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ABSTRACT

Objective: In this study, it is aimed to analyze the determining factors on the
import demand for wheat and corn, which have an important place in Turkiye's
grain imports, with the "Apparently Unrelated Regressions” model.

Material and Methods: The data set used in this study consists of annual data
covering the years 2006-2021. Stata program was used to analyze the data
used in the study. Since Stata or Eviews programs do not provide the
Standardized Beta (B) coefficient, statistical analyzes were performed using the
formula in Microsoft Excel (3=B*SSXi / SSY).

Results: Only the one-year delayed value of wheat imports, which is one of the
explanatory variables in the wheat import model, was found to be significant,
according to the study's findings. In terms of factors influencing corn import
demand, similar results were obtained. Only total corn consumption was found
to be statistically noteworthy among the explanatory variables in the corn import
model.

Conclusion: Based on these findings, wheat imports are influenced by
changes in wheat imports from a year ago, while corn imports are influenced by
changes in total corn consumption. Based on Turkiye's current structure and
the findings obtained, it is understood that the country may continue to maintain
its position as an importer of wheat and corn in the future.

0z
Amag: Bu cgalismada, Turkiye'nin tahil ithalati igerisinde 6nemli yer tutan

bugday ve misir ithalat talebi (izerinde belirleyici faktérlerin “Gériiniiste iligkisiz
Regresyonlar” modeli ile analiz edilmesi amaglanmistir.

Materyal ve Yontem: Bu cgalismada kullanilan veri seti 2006-2021 yillarini
kapsayan yillik verilerden olugsmaktadir. Calismada kullanilan verilerin
analizinde Stata programindan yararlaniimistir. Stata veya Eviews programlari
Standardize Beta (B) katsayisini vermediginden dolayi, Microsoft Excel'de
formUl kullanilarak (3=B*SSXi / SSY) istatistiki analizlere ulagiimigtir.

Aragtirma Bulgulan: Calismada elde edilen sonuglara gore; bugday ithalat
modelindeki aciklayici degiskenlerden sadece bugday ithalatinin bir yil
gecikmeli degerinin anlamli oldugu tespit edilmistir. Benzer sonuglar misir
ithalat talebine etki eden faktdrler agisindan da elde edilmistir. Misir ithalat
modelindeki aciklayici degiskenlerden sadece toplam misir tiketiminin anlamh
oldugu tespit edilmistir.

Sonug: Tum bu bulgulardan hareketle budday ithalatini bir yil édnceki bugday
ithalatinda meydana gelecek degisim, misir ithalatini ise toplam misir
tiketiminde meydana gelecek degisim etkilemektedir. Turkiye’nin mevcut yapisi
ve elde edilen bulgular dikkate alindiginda gelecekte bugday ve misir ithalatgisi
konumunu surdurebilecegdi anlasiimaktadir.
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INTRODUCTION

The rapid increase in the world population triggers the demand for food in the same direction. The
sufficient amount of food necessary for the continuation of human life is tried to be met with limited resources.
In terms of meeting this need, emphasis has been placed on wheat and corn products, which can adapt to
climatic and soil conditions, are easy to produce, and have high yields and high nutritional value.

Grains are among the most common nutrients consumed by people in Tirkiye, and wheat ranks
first among the grains. Wheat and corn are the raw materials of flour and bakery products and are among
the most necessary essential nutrient sources. Bakery products obtained from wheat are consumed in
almost every region, and bakery products obtained from corn are widely consumed in the Black Sea
Region. Products such as bread, pasta, beer, and animal feed can be obtained from wheat grains and
corn is mainly used in the production of bread, corn syrup, starch, and animal feed.

When there is a decrease in wheat production both in the world and in Turkiye, the price of wheat and
foodstuffs obtained from wheat increases. Similarly, the high demand for wheat and wheat products
increases wheat prices. The price of red hard wheat, which was $219/ton in 2019, especially when the effects
of COVID-19 started, increased by 30% and reached $284/ton in 2021. While the producer price in Turkiye
was 1.21 TL/kg in 2019, it increased by 42% to 1.73 TL/kg in 2021 (TEPGE, 2022). No effect was observed
on corn production that could cause market disruption. Recently, the increase in livestock raising has also
increased the need for feed. The failure of the corn produced to meet the consumption needs has made
import necessary. The most important factor affecting the corn market in recent years has been the increase
in exchange rates. Therefore, each country should ensure sufficient production to feed itself and have
sufficient wheat and corn in stock.

Unfair competition may arise in pricing due to the high quantity and limited demand of some products
in the market. This may cause a decline in the cost coverage ratio of the producers and interruption of
production. Accordingly, certain regulations have been made within the framework of the "Tenth
Development Plan”, such as ensuring food safety, effective marketing, ensuring stability in farmer incomes,
reducing consumption losses, strengthening the administrative and technical structure, and using foreign
trade tools effectively. These regulations were implemented in practice; however, farmers encountered
certain problems in reality (Kizilaslan et al., 1996). Therefore, permanent steps should be taken to address
the problems of the agricultural industry. The obstacles of the agricultural industry can be eliminated, and its
competitive power can be increased by solving the problems related to infrastructure and operation.
Problems in the agricultural structure are also present in the marketing of agricultural products. The
distribution costs increase since there are many intermediaries in marketing channels and a large number of
transfers of goods (Emeksiz et al., 2005).

Agricultural activities are dependent on climate events; therefore, they have certain risks and
uncertainties. Hence, the supply of agricultural products cannot be increased or decreased at any time. In
light of all these findings, support should be provided for agricultural products and support policies should be
developed to reduce the negative effects that could be experienced in the agricultural industry. As in all
countries of the world, support policies have become important tools for increasing agricultural production in
Tarkiye (Karl et al., 2018).

In Tuarkiye, the first price support for agricultural products was provided by the "Wheat Act" in 1932
(Demirddgen & Olhan, 2017). It was enacted to prevent the price decreases in agricultural products because
of the "World Economic Depression” in the 1930s (Birtek & Keyder, 1975; Tezel, 2015). Later, wheat prices
were determined by the government through Ziraat Bank, and the government started to buy wheat at a price
above the market price (Birtek & Keyder, 1975). Due to the increase in purchases and the difficulty of
storage, Ziraat Bank fell behind in the following years and was replaced by the Turkish Grain Board (TGB) in
1938. The TGB was assigned to purchase the products at the prices determined by the government and
manage the prices (Tuna, 1989). During harvest periods, the Board purchased products from farmers
according to the determined base and ceiling prices (Tuna, 2011). In light of this aim, the TGB purchased
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corn for the first time in 1941 (Kirtok et al., 1997). This purchase continued irregularly until 1986. The
authorities of the TGB were expanded after 1986 and it was authorized to purchase products at market
prices, process and store the products, and regulate the domestic market to regularize purchases (Giil,
1998). During the production period between 1986 and 2001, the TGB continued to purchase grains and the
agricultural market was shaped according to these purchases. This effect has continued since 2001 (Aktas &
Yurdakul, 2005; Tasdan, 2005; Narin, 2008; Karl et al, 2018).

The Ministry of Food, Agriculture and Livestock has been providing deficiency payment support for
grain production since 2004. Fuel support was added to the deficiency payment in the same year, and
fertilizer support was started in 2005. Recently, premiums and fuel-fertilizer support have become the most
important support tools for wheat and corn producers (Karl et al., 2018).

In this study, it was aimed to analyze the determining factors effective on the import demand for wheat
and corn, which hold a significant place in Turkiye's grain imports, using the 'Seemingly Unrelated
Regressions' model. The study, covering the period of 2006-2021, initially established a conceptual
framework, followed by an examination of developments in international markets. Subsequently, wheat and
corn trade in Turkiye was addressed, and finally, factors influencing the import demand for corn and wheat in
Turkiye such as per capita national income, exchange rates, import prices of wheat and corn, consumption of
wheat and corn, as well as lagged values of wheat and corn production were examined. In the conclusion of
the study, an assessment was made, and various solution proposals were presented. This study also aimed
to contribute to the existing literature, provide guidance for researchers planning future similar studies, and
offer insights for the implementation of economic policies.

Developments in international markets

Grains are widely produced and consumed in almost every part of the world and used in both human
nutrition and the production of basic foodstuffs. The most preferred grain groups include products such as
wheat, corn, rice, barley, oats and rye.

Information on the world grain production by years was summarized in Table 1. The volume of grain
production constantly increased from the 2011-12 production year to the 2020-21 production year. The
increase in global grain production was due to the continued industrial use of corn and the increase in the use
of wheat as animal feed. Grain production increased in countries such as Russia, the USA, Brazil,
Kazakhstan, Canada and Australia, and it decreased in Argentina, Ukraine and the EU countries. The
increase in the volume of production was greater than the increase in the amount of consumption. The
increase in world grain stocks was due to the record-breaking increase in wheat stocks. World trade peaked
in the 2020-21 production year compared to the previous year with a 21 million tons of increase and reached
416 million tons (Table 1).

Table 1. World grain quantity by years (Million tons)
Cizelge 1. Yillara gére diinya hububat miktarlari (Milyon ton)

Years Production  Consumption Stock Trade
2011-12 1.879 1.862 431 274
2012-13 1.829 1.841 420 271
2013-14 2.043 1.956 506 310
2014-15 2.092 2.045 553 322
2015-16 2.058 2.013 598 346
2016-17 2.187 2.126 658 353
2017-18 2.142 2.152 648 369
2018-19 2.139 2164 625 364
2019-20 2.185 2.190 617 395
2020-21* 2.226 2.235 609 416

Source: International Grain Council (IGC) April 2021. (*) Estimation Retrieved on March 20, 2023 from
http://www.igc.int/downloads/gmrsummary/gmrsumme.pdf
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The findings about global grain production per year were presented in Table 2. World grain quantity
has been increasing constantly. Production of wheat and corn is considered to increase due to the
increase in world grain quantity. After corn, the volume of barley production has also increased; however,
this increase has a spotty graphic. There is a slight increase in the production of oat and rye (Table 2).

Table 2. World grain production by years (Million Tons)

Cizelge 2. Yillar itibariyle diinya hububat lretim miktarlari (milyon ton)

Years Wheat Corn Barley Oat Rye Other World

2011-12 701 907 134 23 13 101 1.879
2012-13 659 901 131 21 14 103 1.829
2013-14 718 1.032 145 24 17 107 2.043
2014-15 732 1.061 144 23 15 117 2.092

2015-16 740 1.023 150 22 13 111 2.058
2016-17 757 1.132 148 24 13 112 2.089

2017-18 763 1.090 145 24 13 105 2.139
2018-19 732 1.129 139 22 11 105 2.141
2019-20 762 1.125 156 23 13 106 2.185
2020-21* 774 1.140 159 26 15 112 2.226

Source: IGC April 2021 (*) Estimation, (**) Sorghum, Triticale, Millet and Hybrid Grain. Estimation Retrieved on March 20, 2023
from http://www.igc.int/downloads/gmrsummary/gmrsumme.pdf.

Numerical overview of wheat production and trade in Tarkiye

The decrease in the food supply versus the continuous increase in the population has caused
agriculture to become an important sector. Turkiye has many different climate regions and microclimate areas
due to its geographical location and structure, which is positively reflected in its agricultural production
capability and agricultural competitiveness. The main elements that distinguish the agricultural industry from
other sectors include its hypersensitivity to the climate and the lower amount of income earned by farmers in
agricultural activities compared to other industries. Agricultural products are known to be sensitive to the
supply-demand balance; however, the poor supply flexibility of agricultural products remains an important
problem. This negativity is reflected in the economy in the form of excessive price fluctuations (Badem &
Hurma, 2021).

The population of Turkiye, which was 68.626.337 in 2006, reached 84.680.273 in 2021. The population
of Turkiye increased by more than 15 million and wheat production decreased by 3.350.000 tons in 16 years.
Since wheat and wheat products were insufficient to meet the basic nutrition requirements of people during
this period, it was necessary to import to meet this need. In light of these findings, it was concluded that the
amount of wheat production failed to meet the amount of consumption and increased dependence on
international resources.

Wheat production areas in Turkiye have decreased continuously from 2006 to the present day. Wheat
production areas decreased from 8.490.000 hectares in 2006 to 6.628.739 hectares in 2022. Similarly, the
production volume decreased from 21.010.000 tons to 19.750.000 tons. The amount of consumption shows a
spotty distribution; however, the trend is constantly upward. The consumption amount, which was 18.943
thousand tons in 2006, increased by approximately 5.500 thousand tons in 2022 compared to 2006 and
reached 24.400 thousand tons (Table 3).

The data on the wheat trade of Turkiye were summarized in Table 9. Between 2006 and 2021, wheat
import volumes increased continuously, except for some years. The import volume, which was 239.874 tons in
2000, increased to 8.877.307 tons in 2021. While the wheat export volume was 685.673 tons in 2006, it
reached 7.406.000 tons in 2021. The wheat export volume was higher than the import volume between 2006
and 2014; however, the increase in the wheat export volume remained well below the increase in import
volume after 2014 (Table 4).
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Table 3. Wheat production areas, production volumes, and consumption values in Turkiye by years

Cizelge 3. Yillara gére Tlirkiye'de bugday (retim alanlari, liretim hacimleri ve tiiketim degerleri

Years Production Areas Production Volumes Amount of Consumption

(Ha) (Ton) (A thousand tons)
2006 8.490.000 21.010.000 18.943
2007 8.100.000 17.234.000 16.882
2008 8.090.000 17.782.000 17.781
2009 8.100.000 20.600.000 16.961
2010 8.103.400 19.674.000 18.187
2011 8.096.000 21.800.000 19.610
2012 7.529.639 20.100.000 18.960
2013 7.772.600 22.050.000 19.230
2014 7.919.208 19.000.000 18.970
2015 7.866.887 22.600.000 18.795
2016 7.671.945 20.600.000 18.756
2017 7.668.879 21.500.000 18.187
2018 7.299.270 20.000.000 18.805
2019 6.846.327 19.000.000 20.070
2020 6.922.236 20.500.000 22.541
2021 6.744.666 17.650.000 24.200
2022 6.628.739 19.750.000 24.400

Source: TMO, 2024, Agricultural Products Markets. Strategy Development Directorate Agricultural Economics and Policy
Development Institute. Retrieved on July 29, 2024 from
https://arastirma.tarimorman.gov.tr/tepge/Belgeler/PDF%20Tar%C4%B1m%20%C3%9Cr%C3%BCnleri%20PiyasalarveC4
%B1/2024Temmuz%20Tar%C4%B1m%20%C3%9Cr%C3%BCnleri%20Raporu/Bu%C4%9Fday%20Tar%C4%B1m%20%
C3%9Cr%C3%BCnleri%20Piyasalar%C4%B1%20Raporu%20Temmuz-2024-v4.pdf.

Table 4. Wheat import and export values of Tirkiye by years

Cizelge 4. Yillara gére Tlirkiye'nin bugday ithalat ve ihracat degerleri

IMPORT EXPORT

YEARS i i
Volume (Ton) Value (1000 Mean Export Price Value (1000 Mean Export Price

Volume (Ton)

US Dollars) (US Dollars/Ton) US Dollars) (US Dollars/Ton)
2006 239.874 52.624 219 685.673 100.853 147
2007 2.147.107 570.390 266 18.281 9.132 500
2008 3.713.421 1.483.190 400 8.005 5.569 696
2009 3.380.378 901.858 266 301.457 60.692 201
2010 2.554.208 655.044 256 1.171.002 200.848 172
2011 4.770.836 1.685.391 353 3.877.699 1.897.485 489
2012 3.737.494 1.195.121 320 4.160.707 2.055.941 494
2013 4.074.862 1.371.838 337 4.935.452 2.507.376 508
2014 5.312.480 1.622.041 305 4.995.231 2.552.513 511
2015 4.380.795 1.175.849 268 5.685.425 2.468.153 434
2016 4.341.241 984.338 227 7.025.117 2.526.235 360
2017 5.159.613 1.149.518 223 7.389.854 2.626.173 355
2018 5.821.561 1.360.506 234 7.485.819 2.715.860 363
2019 9.841.621 2.330.944 237 7.578.535 2.905.105 383
2020 9.791.057 2.444.384 250 7.560.885 2.983.472 395
2021 8.877.307 2.692.627 303 7.406.000 3.259.000 440

Source: TUIK, 2022, https://data.tuik.gov.tr/Bulten/Index?p=Bitkisel-Uretim-Istatistikleri-2022-45504.
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The data on the current and real wheat prices in Turkiye were summarized in Table 5. Within the
scope of the findings obtained from the table, it was observed that the current wheat price increased from
0.40 TL to 2.25 TL/kg between 2006 and 2021. The current price of wheat increased 17.78 times from 2006
to 2021. The greatest increase in current wheat prices was between 2018-2020. During this period, the
increase in current prices was approximately 57.1%. Double-digit increases in inflation rates had a great
effect on this price increase. When we realized wheat prices as of 2006 and 2021, it was found that they
increased from 0.31 TL to 0.39 TL in 2006 prices. The lowest wheat price in real terms was calculated as
0.29 TL/Kg in 2018. The greatest difference between real wheat prices and current wheat prices was
24.94% in 2021 (Table 5).

Table 5. Wheat prices in Turkiye (Real and Current Prices)

Cizelge 5. Turkiye'de bugday fiyatlari (Cari ve Reel Fiyatlarla)

Years Current Wheat Price  Real Wheat Price Rate of Chang(_e in Rate of Chan_ge in Difference Between
(TL/kg) (based on 2003) Current Wheat Price (%) Real Wheat Price (%) Rates of Change (%)

2006 0.40 0.31 - - -

2007 0.43 0.30 6.25 -2.30 -8.55

2008 0.48 0.31 11.76 1.20 -10.57

2009 0.50 0.30 5.26 -0.93 -6.19

2010 0.55 0.31 10.00 1.32 -8.68

2011 0.61 0.32 10.00 3.31 -6.69

2012 0.67 0.32 9.92 0.94 -8.98

2013 0.72 0.32 8.27 0.72 -7.55

2014 0.74 0.31 2.78 -5.58 -8.36

2015 0.86 0.33 16.49 8.19 -8.30

2016 0.91 0.32 5.57 -2.05 -7.62

2017 0.94 0.30 3.30 -7.06 -10.36

2018 1.05 0.29 11.70 -3.98 -15.68

2019 1.35 0.32 28.57 11.63 -16.94

2020 1.65 0.35 22.22 8.86 -13.36

2021* 2.25 0.39 36.36 11.42 -24.94

Source: TUIK, 2022 (*Average prices for the first six months). Retrieved on March 18, 2023 from
https://data.tuik.gov.tr/Bulten/Index?p=Bitkisel-Uretim-Istatistikleri-2022-45504.

Within the scope of the findings on wheat production in Tirkiye and according to the report published
by the United Nations (UN) in 2022, Turkiye ranked first among the countries that imported the highest
quantity of wheat. According to this report, the wheat import volume of Tirkiye was aimed at use as raw
materials in export-oriented production. According to the 2022-2031 Food Outlook report prepared by FAO
and the Organization for Economic Cooperation and Development (OECD), Tirkiye is one of the countries
producing the highest quantity of wheat. Despite all these positive developments, the production volume of
Turkiye has decreased, and the consumption volume has increased over years. Compared with the
increasing population, it has been revealed that the production volume is not sufficient to meet the amount
of consumption. Drought and the increase in fertilizer and fuel prices have been listed as the main reasons
for the decrease in production volume in recent years (BBC NEWS, 2023).

Numerical overview of corn production and trade in Tirkiye

Bread is the most common basic foodstuff in Turkiye, and the raw material of bread is grain.
Although wheat ranks first among the grains, corn bread is also widely consumed in some regions of the
Black Sea Region.
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Corn plant produced in Turkiye is used both in the form of grain and herbaceous trunk. Corn grains
are used in making bread or as snacks, and they are used in the glucose, starch, and feed industry. The
herbaceous trunk of corn is used as animal feed (Sahin, 2001).

Corn production has noticeably increased in Turkiye after the 1980s, especially with the increase in
the number of irrigable areas with the Southeastern Anatolia Project (GAP). The reasons for this increase
include the promotion of corn production by the government, the introduction of modern production
techniques, the spread of corn production in irrigation areas, the increase in the use of hybrid seeds, and
the use of fertilizers on a certain scale. The largest share of the corn trade in Tlrkiye belongs to feedstuff
with a consumption of approximately 70%. The starch industry ranks second with a consumption capacity
of up to 20%. The third is ethanol production. Recently, ethanol production has become an important sector
that is constantly growing and developing in Tirkiye as well as in the world (Nogay, 2019; Demirbas &
Akkurt, 2021).

The most suitable region for corn production in Turkiye is the Black Sea Region. The widespread
cultivation of crops that generate higher income such as tea and hazelnuts in the region and the natural
structure of the region restrict the expansion of corn cultivation areas. After the Black Sea Region, the
Eastern Mediterranean, and the Southeastern Anatolia Regions, where there is a significant increase with
the effect of irrigation, have a share in corn production. It was stated that the suitability of climatic
conditions and GAP had an effect on the important share of corn in Southeastern Anatolia (Yasa & Kutlar,
2019). Manisa and Konya were listed among the other provinces with expanded corn cultivation areas
(TEPGE, 2021).

Corn cultivation areas in Turkiye had spotty progress from 2006 to 2021. The greatest decrease in
corn cultivation areas during this period was experienced in the 2018 marketing year. Corn cultivation
areas started to increase again with the marketing years of 2019 and 2020. Although the corn production
volume was parallel to the amount of consumption over the years, the increase in the production volume
was greater than the increase in the amount of consumption. The volume of corn production decreased in
the 2007, 2009, 2011, 2017, and 2018 marketing periods and started to increase at increasing rates as of
2019 (Table 6).

Table 6. Corn cultivation areas, production volume and consumption values in Turkiye by years

Cizelge 6. Yillar itibariyle Tiirkiye'de misir ekim alani, lretim miktari ve tiiketim degerleri

Years Cultivation Areas Production Volume Amount of Consumption
(Ha) (Ton) (A thousand tons)
2006 536.000 3.811.000 4.000
2007 517.500 3.535.000 4.600
2008 595.000 4.274.000 5.125
2009 592.000 4.250.000 5.142
2010 594.000 4.310.000 5.153
2011 589.000 4.200.000 5.253
2012 622.609 4.600.000 5.112
2013 659.998 5.900.000 5.757
2014 658.645 5,950,000 6.650
2015 688.170 6.400.000 6.834
2016 680.019 6.400.000 5.913
2017 639.084 5.900.000 7.074
2018 591.900 5.700.000 7.804
2019 638.829 6.000.000 7.866
2020 691.632 6.500.000 7.706
2021 - 6.750.000 7.430

Source: TMO, 2022. Retrieved on March 23, 2023 from https://ww.tmo.gov.tr/Upload/Document/alim/2022/hubmudalimfyt.pdf TUIK,
2022. Retrieved on March 18, 2023 from https://data.tuik.gov.tr/Bulten/Index?p=Bitkisel-Uretim-Istatistikleri-2022-45504.
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The findings about the import and export values of corn in Tirkiye were presented in Table 7. Between
2006 and 2021, the import volume had a spotty but increasing course. The import volume of corn, which was
30.579 tons in 2006, increased to 1.566.200 tons in 2021. On the other hand, there was a decrease in the
export volume from 2006 to 2021. Despite the increase observed in some years, there was a decrease in
general. The export volume, which was 192.950 tons in 2006, decreased to 25.454 tons in 2021. The value
paid for imports was always above the value obtained from exports except in 2006 (Table 7).

Corn prices in Tirkiye by year are given in Table 8 as TGB and Stock Exchange Prices. According
to the table, TGB corn purchase prices have started to be announced since 2008. The purchase price of
corn, which was 361 $/ton in 2008, decreased to 230 $/ton in 2021. Corn purchase prices decreased in
2009, 2011, 2015, 2017 and 2018. In other years, purchase prices have increased. The stock market
price decreased in 2008, 2012 and 2015 compared to the previous year. In other years, the stock market
price of corn increased continuously (Table 8).

Table 7. Import and Export Values of Corn in Turkiye

Cizelge 7. Tiirkiye'de Misirin Ithalat ve Ihracat Degerleri

EXPORT IMPORT
YEARS Volume Value (1000 US Volume Value
(Ton) Dollars) (Ton) (1000 US Dollars)
2006 30.579 12.702 192.950 29.219
2007 1.128.456 269.338 8.320 8.896
2008 1.151.407 381.938 15.056 24.948
2009 485.131 135.136 32.534 81.323
2010 452.363 124.157 10.649 26.006
2011 381.293 136.119 13.945 27.923
2012 807.481 245.919 20.359 33.820
2013 1.548.133 473.138 180.511 88.124
2014 1.423.595 350.247 64.618 63.290
2015 1.487.005 344.333 75.185 51.032
2016 534.791 128.639 44.136 49.044
2017 2.055.543 425.673 117.976 53.038
2018 2.122.734 438.014 37.762 43.878
2019 2.862.081 572.604 22.859 24.687
2020 2.678.592 514.703 15.055 21.432
2021 1.566.200 390.450 25.454 23.435

Source: TUIK, 2022. Retrieved on March 18, 2023 from https://data.tuik.gov.tr/Bulten/Index?p=Bitkisel-Uretim-Istatistikleri-2022-45504

Table 8. Corn prices in Tirkiye by years
Cizelge 8. Yillara gére Tlirkiye'de misir fiyatlari

Years TGB Purchase Rate of Chang_e in TGB Stopk Exchange Stock Exchange Price
Price($/Ton) Purchase Price (%) Price (TL/Ton) Rate of Change (%)

2006 No Price - 390 -

2007 No Price - 452 13.72

2008 361 - 430 -5.12

2009 302 -19.54 455 5.50

2010 327 7.65 530 14.15

2011 300 -9.00 593 10.63

2012 330 9.10 576 -2.95

2013 331 0.30 601 4.16

2014 333 0.60 678 11.36

2015 245 -35.91 677 -0.15

2016 252 2.77 694 2.45

2017 217 -16.13 782 11.25

2018 173 -25.43 943 6.47

2019 210 17.62 1.152 18.14

2020 223 5.83 1.396 17.48

2021 230 3.04 1.440 3.19

Source: TMO, 2021. Retrieved on March 18, 2023 from https://www.tmo.gov.tr/Upload/Document/istatistikler/Cizelgelar/5misireuva.pdf
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Customs duties have been one of the main policy tools affecting the corn market in recent years.
With the decree published on October 21, 2020, the tax rate of 25% was reduced to zero and this
implementation was extended until January 1, 2022. Zero customs duty facilitated imports and
contributed to the production. Nevertheless, increases in exchange rates can increase the cost of
imports (TEPGE, 2021).

The legal regulations regarding the markets where corn and its derivatives are traded directly
affect the domestic and foreign markets. The best example of this was the GMO regulation enforced in
November 2019 and the “Biosafety Law” enacted in March 2010. In addition to these laws, two GMO
corn varieties were allowed for feed use in the 2020 marketing year. As a result of the implementation
of these laws and permits, the GMO corn variety with feed use permits increased to 23 (TEPGE, 2021).

Literature Review

Although there are numerous studies in the literature on staple food products examining demand
forecasts and factors affecting demand, there are very few studies specifically addressing the factors
influencing import demand for wheat and corn. In the domestic literature, the first study was conducted
by Karkacier (2000), who attempted to identify the factors influencing the import demand for dairy
products in Turkiye. In the study, it was found that domestic prices, per capita income, and exchange
rate affected the import demand for milk and dairy products in Turkiye. The second study was
conducted by Hatirli et al. (2002). The study covered the period between 1983 and 2000 and used the
"Seemingly Unrelated Regressions" method. According to the findings of the study, per capita income,
import prices of sunflower and soybean oil, the volume of soybean oil production in the previous year,
and the import amounts were found to be statistically significant among the factors affecting soybean
oil. In terms of the sunflower oil import model, it was determined that the sunflower oil production, total
sunflower oil demand, and import amounts of the previous year were significant; however, the import
prices of soybean and sunflower oil were not found to be statistically significant. The third study was
carried out by Simsek & Kadilar (2004). The study involved the statistical analysis of the total import
demand in Turkiye between 1970 and 2002. The study analyzed the long-term relationship between
import demand and the factors affecting import demand. As a result, it was mentioned that financial,
monetary, and exchange rate policy instruments could be used to correct the trade balance. Another
study of the literature was carried out by Goktolga (2006). This case looked at the import demand for
meat and meat-related products. The import demand for vegetable oil and its products was looked at in
a separate exploratory implemented by Kizilaslan & Kizilaslan (2006) in the same year. The first survey
on wheat import demand was prosecuted by Uzuntz & Akcay (2009). The factors influencing the
demand for imported wheat from 1984 to 2006 were examined in this investigation. Tirkiye's wheat
import demand was considered a function of domestic demand in the case study. Prices, GDP per
capita, Turkish Lira-US dollar exchange rate, delayed imports, wheat production value, domestic
demand, and trend factors were discussed as variables in the study. The case's data indicated that
domestic wheat price changes had an outstanding impact on wheat prices. The most substantial
development within the scope of the results is that Turkish consumers are gradually preferring to
purchase domestic wheat over imported wheat. Another study was conducted by Adiglzel et al. (2012).
This study discussed the long-term effect of the financial system on import demand. The data used in
the study included the period of eight years from the date of implementation of the "Transition to a
Strong Economy Program”. When the data used in the study were analyzed, it was observed that both
national cash flow and relative prices positively affected import demand. Another study was conducted
by Boz & Huseyinli (2019) on the production and import of bananas based on data from the period
between 1994 and 2015 in Turkiye. As a result of the analysis, a linear but weak relationship was found
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between the producer banana price and the banana imports, a positive and strong relationship between
the exchange rate and the producer banana prices, and a linear but weak relationship between the
exchange rate and the logarithm of the banana imports. As a contribution to the findings obtained in the
study, the banana production of Tirkiye is far behind in meeting the demand for bananas. For this
reason, Turkiye is a country dependent on banana imports to meet the demand for bananas. Ari (2021)
conducted another research that is thought to be relevant to the topic. The impact of economic
expansion and the exchange rate on import demand was examined in this study. FMOLS (fully
modified ordinary least square) and DOLS (Dynamic OLS) estimation methods and cointegration tests
were used in the case. According to the analysis's outcomes, income inequality has a positive impact
on import demand. The research also found that while economic growth had a positive impression on
imports, the real exchange rate had a negative effect.

Lee et al. (1994) conducted the first study on foreign literature. The AIDS (Almost Ideal Demand
System) model was employed in the investigation to predict Japan's need for wheat imports. Mao et al.
(1997) published another study about Japan. They investigated the demand for wheat import in their
research. The study's conclusion revealed that US wheat and Japanese wheat were fierce competitors.
Tanyeri-Abur & Russon (1998) published yet another case to designate import demand. The study
handled the import demand for dairy products on the basis of Mexico. The case concluded that the
amount of dairy product imports could not be predicted in the future and that income elasticity and real
exchange rate elasticity were comparable. Ramirez et al. (2003) published yet another study about
Mexico. The study estimated cheese import demand. Andino & Kennedy (2004) discussed the
elements influencing the import demand for Honduran coffee in another review of the literature.
According to the subject, variations in import prices and revenues had an efficiency on sales of
Honduran coffee. A final survey on wheat import demand was conducted by Valencia-Romero, Trejo-
Garcia & Rios-Bolivar (2023) in Mexico. The autoregressive distributed delay (ARDL) model and
cointegration analysis were both used in the study. Variables such as the real exchange rate, wheat
prices, and income level are discussed in the study as factors influencing wheat import demand. At the
conclusion of the study, it was confirmed that among the major factors affecting imports in the short
term were the exchange rate and the date of imports. In the long run, exchange rates and economic
activity were only predictive in the low quantiles.

Studies available in the literature have identified that agricultural product prices, import
gquantities, and exchange rates generally play a determining role in import demand. Based on findings
from both domestic and international literature, factors acknowledged to influence the import of wheat
and corn include per capita national income, exchange rates, import prices, total consumption
gquantities, and one-year lagged values of production and import quantities. The variables examined in
this research were constructed by taking into consideration previous studies in the domestic literature,
including the works of Hatirli et al. (2002), Kizilaslan & Kizilaslan (2006), Uzun6z & Akcay (2009), as
well as studies in the international literature by Lee et al. (1994) and Mao et al. (1997).

MATERIALS and METHODS

Data and Method

The data set used in this study consists of annual data covering the years between 2006 and
2021. Stata software was used to analyze the data of the study. Since the Stata or Eviews software did
not provide the Standardized Beta () coefficient, the statistical analyses were performed on Microsoft
Excel using a formula (B=B*SSXi/ SSY). Definitions of the data are shown in Table 9.
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Table 9. Data used in the study
Cizelge 9. Calismada kullanilan Degiskenler

Variables Using Variables Source
ITMbgd Wheat import amount TUIK
GDP National income per capita TUIK
RAT Exchange rate TCMB
ITH_Poga  Wheat import price TUIK
TTogd Total wheat consumption T™MO
TUbgd_t-1 One year lagged value of wheat production TMO
ITMbga 2 One year lagged value of wheat imports TUIK
ITMmsr Corn import amount TUIK
ITH_Pmsr  Corn import price TUIK
TTmsr Total corn consumption TUIK
TUmsr_t-1 One year lagged value of corn production TMO
ITMmsr 1 One year lagged value of corn imports TUIK

The data for the studies were obtained from various sources, including the Turkish Statistical
Institute, the Central Bank of the Republic of Turkiye, the Grain Board, numerous research conducted on
the subject, and various institutions and organizations.

When the error term of the estimated equation is presumed to be correlated with the error term of
other equations, the application of the 'Seemingly Unrelated Regressions' method becomes necessary. In
other words, if there is a relationship among the error terms of the equations, the seemingly unrelated
regressions method can be applied to enhance the efficiency of the estimated coefficients. Therefore,
when multiple equations are to be estimated, it is necessary to test whether there is a relationship among
the error terms of these equations. The general assessment of whether the variance-covariance matrix is
diagonal is typically tested using the Likelihood Ratio (LR) and Lagrange Multiplier (LM) methods. The
hypothesis test applicable for a two-equation system is as follows: HO: 012 = 0, Ha: 012 # 0. Overall, as a
result of the application of tests, if LR and LM are accepted as the alternative hypothesis, it is necessary
to estimate each equation using the 'Least Squares Method' (LSM) instead of the 'Seemingly Unrelated
Regressions' (SUR) model.

Per capita income, exchange rate, import prices, total consumption amounts, production volume,
and import volume were considered factors affecting wheat and corn imports, and it was aimed to
determine their development during the period examined. In the models presented below, e;; and e, refer
to the error terms related to wheat and corn import models, respectively.

[TMpgg = Bo + B1GDP + B; RAT +B3ITH_Ppgg + B4TTpga + B5TUpga t1 + BelTMpgq 11 + €11
ITMmsr = ,8 ot ,8 lGDP + ,82 RAT + BsITH_Pmsr + ,34TTmsr + BSTUerit-l + B6ITMer7t-l + ey

The definitions and descriptive statistics of the variables included in the models were presented in
Table 10.

Jarque-Bera is a measure of goodness of fit used to measure divergence from the normal
distribution and is derived from the transformation of kurtosis and skewness measurements. The HO
hypothesis indicates that the data are normally distributed (IHS Markit-Eviews, 2020). Table 10 shows
that all of the variables in the models have a normal distribution.
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Table 10. Descriptive statistics of variables
Cizelge 10. Degiskenlere ait tanimlayici istatistikler

Variables Kisaltma Min. Maks. Ort. SS J-B(p)

Wheat import amount (Ton/Year) ITMpgq 239873 9841621 4882936 2664361 0.970(0.615)
National income per capita ($) GDP 7500 11014 9702 1103 1.604(0.448)
Wheat import price ($/Ton) ITH_Puga 221 400 279 52 1.870(0.392)
Total wheat consumption (Ton/Year) TThga 16882 24200 19180 1866 5.129(0.077)
One year lagged value of wheat production TUpgd t1 17234000 22600000 20309375 1502171 0.861 (0.650)
One year lagged value of wheat imports ITMbgd_t-1 135595 9841621 4336579 2686862 1.080(0.582)
Corn import amount (Ton/Year) ITMmsr 30579 3593167 1272830 964466 1.266(0.531)
Corn import price ($/Ton) ITH_Pmer 195 415 271 60 2.038(0.361)
Total corn consumption (Ton/Year) TTmer 4000 7866 6140 1186 0.685(0.709)
One year lagged value of corn production TUmsr 1 3535000 6500000 5120625 1049296 1.794(0.407)
One year lagged value of corn imports ITMmsr_t-1 30579 3593167 1154787 971154 2.356(0.308)
Exchange rate RAT 65.25 127.39 101.241 18.197 1.238(0.538)

J-B: Jarque-Bera

RESULTS

While the assumptions of the classical linear regression model hold, the estimation of single-
equation models through the 'Least Squares Method' (LSM) yields unbiased, consistent, and efficient
predictors. The classical linear regression model assumes that the specification of the model is correct. In
other words, the mathematical function of the model and its explanatory variables are comprehensive. If
certain additional information exists and is not considered, predictors may fail to provide the
characteristics related to the predictors in the classical linear regression model. In cases where multiple
equations are to be estimated, the possibility of the error terms of these equations being correlated
provides us with additional information, and it is essential to consider this information in predicting the
model (Kmenta, 1971, as cited in Hatirl et al., 2002). In order to determine whether LSM or seemingly
unrelated regressions methods will be employed in forecasting wheat and corn import models, it is
necessary to test whether the error terms of the two equations are interrelated. For this purpose, the
Lagrange Multiplier (LM) and Likelihood Ratio (LR) tests were employed and used consecutively for the
equation system. The LM test result was calculated as 0.248 (p=0.618 > 0.05), and the LR test result was
1.84 (p=0.175 > 0.05). Accordingly, both LM and LR test statistics accepted the hypothesis of "no
relationship among error terms" (p>0.05). According to the test results, it was understood that there was
no relationship among the error terms; therefore, there would be no benefit in obtaining parameter
estimates through the SUR method. However, for the presentation of the analysis results obtained from
both SUR and least squares methods, the outcomes are illustrated in Table 11.

When examining Table 11, the determination coefficients (R2) for the wheat import model
evaluated through the SUR method were found to be 0.899, and for the wheat import model assessed
through the LSM method, it was 0.908. These coefficients were determined as 0.782 for the corn import
model evaluated with the SUR method and 0.789 for the corn import model evaluated with the LSM
method. It is observed that the determination coefficients in the models conducted with both methods
were not different. Accordingly, the explanatory power of the included variables in the model was
approximately 85% for wheat import and around 65% for corn import.

In this study, as time series data were used, three primary tests were considered for the evaluation of
the distribution of error terms. Primarily, it is essential to test whether issues such as multivariate normal
distribution, autocorrelation, heteroscedasticity, and multicollinearity pose significant problems for the
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model. The non-significance of the Jarque-Bera test statistic for the multivariate normality distribution
(p>0.05) indicates that the residuals conform to a normal distribution (IHS Markit - Eviews, 2020). The p-
values associated with the Jarque-Bera statistics for wheat and corn import models were found to be non-
significant (p > 0.05), indicating that the residuals exhibited normal distribution and complied with the
assumption of multivariate normality.

Table 11. Estimated model results

Cizelge 11. Tahmin edilen model sonuglari

Wheat Import SUR Method (Seemingly Unrelated Regression) LS method
Model B SH B t D B SH B t D VIF
GDP -103.54 132.37 -0.042 -0.78 0.434 219.40 339.65 0.091 0.646 0534 1.941
RAT -125746 26465 -0.858 -4.75 0.000 | -134147 35177 -0.916 -3.813 0,004 5.670
ITH_Phga 11019 5212  0.216 211 0.035 8737 7244 0.172 1.206 0.259 1.996
TThgd -64.173 218.24 -0.044 -0.29 0.769 89.998 316.08 0.063 0.285 0.782 4.814
TUpgd t1 -0.289 0.178 -0.163 -1.63 0.104 -0.501 0.291 -0.282 -1.721 0.119 2.646
ITMbgd_t-1 0.200 0.196 0.201 1.02 0.307 0.031 0.293 0.031 0.107 0.918 8571

Fe 9 = 14.874 p=0.000 R°=0.908 AR?=0.847
Durbin Watson H =2.021 B-P-G(p): 2.801(0.080)
J-B(p): 5.315(0.070)

X? = 151.40 p=0,000 R*=0.899 AR?=0.832
Durbin Watson H=2.005

Comgg‘e‘fo” B SH B t D B SH B t D VIF
GDP 10354 13237 0042 078 0434 | 19322 18668 0221 -1.035 0328 1.945
RAT 11469 15939 -0.078  -072 0472 | -4427 20380 -0.083 -0.217 0833 6.313
ITH_Prer -1288 2029 -0.029  -0.44 0660 | -1840 3707 0115 -0.497 0631 2.307
TTre 74866 25476 0333 294 0003 | 84523 32390 1039 2610 0028 6.773
TUner 0t 20157 0229 -0.061  -068 0494 | 0103 0299 -0112 -0.343 0740 4528
TMusr 1 0196 0231 -0.071  -084 0398 | -0.235 0299 -0236 -0.786 0452 3.872

Fe 9 = 5.616 p=0.011 R*=0.789 AR?=0.648
Durbin Watson H =2.369 B-P-G(p): 0.795 (0.596)
J-B(p): 0.492(0.781)

X = 50.08 p=0,000 R?=0.782 AR?=0.637
Durbin Watson H =2.365

B-P-G: Breusch-Pagan-Godfrey (Variances Homogeneity Test / Heteroscedasticity Test)

A significant deviation of the Durbin-Watson H statistic from 2 indicates a noteworthy sign of
autocorrelation. If the H statistic falls below 1, this situation is considered to be in the region of instability
(Guijarati, 1995, as cited in Hatirli et al., 2002). It is observed that the H statistics in the wheat and corn import
models did not exhibit a significant deviation from 2, indicating the absence of autocorrelation in the models.

The Variance Inflation Factors (VIFs) are a method for measuring the level of collinearity
(multicollinearity) among regressors in an equation. VIFs indicate the extent to which the variance of a
regression coefficient estimation is inflated due to collinearity with other regressors (IHS Markit - Eviews,
2020). It was determined that the VIF statistics for multicollinearity were <10, indicating the absence of
multicollinearity issues among the independent variables in both wheat and corn import models. The
Breusch-Pagan-Godfrey test (Breusch and Pagan, 1979; Godfrey, 1978) is a Lagrange multiplier test that
assesses the null hypothesis of constant variance against the alternative hypothesis of changing variance
for a vector of independent variables. Since the p-value associated with the Breusch-Pagan-Godfrey test
statistic is greater than 0.05 (p > 0.05), it is understood that there is no issue of changing variance.

The analysis results indicate that, in the wheat import model using the SUR method, the effective
exchange rate (=-0.86; t=-4.75; p=0.000) and wheat import price ($=0.22; t=2.11; p=0.035) variables
were statistically significant at the 5% significance level in influencing wheat imports. Similarly, in the LSM
method, the effective exchange rate ($=-0.92; t=-3.81; p=0.000) variable was found to be statistically
significant at the 5% significance level, while the wheat import price (=0.17; t=1.21; p=0.259) variable
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was determined to be statistically insignificant in influencing wheat imports. In both methodologies, the
elasticity coefficient exceeding 0.70 indicates that a 1% increase (decrease) in wheat imports from the
previous year would result in more than a 0.80% increase (decrease) in wheat imports. The SUR method
revealed that the variables of per capita national income, total wheat consumption, lagged value of wheat
production, and lagged value of wheat imports in the wheat import model did not have a significant impact
on the quantity of wheat imports, while the LSM method indicated that per capita national income, wheat
import price, total wheat consumption, lagged value of wheat production, and lagged value of wheat
imports in the wheat import model were not statistically significant in influencing the amount of wheat
import. There was no significant difference in the elasticity coefficients between the two models, but given
the variation in the explanatory variable of wheat import price, a "test of the significance of the difference
between two slope estimators" was conducted. This estimator takes into account the slope, standard
error, and sample size of each line to determine whether the slopes of the two lines are significantly
different from each other. A probability value lower than 0.05 indicates a significant difference between
the two slopes (Soper, 2024). There was no significant difference in the coefficients of wheat import price
between the two models (t=0.255; p=0.800), indicating that the explanatory effect of wheat import price
was similar in both models.

The analysis results indicate that in the corn import model using the SUR method, the variable of
total corn consumption (8=0.33; t=2.94; p=0.003) was statistically significant at the 5% significance level
in influencing corn imports. Similarly, in the LSM method, the variable of total corn consumption (f=1.04;
t=2.61; p=0.000) was found to be statistically significant at the 5% significance level in influencing corn
imports. In both methodologies, the elasticity coefficient exceeding 0.70 indicates that a 1% increase
(decrease) in corn imports from the previous year would result in an increase (decrease) of more than
0.70% in corn imports. In both the SUR and LSM methods, it was determined that the variables of per
capita national income, effective exchange rate, corn import price, total corn consumption, lagged value
of corn production, and lagged value of corn imports in the corn import model were not statistically
significant in influencing the quantity of corn import (Table 11).

CONCLUSION

Wheat and corn are among the most basic nutrients used in human nutrition in Turkiye, similar to
the entire world. Due to the COVID-19 pandemic, which has affected the world and continues to have an
economic impact, the demand for wheat and wheat products is constantly increasing since wheat is the
raw material of durable dry food products such as bakery products, pasta, semolina, and biscuits. This
phenomenon lies in the foundation of the fact that Tirkiye is a net wheat importer. Nevertheless, wheat
prices are generally determined by supply, which is due to the poor demand elasticity of wheat. Wheat
supply is determined by economic policies, climatic conditions, supports provided, and fuel and fertilizer
prices. On the other hand, corn is used in making bread, animal feed, industrial raw material, or as a snack
dish in some regions of Turkiye. Corn, which has a wide range of uses, has an important share among the
grains grown in Turkiye in terms of cultivation area and production. Despite all these positive
developments, the yield values of corn production in Turkiye are low; therefore, the amount of product
obtained is low. The most basic reason for this is cultivating corn in almost every area without looking for
suitable conditions for corn to grow. Only the Black Sea, Marmara, and Aegean regions should be
approved for cultivation in order to obtain economic efficiency from corn production. If it is to be grown
outside these regions, it is very important to apply the cultivation technique fully, to spread the use of
quality seeds, and to solve the irrigation problems. Therefore, it is necessary to apply economic policies
according to these variables to increase wheat and corn production.

The findings of the study emphasize that among the explanatory variables in the wheat import model,
only the one-year lagged value of wheat imports and the exchange rate are statistically significant. In light of
these findings, it is indicated that a 1% increase (decrease) in wheat imports from the previous year would

14



Analysis of factors affecting the import demand for wheat and corn in Turkiye using the Seemingly Unrelated Regression Method

result in an increase (decrease) of more than 0.80% in wheat imports. The variables of per capita national
income, wheat import price, total wheat consumption, and one-year lagged value of wheat production in the
wheat import model were determined to be statistically insignificant in influencing the quantity of wheat
imports, with only the exchange rate having a significant impact. Similar results were obtained concerning
the factors influencing corn import demand. Within the scope of the findings obtained in the study, it was
determined that among the explanatory variables in the corn import model, only total corn consumption was
statistically significant. Based on this, it is highlighted that a 1% increase (decrease) in total corn
consumption would lead to an increase (decrease) of more than 0.70 % in corn imports. It was determined
that the variables of per capita national income, exchange rate, corn import price, lagged value of corn
production, and one-year lagged value of corn imports in the corn import model were statistically
insignificant in influencing the quantity of corn imports. Based on all these findings, it can be claimed that
changes in wheat imports are influenced by variations in the previous year's wheat imports and exchange
rates, while changes in corn imports are affected by alterations in total corn consumption.

No study has been encountered in the national literature that jointly examines the factors
influencing wheat and corn import demand. A study by Uzun6z & Akcay (2009) has been conducted in
Turkiye, focusing solely on determining the factors influencing wheat import demand. The results
obtained from this study differ from those obtained in the research in terms of the variables employed.
The results obtained in the study exhibit parallelism only in terms of the exchange rate variable. Two
separate studies, similar to this research, have been conducted to examine the factors influencing the
import demand for soybean and sunflower oil, as well as milk and dairy products. In the international
literature, there exists a study conducted by Valencia-Romero, Trejo-Garcia & Rios-Bolivar (2023),
focusing on the factors influencing wheat import demand. The results obtained in this study only exhibit
similarity in terms of the exchange rate variable.

Considering the findings of the research and the current structure of Turkiye, it is understood that in
the future, it can maintain its position as an importer of wheat and corn. At this point, some economic
policies need to be revised. Policies regarding the export and import of wheat and corn differ compared to
other commodities. The essential role of wheat as a staple food and corn as a fundamental source for
both human and animal nutrition makes both products strategic foods. Since 2002, Turkiye has started
importing wheat. Over the past 25 years, Turkiye has exported approximately 8 million tons of wheat
while importing about 106 million tons in the same period. During this time, the gap between wheat
exports and imports has consistently widened in favor of imports. A similar situation applies to corn. In
this context, increasing efforts to enhance wheat and corn yields, reverting to the use of local hybrids,
considering the prices of essential inputs such as chemical fertilizers and diesel fuel when setting wheat
purchase prices, supporting small family farms, ensuring the state acts as the planner and enforcer of all
agricultural practices, supporting cooperatives, and ensuring that the Turkish Grain Board (TMO) and
agricultural market regulators operate in a manner that protects both producers and consumers are of
great importance in reducing import dependency.

What distinguishes this study, which is anticipated to make a significant contribution to the
literature, from other works is its fundamental characteristic of delineating the factors influencing wheat
and corn import demand in Tirkiye using the 'Seemingly Unrelated Regressions' method. No study
addressing this topic has been encountered in the literature. The aim of this study was to guide future
economic policies based on the findings obtained.
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ABSTRACT

Objective: This study aimed to calculate the regulating ecosystem services
such as carbon storage, air pollution, runoff retention, and urban heat island
reduction provided by the blue-green infrastructure of Karsiyaka, Izmir
(Turkiye).

Material and Method: Regulating ecosystem services provided by urban blue-
green infrastructure were calculated with remote sensing techniques and
geographic information system. Data preparation and analyzes were performed
in ArcGIS 10.8 software.

Results: The findings showed that the carbon storage potential of blue-green
infrastructure was 2.45 kg C m? while the particulate matter removal potential
was 4.73 g/m® The total rate of runoff in the BGI has been calculated to be
0.008 m3/m?. The urban heat island intensity index showed that the hot islands
were located in the middle and north, and the cool islands were located in the
south of the city.

Conclusion: It has been determined that the blue-green infrastructure in
Karsiyaka has predominantly low values in terms of the regulating ecosystem
services evaluated. It has been concluded that the blue-green infrastructure
needs to be improved to boost ecosystem services and urban resilience.

0z
Amag: Bu galismada Izmir Karsiyaka'daki kentsel mavi-yesil altyapinin
sagladigi karbon depolama, hava kalitesi, ylizey akis diizenleme ve kentsel isi

adasinin  azaltilmasini  kapsayan duzenleyici ekosistem  servislerinin
degerlendirilmesi amaglanmistir.

Materyal ve Yontem: Kentsel mavi-yesil altyapinin sagladigi duzenleyici
ekosistem servisleri uzaktan algilama teknikleri ve cogdrafi bilgi sistemleriyle
hesaplanmistir.  Veri uretimi  ve analizler ArcGIS 10.8 yaziliminda
gerceklestiriimistir.

Bulgular: Mavi-yesil altyapinin karbon depolama kapasitesi 2.45 kg C m?,
partikil madde tutma kapasitesi 4.73 g/m?’dir. Mavi-yesil altyapidaki toplam
ylzey akigl tutma orani 0.008 m3/m? olarak hesaplanmistir. Kentsel is1 adasi
yogunlugu ise sicak adalarin kentin merkezi ve kuzeyinde, serin adalarin ise
glineyinde yer aldigini géstermektedir.

Sonug: Karslyaka'daki mavi-yesil altyapinin  degerlendirmeye  alinan
dizenleyici ekosistem servisleri agisindan agirlikli olarak diistik degerlere sahip
oldugu belirlenmistir. Kentsel dayaniklihgi artirmak icin mavi-yesil altyapinin
iyilestiriimesi gerekmektedir.
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INTRODUCTION

Urban areas cover a small part of the earth, but they account for a large ratio portion of the global
carbon emissions in energy and resource consumption and cause climate change, ecosystem degradation,
and biodiversity losses on global scale (Seto et al., 2012). However, people living in cities are directly facing
the consequences of global warming, such as extreme weather events, ecosystem, and land losses (IPCC,
2019). IPCC (2021) reports stated that various sustainable strategies, including physical and social
infrastructure, are needed to reduce the cities' fragility and increase their resilience. In this context,
maintaining and enhancing ecosystem services (ES) therefore urban ecosystems are essential to
developing the adaptive capacities of cities and societies (IPCC, 2023).

Urban green areas increase the resilience of cities through the multi-ecosystem services (Caneva et
al., 2020). ES are classified as provisioning, regulating, supporting and cultural services according to the
benefits they provide. Regulating ES include many ecosystem services, such as regulating air quality and
microclimate, soil quality, erosion control, pollination, carbon storage and sequestration, reducing noise
pollution, and natural disaster control (Smith et al., 2013; Rupprecht et al., 2015; Ghorbani et al., 2022; Orta-
Ortiz & Geneletti, 2022). ES are derived from ecosystem functions, and the benefits they provide represent
the actual flow of services (Vihervaara et al., 2017). The processes that lead to providing ES are spatial, and
the ecosystem functions and processes responsible for the production of services vary in time, space and
scale (Ruskule et al., 2018). Therefore, ES maps are needed to identify and evaluate the provision of ES as
a function of ecosystem processes, land use cover, climate and environmental diversity (Maes et al., 2013).

ES mapping is crucial to determine the extent to which ecological processes occur in order to
understand how ecosystems contribute to human well-being (Vihervaara et al., 2017; Rendon et al., 2019).
Many scientific studies have been conducted to assess and map the ES provided by urban green areas
(Derkzen et al., 2015; Xiao & Xiao, 2018; Marando et al., 2019; Hepcan & Coskun Hepcan, 2021; Ma et al.,
2021; Codemo et al., 2022). Recent ES mapping studies highlight the importance the sustainability of
ecosystems and they provide a new perspective by providing strong information to improve existing urban
planning decisions and practices (Sun et al., 2022; Liu et al., 2023).

ES mapping is an essential tool to support decision-making in policies related to urban sustainability,
climate adaptation, and sustainable management of natural sources and to guide investments in green
infrastructure and ecosystem restoration (Vihervaara et al., 2017).

Like other cities the effects of climate change are felt intensely in Karsiyaka. In recent years, high
temperatures, urban floods, and increasing air pollution have adversely affected the functioning of the city.
Therefore, this study aims to:

i) calculate carbon storage, air purification, reduced urban heat island effect, and runoff retention
potentials of BGI in Karsiyaka in order to determine the effectiveness of regulating ES provided by these
areas that would increase urban resilience.

i) present a framework for quantitative assessment of regulating ES of urban BGI at the local scale
(especially in cities with limited data) to provide data for urban management strategies to increase urban
resilience in the short and long term for the decision makers to close the knowledge gap to integration of ES
assessments into urban development and urban green area management plans in Tirkiye.

MATERIAL and METHOD

Study area

The coastal district of the city of Izmir, Karsiyaka (Turkiye) located on the north side of Izmir Bay
(38°34'- 38°26’ N and 27°03-27°11 E) is defined as the study area. It encompasses about 51 km? area
with a population of 346,264 inhabitants (Figure 1). The urban area of this Metropolitan district is located
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on the lowlands (coastal plain) in the South and expands to hilly areas in the North. In the urban
development zone, the urban pattern is composed of a high building density. The city has a
Mediterranean climate, and the average minimum and maximum temperature values are 13.6 and
22.7°C. Most of the precipitation is seen in the spring and autumn (October - March) period, while the
average total annual rainfall is 713.8 mm (TSMS, 2023).
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Figure 1. The location of the study area.

Sekil 1. Calisma alani.

Method

The methodology of this research has five steps: (1) determining the blue-green infrastructure
(BGI), calculating and mapping the (2) carbon storage, (3) PM10 deposition, (4) heat island effect, and (5)
runoff retention by the BGI.

In this research USGS Landsat-8 (30 m resolution) satellite images were used for land surface
temperature and urban heat island intensity maps. ESA Sentinel-2 (10 m resolution) satellite images were
used in Normalized Difference Vegetation Index (NDVI), carbon storage and PM10 removal maps. The
land use/cover map was derived from the high spatial resolution WorldView-2 (0.5 m resolution) satellite
image of 2014. ERDAS Imagine 14.01 was used for image processing, and ArcGIS 10.7.1 was used for
database creation and geographic information system (GIS) analysis.

Blue-green infrastructure

The BGI map was derived from WorldView-2 (PAN+MS bundle 0.5 m resolution) by screen
digitizing using ArcGIS based on CORINE (Coordination of Information on the Environment) land cover
nomenclature (Bossard et al., 2000). Elements of BGI in the study area were defined in six classes as
natural areas (forest and scrub vegetation), open space with little or no vegetation, gardens (public and
private gardens), urban sparks, blue corridors (canal) and green corridors (roadside vegetation, green
streets).

Carbon storage capacity

Different methodologies have been used to estimate the amount of carbon stored by plants. Some
studies focused on the carbon storage capacity of above below-ground biomass (Tolunay, 2011) while
other models developed for the calculation of carbon storage capacities in different plant species (Lee et
al., 2016) and communities (Sivrikaya & Bozali, 2012; Durkaya et al., 2019).

Carbon storage capacity of plants in BGl was calculated by using a model (Eq.1), that calculates
carbon storage per pixel based on the Normalized Difference Vegetation Index-NDVI (Myeong et al.,
2006; Dobbs et al., 2018). The average NDVI values from Sentinel-2 satellite images (10 m resolution)
from June, July, August, and September 2019 were obtained using the equation below (Eq.2) (Fung &
Siu, 2000).
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Carbon (tons/pixel) = 0.10702 % e (NDVIx0.0194) (1)
NDVI = NIR — RED / NIR + RED 2)
NIR= Near-Infrared band, RED= RED band.

Urban heat island intensity

The urban heat island intensity index (HFI) defines the intensity of the heat island effect in an area.
In this study the HFI calculation was based on the land surface temperature (LST) of June, July and
August in 2019 (Eq.3) (Gao et al., 2019; Khorrami & Gindiiz, 2019).

HFI = Ti—Tmin

Tmax—Tmin

3)

Ti=Surface temperature, Tmax=Maximum effective surface temperature in area, Tmin=Minimum
effective surface temperature in area.

PMj, deposition

Urban trees can improve air quality by keeping airborne particles on leaf surfaces through dry
deposition (Nowak et al., 2013; Marando et al., 2016). Dry deposition on leaf surfaces is controlled by
stomata and it has a higher rate when the stomata are open (Wang & Zhou, 2000). PM10 deposition
capacity of BGI was calculated using the equation below (Marando et al., 2016) (Eq.4).

Q=F+L*T (4)
F=Vdx* C

Where Q=Amount of PM10 retained by 1 m? surface land cover (mg/m?), F=deposition flux of
pollutant (mg/m?/day), Vd=was set at a median value (cm/sec), C=concentration in the air (mg/m3), L=leaf
area index, T=period of time considered.

The dry deposition rate value for PM10 is accepted as 0.064 cm/s from the relevant literature
(Nowak, 1994; Lovett, 1994). Climate data was obtained from the Ministry of Agriculture and Forestry
General Directorate of Meteorology (TSMS, 2019). Pollutant concentration data was obtained from the
“Ministry of Environment Urbanization and Climate Change & National Air Quality Monitoring Network
Karsiyaka station air pollution data from 2019” (MoEU, 2019).

An important biophysical determinant for estimating the photosynthesis, respiration and
transpiration of a vegetation canopy is known as LAI, which is defined as half of the all-sided leaf area per
unit ground area (Jin et al., 2015). In this study, LAl was obtained by using the equation (Eq.5) (Saito et
al., 2001).

LAl = 0.57 * exp (2.33 x NDVI) (5)
Runoff retention

Some of the precipitation is retained by the soil and some of it becomes surface flow. Permeable
surfaces and vegetation allow rainwater to drain into the lower layers of the soil. Soil sealing reduces
rainwater infiltration, disrupts the natural water cycle and increases surface runoff and flood risk.

The surface runoff was calculated using the SCS-CN (Soil Conservation Service Curve Number)
method (Eq.6) developed by USDA-NRCS (United States Department of Agriculture, A Natural
Resources Conservation Service). It helps to estimate surface runoff based on land use/cover data, soil
type and precipitation (Strom et al., 2013; Yao et al., 2018).

_ (P—0.25)?
~ (P+0.89)
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S = 2540/CN — 25,4
V. =Q*A/1000 (6)

Where Q=surface flow depth (mm), P=rainfall (mm), S=Maximum accumulation potential after the
surface flow begins (cm), CN=Curve Number, A=Area (m?), Vr=surface flow volume (m?).

Curve number values were interpreted based on literature related to soil type, slope characteristics,
and geomorphology structure (USDA, 1986). Calculations were made for 192 mm rainfall based on a 10
year-24-hour rainfall event in Kargiyaka.

RESULTS
Blue-green infrastructure

BGI covers 65% of Karsiyaka. The urban area shows a continuous pattern in the south of the city.
Natural vegetation (forest and shrub), the dominant component of BGI, constitutes 56.41% of the city and
88% of the BGI. A large intact natural vegetation patch is located to the north of the urban development
zone and extends in a northeast to southwest direction.

Open spaces with little or no vegetation cover 4.2% of BGI. They are mostly located between
building lots and around transportation corridors in the north and west of the city (Figure 2). Private and
institutional gardens occupy 3.5% of BGI. Private gardens are mostly apartment and single-family house
gardens irregularly distributed within the district. Single family house gardens with dense vegetation are
mainly located in the southern part of Karsiyaka. They are the remnants of the traditional urban structure.
Apartment gardens in the new development area in west and north are relatively larger. School and public
buildings’ gardens represent institutional gardens. They show scattered distribution in the city.
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Figure 2. Blue-green infrastructure map.

Sekil 2. Mavi-yesil altyapi haritasi.

Urban parks constituted a small portion of the BGI with 2.6%. They show irregular distribution
throughout the city with smaller patches in the north and larger patches in the south. Many of them are
small size neighborhood parks located between building blocks. The coastal park that lies along the
coastline is the larger park among them (Figure 2).

23



Yiksel & Coskun Hepcan

Blue and green corridors cover only 1.3% of the BGI. Blue corridors are in the form of engineered
rivers of which only some segments have linear parks. Only some streets that are perpendicular and
parallel to sea have tree cover.

Carbon storage capacity

The total carbon storage rate of Gl was estimated to be 2.45 kg C m?. Natural areas had the
highest carbon storage potential with 2.92 kg C m?. Urban parks followed the natural areas with 2.39 kg C
mZ. The carbon storage capacity of green corridors was calculated to be 2.0 kg C m®. The carbon storage
potential of gardens and open spaces was estimated at 1.73 kg C m* and 1.61 kg C m?, respectively (Figure
3; Table 1).

Table 1. Carbon storage, PMy, deposition and Runoff values

Cizelge 1. Karbon depolama, PM;, depolama ve Yiizey akisi degerleri

Carbon storage kg/m*  PM deposition g/m®>  Runoff value m3/m?

Open space 161 2.64 0.008
@&5%  Garden 1.73 4.18 0.009
@ Park 2.39 4.24 0.009
% Green corridors 2.0 3.35 0.009
o Natural vegetation 2.92 5.86 0.008

Total 2.45 4.73 0.009

Potential of PM;, deposition

The PM10 retention potential of the green areas in Kargiyaka was estimated to be 4.73 g/mz.
Natural vegetation located in the north of the city provided the highest contribution for pollutant uptake
with 5.86 g/m2 (Figure 3) that is higher than the overall potential of BGI. It was observed that the amount
of PM10 that could be retained by the urban parks and gardens were in close range with 4.24 g/m? and
4.18 g/m?, respectively. Green corridors followed them with 3.35 g/m® The lowest contribution for the
ecosystem services was calculated for open spaces with to be 2.64 g/m? (Figure 3; Table 1).

Figure 3. Carbon storage (a) and PM10 (b) maps.
Sekil 3. Karbon depolama (a) ve PM10 (b) haritalari.
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Urban heat field intensity

The Karsiyaka heat island intensity map shows that high numbered classes (5, 6 and 7) are
weighted. To the south of the city and along the coastline are cool islands with low numbers formed by
the classes (1, 2, 3 and 4). In the northern part of the city and in the region with natural vegetation outside
the development area, it is observed that there are larger cool islands (Figure 4).

Runoff retention

The amount of surface runoff in the BGI is calculated to be 328328.58 m®, (0.008 m*m?). The
natural areas located north of the urban area have the highest runoff potential in the city with 289700.75
m® (0.008 m*m?). The total runoff retention potential of gardens is 11893.66 m> (0.009 m®m?). Parks
follow behind with 8378.30 m® (0.009 m3/m2) while the determined runoff retention of the green corridors
is about half of this value 3256.55 m®(0.009 m3/m2) (Table 1). Results indicated that natural areas and
open spaces with little or no vegetation showed similar runoff values per unit area are slightly lower than
the runoff value of parks, gardens, and green corridors.

a b

Figure 4. Runoff (a) and HFI (b) maps.
Sekil 4. Yizey akisi (a) ve HFI (b) haritalari.

DISCUSSION
Blue-green infrastructure

Urban green areas in Karsiyaka show irregular distribution. The BGI is composed of small-sized
patches between dense construction. Relatively large urban parks, gardens, and green corridors are
clustered in the southern part of the city. As stated in Hepcan & Coskun Hepcan (2017), it is not possible
to mention the well-connected BGI in the city.

Irregular distribution of BGI also results in uneven equitable benefit sharing in the city. This
situation leads to ecosystem services being of different grades in different parts of the city. The high-
density neighborhoods with limited green areas located in the Northeast are especially faced with this
challenge more. New developing neighborhoods in the west and Northwest have the advantage to
receive better ecosystem services because of their urbanization pattern. Only the main watercourses are
left as the remnants of the blue network as natural drainage pattern almost disappeared during
urbanization.
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Carbon storage

It is observed that the carbon storage potential of BGl is low in the western part of the city while it is
high in the south and southwest of the city where larger patches with healthy vegetation are located
(Figure 3). In this study the carbon storage capacity of urban vegetation is calculated based on the NDVI
and thus on the photosynthetic capacity of the vegetation. Different plant species have different degrees
of carbon storage potential, but species differences were not considered in this study. The predominantly
low level of carbon storage of urban green areas in Karsiyaka can be explained by the current state of
vegetation depending on NDVI values.

The amount of carbon stored by BGI in Karsiyaka has been calculated to be 24 tons/ha (2.45 kg C
mz). This is lower than Efeler/Aydin with 41.63 tons/ha (Ersoy Tonyaloglu & Kesgin Atak, 2020) but higher
than Bogota/Colombia with 699 mg/ha, and Santiago/Chile with 110 mg/ha where the same methodology
was used (Dobbs et al., 2018). This could be explained by the dense vegetation of Efeler.

Total carbon storage capacity of urban areas changes based on several factors such as type and age
and physical characteristics of tree, length of growth period and environmental factors (Nowak et al., 2013).
Carbon storage rate was predicted to be 11 tons/ha for Oakland, 31.4 tons/ha for south Dakota, 43.7
tons/ha for New Jersey, and 45.9 tons/ha for Los Angeles (Nowak et al., 2013).

The intact natural areas located on the north provide the highest contribution for carbon storage with
292 kg C mZ. Urban parks followed the natural areas with 2.39 kg C m?. The carbon storage capacity of
green corridors was calculated to be 2.03 kg C m? The carbon storage potential of gardens and open
spaces was estimated at 1.73 kg C m?®and 1.61 kg C m?, respectively. Although green corridors occupy less
than one percent of the area in the city, they provide a larger contribution to carbon uptake than gardens.

PMj, deposition

Pollution removal capacity of plants varies according to plant diversity, leaf characteristics, length
of the in-leaf season, climatic conditions and pollution concentration in the atmosphere (Nowak et al.,
2006; Tallis et al., 2011). Considering these effects when comparing urban air quality studies will lead to
more accurate inferences.

The amount of PM10 deposition by the BGI in Karsiyaka was calculated to be 4.73 g/mz. This is
almost three times higher than the PM10 removal capacity of urban green areas in the Balcova district with
1.62 g/m2 in Izmir (Berberoglu et al., 2019). But this is lower than the results of the prior studies that used
the same method with 16.7 g/m2 for Rome (Manes et al., 2014), with 7.79 g/m2 for Florence (Bottalico et al.,
2016), and 13.1 g/m2 for the middle-income sub-region of Santiago (Escobedo & Nowak, 2009).

The PM10 removal capacity of the urban parks was estimated to be 4.24 g/mz. That is also higher
than the PM10 removal capacity of park trees in the Balgova districts with 1.19 g/mzlyear (Berberoglu et
al., 2019) and the Agik Veysel Recreation Area with 0.03 g/mz, the largest urban park of Bornova (Cogkun
Hepcan & Hepcan, 2020). This can be explained by the vegetation characteristics of the parks and the
methodology of the studies.

Green corridors provided a lower contribution for PM10 uptake per unit area than urban parks and
gardens. This supported the fact that the lack of corridors in the city. Trees tend to take pollution when
they are close the pollutant source (Freer-Smith et al., 2005). Vehicle exhausts are one of the main
sources of PM10 particles. Therefore, introducing new green corridors by planting trees in the streets
would enhance the pollutant removal service in the city.

While the green areas with the highest pollutant removal potential in Karsiyaka are the natural
areas covered with forest vegetation in the north of the city, the pollutant deposition values decrease with
the decrease in the vegetation towards the city center (Figure 3). It shows a linear relationship between
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vegetation, leaf area index and pollutant removal values (Nowak et al., 2006; Litschike & Kuttler, 2008;
Manes et al., 2014). The green areas in the study area have low pollutant removal potential related to the
leaf area index of the vegetation in these areas. The vegetation cover that consists of trees with large
canopies are more effective in removing air pollutants (Yang et al., 2005). In addition, it is argued that
they are an important component in improving air quality, as the presence of more tree canopy cover in
cities can increase the pollutant holding capacity in different environmental conditions (Pugh et al., 2012;
Silli et al., 2015).

Many studies have been conducted to define the effectiveness of tree species for PM10 capture.
For instance, many studies have confirmed that coniferous trees are the best candidate for PM10 uptake
(Beckett et al., 2000; Letter & Jager, 2020). Manes et al. (2014) determined the high efficiency of
broadleaf evergreen trees for PM10 removal in Rome. Conversely in some locations they also found that
deciduous species showed a higher inter annual variability with a higher abatement level than evergreen
broadleaves. Therefore, in order to enhance air purification functions of urban trees, local (site specific)
studies should be conducted to identify the best tree species.

Areas with high PM10 removal within the Kargiyaka urban development boundaries are large
gardens with dense vegetation located in the west and south of the city. In the eastern and northeastern
parts of the city, there are small parks with high pollutant retention potential. In the western and northern
parts of the city, there are large areas with low pollutant retention potential. These areas are also located
in areas where there is newer construction than in other parts of the city. Large open spaces on both
sides of the main road in the north of the city have a low potential to keep pollutants. Although these open
areas are close to pollutant sources due to heavy vehicle traffic, their low pollutant holding potential
creates a negative situation for the city and its residents. The assessment of these areas should be
considered for the improvement of urban ecosystem services.

Air pollution is among the important factors affecting the quality of life in the city. The air quality
monitoring index of Kargiyaka shows that the pollutant concentration reaches moderate to high levels
frequently during the year (MoEU, 2019). Therefore, it is important to take precautions in this regard.

Urban heat island

Karsiyaka's land surface temperature and heat island intensity calculations reflected the solar
radiation obtained from the land surface of the city. High values indicated that the ratio of building density
and impermeable ground is high in the Karsiyaka urban topology.

An urban heat island depends on various factors which in its physical expression are categorized
as external (location, climate, proximity to water surfaces) and internal (urban-specific, city size, land
cover, anthropogenic heat releases) (Imhoff et al., 2010; Schwarz et al., 2011; Zhou et al., 2017). The
land surface temperature and heat island intensity index of this study is based on Landsat-8 satellite data.

In this research there were questions on the mitigating effects of the green areas in Kargiyaka on
the urban heat islands. In the study area it compared regions with different spatial compositions. It has
been observed that in regions where there are green areas with dense vegetation, the land surface
temperature is lower than in regions where there is no green area (Figure 5). Similarly, areas with high
land surface temperatures include open areas with poor vegetation (Figure 5b). This supports the
negative correlation between surface temperature and vegetation cover as mentioned in previous studies
(Huang & Ye, 2015; Zhao et al., 2020; Khan et al., 2021).

The size of green areas, ratio, their location, leaf area index and plant diversity significantly affect
the cooling potential of green areas (Xiao et al., 2018). Urban green areas have a significant mitigating
effect on the urban thermal environment. It has been observed that while the large green areas in the
north of Karsiyaka create a cold island effect, the small green areas in the inner parts of the city are under
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the impact of a hot island (Figure 5a, b). It is comprehended that the cooling effects of different types of
urban green areas also have different capacities. In figure 5a, there are large green areas on both sides
of the ring road, but the cooling effects are also weak because the vegetation cover in these areas is
sparse. A similar situation applies to the green areas in the western part of Figure 5b. The surface of the
areas in this region is largely made up of soils without vegetation cover.

The cooling effects of tree canopy cover in urban areas have been determined in many research
(Wang et al., 2018; Marando et al., 2019). Similarly, Sentirk & Cubukgu (2022) determined that the
cooling intensity of the urban cold areas is related to the size of the green area and the cooling capacity
of the cold areas in the urban area of izmir increases as the size of the green area increases. The results
of this research are compatible with these studies. Figure 5b shows the high cooling effects of the large
urban green areas with dense vegetation.

Figure 5. Example of urban heat islands and cold islands in Karsiyaka.

Sekil 5. Karsiyaka kentsel serin ve 1s1 adalari 6rnegi.

The sea also has a mitigating effect on land surface temperature and urban heat islands in coastal
cities (Sasaki et al., 2018; Lin et al., 2020; Morabito et al., 2021). The cold island formations on the
coastal zone of the city could be explained by the cooling effects of the sea and sea breezes (Figure 5b).

The results show that the effects of high temperatures are clearly felt in the city. Additionally,
increases in the frequency and duration of heat waves have been experienced since the beginning of the
2000s (TSMS, 2023). It is crucial to take action to mitigate the effects of high temperatures.

Runoff retention

The BGI has 328328.58 m® runoff retention potential. Natural areas at the north of the district have
the highest runoff retention potential (289700.75 m®). This area is suitable to build retention and detention
basins and terraces to reduce surface runoff and recharge the aquifers. Ozeren Alkan & Hepcan (2022)
also emphasize the value of natural vegetation for rainwater infiltration in cities. Rainwater infiltration and
recharging of aquifers are especially important in Mediterranean cities not only for drought but also for
flood protection.

Parks, gardens and green corridors have the same runoff value in unit area with 0.009 m*/m?. This
is slightly better than the runoff values of parks and gardens in the other districts in Izmir like Balgova with
0.10 m¥m? (Berberoglu et al., 2019). High runoff values of urban parks and gardens can be associated
with the large impervious surfaces and less dense vegetation cover.
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Land cover type, soil and vegetation characteristics, size and inclination of the components of BGI
affect the amount of stormwater runoff and water quality (Zhou et al., 2021; Huang et al., 2022). Urban
vegetation, especially urban trees help to reduce surface runoff. The results indicated that parks,
gardens, and green corridors could hold 13508.51 m*® of surface runoff.

It is clear that BGI has potential to hold and infiltrate surface runoff. The urban floods in 1995,
2020, 2021 and 2022 prove that both grey and BGI in the district are not sufficient for flood protection in
extreme rainfall. Therefore, it is necessary to improve the water retention capacity of BGI by replacing
impervious materials with previous ones, and designing rain gardens, sponge parks and swales.

CONCLUSIONS

The intent of this study was to define the regulating ES provided by BGI in Karsiyaka. The results
revealed that BGI is unevenly distributed in the city. The heart of the city lacks large green areas with high
ecological quality. This spatial distribution of BGI has led to inequity in ES delivery. ES provided by BGI
reduce the effects of high temperatures, air pollution and heavy rain but they are not enough to protect
the city from these threats. The city is constantly expanding to the natural areas. Coastal wetlands have
been transforming to urban areas. Therefore, many ES are currently at risk of disappearing.

BGI increases urban resilience by providing many ES that are strongly related to the ecological
quality of these areas. It is critical to increase the amount of BGI to enhance the ES by improving the
quality of the green areas of the BGI and the equity of ES in the city. Various strategies and regulations
can be developed to reach this goal. Enhancing the ES of BGI and the equity of ES delivery is necessary
to enhance the quality of life. The ES quantitative values of BGI obtained in this study provide valuable
data for urban planning and management of BGI. Ultimately, it is hoped these changes will create
sustainable cities that are resilient to global climate change and environmental problems.

Karsiyaka would be both denser and greener. The city needs strategies and actions to improve the
ecological quality of the existing BGI. The outputs of this study provide valuable quantitative spatial data
for the city administration. In order to increase urban resilience and reach the SDG11-Sustainable Cities
and Communities Goals in the district, BGI needs to be enhanced and action and regulations mentioned
above should be taken. That will boost the ecosystem services of BGI and quality of life for the residents.
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ABSTRACT

Objective: The main purpose of the study is to analyze the perspective of fresh
fruit and vegetable producers in Izmir province towards cooperatives and their
tendency to become partners.

Material and methods: Study data were obtained by proportional sampling and
face-to-face survey method from 155 producers in izmir province. Best-Worst
and Fuzzy Paired Comparison methods were used to analyze the data.

Results: The average age of producers is 49.12 years, and the average
education period is 7.86 years. The most important activities that producers
expect from cooperatives are product collection, obtaining high sales prices and
providing inputs at low prices. 76.77% of the producers stated that they could
become partners in a fresh fruit and vegetable cooperative if it was established.

Conclusion: A cooperative established by producers in the region acting
together will be effective, especially in marketing.

0z

Amag: Arastirmanin temel amaci izmir ilindeki yas meyve sebze reticilerinin
kooperatiflere bakis agisini ve ortak olma egilimlerini analiz etmektir.

Materyal ve Yontem: Arastirma verileri, oransal érnekleme ile izmirdeki 155
Ureticiden ylz ylze anket yontemiyle elde edilmigtir. Verilerin analizinde Best-
Worst ve Bulanik Esli Kargilastirma yontemi kullaniimistir.

Aragtirma Bulgulan: Ureticilerin ortalama yasi 49.12, ortalama egitim siiresi
7.86 yildir. Ureticilerin kooperatiflerden bekledigi en énemli faaliyetler Griin
toplama ve yuksek satis fiyati elde etmek ile dusik fiyatla girdi temin etmektir.
Ureticilerin %76.77’si kurulmasi durumunda yas meyve ve sebze kooperatifine
ortak olabilecegini belirtmistir.

Sonug: Bolgedeki Ureticilerin birlikte hareket ederek kuracaklari bir kooperatif
ozellikle pazarlama konusunda etkinlik saglayabilecektir.
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INTRODUCTION

It is difficult for producers to compete in terms of prices due to the dispersed settlement in rural areas,
the length of the road from producer to consumer, inadequate storage conditions and the lack of adequate
organization of producers. Due to the insufficient producer organization in the production and marketing of
fresh fruits and vegetables, the marketing channel becomes longer, and the producer's share of the price
paid by the consumer decreases. Producers in Turkiye need to be organized to produce high quality
products in accordance with standards and get rewarded for their efforts (Aydogan & Yulafci, 2013).

Although there are many cooperatives established and operating for different purposes in Tirkiye,
they cannot be said to be very effective in fruit and vegetable production and marketing (Kizilaslan & Yalgin,
2012). Farms producing fruit and vegetables in Tirkiye mostly have small and fragmented lands. This
makes it difficult for them to benefit from economies of scale. However, it is seen that sustainable policies
have not been created for the fresh fruit and vegetable sector in Tirkiye, using different tools and for
different purposes. Direct supports are not implemented for fresh fruits and vegetables, and intervention
regulations to prevent price instability are also inadequate (Atis & Artukoglu, 2005).

There is a need for applicable policies that will enable fruit and vegetable producers in Tirkiye to
come together under organizations where they can come together and become stronger. There are
currently 29 Fresh Fruit and Vegetable Cooperatives in Tirkiye, and these cooperatives have a total of
2,953 partners (MAF, 2023). In addition, there are four Fresh Fruit and Vegetable Exporters Associations in
Turkiye. However, it seems that existing cooperatives and unions cannot take a sufficiently active role in
production and marketing (Vural, 2018). Therefore, there is a need to conduct research on the
organizational tendencies and expectations of fresh fruit and vegetable producers in different regions.

Many studies have been conducted in different countries of the world analyzing producers'
perspectives on cooperatives and their tendencies to become partners (Ogunleye et al., 2015; Qi et al.,
2016; Ahmed & Mesfin, 2017; Gashaw & Kibret, 2018; Balgah, 2019; Chen & Sun, 2019; Antonova et al.,
2021; Fongsamouth et al., 2024). In some studies, the benefits and satisfaction levels obtained by fruit and
vegetable producers from cooperatives were examined (Camanzi et al., 2011; Arcas-Lario et al., 2014;
Entehabu & Rao, 2014; Palsule-Desai, 2015; Mustapha & Manu, 2022; Ergashev, 2023, 2024).

Many studies have been conducted in Turkiye analyzing producers' perspectives and tendencies
towards cooperatives (Karli et al., 2006; Artukoglu & Olgun, 2008; Akin & Ozdemir, 2010; Cebeci & Yener,
2013; Ertek et al., 2016; Kinikli et al., 2017; Kaya et al., 2019; Deger et al., 2020; Seving, 2021; Ozcan,
2022; Cukur & Cukur, 2022; Gimus, 2022; Kilig Topuz et al., 2022). However, the organizational
tendencies of fresh fruit and vegetable producers in Tirkiye need to be specifically investigated. Because
fresh fruits and vegetables are perishable products. There is no direct government support for these
products. In addition, due to the presence of many intermediaries in the marketing structure of these
products, producer incomes may be negatively affected.

According to 2022 data, izmir province constitutes 3.9% (28,150 ha) of Tiirkiye's total vegetable
production area (717,680 ha) and ranks 8th among the provinces. It constitutes 4.2% (153,411 ha) of fruit
production areas (3.67 million ha) and ranks 7th (TURKSTAT, 2023). The main purpose of this study is to
examine the organizational perspectives of fresh fruit and vegetable producers in izmir province, Tirkiye,
and to analyze the factors affecting their tendency to participate in cooperatives.

MATERIALS and METHODS

Materials

The data used in the study was obtained by face-to-face survey method from producers producing fresh
fruits and vegetables in Bayindir, Bergama, Kemalpasa, Odemis, Tire and Torbali districts of izmir province. In
addition, data published by relevant institutions and the results of previous research were also used.

36



A research on factors affecting fresh fruit and vegetable producers' tendency to participate in cooperatives

Methods

According to the data of the izmir Provincial Directorate of the Ministry of Agriculture and Forestry,
approximately 65% of the total vegetable production area and approximately 53% of the total fruit
production area in izmir province are in Bayindir, Bergama, Kemalpasa, Odemis, Tire and Torbali
districts. For this reason, these six districts were included in the scope of the research.

Three neighborhoods with high fruit and vegetable production from each district were selected for
the scope of the research. Tulum, Atalan and Yenikdy neighborhoods from Torball district; Kizilcaavlu,
Yolistii and Demircili neighborhoods from Odemis district; Yenigiftlik, Eskioba and Akkoyunlu
neighborhoods from Tire district; Gogbeyli, Bélcek and Pinarkdy neighborhoods from Bergama district;
Tokatbasi, Karaveliler and Balcilar neighborhoods from Bayindir district; Bagyurdu, Oren and Yigitler
neighborhoods from Kemalpasa district were included in the scope of the research.

According to the data received from the District Directorates of the Ministry of Agriculture and
Forestry, there are a total of 2,188 producers registered in the Farmer Registration System in these
neighborhoods. It was decided to include a portion of the total number of producers within the scope of
the research through proportional sampling, and the following formula was used for this purpose
(Newbold, 1995).

2 — Np( — p)
(N — Do + p(d— p) (1)

In the formula;

n = Sample size

N = Total number of producers

p = Proportion of fruit and vegetable producers (0.5 was taken for maximum sample size)
o?px = Variance of proportion

A 99% confidence interval and a 10% margin of error were used in calculating the sample size. In
this way, the sample size was calculated as 155. The number of producers to be interviewed was
determined based on the share of each neighborhood in the total number of producers. The random
numbers table was used to determine the producers to be included in the neighborhoods. The study was
based on the 2021 production period. Study surveys were conducted in January-March 2022.

In the data analysis, producers were divided into three groups primarily according to their land size.
The first group consists of producers with a land size of 50 decares and smaller (58 producers), the
second group consists of producers with a land size of 51-100 decares (42 producers), and the third
group consists of producers with a land size of 101 decares and larger (55 producers).

In the study, first, the socio-economic characteristics of the producers were examined. Then, the
producers' knowledge level, opinions, tendencies, important factors and expectations regarding cooperative
were analyzed. At this stage, a Likert scale was used. According to the Likert scale, the expressions in
the attitude scale were evaluated on a 5-point scale (Bilgin, 1995). Microsoft Excel program was used in
the statistical analysis of the study.

Best-Worst Analysis

In the study, the most important and least important activities that producers expect from
cooperatives were determined. Producers were asked to comment on 16 activities. At this stage, Best-
Worst Analysis was performed. The method is based on the logic of comparing each criterion according
to the best (most important) and worst (least important) criteria, rather than comparing each criterion with
others one by one. The application stages of the method are as follows (Rezaei, 2015, 2016).
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Step 1: The decision matrix is created.
Step 2: The most important and least important criteria are determined.

Step 3: An evaluation between 1 and 9 is made by comparing each criterion with the most important
criterion.

Step 4: Similar to the previous step, the least important criterion is determined and compared with
other criteria.

Step 5: Optimal weights are calculated.

Fuzzy Paired Comparison

In the study, the criteria that producers attach importance to in becoming a partner in the
cooperative were analyzed by the Fuzzy Paired Comparison method. Producers were presented with five
criteria to determine their decision preferences. These criteria; the cooperative's economic objectives,
social objectives, management structure, number of partners and year of founding. The steps of the
method can be summarized as follows (Ross, 1995; Tanaka, 1997; Pedrycz & Gomide, 1998).

First, pairwise comparisons are presented to indicate individual preferences. For example, the
degree of preference of objectives K and H, Gkn, is measured according to the distance between them.
The total distance is equal to the following.

If Gkn=0.5 then K=H; If Gkn>0.5 then K>H; If Gknu<0.5 then K<H

The number of pairwise comparisons of the objectives (C) is determined as C=[ (Z. (Z-1))/2]. In the
formula, Z represents the number of preferred objectives.

In the study, 10 comparisons were presented to each producer according to five different criteria.
Effective factors are listed from largest to smallest according to their weight (Ginden & Miran, 2007). Ger
preference was obtained in each pairwise comparison. The measurement of the degree of preference of r
over ¢ can be expressed as gcr=1-grc. Then, a fuzzy preference matrix was created. The following
expression was used for this.

0 ifc=rVver=1,...n
gerif cErvVer=1,...n

Ger = { (2)

In the study, a 5x5 fuzzy preference matrix was created as follows (G):

911 912 913 Y14 Yis
921 Y922 Y923 Y24 Y25
G=|931 932 933 Y31 Ys3s (3)
a1 YGaz YGaz Gas Yas
9s1 YGs2 Y9sz3 Ysa  Yss

The preferred intensity (yj) of each objective separately was obtained using the following equation.
The pj value varies between 0 and 1.

Wo=1- Q65 / (n—1)"? (4)

Whether the purpose of comparison is equally important was determined by the Friedman Test.
Additionally, Kendall's coefficient of fit was used for the lines.
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RESULTS and DISCUSSION

The socio-economic characteristics of the producers are presented in Table 1. The ages of the
producers range from 24 to 72, with the average being 49.12. Education periods vary between 5-15
years, with an average of 7.86 years. The agricultural activity experience of the producers varies between
6-42 years. The average experience period was determined as 22.15 years.

Table 1. Sosyo-economic characteristics of producers

Gizelge 1. Ureticilerin sosyo-ekonomik ézellikleri

Farm groups
Characteristics Group 1 Group 2 Group 3 General
(50 da) (51-100 da) (2101 da)
Age of producer 49.28 48.55 49.38 49.12
Education period of producer (year) 7.71 7.64 8.18 7.86
Agricultural experience of producer (year) 22.26 2214 22.05 2215
Household size 3.92 3.77 3.65 3.78
Land size (da) 30.95 82.98 224.64 113.77
Average parcel size (da) 11.68 19.90 3242 24.84
Owned land rate (%) 77.45 56.66 61.85 62.41
Equity rate (%) 77.10 69.00 69.66 70.50

The total population in the farms examined is 586 people and the average household size is
calculated as 3.78 people. Women constitute 51.06% of the total population in farms. The rate of the
population aged 15-49 in the total population is 42.59%.

The land size in farms varies between 9-520 decares. The average land size is 113.77 decares.
The average number of parcels was found to be 4.58, and the average parcel size was 24.84 decares.
62.41% of the total land of the farms consists of owned lands, 25.97% consists of rented lands, and
11.61% consists of jointly operated lands.

Land assets constitute 91.94% of the total active capital in farms. When the distribution of active
capital according to items is examined; it is seen that soil assets have a significant share (68.13%),
followed by building assets (20.11%) and tools-machinery assets (4.88%). However, it was determined
that 70.50% of the liabilities consisted of equity capital.

In the study, producers were asked to what extent they agreed with some of the statements given
to reveal their awareness and knowledge level about cooperatives. When the answers are examined, it is
seen that the producers know the concept of cooperatives, cooperative principles and that cooperatives
have an article of association (Table 2).

Table 2. Producers' awareness and knowledge levels about cooperatives*®

Cizelge 2. Ureticilerin kooperatifler konusundaki farkindaligi ve bilgi diizeyi*

Farm groups

Awareness and knowledge level Group 1 Group 2 Group 3 General
(s50da) | (51-100da) | (=101 da) | Mean Std. dev.

| know what the concept of cooperative is. 4.60 4.55 4.62 4.59 0.89

| know the principles of cooperatives. 4.38 4.43 4.44 4.42 1.18

| know that cooperatives have articles of association. 4.40 4.38 4.45 4.41 1.26

| know that capital participation is required in cooperative

. 4.17 4.24 4.40 4.27 1.17
partnership.
| am aware of cooperative activities in the region. 3.97 3.90 4.1 4.00 1.21
| know that if the cooperative earns high profits from its commercial 391 3.99 395 395 133

activities, it can distribute annual dividends to its partners.

| know that cooperative partners are required by law to obtain a
sales guarantee letter from the institution to which they will sell 2.78 2.88 3.05 2.90 1.12
their products.

*1: Strongly disagree, 2: Disagree, 3: Undecided, 4: Agree, 5: Strongly agree.

39



Yicel Engindeniz & Yercan

In a study conducted in Canakkale province, it was determined that 61.3% of cooperative partners
wanted to learn cooperatives better and receive training on cooperatives (Everest et al., 2019).

All producers are members of the Chamber of Agriculture in the districts where they are located. In
addition, it was determined that 63.87% of the producers were partners in agricultural cooperatives,
27.10% were members of breeder unions, and 29.03% were members of producer unions. 50.32% of the
producers are partners in Agricultural Development Cooperatives, and 27.74% are partners in Agricultural
Credit Cooperatives (Table 3).

Table 3. Agricultural organizations of which producers are members

Cizelge 3. Ureticilerin (iye oldudu tarimsal érgiitler

Farm groups
o Group 1 Group 2 Group 3
Organizations (<50 da) (51-100 da) (2101 da) General
n % n % n % n %

Chamber of Agriculture 58 100.00 42 100.00 55 100.00 | 155 100.00
Agricultural Cooperatives 38 65.52 26 61.90 35 63.64 99 63.87
Breeder Sﬁgg'sng Cattle Breeders 11 18.97 10 23.81 12 21.82 33 21.29
Unions Bee Breeders Unions 2 3.45 3 7.14 4 7.27 9 5.81

Milk Producers Unions 10 17.24 9 21.43 11 20.00 30 19.35
Producer E“’.'t Seedling Producers 3 5.17 4 9.52 3 5.45 10 6.45
Unions nions

Vegetable Seedling

9 : 2 3.45 1 2.38 2 3.64 5 3.23
Producer Unions

The partnership period of producers in cooperatives varies between 3-18 years, with the average
period being 12.65 years. In a another conducted in izmir province, Tirkiye, the average partnership
period of producers in a cooperative was calculated as 17.23 years (Albayram Dogan, 2019).

When producers are asked which socio-economic factors are effective in their becoming partners in
the cooperative, the most important factors are; it has been determined that the main reasons are to benefit
from low input prices, benefit from government supports and making it easier to obtain input (Table 4).

Table 4. Socio-economic factors affecting producers' participation in cooperatives*

Cizelge 4. Ureticilerin kooperatiflere ortak olmasini etkileyen sosyo-ekonomik faktérler*

Farm groups
Factors Group 1 Group 2 Group 3 General
(<50 da) (51-100 da) (=101 da) Mean Std.dev.

Benefit from low input prices 4.62 4.67 4.65 4.65 0.92
Benefit from government supports 4.60 4.62 4.67 4.63 1.16
Making it easier to obtain input 4.60 4.62 4.67 4.63 1.01
Take advantage of marketing opportunities 4.41 4.48 4.56 4.48 1.1
Gaining price advantage in product sales 4.41 4.45 4.56 4.48 1.02
Reduce production costs and increase return 4.38 4.43 4.38 4.39 0.98
Reducing risk in production and marketing 4.38 4.43 4.38 4.39 1.09
Creating economic unity 4.00 4.05 4.18 4.08 1.12
Benefit from technical information support 3.78 3.81 3.91 3.83 1.20
Taking advantage of price advantages in consumer goods 3.55 3.74 3.65 3.64 1.09
Benefit from educational activities 3.22 3.24 3.42 3.30 1.35
Ensuring efficiency in capital use 3.17 3.24 3.42 3.28 1.15
Ensuring the sustainability of agricultural production 3.02 3.12 3.36 3.17 1.21
Leveraging the reputation of the cooperative partnership 2.98 3.02 3.35 3.12 1.08

*1: Strongly disagree, 2: Disagree, 3: Undecided, 4: Agree, 5: Strongly agree.
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In a study conducted in seven different provinces of Turkiye, the most important factors affecting
producers' participation in cooperatives were determined as creating economic power by acting together
and benefiting from the product sales guarantee (Sahin et al., 2013).

According to the results of the Best-Worst analysis, the most important activities that producers
expect from cooperatives are providing high product prices, supplying quality and affordable fertilizers
and pesticides, product collection and sales, and ensuring benefit from supports. In addition, producers
are of the opinion that cooperative activities such as providing agricultural publications, keeping
production records and organizing social and cultural events are not important for them (Table 5).

Table 5. Results of Best-Worst analysis
Cizelge 5. Best-Worst analizi sonuglari

Best Worst
Cooperative activities frequency frequency (’\I/IB(-E\E;]VI;

(B) W)
1. Procurement of credit 16 0 0.10
2. Supply of quality and affordable seeds and seedlings 0 0 0.00
3.Supply of quality and affordable fertilizers and pesticides 24 0 0.15
4. Product collection and sales 24 0 0.15
5. Providing high product prices 44 0 0.28
6. Product processing 11 4 0.05
7. Providing technical training 6 0 0.04
8. Providing consultancy services 1 0 0.01
9. Keeping production records 2 36 -0.22
10. Ensuring that you benefit from supports 22 0 0.14
11. Providing agricultural publications 0 57 -0.37
12. Creating public pressure 0 17 -0.11
13. Organizing social and cultural events 0 21 -0.14
14. Water resources development and irrigation services 3 19 -0.10
15. Providing storage facilities 1 0 0.01
16. Providing employment opportunities 1 1 0.00

In a study conducted on tomato producers in Mugla province, it was determined that the most
important activities expected from cooperatives were supplying quality and affordable input, ensuring
benefit from supports and providing credit (Deger et al., 2020). In a study conducted in Manisa province, the
most important activity expected from cooperatives was determined to be product collection and sales
(Ozcan, 2022).

When the producers were asked whether they would like to work in the cooperative if a fresh fruit
and vegetable cooperative was established in the region, 78.71% of producers stated that they would.
48.36% of the producers who want to work in the cooperative stated that they could work in the
establishment phase, 24.59% in management, 13.93% in marketing and service activities, 9.02% in social
activities, and the remaining 4.10% in other activities. When the producers were asked whether they
could become partners if a fresh fruit and vegetable cooperative was established in the region, 76.77%
stated that they could become partners (Table 6).

Table 6. Willingness of producers to work and become partners in a fresh fruit and vegetable cooperative

Cizelge 6. Ureticilerin yas meyve ve sebze kooperatifinde ¢alisma ve ortak olma istekliligi

Farm groups

Group 1 Group 2 Group 3
(<50 da) (51-100 da) (=101 da)

n % n % n % n %
Yes 44 75.86 33 78.57 45 81.82 122 78.71

No 14 | 24.14 9 21.43 10 18.18 33 21.29
Yes 43 | 78.18 32 76.19 44 80.00 119 76.77

No 12 | 21.82 10 23.81 11 20.00 36 23.23

Willingness to work and partner General

Willingness to work in cooperative

Willingness to become a partner in cooperative
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In a study on dairy cooperatives, 35.5% of the partners stated that they wanted to take part in
management (Yercan & Kinikli, 2018). In a study conducted on the partners of the Agricultural Credit
Cooperative, it was determined that 20.62% of the partners wanted to take part in management (Everest,
2015). In a study conducted with Gilbirlik partners, it was determined that 20.88% of the partners wanted
to take part in cooperative management (Ertan & Turan, 2001).

In a study conducted on tomato producers in Mugla province, 88% of the producers stated that
they could become partners in such a cooperative if it was established in the region (Deger et al., 2020).
In a study conducted in Manisa province, it was determined that 90.70% of the producers engaged in
vegetable production were willing to become partners in an agricultural cooperative to be established in
the region (Ozcan, 2022). In a study conducted in Nigde province, it was determined that 74.11% of apple
producers could become partners in a cooperative to be established in the region (Gimis, 2022).

In the study, when producers who wanted to become partners in the fresh fruit and vegetable
cooperative were asked about their reasons, it was determined that the most important reasons were
marketing problems could be reduced by establishing a cooperative, input prices could be reduced
by establishing a cooperative, and local products could be branded by establishing a cooperative
(Table 7).

Table 7. Reasons for producers to become partners in the fresh fruit and vegetable cooperative®

Cizelge 7. Ureticilerin yas meyve ve sebze kooperatifine ortak olmak igin nedenleri*

Farm groups

Reasons Group 1 Group 2 Group 3 General
(s50da) | (51-100da) | (=101 da) | Mean | Std.dev.

Marketing problems can be reduced by establishing a cooperative 4.71 4.79 4.80 4.76 0.93

Input prices may decrease by establishing a cooperative 4.83 4.69 4.64 4.72 1.13

Local products can be branded by establishing a cooperative 4.57 4.62 4.73 4.64 1.08

My produpt can be sold at the most affordable price by establishing a 4.53 467 453 457 150

cooperative

Proce§5|pg industrial fapllltles may increase in the region by 455 4.60 458 457 119

establishing a cooperative

My income can increase by establishing a cooperative 4.40 4.43 4.51 4.45 1.21

Exports f.rom the region can be realized by producers by establishing a 4.16 438 4.97 4.6 141

cooperative

The amount of agricultural production in the region can be increased by 4.21 4.07 4.00 410 195

establishing a cooperative.
Production costs can be reduced by establishing a cooperative 3.91 4.00 4.09 4.00 1.08
Consultancy services may increase with the establishment of a

. 3.79 3.95 3.73 3.81 1.06
cooperative
My product quality can increase by establishing a cooperative 3.86 3.71 3.69 3.76 1.14
Agricultural product exports can increase by establishing a cooperative 3.41 3.50 3.44 3.45 1.05
Base price application can be implemented by establishing a 399 333 331 398 148

cooperative

*1: Strongly disagree, 2: Disagree, 3: Undecided, 4: Agree, 5: Strongly agree.

In a study conducted on tomato producers in Mugla province, the most important reasons for
wanting to become a partner in the cooperative where the marketing problem disappears and tomato
production increases (Deger et al., 2020).

In the study, when producers who did not want to become partners in the fresh fruit and vegetable
cooperative were asked about their reasons, it was determined that the most important reasons were the
ability to make more profit when marketing the products themselves, the lack of need for the opportunities
provided by the cooperative, and the thought that the cooperative cannot offer reasonable prices for
product purchases (Table 8).
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Table 8. Reasons why producers do not want to be partners in the fresh fruit and vegetable cooperative*

Cizelge 8. Ureticilerin yas meyve ve sebze kooperatifine ortak olmamak igin nedenleri*

Farm groups

Reasons Group 1 Group 2 Group 3 General
(<50 da) | (561-100 da) | (=101 da) | Mean | Std.dev.
| can make more profit when | market my products myself 4.69 4.52 4.67 4.64 0.92
| do not need the opportunities provided by the cooperative. 4.48 4.45 4.56 4.50 0.89
| think the cooperative cannot give reasonable prices for product 4.48 4.43 4.55 4.49 130
purchases.
| do not need a cooperative while carrying out my production activities. 4.47 4.29 4.40 4.39 1.26
| think cooperative rules are not suitable for everyone 4.16 4.31 4.35 4.26 1.54
| think the cooperative cannot be effective in supplying input 4.07 4.12 4.22 4.14 1.04
! think that cooperative managers do not act in accordance with the 412 4.07 415 412 121
interests of the cooperative.
| think the cooperative cannot properly evaluate the products of the 4.00 4.10 4.02 4.03 110
partners
| think some cooperative partners act for different purposes 3.90 3.95 4.05 3.97 1.13
| think the cooperative partners do not support the cooperative enough 3.72 3.81 3.87 3.80 1.05
| th[nk the cooperative cannot give advances during the production 360 3.69 378 369 0.99
period and may make late payments
| think the cooperative will not be sufficient in technical matters 3.28 3.31 3.38 3.32 1.03

*1: Strongly disagree, 2: Disagree, 3: Undecided, 4: Agree, 5: Strongly agree.

In a study conducted on tomato producers in Mugla province, the most important reasons for not
wanting to become a partner in the cooperative were that there was no need, the rules did not suit
everyone, and the partners had different goals (Deger et al., 2020).

In the study, the criteria that producers attach importance to in their decision to become a partner in
the cooperative were analyzed using the fuzzy paired comparison method. For this purpose, five criteria
were determined for producers to determine their decision preferences. These criteria; the cooperative's
economic objectives (best price, highest return, capital accumulation etc.), social objectives (education,
employment, etc.), management structure, number of partners and year of founding. In the research, 10
comparisons of five different criteria were presented to each producer. Results were evaluated using the
Friedman Test and Kendall's coefficient of concordance.

According to the analysis results, it has been determined that the most effective factor in producers'
decisions to become partners in cooperatives is the economic objectives of the cooperative. Other factors
are respectively, management structure, social objectives, number of partners and year of founding. The
Friedman test shows that there is a statistical difference between preferences. In this study, Kendall's W
value was determined as 0.49. Accordingly, when determining the weights of important criteria, the
harmony between producers is at a medium level (Table 9).

Table 9. Results of fuzzy paired comparison analysis

Cizelge 9. Bulanik egli karsilastima analizi sonuglari

Criteria Minimum | Maximum | Mean | Standard deviation Order of importance
Economic objectives 0.43 0.91 0.75 0.16 1
Management structure 0.34 0.63 0.51 0.09 2
Social objectives 0.24 0.91 0.49 0.16 3
Number of partners 0.27 0.62 0.45 0.10 4
Founding year 0.24 0.55 0.38 0.08 5
Friedman test X2301.06 p<0.05
Kendall's W 0.49 p<0.05
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In a study conducted on cooperative partners in Balikesir, Bursa and Canakkale provinces, the
aims of producers to become partners in cooperatives using the Fuzzy Paired Comparison Method were
determined as providing input, using cash credit, providing technical information and product marketing
(Everest, 2015). In a study conducted in Manisa province, cooperatives were determined to be the first
activity in which vegetable producers could achieve the highest profit through fuzzy paired comparison.
This is followed by traders/exporters and brokers, respectively (Ozcan, 2022).

CONCLUSION

In this study conducted in six districts selected from izmir province, face-to-face data was compiled
from 155 fresh fruit and vegetable producers. While some of the producers within the scope of the
research (63.87%) are partners in an agricultural cooperative, the other part (36.13%) does not have a
cooperative partnership. Producers mostly market fresh fruits and vegetables to traders and brokers.
Other important channels are processors and exporters. Direct marketing is more limited. Producers have
sufficient knowledge about cooperatives. The most important socio-economic factors that affect
producers becoming partners in the cooperative are facilitating input supply and low input prices,
benefiting from marketing opportunities and price advantage and government supports. The most
important activities that producers expect from cooperatives are assisting producers in product collection
and sales, ensuring high product prices, and supplying quality and affordable fertilizers and pesticides.
Producers believe that managers in cooperatives should have honest and moral values, solidarity and
unity should be established among producers, democratic management approach should be taken as
basis, and unfair gain and corruption should not be allowed. According to producers, for cooperatives to
be successful; product sales prices must be increased, inputs must be supplied to partners in line with
their needs, and partners and managers must be compatible.

When producers were asked whether they would be partners if a fresh fruit and vegetable
cooperative was established in the region, 76.77% stated that they could be partners. The main reasons
for producers who want to become partners were that marketing problems could be reduced by
establishing a cooperative, input prices could be reduced by establishing a cooperative, and local
products could be branded by establishing a cooperative. The most important reasons for producers who
do not want to become partners in the cooperative were that they could make more profit by marketing
the products themselves, that the opportunities provided by the cooperative were not needed, and that
the cooperative could not offer reasonable prices for product purchases. The most important expectations
of producers from the fresh fruit and vegetable cooperative are product prices are higher, product prices
are stable, product prices are paid on time and regularly. As can be understood from here, the most
important criterion for producers to become a partner in a cooperative is the economic objectives of the
cooperatives and their level of realization.

A cooperative established by producers in the region acting together can provide effectiveness,
especially in marketing. In this way, producers will be able to sell their products at higher prices. Reducing
the number of intermediaries will enable consumers to buy products at affordable prices. If the
cooperative can create a storage, processing and distribution network, it will also be able to create
employment opportunities in the region. Young people in rural areas of Turkiye do not want to sustain
agricultural activities. If cooperatives are successful, they can also contribute to preventing rural
migration. The main expectation of fresh fruit and vegetable producers is to sell their products on time
and at the highest price. Therefore, Agricultural Development Cooperatives can be taken as an example
during the cooperative establishment phase. In this way, production in the region can be increased,
regional products can be branded, a competitive environment can be created in terms of prices and
export opportunities can be increased.
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ABSTRACT

Objective: The objective of the study is to investigate the pressure drop
analytically, numerically and experimentally in the main air line of the pipeline
milking system.

Material and Methods: The study was carried out in a pipeline milking system,
where the main air line consists of a galvanized straight pipe nominally 50 mm
in diameter, with one bend. The pressure drops in the pipeline were measured
experimentally at different flow rates. In addition, the pressure drops calculated
using theoretical equations and determined using various turbulence models
with the Computational Fluid Dynamics (CFD).

Results: During the experiments, a pressure drop of 0.65 kPa was measured at
high flow rates. It was found that the results calculated using the theoretical
equations were very close to the experimental data. The lowest MAE and
NRMSD values for pressure drops calculated with different CFD turbulence
models were found in the Realizable k-€ model.

Conclusion: The results showed that the pressure drops in the main air line
could be calculated with minor errors by using the numerical analysis method
and the Realizable k-¢ turbulence model.

oz
Amag: Calismada, sit borulu sagim sisteminin ana vakum hattinda olusan

basing kayiplarinin deneysel, analitk ve sayisal olarak incelenmesi
amaclanmistir.

Materyal ve Yontem: Calismada bir siit borulu sagim sisteminin ana vakum
hatti dikkate alinmigtir. Ana vakum hatti, 50 mm anma ¢apli galvaniz duz boru
ve dirsekten olusmustur. Hattaki basing kayiplar farkli debi deg@erlerinde
deneysel olarak belirlenmistir. Ayrica basing kayiplari, gesitli kaynaklarda
verilen analitik esitlikler yardimiyla hesaplanmis ve Hesaplamal Akigkanlar
Dinamigi (CFD) analiz yoéntemiyle farkli turbilans modelleri kullanilarak
belirlenmigtir.

Arastirma Bulgularn: Denemelerde yiiksek debi degerlerinde basing kaybi
degeri 0.65 kPa olgilmustur. Analitik esitlikler ile hesaplanan sonuglar deneysel
verilere oldukga yakin bulunmustur. Ana vakum hattinda deneysel olarak
Olgulen ve farkll turbulans modelleri ile hesaplanan basing kayiplari istatistiksel
acidan degerlendirildiginde, en disik MAE ve NRMSD degerleri Realizable k-€
modelinde bulunmustur.

Sonug: Ana vakum hattindaki basing kayiplarinin Realizable k-¢ turbilans
modeli kullanilarak ¢ok disik hata ile tahmin edilebilecegi ve sistem
tasariminda kullaniimasinin uygun olacagi soylenebilir.
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INTRODUCTION

Milk is a basic source of nutrients for the human body. It contains protein, fat, carbohydrates, all
vitamins and minerals. The consumption of milk and foods made from milk leads to an increase in the
number of dairy farms (Kuraloglu, 1998; Ozdemir et al., 2000; Uger, 2008). Milking is the periodic removal
of the milk produced in the animal's udder. Milking can be done manually or by machine, depending on
the size of the dairy farms.

Milking machines are used extensively in intensive dairy farming. The mechanization and
automation of milking is achieved with these machines. On the other hand, the milking is done
hygienically and the milk yield increases (Girhan & Cetin, 1998). Milking machines are in direct contact
with the animal. Therefore, the performance of the machine has a direct impact on milking success (0z &
Bilgen, 2002).

Milking systems can be classified according to the location of their functional components and how
the milk is collected: portable (bucket) milking systems, fixed (pipeline) milking systems and automatic
(robotic) milking systems.

Pipeline milking systems consist of two sections. The first section is the milking parlour. This
section consists of the main air line and the pulsators. The pulsators are connected to each milking
cluster. They provide the milking by transferring vacuum and atmospheric pressure to the teats. The
pumped milk mixes with air. It is then transported through short milk hoses into the milk line. The milk line
ends at the receiver, where the pumped milk is collected. The second section consists of the main air line
between the receiver and the vacuum pump. The main air line distributes the air to the various parts of
the vacuum system: sanitary trap, vacuum meter, regulator, vacuum tank and vacuum pump.

The main air line can be made of glass, plastic, galvanized or stainless metal, depending on the
requirements of the milking system. The parts of these materials that come into contact with the air
should have a smooth structure to avoid any resistance. Pressure drops that occur in straight lines are
referred to as "major pressure drops"”. These pressure drops increase significantly depending on the
length of these lines and the velocity of the air. Besides these, fittings (elbows, valves etc.) and pressure
measurement points in the main air line cause pressure drops. These losses are referred to as “minor
pressure drops”. Minor pressure drops are usually less than the major pressure drops that occur in
straight lines. However, if there are many fittings in short pipelines, minor pressure in main air line of the
pipeline milking systems can reach larger values than major pressure drops (Daugherty & Franzini, 1965;
Cengel & Cimbala, 2006).

The pump capacity must be sufficient for the total number of milking units while operating at a
vacuum pressure of 50 kPa, which is suitable for milking cows. This air capacity can vary depending on
the design of the milking system. In general, it can range from 70 Lmin~! per unit for systems with 20 units
to 85 Lmin™* for smaller systems with 5 units (FAO, 2024).

Spencer (1993) presented pressure drop tables for pipe sizing in the main air lines of milking systems.
It is also stated that the pressure drop value in the air line should be between 0.85 and 1.7 kPa and should
not exceed 2.5 kPa. Reinemann (2019) states that the pressure drop in the main air line between the vacuum
pump and the milk tank should not exceed 2 kPa. Berry et al. (2005) stated that according to the ISO 5707E
standard, the pressure drop in the main air line should not exceed 5% of the pump capacity. Clarke (1983)
compared incompressible, isothermal and adiabatic flow equations that can be used to calculate pressure
drops in main air lines of pipeline milking systems at air flow rates of 30, 50 and 70 Ls™%. The comparison
showed that there is no significant difference between the three methods and that the flow can be assumed
to be incompressible and the Darcy-Weisbach equation can simply be used. The study also measured the
pressure drops over a test length of 10 m using two different stainless steel pipes of 28 and 48 mm inner
diameter and showed that the results are compatible with the Darcy-Weisbach equation.
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A main air line should be designed for each milking plant and a system should be installed depending
on the characteristics of the plant. This line should be sized to minimize the pressure drop. There are limited
scientific studies on pressure drops in the main air lines of milking systems (Clarke, 1983; Spencer, 1993;
Reinemann, 2019; Berry et al., 2005). Standards and recommendations generally state that pressure losses
should not exceed acceptable limits when dimensioning pipelines (Tan et al., 1993). Thus, energy efficiency
and cost reduction are achieved by selecting the appropriate line design and vacuum pump.

The inner diameter of the main air lines should be dimensioned so that the milking process is not
affected by vacuum drop. If the milking system is tested according to the ANSI/ASABE standard, the
vacuum pressure drop near the receiver and regulator should not exceed 1 kPa. In addition, the vacuum
drop between the receiver and the vacuum pump should not exceed 3 kPa for air lines. The internal
diameter and slope of the milkline shall be such that the vacuum drop between the receiver and any point in
the milkline does not exceed 2 kPa with all units operating at the designed milk flow and airflow
(ANSI/ASABE, 2016; 1SO, 2007).

In recent years, in addition to experimental investigations, simulation studies using computational fluid
dynamics (CFD) have also been carried out on the flow properties and pressure drops along the pipe line.
Curebal (2016) investigated the flow of air, water and natural gas in a 90° elbow with different diameters in
various turbulence models. The three-dimensional solution model that comes closest to the experimental
results was determined as SST k-w model. It has been shown that minor pressure drop coefficients in
elbows decrease with increasing pipe diameter and flow velocity.

Mossad et al. (2009) carried out a numerical and experimental investigation of turbulent air flow in a
sharp 90° elbow. The researchers used Ansys Fluent software for their simulation studies and analyzed
three different turbulence models. As a result of the study, it was found that the Realizable k-¢ model
provided the best results.

The study aimed to investigate analytically, numerically and experimentally the pressure drops in the
main air line of the pipeline milking system. In addition, the general aim of the study is to obtain basic data
related to engineering calculations for the design and operation of pipeline milking systems.

MATERIALS and METHODS

This research was conducted in the Milking Technologies Laboratory in the Department of
Agricultural Engineering and Technologies at the Faculty of Agriculture at Ege University. The pipeline
milking system is located at sea level (0-300 m). It consists of a vacuum pump, main vacuum line, regulator,
connection point for the milk receiver, and measurement points (Figure 1).
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Figure 1. Schematic view of the test stand and the measurement points of the pipeline milking system.

Sekil 1. Siit borulu deneme diizeninin sematik gériniimUi ve élgiim noktalari.
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In the experimental set-up, the main air line consists of a galvanized pipe with a nominal diameter
of 50 mm (outer diameter: 48.6 mm, inner diameter: 42.3 mm) (Figure 1). In the connections on the main
air line, two long sweep bends and a standard elbow were used. The total straight pipe length between
the pressure measurement points is 7.28 m. Air was supplied by a vacuum pump consist of an oil-
lubricated multiple-cell rotary vane (Westfalia RPS 400-GEA Farm Technologies GmbH, Germany).

Methods

The study was carried out in three stages: experimental, analytical, and numerical (computational
fluid dynamics) analysis.

Experimental studies

The pressure drop between two pressure measurement points in the main air line was measured at
different flow rates. The flow rate of the vacuum pump was controlled by the valve. The regulator was
deactivated during the experiments. When measuring pressure and air velocity, a distance of at least 5D
of the pipe inner diameter from the inlet and/or outlet of the fittings was taken into account to minimize the
turbulence effect (Cengel & Cimbala, 2006; Ntengwe et al., 2015; TS, 2019). The air temperature was
also measured and recorded during the measurements.

A digital multifunction measuring instrument (Testo 480, Germany) was used to measure air
velocity and differential pressure. The air velocity was measured with a digital propeller-type air velocity
meter (propeller diameter: 16 mm, measuring range: 0.6-50 ms™, accuracy + (0.2 ms1+1% measured
value) (Figure 2). The probe of the air velocity meter was setled at a distance of at least 5D from the main
air line. The mass and volume flow rates were calculated by measuring the air velocity in the main air line.

T

Figure 2. Digital air velocity and differential pressure meter.

Sekil 2. Dijital hava hizi ve fark basing élger.

During the pre-experiments, it was found that the pressure drop values in the vacuum lines were
quite low. For this reason, two different methods of differential pressure measurement were considered to
ensure the accuracy of the measurement results. The methods used in the experiments were a digital
differential pressure meter and a U-tube differential manometer.
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Firstly, the pressure drops were measured with a digital differential pressure meter (Testo 480) with
an accuracy of £0.3 Pa+1% measured value and in the range of -100...+100 hPa. The connection
between the digital differential pressure meter and the measurement points was made with flexible plastic
hoses so that there was no cross-sectional constriction (Figure 2). The device and hoses remained fixed
during the experiment.

Secondly, the pressure drops were measured with a U-tube differential manometer, which is made
of glass tubes with an inner diameter of 5.3 mm and a length of 500 mm (Figure 3). The U-tube
differential manometer is connected to the measuring points with hoses of the same length. Distilled
water, and gasoline for more precise measurements were used as liquids in the experiments. The density
of distilled water and gasoline was determined using an analytical balance with density measurement
function (Precisa XB 220A, 220 g capacity and 0.1 mg sensitivity). The density of distilled water and
gasoline was determined to be 0.99676 gcm=2 and 0.74180 gcm~3, respectively.

hy Pr—T

Ps

Figure 3. Differential pressure measurement with U-tube manometer.

Sekil 3. U manometre ile basing farki 6lgiimii.

The pressure drop in the U-tube differential manometer was calculated as given below.

P.=Pp = Py+ppghy = Pg+ppg(hy —h) + psgh

Py — Py = ppghs — ppgh + psgh — prghy = Pa— Pp = gh (ps — pn)

AP = g h (ps — pn) 6h)

Where; Pc, pressure at point C; Pp, pressure at point D; Pa, pressure at point A; pn, density of air
(kgm~=3); Pg, pressure at point B; g, acceleration of gravity (ms=); ha, height of pressure at point C (m); h,

height of pressure at point D (m); ps, density of measuring liquids (water and gasoline) (kgm=2); AP,
pressure drop between points A and B (Pa).

The height of the pressure between the measurement points in the main air line was measured
with the U-tube differential manometer at different flow rates. During the measurement, the height of the
pressure was photographed and recorded. The pressure drop was calculated using equation (1).
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Analytical studies

In analytical studies, measured velocity values were used to calculate the pressure drops in the
main air line. The method and equations used in the calculations are given below equation (2) was used
to calculate the pressure drop (APf) in straight pipes (Clarke, 1983; White, 2001; Munson et al., 2002).

_fLev?
APp = f == @)

The Darcy-Weisbach friction factor (f) for fully developed turbulent flow in a straight pipe was
calculated using equation (3). The Reynolds number (Re) was determined with equation (4).

1 69 , (e/D\'11
7= —18log |32+ (2) ] ©)
Re=2 )

Where; APf, pressure drop in straight pipe (Pa); V, mean flow velocity (ms); D, inner diameter (m);
L, pipe length (m); p, density of air (kgm-3); f, Darcy-Weisbach friction factor; &, roughness of inner surface
of pipe (m); x, dynamic viscosity of air (kgm-is?).

Cengel & Cimbala (2006) stated that the inner surface roughness for galvanized pipes is 0.15 mm.
In another study, the inner surface roughness of galvanized pipes varies between 0.07-0.23 mm (Medina
et al., 2017). Duz (2017) measured the inner surface roughness of newly produced galvanized pipes and

found an average of 0.078 mm. In the analytical calculations and CFD analyzes, the inner surface
roughness was assumed to be 0.08 mm.

The minor pressure drop (APk) was calculated using equation (5);

AP, = kaVZ (5)
The total pressure drop in the main air line (AP) was calculated using equation (6);

AP = AP; + APy (6)

The ANSI/ASABE standards state that the pressure drops up to about 3 kPa, in the smooth main
air lines can be calculated using equation (7) for plastic and stainless steel installations and equation (8)
for galvanized material installations. It has also been shown that a pressure drop of up to around 2 kPa is
acceptable (ANSI/ASABE, 2016; 1SO, 2007 ).

Q1.75

AP =278 L )
QZ

AP = 18.74 L% ®)

Where; AP, total pressure drop (kPa); L, pipe length (m); Q, flow rate (Lmint); D, inner diameter of
the pipe (mm).

Numerical analysis (CFD studies)

In the third step of the study, the pressure drops in the main air line of the milking system were
investigated by numerical flow analysis using ANSYS Fluent 17.2 software (ANSYS, 2016). The
geometric model of the main air line was created and the mesh structure was prepared using ANSYS
Meshing software (Figure 4). A tetrahedral mesh structure was used for the analyses. The maximum
dimension of a grid in the mesh was set to 1 mm in the bend section and 3 mm in the pipe section. The
number of nodes and elements in the mesh structure was more than 8.4x10° and 4.4x108, respectively.

54



Investigation of pressure drop in main air line of pipeline milking system

The analyses were initially performed in different iterations and the number of iterations was set to 500 for
optimal convergence.

50,00 (mm)
1

Figure 4. Geometry and mesh structure of the water flow zone in the long sweep bend and the straight pipe section.

Sekil 4. Dirsek ve diiz boru béliimiinde olusturulan ag yapisi.

The models listed below were considered to determine the CFD turbulence models that best
predict the pressure drop.

-Spalart-Allmaras (Vorticity-Based, Curvature Correction)

-Standard k-¢ (Standard Wall and Curvature Correction)

-Realizable k-¢ (Standard Wall and Curvature Correction)

-Standard k-w (Low-Re Corrections, Curvature Correction, Shear Flow Correction)
-SST k-w (Low-Re Corrections, Curvature Correction, Production Limiter)

The second-order upwind discretization scheme was chosen for momentum, turbulent kinetic
energy and turbulence dissipation rate, and the coupled method was chosen for pressure-velocity
coupling. Number of the convergence accuracy of the solutions was set to 1x1075,

The mass flow rate calculated from the measured velocity values was defined as the inlet boundary
condition and the outflow as the outlet boundary condition. In the CFD analyses, the density of the air
m=1.178 kgm=3 and the dynamic viscosity y=1.855%10"°kgm~1s were used for the ambient temperature
26.5°C measured in the experiments. The experimental and numerical (CFD) pressure drops were
compared and statistically evaluated.

Statistical analysis

The mean absolute error (MAE) and normalized root mean square deviation (NRMSD) were
considered to compare the differences between the experimental pressure drop data and the values
predicted by the CFD models (Willmott & Matsuura 2005; Ding et al 2017). It is known that the lowest
values of these comparison criteria from Equations (9) and (10) represent the best model prediction
(Willmott et al., 1985; Willmott & Matsuura, 2005).

1

MAE = n ?=1|APi,Exp - APi,CFD| (9)
1/2

[%Z?=1(Api,Exp_APi,CFD)2]

(AP i{,CFDmax ~AP i,CFDmin)

NRMSD = (10)

Where; APigxp, experimental pressure drop; APicep, Simulation pressure drop values, n is the
number of data.
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RESULTS and DISCUSSION

The results of the measured pressure drops in the main air line of the pipeline milking system are
listed in Table 1 and their changes are shown in Figure 5.
Table 1. Measured pressure drops in the main air line of the pipeline milking system

Cizelge 1. Siit sagim tesisinin ana vakum hattinda deneysel éigiilen basing kayiplari

Pressure drop Pressure drop Pressure drop
Flow rate measured with Flow rate measured with Flow rate measured with a
U-tube manometer U-tube manometer digital differential
(distilled water) (gasoline) pressure meter
Q (Lmin™) AP (Pa) Q (Lmin™) AP (Pa) Q (Lmin™) AP (Pa)
84.3 39 101.2 44 109.6 67.1
261.4 98 185.5 73 236.1 112.3
362.6 137 328.8 131 354.1 151.3
438.5 166 430.0 167 455.3 180.5
615.5 234 531.2 203 497.5 203.3
750.4 293 624.0 232 632.4 250.2
843.2 332 733.6 269 733.6 292.8
952.8 381 860.0 320 860.0 344.4
1079.3 439 995.0 378 978.1 394.7
1197.3 498 1121.4 436 1205.8 497.6
1273.2 537 1247.9 501 1264.8 531.5
1357.5 576 1408.1 581 1340.7 555.8
1399.7 596 1467.1 618 1391.3 574.4
1450.3 635 1509.3 654 1450.3 613.8
1534.6 693 1551.5 683 1559.9 662.0
1200
—e—Digital differential pressure meter
1000 1 —e—U-tube manometer (gasoline)
800 4 —e—U-tube manometer (distilled water)
©
o
o 600 -
]
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w
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0 200 400 600 800 1000 1200 1400 1600 1800
Flow rate (Lmin™)
Figure 5. Comparison of pressure drops measured with a digital differential pressure meter and U-tube manometer in the main air
line of the pipeline milking system.

Sekil 5. Siit sagim tesisinin ana vakum hattinda dijital fark basing dlcer ve U manometre ile 6lglilen basing kayiplarinin
kargilagtiriimasi.
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Table 1 and Figure 5 show that the pressure drop measurements carried out with the digital
differential pressure meters and the U-tube manometer are quite similar. The highest pressure drop was
measured as 0.65 kPa at the highest flow rate (z1550 Lmin-). This measured pressure drop value in the
main air line was quite below the value of 2 kPa, which is stated in various references as the highest
value for main vacuum lines (ANSI/ASABE, 2016; Reinemann, 2019). It can be seen that the measured
pressure drop values are close to the lower limit of the values of 0.85 to 1.7 kPa proposed by Spencer
(1993) and that the results agree with each other.

Table 1 and Figure 5 show that the measurement results obtained with different methods are very
close to each other. For this reason, the flow values measured in the digital air velocity meter during the
measurement with the U-tube manometer (distilled water) were taken into account when determining the
pressure drop with theoretical equations (6, 7 and 8) and CFD. The comparison results of the pressure
drops calculated with theoretical equations and the measured values are shown in Figure 6.

2500
—e—Measured with U-tube manometer (distilled water)
—e—Calculated by Equation (6)
2000 -
—e—Calculated by Equation (7)
—e—Calculated by Equation (8)
w© 1500 1
=
(=8
[=]
5
2 1000 -
3
w
wn
g
o
500 A
0 -

0 200 400 600 800 1000 1200 1400 1600 1800

Flow rate (Lmin-")

Figure 6. Comparison of the pressure drops measured with the U-tube manometer and calculated with the theoretical equations in
the main air line of the pipeline milking system.

Sekil 6. Siit sagim tesisinin ana vakum hattinda U manometre fark basing 6lger ile igiilen ve teorik esitliklerle hesaplanan basing
kayiplarinin karsilastiriimasi.

Figure 6 shows that the measurement results and the pressure drops calculated using theoretical
equation 6 are close to each other. It can be seen that there is a quite high difference between measured
pressure drop values and calculated with equations (7 and 8) of the ANSI/ASABE and ISO standards.
This difference increases with the value of the flow rate. Equations 7 and 8 are equations for calculating
the pressure drops up to values around 3 kPa in main vacuum lines. As stated in the standards, these
equations are often used to determine the safe minimum inner pipe diameter for specific flow rates and
pipe lengths for main vacuum lines. Since these equations are used for satisfactory calculations, higher
pressure drop values can also be calculated. The reason for this is that the friction factor is not taken into
account in the equations. It can also be explained by the fact that values such as roughness, viscosity
and density are calculated with a constant coefficient despite their changes.

The comparison results of the pressure drops determined by the CFD analysis using different
turbulence models and the measured values are given in Figure 7.
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1200
—e—Measured with U-tube manometer (distilled water)
1000 —e—Calculated by Equation (6)
—e—_Spalart-Allmaras
—e—Standard k-e
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Figure 7. Comparison of the pressure drops measured, calculated and simulated with different turbulence models.

Sekil 7. Olgiilen, teorik esitlikler ve farkli CFD tiirbiilans modelleri ile hesaplanan basing kaybi degerlerinin karsilastiriimasi.

Figure 7 shows that the results calculated with different turbulence models are very close to
each other. The pressure drops measured and calculated with theoretical equations and different
turbulence models are also very close to each other. All turbulence models were statistically
evaluated with measured values. The mean absolute error (MAE) and normalized root mean square
deviation (NRMSD) criteria were used for the evaluation and the results are shown in Table 2.

Table 2. Statistical comparison of pressure drops measured and calculated with different turbulence models

Cizelge 2. Olgiilen ve farkli tiirbiilans modelleri ile hesaplanan basing kayiplarinin istatiksel karsilastirmasi

CFD turbulence models MAE NRMSD
Spalart-Allmaras 74.51 0.1335
Standart k-¢ 66.03 0.1127
Realizable k-¢ 58.99 0.0987
Standart k-o 66.78 0.1135
SST k-® 63.08 0.1067

The lowest MAE and NRMSD values for the pressure drops were found in the results calculated
with the Realizable k-g model. This result is well-matched with Mossad et al. (2009).

The results regarding the velocity and pressure changes of the air flow in the pipe determined with
the Realizable k-¢ turbulence model are shown in Figure 8.

Figure 8 shows that the velocity and pressure changes of the air flow in the pipe are most effective
in the sweep bend and in the section after the sweep bend. The results regarding the velocity and
pressure changes of the air flow at 0, 50, 100, 150, 200 and 250 mm after the sweep bend are shown in
Figure 9.
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Figure 8. Flow velocity and pressure changes due to the air flow in a long sweep bend and a straight pipe section.

Sekil 8. Diiz boru ve dirsekte hava akiminin olusturdugu hiz ve basing degigimleri.

ANSYS
R17.2
Yo Yoo Yiso Y20 Yaso
k4
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50 mm 100 mm 150 mm 200 mm 250 m 50 mm 100 mm 150 mm 200 mm 250 m

Figure 9. Velocity and pressure changes of the air flow in different straight pipe sections after the long sweep bend.

Sekil 9. Hava akiminin dirsekten sonraki farkli noktalarda olugan hiz ve basing degisimleri.
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It was found that the change in flow velocity is quite effective in the inner and outer curvature
sections of the sweep bend. In addition, in sections 0, 50, 100 and 150 mm downstream of the sweep
bend, especially in the continuation of the outer curvature section of the sweep bend, it was observed that
the velocity change in the flow is effective (Figure 9). After this section, the flow began to become uniform
and the effect of the velocity change decreased.

It was observed that the pressure changes are particularly effective in the 50 mm section after the
sweep bend. After this distance, the pressure distribution in the pipe becomes uniform. As mentioned in
numerous references, it is important to consider a distance of at least 5D of the pipe inner diameter from
the fittings to minimize the interaction of turbulence when measuring pressure and air velocity. Figure 9
shows that the connection of measuring devices in the inner and outer curvature sections of the sweep
bend and near the inner and outer bends can cause measurement errors.

When the pressure changes at 0 mm downstream of the bend in Figure 9 are examined, it can be
seen that even small changes in the diameters of the connections between the bend and the main pipe
cause pressure changes. Therefore, the diameters of fittings and main pipe should be compatible to
reduce pressure drops.

CONCLUSION

The measured pressure drops in the main air line of pipeline milking system were close to the
pressure drops calculated with theoretical equations. However, the values calculated with the
ANSI/ASABE equations are significantly higher than these values. This difference increases with the
value of the flow rate. The calculation of the pressure drops using these equations given in the
ANSI/ASABE standards can cause errors.

The results regarding the pressure drops determined with different turbulence models were
statistically analyzed. The lowest MAE and NRMSD values for the pressure drops were found in the
results calculated with the Realizable k-¢ model. It can be said that the pressure drops in the main
vacuum line can be estimated with minor error using the Realizable k-¢ turbulence model and that it
would be appropriate to use these values in the system design.

It has been observed that small changes in the diameters of the connections between the elbow
and the main pipe cause pressure changes. Therefore, the diameters of fittings and pipe should be
compatible to reduce pressure drops.

In CFD studies, it was found that the velocity and pressure changes of the air flow in the pipe are
most effective in the sweep bend and in the section after the sweep bend. It was found that the velocity
change of the flow is quite effective in the inner and outer curvature sections of the sweep bend. After 150
mm downstream of the sweep bend, the flow began to become uniform and it was observed that the
effect of the velocity change decreased. It was observed that pressure changes were particularly effective
in the 50 mm section downstream of the sweep bend. As mentioned in numerous references, it is
important to consider a distance of at least 5D of the pipe inner diameter from the fittings to minimize the
interaction of turbulence when measuring pressure and air velocity. Connecting measuring devices in the
inner and outer curvature sections of the bend and near the inner and outer bends can cause
measurement errors.
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ABSTRACT

Objective: This study aims to assess producers' perceptions of climate change
and identify the adaptation strategies adopted by them.

Material and Methods: Stratified sampling was used to determine sample size,
with the Neyman method used to allocate participants by strata, resulting in a total
of 116 respondents. Analytical techniques including proportional distributions, chi-
square tests and multiple correspondence analysis were used.

Results: Results indicate an average producer age of 46 years, with 56.1%
having attained high school or higher education, and an average farming
experience of 22 years. The majority (90.5%) reported declining wheat/barley
yields, attributing this trend predominantly to climate change effects, notably
increased temperature (92.2%) and drought (95.7%), alongside decreased rainfall
(100%) and water resources (95.7%). Forecasts suggest these trends will persist,
with over 70% agreement. To address these challenges, most producers have
adjusted autumn tilling dates (82.8%), fertilizer application (83.6%), sowing dates
(88.8%), and wheat and barley harvesting schedules (69%).

Conclusion: Awareness campaigns are recommended to improve the perception
of producers and strengthen their adaptation to climate change risks. The study’'s
findings will provide policymakers with the insights needed to design and
implement targeted training programs that address gaps in producers' perceptions
and adaptation strategies.

0z

Amag: Bu calismanin amaci Ureticilerin iklim degisikligine yonelik algilarini 6lgmek
ve Ureticilerin uyguladiklari uyum énlemlerini ortaya koymaktir.

Materyal ve Yéntem: Ornek hacminin belilenmesinde tabakali érnekleme yéntemi
kullanilmig, 6rnek hacminin tabakalara dagiliminda ise Neyman yontemi
kullanilarak toplam 116 kisi ile anket yapimigtir. Toplanan verilerin analizinde
oransal dagilimlar, khi-kare ve ¢oklu uyum analizleri kullaniimistir.

Aragtirma Bulgulari: Sonuglar, ortalama Uretici yaginin 46 oldugunu, %56.1'inin
lise veya daha ylksek egitime sahip oldugunu ve ortalama ¢iftgilik deneyiminin 22
yil oldugunu gostermektedir. Cogu (Uretici (%90.5) bugday/arpa verimlerinin
azaldigini bildirmis ve bu egilimi agirlikli olarak iklim degisikligi etkilerine, dzellikle
artan sicaklida (%92.2) ve kurakliga (%95.7) ve azalan yagisa (%100) ve su
kaynaklarina (%95.7) baglamistir. Tahminler, bu egilimlerin %70'in Uzerinde bir
mutabakatla devam edecegini géstermektedir. Iklim degisikliginin stirekli etkileriyle
basa ¢ikmak icin, Ureticilerin gogunlugu sonbaharda topra@i strim tarihini (%82.8),
guibre uygulamasini (%83.6), ekim tarihini (%88.8) ve bugday ve arpanin hasat
tarihini (%69) degistimistir.

Sonug: Ureticilerin algisini geligtirmek ve iklim degisikligi risklerine uyumlarini
guglendirmek igin farkindalik calismalari yapilmasi Onerilmektedir. Calismanin
bulgular, politika yapicilara Ureticilerin algilari ve uyum stratejilerindeki eksiklikleri
ele alacak hedefli egitim programlarini tasarlamak ve uygulamak igin gerekli bilgileri
saglayacaktir.
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INTRODUCTION

The concepts of climate and climate change have been frequently discussed in recent years, with
various definitions found across different sources. Climate is defined as the average of meteorological
events such as temperature, precipitation, and wind over a specific period (TOB, 2021). Climate change
can be described based on numerous sources as the disruptions in the global atmospheric composition
caused directly or indirectly by global warming resulting from human or natural greenhouse gas emissions
(Fujisawa et al., 2015; Dogan & Karakas, 2018; Tsuijii & Giiltekin, 2018). These changes manifest over
the years as drought, altered precipitation patterns, and increased temperatures (Yang et al., 2022).
Drought occurs following extended periods without rainfall, leading to significant crop losses in agriculture
(Djellouli et al., 2019). Reduced precipitation increases the water demand of plants, thereby intensifying
water stress (Assi, 2022). The rise in global temperatures deteriorates soil health, exacerbates adverse
impacts on agricultural products, and results in large-scale crop losses (Krishnan et al., 2011; Korres et
al., 2017). All these negative effects on agricultural production exert pressure on food security, particularly
affecting food production and accessibility (IPCC, 2022).

Like many countries, Turkiye's agricultural sector is under threat from the impacts of climate
change (Akyuz & Atis, 2022). Wheat and barley, which are rain-fed cereals, are particularly vulnerable to
changes in temperature and precipitation, affecting their area and vyield (Tsujii & Gultekin, 2018).
According to TUIK (2023), the production areas for wheat and barley in several regions of Tiirkiye have
declined in recent years. Consequently, despite the adverse effects of climate change, measures must be
taken to ensure that producers can continue growing wheat and barley. Numerous scientific studies have
analyzed the behaviors and adaptation measures of producers in Tirkiye in response to climate change
threats (Polat & Dellal, 2016; Akyuz & Atig, 2022; Bolat & Bakirci, 2022; Korkmaz & $ahin, 2023). For
instance, Polat & Dellal (2016), analyzed the perceptions of producers who practice good agricultural
practices regarding climate change and its impacts. Bolat & Bakirci (2022), assessed the knowledge and
perception levels of agricultural producers in the Erbaa plain concerning climate change. Korkmaz &
Sahin (2023), determined the level of perception of climate change concerns by the respondents. Akyiz
& Atis (2022), explored the environmental attitudes of producers in the “Kicik Menderes” basin
regarding climate change adaptation.

Considering that each region has its unique climate and soil structure, resulting in differences in the
crops produced, these studies are understood to be conducted at a regional level. However, no previous
study has been found regarding the perception of climate change in the Isparta region and Yalvag¢ district.
This study aims to provide critical data for decision-makers to develop agriculture and address issues in
the region by examining the perceptions of climate change and adaptation measures implemented by
producers in Yalvag district. Turkiye's Mediterranean region, including Yalvagc district, experiences a faster
temperature rise compared to other regions. Projections for 2070 predict a 6°C increase in summer
temperatures and almost a 20% decrease in winter precipitation. Over the past 100 years, the number of
hot days and nights in the Mediterranean region has increased by more than 15 days, leading to reduced
summer crop Yyields even with irrigation. In 2008, low rainfall in Isparta province (including Yalvag district)
resulted in poor grain yields and made harvesting with combine harvesters challenging, ultimately leading
to insufficient hay supply for livestock farms. Additionally, rising temperatures due to climate change have
decreased the water volume in the region's lakes (Cevre ve Sehircilik Bakanhgi, 2020). Under these
conditions, wheat and barley producers must implement multiple measures to cope with the direct or
indirect effects of climate change.

MATERIALS and METHODS

This research was approved by the ethics committee of Isparta University of Applied Sciences with
document number E.62155, dated 10.24.2022.
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This research utilized primary data collected through face-to-face surveys with wheat and barley
producers in Yalvag district.

The Yalvag district in Isparta province was selected as the research area because it is the largest
producer of wheat and barley, with the highest nhumber of producers. This district is representative of the
Isparta region both socially and economically in terms of wheat and barley production. The sample size
was determined based on the area planted with wheat, considering that wheat producers also cultivate
barley. Farms registered in the Farmer Registration System for the 2022 production season were taken
as the main population (N=2247). The Stratified Sampling Method (Yamane, 2018) was used to
determine the sample size, and the Neyman Method was applied for the distribution of the sample size
across strata (Cicek & Erkan, 1996).

_ % (NaSw)? (1)

T N2D2+% NpSp2

In the equation above: n: represents the sample size, N: denotes the total number of units, Nh: is
the number of units in the h-th stratum, Sh: is the standard deviation of the h-th stratum, D: is defined as
d/z, d: is the deviation from the mean, z: is the value from the z-distribution table corresponding to (N-1)
degrees of freedom at a 95% confidence level and a 5% margin of error.

(19352)?

n=
1.50\°
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In the calculation, the sample size was determined to be 116 (Table 1). The following formula was
used to determine the number of producers in each stratum (Cicek & Erkan, 1996).

NpSpn
= — 2
LY WaSn) 2)

Table 1. Sample size

Cizelge 1. Ornekleme hacmi

Stratum margins Stratum Sample

Stratum (da) Average Nn Sh NrSh Number
| 1.00-20.00 10.39 1121 6.50 7281.51 44
Il 20.01-50.00 32.03 793 6.73 5341.31 32
1} 50.01-100.00 68.16 233 13.22 3082.54 18
\ 100.00 + 134.18 100 36.46 3646.59 22
Total 30.09 2247 19352 116

The Likert scale was used to measure the producers' perceptions of climate change. For data
analysis, Multiple Correspondence Analysis (MCA), Chi-square tests, and proportional distributions were
employed. Multiple Correspondence Analysis is a method for interpreting categorical data. This graphical
approach highlights the similarities, differences, and relationships between row and column variables in
cross-tabulations. It also allows for the observation of their simultaneous changes in a reduced-
dimensional space (Siner & Celikoglu, 2010). The Chi-square test was used to analyze the relationship
between two variables.

RESULTS and DISCUSSION
Socio-economic characteristics of producers

The majority of the producers surveyed are male (96.6%) with an average age of 46 years. The
youngest participant is 26 and the oldest is 72 years old. According to Shahbaz (2018) and Tokgdz
(2022), agricultural farms are predominantly managed by men. Yizbasioglu (2019), noted that women
have less influence in agricultural operations and generally work as family labor, which explains the low
representation of women in the sample. Similar results were found by Karakas (2022), which revealed
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that most wheat producers in Corum province are male (95%) with an average age of 47 years. Naseri
(2015) found the average age of wheat producers in Usak province to be 51 years. In terms of education,
most producers have completed high school (39.7%), followed by elementary school (21.6%), middle
school (20.7%), and university (16.4%). These results indicate that a majority of the producers have at
least a high school education, suggesting a higher level of awareness about agricultural practices and a
better ability to comprehend and express perceptions related to climate change. Producers with higher
education levels are more likely to change their behavior in response to the impacts of climate change
compared to those with lower education levels. Producers in Yalva¢ have an average of 22 years of
experience in wheat or barley production. A Chi-square analysis showed a statistically significant
relationship (p<0.000) between the producers' age and years of experience, indicating that older
producers have more experience. This relationship can be attributed to the fact that older producers have
had more time to accumulate practical farming knowledge and experience. According to Arimi et al.
(2020), producers with more agricultural experience tend to have better skills to cope with the effects of
climate change. The survey revealed that 42.2% of the producers engage in activities other than
agriculture. Among these, the highest proportions are government employees (38.8%) and self-employed
individuals (34.7%), including drivers, shopkeepers, and traders. These findings indicate a diversity of
income-generating activities among participants, which can have positive effects on the economic
resilience of producers, particularly in the context of climate change challenges. Diversifying income
sources can contribute to greater financial stability amidst climate and market fluctuations. Additionally,
adopting effective measures in the face of climate change can enable producers to invest their surplus
earnings into improving their agricultural operations. In Yalvag district, the majority of producers (42.2%)
produce wheat on owned land, followed by those who farm on rented land (34.5%) and those using a
combination of owned and rented land (20.7%). Similar results were found in Usak province, where the
majority (59%) of land used for wheat production is owned (Naseri, 2015). In Isparta Yalva¢ district, both
barley and wheat are produced on owned, rented and shared lands. However, barley production is more
commonly conducted on rented land (40.7%), followed by owned land (34.3%).

Producers' perception on the effects of climate change on wheat/barley production

Between 2012 and 2022, the majority of Yalva¢ producers (90.5%) observed changes, such as
yield reductions, in wheat and barley production. Furthermore, 52.4% of the producers stated that the
decrease in wheat or barley yields between 2017 and 2022 was due to drought and lack of rainfall. More
than 50% of the producers indicated that the decline in wheat or barley yields over the past decade was
caused by drought, insufficient rainfall and frost (Table 2). These statements clearly demonstrate that
producers are strongly affected by the impacts of climate on wheat and barley production.

Table 2. Reasons for the decline in wheat and barley yields according to producers

Cizelge 2. Ureticilere gére bugday ve arpa verimindeki diisiisiin nedenleri

Number %

Reasons for yield decline between 2017 and 2022
Insufficient rainfall, drought 55 52.4
Seasonal shifts, change of precipitation times 36 34.3
Not using fertilizer, insufficient use (price increase) 7 6.6
Frost, hail, excessive rainfall 7 6.6
Total 105 100

Reasons for yield decline between 2012 and 2022
Insufficient rainfall, drought, frost 65 61.9
Temperature rise, global warming 34 32.4
High fertilizer prices, poor quality seed 6 5.7
Total 105 100
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According to Kaya (2021), the decrease in wheat yields in Turkiye is primarily due to extreme
temperatures (above 30°C) and insufficient rainfall (below 40 mm) occurring in May and June. The
recurrence of these climatic events (extreme heat and low precipitation) over several years suggests that
many winter wheat varieties will be unable to withstand the effects of climate change. Geren & Geren
(2008), noted that inadequate rainfall between February and March, during the heading period,
significantly reduces wheat yields in Turkiye. High temperatures and low rainfall in May are key climatic
factors impacting wheat yields in the coastal regions of the Aegean in Turkiye. Similarly, a study
conducted in Nigeria found that delayed rains and high temperatures are the most critical climate factors
that significantly reduce crop yields in many farms (Chukwu et al., 2023).

All producers (100%) expressed concerns about the impacts of climate change. Their worries
include reductions in wheat and barley yields, which they believe will lead to significant decreases in food
supply in the coming years. Therefore, it is indicated that issues of food insecurity are fundamentally
linked to climate change. Consequently, there is widespread awareness among producers about the
potential risks of climate change to food security. Additionally, 20.7% of the producers are specifically
worried that climate change will cause global warming and drought (Table 3). According to a study by the
Ministry of Agriculture and Forestry, 76% of producers indicated that the effects of climate change would
lead to severe famine (TOB, 2021).

Table 3. Producers' concerns about the impacts of climate change
Cizelge 3. Ureticilerin iklim degisikliginin etkileri hakkindaki endiseleri

Producers' worries about the impacts of climate change Number %

Decreases in yield 38 32.8
Problems in food supply 27 23.3
Drought, decreasing rainfall and rising temperatures 24 20.7
Shift of precipitation to summer due to climate change 9 7.8
Lack of water (water shortage) 8 6.9
Reduced income 4 3.4
Degradation of ecology 3 2.6
Natural disasters, increase in diseases and pests, pollution problems 3 2.6

Total 116 100

While all producers are concerned about climate change, the level of concern varies among
individuals. Specifically, 38.8% of producers are very worried about the effects of climate change. In
contrast, 35.3% are neutral, neither worried nor unworried, and 25.9% are simply concerned about climate
change. These findings indicate widespread concern among producers, though the degree of individual
concern varies. Some producers may express higher levels of concern due to personal experiences or the
direct impact of climate change on wheat and barley production. These data can be useful in developing
differentiated awareness strategies and adaptation measures based on the producers' levels of concern. In
the Wushen Banner region of China, a study by Zhang et al. (2020), found that 41% of producers were very
worried about climate change, 51% were neutral, and 4% were not concerned about climate change.
Similarly, a study by the TOB (2021), reported that the majority of producers believe the climate is
constantly changing, with 92% expressing concerns about the impacts of climate change.

Perceptions of wheat and barley producers on climate change

To assess producers' perceptions on changes in specific weather indicators, a three-level Likert
scale (1- decreased, 2- no change, 3- increased) was employed. According to the results, wheat and
barley producers in Yalvag district noted increases in average summer temperatures (95.7%), average
winter temperatures (87.1%), drought intensity (85.3%), and soil degradation (68.1%). These findings
align with Zhang et al. (2020), where the majority of producers in China's Wushen Banner region (95%)
reported increases in annual temperature and drought. Producers in Punjab, India, have observed a rise
in temperature in recent years (Kumar & Sidana, 2018), as have producers in Burundi (Batungwanayo et
al., 2023). Similar observations have been made by producers in Pakistan, who reported temperature
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increases during both summer and winter months (Abid et al., 2015). All wheat and barley producers in
Yalvag district (100%) reported a decrease in average annual rainfall over the past decade. Producers
also indicated declines in average spring rainfall (99.1%), average summer rainfall (85.3%), average
autumn rainfall (98.3%), average winter rainfall (92.2%), the number of rainy days annually (94%), and
available water resources (95.7%). These findings reflect growing concerns about climate change,
particularly changes in rainfall patterns that significantly affect agriculture. Reduced rainfall can have a
substantial impact on wheat and barley production, which heavily depend on climatic conditions.
Furthermore, these results underscore the need to adapt agricultural practices and implement strategies
to mitigate the potential effects of climate change. These results are consistent with other studies. In
Wushen Banner, China, 95% of surveyed producers reported a decline in annual rainfall (Zhang et al.,
2020). In Punjab, India, most producers have observed a decrease in seasonal rainfall in recent years
(Kumar & Sidana, 2018). According to Kizmaz (2020), participants in various villages in Elazig, Turkiye,
noted a reduction in water resources. In Pakistan, producers reported decreases in rainfall during both
summer and winter months (Abid et al., 2015).

According to multiple correspondence analysis, the relationship between farm size, agricultural
experience, and producer opinions on annual temperature changes is presented in Figure 1. Producers
with farms smaller than 20 decares and 21 to 30 years of agricultural experience believe there has been a
greater increase in average annual temperature over the past decade. This finding suggests that
producers with smaller farms may be more sensitive to climate change due to the more vulnerable nature
of their operations. Additionally, extensive agricultural experience may heighten awareness of even small
changes in climate conditions over the years.
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Figure 1. Relationship between strata, years of experience and mean annual temperature.
Sekil 1. Tabakalar, deneyim yillari ve ortalama yillik sicaklik arasindaki iliski.

The perceptions of producers regarding future climate variables (next ten years) were assessed using
a three-level Likert scale (1. decrease, 2. no change, 3. increase). Producers believe that in the next decade,
there will be an increase in annual average temperature (93.1%) and drought (86.2%). Similarly, they
anticipate increases in irregular rainfall (76.7%), frost (64.9%), and hot winds (63.8%). However, producers
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also expect a decrease in annual average precipitation (94.8%) and in available water resources (87.1%)
over the next decade. These findings highlight the importance of planning and adaptation to overcome
potential challenges of climate change in the agricultural sector of Yalva¢ district. According to Zhang et al.
(2020), producers are in consensus about the future impact of climate change on their regions.

A five-level Likert scale (1. strongly disagree, 2. disagree, 3. neutral, 4. agree, 5. strongly agree) was
used to measure producers' perceptions of climate change adaptation. According to the results, 97% of the
surveyed producers agree that climate is changing; 98% agree that temperature and drought are increasing
due to climate change; approximately 98% agree that rainfall is decreasing or becoming irregular because of
climate change. Additionally, 97% of producers agree that climate change affects agricultural activities. For
instance, 87% believe that declines in wheat and barley yields are linked to the effects of climate change,
while those who remain neutral attribute yield declines to economic crises and high input costs. Therefore,
87% of producers associate high agricultural production costs with the effects of climate change, which in
turn has led to increased food prices. Consequently, 83% of producers strongly agree that adjusting wheat or
barley planting dates to later in the season is necessary to mitigate the impacts of climate change, which
would consequently shift harvest dates. More than 40% of producers strongly agree that transitioning to dry
farming, with lower water usage, is necessary due to water scarcity, although approximately 28% are
undecided about transitioning to dry farming. Moreover, 80% of producers attribute plant diseases, pests,
ecosystem degradation, and soil fertility decline to the effects of climate change. Producers also strongly
agree (82%) that increased frost duration is due to climate change. About 65% of respondents remained
neutral when asked if irrigation periods or amounts had changed, likely because a majority do not irrigate
wheat or barley. Additionally, over 90% of producers agree that climate change affects agriculture, and 83%
believe that adopting adaptation measures can reduce its effects. However, producers acknowledge the
limitations of human capacity alone in coping with the impacts of climate change, given the high costs
associated with managing these effects. Furthermore, 80% of producers agree that their knowledge about
climate change is limited. According to Zhang et al. (2020), 97% of producers believe that climate change
affects agricultural activities, and 79% attribute declines in crop and livestock yields to climate change. In
China, 74% of producers believe that increases in production costs are due to climate change, and 87%
believe that appropriate measures must be taken to combat the effects of climate change. In the Wushen
Banner region of China, 79% of surveyed producers believe that the cost of adapting to climate change is
high, and 65% believe that human capacity is limited in addressing the effects of climate change. Similarly,
80% of respondents in the survey by Zhang et al. (2020), believe that the costs of implementing adaptation
measures are high. According to TOB (2021), 90% of respondents in a survey believe that climate change
will be a significant issue for agricultural production. The majority (83%) believe that measures to prevent
climate change will be effective.

Measures and behaviors of producers against the effects of climate change

Table 4 presents the reasons why producers change their planting schedules. Subsequently, Table 5
illustrates different periods when planting activities were conducted between 2012 and 2022.

According to Tables 4 & 5, in response to the impacts of climate change, 83% of the surveyed
producers reported changing the date of soil plowing in the fall. This adjustment is attributed to various
reasons, such as the delayed onset of fall rains (41.7%) and changes in rainfall patterns (30.2%). In 2012, the
majority of producers (85%) conducted soil plowing in October. However, due to the effects of climate
change, 76% of producers carried out fall plowing in November in 2022, despite using the same cultivation
techniques. Thus, over ten years, the date for fall soil plowing in most farms in Yalvag shifted by one month,
from October to November. This shift from October to November reflects a strategic adaptation by producers
to account for changing rainfall patterns and the delayed arrival of fall rains. These adjustments in the timing
of agricultural activities highlight the flexibility of producers in adapting to changing climate conditions, which
iS necessary to optimize yields and maintain the viability of their operations in the face of climate challenges.
According to the chi-square test results, there is a significant relationship between the annual average fall
rainfall and the producers' decision to change the date of soil plowing in the fall (x2=9.77; p=0.02). This
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analysis indicates that annual average fall rainfall has a statistically significant effect on the producers'
preference to change the soil plowing date.

Table 4. Various practices of producers in wheat and barley production in relation to climate change and their reasons
Cizelge 4. Ureticilerin iklim degisimiyle ilgili olarak bugday ve arpa iretiminde gesitli uygulamalari ve nedenleri

Number %
Date of soil plowing in the fall
Changed 96 82.8
Unchanged 20 17.2
Total 116 100
Why has it changed?
Climatic shift and change in rainfall regime 29 30.2
Late arrival of fall rains 40 41.7
Drought 27 28.1
Total 96 100
Base Fertilization time
Changed 97 83.6
Unchanged 19 16.4
Total 116 100
Why has it changed?
Delaying sowing 7 7.2
Climatic shift and change in rainfall regime 27 27.8
Late arrival of rainfall 37 38.1
Drought 26 26.8
Total 97 100
Sowing date
Changed 103 88.8
Unchanged 13 11.2
Total 116 100
Why has it changed?
Climatic shift and change in rainfall regime 25 24.3
Late arrival of fall rains 47 45.6
Drought 31 30.1
Total 103 100
Surface fertilization
Changed 85 73.3
Unchanged 31 26.7
Total 116 100
Why has it changed?
Climatic shift and rainfall regime change 28 32.9
Irregular spring rainfall 11 12.9
Drought, no rainfall 46 54.1
Total 85 100
Changes in spraying
Changed 68 58.6
Unchanged 45 38.8
No spraying 3 2.6
Total 116 100
Why has it changed?
Climatic shift, rainfall regime change, irregularity in rainfall 28 41.2
Drought 40 58.8
Total 68 100
Harvest time
Changed 80 69
Unchanged 36 31
Total 116 100
Why has it changed?
Harvest time varies according to temperature 15 18.8
Climatic shift and rainfall regime change 41 51.2
Drought 24 30.0
Total 80 100
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Table 5. Changes in producers' practices in wheat and barley production in 2012-2022
Cizelge 5. Ureticilerin bugday ve arpa (iretiminde 2012-2022 yillarindaki uygulamalarindaki degigiklikler

Date of soil plowing in the fall

Date of soil plowing in the fall 2022 Date of soil plowing in the fall 2012
September October November September October November
Number 1 26 89 16 99 1
% 0.9 22.4 76.7 13.8 85.3 0.9
Base Fertilization time
Base Fertilization time 2022 Base Fertilization time 2012
October November December September October November6
Number 20 95 1 9 100 7
% 17.2 81.9 0.9 7.8 86.2 6
Sowing date
Sowing date 2022 Sowing date 2012
October November December September October November
Number 18 93 5 10 100 6
% 155 80.2 4.3 8.6 86.2 5.2
Surface fertilization
Surface fertilization 2022 Surface fertilization 2012
January February = March April February March April
Number 1 4 21 90 2 23 91
% 0,9 3,4 18,1 77,6 1,7 19,8 78,4
Changes in spraying
Change in spraying 2022 Change in spraying 2012
January March April May February = March | April May
Number 2 4 100 7 2 6 100 5
% 1.8 35 88.5 6.2 1.8 5.3 88.5 4.4
Harvest time
Harvest time 2022 Harvest time 2012
July August June July
Number 111 5 15 101
% 95.7 4.3 12.9 87.1

This finding underscores the direct impact of rainfall conditions on producers' operational decisions.
Facing increasingly unpredictable weather conditions, producers may need to adjust their plowing practices
based on changes in fall rainfall. The timing of basal fertilization was changed by 84% of the surveyed
producers. The reasons for this change include delayed rains (38.1%), changing rain seasons (27.8%), and
drought (26.8%). In 2012, 86% of producers applied basal fertilizer in October. By contrast, in 2022, the same
producers performed basal fertilization in November. This change in practice indicates that producers are
attempting to minimize the negative impact of changing climate conditions on wheat/barley production and
optimize the use of available resources. According to the chi-square test, there is a significant relationship
between changes in the annual average spring rainfall and the timing of basal fertilizer application (x2 =5.15;
p=0.02). This finding shows that changes in the annual average spring rainfall have a statistically significant
effect on the timing of basal fertilizer application. This illustrates that for sustainable agriculture, producers are
making changes in their agricultural practices to adapt to climate changes. Producers (89%) changed their
sowing dates between 2012 and 2022 due to the delayed onset of fall rains (45.6%), drought (30.1%), and
changes in rainfall patterns (24.3%). Therefore, in 2012, most farms (86%) sowed wheat or barley in October.
However, by 2022, due to the effects of climate change, the majority of producers (80%) sowed wheat or
barley in November. Like the fall soil plowing date, the effects of climate change have caused a one-month
shift in wheat or barley sowing activities. The shift of sowing activities from October to November represents
a strategic adaptation aimed at optimizing crop growing conditions in light of new climatic realities. According
to the chi-square test results, there is a significant relationship between changes in the annual average spring
rainfall and the producers' decision to change the wheat/barley sowing date (x2 =7.99; p=0.005). Adjusting
the sowing date in response to changes in spring rainfall demonstrates the producers' sensitivity to specific
weather conditions affecting the germination, growth, and development of wheat and barley. By adjusting the
sowing time, producers aim to minimize risks associated with unpredictable weather conditions while
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maximizing the use of available resources. Surface fertilization is applied as early as possible during the
tillering stage of wheat or barley. 73% of producers have changed their Surface fertilization dates. The
primary reasons for this change between 2012 and 2022 are drought and reduced rainfall (54.1%), as well as
climatic shifts and changes in rainfall patterns (33%). In both 2012 and 2022, the majority of producers (78%)
applied Surface fertilization in April. However, in 2012, Surface fertilization was applied at the beginning of
April, while in 2022, this application took place towards the end of April. This monthly shift demonstrates a
strategic adaptation to optimize the efficiency of surface fertilization under changing weather conditions.
Thus, producers exhibit the ability to take flexible measures and optimize agricultural practices to maintain
productivity under variable weather conditions. According to the chi-square test results, there is a significant
relationship between windy days and the application of Surface fertilization by wheat/barley producers (x2 =
6.74; p = 0.03). This significant relationship indicates that weather conditions, particularly wind, impact
agricultural practices related to fertilization. Producers adjust their fertilization methods to windy conditions to
minimize losses and maximize input efficiency. Strong winds can cause uneven distribution of fertilizers,
affecting the uniform distribution of nutrients in the soil. Spraying dates were changed by 58% of the surveyed
producers. About 2.6% of the surveyed producers indicated that they did not perform any spraying. The
reasons given for changing spraying dates included drought, insufficient and irregular rainfall. In both 2012
and 2022, the majority of producers carried out spraying activities in April. Between 2012 and 2022, 69% of
producers changed their wheat or barley harvest dates. The main reasons for this change in harvest dates
were changes in rainfall patterns (51.2%) and drought (30%). In 2012, wheat or barley harvest began in June
and ended in July. However, in 2022, the harvest began in late July and ended in August. This adaptation
likely aims to optimize crop quality and yield despite the challenges posed by climate change. According to
the chi-square test results, there is a significant relationship between annual average temperature changes
and changes in wheat/barley harvest dates (x2 = 6.60; p = 0.03). This indicates that annual average
temperature changes influence producers' decisions to change harvest dates. Overall, annual average
temperature changes have a direct impact on producers' preferences regarding the timing of wheat or barley
harvests. 20% of surveyed producers reported knowing measures to counteract the adverse effects of
climate change but not implementing them. Irrigation, cover crops, mulching, and early warning systems are
the main measures producers are aware of but do not practice. 61% of producers cited the high costs of
purchasing and installing equipment as the reason for not taking measures to combat the effects of climate
change. Thus, there is a need for financially accessible solutions to encourage the adoption of adaptation
measures. Other barriers to implementing precautionary measures against the effects of climate change, as
cited by producers, include insufficient water resources and lack of land ownership (Table 6).

Table 6. Adaptation measures known to producers

Cizelge 6. Ureticiler tarafindan bilinen uyum énlemleri

Number %

Knowing but not practicing 23 19.8
Does not know 93 80.2
Total 116 100

If they are aware, what are they?

Number %

Irrigation 10 43.5
Early warning systems 3 13.0
Cover crops and mulching 4 174
Insurance 1 4.3
Irrigation and other (roof, green manure etc.) 5 21.7
Total 23 100

(If you are aware, why haven't you implemented them?

Number %

Water shortage 4 174
Cost, mistrust of insurance 16 69.6
Not his own land 3 13.0
Total 23 100.0
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CONCLUSION

In recent years, climate changes have negatively impacted the agricultural sector in various regions
of Tlrkiye, particularly in the Yalvag district. Wheat and barley producers in this district are acutely aware
of the climate shifts and are experiencing the effects intensely. The most notable perceptions are the
decrease in precipitation and the increase in temperatures in recent years. Producers have attributed the
decline in wheat and barley yields to drought, lack of rainfall, frost, and rising temperatures. To continue
producing wheat and barley and to ensure sustainable agriculture, producers have adopted a series of
measures to adapt to the impacts of climate change. These measures include changes in sowing dates,
fertilization, and harvesting. There is a need for the support of Provincial/District Agriculture Directorates
to address the producers' knowledge gaps and assist them in adapting to climate change. These
directorates should plan and implement new training and extension programs aimed at enhancing the
capacity and resilience of producers to adapt to climate change, in collaboration with local stakeholders.
Efforts should focus on disseminating best practices and successful applications, addressing emerging
issues during adaptation, and providing education and extension activities in these areas. Organize
participatory training workshops where producers can share their experiences and learn from one another
about the impacts of climate change. These workshops should include testimonies from producers who
have successfully implemented adaptation measures. Establish demonstration plots where producers can
observe the positive effects of climate-adapted agricultural practices, such as the use of resistant crop
varieties or water management techniques, in real-time. Collaborate with local radio stations,
newspapers, and other community media to regularly disseminate information about climate change and
its impact on agriculture. Working with research institutes and climate change experts to plan and
implement region-specific and locally tailored special training programs will also provide significant
benefits. Research and development efforts on climate-resilient varieties should be accelerated. These
programs can be tailored to the specific needs of producers and cover topics such as best sustainable
agricultural practices, water management, energy-efficient irrigation techniques, and other climate
adaptation strategies. Such extension activities will enable producers to continue producing wheat and
barley amid climatic changes and ensure the sustainability of agriculture. The government should take the
necessary measures and accelerate new incentive and support policies regarding financial assistance.
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ABSTRACT

Objective: This study was carried out to determine the applicability of the ridge
sowing method and the appropriate sowing density for chickpeas on existing ridges
after cotton under rain-dependent conditions.

Material and Methods: The trials were carried out at split randomized block design
with three replications. Two planting methods (ridge planting and conventional
planting), and five planting density (30, 35, 40, 45 and 50 seed per square meter)
were discussed as application issues.

Results: It was determined that ridge planting method was better than conventional
planting method in terms of investigated characters as days to 50% flowering, days
to maturity, plant height, first pod height, primary branches plant-1 and anthracnose
disease value in the study. It was seen that seed yields were affected less from
environmental climate changes for ridge planting method, and anthracnose disease
value occurred at lower ratio compared to conventional planting. It was determined
that the convenient planting density of chickpea was 40 seed per square meter for
conventional planting and 45 seed for ridge planting in the economic analysis.

Conclusion: The average yield of the conventional planting method after cotton
using the appropriate planting density (2081.7 kg ha™®) was found to be 6.2% higher
than the yield of the ridge planting method (1960.0 kg ha™). However, in the
economic analysis, it was determined that ridge planting was 9.2% more profitable
than the conventional planting method in terms of net income.

0z
Amag: Bu galisma yagisa dayal kosullarda pamuk sonrasi mevcut sirtlara nohutta

dogrudan ekim yonteminin uygulanabilirligi ve uygun ekim sikhiginin belirlenmesi
amaciyla urttulmustur,

Materyal ve Metot: Tarla denemeleri tesadUf bloklarinda bélinmis deneme
desenine gore Ug tekerrtirli olarak kurulmustur. Uygulama konulari olarak iki ekim
yontemi (sirta ve konvansiyonel ekim) ve bes ekim sikligi (metrekareye 30, 35, 40,
45 ve 50 tohum) ele alinmistir.

Bulgular: Arastirmada %50 ¢igeklenmeye kadar gegen glin sayisi, olgunlagsma
gun sayisi, bitki boyu, ilk bakla yiksekligi, bitkide ana dal sayisi ve antraknoz
hastalik degeri agisindan sirta direk ekim yonteminin geleneksel ekim yéntemine
gore daha iyi oldugu belirlenmigtir. Dogrudan sirta ekim ydnteminde tohum
veriminin cevresel iklim degisikliklerinden daha az etkilendigi ve geleneksel ekime
gore antraknoz hastalik ¢ikisinin daha disiik oranda olustugu goriimistur. Yapilan
ekonomik analizde geleneksel ekim icin metrekareye 40 tohum yeterli olurken,
dogrudan sirta ekimde 45 tohumun yeterli oldugu ortaya konulmustur.

Sonug: Sonug olarak, nohutta uygun ekim sikligi kullanilarak pamuk sonrasi
geleneksel ekim yontemin ortalama verimi (2081.7 kg ha®) sirta ekim yontemi
veriminden (1960.0 kg ha') %6.2 daha yiiksek bulunurken, yapilan ekonomik
analizde net kazang bakimindan ise sirta ekiminin geleneksel ekim yéntemine gére
%39,2 daha karli oldugu belirlenmistir.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is one of the first plants that are cultivated in the world. Gene center is
East Mediterranean Region which Tirkiye also has taken part in (Akcin, 1988). Chickpea is ranked at second
after bean among legumes that are produced in the world, and also ranked as the second with 480.000-ton
production in Turkiye (FAOSTAT, 2022). Chickpea has a significant role for human nutrition because
chickpea seeds include high protein ratio (15-32%), and high carbohydrate ratio (50-74%), and are rich in
terms of P, Ca, Fe minerals, and vitamins such as A, B, and niacin (Jukanti et al., 2012). Besides, chickpea’s
value increases in more and more nowadays because it has a character that it can fix air’s free nitrogen such
as other legumes, and it increases the significance of environmental and sustainable agriculture.

Besides using natural sources as effective and efficient, applying techniques which can help to
develop people who produce in terms of socio-economically, are obligatory for the sustainability of
agricultural production. Southeastern Anatolia Region is a region where has a high production potential,
various products can be cultivated in terms of ecological conditions. In the region, cotton-legumes (lentil
and chickpea) or corn-legumes rotation system have appeared gradually instead of wheat-cotton, and
wheat-corn rotation system at irrigable fields in terms of protecting agricultural soils and natural balance.
Harvesting of cotton and corn cultivated as a second crop in the region, and falling rain at autumn early,
or region’s climate continues to be arid can hinder preparation of convenient seed bed for lentil and winter
chickpea and planting timely for some years. Because of that, reduced tillage and applying ridge planting
methods has become prominence for crops that have taken at planting alternation day by day.

According to the conducted study results, when production systems were compared yield obtained
from ridge planting remained at the same rate or increased a little with respect to conventional tillage
(Aykas et al., 2010). As a result of this, production costs are saved up largely for ridge planting (Yalgin et
al.,, 1997). Besides, soil erosion decreases, water loses occurred from soil surface with evaporation
decrease, and soil characteristics improve (Yuan at al., 2009). In Turkiye, studies related with ridge
planting applications have been carried out for ten years. Generally, these studies are related with
irrigated farming. There are not enough ridge planting studies related with dry farming and legume
cultivation. In contrast to traditional agriculture, ridge planting method is a method of planting seeds
directly into uncultivated soil with special teams and equipment, leaving the post-harvest residues of other
plants as cover in the field without cultivating the soil. Thanks to this method, the risk of erosion is
reduced, the soil does not lose moisture, time saving increases and carbon emissions are reduced. Thus
it is a sustainable agriculture method. Planting density, as in other plant species, is one of the important
environmental factors affecting the yield potential in chickpea. For this reason, the most suitable planting
density should be determined in order to obtain maximum yield in different planting methods.

This study aimed to determine the applicable of ridge planting method for chickpea and the most
convenient planting norm for ridge planting at chickpea planting rotation after cotton under Southeastern
Anatolian Region.

MATERIALS and METHODS
Experiment conditions

The field experiments were conducted during 3 consecutive growing seasons (2010-2011, 2011—-
2012 and 2012-2013) at the GAP International Agricultural Research and Training Center, Diyarbakir
under natural rainfall conditions. The soil of experiment field is clayed-loamy, medium-saline in terms of
total saline value (0.400%), its organic substance is little (1.66), it has strong alkaline (Ph:8.07) in terms of
soil reaction, is calcareous at medium level (7.93%), has little phosphor (33.8 kg ha™) that is efficient and
can be used from the plant. Diyarbakir where the experiment was conducted has continental climate. It is
quite hot and dry in summer and cold, little rainy in winter. While the temperature averages of Diyarbakir
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for chickpea vegetation period were 13.9, 14.9 and 20.0°C, rainfall were 550.6, 405.1 and 680.6 mm
respectively in the experiment years (Table 1).

Experimental Design

Diyar 95 chickpea variety was used as a material. The field trial was carried out at split
randomized block design with three replications. Two planting methods (ridge planting and conventional
planting) and five different planting density (30, 35, 40, 45 and 50 seed m'z) were tested as application
issues. Planting method was placed in main plots, planting densities were placed in sub-plots. For ridge
planting; after cotton harvest, cotton straws were cut up with stalk cutter and two rows (inter-row was 15
cm) were cultivated with modified sowing machine at the top of the ridges which were grown cotton at
present 70 cm range. For conventional planting; after cotton was harvested, and soil was cultivated with
plough + cultivator + dredge cultivation was applied in 8 cm depth with plot sowing machine and interrow
was 30 cm. Sowings were made at the first week of November for all three years. Average 40 kg N and
60 kg P,Os used per hectare with sowing in the study. Experiments’ harvest was applied with experiment
plot combine harvester at the last week of June. In the study, days to 50% flowering, days to maturity,
plant height, first pod height, primary branches plant™, pods plant*, seeds plant™, 100 seed weight, seed
yield, anthracnose disease value observations were taken.

Table 1. Climatic data of research area (Anonymous, 2013)

Cizelge 1. Arastirma yerine iliskin iklim verileri (Anonymous, 2013)

Meteorological Vear Months

parameters October November December January February March  April May June

2010/11 26.9 18.1 11.2 6.6 35 4.7 9.0 12.9 17.6

Mean temperature ~ 2011/12 25.0 16.4 6.4 2.3 2.4 2.0 52 152 196

(°C) 2012/13 26.1 18.5 12.0 5.1 2.7 6.1 9.5 14.5 19.0

LT 24.9 17.2 8.9 3.7 1.6 35 8.3 13.7 19.1

2010/11 0.4 63.0 0.0 48.0 40.0 49.9 46.6 209.0 80.1

Total rainfall 2011/12 9.2 11.8 73.0 40.2 78.3 744 440 262 410

(mm) 2012/13 1.8 107.4 83.2 160.8 82.2 85.2 19.8 394 98.0

LT 4.2 33.6 54.1 72.1 64.0 72.7 69.5 62.8 40.1

2010/11 27.7 56.1 40.5 68.5 73.1 69.1 56.1 75.6 67.8

The average 2011/12 30.4 41.5 58.5 73.9 84.5 68.2 58.6 584 582
relative humidity

(%) 2012/13 23.3 55.1 77.3 85.4 83.8 82.3 62.7 63.6 61.7

LT 31.0 48.0 68.0 77.0 77.0 73.0 66.0 63.0 56.0

LT: long term (1991-2020).
Statistical analysis

Bartlett's x2 test was used to verify homogeneity of error variance in the combined analysis. Since
the variances of the three years' data were homogeneous, a combined analysis was performed on the
data. The results obtained from the study, which was conducted with three replications according to the
split parcel experimental design in randomized blocks, were subjected to analysis of variance with the
JMP 13.2.0 statistical package, and groupings between the subjects were made according to the LSD
test (Little & Hills, 1978; Yurtsever, 1984; Duzgunes et al., 1987).

RESULTS and DISCUSSION
Days to 50% flowering and maturity

In the variance analysis that was applied for days to maturity, and days to 50% flowering, while
planting method, planting density, and year factor were found significant as P<0.01 for both characteristics,
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and year*planting interaction was found significant as P<0.01 for only days to maturity, other interactions
effects were found non-significant (Table 2). Year was found as significant statistically in terms of days to
maturity and flowering time. The average values of planting method, planting density, and year*planting
method interaction were grouped as at 1% level and they were given at Table 3.

Table 2. ANOVA results of yield and yield components of chickpea grown under different planting methods and planting densities

Cizelge 2. Farkli ekim yb6ntemi ve ekim sikliklarinda yetistirilen nohutta verim ve verim komponentlerine ait varyans analiz sonuglars

Sourceof Mean Square (MS)
Variance FN DM PH FPH BN PN SN 100- SW SY
Y 2 2869.2**  219.5** 104.3** 121.6** 0.44* 274.2** 231.8** 141.24** 26446.6**
R (Y) 6 0.17 0.61 9.24 2.7 0.01 11.6 8.43 1.69 219.7
M ! 102.4** 96.1**  872.2** 892.4**  0.45** 28.2* 26.2* 0.82ns 3317.5*
Y xM 2
0.10ns 0.6** 84.07* 134.1* 0.13*  475.5** 504.4** 0.34ns  27948.1*
Erorl 6 0.17 0.06 12.11 2.97 0.02 2.26 2.79 0.17 147.1
D 4 3.2%* 3.1** 4.51ns 0.61lns 0.04ns 27.2** 18.09** 0.25ns 4497.6**
Y xD 8 0.70 ™ 0.64" 592™  4.04™ 0.01™ 1.5 1.98™ 0.51"™ 215.2"™
M x D 4 0.18" 0.13™ 251™ 3.21™ 0.01™ 1.5 6.41"™ 0.08" 286.5™
YXMxD 8 0.09" 0.16™ 4.00™ 2.13™ 0.01™ 0.99™ 3.25™ 0.10™ 94.0"™
Error 2 48 0.38 0.49 6.27 2.31 0.19 2.1 2.89 0.32 184.3
General 89
CV (%) 1.1 1.0 4.1 4.7 4.9 5.4 5.9 1.4 6.7

*: 0.05, **: 0.01 Significant; ns: non-significant

Y: Year; M: Planting methods; D: Plant Density; Y x M: Year and Planting Method interaction; Y x D: Year and Plant Density interaction;
M x D: Planting method x Plant Density interaction; Y x M x D: Year, Planting method and Plant Density interaction DF: Degree of
freedom; CV: Coefficient of variation; FN: days to 50% flowering; DM: days to maturity; PH: Plant height (cm); FPH: first pod height
(cm); BN: primary branches plant™; PN: pods plant™; SN: seeds plant™; 100-SW: 100 seed weight; SY: seed yield ha™.

When Table 3 was examined the shortest flowering (112.3 days) was found in 2012 by years, the
shortest days to maturity (180.8 days) was found in 2013, the longest flowering (131.8 days) and days to
maturity (185.8 days) were found in 2011. The shortest flowering (120.5 days) and days to maturity
(181.7 days) were obtained for ridge planting method. It was thought that the earliness of ridge planting
method stemmed from earlier planting appearance, airing better plant's root zone at rainy periods and
fast plant developing. Average days to maturity changed between 179.6 and 186.9 days for year*planting
method interaction which was found significant statistically in terms of days to maturity. While the earliest
days to maturity was determined for ridge planting method in 2013 as 179.6 days, the latest days to
maturity was determined for conventional planting method in 2011 as 186.9 days. It was thought that this
difference between days to maturity resulted from temperature and moisture ratios on May and June in
the years in which the study was conducted. Van Der Maesen (1972) reported that air humidity has an
effect on chickpea’s flowering, and flowering late at the high ratio of moisture. It was seen that average
days to 50% flowering changed between 120.1 and 122.1 days, days to maturity changed between 182.1
and 183.2 days. As plant number increases per square meter, days to maturity and days to 50% flowering
increase too. The highest values for both characteristics were determined for 45 seed m™ planting
density, the lowest ratios were determined for 30 seed m* planting density. Similar to our findings some
researchers reported that when plant number increases per square meter, maturation and flowering
increase too (Pramanik et al., 1990; Yigitoglu, 2006).
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Table 3. Effect of different planting method and planting density on agronomic parameters of chickpea

Cizelge 3. Farkli ekim ybntemi ve ekim sikliginin nohutun agronomik parametrelerine etkisi

Factor Characteristics
Year (Y) FN DM PH FPH
2011 131.8+0.21° 185.8+0.19° 59.6+1.08" 34.0+£1.09°
2012 112.3+0.25° 181.6+0.26" 59.0+0.56" 29.9+0.46°
2013 120.7+4.53° 180.8+4.53° 62.5+0.56" 31.8 +0.40°
Planting method (PM)

Conventional Planting (CP) 122.7+1.21° 183.7+0.35% 57.2+0.50° 28.7 +0.26"
Ridge planting (RP) 120.5+1.20° 181.7+0.34 63.5+0.45% 35.9 +0.54%
Plant Densities (D)

30 seed m? 121.0+1.90° 182.1+0.57° 60.6+1.05 32.0+0.86
35 seed m? 121.6+1.92° 182.7+0.57" 60.6+1.08 32.2+1.08
40 seed m” 121.5+1.99° 182.7+0.65" 60.9+1.06 31.9+1.05
45 seed m? 122.1+1.95% 183.2+0.57% 60.3+1.08 32.0+1.01
50 seed m? 121.8+2.00a" 182.8+0.66a" 59.6+1.08 31.7+1.09
Year * Planting method
2011 * CP 132.9+0.18 186.9+0.18% 54.6+0.64° 28.4 +0.44°
2012 * CP 113.3#0.15 182.4+0.15° 56.5+0.93° 27.7 +0.56"
2013 * CP 121.940.12 181.9+0.16" 60.6+0.52" 30.2 +0.20°
2011 *RP 130.7+0.15 184.7+0.15" 64.6+0.39° 39.5 +0.33%
2012 * RP 111.3+0.21 180.7+0.22° 61.5+0.56 32.2+0.43"
2013 *RP 119.7+0.21 179.6+0.25" 64.3+0.70° 33.4 +0.36"

abe y/alues within a column with different superscripts differ significantly at P<0.01, ; FN: days to 50% flowering; DM: days to
maturity; PH: Plant height (cm); FPH: first pod height (cm); BN: primary branches plant™.

Plant height and first pod height

In the variance analysis applied for plant height and first pod height values, year and planting
method were found significant at p<0.01 for both characteristics. But year*planting method interaction
was effective at p<0.05 significance level, planting density and other interactions were not statistically
significant (Table 2). Planting method that was found significant and the average values and comparisons
of year and year*planting method interaction and planting densities were given at Table 3.

While the highest plant height (62.5 cm) was determined in 2013 year, the highest pod height (34.0)
was determined in 2011 regarding years which were found statistically significant and grouped the
discrepancies. When planting methods were compared in terms of plant height and first pod height, the
highest plant height (63.5 cm) and first pod height (35.9 cm) was determined for ridge planting method. In
2011, the year*planting method interaction was determined. It was found that plant height affected less from
changing climate factor for the ridge planting method, and average plant heights for ridge planting method
for both three years were at the same group statistically (Table 5). Tisdall and Hodgson (1990) reported that
ridge surfaces were provided a good airing, and because of that they did not prevent plant development.

Pod and seed number per plant

The variance analysis results which were applied on pod and seed number values per plant
showing the effect of ridge planting method on chickpea seed yield are given in Table 2. The year, plant
density and year*planting method interaction were found significant at P<0.01 and plant method was
found significant at P<0.05. However, plant density and other interactions were found non-significant for
two characteristics. The highest number of pods and seeds per plant were determined in 2012 year, and
the lowest values were found in 2011year in terms of years. Pod and seed number per plant obtained
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from conventional planting method (27.5 pod and 29.2 seed) were higher than ridge planting method
(26.4 pod and 28.1 seed) in terms of planting methods. Pod number per plant changed between 20.1 - 33.6
pods, seed number changed between 21.9 and 35.4 seeds for year*planting method interaction which
was found statistically significant.

The highest values were found for conventional planting method in 2012, the lowest values were
found conventional planting method in 2011 for two characteristics (Table 4). Hence, it was seen that
chickpea’s pod and seed number per plant were affected less from changing climate factors.

Table 4. Main effects of sowing method and sowing density on agricultural characteristics of chickpeas

Cizelge 4. Nohutta ekim yéntemi ve ekim sikliginin tarimsal 6zellikler Gzerindeki ana etkileri

Factor Characteristics
Year (Y) BN PN SN 100-SW SY
2011 2.9+0.01° 23.520.74° 25.5 +0.78° 40.8£0.15" 1691.6+68.01°
2012 2.8 +0.03° 29.1 £0.88% 30.8 £0.90% 37.4£0.08° 2267.5+45.35%
2013 2.7 +0.09° 28.3 £0.09* 29.7 £0.09" 41.4+0.09% 2103.2+4.535°
Planting method (PM)
Conventional Planting (CP) 2.8 +0.02° 27.50.90% 29.2 +0.90° 40.0£0.27 2081.7£79.53°
Ridge planting (RP) 2.9 £0.02* 26.4 +0.31" 28.10.32° 39.8+0.28 1960.0+28.60"
Plant Densities (D)
30 seed m? 2.9+0.04 28.5+1.23* 29.7 £1.20° 39.8+0.47 1829.7+82.43°
35 seed m2 2.9+0.04 27.5£1.10% 29.3 £1.12% 39.9+0.45 1880.4+83.53°
40 seed m? 2.9+0.03 27.3 +1.06™ 28.9 +1.08% 39.9+0.48 2143.0+91.02%°
45 seed m? 2.8+0.04 26.3 £0.94° 28.3 £0.99" 40.0£0.43 2183.2+96.49°
50 seed m 2.8+0.04 25.3 +0.95° 27.1 +0.94° 39.8+0.41 2067.6+100.2°
Year * Planting Method
2011 * CP 2.9+0.02* 20.1 £0.61° 21.9 £0.61° 40.8+0.19 1416.2+44.36°
2012 * CP 2.7+0.02" 33.6 £0.48% 35.4 £0.54° 37.6+0.23 2589.3+57.48°
2013 * CP 2.60.03° 28.9 +0.50" 30.3 +0.56" 41.60.11 2238.0+49.44°
2011 * RP 2.9+0.04% 27.0 £0.30° 29.1 +0.31° 40.8+0.12 1966.5+43.86°
2012 * RP 2.9+0.03* 24.6 £0.54° 26.2 +0.58° 37.3£0.12 1946.8+58.68°
2013 * RP 2.7+0.03" 27.6£0.52" 29.0 £0.46° 41.3x0.12 1968.4+49.66°

ab,c

Values within a column with different superscripts differ significantly at P<0.01, BN: primary branches plant®; PN: pods plant™;
SN: seeds plant™; 100-SW: 100 seed weight; SY: seed yield ha™.

In terms of total pod and seed number; 30 plant m™ of plant density gave the highest values (28.5
pod and 29.7 seed) and followed by 35 seed m? of plant density, whereas the lowest value was obtained
from 50 seed m™ of plant density. It was observed that when plant density increased, branching per plant
decreased, and therefore pods and seed number per plant decreased. Some researchers also reported
that when plant number increased per square meter, pod number per plant decreased (Akdag, 1985;
Brandon et al., 1998; Regan et al., 1999; Liu & Gan, 2001).

Seed yield

In the variance analysis which was arranged for seed yield values at unit area; year, planting method,
planting density and year*planting method interaction effects on seed yield were found statistically significant
(p<0.01). But the other interactions between factors (Y*D, M*D, Y*M*D) were found non-significant (Table 2).
The highest seed yield (2267.5 kg ha'l) was obtained in 2012 when total rainfall ratio was the lowest, but the
distribution of precipitation was more regular. The lowest yield (1691.6 kg ha™) was obtained in 2011 when
the distribution of precipitation was irregular (Tables 1 & 4). This case showed that the distribution of
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precipitation which dropped at plant vegetation period on seed yield was more effective than total rainfall ratio
(Aykut Tonk at al., 2011). Planting methods were compared in terms of seed yield at unit area; it was
determined that conventional planting method (2081.7 kg ha'l) was higher than ridge planting method
(1960.0 kg ha™). In the study while the highest seed yield (2589.3 kg ha™) was obtained from conventional
planting method in 2012, the lowest seed yield (1416.2 kg ha'l) was obtained from conventional planting
method in 2011 for year*planting method interaction that was found statistically significant.

While there were significant changes in climate parameters such as humidity, temperature and total
rainfall during the chickpea growing season in which the study was conducted, the difference between the
yields of the ridge planting method was not statistically significant and they were in the same group.
However, the difference between the yields in the conventional planting method was significant and they
were statistically in different groups. Thus, it can be said that the ridge planting method is less affected by
changing climate factors than the conventional planting method (Table 4). Similar results reported by Roy
et al. (2014) that chickpea sown without seed bed preparation with Pantnagar zero till drill produced the
highest seed vyield followed by zero tillage after removal of stubble. Stringi et al. (2004) compared the
performance of chickpea under no tillage, mulch tillage and conventional tillage and found that average
grain yield was significantly higher under no tillage than conventional tillage. But no significant differences
were recorded between mulch tillage and conventional tillage.

Combined data presented in Table 4 showed that, seed yield was affected by plant densities. The
highest seed vyield (2183.2 kg ha™) was obtained from 45 seed m? for the average of two planting
methods in terms of planting density and followed by 40 seed m™. Whereas the lowest value was
obtained from 30 seed m™. In the combined of the three years, it was determined that 40 seed m was
convenient for conventional planting method and 45 seed m™for ridge planting method.

100 seed weight

According to Table 2, results of statistical analysis indicated that, year had a significant effect on
100 seed weight, but effects of planting method, planting density and interaction were not found
significant. The highest 100 seed weight (41.4 g) was found in 2013 when May was rainy and the
distribution of precipitation was more regular, the lowest value (37.4 g) was found in 2012 in terms of
years. It was thought that the rainfall was low on April and May when chickpeas were in chickpea’'s
flowering, and pod setting periods in the region in 2012, short time arid stress stemmed from high
temperature values had a negative effect on 100 seed weight. Similar to our findings, some researchers
also reported that chickpea’s 100 seed weight changed depending on changes occurred environmental
factors (Bozoglu, 1995; Akdag, 2001; Turk & Sagir, 2001; Dizdemir et al., 2007).

Anthracnosis disease (Ascochyta rabiei)

Disease assessment was based on the 1-9 rating scale which was modified for seedling bioassays
from Reddy & Singh (1984). The average value of anthracnose disease (Ascochyta rabiei) at different
planting densities for chickpea’ s conventional and ridge planting method were given at Table 5.

When examining Table 5, it was seen that year and planting method had an effect on anthracnosis
disease for chickpea, but planting density did not have any effect. The highest disease value was seen in
2011 when spring rainfall and moisture ratio were high for both planting methods in terms of years.
Disease values for ridge planting method was lower than conventional planting method disease values at
all three years in terms of planting methods. Similar result was reported by Kanouni et al. (2011) who
reported environmental conditions have important effect on the lifecycle of A. rabiei, the infection process
and disease development. In terms of anthracnose disease, ridge planting method was quite
advantageous than conventional cultivation method in years with high rainfall and humidity for the winter
chickpea sowing.
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Table 5. Anthracnosis (Ascochyta rabiei) values (1...9 rating scale)) of chickpea grown under different planting method and planting density

Cizelge 5. Nohuttun farkli ekim yéntemi ve ekim sikliklarindaki antraknoz hastalik degerleri (1...9skalasi)

) ) . Years
Planting Method Planting Densities
2011 2012 2013

30 seed m™ 5 3 3
35 seed M 5 3 3

Conventional Planting 40 seed nT2 5 3 3
45 seed M 5 3 3
50 seed M 5 3 3
30 seed m™ 3 1 1
35 seed m™ 3 1 1

Ridge Planting 40 seed m™ 3 1 1
45 seed m™ 3 1 1
50 seed M 3 1 1

1: healthy plant, no disease; 3: lesions easily seen, but plant is mostly green; 5: lesions girdle stems, most leaves show lesions.
Economic analysis

The vyield averages of three years were regarded to compare applied methods economically and
partial budgeting method was used (Keklikci, 1994). The 2013 cultivation period data belong to Provincial
Directorate of Food Agriculture and Livestock and Chamber of Agriculture were used for machine hire
costs and inputs that were used during the experiments. While expenditures were calculated production
area was assumed as it was a property. So, fields hire cost excluded in input costs. As seen input-output
costs were given in Table 6. The highest net income for unit area was determined for ridge planting
method as 1720 TL ha™. When methods’ output/input ratios were analyzed, the highest value was seen
for ridge planting method as 3.17. According to this result; ridge planting method was determined as 9.2%
more profitable than conventional planting method. Similar results were also recorded by Banjara et al.
(2017). They observed gross return was also higher under minimum tillage and line sowing of seeds after
harvesting of rice, but net return and B:C (2.96) ratio were highest under zero tillage direct drilling of
seeds. Up to 40% energy saving is achieved in the zero tillage method, which is an application of direct
seeding (Aykas et al., 2005).

Table 6. Input output quantity of chickpea grown under different planting methods and planting density (TL ha-')

Cizelge 6. Fakii ekim yontemi ve ekim sikliginda yetistirilen nohuttun girdi ve ¢ikti miktarlari (TL ha-")

Conventional planting method Ridge planting method

Average Yield (kg ha®) 2081.7 1960
Gross Income (TL ha™ 3123 2940
Total Variable costs (TL ha™) 1296 926
Net Income (TL ha™) 1575 1720
Output / input ratios 2.41 3.17

CONCLUSIONS

It was seen that ridge planting method did not give a significant yield difference at base ridges for
chickpea’s planting alternation after cotton when compared to conventional planting method. However,
when economical evaluations were applied between average vyields, ridge planting method at present
ridges was more economical than conventional planting method for income/expenditure ratios. At
alternation (cotton-chickpea, or second crop corn-chickpea) system, preparing seed bed at regions where
it is a matter for winter chickpea planting after cotton that leaves the field lately in fall and corn as the

84



Effects of conventional and ridge planting methods at different plant densities on yield and yield components in chickpea

second crop, the most convenient seed bed was left by ridge planting method at base ridges. It was
determined that convenient planting density for chickpea was 40 seed per square meter for conventional
method, and 45 seed for ridge planting. Ascochyta rabiei, the most serious chickpea disease worldwide,
was less common in the ridge planting method due to air circulation in the spaces between the ridges.
Also ridge planting method decreased water interception damage which occurred because of water
accumulation in fields that are heavy textured, and its levelling was out of order, and provided earliness.
As a suggestion, the ridge sowing method can be applied by growers for winter chickpea planting in areas
where cotton-chickpea rotation is applied, both in terms of planting time and field traffic and because it is
more economically suitable.
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Amag: Bu cgalismada, tarimsal faaliyetler sonucu ortaya c¢ikan plastik atiklar

konusunda ciftgilerin géris ve tutumlarinin incelenmesi ile sirdurilebilir bir atik
yonetimi programi benimsemeye yatkinliginin ortaya konmasi amaglanmistir.

Materyal ve Yontem: Arastirma verileri, izmir ilinde 120 ciftgi ile yapilan
anketlerden elde edilmistir. Arastirma verilerinin analizinde, En iyi-En kotl
analizi ve Ikili Logit Model ydntemlerinden yararlaniimigtir.

Arastirma Bulgulan: Ciftgilerin %95'i atik yonetimi konusunda egitime ihtiyaci
oldugunu, %46,7’si ise plastik atiklar konusunda yeterince tedbir almadigini
belirtmektedir. Logit model sonucuna gore, ciftcilerin plastik atik konusunda
duyarliligini etkileyen faktorler, atiklarin minimum diizeyde olmasi ve geri
donustirtlmesini Glke ekonomisi icin dnemli gérmesidir.

Sonug: Tarimda, plastik atik kullanimi ve geri dénlisim konusunda farkindalik
yaratacak, takdir ve tesvikin bir arada olacagi, basarinin &dullendirilecegi,
Ureten-tuketen-bertaraf eden paydaslarin katilimi ile sirdurllebilir bir atik
yonetiminin basarilacagi politikalara ihtiya¢ duyulmaktadir.

ABSTRACT

Objective: In this study, it is aimed to examine the opinions and attitudes of the
farmers about the plastic waste generated as a result of agricultural activities
and to reveal their tendency to adopt a sustainable waste management
program.

Material Method: Research data was obtained from surveys conducted with
120 farmers in lzmir province. Best-Worst analysis and Binary Logit Model
methods were used in the analysis of the research data.

Results: 95% of farmers state that they need training on waste management,
and 46.7% state that they do not take enough precautions about plastic waste.
According to the logit model result, the factors affecting farmers' sensitivity to
plastic waste are that waste is at a minimum level and they consider recycling
important for the country's economy.

Conclusion: In agriculture, policies are needed that will raise awareness about
plastic waste use and recycling, where appreciation and encouragement will be
together, where success will be rewarded, and where sustainable waste
management will be achieved with the participation of producing-consuming-
disposing stakeholders.
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GiRIS

Tarim sektérinde verimliligi artiran plastiklerin roli ve katkisi giderek artmaktadir. Oyle ki
glniimiizde plastikler, tim yil veya sezon boyunca tarimsal faaliyetlerde kullaniimaktadir. Plastikler
tarimda, olumsuz hava kosullarindan korunma, su ve arazilerin daha verimli kullaniimasi, Uretimin
kalitesinin ve miktarinin artmasi, hastalik, zararl, yabanci ot vb. ilaglarin kullaniminin azaltiimasi,
urdnlerin ve gidalarin korunmasi, ambalajlanmasi, guvenligi gibi risklerin 6nlenmesinde etkilidir
(Briassoulis et al., 2014). iklim degisikligine uyum ve artan kiiresel niifusun da tarimsal plastik
kullaniminda artisa neden olmasi beklenmektedir. Ancak, bu plastik malzemeler, tarimsal faaliyetlerde
kullanim alaninin yayginlagmasi ve verimliligi dnemli dlclide artirmasina ragmen, ekosistem dengesinde
ve gevre Uzerinde giderek artan negatif digsallik ve etkilere de neden olmaktadir.

Tarnimda, dretim miktari artisina paralel olarak ortaya ¢ikan atik miktarlari da dogrusal olarak
artmaktadir. Tarimsal kaynaklardan c¢evreye sizan plastik miktari tam olarak bilinmemekle birlikte,
bunlarin hem ekosistem hem de bireyler Uzerinde ne ©Olgide olumsuz etkiler yaratabilecegi
netlesmektedir. Tarimsal Uretimde her yil tahminen 12,5 milyon ton plastik Grtin kullanildigi ve bunun
yaklasik %60'in1 plastik filmlerin olusturdugu belirtimektedir. Tarimda, yilda toplam 10 milyon tonla
bitkisel Uretim ve hayvancilik sektorlerinin en buyuk kullanicilar oldugu, bunu balikgilik ve su Urunleri
yetistiriciligi ile ormanciidin takip ettigi tahmin edilmektedir (FAO, 2021). Bu da, hem amaglanan
kullanimlari sirasinda hem de faydali émirlerinin sonunda, topragin tarimsal plastik Griinler igin baskin
alici oldugunu gostermektedir.

Bdlgesel diuzeyde konuyla ilgili sinirli veri olmasina ragmen, Asya'nin tarimsal plastiklerin en biyuk
kullanicisi oldugu ve yalnizca Cin'in yilda en az 6 milyon ton urettigi distntimektedir. Dahasi, artan gida
talebini karsilamak igin seracihdin ve malglama uygulamalarinin artmasinin bir sonucu olarak Asya'da
tarimsal plastiklere olan talebin artmasi beklenmektedir (FAO, 2021).

Tarimda, hem bitkisel ve hem de hayvansal retim faaliyetleri sonucunda tehlikeli ve tehlikesiz plastik
atiklar ortaya ¢ikmaktadir. Ciftcilerin tarimsal atiklari yok etmesinin geleneksel yolu ise, onu terk etmek,
kullanip atmak vb. davranislardir. Genellikle pestisit siseleri, tohum, giibre vb. girdi ambalajlan, toprak
malglamada, paketlemede kullanilan plastikler, sulama ve drenaj borulari igin kullanilan plastik malzemeler
ya acik alanda yakilmakta, ya topraga gdémulmekte ya da tarlalara veya nehre, dereye, godle vb.
birakilmaktadir. Tarimsal plastiklerin uygun olmayan sekilde bertaraf edilmesi ise, toprak ve su kirliligine,
zararll maddelerin ve hava Kkirleticilerin serbest birakilmasina, gida Kkirlilidine, toprak kalitesinin
etkilenmesine, ayrica estetik kirlilige ve tarimsal ekosistemin bozulmasina neden olmaktadir (Gomez, 2008;
Briassoulis et al., 2013; Glindogdu & Kaydan, 2019b). Sera naylonu, gibre torbalari ve bos zirai ilag kaplart,
ekim alaninin yakininda toplanana kadar agikta kalmakta ve bu da nehir, gol gibi yeristu su kaynaklarina
sizma riski tagimaktadir (Sheavly, 2005; Andrea et al., 2020). Seralar, algak tiineller, malglama, kaplama ve
silaj filmleri sokildiiginde biyiik ve artan miktarlarda plastik atik ortaya gikmaktadir. Ozellikle plastik
filmlerin (sera, malglama, solarizasyon, silaj islemleri vb.) kalinliklari, glines isinlarina ve pestisitlere maruz
kalmalari, sicaklik ve bagil nemdeki degisiklikler, rizgar ve yagdis nedeniyle mekanik 6zellikleri giderek
bozulmaktadir. Bu plastik filmlerin bozulmalari kullanim émirlerinden sonra da devam etmektedir (Picuno,
2014; Andrea et al., 2020).

Bitkisel faaliyetler gibi hayvancilik isletmelerinde de plastik atiklar ortaya gikmakta olup, bazi
tehlikeli plastik turleri; tedavi vb. amaciyla kullanilan enfekte hayvanlara temas etmis tibbi eldivenler,
bandajlar, bos ilag veya asi siringalari, kullaniimig ilag kaplari (antibiyotikler, vitaminler, mineraller ve
mastitis tlpleri) ve bunun gibi veterinerlik hizmetlerinden kaynaklanan tibbi atiklari icermektedir (Dan &
Sandy, 2015). Bu atiklar isletmelerde enfeksiyonlara ve zehirlenmelere yol acabildigi gibi, cevresel
kirlenmeye de neden olabilir.

Ekosistem ve halk sagligi Uzerinde bir bagka tehlike unsuru da igsletmelerde lastikler, akuler ve hurda
makine parcalari gibi makine ile ilgili gesitli atiklardir. Ozellikle makinali ve agikta tarim yapilan bélgelerde,

88



Ciftcilerin tarimsal plastik atiklara yonelik tutumlarinin cevresel sirdurilebilirlik agisindan incelenmesi

traktor gibi isletmedeki araglardan kaynaklanan dmrinlt tamamlamis lastikler tehdit olusturmaktadir. Bu
lastikler yakildigi zaman siddetli yanginlara ve hava kirliligine neden olmaktadir. Nitekim, Ikeguchi & Tanaka
(1999), lastikler de dahil olmak Uzere sekiz farkl atik tiriiniin agikta yakilmasi konusundaki galismalarinda,
PVC bazli tarimsal plastik atiklarin en yliksek salinima sahip oldugunu tespit etmistir (FAO, 2021).

Tanm igletmelerinde plastik atiklarin glnes altinda uzun sure kalmasi ile mikroplastige
donisebilmesi, sucul kaynaklarda ve toprakta kalici olarak kirletici bir faktor olmasi da énemli bir risk
faktoridir. Gegtigimiz yillarda Mersin Korfezi'nde gergeklestirilen bir calismada denizden elde edilen
mikroplastiklerin igerisinde sera naylonu olarak kullanilan plastiklerin oraninin %30 civarinda oldugu tespit
edilmistir (Giindogdu & Kaydan, 2019a).

Plastik atiklarin somut veya soyut riskleri ekosistem dengesinde ve gevre Uzerinde giderek artan
tehditler ve baskilar olusturmaktadir. Bu atiklarin olusturdugu gevre Kkirliligini dnlemenin yaninda geri
donusturerek/kazanarak ekonomiye nasil katki saglanabilecedi 6nem kazanmigtir. Atiklarin uygun
kosullarda toplanmasi durumunda yeni bir ikincil hammadde ya da enerji kaynagi olarak ekonomiye
kazandirilmasi mumkindudr. Pek ¢ok Ulkede bu atiklarin olusturdugu cevre Kirliligini dnlemenin yaninda
geri kazanarak ekonomiye nasil katki saglanabilecedi tzerinde durulmaktadir. Clnkl tarimsal plastik
atiklarin yénetilmesi bir tlkenin gelismigligi ve bunun devamhligi agisindan gereklidir. Bu ydnuyle konu,
Birlesmis Milletlerin 2030 Sirdirulebilir Kalkinma Hedeflerinden birgogu ile baglantili olmasi nedeniyle
de 6nemlidir. Bu kapsamda bir diger 6nemli konu da tarimsal tretimden kaynaklanan plastik atik gibi
onemli bir gevresel sorunun, bu soruna yol agan giftgi boyutuyla ele alinmig olmasidir. Nitekim hem bu
sorunun ortaya ¢ikmasi hem de soruna ydnelik uygulanacak politikalarin basarisinda Uretici
tutumlarinin incelenmesi 6nemlidir. Akyiz & Atis'in da (2022) ifade ettigi gibi, belirlenen politika
tedbirlerini uygulayacak olan Ureticilerin gevre tutumlari politikalarin uygulanabilirligi Gzerinde dnemli bir
rol oynayacaktir.

Bu calisma da bu konuya odaklanilmis olup, tarimsal faaliyetler sonucu ortaya gikan plastik atiklara
yonelik olarak ciftgi goriis ve tutumlan incelenerek, ciftcilerin strdirdlebilir bir atik yonetimi programi
benimsemeye yatkinliginin ortaya konmasi amaglanmistir. Plastik kullanimi miktarlarina iligskin tahminler,
bunlarin ¢evresel etkilerini azaltmak icin hangi mudahalelerin yapilmasi gerektidi konusunda bilgi
saglamaktadir. O nedenle, hem tarimda plastik kullanimina yonelik arastirmalar, hem de bu plastikleri
kullanan ciftcilere yonelik arastirmalar gelecekteki politikalara da yol gosterecektir.

MATERYAL ve YONTEM

Arastirmanin materyali, amaca uygun sekilde gelistiriimis anket formu kullanilarak Ureticilerle
karsilikli gérisme yoluyla elde edilen verilerden olusmaktadir. Konu ile ilgili 6n ve tamamlayici ¢alisma,
ulusal ve uluslararasi yayinlardan olugsmaktadir.

Calismada, arastirma alani olarak ciftgilerin tutum ve uygulamalarini kargilastirmaya olanak
vermesi agisindan Ege Bodlgesi'nden Kuguk Menderes ve Bakirgay olmak Uzere iki 6nemli havza
secilmistir. Her iki havzadan da hem tarimsal Uretimin yogun oldugu hem de farkli Gretim ydntemlerinin
(acikta/ortl alti Gretim, bitkisel ve hayvansal Uretim gibi) uygulandigi ikiser ilge arastirma kapsamina
alinmistir. Bu gergevede Kiigilk Menderes Havzasindan Odemis ve Torbali ile Bakirgay Havzasindan ise
Bergama ve Dikili ilgeleri giftci sayilari arastirmanin ana kitlesini olugturmaktadir.

izmir ilini temsil etmek lizere bu ilgelerde gériisiilecek Ureticilerin sayisi oransal érnek hacmi formdiliiyle
belilenmigstir (Newbold, 1995; Miran, 2002). Arastirmada olasi en bilylk 6rnek hacmine ulagsmak igin
ureticilerin atik yonetimine katilma orani p=0,5 (q=0,5) olarak alinmistir. Ornek hacmi, %90 giiven arali§i ve
%7,5 hata payina gore 120 giftci olarak belirlenmigtir (Cizelge 1).
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Cizelge 1. Ankete katilan ciftgilerin havzalara gére dagihmi

Table 1. Distribution of surveyed farmers by basin

Toplam giftgi Anket yapilan

Havza ilgeler ey
sayisl ciftci sayisi
Odemis 6598 46 0= Np(1-p)
Kulgik Menderes 2
Torball 3060 22 (N~ I)pr +p(-p)
Formdilde;
Bergama 6060 42 n = Ornek hacmi
Bakircay N = Toplam giftgi sayisi
Dikili 1382 10 p = Ornege girecek ciftcilerin orani
0% = Oranin varyansidir
TOPLAM 17100 120

Arastirmada, anket yoluyla elde edilen verilerden giftgilerin demografik 6zellikleri (cinsiyeti, yasi,
egitim durumu vb.) ve igletme 0Ozellikleri tanimlayici istatistiklerle ortaya konulmustur. Ciftgilerin, cevre ve
plastik atiklar konularinda farkindahdinin degerlendirilmesi, risk algilarinin/diistincelerinin ortaya konmasi,
kullanilan plastikleri degerlendirme sekillerinin  belirlenmesinde bes noktali Likert dlgeginden
yararlaniimistir. Likert 6lgegi, pozitif ve negatif tutumlar arasindaki ayirimi yapmadaki giict, uygulanmasi
ve verilerin de@erlendiriimesindeki avantajlarindan dolayi aragtirmalarda yaygin olarak tercih edilmektedir.
Bunun yaninda arastirmada, Ureticilerin plastik atiklarin bertarafi ve geri dénisimi konusundaki
onceliklerinin belirlenmesi ve politika hedeflerinin ortaya konmasinda En iyi-En Koéti (Best-Worst)
analizinden yararlaniimistir. ilk kez 1987 yilinda, Jordan Louviere tarafindan gelistirilen yéntem,
katihmcilarin bu dizi igindeki Ogelerin tim olasi ciftleri degerlendirerek tercih ya da &nem verilen
maksimum farki yansitan cifti segmelerini varsayar. En iyi-En Kétl analizinin avantaji, katihmcilarin gogu
icin anlasiimasinin oldukga kolay olmasidir (Goodman et al., 2005; Lagervist, 2013). Tirkiye’de de, gesitli
karar Olgutlerine gore farkh alternatifleri degerlendirmek (izere bir ¢ok galismada bu ydntemden
yararlaniimistir (Yavuz vd., 2015; Atis vd., 2018; Salali vd., 2019). Arastirmanin istatistiksel analizleri IBM
SPSS 25.0 paket programi ile gergeklestirilmistir (IBM, 2017).

Calismada, ciftgilerin plastik atiklarin toplanmasini destekleme istekliligini etkileyen faktorlerin
analizinde Logit Modelden yararlaniimistir. Lojistik regresyon analizi ikili (binary), sirali (ordinal) ve
siniflayici (nominal) olmak Uzere farkli sekillerde uygulanmaktadir (Agir & Akbay, 2018; Tabachnick &
Fidell, 2001). Arastirmada bagimli degiskenin (0 ve 1) ikili olmasindan dolayi Ikili Lojistik Regresyon
modeli kullaniimigtir. ikili Lojistik Regresyon modeli (Binary Logistic Regression), ikili cevap igeren bagimli
degigkenlerle yapilan lojistik regresyon analizidir.

ARASTIRMA BULGULARI

Arastirmaya katilan giftgilerin 29'u kadin, 91’i erkeklerden olusmaktadir. Ciftgilerin yas ortalamasi
39,7, egitim ortalamasi 7,9 yil olarak belirlenmigtir. Bu da ciftgilerin agirlikli olarak ortaokul mezunu
olduklarini ifade etmektedir. Ureticilerin, toplam gelirleri igerisinde tarimsal gelirin payr %80 diizeyinde
olup oldukga yuksektir. Dikili'deki giftgiler igin bu oran %95 gibi gok daha yiksek bir diizeydedir (Cizelge
2). Bu durum, arastirma kapsamindaki birgok giftginin gelirinin tamamini tarimdan elde ettigini
gOstermektedir.

Arastirma kapsamindaki isletmelerde arazi varligi ortalama 17,1 dekardir ve bu arazinin 11,9
dekari sulanmaktadir. Ortalama parsel sayisi ise 2,7 olarak hesaplanmistir. Ciftgilerin %76,7’si acgikta
tarim, %15,5’i ortu alti tarim (seracilik) ve %7,8'i hem agikta tannm hem de seracilik faaliyetinde
bulunmaktadir. Ureticilerin %71,7’si hayvancilik yaptigini belirtmistir.
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Cizelge 2. Havzalara gore ciftcilerin demografik ve sosyo-ekonomik 6zellikleri

Table 2. Demographic and socio-economic characteristics of farmers by basin

Kigik Menderes Havzasi Bakirgay Havzasi

Demografik ve sosyoekonomik

.. . - Genel
Gzellikler Odemis Torbali Bergama Dikili
Kadin 8 6 12 3 29
Erkek 38 16 30 7 91
Yas (ortalama) 37 42 41 43 39,7
Egitim (yil) 7,7 7,7 7,8 10,7 7.9
Toplam gelirde tarimsal gelirin payi 803 790 77 1 950 80.0

(%)

Ciftciler en az:1 en ¢ok:18 yil editim almistir, Std.Sapma: 3,8. Ciftgilerin en kii¢tigii:20 en bliyii§ii:78 yasindadir, Std.Sapma: 10,9.

incelenen igletmelerde Ortaya Gikan Plastik Atiklar ve Bertaraf Yontemleri

Tarnim igletmelerinde bitkisel ve hayvansal Uretim ve hasat surecinde kullanilan plastik atiklar
Cizelge 3'de yer almaktadir. isletmelerde gok cesitli amaglarla kullanilan bu plastikler, kullanim sonrasi
plastik atiklarin ortaya ¢gikmasina neden olmaktadir.

Cizelge 3. Tarim igletmelerinde kullanilan plastikler

Table 3. Plastics used in farms

Kullanim Amaci Bitkisel ve Hayvansal Uretimde Kullanilan Plastikler

ilaglama amaciyla Pestisit kaplari/siseleri

Sulama sisteminde Damlama, yagmurlama, drenaj borulari, hortum vb.
Toprak beslemede

Ekim-dikimde

Glbre ambalaji
Tohum ambalaji

Uriin yetistirme ve toplama amaciyla Saksi, kaplar, torba, kasa, ambalaj, paketleme ve geregleri

Sera, malglama, solarizasyon veya tlinellerde kullanilan

Uriinii korumak ve verimliligi kontrol etmek amaciyla )
posetler/filmler

Cesitli amaglar igin kullanilan plastikler

Hayvan beslemede
Hayvan tedavi ve bakiminda

isletme araclarindan kaynaklanan

Branda, ¢adir 6rtust gibi plastikler

Silaj filmleri, yem torbalari, su ve buzagi besleme kaplari vb.

Hijyen ve dezenfektan kaplari, kulak kupeleri, bos ilag kutulari,
as! siringalari, antibiyotikler, vitaminler, mineraller, mastitis ve
sprey tipleri, tibbi eldiven, maske, bandajlar vb.

Omriinii tamamlamis lastikler

Tarimsal faaliyetin her asamasinda ¢ok cesitli plastik Grtinler kullaniimaktadir. Bu plastikler, Griin
verimliligini, hayvan beslenmesini, su kullanim etkinligini artiran ve gida kaybini azaltan faydalar
saglamaktadir. Diger yandan tarimsal plastikler hasar gorerek, bozunarak veya atilarak ¢evreye sizmakta
ve farkli tiirde cevresel zararlara neden olabilmektedir.

Arastirma kapsamindaki isletmelerde ortaya c¢ikan plastik atiklar ve bunlarin ortalama miktarlari
Cizelge 4’de verilmigtir. Ciftcilerin, bir Gretim yili/sezonu igerisinde ortalama 9,3 adet plastik pestisit
sise/kutu/bidon kullandigi belirlenmistir. isletmelerde, plastik atik olarak ayrica sulama amagh ortalama
4849 m plastik boru, 65,8 adet yem torbasi/ambalaji, 28,9 adet kimyasal glibre ambalaji, 26,1 adet tohum
ambalaji ortaya cikti§i tespit edilmistir. Bunun yaninda, giftgilerin ortalama 2078 kg (7699 m?) sera
naylonu, malglama, solarizasyon veya tlinellerde ortalama 342,1 kg (3421 m) posetler/naylon kullandigi
saptanmigtir. Hayvancilikla ugrasan isletmeler de, yemleri saklama, fermantasyon gibi islemleri yaparken,
silaj naylonu, fermente brandasi, cadir értiisii gibi plastikleri tercih etmektedir. isletmelerin koruma
amaciyla kullandigi bu plastiklerin igletme bagina ortalama 43,5 m? oldugu tespit edilmistir (Cizelge 4).

91



Doru & Atis

Gizelge 4. Tarim isletmelerinde ortaya cikan plastik atik miktarlari

Table 4. Amounts of plastic waste generated in farms

Plastikler Birim  Cift¢ci Sayisi  Kullanilan Miktar  Std. Sapma
Pestisit kaplari/siseleri Adet 82 9,3* 9,5
Yem torba/guval plastikler Adet 82 65,8 87,4
Glbre torba/guval plastikler Adet 69 28,9 24,2
Sulama sisteminde kullanilan plastikler m 47 4849,0 4089,9
Hasatta kullanilan plastikler Adet 42 49,9 471
Sera film/naylonu kg 23 2078,0 1502,0
Naylon, branda, ¢adir értisu m? 20 43,5 18,1
Malg/Solarizasyon/Tunel p. kg 17 342,1 1471
Plastik saksi ve kaplar Adet 17 30,5 12,4
Tohum torba/guval vb. plastikler Adet 16 26,1 13,7

*0,5 L ilag kutulari baz alinmistir.

isletmelerde hem tehlikeli hem de tehlikesiz plastikler bulunabilmektedir. Genellikle hayvancilik
isletmelerinde Uretimin farkli agsamalarinda farkh plastikler ortaya gikmaktadir. Hayvanlarin beslenmesi
asamasinda, silaj filmleri, yem torbalari, su ve buzagdi besleme kaplari, tedavi siirecinde, bos ilag kutulari,
as! siringalari, ilag, antibiyotikler, vitaminler, mineraller, mastitis ve sprey tupleri, tibbi eldiven, maske,
bandajlar yaninda hijyen ve dezenfektan kaplari, kulak kipeleri gibi plastik atiklar s6z konusudur.
Arastirma kapsamindaki hayvancilik isletmelerinde en ¢ok ortaya ¢ikan plastikler yem torbalaridir. Bunun
yaninda isletmelerde en sik rastlanan tehlikeli plastikler ise bos ilag kutulari/siseleri, asi siringalari ve
kullanilmis ilag kaplari olmustur.

Ciftcilerin, kullanimi tamamlanan plastikleri isletme igeresinde kullanimi veya isletme disina tagima,
uzaklastirma secenekleri plastik atiklari nasil yonettiginin énemli bir gostergesidir. Bu gergevede, ciftcilerin
plastik atiklari nasil yonettigine iliskin sorular Ugli likert 6lgegine gore sorulmustur. Buna gore ciftgiler
Omrind tamamlamis plastikleri; genellikle veya bazen ¢dpe attigini (2,4), bazen toplu halde yaktigini (2,0),
tekrar kullandigini (1,8), arazide, tarlada ya da bahgede biraktigini (1,8), toplayicilara sattigini (1,7) ifade
etmigtir. Plastikleri geri donlsim/kazanim kutularina birakma (1,4), toprak altina gémme (1,1) ve nehre,
dereye, gble vb. atma (1,0) durumlarinin ise hemen hemen uygulanmadigi belirlenmistir (Cizelge 5).

Cizelge 5. Kullanimi tamamlanmis plastiklerin yonetimi

Table 5. Management of end-of-use plastics

Eylem Ortalama Std. Sapma
Cope atarim 2,4 0,8
Toplu halde yakarim 2,0 0,8
Tekrar kullanirim 1,8 0,7
Arazide, tarlada, bahgede birakirim 1,8 0,7
Toplayicilara satarim 1,7 0,6
Plastik dontigsiim kutularina birakirim 1,4 0,5
Toprak altina gémerim 1,1 0,4
Nehre, dereye, gole vb. atarim 1,0 0,1

1.Hi¢ 2.Bazen 3.Genellikle.

Tarimsal plastiklerin bertarafi, gevresel surdirilebiliik agisindan son derece 6nemlidir. CUnki
uygulanan kontrolstiz bertaraf ydntemlerinin dogrudan veya dolayl olarak cevreye etkileri s6z konusudur.
Arastirmada, tarim igletmelerinin tarimsal plastik atiklarini ydnetmede, genellikle ve bazen ¢bpe atmak ve
toplu halde yakmak gibi siklikla bagvurdugu iki bertaraf ydontemi géze ¢arpmaktadir. Tim plastik atiklarda
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Ozellikle ¢ope atma ydntemi en c¢ok tercih edilen yontem olmustur. Kimi tarim isletmeleri, biriktirdikleri
plastikleri toplayicilara satarak isletmeden uzaklastirmakta, kimi isletmeler ise arazide vel/veya isletme
cevresine birakmaktadir. Toprak altina gémme islemini uygulayan isletmeler olmakla birlikte ¢ok sinirli
sayidadir (Cizelge 6).

Cizelge 6. Tarim igletmelerinin plastik atiklarini bertaraf etme yéntemi

Table 6. Method of disposal of plastic waste of farms

. ® o £ s o E 1 g % g g o§ E £
- § 55 53§ £5 2§ FEEE P e
@ = ©fs F3 85 <fds &
— . 14,6 26,8 365 415 36,5 86,6 Hic
fse;t's't 'S'(f/tor;e 293 42,7 420 463 537 134 Bazen
56,1 30,5 195 12,2 9.8 0 Genelikie
. 12,8 19,1 340 426 34,0 89,4 Hic
?4”7'ama 'S'(f/tor;e 298 48.9 126 468 553 106 Bazen
57,4 31,9 234 106 10,6 0 Genelikle
Giibre iletme 174 28,9 405 478 40,5 86,9 Hic
torbasi ol 36,2 434 376 391 49,2 130 Bazen
*69 464 275 217 13,0 10,1 0 Genelikle
Tohum letme 25,0 31,2 437 50,0 50,0 75 Hic
torbasi (%) 31,3 56,3 18,7 25,0 37,5 25 Bazen
*16 438 12,5 375 250 12,5 0 Genelikle
Yem letme 171 32,9 39,0 39,02 36,6 854 Hic
torbasi o 28,0 452 378 50,0 476 14,6 Bazen
*82 54,9 21,9 232 11,0 15,8 0 Genelikle
Sera letme 30,4 39,1 434 521 56,5 826 Hic
naylonu (%) 17,4 39,1 43,4 34,7 30,4 17,3 Bazen
*23 52,2 21,7 130 13,0 13,0 0 Genelikle
Male vb. 29,4 29,4 294 529 47,0 882 Hic
naylon '5'(3;?9 23,5 47,1 529 352 35,2 11,8  Bazen
"7 ’ 47,1 23,5 176 117 17,6 0  Genellikle
i v 20,3 32,2 372 389 37,2 796 Hic
run yets. :
ve top)IIam$a Isletme 254 42,4 508 457 52,5 20,3 Bazen
o (%)
54,2 25,4 118 152 10,1 0  Genelikle
Branda, , 5,0 15,0 350 50,0 25,0 850 Hig
cadir Isletme
Srttisii (%) 30,0 65,0 400 40,0 60,0 150 Bazen
gibi*20 65,0 20,0 250 10,0 15,0 0 Genelikle

*Isletme sayisi, 1.Hig 2.Bazen 3.Genellikle.

Pestisit kaplarina iliskin yapilan bir gcalismada (Damalas et al., 2008) da, Yunanistan'in kuzeyinde
yer alan Pieria’da giftgilerin blyik bir kisminin bos pestisit kaplarini tarlaya ya da sulama kanallarina ve
derelere attiklari belirlenmistir. Ayrica giftgilerin bos pestisit kaplarini agikta ateste yakmasi ve ortak
atik yerlerine atmasi da uyguladigi bertaraf yontemlerindendir. Benzer sekilde, bir baska ¢alismada da
(Bondori et al., 2019), iran'in Moghan bdlgesinde giftgilerin ¢ogunun, bos pestisit kaplarini ¢dpe,
sulama kanallarina attigi ya da isletmede biraktigi, kimi giftgilerin de toplayicilara sattigi belirlenmigtir.

Calismamizda, ciftcilerin isletme iginde kullandiklari veya mevcut araglarindan kaynaklanan Omriinii
Tamamlamis Lastikleri ise, %38,5'inin degistirilen yerde/lastikgide biraktidi, %13,8'nin agirik amaciyla kullandigi
%12,3'Gniin yaktigi, %10,8'inin rastgele attigi ve kalaninin farkli sekillerde bertaraf ettigi belilenmistir.
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Dogal Hayati Koruma Vakfi tarafindan hazirlanan raporda (WWF & BOUN., 2021), plastik kaynakli
kirlilikle ilgili olarak, 6zellikle yerlesim yerleri ve tarim alanlari igerisinden gegen nehirlere birakilan evsel
ve endustriyel atiklar yaninda tarim ve hayvancilik kaynakli plastik atiklara rastlandigindan bahsedilmigtir.
Bizim galismamiza katilan ciftcilerin %95’i de bulunduklari Bakirgay ve Kigik Menderes havzalarinda
plastik kaynakh kirlilik oldugunu belirtmistir. Hatta 49 ciftci %41’in Gzerinde bir oranla bu kirliligin tarim
kaynakli oldugunu ifade etmigtir.

Ciftcilerin plastik atiklar ve gevreye etkisi konusundaki diisiinceleri

Calismada, plastik atiklar agisindan gevreyi daha fazla tehdit eden Uretim dalinin tespiti igin ciftgi
gorlslerinden yararlaniimistir. Ciftgilere gore cevreyi en fazla tehdit eden Uretim sekli seraciliktir. Agik
alanda yapilan tarimsal faaliyetler plastik atiklar agisindan ikinci 6nemli tehdit olarak gértilmektedir. Ciftcilere
gore, plastikler acisindan gevreyi en az tehdit eden Uretim dalinin ise hayvansal Uretim oldugu belirtiimistir.

Cevresel surdarilebilirik agisindan tarimsal plastiklerin kullanimi kadar bertaraf yontemleri de,
cevre ve dogal kaynaklari dogrudan etkilemektedir. Kontrolsiiz bertaraf etme yontemlerinin cevresel
surdarulebilirligi ve tarimi tehdit ettigi asikardir. Atiklarin agik alanda yakilmasi, toprak altina gémulmesi,
nehre, dereye, gdle vb. bogaltiimasi ve hatta tehlikeli atiklarin diizenli depolanmasi cesitli riskler ve tehditler
olusturmaktadir. Ciftgi goriislerine gore, dncelikle “plastiklerin nehre, dereye, gble vb. sulara bosaltiimasi”
ve ikinci olarak da “agik alanda yakilmasi” gevresel surdirilebilirligi en fazla tehdit eden ydntemlerdir.
Cevresel sirdirilebilirligi en az tehdit eden yontemin ise “tehlikeli atiklari diizenli depolamak” oldugu
belirlenmistir (Sekil 1).
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Sekil 1. Cevresel surdurilebilirligi en fazla/en az tehdit eden bertaraf yontemleri.

Figure 1. Disposal methods that threaten environmental sustainability the most/least.

Plastiklerin kontrolsiz gekilde dogrudan veya dolayl olarak canli yagsami ile etkilesim iginde
olmasi etkilenen unsurlar Uzerindeki riskleri artirmaktadir. Bu gercevede iftgilere, plastiklerin
kontrolsiiz bertarafinin etkiledigi unsurlar sorulmustur. isletmelerde plastik atiklarin kontrolsiiz olarak
dogaya birakilmasi sonrasi en ¢ok etkilenen unsurun halk sagligi oldugu ve bunu sirasiyla iklim ve
tarimsal ekosistem ile yeralti ve vyeristi sularinin takip ettigi belirlenmigtir. Ciftciler tarafindan
kontrolsiiz plastik bertarafindan en az etkilenen unsurlarin ise yetistirilen riin ve gida ile hayvanlar ve
yaban hayati oldugu distnilmektedir (Sekil 2).
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Sekil 2. Plastik atiklarin kontrolslz olarak dogaya birakilmasi sonucu en ¢ok/en az etkilenen unsur.

Figure 2. The element most/least affected as a result of uncontrolled release of plastic waste to nature.

Ciftcilerin egitim durumu ile plastik atiklarin toplanmasi gorUsleri arasinda anlamh bir iliski vardir
(0,04<p<0,05). Buna gore egitim diizeyinin artmasi plastik atiklarin toplanmasi goriisini etkilemekte ve
desteklemektedir. Ciftcilerin egitim durumu ile plastikleri doniisiim kutularina birakma durumlar arasinda da
anlaml bir iliski vardir (0,01<p<0,10). Ciftgilerin egitim dlzeyi, plastikleri déntstirme istekliligini etkilemektedir.

Siirdiiriilebilir Atik Yonetimine iligkin Giftci Goriis ve Beklentileri

Ureticilere plastik atiklar konusundaki tedbirleri sorulmustur. Ciftgilerin %46,7’sinin plastik atiklar
konusunda yeterli tedbir almadigi, %45,8'inin aldigi ve %7,5'inin ise kararsiz kaldigi gorilmustur.
Yeterli tedbir almadigini belirten ciftcilerin yeterli tedbir almalarini kisitlayan/engelleyen faktérlerin
basinda ise geri donisiim/atik toplama kutu/kafesleri olmayisi, plastik atiklarin ayrica toplanmamasi,
imkanlarin yetersiz olmasi siralanmaktadir.

Atiklarin sdrdirdlebilir bir sekilde toplanmasi igin ciftgilere bazi uygulamalarin etkilerini
degerlendirmesi istenmistir. Ciftcilere gore plastikler igin “depozito uygulamasi” en etkili uygulama
olarak degerlendirilirken, “atiklarin belediyelerce ayri toplanmasi” da en ¢ok etkili ikinci uygulama olarak
secilmistir. Buna karsin, ureticilerin en az etkili olacagini disindiugu uygulama ise “plastiklerin satin
alinan yerlerce geri toplanmasi” olmustur (Sekil 3).

Atiklarin slrduralebilir sekilde yonetimine ciftgi katilimi saglanmasi kuskusuz istenen bir
durumdur. Bu amagla gitgilere atik ydnetim programina katilmasindaki etkili olabilecek olasi faktorler
sorulmustur. Buna gore, ciftcilerin bu uygulamaya katilimini en ¢ok etkileyecek unsurun “tesvik ve
destek alacagini bilmesi” olmustur. Ciftcilerin atik yénetim programinda en az etkili gérdigu unsur ise
“atiklardan sorumlu oldugunu disinme” olmustur. Bu da tesvike dayali mekanizmalarin birgok cevre
sorununda oldugu gibi, plastik atiklarin yok edilmesinde de etkili olabilecegini géstermektedir.

Citcilerin atik ydnetimi programina katilmasinda tesvik ve destek alacagini bilmesi atik programina
katilmada etkili bir faktoér olmakla birlikte, onlar igin hangi destek ve tesviklerin daha etkili olacagi da
belilenmeye calisilmistir. Ureticiler sirdurilebilir bir atik ydnetiminin saglanmasinda en etkili tesvik
olarak, atik yonetimini gergeklestiren igletmelere girdi destegi verilmesini, ikinci 6nemli tegvik olarak ise bu
isletmelere yillik bir 6deme yapilmasi gerektigini 6ngérmektedir. isletmelere vergi indirimleri/muafiyetleri
saglanmasi ve isletmelere sertifika/0dul verilmesi ise giftgiler icin en az etkili faktorler olarak belirlenmistir.
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Sekil 3. Atiklarin toplanmasinda en ¢ok/en az etkili uygulamalar.

Figure 3. Most/least effective practices in waste collection.

Plastik malzemelerin yodun kullanimi ve bu kullanim sonrasi atiklarin toplanmamasi bazi
yaptinmlari da beraberinde getirmektedir. Bu acidan cevreye atik birakanlara verilecek cezalar
icerisinden en ¢ok ve en az etkili olani belirlemek Uzere de iftcilere sorular yoneltilmistir. Buna gore,
isletmeye verilen desteklemelerin kademeli olarak azaltiimasi ve para cezasi verilmesi en ¢ok etkili
cezalar olarak belirlenmistir. Buna karsin, uyari cezasi ile birlikte ¢iftginin egitim programina alinmasi ve
isletmenin ¢evreye zarar verenler listesinde ilan edilmesi en az etkili cazalar olarak tespit edilmistir.

Ciftgilerin surdirilebilir bir atik yonetimini benimsemesi ve buna katimi igin atik ydnetim
programinda bekledigi destekler ve uygulamalar 6nemli gorilmektedir. Ciftgilerin bekledigi destekler
arasinda; isletmelere atik toplama kutusu/kafesi verilmesi ve atik toplamanin tesvik edilmesi ilk sirada yer
almaktadir. Ciftcilerin atik yonetimini benimsemesi igin bekledigi uygulamalar arasinda ise; kamu veya
Ozel plastik atiklarin dizenli toplanmasi (belediyeler, firmalar vb.), cesitli toplantilarla bilinglendirme
calismalari, atiklarin kazanca dénusturtlmesi ve cezai yaptirimlar bagta gelmektedir.

Tarnm kaynakl plastik atiklar konusunda ¢ift¢i duyarliligini etkileyen faktorler

Calismada, ciftgilerin plastik atiklar konusundaki duyarliigi bu atiklarin toplanmasi konusunda
verecegi destekle iliskilendiriimistir. Buna gore plastik atiklarin toplanmasina destek vermeye istekli
olmasini etkileyen faktérlerin analizinde ikili (Binary) Logit Modelden yararlaniimistir. Modelde, bagimii
degisken atiklarin toplanmasina (reticilerin destek verip vermemesidir. Ureticilerin yasi, atiklarin
toplanmasinin gerekli oldugunu disinmesi, atiklarin geri dondstirilmesi/ kazanilmasinin iyi oldugunu
disinmesi ve atiklarin minimum dizeyde olmasinin Ulke ekonomisi i¢cin dnemli olduguna inanmasi
modeldeki agiklayici degiskenlerdir. Model sonuglari Cizelge 7’de verilmistir. Modelde kullanilan bagimsiz
degiskenlerin dogrulama orani %76,7 olarak bulunmustur.

Model sonucuna gére, atiklarin toplanmasini gerekli gérme, atiklarin geri donustiridlmesi/
kazanilmasinin iyi olacagini disinme ve atiklarin minimum duzeyde olmasinin Glke ekonomisi igin énemli
oldugunu distinme degiskenleri Ureticilerin atiklarin toplanmasina destek verme egilimini etkilemektedir.
Aciklayici dediskenlerden Ureticinin yagsi ise istatistiksel olarak anlamh bulunmamistir. Modele gore,
ureticilerin plastik atiklarin toplanmasini gerekli gérme egilimi bir birim arttiginda atiklarin toplanmasini
destekleme istedi %8,8 oraninda artmaktadir. Ureticilerin atiklarin geri dénustiriilmesi/kazaniimasini iyi
olarak degerlendirme durumu bir birim arttiginda destek istegi yaklasik %11,0 oraninda artmaktadir. Yine
atiklarin minimum dutzeyde olmasi llke ekonomisi igin 6nemli gérme orani bir birim arttiginda da destek
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istegi %15,9 oraninda artmaktadir. Ureticiler plastik atiklarin minimum diizeyde olmasini, toplanip
islenmesini ve geri donusturilip/kazaniimasini tlke ekonomisi icin dnemli gdormekte ve desteklemektedir.

Cizelge 7. Binary Logit Model: plastik atiklarin toplanmasini destekleme istegini etkileyen faktorler
Table 7. Binary Logit Model: factors affecting the willingness to support the collection of plastic waste

Bagimh degisken: Atiklarin toplanmasina Ureticilerin destek verip vermemesi

Degiskenler Katsayi Std. Hata z p-Degeri
Sabit -7.78333 2.07253 -3.755 0.0002***
Atiklarin toplanmasi gerekli 0.420875 0.218523 1.926 0.0541*
Atiklarin geri donustirilmesi/kazaniimasi iyi 0.527465 0.285343 1.849 0.0645*
Atiklarin minimum diizeyde olmasi tlke ekonomisi igin 6nemli 0.764680 0.329401 2.321 0.0203**
Uretici yas! -0.00482293 0.0198626 -0.2428 0.8081

n =120, Dogru tahmin edilen gézlem sayisi= 92 (%76.7), Log-likelihood —66.92, Likelihood ratio test: Khi-kare (4)= 18.9189 [0.0008].

SONUG VE ONERILER

Bu galisma, tarimdan kaynaklanan plastik atiklar ve bu atiklarin ydnetimi konusunda ciftcilerin goris
ve tutumuna odaklanmistir. Bu gercevede, Kigcuk Menderes ve Bakirgay Havzalarindan secilmis 120
Giftci ile anket yapiimistir. isletmelerde, 6zellikle bitkisel tiretimde ilaglama, giibreleme dénemlerinde daha
yogun plastik kullanilmaktadir. Hayvancilik igsletmelerinde ise, genellikle plastik kullanimi yem c¢uvallari,
bos ilag kutulari/sigeleri, asi siringalari, kullaniimis ilag kaplari, silaj naylonlari gibi atiklardan olusmakta
ve yil icerinde degiskenlik gostermektedir.

Plastiklerin isletmelerde kalma omri de plastigin tard ve kullanim amacina gore degismektedir.
Buna gore, sera o6rtisU ortalama 4 yilda, sulama sisteminde kullanilan plastikler 2,9 yilda, malglama,
solarizasyon veya tlinellerde kullanilan posetler/naylonlarin ise ortalama 1,4 yilda bir degistigi tespit
edilmistir. Scarascia-Mugnozza et al. (2011) tarafindan yapilan ¢alismada da, bu bulgulara yakin olarak
malglama filmlerinin kullanim édmriindn birkag ay, sera filmlerinin 3-4 yila kadar oldugu belirtiimektedir.

Plastik atiklarin kontrolstiz bertaraf yontemleri dogrudan veya dolayli olarak gevreyi etkilediginden
arastirmada tarimsal plastik atiklarin bertaraf yontemleri de incelenmistir. Arastirma kapsamindaki tarim
isletmelerinin tarimsal plastik atiklarini bertarafinda en ¢ok one ¢ikan iki ydontemin ¢dpe atmak veya toplu
halde yakmaktir. Ureticilerin yine dnemli bir béliminiin de atik plastikleri toplayicilara sattigi, tekrar
kullandigi ya da tarlaya, bahgeye ve igletme cevresine biraktigi belirlenmistir.

Arastirma kapsamindaki isletmelerde, sera ve malglama, solarizasyon veya tlnellerde plastik
filmlerin kullaniimakta oldugu ve isletmelerin bu plastik filmleri Gmurleri sonunda genellikle ¢ope attigr ya
da toplu halde yaktigi belirlenmistir. Sanchez (2020), yogun bahgeciligin yapildigi ispanya'nin giiney
eyaleti Almeria'da yaptigi ¢calismada, seralarda ve malglama amaciyla kullanilan plastik filmlerin topraga
atildigini ve yakildigini, uygun sekilde bertarafinin ve geri donistirilmek Uzere toplanmasinin séz
konusu olmadigini belirlemistir.

Calismaya katilan ciftgilerin %95’i atik yonetimi konusunda egitime ihtiyaci oldugunu disiinmektedir.
Egitimlerin, giftgilerde gevresel sorumluluk bilinci olusturmasi ve sirdirilebilir atik yonetimini benimsemesi
dogrultusunda olmasi faydali olacaktir. Calismada giftgilerin tarimsal bilgiye en ¢ok basvurdugu iletisim araci
televizyon olmustur. Ozellikle tarim kanallarinda ve programlarinda, atik yonetimi etkinligi adina kamu spotu,
ornek igletmelerin tanitiimasi yoluyla bilinglendirme calismalarinin yapilmasi gerektigi distunilmektedir.
Atiklar konusunda pasif eylemdeki ciftcileri diirterek harekete gegmeleri saglanmal bu belki dogrudan belki
de dolayl olarak Uretilen plastiklerin etiketleme kisminda lzerine “geri déntsiime/kazanima birak” logosunun
yer almasi veya yonlendirmesinin yapilmasi atiklarin toplanmasinda bir etken olarak degerlendirilmelidir.
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Ciftcilerin plastik atik toplamalarini tesvik etmek adina plastiklere depozito verilmesi konusunda
beklentisi bulunmaktadir. Beklentiyi karsilamada yeni uygulamalar gelistirilebilir. Ornegin tarim ilaglarinda
uygulanan bitki koruma Urinleri takip sisteminin, pestisit siseleri/kaplar gibi plastik atiklarin toplanmasinda da
gecerli olmasi faydali olacaktir. Halihazirda uygulama altyapisi olan bir sistem oldugu igin uygulanabilir
gOrulmektedir. Ayni zamanda depozito uygulamasinin da bu yolla saglanmasi mumkin gérinmektedir.
Burada ureten ve tuketenin katihmlari saglanarak basari elde edilmesi kaginilmaz olacaktir. Ayrica hem
atiklar kayit altinda tutulacak, hem de bu tir tehlikeli atiklarin gevrede dolagsmasi engellenmis olacaktir.

Ciftcilerin %46,7’si plastik atiklar konusunda yeterince tedbir almadigini belirtmekte ve yeterli tedbir
almalarini kisitlayan faktorlerin basinda da geri doniisim kutularinin olmamasini géstermektedir. Burada
tarim isletmelerinde surdudrulebilir bir atik ydnetimi saglanmasi adina isletmelere plastik atik toplama
kutulari konulmasi veya plastik atma noktalari belirlenerek plastiklerin bu noktalarda toplanmasi
surdurdlebilir atik yonetim etkinligini artiracaktir. Etkin ¢cevre yonetiminde, tarim ve diger sektorlere plastik
malzeme saglayan ve plastik igerisinde Uriin pazarlayan firmalarin da atiklardan sorumlu oldugunu
bilmesi ve atiklarin azaltiimasina odaklamasi saglanmaldir. Bu durum, firmalarda farkindalik yaratacak
sekilde hatirlatiimal hatta tesvik edilmelidir. Bu gergevede, geri donisimi/kazanimi tesvik eden veya
saglayan igletmelere destekler saglanabilir. Ayni sekilde biyoplastik kullanimina ilgi artirilabilir.

Arastirmada, ikili logit modelden yararlanilarak, giftcilerin isletmelerdeki plastik atiklarin toplanmasina
destek vermeye istekli olmasini etkileyen faktorler analiz edilmistir. Analiz sonucunda, Ureticilerin plastik atik
konusunda duyarliigini etkileyen faktorler, atiklarin minimum diizeyde olmasi, toplanip islenmesi ve geri
donustirilmesini tlke ekonomisi igin 6nemli gérmesidir. Bu da, ¢iftcilere iyi anlatiimasi durumunda, tarimda
plastik kullanimi ve geri ddnisimu konusunda uygulanacak politikalarin basaril olabilecegini gdstermektedir.

Bu caligmada edinilen deneyimler sonucunda, tarimda plastik atiklarin yonetilmesi konusunda yeni
bir kavram ortaya atilmistir: Environ orani. llgili alanda faaliyet gosteren firmalarin lretim-maliyet-kar
hesaplari, surecin baglangicinda ele alinir. Ancak surecin baglangicinda ne kadar atik olusacagi, geri
dondsturilecegi/kazanilacagr planlamasi zayif kalmakta hatta eksik birakilmaktadir. Environ orani,
firmalarin faaliyetlerine baslamadan 6nce ortaya ¢ikacak atiklarinin asgari geri doniisim veya kazanim
oranini ifade etmektedir. Bu oranin yiksek olmasi isletmenin atik yénetim basarisini ortaya koymaktadir.
Environ orani, igletmelerin belirleyecedi serbest bir oran olarak kullanabilecedi gibi karar alicilarin
cevresel surdurulebilirligi saglamak adina belirleyecedi zorunlu bir oran olarak da kullanilabilir. Environ
oranin beslenecegi iki O©nemli kaynak vardir, Uretimde ne kadar biyoplastik veya geri
dondstirdlmis/kazaniimis malzeme kullaniimakta ve Uretilen Uriinlerden kaynakh ortaya ¢ikan atiklarin
ne kadari geri donusime/kazanima kazandiriimaktadir. Bu iki kaynak cifte gaba gerektirir, 6rneg@in bir
sulama sisteminde kullanilan plastiklerin Gretilen her bir birim plastigin %15 geri dénustiriimis malzeme
icermesi ve Uretilen sulama sistemindeki plastik atiklarin da %15 geri donistirilmesi/kazaniimasi environ
oraninin gergeklesmesini temsil eder.

Sonug olarak plastik atik 6nleme ve geri donisim/kazanim konusunda farkindalik yaratmak,
cevresel cabayi kisisel olarak gelistirmek, verimli planlamaya yon vermek, takdir ve tesvikin bir arada
olmasi, basarinin érneklendiriimesi ve firsatlar sunulmasi, ciftcileri atik yonetiminde etkileyici dinamikler
olarak cezbetmektedir. Ciftci katiliminin, yalnizca tek tarafli degil bir bitiin olarak hareket edildiginde,
Ureten-tiiketen-bertaraf edenin is birligi, paydaslarin katilimi ile en verimli sonu¢ elde edilecektir. Atik
akiginin ve yonetim surecinin basitlestiriimesi ayni zamanda surdurdlebilir ve ekonomik olarak
uygulanabilir hale getiriimesi bu galigsmalarin etkinliginde rol oynayacaktir.

Bu calisma, alaninda bir ilk olma &zelligi tasimaktadir. Tarimdan kaynaklanan plastik atiklar konusunu
farkli agilardan inceleyen detayli calismalara ihtiyag vardir. Uluslararasi diizeyde de bu alandaki bosluk
dikkate alindiginda, o&zellikle isletme duzeyindeki calismalar dnemlidir. Bu c¢alismanin bundan sonra
yapilacak ¢alismalara yol gésterecegine inaniimaktadir.
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Amag: Surdurilebilir kampus modelinde, Ul GreenMetric kriterleri kullanilarak,

degisen dinyaya karsi koruyucu Onlemler almasi, slrdurllebilir kampis
modelinin olusturulmasi hedeflenmistir.

Materyal ve Yontem: Ul GreenMetric Diinya Universiteler Siralamasi Kilavuzu,
Ul GreenMetric Olgiim Sistemi Kriterleri ve Géstergeleri'nden faydalaniimistir.
Ayrica g¢alisma alanina ait planlar, paftalar vb. kaynaklar planlama asamasinin
temel kaynagini olusturmaktadir.

Arastirma Bulgulari: Sirdirilebilir kampuUs planlama ve tasarimlarda, karbon
ayak izi ve iklim degisikliginin azaltiimasi, yagmur suyu y6netimi, atik sularin
geri kazanilmasi, kati atiklarin geri donUsturilmesi, kampus agik-yesil alanlarin
nitelikleri ve miktarlari gibi konularin 6nemli oldugu goérilmis ve 6neri kampus
peyzaj planlamasi yapilmigtir.

Sonug: Sirdlrilebilir ve yesil Universite igin yapilan iglerin raporlanmasi ve
degerlendiriimesi 6nemlidir. Degisim ve gelisime gore yeniden programlanmasi
ve planlanmasi gerekmektedir.

ABSTRACT

Objective: As a sustainable campus model, by using Ul GreenMetric criteria, it
was aimed to take protective measures against the changing world and to
create a sustainable campus model.

Material and Method: Ul GreenMetric Ranking Guide, Ul GreenMetric
Measurement System Criteria and Indicators were utilized. In addition, plans,
layouts, etc. of the study area constitute the main source of the planning phase.

Research Findings: In the planning and design of a sustainable campus,
issues such as carbon footprint and climate change mitigation, storm water
management, wastewater recycling, solid waste recycling, qualities and
quantities of campus open-green areas were found to be important, and a
proposed campus landscape planning was made.

Conclusion: It is important to report and evaluate the work done for a
sustainable and green university. It needs to be reprogrammed and planned
according to change and development.
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GiRIS

insanlar ihtiyaglarini karsilamak icin gelisime, degisime ve tiiketime daha fazla odaklanmaya
baslamislardir. Hizli nifus artigi ile, gelisim-degisim ve tiiketim terazisinde olusan esitsizlik, bilingsiz
tiketime yol agmistir. Baglangigta tehditkar gibi gériinmeyen bu dengesizlik, insanlarin daha konforlu bir
yasam arzusu, kisilerin ve milletlerin bencil istekleri nedeniyle yaptiklari faaliyetler sonucunda, son
yillarda giderek daha belirgin hale gelmistir. Ornegin, gevre Kkirliligi, kiiresel 1sinma ve iklim degisikligi, su
kaynaklarinin bilingsizce tlketilmesi, sel baskinlari, kuraklik, salgin hastaliklar, savaslar, kentlesme,
gocler ve glralta kirliligi gibi ¢esitli sorunlar diinyay1 daha da tehlikeli hale getirmistir (Malkog True &
Kihgarslan Deniz, 2012; Con & Polat, 2020; Benison & Payne, 2022). Bu durumlar, insan yasamini ve
ekolojik yagsam déngusunin devamlhiligini etkileyebilecek sorunlari azaltmak ve dnlemek icin ne yapiimasi
gerektigi konusunda dusinmeye yol agcmistir ve surdurilebilirlik kavrami 6nem kazanmistir.

Sirdirulebilirlik, diinyada ekosistem igerisinde birbirleriyle etkilesim halinde bulunan tim canlilarin
kullandigi kaynaklarin, bugiin ve gelecekte azalmasi ve yok olmasi tehditlerine kargi olusturulmus bir
sistem turGdir (Glgin et al., 2014; Ozdal Oktay & Ozyilmaz Kiiglikyagci, 2015; Oktem, 2016; Altug &
Malko¢ True, 2021; Asur et al.,, 2022; Yazici & Kaplan, 2022). Sirdurilebilirlik, dogal kaynaklarin
korunmasinda, zarar géren ekosistemin iyilestiriimesinde, enerjinin korunarak verimliligin saglanmasinda,
sosyal ve ekonomik refahin olusumunda ve ayrica sosyal katilimin saglanmasinda 6nemli rol
Ustlenmektedir (Giilgin & Yazici, 2016; Yazici vd., 2018; Qadis et al., 2019; Gilgin & Akga, 2020).
Ustlendigi roller ile zaman iginde siirdirilebilirlik kavraminin énemi daha da artmistir ve gergek ve tiizel
kisiler tarafindan sirdirulebilirlik hedefli birgok rapor, konferans, anlasma, kurum ve kuruluslar tarafindan
amag haline gelmistir. Ornekler arasinda Brundtland Raporu (1987), Uluslararasi Sirdirilebilirlik Raporu
(1999), BM iklim Degisikligi Konferansi (2009), BM Diinya Su Kalkinma Raporu (2020), COP26 Birlesmis
Milletler iklim Degisikligi Konferansi (2021), ISO Uluslararasi Standardizasyon Orgiitii, CASBEE Cevre
Verimliligi Degerlendirme Sistemi ve LEED Enerji ve Cevre Tasariminda Liderlik gibi faaliyetler
sirdurdlebilirligi hedeflemiglerdir.

Sdrdurilebilirlik konusunda, sistemin gelistiriimesi ve uygulanabilmesi, sirekliliginin saglanmasi ve
korunmasi, glinumuz ihtiyaglarinin karsilanmasi gibi sartlari saglayabilecek bilimsel calismalarin
yapilabildigi (Yazici & Gulgiin, 2017; Artar vd., 2019; Bertiz vd., 2019; Cahnduluru & Sugumaran, 2021)
dinyaya seslenmenin en kolay yollarindan biri olan Universitelerin 6nemli rolleri bulunmaktadir.
Universiteler, bu avantajlarini  kullanarak (lkelerde sirdirilebilir kampiis hedefli  kuruluslar
olusturmuslardir. Ornek olarak, Uluslararasi Strdurilebilir Kampis Agi (ISCN), Birlesmis Milletler Cevre
Programi (UNEP) tarafindan hazirlanan "Yesil Universiteler Rehberi (Greening Universities Toolkit)",
Endonezya Universitesi'nin kuruculugunu yaptigi Ul GreenMetric System (Yesil Olgim Sistemi) gibi
kuruluglar g0sterilebilir.  Strdurdlebiliflik  konusunda, Universiteler bircok arastirma ve c¢alisma
yuratmektedir. Bu arastirmalar, strdurulebilir bir dinya i¢in gerekli olan bilimsel ve teknolojik ¢dztumlerin
geligtirilmesi, surdurdlebilirlik konusunda egitim veren programlarin olusturulmasi, kampuslerin
surdurdlebilir hale getiriimesi gibi konularda yirutilmektedir (Ak & Gines Golbey, 2021; Ak, 2022;
Wojnowski et al., 2022). Universiteler, stirdirilebilirligi hedef alan birgok projede yer almaktadir. Ornegin,
enerji verimliligi, atik ydnetimi, yesil binalar, strduralebilir tarim ve su ydnetimi gibi konularda galigmalar
yuritmekte, arastirmalar yapmaktadir. Ayrica, Universiteler, sirdurilebilirlik konusunda bilgi ve tecribe
paylasimini saglamak amaciyla birgok uluslararasi agda yer almaktadir. Bu aglar ile surdurilebilirlik
konusunda universiteler arasinda isbirligi ve bilgi paylagimini saglamaktadir.

Surdurilebilirligi merkez alarak uluslararasi platformda kurulmus olan Ul GreenMetric (Yesil Olgiim
Sistemi) sistemi, sirdurtlebilir kampUsler elde etmede gerekli olan planlama ve tasarimlari gergeklestirmek
icin kullanilabilir. Ul GreenMetric degerlendirme sistemi, atik su ydnetimi, enerji tasarrufu, iklim degisikligi
etkilerinin azaltilmasi, karbon ayak izinin azaltiimasi, kampus agik-yesil alanlarinin kalitesi ve miktari, kampus
peyzajinin ekolojik dengesini kurma ve koruma gibi konulari igermektedir. Universiteler, sadece egitim ve
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ogretimin gerceklestigi kurumlar olmanin yani sira, toplum olusumunda yén gdsterici, gelisime ve degisime
acik kuruluslar olarak da énem tagirlar. Universiteler, diinyada ve gevresinde yasanan gelisime ve degisime
uyum saglarken, c¢evre dostu ve surdurulebilirlik konularinda da 6ncu olarak ilk adimi atacak kuruluglardir
(Omirberk vd., 2019; Tosun, 2022; IU GreenMetric, 2023). Son yiizyilda llkemizde ve diinyada meydana
gelen durumlar dikkate alindiginda hem ginimiz hem de gelecek nesiller igin surdurdlebilirlik konusunda
adimlar atmak elzem hale gelmistir. Bu durumda, Universitelerin sadece ihtiya¢ duyulan ¢evresel ve islevsel
olaylara karsilik vermekle yetinmemesi, ayni zamanda ¢éztmler ve projeler Uretmeleri de beklenmektedir.
Ornegin, uluslararasi alanda sirdirilebilirligi degerlendiren kurulus olan Ul GreenMetric gibi sistemler ile
Universiteler, sosyal, gevresel, ekonomik ve akademik ¢aligmalar yaparak degisen dinyaya ayak uydurmaya
calismaktadirlar. Universiteler, bilim ve teknolojinin gelismesiyle birlikte, gevre dostu teknolojileri ve gozimleri
Uretebilirler. Ayrica, Universiteler, sosyal ve gevresel konularda arastirmalar yaparak, toplumun ve ¢evrenin
ihtiyaclarini karsilamakta ve gelecek nesillere daha surdurtlebilir bir dinya birakmaktadirlar. Bunun yani sira,
Universiteler, surdurdlebilirlik konularini egitim programlarina dahil etmekte ve Ogrencilerine bu konular
hakkinda bilgi ve beceri kazandirmaktadirlar.

Bu galismada surdurulebilirligi metodolojik olarak benimseyen uluslararasi degerlendirme sistemi
olan Ul GreenMetric kriterleri kullanilarak, Yozgat Bozok Universitesi'nin degisen diinyaya kars! koruyucu
onlemler alinmasina, Universitenin dinyada taninir ve tercih edilir hale gelmesine katki saglamasi
amaglanmistir. Ayrica, galisma kapsaminda, surdirilebilirlik hedefli "yesil Universite" tanimlamasina
uygun olarak, Ul GreenMetric Sistemi kullanilarak henliz sisteme basvurmamis olan Yozgat Bozok
Universitesi Merkez Kampiisiinii incelemek ve elde edilen sonuglar dogrultusunda ¢éziimler ve éneriler
verilmistir. Ul GreenMetric degerlendirmesi sonucunda, sirdirilebilir bir kampUs igin yapilacak planlama
ve tasarimlarda, karbon ayak izi ve iklim degisikliginin azaltiimasi, yagmur suyu yonetimi, atik sularin geri
kazaniimasi, kati atiklarin geri dondstirulmesi, kampUs agik-yesil alanlarin nitelikleri ve miktarlari gibi
konularini ele alan peyzaj 6zelinde Universitenin master plani olusturulmustur.

MATERYAL ve YONTEM

Calismanin ana materyalini Yozgat ili sinirlar igerisinde yer alan Yozgat Bozok Universitesi'nin
Erdogan Akdag Dogu Kampiisii ve Bilal Sahin Bati Kamptsi olusturmaktadir. Universitenin yer aldig
Yozgat kenti, i¢ Anadolu'nun Orta Kizilirmak bélimiinde Bozok yaylasinin eteginde yer almaktadir.
Kayseri, Sivas, Nevsehir, Corum gibi komsu illere sahiptir. 14.074 km? y(izOlgiiml(, 418 bin 442 nifusa
sahip bir kenttir. Resmi kurulus tarihi 2006 olan Yozgat Bozok Universite’nin altyapisi daha eskilere
dayanmaktadir. 1982 yilinda Erciyes Universitesine bagli olarak kurulan universite Yozgat Meslek
Yiiksekokulu ile baslayarak 1989 yilinda Gazi Universitesine bagh diger Meslek Yiksekokulu'nun da
kurulmasiyla Yozgat kentinde Universite kurulumu icin adimlar atilmigtir. 1992 vyilinda Erciyes
Universitesine biinyesinde kurulmus olan Mihendislik-Mimarlik Fakiiltesi ve Ziraat Fakdltesi, 1994 yilinda
Fen-Edebiyat Fakiiltesi, iktisadi ve Idari Bilimler Fakiiltesi ve 1996 yilinda da Saglik Yiiksekokulu ile
devam etmistir. Mevcut yapida 14 Fakiltesi, 4 Yuksekokulu, 8 Meslek Yuksekokulu bulunmaktadir.
23.877 dgrenci, 964 akademik personel ve 1140 idari personel ile Gniversite hayatini devam ettirmektedir.

Erdogan Akdag Dogu Kampisu ve Bilal Sahin Bati Kampusu icerisinde mevcutta 14 Fakiilte,
1 Yuksekokul, 1 Meslek Yuksekokulu, 2 Enstitd, 1 Arastirma ve Uygulama Hastanesi, 1 Teknopark,
1 laboratuvar binasi, 1 Bilim ve Teknoloji Uygulama ve Arastirma Merkezi, 1 Kariyer Merkezi binasi,
1 Misafirhane, 1 Merkezi Yemekhane, 1 Merkezi Kitiiphane, 1 Cami ve Kiilliye, 1 Uygulama Cami, 1 Kenevir
Binasi, 1 Kongre ve Kiiltir Merkezi, 1 market, 2 restoran, 1 heniiz agilmamis kafe, 1 spor salonu, Kredi
Yurtlar Kurumu’na bagh 1 Erkek Ogrenci Yurdu, 1 Kiz Ogrenci Yurdu, 1 spor salonu, spor kompleksi (agik
triblnli futbol sahasi, kapali hali saha, basketbol sahasi) bulunmaktadir (YOBU faaliyet Raporu, 2022).
Kampus, Yozgat-Bogazliyan-Kayseri Yolu, Atatirk Yolu 7.km'de 4.070.000 m?lik bir alanda
konumlandiriimistir. Erdogan Akdag Dogu Kampusi ve Bilal Sahin Bati Kampuisi olarak iki yerleske olarak
adlandiriimasi  karayollarinin  bélmis olmasindan kaynaklanmaktadir. Kampisun deniz seviyesinden
yuksekligi yaklasik 1300 m’dir.
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Sekil 1. Yozgat Bozok Universitesi Uydu gériintiisii (a); Yozgat Bozok Universitesi genel gériiniimii (b) (Kaynak:YOBU, resmi web sayfasi).

Figure 1. Yozgat Bozok University Satellite image (a); General view of Yozgat Bozok University (b) (Source: YOBU, official website).

Calismanin diger materyallerini: Ul GreenMetric Dinya Universiteler Siralamasi Kilavuzu, Ul
GreenMetric Olglim Sistemi Kriterleri ve Gostergeleri, kiyaslama yapabilmek igin Ul GreenMetric dinya
siralamasina giren ulusal ve uluslararasi Universitelere ait verileri, YOBU Erdogan Akdag Dogu Kampiisii
ve Bilal Sahin Bati Kampusi’ne ait gekilmis fotograflar ve galisma alanini igeren paftalar, planlar, gesitli
raporlar ve dijital kaynaklar olusturmaktadir.

Calisma 2022-2023 yillari arasinda yuritilmuastir. Kuramsal literatir arastirmasinin ardindan, s6z
konusu Yozgat Bozok Universitesi Erdogan Akdag Dogu Kamplsi ve Bilal Sahin Bati Kamplsi'niin
peyzaj master planlarinin hazirlanabilmesi igin, galisma alanina ait veriler toplanmigtir. Alanin cografi
kosullari ve cevresel etkiler hakkinda bilgi edinebilmek igin gerekli olan yazinsal, dijital ve gorsel
kaynaklara erisebilmek igin gerekli kurum ve kuruluslardan veriler alinmigtir. Calisma alaninda yerinde
g6zlem yapilarak mevcut durumu gosteren fotograflar ¢ekilmistir. Daha sonra elde edilen veriler ile Ul
GreenMetric Degerlendirme Sistemi'nde kampis alani analiz edilmigtir. Yozgat Bozok Universitesi
kampdslerinin peyzaj master planinin hazirlanmasi asamasinda, Ul GreenMetric Degerlendirme
Sistemi’nin kriterleri g6z 6niinde bulundurularak planlama ve tasarim siirecine baglanmistir.

Ul GreenMetric sisteminde bulunan her kategori altinda yer alan kriterler belirtilen sartlara goére
yeterlilik durumuna gdre puanlama yapilmaktadir. Her parametre sayisal olarak puanlandirilip kriterler,
kendine 6zgu olan denklemler ile hesaplanarak sayisal olarak puanlanmaktadir. Ul GreenMetric
sisteminde yer alan kategorilerin alt bagliginda yer alan kriter/gostergeler ve parametreler Ul GreenMetric
Kilavuzu, (2022)e goére 6 Ana kriterden olusmustur. Yapi ve Alt Yapi (11 alt kriter), Enerji ve Iklim
degisikligi (10 alt kriter), Atik (6 alt kriter), Su (5 alt kriter), ulasim (8 alt kriter), Egitim Arastirma (11 alt
kriter) olusmaktadir.

ARASTIRMA SONUCLARI ve TARTISMA
Yozgat Bozok Universitesi Bina Analizi

Universiteye bagl olarak calisan Yapi isleri ve Teknik Daire Bagkanhgr'ndan edinilen bilgiye
gbre kampus igerisinde yer alan akademik binalar, idari binalar, saglik hizmetine yonelik mekanlar,
sosyo-kiltirel binalarin kapladigi toplam alan 92.772 m?dir. Merkez kampuste; 10 fakilte binasi, 1
yuksekokul, 1 meslek ylksekokulu, 7 editim ve arastirma amagli bina, 2 idari birim binasi, 1 arastirma
ve uygulama hastanesi, 2 kongre/konferans binasi, 1 kitliphane, 8 sosyo-kdltiirel bina ve 2 spor tesisi
ve aritma tesisi mevcuttur.
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Yozgat Bozok Universitesi Yesil Alan Analizi

Yozgat Bozok Universitesi'nin ormanla kapl alan bolimi Google Earth aracihidi ile hesaplanmigtir ve
yaklasik olarak 259.187 m? olarak bulunmustur. Ekili ve dikili alanlar ise kampUs arazisinde yerinde gézlem
yapiimigtir. Yapi isleri ve Teknik Daire Bagkanligrndan alinan vaziyet proje ile eslestiriimesi yapiimistir.
Merkez kampusteki ekili ve dikili alanlar yaklasik olarak 154.457 m? olarak hesaplanmistir.

Sekil 2. Yozgat Bozok Universitesi Yesil alan gériintiisii (a); Yozgat Bozok Universitesi Yesil alan gériintiisi (b).

Figure 2. Yozgat Bozok University Green area image (a); Yozgat Bozok University Green area image (b).

Yozgat Bozok Universitesi Ulagim Altyapi Analizi

Yozgat Bozok Universitesi'ne ait iki merkez kamplse sahip olmasinin nedeni kampUsi ikiye bolen
Kayseri-Yozgat karayolunun ge¢mesidir. Mevcut ring yolu kampusteki binalara ulagimin kolay saglandigi
glizergahtan olusmaktadir. Kampiiste belediyenin olusturdugu YOBIS (Yozgat bisiklet) uygulamasi Covid-
19 dncesinde olusturulan bisiklet park yeri mevcuttur. Ancak pandemi ile birlikte bisikletler geri alinmistir.
Kampduste bisiklet yolu bulunmamaktadir. Kampus genelinde ara¢ yolunun yani sira genellikle yayalar i¢in
kaldirimlar mevcuttur.

Sekil 3. Yozgat Bozok Universitesi ulasim (a); Yozgat Bozok Universitesi giris (b).

Figure 3. Yozgat Bozok University transportation (a); Yozgat Bozok University entrance (b).

Yozgat Bozok Universitesi'ni Elde Edilen Verilerle Ul GreenMetric Kriterlerine Gore
Degerlendirme

Yapi ve Altyapi (SI): Sirdirilebilirlik gabalari igin Universite bitgesinin yizdesi (SI6), Universite
2022 yilinda toplam 555.093.288 TL ddenek almistir. Ancak surdurdlebilirlikle ilgili calismalar icin ayriimis
bir bitce oldudu verisine ulasilamamistir. Koruma: orta veya uzun vadeli koruma tesislerinde glvence
altina alinan flora, fauna ve yaban hayati, gida ve tarim icin genetik kaynaklar (S111) hakkinda herhangi
bir veriye ulasilamamistir. Agik alanlarin toplam alana orani (SI1): Toplam kampis alani miktarindan
kampus toplam kapal alan miktari ¢ikarilirsa toplam agik alan miktari ortaya ¢ikacaktir. Kampus toplam
kapali alan miktar1 vaziyet plani 6lglisii hesaplamasinda 92.772 m? olgllmistir. Toplam kampdis alan
miktari ise 4.070.000 mZdir.
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Acik alan miktari= 4.070.000 — 92.772= 3.977.228 m?

Acik alan miktari toplam alan miktarina oranlandiginda %97’lik bir ylizde ortaya gikmaktadir. Bu oran
Ul GreenMetric sisteminde Universiteye 150 puan kazandirmaktadir. Orman bitki ortlistiyle kaph kampisteki
toplam alan (SI2): Kamptis orman bitki ortistyle kapli alan miktari 259.187 m?dir. Orman bitki 6rtlistiyle kaph
alani tim alana oranlandiginda %6’lik dilime girmektedir. Sistemde 25 puan kazandirmaktadir. Ekilen bitki
oOrtUstyle kapli kampusteki toplam alan (SI3): Kampiis vaziyet plani ve yerinde gézlem sonucu ekili ve dikili
alan miktari 154.457 m? olarak tespit edilmistir. Kampts toplam alana gore %4’lik kismi kapsamaktadir.
Sistem degerlendirmesinde 10 puan kazandirmistir. Orman alani ve ekili bitki 6rtistnin yani sira su emilimi
icin kampusteki toplam alan (SI4): Kampus igerisinde su emilimi sadlayan alanlar dogal yesil alanlar ve toprak
zeminlerden olusmaktadir. Su emici 6zelligi gosteren gegirimli ylizeyler hakkinda veriye ulasilamamistir.
Vaziyet plan tzerinde yapilan hesaplamalarda su emici alanlar 2.910.847 m?lik alandan olusmaktadir. Ancak
kampis arazi geneli kayallk zemine sahipti. Kampis geneline oranladigimizda kampusin %71,5'ini
kapladigi gorilmistir. Sistemde 100 puan kazandirmigtir.

Toplam agik alan alaninin toplam kampus nifusuna bolimi (SI5): Toplam agik alan (3.977.228 m?)
kampUs toplam niifusuna orani yapildiginda kisi basina 225 m?kisi dismektedir. Sistemde 200 puan
kazandirmistir. Kampus 6grenci nifusu: 15.921 kisi, Kampls akademik personel sayisi: 689 kisi, KampUs
idari personel sayisi: 630 kisi, Kampis galisan iscgi sayisi: 364 kisi, Hastane calisan sayisi:723 kisi, YOBU
Hastanesi yillik hasta sayisi: 89.471 kisi, Kampus nifusu: 107.798 kisidir.

Bir yillik dénemde binanin isletme ve bakim faaliyetlerinin yiizdesi (SI7): Universitenin Yapi isleri ve
Teknik Daire Bagkanligr'ndan alinan bilgiye gore 2022 yilinda 15.000.000 6denek alinmigtir. Kapsadigi
alanlar altyapi ve binalardir. Bina bakimlari i¢in harcanan miktarin %80 civarinda oldugu bilgisi alinmistir.
Bu oran sistemde 75 puan kazandirmaktadir. Engelliler, 6zel ihtiyaglar ve/veya dogum bakimi igin
kampus tesisleri (S18): Engelliler Danisma ve Koordinasyon Yonetmeligi gercevesinde 2009-2010 6gretim
Gliz déneminde Engelsiz Bozok adiyla kurulmustur. 2015 yilinda Engelli Ogrenci Birimi adini almistir.
Fen-Edebiyat Fakiiltesi, ilahiyat Fakiiltesi ek bina, Saglik Bilimleri Fakiiltesi, Ziraat Fakiiltesinde mekana
erisim icin hissedilebilir yol yapimi mevcuttur. Akdagmadeni Meslek Yiksekokulu ve Cekerek Fuat Oktay
Saglk Hizmetleri Meslek Yiksekokulu'nda da erisim saglanmaktadir. Merkez kampiste bulunan
fakultelerde hissedilebilir yol yapimi devam etmektedir. Ayrica kampus yurime yollarinda da bdlgesel
olarak engelli rampalari ve hissedilebilir yollar yapilmistir. Sistemde 75 puan kazandirmigtir.

Givenlik ve giivenlik tesisleri (S19): Guvenlik biriminden alinan bilgilere gore bina giris ¢ikislarinda
kamera sistemleri, kampuUse giris ve c¢ikislarda bariyer sistemi (plaka okuma sistemi), yangin alarm
sistemleri, acil durum afet durumundan toplanma alanlari mevcuttur ve 57 givenlik personeli
galismaktadir. Sistemde 50 puan kazandirmistir.

Ogrenciler, akademisyenler ve idari personelin refahi igin saglik altyapi tesisleri (S110); Ogrenciler,
akademisyenler ve personeller icin kampuUs igerisinde saglik ocagi, dis hekimligi, psikolog, diyetisyen
vardir. Ayrica iiniversitenin kampis igerisinde Arastirma ve Uygulama Hastanesi vardir. ilk yardim, acil
servis, klinik, hastane ve sertifikali personel mevcut ve halka agiktir. Sistemde 100 puan kazandirmistir.

Enerji ve iklim Degisikligi (EC): Kampiiste; akilli bina uygulamasi (EC2), yenilenebilir enerji
kaynagi (EC3), yesil bina uygulamalari (EC6), sera gazi emisyonu azaltma programi (EC7), enerji ve
iklim degisikligi alanindaki yenilikgi program (lar)in sayisi (EC9) ve iklim degisikligi Uzerinde etkili
Universite program (lar)in sayisi (EC10) kriterlerini sagdlayan herhangi bir uygulama, program
bulunmamaktadir. Yenilenebilir enerji kaynagi bulunmadigindan enerji ve iklim degisikliginin EC5 kriteri
(Yenilenebilir enerji Uretiminin yillk toplam enerji kullanimina bdlinmesiyle elde edilen oran)
hesaplanamamaktadir.

Eneriji tasarruflu cihaz kullanimi (EC1): Enerji tasarruflu cihaz kullanimi yapilsa da geleneksel olarak
kullanilan cihazlarin verisine ulagilamadigindan Ul GreenMetric Degerlendirme Sistemi’'nden puan elde
edememistir. Toplam elektrik kullaniminin toplam kampis niifusuna bolimi (kisi basina kWh) (EC4): Kamps
nifusu toplamda 107.798 kisidir. Kampuste 2022 yilinda elektrik kullanimi; kampis binalarinda 4.080.000
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kWh, arastirma ve uygulama hastanesinde 3.969.972 kWh'dir. Elde edilen verilere gore kisi basina diisen
elektrik kullanimi 74 kWh’dir. Kriter sistemde 300 puan kazandirmigtir.

Toplam karbon ayak izi toplam kampls nifusu (kisi basina metrik ton) (EC8): Kampis nifusu:
107.798 kisi

Elektrik kullanimi (yillik): (kampus) 4.080.000 + (hastane) 3.969.972 kWh = 8.049.972 kWh, Dogalgaz
(yillik): (kampus) 1.769.676 m? + (hastane) 537.218 = 2.306.894 m®

EPDK (Eneriji Piyasasi Diizenleme Kurumu)ya gére 1 m® = 10,64 kWh ile es degerdir. Universitenin
dogalgaz tiketimini kWh cinsinden hesaplarsak 24.545.352,16 kWh etmektedir.

Ul GreenMetric degerlendirme sisteminin 6nermis oldugu elektrik ve dogalgaz tiiketim miktari metrik ton
degerine donusturilmistir. 7.920,17 metrik ton (“Carbon Footprint”, t.y.)

Kisi basina; 7.920,17/107.798 = 0.07 metrik ton

Atik (WS): Kampiiste kagit ve plastik kullanimini azaltma programi (WS2) bulunmamaktadir. Organik
atiklarin iglenmesi (WS3) ve inorganik atiklarin islenmesi (WS4) kriterleri igin sifir atik projesi uygulamasinda
vardir belediyeye teslim edilmektedir. Ancak islenme oranlari hakkinda bilgiye ulasilamamigtir.

Universite atiklari icin 3R (Azalt, Yeniden kullan, Geri doénustir) programi (WS1): Universite web
sitesinde sifir atik sayfasi olusturarak bina bazinda veri giris portali olusturmustur. Ahsap, pil, bitkisel yag, cam,
elektronik, kagit, kompozit, metal, organik, plastik, tekstil ve tibbi atik olmak Uzere 12 tirde atik sistemi
olusturulmustur.

Toplamda 10.541,89 kg atik hesaplanmistir. Toplanan atiklar belediyenin sézlesme yaptigi firmalar
tarafindan atik toplama merkezlerine alinmaktadir.

Zehirli atiklarin islenmesi (WS5): Arastirma ve uygulama hastanesinden alinan bilgiye gore hastanenin
olusturdugu zehirli atiklarin tamamini belediyeye teslim ederek kampils alanindan uzaklastirmaktadir.
Sistemde tam puan olan 300 puani almistir.

Kanalizasyon atiklarinin bertarafi (WS6): Binalardan gelen atik sular kampUs igerisinde bulunan aritma
tesisine ulagsmaktadir. Ancak yeniden kullanimi igin herhangi bir galisma heniiz bulunmamaktadir. Sistemde
75 puan kazandirmistir.

Su (WR): Su tasarruflu program ve uygulamasi (WR1), su geri donlisim programi (WR2), aritiimis su
tUketimi (WR4) kriterleri karsilanmamaktadir. KampUs alaninda su kirliligi kontrolii (WR5) hakkinda herhangi
bir veri elde edilememistir. Su tasarruflu cihaz kullanimi (WR3): Kampus bina lavabolarinin yaklasik %20’sinde
selenoid batarya kullanimi yapilmaktadir. Sistemde 50 puan kazandirmistir (Sekil 4).

Sekil 4. Yozgat Bozok Universitesi su varligi (a); Yozgat Bozok Universitesi su varligi genel goérinimdi (b).

Figure 4. Yozgat Bozok University availability of water); Yozgat Bozok University general image of availability water (b).

107



Yazici & Kaplan

Ulagim (TR): Ul GreenMetric degerlendirme sistemi ulagim kategorisinde kampuste sifir emisyonlu
araglar (ZEV) politikasi (TR3), sifir emisyonlu arag bulunmadigindan sifir emisyonlu arag sayisinin toplam
kampls nifusuna orani (TR4) kriterlerinden puan alamamistir. Son 3 yildir (2019'dan 2021’e kadar)
kampusteki park alanini sinirlama veya azaltma programi (TR6), Kampiste 6zel araglarin azaltilmasina
yonelik girisim sayisi (TR7) bulunmamaktadir. Toplam kampis nifusuna boélinen toplam arag sayisi
(arabalar ve motosikletler) (TR1): Akademik personel, idari personel ve 6grenci adina kampuste arag
tanitma sisteminde 1608 arag kayithidir. Universite adina kayitli araglar ise 3 ambulans, 1 sulama tankeri,
7 otobus, 2 traktor, 1 kepge ve 11 otomobil mevcuttur. Kampulste bulunan toplam ara¢ sayisi 1633’tur.
Toplam kampus niifusuna gore kisi basina 0,02'dur. Sistemde tam puan kazandirmaktadir.

Servis hizmetleri (TR2): Universiteye ait otobislerle personellere yénelik sabah ve aksam gelis
gidigler igin servis hizmeti uygulanmaktadir. Ayrica mesai saatleri igerisinde kampus i¢i servis hizmeti
vermektedir. Servis hizmeti kriteri sistemde 225 puan kazandirmistir.

Otopark alaninin toplam kampis alanina orani (TR5): Kampiste bulunan toplam otopark alani
62.247 m?dir. Toplam kampis alaninin 4.070.000 m?ye oranladigimizda %1,53’lik alani kapsamaktadir.
Ul GreenMetric degerlendirmesinde 150 puan kazandirmistir.

Kamplsteki yaya yolu (TR8): Kampuste glivenlik ve konfor amagli yaya yollari tasarlanmistir. Bazi
yerlerde engelli dostu olacak bir bicimde tasarlanip uygulanmistir.

Egitim ve Arastirma (ED): Surdirilebilirik arastirma fonu hakkinda herhangi bir veri elde
edilemediginden ED2 kriteri olan surdirdlebilirlik arastirma fonunun toplam arastirma fonuna oranina
ulasilamamaktadir. Sirdirilebilirlik raporu (ED7) bulunmamaktadir. Strdirilebilirlik derslerinin toplam
derslere/konulara orani (ED1): Ogrenci isleri Daire Baskanhigi'ndan elde edilen bilgiye gére 2022-2023
egitim-6gretim yilinin giiz ve bahar déneminde toplam verilen ders sayisi 4680°dir. Sirdirulebilirligi konu
alan toplamda 65 ders oldugu tespit edilmistir. Ul GreenMetric degerlendirmesindeki kritere gore
surdurdlebilirlik ders sayisinin tim derslere olan orani %1,38 olarak hesaplanmistir. Sistemde 75 puan
kazandirmistir. Strdirilebilirlik ile ilgili bilimsel yayin sayisi (ED3): Universitenin AVESIS programina
kayitl akademik personeline ait atik yonetimi ve bertarafi, yenilenebilir enerji, strdirilebilirlik ve gevre,
doga ve peyzaj koruma konulu toplam 78 bilimsel yayin yapilmistir. Sistemde 100 puan kazandirmistir.
Surdurdlebilirlik ile ilgili etkinlik sayisi (ED4): 2022 ve 2023 yilinda surdurilebilirlikle alakali sayilabilecek 7
etkinlik yapiimigtir. 1. Cevre Proje Pazari, Atik Yonetimi ve Sirdirilebilirlik, Dinya Akciger Kanseri
Farkindalik Gund — Agag Dikme Etkinligi, Cayiralan Derekemal Kéyu Sehit Oguzhan Atalay Adina Hatira
Ormani Fidan Calismasi, Milli Agaglandirma Guini ve Anadolu Universiteler Birligi “1. AR-GE Proje
Pazar” ve Geleneksel Kimya Ginleri Kapsaminda Ada¢ Dikme Etkinligi etkinlikleri dizenlenmistir.
GreenMetric sisteminde Universiteye ED4 kriteri 100 puan kazandirmistir.

Yilda sirdurilebilirlik ile ilgili 6grenci dernekleri tarafindan dizenlenen etkinlik sayisi (EDS5):
Ogrencilerin stirdrilebilirligi esas alarak kurmus oldugu topluluklar; Bozok Hayvan Dostlari Toplulugu,
Bozok Kus Gozlem Toplulugu, Bozok Ormancilik Toplulugu, Cevre Saghgi Toplulugu, Cevre ve Doga
Toplulugu, Doga ve Ekolojik Gézlem Toplulugu, Doga ve Yriyts Toplulugu, Dogada Yriyls Toplulugu,
Geng Tema Toplulugu, Tarim Egitim ve Cevre Gonulluleri Toplulugu, Yesil Enerji Toplulugu’dur.

2022 yilinda yapilan universite 6grencilerinin dizenledidi organizasyon sayisi 11’dir. DUzenlenen
organizasyonlar; Kampusteki Hayvan Dostlarimiza Saglik Asilamaya Ne Dersiniz, 5 Haziran Dinya
Cevre Ginu: Kampis Temizligi, Kazankaya Kanyonu Gezisi - Yozgat'ta Yasayan Kus Turlerinin
Gozlemlenmesi, Gelin Gllu Baraji ve Kadigehri Gezisi — Yozgat'ta Yasayan Kus Turlerinin Gézlenmesi,
Saglk Igin Bisiklet, Bu Topraklarda Umut Yesertiyoruz, Bugiiniin Fidanlari Yarinin Nefesleri, Atik
Yonetimi ve Surdurdlebilirlik, Her Yoniyle Sokak Hayvanlarini Konusuyoruz, Kéy Okullari / Kardes Okul
Yenileme Projesi — Sirgali Sehit idris Oztiirk ilkégretim Okulu ve Kdy Okullar / Kardes Okul Yenileme
Projesi — Gazipasa Ilkokulu’dur. Sistemde 200 puan kazandirmistir.
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Universite tarafindan yaritilen surdurdlebilirlik web sitesi (ED6): Surdurilebilirlik esas alinarak
Cevre Proje Pazari web sitesi tasarlanarak proje yarismalari yapilmaktadir. Sifir atik projesi web sitesi
olusturulmustur. Covid-19 pandemi sureciyle birlikte uzaktan egitim web sitesi olusturularak egitimde
sureklilik saglanmistir. Elde edilen veriler sistemde 150 puan kazandirmistir.

Kampusteki kiltirel etkinliklerinin sayisi (ED8): 2022 yili igerisinde; Mimin Sarikaya Soylesisi ve
Konseri, 58. Kitliphane Haftasi Dolayisiyla “Kitap Okuma S$éleni”, Okinawa'nin Yerel Ezgileri, “Ebru
Sanati ve Bir Sanatgl” sergisi, Bir Yozgat Hikayesi “Kara Kizin Ak Sutu” belgeseli, 15 Temmuz Paneli,
Belgesel Gosterimi ve Fotograf Sergisi, “Yozgat'ta Yasayan Kus Turleri” Konulu Sergi olmak Uzere 7
kaltarel etkinlik dizenlenmistir. Kultarel etkinlik sayisinin kazandirdigi puan 100’ddr.

Uluslararasi is birliklerine sahip Universite surdurilebilirlik program(lar)inin sayisi (ED9): Uzaktan
Egitim Merkezi ile dersler online gergeklestiriimistir ve BOSUYAM (Sirekli Egitim Uygulama ve Arastirma
Merkezi) olmak lizere 2 program kurulmustur. Programlar sonucu kriterden elde edilen puan 50 olmustur.

Diizenlenen ve/veya 6grencileri iceren surdurulebilirlik toplum hizmetleri projelerinin sayisi (ED10):
Cevre Proje Pazarl proje yarismasi ile surdirilebilir projeler elde etmek amaglanmistir. Universite
ogrencilerinin tasarladidi “robotaksi” adli binek otonom aracin kaporta aksami kenevir kumasindan
uretilmistir. Yine Yozgat Bozok Universitesi 6grencilerinin yapmis oldugu kenevir esasli beton kano takimi
projesi bulunmaktadir. Sistemde 75 puan kazandirmistir.

Siirdiiriilebilirlikle ilgili girisimlerin sayisi (ED11): Cevre proje pazar ile surdurilebilirlik
hedeflenmistir. Sistemde 25 puan kazandirmistir. Yozgat Bozok Universitesi Ul GreenMetric dederlendirme
sisteminde mevcut verilere goére incelendiginde toplam 3.435 puan elde etmistir. Yapilan bagka bir
calismada ise Tosun (2022) Atatiirk Universitesi'ni Ul GreenMetric degerlendirmesi ulagti§i verilere gore
hesaplamasinda 3600 puan elde etmistir. Bir diger calisma olan Ak (2022) ise izmir Demokrasi
Universitesini Ul GreenMetric kriterlerine gére ulastigi veriler ve peyzaj master plani dogrultusunda
toplamda 3025 puan elde etmistir. Ul GreenMetric degerlendirme sisteminde yapi ve altyapi kategorisi
ulasilabilecek maksimum puan 1500 iken tez konusu olan Universite toplamda 685 puan elde etmigtir. Ak
(2022) ayni kategoride toplamda 1100 puan elde ederken Tosun (2022) 775 puan elde etmistir. Enerji ve
iklim degisikligi kategorisinde 2100 puan lzerinden Bozok Universitesi 500 puan elde etmistir. Ak (2022) bu
kategoride 350 puan alirken Tosun (2022) 750 puan almigtir. Atik kategorisinde 1800 puan (izerinden 450
puan alinmistir. Ak (2022) atik kategorisinde 525 puan, Tosun (2022) 150 puan elde etmistir. Su
kategorisinde 1000 puan tizerinden Bozok Universitesi 50 puan alirken, Ak (2022) 600 puan, Tosun (2022)
ise 250 puan almigtir. Ulagim kategorisi 1800 puan Uzerinden degerlendirilerek 875 puan elde edilmistir. Ak
(2022) 450 puan, Tosun (2022) ise 1025 puan elde etmistir. Son kategori olan egitim ve arastirmada ise
alinabilecek maksimum 1800 puan (zerinden hesaplandiginda Bozok Universitesi 875 puan kazanmistir.
Ak (2022) bu kategoriye ait kriterlerle ilgili herhangi bir veriye ulasamamistir. Tosun (2022) ise egitim ve
arastirma kategorisinde 650 puan almistir. Yozgat Bozok Universitesinin Atatiirk Universitesi ve izmir
Demokrasi Universitesi'ne gére daha diisiik puan elde etmelerinde Universitelerin kurulus tarihlerinin farklilik
gbstermesi, iklim ve cografi konumun Universite gelisiminde énemli oldugunu ortaya koymaktadir. Her iki
Universitenin master plani mevcuttur. Ayrica Ak (2022) kriter puanlamasinda peyzaiji ilgilendiren kriterlerde
sunmus oldugu oneriler sonucu elde edecegdi puani dahil ederek hesaplamistir. Tosun (2022) ise mevcut
veriler dogrultusunda puanlama hesaplamasi yapmistir.

SONUG VE ONERILER

Yozgat Bozok Universitesi merkez kampislerinin mevcut haline gére Ul GreenMetric
Degerlendirme Sistemi’'nde degerlendirildiginde yapi ve altyapi kategorisinde 685, enerji ve iklim
degisikligi kategorisinde 500, atik kategorisinde 450, su kategorisinde 50, ulasim kategorisinde 875,
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editim ve arastirma kategorisinde ise elde edilen verilere gore toplamda 875 puan almigtir. Ul
GreenMetric degerlendirme sisteminde maksimum alinabilecek 10.000 puan Uzerinden 3.435 puana
sahip olmustur. Elde edilen verilere gore yapi ve altyapi kategorisinde SI6 ve Sl11, enerji ve iklim
degisikligi kategorisinde EC1, EC2, EC3, EC5, EC6, EC7, EC9 ve EC10, atik kategorisinde WS2, WS3
ve WS4, su kategorisinde WR1, WR2, WR4 ve WRS5, ulasim kategorisinde TR3, TR4, TR6 ve TR7, son
olarak egitim ve arastirma kategorisinde ise ED2 ve ED7 kriterlerine ait veri ulagimi saglanamamasindan
ya da verilerin kullaniimamasindan dolayi puan alinamamistir.

Mevcut durumuyla diinya siralamasina girebildigi ve Ul GreenMetric degerlendirme sisteminde
2023 yili Gizerinden inceledigimizde ise Bozok Universitesi de katiimcilar arasinda oldugunu varsayilir ise
1184 (niversite arasinda 1013.sirada 3445 puanla yer alan Kazakistan'da bulunan Almati isletme
Universitesi ile 1014.sirada 3430 puanla Endonezya’dan katilan Institut Teknoloji PLN arasinda yerini
alacaktir. Turkiye'den katilim saglayan 98 Universite arasinda 99. olarak bagvuran Universiteler arasinda
3575 puan ile 89. sirada bulunan Cankaya Universitesi ile 3355 puan ile 90.sirada bulunan Igik
Universitesi arasinda yerini alacaktir. Diinya genel siralamasinda ise 1014. sirada yer alacaktir. Yapi ve
altyapi kategorisinde dinya siralamasinda 796. ve 802. siralamalar arasinda yer alan Universiteler ile
ortak siralamalarda yerini alacaktir. Enerji ve iklim degisikligi kategorisinde dinya siralamasinda 963. ve
965. siralamalar arasinda yer alacaktir. Atik kategorisi degerlendirmesinde 881. ve 923.siralamalar
arasindaki Universiteler ile yer alacaktir. Su kategorisindeki puanina goére 1002. sirada yer alacaktir.
Ulasim kategorisinden elde ettigi puan ile 842. ve 847. siralamalarda yer alan Universitelerin bulundugu
siralarda yerini alacaktir. Son kategori olan egitim ve arastirma kategorisinde ise 895. ve 905. siralamalar
arasinda yerini alacaktir.

Yap! ve Altyapi (SI): Yozgat Bozok Universitesini Ul GreenMetric Degerlendirme Sistemi'ndeki
yapli ve altyapi kategorisinde yer alan 11 kritere gore analiz edildiginde toplamda 685 puan elde edilmigtir.
Kampus yuzoélgimuine baktigimizda 4.070.000 m? alanda yaklasik 259.187 m?lik bir ormanlik alana sahip
olmasi kampusiin %6’lk dilimi olusturmasindan dolayi bu miktar artirmak hedeflenmistir. SI3 (ekilen bitki
Ortusuyle kaph kampusteki toplam alan) kriterine bakildiginda alanin %4’lik kismini olusturmasindan
dolayi ekili ve dikili alan miktarlari genisletiimistir. Enerji ve iklim Degisikligi (EC): Enerji ve iklim degisikligi
kategorisinde yer alan 10 kritere gore inceleme yapildiginda, elde edilen veriler sonucu 500 puan almistir.
Cizelge 1’de sadece puan alan kriterler mevcuttur. Genel toplam puanda (alinabilecek en fazla puan) 0
(sifir) puan alan kriterlerde dahil edilmigtir.

EC1 (Enerji tasarruflu cihaz kullanimi) kriterinde elde edilen bilgilere gore kamplste mevcut
tasarruflu cihaz kullanimlari vardir. Ancak Ozellikle peyzaj alanlarinda bu kullanim yetersiz gorilmustir.
Bu sayilarin en azindan peyzaj alanlarinda kullanimi artinlarak Universiteye hem maddi hem de
surduarulebilirlik agisindan kazang saglayabilecedi dusunulmastir. Mevcut rizgar ve guneglenme gin
sayllari envanteri ¢ikarilarak kampisin uygun gérulen alanlarina yenilenebilir enerji kaynagi olarak
rizgar ve gunes enerijisi sistemleri uzmanlar esliginde hayata gegcirilebilir.

Atik (WS): Kamplis mevcut verileri 6 kriterden olusan atik kategorisinde ise toplamda 450 puan
almistir. WS2 (kampuste kagit ve plastik kullanimini azaltma programi) WS2 kriterine goére yapilan
herhangi bir veriye ulagsilamamistir. Ancak s6z konusu kritere gére kampls kullanici sayisi da
dusunuldigunde oldukga yuksek bir sonucu ortaya ¢gikacagi dusuntlmektedir. Kagit ve plastik kullanimini
azaltmay tesvik eden egitimler, seminerler, etkinlikler ve mobil/geleneksel uygulamalar ile gevre dostu
kampus Universite olusturulabilir. WS3 (organik atiklarin iglenmesi) kriterinden elde edilen puan sifirdir.
Kampus peyzajinda kullanilan bitkilerin gelisimi agisindan duzenli gibreleme yapilmasi gerekmektedir.
Kampuste olusan organik atiklarin kompost olarak geri dénUsturilmesi ve alanda kullaniimasi ile hem
bitkilerin gelismesine katki saglayacaktir hem de ekonomik ve cevresel anlamda kullanigh bir yontem
olacagi dusunulmektedir.
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Cizelge 1. Yozgat Bozok Universitesi GreenMetric puanlamasi nihai sonucu

Table 1. Final result of Yozgat Bozok University's GreenMetric scoring

1 Yapi ve Altyapi (SI) Alinabilecek en | Mevcut %15
Si1 Acik alanlarin toplam alana orani 200 150
SI2 Orman bitki orttistiyle kapli kampusteki toplam alan 100 25
SI3 Ekilen bitki ortuistyle kaph kamptusteki toplam alan 200 10
Sl4 Orman ve ekili bitki 6rtiisiintin yani sira su emilimi igin kampusteki toplam alan 100 100
SI5 Toplam agik alan alaninin toplam kampus nifusuna bolimu 200 100
SI6 Surdurdlebilirlik gabalari igin Universite bltgesinin ylizdesi 200 -
SI7 Bir yilhk dénemde binanin isletme ve bakim faaliyetlerinin yuzdesi 100 75
SI8 Engelliler, 6zel ihtiyaglar ve/veya dogum bakimi igin kampus tesisleri 100 75
SI9 Glvenlik ve givenlik tesisleri 100 50
SI10 Ogrenciler, akademisyenler ve idari personelin refahi icin saglik altyapi tesisleri 100 100
SI11 Koruma: orta veya uzun vadeli koruma tesislerinde glivence altina alinan flora, 100 =
TOPLAM 1500 685
2 Enerji ve iklim Degisikligi (EC) %21
EC4 Toplam elektrik kullaniminin toplam kampts niifusuna bolimu (kisi basina kWh) 300 300
EC8 Toplam karbon ayak izi b6li toplam kampts niifusu (kisi basina metrik ton) 200 200
TOPLAM 2100 500
3 Atik (WS) %18
WSH1 Universite atiklari icin 3R (Azalt, Yeniden kullan, Geri doniistiir) programi 300 75
WS5 Zehirli atiklarin islenmesi 300 300
TOPLAM 1800 450
4 Su (WR %10
WR3 Su tasarruflu cihaz kullanimi 200 50
TOPLAM 1000 50
5 Ulasim (TR) %18
TR1 Toplam kampus nufusuna bélinen toplam arag sayisi (arabalar ve motosikletler) 200 200
TR2 Servis hizmetleri 300 225
TR5 Otopark alaninin toplam kampus alanina orani 200 150
TR8 Kampdusteki yaya yolu 300 300
TOPLAM 1800 875
6 Egitim ve Arastirma (ED) %18
ED1 Surdurulebilirlik derslerinin toplam derslere/konulara orani 300 75
ED3 Surdurdlebilirlik ile ilgili bilimsel yayin sayi 200 100
ED4 Surdurilebilirlik ile ilgili etkinlik sayisi 200 100
ED5 Yilda surdurdlebilirlik ile ilgili 6grenci dernekleri tarafindan diizenlenen etkinlik 200 200
ED6 Universite tarafindan yiiritiilen surdirilebilirlik web sitesi 200 150
ED8 Kampusteki kulturel etkinliklerinin sayisi 100 100
ED9 Uluslararasi igbirliklerine sahip Universite sirdurilebilirlik program (lar)inin sayisi 100 50
ED10 Duzenlenen ve/veya 6grencileri iceren surdurilebilirlik toplum hizmetleri 100 75
ED11 Surdurdlebilirlikle ilgili girisimlerin sayisi 100 25
TOPLAM 1800 875

Su (WR): 5 kriterden olusan su kategorisinde Universite toplamda 50 puan elde edebilmistir. Yapi
isleri ve Teknik Daire Bagkanligi'ndan kampisteki su durumu hakkinda ulagilan bilgilere gére mevcut
suyun kampus igin yetersiz oldugu sonucuna ulagiimistir. Kampis peyzajinda yerinde go6zlem
yapildiginda mevcut ¢im alanlarda otomatik sulama sistemlerinin ve bazi bdlgelerde de bitkiler igin
damlama sulama sisteminin kullanildigi goéralmuUstar. Kriterler konusunda da yetkili kigilerle
konusuldugunda ise peyzaj alanlar diglnilerek 6zellikle WR1 (su tasarrufu programi ve uygulamasi) ve
WR2 (su geri donisum programi uygulamasi) kriterlerinin énemli oldugu disindlmektedir. Ancak
Universite bu kriterlerden herhangi bir puan elde edememistir. Bu kriterleri saglayan eksiklikler
giderildiginde hem Ul GreenMetric degerlendirme sisteminden puan elde edilecedi hem de geri doniisim
sayesinde kullanilabilecek peyzaj alanlari genisletilebilecektir.
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Yerinde yapilan incelemeler sonucunda islah ediimemis durumda bulunan su yataklarina
rastlanmistir. Bu alanlar 1slah edilirlerse hem gorsel peyzaja katki sadlayacadi hem de su kayiplarinin
daha da azalabilecedi dusunulmistir. Yeni yapilacak olan otopark, yurlyus yollari ve arag¢ yollar
gecirimli yizey malzemeleri kullaniimasi ile de su kaybi azaltilabilir oldugu 6n goralmastar.

Ulasim (TR): Kampdis, ulasim kategorisinde yer alan 8 kritere gore deg@erlendirildiginde ise Ul
GreenMetric degerlendirme sisteminden 875 puan elde etmektedir. Kampiste TR3 (sifir emisyonlu
araglar (ZEV) politikasi) kriterinin uygulanmadigi saptanmistir. Cevre ve insan saglgi dostu olan bir
kampus igin Universite; bisiklet, elektronik araglar gibi ara¢ kullanimini tesvik edici programlar ve
uygulamalari destekleyici faaliyetlerde bulunabilir.

Egitim ve Arastirma (ED): Son kategori olan egitim ve arastirmadaki 11 kritere gore analiz
yapildiginda universitenin toplamda 875 puan elde ettigi gérulmustir. Kriter puanlarina gére Universitenin
surdirilebilirlik konusunda vermis oldugu derslerin yetersiz oldugu tespit edilmistir. Universitede
surdirdlebilirlik  egitimlerinin, etkinlik, organizasyon vs. faaliyetlerinin artirnimasi surdurilebilirlik
konusunda daha bilingli bir toplumun olugmasina katki saglayacagdi dusunilimektedir.

Yozgat Bozok Universitesi Ul GreenMetric Analizine Gére Onerilen Master Peyzaj Plani

Ul GreenMetric Degerlendirme Sistemi’ndeki kriterler baz alinarak Yozgat Bozok Universitesi’'ndeki
eksiklikler tespit edilmistir. Eksiklikler dikkate alindiginda peyzaj alanini kapsayan 6neri master peyzaj
planlamasi asagida yer alan Sekil 5'te gosterilmigtir.

PAFTA 4 ——wmC—mm Yozgat Bozok Universitesi Kampiis Master Plani Genel Goriiniis

Sekil 5. Yozgat Bozok Master plani 6neri dogal alanlari ve aktivite alanlari.

Figure 5. Yozgat Bozok Master plan proposed natural areas and activity areas.

Kampis alanimizin yizélgiim{ biyik oldugundan 6neri master proje paftalara béliinerek detayli bir
sekilde gosterilmistir. Kampus alanin iginde kayalik zemine olduk¢a sik rastlanmaktadir. Projede yer alan
kaya gosterim yerleri mevcutta kaya oldugunu belli etme amagli temsilen yerlestiriimistir. 1. paftada yer
alan kisim kampuls yerlesim yerinden uzak oldugundan alanda dneri olarak ibreli bitkiler planlanmistir.
Kampus kullanicilarina olusturulacak olan ormanlik alanda gezi yapabilmesi amagli doga yuruyis yolu
sirkiilasyonu tasarlanmistir. Gegmis yillarda yasanan orman yanginlarinda, yanginlari dnleyici amagli
ormanlik alanlarda bitkilerin birbirleriyle baglantisini kesen seritler olugturulmadigindan binlerce hektar
alanlarin yanmasina engel olunamamistir. Gelecekte olasi tehlikelere karsi énlem olmasi amaciyla
Orman Genel MUdurligd’nin orman yanginlarinin énlenmesi ve séndirilmesinde uygulama esaslarinda
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belirtmis oldugu yangin emniyet seritleri yapilmasi planlanmistir. Oneri master plan ile olusturulan
ormanlk alanlar Pafta 2, Pafta 3'te gorildigu Uzere (Sekil 5) belirli noktalarda dogal seyir alanlar
olusturularak kampus kullanicilarinin kullanabilecegdi aktif alanlar olusturulmustur. Paftada yol ve yangin
emniyet seritleri ile ormanlik alanlar parsellenmigtir. Doga yurlyus yollari da kampdiste istenilen tim
bolgelere ulasilabilecek sekilde tasarlanmigtir. Arazinin egimi dikkate alinarak dogal su toplama alanlari
olugturularak hem canli dostu bir kampls olmasi hem de orman yanginlariyla mucadelesinde etken
olmasi amaglanmistir.

Sekil 2'de gosterilen doga yirlyus yollari ve yangin emniyet ve yol seriti kampus genelinde yer
almaktadir. Kampiste karbon ayak izini azaltmak hedeflenerek doga dostu bir kampds igin mevcut arag
yolu boyunca bisiklet yolu tasarlanmigtir. Dunyay! etkileyen kiuresel 1sinma hatta yakin zamanda bu
dénemin kapanip kiresel kaynama g¢agi olarak adlandirilan, Universite yerleskesinde dedisen ¢ada uyum
saglamasi igin su kaybini minimum seviyede tutmak amaclanarak bina gevrelerinde kapasitesi miktarinca
yagmur suyu toplama depolar planlanmistir. Kampiste yerlesim yeri cevrelerinde peyzaj calismasi
bulunmayan alanlarda yaprakli adaclara yer verilerek hem dort mevsimin etkilerini gérmek amaglanmistir
hem de kampuste yasayan canlilarin yararlanmasi hedeflenmistir.

Sekil 6'da yer alan 9. paftada Oneri ormanlik alanlar mevcut ormanlik alanlarla birlestiriimistir.
Kullaniimayan mevcut otoparklar, kampus yerlesimcilerinin kullanabilecegi kapali sosyal mekan olan etkinlik
atolyesine donustirilmustir. Arazinin kot farki g6z éniinde bulundurularak gozlem kuleleri tasarlanmistir.

Yozgat Bozok Universitesi Kampls Maste
Plam Genel Gorindy

Sekil 6. Yozgat Bozok Master plani 6neri dogal alanlari ve aktivite alanlar

Figure 6. Yozgat Bozok Master plan proposed natural areas and activity areas
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Pafta 10'da ise arazi egimleri ve yerinde yapilan gozlemler dikkate alinarak yer yer yagmur bahgeleri
olusturulmustur. Projede mevcut ibreli agaclarin konumu yaklasik olarak yerlestirilmistir. Ylzey sularinin
toplanmasi amaciyla kampuste de estetik bir goérintd olusturmasi agisindan su tutma alanlar
olusturulmustur. Mevcutta akan suyun kendisine gelisiglizel bir sekilde yol yaptigi gérulmastir. Master planda
bu su yollar islah edilerek peyzaja kazandirimasi hedeflenirken ayni zamanda canlilar igin yasam alani
olmasi amaglanmistir. 11. paftada da yagmur suyu depolari, mavi-yesil kusak uygulamasi, bisiklet yolu,
yUrliyUs yollari, dere islahi tniversitenin bati kampUsu tarafinda da devam ettirilmistir. Sekil 5.13’te verilen 12.
paftada Arastirma hastanesine yakinligina dikkat edilerek hem hastane kullanicilarinin hem de 6gdrenci ve
personellerin kullanabilecegi rekreasyon parki planlanmigtir. 13 ve 16. Paftalar arasinda kampis genelinde
tasarlanan bisiklet yolu, orman igi doga yurlyUs yollari, yangin emniyet yol ve seridi, yagmur suyu depolari,
su toplama alanlari, seyir alanlar ve islah edilmis dere yataklarinin planlamasi gdsterilmistir. Mevcut ve dneri
bitkilere projede yer verilmistir. Kamplse &6zgu olan yesil kayalarin estetik gorintisini peyzaja
kazandirabilmek amaciyla pafta 14’te ise gosterilien gozlem kuleleri bahsedilen kayaliklar Uzerine
oturtulmustur. 15. paftada aktif kullaniimayan otopark geri donisiim atdlyesi alani olarak planlanmistir.

Sonug olarak; Yozgat Bozok Universitesi Erdogan Akdag Dogu Kamplsl ve Bilal Sahin Bati
Kampdisu icin hazirlanmis olan bu master planda, Ul GreenMetric Degerlendirme Kilavuzu surdirilebilir,
cevre dostu ve vyesil Universite olmasi yolunda yol goésterici olmasi amaglanarak yararlaniimigtir.
Sardarilebilir ve yesil Gniversite igin yapilan islerin raporlanmasi ve degerlendiriimesi gerekmektedir. Bu
islemlerin kisa, orta ve uzun vadede takibinin yapilarak degisim ve gelisime gobre yeniden
programlanmasi ve planlanmasi gerekmektedir. BOylece Universite olarak hem guiiniUmuz kullanicilar hem
de gelecek kusaklar i¢in yasanabilir ve surdurilebilir bir kampus birakilarak tercih edilir bir Universite
olmasi saglanacaktir. Kampus yesil alanlarinin artirilmasi, yerli genetik kaynak ¢alismalarinin artirilmasi,
su ihtiyacini azaltmak igin yerli bitkilerin kullaniminin artiriimasi gerekmektedir. Enerji tasarruflu cihazlarin
kullaniimasi, yenilenebilir enerji kaynaklarina yénelimin artiriimasi, inga edilecek yeni yapilarin akilli bina
ve yesil bina uygulamalarini destekleyici sekilde tasarlanmasi ve uygulanmasi gevre dostu kampus
olmayi destekleyici uygulamalar olacaktir. Kampuste en ¢ok kullanilan kagit ve plastik kullanimini azaltici
uygulamalarin yapilmasi, organik atiklarin peyzajda giubre amach kullaniimasi i¢in tesvik edilmesi ¢evre
kirliligini de azaltacaktir. Su fakiri bir Ulke olmamiz, Yozgat sehrinin kurak iklime sahip olmasi su
konusunda daha tasarruflu uygulamalara gegilmesi gerektigini géstermektedir. Binalarda olusan atik sular
geri donUsturilerek sulamaya kazandirilabilir. Yine binalarda su tasarrufu saglayan sensorlu cihazlara
gecilmesi suyun israf edilmesini azaltacaktir. Yagmur sularinin yénetimi de kampus su ihtiyaci konusunda
destekleyici olacaktir. Kampuste elektrikli araglar, scooter ve bisiklet gibi karbon salinimini etkilemeyen
cevre dostu aracglarin kullanimi tesvik edilmelidir. Egitimde sdrdardlebilirlik dersleri, projeleri,
organizasyonlari artirilmal ve tim bu uygulamalar i¢in Gniversitenin but¢e ayirmasi, 6zel kuruluslarla
ortak galismasi Universitenin gelisimi acisindan olumlu etkiler olusturacaktir.
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0oz

Amag¢: Bu calismanin amaci, CRISPR (clustered regularly interspaced short
palindromic  repeats)/Cas9 (CRISPR-associated protein 9) aracii genom
duzenleme yontemi kullanilarak asma protoplastlarinda hedefe yonelik mutasyonun
gerceklestiriimesidir.

Materyal ve Yontem: Chardonnay asma ¢esidinde CRISPR/Cas9 aracili genom
dizenleme icin hedef gene uygun gRNA tasarimi yapilarak, hem gRNA’yI hem de
Cas9 ve GFP genlerini igeren final CRISPR/Cas9 vektort elde edilmistir. Asma
yapraklarindan protoplast izolasyonu ve transformasyonu gerceklestirilerek,
transformasyon ve mutasyon verimliligi analiz edilmistir.

Arastirma Bulgulan: Calismada Chardonnay yapraklarindan yapilan protoplast
izolasyonunda 1 g taze yapraktan 1x10’ protoplast elde edilmistir. VWPDS genini
hedef alan vektérin (~10 kb) protoplastlarda transformasyon verimliligi %40-60
iken, sadece GFP genini iceren vektorde (~3 kb), transformasyon verimliligi %80-
90 olarak bulunmustur. Vektér buyikligu transformasyon verimliligini blyik oranda
etkilemis, vektor buylkligu arttikca verimlilik azalmistir. Transformasyon
gerceklesmesine ragmen, hedeflenen mutasyon dogrulanamamistir.

Sonug: Calismada asma protoplastlarinda CRISPR/Cas9 aracili  genom
dizenleme igin ilk asama olan gRNA tasarimindan son asama olan protoplast
transformasyonuna  kadar uygulanan basamaklar basarli  bir sekilde
gerceklestirilerek, sistemin sorunsuz uygulanabilifigi gosterilmistir. Uygulanan
protokoller ve elde edilen sonuglar asmada hedef mutasyonlarin gergeklestiriimesi
amaciyla yapilacak olan diger ¢alismalarda kullanilabilecektir.

ABSTRACT

Objective: This study aims to perform targeted mutation in grapevine protoplasts
using the CRISPR/Cas9-mediated genome editing method.

Material and Methods: For CRISPR (clustered regularly interspaced short
palindromic repeats)/Cas9 (CRISPR-associated protein 9)-mediated genome editing
in the Chardonnay cultivar, a gRNA design targeting the desired gene was
performed, resulting in obtaining a final CRISPR/Cas9 vector containing both the
gRNA and Cas9 and GFP genes. Protoplast isolation and transformation were
performed using leaves, followed by analysis of transformation and mutation
efficiency.

Results: In the study, Chardonnay leaf protoplast isolation produced 1x10
protoplasts per 1 g of fresh leaves. The vector targeting the VVPDS gene (~10 kb)
achieved a transformation efficiency of 40-60%, while the vector containing only the
GFP gene (-3 kb) reached 80-90% efficiency. Vector size notably impacted
transformation, with larger vectors reducing efficiency. Despite successful
transformation, the presence of the targeted mutation could not be confirmed.

7

Conclusion: The study successfully completed all stages from gRNA design,
the initial step of CRISPR/Cas9-mediated genome editing in protoplasts, to the
final protoplast transformation stage, showcasing the system's seamless
usability. The protocols applied and the results obtained can be utilized in future
studies aimed at implementing targeted mutations in grapevines.
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GiRIiS

Artan dunya nufusu ve kuresel 1sinmanin getirdigi kisittamalar ile birlikte tarimsal Gretimin artan
talebi kargilayabilmesi igin bitki 1slahinda klasik ydntemlere alternatif glincel teknolojilerin kullanimi
tarimsal arastirmalar igin blylk 6nem tasimaktadir (Bailey-Serres et al., 2019; Chen et al.,, 2019).
CRISPR/Cas9 aracili genom dizenleme, bitki genomlarinda istenilen degisikligi yapmaya olanak
saglayarak, islah siresinin hizlandiriimasina, istenilen 6zelligin bitkilere kazandiriimasina ve farkh
genlerin fonksiyonlarinin ve biyosentez yolaklarinin anlasilmasina olanak saglamaktadir (Wada et al.,
2020). CRISPR/Cas9 teknolojisi, ilk defa Arabidopsis, tutin, ¢eltik ve bugday bitkilerinde hedeflenmis gen
modifikasyonu amaciyla kullanildiktan sonra birgok bitkide de gen fonksiyonlarinin belirlenmesi ile biyotik
ve abiyotik stres etmenlerine karsi dayanikli bitkilerin elde edilmesi amaciyla kullanilarak basarili sonuglar
elde edilmigtir (Yin et al., 2017).

CRISPR ilk olarak 1987 yilinda E. coli'de viris ve plazmit DNA’sina karsi savasmak igin
olusturulan bir bagisiklik mekanizmasi olarak kesfedilmistir (Ishino et al., 1987; Jinek et al., 2012).
Sonrasinda ise CRISPR/Cas sistemleri bakteri, hayvan ve bitkilerde hedeflenen mutasyonun
gerceklestiriimesinde genom duzenleme ydntemi olarak kullaniimaya baglanmistir. CRISPR/Cas9
sistemi, esneklik, basitlik ve goéreceli distik maliyet agisindan 6nceki dizenleme yontemleri olan
TALEN, ZNF ve meganukleaz'lari geride birakarak tarimda genetik diizenlemeyi yaygin bir sekilde
kullanilabilir hale getirmistir (Feng et al., 2013).

CRISPR/Cas9, niikleaz Cas9 enzimi ve kilavuz RNA olarak adlandirilan gRNA'dan olusur ve bir
ribonlikleotit kompleksi olarak gorev yapar. Cas9 enzimi, gRNA ve devamindaki 3 nukleotitten olugan
(NGG) PAM (protospacer yan motif) bolgesini tanir ve gRNA'nin tamamlayicisi oldugu hedef sekansi 17.
nikleotitten keser. Nikleaz enzimleri, DNA'da cift ya da tek iplikli kesikler olusturarak, hiicre onarim
sistemini baslatir ve hiicrenin farkli tamir mekanizmalari devreye girerek kesim meydana gelen bolgede
silme, ekleme ve ikamelerin ortaya ¢cikmasina yol acar (Jiang et al., 2016; Kolasinliler et al., 2023).

CRISPR/Cas9 aracili genom dizenleme cgalismalarinda, Oncelikli olarak yapilacak c¢alismanin
amacina yonelik hedef gen/bodlge secimi gergeklestiriimektedir. Hedef gen/bdlge segimi yapildiktan sonra,
amaca uygun olarak hedeflenen mutasyon tipine (ekleme, silme, ikame) karar verilmesi gerekmektedir.
Bu asamadan sonra gRNA'nin belirlenmesi ve CRISPR/Cas9 vektorlerinin tasarim ve olusturulmasi
islemleri gerceklestiriimektedir (Jaganathan et al., 2018). Bu amag¢ igin tasarlanmis farkh plazmit
sistemleri bulunmaktadir (Tang et al., 2018). Bu sistemler, gRNA tasarimi yapildiktan sonra, gRNA’nin
kolayca transformasyon vektoriine klonlanmasina olanak saglamaktadir (Cermak et al., 2017; Tang et al.,
2018). Transformasyon vektdru elde edildikten sonra ise bitki transformasyonu, bitki rejenerasyonu ve
bitkilerde tarama islemleri gerceklestirimektedir (Belhaj et al., 2015). CRISPR/Cas9 aracili genom
dizenleme cgalismalarinda en maliyetli ve uzun suren basamak, steril bitki doku kaltiri asamalaridir
(Maher et al., 2020). Bu sebepten dolayi genom dizenlemede kullanilacak olan CRISPR/Cas9
vektoriinin direk olarak bitkilerde denenmesi yerine, dncelikle protoplastlarda denenerek test edilmesi,
diger bir ifadeyle galistiginin dogrulanmasi, bu teknolojinin uygulanmasinda tercih edilen bir yaklasim
olmustur (Lin et al., 2018).

Bitkilerde PDS geni, karotenoid biyosentez yolu i¢cinde gorev alan fitoen dehidrogenaz enzimini
kodlamaktadir. Karotenoidler bitkilerde bulunan dnemli pigmentlerdir ve fotosentezde, 1sik emiliminden
sorumlu olmalarinin yaninda bitkilerin blyimesi, gelismesi ve gevresel streslere uyum saglamalarinda da
onemli gorevler tstlenmektedirler (Hou et al., 2016). Genom diizenleme c¢alismalarinda PDS genine ydnelik
mutasyonlar, bitkilerin karakteristik bir fenotip géstermesine neden olmaktadir. Bu mutant fenotip, bitkide
olusturulan mutasyon cesidine bagh olarak albino veya koyu yesilden soluk yesile dogru alacal bir renk
gostermektedir (Qin et al., 2007). PDS geninin mutasyonunu sonucunda olusan fenotip, genom dizenleme
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calismalarinda siklikla kullanilarak, mutasyonun varligini hizh ve kolay sekilde tespit edilmesini
saglamaktadir. Glinimiize kadar misir (Svitashev et al., 2015), bugday (Howells et al., 2018), domates
(Secgin et al., 2021), patates (Wang et al., 2015) ve asma (Nakajima et al., 2017) gibi ¢esitli bitkilerde yapilan
genom diizenleme ¢alismalarinda PDS geni genom diizenlemenin basariyla gergeklestirildigini gorsel olarak
dogrulayan bir isaretleyici olarak kullaniimistir.

Asma, hem llkemiz hem de diinyada ekonomik ve kiltlrel agidan oldukca dnemli bir bitkidir
(Kusaksiz vd, 2019; Kaya et al., 2023). Asma i1slahinda, genellikle klasik 1slah yontemleri kullaniimakta ve
bu teknikler ise uzun zaman almaktadir. Ayrica, hali hazirda yetistiriciligi yapilan gesitlerde klasik 1slah
yontemleri uygulandiginda, varolan 6zelliklerin kaybedilme riski bulunmakta ve bu durum bagcilik sektdri
tarafindan tercih edilmemektedir (Giacomelli et al., 2018). Bu sebeplerden dolayr asmada klasik 1slah
yontemlerine alternatif CRISPR/Cas9 gibi guincel teknolojilerinin kullaniimasi varolan ¢esitlerin dzelliklerini
kaybetmeden, sadece istenilen degisikliklerin yapilabilmesine olanak saglamaktadir (Dalla Costa et al.,
2017). CRISPR/Cas9 gibi nikleazlari kullanarak genomda istenilen bdlgede hedeflenen degisikligi
olusturabilen genom diizenleme araglarinin asma bitkisinde basarili bir sekilde uygulanabilmesi bu énemli
bitkide buyik 6nem tagimaktadir (Campos et al., 2021).

Asma bitkisinin ¢ok yillik ve heterozigot genoma sahip olmasi, bitki transformasyon asamalarinin
uzun ve zorlu olmasina yol agmaktadir. Bu sebeple asmada yapilan CRISPR/Cas9 aracili genom
dizenleme calismalari, ekonomik 6neme sahip diger bitkilerle kiyaslandiginda oldukc¢a sinirl sayida
kalmistir. Bu ¢calismalarda en ¢ok hedef alinan gen kiilleme hastaligina karsi duyarlilik geni olarak bilinen
MLO genidir (Malnoy et al., 2016; Giacomelli et al., 2018; Wan et al., 2020). MLO geni hem metot
gelistirme calismalarinda (Malnoy et al., 2016) hem de kdilllemeye kargi dayanikli cesit gelistirme
¢alismalarinda (Giacomelli et al., 2018; Wan et al., 2020) hedef gen olarak segilmistir. Ayrica tartarik asit
iceriginin azaltiimasi i¢in IdnDH geni (Ren et al., 2016), gri kif hastaligina karsi dayanikh cesitlerin
gelistiriimesi icin WRKY52 geni (Wang et al., 2018), bag mildiydstine dayanikh gesitlerin gelistiriimesi igin
DMR6 geni (Giacomelli et al., 2018) ve sirgin dallanmasinin arttirimasi igcin CCD7 ve CCD8 genleri
(Ren et al., 2020) hedef alinarak genom dizenleme galismalari gergeklestiriimistir. Bir baska ¢alismada
ise PDS geni hedef gen olarak segilerek ydntemin uygulanabilirligi gosterilmistir (Nakajima et al., 2017).

Bu galismanin amaci, asmada CRISPR/Cas9 aracili genom diizenleme yéntemi kullanilarak asma
yapragindan elde edilen protoplastlarda hedefe yodnelik mutasyonun gergeklestirimesidir. Bu amag
dogrultusunda Chardonnay asma c¢esidinde hedef gene uygun gRNA tasarlanarak, transformasyon
vektoérinin elde edilmesi ve vektorin protoplastlarda test edilmesi galismalari gerceklestiriimigstir.

MATERYAL ve YONTEM
Bitki materyali

Calismada kullanilan Chardonnay (klon 76) asma ¢esidi Kavaklidere Saraplari A.S.’den tipli fidan
olarak temin edilmistir. Bitkiler Manisa Celal Bayar Universitesi, Biyomiihendislik Bolimi iklimlendirme
odasinda %80 bagil nemde, 16 saatlik fotoperiyot ile giindiiz 25°C, gece 17°C’de muhafaza edilmistir.

VVvPDS geninde gRNA tasarimi ve CRISPR/Cas9 vektoriiniin hazirlanmasi

VVPDS geninin (VIT_09s0002g00100) sekans bilgileri EnsemblPlants veritabanindan indirilmistir.
gRNA tasarimi i¢cin VVPDS geninin ikinci ekzonu hedef alinarak, web tabanli Benchling programi
(https://benchling.com) kullanilarak gRNA tasarimi off-target puani ve GC igeridi dikkate alinarak
gerceklestiriimistir. CRISPR/Cas9 vektorinin olusturulmasinda Cermak et. al. (Cermak et al., 2017) moddler
system plazmitleri (pMOD_A1111, pMOD_B2515, pMOD_C3001 ve pTRANS_100) kullaniimistir. VvPDS
geni ekzon 2 Uzerinde yer alan 20 bazlik gRNA dizisi ve PAM sekansi Sekil 1’de gdsterilmektedir. Moduler
sistem plazmitlerine ait bilgiler Cizelge 1’de yer almaktadir.
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A) Ekzon Intron

|

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B)

....ATGACTCAATTCAGATATGTTTCTGCGGTGAACTTGAGCTGCCAAAGTAATATAATA
AACTTTCAGAACTCCCAATGTACCEGGAGACATCTTTATATTGATTCAGATCAGACCAATA
CACTTCTTTTTGGAGGTGGTGACTCTATGGGTCTCAAGTTGAGAATTCCAAATAAGCATTC
TATTGGAACA....

Sekil 1. VVPDS geninde hedef bélgenin segilmesi ve gRNA'nin dizayni, A) VvPDS genini olusturan ekzon ve intronlar dikdértgen
kutucuklar ile gosterilmistir. gRNA dizisi, ekzon 2'de yer almaktadir. B) Ekzon 2'de yer alan 20 bazlik gRNA dizisi sari, 3
bazlik PAM dizisi ise yesil ile isaretlenerek gdsterilmistir.

Figure 1. Selection of target region in the VVPDS gene and design of the gRNA, A) Exons and introns that make up the VvPDS
gene are shown with rectangular boxes. The gRNA sequence is located in exon 2. B) The 20-base gRNA sequence in exon
2 is highlighted in yellow, while the 3-base PAM sequence is highlighted in green.

Cizelge 1. CRISPR/Cas9 vektoriniin elde edilimesinde kullanilan modiiler sistem plazmitleri

Table 1. Modular system plasmids used to obtain the CRISPR/Cas9 vector

Plazmit adi Gen Promotdr  Terminator
pMOD_A1111 (Addgene #91032) TaCas9 OsActl HSP
pMOD_B2515 (Addgene #91072) Tek gRNA klonlama icin Esp3l ccdb kaseti AtU6 Pol Il
pMOD_C3001 (Addgene #91094) GFP 35S pea rbcsE9

pTRANS_100* (Addgene #91198) - - -

*T-DNA icermeyen transformasyon vektoru

gRNA’nin modiiler sistem plazmitlerinden modul B plazmit igerisine klonlanmasi igcin gRNA dizisine
plazmit ile uyumlu 4 bazlik uzanti sekanslari eklenerek iki adet primer sentezlettiriimistir (Sekil 2).
Kullanilan Modil B plazmit pMOD_B2515’te U6 Pol Ill promotéril oldugu icin gRNA dizisinin oniine “G”
bazi eklenmistir (Sekil 2). Primerler T4 polynucleotide kinaz enzimi ile fosforilasyon yapilmig, asamali
sicaklik degisimi uygulanarak birbirlerine baglanmasi saglanmistir (Cermak et al., 2017). Sonrasinda tek
bir Golden Gate birlestirme reaksiyonu ile Esp3l restriksiyon enzimi ve T4 DNA ligaz enzimi kullanilarak
gRNA sekansi pMOD_B2515 igerisine klonlanmistir. Golden Gate birlestirme reaksiyonu, kompetan E.
coli (NEB® 5-alpha Competent E. coli (High Efficiency, DH5a)) hicrelerine transforme edilerek,
LB+ampisilin antibiyotigi iceren agarli besiyerine ekim yapilmistir. Elde edilen kolonilerden sivi kaltar
baslatilarak, Monarch® Plazmit Miniprep Kit (NEB) ile plazmit izolasyonu yapilmis ve Sanger sekanslama
ile gRNA’nin plazmit icerisine dogru bir sekilde aktarildigi dogrulanmistir.

Genom dizenlemede kullanilan final CRISPR/Cas9 vektoérinin elde edilmesinde Cermak et al.
(2017) protokoli (Protocol 5) temel alinmigtir. Bu sistemde Cas9 geni iceren pMOD_A1111 plazmit,
gRNA klonlanan modul B plazmit (pMOD_B2515) ve GFP geni iceren modul C plazmit (pMOD_C3001),
T-DNA igermeyen transformasyon vektori (pTRANS_100) igerisinde tek bir Golden Gate birlestirme
reaksiyonu ile birlestirilmistir. Final birlestirme reaksiyonu, kompetan E. coli (NEB® 5-alpha Competent E. coli
(High Efficiency, DH5a)) hiicrelerine transforme edilerek, LB+spektinomisin antibiyotigi iceren agarli
besiyerine ekim yapilmistir. Elde edilen kolonilerden sivi kiltir baglatilarak, Monarch® Plazmit Miniprep Kit
(NEB) ile plazmit izolasyonu yapilmig, final vektdr restriksiyon enzimi (Sacl) ile kesim yapilarak
dogrulanmistir.
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gRNA: TTCAGAACTCCCAATGTACC ﬂ
Vektor ile "
l uyumlu 1
uzanti sekansi : ﬁ
¥

GATTNNNNNNNNNNNNNNNNNNNN / " ’
7 NNNNNNNNNNNNNNNNNNNNCAAA CCDB PMOD_B2515
Vektér ile sgRNA
uyumlu l
uzanti sekansi PMOD_B2515
lleri primer; GATTGTTCAGAACTCCCAATGTACC CCDB

Geri primer: AAACGGGTACATTGGGAGTTCTGAA

*Guanin (G) bazi U6 promotéri igin eklenmistir.

Sekil 2. gRNA'nin modul B plazmit igerisine klonlanma asamasinin sematik gosterimi.

Figure 2. The schematic representation of the cloning of gRNA into the Module B plasmid.
Protoplast izolasyonu

Protoplast izolasyonunda Shan et al. (2014) protokolii temel alinmigtir. iklimlendirme odasinda
kontrolli kosullarda yetistirilen asma fidanlarindan en taze yapraklar alinarak, bistlri yardimiyla 0.5-1.0
mm kalinliginda ince seritler olacak sekilde kesilmistir. Steril enzim ¢dzeltisi icerisinde karanlikta 7-8 saat,
100 rpm’de orbital karistirici (izerinde oda sicakliginda inkiibasyona birakiimistir. Enzim inkiibasyonu
sonunda protoplastlarin serbest kalmasi icin W5 ¢ozeltisi (2 mM MES (pH 5.7), 154 mM NaCl, 125 mM
CaCl,, 5 mM KCI) eklenerek 1-2 dakika sliresince yavascga karistiriimistir. Sonrasinda 150xg’de santrif(j
yapilarak, ust faz uzaklastinimis ve dipte kalan protoplastlarin hemasitometre yardimi ile sayimi
yapilmistir. Sayim sonrasinda, protoplastlara konsantrasyon 5x10° protoplast/ml olacak sekilde MMG
¢cozeltisi (4 mM MES (pH 5.7), 0.4 M mannitol, 15 mM MgCl,) eklenmistir.

PEG-aracili protoplast transformasyonu

Protoplast transformasyonu icin, 1x10° protoplast kullaniimistir. MMG ¢ozeltisi igerisinde yer alan
protoplastlara, 10 pg plazmit DNA’sI ve protoplast ile esit hacimde taze hazirlanmis PEG ¢dzeltisi
eklenerek vyavas bir sekilde karistinlmistir. 5 dakika oda sicakliginda bekletildikten sonra,
transformasyonu durdurmak amaciyla 900 pl W5 ¢ozeltisi eklenmis ve 150xg’de 5 dakika santrifujlenerek,
Ust sivi dikkatli bir sekilde uzaklastirimistir (Shan et al.,, 2014). Santriflij sonrasinda dipte kalan
protoplastlar, 2 ml MMG ¢o6zeltisi eklenerek, 6 kuyucuklu hiicre kiltiri petrilerinde, karanlikta ve oda
sicakliginda inkiibasyona birakilmigtir. Negatif kontrol olarak, protoplastlar, sadece PEG ile muamele
edilmisler, pozitif kontrol olarak ise pMOD_3001 plazmiti ile transformasyon gergeklestirilmistir.

Protoplast transformasyon verimliligin hesaplanmasi

Transformasyondan 24 saat sonra 6 kuyucuklu kiltir petrilerinde inkibasyona birakilan
protoplastlardan 300 pl alinarak 150xg’de 2 dakika santifij Ugslemine tabii tutularak olusan Ust faz
uzaklastiriimis ve pellet kismindan 15 yl alinarak hemasitometre Uzerine dikkatli bir sekilde aktariimistir.
Transformasyon gergeklesen protoplastlarda GFP geninin Urind olan yesil floresan proteininin 1gima
yapmasi i¢in floresan mikroskop kullanilarak sayim islemi gerceklestiriimistir. Transformasyon verimliligi
ise asagida yer alan formdl ile hesaplanmistir.

. e — Parlak yesil protoplast sayist ¢
Transformasyon verimliligi (%) Toplamprotoplast syt (x100) (1)

Protoplastlardan genomik DNA izolasyonu, PCR ve T7E1 analizi

Transformasyondan 48 saat sonra karanlikta oda sicakhdinda 6 kuyucuklu hiicre kultiri
petrilerinde MMG c¢o6zeltisinde inkiibasyonda bekleyen protoplast ornekleri 2 ml tlplere aktariimis,
1000xg'de 3 dakika santrifujlenerek protoplastlardan MMG c¢ozeltisi uzaklastirilmistir. Protoplastlardan
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genomik DNA izolasyonu CTAB temelli DNA izolasyonu protokolii (Oncii-Oner et al., 2023) ile
gerceklestiriimis ve DNA konsantrasyonu Qubit 3.0 Fluorometer (Invitrogen) ile belirlenmistir. PCR, ileri
primeri 5’- GACTCAATTCAGATATGTTTCTGCGG -3’ ve geri primeri 5'- GGGGCAGAAATCCTTCCTCC
-3’ kullanilarak Q5 DNA polimeraz enzimi (NEB) ile gerceklestiriimistir. PCR Grtnleri Monarch PCR &
DNA Clean Up Kit (NEB) kullanilarak saflastiriimis ve saflastirilan PCR Urinlerinin konsantrasyonu Qubit
3.0 Fluorometer (Invitrogen) kullanilarak belirlenmistir. T7E1 analizi icin 200 ng PCR Urinine, 2 pl 10X
NEBuffer 2 eklenerek son hacim 19 pl olarak sekilde niikleaz enzimi igermeyen ultra saf su eklenmistir.
Hibridizasyon islemi PCR cihazinda (Invitrogen, SimpliAmp) uygun sicaklik derece ve sureleri (95°C’den
85°C'ye 2°C/saniye azalarak ve 85°C'den 25°C'ye 0.1°C/saniye azalarak) uygulanarak
gerceklestiriimistir. Hibridizasyon sonrasinda 19 pl reaksiyon hacmine 1 pl T7 endonikleaz 1 enzimi
eklenerek 15 dakika 37°C’de inklbe edilmigtir. Reaksiyona 1.5 pl 0.25 M EDTA ilave edilerek
durdurulmustur. Reaksiyon sonucunda elde edilen DNA fragmentleri SafeView (ABM) DNA boyasi iceren
%?2’lik agaroz jel elektroforezinde ayrimlanarak, UV 1sik (Vilber Lourmat) altinda géruntilenmistir.

ARASTIRMA BULGULARI ve TARTISMA
Hedef gen ve CRISPR/Cas9 vektor tasarimi

VVPDS (VIT_09s0002g00100) geni 15 ekzon ve 6 introndan olusmaktadir. CRISPR/Cas9, ¢ogunlukla
cerceve kaymalari ve STOP kodonlari olusumuna yol actidi igin islevsiz proteinler Gretmek amaciyla hedef
gen bolgesi seciminde genin yukari ydndeki ekzonlarinin hedef olarak secgilmesi daha yaygindir (Ren et al.,
2016) . Bu galismada VwPDS geninin susturulmasi amaciyla ikinci ekzon hedef olarak segilmistir. Benzer
yaklasim asmada CRISPR/Cas9 aracili genom duzenleme VvCCD?7 geni i¢in ekzon 1 ve VvCCD8 geni igin
ekzon 2 hedef alinarak, bu genlerinin nakavt edilimesinde uygulanmistir (Ren et al., 2020).

VVPDS geninin DNA sekansi EnsemblPlants veritabanindan indirilerek Benchling programinda
CRISPR tasarimi o6zelligi ile off-target puani ve GC icerigi gbz 6nunde bulundurularak gRNA dizisi
belirlenmistir. PAM sekansi NGG olacak sekilde belirlenen 20 bazlik gRNA dizisinin, off-target puani 49.1,
GC orani ise %45'tir. GC igerigi gibi gRNA 6zelliklerinin, Cas9 enziminin nikleaz aktivitesini etkiledigi
Onceki calismalarda rapor edilmistir (Liu et al., 2016). Yapilan ¢alismalarda %35-65 arasinda GC oranina
sahip gRNA’larin kullaniminin daha yaygin oldugu (Malik et al., 2021), GC igerigi %40-60 araliginda olan
gRNA'larin ise daha yliksek bir mutasyon oranina sahip oldugu belirtiimistir (Konstantakos et al., 2022;
Liu et al., 2016). Buna karsilik, cok yiksek veya c¢ok dustk GC igerigine sahip gRNA'larin mutasyon
oranlarinin daha dusik oldugu rapor edilmistir (Doench et al.,, 2014). Genom dizenlemede verimliligi
etkileyen bircok farkli parametre olmasina ragmen, gRNA’nin GC igerigi CRISPR/Cas9 sisteminin
mutasyon verimliligini 6nemli él¢tide etkileyen parametrelerden bir tanesidir (Ren et al., 2018).

CRISPR/Cas9 vektér tasarimi, genom dizenleme galismalarinda 6nemli bir basamaktir ve bu
basamak, uygun Cas proteinlerinin belirlenmesini, gRNA'larin tasarlanmasi, ayni zamanda gRNA'lari ve
Cas proteinlerini ifade etmek icin dizenleyici elemanlarin (promotér, terminatdr vb.) secimini igerir
(Hassan et al., 2021). Secim isleminden sonra bu DNA parc¢alarinin minimum hata ile kolay ve es zamanli
birlesimini saglayan farkli yontemler uygulanmaktadir (Cermak et al., 2017). Bunlardan en yaygin
kullanilanlari Golden Gate birlestirme olarak bilinen Tip IS restriksiyon endonukleaz enzimleri aracil
yontem (Engler et al.,, 2014) ile Gibson klonlama olarak bilinen dogrusal Ust lste eslesen DNA
pargalarinin birlesmesini temel alan ligasyondan bagimsiz bir yontemdir (Gibson et al.,, 2008). Bu
calismada Golden Gate birlestirme prensibi temel alinarak gelistirilen modiler sistem plazmitleri
kullaniimistir (Cermak et al., 2017). Final CRISPR/Cas9 vektdrinin elde edildigi basamaklari 6zetleyen
sematik gérinim Sekil 3A, final CRISPR/Cas9 vektdrinin sematik gdsterimi ise Sekil 3B’de verilmistir.
Calismada kullanilan moduler sistem plazmitlerinde, gRNA i¢in Arabidopsis U6 promotéri (AtU6), GFP
icin Cauliflower Mosaic Virus 35S promotoéri (35S) ve Cas9 icin celtik aktin 1 (OsActl) promotéri tercih
edilmistir. GFP (yesil floresan protein) geni, transforme edilen protoplast hucrelerini hizli bir sekilde
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segmek igin raportdér gen olarak kullaniimistir. Raportér genler, protein lokalizasyonu ve promotér
karakterizasyonu g¢alismalarinda ve bitki transformasyonunun optimizasyonunda kullaniimaktadirlar (Huttly
2009). Bitkilerde yaygin kullanilan raportér genler E. coli'den izole edilen B-glukuronidaz geni (GUS)
(Gilissen et al., 1998) ve Amerikan ates bocegi Photinus pyralis'den izole edilen lusiferaz (luc) raportor
genleridir. Bir diger yaygin kullanilan gen ise Pasifik denizanasi Aequoria victoria'dan izole edilen GFP
raportdr genidir (Chiu et al., 1996). GUS raportor sistemi, in vivo analiz igin zararli olan bir substratin (X-
gluc) kullanimina gereksinim duyarken, luc geni ise lusiferin substrati ile reaksiyona girerek
biyoluminesans olusturmakta ve bu sekilde sonug vermektedir (Ow et al., 1986). Bu ¢alismada da tercih
edilen GFP geni disardan bir substratin kullanimina gereksinim duymamasi sebebiyle farkl bitkilerde
genom dizenleme calismalarinda siklikla tercih edilen bir raportér gendir (Chen et al., 2006; Zhao et al.,
2016; Wang et al., 2021). Bu ¢alismada da GFP geninin kullanimi ile transforme olan protoplastlar
kolaylikla diger protoplastlardan ayrimlanmistir.

-~ N —

A)

+
—- — ]
pMOD_A1111 Final
CRISPR/Cas9
vektord
pMOD_B2515
RNA klonlanmu
gpMOD B2515 pMOD_C3001

Sekil 3. Final CRISPR/Cas9 vektoru tasarimi, A) Final CRISPR/Cas9 vektorinin elde edilmesi asamalari, B) Final CRISPR/Cas9
vektoriunlin sematik gosterimi.

Figure 3. Design of final CRISPR/Cas9 vector, A) Steps for obtaining the final CRISPR/Cas9 vector, B) Schematic representation of
the final CRISPR/Cas9 vector.

CRISPR/Cas9 vektoriiniin dogrulanmasi

Vektorin olusturulma basamaklarinda ilk olarak gRNA’nin modul B plazmit igerisine dogru bir
sekilde klonlandidinin  dogrulanmasinda restriksiyon enzimleri, PCR veya Sanger sekanslama
kullanilabilmektedir (Zhang et al., 2020; Hardiyani et al., 2023). Restriksiyon enzimleri eger gRNA dizisi
herhangi bir restriksiyon enzimi bolgesi iceriyorsa ya da gRNA’nin klonlanmasi varolan restriksiyon enzim
bdlgesinin yok olmasina sebep oluyorsa pratik uygulama imkani sunduklarindan dolayi tercih
edilmektedir. PCR ile dogrulama isleminde ise gRNA’nin plazmit icerisindeki varliginin belirlenmesi icin
kullanilacak olan primerlerden bir tanesinin gRNA’nin komplementeri olacak sekilde tasarlanmasi
gerekmektedir. Sanger sekanslama ise gRNA'nin dogru bir sekilde plazmit icerisinde klonlandiginin
dogrulanmasinda en guvenilir ve en ¢ok tercih edilen yontemdir (Yang et al., 2017; Tang et al., 2018). Bu
calismada da gRNA’nin plazmit icerisindeki varligi Sanger sekanslama ile dogrulanmigtir. Klonlama
sonrasinda gRNA dizisini iceren modul B plazmit pMOD_B2515’in E. coli'ye transformasyonu yapilarak
LB+ampisilin antibiyotigi iceren agarl besiyerinde farkli koloniler elde edilmistir (Sekil 4A). gRNA dizisini
iceren modul B plazmit pMOD_B2515’in Benchling programinda olusturulan gen haritasi $Sekil 4B’de yer
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almaktadir. Elde edilen kolonilerden (Sekil 4A) secim yapilarak plazmit izolasyonu gergeklestirildikten
sonra Sanger sekanslamaya gonderilmis ve gRNA’nin plazmite dogru bir sekilde klonlandigi belirlenmistir
(Sekil 4C).

A) B)

origin

sgRNA_pMOD_B2515

2580 bp

ERNA_sequence

ERNA repeat

C)

GAAGTAGTGATTGITTCAGAACTCCCAATGTACCIGTTTTAGAGCTA

it

Sekil 4. gRNA'nin modiil B igerisine klonlanmasi ve klonun Sanger sekanslama ile dogrulanmasi A) LB+ampisilin antibiyotigi iceren
agarli besiyerinde elde edilen koloniler B) gRNA igeren modil B plazmitin gen haritasi C) Sanger sekanslama sonucu elde
edilen kromatogram, mavi isaretlenen sekans gRNA dizisini gostermektedir.

Figure 4. Cloning of gRNA into Module B and verification of the clone by Sanger sequencing: A) Colonies obtained on agar medium
containing LB + ampicillin antibiotic. B) Genetic map of the Module B plasmid containing gRNA. C) Chromatogram obtained
from Sanger sequencing, highlighting the blue-marked sequence representing the gRNA sequence.

Golden Gate birlestirme reaksiyonu ile elde edilen final vektorin (pBK35 PDS_GFP) Benchling
programinda olusturulan gen haritasi Sekil 5A’da, GFP genini igeren vektér pMOD_C3001’in gen haritasi
ise Sekil 5B’de verilmistir. pBK35 PDS GFP final vektérinin Sacl restriksiyon enzimi ile kesimi

sonrasinda 7.4 kb ile 2.5 kb bant buyukltklerinde iki fragment elde edilerek final vektdr dogrulanmigtir
(Sekil 6).

A) B)

Spn_promoter
L

verlap, Gi
pea_rbes E9 terminator

pea rbes E9 terminator

Gibson overlap
Gibson overlap

pBK35_PDS_GFP pMOD_C3001

3995 bp

9880 bp

ERNA repeat

A_\Uﬁ.yr.omt.ei:

HSP_terminator

Sekil 5. Protoplast transformasyonunda kullanilan vektérlerin gen haritasi.

Figure 5. Genetic map of vectors used in protoplast transformation.
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10 kb
8 kb

6 kb
5kb

4 kb
3 kb

2 kb

Sekil 6. Final vektoriin restriksiyon enzimi ile kesimi sonrasinda elde edilen agaroz jel elektroforezi gorintusi, M: Markir
(Fast DNA Ladder, NEB), 1: pBK35_PDS_GFP plazmit DNA , 2: pBK35_PDS_GFP'’in Sacl ile kesimi sonrasinda elde
edilen DNA fragmentleri (7.4 kb ile 2.5 kb).

Figure 6. Agarose gel electrophoresis image obtained after digestion of the final vector with restriction enzyme, M: Marker
(Fast DNA Ladder, NEB), 1: pBK35_PDS_GFP plasmid DNA, 2: DNA fragments (7.4 kb and 2.5 kb) obtained after digestion
of pBK35_PDS_GFP with Sacl.

Protoplast transformasyon verimliligi

PEG aracili gergeklestirilen protoplast transformasyonu sonrasinda PDS genini hedef alan final
CRISPR/Cas9 vektorinun (~10 kb) transformasyon verimliligi %40-60 olarak bulunmustur (Sekil 7A).
Sadece GFP genini iceren vektor pMOD_C3001 (~3 kb) ile yapilan transformasyonda ise,
transformasyon verimliligi %80-90 olarak bulunmustur (Sekil 7B). Vektdor buyikligu transformasyon
verimliligini buyidk oranda etkilemis, vektdr buyuklugu arttikga verimlilik dismdistir. Transformasyonda
kullanilan plazmit bayUkligundn transformasyon verimliligini etkiledigi daha 6nceki ¢alismalarda da rapor
edilmistir (Zhang et al., 2011; Hong et al, 2012; Zhao et al., 2016). Zhao et al. (2016) asma
protoplastlarinda 4.6 kb ve 11 kb buyukliginde iki plazmit ile yaptiklar transformasyonda, sirasiyla %61
ve %86 oraninda transformasyon verimliligi elde etmistir. Transformasyonda kullanilan plazmit DNA
miktari da transformasyon verimliligini etkilemektedir. Scintilla et al. (2022) asma protoplastlarinda 10 ug,
20 ug ve 40 ug plazmit DNA's1 kullanarak yaptiklari ¢calismada, plazmit DNA’sI arttikga transformasyon
verimliliginin de arttigini belirtmiglerdir. Bir diger calismada 5 pg’dan 160 ug’a kadar farkh miktarlarda
plazmit DNA’si kullanilarak asma protoplastlarinda transformasyon gergeklestiriimistir. En yiksek
transformasyon verimliligi 40 ug plazmit DNA’sI kullanildijinda elde edilmistir ve plazmit DNA miktari
arttikga transformasyon verimliligi dismustur (Zhao et al., 2016). PEG konsantrasyonu, transformasyon
suresi, protoplast sayisi ve DNA konsantrasyonu dahil olmak Uzere transformasyon verimliligini etkileyen
cesitli faktérler hem asmada hem de farkli bitkilerde daha énce test edilmis ve optimum kosullar rapor
edilmistir (Reed & Bargmann 2021; Zhao et al., 2016). Calismada negatif kontrol olarak sadece PEG ile
muamele edilen protoplastlar beklenildigi gibi herhangi bir isima vermemislerdir (Sekil 7C).

Genom diizenleme verimliligi

Transformasyonun dogrulanmasindan sonra hedef mutasyon varliginin belirlenmesi icin T7E1
analizi gergeklestiriimistir. Uyumsuzluk tespit analizi olarak da adlandirilan T7E1 analizi, CRISPR/Cas9
sistemi gibi bdlgeye 6zgl nlkleazlarin aktivitesini degerlendirmek igin bitkilerde yaygin olarak kullanilan
bir yéntemdir (Pan et al., 2016; Sattar et al., 2021). T7E1 analizi mutasyonu tespit etmek icin diizenleme
gerceklesen ve gerceklesmeyen DNA iplikciklerinin hibridizasyonuna dayanmaktadir. T7E1 homodubleks
ve heterodubleks DNA arasinda ayrim yaparak, o6zellikle heterodubleks dsDNA'yl hedeflemektedir
(Gohlke et al., 1994). Uyumsuzluklar, niikleaz enzimi tarafindan kesilerek, ortaya ¢ikan DNA fragmentleri
agaroz jel elektroforezi ile ayrimlanmaktadir (Sattar et al., 2021).
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Sekil 7. Final CRISPR/Cas9 vektorin (A) ve pMOD_3001 plazmitinin (B) transformasyonu sonrasinda protoplastlarin ve negatif
kontrol olarak sadece PEG ile muamele edilen protoplastlarin (C) aydinlik alan (sol), floresan mikroskop (orta) ve
birlestiriimis (sag) goruntuleri. Yesil parlayan protoplastlar transformasyonun basarili oldugu GFP iceren protoplastlari
gostermektedir.

Figure 7. Images of protoplasts after the transformation of the Final CRISPR/Cas9 vector and pMOD_3001 plasmid and as well as
protoplasts treated with PEG only as a negative control (C): Bright-field microscopy (left), fluorescent microscopy (middle)
and merged image (right). The green-fluorescent protoplasts indicate the success of the transformation, showing protoplasts
containing GFP.

Bu calismada T7E1 analizi sonucunda ayni plazmit ile 3 tekerrir olacak sekilde yapilan
transformasyon sonucunda elde edilen DNA’larin agaroz jel elektroforezi ile ayrimlanmasi sonucu elde edilen
jel goruntisu Sekil 8'de verilmistir. Bolgeye 6zgu tasarlanan primer ile yapilan PCR sonucunda beklenilen
DNA bant profilleri (411 kb) hem 3 farkh tekekkur drneginde hem de herhangi bir uygulama yapilmayan
Chardonnay DNA'sinda elde edilmigtir. Ancak restriksiyon islemi sonucunda mutasyon olan bdlgelerde
uyumsuz heterodubleks DNA'yI taniyip keserek olugsmasi beklenilen bant profilleri elde edilememistir (Sekil
8). T7E1 analizinin hassasiyetinin disik oldugu baska calismalarda da belirtiimistir (Sentmanat et al., 2018;
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Nadakuduti et al., 2019). T7E1 analizinin 6zelikle SNP’lerin ve kisa ekleme/ silme’lerin tespitinde ¢ok guvenilir
sonug vermedigi rapor edilmistir (Vouillot et al., 2015). Ayrica, T7E1'in dugik mutasyon degiskenligi gosteren
DNA o6rneklerinde, mutajenez oranlarini oldugundan az tahmin edebildigi de bilinmektedir (Bernabé-Orts et
al.,, 2019). T7E1 analizi ayni zamanda DNA/enzim oranlarina ve inkibasyon siresine de baglh olarak
degiskenlik gosterdiginden, optimizasyona ihtiya¢g duyulabilmektedir (Nadakuduti et al., 2019). T7E1 yontemi
gibi mutasyon tespitinde kullanilan PCR/RE yéntemin de bazi dezavantajlari vardir. Ornegin, hedef bolgenin
restriksiyon enzimi kesim bolgesi icerme gerekliligi, CRISPR/Cas9 aracili genom diizenleme galismalarinda
bir PAM bdlgesinin mutlak gerekliligine ek olarak, gen diizenleme olaylarini tespit etmek icin baska bir
sinirlama daha eklemektedir. Bu galismada da oldugu gibi ¢cogu zaman, secilen hedef bélgede uygun bir
kesim bdlgesi bulmak imkansizdir. T7E1 ve PCR/RE ydntemlerine alternatif olarak uygulanan yeni nesil
sekanslama ydntemi olan amplikon sekanslama ¢ok daha hassas ve dogru bir sonu¢ vermektedir. Ancak
maliyetin yiksek olmasi, diger tekniklere goére sonu¢ vermesinin daha uzun zaman almasi ve sekans
sonucunun analizi i¢in biyoinformatik araglara gereksinim duyulmasi bu yéntemin en énemli dezavantajlaridir.
Ayrica primer baglama boélgelerini kapsayan buyuk eklemeler veya silmelerin bu yéntemle tespiti de sorunlara
yol acabilmektedir (Nadakuduti et al., 2019). Bu c¢alismada T7E1 analizi ile mutasyon varligi tespit
edilememistir. Bu durumun sebepleri mutasyonun gerceklesmemesi olabilecegi gibi bagka calismalarda da
belirtildigi gibi yontemin cok hassas olmamasina bagl olarak ekstra optimizasyona ihtiya¢ duyulmasi
olabilecegdi dusunulmektedir. Ayrica hedef bolgede eger SNP ya da kisa ekleme ve silme meydana geldiyse
T7E1 analizinin bunlarin tespitinde ¢ok hassas olmamasi da mutasyon gérilmemesinin bir sebebi olabilecegi
distnulmektedir. Daha detayli sonuclar icin bagka calismalarda da o6nerildigi gibi 6rneklere amplikon
sekanslama yaptirilabilir (Sentmanat et al., 2018).

M 1 2 3 4

1000 bp

500 bp

300 bp
150 bp

Sekil 8. Transforme protoplastlarin T7E1 analizi sonucunda elde edilen agaroz jel elektroforezi goriintiisi. M: Markir (Fast DNA
Ladder, NEB), 1-3: Transformasyon gerceklestirilen protoplastlardan 3 farkli tekerrire ait érnekler, 4: Chardonnay yabani tip
DNA 6rnegi, Kirmizi oklar T7E1 analizi sonucunda elde edilmesi beklenilen bant uzunluklarini géstermektedir.

Figure 8. Agarose gel electrophoresis image obtained from the T7E1 analysis of transformed protoplasts. M: Marker (Fast DNA
Ladder, NEB), 1-3: Samples from three different replicates of transformed protoplasts, 4: Chardonnay wild-type DNA
sample. Red arrows indicate the expected band lengths from the T7E1 analysis.

SONUC

Hedefe ydnelik mutasyonlarin olusturulmasinda bitkilerde yaygin bir yontem olarak uygulanan
CRISPR/Cas9 aracili genom dizenleme teknolojisinin, 6zellikle asma gibi heterozigot genome sahip, ¢ok
yillik bitkilerde uygulanabilmesi blylik 6nem tasimaktadir. Bu ¢alismada asmada CRISPR/Cas9 aracili
genom dizenleme igin ilk asama olan gRNA tasarimindan son asama olan protoplast transformasyonuna
kadar uygulanan basamaklar basarili bir sekilde gerceklestirilerek, sistemin sorunsuz uygulanabilirligi
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gosterilmistir. Uygulanan protokoller ve elde edilen sonuglar asmada hedef mutasyonlarin gergeklestiriimesi
amaciyla yapilacak ¢alismalarda kullanilabilecektir.
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oz

Kiime Segregasyon Analizi (BSA, Bulked Segregant Analysis), bir poptiilasyonda
sadece belirli bir 6zelligin birbirine zit en Ust ve en alt iki asir ucundaki bireylerin
arasindaki farkligi ortaya ¢ikaran gugli bir ydntemdir. Hem st hem de alt kimeyi
olusturmak icin esit sayida birey kullanilir. Bir 6zellik igin karsilastirilan iki kiime ve
iki ebeveyn, onlari birbirinden ayiran belirtegleri belirlemek igin analiz edilir. En Ust
ve en alt ugtaki bireylerin her birinden DNA cikartilir. Ust ugtaki bireylerin her
birinden esit miktarda DNA bir deney tupunde ve alt ugtaki bireylerin her birinden
esit miktarda DNA bagka bir deney tlipinde olmak Uzere iki ayri deney tuplnde
kanstirilir. iki kiimenin DNA &rnegi molekiiler belirtegler yardimiyla karsilastirilir.
Her bir kimedeki bireyler, sadece ilgilenilen gen bakimindan 6zdestir. BSA yontemi
hem kalitatif (tek genli) hem de ¢ok genli (kantitatif) kalitim sergileyen &zellikler
konusunda basarili sonuglar vermektedir. Dominant (RAPD, ISSR, AFLP, SRAP)
ve kodominant (RFLP, SSR, SCAR, CAPS, SNP, QTL-Seq) belirte¢ sistemleri
kullanilabilmektedir. Bu derlemenin amaci, BSA yénteminin olusturuima stratejisini
tanitmak ve bahge bitkilerindeki énemli karakterler ile iligkili molekdler belirteglerin
belilenmesindeki kullanimini ortaya koymaktir.

ABSTRACT

Bulked Segregant Analysis (BSA) is a powerful method reveals only the
differences between individuals opposite to each other for a particular trait at
the top and bottom two extremes of a population. Equal number of individuals
are used to make up both the top and bottom cluster (bulk). The two bulks and
the two parents compared for a trait are analyzed to identify the markers that
distinguish them. DNA from each individual at both ends are extracted
separately. Equal amounts of DNA from the individuals located at the top and
bottom extreme are mixed in separate test tubes. The DNA samples from these
two bulks are compared using molecular markers. Individuals in each bulk are
identical only for the gene of interest. The BSA method gives successful results
for traits exhibiting both qualitative (monogenic) and quantitative (multigenic)
inheritance. Dominant (RAPD, ISSR, AFLP, SRAP) and codominant (RFLP,
SSR, SCAR, CAPS, SNP, QTL-Seq) marker systems can be used. The
objective of this review is to introduce the creation strategy of the BSA method
and to reveal its functioning in determining important characters and
comprehensive markers in horticultural plants.
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insan popiilasyonu 2000 yilinda 6.2 milyarken 2022'de 8 milyar olmus, 2050 yilinda 9.7 milyar
olmasi ve 2100’de 11 milyara yaklagsmasi beklenmektedir. Saglikh beslenmede kullanilan kiltir bitkilerine
olan talep ile tarimsal faaliyetlerle elde edilen triin miktari arasindaki fark giin gegtikge agiimaktadir. Bu
durum o6zellikle gelismekte olan ve az gelismis Ulkelerdeki nifus Uzerinde baski olugturmaktadir. Bitki

islahi 1930’lardan beri beslenmede yararlanilan Grin miktarinin artinimasinda benzeri gérilmemis katki
saglamaktadir (Wallace et al., 2018; Wang et al., 2023).

Urlnlerin kiltire alinmasi ve islahin tarihi agisindan bakildiginda, 1slah dort stratejik déneme
ayrilabilir: Islah 1.0-4.0. Islah 1.0, insanlk tarihindeki atalarimizin orijinal Urtnleri kdltire almasiyla
baslamistir. Islah 2.0, kendileme depresyonu (inbreeding depression) ile Mendel genetiginin yeniden kegfi
ve kantitatif genetigin belirlenmesi asamasidir. Islah 3.0, bitki 1slahina molekuler belirtecleri dahil etmesiyle
onceki iki donemden ayrilir. Islah 4.0 ile yuksek verimli ve gevreye iyi uyum saglayan yeni gesitlerin
olusturulmasi amaciyla, arzu edilen genlerin ve allellerin bir geside hassas ve verimli bir sekilde eklenmesi
beklenmektedir (Wallace et al., 2018).

Bitki 1slahinda ilerlemenin saglanabilmesi icin yeterli varyasyonun bulunmasi gerekir. Bir
populasyondaki belirli bir 6zellik icin fenotipik (dis goriinis) olarak sergilenen varyasyon (bireyler
arasindaki farklilik) gozlenerek (nitel) ya da dlgiilerek (nicel) belirlenir (Majeed et al., 2022). Ornegin farkli
ebeveyn hatlari igeren su kabagi (Lagenaria siceraria) melezlerinin tuza karsi stresinin saptanmasi gibi
(Aydin & Basak, 2023). Takip edilen Ozellikler kesintili (nitel, kalitatif, tek genli) ya da surekli (nicel,
kantitatif, cok genli) kalitim sergileyebilir. Kalitatif 6zellikler var (1) veya yok (0) seklinde degerlendirilir ve
histogram ile gosterilir (Sekil 1a). Kalitatif 6zellikler etkisi gliglii bir genin kontrolii altinda kalitilir. Ornegin
Gregor Mendel’in bezelyelerde izledigi tohum rengi ve sekli vb. Kalitatif 6zelliklerde organizmanin genotipi
ile fenotipi arasinda dogrudan bir iliski vardir ve kalitim mekanizmasi oldukga basittir. Her bir genotip
belirli bir fenotip olusturur. Kantitatif 6zellikler ise ikiden fazla formda gozlenebilir. Bitkilerin olusturdugu
poptllasyon c¢an egrisi seklinde poligon goriinimindedir (Sekil 1b). Kantitatif 6zellikler etkisi zayif ve
cevresel etmenlerden etkilenebilen ¢ok sayida genin kontroli altinda kalitilir. Ornegin bitki boyu, kuru
madde miktari, olgunlasma zamani, verim vb. Kantitatif 6zellikler konusunda organizmanin fenotipini
etkileyecek farkli genotipler bulunabilir ve kalitim mekanizmasi olduk¢a karmasiktir (Pierce, 2021).
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Sekil 1. Fenotip 6zellikleri a) kalitatif, b) kantitatif (Pierce, 2021’den degistirilerek).

Figure 1. Phenotypic traits a) qualitative, b) quantitative (modified from Pierce, 2021).

Molekdler belirte¢ (marker) sistemlerinden yararlanilarak yapilan haritalamada ve iligkilendirmede
temel alinan kavram, varsayilan baglanti grubu (kromozomlari temsil eder) Uzerindeki lokus (genin
bulundugu bélge) ile elde edilen belirtecin veya belirteglerin arasindaki mesafeye dayanir. Tahmini gen ile
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bulunan belirte¢ arasindaki mesafe ne kadar uzaksa, ikisinin arasinda rekombinasyon (crossingover)
olma olasihgi da o kadar yuksektir (Quarrie et al., 1999). Bir bagka deyisle, rekombinasyon orani ne kadar
diglkse, genin ve belirtecin birbirine yakin olma olasiligi o kadar yuksektir. Klasik i1slah ve geleneksel
baglanti haritasi (linkage map) olusturulmasi zor, pahali ve zaman alicidir. Biyoinformatik ve yliksek verimli
dizileme (high-throughput sequencing) teknolojilerinin gelisimi sayesinde genom haritalama calismalari
hedefe yonelik olarak daha etkili, zaman tasarruflu ve ucuza yapilabilmektedir (Best & McSteen, 2022).
Bu nedenle, belirteg yardimiyla seleksiyondan (MAS, Marker-Assisted Selection) yararlaniimaktadir.

Bitki 1slahinda bireylerin karakterizasyonu baglica iki yolla yapilabilir. Bireysel Segregasyon Analizi
(ISA, Individual Segregant Analysis) yontemi tek tek bireyleri genotiplerine gore nitel olarak molekdler
belirteg(ler) ile iligkilendirerek farkli gruplar halinde incelemektedir. Ancak bu ydntemde takip edilen
fenotipik 6zelligin, molekdler belirteclerle baglantili olan genotip ile iligkisi kolaylikla gésterilememektedir.
Calisilan genis olgekli popllasyondaki her bir bireyin genotiplenmesi karmasik, uzun, zahmetli ve pahali
bir stregtir (Majeed et al., 2022). ISA’nin yukarida bahsedilen olumsuz yoninin iyilestiriimesi igcin BSA
yonteminin kullaniimasi daha ¢ok yardimci olmaktadir. BSA, organizma genomunun belirli bir bélgesindeki
ya da bolgelerindeki 6zellikler ile iligkili aday gen veya genlere bagl belirte¢ belirleme yontemidir.

Yapilan kaynak taramasi sonucunda BSA konusunu detayli sekilde agiklayan Tirkge kaynaga
rastlanmamistir. Bu derlemenin amaci, BSA ydnteminin olusturulma stratejisini tanitmak ve bahge bitkilerindeki
onemli karakterler ile iligkili molekuler belirteclerin belilenmesindeki kullanimini ortaya koymaktir.

BSA olusturma stratejisi

Kime Segregasyon Analizi (BSA, Bulked Segregant Analysis) canlilar aleminde ¢alisilan bir poplilasyon
icinde sadece belirli bir 6zelligin “birbirine zit” en Ust ve en alt iki asiri ucundaki bireylerin arasindaki
farkhihgi ortaya gikarmak amaciyla kullanilir. Bu ydntem, bir melezlemeden elde edilen segregasyon
g0steren bir populasyondan olusturulan iki kimedeki bireylerin DNA &rneklerinin karsilastiriimasiyla yapilir.
Her bir kimedeki bireyler, sadece ilgilenilen gen ya da 6zellik bakimindan 6zdestir (ortaktir). Ancak diger
genler veya 6zellikler icin 6zdes degildir. Bir bagka deyisle, her bir grup icinde, incelenen 6zellik digindaki
diger tum o6zellikler bakimindan bireyler arasindaki varyasyonun rastgele oldugu kabul edilir ve g6z ardi
edilir. Bir 6zellik igin iki zit kutbu igeren (6rnegin belirli bir hastalia dayaniklilik ve hassaslik) iki kime
arasindaki farkhhgi belilemek amaciyla molekiler belirtecler ile analiz edilir. Kimeler arasinda polimorfizm
sergileyen belirteclerin, ilgilenilen 6zelligi belirleyen lokus ile genetik olarak yakin baglantida oldugu
disindldr (Michelmore et al., 1991). BSA genetik, genomik ve islah galismalarinda kullanilabilen oldukga
gUclu bir ydntemdir. Hem lst hem de alt kimeyi olusturan “esit sayida” bireylerden ayri ayri DNA c¢ikartilir.
Bir 6zellik icin karsilastirilan iki kime ve varsa iki ebeveyn, onlari birbirinden ayiran belirtecleri belirlemek
icin analiz edilir. BSA'nin temelinde 6ncelikle izlenecek O6zellik bakimindan farkli uglarda yer alan iki
ebeveyn segcilir ve bunlar arasinda kontrolli melezleme yapilir. BSA galismasi igin Fz, ¢ift (katlanmis)
haploid (DH, Doubled Haploid) veya rekombinant kendilenmis hat (RIL, Recombinant Inbred Line)
poptlasyonunda cesitlilik gdsteren bireyler kullanilabilir. Sonrasinda bu 6zelligin genom boyunca yayilimis
molekuler belirteglerle genotipik olarak iligkilendiriimesi gerekir. Populasyon iginde takip edilen 6zelligin
“pirbirine zit” en Ust ugta ve en alt ugta olmak Uzere iki durumunu sergileyen ve egit sayidaki bireyle iki
ayri kiime (havuz, grup, bulk) olusturulur. Her bir kiimede esit sayida olmak sartiyla 14-20 (Michelmore et
al.,, 1991) ya da 7-14 (Giovannoni et al., 1991) arasinda birey kullanilabilir. Arastirmanin igerigine bagli
olarak her kiimede kullanilan birey sayisi degistirilebilir. En Gst ugtaki bireylerin her birinden egit miktarda
DNA bir deney tiiptinde (Eppendorf®) ve en alt ugtaki bireylerin her birinden esit miktarda DNA “bagka” bir
deney tupunde olmak Uzere iki ayri deney tupunde karigtirihir. Bu iki kimenin DNA &6rnegi molekuler
belirtegler yardimiyla karsilagtirihir Ornegin, Mendelin galistigi bezelyelerin uzun veya kisa olmasi,
marulun hastalija direncli veya hassas olmasi vb (Quarrie et al., 1999; Vardar-Kanlitepe et al., 2010).

DNA kimelerinin olusturuldugu segregasyon goésteren bir populasyon kullanilarak hedef lokus ile
polimorfik molekiler belirteg arasindaki baglanti (linkage) belirlenir. Dominant sistemler igin primer ve
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kodominant sistemler igin probe kullanilir. Lokus igin polimorfik olarak bulunan primerler ya da problar,
iliskili gen veya bdlgeyi tespit etmek amaciyla, kimeleri olusturmada kullanilan bireyleri birbirinden ayirt
etmek icin test edilir. lgilenilen gen ile iligkili olmayan jel bantlari her iki kiimede de benzer yodunlukta
g6zlenir. BSA herhangi bir yeni bant varyasyonu olusturmaz. Buna karsin pek gok sayida lokusun hizli
sekilde taranmasina imkan vererek hedef bdlgede segregasyon sergileyen belirteglerin tanimlanmasini
saglar Michelmore et al., 1991). BSA yonteminde kullanilacak bireylerin geldigi kaynaga gore iki farkli
uygulama sekli olabilir. Birincisinde kullanilacak bireyler herhangi bir melezlemeden olusturulur. Bir baska
deyisle, zit 6zellikteki iki genotip ya da mutant ile yabani bitki (wild type) melezlenerek agilim elde edilir.
ikincisinde ise kullanilacak bireyler farkli gegmise sahip karma bir popiilasyondan gelir (Zou et al., 2016).
BSA’nin birinci kullanim alani, tercihen elde edilen F2 agilim poptilasyonu ile galismaktir. Bu populasyona
ulasmanin zaman aldigi ¢ok yillik bitkilerde, takip edilecek 6zellik yoninden acilim sergileyen katlanmis
haploid, rekombinant kendilenmis hat (Quarrie et al., 1999) veya geri melezleme (BC, Back-Crossing)
(Dalkilic et al., 2005) populasyonu gibi herhangi bir poptilasyon da kullanilabilir. Dominant allel ile kontrol
edilen kalitim mekanizmasinda F2 popilasyonu tercih edilirken, resesif allel ya da QTL ile kontrol edilen
kalitim mekanizmasinda katlanmis haploid veya rekombinant kendilenmis hat kullaniimasi Onerilir
(Quarrie et al., 1999). BSA'nin ikinci kullanim alani, arastirmada kullanilan bireylerin genetik olarak ¢ok
farkli olmasi ve buiyiik ihtimalle yabanci déllenen karma (mixture, composite) bir popilasyondan gelmesi
durumudur. Bu ikinci durumdaki populasyonlarda takip edilecek 6zelligin ¢ok fazla allelinin mevcut olmasi
mUmkundur (Quarrie et al., 1999).

Teknolojinin ilerlemesiyle polimeraz zincir reaksiyonu (PCR, Polymerase Chain Reaction)
sayesinde ve ucuzlayan baz dizilimi (sequencing) maliyetleri, BSA'nin ikinci nesil baz dizilimi (NGS, Next-
Generation Sequencing) yontemine uyarlanmasiyla (Song et al., 2017; Best & McSteen, 2022; Li & Xu,
2022), bitki 6zelligi ile iliskili genom analizleri ileri bir boyuta tasinmistir (Majeed et al., 2022). BSA
yontemi hem tek genli (Dakouri et al., 2018) hem az sayida genli (oligenik) (Song et al., 2017) hem de gok
sayida genli (QTL, Quantitative Trait Loci) (Liang et al., 2020; Zhang & Panthee, 2020; de la Fuente
Canté & Vigouroux, 2022) kalitimin takip edilmesinde kullaniimaktadir.

Bahcge bitkilerindeki 6nemli karakterler ile iligkili molekiiler belirteclerin belirlenmesinde BSA
yonteminin kullanimi

Bahge bitkilerinde BSA’da kullanilan dominant polimorfizm gosteren molekiiler belirtecler

RAPD (Random Amplified Polymorphic DNA, rastgele ¢ogaltiimis polimorfik DNA): Marulda
(Lactuca sativa, n=x=9, Asteraceae) fungal (mantarfi) bir hastaliga (Bremia lactucae) dayaniklilik/hassasiyet
konusu RAPD molekiiler belirtegleriyle calisilarak ortaya konmustur. Oncelikle takip edilecek fungal
hastaliga dayaniklilik bakimindan (Dm3, Dm4, Dm5/8 genleri) Calmar (homozigot dayanikl) x Kordaat
(homozigot hassas) ebeveyn arasinda yapilan melezlemeden elde edilen F2 popllasyonundan 14-20 bitki
dayanikli ve hassas kimede 120 RAPD primeri (Operon A-F) ile test edilmistir. Kimeler arasinda
polimorfizm sergileyen OPI11 primeri Dm3 geni ile 2 cM, R62 primeri Dm4 geni ile 15 cM uzaklikta
haritalanmistir. OPHO4s00, OPF 121400 ve OPH151960 RAPD belirtegleri Dm5/8 geni ile baglantili bulunmustur.
RFLP ve RAPD belirtegleri hedeflenen genin 6n ve arka bolgesine 25 cM mesafede haritalanmistir
(Michelmore et al., 1991).

Elmada (Malus floribunda, M. x domestica, n=x=7, Rosaceae) uyuz (scab, Venturia inaequalis)
hastaligina dayaniklihk lokusu (V) 15 dayanikli ve 7 hassas genotipte calisiimistir. Her bir kiimede alti
dayanikh ve alti hassas birey yer almis ve 59 RAPD primeri ile test edilmistir. Bir RAPD belirtecinin
(OPA15900) hastaliga dayanikliik konusunda M.floribunda’dan M. x domestica'ya geg¢mis oldugu
belirlenmistir (Durham & Korban, 1994).

Domateste (Lycopersicon esculentum x L. pennellii, n=x=12, Solanaceae) yapilan melezleme ile 67
F2 populasyonu olusturulmustur. Elde edilen haritalama populasyonunda kromozom 11 Uzerindeki gicek
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sapli (pedicel) absisyonu (jointless) lokusu (j-1) ve kromozom 10 Uzerindeki meyve olgunlasmasi (non-
ripening) lokusu (nor) igin 7’ser ve 14’er birey kullanilarak iki farkl grup DNA kiimesi 200 RAPD primeri ile
test edilmigstir. Verilerden 5 cM, 10 cM ve 15 cM baglanti ihtimali tahmini igin sirasiyla <40, <10 ve <5 birey
kullanilarak iki DNA kimesi yapilmasi tavsiye edilmistir. 38D primerinden elde edilen 38J belirtecinin j-1
geni ile yakin iligkili oldugu ve 307N primerinden elde edilen 307N belirtecinin nor geni ile yakin iligkili
oldugu bulunmustur. 148B primerinden eide edilen bir belirtecin kromozom 11 Uzerindeki j-7 genine 45
cM uzaklikta oldugu belirlenmistir (Giovannoni et al., 1991). Domateste lekeli solgunluk viriisi (TSWV,
tomato spotted wilt virus) hastaligina dayaniklilik lokusunun (Sw-5) kalitimi eksik dominant (heterozigot
bitkiler, homozigot bitkilerden daha az dayaniklidir) kalitim ile kontrol edilmektedir. Stevens (dayanikl) x
Trend (hassas) melezlemesinden F2 popilasyonu olusturulmustur. Her bir kimede 67 tolerant ve 33
hassas birey yer almig ve 130 RFLP probu, 382 RAPD primeri ve 1 SCAR primeri ile test edilmigtir.
Kromozom 9'daki Sw-5 lokusuna bagli bir RAPD belirteci (R2) SCAR belirtecine (SC-R2)
donlstirdlmastir. Elde edilen SC-R2 SCAR belirtecinin domateste TSWV'nin test edilmesinde ve
MAS’nda kullanilabilecegi belirtiimistir (Chagué et al., 1996).

Biberde (Capsicum annuum, n=x=12, Solanaceae) patates Y virlsi (PYV) hastaligina dayaniklidin
kalitimi tek bir dominant gen (Pvr4) ile kontrol edilmektedir. KM1 (hassas) x CM334 (dayanikli)
melezlemesinden F1, F2 ve BC1 popllasyonlari olusturulmustur. Her bir kimede 12 dayanikli ve 12
hassas birey yer almis ve 147 tek ve 46 ikili kombinasyon seklinde toplam 193 RAPD primeri ile test
edilmistir. Calisma sonucunda PR-13 primeri dayanikli ve hassas kiimeler arasindaki ilk PCR analizinde
polimorfizm gostermesine ragmen tekrar edilememistir. OPG12 primerinin ise biberdeki PYV hastaliginin
belirlenmesi icin Gzerinde daha fazla incelemeye deger oldugu bulunmustur (Ekbig et al., 1999).

Turuncgillerde, kok ve goévde ¢urikligine neden olan Phytophthora spp. fungusuna tolerans, Pearl
(hassas) x Flying Dragon (FD) (tolerant) ve Sunki (hassas) x FD (tolerant) melezlemelerinden elde edilen
F1 bitkilerinde incelenmistir. Hastaliga toleransin ¢oklu gen kahtimi izledigi bulunmustur. Her bitki
populasyonunda ayri ayri her bir kimede 5 tolerant ve 5 hassas birey yer almistir. Toplam 492 RAPD
primeri kullanilmigtir. Bunlardan 19 primer temiz ve tekrarlanabilir bant vermigtir. Pearl x FD
popllasyonunda 44 polimorfik bant elde edilmistir. Bunlardan C15es0 ile C15700 2.1 cM, AHBs00 ile AB1900
4.2 cM ve AC191300 ile AM3700 4.4 cM mesafede hastaliga tolerans ile iliskili olarak en yakin sekilde
haritalanmistir. Sunki x FD populasyonunda 28 polimorfik bant elde edilmistir. Bunlardan AA112100 ile
AA11200 2.4 cM, AJ181000 ile X181000 4.9 cM ve AC191300 ile E162200 5.7 cM mesafede hastaliga tolerans ile
iliskili olarak en yakin sekilde haritalanmistir (Dalkilic, 1999).

Hindistan cevizinde (Cocos nucifera, n=x=16, Arecaceae) 0ldiriici sararma (LY, lethal yellowing)
fitoplazma hastaligina dayanikhhidin kahtimi galismasinda 20’ser bireyden olusturulan West African Tall
(WAT, hassas), Malayan Yellow Dwarf (MYD, tolerant) ve Atlantic Tall (AT, tolerant) bitki populasyonlari
kullanilmigtir. Her bir kimede 15 dayanikli ve 15 hassas birey yer almig ve 80 RAPD primeri ile test
edilmistir. AT populasyonunda 5 RAPD belirtecinin (B4s70, A11990, B111140, AL31160 ve AL7350) LY’ye
dayaniklilik MAS c¢alismalarinda kullanilabileceg@i bulunmustr (Cardefa et al., 2003).

‘Minneola’ tanjelosunda (Citrus paradisi cv. Duncan % C.reticulata cv. Dancy, n=x=9, Rutaceae)
Alternaria kahverengi benek hastaliginin (Alternaria alternata) Shinn izolatina dayaniklilik tek resesif allel
(aaM1) ile kontrol edilmektedir. Calismada hastaliga dayanikh Clementine mandarini (C.reticulata) x
hassas LB#8-10 (‘Clementine’ x ‘Minneola’) geri melezleme (BC+) populasyonu kullaniimisgtir. Her bir
kimede 5 dayanikli ve 5 hassas birey yer almis ve 492 RAPD primeri ile test edilmistir. Bunlardan 9
primer 11 temiz ve tekrarlanabilir polimorfik bant vermistir. Hastaliga hassasiyete neden olan AaM1 alleli
ile P12ss50 (15.3 cM) ve AL31250 (36.7 cM) belirtegleri arasinda zayif coupling (ayni kromozom {izerinde)
iliskisi bulunmustur (Dalkilic et al., 2005).

Keciboynuzunda (Ceratonia siliqua, n=x=12, Caesalpinoideae, Fabaceae) cinsiyetin kalitimi agik
tozlanan bitkilerle ¢alisiimigtir. Her bir kimede 5 disi ve 5 erkek birey yer almis ve 130 RAPD primeri ile
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test edilmistir. Calismada kullanilan OPA17 primerinden elde edilen 750 bg¢ uzunlugundaki bir bant disi
bireylerin higbirinde go6zlenmezken, erkek bireylerin dordiinde gbézlenmisti. OPA177s50 belirtecinin
keciboynuzu bitkilerinin genglik kisirhdi déneminde erkek cinsiyetin belilenmesi konusunda %80 giivenle
kullanilabilecegi bildiriimistir (Kaya & Dalkilig, 2021).

Narda (Punica granatum, n=x=8, Lythraceae) bitki boyu ile iliskili RAPD belirteci bulunmasinda
bodur (P. nana) x normal boylu (P. granatum) F1 melezleri kullanilmigtir. Her bir kiimede 7 bodur ve 7
normal boylu birey yer almig ve 120 RAPD primeri ile test edilmistir. OPMO7 primerinden elde edilen 650
b¢ uzunlugundaki bant ana ebeveyn, bodur nar kimesi ve bodur kendilemesindeki bitkilerde
gbzlenmezken, baba ebeveyn, normal boylu nar kiimesi ve dért normal boylu nar melezinde géralmagtar.
OPMO07s50 RAPD belirtecinin narda bitki boyu 6zelligi ile %57 iligkili oldugu belirlenmistir (Simsek Ugkun &
Dalkilig, 2022). Narda tohum sertligi konusunda sert tohumlu (Ernar) ve yumusak tohumlu (Fellahyemez)
ebeveyn arasinda yapilan karsilikl melezlemeden elde edilen bireylerde ¢alisiimigtir. Her bir kimede 5-7
yumusak tohumlu ve 5-7 sert tohumlu birey yer almis ve 260 RAPD primeri ile test edilmistir. OPK12
primerinden elde edilen 571 b¢ uzunlugundaki bant yumusak tohum olugsumu ve 608 bg¢ uzunlugundaki
bant sert tohumluluk 6zelligi ile iligkili bulunmustur. OPK12 RAPD primerinden elde edilen iki polimorfik
banttan olusturulan iki InDel (insersiyon-delesyon) primeri kullanilarak sert tohumlu bireylerde sadece 156
b¢ uzunlugunda bant gézlenirken yumusak tohumlularda hem 156 b¢ hem de 123 bg uzunlugunda bantlar
g6zlenmigtir. OPAIO8 primerinden elde edilen 700 b¢ uzunlugundaki bant yumusak tohumlu bireylerde
gdzlenirken sert tohumlu bireylerde gézlenmemistir. iki RAPD belirtecinin (OPK12 ve OPAIO8) narda
genglik kisirligi donemindeki MAS islah galismalarinda kullanilabilecegi belirlenmistir (Yazici et al., 2023).

ISSR (Inter Simple Sequence Repeat, basit dizi tekrarlarn arasi): Borilcede (Vigna unguiculata,
n=x=11, Fabaceae), Colletotrichum lindemuthianum fungusunun neden oldugu antraknoz hastaligina
dayanikhligin mekanizmasi arastinlmistir.  Yer tipi suriniclu ‘Sharika’ (Vigna unguiculata ssp.
sesquipedalis) (hassas) x arazi tipi yar slrliintci ‘Kanakamony’ (V.unguiculata ssp. cylindrica) (dayanikli)
ile karsilikli (resiprok) melezlenmistir. Toplam 30 F1 ve 163 F2 bireyi elde edilmistir. Her bir kiimede F:
bitkilerinden 10 dayanikli (0 hastalik skoru) ve 10 hassas (5 hastalik skoru) birey yer almistir. Test edilen
47 RAPD primerinden 12 adedi ve 43 ISSR primerinden 10 adedi polimorfizm gdstermistir. OPAQ02ss0
RAPD belirteci hastalia hassasiyetle, UBC810100 ve UBC8111s00 ISSR belirtegleri hastaliga
dayanikhlikla iligkili bulunmustur. Hastalia dayaniklilikta rol oynayan UBC8111s00 belirteci jelden geri
kazanilmis, klonlanmig ve gikarilan baz diziliminin LRR reseptdr benzeri serin/treonin protein kinaz geni le
baglantili oldugu tespit edilmistir (Pradhan et al., 2018).

Cilekte (Fragaria vesca, n=x=7, Rosaceae) gigeklenme mevsimi (seasonality) 6zellidi igin (F. vesca
(mevsimsel gigeklenen) x F. vesca semperflorens (her zaman gigeklenen)) x F. vesca semperflorens 168
BC1F1 bireylerinde galigiimistir. Her bir kimede 84 mevsimsel gigceklenen ve 84 her zaman gigeklenen
birey yer almis ve 10 ISSR primeri tek basina ve kombinasyon halinde test edilmistir. ISSR analizindeki
tek basina kullanilan ISSR primerleri 85 (5'i F. vesca’ya 6zel) ve kombinasyon halinde kullanilan ISSR
primerleri 493 (14’4 F. vesca'ya 06zel) polimorfik bant sergilemistir. Elde edilen verilerle iki ISSR
belirtecinin gigeklenme mevsimiyle ile iligkili oldugu bulunmustur (Cekic et al., 2001). Cilekte gigeklenme
mevsimi (seasonality) ve kol verimliligi (runnering) 6zellikleri igin (F. vesca (mevsimsel gigeklenen ve kol
veren) x F. vesca semperflorens (her zaman ciceklenen ve kol vermeyen)) x F.vesca semperflorens
BC1F1 bireylerinde galisiimistir. Her bir kimede 50’ser birey yer almis ve 23 tek ISSR primeri ve 45 ISSR
primer kombinasyonu ile test edilmistir. ISSR analizinde 14 tek primer ve 10 kombine primer polimorfizm
sergilemistir. Elde edilen verilerle 16 ISSR belirtecinin gigeklenme mevsimiyle ve 7 belirtecinin de kol
verimliligi ile iligkili oldugu bulunmustur (Cekig, 2015).

AFLP (Amplified Fragment Length Polymorphism, gogaltiimis pargca uzunlugu polimorfizmi):
Domateste ge¢ yaniklik hastalii etmeni (Phytophthora infestans) Pi-16 izolati igin CLN657 (L.
esculentum) (hassas) x L3708 (L. pimpinellifolium) (dayanikli) melezlemesinden elde edilen 72 F2
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populasyonu kullaniimigtir. Her bir kimede 9 dayanikli ve 8 hassas birey yer almis ve 120 AFLP primer
cifti ile test edilmistir. Bes AFLP primer giftinden elde edilen DNA bantlari dayanikh ebeveyn ve dayanikli
birey kiimesiyle ve bir AFLP primer ciftinden elde edilen DNA bandi hassas ebeveyn ve hassas birey
kiimesiyle iligkili bulunmustur (Chungwongse et al., 2002).

SRAP (Sequence Related Amplified Polymorphism, dizi iligkili ¢ogaltilmig polimorfizm):
Domateste Fusarium kok ve kék bodazi ¢urikligu (Fusarium oxysporum f.sp. radicis lycopersici (FORL))
etmenine karsi dayaniklilik sadlayan tek dominant gen (Fr/) ile iligkili molekdler belirteglerin belirlenmesi
arastirniimistir. Fla. 7781 (dayanikli) ile 560 (hassas) ebeveyn arasindaki melezlemeden F1, F2 ve BC1
elde edilmistir. Ebeveyn bitkiler, F2 ve BC+ bitkileri FORL izolatiyla test edilmistir. Her bir kiimede 10
dayanikli ve 10 hassas birey kullanilmigtir. SRAP analizi igin 13 ileri (Me1-13) ve 19 geri (Em1-19) primer
cift halinde test edilmistir. Kullanilan 247 SRAP primer kombinasyonundan 161 adedi 644 polimorfik bant
vermistir. Ebeveyn bitkiler arasinda 25, kiimeler arasinda ise 3 polimorfik bant elde edilmis, ancak hem
ebeveynler hem de bulklar arasinda herhangi bir polimorfizme rastlanmamigstir (Kabas Demirelli, 2008).

incirde PCR analizi ile BSA'da test edilen toplam 366 primer 7 disi ve 7 erkek bireyden olusan DNA
kiimelerinde test edilmistir. Kiimeler arasinda polimorfizm sergileyen 62 primer bireylerde tek tek analiz
edilmistir (kullanilan/toplam sirasiyla 28/208 SRAP, 24/58 MS-SRAP, 10/100 ISSR). Disi ve erkek incir
bireylerinde elde edilen toplam 353 banttan 149'u (66 MS-SRAP, 60 SRAP, 23 ISSR) polimorfizm
sergilemigtir. incirde cinsiyet ayriminda UPGMA (unweighted pair group method with arithmetic average),
PCA (principal component analysis) ve STRUCTURE yontemleri ile yapilan analizler, disi ve erkek incir
bireyleri arasindaki farkliligi belirlemede etkili olmustur (lkten et al., 2023).

Bitki 1slahinda 6zelliklerin kalitiminin  izlenmesinde dominant polimorfizmi belirleyen belirteg
sistemlerinden yararlanilabilir. Dominant polimorfizm (bant var ya da yok) veren sistemlerde her bir kiimede
goreceli olarak daha az birey kullanilabilir (Quarrie et al., 1999).

Bahcge bitkilerinde BSA’da kullanilan kodominant polimorfizm gosteren molekiiler belirtecler

RFLP (Restriction Fragment Length Polymorphism, kesilmis parga uzunlugu polimorfizmi):
Marulda B. lactucae fungal hastaligina dayanikhlik/hassasiyet konusunda RFLP ve RAPD molekiiler
belirtecleriyle aligilarak ortaya konmustur. Oncelikle takip edilecek fungal hastaliga tepki dzelligi (Dm5/8)
bakimindan Calmar (homozigot dayanikh) x Kordaat (homozigot hassas) ebeveyn arasinda yapilan
melezlemeden F2 popiilasyonu elde edilmistir (Michelmore et al., 1991).

Misirda (Zea mays, n=x=10, Poaceae) kurakliga tolerans calismasinda toplam 223 S1 RIL bitki
ailesinden, her birinde 50’ser bitki olacak sekilde dort populasyon (TS CO, TS C8, DTP C2 ve DTP C6)
olusturulmus ve RFLP yontemi ile analiz edilmistir. Kromozom 1 Uzerinde yerlestirilen umc11 RFLP
belirteci kurak sartlar altindaki yliksek verimlilik 6zelligini tasiyan QTL’e 2 cM uzaklhginda bulunmustur
(Quarrie et al., 1999).

SSR (Simple Sequence Repeat, basit dizi tekrari): Domateste yaprak kivircikligi viriisi (ToLCV)
hastaligina dayanikliigin mekanizmasi ‘Punjab Chhuhara’ (PBC) (S. lycopersicum) (hassas) x ‘EC-
520061’ (S. habrochaites) (dayanikh) melezlemesinden elde edilen F1 bireyi 386 SSR primer gifti ile test
edilmistir. Bu primerlerden polimorfizm sergileyen 8 adedi F2 bireylerinin hastaliga dayaniklilik yéninden
taranmasi igin kullaniimigtir. Her bir kimede 10 dayanikli ve 10 hassas F2 bireyi yer almistir. F2
poptllasyonunda 86 dayanikli ve 14 hassas (13: 3) birey elde edilmesi, ToLCV hastaligina dayaniklihgin
bir dominant engelleyici gen tarafindan kontrol edildigini gdstermistir. iki belirtec hastaliga dayaniklilikla
iliskili bulunmustur. SSR218170-145 kromozom 10 Gzerinde 15 cM ve SSR3041ss.188 kromozom 7 (zerinde
35 cM mesafede yerlestirilmistir (Singh et al., 2015).

Armutta (Pyrus communis, n=x=17, Rosaceae) bodur biiyiime habitiisi ‘Nain Vert’ ¢esidinden elde
edilen PcDw dominant lokusu tarafindan kontrol edilmektedir. ‘Aihuali’ (bodur) x ‘Chili’ (standart)
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arasindaki melezlemeden elde edilen 107 bodur ve 108 standart (1: 1) toplam 215 F1 bireyi ile 7-34’
(‘Aihuali’ x ‘Chili’) (bodur) x ‘Zhongxiang’ (standart) arasindaki melezlemeden elde edilen 90 bodur ve 98
standart (1: 1) toplam 188 F1 bireyi kullaniimistir. Her bir kiimede 10 bodur ve 10 standart birey yer
almistir. Calismada, elma ve armut baglanti haritalarinda yer alan 14 SSR primer ¢iftinden elde edilen
belirtegler kromozom 16 Uzerinde haritalanmistir. scaffold00074: 137126-163908 iginde yer alan PcDw
lokusunun CN993875 ve QauSSR36 SSR belirtegleri ile iligkili oldugu bulunmustur. Ayrica galismanin
sonucunda yeni 43 SSR ve 50 SNP belirteci veri bankasina kaydedilerek gen bolgesi belirteclerce
yogunlastinimistir (Wang et al., 2016).

incirde 45 ilek (erkek) genotipi ve 2 disi (‘Bursa Siyahr, ‘Sarilop’) gesit incir ile 24 SSR primeri
kullanarak yapilan galismada, genotiplerin cinsiyete gére birbirinden ayrilamadigi; disi ve erkek incir
bireylerinin olusturulan dendrogramda (soyagaci) ayni grupta yer aldigi bulunmustur (Teoman et al.,
2017).

Patateste (Solanum tuberosum grup Phureja, n=x=12, Solanaceae) patates viris Y (PVY)
galismasinda DB375(1) (dayanikli) x 84.2P.75 (hassas) ebeveyn arasinda gaprazlama yapiimis ve SSR
primerleri ile test edilmistir. iki popilasyonun (05H1 ve 08H1) hastaliga karsi dayanikllikta iki SSR
belirtecinin (STM1021 ve STM3012) kromozom 9 Uzerindeki bir dominant allel ile iligkili oldugu
belirlenmistir. Calismada 98 DArT (Diversity Array Technology) belirteci dayanikli ebeveyn ve dayanikl
kimedeki 10 bireyde bulunurken, hassas ebeveyn ve hassas kimedeki 10 bireyde bulunmamistir.
(Torrance et al., 2020).

Soya fasulyesinde (Glycine max, n=x=20, Fabaceae) fide safhasinda kurakliga tolerans 6zelligi igin
tolerant hatlar (PK 1180 ve SL 46) ile hassas hatlar (UPSL 298 ve PK 1169) arasindaki melezlemeden
elde edilen F2 popiilasyonunda galigiimis ve SSR primerleri ile test edilmistir. Her bir kimede 10 tolerant
ve 10 hassas birey kullaniimigtir. Bir SSR belirteci (Satt277) kromozom 6 lzerinde kurakliga toleranslikla
yakin iligkili (3.4 cM) bulunmustur (Sreenivasa et al., 2020).

Kavunda (Cucumis melo, n=x=12, Cucurbitaceae) ¢ekirdek erkek sterilite (GMS) resesif geni ms-
7’in kalittm mekanizmasi MS-1 (erkek steril, msms) x KP4HM-15 (erkek fertil, MsMs) arasindaki
melezlemeden elde edilen 150 F2 bireyinde ¢alisiimisgtir. Her bir kimede 10 homozigot erkek steril ve 10
homozigot erkek fertil birey yer almistir. Calismada 498 SSR primer ifti test edilmigtir. DM0187, DM0038
ve TJ14 SSR belirtegleri kromozom 6 Uzerinde ms-1 gen bdlgesine bagli bulunmustur. DM0187
belirtecinin ms-1 genine 4.8 cM ile en yakin genetik mesafede oldugu belirlenmistir (Singh et al., 2020).

Kavunda, Fusarium oxysporum Schlechtend f. sp. melonis (Leach & Currence) Snyd. & Hans
(Fom) tarafindan meydana getirilen solgunluk hastaligina dayanikliigin mekanizmasi i¢in Punjab Sunehri
(hassas) x KP4HM-15 (dayanikli) melezlemesinden elde edilen 143 F2 kendilenerek F3 bireyleri
olusturulmustur. Bunlardan elde edilen 32 homozigot dayanikl, 75 heterozigot ve 36 homozigot hassas
birey (1: 2: 1) sonucuna gore hastaliga dayanikliigin bir dominant allel (Fom-5Y) ile kontrol edildigi
belirlenmistir. Her bir kimede 10 homozigot dayanikli ve 10 homozigot hassas F2z:3 bireyi yer almistir.
Kabakgiller Genom Veritabanindan segilen ve kavundaki 12 kromozoma yayilmig 527 SSR primer ifti
kullaniimigtir. Bunlardan elde edilen 4 SSR belirtecinin (CMCTN35, DM0096, CSWCTTO02, ve ECM181)
kromozom 5 Uzerindeki Fom-5% geni ile iligkili oldugu saptanmistir (Deol et al., 2022).

Bamyada (Abelmoschus esculentus, n=x=20, Malvaceae) YVMV (sari damar mozaik virisQ)
hastaligina dayanikliigin mekanizmasi Punjab Padmini (hassas) x AUAcc-1 (dayanikli, A. manihot)
arasindaki melezlemeden elde edilen F1, BC1F1 ve BC1F2 popllasyonlarinda galisiimistir. Yapilan arazi
ve yapay inokulasyon testlerinde toplam 168 BC1Fz2: bireyinin fenotipik degerlendirmesinde 89 hassas ve
79 dayanikh (9: 7) birey belirlenmistir. YVYMV etmenine dayanikhihgin iki resesif gen tarafindan kontrol edildigi,
genlerden en az birisindeki homozigot allel durumunun, diger genin etkisini maskeledigi (resesif epistasi)
ve dayanikli fenotipi ortaya gikardigi bulunmustur. BSA igin her bir kimede 8 dayanikl ve 8 hassas birey
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yer almistir. Test edilen 200 SSR primer ¢iftinden 61’inin dayanikli ve hassas ebeveyn arasinda
polimorfizm sergiledigi belirlenmistir. Bu 61 primer ciftinden dordiiniin (Okra 032, Okra 049, Okra 129 ve
Okra 270) YVMV hastaligina dayaniklilik ile iligkili olabilecegi belirlenmistir (Singh et al., 2023).

SCAR (Sequence Characterized Amplified Region, dizisi karakterize edilmis ¢cogaltiimis bolge):
Patlicanda (Solanum melongena, n=x=12, Solanaceae) Fusarium ¢Urikligu (Fusarium oxysporum f. sp.
melongenae) (FOM) hastaligina dayanikliigin kalitimi tek bir dominant allel ile kontrol edilmektedir.
Calismada NSFB99 (hassas) x LS2436 (dayanikli)) melezlemesinden elde edilen F1 kendilenerek F2 ve
NSFB99 (hassas) ile geri melezlenerek BCs popllasyonu olusturulmustur. F2 popilasyonundaki her bir
kiimede 10 dayanikli ve 10 hassas birey yer almig ve 1200 RAPD, 29 SRAP, 28 RGA (Resistance Gene
Analogous), 812 SRAP-RGA kokmbinasyonu ve 2 SCAR primeri ile test edilmistir. Gelistirilen iki SCAR
(SCAR426 ve SCARsa47) belirtecinin patlican bitkilerinin FOM’a karsi gosterdidi reaksiyonun test edilmesi igin
kullanilabilecegi bulunmustur (Mutlu et al., 2008).

Domateste Fusarium ¢irukligiu (FORL) hastaligina dayanikliigin kalitimi tek bir dominant allel ile
kontrol edilmektedir. Fla.7781 (dayanikli) x B560 (hassas) melezlemesinden elde edilen F1 kendilenerek
F2>-Fs ve B560 (hassas) ile geri melezlenerek BC+1 popilasyonu olusturulmustur. Her bir kiimede 10
dayanikl ve 10 hassas birey yer almis ve 29 SRAP, 48 RGA, 216 RFLP-COSII kombinasyonu ve 15
SCAR primeri ile test edilmistir. Gelistirlen SCARfn belirtecinin domates bitkilerinin FORL’a karsi
gOsterdigi reaksiyonun test edilmesi icin kullanilabilecegi bulunmustur (Mutlu et al., 2015).

incirde (Ficus carica, n=x=13, Moraceae) poplilasyonunda cinsiyetin kalitimi ¢alisiimistir. Her bir
kiimede 5 disi ve 5 erkek birey yer almig ve 7 SCAR primeri ile test edilmistir. MADF41450 ve MADF61300
primerleri erkek cinsiyeti ile %100 iligkili olarak bulunmustur. Kullanilan 110 RAPD primeri ve 154 SRAP
primer kombinasyonu cinsiyet ile iligkili hicbir polimorfik bant olusturmamistir (Agir & Dalkilig, 2022).

CAPS (Cleaved Amplified Polymorphic Sequence, kesilerek c¢ogaltilmis polimorfik dizi):
Karpuzda (Citrullus lanatus, n=x=11, Cucurbitaceae) meyve seklinin kalitimi tzerine CIFS1 aday geni
cahsiimistir. ‘Duan125’ (uzun) x ‘Zhengzhouzigua’ (yuvarlak) melezlemesinden elde edilen 768 F2, 120
BC1P1 (F1 x ‘Duan125’) ve 238 BC1P2 (F1 x ‘Zhengzhouzigua’) kullaniimistir. Her bir kiimede 30 uzun ve
30 yuvarlak birey yer almis ve BSA-seq yontemiyle SNP’ler temel alinarak gelistirilen 298 CAPS primeri
ile test edilmistir. Karpuzda meyve seklinin OO (uzun), Oo (oval) ve oo (yuvarlak) olmak lizere bir lokus
tarafindan kontrol edildigi belirlenmistir. Kromozom 3 izerinde CAPS0158 ve CAPS0165 belirtegleri ile
aday gen (CIFS1) arasinda 46 kb uzunlugu oldugu saptanmistir. IQD proteinini kodlayan CIFS71 genindeki
159 bg uzunlugundaki silinmenin karpuzda uzun meyve seklinden sorumlu oldugu bulunmustur. Silinen
bélgeden gelistirilen InDel belirtecinin (Cla011257) karpuzda yuvarlak meyve sekli ile iligkili oldugu
belirlenmistir (Dou et al., 2018).

Kavunda kisa bogumarasi (SIL, short internode length) 6zelligi lokusu (MD7) igin M1-32 (normal
boylu) x X090 (bodur) melezlemesinden elde edilen 985 F2 bireyinde ¢aligiimistir. Her bir kiimede 30
normal boylu ve 30 bodur birey yer almig ve 10 CAPS primer cifti ile test edilmistir. Bu primerlerden 6’si
polimorfik bant vermistir. Alti CAPS belirteci kromozom 7 (izerinde MD7 lokusuna bagli bulunmustur (Zhang
etal., 2019).

Misirda (Zea mays, n=x=10, Poaceae) B73 genotipinden EMS kimyasal mutajeni kullanilarak
mutant bireyler elde edilmistir. Mo17 (yabani tip) x aladin1 (ali1-1/ali1-1, mutant tip) melezlemesinden
elde edilen F2 populasyonu kullaniimis ve dCAPS primerleri ile test edilmistir. Her bir kiimede 60 yabani
tip ve 60 ali1-1/ali1-1 tipi bireyi yer almistir. Misir genomundaki gekirdek zari kompleks bileseni olan
ALADIN1 bdlgesinin normal bitki blylime ve gelismesi, slrgiin mimarisi ve asimetrik hticre bélinmesi igin
gerekli oldugu bulunmustur (Best et al., 2021).

SNP (Single Nucleotide Polymorphism, tek niikleotid polimorfizmi): Turunggillerde (Citrus spp.
n=x=9, Rutaceae) Alternaria kahverengi benek (ABS) hastaligina dayanikhhgin kahtimi ‘Fortune’ (Aa,
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hassas) x ‘Willowleaf’ (aa, dayanikli) melezleme populasyonundan elde edilen triploid melez bireyler ile
galisilmistir. Her bir kiimede 5 dayanikli ve 5 hassas birey yer almistir. iki kiime ve iki ebeveyn 1536 SNP
belirteci igeren lllumina GoldenGate™ array platformunda test edilmistir. Bunlardan 677 SNP belirteci
'Clementine' referans genetik haritasi lizerine yerlestiriimistir. Sonra 93 triploid melez ve iki ebeveyni,
daha onceki ‘Clementine’ referans genomu galismasinda belirlenen SSR ve SNP belirtegleri kullanilarak
genotiplenmistir. ABS dayaniklihdinin resesif allel ile kontrol edildigi triploid melez populasyonda da teyit
edilmistir. Kromozom 3 Uzerindeki sentromere yakin TTC8 ve CiC3248-06 belirtecleri arasindaki 3.3-Mb
genom bolgesinin ABS hastaligina dayaniklilik ile iligkili oldugu bulunmustur (Cuenca et al., 2013).

Marulda Apache, Yorvik, Sensai and Troubadour cesitlerine EMS (ethyl methanesulfonate)
kimyasal mutajeni uygulanmistir. M5 homozigot mutantlardan (HTG) iki irk (Yorvik TGO1 ve TG10) ve
yabani tipten F2-F3 populasyonu elde edilmistir. Her bir kimede 30 mutant ve 30 yabani tip kullaniimig ve
homozigot SNP primerleri ile test edilmistir. Marul genomundaki ABA1/ZEP genlerinde, TGO1’deki
mutasyonun amino asit degisikliginden ve TG10’daki mutasyonun alternatif mRNA ayrilmasindan
(splicing) kaynaklandidi belirlenmistir (Huo et al., 2016).

Seftalide (Prunus persica, n=x=8, Rosaceae) tek/cift gicek olusturma 06zelligi Gzerinde Juhuatao x
Honggengansutao melezlemesinden elde edilen F1 poptlasyonu ile galisiimis ve toplam 1.042.687 SNP
kullanilmigtir. Her bir kimede 15 tek gigcek ve 15 gift gicek agan birey yer almistir. Genom c¢apinda
iliskilendirme galismasiyla (GWAS, Genome-Wide Association Study) kromozom 2 (zerinde cift gicek
olusturma 6zelligi ile iligkili bir gen bolgesi belirlenmistir (Meng et al., 2019).

Soya fasulyesinde mantari Macrophomina phaseolina hastaligina dayaniklihdin mekanizmasi
arastiriimistir. Pl 567562A (dayanikh) x Pl 567437 (hassas) melezlemesinden elde edilen 140 F2.3 melezi
kullaniimigtir. Her bir kiimede 10 dayanikli ve 10 hassas birey yer almis ve QTL-seq analizi yapilmistir.
Kromozom 5, 8 ve 14 lizerinde g pozisyonda SNP belirlenmistir (da Silva et al., 2020).

Misirda yiksek verimli dizileme (high-throughput sequencing) yardimiyla yabani (wt, wild type) ve
mutant bireylerde ileri genetik yaklasimiyla (forward genetics approach) BSA yontemi kullaniimaktadir.
EMS uygulanip mutasyona tabi tutulan mutant (kogansiz) x vyabani referans B73 (normal RIL)
melezlemesinden elde edilen F2 ve F3 popilasyonu kullaniimis ve aday homozigot SNP primerleri ile test
edilmistir (Best & McSteen, 2022).

Biberde olgunlasmamis meyve rengini tozlanmadan 40 giin sonra belilemek amaciyla CSJ009
(acik sar1) x CSJ010 (yesil) melezlemesinden F2 popiilasyonu elde edilmis ve SNP analizi yapilmistir. Her
bir kimede 30 yesil meyveli ve 30 aglk sari meyveli birey yer almistir. CSJ009'daki agik sari
olgunlasmamis meyve renginin tek bir resesif gen (ly) ile kontrol edildigi belirtiimistir. Dort aday genin
(Capana09g000680, Capana09g000671, Capana099000715 ve Capana099000692) kromozom 9
Uzerinde ly lokusu ile baglantili oldugu bulunmustur (Song et al., 2022).

Tath patateste (Jpomoea batatas, n=x=15, Convolvulaceae) Konaishin (/. batatas, hekzaploid, kisa
kalin govdeli) x K123-11 (/. trifida, hekzaploid, ince sarilici gdvdeli) melezlemesinden 194 F1 bireyi elde
edilmistir. Her bir kimede 20 sarilici gévdeli ve 20 sarilici olmayan govdeli birey yer almistir. BSA
sonuglari, F1 popllasyonu icin degistiriimis PyBSASeq programi kullanilarak G-istatistigi ile
degerlendirilmistir. Kromozom 13’teki 13.090.703’lincl nikleotid bazina karsilik gelen QTL tepe noktasini
temsil eden SNP icin bir primer (Marker_13.09) cifti olusturularak kullaniimistir. Sonugta kromozom 13
Uzerinde 12.37-14.12 Mb araligindaki bir QTL’in (gSgh) sarilici ya da sarilici olmayan sirgin blylime
ozelligi ile iligkili oldugu belirlenmistir. Konaishin’in genom organizasyonunun dupleks (AA’aaaa) ve K123-
11’in nullipleks (aaaaaa) yapida oldugu 6ne sirilmustir (Suematsu & Tanaka, 2024).

Bitki 1slahinda o6zelliklerin kahtiminin izlenmesinde kodominant polimorfizmi belirleyen belirteg
sistemlerinden yararlanilabilir. Kodominant polimorfizm (gok allel mevcut oldugunda) sergileyen sistemlerde
popllasyondaki frekansi temsil edebilecek kadar ¢ok birey kullaniimalidir (Quarrie et al., 1999).
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QTL-seq (Quantitative Trait Locus-Sequencing, kantitatif 6zellik lokusu dizilemesi), BSA-seq
(Bulked Segregant Analysis-Sequencing, kiime segregasyon analizi dizilemesi) ve BSR-seq
(Bulked Segregant RNA-Sequencing, kiime segregasyon RNA dizilemesi): Hedefin haricindeki diger
QTL’lerin kafa karistirici etkilerinden izole etmek amaciyla, sadece hedeflenen QTL’in elde edilmesi igin
baslangi¢ popllasyonunda tekrarlanan (recurrent) ebeveynle geri melezlemeyi siirdiirmek gereklidir.
Haritalamadaki belirte¢ yogunlugunu belirleyen en 6nemli faktoér baz dizilimi (sekanslama) kapsama
alanidir. Yapilan similasyonlar, yiksek baz dizilimi kapsamasinin, aday gen igin haritalama mesafesini
kisalttigini ortaya c¢ikarmistir. Ylksek yogunluklu baz dizilimi kapsamasinin minimum derinligi,
populasyon ya da kime blyukligine baghdir. Her rekombinasyon blogu, baz dizilimi okumalari
tarafindan belirlenen birkag SNP igermelidir. Ancak bir rekombinasyon blogundaki bitin baz dizilimi
okumalarina gerek yoktur. Hatta blyuk kime igin goreceli olarak daha digsUk baz dizilimi kapsamasi
kullaniimasi onerilmektedir. SHOREmap, QTL-seq, MutMap, BSR-seq, MMAPPR, QTG-seq, DeepBSA,
X-QTL, OutcrossSeq, GradedPool-seq, vb. BSA igin kullanilan degisik yontemlerdir (Wang et al., 2023).

Hiyarda (Cucumis sativus, n=x=7, Cucurbitaceae) 9930 (geggi) x Muromskij (erkenci) melezlemesinden
elde edilen F+’'lerin kendilenmesiyle ilkbahar 2012, sonbahar 2012 ve ilkbahar 2013 denemelerinde sirasiyla
159, 232 ve 258 F2 popllasyonu olusturulmustur. Sonbahar 2012 denemesinden elde edilen F2 bireylerinden
olusturulan her bir kimede 10 erken gigeklenen ve 10 geg cigeklenen bireyin yer aldigi BSA olusturuimus
ve SNP ile QTL-seq analizi yapilmistir. Genom g¢apinda yapilan genis SNP taramasi sonucunda erken
ciceklenme zamani (FT) lokusuna bagl baslica QTL bélgesi belirlenmistir (Lu et al., 2014).

Domateste, meyve agirligi (12S139 ve 12S143) ve meyve odacidi (locule) sayisi (12S75) ozelligi
icin U¢ populasyon olusturulmustur. 128139 ve 12S75 Solanum lycopersicum var. lycopersicum x S.
lycopersicum var. cerasiforme ile 125143 Solanum lycopersicum var. lycopersicum % S. lycopersicum var.
lycopersicum melezlemesinden meydana gelmistir. Her bir kiimede 10 en hafif ve 10 en agirile 10 en az
odacikli ve 10 en fazla odacikh birey yer almigtir. Elde edilen F2 bireylerinde QTL-seq analizi yapilmigtir.
Meyve agirhgi ile iligkili olan fw771.2 geni kromozom 171’'in uzak ucunda fas ile fw711.3 lokuslarinin
Uzerinde; fw1.1 geni kromozom 71’in perisentrik bodlgesinde ve fw3.3 geni meyve agirhdi geni
SIKLUH/FW3.2'nin ~1.6 Mb asagisinda haritalandiriimistir. Meyve odacigi ile iligkili olan tG¢ QTL (/cn2.4,
Icn5.1 ve Icn6.1) belirlenmistir. Elde edilen sonuglara gére fw11.2 geni, 66 aday gen igeren ~750 kb’lik bir
QTL bélgesi ile iligkilendirilmistir (llla-Berenguer et al., 2015).

Soganda (Allium cepa, n=x=8, Amaryllidaceae) sitoplazmik erkek kisirhiginin geri kazaniimasi
mekanizmasinda etkili olan aday genler (Ms) belirlenmeye cahlsiimistir. Melezleme 506L (sitoplazmik
erkek kisir, MS) x H6 (erkek fertil, MF) arasinda yapilmis ve F2:5 popilasyonu elde edilmistir. Her bir
kiimede 10 MF ve 10 MS birey yer almistir. Kiimeler, daha 6nceki galismalardaki 4273 bireyde kullanilan ve
Ms lokusuna bagli oldugu bilinen jnurf05 (CAPS belirteci) ve OPT (RFLP AOB272 belirtecinden tiretilen
PCR belirteci) ile test edilmistir. RNA-seq analizinde 14 SNP kontig 251 yerel ve 124 ekzotik hat arasinda
Ms lokusu ile mimkemmele yakin baglanti dengesizligi (LD, linkage disequilibrium) sergilemistir. Yapilan
amino asit dizi analizinde MS ve MF arasinda dort gende farkhlik oldugu belirlenmistir (Kim et al., 2015).

Misirda B73 genotipinden EMS kimyasal mutajeni kullanilarak mutant bireyler elde edilmistir. B73
(yabani tip) x ten (mutant tip) ve B7 x vns (mutant tip) melezlemesinden F2 popiilasyonu olusturulmustur.
Ug farkli kiimede 101 ten mutanti, 9 vns mutanti ve 9 yabani tip bireyi yer almis ve SNP primerleri ile test
edilerek BSA-seq analizine tabi tutulmustur (Klein et al., 2018).

Brokolide (Brassica oleracea L. var. italica, n=x=9, Brassicaceae) ¢ok genle kontrol edilen sicakliga
tolerans Uzerine yapilan g¢alismada, orta derecede sicakliga tolerant USVL118 x USVL123 hatlarinin
melezlenmesinden elde edilen 83 F1 hattindan mikrospor kultiri ile katlanmis (gift) haploid bireyleri
olusturulmus ve QTL-seq ile analiz edilmistir. Her bir kimede 5 sicakliga tolerant (HT=7.0) ve 5 sicakliga
hassas (HT=2.6) hat yer almistir. Daha Once belirlenenlere ek olarak iki yeni QTL bulunmustur.
QHT_CO09.2 bolgesinde cigeklenme zamani genleri ile iliskili SNP’lerle bas olgunlastirma zamani ve
sicakliga tolerans arasinda negatif korelasyon tespit edilmistir (Branham & Farnham, 2019).
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Salgamda (Brassica rapa, n=x=8, Brassicaceae) erken giceklenme 6zelligi icin ‘CHOY SUM EX
CHINA 3’ (erken gigeklenen) x ‘Kohiki’ (ge¢ cigeklenen) melezlemesinden 301 bireylik F2 popllasyonu ve
tiylllik o©zelligi icin ‘Nakajimana’ (tlylid) x ‘Akamaru’ (tlystiz) melezlemesinden 286 bireylik F2
popilasyonu olusturulmus ve QTL-seq ile analiz edilmistir. Her bir kiimede 20 erken giceklenen ve 20 ge¢
ciceklenen ile 20 tlylu ve 20 tlysuz birey yer almistir. QTL-seq analizinin salgamda kantitatif 6zelliklerin
belirlemesinde kullanilabilecegi belirlenmistir (Itoh et al., 2019).

Cayda (Camellia sinensis, n=x=15, Theaceae) Longjing 43 (LJ43, yesil yaprakh) x BJG (sari
yaprakl) melezlemesinden F+1 popllasyonu elde edilmistir. Her bir kiimede 5 yesil yaprakli ve 5 sari
yaprakl birey yer almis ve RNA-seq analizi yapilmistir. Sari ve yesil yaprakli gay F1 melezi kiimelerinde
toplam 359 farkli sekilde ifade edilen gen (DEGs, differentially expressed genes) kesfedilmistir. Sari
yaprakl gay bitkilerinde baskilanan isik toplayan klorofil a/b proteini (LHC, light-harvesting chlorophyll
a/b-binding proteins) genlerinin anormal kloroplast gelismesi ile iligkili oldugu bulunmustur (Wang et al.,
2020).

Elmada yerel genotipler (145) Jonathan x Golden Delicious (J x G) (1,773 melez), Zisai Pearl x
Red Fuji (Z x F) (3,627 melez) ve Zisai Pearl x Golden Delicious (Z x G) (3,492 melez) F1 melezleme
kombinasyonu, tam cigeklenmeden sonraki (DAFB, days after full bloom) 151. ve 179. giinlerde meyve
agirhgi, olgunlasma tarihi ve toplam kuru madde igerigi (Brix) yoniinden incelenmistir. Ug farkli melezleme
kombinasyonundan olusturulan her bir kimede 23-45 birey yer almis ve SNP yontemi ile BSA-seq verileri
Yabanci Déllenen Tirler icin BSA (BSATOS, BSA Tools for Outbreeding Species) bilgisayar yazilimi ile
QTL analizi yapilmigtir. BSATOS ydnteminin yabanci ddllenen bitki tiirlerinin meyve 6zelliklerinin QTL
analizinde kullanigl oldugu bulunmustur (Shen et al., 2019, 2022).

Kabakta (Cucurbita pepo, n=x=20, Cucurbitaceae) tliketici tercihlerinde 6nemli olan meyve kabugu
renginin kalitiminin molekiler mekanizmasi galisiimistir. RP16 (beyaz ve piriizsiz kabuklu) ve RP38
(yesil ve plrizlG kabuklu) hatlar ebeveyn olarak kullaniimis ve 384 F: bireyi elde edilmistir. F2 bireylerinin
293’si beyaz ve 971’i yesil kabuk renkli 3:1 oraninda bulunmustur. Bylece beyaz kabuk renginin dominant
ve yesil kabuk renginin resesif oldugu tespit edilmistir. Kabakta yesil meyve kabugu renginin bir resesif
allel (cpgp) ile kontrol edildigi belirlenmistir. Her bir kiimede 30 beyaz ve 30 yesil kabuk renkli birey yer
almistir. iki kiime, iki ebeveyn ile birlikte 17 InDel primer ifti kullanilarak DNA kiitiiphanesi olusturulmak
amaciyla BSA-seq analizi yapiimistir. Daha sonra 699 F2 bireyi kullanilarak yapilan detayli genom
haritalamasinda, 23.90 kb kromozom boélgesi iginde, Arabidopsis’teki Cp4.1LG059g02070 ve
Cp4.1LG05902060 genleri bulunmustur. APRR2 (Arabidopsis Pseudo-Response Regulator 2-benzeri)
proteini kodlayan kromozom 5 Uizerindeki Cpgp geninin (Cp4.1LG05902070), meyve kabudunun yesil
rengini kontrol ediyor olabilecegi belirlenmistir (Gebretsadik et al., 2024).

Soganda, Alternaria porri (Ellis) Cifferi nekrotrofik fungusu tarafindan olusturulan mor leke (purple
blotch) hastaligina dayanikhihdin kalitim mekanizmasi, AK (Arka Kalyan, dayanikli) x AR (Agrifound
Rose, hassas) arasindaki melezlemeden elde edilen 153 RIL Fs generasyonundaki 79 dayanikli ve 74
hassas (1: 1) birey ile galisilmistir. Her bir kiimede 10 dayanikh ve 10 hassas birey yer almistir. SNP
verileri ile BSR-Seq yontemi kullaniimistir. Sonuglar KASP (Kompetitive Allele Specific PCR) primerleri ile
teyit edilmistir. Kromozom 6’nin uzun kolunda 7.3 Mb araliginda dayaniklilikla iligkili aday genom bdlgesi
belirlenmistir. Bu bolgede, CC-NBS-LRR hastalik dayanikliigi proteini sinifina dahil olan ACCL_20794
(Chr6: 187,639,724-187,643,297) geni yer almis ve ApR1 olarak isimlendirilmistir (Sahoo et al., 2024).

Klasik BSA’nin 6ne ¢ikan en biyuk dezavantaji, gen seviyesinde QTL haritalama yapmak igin
haritalama poptlasyonunun ve kiime blyUkliginin ¢ok kiiglik kalmasidir. Ayrica gliincel BSA stratejileri
her seferinde sadece bir geni haritalayabilmektedir. Bu durum da fonksiyonel gen klonlamanin etkinligini
o6nemli dlgtide sinirlandirmaktadir. Bu poblemlere ¢dzim bulmak igin HTP (High-Throughput Phenotyping,
yuksek kapasiteli fenotipleme), BBD (Biological Big Data, biyolojik buyilk veri) ve degisik makine
O6grenmesi algoritmalari gibi NG-BSA (Next-Generation BSA, ikinci nesil dizileme BSA) yontemlerinden
yararlaniimaktadir (Wang et al., 2023). NGS-BSA, genom ¢apinda tespit edilen SNP'leri kullanarak orijinal
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BSA protokoliine kiyasla yiksek verimli ve ylksek ¢ozinurlikli analizlere olanak tanir. Son zamanlarda,
NGS tabanli BSA, aday genlerin tanimlanmasini hizlandirmak igin referans genom dizilerine sahip ¢ok
sayida bitki tirinde basariyla uygulanmistir (Schneeberger, 2014). NGS-BSA isgiici tasarrufu saglayan
hizh bir QTL haritalama yontemidir. QTL-seq yonteminde, SNP indeksi (allel fekansi), NGS
okumalarindan hesaplanir. QTL zirveleri, ASNP indeksinden (kiimeler arasindaki SNP indekslerinin
farkliligr) belirlenir (Suematsu & Tanaka, 2024). Diploidlerle karsilastirildiginda poliploidlerdeki SNP
indeksindeki farkliliklarin belirlenmesi daha zordur. Dider bir BSA ydntemi olan G istatistigi yontemi, G
testi veya Fisher testi ile allel frekanslarini kargilastirarak QTL tahmini yapar (Zhang & Panthee, 2020;
Suematsu & Tanaka, 2024). Bu yontem, otopoliploidlerin BSA’si igin tahminen uygundur. Cinki ASNP
indeksi kullaniimaz. BSA sonuglari ile RNA-seq tarafindan yapilan gen ifadesinin birlestiriimesiyle, DEGs
(Differentially Expressed Genes, farklilastirimis gen ifadeleri), QTL bdlgesinde tanimlanmistir. Bu
sonuglar poliploid tirler igin G istatistigi yonteminin uygulanabilirligini gdstemektdir ve bu yoéntem tatli
patatesin siirglin fenotipinin evrimini agiklamak igin yardimci olacaktir (Suematsu & Tanaka, 2024).

SONUG

Bitki 1slahinda BSA ydnteminden yararlaniimasi zamansal, ekonomik ve kolay uygulanabilirlik
anlaminda oldukga yarar saglamaktadir. Populasyon genetigi basta olmak tzere genglik kisirhgi (tohum
ekiminden ilk gigek agincaya kadar gegen sire) safhasi uzun olan ¢ok yillik bitkilerde BSA, Uzerinde
calisilan Ozelligi tasiyan bitkilerin ayirt edilmesinde kisa zamanda sonug vermektedir. BSA yontemi
oncelikle bitkilerde yapilan calismalarla ortaya g¢ikmasina ragmen son yillarda hayvan, maya,
Chlamydomonas spp. vb. diger organizmalarda da kullanim alani bulmustur. Gelecekte molekiler biyoloji
alanindaki gelismelerle birlikte yapilacak genetik ve islah arastirmalarinda BSA yonteminden
yararlanilabilecektir.

Bitkilerin abiyotik ve biyotik stres etmenlerine karsi toleransinin artiriimasi konusunda gen klonlama
etkinligini artirmak ve duzenleyici genler aginin sifresini ¢dzmek icin NG-BSA ydntemlerinden
yararlaniimasi, Islah 4.0 ile birlestirilebilecektir. Genom baz dizilimi ve BSA’nin birlikte ele alinmasiyla
kalitatif ve kantitatif karakterleri kontrol eden pek ¢ok gen tanimlanmis olmasina ragmen, basta QTGs
(quantitative trait genes, kantitatif karakter genleri) olmak Uzere, genlerin klonlanmasinin ylksek
yogunlukta ve dogrulukta yapilmasina ihtiya¢ bulunmaktadir. HTP, BBD ve makine 6grenmesi ile
glclendirilen NG-BSA yontemleri ucuz ve zamandan tasarruf eden Islah 4.0 igin gelecekte
kullanilabilecektir.
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