with temporal lobe epilepsy. Epilepsy is a disease that directly affects the cortex cerebri
(Bartzokis et al., 2001). Bartzokis et al., (2001). stated that there is a significant decrease in lobus frontalis
and lobus temporalis the grey matter volumes with age in healthy men (Bartzokis et al., 2001). In another
study conducted in healthy adults, cortex cerebri volume was found to decrease with age (Jernigan et al.,
2001). In one of the studies examining the cortex cerebri volume, it was reported that the development of the
cortex cerebri does not follow a constantly increasing graph, but increases until a certain age in both men and
women and then begins to decrease (Giedd et al., 1999). In this study, lobus temporalis and lobus parieatalis
volume and the grey matter volume were calculated, similar to the studies mentioned. Our study is exactly
similar to existing studies in terms of the regions selected for volume calculations. In addition, although there
is an age factor in the mentioned literature, adult rats were used in our study. Therefore, it is not possible to
talk about an age-dependent increase or decrease in volume values for this study.

In a study, no significant difference was found in cerebrum volumes in volume measurements taken from
radiological images between epilepsy and healthy adults and patients with partial and generalized epileptic
disorder in the epilepsy group (Hagemann et al., 2002). In a different literature, in a volume study conducted
on radiological imaging in healthy adults with epilepsy, no significant difference was found in cerebrum
volumes between both groups (Adanir, 2019). In this study, the physical disector method was used and the
volume measurement values on the obtained sections were carried out using the Cavalieri’s Principle, one of
the stereological calculation methods. This study is not similar to existing studies in obtaining measurement
values. However, as stated in both literatures, no difference or change in the volume values of the lobus
temporalis and lobus parietalis regions of the PTZ group was detected in this study.

In a thesis study, the temporal lobe epilepsy (TLE) model was created based on neuropathological findings.
For creating this model, kainic acid was injected unilaterally into the dorsalis hippocampus. In this model,
kainic acid (KA) caused acute status epilepticus that ended within 24 hours (Rehimli, 2013). In our study,
intraperitoneally administered PTZ focused only on the lobus temporalis and lobus parietalis, and the
volumetric and cellular changes in these lobes were examined. Rehimli (2013) injected kainic acid into the
unilateral dorsalis hippocampus to create the TLE model and thus developed a local working method. Our
study is different in this aspect. Additionally, Rehimli (2013) observed the study for 24 hours to create the
acute status epilepticus model. However, this study is an acute study and the observation period was
determined as 30 minutes. Unlike the acute status epilepticus model, this study is generalized.
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Considering the mean values in the PTZ group compared to the control group in the study, it was determined
that the number of neurons increased by approximately 1.09% and the total lobus temporalis and lobus
parietalis brain volume values increased by 2.29%. However, it was determined that there was a decrease of
approximately 0.35% in the grey matter mean volume value of the lobus temporalis and lobus parietalis
regions and approximately 2.28% decrease in the grey matter/total lobus temporalis and lobus parietalis brain
volume value.

CONCLUSION

As a result, in our study, no statistically significant change was detected in the total lobus temporalis and
lobus parietalis brain volume measurement and the grey matter volume measurement of the lobus temporalis
and lobus parietalis regions according to the groups. However, in the study, a statistically significant
difference was observed between the control and PTZ groups in the brain volume of the grey matter/total
lobus temporalis and lobus parietalis. Especially the grey matter/total lobus temporalis and lobus parietalis
brain volume values were found to be lower in the PTZ group. However, this value does not change in the
control group. This difference only becomes apparent when the grey matter volume values are compared to
total lobus temporalis and lobus parietalis volume values. It was determined that the volume values of the
lobus temporalis and lobus parietalis regions, which were statistically calculated separately, were
independent of the proportional values. It was determined that this difference was not due to the change in
the amount of neurons and volume. It has been revealed that the decrease in the grey matter/total lobus
temporalis and lobus parietalis brain volume ratio detected in the PTZ group may be due to the decrease in
the number of glial cells or the intercellular ground substance and that more detailed studies on this subject
are necessary.

As a result of the literature review, it was determined that there are a limited number of anatomical and
stereological studies on epilepsy. It is thought that this study may contribute to both epilepsy and
stereological studies. As a result of the research, it was concluded that the relationship determined between
the volumetric data calculated by stereological methods will contribute significantly to the morphology of
the region. As a result, we believe that the data obtained and presented will contribute significantly to
eliminating the deficiencies in these issues and can also form the basis for different stereological studies on
the nervous system.
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ABSTRACT INFO

Hepatocellular carcinoma (HCC) is defined as the sixth most common cancer type and the third most

common cancer type in terms of cancer-related deaths. Tarantula cubensis alcohol extract (TCAE, Received:
Theranekron) is a homeopathic medicine frequently used in veterinary medicine in the treatment of  16.09.2024
papilloma, mammary adenocarcinoma and necrotic disorders. The present study aimed to reveal the Accepted:
treatment effectiveness of TCAE and Sorafenib (S) in HCC induced by Diethylnitrosamine (DEN) and 22.10.2024
N-nitrosomorpholine (NMOR)-induced HCC in rats. Rats were randomly divided into 7 groups: Control

(C), Control + TCAE (CT), Control + S (CS), Cancer Control (CC), CC+TCAE (CCT), CC+S (CCS),

CC+TCAE+S (CCTS). In the CC group, the values for glucose, triglyceride (TG) and total antioxidant

capacity (TAC) values were found to be significantly higher than in all other groups (p<0.001), while

the p21 levels were found to be significantly lower (p<0.05). It determined an increase in serum p21

levels (p<0.05) and a significant decrease in glucose and TG levels (p<0.001) in the CCT, CCS and

CCTS groups compared to the CC group. Histopathological examination revealed that the CC group

showed cancer morphology, and the treatment groups caused a decrease in tumor incidence and size. As

a result, it can be said that TCAE can be used alone and/or combined with chemotherapy drugs to reveal
antiproliferative effects on cancer cells in HCC. Sorafenib and TCAE combination therapy may

potentially synergize to improve the magnitude and durability of antitumor responses in patients with

HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is an important malignancy worldwide and has a high incidence of tumor
recurrence and metastasis (Anwanwan et al., 2020). Moreover, HCC is defined as the sixth most common
cancer type and the third most common cancer type in terms of cancer-related deaths. The prognosis for HCC
is poor in HCC due to the inadequacy of effective systemic and targeted treatments. HCC develops as a result
of chronic hepatitis, and etiopathogenesis includes hepatitis B and C infections, diabetes, excessive alcohol
consumption, non-alcoholic liver disease and aflatoxicosis (Zhang et al., 2009; Anwanwan et al., 2020;
Sagnelli et al., 2020).

Sorafenib is a multikinase inhibitor that is frequently used in HCC treatment. It has an antiproliferative,
antiangiogenic and anti-immunosuppressant effects on tumor cells. It triggers antiproliferative and
antiangiogenic effects by inhibiting the signaling pathways Ras/Raf/Mitogen-activated kinase (MAPK) and
extracellular signal-regulated kinase (ERK) signaling pathways and VEGFR-1,2,3, PDGF-R and FGFR
receptors (Huynh et al., 2011; Cervello et al., 2012; Habiba et al., 2022). Long-term treatment with sorafenib
often causes decreased sensitivity of cancer cells to chemotherapy in cancer cells, leading to acquired
resistance. Therefore, new therapeutic treatments of HCC with better efficacy are urgently needed (Cabral et
al., 2020; Xia et al., 2020). Tarantula cubensis alcohol extract (TCAE, Theranekron) is a homeopathic
medicine obtained from the Tarantula cubensis spider species. TCAE is a drug with anticancer and
antiproliferative effects that has been used in veterinary medicine for the treatment of papillomas, mammary
adenocarcinoma and other different carcinomas and necrotic disorders (Gultiken and Vural, 2007; Ghasemi-
Dizgah et al., 2017; Gul Satar et al., 2017; Ozdemir et al., 2022; Akcakavak and Ozdemir, 2023; Akcakavak
et al., 2024).

p21 is a protein located downstream of p53 that inhibits each member of the cyclin/Cdk family that is required
for the transition from G1 phase to S phase of the cell cycle. The p21 protein acts as a potent tumor suppressor
in both normal and cancer cells (Abbas and Dutta, 2009; Shamloo and Usluer, 2019). In recent years, the p21
gene has been frequently evaluated in many types of cancer (Huang et al., 2020; Dong et al., 2021; Liu et al.,
2021).

In the current study, the effects of TCAE and Sorafenib treatments on p21 protein levels were investigated and
their effectiveness in HCC treatment was evaluated. Additionally, total antioxidant capacity (TAC) levels were
examined to determine antioxidant capacity, glucose and triglyceride (TG) levels were examined to assess
metabolic profile.

MATERIAL AND METHODS

Animal materials

A total of 58 male, 6 weeks old, weighing 140-210 g, Wistar-Albino - rats, obtained from Selguk University
Experimental Medicine Application and Research Center were used. Applications were carried out in
accordance with the conditions for the care and use of laboratory animals (12 hours of light: 12 hours dark and
2443 °C, standard commercial rat food, drinking water ad libitum). Animals were randomly divided into 7
groups. The groups used in the study and the procedures applied are shown in table 1. Diethylnitrosamine
(DEN, NO0258-1G-Sigma Aldrich) dissolved in dimethylsulfoxide (DMSO) was administered at 120
mg/kg/intraperitoneally(i.p.). Three days after DEN application, N-nitrosomorpholine (NMOR, N0258-1G-
Sigma Aldrich) was given at a dose of 50 ppm with drinking water for 21 weeks. Due to the risks of DEN and
NMOR application, sorafenib (Mybiosource-MBS655375) dissolved in 200 mg/ml DMSO was applied at 5
mg/kg/gavage to create a minimal toxic level (Sieghart et al., 2012; Yoshiji et al., 2014). TCAE (Richter
Pharma) was applied at 0.3 ml/ subcutaneously (s.c). From the beginning to the end of the study, weight
changes, feed and drinking water intake, drug side effects and secondary infection controls of the animals in
all groups were carried out. In the study, TCAE and Sorafenib treatments started at the 22" week and were
terminated at the 25" week.

MJAVL Volume 14 (Issue 2) © 2024 https://dergipark.org.tr/en/pub/mjavl
Manas Journal of Agriculture, Veterinary and Life Science is licensed under Attribution-NonCommercial 4.0 International



https://dergipark.org.tr/en/pub/mjavl

203

Table 1. Experimental design

Groups Applications

C (n;6) Physiological saline 0.3 ml/sc twice daily/3 days per week.

CT (n;6) TCAE 0.3 ml/sc 2 times a day/3 days a week.

CS (n;6) Sorafenib 5 mg/kg/orally 5 days a week

CC (n;10) There is no treatment

CCT (n;10) TCAE 0.3 ml/sc 2 times a day/3 days a week.

CCS (n;10) Sorafenib 5 mg/kg/orally 5 days per week

CCTS (n;10) TCAE 0.3 ml/sc 2 times a day/3 days a week and Sorafenib 5 mg/kg/orally

5 days a week

(C; Control, CT; Control + TCAE, CS; Control + Sorafenib, CC; Cancer Control, CCT; Cancer Control+TCAE, CCS;
Cancer Control+ Sorafenib, CCTS; Cancer Control+ TCAE+ Sorafenib, TCAE; Tarantula cubensis alcoholic extract)

Collection of Blood and Tissue Samples

In the 25" week of the study, all rats were anesthetized with intravenous ketamine-xylazine (5-10 mg/kg) and
were euthanized by cervical dislocation after their blood was collected intracardiacally. The serum obtained
after centrifuging the blood taken at 3000 g +4°C for 15 minutes (Hettich Universal 320R/1406) was stored at
-20°C (Kazak et al. 2024a; Kazak et al. 2024b) The livers were removed homogeneously and stored at -80°C
until analysis. On the day of analysis, the sera and liver samples were allowed to thaw gradually. Liver tissue
samples were homogenized in phosphate buffer solution ((1:10 w/v) adjusted to pH 7.4 in a homogenizer
(Heidolph, Silent Crusher M). Afterwards, the homogenates were then centrifuged for 15 minutes at 12,000
rpm at +4°C for 15 minutes and the supernatants were placed in eppendorf tubes.

Biochemical analyzes and liver tissue analyzes

Rat-specific enzyme-linked immunosorbent assay (ELISA) kits p21 (BT-LAB, E1082Ra), TAC (Elabscience,
E-BC-K136-M), glucose and TG levels were analyzed from liver tissue and serum samples by the enzyme
immunoassays method. All parameters were evaluated as a result of readings made on an ELISA reader (Biotek
ELx800, USA).

Histopathological examination

Liver samples of necropsied rats were fixed in 10% neutral formaldehyde solution for 24-48 hours. Afterwards,
paraffin blocks were obtained through routine tissue processing procedures. 5-micrometer sections taken from
paraffin blocks were stained with Hematoxylin-Eosin (H-E) and examined under a light microscopy (Olympus
BX51, Tokyo, Japan)(Akcakavak et al. 2023).

Statistical Analysis

Statistics were evaluated in the SPSS 22 (Inc., Chicago, IL) package program. Comparison between groups
was evaluated by one-way analysis of variance and post-hoc Duncan test. p<0.05 was accepted as significance
value.

RESULTS AND DISCUSSION

Biochemical results

Significant changes were detected in blood biochemistry and p21 values in the CC and CC+ treatment groups
(CCT, CCS, CCTS) (Table 2). A significant increase in TAC values (p<0.001) was detected in the CC, CCT
and CCS groups compared to the C groups. Glucose and TG values were obtained at the highest level in the
CC group compared to all groups (p<0.001). Especially in the CCTS group, the glucose, TAC and TG results
were close to those of the C group values, which was considered an important improvement (p<0.001). The
lowest p21 level was determined in the CC group compared to the CC+ treatment groups (CCT, CCS, CCTYS)
(p<0.05).
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Table 2. The values of blood glucose, TAC, TG and p21

Parameters ~ Glucose (mg/dl) TAC (nmol/L) TG (mg/dl) P21 (ng/ml)
Groups
c 106.40 +11.38° 1.43+0.08° 104.18 + 6.02¢ 0.68 +0.15
CT 116.64 + 11.68%% 1.46 £0.27° 106.11 +13.77¢ 0.79 £ 0.15%
CSs 133.37 + 8.93% 1.31+0.46° 130.50 + 17.41% 1.03 +0.30%
CcC 138.99 + 8.242 2.45+0.372 289.55 + 65.872 0.53 +0.08°¢
CCT 123.99 + 4.59¢ 2.51 £0.552 195.08 + 37.44P 0.95 + 0.40%
CCS 118.88 +9.92 2.62 +0.40° 206.67 +20.88° 1.03 £0.12%
CCTS 107.53 + 7.53% 1.38 £0.36° 153.53 +16.10°¢ 1.23+0.332
p p<0.001 p<0.001 p<0.001 p<0.05

@¢The difference between groups with different letters in the same column is important (p<0.001, p<0.05). Group averages
are given as Mean+SE (n;6) (C; Control, CT; Control + TCAE, CS; Control + Sorafenib, CC; Cancer Control, CCT;
Cancer Control+TCAE, CCS; Cancer Control + Sorafenib, CCTS; Cancer Control+ TCAE+ Sorafenib, TCAE; Tarantula
cubensis alcoholic extract)

Liver tissue p21 changes
Changes in p21 levels in the liver tissue remained at a more limited level (p>0.05) and no statistical difference
could be detected (Table 3).

Table 3. Liver tissue p21 values

Parameter p21 (pmol/ml)

Groups

C 0.65+0.11
CT 0.72 £ 0.06
Cs 0.81+0.13
CcC 0.73+0.15
CCT 0.70+0.11
CCSs 0.87£0.13
CCTS 0.82 £0.08

p p>0.05

Group averages are given as Group averages are given as Mean+SE (n;6) (C; Control, CT; Control + TCAE, CS; Control
+ Sorafenib, CC; Cancer Control, CCT; Cancer Control+TCAE, CCS; Cancer Control + Sorafenib, CCTS; Cancer
Control+ TCAE+ Sorafenib, TCAE; Tarantula cubensis alcoholic extract)

Histopathological Results

Histopathological examination revealed that the liver samples of the healthy control groups (C, CT, CS) groups
had a normal structure (Figure 1. A). In the cancer groups (CC, CCT, CCS, CCTYS), atypical cell features,
mitotic figures, steatosis, large clear cells and eosinophilic colored inclusions (Mallory bodies) were observed
(Figure 1. B-E). Additionally, it has been observed that trabecular and pseudo-glandular structures are often
together in cancerous areas. There was a decrease in the frequency and size of cancerous cells and the structures
formed by them in the livers in the CC+ treatment groups (CCT, CCS, CCTS) compared to the CC group
(Figure 1. C-E).
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Figure 1. Histopathological appearance of the groups, H-E, A. Normal histological appearance of livers in
the C group, x20. B. Atypical cell characteristics (black arrows), steatosis (blue arrows) and mitotic figure
(yellow arrows) appearance in the CC group, x40. C. Appearance of tumoral focus, clear cells (blue arrow)
and eosinophilic inclusion (black arrow) in the CCT group, x20. D. Atypical cells (blue arrow) and
eosinophilic inclusions (black arrow) in the CCS group, x40. E. Microscopic view of the CCTS group, x20.
(C; Control, CT; Control + TCAE, CS; Control + Sorafenib, CC; Cancer Control, CCT; Cancer
Control+TCAE, CCS; Cancer Control + Sorafenib, CCTS; Cancer Control+ TCAE+ Sorafenib, TCAE;
Tarantula cubensis alcoholic extract)
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DISCUSSION

Supplying adequate energy is vital for cancer cell growth and proliferation of cancer cells. Increases and/or
decreases in blood glucose and TG levels may occur in hepatocarcinogenesis. The most important reason for
this change is that the cause involved in the etiopathogenesis of HCC stimulates different metabolic pathways.
During the HCC process, disruptions occur in liver metabolism, which has an important place in the energy
mechanism (Asgari et al. 2015; Boroughs and DeBerardinis, 2015). It has been stated that hyperinsulinemia
and/or insulin resistance development due to abnormal glucose and lipid metabolism during the HCC process
causes intrahepatic fat accumulation and triggers HCC progression (Shi et al. 2021).

Significant changes in hepatic function that occur in the development of hepatocellular carcinoma can lead to
a deterioration of the metabolic lipid profile. Hepatic cellular damage causes abnormalities in serum lipid and
lipoprotein levels (Uccello et al., 2011). In the study conducted by Huang et al. (2016), they found in their
comprehensive analysis of HCC patients they found that hyperlipidemia increased tumor growth. In a different
study, in their study of liver damage study with DEN in rats, they found that ALT, AST, cholesterol and TG
levels were significantly increased compared to the healthy control group (Alsahli et al., 2021). Karabacak et
al. (2015) reported that TG levels increased in the aflatoxin group in their study of liver damage with aflatoxin.
In the current study, higher TG levels were obtained in the CC group compared to all groups, which is
consistent with the results of previous the studies. In addition, the high TG levels in the CC group may have
been caused by the deterioration of lipid metabolism as a result of severe damage to the liver and chronic
inflammation. This situation is supported by the histopathological examination of the CC group, which found
more severe glycogen and fat accumulation as well as enlarged hepatocytes, Mallory bodies and deterioration
of hepatic lobular structures compared to all groups (Vanli et al., 2024). In a study investigating the effect of
aflatoxicosis on metabolic profile in rats, it was found that TCAE treatment in the Aflatoxin+TCAE group
reduced TG levels compared to the Aflatoxin group (Karabacak et al., 2015). Similarly, the TG levels obtained
in the CCT group were found to be significantly lower than in the CC group. This result shows that TCAE
treatment in HCC may be effective in controlling high TG levels.

It was found that low-dose Sorafenib treatment in the early-stage HCC suppressed hyperlipidemia, improved
liver fatness, and significantly reduced blood TG levels (Jian et al., 2020). Similarly, it was determined that
Sorafenib treatment in the CCS group was found to significantly reduced blood TG levels compared to the
CCS group. The fact that the decreases were more pronounced in the CCTS group shows that the combined
treatment is more effective in controlling hypertriglyceridemia. In a comprehensive study carried out by Ooi
et al. (2005); They found that the plasma TG levels of HCC patients were not significantly different compared
to controls and reported that it was difficult to evaluate the occurrence of HCC by measuring lipoprotein
fractions alone. Therefore, detection of other lipid fractions is needed for full evaluation.

Chen et al. (2019) reported that blood glucose levels decreased over time in the DEN group compared to the
control group in HCC induced by DEN.. In the present study, hyperglycemia occurred in the CC group
compared to all groups. Similarly, in the comprehensive analysis examining the metabolic pathway and profile
related to HCC, higher serum glucose levels were obtained in patients with advanced stage HCC compared to
patients with early stage HCC (Casadei-Gardini et al., 2020). Karabacak et al. (2015) in their study on hepatic
damage; They found that in the Aflatoxin+TCAE group, TCAE treatment did not reduce glucose levels and
that a decrease in glucose levels occurred in the Aflatoxin group. In this study, it was determined that TCAE
treatment led to significant decreases in the CCT group compared to the CC group (p<0.001). It has been
reported that Sorafenib treatment does not cause any change in blood glucose levels in DEN-induced cirrhosis-
associated HCC (Kurma et al., 2022). In the present study, it was determined that Sorafenib treatment
significantly reduced blood glucose levels in the CCS group. In the current study, the highest decrease in blood
glucose levels occurred in the CCTS group compared to the CC group, and the combined treatment of TCAE
and Sorafenib reduced blood glucose levels more effectively in HCC. It is worth noting that additional studies
are needed to reveal the relationship between the HCC process and hyperglycemia.

The most important activity for protecting tissues and organs against increasing reactive oxygen species (ROS),
inhibiting ROS activity and cellular repair cells is provided by antioxidant capacity. Excessive reactive oxygen
species that occur during DEN and NMOR metabolism in the liver appear as an initiating, expanding and
progressive cause of HCC (Li et al., 2023). HCC patients have been observed to have higher plasma levels of
oxidative stress markers and lower antioxidant capacity compared to healthy controls, hepatitis patients, or
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patients with cirrhosis, and this unbalanced state has been implicated as an important cause of the development
and progression of HCC (Nishimura et al., 2013; Shimomura et al., 2017). In our study, it was observed that
TAC levels increased in the CC, CCT, and CCS groups and was associated with HCC. In one study, it was
determined that TCAE reduced oxidant activity and increased TAC values in the polymicrobial sepsis model
(Tanyeli etal., 2019). The fact that TAC values in the CCTS group were close to healthy groups was interpreted
to be related to the effectiveness of combined treatment. However, in order to fully evaluate TAC levels, total
oxidant capacity must be determined.

p21 acts as a potent tumor suppressor protein in both normal and cancer cells (Shamloo and Usluer, 2019). In
patients with hepatocellular carcinoma, it has been reported that p21 expression is observed in 37% of HCC
tissues following tumor resection and that p21 serves as an independent prognostic factor for survival (Kao et
al., 2007). In cases of chronic hepatitis and cirrhosis, activation of the p21 checkpoint activation has been
found to be associated with an increased risk of HCC (Plentz et al., 2007). It has been reported that p21 is
upregulated by inflammation in chronic liver diseases and is associated with HCC in cirrhotic patients
(Wagayama et al. 2002). Unlike these studies that associate the risk of hepatocellular carcinoma with the
increase in p21 (Wagayama et al. 2002; Plentz et al., 2007), in our study the lowest p21 levels among the
groups were detected in the CC group. It has been reported that TCAE treatment in rats with colorectal cancer
causes inhibition of Proliferating cell nuclear antigen (PCNA) in cancer cells and cancer proliferation may be
suppressed (Ozdemir et al., 2022; Akcakavak et al., 2024). It has been reported that the spider venom
"Macrothele raveni" spider venom (Gao et al., 2007) and Apigenin (Sirin et al., 2020) increase p21
accumulation of p21 in HepG2 cells and show an antiproliferative effect by stopping the cell cycle in HCC
cells. Consistent with these studies, blood p21 levels in the CC+treatment groups were statistically similar to
the healthy control group and were interpreted as an antiproliferative effect.

The high levels of p21 in the CC+treatment groups did not inhibit apoptosis; on the contrary, the presence of
a large number of apoptotic HCC cells in these groups reflects the effectiveness of the treatments applied in
the groups. This is supported by Vanli et al. (2024) finding that treatments applied in the CC + treatment groups
obtained higher caspase-3 and granzyme B results than the CC group. The molecular behavior of p21 in cancer
cells depends on its subcellular localization and has a dual role in some types of cancer, including HCC. While
nuclear p21 can be pro-apoptotic by inhibiting cell proliferation, cytoplasmic p21 can have oncogenic and anti-
apoptotic functions (Ohkoshi et al., 2015). Therefore, additional research is needed to fully determine the
inhibition of p21-mediated proliferation in HCC and its targets in this pathway.

The current study has some limitations. Future studies may provide a more comprehensive perspective on the
effects of TCAE on HCC by evaluating the expression of different proteins that play important roles in the cell
cycle.

CONCLUSION

Considering the current study results, it has been determined that TCAE may produce antiproliferative effects
through the p21 protein. Considering the healing effects on the metabolic profile of using TCAE alone or in
combination with Sorafenib, it can be said that it is a drug with potential to be used in the treatment of HCC.
In this context, in order to fully reveal the antiproliferative effects of TCAE, there is a need to investigate
proteins involved in the cell cycle and proliferation.
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ABSTRACT INEO
To scientifically assess the influence of Allium cepa L., Allium sativum L., and Capsicum annuum L. on
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KNPHUIIYY

OHYTYII Kene J>KaTKaH eJKeNepAery aibul KaukbiHbiH 80%bl yi alOaHIapblH JapbUIOOJO CAITTHIK
BETEpUHAPHs MpaKTHKachiHaH ko3 Kapauabl (NAVS, 2015; Yadav et al., 2021). CuHTeTHKAIBIK AaphI
KapaKaTTapbIHBIH TepPC IKAKTAPBIH JKOIOYra jKaHa OpPraHUKANbIK 4Yap0a KYpry3yyHy JKaibuiTyyra
ATHOBETEPUHAPHS MYMKYHUYJIYTY YOH TapMakK KaTapbl Oaananat (Mayera et al., 2014).

Maun uap0Oacsl xakmbl eHykken Wramus (Viegi et al., 2003), Ucnanus (Benitez et al., 2012), Ilseitnapus
(Bischoff et al., 2016; Mertenat et al., 2020), Usirsim Adpuxa (Caudell et al., 2017), [Takucran (Aziz et al.,
2018), Bpaswuus (Antonio et al., 2015), Uuaus (Upadhyay et al., 2011) xana Keitaii (Shen et al., 2010; Shang
et al., 2012; Xiong and Long, 2020) chiIKkTyy ©IKeJepae Ja ITHOBETCPHHAPABIK AAPBUIOO TaKpPbIHOAIaphI
y3aK KbU11ap 000 KOJIOHYITYYAA.

OTHOBeTepUHApUs  IPAKTUKACBIHAA  KOJJOHYJIraH CalNTTyy JAapbuloO  KapaKaTTapblHBIH — 65%bl
OCYMAYKTOPIOH JNaspranca, AyiHe xy3y Ootorua 35000 ambik JapbUTBIK KacHETKE 33 ©CYMAYKTOp
anpiktanran (Tekle, 2015). OcymaykrepayH 3KCTpakTapbl CHISIKTYY KOI KOMIIOHCHTTYY Aapbl Kapakarrap
KeJIeUeKTe NaTOreHyy MUPOOPraHu3MIEpre Kapllibl CTpaTerusiga MaaHwIyy OpyHIy 33JIeld MyMKYH. Man
JapblI00 YUYH KeNeueKTYy OOJNroH Japbl ©CYMIYKTOPAY jKaHa TaOWIbIH ©HAYPYMIOPAY aHBIKTOO YUypAYH
akTyannyy macenenepunun oupu (Bischoff et al., 2016). DTHoBeTeprHApPUS IPAKTUKACHI CAITTYY AapbLIOO
BIKMaJIapbIH KOJJIOHYY MEHEH, 6CYMIYK OMOapTYPAYYJIYTYH CaKTOOTO aHa KOprooro aa e0eire Ty3er.
Yuypnaarst 120 munnuapa AKI $ 6aananran ecyMayk napbl kKapakaTTapblHbIH 0a3apbl, 2050-KbLIra 133pIHK
7 Tputnon AKII $ nevipe ecet neren 6oxomomnaop 6ap (NAVS, 2015).

XKoropyna GenruieHeii, canTTyy BeTepuHAPAbIK MPAKTHKAAA KOJIAOHYJITaH Aapbl 6CYMIYKTOp, OOHION dIie
TaOUTHIA Japbl Kapa)xarTap, KeledeKTe Mal JapblUTooA0 Maiiialyy TeparneBTUKAIBIK allbTepHATHBA TY3YITY
MYMKYH. BUpOK, THIIeKKe Kapiibl OYTYHKY KYHI® MBIHIAl WINEHUMYY JKaHa WIMMUHN YKaKTaH Herm3AesreH
STHOBETEpPUHApPHUSA Kapaxartapsl Ty3yne osiek (Mayera et al., 2014). AHApIKTaH, 3THOBETEPUHAPHUS
ATHOOHMOJIOTHSIHBIH a3 M3WJIICHI€H TapMarsl kartapsl Kanyynaa (Miara et al., 2019).

CoBeT MOOpyHIA SCKH JEIHIT YHYTYJYN KaJIlaH J3THOBETEPUHAPHSUIBIK JApBUIOO KapaXkaTTapblHa j>KaHa
BIKMaJapblHa  KBIPTbI3  (epMepJIepuHUH  Kaiipa  KaWpbUIyyCyHa  3apbUIYbUIBIK  KEJIWI  YBIKTHI.
DTHO(APMAKOIOTHS KYpPHAJBIHA KapbIsUIAHTAH 371 apaliblk MaaHHWJCTH alradykbl Makajala KbIPrbl3 3JId
ATHOBETEPHHAP/BIK [apbLIO0 MaKcaThlHAA KOJIOHYIyydy 27 ypyyra MyHe3ayy 66 Typ ecyMayk
JOKYMEHTTEJIHII, allap/ibiH HauHeH 40 Typ 6CyMIYKTYH Oyl ’aaTTa KOJJIOHYJIYYyCy ajrad upeT KabapiiaHraHbl
anpikTanrad (Aldayarov et al., 2022).

VYuypaa KbIprbl3 3THOBETEPHUHAPHSCH OOIOHYA H3WINO6 HIITEPHU aKTyaldyy *XaHa KEUUKTUPWITHC HII-
YqapanapblH OMpUHE aillaH/Ibl.

Keipreiz PecriyOnmkackiHga Ky yapOackl Man 4apOachlHBIH MaaHWIYY TapMakTaplIblH OMpH >KaHa ali
OJIKOHYH a3bIK-TYJIYK KOOICY3AYTYH KaMChI3 KbUTyyla ©3re4e OpyHra 33. Ydypaa pecnyOJHKaHbIH
aiiMarsiHIa UpH *KaHa opTouo 41 yii KyltapblHaH ajblHIaH OHIYPYMAOPAY Kaiipa MINTEeTYydy WIIKaHaJap
kartanran (Tazabek, 2021). AnapzpiH xanmbl canbl 4akaH (pepmanapabl komkouao 700 nen ambik. bupok,
KBIPTBI3 OHAYPYYUYIOPY 6IKOHYH HUKK O6a3apblH Kyl 3THHE 00NToHY 5%, ®KyMypTKara 60J1roH KepeKTooCYH
45%ra rana kamceigait amat (Boronbaeva, 2018). Kym enaypymyHyH KairaH OackiMayy Oeiyry
HUMIIOPTTOJITOH OHAYPYMAOPAYH 3CeOMHEH ToinyKTanar. PecryOnuka 60toHYa Y KyIITapbIHBIH KapbIMbIHAH
keoOypeery (54.3%; 3219172) upwu, optouo pepmaniapia xaHa keKe HILIKepIiepae OarbuiraHbl MEHEH, ajlap/bIH
JKaJmbl cCaHbIHBIH 45.7%51 (2705508) aiibn aHa 1aap xKeprecuHIern )kapaaHaapIblH )KeKe KOMOKUY Ke Yi
yapOanapsiaaa aceipansin (UIStatkom, 2022), komrymya a3bIk ykaHa Kuperie Oysiarsl Kataphbl MaiiiajaHbliar.
Yii yapOachiHaa acklpalrad KyIITapAblH 3TH MEHEH KYMYPTKAChl SKOJIOTHSUIBIK JKaKTaH Ta3a, OpPraHUKaIbIK
OHJYPYM Kartapbl OaanaHbil, (HaOpHKAIBIK THHHWINTYY OHIYPYMIOPre CalbIITBIPMAaNyy, >KEPTHIUKTYY
Oazapnapga 2-3 sce xoropy Oaanma carbuiaT. AHTKEHH, YH uapOachlHOAarsl KyIITap SKyTyIITYy Kyl
bUIAaHAApPBIHA KapIIbl JMJENOEHT, XWUMHUSUIBIK aHTHIApa3uTapAblK [apbulo0 KapakaTTapblH JKaHa
AHTHOMOTHUKTEPAN KOJIJOHYY MEHEH JapblUIO0 UII-apaKeTTEPH KYPry3yT06HT.
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OTHOBETEPUHAPHS KaaTblHAa OM3AMH Oyra YeHUH HINKE allbIPhUIraH WINMHEA 1051000pyoOy3aa (KTMU-
BAP.2021.FB.03), yii uapOaceiHa OarbuiraH KyIITapabl JapblUloo jKaHa ajapblH bIIaHIAPBIH ajIIbIH alyy
MmakcatbiHIa yap0a »amepu mus3asl (Allium cepa L.), capsimcaktsl (Allium sativum L.) sxaHa adyy KbI3bLT
kanemrupau (Capsicum annuum L.) Koa10HOOPY KOHYHIOTY MaaabIMaTTapIblH JOKYMEHTTEITCHHH Jarbl
9CKe anbln, MakamanelH Makcatel — Allium cepa L., Allium sativum L. sxama Capsicum annuum L.
OCYMIYKTOPYHYH TOOK J>KOXKOJOPYHYH JIeHEe caliMarbiHa, I'eMaTOJOTHsIIBIK JKaHa KaH capbl CYYCYHYH
OMOXMMUSIIBIK KOPCOTKYYTOPYHO THUHTU3TEH TAACUPUH HIIMMHUI HETH3/100 OOTYIT aHBIKTAII/IbL.

N3NJI116006 MATEPUAJIBI ’KAHA BIKMAJIAPBI

Took xe:xeJ16py KaHa aJlapAbl KAUTALUTHIPYY

Typayy Tykymumars! 6up aitimbik 48 Oamr KITMHUKAIBIK AEHA COO TOOK kexkenepy Keiprez PecrryOnukachrHbIH
Uyit o6mycyryH Cokyiyk mMall 6a3apblHAArsl Vil KyIITapblH CaTyy KalblHaH albIHIBL. Taxperida Kyprysyy
MaKkcaTbIHJa JaspAajirad aTalblH jKaiTa jKkexKeNeply KalralTelpyyaaH Mypaa, ap OUp >KeKeHYH OyTTapbl
1% ¢opManuHanH 3pUTMECHHE CaJBIHBIN, TYMIIYTY kaHa geHecd 70% 3THI COUPTUHUH 3PUTMECH MEHEH
OYPKYN 4YaubLIblI XKYTYIICY3JaHIBIPBUIABL. TOp WUYMHIETH XexenepAy Oaryy skaHa KapMoo ILapTTaphl
300THTHEHANBIK 3PEKENEPIN CAaKTOO MEHEH KaJbl KaObUT allbIHIaH MPUHIUNTEPre MaiKell YIoMTYpyIay
(RS, 2012). Totot (TapThutran Oyymai, apmna jkaHa >Kyrepy apajammMachl) ajirad KyYHYHe 4, 3KH jKyMaJaH
KHUWH 3 upeT OeprIInilL, Ta3a CyyHyH naibiMa 60iyycy kezemenuaeHay. KyHyHe Oup, K33/1€ 9KH KO KaIIbLT
yer (Oeze, anabaTa, COMIIOMO KBIMBI3IBIK XK.0.) Malijaianran xe OyTyHAe# TypyHae Oepunun Typay. AHAaH
CBIPTKaphl, ap OUp TOPUYOHYH MUYMHJAE KYJ KaHa Malja Tall-KyM apajiallblll CaJblHIaH UIUIITEP KOKOJIY.
Topuonopzmory TellelMeHy aJIMAIUTHIPYy JKaHa Ta3aJio0 MIOTEPH ap Y4 KYH CalblH AaTKapbUIIbL.
OKTONapasuTTepAH >KOJOTIOO MAaKCaThIHAA TOPUYOHYH WYMHE 3PMEH OCYMAYI'YHYH OWUp TyTaMbl WJIMHHUI
KOIOJITY, K39/1€ aJlap TOLIeNIMe KaTapbhlHAa A3 KOIAOHYIIY.

TakpbIi0aJbIK MIITHH KYPYLIY

TaxppIibaNbIK UIITEP TOOK KOIKOIOPY JKETHU KYH aChIpOO KAWBIHIA KapMaJbII, alalTalFsUTBIK TPOIeCCTEH
OTKOHJIOH KUHUH Oamtansl. by Me3ruiae xexesnepne OalikamaapiiblK KypYII-TYPYIITYK ©3repyyJep ke
KIIMHUKAJIBIK bIJIaH OSNTHIIEPH aHBIKTAJTaH JKOK.

TaxsIperiida, 48 Oall TOOK XKOKOIePYH TYCTOPY, YOHAYKTaphl )kaHa KEIHMBUILTYYITyT'YHA JKapaiia Oupjei Tept
TOMKO Oenyr, 12 O6amTaH ©3-03yYHU6 TOPUOJIOPTO KAUTaTHIPYyy MeHEeH OamTanabl. TaxbIpbliidanars: ap Oup
xexeHYH JeHe canMmarbl TapasanbiH (AOTE AT-400, China) skapaamblHaa ajblHIBI JKaHa ajnapra TYCYHe
apaia IapTTyy aT Oepuiu, Oupeil TycTery xexenep a’po30i TYPYHAOT'Y OOCKTOPAYH >KapJaMbl MEHEH
OyTTapel Ooenyn OenrmieHan. boektop Gar edyn kana OepreHAMKTEH, ap OWp KyMaHBIH asTbiHIa (JeHe
CaJIMaK e14ee y4ypyH/a) ajl 00eKTOp KaHbUIAHBII TYPAY.

Bupunun ton — koutposayk ton (CG) katapbl Oe/TUIICHAN, SKHHYH TONTOTY x)exkenepre — Allium sativum L.
(cappivMcak; GG), yuynuy tonrorynapra — Allium cepa L. (mus3; OG), Teprynayre — Capsicum annuum L.
(auyy kbI13611 Kaniemnup; PG) Maiinanansim, *KbUTyy cyyra 93WIHI TapThUITaH jKeM apajlaliMachliHa KOITYJIyl,
TaXpbliibagarsl xexelepre KyH ajibic 3pTeH MeHeH caaT 6:00-7:00 apanbIrbiHIa KEUUMKTUPHIOEH Oepumum
Typay. TaxpeliibanblKk UIITE KOMAOHYIraH MagaHui ecyMmaykrep COKyJyK >Kalblida OasapblHaH, al 3MHU
TapTHUITAH apIia, )KYrepy kaHa Oyynait 3apsi 6a3apbIHbIH K€M CaTKaH YKalbIHAH aJlbIHTaH.

Ap Oup arta asreiHIa (KEKIIEeMOU KYHIOPY) KOHTPOJIIYK jKaHa TaKPBIHOABIK TONTOTY JKOXKOJIepAyH JIeHe
caIMaKkTapbl AJIbIHBIN, MaajabIMaTTap Oa3zacblHA KUPTHU3WIMIL TypLy. TOOKTYH >KeXXKeJIepYHYH THPYYJHei
caJIMaKTapbIHAATHl ©3repYYJIep anTaHbH asrbIHAArBl TUPYYJIOH caiMarbiH OallTankbl THPYYJIOH cajiMarbiHa
0eJTyY jkaHa KBIUBIHTHITHIH MTalbI3 MEHEH TYIOHTYY apKbUTYY aHBIKTAJIJIbI:

TaxxpplifOasbIK WII ANTHI )KyMara CO3YyJly *aHa ajl ME3THJI apajbIlbIHIA KeXKeJepre aHTHOMOTUKTEpAH,
aHTUIapa3uTapABIK e Oarika 3aMaHOan Aapbl KapaxaTTapblH KOJIOHYY MEHEH JapbUIOO sKaHa OLIOHIOM 3Jie
3MJ66 UII-YapaJIaphl KYPry3YIreH 5KOK.
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Kan anyy xaHa aHbI M3WJ1100

TaxxpplifOanblK MINTHH asTbIHAA, TaKTal aiTkaHaa 43-KyHY 3pTeH MEHEH TOPT TOINTOTY JKeXKelepAeH, KaH
anyynyH texnukaceiHa (Kelly et al., 2013) punaiibik kaH anyy yroomrtypynay. blHraiibiHa sxapaiia KaH — KaHat
QJIJIBIHIATHI )KaHA METUATIBIK METATOPCABIK BEHANAP/IaH, KYPO© TaMbIP/IaH, alipbIM yuypliap/a KyperyHeH
aNBIHABL. AJT MakcaTTa KeJeMy 3 MJI OOJTOH IIIPHUITKE OMPUKTHPIIITEH 25-Kanuopaerd, 5/8 [roMayK uitHenep
konmoHynny (Zhejiang Huafu Medical Equp. Co. LTD, China). AybiHran kaH — KaHJIbIH TeMaTOJIOTUSLIIBIK
KOPCOTKYYTOPYH [IPUTPOLUTTEP, TEMOIJOOMH, T'€MaTOKPUT, SPUTPOLMUTTEPAMH YOIYY BUINAMJBITHI,
neiKonuTTep, TUMMOIUTTEDP, J03MHODMIIEP, MOHOIIUTTED, HelTpodunaep (Task4a >kaHa CETMEHT SAPOIYY),
6azo¢pungep, tpombouutTep]| anbikToo YuyH EDTA.K3 TroOmkTepuHe, KaHIBIH K33 OUp OMOXUMHSIIBIK
kepcoetkyutepyH [AJIT (amanmnamunTtpancdepaza), ACT (acmapraramuHTpaHCcdepasa),  KaJllbl
omumpyOuH, xammel O0emok] aHeikToo yayH Gel/Clot Activator (GD060SGC) TrobukTepuHe Te3 apana
Kytonay. ®@ne6oToMuUs yaypyH/a ACENTUKAIBIK JKaHa AHTUCETITUKAIIBIK dpeXkelep TaK CaKTallIbl.

EDTA.K3 TroOuKTepuH/Iery KaH Kbicka yoakbITka My3aaTkeruka (Beko RCSK 339 M20S, Typkust) Koromy1,
Mindray BC-20s (China) ammapaTsIHBIH XapAaMbIHAa 5 MYHOT apanbirbiaga umretwian. Ax smu Gel/Clot
Activator TroouruHIerun Kad, anrad 15-20 MyHeT O0eMe TeMIepaTypachlHAa KalThIPBUIBIT, KaHIBIH YIOITyHa
mapT Ty3y/ay. AHnaH coH ai MmyHetyHe 5000 skony aianyy (rpm) meHeHn 20 myHeTke 4°C Temnepartypania
uentpudyrananeim (NUVE NF 200, TUrkiye) xan capsl cyycy 6eiyHyn anbiHabl. KaHabIH GHOXUMHUSACHIH
mungee Mindray BS-360E (KerTaif) anmapaTelHBIHOAa OH O€ml MYHOT WYHMHJE aTKapbUIAbl. ATanraH
anmaparTap TEXHHKaJIbIK KbI3MaTKepiep TapaOblHaH ap OMp anTbl ail CailblH KETKUIMKTYY KOMMEPIHUSUIIBIK
MYMKYHUYYJTYKTOPAY KOJIOHYY MEHEH KaJuOpJICHUI Typar.

CTaTHCTHKAJBIK TAJ100

Maasnbimartap oprouo £SD kaTtapel Oepuiier. KOHTpOIAyK jKaHa TaXKpbIHOaIbIK TOMTOPJOTY KOKeJIepaYH
TUPYYJIOH JICHE CaJMaKTapbIHBIH, T'€MAaTOJOTHSUIBIK JKaHa alpblM OHOXMMHSIJIBIK KOPCOTKYUYTOPYHYH
aitpipMavbUTBIKTapbl CThIOAEHTTHH T-TecTH MeHeH aHbIkTamabl. P<0.05 MaaHHWCH CTATHCTHKANBIK KAKTaH
MaaHWyy Aen acentenan. MaagsiMatrtapabl Tangoo SPSS (23.0) apkeiiyy sKypry3yiay.

W3MIJ106 KBbIMBIHTBIKTAPBI

JleHe caJMaKTapbIHAATbI 63repyyJiop

1-cypetre kepceTyireHjiei, 4 TOMKO OOJIYHTOH TOOK JKOKOIOPYHYH OallTallKbl THPYYJeW caiMakTapbl
M3piuK oupaeit: koHTponayk (CG) —256.58+6.13, capeimcak (GG) — 25545.98, musz (OG) — 256+5.87 xaHa
auyy kajemmup (PG) — 257+4.89 Gepuiren tontop. ANl SMH TaXpbliOaHbIH COHYHZIa KOHTPOJIIYK TOIIKO
CANBIIITHIPMAITYy JKEMHHE capbIMCaK, MUI3 jKaHa adyy KaJeMIHp KOIIYNl OEepWJIreH TONTOPAOTY TOOK
KOXKOJIOPYHYH THUPYYJIeH AeHe canMakTapsl opTouo 19-48 r ueiinn sxoropynaransl Oaiikanasl. CThIOIEHTTUH
T-rectn apkbpulyy Tanfoo KYPrY3YYHYH OKbIMBIHTBIKTApbl, KOHTPOJNIYK >KaHa TaXpBIHOAJIbIK TONTOP
apachlH/Iarel JIeHEe CaJIMaKTapBIHBIH aWbIPMaYbUIBIKTAPBl CTATUCTUKAIBIK JKAKTaH MaaHWIYy SKEHIUTHH

Oenruneiit, Taktan aitkanaa GG — p<0.000134, OG — p<0.00011, PG — p<0.02258.

CapbiMcak aHa U3 OCPUITEH TONTOP apachlHIa JCHE CaJMaKTapbl CTaTHCTHUKAIBIK MaaHUIe 33 3Mec
(p>0.05; 0.7794) skeHun TacTHIKTaJICA, CAPBIMCAK JKaHa auyy KaJIeMIHp, U3 KaHa auyy KaJleMIup Oepuirer
TONITOPJYH OPTOCYHIATkl CATBIIITHIPYYIap CTATUCTUKAIBIK MaaHuTe 33 (p<0.05) O0NTOH >KBINBIHTHIKTAPIBI
oepau (p<0.0115 xana p<0.0052).
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TOOK X6>X010pYHYH TOIITOPY

1-cypot. Konmpondyk swcana maxcpsiiioaisik monmopoo2y mooK HCOHCONOPYHYH OAUMANKbL HCaAHA
AKBIPKLL OeHe CATMAKMAPLIH CATLIUMBIPYY

I'eMaToJIOTHSLIIBIK KOPCOTKYYTOPY

1-rabnumamarsl MaajbIMaTTap — OSPHUTPOLUTTEP, TEMOIVIOOMH, TE€MAaTOKPHUT, SPUTPOLUTTEPANH YOrYY
BULIAMABITHL, JEHKOUTTED, TUMMOIUTTEP, 303UHOGUITCD, MOHOLIUTTED, TasK4a sApoyy Hedtpodunaep,
CerMEHT snpolyy HeWTpodumiaep, 0azopuimep kaHa TPOMOOIUTTEPAMH CHIAKTYY 13 reMaTOJOTHsUIBIK
KOPCOTKYYTOPIYH OPTOYO MaaHWIEpHH Owiauper. byn MaaHwiepam caiblIThIpraHia APIUK OapibIk
KOPCOTKYYTOP apachlH/la aibpMadybUIbIKTap OaiikaaraHbl MEHEH, CTaTHCTHKaIbIK MaaHure 33 (p>0.05)
KOPCOTKYYTOp caHbl a3. TakTam aWTKaHAa, KOHTPOJAYK TOI MEHEH CapbIMCaKk OCpHJITeH TOI OpPTOCYHIA
CTATHCTHKAIBIK >KaKTaH MaaHWIyy OOJTOH y4 raHa kepceTkyd: MmoHormrtrep (p>0.041), Gazodumaep
(p>0.024), xana tpombouurrep (p>0.001) Gap (1l-Tabmuma). AHIaH CHIPTKAphl, KOHTPOIIYK TOI MEHCH
TaXPBIHOAJTBIK TONTOP apachblHIA, K€ TaXKPHIMOANBIK TONTOPAY MY apa CAIBIITHIPYYyAa CTaTHCTUKAIBIK
MaaHUre 33 Oallka KOpCOTKYUYTOP aHBIKTANTaH KOK.

Kan capbl cyycyHyH OMOXMMUSIJIBIK KOPCOTKYUTOPY

KonTtponayk Tonrory yit KylmrapblHbIH Oalllka yd TaKpbIHOaJIbIK TONTOPAOTYIapra, )Koropy/ia OeiruieHreH
OMOXMMUSITBIK KOPCOTKYYTOPYH CAaBIIITHIPraHia, IIPJIUK OaplIblK MaalbIMATTapPbIHIA CTAaTHCTHUKAIIBIK
MaaHure 33 KOPCOTKYUTOPIY Kopyyre 600t (2-tabiuia).

1-tabauna. Koumponoyk sicana majicpovltibanblk Mmook HCOHNCONOPYHYH CANbIUMBIPMATLYY 2eMAMOI0USTLIK
KepcomKyumepy

KoHTpos1yK kaHa TaKPbIiiGAJBIK TOOK 5K0K0T0PY

I'emaTo0OTHSLIBIK KOPCOTKYYTOP

Canbl CG GG oG PG
Spurpounur (10*2/1) 12 293+043 2.86+0.5 2.78+0.48 2.77+0.51
I'emorso6uH (g/1) 12 197.53+41.9 190.64+44.84 183.58+44.47  183.74+44.14
T'ematokput (%) 12 37.14+7.77 38.164+6.78 34.09+8.03 34.34+7.8
DPUTPOUUTTEPAHH YOTYY bLIIAMIBITBI 12 1.85+0.3 1.874+0.27 1.89+0.32 1.88+0.28
Jleiixomut (10°1) 12 31.95+7.53 31.41+7.80 34.27+8.66 34.47+8.77
JIumdouut (%) 12 66.51+1.83 67.71+3.11 67.80+2.53 67.43+2.37
Monouut (%) 12 0.41+0.16 0.59*+0.22 0.43+0.28 0.45+0.30
TceBaoro3nnodu (%) 12 1.23+0.18 1.18+0.12 1.24+0.18 1.21+0.22
Jozunopu (%) 12 25.9+4.2 25.48+3.06 27.65+3.94 27.38+3.95
Tasixua siapoayy HeiiTpodn (%) 12 1.58+0.1 1.56+0.15 1.60+0.08 1.59+0.09
CermeHnT sigpoayy HeiiTpodma (%) 12 30.97+0.8 31.66+1.73 32.01+1.48 32.04+1.13
Ba3zodua (%) 12 0.19+0.12 0.27*+0.02 0.21+0.10 0.21+0.10
TpomGouuT (10%/1) 12 63.51+10.13 76.46**+5.95 77.86+6.16 77.28+7.09

* - p<0.05; ** - p<0.001.

2-tabauua. KoHmpondyK H#caHa madsjicpwliloanblk MOOK MHCONMCONOPYHYH KAH Capvl CYYCYHOA2bl K39 Oup
OUOXUMUATILIK KOPCOMKYUMOPY

Kan capbl CyyCyHYH GHOX UMHSIIIBIK KOHTPOIIYK KaHa TAXKPBIHGAIBIK TOOK JKO3KOJIOPY
KOPCOTKYYTOP Canbl CG GG oG PG
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AJIT (En/x) 12 0.88 £ 0.26 0.78 £0.38 0.7* +0.07 0.64*+0.27
158.33*** + 158.92*** + 194.03*** +
ACT (Ea/n) 12 138.12 +1.79 799 314 14.74
JKaanbl OuaupyouH (MKMOJIB/JT) 12 0.15 +0.05 0.53*** + 0.24 0.76*** + 0.31 0.68*** + 0.46
Kasmnbl 6es10k (/1) 12 29.89 + 0.26 33.85***+1.44  3557***+(.71 36.42*%* + 4,81

* - p<0.05; ** - p<0.001; *** - p<0.0001.

Kontponnyk tonm menen capeiMcak OepwiredH tonto AJIT KepceTKydy raHa CTaTHCTHKAJIBIK MaaHHIe 33
6onron sxok. Kamrangapsl (kammer Oenok, ACT jkaHa >kanmel OWUTMPYOHMH) CTATHCTHUKAIIBIK J>KOTOPKY
MaanuHH O6epumnty (>kanmsl 6eok <0.0001, 6amka skee p<0.0000). OG xana PG TaxxpbIitbaabiK TONITOPYH
CG MeHeH CcaJbIITBIPYy OKIIONII CTAaTUCTUKANBIK MaaHWIepAu OepreHu asblkTanabl. Memna AJIT
kepceTkyuTepy p<0.044 xana p<0.041, an smu ACT, xanmsl O€JIOK KaHa JKajmbl OWLTUPYOUH CBISIKTYY
OMOXMMHUSIIBIK KaH Capbl CYy KOPCOTKYUTOPY KOTOPKY CTATHCTUKAIBIK MaaHure 33 (p<0.0000) GomymTy.

VYiryHjai a5e canbIIThIpyyJiap Y4 TaKPBIHOATIBIK TONTOP apackliHaa aa xypry3ysiay. XKeiibHTEIrbHAA, GG
xaHa OG Tonropy oprocyHia xanmbl onmumpyous (p<0.002), GG xana PG, OG xana PG TonropyHna —
ACT (p<0.0000) opTou0 sxaHa )KOTOPKY CTATUCTHKAIBIK MAAHUTE 33 SKECHIUTH TACTHIKTAJI/IBL.

TAJIKYYJIOO

Yii KymTapblHBIH ©cYY KOpCOTKYUYTOPYH KAaKIIBIPTYY JKaHa TYpPAYY NAaTroreHAuK Oakrepusiapra
TYPYKTYYJIYTYH JKOTOpYyJaTyy MakcaTblHAa ap KaHJall aHTHOMOTHKTEep OepmiieT. BUpok, aHTHOHMOTHKTEpIU
Ke3eMency3 OepyyleH amap Kyl OpTraHM3MAEpUHIE y3aK YOakbIT TONTONYH, IATOTEHIHK
MUKPOOPTAaHU3MJICPJMH al aHTHOMOTHUKTEpPre pPE3UCTCHTTYYIYTY KanbinmraHar. Hatelibkanga, XKyrymryy
BUTAHAAP/bl AaHTHOMOTHKTEP MEHEH J1apblIo0 MYMKYH 00001 Kanar. YUypayH akTyalaayy KeHreinepyHyH
Ompu — YH KyIITapelH Oaryyla aHTHOMOTHKTEpre aibTepHaTHBAa OO0 aia TypraH Oamika OWp AapbUioo
kapakartapbin u3gee. Duskaev and Klimova (2022) 3amanban man 4apOaublIBITBIHBIH YAypAarsl KOHYITY
OCYMIYKTOPAOH NaspialraH OWONOTHSJIBIK aKTHUBAYY 3arrapra — (UTOOMOTHKTEepre Oypyla OamiTaHbH
Oenrunernier.

busnun OGamkpl MakcaT — YH KyWITapblH ap KaHZall bulaHAAapAaH [apbUIOOZ0 KeIl KOJAOHYIyydy
OCYMIYKTOPAY HWIUMHI HETH3/106 OOJTOHAYTryHa OallaHBIIITYy, IMUSA3, CapbIMCAaK >KaHa adyy KbI3bLI
KaJIeMIIUPAX XEeMIe KOIIyll Oepyy MEHEH, TOOK JKO)KeJOpPYHe TaXpPhIMOaJbIK HII JKY36I'e allblpbUIraH.
AHZBIKTaH, ©34YK O KbIMBIHTBIKTap MEHEH THeIleNyy aaaduii MaaabIMaTTapAbl CaJBIITHIPBIN, —ajl
OCYMIYKTOPAYH (PUTOXMMHSUIBIK >KaHa (apMaKOJOTHSIIBIK KaCHETTEPHUH YarbUIIbIpraH WINMHKA Oymnaktap
TaJlaHdbl.

bup aliiblk TOOK X©XKOIOPYHYH JKEMHHE KYH aJbIC MaiJalaHraH Mus3 (TaMbIPBIH) apaalliThIPhIT Oepyy
MeHeH 42 KYH JKYPIY3YJITeH TaXphIHOAHBIH >KBIMBIHTBITBIH/AA, KOHTPOJJIYK TOIKO CAIBIIITHIPMAIyy
KONKONOPAYH THPYYIeH canMmarblHbiH 44.75 T jxoropy OONTOHAYTY aHBIKTalIraH, TakKTam aWTKaHjaa
koHTposayk ton (CG) — 565.75+18.21 1, an smu nusiz Oepuinren tor ( OG) — 610.50+£20.38  (p<0.0001).
Vurynaait a5e KbliibIHTBIK Oarka aropsiopays (Goodarzi et al., 2013; Tashla et al., 2019; Malematja et al.,
2023) wusunnmeenepyHae na kabapiaHraH. bpoiinep xexenepAyH paldOHYHA MHS3Ibl KUPTH3YY HYETH
muKkpodiopackiHbiH kakmbipeimbiHa (Tashla et al., 2019), ceek cucTeMachIHBIH KYYTYY OHYTYLIYHO
(Malematja et al., 2023), uMMyHIyK OpraHIapbIHBIH CaJIMarbIHBIH KOTOPYJIAIIbIHA, KaH capbl CYYCYHJIarsl
TPUTJIMIIEPHU]T JKaHa TIIFOKO3a KOHIICHTPAIMsIIAPbIHBIH TOMOH/IOIIYHO anbin keiren (Goodarzi et al., 2013).
Omer et al. (2019) maanbiMmarasaii, Musi3 — )KyMypTKa OarbIThIHAAIbl TOOKTOPIYH JKAJIbI JIEH COOIYTYH
KaKIIBIPTAT, aJIbIHTaH )KyYMYPTKaHBIH CaJIMarblH XaHa )KyMypTKa OepyYCYH )KOropyJjaraT, )kaHa OIIOHI0N 3J1e
KaHBIHJIATHl XOJIECTEPUHN TOMOHIOTOT. M3mijieeuynep, MusI3 TOOKTOP/OH allLIHTaH OHIYPYMIOpre kaHa
Oarlika KepCcoTKYUTOPYHO 3bISHIYY TaacHpH ok aen oenrwmienier (Goodarzi et al., 2013; Omer et al., 2019;
Tashla et al., 2019; Malematja et al., 2023). buznun usunneesae (Tabdi. 2), KOHTPOIIYK XKaHA MUS3 OCPHIITeH
TONTOP  OPTOCYHAArbl I'eMaTOJOTHMSIIBIK  KOPCOTKYYTOp OPTOCYHAA  CTATHCTHUKAIBIK  MaaHWIYY
allbIpMaublUTBIKTap OaiikanraH >koK. An amu kKaH capbl cyycynyH AJIT, ACT, xanmsl OnuipyOuH KaHa
xanmsl nporennaepuanH CG canbiuteipmanyy OG sxoropy skenu anbiktanasl. Omentun, Allium cepa L.
(mMs3) JKaIbUTIa ©CYMIYKTOPYHYH HUMHEH 3H NalJanyycy.

JKoropynaii amme, Oup ailIbIK TOOK >KOXXOJOPYHYH KEMUHE KYH allbiC MalJalaHTaH CapbhIMCaK TaMBIPHI
apanamteipeinn 0epwired. JXXeiisiHThIrbIHAA, CG (565.75£18.21 1) cansiureipManyy GG (613.42+29.17 1)
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KOKOIOPAYH TUPYYIIei canmarsl 48 1 xxoropy 6ommy (p<0.0001). Koo 6up usungeemepays (Shams-ul-Hayat
et al., 2022) »KBIABIHTHIKTAPE OM3IUH MaalbIMaTTapra Iaiikenr 6oiarony MeHeH, Oamkanapsr (Adebiyi et al.,
2017; Tashla et al., 2019) cappIMCakTBhIH TaXpPHIHOAIBIK OPOMIICHICPIUH CAIMAarbIHBIH OCYYCYHO TaacHpH
Oonboiit nen kabapnamkan. A smu Aderemi et al. (2013) sxana Omer et al. (2019) capsiMcak xyMypTKa
0epyYdy TOOKTOPAYH KyMYpPTKAJIAPBIHBIH CAllaThIH )KaHa CAJIMAarblH KOTOPYJIaTKAHbI, KaJIIIbI 3J1€ KyIITap/IbIH
JIeH COOJIyryHa OH Taacup OepadpuH kaOapnamkan. Aderemi et al. (2013) maanbiMatTapsl OOMOHYA,
TaXPBIHOAJIBIK KyIITapAbIH KaH capbl CYYCYHAA aJlbl OCITOKTOPYHYH KOHUEHTPALMSICHI KOTOpYJaraH, ai
9MH TIIOKO3a MEHEH XOJIECTEPONIYH KOHIEHTPALMIaphl ToMoHIeroH. CapbIMcak MMMYHHTETTH KOTOPOT,
JIeHEe CAJIMarbIHBIH OCYYCYH JKaKIIBIPTAaT, aml OOIyMIyy 3aTTapIblH CHHUPHWIHIINH XOTOpyJaTarT, KaHJarsl
’KaMaH XOJICCTePUH/IMH JeHrUnH azaiirat (Singh and Singh, 2008) »aHa 3TTHH camnaTThIK KOPCOTKYYTOPYH
xoropynatar (Kurochka Ryaba, 2019). buzaun usunneenepne, cappiMcak OSpHITeH TONTOTY YKOKOJIOPIAYH
TeMaTOJIOTHSIIBIK KOPCOTKYUTOPYHYH HumHEH MoHoruTTepn (p<0.041), Gazodmmmepu (p<0.024) >xaHa
tpoMboumutTepu (p<0.001) sxoropynaranbl Oaiikangpl. buoxumusuibik kepceTkyutepy, AJIT OGamrkace
(p=0.434), OG cpriktyy, CG cansimrsipMaiyy sxoropy 6omny (ACT, sxanmsl OWLIHPYOUH jKaHa KaJIIbl OSI0K
— p<0.0000, 0.0001 xana 0.0000). MbiHAal 63repyyepAy CAILIITHIPYydy Oallika MaaabIMaTTap TaObLUIraH
KOK JKaHa aHbl TAXKPHIHOa ars! KyIITapIblH CapbIMCaKKa OOJTOH pPeaKIusICHl AeM raHa TYIIYHIYK.

YUyHUY TaxXphIiOabIK TOM KaTapbl, OUp aijIbIK TOOK >KeKeJOPYHYH KEeMUHE KYH ajlbIC MaiJanaHrad adyy
kb13bUT Kastemmup (Capsicum annuum L.) apanaruteipsin 6epusirer. XKeribaToirsinga, CG (565.75+£18.21 1)
canprmteipmanyy PG (584.92+20.01 r) sxxexxenepayH Tupyyieit canmarst 19 rxoropy 6oy (p<0.022). busre
KETKWIMKTYY amabuii Oymakrapma, Capsicum annuum L. xomrym 6epyy MeHeH TaKphIHOabIK sKaHbIbapiapra
KYPry3yireH msuineenep taObuiran jxok. Aderemi et al. (2013) xymypTka OarbITBIHAArbl TOOKTOPIYH
pammonyna Capsicum annuum L. komym Oepyy MEHEH, TOOKTOPAYH JXyMypTKa OepyyCyHIe, e
KYMYPTKaHBIH CaHJIbIK YKaHa CanaTThIK ©3repYYyCYHO TaaCHpHHUH 00J00roHayryH kabapiaran. Hanif et al.
(2016) xbBBUT Kanemmupau Opoitnep TOOKTOpYH Hbrokacnbs bUIaHBIHAH Koprooaory 3¢dekryy Taacup
OepreHIuruH Kadapiamar xaHa Maiifa yapOanap 0ya 6CYMIYKTY a3 YbITbIM KETUPYY MEHEH aphl KapaKaTbl
Karapel KOJAOHyyra Ooyo TypranblH Oenrwiemer. busnun maanmsiMaTtTap OOMOHYA, I'€MaTOJNOTHUSUIBIK
KOpCOTKyuTepy OOOHYa KOHTPOJIIYK TOIl MEHEH CANBIIITHIPraHAa CTaTUCTUKAIBIK MaaHWIYY KBIHBIHTHIK
QJIBIHTaH dMec. AJl SMH OMOXMMUSUIBIK KOPCOTKYUTOPY, KOTOPYAArbl TKPBIHOATBIK TONTOp ChIAKTYY, CG
canpiIThipManyy xoropy 6onmy (AJIT, ACT, xanmnel 6uyutnpyOuH xaHa xanmsl 6erox p<0.041, 0.0000,
0.0000 >xara 0.001). Myny ma Took xexesaepyryH Capsicum annuum L. kapaTa peakiisachl em TYITYHAYK.

KOPYTYHAY

Tamak-aI KOONCy3ayry >KaHa OpraHUKaJIbIK Ta3a a3blk OHAYPYY YUYPAYH OPYUYHIYY MacelleIepuHUH OUpH.
AJT 5MHU STHOBETEPHHAP/IBIK MEUIIMHA OAarbITHIHAIATHI U3UIIJO6JI0p WINM/IY KaHa OHIYPYILITY KaHbI IapbLI00
KapakaTTapbl MEHEH TOJYKTaWT, XaHa al WIMM aJamaapbl YIYH KeeHepryc UAesIaplblH, >KaHbI
AUBUIBIIITAPABIH OyJIarsl KaTapbl KbI3MaT KbLIAT.

VYuaypna Keipreiz PecnyOnmukaceiHna eHAYPYJIYH JKaTKaH ai0aH TaOWATTYYy a3bIKTapAblH WYMHEH, YH
4apOaubUTBITBPIHAA OHAYPYJITOH YW KYyIITapbIHBIH JTTEPUH XXaHa >KyMYpPTKaJIapbhlH JaaHa OpraHUKAJIbIK
a3plKTapra Komyyra MykyH. Komrymua kuperie amyy, yH-OyllecyH Ta3a a3blKk MEHEH KaMChI3 KbUIyy
MakcaTblHIa KapMaraH YH KyIITapbl KyTYIITYYy bUIaHIAapra KapIibl dMIEJOEWT, anapra aHTHOMOTHKTED
OepuOeiT.

TaxxpplifOabIK MINTHH KBIMBIHTBIKTAPBl, OUp alIbIK TOOK >KOXKOJIePYHYH ©CYN-eHYTYYCYHO — IHS3IbIH,
CapbIMCaKTBIH >KaHa adyy KbI3bUI KaJEMIUPIMH TAaCHpH Oap 3KEHWH AalWjeN, anap CTaTHCTHKAIBIK
MaaHWIYY SKEHIUTH KOpcoTTy. | eMaToNorusiiblk KOpCoTKYUTopy MaHWIYY e3repyyliepre ayymap OoiroH
xok. bupok, AJIT, ACT, >xammel OWIIMPYOWH >XaHa >KaIIbl OEJIOK CBIIKTYY KaH capbl CYYCYHYH
OMOXUMUSIIBIK KOPCOTKYUTOPY KOHTPOJIAYK *aHa OapIblK TaXPBHIHOANBIK TONTOPAOrY KyLITap apachlHIa
KECKHH aifbIpMallaHaapbl a4bIKTaJIbl )KaHa aHbIH ceOenTepr OeNTIeH/IH.
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" MAKALE
OZET BiLGisi
Kirsehir Ahi Evran Universitesi’nde gérev yapan akademik ve idari personelin ekolojik ayak izi farkindalik

diizeylerini belirlemek ve gevresel siirdiiriilebilirlik konusunda farkindalik olusturmak i¢in temel veriler Gelis:
saglamaktir. Aragtirma siireci nicel aragtirma desenlerinden kesitsel betimsel tarama yontemleriyle 24.05.2024
gerceklestirilmistir. Calismanin evrenini Kirsehir Ahi Evran Universitesi idari ve akademik personeli Kabul:
olusturmaktadir. Arastirma, 310 kisilik bir katilimctr grubu tizerinde yiiriitiilmiistiir. Katilimcilara anketler  01.10.2024

araciligryla ekolojik ayak izi ve cevresel farkindalik ile ilgili sorular yoneltilmistir. Veriler, istatistiksel
analizlerle incelenmis ve yorumlanmistir.Geri doniisiim, ulagim ve su tiiketimi alt 6lgek ortalama puanlari
icin dgrenim durumlar1 arasinda istatiksel olarak anlamli bir fark bulunmustur. Geri doniisiim alt 6lgek
puani ortalamasi, 6grenim durumu yiiksek lisans olanlarin (X=20.0); doktora (X=20.7); lisans (X=20.3);
on lisans (X=23.4) ve lise diizeyi 6grenim durumu i¢in (X=23.0) olarak tespit edilmistir. Ekolojik ayak izi
farkindalik alt Olcekleri ve toplam puani egitim-seminer-kurs alma durumu ile kiyaslandiginda geri
doniistim ve su tiiketimi alt 6lgek puanlarinda istatiksel olarak anlamli bir sonug elde edilmistir. Geri
déniisiim alt 6lgegi icin daha &nce egitim-seminer-kurs alanlarin ortalamasi (X=24.0) , almayanlarm
ortalamasina (X=21.0) gére daha yiiksek oldugu tespit edilmistir (p<0.05). Su tiiketimi alt dlgegi ortalama
puaninda da benzer sekilde daha once egitim-seminer-kurs alanlarin ortalamasi (X=18.0) , almayanlarin
ortalamasia (X=16.0 ) gore daha yiiksek bulunmustur. Ekolojik ayak izi farkindalik diizeyi ve etkileyen
faktorler arasindaki iligkinin karmasik oldugu goriilmektedir. Bu galisma, ¢evre bilincinin artirilmasina
yonelik daha etkili stratejilerin gelistirilmesine ve strdirilebilirlik igin bilingli davramglarin tesvik
edilmesine ihtiya¢ duyuldugunu kanitlar niteliktedir. Ancak, daha kapsamli ve uzun vadeli arastirmalara
ihtiya¢ duyulmaktadir.

Anahtar kelimeler: Ekolojiik ayak izi, Farkindalik, Stirdirulebilirlik

Determining the Ecological Footprint Awareness of Kirsehir Ahi Evran University

Academic And Administrative Staff

ARTICLE
ABSTRACT INFO
The aim of this study is to determine the level of ecological footprint awareness among academic and administrative
staff at Kirsehir Ahi Evran University and to provide basic data to create awareness about environmental Received:
sustainability. The research process was conducted using cross-sectional descriptive survey methods, which are 24 05.2024
quantitative research designs. The universe of the study consists of administrative and academic staff at Kirsehir Accepted:
Ahi Evran University. The research was conducted on a participant group of 310 individuals. Participants were 01.10.2024

asked questions about ecological footprint and environmental awareness through surveys. The data were analyzed
and interpreted through statistical analyses. There was a statistically significant difference between educational
levels for the mean scores of the sub-scales of recycling, transportation, and water consumption. The average score
for the recycling sub-scale was determined as (X=20.0) for participants with a master's degree; (X=20.7) for
doctoral degree holders; (X=20.3) for bachelor's degree holders; (X=23.4) for associate degree holders; and
(X=23.0) for high school graduates. When compared with the status of attending education-seminar-course, a
statistically significant result was obtained in the recycling and water consumption sub-scale scores compared to the
ecological footprint awareness sub-scales and total score. It was found that the average score for the recycling sub-
scale was higher for those who had previously attended education-seminar-course (X=24.0) compared to those who
had not (X=21.0) (p<0.05). Similarly, the average score for the water consumption sub-scale was found to be higher
for those who had previously attended education-seminar-course (X=18.0) compared to those who had not
(X=16.0). The results indicate that the relationship between ecological footprint awareness level and influencing
factors is complex. This study qualitatively demonstrates the need for the development of more effective strategies
to increase environmental awareness and promote conscious behaviors for sustainability. However, more
comprehensive and long-term research is needed.

Keywords: Awareness, Ecological footprint, Sustainability.
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GIRIS

Insan, dogada yasam bulan, yasammi doganin kosullar iizerine sekillendiren ve dogayla etkilesim icinde
olan bir varliktir. Bu zorunlu etkilesim en baslarda dengeli bir bi¢imde yiiriitiilse de, zamanla insanin doga
iizerindeki hakimiyeti giderek artnustir. Ozellikle sanayilesme siireci ve buna bagli olarak ortaya cikan
kentlesme ve demografik sorunlar, dogal dengenin bozulmasina yol a¢gmustir (Fikri, 2013). Tiim bunlarin
sebep oldugu cevresel sorunlar, sadece ekosistemleri degil, ayn1 zamanda insan sagligini, ekonomiyi ve
toplumlarin genel refahimi da etkilemektedir. Bu nedenle, cevresel surdurdlebilirlik icin farkindalik
olusturmak oldukga 6nemlidir (Mizik & Yigit Avdan, 2020).

Stirdiiriilebilirlik, mevcut kaynaklarin kullaniminda gelecek nesillerin bu kaynaklardan yararlanma
imkanlarin1 korumay1 hedefleyen bir yaklagimdir. Bu kavram, ¢evresel dengeyi muhafaza etmek adina, insan
faaliyetlerinin doga tizerindeki etkilerinin en aza indirilmesi gerektigini vurgulamaktadir. Ayn1 zamanda,
siirdiiriilebilir kalkinma, ekonomik biiylime ile ¢evrenin korunmasi arasinda dengeli bir iliski kurmayi
amagclamaktadir (Yakut Aymankuy, 2023).

Ekolojik ayak izi kavrami, siirdiiriilebilirlik ile dogrudan baglantilidir. Bu kavram siirdiiriilebilir bir
toplumun ekolojik gerekliliklerini anlayarak, mevcut yasam tarzimizin sosyal ve cevresel sonuglarint da
algilamamiza yardimet olur (Mizik & Yigit Avdan, 2020).

Ekolojik ayak izi kavramu ilk olarak Dr. Mathis Wackernagel, Prof. William Rees ve arkadaslari tarafindan
kullanilmistir. Wackernagel ve Rees, ekolojik ayak izini “bireyin veya bir insan popiilasyonunun ihtiyact
olan kaynaklarin iiretimi ve bu kaynaklarin kullanimi sonucu ortaya ¢ikan atiklarin etkisiz hale getirildigi,
dogal ekosistemle uyumlu ve sinirli bir cografi alandaki etkilerini Ol¢en bir Ol¢iim araci olarak
tanimlamaktadir’”® (Wackernagel & Rees, 1998).

Bir diger tanima gore ekolojik ayak izi, belirli bir popiilasyonun, kurulusun veya iiriiniin kaynaklarini
iiretmek ve atiklarmi absorbe etmek icin gereken biyolojik olarak tiretken alani temsil eder. Ekolojik ayak
izi, dogal kaynaklarin tiikketimi ile doganin biyolojik iiretkenlik kapasitesini kiyaslamaktadir. Bireyin veya
topluluklarin ekolojik ayak izi, gezegenin biyolojik kapasitesinden kii¢lik oldugunda siirdiiriilebilir kabul
edilmektedir. Daha biiyiik oldugunda ise sirdiiriilebilir sinirlar asilmakta ve ¢evresel denge tehlikeye
girmektedir (Wackernagel & Monfreda, 2004).

Ekolojik ayak izi hesaplamalari, insanligin mevcut tiiketim diizeyinin gezegenimizin siirdiiriilebilir
kapasitesini %75 oraninda astigini gostermektedir (Wackernagel, 2021). Ekolojik ayak izinin azaltilmasi,
stirdiriilebilir kalkinma hedeflerinin gergeklestirilmesi agisindan kritik bir dneme sahiptir. Mevcut tiiketim
kaliplar1 devam ederse, insanligin birden fazla gezegenin kaynaklarina ihtiyag duymasi kaginilmaz hale
gelecektir. Dolayistyla, ekolojik ayak izinin azaltilmasi, hem g¢evresel siirdiiriilebilirligi saglamak hem de
gelecek nesillere yasanabilir bir diinya birakmak icin elzemdir (Cam & Mentese, 2024; Genta et al., 2019).
Sahip oldugumuz tek gezegenin kaynaklarin1 dikkatli ve dengeli bir sekilde kullanmak, insanligin
stirdiirtilebilir bir gelecege ulasabilmesinin temelini olusturur (Meyer & Newman, 2018).

Cesitli gruplar lzerinde yiriitiilen ekolojik ayak izi farkindalik ¢aligmalar1 literatiirde sik¢a yer almaktadir.
Cikrik ve Yel (2019), yaptiklari arastirmada, biyoloji 6gretmen adaylarimin demografik 6zelliklerine gére
ekolojik ayak izi farkindalik diizeylerini analiz etmislerdir. Akyiiz ve Saylar (2019), tarafindan fen bilgisi ve
biyoloji 6gretmen adaylarmi karsilastirmak amaciyla yiiriitiilen ¢aligmada, iki grubun da ekolojik ayak izi
farkindalik diizeylerinin benzer oldugu tespit edilmistir. Temizkan ve Ceyhanli’nin (2020), turizm lisans
Ogrencilerinin ekolojik ayak izini belirlemek amaciyla yiriittiikleri ¢alismada gida alt boyutundaki
farkindaligin diger alt boyutlara gore daha yiiksek oldugu belirtilmistir. Baska bir ¢alismada, Azerbaycan
halkinin ¢evre bilincini artirmak igin ekolojik ayak izi farkindalik diizeyleri arastirtlmistir (Gurbuz et al.,
2021). Yapilan ekolojik ayak izi farkindalik caligmalarinda, bireylerin kavramla ilgili bilgi sahibi
olmalarinin, ¢evreye yonelik tutum ve davranislarinda pozitif yonde degisimler olabilecegi vurgulanmigtir
(Oztirk, 2010).
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Ekolojik ayak izi farkindaligi konusunda literatiirdeki diger ¢alismalar farkli demografik, sosyo-ekonomik ve
kiltirel gruplarin incelenmesine yonelik ¢esitli metodolojik yaklasimlar ve bulgular igermekte olup,
literatiirdeki mevcut ¢esitliligi ve konuya dair analizleri zenginlestirmektedir (Gungdr & Kalburan, 2022;
Bayraktar, 2020; Mascarenhas et al., 2021).

Literatiirde simdiye kadar yapilan ¢alismalar incelendiginde tniversite personeli igin ekolojik ayak izi
farkindaliginin belirlenmesi, hem kurumsal siirdiiriilebilirlik politikalarinin etkin bir sekilde uygulanmasi
hem de cevresel sorumluluk bilincinin yayginlastirilmas: agisindan biiyilkk 6nem arz etmektedir.
Universiteler, genis insan kaynagi ve yilksek diizeyde kaynak tiiketimiyle onemli ¢evresel etkiler
yaratabilmektedir; bu nedenle personelin ekolojik ayak izini bilmesi, bireysel ve kurumsal diuzeyde ¢evreye
duyarli davraniglarin gelistirilmesine katki saglamaktadir. Ayrica, iiniversite personelinin bu konuda
bilinglenmesi, akademik ve idari faaliyetlerde daha siirdiiriilebilir uygulamalarin benimsenmesine ve
ogrenciler i¢in ¢evresel farkindalik konusunda oOrnek teskil eden bir model olusturmalarina olanak
tanimaktadir.

Bu ¢alismanin amaci Kirsehir Ahi Evran Universitesi’nde gorev yapan akademik ve idari personelin ekolojik
ayak izi farkindalik diizeylerini belirlemek ve g¢evresel siirdiiriilebilirlik konusunda farkindalik olusturmak
icin temel veriler saglamaktir.

MATERYAL & YONTEM

Yontem bagligi altinda arastirmanin modeli, 6rneklem grubu, veri toplama araclari, verilerin analizi ve
arastirma etigine yonelik bilgilere yer verilmistir.

Arastirma Modeli

Arastirma siireci nicel arastirma desenlerinden kesitsel betimsel tarama yontemleriyle gerceklestirilmistir. Bu
aragtirmanin amaci, Kirsehir Ahi Evran Universitesi personelinin ekolojik ayak izi farkindalik diizeyini
belirlemektir. Caligmanin bagimsiz degiskenleri yas, cinsiyet, medeni durum, 6grenim durumu, goérev tanimi
ve ekolojik ayak izi konusuyla alakali egitim- seminer- kurs almis olma durumudur. Tanimlanan ekolojik
ayak izi farkindalik diizeyi ile ¢esitli sosyodemografik verilerin degisim durumu ve bunun derecesi
saptanacaktir (Karasar, 2016).

Evren ve Orneklem

Calismanin evrenini Kirsehir Ahi Evran Universitesi idari ve akademik personeli olusturacaktir. Orneklem
hesaplamasi, evreni bilinen drneklem formiilii kullanilarak, %95 giiven araliginda ve 0,05 anlamlilik diizeyi
kabul edilebilir 6rnekleme hatasi ile minimum 6rneklem genisligi 310 bulunmustur. Arastirmanin olasiliksiz
ornekleme yontemiyle istenen sayiya ulasilana kadar yapilmasi planlanmaktadir. Evreni bilinen érneklem
hesaplamasi formiilii i¢in evrendeki birey sayisina 05.09.2023 tarihinde personel proliz sisteminden
erisilmistir. Ulagilan bilgiye gére Kirsehir Ahi Evran Universitesi akademik personel sayist 948; idari
personel sayist 641 ve yabanct uyruklu personel sayisi 4 olmak tizere toplamda 1593 personel
bulunmaktadir. Caligmaya 216’s1 akademik 85’1 idari olmak iizere 301 katilimci dahil olmustur.
Katilimeilarin 166°s1 kadin ve 135’1 erkektir (Sekil 1).
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Sekil 1. Katilimer Ozellikleri

Veri Toplama Araclari

Aragtirmanin verileri Kisisel Bilgiler Formu ve Ekolojik Ayak Izi Farkindalik Olgegi kullamlarak
toplanmustir.

Kisiler Bilgi Formu literatiir taranarak arastirmacilar tarafindan hazirlanmis; katilimeilarin sosyodemografik
verilerini ve arastirmaya konu olan ve problemin degiskenlerini belirlemeye yonelik sorulari igerir.

Ekolojik Ayak 1Izi Farkindalik Olgegi kullamm o6ncesinde olgek igin fikri miilkiyet hakki olan
arastirmacilardan calisma izin alinmustir. Olgegin Tekindal ve arkadaslari tarafindan (2021) gegerlilik ve
giivenilirlik ¢alismasi yapilarak Tiirkce’ye uyarlanmigtir. Yapilan ¢alisma sonrasinda dlge§in tamaminda
giivenirlik katsayisi .960 olarak hesaplanmigtir.

Toplamda 30 sorudan olusan likert tipte bir 6lgek olmakla birlikte alt1 farkli alt boyuttan olugsmaktadir (Sekil
2). Genel ve alt boyutlardan elde edilen puan toplamlarinin yiiksek olmasi, bireylerin g¢evresel
farkindahiklarmin yiiksek olduguna isaret etmektedir (Tekindal et al., 2021). Olgegin yap1 gegerliligi igin
ayrica Dogrulayict Faktor Analizi yapilmustir.
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Yasalar Kapsaminda Alt Olcegi

Ekolojik Ayak Izi Farkindalik Olgegi
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Sekil 2. Ekolojik Ayak Izi Farkindalik Olgegi Alt Boyutlar:
Verilerin Toplanmast ve Analizi

Aragtirma verileri etik kurul onay1 ve kurum izni alindiktan sonra ¢evrim igi anket araciligi ile Ekim, Kasim
2023 tarihlerinde olasiliksiz Ornekleme yontemiyle ulasilan, c¢aligmaya katilmaya goniilli olan
katilimcilardan toplanmis ve yeterli sayiya ulasilana kadar anket uygulamasi devam etmistir.

Olgegin yap1 gecerliliginin belirlenmesi icin Ag¢imlayict Faktdr Analizi yapilmistir. Her bir model
kargilagtirmali uyum indeksi (CFI), kok ortalama kare yaklagimi hatasi (RMSEA) ve standardize kok
ortalama kare artigi (SRMR) degerleri bakimindan degerlendirilmisidir. CFI, RMSEA ve SRMR degerleri
Hu ve Bentler’in (1999) kriterleriyle karsilastirilmigtir.

Calisma modellerinin RMSEA; SRMR ve CFI degerlerine gore RMSEA degeri klasik model i¢in 0.050 ;
SRMR degeri 0.051 ve CFI degeri 0.997 olarak hesaplanmistir. CFI degeri .95’den yiliksek, RMSEA ve
SRMR degerleri sirasiyla .06 ve .08’den diisiik ise bu modelin iyi bir model-veri uyumu gosterdigi sdylenir
(Hu & Bentler, 1999). Bu sonuglar kullanilarak o6lgegin yapi gegerliligini dogrulamis ve g¢alisma igin
giivenilir bir ara¢ oldugunu ortaya koymustur.

Toplanan verilerin analizinde SPSS 23 paket programi kullanilmistir. Analiz yontemlerinin belirlenebilmesi
i¢in normallik analizi yapilmistir. Verilerin normal dagilim gosterip gostermedigini saptamak icin garpiklik
(Skewness) ve basiklik (Kurtosis) katsayilarindan faydalanilabilir. Bu katsayilarinin kendilerine ait standart
hata degerlerine boliinmesiyle elde edilen sonucun £1,96 araliginda olmasi da dagilimin normal oldugunu
gostermektedir (Kalayci, 2009, s. 6). Toplanan verilerin ¢arpiklik ve basiklik katsayis1 £1,96 araliginda
belirlenmis ve parametrik testlerin yapilmasina karar verilmistir. Buna gore bagimsiz 6rneklem t testi, tek
yonliit ANOVA ve gruplar arasi farki tespit etmek i¢in Games-Howell Post-Hoc analizleri yapilarak bulgular
elde edilmistir.

BULGULAR

Ekolojik Ayak izi Farkindalik Olgegi toplam puani ve alt dlgeklerinden alinan puanlarla cinsiyet arasindaki
iligkiyi belirlemek i¢in bagimsiz 6rneklem t testi analizi yapilmistir. Yapilan bagimsiz t testi sonucunda
cinsiyete gore Ekolojik ayak izi farkindalik alt 6l¢ekleri ve toplam puani cinsiyetle kiyaslandiginda yalnizca
ulasim alt 6lgek puaninda istatiksel olarak anlamli bir sonug elde edilmistir. Ulasim alt 6lgegi igin kadinlarin
ortalamas1 (X=18.9) , erkeklerin ortalamasina (X=17.6) gore daha yiiksek oldugu tespit edilmistir (p<0.05).
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Tablo 1. Ekolojik Ayak Izi Farkindalik Olgegi Toplam puan: ve Alt Olgeklerinden Alinan Puanlarin
Cinsiyete Gore T-testi Sonuclart

Alt 6lcekler ve  Kategori n Ortalama Standart sapma t p
toplam puan (ss)
Enerji Kadin 166 36.8 3.42 £ 0.266
Erkek 135 36.6 3.23+0.278 0.434 0.664
Yasalar Kadin 166 18.8 1.70 £ 0.132
Kapsaminda Erkek 135 19.0 1.46 +0.125 -1.092 0.276
Geri Doniisiim Kadin 166 20.8 3.30 £ 0.256
Erkek 135 20.5 3.67 £0.316 0.693 0.489
Ulasim Kadin 166 18.9 4,12 £0.320 2.627 0.009 *
Erkek 135 17.6 4,30 £0.370
Gida Kadin 166 17.0 2.31 +£0.179
Erkek 135 17.0 2.41 +0.208 -0.219 0.827
Su Tuketimi Kadin 166 16.3 2.60 +£0.202 1354 0.177
Erkek 135 15.9 2.70 £0.232 '
Genel Toplam  Kadin 166 128.4 13.60 + 1.056 1.219 0.224
Erkek 135 126.5 12.92+1.112

(p<0.05%)

Tablo 2. Ekolojik Ayak Izi Farkindalik Olgegi Toplam puant ve Alt Olgeklerinden Alinan Puanlarin Egitim
Durumuna Gore Tek Faktorlii ANOVA Sonuclart

Alt olcekler Ogrenim n Ortalama Standart F p
ve toplam Durumu sapma (ss)
puan
Geri Yiiksek 72 20.0 0.452 5.892 0.001* 1-4
Doniisiim Lisans! 1-5
Doktora? 160 20.7 0.272
Lisans? 53 20.3 0.420 3-4
On Lisans* 8 23.4 0.822 3-5
Lise 3 8 23.0 0.655
Ulasim Yiiksek 72 18.2 0.548 3.478 0.020* 2-4
Lisans'
Doktora? 160 17.9 0.329
Lisans? 53 18.6 0.532
On Lisans* 8 22.1 1.329
Lise 3 8 20.6 0.999
Su Tiiketimi Yiiksek 72 16.0 0.346 6.605
Lisans'
Doktora? 160 16.2 0.203
Lisans’ 53 15.6 0.328 <0017 3-4
On Lisans* 8 18.9 0.549
Lise’ 8 16.8 0.901
Enerji Yiiksek 72 36.7 0.436
Lisans
Doktora 160 36.7 0.250
Lisans 53 36.3 0.424 0.350 0.842
On Lisans 8 38.0 1.722
Lise 8 37.1 1.217
Yasalar Yiiksek 72 19.2 0.152
Kapsaminda Lisans
Doktora 160 18.9 0.128
Lisans 53 18.7 0.216 2:539 0.063
On Lisans 8 19.0 0.655
Lise 8 16.9 0.833
Gida Yiiksek 72 16.8 0.317 2.048 0.115
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Lisans
Doktora 160 17.1 0.177
Lisans 53 16.6 0.301
On Lisans 8 18.9 0.743
Lise 8 17.4 0.680
Genel Toplam  Yiiksek 72 127.0 1.743
Lisans
Doktora 160 127.5 1.021
Tisans 53 126.1 1.623 1.983 0-125
On Lisans 8 140.3 4.960
Lise 8 131.8 4.034

(p<0.05%)

Tablo 2°de Ekolojik Ayak izi Farkindalik Olgegi toplam puani ve alt dlgeklerinden alinan puanlarla 8grenim
durumu arasindaki iliskiyi belirlemek i¢in tek yonliit ANOVA analiz sonuglar1 gdsterilmistir.

Geri doniigiim, ulagim ve su tiikketimi alt 6lgek ortalama puanlari i¢in 6grenim durumlari arasinda istatiksel
olarak anlamli bir fark bulunmustur. Geri donilisiim alt dlgek puani ortalamasi, 6grenim durumu yiiksek
lisans olanlarm (X=20.0); doktora (X=20.7); lisans (X=20.3); &n lisans (X=23.4) ve lise diizeyi 6grenim
durumu igin (X=23.0) olarak tespit edilmistir. Gruplar arasindaki farki gérmek icin , Games-Howell Post-
Hoc Testi uygulanmstir. Ogrenim diizeyi gruplari arasinda geri déniisiim alt boyutu ortalama puani icin
yiliksek lisans, lisans mezunlari ile 6n lisans ve lise mezunu gruplar1 arasinda anlamli farklilik oldugu
goriilmiistiir. On lisans ve lise diizeyi 6grenim durumuna sahip katilimcilarin geri déniisiim alt dlgek
ortalama puani yiiksek lisans ve lisans diizeyi egitim durumuna sahip katilimcilara goére anlamli diizeyde
yuksek bulunmustur (p<0.05).

Ulasim alt 6lgek puam ortalamasi, 6grenim durumu yiiksek lisans olanlarin (X=18.2); doktora (X=17.9);
lisans (X=18.6); 6n lisans (X=22.1) ve lise diizeyi 6grenim durumu igin (X=20.6) olarak tespit edilmistir.
Gruplar arasindaki farki gérmek icin , Games-Howell Post-Hoc Testi uygulanmistir. Ogrenim diizeyi
gruplar arasinda ulagim alt boyutu ortalama puani i¢in doktora 6grenim diizeyi ile 6n lisans gruplar1 arasinda
anlamli farklilik oldugu goriilmiistiir. On lisans 6grenim durumuna sahip katilimeilarin ulasim alt Slgek
ortalama puani doktora diizeyi egitim durumuna sahip katilimcilara gore anlamli diizeyde yliksek
bulunmustur (p<0.05).

Su tiiketimi alt 6lgek puani ortalamasi, 6grenim durumu yiiksek lisans olanlarin (X=16.0); doktora
(X=16.2); lisans (X=15.6); 6n lisans (X=18.9) ve lise diizeyi 6grenim durumu icin (X=16.8) olarak tespit
edilmistir. Gruplar arasindaki farki gérmek igin , Games-Howell Post-Hoc Testi uygulanmistir. Ogrenim
diizeyi gruplar1 arasinda ulasim alt boyutu ortalama puani igin lisans 6grenim diizeyi ile 6n lisans gruplari
arasinda anlaml farklilik oldugu goriilmiistiir. On lisans 6grenim durumuna sahip katilimcilarin su tiiketimi
alt 6l¢ek ortalama puani lisans diizeyi egitim durumuna sahip katilimcilara goére anlamli diizeyde yuksek
bulunmustur (p<0.05).

Olgegin diger alt puanlar1 ve toplam puan ile dgrenin diizeyleri arasinda anlamli bir farklilik bulunmamustir
(p>.05).
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Table 3. Ekolojik Ayak Izi Farkindalik Olcegi Toplam puani ve Alt Olceklerinden Alinan Puanlarin egitim-
Seminer-Kurs Alma Durumlarina Gore T-Testi Sonuclart

Alt dlcekler Kategori n Ort. t p
ve toplam
puan
Enerji Evet 29 39.0

Hayir 272 370 1.5488 0.122
Yasalar Evet 29 20.0
Kapsaminda  Hayir 272 20.0 -0.6918 0.490
Geri Evet 29 24.0 x
Déniisiim Hayir 272 21.0 .13 0.002
Ulasim Evet 29 19.0

Hayir 272 13.0 0.0982 0.922
Gida Evet 29 17.0

Hayir 272 17.0 0.0749 0.940
Su Tiiketimi  Evet 29 18.0 "

Hayir 277 16.0 -2.0026 0.046
Genel Toplam Evet 29 137.0

Hayir 272 127.0 16935 0.091

Tablo 3’te Ekolojik Ayak Izi Farkindalik Olgegi toplam puani ve alt dlgeklerinden alinan puanlarla
katilimcilarin egitim-seminer-kurs Alma Durumlari arasindaki iliskiyi belirlemek i¢in bagimsiz 6rneklem t
testi analizi sonuglar1 gosterilmistir. Katilimcilarin %9.6’s1 (n=29) egitim-seminer-kurs aldigini belirtmistir.
Ekolojik ayak izi farkindalik alt Olcekleri ve toplam puani egitim-seminer-kurs alma durumu ile
kiyaslandiginda geri doniisiim ve su tiiketimi alt 6l¢ek puanlarinda istatiksel olarak anlamli bir sonug elde
edilmistir. Geri doniisiim alt dlgegi i¢in daha once egitim-seminer-kurs alanlarin ortalamasi (X=24.0) ,
almayanlarin ortalamasina (X=21.0) gore daha yiiksek oldugu tespit edilmistir (p<0.05). Su tiiketimi alt
oleegi ortalama puaninda da benzer sekilde daha dnce egitim-seminer-kurs alanlarin ortalamasi (X=18.0) ,
almayanlarin ortalamasina (X=16.0 ) gore daha yiiksek bulunmustur.

TARTISMA

Bu c¢alismanin odak noktasi, Kirsehir Ahi Evran Universitesi’nde gérev yapan akademik ve idari personelin
cesitli faktorlere bagl olarak ekolojik ayak izi farkindalik diizeylerinin degerlendirilmesidir. Toplanan
veriler, Ekolojik Ayak izinin Azaltilmasina Yonelik Farkindalik Olgegi kullanilarak elde edilmis ve analiz
sonucunda; bu boliimde elde edilen bulgular kapsamli bir sekilde tartigilmugtir.

Katilmcilarin ekolojik ayak izi farkindalik diizeyleri ile cinsiyet degiskeni arasindaki analiz sonuglarina
bakildiginda kadinlarin, ulasim alt boyutunda anlamli bir farklilik goriilmiistiir. Ancak, diger alt boyutlarda
cinsiyete bagl anlamli bir farklilik tespit edilmemistir. Bu da kadinlarin ulagim aligkanliklarinda daha fazla
cevre bilincine sahip oldugunu gostermektedir. Glinal ve arkadaslarimin (2018) {niversite Ogrencileri
lizerinde yiiriittiigii ¢aligmada kadinlarin erkeklere gore ekolojik ayak izi farkindalik diizeyleri anlamli
derecede yiiksek bulunmustur. Aksine diger bir ¢alismada, cinsiyet ile ekolojik ayak izi farkindalik dizeyi
arasinda istatistiksel olarak anlamli bir fark bulunmamistir (Gurbuz et al., 2021).

Arastirma bulgularina gore katilimcilarin 6grenim durumu ile ekolojik ayak izi farkindalik diizeyi arasindaki
iliski incelendiginde ise, farkli 6grenim seviyeleri arasinda geri doniisiim, ulagim, su tiiketimi ve yasalar
kapsaminda alt boyutlarinda anlamli farkliliklar belirlenmistir. Ancak, enerji, gida ve genel toplam alt
boyutlarinda 6grenim durumu ile anlamh bir iligski saptanmamistir. Bu bulgu, genellikle egitim diizeyinin
artmastyla gevresel farkindaligin artacag diisiincesini sorgulamamiza neden olabilir. Ogrenim durumu ile
cevre bilinci arasindaki iliskinin karmasikligi, ¢evre konularinda bilinglendirme ¢aligmalariin herkesi
kapsayacak sekilde cesitlendirilmesi gerektigini vurgulamaktadir. Giirbiiz ve arkadaslarimin (2021) yaptigi
calismaya gore ortaokul ve iiniversite mezunlarinin ekolojik ayak izi farkindalik diizeyleri ilkokul
mezunlarina gére anlamli derecede yiiksek bulunmustur. Ozgen ve Aksoy’un (2017) yaptig1 calismada ise
atiklar alt boyutu ile egitim seviyesi arasinda ekolojik ayak izi farkindalik diizeyi agisindan istatistiksel
anlamlilik saptanmstir.
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Katilimcilarin ekolojik ayak izi farkindalik diizeyi toplam ve alt boyutlardan alinan puanlari egitim, seminer
ve kurs alma durumlaria goére incelenmistir. Geri doniisiim ve su tiiketimi alt boyutlarinda egitim, seminer
veya kurs alan katilimcilar ile almayanlar arasinda anlamli bir farklilik bulunmustur. Bu sonuglar, ekolojik
farkindalik tizerine egitim almanin bireyin ¢evre bilincini olumlu etkileyebilecegini gostermektedir. Verilen
egitimlerin daha genis kitlelere yayilmasi ve siirekliliginin saglanmasi halinde diger alt boyutlarda da olumlu
etkilerinin olabilecegi diistiniilmektedir. Demirkol ve Aslan’in (2021) sinif 6gretmenleri tizerinde yaptigi bir
calismada ekolojk ayak izi konulu seminer alan ve almayan katilimcilar arasinda ekolojik ayak izi
farkindalik diizeyi acisindan anlamli bir fark bulunmamustir. Kasetsart Universitesi’nde gerceklestirilen bir
calismada verilen cevre egitimi ile Ogrencilerin ekolojik ayak izi konusunda bilinglendigi sonucuna
ulasilmistir (Kerdsap et al., 2023). Literatiirdeki tutarsiz veriler, ¢evre bilincinin gelistirilmesi i¢in egitimin
Oonemine isaret etmektedir. Ancak, egitim programlarinin igeriginin ve kapsaminin daha da genisletilerek,
cesitli alt boyutlara odaklanmasi gerekmektedir. Sadece belirli konularda egitim almanin yeterli olmadigi,
stirekli ve kapsamli bir egitim siirecinin gerekliligi 6n plana ¢ikmaktadir.

SONUC

Bu calisma, ekolojik ayak izi farkindalik diizeyi ile bu farkindalig: etkileyen faktorler arasindaki karmasik
iligkinin derinlemesine anlagilmasi gerektigini ortaya koymaktadir. Cevre bilincinin artirilmasi ve
stirdiiriilebilirlik icin bilingli davraniglarin tesvik edilmesi, gezegenin kaynaklarini koruma yolunda 6nemli
bir adimdir. Ancak, mevcut stratejilerin bu konuda yetersiz kaldig1 goriilmektedir. Bu noktada, toplumun
cevreye olan etkilerini daha iyi anlamasi ve giinlik aligkanliklarimi bu bilingle doniistiirmesi adina
seminerler, kurslar ve egitim programlar biiyiik bir dneme sahiptir.

Seminerler, bireylerin ekolojik ayak izi kavramini daha iyi anlamalarma ve bu farkindalikla harekete
gecmelerine olanak taniyacak sekilde diizenlenmelidir. Hem teorik bilgi hem de pratik Oneriler iceren bu
etkinlikler, gilinliik yasamda uygulanabilecek siirdiiriilebilir aligkanliklarin kazandirilmasina yardimci
olabilir. Ayrica, kurslar araciligiyla bireylere siirdiiriilebilir tarim, enerji verimliligi, atik yonetimi gibi
konularda detayl1 bilgi verilerek, ¢cevreye duyarli davraniglar kazandirilabilir.

Bu egitim uygulamalarinin toplumun farkli kesimlerine yayginlastirilmasi, farkindalik diizeylerini artirarak
bireylerin ve topluluklarin daha bilingli ve sorumlu kararlar almalarim tegvik edecektir. Yine de, bu alanda
yapilacak uzun vadeli ve kapsamli arastirmalar, stratejilerin daha etkin hale getirilmesi ve surdurdlebilir
davranislarin kalici olarak benimsenmesi agisindan 6nem arz etmektedir.
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MAKALE

OZET BILGIiSi

Gida ihtiyacinin neredeyse tamaminin karsilandigi topraklarin, basta iklim degisikligi ve verimi .
.. o1 q . L Gelis:
siirlandirict etkenler olmak tizere ¢esitli faktorlerin olumsuz etkilerine maruz kaldigi giiniimiiziin bir
e .. . . N o 04.07.2024
gergegidir. Toprak varligi miktarindaki azalis ve bu durumun aksine artan niifus ve beslenme ihtiyaci Kabul:
alternatif gida temini yontemlerinin tercih edilmesine sebebiyet vermistir. Bu egilimlerden bir tanesi de :

“Kentsel Tarim” kavramidir. Kentsel tarim, her ne kadar literatiire yeni girmis olarak kabul edilse de 13.08.2024

gecmisi M.O. 575°1i yillara kadar dayanmaktadir. Gegmisi bu denli koklii olan y6ntemin tarihgesi kadar

sosyo-ekonomik katkisi arastirma konusu olarak goériilmiistiir. Oyle ki bu tarim yontemi insanlara yesil

alan temini, hortikiiltiirel terapi imkani ve kentsel topluluklari besleyen taze gidalara erisim gibi

ehemniyetli hususlara da hizmet etmektedir. Ekolojinin yani sira insan sagligina olumlu etkisi

yadsinamayan kentsel tarimda, geleneksel tarim anlayiginin yani sira topraksiz yetistiricilik

sistemlerinden de faydalanilmaktadir. Bu ¢alismada, kentsel tarimin tarihgesine deginilerek bu kavramin

tiirlerine yer verilmesi, uygulamanin kiiresel 6lgekteki drneklerinin sunulmasi ve yontemde faydalanilan

topraksiz yetistiricilik sistemleri hakkinda bilgi verilmesi amaglanmaktadir.

Anahtar kelimeler: Toprak, Kent, Politika, Strdarulebilirlik

Urban Agriculture

ABSTRACT ARILIFCOLE
Soils that provide almost all of the food supply are exposed to the negative effects of various factors, Received:
especially climate change and productivity limiting factors is a reality today. Contrary to this situation, 04.07 202'4
the decrease in the amount of the soil availability and the increasing population and nutritional needs Aclzce' ted:
have led to the preference of alternative food supply methods. One of these trends is the concept of 13 08p202.4

“urban agriculture”. Although urban agriculture is considered to be a recent introduction to the
literature, its history dates back to 575 BC. The socio-economic contribution of the method, which has
such a deep-rooted history, has been seen as a subject of research as well as its history. In fact, this
agricultural method also serves important purposes, such as providing people with green space, the
possibility of horticultural therapy and access to fresh food that nourishes urban communities. In the
urban agriculture, which has a positive impact on human health as well as ecology, soilless cultivation
systems are utilised in addition to traditional agriculture. In this study, it is aimed to mention the
history of the urban agriculture, to include the types of this concept, to present examples of the
application on a global scale and to give information about soilless cultivation (hydroponic
agriculture) systems utilised in the method.
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GIRIS

Birlesmis Milletler Niifus Fonu (United Nations Population Fund-UNFPA)’na gore Diinya niifusunun 2022
yili itibariyla 8 milyar oldugu, 2080’lerde yaklasik 10.4 milyar insanla zirveye ulagacagi ve 2100’e kadar bu
seviyede kalacagi tahmin edilmektedir (UNFPA, 2022). Artan bu niifus egilimine dayali olarak beslenme,
giyinme ve barmmma gibi ihtiyaglarin artmasi da beklenmektedir. Bu ihtiyaglarin temininde ise tarim

sektoriiniin payr onemli bir yer tutmaktadir. Hatta bir ailenin gelirinin %60-80’inin gida maddelerine
harcanmasi da tarim sektoriiniin 6nemini gostermektedir (Nugent, 2000).

Beslenme ihtiyacinin neredeyse tamamina yakininin elde edildigi toprak, tarimsal {iretimin vazgegilmez bir
unsuru olup, yeterli tedbirlerle korunamadiginda geri kazanilamayan dogal bir kaynak olarak yeralmaktadir.
Oyle ki, 1 cm toprak yaklasik bin yilda olusmaktadir (Tiirker, 2018). Buna ilaveten, verimli tarim
topraklarinin olusum siireci ise hizlandirilamamaktadir. Giiniimiizde, Birlesmis Milletler Gida ve Tarim
Orgiitii (Food and Agriculture Organisation-FAO) hesaplamalarma gore diinyada kisi basina 0.218 hektar
ekilebilir alan diiserken 2050°de bu degerin 0.181 hektar diizeyine diismesi ongoriilmektedir (Ertek, 2014).

Diger taraftan iklim degisikligi, verimli alanlarin azalmasina sebebiyet vermektedir (Al-Kodmany, 2018). Bu
durum, tarim sektdriinde Onemli yeri olan bitki yetistiriciliginde bitki besin maddesi alimindaki
yetersizlikler, tuzluluk, diisiik ve yiliksek sicaklik, radyasyon gibi verimi siirlandirict unsurlara sebebiyet
vermektedir. Bu unsurlarin baginda kiiresel 6l¢ekteki topraklarin yaklasik %43 ’iinii, Tiirkiye topraklarinin ise
yaklasik %26’sim1 etkileyen “kuraklik” gelmektedir (Korkmaz ve ark., 2022). Diinya Ekonomik Forumu
(The World Economic Forum-WEF) tarafindan yayinlanan Kiiresel Risk Raporu 2019’a gore su noksanligi,
ontimiizdeki on yilin potansiyel etki bakimindan en biiyiik kiiresel risklerden biri olarak listelenmistir (SKD,
2023).

Bu hususa ek olarak, Kovid-19 pandemisi ile kalabalik bir niifus i¢in ekonomik agidan ulagilabilir, taze ve
besin degeri olan gidaya erisimin nedenli zor oldugu tecriibe edilmistir. S6z konusu pandeminin Ureticiler,
tarim girdileri, isletme tesisleri ve gida tedarik zincirleri arasindaki dengeyi de olumsuz yonde etkilemesi
kacinilmazdir. Bu nedenle, pandemi o6zellikle uzun gida tedarik zincirine bagimli olan gida sistemini
kesintiye ugrattigi igin daha kisa yerel tedarik zincirlerine sahip olan “kentsel tarima” gecis siirecini
giindemin basina tasimaktadir (Tandogan ve Ozdamar, 2022). Boyle salgin durumlarinda niifusun yaklasik
%40’1 14 giin boyunca yiyecek stoklayamayacak ve yalmizca ii¢ giin i¢inde ¢ogu aile aglik ¢ekmeye
baglayacaktir. Kovid-19 salgimi yerel gida iiretiminin ve zincirde yasanabilecek sorunlarin énemini bir kez
daha gozler oniine sermistir (Chandran, 2020).

Bu sorunlarin ¢dziimiinde “topraksiz tarim” alternatif bir yaklasim olarak degerlendirilebilmektedir. Bu
alternatif yetistiriciligin tarihi ise M.O. 575’li yillara kadar dayanmaktadir (Al-Zu’bi ve Mansour, 2017).
Oyle ki, Babil krali II. Nebukadnezar tarafindan insa ettirilen “Babil’in Asma Bahgeleri”, Babil
Imparatorlugu’nun baskentine farkindalik ve cekicilik katan olaganiisti bahge niteligi tasimaktadir
(Novotiny ve Weiershduser, 2024). Kokeni bu denli eski donemlere dayandig: tespit edilen kentsel tarim
yoénteminin tarihcesi kadar sosyo-ekonomik etkisi de literatiirde arastirma konusu olmustur.

Kentsel tarimin arkasindaki ana fikir, evlerin pazar merkezlerine, magazalara ve is yerlerine yakinligi
nedeniyle enerji agisindan verimli ve daha az kirletici olan bir kente sahip olmas1 yatmaktadir. Kentsel
tarimin ekonomik fonksiyonlarinin yani sira sosyal ve cevresel fonksiyonlari da yerine getirdigi
bilinmektedir (Azunre ve ark., 2019). Kentsel alanlarda yasayan insanlarin sosyal ve ekolojik
hassasiyetlerinin siirl olarak dikkate alinmasi, gida yetersizligi, kiiresel iklim degisikligi, Kovid-19 gibi
pandemik olaylar ve artan nufiisa bagli olarak artmasi 6ngoriilen gida talepleri gibi faktorler farkli alanlarda
tarim yapilmasina olan ihtiyaci gostermektedir. Ayrica, tarimsal tiretim ve tedarik zincirlerinden kaynaklanan
olumsuz sosyal ve ¢evresel faktorler, tarima elverisli olmayan araziler ile tarim alanlarinda kullanilan fazla
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miktardaki gilibrelerin olusturdugu g¢evresel etkiler, gida tedariginin saglanmasindaki bireysel farkindalik ile
daha fazla ortaya ¢ikmaktadir (Langemeyer ve ark., 2021).

Ekonomik ve ekolojik etkisinin yani sira kentsel tarimin insan psikolojisine olan olumlu katkisi da
yadsmamaz diizeydedir. Oyle ki kentte yasayan insanlarin kentsel tarim icin belirlenen alanlarda bizzat yer
almalari, tarimsal faaliyetlerle mesgul olmalar1 dolayisiyla toprakla daha da yakinlagmalari literatiirde
“hortikiiltiirel terapi (horticultural theraphy)” olarak adlandirilan iyilesmeye de olanak tanimaktadir
(Biiytikcivelek, 2020). Bu faaliyet kentsel yasamin bir pargast haline gelmesi durumunda fiziksel sagligin
yani sira zihin ve ruh saglhigina da katki saglamaktadir (van den Berg, 2021, Bellows ve ark., 2008). Bununla
birlikte kentsel tarim hastalar ve mahkumlar i¢in rehabilite amaglida yapilabilmektedir.

KENT KAVRAMI

Kent tanimina bakildiginda toplumlarin gelisme asamasinda modern yasamda, yakin ¢agin ve belli siirecin
bir iriinii olarak goriilebilmektedir. Buna gore, tarim toplumundan sanayi toplumuna gecis siirecindeki
vurguya gore kent tanimi, tarim disi ve tarimsal iiretimin denetlendigi bir alandir (Hayta, 2016). Bilinen en
eski kentler Neolitik donemin ardindan ortaya ¢ikmaya baslamistir (Bosker, 2022). Tarihsel gec¢misi
acisindan kentler incelendiginde, baslangigta varligini tarimsal liretimle gosterdigini, zaman icinde artan
Uretim, pazar ihtiyaci ve sanayilesmenin etkisiyle degisime ugrayarak kirsal alandan gb¢ merkezine
doniistigii goriilmektedir (Yurt, 2020).

Kentler, niifusun en yaygin oldugu alanlar olup besin maddesi tiiketimi hizli ve fazla olmaktadir. 1950°1i
yillarda diinya niifusunun %29’u kentlerde yasarken (Ompad ve ark., 2007), gliniimiizde bu oran %55’e
ulagmistir (UN, 2024). Bu nedenle, insan beslenmesinde artan niifusa paralel olarak tarimsal iiretimin de
artirilmasi ile birim alandan daha fazla ve saglikli besin ihtiyaci agiga ¢ikmaktadir. Ancak, yetistiricilik
yapilabilecek tarimsal alanlarin azligi ve su yetersizligi gibi nedenlerle kii¢iik 6lgekli iireticiler tarimsal
faaliyetlerini uygun sartlarda gerceklestirememektedir. Bununla birlikte ekonomik anlamda yiiksek degerli
urinlere gecemeyen bu ireticilerin tarimdan elde ettikleri gelirlerinin azalmasina bagli olarak kent
merkezlerinde bulunan ciftlik dis1 faaliyetlere katilmalarina sebebiyet vermistir (Tacoli, 2003). Tarim
alanlarinda yasanan sanayilesme, turizm gibi etkenlerde tarim alanlarinin kentlere kaymasina neden
olmaktadir.

Niifusun kentlere gocii, kent merkezlerinin genislemesini de beraberinde getirmektedir. Buna ilave olarak,
degisen iklim sartlarina bagl olarak goriilen ve ileride olumsuz etkilerinin daha fazla olmasi beklenen
kuraklik, tiretimi simirlayan etmenler arasinda tiim diinyada olumsuz bir etki yaratmaktadir. Bu gibi
sorunlarin dniine gegebilmek ilkelerin tarima olan ilgisi ile énlenebilecektir. Ornegin, yetersiz su kaynaklar
ve toprak tuzluluguna bagl olarak kullamlabilir tarim alani %20 olan Israil’de tarimsal isgiiciiniin az
olmasiyla birlikte tarimsal {iretimdeki teknolojiye verilen 6nem ile kendi gida ihtiyacinin %95’ini kendi
karsilamakta olan bir iilke haline gelmistir (Oncii, 2022).

KENTSEL TARIM KAVRAMI

Kentsel tarim, kent alanlariin i¢indeki ve gevresindeki tarim faaliyetlerinin gergeklestirilmesidir. Bir baska
deyisle kentteki tiim tarimsal uygulamalari igeren bir faaliyettir (Kanbak ve ark., 2018). FAO (2024)’ya gore
kentsel tarim, kentler ve ¢evresindeki arazilerde ve diger alanlarda gergeklestirilen, tarimsal iiretim ve ilgili
siiregler yoluyla gida ve diger ¢iktilar1 saglayan uygulamalar olarak tanimlanmaktadir. Bu tanim iginde yer
alan “kent bahgeciligi”, bir kent ve ¢evresinde kolaylikla yetistirilebilen sebze, meyve, mantar, tibbi ve
aromatik bitkiler ile siis bitkilerinin yetistirilmesidir (Khan ve ark., 2020).
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Kentsel tarim; kent, kentten uzak ve kent c¢evresindeki gida sistemlerinde kayda deger bir rol
iistlenebilmektedir. Tarimin kentsel alanlarda sundugu potansiyel faydalar, politikalar1 uygulayan, altyapi
gelistiren ve artan sayida kentsel ¢iftligi destekleyecek pazarlar yaratan bircok bolge sakininin ve politika
yapicinin ilgisini ¢ekmektedir. Bu duruma, yesil alan temini ve kentsel topluluklar1 besleyen taze gidalara
erisim de dahildir. Ancak, mikro iklimler ve toprak sagligi yonetimi, kentsel ortamlarda yetistirilen gidanin
verimini ve Kkalitesini etkileyebilmekte ve kirsal tarim uygulamalarindan biyiik Ol¢lide farklilik
gosterebilmektedir. Bu kapsamda, kent topraklarinda ve ¢evresinde herhangi bir gida yetistirilmeden 6nce,
ozellikle agir metallerden kaynaklanan kentsel toprak kirliligi degerlendirilmeli ve uygun sekilde
duzenlenmelidir (ATTRA, 2023).

Kentsel tarim kavramu, gittikge azalan kaynaklar, temiz, ucuz ve giivenli gidaya erisim, acik ve yesil alan
yaratma potansiyeli, sosyal sermayeye olan katkisi nedeniyle ililkemizde ve kiiresel boyutta tartisilmakta
olup, bu kavrama yonelik 6rnekler olusturulmaktadir. Kentsel tarimin ekonomik, toplumsal ve gevresel
boyutta sagladig1 katkilarm yani sira giiniimiizde yasanan Kovid-19 salgini nedeniyle 6nemi bir kez daha
artmugtir. Kentler, diinya niifusunun yarisindan fazlasinin beslenmesi gereken yasam alanini olusturmaktadir.
Gelismis iilkelerde en zengin %20’lik hane halki gelirlerinin %6.5-9.2°sini gidaya harcarken, en yoksul
%20’1ik hane halki 9%28.8-42.6’sim1 harcamaktadir. Gelismekte olan {ilkelerde ise yoksul insanlarin
bltcelerinin %60-85’ini gidaya giderken bu oran gelismis iilkelerin yaklasik iki katidir (Sarker ve ark.,
2019).

Kent sistemi i¢inde geligsmis bir tarim sekli olan kentsel tarim sistemi “Giftlik”, “bahge”, “ciftliklerinin
yakinindaki alanlar”, “tarim dis1 araziler” ve “dikey tarim” olmak {izere simiflara ayrilmaktadir (Opitz ve
ark., 2016). Kentsel tarim, tiir itibariyla temelde “ticari olmayan” ve “ticari olan” seklinde 2 gruba
ayrilmaktadir (Sekil 1).

KENTSEL TARIM

Sekil 1. Kentsel Tarim

Kentsel tarimin se¢ilmis bazi iilkeler bazinda yapilis amaci Tablo 1.’de verilmektedir.
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Tablo 1. Ulkeler Bazinda Kentsel Tarimin Yapilis Amact

Ulke Adi  Kent Adi Yapilis Amaci

ABD Detroit Bahcecilik faaliyetlerinin yUritulmesi

ABD Kansas Miiltecilere ve gogmenlere istihdam saglanmasi

Cin Hong Kong Kentsel 1s1 adasi etkisini hafifletmesi

Endonezya Jakarta Ekonomik kriz

Ingiltere Londra Topragin iyilestirilme 6zelliginden (terapi, rehabilitasyon) ve sifa

(t1ibbi) bahgelerin kurulmast

Ispanya Girona Sosyallesme amaclh

Kiiba - Ekonomik gelir saglanmasi

(Kapan ve Oztoprak, 2019)

DUNYADA VE TURKIYE’DE KENTSEL TARIM ORNEKLERI

Toprak miilkiyetinin, monarsi ve feodal yapinin yiikselisiyle birlikte kiliseler ve kraliyet aileleri elinde
yogunlastig1 goriilmektedir. Oyle ki ingiltere Kraligesi I. Elizabeth, 1500°1ii yillarm sonunda yoksul kesimin
gida iiretimi ve hayvan yetistiriciligi i¢in topraklar ortak kullanmasina izin vermistir. Bu durumun altinda
yatan temel gerekce, yedek arazinin daha verimli bir bi¢imde kullanilmasidir. Bu tasarruf neticesinde ise
“hobi bahgeleri” kavrami ortaya c¢cikmustir (Akyol, 2011). 19. yiizyilin ikinci yarisinda Avrupa’da hobi
bahgeleri, Afrika kolonilerinde Avrupali somiirgeciler tarafindan antik yontemlerle kurulan bostanlar, Cin’de
tatbik edilen ve uzun bir ge¢cmisi olan insan giibresinin yakin ¢evrede yer alan giftliklerde kullanimi ile bir
nevi “tarimsal sistem” olarak adlandirilan Meksika’daki “chinampaslar” 6rnek olarak gosterilebilmektedir
(Y1ilmaz, 2015).

Kentsel tarim kavrami uluslararasi kurulug ve organizasyonlarin da giindeminde yerini almigtir. Bunlardan
bir tanesi olan “Kentsel Tarim Agi (The Urban Agriculture Network’s-TUAN)”, 1992 yilinda temelleri
atilan, kentsel tarim alaninda diinya ¢apinda taninan ve kar amaci giitmeyen bir organizasyondur. TUAN’1n
kurulus amact, bu alanda kiiresel 6l¢ekte yapilan uygulamalari izlemek, neticeleri tek bir merkezde toplamak
ve ilgili paydaslara iletmektir (Cityfarmer, 2024). Kentsel Tarim ve Ormancilik Kaynak Merkezleri
(Resource Centers on Urban Agriculture and Forestry-RUAF) ise 1999’dan beri Hollanda’da faaliyet
gosteren ve diinya capindaki kentlerde ve kent bolgelerinde daha fazla cgevresel, sosyal ve ekonomik
sirdiiriilebilirlik, dayaniklilik ve esitlik icin gida sistemleri doniigiimiinii hizlandirmayr amaglayan
uluslararasi bir kurulustur (RUAF, 2024).

Insanhigin kiiresel salgimlarin en biiyiigiiyle miicadele etmesi sonucunda, ekonomik, sosyal ve psikolojik
ugraslarinda farklilasmalar, yeni egilimler ve arayislar meydana gelmektedir. Ornegin, topraksiz tarim
uygulamalari; yetistirilecek bitkilere ve uzay kosullarna bagl olarak Uluslararas1 Uzay Istasyonu
(International Space Station-ISS)’nda uzaya gonderilen mekiklerde yiiriitiillmektedir. Bu uygulamalarda
bitkilerin ihtiyaci olan besinler sivilastinlmis giibreler ile temin edilmektedir. Uygulamalarda su
kiiltiirlerinde bitki yetistirilebildigi gibi kdklerdeki gelisim ise mekigin yonil ve 1513a bagl olarak degisiklik
gosterebilmektedir (Inside Science, 2023; Sekil 2).
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Sekil 2. /klim Kontrollii Bitki Biiyiime Odas: - Hollanda (Inside Science, 2023)

New York Long Island’da Bromley Caldari Architects tarafindan ticari bir yap1 yenilerken binanin terasi da
“kentsel tarim alan1” olarak tasarlanmistir. Bazi sebze cesitlerinin yetistirildigi akslar, onlar1 yatay ve dikey
kesitte kesen sirkiilasyon yollarindan olusan toplam 3.900 m?’lik teras, ayn1 zamanda “Diinyanin en biiyiik
¢at1 bahgesi” unvanini kazanmustir (Grochulska-Salak ve Zinowiec- Cieplik, 2019).

Paris Expo Porte de Versailles’da yeniden gelistirilmekte olan biiyiik bir sergi kompleksinin tepesinde yer
alan ¢iftligin biinyesinde ayrica yaklasik 300 kisi kapasiteli restoran ve barin tesis edilmesi de planlanmaistir.
Kentin giineybatisinda yapim asamasinda olan bu kentsel olusumun, yaklasik 14.000 metrekare alana
yayilmasi ongoriilmekte ve bu durumun ona “Avrupa’nin en biiyiik kent ¢iftligi” tinvanini kazandirmasi
beklenmektedir. 30’dan fazla farkl bitki tiiriiniin yetistirilmesi amaglanan bu sahada yiiksek sezonda her giin
yaklasik 1.000 kg meyve ve sebze iiretilmesi hedeflenmektedir. Yaklasik 20 bahgivan tarafindan bakilan
bahgelerde ayrica tamamen organik yontemlerin kullanilmasi planlanmaktadir (The Guardian, 2023).

Amerikan Toplulugu Bahgecilik Dernegi (American Community Gardening Association-ACCA)’ne gore,
Amerika Birlesik Devletleri ve Kanada’da 18 binden fazla topluluk bahgesi bulunmaktadir. Ayrica
Hindistan'daki karargahlarda askerler, ¢iftlige doniistiiriilen bos arazilerde meyve ve sebze iiretmektedir. Bu
sekilde kentler, tarimsal iiriin tedarik zincirinin genislemesiyle birlikte ¢evre dostu yerlesim alani haline
getirilmektedir (Suman, 2019).

Tiirkiye’de de “kentsel tarima” atfedilen 6nem, dncelikle politika belgelerine yansitilmistir. Oyle ki, konuya
iliskin olarak On ikinci Kalkinma Plan1 (2024-2028)’nin 491.3 numarali tedbirinde “iriin kayiplarimin ve
lojistik maliyetlerin azaltilarak tiiketicilerin tarim tiriinlerine uygun fiyatla ulasabilmelerini temin etmek
Uzere 6nemli tliketim merkezi kentlerin ceperlerinde kent tarimumn gelistirilmesine 6zel onem verilecektir.”
hususuna yer verilmistir. Yine, Tirkiye’de yesil cati uygulamasi (Akmerkez AVM, Kanyon AVM),
sosyallesmek, zaman gegirmek amach olarak kullanim (Istanbul ve Ankara’da bulunan hobi bahgeleri)
bahcelerin tibbi amacglh kullanimi (Zeytinburnu Tibbi Bitkiler Bahgesi), topraksiz tarim uygulamalar (Y1ldiz
Teknik Universitesi), bahgecilik faaliyetleri ve tarimsal iiretimin yiiriitiilmesi (Yedikule Bostanlari-Sariyer,
Beykoz (Catalca)) onemli kentsel tarim uygulamalari olarak degerlendirilmektedir.

GELENEKSEL KENTSEL TARIM YAKLASIMI

Tarim sektorii, kentsel agidan gidaya erisim ve kentsel-gevresel siirdiiriilebilirlige katki saglayacak formlarda
bulunabilmektedir (Taylor ve Taylor Lovell, 2014). Geleneksel tarimda bu zorluklardan kaynaklanan gidanin
iiretimi ve temininde sorun yasanmaktadir. Topragin tarimin temelini olusturdugu bu yetistiriciligin daha
verimli, doga dostu ve modern tarim teknikleriyle desteklenmesi faydali olacaktir (Lambin ve Meyfroidt,
2011). Diger taraftan bitkiler, gelisimlerini saglikli olarak yapabilmek i¢in bazi besin maddelerine ihtiyag
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duymaktadir. Bu mineral kdkenli maddeler “mutlak gerekli bitki besin maddeleri” olarak tanimlanmaktadir.
Kaliteli ve giivenilir tarimsal iiriiniin temin edilebilmesi igin baslica yapilmasi gereken hususlar arasinda;
giibre ihtiyacinin net bir sekilde tanimlanmasi yaninda, uygulanacak giibre ¢esidinin ve miktarinin tayin
edilmesi, dogru giibre uygulama ydnteminin se¢ilmesi, giibre uygulama siklig1 ve zamaninin belirlenmesi yer
almaktadir.

Toprak verimliliginin azalmasi, mevcut fosfat kaynaklarinin 60-90 yil iginde tiikkenecegi 6ngoriisii ile fosfor
gibi olmak onemli besin maddelerinde olusabilecek yetersizlik, kisitli sulama suyunun varligir ve iklim
degisikligi modern tarim tekniklerinin uygulanmasi gerekliligini gostermektedir. Bu sorunlarla miicadele
etmenin bir yolu da topraksiz yetistiricilik sistemleridir (Mir ve ark., 2022). Bu sorunlara bir ¢dziim olmak
amaciyla birim alandaki iirlin verimini artirmak i¢in temeli topraksiz tarima dayanan “Dikey Tarim (Vertical
Farming)” kavrami giiniimiizde 6nem kazanmakta ve giderek yayginlasmaktadir (Beacham ve ark., 2019;
Cankiil ve Toprak, 2022).

Kentsel tarim faaliyetleri gelismis iilkelerde genellikle kent ve yerel 6lgekli olarak vergiden muaf ve kar
amac1 glitmeyen orgiitler tarafindan yiiriitilmektedir (Kanbak, 2018). Mougeot (2000)’e gore ‘kentsel tarim,
bir kasaba, kent veya metropoliin i¢inde ya da g¢evresinde, insan, malzeme ve hizmet kaynaklarimi biiyiik
Olglide kullanarak bunlarin kentsel alana yeniden sunulmasini temin eden, degisik tiirlerde gida veya gida
olmayan {irlinlerin yetistirilmesini, islenmesini ve dagitimin1 hedefleyen bir sistem’ olarak tanimlanmaktadir.
Kentsel alanlar iginde gergeklestirilen tarimsal faaliyetleri kirsal alanda yiiriililen tarimsal faaliyetlerden
ayiran en 6nemli husus bu faaliyetlerin yapildigi yerden ziyade, kentsel tarimin; kentin sosyo-ekonomik,
cevresel ve kiiltiirel sistemler ile yakin entegrasyonunun bulunmasidir (Aslan ve ark., 2022).

KENTSEL TARIMDA KULLANILAN TOPRAKSIZ YETISTIiRICILIK SISTEMLERI

Geleneksel kentsel tarim sistemleri iginde toprakli tarima dayali olan hobi bahgeleri kent bostanlar yer alsa
da yetistiriciligin en dnemli kismi topraksiz tarim olarak yapilmaktadir. Modern tarim sistemleri arasinda yer
alan topraksiz tarim sistemleri ¢evre dostu, enerji tasarrufu saglayan ve kentsel alanlarda siirekli taze meyve
ve sebze tedarigini saglayan giivenli gida tiretimini desteklemektedir. Salgin gibi durumlarda diizenli gida
tedariginin saglanmasina yardimci olabilecek ve tarimui siirdiiriilebilir hale getirebilecek bu teknolojilerin
kentsel tarima entegre edilmesine ihtiya¢ duyulmaktadir (Han ve ark., 2020). Kentsel ve dikey tarimi da
kapsayan topraksiz yetistiricilik sistemleri 3’e ayrilmaktadir. Bu sistemler; “aeroponik”, “akuaponik” ve
“hidroponik” olarak siniflandirilabilmektedir (Sekil 3.).

) Y4 D )
S D DY
A

-
|

Sekil 3. Aeroponik, Akuaponik ve Hidroponik Sistemler-(Maucieri ve ark. 2019, Palm ve ark. 2019)

Bu sistemlerde bitki gelisimi i¢in mutlak gerekli olan azot, fosfor, potasyum, kalsiyum, magnezyum, demir,
cinko, bakir, mangan, bor ve molibden gibi besin maddeleri bitki g¢esitleirin ihtiyaclarina uygun
formilasyonlarda verilmektedir. Aeroponik sistemler, aeresol icinde bulunan bitki kdklerine su ve mutlak
gerekli besin elementlerinin mistleme yontemi ile verilmesidir. Bu yontem ile su ve besin elementleri
acisindan ckonomi saglamakla birlikte maksimum verim elde edilebilmektedir. Aeroponik sistemde,
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yetistirilecek bitki tiirline uygun ve bitkinin ihtiya¢ duydugu kadar besin ¢6zeltisi bir zamanlayiciya bagh
pompa yardimiyla bitki koklerine piiskiirtiilerek verilmektedir. Bu yetistirme ortaminda koklerin iginde
bulundugu ortaminin siirekli nemli olmas1 bakteri ve mantar kaynakli kok hastaliklarina sebep olabilmesi bir
dezavantaj olabilmektedir (Jones, 2000).

Akuaponik sistemler, balik, kerevit, karides basta olmak tizere akuatik ortamda yasayan canlilarin hidroponik
sistem ile birlesmesinden olusan bir sistemdir. Akuakiiltiirde kullanilan su hidroponik sistemde kullanilarak
olusan su kirliliginin azalmasina yardimeci olmakla birlikte icinde yasayan canlilara bagli olarak besin
elementleri bakimindan zengin bir ortam olabilmektedir. Bu ortamda yetistirilen bitkiler bu besin
elementlerini kullanarak gelisimini saglayabilmektedirler. Akuaponik yetistiriciligin en bilylik dezavantaji
ise ilk kurulum maliyetinin diger sistemlerden daha fazla olmasidir (Kerim ve Tiril, 2009; Okur, 2015).

Hidroponik sistemler, topraksiz tarimda ilk kullanilan sistem olup, ge¢misi 17. yiizyila kadar dayanmaktadir.
Bu sistemler easasinda, bir besin ¢dzeltisi iginde desteksiz olarak bitki yetistiriciliginin yapilmasidir. Ayrica,
hidroponik sistemlerde bitkiler inert veya yari inert yetistime ortamlarinda da yetistirilebilmektedir.
Hidroponik sistemlerde yer alan bu ortamlar inert veya yari1 inert agregat sistemleri olarak ikiye
ayrilmaktadir. Sivi sistemlerde bitki koklerini destekleyici kat1 ortam bulunmazken, inert ortamlarda bitki
koklerinin i¢inde bulundugu kati ortam destegi bulunmaktadir. Bu sistemde basit su kiiltiirii olan kapali
sistemler ile resirkiile olan ve besin ¢ozeltisinin siirekli veya aralikli olarak bitki koklerine sirkiile edildigi
sistemler kullanilmaktadir (Alpaslan ve ark., 1998; Jones, 2000; Okur, 2015, Palende ve ark., 2018).

Biitiin bu yetistiricilik sistemlerinde giiniimiiz teknolojisi ve yiiksek enerji maliyetleri ile bitkilerin fotosentez
yapabilmesi i¢in gerekli olan ve genellikle giinesten alinan enerji yerine siirekliligi daha fazla olan, gilines
15181 yetersiz ve simirlayici oldugu yetistirme alanlarinda “LED sistemler” kullanilabilmektedir. Bu
sistemlerde bitki ¢esitlerine ve gelisme periyotlarina bagl olarak farkli 151k yayan diyot (Light-Emitting
Diode, LED) receteleri uygulanabilmektedir. Bu sistemler bitki fotosentezini saglamakla
beraber enerji tasarrufunu desteklemektedir (Cakirer ve ark., 2017; Paradiso ve Proietti, 2022). Giines 15181
yerine kullanilan LED 1giklar 151k saglayan aydinlatma yapilariyla desteklenebilir veya degistirilebilir
yapidadirlar. Sicakligin kontrol edilebilir ortamlarda kentsel tarim alanlarina uygun olan bu sistem yil
boyunca taze iiriin yetismesine olanak saglamaktadir. Ozellikle kis aylarinda ve giinesin daha az oldugu
bolgelerde {irlin yetistirilmesine destek saglamaktadir. Bu sistem hidroponikte bagil nem ve sicaklik gibi tiim
ekolojik faktorleri otomatik olarak kontrol edilebilmesinin yani1 sira zararli boceklerin, haserelerin ve
hastaliga neden olan mikroorganizmalarin olusturabilecegi riski de azaltmaktadir (Goddek ve ark., 2016).

SONUC VE ONERILER

Niifus artistyla birlikte, bilhassa gida gilivenligi ve iklim degisikligi gibi zorluklarla miicadelede daha
kapsayici ¢Oziimlere ihtiyag duyulmaktadir. Bu ihtiyact karsilamak adina glniimiizde “kentsel tarim”
kavrami altinda yiiriitilen uygulamalarm iilkeler nezdinde gitgide fazlalastigi gorilmektedir. Yapilis
gerekgesi iilkeden iilkeye hatta kentten kente farklilik arz etse verimli toprak varliklarinin iizerindeki yogun
kullanim talep baskisinin da azaltilmasinda 6nemli bir rol iistlenmektedir.

Kentsel tarim uygulamasinin yayginlasmasindaki temel motivasyon agirlikli olarak ekonomiye olan olumlu
katkis1 olmakla birlikte, ekolojiye ve kentlerde yagamini siirdiiren insanlarin fiziksel, ruhsal ve mental agidan
saglikli olmasina etkisi de goz ardi edilememektedir. Kentlerde bos birakilan arazilerin bu uygulama igin
degerlendirilmesi kent ¢evresindeki gida ihtiyacinin temin edilmesinin yani sira sagladigi peyzaj ve dogal
imkanlarla da kent insaninin sosyallesmesine olanak tanimaktadir. Bu bilgiler dogrultusunda, kentsel tarimi
destekleyici ve tesvik edici politikalarin, program ve projeler vasitasiyla ivedilikle hayata gegirilmesinin
faydali olacag1 degerlendirilmektedir.
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CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini tasdik ederler.

YAZAR KATKISI

Tim yazarlar esit katki saglamistir.

ETiK BEYAN

“Urban Agriculture/Kentsel Tarim” baglikli ¢alismanin yazim siirecinde bilimsel kurallara, etik ve alint1
kurallarina uyulmus; toplanan veriler iizerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi bagka
bir akademik yayin ortamina degerlendirme igin gonderilmemistir. Bu aragtirma dokiiman analizi ve betimsel
incelemeye dayali olarak yapildigindan etik kurul karar1 zorunlulugu bulunmamaktadir.
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ABSTRACT

ARTICLE
INFO

Several studies have been conducted with the objective of examining the potential relationship between
different udder and body shapes and sizes and milk yield in buffaloes. In one study, it was stated that the
relationship between milk yield and teat diameter was significant. In another study, conical and round
teats were found to have the highest milk yield. Milk yield and udder width and lactation number were
also positively correlated. It was found that there were some positive correlations between rear udder
width, rear udder height, rear udder distance, udder length, front-rear teat distance; left rear teat length,
left front teat length; right rear teat length and right front teat length. It was observed that body length
was significantly associated with milk yield. While 1 cm increase in body length increased milk yield by
15.96 grams/day on average, each 1 cm increase in chest circumference increased milk yield by 17.96
grams/day. The highest milk yield was recorded at the height of the withers (145 cm) and at the depth
of the chest (80 cm). A positive relationship was found between the distance between the hip bones and
upper wedge angle and milk yield. Another study found that the thickness of the skin affects how much
milk buffaloes produce. The thicker the skin in the flank and udder regions, the less milk the buffalo
produces. The correlation coefficient in the flank region was -0.334 and in the udder region was -0.264.

Keywords: Buffalo, buffalo milk, udder and body measurements milk yield
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Mandalarda Farkh Viicut ve Meme Sekil ve Biiyiikliiklerinin Siit Verimi ile Tliskisi

OZET

Mandalarda farkli viicut ve meme sekil ve 6lgiileri ile siit verimi arasindaki iligkiyi inceleyen birgok
¢alisma yiritilmistiir. Yapilan bir ¢calismada sadece meme basi ¢api ile siit verimi iligkisinin kayda
deger oldugunu belirtilmistir. Yapilan bir diger ¢alismada en yiiksek siit verimini yuvarlak sekilli meme
ile konik sekilli meme basindan elde etmistir. Ayrica meme genisligi ile laktasyon sayisi ve siit verimi
arasinda pozitif korelasyon elde etmistir. Arka meme genisligi, arka meme yiiksekligi, arka meme
mesafesi, meme uzunlugu, 6n-arka meme uglart mesafesi; sol 6n meme ucu uzunlugu, sol arka meme
ucu uzunlugu; sag arka meme ucu uzunlugu ve sag 6n meme ucu uzunlugu arasinda pozitif korelasyon
elde etmistir. Viicut uzunluklart ile siit veriminin anlamli sekilde iligkisi oldugu gézlemlemistir. Viicut
uzunlugundaki 1 cm artis siit verimini ortalama 15,96 gram/giin artirirken, gogiis ¢evresindeki her 1
cm artig siit verimini 17,96 gram/giin arttirmistir. En yiiksek siit veriminin goriildiigii cidago yiiksekligi
145 cm ve gogiis derinligi ise 80 cm olarak kaydedilmistir. Kalga kemigi arasindaki mesafe ve iist kama
acist ile siit veriminin pozitif iliskisi tespit edilmistir. Mandalarda deri kalinlig1 ile siit verimi arasinda
iliski oldugu gozlemlenirken, bogir denilen yan kisimlari (r=-0,334) ve meme (r=-0,264)
bolgelerindeki deri kivrim kalinligindaki negative korelasyonlar 6nemli bulunmustur.

Anahtar kelimeler: Manda, manda sitl, meme ve vicut dlguleri, sut verimi
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INTRODUCTION

Buffaloes are hard tempered, water-loving, thick-skinned animals. Although buffaloes are very versatile
animals, they are less adaptable to extreme hot and cold climates compared to various cattle. Although they
are generally raised at low altitudes, it is known that they are also raised at altitudes above 2500 m in some
regions such as Nepal and Papua New Guinea. (Sekerden, 2016). According to the latest data, cow's milk is
the most produced milk in the world, followed by buffalo milk. (Aydogdu and Sahin, 2022). Compared to
cow milk, buffalo milk is a higher quality food source as it has high protein, fat and mineral substance content.
The quality difference between buffalo and cow milk results in a high demand for buffalo milk in the
production of by-products such as yoghurt, cream and milk powder. (Yilmaz and Kara, 2019). For buffalo
breeders, using high-yielding females is one of the most important features desired in the farm from an
economic perspective. In this article, the relationships between buffalo milk and body and breast sizes are
examined.

BUFFALO MILK AND BREEDING

Buffalo milk represents 15% of global milk production, with 135 million litres produced annually. It is the
most widely produced milk type in the world, following cow milk. (Aydogdu and Sahin, 2022). In fact, it
constitutes the largest part of milk production in some countries such as Nepal (Hayashi et al., 2013). The
average dry matter content of buffalo milk is 17.2%, which is quite high compared to cow milk (12.6%). The
high dry matter content provides economic advantages. For example, while 1 kg of cheese can be produced
with 5 kg of buffalo milk versus 8 kg of cow's milk. Buffalo milk also contains 7.3% fat, 4.6% lactose, 5.0%
crude protein, 0.91% crude ash (Ahmad et al, 2013). The most important reason why buffalo milk, which is
higher quality and more nutritious than cow milk, lags behind cow milk production is that the production
performance of cattle is considerably higher than that of buffaloes (Zicarelli et al, 2020). By-products such as
cream, yogurt, ice cream, etc. are made from buffalo milk, and buffalo milk is also used in the production of
milk powder due to its high dry matter and fat content (Y1lmaz and Kara, 2019). As mentioned above, buffalo
milk has many qualitative advantages compared to cow milk.

It can be observed that the majority (96.4%) of buffalo breeding worldwide is concentrated in Asia (Sari6zkan,
2011). Atotal of 72 different buffalo breeds have been identified globally, with 57 of these rearing in Asia. Of
these, 22 are utilized in dairy farming. (Adkinson et al., 2021). Buffaloes benefit very well even from poor
feed resources, and buffalo breeding is generally done by the public in family businesses (Alkhateeb et al.,
2022).

Buffaloes are generally raised for milk production. Therefore, breeders take into account the high milk yield
of the animals they will raise for the future. In a study, they found that the highest amount of milk produced
during the lactation period of buffalos was 12.99-15.31 kg/day (Gu et al, 2017). Milk is secreted from the
udder, and therefore the characteristics of the udder structures are directly related to milk yield, and in this
context, the first structures to be examined in determining whether the selected animal is productive in terms
of dairy farming are the udder and udder structures (Poudel et al, 2022).

RELATIONSHIP BETWEEN MORPHOLOGICAL CHARACTERISTICS OF UDDER AND TEAT
AND MILK YIELD

The average udder length in buffaloes during different lactation periods is between 52.21+0.61 cm and
55.71+0.59 cm, udder width is between 48.61+0.60 cm and 53.87+0.70 cm, and udder depth is between
15.46+0.17 cm and 15.78+0.18 cm. The length of the nipples is 7.81+0.15 cm and the diameter is 2.76+0.02
cm. R.M.VThe study conducted by Prasad et al. (2010) revealed a positive correlation between the given breast
and teat measurements and milk yield. However, only the correlation between milk yield and teat diameter
was found to be significant. (Prasad et al., 2010).
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Table 1. Relationship between udder shape and milk yield in buffaloes (Poudel et al, 2022).

Daily Milk Yield (Kg) Daily Milk Yield (Kg)
Udder Shapes | N |Mean+S.E |Min. Max. [TeatShapes N |MeanzS.E Min. | Max.
Round 9 1620+£0.58 |3.00 |8.60 | Funnel 41 |6.02+0.30 3.00 | 9.00
Bowl & | 585+0.75 |3.00 |9.00 |Bottle 25 |547+035 3.00 | 8.60
Goaty 4 |540+088 (320 |7.20 |Cylindrical 16 |6.00£0.35 420 |9.00
Stepped 3 5.80+1.13 |420 |8.00 |Conical 14 |6.18+046 3.00 | 9.00
Overall Mean | 24 | 590+ 036 |3.00 |9.00 |Overall Mean | 96 |5.90£0.18 3.00 |9.00

There was no difference between groups (P < 0.05).

As with other farm animals, buffaloes have more than one teat and teat shapes. There are 4 different teats:
funnel, bottle, cylindrical and conical shaped teats and 4 different udder shapes: round, bowl, goat and step.
Poudel et al. (2022) observed that; 26% bottle, 42.7% funnel, 14.6% conical, 16.7% cylindrical shaped teats
and 37.5% round shaped udder, 33.3% bowl shaped udder, 16.7% goat shaped udder and 12.5% step shaped
udder. Udder and teat shapes are shown in Figure 1 and Figure 2. In the study, buffaloes gave an average of
5.90 + 0.36 kg of milk per day and the highest milk yield was observed in buffaloes with conical teats and
round teats The relationship between udder shape and milk yield in buffaloes is shown in Table 1.. (Poudel et
al, 2022).

Figure 1. Bowl, round and goat-shaped breasts, respectively (Raju et al., 2020)

In a separate study conducted in Lahore, Pakistan, investigating the effect of teat and udder shape on milk
yield in buffaloes, the majority (78%) were found to be bowl-shaped, with 19.5% exhibiting a round shape,
2.5% displaying a goat-shaped morphology, and 89% exhibiting a cylindrical morphology. Additionally, 7%
were observed to possess a funnel-shaped morphology. Bottle-shaped nipples were seen in 4% of cases.
Additionally, the study examined the relationship between breast and teat area measurements and milk yield.
In the study, measurements of breast depth (MD), breast length (MU), breast width (MG), nipple length (MBU)
and nipple diameter (MBD) were taken. A positive correlation was identified between MG and lactation
number (r = 0.341) and milk yield (r = 0.573). (Abdullah et al, 2013).

Figure 2. Cylindricel, funnel and bottle shaped nipples respectively (Raju et al., 2020)
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In another study conducted with Dehong crossbred buffaloes, the average peak milk yield was found to be
9.60 + 2.73 and the average udder dimensions are given as follows; breast depth 16.51 + 10.05, rear breast
width 8.07 + 3.26, rear breast height 8.68 + 3.92, rear breast height 50.74 + 8.82, front nipple distance 7.18 £
2.18, front nipple distance was measured as 7.73 + 2.15 cm. The results of the evaluations, the presence of
both negative and positive correlations between specific values and peak milk yield are given in table 2.
Correlations were found to be positive in the following instances: The posterior udder height (r=0.32, P<0.01)
demonstrated a positive correlation with the posterior udder width (r = 0.24, P < 0.01), posterior udder distance
(r=0.20, P < 0.01), udder length (r = 0.34, P < 0.01), anteroposterior teats distance (r = 0.40, P < 0.01), and
left anterior teats distance (r = 0.38, P < 0.01). The correlation coefficients for teat length were (r = 0.25, P <
0.01) for the left teat, (r = 0.29, P < 0.01) for the left posterior teat, r = 0.22 (P < 0.01) for the right anterior
teat, and (r = 0.25, P < 0.01) for the right posterior teat. The only negative correlation observed was for udder
depth (r=-0.28, P < 0.01). (Gu et al., 2017).

Table 2. Relationship between udder lengths and milk yield in buffaloes (Gu et al, 2017)

PMY UD RUW RUH UH DFT DRT DFRT LFTL LRTL RFIL RRTL MV TC
PMY 1 -0.28%% 0.24%F 032%F  034%F  0,19%  020%*F 040%F 025%% 029%* 022%% 0251*%* -0.09 0.09

UD - l -0.07  -0.25%F -021% -0.23%F -0.18% -0.14* -0.01 -0.07 -0.00 -0.06 0.11 -0.01

RUW - - 1 003 033%F  022%%  (.4% 0.34% 020 012 0.19** 012  -16% 0.19%*
RUH - - - l 0.08 0.14* 0.02 0.18% 004 0.17* 001 0.14* -0.03 0.06

UH - - - - 1 0.20%* 0.13  035% 004 0.17% -0.04 0.06 -0.10 0.11

DFT - - - - - | 0.67* 041** -012 -009 -0.04 -0.01  -0.19%%  -0.00
DRT - - - - - - 1 0.28%* -0.03 -0.03 0.12 0.06 -0.06 -0.03
DFRT - - - - - - - 1 0.19% 020% 014  0.16* -0.19%* -0.07
LFIL - - - - - - - - 1 0.68%* 0.71% 0.58*%*  -0.03 0.20%*
LRTL - - - - - - - - - 1 0.43%%  0.69%* 0.08 0.23%*
RFTL - - - - - - - - - - 1 0.56%%  -0.05 0.21**
RRTL - - - - - - - - - - - | 0 0.2]1%*
MV - . - - - - - - . - - - 1 0.12

TC - - - - - - - - - - - - - 1

** (p<0.01) and * (P<0.05).

PMY: peak milk vield; UD: udder depth; RUW: rear udder width; RUH: rear udder height; UH: udder height; DFT: distance of fore teats; DRT: distance of rear teats; DFRT:
distance of fore-rear teats; LFTL: left fore teat length; LRTL: left rear teat length; RFTL: right fore teat length; RRTL: right rear teat length; MV: mammary vein and TC:
teat conformation.

In a study revealing the close relationship between the size of the milk vein and milk components, the positive
relationship between the size of the milk vein and the components Lactose% (0.044), SNF% (0.086), Ash%
(0.031) and Protein% (0.064) was presented (Javed et al, 2013).

THE RELATIONSHIP BETWEEN BODY SIZE AND MILK YIELD IN BUFFALOES

A substantial corpus of research has been undertaken with the objective of examining the relationship between
milk yield and body measurements.. Larger animals have higher fat storage ability and secrete higher quality
and higher amounts of milk without consuming feed. In the study conducted by Jaayid et al., 2011), they found
a positive significant relationship between body length (0.320) and breast circumference (0.365) and milk
yield.

A significant increase in milk yield is observed as body length increases from 165 cm to 170 cm. The increase
in body length above 170 cm increases milk yield, but this increase is not as high as the increase in milk yield
up to 170 cm. A 1 cm increase in body length increased milk yield by an average of 15.96 grams.

A comparison of chest circumference lengths revealed that the highest milk yield was obtained in animals with
a chest circumference of 200-210 cm. Furthermore, it was demonstrated that an increase of 1 cm in chest
circumference resulted in an increase of 17.96 grams of milk yield. The highest milk yield was recorded at 145
cm wither height and 80 cm chest depth (Jaayid et al., 2011).
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In another study, a positive relationship was found between the distance between the hip bone and the upper
wedge angle and milk yield. In this study, it was found that animals with wider hip bone distance and higher
upper wedge angle had higher milk yield (Dahiya et al, 2020).

According to the study conducted by Zhang et al., it was observed that buffaloes with high hind legs, short teat
crossing distance and narrow teat circumference were less likely to suffer from mastitis than other buffalos
(Zhang et al, 2023).

In another study conducted by Mirza et al. in Pakistan (2015), they reported that heart circumference and milk
yield were significantly positively related. They stated that the relationship between milk yield and heart
circumference could be taken into account in indirect selection for milk yield.

In the study by Dhillod et al. (2017), they found that body weight, mouth width and abdominal circumference
are linked to milk yield. They also reported that body length and body depth were positively related to milk
yield, but this relationship was not significant (Dhillod et al, 2017). In a study conducted on Iragi buffaloes, it
was found that body weight, body length and heart circumference had a positive relationship with milk yield,
and the highest relationship with milk yield was with body weight (Alkhateeb et al., 2021).

A study looked at how skin thickness affects milk yield and content in buffaloes. The results indicated a
correlation between these two variables. There is a link between milk yield and skinfold thickness. In
particular, the correlations in skinfold thickness, particularly in the flank regions (-0.334) and breast regions (-
0.264), were found to be statistically significant. It has been demonstrated that skin thickness exerts a
significant influence on milk flow rate. Animals with thin and medium skin thickness in the neck, chest, flank
and udder areas exhibited a higher milk flow rate than those with thick skin. (Barati et al, 2017). The effect of
skin thickness on milk fat is presented in Figure 3.

12 —#— Thin Moderate Thick

10 /,-I\\ -

Fat percentage in milk

MNeck Chest Abdomen Flank Udder

Figure 3. Relationship between skin thickness in different areas and milk fat in buffaloes (Barati et al, 2017).
CONCLUSION

Breeders can benefit from some body measurements, breast and teat shapes and sizes when choosing high-
yielding buffaloes in terms of milk. The measured characteristics of the breast can generally be given as breast
width, breast depth, nipple diameter, nipple length, breast length, breast height, and distance between nipples.
While the teat shapes are funnel, bottle, cylindrical and conical shaped teat, the breast shapes are round shaped,
bowl shaped, goat shaped and step shaped. Many studies have been conducted examining the relationship
between these measurements and shapes and milk yield. A negative correlation has been identified between
udder depth and milk yield, while a positive correlation has been observed between other measurements and
milk yield. Furthermore, cows with round breasts and conical teats gave the most milk.

Characteristics that have a positive correlation with milk yield are chest circumference, body length, hip bone
distance, chest depth and upper wedge angle. The results demonstrated that an increase of 1 ¢cm in body length
was associated with on average increase in milk yield of 15.96 grams, while an increase of 1 cm in breast
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circumference was associated with an average increase in milk yield of 17.96 grams. The breast depth at which
the highest milk yield was observed was 80 cm and the height of the cidago at which the highest milk yield
was observed was 145 cm. It has been observed that animals with normal and thin skin thickness have higher
milk yield and milk flow rates.

In conclusion, it has been observed that there is a relationship between milk yield and body and udder size of
buffaloes.
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- MAKALE
OZET BILGISI
Havyar, balik yumurtaliklarinin bag dokusundan ayrilarak tuzlama yapilan, katki maddeleri ilave edilen Gelis:
ve bazen de muhafaza edilmesi amaciyla pastorizasyona tabi tutulan balik yumurtalarindan elde 13.07 2502 4
edilmektedir. En degerli havyar Acipenseridae (mersin balig1) ailesine ait balik yumurtalarinin gidaya kabul'
uygun tuzla iglenmesiyle iiretilmistir. Antik Misir’dan Roma Imparatorluk'larina kadar birgok medeniyet 28.10 20'2 4
havyari liiks ve prestijin bir sembolii olarak gormiistiir. Havyar igerdigi yiiksek protein, coklu doymamis -
yag asitleri, vitamin ve mineralleri sayesinde insan sagligi iizerinde olumlu etkileri bulunan besin degeri
yuksek ve ekonomik agidan degerli bir {irlindiir. Bu nedenle, havyara talep giin gegtikge artmis, diinya
mutfaginda énemli bir gida iiriinii haline gelmistir. Gliniimiizde mersin balig1 dogal popiilasyonlarinin
azalmasini dnlemek amaciyla havyar iiretimi tamamen su iiriinleri yetistiriciligiyle yapilmaktadir. Insan
sagligina yonelik olas1 tehlikeleri ortadan kaldirabilmek veya en aza indirebilmek i¢in havyarin iiretim
stirecini analiz etmek biiyiik 6nem tagimaktadir. Havyarin muhafazasi; tuzlama, pastorizasyon ve soguk
depolama kombinasyonlarmin kullanilmasiyla saglanmaktadir. Bu makalede havyarmn tarihgesi,
bilesimi, tiretimi, kalitesi, mikrobiyolojisi ve muhafazasini i¢eren konular hakkinda kapsamli bilgilere
yer verilmistir.

Anahtar kelimeler: Havyar, Havyar tretimi, Havyar ikameleri
Miracle Seafood: Caviar
ABSTRACT ARI-’I\-IIF%LE
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GIRIS

Havyar, yumurtaliklarin bag dokusundan ayrilarak tuzlama yapilan, katki maddeleri ilave edilen ve bazen de
muhafaza edilmesi amaciyla pastOrizasyona tabi tutulan balik yumurtalarindan elde edilen bir iriindiir
(Fioretto ve ark., 2005). Havyar’in kdkeni geleneksel olarak Rus ve Pers imparatorluklarina dayanmaktadir ve
glinlimiizde tiim diinyada takdir edilen en pahali ve liiks gida tiriinlerinden birisini temsil etmektedir (Vasconi
ve ark., 2020). Havyar teriminin kokeni Mahi Khaviari’nin Farsca olan sdyleminden *’yumurta iireten balik”’
anlamina gelmektedir (Tavakoli ve ark., 2021). Diinyanin en pahali havyar1 100 yasinin iizerinde oldugu iddia
edilen Beluga mersin baligindan elde edilen ’Almas’’ tir. Almas’in rengi beyazdan altina kadar degisiklik
gostermektedir ve son derece nadir bulunmaktadir (Bledsoe ve ark., 2003). Almas 24 ayar altin kutularda
paketlenmekte ve kilogrami 35.000 ABD dolarina satilmaktadir (Bledsoe ve ark., 2003; Mouritsen, 2023).

Bazi iilkelerdeki mevzuata gore havyar terimi yalnizca mersin baligindan elde edilen islenmis balik yumurtasi
icin kullanilmaktadir. Bu iilkelerde havyar yerine kullanilan iirlinlerin iizerindeki etiketin genellikle mensei
tiiriiniin ortak adiyla birlikte agikca belirtilmesi gerekmektedir. Ornegin, ucan balik yumurtasi yani ** tobiko”’,
“’ucan balik havyar1’’ olarak satisa sunulmalidir (Tavakoli ve ark., 2021).

Havyar igerdigi A vitamini ve kompleks B vitaminleriyle yoniiyle yiiksek besin degerine sahip pahali bir
lezzettir (Heshmati ve ark., 2011). Havyar {iretiminin hammaddesi, lireme terminolojisinde disi balik veya
kabuklu deniz hayvanlarinin yumurtaliklarinda bulunan yumurta kiitlesi olarak adlandirilan yumurta
hiicrelerinden (oositler) olugsmaktadir (Mackowiak-Dryka ve ark., 2020). Modern hasat yontemleri baligin
oldiiriilmesini engelleme egiliminde olsa bile, mersin balig1 yumurtalar1 canli baliklardan veya 6liimden hemen
sonra (birka¢ dakika i¢inde) alinmaktadir (Monfort, 2002). Yumurtalar zarlarindan temizlendikten sonra
havyar1 korumak icin salamura edilmektedir. Tuz konsantrasyonu %3,5-5 ve pH’s1 4-5 arasinda degisen
salamurada 4-6 hafta bekletildikten sonra -20°C sicaklikta depolanmaktadir (Altug ve Bayrak, 2003). Balik
yumurtasi genellikle tiiketime hazir iiriin olup taze, dondurulmus, salamura edilmis, tiitsiilenmis ve konserve
olarak pazarlanmaktadir (Monfort, 2002; Vasconi ve ark., 2020).

Gilinlimiizde, su iirlinleri yetistiriciliginden elde edilen mersin balig1 havyarinin baslica tiretici iilkeleri arasinda
Cin, Italya, Fransa, Amerika Birlesik Devletleri ve Iran yer almaktadir (Dudu ve Georgescu, 2024). CITES
Ticaret veri tabanina gore, 2022-2024 yillar1 arasinda A. baerii ve A. gueldenstaedtii ticareti en fazla yapilan
mersin balig tiirleridir (CITES, 2024).

HAVYARIN TARIHCESI

Havyar diinyanin en lezzetli yiyecegi olarak kabul edilmekte ve genellikle Cin'de ‘’siyah altin’’ olarak
bilinmektedir (Hu ve ark., 2023). Havyar iiretimi tarihsel olarak Rusya'da baglamistir ve 20. yiizyilin baglarinda
Rusya havyar ticaretinde énemli bir tlke haline gelmistir (Sicuro, 2019).

Mersin balig1 havyarina yonelik artan talebe karsilik tedarik azalmaktadir. Son on yildir Hazar Denizi’'nden
mersin balig1 hasadi azalmistir ve su anda ki {iretim tiiketicilerin siyah havyar talebini kargilamakta yetersiz
kalmaktadir. Avrupa ile Orta ve Dogu Asya'da Hazar Denizi mersin baligi havyart (Huso spp.) ve Acipenser
tiirlerinin iiretimi son yillarda azalmis ve bu yiizden siyah havyar kaynagi olarak diger balik tiirlerine (A.
transmontanus gibi) ilgi yonelmistir (Bledsoe ve ark., 2003).

Verimlilik agisindan bakildiginda gegmisteki ve simdiki havyar iiretimindeki temel fark, yabani havyardan
ciftlik havyarina olan kesin ge¢istir. Glinlimiizde mersin baligi dogal popiilasyonlarinin azalmasini dnlemek
amaciyla havyar iiretimi tamamen su iriinleri yetistiriciligiyle yapilmaktadir. Bu durum mersin baligi su
iiriinleri yetistiriciligi i¢in son derece olumlu perspektifler sunmaktadir (Sicuro, 2019).

Diinya su iriinleri yetistiriciliginde mersin balig1 tiretimi 2020 yilinda yaklasik 123,476 tondur (EUMOFA,
2023). Guiniimiizde mersin balig1 yetistiriciliginde Cin diinya ¢apinda liderdir ve 2020'de mersin balig
Uretiminde 104,280 tonla iiretimin %84 {ine katkida bulunmustur (Bronzi ve ark., 2019; Tuncelli ve Yamaner,
2024). Onu % 4’ liik payiyla Rusya (4,836 ton) ve % 3’ liik payiyla Ermenistan (4,200 ton) takip etmektedir.
Italya, 2020 y1linda 1051 tonluk iiretimiyle AB iireticileri arasinda en fazla mersin balig1 iiretimi yapan iilkedir
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(EUMOFA, 2023). Tiirkiye’de 2017 yilinda mersin balig: iiretimi 23 ton civarinda olmustur (Bronzi ve ark.,
2019).

Mersin baligi havyari 2023 yilinda toplam 916 ton ihrag¢ edilmistir. Bunun 276 tonu (% 30,1) Cin, 148 tonu
(% 16,2) ABD, 73 tonu (% 8) Polonya, 67 tonu (% 7,3) italya ve 62 tonu (% 6,8) Litvanya tarafindan
geceklestirilmistir (Workman, 2024).

Diger iilkelerle karsilastirildiginda Tiirkiye’de havyar iiretiminin kisa bir ge¢misi vardir. Tiirkiye’ de havyar
iretimi 1950’1 yillarin baglarinda baslamis, 1960’11 yillarda zirveye ulagmis ve 1970°1i yillarin sonlarina dogru
azalmaya baglamistir. Mersin baligi balik¢iligi Kizilirmak, Sakarya ve Coruh haliglerinde ¢alisilarak
Ogrenilmistir. Son 40 yilda Tiirkiye'deki tiim tiirlerin durumu tamamen degismis, mersin baligi tiirleri yok olma
tehlikesiyle kars1 karsiya kalmistir. Alti mersin balig: tiirii (Acipenser gueldenstaedtii, Acipenser nudiventris,
Acipenser stellatus, Acipenser sturio, Acipenser ruthenus ve Huso huso) tarihsel olarak tim Karadeniz'e
Ozglidiir ve bu nedenle ayn1 zamanda Karadeniz kiyisindaki Tiirk nehirlerindeki yerli balik faunasininda bir
parcasidir (Memis, 2014). Tiirkiye’de bulunan mersin baligi tiirleri ve yerel isimleri Tablo 1’de verilmistir.

Tablo 1. Tiirkiye 'de bulunan mersin balig tiirleri ve yerel isimleri (Ustiindag, 2005).

Tur Yerel ismi
Huso huso Mersin morinasi
Acipenser sturio Kolan baligi

A. stellatus Sivrugka baligi
A. nudiventris Sip balig
Acipenser gueldenstaedtii Rus mersin baligi
A. ruthenus Cuka, Ciga balig

Tiirkiye'de halihazirda iki mersin baligi ¢iftligi yatirimi vardir. Bunlardan biri 2008 yilinda Akdeniz bolgesinde
yer alan Adana sehrinde, digeri ise 2013 yilinda ayn1 bolgede olan Antalya sehrinde kurulmustur (Memis,
2014).

BALIK YUMURTASI

Deniz baliklarimin ¢ogu, kabuklular (yengeg, karides ve 1stakoz gibi), yumusak¢alar (midye ve kafadan
bacaklilar gibi) ve derisi dikenliler (deniz kestanesi, deniz y1ldiz1 gibi) yumurtalarla ¢ogalmaktadir (Mouritsen,
2023). Yumurta, disi balik yumurtasi (sert yumurta) veya erkek baligin spermi (yumusak yumurta) igin
kullanilan genel bir terimdir (Monfort, 2002). Balik yumurtasi, yumurtaliklarda olgunlagsmamis yumurtalarin
toplanmasini veya olgun yumurtalarin suya salinmak {izere oldugunu ifade edilmektedir (Mouritsen, 2023).
Codex Alimentarius’a gore balik yumurtasi yumurtaliklarin bag dokusundan ayrilmis, ovule olmamis
yumurtalaridir (CAC, 2010). Ureme agisindan bakildiginda iyi kaliteli yumurtalar genellikle kulugka
sirasindaki yiiksek hayatta kalma oranlar1 ve yumurtadan ¢ikan yavru miktartyla belirlenmektedir (Schubring,
2004).

Tire ve gevre kosullaria bagl olarak disi baligin cinsel olgunluga ulagsmasi ve vahsi dogada havyar tiretimine
uygun hale gelmesi 15 ila 20 y1l siirmektedir (Bledsoe ve ark., 2003). Giintimiizde su Uriinleri yetistiriciligi ile
iiretilen mersin baliklarinda olgunlasma yasi su sicakliginin yiikseltilmesiyle daha erkene almabilmektedir
(Yamaner, 2012). Baliklar her yi1l yumurta birakmamaktadir (Vecsei, 2001). Disi baliklar 2 ila 11 yil
araliklarla, erkek baliklar ise 1 ila 6 yil araliklarla sperma birakmaktadir (Yamaner, 2012). Olgunluga erisen
baliklar ilkbaharin baslangicinda nehirlere girmektedir ve baliklarin yumurtlamasi, nehrin su sicakligr 12-
17°C’ye ulastiginda, 1-10 m derinliginde, akintinin hizli oldugu ¢akilli yerlerde olmaktadir (MEB, 2016).

Mersin baliklarinda yumurtaliklar bir bag dokusu ve matriks i¢inde bir arada tutulan tekil yumurta gruplarini
iceren iki es organdir. Havyar i¢in pazarlanan olgun disilerin yumurtaliklari toplam viicut agirliginin %10 ila
%30’unu olusturmaktadir. Yumurtalik karin boslugunun i¢inde sirt duvaria yapisiktir. Bir bag dokunun iginde
tutulan yumurtalar asmada biiyliylip olgunlasan bir salkim iiziim gibi karin boslugunda gevsek bir sekilde
sarkmaktadir (Chapman ve Van Eenennaam, 2016). Beluga mersin baligi (Huso huso), mersin baliklarinin en
iri yapilisidir ve yumurtalariin agirligi 30 kilogrami gegmektedir (Vecsei, 2001).
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Yumurtalarin yumurtlamadan 6nce biiyiiyiip olgunlagsmasi gerekir. Her yumurta, yumurtayi dogrudan besleyen
“’folikiiler hiicre tabakasi’’ adi verilen 6zel hiicrelerden olusan bir ortii ile ¢cevrelenmektedir. Yumurtanin
bliylime ve olgunlagma siireci olduk¢a uzun olabilir, aylardan birkag yila kadar siirebilmektedir (Chapman ve
Van Eenennaam, 2016). Olgunlasma doneminde yumurtalar disi baligin gonadlarinda ¢ok kiiciik boyutlardan
dikkat cekici boyutlara kadar gelisir ve olgunlasir. Yumurtalarin olgunlasmas: siirecinde vitellogenez ile
proteinler, lipidler, karbonhidratlar ve mineraller yumurtada depolanir. Bu maddeler disinin karacigerinde
yumurtalarin disinda sentezlenmektedir. Vitellogenez sirasinda kan yoluyla yumurtaliga tasinir ve yumurta
sarisinin  olusmasini saglar (Schubring, 2004). Yumurta sarisinin olusmasindan sonra yumurtalar
pigmentlenirler (kahverengi, gri, siyah) ve maksimum boyuta (2,8 ila 4,2 mm) ulasirlar (Chapman ve Van
Eenennaam, 2016).

HAVYAR

Codex Alimenterius’a gore "havyar" Acipenseridae (mersin baligi) ailesine ait balik yumurtalarinin gidaya
uygun tuzla islenmesiyle elde edilen bir {iriindiir (CAC, 2010). Diger tiirlerden elde edilen yumurtalarin ise
havyar olmadigi, "havyar ikameleri ya da havyar yerine gegenler" olarak adlandirilmasi gerektigi
belirtilmektedir (Mouritsen, 2023). "Havyar ikameleri" suda yasayan hayvanlardan, kabuklu deniz
hayvanlarindan ve de mersin baligi digindaki diger balik tiirlerinden elde edilen yumurta Grlnleri igin
kullanilan bir terimdir (Tavakoli ve ark., 2021).

Bronzi ve Rosenthal (2014) ‘a gdre havyar 6 kategoride tanimlamustir:

1. Havyar: Acipenseridae ailesine ait mersin baligi yumurtalarindan iretilen gercek havyardir (Bronzi ve
Rosenthal, 2014).

2. Ikame Havyar: Diinyanin dort bir yanindan ¢ok sayida baska balik tiirlerinden elde edilen yumurtalardir.
Bazen gergek havyarin goriinlimiinii daha iyi taklit etmek i¢in ¢esitli maddelerle boyanmaktadir (Bronzi ve
Rosenthal, 2014).

3. Taklit Havyar: Havyar taklitleri deniz baliklari, deniz yosunu ile karigtirilmis 1stakoz eti vb. ile bitkisel
materyallerden (pektin, bal, karabugday, soya fasulyesi unu, yosun vb.) pigment, esans, tuz gibi gida katki
maddeleri ile yapilmaktadir. Dogal havyarin goriiniisiinii ve tadim taklit etmektedir (Hu ve ark., 2023).

4. Havyar Benzetimi: Balik irinlerinin yan sira diger biyolojik maddelerden elde edilmektedir. Bu iiriinler
havyar goriiniimiinde olmayan, ancak tadini taklit etme amaci tasiyan ¢ok c¢esitli tiriinleri igermektedir. Bu
iiriinler macun veya siirtilebilir formdadir (Bronzi ve Rosenthal, 2014).

5. Havyar Turevleri: Gergek havyar igerigine sahip olan iriinlerdir, ancak tamamen farkli goriinim ve
kullanimlara sahiptir. Orijinal {irtiniin ¢ekiciligini ve imajin1 begenen ancak geleneksel havyar tiketicileri
olmayan tiiketicileri hedefleyen iiriinler arasinda yer almaktadir (Bronzi ve Rosenthal, 2014).

6. Duyusal Havyar: Bu iiriinler ¢ogunlukla duyusal bir lezzet katmakta ancak havyar igermemektedir.
“’Havyar’’ ad1 liiks bir imaj uyandirmak, iiriin ve hizmetlerini yiiksek bir degere ¢ikarmak i¢in bir pazarlama
stratejisi olarak dahil edilmistir. Bunlar yenilebilir olabilecegi gibi yenmeyen iiriinler de olabilmektedir
(Bronzi ve Rosenthal, 2014).

HAVYARIN TiICARI KATEGORILERI

1. Malossol: Bu havyar diisiik tuz icerigine (%2-3) sahip, potansiyel olarak yiiksek kaliteli bir havyardir.
Yakalanan mersin balig1 kalite kontroliiniin ardindan mukus ve yiizey kirliligini gidermek igin yikanir ve
kaninin akmast igin solungaglari kesilir (2-3 dakika). Daha sonra baligin karin kismui kesilerek yumurtalarin
cikarilmasi saglanir. Yumurtalar 1-3 kez yikanir, tartilir ve tuz ilave edilir. “"Malossol’’ hafif tuzlu havyar
olarak bilindiginden tuz ilavesi %2-3’ten fazla olmamalidir. Uriinler sicakligi 0-3°C’de tutulan kaplarda
saklanmaktadir. Bu tiir havyarlar igerdigi tuz nedeniyle koruyucu madde kullanilmadan ve dondurulmadan -
2°C ve -3°C sicaklikta 3 ay saklanabilmektedir (Tavakoli ve ark., 2021).
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2. Tuzlu Havyar: Malossol ile ayni islemler uygulanarak hazirlanan ancak daha uzun raf émrQ icin daha
yiiksek tuz igerigine sahip (%10-12) olan havyardir (Chapman ve Van Eenennaam, 2016).

3. Preslenmis Havyar: Preslenmis havyar lretiminde daha diisiik kaliteli ve kabugu hasarli yumurtalar
kullanilmaktadir (Tavakoli ve ark., 2021). Baz tiiketiciler yogun tadi ve siiriilebilir dokusu nedeniyle tercih
etmektedir (Chapman ve Van Eenennaam, 2016).

4. Ovule Olmamis Yumurta: Daha yakin zamanda gelistirilmis olan ve patentli bir siireci igeren dordiincii bir
kategori daha vardir. Bu yontemde disi mersin baligina ya bir hormon verilir ya da balig1 6ldiirmeden hatta
kesmeden yumurtalarini birakmalarimi (yumurtalama) tesvik etmek i¢in yapay olarak uyarilmaktadir
(Chapman ve Van Eenennaam, 2016). Bir sonraki adimda yumurtalarin kabuklari sisme ve suda sertlesmeye
kars1 korunmaktadir (Tavakoli ve ark., 2021).

MERSIN HAVYARI

En degerli havyar Hazar Denizi’nde avlanan mersin baliklarindan iiretilmistir. Kikirdak iskeletli (Chondrostei)
takimina giren mersin baliklar1 Acipenseridae ailesine ait 27 balik tiiriiniin ortak adidir (MEB, 2016; Tavakoli
ve ark., 2021). Mersin balig1 ailesinin Acipenser, Huso, Pseudoscaphirhynchus ve Scaphirhynchus olmak
iizere dort cinsi vardir (Tavakoli ve ark., 2021) Bu cinslere ait tiirlerden yalnizca 14’1 ticari agidan 6neme
sahiptir (Fahim ve ark., 2018). En iinliileri Rus ve Iran Beluga (Huso huso), Osetra (Acipenser gueldenstaedtii)
ve Sevruga (A. stellatus) mersin baliklari tarafindan tretilen havyarlardir. Ayrica Cin veya Kaluga mersin
baliklarindan (Huso dauricus, A. dauricus veya A. mantschuricus) ve Amur nehri mersin baligindan (A.
schrenki) elde edilen havyarlarda yaygin olarak tiiketilmektedir. Amur nehri mersin baligi (A. schrenki) hem
Cin’i hem de Rusya’y1 boydan boya gegen Amur nehri havzasinda yasar. Bunlarin hepsi yiiksek kaliteli ve
pahali olan mersin balig1 havyarinin 6nemli kaynaklaridir. Diger 6nemli havyar kaynaklar1 ise Rus mersin
balig1 (A. gueldenstaedti), gemi mersin baligi (A. nudiventris) ve Sibirya mersin baligi (A. baerii)’dir (Bledsoe
ve ark., 2003).

Son yillarda diinyadaki mersin balig1 popiilasyonu %70 oraninda azalis gostermistir. Bu azaligin sebebi ¢evre
kirliligi, se¢ici olmayan balik¢ilik aletlerin kullanimi, nehirlerde kurulan barajlar ve yasadisi avlanan mersin
baliklaridir. Tiim mersin baligr tiirleri Nisan 1998’den bu yana CITES (Convention on International Trade in
Endangered Species of Wild Fauna and Flora / Nesli Tehlikede Olan Yabani Hayvan ve Bitki Tdrlerinin
Uluslararasi Ticaretine {liskin Sozlesme) kapsamina almnustir (Vecsei, 2001).

Beluga, Osetra ve Sevruga

En taninmig balik tiirleri ve onlardan iiretilen degerli havyar ¢esitleri; Huso huso’dan Beluga, Acipenser
gueldenstaedtii‘den Osetra, Acipenser stellatus ve A. persicus’ dan Sevruga’dir (Lopez ve ark., 2020). Mersin
balig1 havyarinin ticari ve tiir isimleri Tablo 2’de verilmistir.

Beluga mersin baligi (H. huso) diinyadaki en biiyiik mersin baligidir ve 5 m uzunluga, 2 tondan fazla agirhiga
sahiptir. Rus mersin balig1 (Acipenser gueldenstaedtii) ve iran mersin baligi (A. persicus) genellikle 2 m'ye
ulasan ve 65 ila 115 kg agirhiga sahip orta biiyiikliikteki mersin baliklaridir. ki tiir morfolojik agidan oldukca
benzerdir. Yalnizca immiinokimyasal 6zelliklerine gore birbirinden ayrilirlar Sevruga mersin baligi (Acipenser
stellatus) ise 2 m’ye ulagir ve 80 kg’a kadar ulasan agirliga sahiptir (Monfort, 2002). Osetra havyarinin taneleri,
Beluga havyarinin tanelerinden daha kiigiiktiir (¢ap1 2 ila 3 mm). Osetra havyarinin rengi koyu kahverengiden
altin sarisina kadar degigsmektedir. Sevruga havyari ise daha kii¢iik tanelerden olusmaktadir (Monfort, 2002).
Yumurtanin boyutu tiir iginde ¢ok degiskenlik gostermemektedir. En biiyiik havyar tanesini Huso huso verir,
bunu sirasiyla A. gueldenstaedtii, A. baeri ve A. stellatus takip etmektedir (Farag ve ark., 2021).
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Tablo 2. Mersin baligi havyarmn ticari ve tir isimleri (Monfort, 2002).

Havyarm Ticari ismi Tur

Beluga Huso huso

Osetra Acipenser gueldenstaedtii, A. persicus, A. nudiventis,
A. nudiventis, A. schrenckii

Sevruga Acipenser stellatus

Caviar d’Aquitaine Acipenser baerii

Calvisius (italya) Acipenser transmontanus

Sterling (ABD) Acipenser transmontanus

Ithal siyah havyarin mevcut fiyatlar: ons basina (28,3 gram) 125,00 dolar1 asabilmektedir. Bir tonluk tek bir
beyaz (Beluga) mersin baligi toptan pazarda yiiz binlerce dolar degerinde olan 158 kilogram havyar
uretebilmektedir (Bledsoe ve ark., 2003). Siyah havyar ayni zamanda ABD’deki Mississippi-Missouri
drenajima 6zgii Acipenseriform bir tiir olan mersin baliginin alt akrabasi Kasik-Agizli Mersin baligi’ndan
(Polyodon spathula) elde edilmektedir (Farag ve ark., 2021).

DIGER BALIK TURLERINDEN URETILEN HAVYARLAR

Hazar denizi mersin balig1 havyari (Huso sp.) ve Acipenser tiirlerinin bulunabilirliginde ki azalma diger balik
tiirlerinden elde edilen havyar {iriinlerine daha fazla ilgi gosterilmesine neden olmustur. Buna ek olarak susi
ve sashimi’nin popiilaritesinin ve uluslararasi fiizyon mutfaklarina olan ilginin artmasi, pazarlarin genislemesi
diger balik tiirlerinden elde edilen yumurtalardan yeni {iriinler gelistirilmesini tesvik etmistir (Bledsoe ve ark.,
2003).

1.Somon Havyar: (Tkura-Sujiko)

Yaygin bir sekilde tiiketilen somon yumurtasi {iriinleri chum somonu (Oncorhynchus keta) ve pembe somon
(Oncorhynchus gorbuscha) gibi balik tiirlerinden elde edilen "ikura" ve "sujiko"dur (Bekhit ve ark., 2009).
Somon havyari, esas olarak Japonya'ya biitiin yumurtaliklar veya keseler (sujiko) ve tekli yumurtalar (ikura)
olarak ihrag edilen, tuzlanmis bir lezzettir. Son yillarda ikura'nin popiilaritesi dnemli dlgiide artmustir. Ikura
iretimi geleneksel olmayan sujikoya gore cok daha fazla islem gerektirmektedir (Himelbloom ve Crapo,
1998).

2. Lumpfish Havyar:

Lumpfish havyari disi lumpfish baliginin (Cyclopterus lumpus) yumurtasindan elde edilmektedir
(Johannesson, 2006). Lumpfish yumurtasi genellikle kirmizi veya siyah renkli 2 ila 5 mm’lik kii¢iik bir
yumurtadir. Olgunlasmamis yumurtalar i¢in gri-beyazdan, olgunlasmis yumurtalar i¢in mordan kirmiziya, asiri
olgunlasmis yumurtalar i¢in kirmizimsi turuncuya kadar degismektedir (Bledsoe ve ark., 2003). Lumpfish
baligt ABD, Kanada, Gronland, Norveg ve Izlanda kiyilarinda yakalanmaktadir. Isvec, Kanada ve izlanda
lumpfish havyari tiretiminde diinya lideridir (Mouritsen, 2023). Lumpfish yumurtasi pastorizasyonda diger
havyar {rilinlerinden daha iyi hayatta kalabilmekte ve rafta stabil olmasini saglayacak sekilde yiiksek tuz ve
yeterince diisiik su aktivitesinde iretilebilmektedir. Lumpfish havyarinin su aktivitesini azaltmak igin kitre
(Taragakant Zamki) ve sodyum benzoat eklenebilmektedir (Bledsoe ve ark., 2003).

3. Yaywngiller Balik Yumurtasi

Kanal kedi baligi (Ictalurus punctatus) siyah havyar iretimi i¢cin ham madde kaynagi olarak
degerlendirilmektedir. Daha dogru bir ifadeyle siyah havyarin alternatifi olarak adlandirilmaktadir. Ictalurus
sp. ve Clarius sp. gibi baz1 yayingil baliklarindan tiretilen havyar, ¢ok disli mersin baligigiller (Paddlefishes)
veya sterlet havyarina benzemektedir, ancak rengi koyu kOmiir renginden altin rengine kadar
degisebilmektedir (Bledsoe ve ark., 2003). Yayin baligi yumurtast %24,6 protein ve yiiksek miktarda 16sin
icermektedir (Sathivel ve ark., 2009).
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4, Tobiko

Ucan balik yumurtasi veya tobiko, Cheilopogon furcatus (nokta yiizgecli ugan balik)’dan elde edilir ve susi
hazirliklarinda kullanilir. Tobiko ¢itir bir dokuya ve altin turuncu renge sahiptir. Biyiikliigii 2 mm veya daha
azdir. Ac1 biber, wasabi (Japon yaban turpu) ile tatlandirilir ve acik bahar yesiline boyanir (Bekhit, 2022).

Tobiko’ya olan yiiksek talep, ringa baligi (Clupea sp.) ve diger balik tiirlerinin yumurtalarindan taklit tobiko
iiretilmesine yol agmustir. Taklit tobiko yapmak i¢in biitiin tuzlanmig olgunlasmamis ringa balig1 yumurtasi
kullanilmaktadir (Bekhit, 2022).

5. Bottarga

Kuru tuzlanmig kefal (Mugil cephalus) yumurtasi muhtemelen en iyi bilinen kurutulmus balik yumurtasi
{iriiniidiir ve farkli iilkelerde yerel isimlerle bilinmektedir (Bekhit, 2022). Ornegin; Yunanistan’da Avgotaraho,
Fransa’da Poutargue, Italya’da Bottarga ve Japonya’da Karasumi olarak adlandirilmaktadir (Caredda ve ark.,
2018). Kurutulmus kefal yumurtasindan ekstrakte edilen yagin %60-70'ini olusturan balmumu esterleri, lirtine
karakteristik ¢ignenebilir bir doku kazandirmaktadir. Uriin 4-5 saat tuzda kirleme, ardindan tuzun
uzaklastirilmasi, ahsap bir kalas altinda preslenmesi ve {irlinlin orijinal agirliginin %30'u alinana kadar havayla
kurutulmastyla hazirlanmaktadir (Bekhit, 2022). Islemden sonra yumurtanin rengi sari-altin renginden koyu
kehribar rengine kadar degismektedir. Bottarga parcalar halinde (bozulmamis keseler) satilmaktadir ve
vakumla paketlenmektedir. Yumurta kesesinin tamaminin yaninda, cam kavanozlarda paketlenmis,
rendelenmis, kurutulmus bottarga veya vakumla paketlenmis bottarga dilimlerinden yapilan bottarga ezmesini
de bulmak miimkiindiir (Monfort, 2002). Bottarga’nin organoleptik karakteri yogun ve tath bir lezzettedir.
Belirgin tuzlu bir lezzete sahiptir ama yuvarlak ve dengeli, agizda hafif ac1 ve baharath bir tat birakmaktadir
(Corrias ve ark., 2020).

6. Morina Yumurtasi

Tuzlu morina yumurtasi; Gadus macrocephalus (Pasifik morinasi), Gadus morhua (Atlantik morinasi) ve diger
beyaz baliklardan elde edilen yumurtalardir. Bu yumurtalar sekerle tatlandirilir, nitritle islenir, bazende
tiitsiilenir. Bu yumurtalar satilmadan 6nce birkag ay boyunca olgunlastirilir. Morina yumurtalari tek basina
tiketilir veya ekmek ya da krakerlerde kullanilmak tizere tereyagi, yumusak peynirler veya diger siiriilebilir
iirlinler ve bitkilerle karistirilarak tiiketilmektedir (Bledsoe ve ark., 2003).

6.1. Tiitsiilenmis Morina Yumurtast

Morina yumurtasi tiitsiilenmeden 6nce (taze veya dondurulmus) salamura veya kuru tuzlama yoluyla
tuzlanmaktadir. Daha sonra bu yumurtalar soguk tiitstilenmektedir. Bu islem sirasinda agirlik kayiplar1 %20
ile %30 arasinda degismektedir. Tiitsiilenmis morina baligi yumurtalarinin tamami vakumlu paketlerde
satilabilmektedir (Monfort, 2002).

6.2. Tiipte Iskandinav Havyart

Tiipte morina yumurtas: Iskandinavya’da olduk¢a yaygin bir gida iiriiniidiir, soguk tiitsiilenmis veya
tiitstilenmemis sekerle tuzlanmis olarak hazirlanmaktadir. Genellikle 175 g veya 250 g tiiplerde satilmaktadir.
Bu {iriin pastorize edilmemistir ancak yliksek tuz igerigi, diisiik sicakliklarda (0°C ve +4°C) saklandiginda
uzun bir raf émrii saglamaktadir. Bu, Isve¢'in bir numarali pazar payma sahip oldugu, onu Norvec ve
Finlandiya'nin takip ettigi tipik bir Iskandinav triintidir (Monfort, 2002).

7. Kazunoko

Pasifik ringa baligi (Clupea pallasii) ve Baltik ringa baligi (Clupea harengus) yumurtasi Asya'da, ozellikle
Japonya'da ¢ok ilgi gormektedir. Kazunoko veya ‘’sar1 elmas’” yumurtasi tuzlanmis ringa baligi ve onun bag
dokusudur (Bekhit, 2022). Ringa yumurtasi keseleri yaklagik 3 cm genisliginde ve 8 cm uzunlugundadir. Tekli
yumurtalari ise 1,3-1,5 mm kadar kii¢iiktiir ve agik sar1 renktedir. Ringa yumurtasi yagsiz olup yalnizca %2-4
oraninda yag igcermektedir. Yumurtalarin agizda biraktig1 his neredeyse tobiko kadar ¢itirdir (Mouritsen,
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2023). En degerli kazunoko iki yumurta kesesinin tam olarak eslestirilmesiyle elde edilmektedir (Bekhit,
2022).

Ringa baliginin kalitesi nasil toplandigina baglhdir. Baliklar birbirlerine kars1 agresyon sergiledikce ve yumurta
hasadi sirasinda olusan stres sonucu yumurta kesesi rengini kaybeder ve zarar gorerek iizerinde kan ¢izgileri
meydana gelir. Yumurta keselerinin dogal seklini ve yapisini korumak i¢in baliklar, ideal bir sekilde tuzlu suda
dondurma, sok veya plaka dondurma kombinasyonlariyla dondurulmaktadir (Bekhit, 2022). Kiy1
Avrupa’sinda ringa baligi yumurtasi geleneksel olarak kizartilmis, tiitsilenmis ve tuzlanmis olarak
tiketilmektedir (Mouritsen, 2023).

8. Beyaz Balik Yumurtast

Beyaz balik yumurtasi, kefal (Mugilcephalus) ve ¢esitli beyaz baliklardan Coregonus huntsmani (Atlantik
beyaz baligi), Coregonus clupeaformis (g6l beyaz baligi), Prosopium williamsoni (Dag veya Rocky Daglari
(altin) beyaz baligi), Coregonus albula (beyaz balik veya vendace), Coregonus lavaretus (lavaret),
Rutilusrutilus (kiz1l g6z), Perca fluviatilis (tath su levregi), Clupea pallasii (Pasifik ringa baligi), Clupea
harengus (Atlantik veya Baltik ringa baligi) ve Lota lota (tathh su gelincigi) elde edilmektedir. Bunlar
Avrupa’da yaygin olarak kullanilan tiriinlerdir. Bu yumurtalar salamura edilmekte ve bazen tiitsiilenmektedir
(Bledsoe ve Rasco, 2006).

9. Mentaiko

Karashi mentaiko "mentiko" olarak da bilinmektedir. Japon ve Kore pazarlarindaki bir diger popiiler balik
yumurtas1 Urliniidiir (Bekhit, 2022). Mentaiko alaska mezgiti (Theragra chalcogramma) havyari1 olarakda
bilinmektedir (Bledsoe ve ark., 2003). Baharatli pollock yumurtasi1 (mezgit havyar1) Kore pazarlarinda gesni
olarak satilir ve ‘’baharatli yumurta’> veya ‘’'metai’’ olarak bilinmektedir (Bekhit, 2022). Mentaiko Giiney
Kore ve Japonya’da olduk¢a popiiler olmakla birlikte Rus ve Fransiz mutfaginda da kullanilmaktadir
(Mouritsen, 2023). Pembe renkli bir mentaiko olusturmak i¢in sodyum nitrit, askorbik asit veya nikotinik asit
kullanilabilmektedir (Bekhit, 2022).

Mentaiko’nun daha kiigiik tuzlu yumurta keseleri “’tarako’’ olarak adlandirilmaktadir. Japonca’da morina
balig1 yumurtas: anlamina gelen tarako aslinda morina baligi yumurtasindan degil, pollock yumurtasindan
yapilmaktadir (Bekhit, 2022).

HAVYARIN BESIiN DEGERI

Havyar, diinya ¢apinda en popiiler yenilebilir balik yumurtas: triiniidiir ve yiiksek besleyici degeri, yiiksek
kaliteli protein, coklu doymamis yag asitleri (PUFA), A, B, C, D ve E vitaminleri agisindan zengin olmas1
nedeniyle degerlidir (Farag ve ark., 2021). Dogal havyarin ve havyar ikamelerinin besin bilesimi tiirler arasinda
onemli dlctide farklilik gostermektedir (Hu ve ark., 2023). Bunun nedeni yumurtalarin olgunlugunun yani sira
cografi bolge, hasat mevsimi ve isleme yontemidir. Olgunluk seviyesinin artmasiyla birlikte suyun lipitlere
orami ve kiitlesi artmaktadir. Salamura isleminden sonra nem miktar1 azalmakta, protein ve lipit yiizdesi ise
artmaktadir (Tavakoli ve ark., 2021). Balik yumurtasinin besin degeri, cografi bolgeye ve yillik mevsime gore
degismektedir. Balik yumurtalarindaki protein ve yag, baligin kendi etine kiyasla ¢ok daha yiiksektir;
yumurtanin yag icerigi olgunlasmamisken en yliksek seviyededir (Schubring, 2004).

Kanatli hayvan yumurtalar1 gibi balik yumurtas1 da yiiksek konsantrasyonlarda lipid ve protein igermektedir.
Genel olarak balik yumurtasi iiriinleri protein bakimindan yiiksektir (%16 ila %30). Ham lipit icerigi ise %5
ile %20 arasinda degisebilmektedir ve somon i¢in ortalama deger %10 civarindadir (Bledsoe ve ark., 2003).
Yiiksek kaliteli Rus havyar1 %48 organik madde, %40 su ve %12 yag; Somon havyari ise %49 su, %32 protein,
%11 yag, %7 kiil ve %3 tuz icermektedir (Altug ve Bayrak, 2003). Siyah ve kirmizi (taneli) havyarin besin
degeri Tablo 3’te verilmistir.
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Tablo 3. Siyah ve kirmizi (taneli) havyarin besin degeri (100 g) (USDA, 2018a).

Havyarin Besin Degeri (100 gram)

Enerji 264 kcal Cinko (Zn) 0,95 mg
Su 4759 A vitamini 905 IU
Protein 2469 Tiamin 0,19 mg
Toplam yag 1799 Riboflavin 0,62 mg
Kul 6,549 Niasin 0,12 mg
Karbonhidrat 49 Pantotenik asit 3,5mg
Sodyum (Na) 1500 mg B6 vitamini 0,32 mg
Kalsiyum (Ca) 275 mg Folat 50 pg
Demir (Fe) 11,9 mg B12 vitamini 20 pg
Magnezyum (Mg) 300 mg Kolekalsiferol 29 g
Fosfor (P) 356 mg Alfa- tokoferol 1,89 mg
Potasyum (K) 181 mg Filokinon 0,6 g

Havyarda Omega-3 yag asitleri, selenyum, B12 ve D vitaminleri, diger birgok mineral ve vitamin bol miktarda
bulunmaktadir. Giinliik 1 g havyardaki Omega-3 yag asitleri saglik iizerinde olumlu etkileri bulunmaktadir.
Bu asitler arter sagligimi desteklemektedir, felg, kalp hastaligi ve pihtilagsma riskini azaltmaktadir. Ayrica,
omega-3 yag asitleri, ruh halini ve bilisi iyilestirmesi yan1 sira depresyon, bipolar hastaliklar i¢in popiiler bir
tedavi yontemidir. Havyar, hiicreleri serbest radikallerden koruyan selenyum ve E vitaminini igermektedir ve
bunlar birlikte hareket etmektedir. Bu temel eser mineralin saglik agisindan faydalar arasinda giiglendirilmis
bagisiklik ve daha iyi hafiza yer alir. (Mandal ve ark., 2023; Sicuro, 2019). B12 vitamini, kirmizi kan hiicresi
iiretimine yardimei olmaktadir. Havyar, C vitamini, A vitamini, ¢inko, kalsiyum, magnezyum ve demir de
icermektedir. Aragtirmalar havyarin erektil disfonksiyona yardimci oldugunu ortaya koymaktadir. Havyarin
antioksidanlar1 cilt hasarmi iyilestirmeye ve Parkinson gibi norolojik hastaliklari 6nlemektedir. Havyarin
yiiksek pantotenol icerigi, metabolizmay1 hizlandiran koenzim A ve 4-fosfopanteteine doniisiir ve havyar
kolinerjik icerigi nedeniyle stresi iyilestirmektedir (Mandal ve ark., 2023).

Protein I¢erigi

Protein, havyar ve balik yumurtasinin ana bilesenidir (Tavakoli ve ark., 2021). Balik yumurtalari, havyara
karakteristik tadin1 veren, dzellikle kiiglik peptidler, 3 alanin, glutamik asit, valin, glisin, arginin ve metiyonin
gibi serbest amino asitler olmak iizere ¢esitli maddeler bakimindan zengindir (Binsi ve ark., 2017).

Balik yumurtasi, mersin baliginda yaklasik olarak %26-28 ve chum somonunda %29 oraninda ytiksek kaliteli
protein (agirlikga %16-30) agisindan zengin bir kaynaktir (Farag ve ark., 2021). Genel olarak balik
yumurtasinda ortalama %75 ovoglobulin, %13 kollajen ve %11 albiimin bulunur. Balik yumurtasi ayrica giiclii
bir antibakteriyel madde olan lizozim icermektedir (Tavakoli ve ark., 2021).

Beluga, Imperial ve Osetra havyarlarinda protein orani yaklagik olarak 100 g yumurtada 24 g’dir, bu da somon
ve kefal yumurtalarindaki protein orani ile (yaklagik 100 g yumurtada 27 g protein) kiyaslanabilir diizeydedir
(Farag ve ark., 2021). Balik yumurtalarinda tanimlanan baslica amino asitlerden biri olan aspartik asit, siyah
havyarlarda 100 g balik yumurtasinda 2958-3348 mg arasinda saptanmis, bu da kefal yumurtalarindaki
seviyesinden (100 g balik yumurtasinda 3133 mg) biraz daha yiiksek olarak tespit edilmistir (Farag ve ark.,
2021). Kirmizit somon yumurtasinin, balik yumurtalar i¢in ikinci en dnemli amino asit olarak kabul edilen
glutamik asit’in yiiksek oranda (100 g balik yumurtasinda 4953 mg) bulundugu bildirilmistir (Farag ve ark.,
2021). Osetra havyarinin aminoasit kompozisyonu Tablo 4’de verilmistir.
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Tablo 4. Osetra havyarmmin aminoasit kompozisyonu (g/100g) (Farag ve ark., 2021).

Osetra Havyarinin Aminoasit Kompozisyonu (g/100g)

Metiyonin 2,569 Asparajin 0,075 g
Histidin 0,105¢g Aspartik Asit 3,348 ¢
Lizin 5,59 g Glutamin 4859
Losin 0,367 g Serin 39
izolésin 0,163 g Glisin 0,285¢g
Fenilalanin 0,227 ¢ Arjinin 0,31g
Treonin 0,38¢g Prolin 0,065 g
Triptofan 0,18¢g Alanin 0,814 ¢
Yag Icerigi

Farkli balik tiirleri igin havyardaki yag asitlerinin bilesimi énemli 6l¢iide degiskenlik gostermektedir. Bunlar,
en faydali esansiyel yag asitleri arasinda yer alan yani dogrudan insan viicudu tarafindan sentezlenemeyen ve
gidalardan alinmasi gereken orta zincirli, doymus yag asitlerini farkli miktarlarda icermektedirler (Tavakoli ve
ark., 2021). Balik yumurtas iiriinleri, basta EPA (Eikosapentaenoik Asit) ve DHA (Dokosaheksaenoik Asit)
olmak Uzere yiiksek seviyelerde uzun zincirli n-3 PUFA'ya (toplam yag asitlerinin %30-50'si) sahip dnemli
miktarda lipit icermektedir (Rosa ve ark., 2009). Bu yag asitleri kardiyovaskiiler hastaliklarin 6nlenmesinde
ve tedavisinde, 6grenme yeteneginin gelisiminde dnemli bir rol oynamaktadir (Shirai ve ark., 2006).

Balik yumurtas1 lipidi; cogunlukla triasilgliserollerden (TAG), fosfolipitlerden (PL), mumlardan ve
kolesterolden (Farag ve ark., 2021), lipid bilesiminin ise %42'si trigliseritler, %2,1' digliseritler, %8,5' serbest
yag asitleri, %14,01 fosfolipitler, %5,7'si kolesterol (376 mg/100 g balik yumurtasi) ve %27,6'st mumlardan
olugmaktadir (Shirai ve ark., 2006).

Beluga, Imperial ve Osetra tipi siyah havyarm toplam lipit icerdigi %14,6 ile 15,9 arasinda degismektedir.
Siyah havyarda en baskin yag asidi oleik asit [18:1 n-9] olup, Beluga en yiiksek oleik asit seviyesine sahiptir
(%36,2). Onu Imperial (%30,9) ve Osetra (%29,3) tiirleri takip etmektedir. Buna karsilik, kirmizi somon
(%14,9) ve mumlu kefal yumurtalari (%8,4) oldukca diisiik seviyelerde oleik asit icermektedir. Oleik asit, ayni
zamanda H. huso (%31,02) ve A. schrenckii'de (%25,2) yiksek seviyelerde mevcuttur (Farag ve ark., 2021).
Beluga havyarinin yag asitleri kompozisyonu Tablo 5°de verilmistir.

Balik yumurtasinin kolesterol igerigi tavuk yumurtasinin yaklagik dortte biri kadardir. Omurgali balik
yumurtasinin kolesterol icerigi 300 ila 500 mg/100 g arasinda degismektedir (Bledsoe ve ark., 2003).
Alabalikgiller, kanal yayin balig1, sazangiller ve Avustralya somonu gibi bazi balik tiirleri 550 ila 640 mg/100
g arasinda degisen kolesterol igcermektedir (Farag ve ark., 2021). Balik yumurtasimin kolesterol igerigi balik
eti, domuz eti, tavuk ve sigir etinden daha yiiksektir, ancak Tarako ve Kazunoko'nun kolestrol igerigi biitiin
bir tavuk yumurtasindan daha diisiiktiir (Shirai ve ark., 2006). Amerika Birlesik Devletleri Tarim Bakanlig1
tarafindan 100 g’da sigir eti 90 mg, balik eti 63 mg, domuz eti 80 mg, tavuk eti 88 mg, tavuk yumurtasi 372
mg, balik yumurtasinin ise 479 mg kolestrol icerdigi belirtilmistir (USDA, 2018b). Balik yumurtasi, biitiin
yumurtadan farkli olarak DHA ve EPA miktar1 bakimidan zengindir ve bu nedenle plazma kolesterol igerigini
artirmamaktadir (Shirai ve ark., 2006).
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Tablo 5. Beluga havyarinin yag asitleri kompozisyonu (Farag ve ark., 2021).

Beluga Havyarinin Yag Asitleri Kompozisyonu (%)

Oleik Asit (C18:1) 29,1
Palmitik Asit (C16:0) 29,88
Linoleik Asit (C18:2) 0,78
Linolenik Asit (C18:3) 0,3
Arasidonik Asit (C20:4) 6,2
Palmitoleik Asit (C16:1) 9,65
Stearik Asit (C18:0) 2,32
DHA (C22:6) 51
EPA (C20:5) 29

Mineral ve Vitamin I¢erigi

Havyar ve havyar ikameleri mineraller, 6zellikle kalsiyum, demir, magnezyum, manganez, fosfor, potasyum,
bakir ve ¢inko ag¢isindan zengindir. Bu triinler ayrica yiiksek diizeyde vitaminler, 6zellikle D3 vitamini veya
kolekalsiferol icermektedir (Tavakoli ve ark., 2021). Ornegin somon yumurtasi énemli miktarda A vitamini
(50-3000 1U/g), C vitamini (10-30 1U/100 g), D vitamini (5-25 1D/g) ve B1, B2 ve B12 vitaminleri (10-80
1U/100 g) icermektedir. Somon baligi yumurtasinin yani sira yayin balig1 yumurtasi da orta diizeyde vitamin
icerigine sahip olup A vitamini 2 mg/100 g, C vitamini 0,26 mg/100 g, D vitamini 0,2 mg/100 g ve E vitamin
0,1 mg/100 g diizeyinde bulunmaktadir (Farag ve ark., 2021).

HAVYARIN GECIRDIGI iISLEMLER

Insan tiiketimi i¢cin yumurta kesesi pismis biitiin bir baligin bir parcasi olarak yenilebilir veya tuzlanmus,
kizartilmus, tiitsiilenmisg biitlin bir organ olarak hazirlanabilir. Ezmelerde, salatalarda ve soslarda kullanilabilir.
Ancak ¢ogu durumda yumurtalar keseden gevsetilerek c¢ikartilir, hafif tuzlanir ve “’havyar’” adi verilen bir
iirline doniistiiriiliir (Mouritsen, 2023).

Havyarin tad:i tipik olarak tuzla zenginlestirilse de baligin yediginden ve yasami boyunca ne tiir suda
yasadigindan biiyiik 6l¢iide etkilenmektedir. En yiiksek kalite ve lezzete sahip geleneksel birinci sinif mersin
balig1 havyari, halen folikiiler hiicrelerle ¢evrili yumurtalar, maksimum boyutuna ulagsmis, bilindik havyar
gorlinlimiinii ve dokuyu kazanmis ve olgunlasmaya yeni baslayan yumurtalar (oositler) ile hazirlanan tiirdiir.
Yumurtalar olgunlagmamigsa hem oldugundan daha kii¢iik hem de tam rengine ulasmamis olur. Yumurtalar
cok eskiyse, sarilarini absorbe etmeye basladigi igin siskinligini kaybeder (¢ok daha yumusak hale gelir) ve
sekli diizensiz bir hal alir. Olgunlagmamis ve asir1 olgunlasmis yumurtalarin kalitesi tehlikeye girmektedir ve
iirlin ¢ok daha az ¢ekici ve degerli olmaktadir (Chapman ve Van Eenennaam, 2016).

Havyarin Uretiminde Geleneksel Metot Yontemi

Havyarin geleneksel metot yontemi ile iiretilmesine iliskin bilgiler fotograflar (Chebanov ve Galich, 2013;
Oona Caviar, 2024) ile anlatilmstir (Sekil 1-10).
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Sekil 1. Havyar iiretimi su iirtinleri yetistiriciligi ile yapilmaktadwr. Balik, ¢iftliklerde ozel tanklarda
yetistirilir (Chebanov ve Galich, 2013).

Sekil 2. Mersin baliklarinda cinsiyet seksiiel dimorfizm nedeniyle disaridan gozlemle tespit edilememektedir.
Baliklar 1 ila 2 yaslarindayken ultrason ile cinsiyeti tespit edilmektedir (Yamaner, 2012). Cinsiyet tespiti
ultrasonografi ile yapiimaktadir ve havyar iiretiminde disi baliklar kullanilmaktadir (Chebanov ve Galich,
2013).

Sekil 3. Yumurtanin kalitesi ve olgunlugunu (renk, boyut) degerlendirmek icin disgi baliklara biyopsi
yapulmaktadir (Chebanov ve Galich, 2013).
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Sekil 4. Baligin karin boslugundaki yumurtalar toplanir (Oona Caviar, 2024).

Sekil 5. Toplanan yumurtalar zarlarindan arindirilmak iizere paslanmaz ¢elik elegin iizerine hafifce siiriiliir
(Oona Caviar, 2024).

LW

Sekil 6. Yumurtaliktan ayrilan tekil yumurtalar alttaki kaba diigser (Oona Caviar, 2024).
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Sekil 7. Yumurtalar temiz suda birkag kez durulanir (Oona Caviar, 2024).

V

~

Sekil 8. Zar kalintilar: ve yapisi bozulmus yumurtalar cimbizla ayiklanir (Oona Caviar, 2024).

‘

Sekil 9. Havyar tartilir ve tuzlanir. Tuz yiizdesi iiretilmek istenen tiriine gore degismektedir. Ardindan ilk
tadim gerceklestiriliv (Oona Caviar, 2024).
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Sekil 10. Gidaya uygun metal kaplarda paketlenir. Uygun kosullarda depolamaya kaldirilir (Oona Caviar,
2024).

HAVYARDAKI MiKROBiYOLOJIK TEHLIKELER

Balik yumurtas1 baslangigta sterildir; ancak iiretim sirasinda az da olsa kontamine olmaktadir (Miettinen ve
ark., 2003). Baliklar, yasadiklar1 suyun mikrobiyolojik kalitesine bagli olarak kontamine olabilmektedir.
Yumurtanin baliktan uzaklagtirilmasi islemi sirasinda baligin yiizeyindeki bu bakteriler yumurtaya aktarilabilir
(Arvanitoyannis ve ark., 2005). Yumurtanin elenip ayirilmasi islemi kritik bir adimdir ve burada siklikla ortaya
cikan hijyen eksikligi mikrobiyel kontaminasyona neden olmaktadir (Fioretto ve ark., 2005).

Havyarin bakteriyel kontaminasyonunu etkileyen temel faktdrler pH seviyesi, depolama sicakligi ve serbest
amino asitlerin varligidir. Isleme sirasindaki bakteriyel kontaminasyon, toplam ugucu nitrojen, peroksit degeri,
serbest yag asidi, amonyak ve metilamin, trimetilamin gibi biyojenik aminlerin i¢erigini arttirmaktadir (Sicuro,
2019).

Havyarin mikrofloras1 35°C'de c¢ogalan koklar, koli gibi bakteriler, mayalar ve kiifler gibi
mikroorganizmalardan olusmaktadir. Bu mikroorganizmalar baligin florasindan kaynaklanmaktadir. Isleme
sirasinda balik yumurtalarina bulagabilmekte ve havyar iiretimi sirasinda hijyen ve sanitasyon eksikligi
nedeniyle Grtini olumsuz yoénde etkilemektedir (Altug ve Bayrak, 2003).

Mikrobiyolojik tehlikeler bakteriyel, viral ve paraziter tehlikeler olarak iige ayrilmaktadir (Johannesson, 2006).
Bakteriyel Tehlikeler

Havyar ¢esitli bakteri tiirleriyle ve 6zellikle patojenlerle (S. aureus, Salmonella sp, Vibrio sp, Aeromonas sp,
Clostridium botulinum) kontamine olabilmektedir. Bu nedenle havyar uygun sekilde islenmedigi takdirde gida
giivenligi riskleri olusturmaktadir (Fioretto ve ark., 2005). Pembe somon (Oncorhynchus gorbuscha) yani
ikura Aeromonas sp., Enterococcus sp., Flavobacterium sp., Lactobacillus sp., Micrococcus sp., Moraxella sp.
ve Pseudomonas sp. dahil gesitli psikrotrofik ve mezofilik mikroorganizmalarla kontamine olabilmektedir
(Bledsoe ve ark., 2003).

Laktik asit bakterileri insanlar i¢in patojenik degildir ve havyar numunelerinin %20’sinde bulunmakta ve laktik
asit liretimiyle diger bircok mikroorganizmanin ¢ogalmasina engel olmaktadir. Bu nedenle baz1 gidalar laktik
asit bakterileri kullanilarak tretilmektedir. Ancak laktik asit bakterileri kapali ambalajlarda ¢ogalarak
bozulmaya neden olabilmektedir. Yuksek LAB konsantrasyonlari eksi ve yapiskan organoleptik tatlarla
sonu¢lanmaktadir (Oeleker ve ark., 2015).

Balik tirtinlerinin iglenmesi sirasinda, insanlar Gram pozitif bir mikroorganizma olan Staphylococcus aureus
ile kontaminasyon riskini tasimaktadir. Bu bakteriler tuza dayaniklidir ve bu nedenle havyar ve balik bazli tiim
salamura edilmis tiriinleri kontamine edebilmektedir (Fioretto ve ark., 2005).
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Salmonella Enteritidis kiyiya yakin bolgelerde hayvan ve insan atiklariyla kirlenmis sulardan izole edilebilen,
cok cesitli hayvanlarin bagirsaklarinda yasayan Gram negatif bir mikroorganizmadir. Bu nedenle baliklar
siklikla Salmonella ile kontamine olmaktadir (Fioretto ve ark., 2005). Salmonella pastérizasyonla elimine
edilmektedir (Johannesson, 2006).

Listeria monocytogenes su ortaminda, baliklarda ve balik isleme fabrikalarinda bulunmasi nedeniyle tiretim
sirasinda balik yumurtasini kontamine edebilmektedir (Miettinen ve ark., 2003). Listeria spp. gibi psikrotrofik
bakteriler ideal kosullar altinda 3°C kadar diisiik sicakliklarda ve yiiksek tuzda (%10'a kadar) iireyebilmekte
ve sogutulmus gidalarda potansiyel bir gida giivenligi riski olusturmaktadir (Shin ve ark., 2010). Tiiketime
hazir deniz tiriinleri siklikla Listeria monocytogenes ile kontamine olmaktadir (Bledsoe ve ark., 2003). Listeria
tiirleri yiiksek 1s1 direnci ve sogukta ¢ogalabilme yetenekleri nedeniyle yaygin bulunmaktadir. ABD Gida ve
[lag Dairesi tarafindan diizenlenen gidalarda sifir tolerans politikas1 sebebiyle, Listeria monocytogenes’in
kontrolii sogukta saklanan hazir tiiketim gidalarinda hayati derecede 6nemlidir (Al-Holy ve ark., 2004).
Yapilan bir ¢aligmada Listeria monocytogenes havyarda dahil olmak iizere kurutulmus deniz iriinlerinde
saptanmig ancak 5°C’de cogalmadigi belirlenmistir. Bu durum havyarin koruyuculugunu saglayan tuz
parametreleri, diisiik pH ve kimyasal koruyucularin kullanimu ile iliskilendirilmistir (Johannesson, 2006).

Clostridium spp. siit, et, balik, kabuklu deniz tiriinleri ve su ortaminda yaygin olarak bulunan Gram pozitif,
mezofilik, anaerobik, spor olusturan ¢ubuk formundaki mikroorganizmadir. C. botulinum'un spor
olusturmasini engellemek i¢in havyara yalnizca 1siyla sterilizasyon uygulamak yeterli gelmemektedir. Tavuk
yumurtasi pisirildiginde gozlemlenene benzer bir sekilde havyar proteinin geri doniilemez bigimde denatiire
olmamasi i¢in yalnizca 80°C'nin altina kadar 1sitilmalidir. Bu nedenle sporlarin gelismesini engellemek i¢in
sterilizasyona ek olarak koruyucularin da eklenmesi gerekmektedir (Bledsoe ve ark., 2003). Avrupa Birligi
Komisyon Yonetmeligi 1129/2011°a gore maksimum 4 g/kg diizeyde kullanimina izin verilen tek havyar
koruyuculari borik asit ve sodyum borattir (EC, 2011). Havyarin pastorizasyonunda konserveler 65°C-70°C
sicak su pastorizasyonuna tabi tutulmaktadir (Monfort, 2002). Clostridium botulinum tip E ve Listeria
monocytogenes i¢in Gaze ve ark. (1989) yeterli bir pastorizasyon islemi olarak 2 dakika boyunca 70°C
uygulanmasini (L. monocytogenes i¢in 70°C'de D degerleri 0,14 ile 0,27 dakika arasinda degisir) Onermistir.

Islenmis %8 tuz igeren Kanada somon yumurtas:, Clostridium botulinum tip A ve tip E'nin ¢ogalmasini
engellerken, -20°C depolama Escherichia coli ve Vibrio parahaemolyticus'u etkisiz hale getirmis ve
Streptococcus faecalis sayilarini azaltmigtir (Himelbloom ve Crapo, 1998).

Viral Tehlikeler

Viruslar gidada ¢ogalmamaktadir ancak ¢evrede mevcut olmalari durumunda iriiniin islenmesi sirasinda
kontaminasyona neden olmaktadir. Viral enfeksiyonlar genellikle fekal-oral yolla bulasir. Bu nedenle gidanin
fekal kontaminasyonu tehlikesini ortadan kaldirmay1 amaglayan genel kisisel hijyen ve temizlik prosediirleri
viral kontaminasyonun énlenmesinde énemlidir (Johannesson, 2006).

Herpesvirusler, ozellikle Alloherpesviridae ailesine ait tiirler bilinen balik patojenleridir. Amerika ve
Avrupa'da mersin baligin1 enfekte edebilen herpesvirusler bulunmaktadir. Bu ¢ift sarmalli DNA viruslerinin
Acipenseridae'yi spesifik olarak enfekte edebilen birkag tiirti tanimlanmistir. Bunlardan yalnizca Ictalurivirus
cinsine dahil olan Acipenserid herpesvirus 2 (AciHV-2), ICTV (Uluslararas1 Virus Taksonomisi Komitesi)
tarafindan resmi olarak taninmaktadir (Mugetti ve ark., 2020). Acipenserid herpesvirus 2 (AciHV-2),
Alloherpesviridae ailesine ait biiyiik, ¢ift sarmalli bir DNA viriisudur ve geng beyaz mersin balig1 (Acipenser
transmontanus) popiilasyonlarinda %80'e varan 6liim oranlariyla biiyiik salginlara neden olmaktadir (Quijano
Cardé ve ark., 2024).

Mersin Baligi Niikleositoplazmik Biiyiik DNA VirUsleri (SNCLDV), mersin baliginda hastaliga neden olan viral
etkenlerin en ¢ok sayida ve heterojen grubunu temsil etmektedir. Viruslarin ¢ogu, Iridoviridae ailesine ait
olabilecekleri anlamina gelebilecek olan "Iridovirus" olarak tanimlanmaktadir (Mugetti ve ark., 2020).
Iridovirus enfekte mersin baliginda dliimciil bir deri hastaligina yol agar ve popiilasyonlarda %90’dan fazla
6liim oranina neden olmaktadir (Radosavljevi¢ ve ark., 2019).
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Paraziter Tehlikeler

Mersin baliklar1 protozoalar, trematodlar, nematodlar, monojenlar, helmintler ve argulidler gibi bircok
parazitin konakgisidir (Deédk ve ark., 2024). Lumpfish baliklarindaki parazitler, muhtemelen insanlar i¢in bir
saglik tehlikesi oldugu diistiniilen, nematodlar Anisakis simplex ve Pseudoterranova dicipiens'tir. Her ikisi de
Norveg sularinda lumpfish baliklarinin bagirsaklarinda bulunmaktadir. Her iki tiirde 55°C'nin tizerindeki 1s1l
islemlerle 6lmekte ve dolayisiyla uygun pastorizasyonla elimine edilmektedir (Johannesson, 2006). Diger
yandan, bazi protozoalar mersin baliklarina zarar verebilmekte, hastaliklara ve diger saglik sorunlarina neden
olmaktadir. Ornegin, mersin baliklar1 ve diger baliklar1 enfekte edebilen Ichthyophthirius multifiliis, bu tirlerin
derisinde ve solungaglarinda beyaz nokta hastaligina neden olmaktadir. Yetistirmenin farkli agamalarinda
baliklarin diger parazitlere karsi duyarli olmasi normal biiylime ve gelismelerini ciddi sekilde etkilemektedir
(Dedk ve ark., 2024).

Havyarin smirh tiiketimi goéz Oniine alindiginda, insan sagligina yonelik riskler gergekten diistiktiir ve su
iiriinleri yetistiriciliginden gelen havyarin yayginlagsmas: muhtemelen bu riskleri azaltacaktir (Sicuro, 2019).

HAVYARIN MUHAFAZASI

Insan sagligia yonelik olasi tehlikeleri ortadan kaldirabilmek veya en aza indirebilmek igin tretim sureclerini
analiz etmek biiyiik 6nem tagimaktadir (Johannesson, 2006). Havyar genellikle ¢ig tiiketildigi i¢in mevcut risk
pisirme gibi termalizasyon yoluyla azaltilamamaktadir (Oeleker ve ark., 2015). Havyarin muhafazasi; tuzlama,
pastorizasyon ve soguk depolama kombinasyonlarinin kullanilmasiyla saglanmaktadir (Bekhit, 2022).
Havyarin 4°C'de sogutulmasi havyar i¢in ana koruma yontemidir; sodyum kloriir (NaCl) ise tiiketiciler
tarafindan evrensel olarak kabul edilen tek koruyucudur (Sicuro, 2019). Havyar, gida kalitesindeki tuz
kullanilarak balik yumurtalarinin tuzlanmasiyla hazirlanmaktadir (CAC, 2010). Geleneksel islemede havyar,
yumurtalarin yumurtaliklardan ayrilmasindan sonra %4-8 oraninda tuz eklenmektedir, ancak "malossol" gibi
daha iyi havyar gesitleri genellikle daha az tuz i¢cermektedir (Heshmati ve ark., 2011). Tuz igerigi ¢ok
onemlidir, ¢ok fazlas1 yumurtalar1 kurutmakta, ¢cok azi ise havyar tanelerini bozmaktadir (CAC, 2010). En
kaliteli havyar hafif tuzludur ve ‘’malossol’’ olarak bilinmektedir (Sicuro, 2019). Tiiketicilerin daha diisiik tuz
konsantrasyonlu havyar ve balik yumurtasi tercihi, pastérizasyonun 6nemini artirmaktadir, ¢linkii tuz igerigi
Listeria monocytogenes'in ¢ogalmasini engelleyecek kadar yiiksek degildir (Ovissipour ve ark., 2018).

Pastorizasyon, gida kaynakli hastalik riskini azaltmak i¢in gida endiistrisinde yaygin olarak kullanilmaktadir
(Ovissipour ve ark., 2018). Havyar pastorize edilebilir ancak 1s1l iglem gérmiis havyarin duyusal 6zelliklerinde
meydana gelecek degisiklikler tiiketiciler tarafindan begenilmemektedir (Fioretto ve ark., 2005). Yiiksek
sicakliklar, havyar ve balik yumurtasindaki proteinleri geri doniilemez sekilde denatiire etmektedir. Bu da
iirlinlin 6zelliklerini tamamen degistirmektedir ve kalitelerini biiyilik dl¢lide azaltmaktadir. Bu nedenle balik
yumurtasi igin pastdrizasyon sicakligimin 70°C'yi gegmemesi tavsiye edilmektedir. Cam kavanozlarin su
banyosunda pastorize edilmesi, endiistride havyarin pastérizasyonu i¢in kullanilan yaygin bir islemdir
(Ovissipour ve ark., 2018). Pastorize havyar yiiksek kaliteli tirtinlerden hazirlanabilse de bu islem genellikle
taze havyarin raf dmriinii uzatmak i¢in (10 ila 12 aya kadar) uygulanir (Monfort, 2002).

Patojenitesi olmayan ancak Listeria monocytogenes ile iligkili bir tiir olan L. innocua, genellikle gida
pastorizasyon siireclerindeki model sistemlerde indikator mikroorganizma olarak kullanilmaktadir. Bunun
nedeni, bu organizmanin biyofiziksel 6zelliklerinin L. monocytogenes'e ok benzerlik gostermesidir (Bledsoe
ve ark., 2003).

Vakumlama ile paketlenmis veya hava gegirmez sekilde paketlenmis pastorize edilmemis havyarin -20°C’de
1 ila 2 yil raf Omrii bulunmaktadir. Pastorize edilmemis yesil balik yumurtasi sogutma sicakliginda
saklandiginda raf omrii 3 ila 5 giindiir (Bledsoe ve ark., 2003). Paketleme, depolama ve satig sirasinda iiriin
sicaklig1 +2 ile +4°C arasinda olurken, depolama ve tagimacilik dahil toptan ticaret islemlerinde sicakliklar 0°
ile -4°C arasinda olmaktadir (CAC, 2010). Ayn1 zamanda anaerobik kosullarda paketleme ile havyarin
kontaminasyonu ve bozulmasinin kontrolii saglanmaktadir (Sicuro, 2019). Taze havyarin —2°C ile -3°C
arasinda saklanmasi gerekmektedir (Monfort, 2002).
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Uriinler dayanikli gida cilas1 veya emaye ile kaplanmis metal kutular, cam kavanozlar ya da gidaya uygun
bagka kaplar ile paketlenmektedir (CAC, 2010). En iyi havyar, taneleri birbirinden ayrilmis taze taneli
havyardir. Taneler 1,7 ila 1,8 kg aras1 verniklenmis konserve kutularda paketlenmektedir. Fazla sivinin disari
cikmasini saglamak icin kapak asagi bastirilir ve kapagin etrafina yerlestirilen basit bir lastik bant kutunun su
ve hava sizdirmazligini saglar (Monfort, 2002).

Avrupa Birligi havyarda koruyucu madde olarak bazi bor bilesiklerinin (6rn., E284: borik asit-E285: sodyum
tetraborat) hala kullanilmasina izin vermektedir (EFSA, 2013), ancak son zamanlarda Codex Alimentarius ve
bazi ulusal diizenlemeler boraks icermeyen iirlinlere yonelmistir (Brambilla ve ark., 2020). EFSA (Avrupa
Gida Giivenligi Otoritesi), 2013 tarihli son bilimsel goriisiinde boraksin havyar hazirlanmasinda sinirh
kullanimini dogrulamis olsa da uluslararasi pazar boraks igermeyen {irlinleri tercih etmektedir (EFSA, 2013).
Bircok iilke zaten boraks kullanimini yasaklamistir. Koruyucu madde icermeyen bir tiriiniin {iretilmesi, tirliniin
giivenligini ve nihai kalitesini artirmaktadir (Brambilla ve ark., 2020). Havyarin piiriizsiiz ve taze bir gériiniim
kazanmasi i¢in boraks eklenebilmektedir. Ancak bu gida katki maddesi ABD'de yasaklanmistir (Monfort,
2002).

HAVYARIN KALITESI

Havyarda son iriiniin kalitesi; organoleptik (koku, goriiniim, tat), kimyasal (tuz, pH degeri, ugucu azot
bilesenleri) ve mikrobiyolojik (toplam canli bakteri sayimi) yoniiyle degerlendirilmektedir (Schubring, 2004).
Mikroorganizma yiikiiniin fazla olmasi genellikle kontaminasyonlar1 veya isleme ya da depolama sirasindaki
uygun olmayan sicakliklar ifade etmektedir (Oeleker ve ark., 2015). Havyarin kalitesi, tanenin olgunluk
asamasina (¢ok olgunlagmamig), muamele, isleme tabii tutma (tane ayirma, kaliteli tuzla tuzlama ve
paketleme) ve depolama kosullarina baglidir (Monfort, 2002). Mikrobiyolojik kaliteyi korumak i¢in artan tuz
konsantrasyonlar1 (%3-6) ve soguk zincirin korunmasi ¢ok 6nemli faktorlerdir. Raf dmriinii uzatmak igin
pastorizasyon yapilmaktadir veya benzoik asit, boraks gibi koruyucular eklenmektedir (Oeleker ve ark., 2015).
Havyarin islenme ve saklama kosullar1 optimal olmalidir. Aksi takdirde bakteriler ¢ogalarak havyardaki ugucu
nitrojen bazlarini, peroksitleri, serbest yag asitlerini, amonyagi ve biyojenik aminleri artiracaktir. Sonugta, bu
bilesikler birgok olumsuz organoleptik degisiklige neden olmaktadir (Tavakoli ve ark., 2021). Modern havyar
mitkemmelligi kavrami, Ozellikle mikrobiyal kontaminasyonun neden oldugu kotii tatlarin, mikrobiyal
fermantasyon katabolitlerinin bulunmamasina, yumurtalik yaginin diisiik insidansina dayanmaktadir (Sicuro,
2019). Ozellikle ¢ok sayida goklu doymamis yag asitlerinden tiiretilen aroma bilesikleri aromadan sorumludur
(Vilgis, 2020).

Balik yumurtasinin ve havyarin kimyasal kompozisyonu i¢ (tiir, yumurtalarin olgunlugu, yumurtanin
yumurtaliktaki yerlesimi) ve dig faktorlerden (beslenme, baligin olgunlugu, mevsim, hasat alan1 ve yapim
kosullar1) etkilenmektedir (Bekhit ve ark., 2009). Havyar1 islemek i¢in kullanilan teknikler, tiriiniin kalitesi
lizerinde Onemli bir etkiye sahiptir. Muhafaza sirasinda ortaya g¢ikan kotii tatlar; toplam ugucu nitrojen,
histamin ve diger biyojenik aminler esas olarak Pseudomonas ve Coliform’larin neden oldugu mikrobiyal
kontaminasyonlarla iligkilidir (Sicuro, 2019).

Taze havyarin duyusal kalite agisindan dondurulmus veya dondurulup ¢6ziilmiis havyara gore daha kabul
edilebilir oldugu belirtilmektedir (Balaswamy ve ark., 2010). Biiyiik ve soluk renkli balik yumurtasi,
tlketiciler icin en populer ve gekicidir. Havyarin kabul edilebilirliginde doku ve lezzet sonraki iki 6nemli
parametredir (Tavakoli ve ark., 2021). Havyara katilan tuz lezzet agisindan 6nemli bir rol oynamaktadir.
Ayrica bazi havyar tiirlerinde yiiksek oranda bulunan serbest glutamik asit (3g/100g) havyarin bu gii¢lii tadim
biiyiik olctide etkilemektedir (Vilgis, 2020). Havyarin istenmeyen kotii tadi vitellogenez sirasinda balik
yumurtasinda depolanan lipolifik bilesenlerden kaynaklanmaktadir. Aldehitler, geosmin ve izoborneol ¢esitli
istenmeyen tatlar veren izole edilmis en biiyiik madde grubunu temsil etmektedir. Bu bilesikler su kiitlelerinde
dogal olarak olusan aktinomisetlerin (Streptomyces ve Nocardia spp.) ve siyanobakterilerin (Anabaena,
Aphanizomenon, Lyngbya, Oscillatoria, Microcystis ve Pseudanabaena) varligindan kaynaklanmaktadir
(Sicuro, 2019).
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SONUC

Havyar icerdigi yag asitleri, yiiksek kaliteli proteinler, vitaminler ve mineraller agisindan zengindir ve bu
nedenle de saglikli bir besin kaynagidir. Havyar tiiketimi kardiyovaskiiler hastaliklarinin 6nlenmesinde ve
tedavisinde, ayrica icerdigi EPA ve DHA sayesinde dgrenme yeteneginin gelisiminde rol oynamaktadir.
Havyarin aslinda liikks bir iiriin oldugu, ancak artan iiretim ve diisen fiyatlar sayesinde daha genis bir tiiketici
kitlesine ulastig1 goriilmektedir. Buna karsilik orta gelirli tiiketicilerin havyar ikamelerine kars1 ilginin arttig1
belirtilmektedir. Havyarin kalitesi mevsim, baligin olgunlugu, isleme ve depolama kosullari, hasata bagh
olarak degismektedir. Artan havyar iiretimi yeni pazarlarin gelismesine olanak saglamustir.

Havyar liretiminin siirdiiriilebilir kilinmas1 6énemlidir. Dogal popiilasyonlarin korunmasi i¢in daha fazla yatirnm
yapilmalidir. Farkli havyar tiirlerinin besin degerleri ve saglik lizerindeki etkileri igin daha fazla galigma
yapilmalidir. Tiiketicilere havyar ve havyar ikameleri arasindaki fark, havyarin tiiketimine iliskin daha fazla
bilgi sunulmahidir. Tehlike altindaki mersin balig1 tiirlerinin korunmasi i¢in daha siki programlar
uygulanmalidir. Tiirkiye’de havyar endiistrisi ve yetistiriciligi iizerine daha fazla yatirim yapilmali ve bu
konuyla ilgili egitim ve destek programlari olusturulmalidir. Egitim ve destek programlarinin kalite
standartlarina uyumlu olmasi saglanmalidir. Boylece iireticilerin uluslararasi pazarlarda rekabet edebilir hale
gelmesi saglanacaktir.

CIKAR CATISMASI

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini tasdik ederler.
YAZAR KATKISI

Tim yazarlar esit katki saglamigtir.

ETiK BEYAN

“Suyun Incisi: Havyar” baslikli ¢alismanm yazim siirecinde bilimsel kurallara, etik ve alint1 kurallarmna
uyulmus; toplanan veriler tizerinde herhangi bir tahrifat yapilmamis ve bu ¢alisma herhangi bagka bir akademik
yayin ortamina degerlendirme i¢in gonderilmemistir. Bu arastirma dokiiman analizi ve betimsel incelemeye
dayal1 olarak yapildigindan etik kurul karar1 zorunlulugu bulunmamaktadir.
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ARTICLE
ABSTRACT INEO
The aim of this review is to examine an overview diagnostic and treatment methods applied in cases
of transmissible venereal tumors (TVT) in female dogs. TVT is a highly transmissible neoplasm Received:
affecting dogs of all ages, breeds, and genders, primarily involving the genital areas and organs such 23.07.2024
as the eyes, nose, and mouth. Various clinical manifestations are observed depending on its Accepted:
localization. In cases involving the genital system, cauliflower-like neoplastic masses, bloody vulvar 12.09.2024

discharge, and consequent anemia may occur. All these clinical findings, along with histopathological
or cytological examinations of tissue samples obtained through methods such as excisional biopsy or
fine needle aspiration biopsy, can lead to a definitive diagnosis. Once a definitive diagnosis is made,
various treatment options are available, including surgical excision of tumor tissue, chemotherapy
using agents such as vincristine, doxorubicin, cyclophosphamide, methotrexate, and lomustine,
radiotherapy with specific dose ranges, and immunotherapy using agents like Bacillus Calmette-Guérin
and staphylococcal protein A. In conclusion, with the correct diagnosis, every patient can be
individually evaluated and provided with the most appropriate treatment option to ensure recovery.

Anahtar kelimeler: Dog, Diagnosis, Transmissible Venereal Tumor, Treatment

Disi Kopeklerde Transmissible Venereal Tiimor Vakalarinda Tam ve Tedavi Yontemlerine

Genel Bakis
- MAKALE
OzET BILGisSi
Bu derlemenin amaci disi kopeklerde goriilen transmissible veneral timor olgularinda uygulanan
giincel tan1 ve tedavi yontemlerini incelemektir. Transmissible veneral timor disi kopekler basta olmak Gelis:
tizere kopeklerin tim yas, irk ve cinsiyet gruplarinda; 6zellikle i¢-dis genital bolge ve goz, burun, agiz 23.07.2024
gibi organlar etkileyen ¢ok bulasici bir neoplazidir. Lokalizasyonuna goére ¢ok farkli klinik bulgulara Kabul:
rastlanmaktadir. Genital sistemi tutan olgularda karnabahar benzeri neoplazik kitle, kanl bir vulvar 12.09.2024

akimti ve buna bagli olarak anemi tablosu gériilmektedir. Tiim bu klinik bulgular, eksizyonel biyopsi,
ince igne aspirasyon biyopsisi gibi yontemlerle alinan doku érneklerinin histoplatolojik veya sitolojik
muayeneleri ile degerlendirilerek kesin teshise gidilebilmektedir. Kesin teshisi yapilan olgularda
tiimoral dokunun alindigi cerrahi; vinkristin, doksorubisin, siklofosfamid, metotreksat ve lomustin gibi
ajanlarin uygulandigi kemoterapi; belirli doz araliginda radyasyon uygulanan radyoterapi ve Bacillus
Calmette-Guérin, staflilokok protein A etkenlerinin kullanildigi immiinoterapi gibi birgok farkli tedavi
secenegi bulunmaktadir. Sonu¢ olarak dogru teshisi koyulan her hastanin, bireysel olarak
degerlendirilerek segilen en uygun tedavi segenegi ile iyilesmesi saglanabilmektedir.
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INTRODUCTION and TRANSMISSIBLE VENERAL TUMOR

Vaginal and vulvar tumors constitute approximately 2.5-3% of all tumors in dogs. Among these, Transmissible
Venereal Tumor (TVT) is the most frequently observed type, accounting for 11-63% of cases in the vagina
and vulva (Nak and Kasikg1, 2019). This percentage may vary due to the disease being spread by free-roaming
stray dogs. Additionally, TVT is not limited to the vulva and vagina; it can also occur in areas such as the skin,
nose, mouth, and eyes. It can be observed in dogs of all ages and is found in both males and females (Abedin,
2020; Abeka, 2019; Martins, Gobello, and Souza, 2005).

The aim of this review is to examine current approaches for accurately diagnosing common cases of TVT in
female dogs and determining the most appropriate treatment options.

TVT is a highly transmissible neoplasm of reticuloendothelial origin that can affect both external and internal
genital organs, especially in the genital area. It can also be referred to as infectious sarcoma, venereal
granuloma, or contagious lymphosarcoma. Although it primarily affects young animals, it can be seen in all
age groups. There is a higher incidence of TVT in females compared to male dogs, but male dogs are the main
transporters of TVT transmission. No breed predisposition has been identified (Abeka, 2019). In the early
stages of the disease, it was thought to be viral in origin. However, research has shown that the agent cannot
be a virus. Transmission primarily occurs through the transfer of neoplastic cells during mating. Additionally,
neoplasms can be found on body parts such as the nose, eyes, and oral mucosa during behaviors such as licking
and sniffing. Any damage to the relevant mucosa makes transmission easier (Abedin, 2020; Murgia et al.,
2006). Metastasis to surrounding tissues is rarely reported; however, metastases are commonly found in
regional lymph nodes surrounding the neoplastic tissue. In the case of oral TVT, it is reported to spread to the
lips and tonsils (Abedin, 2020).

DIAGNOSTIC APPROACHES

Although some physical examination findings such as history and hyperemia around the vulva, cauliflower-
like neoplastic mass, serous discharge may suggest the presence of TVT, neoplastic structure cytology and/or
histopathologically should be evaluated for a definite diagnosis. For these evaluations, vaginal smear test, fine
needle aspiration biopsy or excisional biopsy may be preferred (Abeka, 2019).

Clinical Findings

Depending on the localization of neoplastic tissue, different clinical symptoms can be encountered. However,
these symptoms may not always be sufficient for a differential diagnosis. For instance, symptoms such as
sneezing, tooth loss, bad breath, exophthalmos can be observed, which may be confused with various other
diseases (Abeka, 2019).

In severe cases of TVT involving the genital system, cauliflower-like neoplastic tissue is observed protruding
from the vulvar lips. Additionally, there is intense hemorrhagic vulvar discharge, leading to anemia. This
vulvar discharge can attract male dogs to bitches, and therefore, pet owners may interpret the discharge as
spontaneous proestrus bleeding (Abedin, 2020; Abeka, 2019).

Histopathological Findings

After excisional biopsy samples are obtained from the neoplastic tissue under local anesthesia, they can be
stained with hematoxylin-eosin and examined according to pathological principles. In examinations, high
mitotic activity, polychromasia, and abundant cytoplasmic pleomorphic neoplastic cells are observed (Abeka,
2019; Mukaratirwa and Gruys, 2003; Park et al., 2006).

Cytological Findings

It is highly preferred due to being minimally invasive, cheap, simple, and less painful. Additionally, the
detection methods required for histopathological examination cause significant distortion in cell morphology.
In contrast, morphological distortion is much less in cytological examination. It particularly yields a very high
rate of accurate positive results in cases of TVT affecting the external genital system (Abedin, 2020; Abeka,
2019).
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In cases where the external genital organs are affected, samples should be obtained using a gynecological
sample brush, while in cases affecting the internal genital organs, samples should be obtained using fine needle
aspiration biopsy. These samples should then be stained using one of the Giemsa or Romanowsky staining
methods for examination. Based on the predominant cell type of the tumor, the examinations can be
categorized into three groups (Abeka, 2019; Nepomuceno de Oliveira et al., 2022).

The cells observed in the first group, which is the lymphoid-type tumor, generally have round morphologies.
They contain round nuclei with scant cytoplasm and thick chromatin (Nepomuceno de Oliveira et al., 2022).
The cells observed in plasmacytic-type tumors typically have ovoid morphologies. The nucleus size and
cytoplasmic volume are smaller compared to the lymphoid type. These cells are considered malignant (Abeka,
2019).

In cases where both lymphoid-type and plasmacytic-type cells are observed together, it is termed as a mixed-
type tumor (Nepomuceno de Oliveira et al., 2022).

TREATMENT APPROACHES

There are various treatment protocols available for TVT cases, including surgical, chemotherapy,
immunotherapy, and radiotherapy, either individually or in combination. Each patient should be evaluated
individually, considering factors such as the patient's overall condition, localization, and severity of the disease,
and a treatment protocol should be selected accordingly.

Surgery

In cases where the tumor has not metastasized, surgical removal of the tissue is highly successful. If the tumor
is small, easily accessible, and in clinical stage 1, surgical methods can be used. However, contamination of
the surgical site with TVT cells can lead to recurrence in patients. Therefore, the combined use of surgical and
chemotherapeutic methods is recommended (Abeka, 2019). In cases of larger tumors, surgical methods have
been reported to result in recurrence rates of 50-68% (Ferreira et al., 2017; Martins et al., 2005). Electrocautery
and cryosurgery are preferred surgical methods (Vicky Bahr Arias et al., 2016). However, due to recent success
in chemotherapy applications in TVT cases, surgery is not recommended.

Chemotherapy

In modern times, many chemotherapy treatments are available that eliminate the risk of anesthesia associated
with surgical operations. There are numerous protocols available for individual or combined use of drugs such
as Vincristine, Cyclophosphamide, Doxorubicin, Methotrexate, Lomustine, and Vinblastine, with Vincristine
being the most preferred (Table 1) (Abeka, 2019; Martins et al., 2005; Sewoyo and Made Kardena, 2022).

Vincristine is the most preferred and most reliable chemotheropeutic agent that can used even cases with
metastase outside the genital organs. In cases lasting less than one year, there is a success rate of nearly 100%
(Abeka, 2019).

Vincristine is an agent that inhibits the cell division during the metaphase stage. For this reason, it should be
administered slowly and ensure that it does not inflitrate to subcutaneous tissue during the intravenous
administrations (Kugukbekir et al., 2021).

Doxorubicin is a chemotherapeutic agent commonly used in carcinoma-type tumors such as hemangiosarcoma,
osteosarcoma and lymphoma. Some researchers have indicated successful result when used in patients
developing resistance of Vincristine. However doxorubicin has cardiotoxicity, which can lead to a decrase in
systolic functions and arrhytmias. Therefore, it should be used with great care, especially in patients with
cardiovascular disorders (Cizmeci et al., 2012; Sewoyo and Made Kardena, 2022).

Lomustine is a chemotherapeutic agent that can cross the brain-blood barrier. It is used in dogs with the brain
tumors under normal circumstances. In 2021, for the first time, Lomustine was tried in patients who had
developed resistance to Vincristine sulfate and could not use Doxorubicin due to heart disease, which causes
cardiotoxicity. In studies conducted, TVT was successfully treated without any side effects observed. When
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the blood parameters of animals treated with Lomustine were examined, no abnormalities were found (Barboza

et al., 2021).

Table 1. Chemotherapy protocols used in TVT treatment

Agent Dosage

Effect

Side Effect

Referances

Vincristine 0.025 — 0.035mg/kg IV

Once per week, 2-6 week

A serious positive
effect have been

Mild side effects have
been reported.

Kigikbekir et al., 2021

reported in
treatment.
Cyclophosphamide 5mg/kg PO A mild positive Gastrointestinal Martins et al., 2005
effect have been toxicity have been
reported in reported.
treatment.
Doxorubicin 1.5mg/kg IV A serious positive Cardiotoxicty have Cizmeci et al., 2012;
effect have been been reported. Sewoyo and Made
reported in Kardena, 2022
treatment.
Methotrexate 0.125mg/kg PO It has been reported  Serious side effect have Sewoyo and Made
that it did not not been reported. Kardena, 2022
provide a positive
response when used
alone in treatment.
Lomustine 3mg/kg PO Once per A serious positive Serious side effect have Barboza et al., 2021

effect have been
reported in
treatment.

week, 3 week not been reported.

IV: intravenous, PO: per 0s

Radiotherapy

Wong and K'Ang (1932) are researchers who first reported that TVT is highly sensitive to radiation. Radiation
can completely eliminate all TVT cells. A dose between 1500 to 3000 rad is sufficient for effective treatment.
It has been reported that if radiotherapy is administered in divided doses of 400-500 rad over a period of 1-2
weeks, it can be 100% successful without leaving any scars. However, due to the need for advanced technical
equipment and specially trained personnel, it is not widely preferred today (Abeka, 2019; Sewoyo and Made
Kardena, 2022).

Immunotherapy

Currently, there are a limited number of experimental immunotherapy methods available for the treatment of
TVT. Studies have reported partial positive responses to the intratumoral application of Bacillus Calmette-
Guérin (BCG) for three weeks. Another agent used for this purpose is Staphylococcal protein A. However,
serious recurrence rates have also been reported in immunotherapy protocols using both agents (Nak and
Kasike1, 2019; Ramos-Zayas et al., 2019; Ugar, 2016).

CONCLUSION

In conclusion, TVT is a highly transmissible malignant tumor that affects various parts of the body, particularly
the external genital organs, but also internal genital organs, nose, eyes, and oral cavity. It can affect dogs of all
genders and ages. Physical examination findings may include vulvar hyperemia, cauliflower-like neoplastic
mass protruding from the vulvar lips, and bloody discharge. Diagnosis of the disease can be confirmed through
biopsy sampling, followed by histopathological examination and cytological examination of samples stained
with dyes like Giemsa or Romanowsky. Once TVT is definitively diagnosed, various treatment protocols such
as surgery, chemotherapy, radiotherapy, and immunotherapy can be employed to achieve patient recovery.
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