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rekreasyon, turizm kaynaklar

ABSTRACT

Objective: Empty and wide areas, including settlements outside the city center,
are rural areas. These areas have great importance in recreational use in terms
of their natural and cultural landscape values. Within the scope of the study, it
aims to calculate the potential of the Karacabey district of Bursa, one of these
areas, in terms of recreational use.

Material and Methods: The main material of the study consists of 64 villages
located in the Karacabey district of Bursa province. The method of the study is
based on the principle of assigning weighted points to five items of recreation
areas. After scoring, calculations were made with basic mathematical
operations, and the obtained quantitative data were interpreted.

Results: As a result of the study, it was determined that there are no villages in
the Karacabey district with very low recreation potential (30%>); 40 villages are
low (30-45%), 17 villages are medium (45-60%), 5 villages are high (61-75%)
and 2 villages were also found to have a very high (75%<) recreational
potential.

Conclusion: Within the scope of the study, it has been determined that the
existing natural and cultural landscape values and infrastructure facilities add
great value to the villages with high recreation potential. Therefore, various
recreation types in which these values will be protected and used have been
evaluated within this framework and new proposals have been developed.

0z

Amagc: Kent merkezi disindaki yerlesimler de dahil olmak Uzere bos ve genis
alanlar kirsal alanlardir. Bu alanlar sahip olduklari dogal ve kiiltiirel peyzaj
degerleri agisindan rekreasyonel kullanimda blyik 6neme sahiptir. Calisma

kapsaminda bu alanlardan biri olan Bursa’nin Karacabey ilgesinin rekreasyonel
kullanim agisindan potansiyelinin hesaplanmasi amaglanmistir.

Materyal ve Yontem: Calismanin ana materyalini Bursa ilinin Karacabey
ilcesinde bulunan 64 kdy olusturmaktadir. Calismanin ydntemi ise rekreasyon
alanlarinin bes maddesine agirlkli puan veriimesi esasina dayanmaktadir.
Puanlama sonrasi matematiksel islemle hesaplamalar yapilmis ve elde edilen
nicel veriler yorumlanmistir.

Arastirma Bulgulan: Calisma sonucunda Karacabey ilcesinde rekreasyon
potansiyeli cok dusuk (%30>) kdy bulunmadidi; 40 kdy disik (%30-45), 17 kdy
orta (%45-60), 5 kdy yuksek (%61-75) ve 2 koyun de ¢ok yiuksek (%75<)
rekreasyon potansiyeline sahip oldudu tespit edilmigtir.

Sonug: Calisma kapsaminda mevcut dogal ve kultirel peyzaj degerleri ile
altyapi tesislerinin, rekreasyon potansiyeli yiksek olan kdylere buyik deger
kattigi belirlenmistir. Dolayisiyla bu degerlerin korunacagi ve kullanilacag gesitli
rekreasyon turleri bu cerceve icerisinde degerlendirilerek yeni Oneriler
gelistirilmistir.
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INTRODUCTION

Rapid and unplanned urbanization movements due to rapid population growth cause the decrease
or even disappearance of green areas, which are the most important areas that increase the quality of life
of people living in cities (Karagah, 2017; Yang et al., 2017). The loss of these areas, on the other hand,
puts urban people under the pressure of intense urban life, causing them to experience some physical,
psychological and socio-cultural problems and to feel their recreation needs seriously (Kaya et al., 2009;
Uzun & Muderrisoglu, 2010; Zhang et al., 2013; Romagosa, 2018; Li, 2020). The concept of recreation
mentioned here is to renew and improve the physical and mental health of individuals affected by “heavy
workload, habitual lifestyle or negative environmental” (Kogyigit & Yildiz, 2014; Onag et al., 2018) factors,
“depending on social, economic, cultural opportunities and the structure of the society they live in”
(Bozkurt, 2016), it is defined as the whole of active or passive activities that they can participate in as an
individual or group voluntarily (Nowaczek, 2003; Lindholst et al., 2015).

People who are overwhelmed by urban life and want to get closer to nature, prefer rural areas to
spend their free time. Thus, rural areas have become destinations that meet the recreational need of
urban residents (Cetin & Sevik, 2016; Surat, 2017; Burton et al., 2021). According to Gulimser et al.
(2011), rural areas are “non-urban areas that are the place of agricultural activities”; according to Kuter &
Unal (2013), “it is outside of urban settlements and has descriptive concrete-objective elements”; it is
defined as areas where land uses are managed simultaneously by nature and humans, with a much more
dispersed population distribution than urban settlements (Grimes, 2000; Zaizhi, 2000). These areas, with
their natural wealth, are the areas where people find the opportunity to be alone with nature, renew
themselves, and prefer to spend their leisure time with outdoor recreation activities in these areas by
getting away from their monotonous working life (Mumcuoglu, 1996; Zhang et al., 2013; Surat, 2017).
Also, landscapes with the highest visual qualities provide valuable aesthetic, ecological, cultural
recreational and economic benefits for human well-being (Cetinkaya et al., 2014). Rural areas have the
potential to host a wide variety of recreational activities due to their natural, cultural, and visual landscape
values (Peroff et al., 2017; Aazami & Shanazi, 2020). The interaction of natural and cultural resources,
particularly with people, is important for the identification of the landscape (Uzun et al, 2011).

The wide variety of recreational activities in an area increases the touristic attractiveness of those
areas (Kutvan & Kutvan, 2013; Goker & Unliibnen, 2019; iskender, 2019). The tendency of people to
seek different tourism from the usual seasonal mass tourism has caused rural areas to become the focal
point with their wealth of natural and cultural resources. Thus, the concept of rural tourism has come to
the fore on a global scale (Ozer & Cavusoglu, 2014; An & Alarcon, 2020). Rural tourism, which is
compatible with the understanding of sustainable tourism, is a concept that “tries to meet the touristic
supply resources without destroying them” (Ceken et al., 2012) and plays an important role in the
protection and promotion of these resources. Recreational activities based on the protection of natural
and cultural landscape values play an important role in the sustainability of rural tourism (Wanner et al.,
2020; Liu et al., 2021).

The main material of this study is Bursa province Karacabey district, which is a very important
place with its natural and cultural landscape richness. There are 64 villages in the Karacabey district and
this area shows a high rural landscape character. For this reason, it was chosen as the subject of study.
In the study, Giilez method was used to determine the recreational potential of 64 different study areas. In
this direction, the landscape value, climate, accessibility, recreational convenience, and negative factors
of the district were evaluated separately for each village. As a result, the recreational potentials and the
current recreational activities of the area were determined, and new recreational activities were proposed
within the framework of protection-utilization balance.




Opportunities of using rural areas for recreational purposes: The case of the Karacabey District, Bursa Province

MATERIALS and METHODS

The main material of the study is the Karacabey district of Bursa. Karacabey, which is the 5" largest
district of the city with an area of 1,285 km?, is surrounded by Mudanya and Niltfer from the east, Balikesir
from the west, Mustafakemalpasa from the south and the Marmara Sea from the north. Being located at the
intersection of intercity highways, it has the feature of being one of the most easily accessible districts of the
city (Karacabey Municipality, 2021). The geographical location of the district is given in Figure 1.
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Figure 1. The geographic location of the study area.

Sekil 1. Galisma alaninin cografi konumu.

In the study, the "determination of the recreational potential of open air and forest areas"
method, which was introduced by Kiemstedt (1967) and Buchwald (1973) and developed by Giilez
(1989), was applied. Within the scope of the study, suggested recreational activities were developed
according to the existing recreational activities and characteristic features of the villages whose
recreational potentials were calculated according to the Gulez method. The Gilez method is based on
the principle of giving weighted points to the items determined under five headings: landscape value,
climate, accessibility, recreational suitability, and negative factors of outdoor recreation areas (Celik
Canga et al., 2016). The recreational potential evaluation form of the villages of Bursa province
Karacabey district is given in Table 1.

Scoring-based information was obtained by scanning domestic and foreign scientific resources,
making field investigations and observations, making face-to-face and telephone conversations with the
headmen and local people, examining the photographs of the land, and making analyzes in the GIS
environment. The information obtained was evaluated and scored by two landscape architects who knew
the study areas. Scoring was made according to the weight scores of each item given in Table 2.

Since the total score will theoretically be a maximum of 100, the sum of the points that the items in
the formula can get will give the outdoor recreation potential of an area as a percentage. The scores of
the items were calculated with the formula below and interpreted according to their suitability classes
(Gllez, 1989).

Landscape Value (L) + Climatic Value (C) + Accessibility (A) + Recreational Convenience (RC) +
Negative Factors (NF) = Recreation Potential (RP)

Accordingly, the suitability classes of recreation potential values are <30% very low, 30-45% low,
46-60% medium, 61-75% high, and >75% very high.
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Table 1. Recreation potential evaluation form (Gilez, 1989)

Cizelge 1. Rekreasyon potansiyeli degerlendirme formu (Gllez, 1989)

Properties Explanation Score Properties Explanation Score
Mediterranean, Aegean, Marmara
10 ha< 4 Touristic Black Sea Coastline 34
Size of the Area | 5 — 10 ha 3 IAr?ggrtance of the Important Highway Routes 2-3
1-5ha 2 Priority Places in Tourism 1-3
0,5-1ha 1 Up to 20 km 4-5
Plain 5 " Up to 50 km 3-4
Slightly Wavy 4 Ny , _ Up to 100 km 2-3
Surface - - — = | Having a City
Condition Little Inclined, plain in some areas 3 n__n‘ Nearby with a Up to 200 km 1-2
Slightly Rough 2 % | Populationofat |1 nour by walking 4
- 0 | least 100,000 -
- Medium Rough 1 8 0-1/2 hours by a vehicle 3
-
L’ Woodland, Shrubbery, Meadowland 7-8 (5(’ 14-2 hours by a vehicle 2
2 Only Woodland, Meadowland 6-7 1-2 hours by a vehicle 1
> Shrubbery, Meadowland, Woodland 5-6 . Walkability 3-4
W Transportation
‘}( Vegetation Shrubbery, Sparse Woodland 4-5 (other than ataxi | Finding a Vehicle all the Time 2-3
§ Only Shrubbery, Meadowland 3-4 or private vehicle) Finding a Vehicle at Certain Times 1-3
<Z( Meadowland, Sparse Shrubbery 2-3 Other Cable car, Access from the Sea, etc. 1-3
- Only Meadow 1-3 i icni
: Picnic Eacilities Stationary picnic tablg, barbeque, 1-4
Seaside 7-8 etc. (according to their quality)
[9)
g . "
Sea, Lake, Lakeside 6-7 & | \vater Condition | Prinking and tap water conditions 1-3
Rivers 8 (according to their quality)
Riverside 1-4 i Accommodation Stationary accommodation facilities 2
Panoramic Views 3-4 E Facilities Camp with ten tor no tent 1-2
>
Visual Quality Beautiful Views and Vistas 2-3 % Restrooms According to their quality 1-2
Visual and Aesthetic Value 1-4 ‘j Car Park According to their quality 1-2
. . < o
Other Features Cave, Waterfall, Historical and Cultural 16 = O_pen air Cafe, According to their quality 1.2
Values, etc. O | Kiosk
'_
0 < Continuously guard/officer 2
Average of Summer Months (°C) & Guard and Officier
16-17-18-19-20-21-22-23-24-25 1-10 o Attendant on weekends 1
Temperature o :
Average of Summer Months (°C) 110 Other bosts, et (aocording tother | 1:
~ 34-33-32-31-30-29-28-27-26-25 Conveniences NN 9
o quality)
% Total Precipitation of Summer Months o
<—(‘ Precipitation (mm) 50-100-150-200-250-300-350- 1-8 Z | Air pollution According to the degree of pollution (-1)-3
> 400 %)
w o _ -
:: Insolation The average Cloudiness of Summer 15 '9 Being unsafe According to the degree of safety (-1)-2
% Months 0-2, 2-4, 4-6, 6-8, 8-9 Q| water pollution For sea, lake, and rivers -1
L N .
(&} The average wind speed in summer is ) '§ Neglect Not doing enough maintenance -1
o less than 1 m/s = | Noise Noises from traffic, crowd, etc. -1
Windiness <
The average wind speed in summer is ﬁ Other negative Quarry and gravel pit, construction
1 h (-1)-2
1-3m/s Z | factors and factory ruins, etc.

Table 2. Factors in the evaluation form and maximum score to be taken (Gulez, 1989)

Cizelge 2. Degerlendirme formunda bulunan faktérler ve alabilecekleri maksimum puan (Giilez, 1989)

Maximum Score

Symbol  Meaning (Weight Score of Factors)
L Landscape Value 35

Cc Climate Value 25

A Accessibility 20

RC Recreational Convenience 20

NF Negative Factors 0 (Minimum -10)
%RP Recreation Potential 100
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RESULTS

The population of the area, its distance from the centers and its infrastructure opportunities play an
important role in determining the recreational activities to be brought to an area. For this reason, the
existing infrastructure opportunities of the villages within the scope of the study were determined by on-
site examinations and the results are given in Table 3.

Table 3. Population, distance to centers, and existing infrastructure opportunities of the villages

Cizelge 3. Kdylerin nufusu, merkezlere uzakligi ve mevcut altyapi olanaklari

Village Name Population % Inf:zaxsltsrttljzgure Village Name Population %lstanceK Existing Infrastructure
Akgakoyun 296 68 7 1,2,3,4,6,7,8 ikizce 469 39 30 1,2,3,4,5,6,7,8
Akgasusurluk 204 66 12 1,2,3,4,5/6,7 inkaya 113 55 27 1,2,6,7
Akhisar 283 89 19 1,3,4,5,6,7,8 ismetpa§a 551 90 20 1,3,4,5,6,7,8
Ariz 191 85 15 1,2,3,4,6,7 Karakoca 856 51 27 1,3,4,5/6,7
Bakirkdy 537 56 8 1,3,4,5,6,7,8 Karasu 99 78 8 1,2,6,7
Ballikaya 102 77 27 1,2,6,7 Kedikaya 75 85 15 1,2,6,7
Bayramdere 1.486 83 29 1,3,4,56,7 Keslik 485 81 12 1,3,5,6,7,8
Beylik 609 92 22 1,3,5,6,7 Kiranlar 181 80 10 1,2,3,4,5/6,7
Bogazkoy 341 90 24 1,2,3,4,6,7 Kulakpinar 236 72 10 1,3,4,6,7
Cambaz 310 60 21 1,3,4,5,6,7 Kursunlu 709 96 42 1,3,4,5,6,7
Cesnigir 150 68 21 1,2,3,6,7 Kuglikkaraagag 253 80 10 1,2,6,7
Camlica 222 59 23 1,2,3,4,6,7 Murath 289 49 35 1,2,3,4,6,7
Carik 58 67 10 1,2,5,6,7 Okcular 175 91 22 1,2,3,4,6,7
Cavuskoy 280 95 26 1,2,3,4,56,7,8 Orhaniye 123 42 34 1,2,3,4,6,7
Dagesemen 133 77 16 1,2,6,7 Ortasaribey 414 85 16 1,3,6,7
Dagkadi 698 87 17 1,3,4,5,6,7,8 Ovaesemen 330 94 24 1,2,3,6,7
Danigsmend 367 96 22 1,3,4,56,7 Orencik 81 87 18 1,2,6,7
Dogla 305 89 19 1,2,3,4,6,7 Sazlica 235 87 17 1,2,3,6,7
Ekinli 282 75 30 2,3,4,6,7,8 Seyran 416 60 16 1,3,4,56,7
Ekmekgi 297 70 16 1,2,3,4,6,7 Subas! 683 55 23 1,3,4,5,6,7,8
Eskikaraagac 227 45 29 1,2,3,4,6,7 Sultaniye 782 96 26 1,3,4,56,7
Eskisaribey 334 86 16 1,2,3,4,56,7,8 Sahinkdy 280 74 4 1,2,3,6,7,8
Fevzipasa 240 80 10 1,2,3,4,6,7 Sahmelek 215 97 27 1,2,3,4,6,7
Golecik 72 82 12 1,2,3,4,6,7 Tashk 247 66 3 1,3,4,6,7
Golkiyi 176 52 17 1,2,6,7 Taspinar 237 46 31 1,2,3,6,7
Gonu 394 77 15 1,2,3,4,6,7 Tophisar 348 91 15 1,3,4,6,7
Gling6rmez 95 77 15 1,2,6,7 Uluabat 497 59 11 1,2,3,6,7
Hamidiye 3.306 89 19 1,2,3,4,6,7,8 Yaris 211 74 12 1,2,3,6,7
Harmanli 537 60 7 1,3,4,5,6,7 Yenikaraagac 629 42 26 1,3,4,5,6,7,8
Hayirlar 139 63 14 1,2,6,7 Yenisaribey 342 85 15 1,2,3,4,5,6,7
Hotanli 363 75 5 1,2,3,4,6,7 Yesildere 195 92 22 1,2,3,4,6,7
Hrriyet 240 49 34 1,2,3,4,6,7 Yolagzi 574 75 13 1,2,3,4,6,7

Abbreviations: Distance: B=Bursa, K=Karacabey; Existing Infrastructure: 1=Primary School, 2=Bussed Education, 3=Drinking Water Network,
4=Sewerage Network, 5=Health Unit, 6=Electric, 7=Land Phone, 8=Internet. Distance is in km and population is in person.

The natural and cultural landscape values of an area ensure that the recreation potential of that
area is high. Areas with high landscape values also have high visitor potential (Cetin et al., 2018). In order
for the users to meet their recreational needs and experience these values, the touristic and recreational
activities that will ensure the development of the areas both economically and socially should be well
planned within the framework of the protection-use balance (Cetin & Sevik, 2016). Karacabey, which is
the study area, consists of villages with wealth and unique values. The natural and cultural landscape
values of these villages are given in Table 4.

The most important feature in determining the outdoor recreation potential is the landscape values
of the area (Cetin, 2015). The size of the area, its surface condition, vegetation, presence of the sea,
lake, stream, visual quality, and other features carve out landscape values. These values increase the
attractiveness of the area and play an important role in the preferences of the visitors. The size of the
area is important in choosing a place for recreational activities. The village with the largest area of the
district is Sultaniye, with 3,931 ha; the village with the smallest area is Carik, with 323 ha.

The surface condition of the area not only affects its recreational potential, but it is also considered
as an opportunity for recreational activity diversity as long as it is suitable for visitor use and
transportation. Although the topographic structure of the Karacabey district is rough in its southern and
northern borders, it is generally plain. The district has 0-936.8% average slope values, and 0-7.3% slope
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group dominates 59.55% of the area; to 7.4-25.7% slope group 21.51%; to 25.8-51.4% slope group
15.78% and 51.5%< slope group dominates the remaining 3.16% of the area. This diversity in slope

groups offers various recreational activities to the villages.

Table 4. Natural and cultural landscape values of the villages

Cizelge 4. Koylerin dogal ve kiltiirel peyzaj degerleri

Village Name

Natural and Cultural Landscape Values

Village Name

Natural and Cultural Landscape Values

Koca Tas, Sarnigtepe, Talastepe Hills, Pheasant

Akgakoyun breeding station Ikizce Uluabat Lake, Fertile Soil, Church and monastery ruins
Akgasusurluk Old mosque ruins inkaya Niltfer River, Pond
Akhisar Fertile Soil Ismetpasa Karagay River, Fertile Soil, Hacialiaga Mosque
Ariz Karacay River, Fertile Soil, Byzantine ruins, Karakoca Uluabat Lake, Fertile Soil, Zoodohos Piyi Church
Bakirkdy Fertile Soil, Vasil farm, Arap Ali Investment Karasu Karacay River, Fertile Soil, Byzantine ruins
Ballikaya Marmara Sea Kedikaya Tekke Dede Investment
Bayramdere MarmaraA Sea, Yenikdy Beach, Forest, Maiden Keslik Fertile Soil, Pond, Byzantine ruins
Castle ruins, Pond
Beylik Fertile Soil Kiranlar Dedebayiri Investment, Byzantine ruins, Old mosque
Marmara Sea, Dalyan Lake, Longoz Forest, Fertile g
Bogazkoy Soil, Pheasant breeding station, Ova Grove Bear Kulakpinar Zorest, Monument tree, Pond, Historical masque,
rnavut Dede Investment
Sanctuary
Cambaz Niliifer River Kursunlu Marmara Sea, _Forest, Church and monastery ruins,
Skylake ve Plakia settlements
Cesnigir Nilufer River, Theotos Church, Settlement ruins, Klgukkaraagag  Fertile Soil, Byzantine ruins
Camlica Niltfer River, Old mosque ruins, Ayios Georgios Murath Niltfer River
Cark None Okgular Forest
Cavuskoy Byzantine ruins Orhaniye Fertile Soil, Church ruins
Dagesemen None Ortasaribey Fertile Soil, Ancient settlement ruins
Dagkadi Koca River, Fertile Soil, Pond, Old Inn Ovaesemen Fertile Soil
Danismend Fertile Soil, Byzantine ruins Orencik Forest, Settlement ruins
Dogla Fertile Soil Sazlica Fertile Soil
Ekinli Marmara Sea, Arap Ciftligi Lake, Bakacak Hill, Seyran Uluabat Lake, Fertile Soll, Issiz Inn, Settlement ruins
Ekmekgi None Subasi None
) o Uluabat Lake, Mound, Fertile Soil, Church and ; . . . .
Eskikaraagag monastery ruins Sultaniye Karacay River, Fertile Soil, Old Inn and ruins, Pond
Eskisaribey Fertile Soil Sahinkdy Karacay River, Fertile Soil
Fevzipasa Karacay River, Fertile Soil, Old mosque Sahmelek Forest
Golecik Monument tree, Pond Taslik Karagay River, Fertile Soil, Roman ruins
Golkiyt Uluabat Lake, Fertile Soil, Old village ruins Taspinar Fertile Soil, Church ruins
- . . . Fertile Soil, Byzantine ruins, Fatma Tutut Mosque and
Gonu Byzantine ruins Tophisar . )
Complex ruins, Tophisar Castle
A Uluabat Lake, Susurluk River, Fertile Soil, Uluabat
Gungdrmez Forest Uluabat Castle, Mikhael Archestatego, Konstantin Bridge
Hamidiye Karagay River, Fertile Soil Yaris Forest
Harmanl: Uluabat Lake, Susurluk River, Fertile Soil, Ancient Yenikaraagac Uluabat Lake, Fertile Soil, Old settlement ruins,
Period, Agios Theodoros Church ruins, Windmill Hamdibey Farm
Hayirlar None Yenisaribey Fertile Soil
Hotanli Fertile Soil, Old village ruins Yesildere Koca River, Pond
Hurriyet Nilufer River, Fertile Soil, Church ruins Yolagzi Susurluk River, Fertile Soil, Old village ruins
The vegetation of Karacabey reflects the general characteristics of the Marmara Region.

Mediterranean plants and moisture-loving forests grow in the north of the district. Longoz Forest is located in
Bogazkdy village, and has a high value as it is Turkey’s largest flooded forest. Often in forests, Quercus
spp. (Oak) species are found. Besides Tilia spp. (Linden), Laurus spp. (Bay), Cyrtisus scoparius (Scotch
broom), Arbutus unedo (Big berry), Paliurus spina-christi (Gorse) species are also abundant (Karacabey
Municipality, 2021). The green texture that dominates the district not only appeals to the aesthetic values of
the visitors but also is very beneficial for their physical and mental health. In addition, green texture
elements create a spatial effect where they are located and directly affect the recreation potential.

Considered as the most important source of aesthetic and visual appeal in the landscape, water
elements increases the visual quality of the environment and creates areas that are preferred by users in
the first place for recreational services with its relaxing and healing effect (Saricam & Hepcan, 2015;
Asur, 2017). The coastal part of Karacabey district, 35 km away from the district center, is one of the
regions with high tourism potential. The most important rivers of the district are Nillfer, Susurluk,
Karadere and Kocadere Rivers. In addition, due to the topography of the northern part of the region,
many seasonal rivers flow. Uluabat Lake is the most important wetland in the district.
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Karacabey district consists of villages with high visual quality, with its coastal wetlands, and wealth
vegetation. This area also includes coastal dunes with vegetation quite different from other areas (Celik
Canga, 2020). Especially in the coastal areas, the sea, lake, and forest complement each other
aesthetically. For this reason, the visual quality of the villages offers recreational appeal in all seasons.

The landscape values, which are considered with a weight of 35% in determining the recreation
potential of the villages, were determined by the interviews with the headmen, literature reviews, the
documents of Karacabey Municipality and the studies carried out in the ArcGIS program. Landscape
values are given in Table 5 by scoring according to the Gilez method.

Table 5. The Scores of landscape values of the villages
Cizelge 5. Kdylerin peyzaj degerlerinin puanlari

Village Name Landscape Value (L) Village Name Landscape Value (L)

Akcakoyun A=4 E=2 G=7 U=2 T=15 Ikizce A=4 D=3 |=5 0=6 P=2 U=1 T=21
Akcasusurluk  A=4 E=2 H=7 P=3 U=1 T=17 Inkaya A=4 E=2 |1=6 O=7 P=4 T=2 U=2 T=27
Akhisar A=4 B=5 M=3 T=12 Ismetpasa A=4 B=5 M=2 P=3 U=1 T=15
Arz A=4 B=5L=2 0=6 P=1 U=1 T=19 Karakoca A=4 E=2 J=4 O=6 P=3 U=1 T=20
Bakirkdy A=4 B=5 M=3 U=3 T=15 Karasu A=4 C=4 J=4 P=4 U=1 T=17
Ballikaya A=4 E=2 H=6 N=7 O=6 R=3 S=2 T=2 T=32 Kedikaya A=4 E=2 I=6 P=1 U=3 T=16
Bayramdere A=4 F=1 H=7 N=8 S=3 T=3 U=3 T=29 Keslik A=4 D=3 |=5 O=7 P=3 T=2 U=2 T=26
Beylik A=4 B=5L=3 T=12 Kiranlar A=4 D=3 G=7 P=2 U=1 T=17
Bogazkoy A=4 D=3 H=6 N=8 O=7 P=1 R=3 S=2T=4 U=4  T=42 Kulakpinar A=4 C=41=6 O=7 P=4 T=2 U=4 T=31
Cambaz A=4 C=4 J=4 P=2 T=14 Kursunlu A=4 F=1 G=8 N=8 P=1 R=4 S=2T=4U=2 T=34
Cesnigir A=4 D=3 H=6 P=3 U=1 T=17 Kigukkaragag A=4 B=5 M=2 P=3 U=1 T=15
Camlica A=4 C=4J=4 P=1S=2T=2 U=1 T=18 Murath A=4 C=41=6 P=1 T=15
Carik A=4 C=4J=4 P=3S=2T=3 T=20 Okgular A=4 C=41=5 O=6 P=3 T=22
Cavuskoy A=4 C=4 L=2 P=2 U=1 T=13 Orhaniye A=4 C=4 L=3 0=6 U=1 T=18
Dagesemen A=4 D=3 H=7 S=2 T=2 T=18 Ortasaribey A=4 B=5L=2 P=1T=2 U=2 T=16
Dagkadi A=4 C=4 L=2 0=6 P=2 U=1 T=19 Ovaesemen A=4 B=5 M=3 P=1 U=1 T=14
Danismend A=4 C=4 L=3 P=1 U=1 T=13 Orencik A=4 F=1 G=8 P=4 T=2 T=19
Dogla A=4 C=41=5 0=6 P=3 U=1 T=23 Sazlica A=4 B=5L=2 P=1 T=12
Ekinli A=4 D=3 H=6 N=7 O=6 R=3 S=2 T=4 U=1 T=36 Seyran A=4 D=3 H=6 0=6 P=1 U=3 T=23
Ekmekgi A=4 E=2 H=7 P=3 S=2 T=3 T=21 Subasi A=4 E=2 H=6 O=6 P=2 T=20
Eskikaraaga¢ A=4 B=5 H=6 O=6 R=4 S=3 T=4 U=4 T=36 Sultaniye A=4 C=4 L=3 P=4 U=1 T=16
Eskisaribey A=4 B=5L=2 T=11 Sahinkdy A=4 C=41=5P=1 U=1 T=15
Fevzipasa A=4 C=4 L=2 P=4 U=1 T=15 Sahmelek A=4 E=2 G=8 P=1 S=2 T=2 T=19
Golecik A=4 E=2 H=6 O=7 P=3 T=2 U=3 T=27 Tashk A=4 C=4 L=3 P=1 T=2 U=3 T=17
Golkiy! A=4 B=5L=2 O=6 P=2 R=3 S=2 T=2 U=2 T=28 Taspinar A=4 C=4 L=2 P=2 U=1 T=13
Goni A=4 C=4 L=3 P=1 U=1 T=13 Tophisar A=4 B=5 M=3 P=5 T=2 U=1 T=20
Gungsérmez A=4 D=3 G=8 P=3 S=2 T=2 T=22 Uluabat A=4 B=5 |=6 O=6 P=1 R=3 S=2 T=2 U=4 T=33
Hamidiye A=4 B=5L=2 P=1 T=12 Yarns A=4 C=4 H=7 P=3 T=18
Harmanl A=4 C=41=5 0=6 P=4 U=1 T=24 Yenikaraagag A=4 C=41=5 0=6 P=2 T=2 U=2 T=25
Hayirlar A=4 C=41=6 P=4 S=2 T=2 T=22 Yenisaribey A=4 B=5 M=3 U=1 T=13
Hotanli A=4 B=5 M=2 P=4 U=2 T=17 Yesildere A=4 D=3 |=6 P=5 T=2 T=20
Hurriyet A=4 C=41=6 P=3 U=1 T=18 Yolagzi A=4 C=4 K=4 P=1 U=1 T=13

Abbreviations: Size of the Area: A=Bigger Than 10 ha; Surface Condition: B=Plain, C=Slightly Wavy, D=Little Inclined, E=Slightly Rough,
F=Medium Rough; Vegetation: G=Woodland, Shrubbery, Meadowland, H=Only Woodland, Meadowland |=Shrubbery, Meadowland, Woodland
J=Shrubbery, Sparse Woodland K=Only Shrubbery, Meadowland, L=Meadowland, Sparse Shrubbery M=Only Meadowland; Sea, Lake, River:
N=Seaside, O=Lakeside, P=Rivers; Visual Quality: R=Panoramic Views, S=Beautiful Views and Vistas, T=Visual and Aesthetic Value; Other
Features: U=Cave, Waterfall, Historical and Cultural Values. T=Total Evaluation Score

The Marmara climate is dominant in the Karacabey district of Bursa. The annual average
temperature of Karacabey, which is under the influence of hot and mild weather, is 14.6 °C. The highest
precipitation falls in the district in December, January, and February. The district, which receives
precipitation on average 12 days a year, has an average of 704.9 mm of total precipitation. With an
average insolation duration of 74.7 hours, the city has an average of 76 sunny days; cloud days are on
average 170 days. It is seen that the Karacabey district has the potential to serve recreational use
throughout all seasons with suitable climatic conditions. The climatic value evaluation score, which plays
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an important role in the recreation potential of the area and affects it with a weight of 25%, is given in
Table 6 (Kaya et al., 2009; Celik Canga et al., 2016; Meteoblue, 2021).

Table 6. The scores of climate value of villages
Cizelge 6. Koylerin klimatik degerlerinin puanlari

Village Name CLIMATE VALUE (C)
All Villages A=8 B=2 C=3 D=2 T=15

Abbreviations: Temperature: A=Average of Summer Months (°C) 16-17-18-19-20-21-22-23-24-25; Precipitation: B= Total of Summer Months
(mm) 50-100-150-200-250-300-350-400; Insolation: C=Average of Summer Months 0-2, 2-4, 4-6, 6-8, 8-9; Windiness: D= Average wind speed in
summer is less than 1 m/s T=Total Evaluation Score

Accessibility is one of the most important issues to consider when determining to recreation potential
of the area. Karacabey district is approximately 60 km away from Bursa city center with Mudanya and Nilfer
districts in the east and Mustafakemalpasa district in the west. Manyas, Bandirma, and Susurluk districts of
Balikesir are located in the west of the district. Located at the intersection of Bursa-izmir and Canakkale-
Bursa highways, Karacabey is one of the most easily accessible districts of Bursa.

Transportation to the villages of the district is usually provided by private vehicles, besides, bus
services are organized to most villages at certain times. Infrequent departure times of buses are
restrictive factor for visitors. The transportation information obtained as a result of the BURULAS (Bursa
Transportation Public Transportation Management) website and the interviews with the village headmen
were scored according to the Gillez method and the effect on the recreation potential was determined by
considering it with a weight of 20%. This scoring is given in Table 7.

Table 7. The scores of accessibilities to the villages
Cizelge 7. Koylerin ulagilabilirliklerinin puanlari

Village Name ACCESSIBILITY (A) Village Name ACCESSIBILITY (A)
Akgakoyun C=1E=3G=1H=21=1 T=8 ikizce B=3 C=1 D=3 F=2 H=2 I=1 T=12
Akgasusurluk E=3G=1H=21I=1 T=7 inkaya C=1E=3G=1H=21=1 T=8
Akhisar E=2 G=1H=21=2 T=7 ismetpasa E=2 G=1H=21=2 T=7
Aniz C=3 E=2 G=1 T=6 Karakoca B=3 C=1 E=3 G=1 H=2 |=2 T=12
Bakirkdy C=1 E=3 G=1 H=2 I=2 T=9 Karasu B=3 E=2 G=1 H=2 I=1 T=9
Ballikaya A=3 C=2 E=2G=1 T=8 Kedikaya C=1E=2G=1 T=4
Bayramdere A=4 C=3E=2G=1H=2I=1 T=13 Keslik B=2 E=2 G=1 H=2 I=1 T=8
Beylik E=2G=1H=21=2 T=7 Kiranlar E=2G=1H=21=1 T=6
Bogazkoy A=4 C=B3E=2G=1H=2I=1 T=13 Kulakpinar C=3 E=3 G=1 H=21=2 T=11
Cambaz B=3 E=3 G=1 H=2 |=2 T=11 Kursunlu A=4 C=2 E=2 G=1 H=2 I=2 T=13
Cesnigir C=1E=3G=1 T=5 Kuglkkaragag E=2G=1 =3
Camlica E=3 G=1H=21=3 T=9 Muratli B=2 D=3 F=2 H=2 I=1 T=10
Carik E=3G=1H=2I=1 T=7 Okgular E=2 G=1 =3
Cavuskoy B=2 E=2 G=1 H=3 |=3 T=11 Orhaniye B=3 D=3 F=2 T=8
Dagesemen E=2 G=1 T=3 Ortasaribey C=1E=2G=1H=21=2 T=8
Dagkadi B=3 E=2G=1H=21I=1 T=9 Ovaesemen E=2G=1H=21I=1 T=6
Danigsmend E=2G=1H=21=1 T=6 Orencik C=1E=2G=1 T=4
Dogla C=1E=2G=1H=21=2 T=8 Sazlica E=2 G=1 H=2 |=2 T=7
Ekinli A=3 E=3 G=1 T=7 Seyran B=3 C=3 E=3 G=1 H=3 |=2 T=15
Ekmekgi E=3 G=1 H=2 I=1 T=7 Subasi B=3 E=3 G=1 H=2 |=2 T=11
Eskikaraagag B=3 C=2 D=3 F=2 H=3 I=2 T=15 Sultaniye E=2 G=1H=21=2 T=7
Eskisaribey E=2G=1H=21=1 T=6 Sahinkdy B=2 E=3 G=1H=2 =1 T=9
Fevzipasa B=3 E=2 G=1 H=2 I=1 T=9 Sahmelek C=1E=2G=1H=21=1 T=7
Golecik C=1E=2G=1H=21I=1 T=7 Taslik C=1E=3G=1H=21=2 T=9
Golkiyi C=2E=3G=1 T=6 Taspinar D=3 F=2 H=2 I=1 T=8
Goni B=3 E=2 G=1 H=2 I=1 T=9 Tophisar E=2 G=1H=2 =2 T=7
Gungormez C=1E=2G=1 T=4 Uluabat B=3 C=3 E=3 G=1 H=2 |=2 T=14
Hamidiye E=2G=1H=21=1 T=6 Yarig C=1E=3G=1H=21=1 =8
Harmanl B=3 E=3 G=1 H=2 =2 T=11 Yenikaraagag B=2 D=3 F=2 H=2 I=1 T=10
Hayirlar E=3 G=1H=21I=1 T=7 Yenisaribey E=2 G=1H=2|=1 T=6
Hotanli C=1E=3 G=1H=21=2 T=9 Yesildere E=2G=1 T=3
Hurriyet D=3 F=2 H=2 I=1 T=8 Yolagzi B=3 E=3 G=1 H=2 I=1 T=10

Abbreviations: Touristic Importance of the Area: A=Akdeniz, Ege, Marmara, Karadeniz Coastline, B=Importance Highway Routes, C=Priority Areas in
Tourism; Having a City Nearby with a Population of at least 100,000: D=Within the Distance of 50 km, E=Within the Distance of 100 km, F=1/2-1
hours by a vehicle, G=1-2 hours by a vehicle; Transportation: H=Finding a Vehicle, I=Finding a Vehicle at Certain Times T= Total Evaluation Score
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Recreational conveniences, which play an important role in determining the recreation potential of an
area, depend on the quality and quantity of the existing recreational equipment in the area. The recreational
equipment of the area is effective in increasing the quality of the environment and creating more attractive
spaces for visitors. For this reason, in determining the recreational potential of the study areas, the value of
recreational convenience was considered with a weight of 20%. The determination of the recreational
conveniences of the villages in Karacabey and the calculation of the score according to the Gilez method
were carried out as a result of the interviews with the village headmen and the analyzes made on
GoogleMap. The scoring of the analyzes according to the Glilez method is given in Table 8.

Table 8. The scores of recreational conveniences of the villages
Cizelge 8. Kdylerin rekreasyonel olanaklarinin puanlari

Village Name RECREATIONAL CONVENIENCE (RC) Village Name RECREATIONAL CONVENIENCE (RC)

Akcakoyun A=1B=1E=1G=1J=1 T=5 ikizce B=2 E=1 G=2 J=1 T=6
Akcasusurluk B=1 E=1 G=2 T=4 inkaya B=2 G=2 J=1 T=5
Akhisar B=1E=1G=2J=1 T=5 ismetpasa A=2 B=1 C=2 D=1 E=1 G=2J=1 T=10
Ariz B=2 G=1J=1 T=4 Karakoca A=2 B=2 D=1 E=2 G=2 J=2 T=11
Bakirkdy A=3 B=1G=2 J=1 T=7 Karasu E=1G=1J=1 T=3
Ballikaya B=1 E=1 G=1J=1 T=4 Kedikaya E=1 G=1J=1 T=3
Bayramdere A=4 B=1 C=2 E=2 F=2 G=2 J=3 T=16 Keslik B=3 E=1 G=2 J=2 T=8
Beylik B=1 G=2 J=1 T=4 Kiranlar B=1 E=1 G=1J=2 T=5
Bogazkoy A=4 B=3 C=2 D=1 E=2 F=2 G=2 J=3 T=19 Kulakpinar B=3 E=1 G=2 J=1 T=7
Cambaz B=1 E=1 G=2 J=1 T=5 Kursunlu A=3 B=2 C=2 D=1 E=2 F=2 G=2 J=3 T=17
Cesnigir B=1E=1G=1J=1 T=4 Kuglkkaragac A=2 E=1 G=1J=1 T=5
Camlica B=1G=1J=1 T=3 Murath B=1 E=1 G=2 J=2 T=6
Carik B=1E=1J=1 T=3 Okgular B=2 E=1 G=2 J=1 T=6
Cavuskoy A=1B=1E=1G=2J=1 T=6 Orhaniye B=2 E=1 G=1 J=2 T=6
Dagesemen J=1 T=1 Ortasaribey B=1 E=1 G=2 J=1 T=6
Dagkadi B=2 E=1 G=2 J=2 T=7 Ovaesemen B=1 E=1 G=2 J=1 T=5
Danismend B=1 E=1 G=2 J=1 T=5 Orencik E=1 G=1J=1 T=3
Dogla A=1B=2 E=1 G=2 J=1 T=7 Sazlica B=1G=2J=1 T=4
Ekinli B=2 E=1 G=2 J=1 T=6 Seyran B=1E=1G=2 J=1 T=5
Ekmekgi B=1E=1G=1J=1 T= Subas! B=1 E=1 G=2 J=2 T=6
Eskikaraagag A=2 B=2 D=1 E=1 G=2 J=2 T=10 Sultaniye B=1E=1F=1G=2J-1 T=6
Eskisaribey B=1 E=1 G=2 J=3 T=7 Sahinkdy B=1 E=1 G=2 J=1 T=5
Fevzipasa B=1E=1G=2J=1 T=5 Sahmelek B=1E=1G=2 J=1 T=5
Golecik A=1B=3 E=1 G=2 J=1 T=8 Taslik A=3 B=1 E=2 F=1 G=2 J=2 T=11
Golkiy A=2 B=1E=1 G=1J=1 T=5 Taspinar B=1 E=1 G=2 J=1 T=5
Goni B=1 E=1 G=2 J=2 T=6 Tophisar B=1 E=1 G=2 J=2 T=6
Gingdrmez E=1J=1 T=2 Uluabat B=2 C=2 E=1 F=1 G=2 J=1 T=9
Hamidiye B=1E=1G=2J-1 T=5 Yarig A=2 B=1 D=1E=1 G=2 J=1 T=8
Harmanlh A=2 B=2 E=1 G=2 J=2 T=9 Yenikaraagac B=2 E=1 G=2 J=2 T=7
Hayirlar A=1D=1E=1G=1J=1 T=5 Yenisaribey B=1 E=1 G=2 J=1 T=5
Hotanli B=1E=1G=1J=1 T=4 Yesildere B=1E=1G=1J=1 T=4
Hurriyet B=1E=1G=2J-1 T=5 Yolagzi A=1B=2 E=1 F=1 G=2 T=7

Abbreviations: Picnic Facilities: A=Stationary Picnic Table, Barbeque, etc. (According to their Quality); Water Condition: B=Drinking and Tap
Water Condition (According to their Qaulity); Accommodation Facilities: C=Stationary Accommodation Facilities, D=Camp with Ten tor No Tent;
Restrooms: E=According to their Quality; Car Park: F=According to their Quality; Open-air Cafe, Kiosk: G=According to their Quality; Guard and
Officier: H=Permanent Guard/Officier, |=Attendant on Weekends; Other Conveniences: J=Beach, Cabin, and Shower, etc. (According to their
Quality) T=Total Evaluation Score

According to Table 8, it is stated that there are no guards or officers working continuously or on
weekends in any village in the Karacabey district, but only servants. Apart from the picnic facilities in
Bayramdere, Bogazkdy, Kursunlu, and Yolagzi villages, it has been determined that private parking areas
are created only in the squares of Uluabat and Taslik villages, and the roadside is used as parking lot in
other villages except these villages. Except for Akcasusurluk, every village has a playground. Although
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some of these areas are considered inadequate in terms of maintenance and equipment; it has been
reported that the villagers are conscious of the necessity of playgrounds, and requests have been made
to the municipality for the renewal and regular maintenance of these areas.

The negativities caused by various factors such as physical and biological also play an important
role in determining the recreation potential of an area. Air, water, and environmental pollution caused by
these factors reduce the quality of life and restrict the use of the area for recreational purposes, as it
creates an undesirable visual effect. Each negative factor a village has is calculated by subtracting from
the total evaluation score. For this reason, in determining the recreation potential, the value of negative
factors is considered with a weight of 0%.

As a result of the examinations and evaluations made, it has been determined that the most
common negative factor in the Karacabey district is neglect. The biggest reason for this is that garbage is
collected at very sparse intervals. Another common negative factor of the district, which is at the
intersection of important highway routes, is noise pollution caused by traffic. At the same time, it is known
that the high level of agricultural activities in the district and the use of chemical fertilizers and pesticides
play a role in the pollution of water resources. The factors that negatively affect the recreation potential of
the villages in the Karacabey district are given in Table 9 according to the method of the study.

Table 9. The scores of factors affecting recreation negatively in villages
Cizelge 9. Kdylerde rekreasyonu olumsuz etkileyen faktorlerin puanlari

Village Name NEGATIVE FACTORS (NF) Village Name NEGATIVE FACTORS (NF)

Akgakoyun B=(-1) D=(-1) F=(-1) T=(-3) Ikizce D= (-1) E= (-1) T=(2)
Akgasusurluk D=(-1) F=(-1) T=(-2) inkaya D= (-1) T= (1)
Akhisar A= (-1) D=(-1) T=(-2) ismetpasa A= (-1) C= (-1) D= (-1) T=(-3)
Ariz D=(-1) E=(-1) T=(-2) Karakoca D= (-1) E= (-1) T=(2)
Bakirkdy D=(-1) T=(-1) Karasu D= (-1) E= (-1) T=(2)
Ballikaya D=(-1) T=(1)  Kedikaya D= (-1) T= (1)
Bayramdere T=0 Keslik C= (-1) D= (-1) E= (-1) T=(3)
Beylik D=(-1) T=(-1) Kiranlar D= (-1) T=(-1)
Bogazkoy C=(-1) T=(-1) Kulakpinar D=(-1) T= (1)
Cambaz D=(-1)E=(-1) T=(-2) Kursunlu F=(-1) T= (1)
Cesnigir C=(-1)D=(-1) T=(2)  Kiglikkaragag C=(-1) D=(-1) T=(2)
Camlica D=(-1) T=(-1) Muratli D= (-1) E= (-1) T=(-2)
Carik C=(-1)D=(-1) T=(-2) Okgular D= (-1) T=(-1)
Cavugkoy D=(-1) E=(-1) T=(-2) Orhaniye D= (-1) E= (-1) T=(2)
Dagesemen D=(-1) T=(-1)  Ortasaribey C=(-1) D=(-1) T=(2)
Dagkadi E=(1) T=(-1)  Ovaesemen C=(-1) D=(-1) T=(2)
Danismend D=(-1) T=(-1) Orencik C=(-1) D=(-1) T=(2)
Dogla D=(-1) T=(-1) Sazlica D= (-1) T=(-1)
Ekinli D=(-1) T=(-1) Seyran D= (-1) E= (-1) F= (-1) T=(-3)
Ekmekgi D=(-1) T=(-1) Subas! A= (-1) D= (-1) E= (-1) F= (-1) T=(-4)
Eskikaraaga¢ D=(-1) E=(-1) T=(2)  Sultaniye A=(-1) C=(-1) D=(-1) T=(3)
Eskisaribey D=(-1) T=(-1)  Sahinkdy D=(-1) T=(1)
Fevzipasa D=(-1) E=(-1) T=(-2) Sahmelek D= (-1) F= (-1) T=(2)
Golecik D=(-1) T=(-1) Taslik D= (-1) T= (1)
Golkiyi C=(1)D=(1 T=(-2)  Taspinar D= (-1) T= (1)
Gon D=(-1) E=(-1) T=(-2)  Tophisar A= (-1) C=(-1) D= (-1) T=(-3)
Gungérmez C=(-1)D=(-1) T=(2)  Uluabat D=(-1) E= (-1) T=(2)
Hamidiye D=(-1) T=(-1) Yaris C=(-1) D=(-1) T=(-2)
Harmanl D=(-1) E= (-1) T=(-2) Yenikaraagag D=(-1) E=(-1) T=(-2)
Hayirlar C=(1)D=(1 T=(-2)  Yenisaribey D= (-1) T= (1)
Hotanh D=(-1) T=(-1)  Yesildere D= (-1) T= (1)
Hirriyet D= (1) T=(-1)  Yolagz D= (-1) E= (-1) T=(-2)

Abbreviations: Air Pollution: A=According to the Degree of Pollution; Being Unsafe: B=GllvAccording to the Degree of Safety; Water Pollution:
C=For Sea, Lake, and Rivers; Neglect: D=Not Doing Enough Maintenance; Noise: E=Noises from Traffic, Crowd, etc.; Other Negative Factors:
F=Quarry and Gravel Pit, Construction and Factory Ruins, etc. T=Total Evaluation Score
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In this study, all villages in the Karacabey district of Bursa province were evaluated and scored in

accordance with the criteria and scores in the 'Recreation Potential

Evaluation Form'. The 'Total

Evaluation Score’, obtained by adding the scores, expresses the recreation potential of each village. The
scores of the villages in terms of landscape values, climate, accessibility, recreational convenience, and
negative factors are given in Table 10 together with their totals.

According to Table 10, villages have a recreational potential of at least 36%, and at most 88%.
There are no villages in the district that fall under the class of very low (<30%) recreation potential. It has
been determined that 40 villages in the district have low (between 30-45%), 17 villages have medium
(between 46-60%), 5 villages have high (between 61-75%) and 2 villages have very high (75%<)

recreation potential. Figure 2 shows the recreational potential of the villages of the Karacabey district.

Table 10. The scores of recreational potentials of the villages

Cizelge 10. Koylerin rekreasyonel potansiyellerinin puanlari

Village Name

Recreation Potential

Village Name

Recreation Potential

Akgakoyun
Akcasusurluk
Akhisar
Anz
Bakirkdy
Ballikaya
Bayramdere
Beylik
Bogazkdy
Cambaz
Cesnigir
Camlica
Carik
Cavuskoy
Dagesemen
Dagkadi
Danismend
Dogla

Ekinli
Ekmekgi
Eskikaraagac
Eskisaribey
Fevzipasa
Golecik
Golkiyi
Goni
Gilingdrmez
Hamidiye
Harmanl
Hayirlar
Hotanl

Hirriyet

L:15 C:15 A:8 RC:5 NF: (-3)
L:17 C:15 A:7 RC:4 NF: (-2)
L:12 C:15 A:7 RC:5 NF: (-2)
L:19 C:15 A:6 RC:4 NF: (-2)
L:15 C:15 A:9 RC:7 NF: (-1)
L:32 C:15 A:8 RC:4 NF: (-1)
L:29 C:15 A:13 RC:16 NF:0
L:12 C:15 A:7 RC:4 NF: (-1)

L:42 C:15 A:13 RC:19 NF: (-1)

L:14 C:15 A:11 RC:5 NF: (-2)
L:17 C:15 A:5 RC:4 NF: (-2)
L:18 C:15 A:9 RC:3 NF: (-1)
L:20 C:15 A:7 RC:3 NF: (-2)
L:13 C:15 A:11 RC:6 NF: (-2)
L:18 C:15 A:3 RC:1 NF: (-1)
L:19 C:15 A:9 RC:7 NF: (-1)
L:13 C:15 A:6 RC:5 NF: (-1)
L:23 C:15 A:8 RC:7 NF: (-1)
L:36 C:15 A:7 RC:6 NF: (-1)
L:21 C:15 A7 RC:4 NF: (-1)

L:36 C:15 A:15 RC:11 NF: (-2)

L:11 C:15 A:6 RC:7 NF: (-1)
L:15 C:15 A:9 RC:5 NF: (-2)
L:27 C:15 A:7 RC:8 NF: (-1)
L:28 C:15 A:6 RC:5 NF: (-2)
L:13 C:15 A:9 RC:6 NF: (-2)
L:22 C:15 A4 RC:2 NF: (-2)
L:12 C:15 A:6 RC:5 NF: (-1)
L:24 C:15 A:11 RC:9 NF: (-2)
L:22 C:15 A:7 RC:5 NF: (-2)
L:17 C:15 A:9 RC:4 NF: (-1)
L:18 C:15 A:8 RC:5 NF: (-1)

T=%40
T=%41
T=%37
T=%42
T=%45
T=%58

T=%73
T=%37
T=%88
T=%43
T=%39
T=%44
T=%43
T=%43
T=%36
T=%49
T=%38
T=%52
T=%63
T=%46
T=%75
T=%38
T=%42
T=%56
T=%52
T=%41
T=%41
T=%37
T=%57
T=%47
T=%44
T=%45

ikizce
inkaya
ismetpasa
Karakoca
Karasu
Kedikaya
Keslik
Kiranlar
Kulakpinar
Kursunlu
Kigukkaraagag
Murath
Okgeular
Orhaniye
Ortasaribey
Ovaesemen
Orencik
Sazlica
Seyran
Subasi
Sultaniye
Sahinkdy
Sahmelek
Taslik
Taspinar
Tophisar
Uluabat
Yaris
Yenikaraagac
Yenisaribey
Yesildere
Yolagzi

L:21 C:15 A:12 RC:6 NF: (-2)
L:27 C:15 A:8 RC:5 NF: (-1)
L:15 C:15 A:7 RC:10 NF: (-3)

L:20 C:15 A:12 RC:11 NF: (-2)

L:17 C:15 A:9 RC:3 NF: (-2)
L:16 C:15 A4 RC:3 NF: (-1)
L:26 C:15 A:8 RC:8 NF: (-3)
L:17 C:15 A:6 RC:5 NF: (-1)
L:31 C:15 A:11 RC:7 NF: (-1)

L:34 C:15 A:13 RC:17 NF: (-1)

L:15 C:15 A:3 RC:5 NF: (-2)
L:15 C:15 A:10 RC:6 NF: (-2)
L:22 C:15 A:3 RC:6 NF: (-1)
L:18 C:15 A:8 RC:6 NF: (-2)
L:16 C:15 A:8 RC:6 NF: (-2)
L:14 C:15 A:6 RC:5 NF: (-2)
L:19 C:15 A:4 RC:3 NF: (-2)
L:12 C:15 A:7 RC:4 NF: (-1)
L:23 C:15 A:15 RC:5 NF: (-3)
L:20 C:15 A:11 RC:6 NF: (-4)
L:16 C:15 A:7 RC:6 NF: (-3)
L:15 C:15 A:9 RC:5 NF: (-1)
L:19 C:15 A:7 RC:5 NF: (-2)
L:17 C:15 A:9 RC:11 NF: (-1)
L:13 C:15 A:8 RC:5 NF: (-1)
L:20 C:15 A:7 RC:6 NF: (-3)
L:33 C:15 A:14 RC:9 NF: (-2)
L:18 C:15 A:8 RC:8 NF: (-2)
L:25 C:15 A:10 RC:7 NF: (-2)
L:13 C:15 A:6 RC:5 NF: (-1)
L:20 C:15 A:3 RC:4 NF: (-1)
L:13 C:15 A:10 RC:7 NF: (-2)

T=%52
T=%54
T=0644
T=%56
T=%42
T=%37
T=%54
T=%42
T=%63
T=%78
T=%36
T=%44
T=%45
T=%45
T=%43
T=%38
T=%39
T=%37
T=%55
T=%48
T=%41
T=%43
T=%44
T=%51
T=%40
T=%45
T=%69
T=%47
T=%55
T=%38
T=0%641
T=%43

Abbreviations: L=Landscape Value, C=Climate Value, A=Accessibility, RC=Recreational Convenience; NF=Negative Factors, T=Total Evaluation

Score
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Figure 2. The recreational potentials of the villages.
Sekil 2. Kdylerin rekreasyonel potansiyelleri.

According to Figure 2, it is seen that the villages, which are far from the shores of Uluabat Lake
and the Marmara Sea, which are among the important natural values of Karacabey, and which have
dense forest areas, have low recreation potential and cover 62.5% of the district. It is seen that the
villages of the Karacabey district with medium recreation potential are generally located in densely
wooded areas close to the Uluabat coast. The villages with medium recreation potential, covering 26.6%
of the district, consisting of 17 villages with the highest ratio after the villages with low recreation potential.
The villages of Karacabey district with high recreation potential cover 7.8% of the district, and it is seen
that these villages are located on the shores of Uluabat Lake and the Marmara Sea and in forest areas. In
addition, it has been determined that the accessibility values of these 5 villages are higher than almost all
of the villages with low and medium recreation potential. The villages of Karacabey district with a very
high recreation potential are given in Figure 2. It has been determined that these villages are located on
the coast of the Marmara Sea, have much higher scores than other villages, particularly in terms of
recreational conveniences, and cover 3.1% of the district.

DISCUSSION and CONCLUSION

In studies conducted by different researchers with the same method and in different places the
recreational potentials of various urban forests and natural landscape areas were determined. Sibel &
Aslan (2017) evaluated the Istranca Yildiz Forests in Kirklareli; Yesil & Glizel (2021) Asakarya and Yoroz
Urban Forests in Ordu; Caliskan & Celik (2017) Mustafakemalpasa district in Bursa province; Celik et al.
(2016) Golyazi village in Bursa province. Tulek (2021) Kadingayiri Natural Park, Yesil & Guzel (2021)
Cinarsuyu and Ulug6l Nature Parks in Ordu, Yulu et al. (2021) Ararat National Park in Agri, Cavus & Aker
(2021) Turgut Ozal Nature Park in Malatya, Polat & Polat (2016) examined 8 nature parks in Mersin and
concluded that these areas have very high recreation potentials. In this study, in the Karacabey district of
Bursa, each of the 64 villages was evaluated by not limiting the analyzed areas to forests and parks, and
it was concluded that 40 villages in the district had low, 17 villages had medium, 5 villages had high and 2
villages had very high recreation potential.

Yilmaz et al. (2009) conducted a correlation analysis between the 5 items specified in the Gilez
method, and it was stated that the most influential elements on the recreation potential were landscape
value, accessibility, recreational conveniences, and climate, respectively. In this study, the maximum
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points that the items in the evaluation form can get were taken into consideration. In this context, the
items that have the most impact on the determination of the recreation potential of an area are
determined as landscape value, climate value, accessibility, recreational convenience, and negative
factors, respectively. Tozkoparan et al. (2020) evaluated Altinpinar (Limni) Lake and its immediate
surroundings in Gumuashane province and determined the water shores as important recreational areas
that people prefer in the first place to spend their leisure time. In addition, Tozkoparan et al. (2020) stated
that the most important items affecting the recreation potential of the area are landscape value, climate,
and accessibility, respectively, and the recreation potential of the lake and its immediate surroundings is
medium (51%); Surat (2017) examined the surroundings of Deriner Dam and Lake in Artvin, stated that
the most important items affecting the recreation potential of the area are the landscape value and
climate of the area, and the recreation potential is high (63%); Gul & Yilmaz (2019) examined the
coastline in Samsun and determined the recreational potential of the coastline as (78%), stating that the
most important items affecting the recreation potential of the area are, respectively, recreational
convenience, accessibility, climate, and landscape value. In this study, 2 villages (Bodazkdy 88%,
Kursunlu 78%) with a very high recreation potential in the Karacabey district met the sea and lake shore
criteria under the landscape values item with high scores; of the 5 villages with high recreation potential
(Bayramdere 73%, Ekinli 63%, Eskikaraaga¢ 75%, Kulakpinar 63%, Uluabat 69%), 1 village
(Bayramdere) is located in the sea, 3 villages (Eskikaraagag, Kulakpinar, Uluabat) is in the lake and the
other 1 village (Ekinli) on the other hand, it has been determined that it has shores to both the sea and
the lake. Cetin & Sevik (2016), Gul & Yimaz (2019) scored the items in the evaluation form as a result of
on-site observation and internet research. Surat (2017), Tozkoparan et al. (2020) have made their scoring
and evaluation by an expert group consisting of various businesses, directorates, and academicians. In
this study, evaluations, and scoring to determine the recreation potential; literature information, on-site
observation, face-to-face interviews with village headmen and local people who know the areas very well,
telephone conversations, and information obtained from photo analysis were evaluated and interpreted
from the perspective of landscape architects.

Karacabey district has the potential to host a multifarious of recreational activities with its
geographical location, infrastructure opportunities, natural, cultural, and visual landscape values.
However, in most of the villages in the district, there are no recreational types with defined areas. Almost
all of those found are picnic and football activities, and the recreation potential of these areas is not used
enough. Waterfront areas are the most preferred areas for recreational activities as relaxing and resting
areas and almost all of the villages within the scope of the study have waterfronts. For this reason, it is
necessary to include recreational activity areas in these villages where visitors can use the water directly
or provide visual satisfaction. Most of the villages of the Karacabey district have fertile soil where
agricultural activities can be carried out. This provides an important opportunity for visitors who prefer rural
areas for outdoor recreational activities, agritourism, and gardening activities where they can experience
agricultural activities. For this reason, recreational activity areas within the scope of agritourism should be
included in these villages. The fact that the villages have sloping lands creates dynamic-moving-
dominating landscapes; the presence of historical areas, forested areas, and sacred areas are
opportunities that can provide recreational diversity. It is necessary to include activity areas where all
these opportunities can be evaluated.

In line with all this information, recommended recreation types have been developed for villages
with low, medium, high, and very high recreation potential. Meanwhile, a classification has been made
according to the natural and cultural resource values of the villages, in this context, the recreational
resource values of the villages are 'Landscape Dominate (LD)', 'Sloping Land (SL)', 'Waterfront (W)',
'‘Sacred Area (SA)', 'Fertile Soil (FS)', 'Historical Area (HA)' and 'Forested Area (FA)', and also considering
the currently defined recreation types, recreational activity types are recommended (Table 11).
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Table 11. Suggested recreational activity types developed for Karacabey villages

Cizelge 11. Karacabey kdyleri icin 6nerilen rekreasyonel aktivite turleri

Recreation ) - Current Defined Recreational Suggested Types of
Potential Village Name RP Possibilities Activity Types Reg?eationaIyApctivities
Akgakoyun %41 LD, FA Picnic, landscape view LD: Landscape view, kite
Akgasusurluk %37 W, FA, HA flying, painting, watching
Akhisar %42 EFS clouds, bird watching,
Aniz %45 W, L, HA photo-safari;
Bakirkdy %37 FS, HA Picnic .
Beylik %43 FS SL: Trel_<k|ng, off-roaq,
Cambaz %39 W tough bike, and walking;
Cesnigir %44 W, FA, FA . .
Camlica %43 SL.W. HA W: Boat nd_e, canoe,
K %43 W oarsmanship, water
Gan ~ > — skiing, examining water
Cavuskoy %36 HA Picnic area, photo-safari,
Dagesemen %38 SL, FA landscape view, painting;
Danisment %38 FS, HA
Eskisaribey %42 FS Picnic SA: Health tourism
Fevzipasa %41 W, FS activities
Goni %41 HA Football
Gilingérmez %37 SL, W, FA FS: Agritourism activities,
I Hamidiye %44 FS gardening;
3 Hotanli %45 W, FS, HA ‘
) Hurriyet %44 W, FS, HA HA: Village tour, rural
s ismetpasa %42 W, FS, HA Picnic, camp heritage recognition,
2 Karasu %37 W, FS documentary film
9 Kedikaya %42 SA recording, cultural tourism
Kiranlar %36 ___FA, HA, SA Football polviles exammng_ .
Kugukkaraagag %44 W, FS, HA Picnic safari paiﬁting' P
Muratl %45 Football ’ '
Okgula'lr %45 W, FA FA: Watching nature,
Orhaniye %43 W, FS, HA Football picnic, camping, running,
Ortasaribey %38 FS, HA Football walking, paintball,
Ovaesemen %39 FS orienteering, collecting,
Orencik %37 SL,W, FA, HA painting, yoga-meditation,
Sazlica %41 FS photo-safari, listening to
Sultaniye %43 W, FS, HA nature symphony,
Sahinkdy %44 FS examining vegetation,
Sahmelek %40 EA watching wildlife;
Tagpinar %45 FS, HA
Tophisar %38 W, FS, HA Football To villages with no
Yenisaribey %41 ES rgcrgat|onal OppO.l'tU.nItleS,
Yesildere %43  SL,W singing a song, picnic,
Yolagz: %40 __FS, HA Picnic harl‘lf.ba"* unning,
Ballikaya %58 W, FA o, martial dgns, ik
Dagkadi %49 W, FS,HA Football fondiarar o9 & P
= o — eeding animals, folk
Dogla . %52 W, FS, HA Picnic dances, tennis, paintball,
Ekmekei %46 W, FA _ golf, camp, basketball,
- Golecik %56 W, FA Picnic village tour, live in nature,
8 Golkiyt %52 W, FS, HA Picnic collecting, volleyball,
g Harmanl %57 W, FS, HA P!cn!c, football reading a book, bowling,
RN Hayirlar %47 W Picnic, camp eating-drinking, painting,
s Tkizce %52 SL,W, FS,HA football, dancing, kite
2 inkaya %54 w flying, horse riding,
8 Karakoca %56 W, FS, HA Picnic, football playing an instrument,
= Keslik %54 SL, W, FS, HA Football making a model, ping
Seyran %55  SL, FA, FS, HA pong, aerobics-
Subas! %48 W, FA Football gymnastics, cooking, all
Tashk %51 ___FS, HA, SA Picnic, football Kinds of games, watching
Yaris %47 W, FA Picnic, camp to clouds, going to
Yenikaraagag %55 W, HA Football concert_s aﬂd th_eatefr, ll?cal
Bayramdere %73 SL, W, FA, HA Picnic, swimming, football, basketball souvenir shopping, tair
- 2 entertainment visit
o Ekinli %63 SL, LD, W, FA, HA
04 Eskikaraadag %75 W, FA, HA Picnic, camp, bird watching, football
g Kulakpinar %63 W, HA, SA
~ Uluabat %69 W, FS, HA Landscape view, boat ride
S Picnic, camp, bird watching,
YT Bogazkdy %88 SL, W, FA swimming
iCh
>t Kursunlu %78 SL, W, FA, HA Picnic, camp, swimming, basketball

Abbreviations: LD: Landscape Dominates; SL:Sloping Land; W:Waterfront; SA: Sacred Areas; FS: Fertile Soil; HA: Historical Areas; FA: Forested Area
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ABSTRACT

Objective: This study aims to analyze the eligible site selection for biomass
energy facilities in Balikesir province, which is ranked as one of the important
provinces of Turkey from the perspective of agriculture and livestock
activities.

Material and Methods: Within the framework of the study, the most eligible
areas for biomass energy facilities in the province were determined by
Weighted Overlay Analysis with the use of Geographic Information Systems.

Results: In results of the study, it was revealed that the most eligible areas
for biomass energy facilities in the province were the districts of Karesi,
Susurluk and Savastepe, respectively, while the districts of Ayvalik, Edremit
and Erdek districts located in the coastal part of the province were not
suitable.

Conclusion: This study is expected to shed light on all the planning studies
undertaken within the scope of the sustainable management of the city and
the protection of ecology.

oz
Amag: Bu calismada, Turkiye'nin tarim ve hayvancilik faaliyetleri agisindan

onemli illeri arasinda yer alan Balikesir ilinde biyokutle enerjisi tesisleri icin
uygun yer se¢imi analizinin yapilmasi1 amaglanmistir.

Materyal ve Yodntem: Calisma kapsaminda, Cografi Bilgi Sistemleri'nden
faydalanarak Weighted Overlay Analizi (WOA) ile ildeki biyokutle enerji
tesisleri icin en uygun alanlar belirlenmistir.

Arastirma Bulgular: Calisma sonucunda ilde biyokitle eneriji tesisleri igin en
uygun alanlar sirasiyla Karesi, Susurluk ve Savastepe ilgeleri iken, ilin kiyi
kesiminde yer alan Ayvalik, Edremit ve Erdek ilgelerinin ise uygun olmadigi
ortaya ¢ikmistir.

Sonug: Yapilan bu galismanin kentin sdrdirilebilir alan yonetiminde ve
ekolojinin korunmasi kapsaminda yurutilen tim planlama galigmalarina isik
tutmasi 6ngorulmektedir.
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INTRODUCTION

Throughout history, energy has been and remains an important concept in connection with science,
human life, technology, industry, ecology and all ecosystem components. The effects of urbanization,
industrialization, overpopulation, expansion of transportation networks and development of technology
have led to an increase in energy needs (Seik, 1997; Buntaine & Pizer, 2015; Ozcan et al., 2017;
Akyildiz, 2020). “The International Energy Agency (IEA) estimates that developed countries will account
for 93% of the increase in energy demand between 2010 and 2035, and the cost of this will amount to
$30 trillion” (Ozcan et al., 2017).

Available energy resources on a global scale are classified by considering the criteria of
exhaustibility or renewability at the end of use. Coal, oil, natural gas and fossil fuels are among the non-
renewable energy sources; on the other hand, solar, wind, geothermal, hydraulic, biomass, wave and
hydrogen energy are classified as renewable energy sources (Anonymous, 2007; Panwar et al., 2011;
Kaya, 2014; Owusu & Asumadu, 2016). The use of fossil fuels increases the importance of renewable
energy sources in many countries due to the depletion of fossil fuel reserves all over the world, as well as
leading to important negativities such as irreversible environmental problems, foreign-source dependency
on fuel and increased import expenses. In addition, the damages to the ecosystem are much lower
compared to non-renewable energy sources (Hager, 1992; Anonymous, 2014, Masnadi et al., 2015;
Tokar, 2015; Anonymous, 2016a; Burke & Stephens, 2018; Dogan & Uludag, 2018; Karci & Birisgi, 2020).

Biomass energy is among the important renewable energy sources in minimizing the damages to
the ecosystem, preserving the ecology and ensuring sustainability at the stage of meeting the increasing
energy needs on a global scale. Since plant growing will last as long as the sun exists, biomass is an
inexhaustible energy source. It is considered as an appropriate and important energy source as it can be
grown everywhere and helps socio-economic developments, especially for rural areas. The energy
generated from biomass is called biomass energy. It is possible to discuss biomass energy in two groups
including conventional and modern. The first consists of fuel wood obtained from conventional forests and
plant and animal wastes used as fuel, and the second, that is, modern biomass energy, is described as
energy forestry and forest-tree industry wastes, vegetable wastes in the agricultural sector, urban wastes,
and agro-industrial wastes. Bioenergy is a general term comprising solid, liquid and gaseous fuels of
biological origin. Energy in the form of heat and power (i.e. electricity), which can be transported or used
stationary, can be named bioenergy (Toklu, 2017).

The use rates of biomass energy among total renewable energy sources are 96% in Africa, 65% in
Asia, 59% in Europe and 59% in America. While the rate of biomass in renewable energy sources was
80.4% in 1990 around the world, this rate decreased to 78% in 2000 and to 67.5% in 2018 (Kaygusuz,
2020). Although the use rates of biomass energy have decreased over the years, it still holds a large
share in the total renewable energy supply (Kumar et al., 2015; Anonymous, 2019a; irfan et al., 2020).

In Turkey, the biomass waste potential is estimated to be approximately 8.6 MTEP and the biogas
reserve that can be generated is estimated to be approximately 1.5-2 MTEP (Emeksiz & Findik, 2021;
Anonymous, 2021a). From the perspective of biomass production, Turkey has a very large raw material in
terms of biomass energy due to water resources, availability of agricultural area, climatic conditions and
favorable sun (illeez, 2020; Emeksiz & Findik, 2021). Table 1 shows the amounts of biomass energy
generation in Turkey between 1995-2020.

Table 1. Biomass energy generation in Turkey between 1995-2020 (Anonymous, 2021a)
Cizelge 1. Turkiye'de 1995-2020 yillari arasi biyokutle enerji Uretimi (Anonymous, 2021a)

Years 1995 2000 2005 2010 2015 2020
Biomass energy production (GWh) 222 174 44 346 1263 3283
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The subject of this study is to conduct eligible site selection analysis for biomass energy facilities in
Balikesir province, which is located within the borders of Turkey. In this context, we tried to determine the
most eligible site for biomass energy facilities with Weighted Overlay Analysis (WOA) by using
Geographic Information Systems.

An important step in proper site selection analysis is to identify the weight of each criterion
influencing the eligibility. The fact that the factors influencing the eligibility have different levels of
importance and that various and multiple criteria exist complicates the eligibility analysis (Saaty, 1980;
Zhang et al., 2015; Karabacak, 2021).

Weighted Overlay tool is one of the methods of modeling eligibility. A new layer is obtained by
weighting more than one raster layer according to each layer and within their own structure, and then
overlapping them. This layer includes areas that meet and do not meet the criteria determined as a result
of the assessment. The weighted overlay tool allows to apply several steps in the overall site selection
analysis process within a single tool (Anonymous, 2016b; Rahman et al., 2021).

MATERIALS and METHODS

Balikesir province, which has significant biomass energy potential in Turkey, was selected as the
study area. Balikesir province, geographically, the province is located between 39.20°- 40.30° North
parallel and 26.30°- 28.30° East meridians in the western part of Turkey. The total population of the city is
1.226.575 and the total labor force consists of 837.517 people (Anonymous, 2021b). Figure 1 shows the
map of the study area (Balikesir province).
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Figure 1. Location map of Balikesir province.

Sekil 1. Balikesir ili lokasyon haritasi.

Balikesir has a semi-arid climate, cool in winters and warm in summers. The annual average
temperature is 14.3°C. Balikesir, which consists of 20 districts in total, has a coastal length of 290.5 km.
Total surface area (including lakes) is 1,447.300 ha (hectares) and of these areas, 393.886 8 (ha) is used
as agricultural land, 81.877 (ha) is used as meadow-pasture area, 649.115 (ha) is forest area and
322.422 (ha) is used as non-agricultural land (Anonymous, 2019b).
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Balikesir is an agricultural city thanks to its geographical structure and climatic conditions.
Balikesir, where fertile agricultural lands are widely available, has the opportunity to easily market the
agricultural products thanks to its strategic position. When examining the distribution of investments, it is
observed that the dominant sector in terms of economic size is agriculture and animal husbandry with
64%. Balikesir, located in the Marmara Region where industrialization is very intense, hosts a significant
part of intensive (industrial) milk and breeding enterprises (Kocabey, 2019). Table 2 depicts the assets of
poultry, bovine and ovine animals in Balikesir province in 2020.

Table 2. Assets of poultry, bovine and ovine animals in Balikesir province in 2020 (Anonymous, 2021c)
Cizelge 2. Balikesir iline ait 2020 yili kimes, bliylikbas ve kiigiikbas hayvan varligi (Anonymous, 2021c)

Poultry Bovine Ovine
broiler chicken turkey cattle water buffalo  sheep goat
25.761.143 6.573.494 152.698 536.855 6.369 1.112.323 171.635

Balikesir has a very rich potential in terms of animal, plant, forest products and wastes as well as
industrial waste potential required for biomass energy generation. Plants such as wheat, paddy, maize,
barley, rye, cotton, sugar beet, which have high calorie capacity in biomass energy investments, are
among the field crops grown in Balikesir province. Table 3 displays the important field crops grown in
Balikesir province for biomass generation in 2020.

Table 3. Important field crops grown in Balikesir province for biomass generation in 2020 (Anonymous, 2021c)
Cizelge 3. Balikesir ilinde yetisen ve 2020 yilina ait biyogaz Uretimi i¢in 6nemli tarla bitkileri (Anonymous, 2021c)

Field crops Planted area (decare) Production (ton)

Maize 304.168 1.522.866
Wheat 1.111.435 271.595
Paddy 152.920 118.620
Barley 128.027 39.248
Rye 86.143 27.752
Cotton 2.101 939
Sugar beet  2.375 13.000

It is quite important to build the facilities in appropriate sites in order to generate and maintain biomass
energy, distribute the energy generated, and dispose of the waste without harming the environment (Woo et
al., 2018; irfan et al., 2020; Wang et al., 2020). In this study, eligible site selection analyzes were carried out
for biomass energy facilities in Balikesir province located within the borders of Turkey. We tried to determine
the most eligible site for biomass energy plants with Weighted Overlay Analysis (WOA) by using Geographic
Information Systems.

Although there are no definite rules on the appropriate site selection for biomass power plants,
physical and human criteria can be formed by the decision maker upon the consideration of the activity
efficiency and environmental effects.

Examining the researches on the selection of suitable sites for biomass power plants within the scope
of the method of the study is one of the important steps for the researchers to decide on the parameters
specific to the study areas. Ma et al. (2005) have determined the appropriate location for the biogas plant that
is planned to be established in New York City in order to evaluate the animal wastes in the farms and turn
them into energy. They carried out their analyzes on 11 parameters. These parameters; wetlands and lakes,
critical environment areas, streams, airports, flood plain, slope gradient, roads, transmission lines, natural gas
pipelines, power plants and substations, residential areas. Sultana & Kumar (2012) have carried out a study
on the selection of suitable sites for biomass plants. The main parameters they determined within the scope
of their studies; rural and urban areas, industrial and mining zones, airport and heliport, park and recreational
areas, rivers, lakes and other waterbodies, wetlands, environmentally sensitive areas, roads, power plant and
substation, transmission line, natural gas and oil pipelines, land surface gradient. Silva et al. (2014)
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conducted a study to identify the most suitable sites for the placement of biogas plants using milk manure as
a raw material, especially in the Entre-Douro-e-Minho Region in Portugal. The parameters determined within
the scope of the study; national ecological reserves (NER) and protected areas, hydrographic network, roads
and railway, slope, urban, industrial and commercial and infrastructure, built-up areas, electricity grid. Venier
& Yabar (2017) were determined the potential areas for the selection of suitable sites for biogas plants by
utilizing Geographical Information Systems in Buenos Aires, Argentina. In the selection of the appropriate
location for the biogas plant, certain main parameters were determined at the point of environmental
sensitivity and they carried out their analyzes on these parameters. The determined parameters are; urban
areas, water bodies, transport stations, green, protected and inadequate areas. Table 4 shows the

parameters and buffer zones used in site analyzes suitable for biomass energy plant in similar studies.

Table 4. Parameters and buffer zones used in site analysis for biomass energy plant in similar studies
Cizelge 4. Benzer ¢alismalarda biyokutle enerji tesisi i¢in uygun yer analizlerinde kullanilan parametreler ve buffer zonlari

Determined parameters Buffer zones References
Wetlands and lakes Outside 100 m buffer

Critical environment areas Outside 500 m buffer

Streams Outside 100 m buffer

Airports Outside 500 m buffer

Flood plain Sites falling within 100-year flood plains are avoided

Slope gradient Areas with slopes larger than 15% are avoided

Roads Outside 30 m buffer Ma et al. 2005

Transmission lines
Natural gas pipelines
Power plants and substations

Residential areas

Outside 200 m buffer

Outside 100 m buffer

Outside 200 m buffer

A distance of 2000 m from high-density residential areas or
urban residences

A distance of 1000 m from medium-density residential areas

Rural and urban areas

Industrial and mining zones

Airport and heliport

Park and recreational areas

Rivers, lakes and other waterbodies
Wetlands

Environmentally sensitive areas (flood
plains, conservation areas, habitat sites)
Roads

Power plant and substation
Transmission line

Natural gas and oil pipelines
Land surface gradient

A distance of 1 km from residential and urban areas
Outside 1 km buffer

QOutside 1 km buffer

Outside 500 m buffer

Outside 200 m buffer

Outside 200 m buffer

Outside 500 m buffer

Outside 30 m buffer

Outside 100 m buffer

Outside 100 m buffer

Outside 100 m buffer

Areas with slopes larger than 15% are avoided

Sultana & Kumar, 2012

National ecological reserves (NER) and
Protected Areas

Hydrographic network
Roads and railway
Slopes

Urban, industrial and commercial
and infrastructure

Built-up areas
Electricity grid

Areas classified as NER 2000 m are excluded from the
analysis.
Outside 150 m buffer

Qutside 70 m buffer

Outside 200 m buffer

To exclude buildings
Outside 200 m (high voltage line)

Minimum area

Adequate shape

It must have an area of at least 1 ha for implementation of a
biogas plant
Exclude polygons that verify the following condition

Silva et al. 2014

Urban areas

Water bodies

Transport stations

Green, protected and inadequate areas

QOutside 1 km buffer

Outside 200 m buffer
Outside 500 m buffer
Outside 200 m buffer

Venier & Yabar 2017
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In this study, the parameters of proximity to raw materials, fault lines, main roads, villages, rivers,
sea, lakes and dams, land use and slope were identified and an eligible site analysis was carried out for
the biomass energy facilities, which are planned to be built in Balikesir province, by making use of the
literature on the selection of the eligible sites. The significance levels of each parameter within the scope
of the study were determined by the decision makers by referring to the literature studies. Figure 2
demonstrates the flow chart of the study method.

Determination of Reclassifying the main parameters and

giving weights to their subclasses

parameters

Distance to raw material

Land use

Distance to road Weight rating | Importance of weight grades

Slope Converting vector
data to raster data

Distance to village centers

Distance to faults 4T
Distance to Wetlands
¢ ! Giving weights to the main parameters (%),

Distance to stream

Unsuitable Areas

Very Little Suitable Areas
Moderate Suitable Areas
Highly Suitable Areas
Very Highly Suitable Areas

(23 B P A

Parameters Impact value (%) |[+——

Distance to raw material %18

Land use %18

Distance to road %14 Overlay of -
Distance to village centers %10

Distance to faults %10

Distance to Wetlands %9

Distance to stream %9

Figure 2. Flow chart of the study method.

Sekil 2. Yontem akis semasi.

As part of the study, raw material data acquired from Balikesir Directorate of Provincial
Agriculture and Forestry and prepared with the assistance of the Google Earth software were mapped
in ArcGIS 10.3 platform. Fault line information taken from Balikesir Mineral Research and Exploration
Institute Directorate was used in the preparation of fault line map in ArcGIS 10.3 platform. The land use
map, on the other hand, was prepared by classifying with remote sensing techniques using the
Coordination of Information on the Environment (CORINE) land cover. High-resolution Dem data of
Balikesir province generated from USGS Earthexplorer program was converted into slope index map
with ArcGIS software. Moreover, Google Earth and Geographic Information Systems were also used to
build proximity maps to main roads, villages, streams, seas, lakes and dams. These obtained data
were then re-weighted to the sub-parameters of the parameters using the reclassify toolbar in ArcGIS
10.3 platform. These parameters, which are subject to reassessment within their own structure, are
then rated through the scale of importance with values ranging from 1 to 5. Table 5 shows the
parameters determined for the eligible biomass plant in Balikesir province and the main and sub-
parameter weight ratings.
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Table 5. Parameters determined for the eligible biomass plant, main and sub-parameter weight ratings

Cizelge 5. Uygun biyogaz tesisi i¢in belirlenen parametreler, ana ve alt parametre agirlik dereceleri

Sub-parameter Main parameter

Parameters weight ratings weight ratings (%)

Raw material

1000

2000

3000

4000

5000

5000< +

Land uses

swamp

vineyards and orchards
low density vegetation
mixed agricultural land
dry farmland

forests

on the water surface
irrigated agricultural field
settlement area
meadows and pastures
Road proximity (m)
250

500

750

1000

1000 < +

Slope

0-5.3

5.3-10.9

10.9-17.1

17.1-24.8

24.8< +

Proximity to villages (m)
1000

2000

3000

4000

5000

Fault line proximity (m)
500

1000

1500

2000

2000 < +

River proximity (m)
250

500

750

1000

1000 and above
Proximity to sea, lakes and dams (m)
500

1000

1500

2000

2000 < +

18%

RIN(W|(~|O1

18%

QR[NP IRP(NWAIN|F

14%

RIN(Ww|A~|O

12%

RIN|W|(~|O1

10%

RlW(~|O|—

10%

QW (N|F-

9%

Q| (WN|F-

9%

AW (N|F-

In the study, the necessity of analyzing many layers with different weight ratings at the same time was
created thanks to the weighted overlay tool included in GIS. Through the rating system in the weighted
overlay, it can be understood that the least eligibility criteria are met in the areas where the lowest rating is
given and the highest eligibility criteria are met in the areas where the highest ratings are given.
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RESULTS and DISCUSSION

Specified parameters for biomass energy facilities

Raw material proximity

All naturally occurring animal and plant-derived materials containing carbohydrate compounds as
the main component are included in the scope of biomass raw material (Kapluhan, 2014). The amount
and type of animal and plant raw materials used for the production of biomass energy is an important
criterion for the biomass energy plant. Easy access to raw materials will minimize the energy spent during
the transportation of raw materials and prevent various environmental and economic problems (Akther et
al., 2019). In addition to its high agricultural potential, Balikesir province is among the top 5 provinces in
Turkey in terms of the number of all animal species and the production of animal products (Kocabey,
2019). Animal and vegetable raw material data obtained from Balikesir Directorate of Provincial
Agriculture and Forestry and prepared by supporting with Google Earth program are among the main
criteria determined for the appropriate biomass energy plant.

For the raw material proximity map, the locations of the hen, turkey, sheep and cattle farms, where
the animal wastes used in biomass energy generation in Balikesir were obtained, were identified on the
map and buffer zones were determined at 1000 m intervals upon performing buffer analysis. This process

was also carried out for the fields of maize silage, barley, wheat, paddy, rye, cotton sugar beet grown in
Balikesir (Figure 3).
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Figure 3. Raw material proximity map.

Sekil 3. Hammaddeye yakinlik haritasi.
Land use

Land use map is one of the most important maps in the implementation of any site selection
project. In the appropriate location analysis for the biomass energy plant, it is necessary to determine the
land use classes in order to protect human health, not damage the cultural, natural, and near natural
areas that need to be protected, and not deteriorate the soil structure suitable for agriculture, and to make a
selection in a way that does not damage these areas. In addition, the fact that the facility to be

constructed is away from the protected areas is also important in terms of sustainable area management
(Khademalhoseiny et al., 2017).
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The purpose of preparing the land use map is to identify the most eligible areas not posing a threat
to the environment by designating the areas that need to be protected. 8 groups were determined in the
classification of land uses. These groups include, vineyards and orchards, low-density vegetation,

irrigated agricultural land, mixed farming land, dry agricultural land, forests, water surfaces, settlements,
meadow and pasture lands (Figure 4).
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Figure 4. Land use map of Balikesir province.

Sekil 4. Balikesir ilinin arazi kullanim haritasi.

Road proximity

One of the appropriate site selection criteria for biomass energy plants is proximity to main roads.
From an economic point of view, it is very important for biomass power plants that the raw material can
easily access the plants. At the same time, it is recommended to use old roads instead of making new
roads to get rid of high construction costs (Nas et al., 2010).

For this reason, buffer analysis was performed on the main and by-roads of Balikesir province and
buffer zones were determined at 250 m intervals (Figure 5).
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Figure 5. Road proximity map.
Sekil 5. Yola yakinlik haritasi.
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Slope

In the light of the interviews conducted with the officials of biomass power plants within the borders
of Balikesir province, it is revealed that the lands with high a degree of slope are not eligible for biomass
power plants. It is predicted that the lands with high a degree of slope will endanger the operation and
safety of the facilities in case of natural disasters that may occur, and that the pits and channels built for
wastes will cause serious problems in such lands. According to the slope map prepared, slope grades of
0-5.3, 5.3-10.9, 10.9-17.1, 17.1-24.8, 24.8 and above were determined (Figure 6).
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Figure 6. Slope map of Balikesir province.

Sekil 6. Balikesir ilinin egim haritasi.

Proximity to villages

The livelihood of the people living in the villages in Balikesir is mostly based on agriculture and
livestock. During the interviews with the facilities, it was indicated that the transportation of plant and animal
wastes to the facilities was undertaken by the villagers or the facilities depending on the waste amount.
Although the establishment of the facilities in the lands close to the villages is eligible in terms of the logistics
of the raw material, there may be problems in terms of environmental awareness. Therefore, buffer analysis
was performed by determining a distance of at least 250 m to the village centers (Figure 7).
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Figure 7. Map of proximity villages.

Sekil 7. Kdylere yakinlik haritasi.
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Fault line proximity

Biogas mainly contains CH4 and CO2, small amounts of H2S and NH3, as well as trace amounts
of H2, N2, CO, 02, aromatics, halogenated compounds (chlorides, fluorides, etc.) and silicones. It
contains many chemical components in the first production of biogas. These components include 60%-
70% methane (CH4), 30%-40% carbon dioxide (CO2), 1%-2% nitrogen (N2), ammonia (NH3) and
hydrogen sulfide (H2S) with hydrogen (H2) depending on the sulfur concentration in the wastewater
(Deviren et al., 2017). In the event of a possible disaster and neglect in biomass power plants, it is
expected that methane gas in its content may pose serious hazards in the event of contact with oxygen
(Juntarawijit, 2013; Anonymous, 2016c). If the biomass power plants are established in a land away from
fault lines, this will reduce the possibility of being affected by a possible earthquake disaster. It is foreseen
that the further the facilities to be constructed are from the fault lines, the safer they will be in terms of
earthquake risk. For this reason, buffer analysis was performed for the map of proximity to the fault lines
and zones were determined at 500 m intervals (Figure 8).
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Figure 8. Map of proximity to fault lines.

Sekil 8. Fay hatlarina yakinlik haritasi.

River proximity

The construction of biomass power plants at a distance from the river heads is quite important for
the existing rivers in the province. Rivers in the immediate vicinity should not be adversely affected by
biomass power plants. In addition, the facility should not be affected by floods and inundations that may
occur in extreme rainfall (Akther et al., 2017). Akther et al. (2017) determined the proximity to the river
between 0-500 m for the biogas plant that was planned to be established in their study. They emphasized
that the reason they determined in this range was that there were not enough streams to be affected
around the study areas. Balikesir is highly rich in terms of the number of rivers. As can be seen in Figure
9, buffer analysis was performed on the rivers in the province and buffer zones were determined at 250 m
intervals.
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Figure 9. River proximity map.

Sekil 9. Akarsuya yakinlik haritasi.

Proximity to sea, lakes and dams

The fact that biomass power plants are constructed far from the sea, lakes and dams as well as
river heads is important for water surfaces and aquatic organisms. As seen in Figure 10 below, buffer
analysis was performed on sea, lakes and dams in the province and buffer zones were determined at 500
m intervals. Lake Manyas Bird Paradise National Park in Balikesir province is of great ecological
importance. buffer zone range was started from 500 m with the effort of preventing settlements in the
close vicinity of both the sea shores and Manyas Bird Paradise National Park.
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Figure 10. Map of proximity to sea, lake and dam.

Sekil 10. Deniz, gol ve baraj yakinlik haritasi.
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Determination of eligible areas for biomass energy facilities

The parameters identified in order to determine the most eligible biomass energy plant sites in
Balikesir province were rated between 1 and 5 and the eligibility maps of each parameter were prepared
using the weighted overlay tool through GIS (Figure 11).

g

Figure 11. Raw material eligibility map b) land use eligibility map c) road proximity eligibility map d) slope eligibility map e) village
proximity eligibility map f) fault line eligibility map g) river eligibility map h)sea, lake and dam eligibility map.

Sekil 11. a) Hammadde uygunluk haritasi b) arazi kullanim uygunluk haritasi c) yola yakinlik uygunluk haritasi d) egim uygunluk
haritasi e) kdylere yakinlik uygunluk haritasi f) fay hatti uygunluk haritasi g) akarsu uygunluk haritas! h) deniz, gl ve baraj
uygunluk haritasi.
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As a result of overlaying the eligibility maps acquired according to the main and sub parameters,

the eligible biomass plant map of Balikesir province was revealed (Figure 12).
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Figure 12. The resulting map of the eligible biomass plants in Balikesir province.

Sekil 12. Balikesir iline ait uygun biyogaz tesisi sonu¢ haritasi.

When the resulting map acquired as a result of the study is analyzed, the most eligible areas for

biomass facilities are found as Karesi, Susurluk, Savastepe, Bigadi¢, Kepsut, Bandirma, Génen and
Sindirgi districts, respectively. In addition, when the amount of suitable areas for biomass energy facilities

within the provincial borders of Balikesir is calculated, it has been revealed that a total area of 1703.92
km? is suitable for these facilities (Table 5).

Table 5. Calculation of areas of suitable classes for biomass energy facilities

Cizelge 5. Biyokiitle enerji tesisleri icin uygun siniflardaki alanlarin hesaplanmasi

Suitable classes Area (Kilometers) Percentage (%)
Unsuitable Areas 1599.6 11.2%
Very Little Suitable Areas 11008.347413 76.9 %
Suitable Areas 1703.92 11.9%
Total 14311.9 100 %

CONCLUSION

Given the scientific studies conducted, there is a dominant notion that benefiting from bioenergy

efficiently will make a significant contribution to energy demand on the global scale. Also, it may be
possible for biomass energy to prevent the damages that may be caused in the ecological structure by
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reducing greenhouse gas emissions, contrary to non-renewable energy sources. In addition to all these
notions, factors such as supporting rural development efforts and providing economic opportunities to
local people in areas, where biomass energy is available, are among the positive features of biomass
energy. Balikesir ranks among the important provinces of Turkey from the perspective of agricultural and
livestock production capacity. The fertile soil potential, the presence of animal farms in rural areas and
many other regions of the city and the interest of the local people in livestock production are the factors
that enhance the biomass energy potential in Balikesir.

In this study, we tried to determine the most eligible site for biomass energy facilities with Weighted
Overlay Analysis (WOA) by using Geographic Information Systems in Balikesir. In conclusion of the
study; Karesi, Susurluk and Savastepe districts were identified as the most eligible areas in the province,
respectively. In addition, it was also determined that there are eligible areas for biomass energy facilities
in the districts of Bigadic, Kepsut, Bandirma, Goénen and Sindirgl. However, it is understood that Ayvalik,
Edremit and Erdek districts located in the coastal part of the province are not eligible for biomass energy
facilities. The reason for this situation is that Ayvalik, Edremit and Erdek districts are located on the
seashore, that the tourism sector stands out more compared to agriculture and animal husbandry in the
economic structure of these districts, and that there are many areas that need to be conserved in terms of
natural and cultural aspects. It was also revealed that especially the areas of Mount Kaz National Park,
which is located in Edremit district and is of great importance not only for Balikesir province but also for
Turkey, are ineligible for the establishment biomass energy facilities.

Consideration of the studies conducted on the eligible site selection for the construction of biomass
energy facilities will gain significant benefits especially to those who generate and utilize this energy.
These benefits are as follows:

e Minimizing the possible damages that biomass energy will cause to nature during the
generation phases,

« Gaining maximum benefit from biomass energy,
« Ensuring the economic and environmental sustainability of the facilities,

< Prevention of possible damage to all areas that are conserved and need conservation in the
provinces and districts where the facilities are established,

« Preventing the facilities from being damaged by possible disasters and not causing any harm to
the environment after the disaster

« Protecting urban and rural ecosystems and meeting the energy demand in these systems.
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ABSTRACT

Objective: The objective of this study was to develop the product and to
determine the rheological model and sensorial properties of kefir.

Material and Methods: The shear rate (y) and shear stress (1) values
measured at 15-20°C using the rheological properties of kefir produced with
different types of ruminant milk are characterized by mathematical models
(Newton, Power law, Bingham), consistency coefficient (K), flow behavior index
(n), threshold shear stress (10) and apparent viscosity (Happ) Values were
calculated. Sensory assessment was carried out using facial expression
sensory evaluation scale and scoring method.

Results: As a result of rheological analysis, the Power law model appears to be
suitable for describing the flow behavior of kefir types as indicated by high
correlation coefficient (R? values in this study. The flow diagrams of kefir
processed with different milk species exhibit shear-thinning non-Newtonian
behavior. Sensory analysis showed that the samples did not receive a great
deal of appreciation about organoleptic properties.

Conclusion: Shelf life should be 28 days. Hence, kefir preserves the sensory
properties until end of shelf life and to keep rheological properties compatible
with each other throughout shelf life.

0z
Amag: Bu calismada farkli ruminant sitlerinin gesitli kombinasyonlari ile kefir

Uretmek Uzere Urlin gelistirilmesi ve kefirin reolojik modellere uyumu ve duyusal
oOzelliklerinin belilenmesi amacglanmistir.

Materyal ve Yodntem: Farkl ruminant sit tirleri ile Uretilen kefirin reolojik
ozellikleri 15-20°C'de 6lgllen kayma hizi (y), kayma gerilimi (1), kivam katsayisi
(K), akis davranig indeksi (n), esik kayma gerilimi (1o) ve goriinir viskozite (Happ)
degerleri matematiksel modeller (Newton, Power law, Bingham) ile karakterize
edilerek hesaplanmistir. Yiz ifadeli duyusal degerlendirme formu ve puanlama
yonteminde yararlanarak duyusal degerlendirme gerceklestirilmigtir.

Arastirma Bulgulari: Reolojik analizler sonucunda, yiksek korelasyon
katsayisi (R?) degerleri ile gosterilen kefir tiirlerinin akis davranislarini
aciklamak icin Power-law modelinin uygun oldugu belirlenmistir. Farkh sut tirleri
ile islenen kefirin akis diyagramlari, Newtonian olmayan kayma incelmesi
davranigi sergilemektedir. Duyusal analiz sonuglarina goére, érneklerin duyusal
olarak ¢ok fazla takdir almadigi gérulmektedir.

Sonug: Raf émrinun 28 gun olmasi gerektidi sonucuna variimistir. Bu sayede
hem duyusal 6zellikler raf émriiniin sonuna kadar korunabilir hem de reolojik
ozellikleri raf 6mrl boyunca birbirleriyle uyumlu kalabilir.
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INTRODUCTION

Fermented milk products are of importance as a human nutrition and are considered as basic
foodstuffs. In recent years, fermented dairy products received a great deal of attention for human health
and as a result of this, their consumption increased significantly. (Demirgul et al., 2018).

Kefir is an important fermented dairy product and referred to as a probiotic since it contains more
than 10’ cfu/g of beneficial and specific microorganisms (Kesenkas et al., 2013). Kefir is known for its
refreshing effect in the mouth, typical yeast taste and unique aroma. The word "kefir" is derived from the
Turkish word "keyif (pleasure),” which means “feeling good” after drinking (Lopitz-Otsoa et al., 2006;
Tamime & Robinson, 2007). Although cow's milk is most commonly used for its production, it can also be
produced from the milk of other animals such as goats, sheep, buffalo and camels as well as from
vegetable sources such as soybean, rice, and coconut milk. Kefir can be also prepared from pasteurized
whole, semi-skimmed or skimmed milk (Otles & Cagindi, 2003; Rosa et al., 2017).

Studies conducted in the past indicated that there are many probiotic microorganisms in the
microbiota of kefir. Studies also revealed that various bacteria and yeasts isolated from kefir are resistant
to low pH and bile acids can adhere to the intestinal mucosa, have a strong antagonistic effect against
pathogens, and have positive effects on health (Golowczyc et al., 2008; Diosma et al., 2014; Zanirati et
al., 2015). Various studies reported that kefir has antimicrobial, anti-inflammatory, antiallergenic, and
anticarcinogenic effects. Furthermore, the product is effective in controlling the body weight, glycemic
response, blood pressure, and blood lipids and can be used against digestion problems such as lactose
intolerance and constipation.

In this study, K value was 4.65 Pa.s, n value was 0.35, and Happarent Was 0.32 Pa.s in all samples
and during storage. In the study by Ergin et al. (2017) on homogenized kefir, the K value was lower
(0.021-0.545 Pa.s) and the n value was 0.56-0.98. The consistency coefficient was determined to be
slightly higher in the present study due to the difference in raw materials and the lack of homogenization
process, whereas there was a decrease in the flow behavior index toward the end of the shelf life in the
study by Ergin et al. (2017). The study conducted by Gurbuz & Sheifel (2008) examined the power law
model and determined the n value to be in the range of 0.35-0.4. In a study on kumis, the n values
determined at temperatures of 4-10-20°C were 0.74-0.79-0.75, respectively, and the K values were
0.015-0.010-0.008 Pa.s, respectively (Sabanci et al., 2016).

On the other hand, the rheological properties are particularly important to determine different
interactions in new kefir formulation (Gul et al., 2018). Dairy beverages are marketed with different
rheological properties and qualities. Especially, maintaining the texture can be a problem in the
commercial manufacture of alternative fermented dairy products. To guarantee the quality of the final
product, manufacturers rely on pre-fermentation processing such as increasing milk solids and/or
supplementation or additives for product stability (Duboc & Mollet, 2001; Rimada & Abraham, 2006).
Rheological parameters have been considered as an analytical tool to provide fundamental insights on
the structural organization of food and play an important role in fluid heat transfer.

Knowing the rheological properties of kefir is important in determining the processes to be carried
out during the storage and packaging process (Assil et al., 1991; Ahmed et al., 2007). Rheology has
many applications in the field of food acceptability, food processing and packaging and the relationship
between consumer preferences and rheological properties of foods is a key role of the science of
rheology. The major factors affecting the rheological properties of kefir are the chemical composition of
the milk used for its production, the starter culture, the type of milk and/or milk mixtures the incubation
temperature, the thermal processing of milk, etc. (Kayacier & Dogan, 2006). Especially fat and protein
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constitute one of the most important fractions of milk. Fat globules play an eminent role in the technology
and properties of dairy products (Elzeini, 2006). Size of fat globules is of particular importance in such
processes as separation of milk, churning of cream, cheese making as well as the functionality of cheese
(Metzger & Mistry, 1995; Gunasekaran & Ding, 1999; Ma & Barbano, 2000; Everett & Olson, 2003;
Rowney et al., 2003). It determines the amount of protein absorbed per unit of interface area, and
products emulsion stability and their optical and rheological properties (color and viscosity) (Walstra &
Jenness, 1984; Walstra,1995) as well as conductivity and elastic constant. Studies on the rheological
properties of kefir in the literature are limited (Wszolek et al.,, 2001; Paraskevopoulou et al., 2003;
Bensmira et al., 2010) and there are no research on the effects of processing circumstances on kefir
quality (Dogan, 2011). So far, most of the studies conducted on kefir concerned with its microbiology.
Hence a study was conducted and the objective of this study was evaluating the effect of different ratios
of milk mixtures on the time needed for the pH to reach the 4.4 value and the rheological behavior and
sensorial properties of kefir.

MATERIALS and METHODS
Materials
Buffalo, cow, sheep, and goat milk

The entire buffalo milk and a part of the sheep milk used as raw materials in the study were obtained
from a private facility, cow and goat milk was obtained from the farm of the Ege University Faculty of
Agriculture Farm. All of the cow and goat milk required for the study was obtained from internal sources.

Kefir starter culture

The kefir starter culture used in the production process was prepared using Micromilk KFA 1
culture mixture (Micromilk, Italy) (30 % Streptococcus thermophilus, 20 % Lactococcus lactis subsp. lactis
20 % Lactococcus lactis subsp. cremoris, 10 % Debarymyces hansenii ,10 % Leuconostoc
mesenteroides subsp. cremoris and 10 % Lactococcus lactis subsp. lactis biovar diacetylactis).

Methods
Kefir production

Raw buffalo, cow, sheep, and goat milk were heat-treated at 90°C for 15 minutes. In order not to
negative affect the growth of microorganisms in kefir culture, a single pasteurization process was
performed, and double pasteurization was not applied, the milk was pasteurized one by one and mixed in
proper proportions and culture was inoculated. Then, 100 % buffalo, 70 % buffalo-30 % cow, 70 %
buffalo-30 % sheep, 70 % buffalo-30 % goat and 70 % buffalo-30 % cow-sheep-goat milk were cooled
down to 25-30°C and added with Micromilk KFA 1 kefir culture at a rate of 2.5 %-3 % separately. The
main idea for choosing milk with 70% buffalo and 30% cow/sheep/goat ratios was to determine the effect
of high amount of buffalo milk on sensory quality and rheological properties. The incubation was
terminated when the pH value reached 4.7. at the end of the incubation, in order for the product to be
suitable for storage under refrigerator conditions, it was kept at room temperature for 30 minutes, and
after the temperature was reduced, bottling and it was stored for 24 hours in the refrigerator. The results
were statistically evaluated once the pilot analyses were conducted in two replicates. The shelf life was
determined as 28 days and 1., 7., 14., 21. and 28. days rheological and sensorial analyzes were made.

The basic components of milk and kefir samples were determined and they are tabulated in Table
1 and Table 2, respectively.
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Table 1. Basic component of milks

Cizelge 1. Siitlerin temel bilesenleri

Milks
Components/Value
Buffalo Cow Sheep Goat

Dry matter % 18.70+0.21 12.92+0.12 20.86+0.06 13.29+0.09

Fat % 7.00+0.03 3.60+0.01 8.00+0.01 4.16+0.06

Protein % 5.70+0.04 3.48+0.01 5.95+0.01 3.21+0.01

Lactose % 5.40+0.01 5.04+0.02 5.90+0.01 5.02+0.09

Ash % 0.60+0.01 0.80+0.01 1.01+0.02 0.90+0.01

Lactic acid % 0.14+0.01 0.16+0.01 0.19+0.01 0.15+0.01

pH value 6.57+0.01 6.55+0.01 6.55+0.01 6.54+0.01
Table 2. Basic component of kefirs
Cizelge 2. Kefirlerin temel bilesenleri

Kefirs
Components/Value 70 % buffalo-30 % | 70 % buffalo-30 % | 70 % buffalo-30 % | 70 % buffalo-30 %
100 % buffalo cow sheep goat cow-sheep-goat

Dry matter % 16.64+0.02 14.42+0.02 17.65+0.04 14.58+0.04 15.69+0.10
Fat % 6.75+0.07 5.95+0.07 6.85+0.07 6.05+0.07 6.10+0.14
Protein % 4.30+0.02 4.04+0.02 4.70+0.01 4.05+0.04 4.15+0.04
Lactose % 4.84+0.16 3.61+0.16 5.20+0.70 3.74+0.16 5.44+0.88
Ash % 0.75+0.01 0.82+0.02 0.90+0.07 0.74+0.04 0.98+0.04
Lactic acid % 0.95+0.05 0.95+0.05 1.04+0.02 0.94+0.06 0.91+0.04
pH value 4.71+0.01 4.69+0.01 4.60+0.01 4.62+0.01 4.60+0.02

Rheological measurements

Rheological properties were determined with a Brookfield LVDV-Il Pro (ABD) brand viscometer.
Rheological calculations were made taking into account the measurements that give torque values in the
range of 0 to 200 rpm, and torque values between 10% and 90%. The models and equations are given in

Table 3.

Table 3. Compatibility of milks with rheological models

Cizelge 3. Stitlerin reolojik modellere uyumlulugu

) L Rheological Model Compatibility
Milk Criteria - -
Newtonian Model Power Law Model Bingham Model
R? 0.912+0.003 0.972+0.003 0.982+0.002
Buffalo RMSE 3.533+0.003 0.292+0.003 0.263+0.001
X 13.623+0.012 0.097+0.012 0.078+0.007
R? 0.963+0.002 0.954+0.002 0.932+0.003
Cow RMSE 0.028+0.002 0.089+0.002 0.415+0.011
X 0.001+0.001 0.012+0.002 0.258+0.004
R? 0.955+0.001 0.995+0.001 0.963+0.002
Sheep RMSE 0.073+0.003 0.029+0.003 0.078+0.003
X 0.005+0.001 0.001+0.001 0.007+0.001
R® 0.932+0.003 0.963+0.003 0.955+0.001
Goat RMSE 1.602+0.004 0.077+0.004 0.323+0.001
X 2.704+0.001 0.006+0.001 0.116+0.002
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The models’ equations are given in Equations (1-6). Accordingly, p is the Newtonian fluid viscosity
(Pa.s), 1 is the shear stress (Pa), 1y is the initial shear stress (Pa), k is the coefficient of consistency
(Pa.s), o is the shear rate (1/s), n is the fluid behavior index (Saygili et al., 2022). The apparent viscosity
values, consistency coefficient, initial shear stress and flow behavior index values of kefir samples
produced with various combinations of buffalo, cow, sheep and goat milk were determined. Apparent
viscosity values (Uapparent) are used for non-Newtonian fluids. In the study, the apparent viscosity values
were calculated depending on the K and n values 0.05 for 100 rpm (Equation 1).

Mapparent = K* ¥ n*t (1 - Apparent Viscosity)
T = WY (2 — Newtonian Model)
T = K.(y) " (3 — Power Law Model)
T =19+ (Ky) (4 —Bingham Model)

210,5
RMSE = [(% 1 (Theorical value; — Experimental valuei)) ] (5 — Root Mean Square)

(2?:1 (Theorical value;—Experimental value;

2
X = - ) (6 — Chi Square)

Post-production samples were stored in the refrigerator. Analyzes were made with three parallels.
Preliminary experiments were made in rheological analyzes and spindle 18 and spindle 34 were used for
this purpose (Saygili et al., 2022).

Sensory analysis

Kefir samples were presented to the panelists at 20°C for tasting. By tickle, approximately 20 g of
product was put into plastic glasses and ready to tasting.

All samples, until the product was deemed not acceptable, were evaluated by at 8 assessors
trained in evaluating dairy products. The attributes considered were: odour intensity, milky odour,
fermented odour, vegetable odour, mouth odour, viscosity, flavour intensity, dairy taste, sour taste, bitter
taste, milky taste, astringency, and acceptability. All panellists had regular previous experience of sensory
testing milk products and were trained to judge various product formulations of differing textures. Each
attribute was scored on an increasing scale of 1 (not present) to 7 (very intense).

Statistical analysis

IBM SPSS Statistics package program was used for the evaluation of experimental data. The
significance of the differences between rheological properties and sensory properties in terms of different
milk ratios in the mean values (p<0.05) were determined by the One-way ANOVA multiple comparison
test in the Duncan’s test. The kefir production and analysis were applied 2 different times.

RESULTS and DISCUSSION

The present study aimed to characterize the experimental shear stress-shear velocity data using
Newtonian, power law, and Bingham models to determine the rheological characteristics of different milk
and kefir samples, and to investigate the changes during storage. In this regard, linear and nonlinear
regression analyses were achieved, and the results were statistically interpreted. The results of the study
and its comparison with other studies are as follows.

The highest R? values and the lowest x2 and RMSE values were considered as the criteria in
choosing the model that best expresses the rheological characteristics of buffalo, cow, sheep, and goat
milk (Table 3). Although the Newtonian character is the most common fluid type for milk, non-Newtonian
time-independent fluid behavior is also observed in some milk varieties (Gurbuz et al., 2008; Dogan,
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2011). The results indicated that all milk samples can be characterized with high regression coefficient
and low error level using the models examined. It was determined that the rheological properties of
buffalo milk were characterized using both Bingham and power law models while the power law model
was the most suitable model for sheep and goat milks with the lowest statistical error. In addition, cow
milk was characterized by both Newtonian and power law models, similarly. It was aimed to compare the
rheological properties of all milks in the base of the same rheological model with low statistical errors.
Thus, the common rheological model characterizing the rheological properties of all milk samples with
high compatibilities was selected as the power law model (Table 5). The rheological coefficient values
determined for the power law model are given in Table 4. K (consistency coefficient), n (flow behavior
index), and apparent viscosity (Uapparent) Values for all kefir samples show low similarity with each other,
whereas the K value and papparent value were similar in cow and sheep milk samples.

Table 4. Rheological coefficient values of milks determined according to Power law fluid model

Cizelge 4. Siitlerin Ussel akiskan modele gére belirlenen reolojik katsayi degerleri

i Pas) O 'y
Buffalo 5.489+0.004° 0.282+0.004% 0.290+0.003*

Cow 0.001+0.001% 1.100+0.006* 0.001+0.001*
Sheep 0.025+0.004" 0.646+0.005° 0.005+0.002*

Goat 1.692+0.011° 0.403+0.007" 0.146+0.003"

Similarly, the compatibility of rheological models to the experimental data for kefir samples
produced by using the different combinations of milks was characterized by using Bingham, power law
and Newtonian models (Icier et al., 2008). The highest R” values, the lowest x2 and root mean square
error (RMSE) values were taken as the criteria for choosing the model that best expressed the rheological
characteristics of the kefir samples. The statistical error levels of kefir no.1 (100 % buffalo milk), which
were determined based on the rheological models are given in Table 5.

Table 5. Compatibility of buffalo milk (1) kefir with rheological models

Cizelge 5. Manda stitii (1) kefirinin reolojik modellere uyumlulugu

o Rheological Model Compatibility
Days Criteria - -
Newtonian Model Power Law Model Bingham Model

R? 0.112+0.001 0.996+0.003 0.948+0.001
1 RMSE 2.357+0.009 0.156+0.037 0.545+0.017
X 5.849+0.047 0.030+0.013 0.331+0.021
R? 0.261+0.025 0.998+0.001 0.965+0.003
7 RMSE 1.264+0.034 0.073+0.004 0.277+0.010
X 1.687+0.092 0.006+0.001 0.085+0.006
R? 0.381+0.001 0.998+0.001 0.982+0.015
14 RMSE 6.715+0.284 0.291+0.026 1.046+0.357
X 47.921+3.818 0.097+0.016 1.505+0.828
R? 0.424+0.025 0.998+0.002 0.974+0.002
21 RMSE 1.213+0.018 0.067+0.014 0.257+0.012
X 1.550+0.046 0.005+0.002 0.074+0.006
R? 0.061+0.001 0.999+0.001 0.948+0.001
28 RMSE 1.757+0.055 0.004+0.001 0.377+0.009
X 3.258+0.202 0.030+0.013 0.158+0.007
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It was determined that the rheological properties of kefir no. 1 during the storage period were best
characterized by the power law model, which had the lowest error level among the studied models. The
statistical error levels of kefir no. 2 (70 % buffalo-30 % cow), no. 3 (70 % buffalo-30 % sheep), no. 4 (70
% buffalo-30 % goats), and no. 5 (70 % buffalo-30 % cow, sheep, goat) determined based on the
examined rheological models were given in Tables 5-9. Similarly, it was found that the rheological
characteristics of kefir nos. 2, 3, 4, and 5 in all storage processes can be characterized using the power
law model with the least statistical error level. Previous studies reported that the kefir samples exhibited a
non-Newtonian fluid character in the range of 10°C-30°C (Icier et al., 2008). The mathematical model
explaining this behavior was reported as the Herschel-Bulkley model that combines the Bingham and

power law fluid behaviors.

Table 6. Compatibility of buffalo-cow milk (2) kefir with rheological models

Cizelge 6. Manda-inek stitii (2) kefirinin reolojik modellere uyumlulugu

Days Criteria Rheological Model Compatibility
Newtonian Model Power Law Model Bingham Model
R? 0.229+0.086 0.998+0.002 0.963+0.003
1 RMSE 1.927+0.060 0.139+0.006 0.443+0.031
)(2 4.075+0.247 0.020+0.002 0.218+0.031
R? 0.265+0.122 0.997+0.001 0.960+0.007
7 RMSE 1.594+0.062 0.096+0.038 0.372+0.051
)(2 2.678+0.209 0.011+0.008 0.155+0.042
R? 0.061+0.035 0.998+0.001 0.947+0.001
14 RMSE 9.498+0.395 0.375+0.034 2.183+0.159
X 95.045+7.896 0.157+0.028 5.309+0.774
R? 0.103+0.001 0.999+0.001 0.952+0.002
21 RMSE 1.688+0.009 0.049+0.001 0.388+0.013
X 2.999+0.032 0.002+0.001 0.167+0.011
R? 0.007+0.002 0.989+0.006 0.887+0.086
28 RMSE 3.022+0.140 0.149+0.086 0.537+0.088
)(2 9.625+0.891 0.029+0.029 0.324+0.105

Table 7. Compeatibility of buffalo-sheep milk (3) kefir with rheological models

Cizelge 7. Manda-koyun siitii (3) kefirinin reolojik modellere uyumlulugu

o Rheological Model Compatibility
Days Criteria - -
Newtonian Model Power Law Model Bingham Model

R? 0.038+0.003 0.996+0.003 0.945+0.021
1 RMSE 1.969+0.002 0.115+0.057 0.465+0.102
X 4.085+0.084 0.016+0.015 0.246+0.106
R? 0.003+0.001 0.996+0.001 0.962+0.002
7 RMSE 5.120+1.104 0.218+0.038 0.699+0.360
X 28.293+11.81 0.054+0.018 0.616+0.557
R? 0.064+0.004 0.988+0.002 0.970+0.001
14 RMSE 2.444+0.618 0.244+0.165 0.350+0.210
X 6.616+3.221 0.084+0.093 0.167+0.170
R? 0.049+0.002 0.988+0.007 0.949+0.002
21 RMSE 4.061+1.639 0.225+0.017 0.495+0.155
X 18.895+13.96 0.058+0.010 0.291+0.168
R? 0.019+0.003 0.988+0.005 0.927+0.029
28 RMSE 9.402+2.175 0.410+0.196 0.948+0.127
X 95.559+43.06 0.208+0.179 1.007+0.256
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Table 8. Compeatibility of buffalo-goat milk (4) kefir with rheological models

Cizelge 8. Manda-kegi stitli (4) kefirinin reolojik modellere uyumlulugu

Rheological Model Compatibility

Days Criteria - -
Newtonian Model Power Law Model Bingham Model
R? 0.099+0.002 0.986+0.012 0.979+0.008
1 RMSE 2.283+0.266 0.159+0.098 0.208+0.042
X 5.609+1.279 0.034+0.035 0.064+0.020
R? 0.087+0.003 0.994+0.008 0.931+0.013
7 RMSE 1.712+0.001 0.133+0.091 0.460+0.122
X 3.086+0.036 0.024+0.027 0.243+0.125
R? 0.128+0.003 0.998+0.002 0.959+0.015
14 RMSE 10.407+0.09 0.463+0.117 2.040+0.255
X 114.029+1.94 0.246+0.120 4.660+1.156
R? 0.145+0.001 0.997+0.003 0.960+0.012
21 RMSE 1.691+0.001 0.077+0.029 0.326+0.036
X 3.012+0.001 0.007+0.005 0.118+0.026
R? 0.128+0.003 0.997+0.001 0.931+0.014
28 RMSE 3.060+0.095 0.088+0.010 0.465+0.082
X 9.867+0.611 0.008+0.002 0.244+0.085

Table 9. Compeatibility of buffalo-cow-sheep-goat milk (5) kefir with rheological models

Cizelge 9. Manda-inek-koyun-kegi stitii (5) kefirinin reolojik modellere uyumlulugu

Since all samples were noted to be compatible with the power law model, the rheological coefficient
values K (consistency coefficient) and n (flow behavior index) and apparent viscosity (Uappareny) Values were
calculated for this model. The apparent viscosity equation for the power law model was determined by using
Equation 1 (Karatas, 2014). The variation between shear stress and shear rate for non-Newtonian fluids is
not linear, and the mechanical shear rate value in the mouth is experimentally assumed to be 60 1/sec
(Steffe, 1996). Hence, the apparent viscosity values were calculated by employing the rheological constants
in Equation 1 and taking the shear stress as 60 1/sec. The rheological coefficient and apparent viscosity
values derived for the power law model are given in Table 10.

Rheological Model Compatibility

Days Criteria - -
Newtonian Model Power Law Model Bingham Model
R? 0.094+0.003 0.947+0.022 0.985+0.004
1 RMSE 5.064+1.316 0.370+0.280 0.256+0.070
X 27.957+13.95 0.196+0.231 0.760+0.041
R? 0.127+0.001 0.989+0.001 0.977+0.002
7 RMSE 1.934+0.002 0.181+0.049 0.252+0.048
X 4.020+0.007 0.039+0.020 0.075+0.027
R? 0.182+0.004 0.983+0.012 0.969+0.015
14 RMSE 2.483+0.224 0.132+0.063 0.174+0.090
)(2 6.651+1.124 0.022+0.020 0.040+0.037
R? 0.144+0.002 0.944+0.021 0.910+0.093
21 RMSE 1.825+0.048 0.144+0.089 0.189+0.094
X 3.602+0.172 0.029+0.031 0.047+0.042
R? 0.077+0.022 0.977+0.012 0.943+0.001
28 RMSE 2.617+0.479 0.179+0.053 0.278+0.054
X 7.516+2.676 0.039+0.023 0.093+0.036

Happarent = K*y n_l (1)
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Table 10. Rheological coefficient values of kefir characterized by the Power Law fluid model

Cizelge 10. Ussel akiskan modeli ile karakterize edilen kefirlerin reolojik katsayi degerleri

K n Happarent
Samples Days (Pa.s") &) (Pa.s)

2.453+0.084° 0.403+0.010° 0.208+0.003"

1 1.349+0.028" 0.426+0.006° 0.129+0.001*

(100 % 14 7.85620.121° 0.449+0.005° 0.932+0.007"

Buffalo) 21 1.175+0.031" 0.453+0.007° 0.129+0.003"

28 2.022+0.030° 0.373+0.004° 0.152+0.002

1 2.022+0.108° 0.421+0.015° 0.190+0.002

7 1.621+0.120" 0.428+0.021° 0.155+0.002

2 14 11.0620.494° 0.397+0.004" 0.936+0.025'
(Buffalo-Cow)

21 1.770+0.001* 0.403+0.001" 0.153+0.002"

28 3.999+0.268°¢ 0.251+0.018% 0.185+0.005

2.096+0.015° 0.391+0.004" 0.172+0.002"

3 6.781+1.360° 0.323+0.021% 0.421+0.048*

(Buffalo- 14 3.825+0.538° 0.364+0.031° 0.286+0.077"

Sheep) 21 5.739+1.576° 0.332+0.007% 0.371+0.091Y

28 14.72+5.255° 0.201+0.091% 0.539+0.004*

1 3.432+0.409° 0.356+0.030" 0.244+0.001"

7 1.770+0.012* 0.401+0.001° 0.152+0.002"

(Buff al‘é_G oat) 14 12.412+0.011° 0.380+0.008" 0.995+0.004"

21 1.840+0.001* 0.382+0.002" 0.146+0.001*

28 3.971+0.176° 0.269+0.012° 0.198+0.002

7.977+2.980° 0.228+0.107° 0.332+0.019”

5 2.768+0.347° 0.431+0.048° 0.268+0.019”

(SBﬁg::f_’éCo‘;"t")' 14 4.674+0.165% 0.2730.020° 0.2380.027"

21 3.897+0.070° 0.247+0.002° 0.178+0.012"

28 5.205+1.420° 0.289+0.077° 0.277+0.011Y

Note: The difference between kefir samples with different letters was significant (p < 0.05).

A,B,C,D: Expresses the differences in consistency coefficients of the kefir samples, which is characterized by the power law model
in the related column, based on the storage days.

a,b,c: Expresses the differences in the flow behavior index of the kefir samples, which is characterized by the power law model in
the relevant column, based on the storage days.

x,y,z,t: Expresses the differences in apparent viscosity of the kefir samples, which is characterized by the power law model in the
related column, based on the storage days.

Examination of kefir samples characterized by the power law fluid model revealed that there were
changes in the K, n and papparen: Values during storage.

The investigation of Papparent Of the samples revealed that buffalo milk (1) kefir was similar for7, 21,
and 28 days and varied between 0.129 and 0.152 Pa.s., while it was 0.208 Pa.s for Day 1. foe Day 14, it
was determined to be 0.932 Pa.s, which was a higher value than the other days of storage.

Kefir no. 2 was estimated to be 0.936 Pa.s (which indicates a high viscosity) for Day 14, which was
similar to sample no. 1. for Days 1, 7, 21, and 28, it was determined to have a viscosity between 0.153
and 0.190 Pa.s. The product had a very close viscosity at the beginning and end of its shelf life. Although
its viscosity fluctuated, it did not change much.

The viscosity of kefir of buffalo-sheep milk (3) for Day 1 was 0.172 Pa.s, which was lower than the
other days. It was 0.421-0.539 Pa.s and 0.286-0.371 Pa.s for Days 7 and 28 and Days 14 and 21,
respectively. The observed viscosity of sample no. 3 at the end of its shelf life was considered to be due
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to the fact that it was produced using a mixture of buffalo and sheep milk containing high dry matter and
fat content.

Buffalo milk (4) kefir was similar for Days 7, 21, and 28 and ranged from 0.146 to 0.198 Pa.s. while it
was 0.244 Pa.s for Day 1. For Day 14, it was determined to be 0.995 Pa.s, (similar to sample nos. 1 and 2),
which was higher than that of other storage days.

It was discerned that buffalo-cow-sheep-goat milk (5) kefir remained unchanged throughout the entire
shelf life, except for Day 21. It was found to be 0.178 Pa.s for Day 21. It can be said that sample no. 5 had a
decreasing viscosity over the shelf life, and the reason for this could be the use of milk containing different
composition elements together.

The analysis of all samples revealed that nos. 2 and 3 had similar viscosity to nos. 1, 4, and 5 for all
analysis days. The evaluation of all the samples during the storage period revealed that sample nos. 1, 2,
and 4 (made from buffalo milk kefir, buffalo-cow milk kefir, and buffalo-goat milk kefir, respectively) had
similar rheological characteristics. Similarly, sample nos. 3 and 5 (made from buffalo-sheep milk and buffalo,
cow, sheep, and goat milk) showed similar rheological characteristics. The product with the highest
consistency was sample no. 3. In addition to this, the consistency of sample no. 5 remained similar
throughout the shelf life.

In this study, K value was 4.65+0,07 Pa.s, n value was 0.35+0,21, and Wapparent Was 0.32+0,03 Pa.s
for all samples during storage. In a similar study (Ergin et al., 2017) on homogenized kefir, the K value was
lower (0.021-0.545 Pa.s) and the n value was 0.56-0.98. The consistency coefficient was determined to be
slightly higher in the present study due to the difference in raw materials and the lack of homogenization
process, whereas there was a decrease in the flow behavior index toward the end of the shelf life in the
study by Ergin et al. (2017). Similarly, Gurbuz & Sheifel (2008) examined the power law model and
determined the n value to be in the range of 0.35-0.4. In another study on kumis, the n values at
temperatures of 4-10-20°C were found to be 0.74-0.79-0.75, respectively, and the K values were 0.015-
0.010-0.008 Pa.s, respectively (Sabanci et al., 2016).

In the study on viscosity measurement in kefir, it was concluded that when the sample was between
15°C and 20°C, it could be characterized by non-Newtonian fluid behavior and was compatible with power
law model.

It can be stated that generally, buffalo and goats’ milk have larger casein micelles than cows’ milk
because their protein networks have smaller pores, higher density and higher gel strength (Gomes et al.,
2013). Additionally, the surface area of the fat globules is another parameter (Nguyen et al., 2014). Also,
Nguyen et al. (2014) reported that a decrease in yoghurt water holding capacities (WHC) depended on the
increase in the surface area of the fat globules of cows’ milk. However, Menard et al. (2010) reported a low
surface area for the fat globules of buffalo milk: 1.78 vs 1.97 m?g of fat for cows’ milk. Lucey et al. (1998)
reported that the rheological properties of fermented dairy products can be affected by acidity, total solids
and milk and culture types used. Additionally, Hassan (2008) stated that EPS content could improve the
WHC of yoghurt by interacting between proteins and micelles. In this study, the type of milk and culture
used for kefir production had a significant factor in the samples, as revealed by the rheological analysis
results. The high gel stability in kefir from buffalo milk and buffalo milk mixtures could be attributed to its
relatively high levels of protein and fat contents. Ramchandran & Shah (2009) found that a decrease in fat
content can result in fragile gel stability due to the weaker protein gel in fermented milk. Additionally,
Michalski et al. (2002) found a positive relationship between fat globule size and the mechanical properties
of fermented milk gels. Therefore, higher gel stability values in kefir from buffalo and buffalo milk mixtures
can be also explained by the larger size of fat globules in buffalo milk as compared to cows’ milk (Menard et
al., 2010). In addition, as 1 casein plays a very important role in gel formation, namely a higher as 1 casein
content can cause a strong texture (Michalski et al., 2002). Buffalo milk has a higher as 1 casein content
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(1.42 g 100/mL milk) than cows’ milk, which has values of around 1.08 g 100/ mL milk (Hussain et al.,
2012). In another study reported by Tamime & Robinson (2007), increasing gel structure was explained by
fat globules in the protein network improving WHC, as casein fat globule membrane interactions caused an
increase in viscosity due to more stable gel formation. As a result, it can be said that higher protein content
increases the elastic character of a gel due to the increased number of protein interactions and bonds. The
bonds that comprise the protein matrix are strong secondary bonds (the casein aggregates are linked to
each other with secondary bonds rather than chemical ones) like hydrogen, electrostatic and hydrophobic
bonds (Lucey et al., 1998). These bonds contribute to increased elasticity and as a consequence, to
reduced viscous behavior of the samples.

Sensory evaluation

The consistency of favorable kefir should be fluid, and its appearance should be homogeneous and
shiny. When consumed, kefir should have a slight yeast taste and be slightly sour. It should provide a
refreshing effect (AOAC, 2000). Studies conducted to determine the sensory characteristics of kefir
revealed the information that the type of milk used for production and the storage time exert more
pronounced effects than the starter culture. In addition, it has been determined that the starter culture
affects the flavor and viscosity of the product (Wszolek et al., 2001).

Sensory evaluation was performed with a panel of 8 people for Days 1, 7, and 14 of the production
using the discrimination tests (Meilgaard et al., 1999). Sensory evaluation was not done for Days 21, and
28, since kefir, which can be easily oxidized, showed a change in sensory properties on every analysis
day owing to its production from high-fat milk.

The form of sensory evaluation made in a specified way is given in Appendix 1. The evaluation for
scoring results are provided in Table 11, and the facial expression in Table 12.

Table 11. Result of sensory evaluation scale for scoring

Cizelge 11. Puanlamaya yénelik duyusal degerlendirme sonuglari

Storage 100 % Buffalo Buffalo-Cow Buffalo-Sheep Buffalo-Goat Buffalo-Cow-
days Q) 2 ?3) 4) Sheep-Goat (5)
1 6.21+1.56" 6.66+2.06" 5.77+1.39" 6.55+1.13" 7.00+1.41%
7 5.00+1.58%° 5.20+2.16%° 6.60+2.30™ 5.60+1.81° 5.80+1.92°
14 3.60+1.14° 4.20+0.83° 5.00£1.22%° 5.30+1.09°" 5.40+1.67°"
Note: The difference between kefir samples with different letters was significant (p < 0.05)
a,b,c,d,e,f,g: Refers to the sensory differences for scoring for the kefir sample in the related column.
A,B,C: Refers to the sensory differences for scoring for the kefir sample in the related line.
Table 12. Result of facial expression sensory evaluation scale
Cizelge 12. Yiiz ifadeli duyusal degerlendirme sonuglari
Storage 100 % Buffalo Buffalo-Cow Buffalo-Sheep Buffalo-Goat Buffalo-Cow-
days Q) 2) 3) (4) Sheep-Goat (5)
1 3.20+1.09™ 3.44+1.42 3.44+0.58™ 3.77+0.44% 4.00+0.71%
7 2.30+0.97%° 2.70+1.30%° 3.80+1.64% 3.00£1.41"° 3.30+1.48™
14 2.50+0.70%° 2.50+0.50%° 3.60+0.54% 3.20+0.83* 4.10+0.54"

Note: The difference between kefir samples with different letters was significant (p < 0.05).
a,b,c,d: Expresses the sensory differences in facial expression for the kefir sample in the related column.

A,B,C: Expresses sensory differences with facial expressions for kefir example in the related line.
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The results of the sensory evaluation within the scope of the present study indicated that kefir (1)
produced using buffalo milk was not particularly pleasant in terms of smell and taste. Kefir (2) produced
using buffalo and cow milk was not highly appreciated in terms of smell and taste, but its consistency was
quite favorable. Kefir (3) produced using buffalo and sheep milk was considered to be the most delicious
product by the panelists who loved high-fat foods. It was determined that kefir (4) produced using buffalo
and goat milk was favorable in odor and taste but had some problems in terms of consistency. Kefir (5)
produced using a mixture of buffalo, cow, sheep, and goat milk was considered as the most admired
product by the panelists in terms of smell, taste, and consistency. In this study, the most popular product
was kefir (5) produced using a mixture of buffalo, cow, sheep, and goat milk, followed by kefir (3)
produced using buffalo and sheep milk, kefir (4) produced using buffalo and goat milk, kefir (2) produced
using buffalo and cow milk, and kefir (1) produced using buffalo milk. Other studies have reported that
kefir produced using sheep's milk received the highest score from the consumers in terms of taste,
followed by kefir produced from cow and goat milk (Wszolek et al., 2001). In a study using cow's milk and
fruit mixtures, odor, taste, texture, and appearance were determined based on a 30-point scale. The
results showed that during the 14-day storage period, the samples initially scored close to 30 points and
then 14.4 points, along with sensory differentiation toward the end of the shelf life. The sensory
characteristics of kefir tend to decline toward the end of its shelf life. It is considered that
underdevelopment of aroma and acetic acid bacteria, incubation conditions, amount and type of starter
culture, and excessive gas formation caused by the overgrowth of yeasts are the main reasons of flavor
defects that may adversely affect the sensory evaluation (Altinayar, 1994).

The rheological and sensorial properties were influenced depending upon milk types like buffalo,
cow, goat and sheep and its proportion. The power-law model appears to be suitable for describing the
flow behavior of kefir types as indicated by high correlation coefficient (r) values. All of the flow diagrams
of kefir processed with different milk species exhibit shear-thinning non-Newtonian behavior.
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Appendix 1

Sensory Evaluation Form

Name Surname: Date:
Products: Buffalo milk and buffalo milk base kefirs

Facial Expression Sensory Evaluation Scale

1 - Dislike 2 - Dislike 3 - Neither like 4 - | like it! 5 - Like

extremely or dislike extremely

Sensory Evaluation Scale for Scoring

Liking Scale
Likely extremely 9 Dislike slightly 4
Like very much 8 Dislike moderately 3
Like moderately 7 Dislike very much 2
Like slightly 6 Dislike extremely 1
Neither like or dislike 5
Sensory Evaluation Form for Scoring
Product Consistency Odor Taste E(\?:Inzgn

1

2

3

4

5
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ABSTRACT

Objective: The purpose of this research was to investigate the effects of
charcoal and physical state of culture medium on growth of Morus nigra. L.

Material and Methods: For the study tree mature black mulbery (M. nigra)
genotypes A5, T6 and T8 grown in vitro were used as the explant source in this
study. To find out the possible effects of charcoal and culture physical state
(culture medium) on culture growth used four) Liquid Nas and Read Medium
(NRM) + 0.5 gl activated charcoal, Liquid NRM containing no charcoal, Gelled
NRM + 0.5 glI'* activated charcoal, agar-gelled NRM containing no charcoal)
medium were used in the study to find out the possible effects of the presence
of charcoal and physical state of the culture medium on culture growth.

Results: Medium physical state and presence of activated charcoal in the
medium greatly affected mean shoot number per cultured explants. Mean shoot
numbers obtained per explants varied between 1.1 and 5.8. Medium containing
no charcoal produced more shoots compared to medium containing charcoal
and agar - gelled medium produced more shoots compared to liquid medium.

Conclusion: Agar- The gelled medium with agar gave better results for black
mulbery (M. nigra) than the liquid medium.

0z
Amag: Bu galismanin amaci Morus nigra L. nin in vitro mikro ¢ogaltimi tizerinde
aktif kdmur ve kultlr ortaminin fiziksel halinin aragtiriimasidir.

Materyal ve Yontem: GCalismada Urmu dutun (M. nigra) 3 genotipi (A5, T6, T8)
explant olarak kullaniimistir. Kultir ortaminda kdmurin varhgr ve ortamin
fiziksel halinin (sivi veya jel) incelenmesi i¢in sivi Nas ve Read medium
(NRM)+0,5 gr L™ aktif kémir, aktif kémirsiiz sivi NRM ortami, katt NRM
ortami+0,5 gL aktif kémir ve aktif kdmiirsiiz NRM ortami kullaniimistir.

Arastirma Bulgulan: Kiltir ortaminda kdmurun varhgi ve ortamin fiziksel hali
(sivi veya jel) bir eksplantten elde edilen ortalama sirgiun sayisini dnemli
derecede etkilemistir. Bir eksplantten elde edilen ortalama sirgiin sayisi 1.1 ile
5.8 arasinda olmustur. Aktif kmur icermeyen ortam Uzerinde daha fazla strgiin
elde edilmis ve sivi ortama kiyasla jellestiriimis ortam Uzerinde elde edilen
surgun sayisi daha yiksek olmustur.

Sonug: Urmu dutunun In vitro mikrogogaltiminda agar ile katilastirimis NRM
ortami sivi NRM ortamindan daha iyi sonug vermistir.
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INTRODUCTION

The family Moraceae includes the genus Morus, which includes the black mulberry (Morus nigra L.)
Approximately 10-16 species of mulberry are cultivated worldwide. In commercial mulberry cultivation,
three main types of mulberry, white (Morus alba L.), red (Morus rubra L.), and including black (M. nigra)
are generally used for fruit production. Black mulbery (M. nigra) is also known as “amoreira”,
“amorapreta” or “negra” (Ercisli & Orhan, 2007; Wasano et al., 2009; Hussain et al., 2020). It is a woody
perennial tree or shrub. It is an economically important plant used for its fruit and is vital to sericulture
industry. Mulberry plants are also grown in many countries for silkkworm (Bombyx mori L.) production
(Wang et al., 2022).

With the increase in demand for quality mulberry fruits due to the properties of antioxidants it
contains, it has become an increasingly important fruit due to the important nutritional content nowadays.
Mulberries are a good source of vitamins and minerals (Gerasopoulos & Stavorulakis, 1997; Wang et al.,
2022). In addition, mulberry fruits have a wide range of biochemical activities that are very important for
human health (phenolic acids, flavonoid, antioxidant, anti-hyperlipidemia, anti-cancer) (Dairas et al., 2003;
Ouyang et al., 2005; Bae & Suh, 2007; Chen et al., 2012). Fruits are used as worming agent, for
dysentery and as a laxative, odontalgic, anthelmintic, expectorant, hypoglycemic and emetic (Baytop,
1996, 1999). The fruits of mulberry activate kidney energy and thus are used as antichloristic.

Mulberry is propagated by different methods nowadays. The method of propagation varies
according to the variety. However, it is generally propagated by conventional methods such as cuttings,
grafting, air layering, and seed (Lu, 2002). Propagation by seed is not desirable due to the heterogeneous
nature of the seedlings become of cross pollination (Das, 1983; Hossain et al., 1992). In some countries
such as Bangladesh propagation of mulberry through cuttings is restricted to a single season
(September-October) (Zaman et al., 1997). Developing inbred mulberry is not easy due to a longer
juvenility period, high inbreeding depression and the dioecious nature of the plant (Vijayan, 2010).

Black mulberry (M. nigra) is much more difficult to propagate than the white mulberry type because
grows much slower than white ones (Skrovankova et al.,, 2022). Black mulberry are commercially
propagated by stem cuttings, seeds and grafting. Often cuttings are difficult to root. It is a difficult to
propagate species, as it tends to bleed heavily when cut for grafting. Successful rooting ability of stem
cuttings depends on the propitious genotype and environmental conditions. Also, the success of grafting
depends on cambium activity and compatibility. Although it can be reproduced quickly by seed but seed
reproduction is not applied because homogeneity is not achieved due to open pollination. (Pati et al.,
2006). Furthermore, stem cuttings cannot be used for reproduction of economically important new
mulberry varieties (Kapur et al., 2001). However, the plants can be propagated quickly by in vitro culture
methods (Hepaksoy, 2017; Zainal & Hepaksoy, 2018; Taha et al., 2020; Dogan, 2022). Propagation of
black mulberry via conventional propagation techniques is not satisfactory. Micropropagation seems to be
an attractive alternative propagation (Altman, 2000; Adelderg at al., 2000) but there are only a few studies
that report in vitro propagation of different Morus species. Moreover, the capacity to transfer the plants
outside of culture is essential to the long-term success of mulberry in vitro multiplication on a commercial
scale, at a cheap cost, and with good survival rates (Chandra et al., 2010). To reach this objective the
possible effects of charcoal and culture physical state (culture medium) on culture growth of black
mulberry were investigated.

MATERIAL and METHODS

The present study was carried out in the USKIM plant tissue culture laboratory, Kahramanmaras
Sutcu Imam University, Turkey, between October 2013 and August 2014.
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Black mulberry (M. nigra) axillary buds were used as the experimental materials. Culture of mature
Black mulbery genotypes A5, T6 and T8 grown in vitro were used as the explant source.

Culture medium and culture conditions

The medium used for culture growth was Nas and Read (NRM) (2004) medium. The cultures were
maintained in a growth chamber at 24+1°C with a 16/8 h (light/dark) photoperiod under cool-white,
fluorescent light at 80 pmol m?s™t

Determining the effects of charcoal and medium physical state on culture growth

To find out the possible effects of charcoal and culture physical state (culture medium) on culture
growth the following culture media were used:

1. Liquid Nas and Read Medium (NRM) + 0.5 gL'l+activated charcoal.
2. Liguid NRM containing no charcoal.

3. Gelled NRM + 0.5 gL'1 + activated charcoal.

4. Gelled NRM containing no charcoal.

Nas and Read (2004) medium containing 0.01 mgL™ Indol-3-Butryric Acid (IBA), 0.25 mgL™ Benzyl
adenine (BA), and 30 gL™ sucrose was used as the culture medium. If charcoal was to be added to a
medium, first 0.5 gL'l charcoal was added to the medium, and then the PH was adjusted to 5.5. To gelled
(solidify) medium, 5.5 gL'1 Merck microbiological agar was added. The media were autoclaved at 121°C and
1.2 kof cm for 15min. After autoclaving, the medium was distributed to 15 x 250 mm glass-test tubes.

For each genotype 10 replicate test tubes were used, with one explant per tube (each explant
containing 1 axillary bud). Then culture vessels were randomly placed on the growth shelves. were first
maintained in the dark for 1 week at 24+1°C. Then, they were subjected to a 16/8 h (light/dark)
photoperiod under cool-white, fluorescent light at 80 umol m?s™ in the same growth chamber for 4 weeks.
All experiments wer e repeated at least twice time.

Rooting stage

At this stage, shoots obtained on multiplication medium and are = 2cm were used for rooting
experiments. To induce rooting microshoots obtained on multiplication medium were cultured on gelled
(NRM containing 0, 0.5, 1.0 or 1.5 mgL'l IBA). Four replications (Magenta vessels containing 5
microshoots) of each genotype were applied to each IBA level. Microshoots transferred to rooting medium
were first exposed to the dark medium for one week at 24 °C, and then were subjected to a 16/8 h
(light/dark) photoperiod for three weeks. Data of rooting percentage (%), average number of roots and
average root length were recorded after 4 weeks. At the end of 4 weeks, rooted microsprouts from which
rooting data were obtained were washed in tap water to remove the agar at the bottom. The microshoots
cleared from the agar were transferred to plastic cups containing a mixture of 60% peat and 40% perlite.
To prevent moisture loss in the glasses, they are covered with a transparent plastic cup. The humidity of
the plastic cups was checked daily, and after 1 week the cups were perforated (about 1 cm2) and plants
were kept covered for another week. The micro shoots were tried to acclimate gradually in this way for 2
weeks and at the end of 2 weeks, the transparent cub was removed. Than plants were left to grow under
16/8 h (light/dark) photoperiod under cool-white fluorescent light at 80pmol m™ s™ for two weeks. At the
end of the fourth week, the acclimatized plants were transplanted into bigger pots containing the same
mixture described above. Then, after one month, the plants were shifted to the greenhouse (shaded with
a mesh blocking 50% of the light) and left to grow under uncontrolled temperature (min. 18°C - max.
27°C) and relative humidity conditions (Nas et al., 2012). For each treatment and genotype there were
three replicate jars with 5 shoots per jar, and all experiments were repeated three times.
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Statistical Analysis

All statistical analysis were performed using SPSS 22 (IBM). Comparison of treatment means was
done using LSD at P < 0.05 used. Data for explants in a culture vessel were divided by the number of
explants, and the mean shoot number and number shoot length were used for statistical analysis.

RESULTS and DISCUSSION
Shoot multiplication

Chemical composition of culture medium (with or without charcoal) and medium physical state
(liquid or gelled) had a great influence on the number of shoots obtained per cultured explant. Similar to
mean shoot number per cultured explant, chemical composition of culture medium (with or without
charcoal) and medium physical state (liquid or gelled) influenced mean shoot length of all three black
mulbery (M. nigra) genotypes used in this study (Table 1).

Table 1. The effect of charcoal and medium physically on mean shoot number and shoot length (cm) + std. dev. (cm) of Morus nigra

Cizelge 2. Aktif kdmiir ve kullanilan ortarmin fiziksel durumunun Morus nigra nin ortalama siirgiin sayisi ve uzunlugu (cm) Gzerine etkisi

Genotype
Medium A5 T6 T8
M.S No M.S L M.S No M.S L M.S No M.S L
Agar + charcoal 1.0t+00d 1.1+0.2d 11+01c 12+04d 12+02c 1.0+0.0d

Agar + no charcoal 55+15a 22+18b 58+1.3a 21+04b 52+04a 20+0.0b
Liquid + charcoal 11+01c 21%10c 11+02c 19+01c 12+01c 22+11la
Liquid + nocharcoal 4.3+0.3b 26t+0.2a 39+12b 25+08a 25%+0.1b 19+05¢c

M.S. No: ortalama siirgiin sayisi M.S.L: Ortalama sirgin uzunlugu, Farkli harfler Snemli farkhhklari gésteriri (p<0.05) M.S No: mean
shoot numer, M.S. L: mean shoot lenght, Diferent letters indicate significant diferences (p < 0.05).

Mean number of shoots obtained per explants are shown in Table 1. Clearly medium containing no
charcoal was superior to medium containing charcoal as it produced more shoots. Moreover, gelled
medium containing no charcoal was better than liquid medium containing no charcoal. The highest
numbers of shoots per cultured explant of genotype A5 (5.5 shoot/explant), genotype T6 (5.8 shoot /
explant) and genotype T8 (5.2 shoot / explant) were obtained on agargelled medium containing no
charcoal. On agar-gelled medium containing 0.5 gL'1 charcoal mean numbers of shoots obtained per
cultured explants were 1.0, 1.1 and 1.2 for genotype A5, genotype T6 and genotype T8, respectively.

Mean shoot number per explant obtained on liquid medium was significantly lower than that
obtained on agar-gelled medium. Moreover, mean shot humber obtained on liquid medium containing no
charcoal was higher than that on liquid medium containing charcoal. Mean shoot numbers on liquid
medium containing no charcoal were 4.3, 3.8 and 2.5 for genotype A5, genotype T6 and genotype T8,
respectively. On liquid medium containing 0.5 gL™ charcoal mean shoot numbers were 1.1, 1.1 and 1.2
for the same genotypes, respectively. Our results showed that the fortified NRM agar-gelled medium with
0.01 mgL™ Indol-3-Butryric Acid (IBA), 0.25 mgL™ Benzyl adenine (BA) finding is more suitable for in vitro
propagation of mulberry. In some studies, the best shoot humber was obtained at high concentrations,
while in our study, BA (0.25 mgL'l) at low concentration gave very good results. Ohyama (1987) was
demonstrated that the MS medium containing 2 mgL'l 6-benzylamino purine (BAP) was the best for shoot
multiplication (Bhau & Wakhlu, 2001, 2003; Lalitha et al., 2013). This is close and in agreement with the
Taha et al. (2020).
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The mean shoot length of the three genotypes is shown in Table 1. In contrast to the mean shoot
length, the mean shoot lengths on liquid medium were higher or similar to those on gelled medium.
Gelled medium containing no charcoal and liquid medium containing both charcoal and no charcoal
produced longer shoots than gelled medium containing 0.5 gL™ charcoal. Shoot length on liquid medium
with and without charcoal was similar (Table 1 and Figures 1&2).
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Figure 1. Mean number of shoots of Morus nigra. genotypes obtained on liquid or gelled.

Sekil 1. Morus nigra’nin aktif komur ve aktif kdmur icermeyen sivi ve kati ortamda olusan ortalama siirglin sayisi.
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Figure 2. Mean shoot lengths of Morus nigra genotypes obtained on liquid or gelled medium with/without charcoal.

Sekil 2. Morus nigra’nin aktif kdmur veya aktif kémur icermeyen sivi ve kati ortamda olusan surgiinlerin ortalama uzunlugu.

There was a clear inverse relationship between the quantity of shoots per explant and shoot length.
Shoot length measured on a liquid medium, with or without charcoal, was comparable to or superior to
that measured on a solid medium. The low quantity of shoots obtained on liquid medium may have
contributed to the fact that they were longer than those on solid medium.
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The effect of IBA concentration on rooting in the in vitro propagation of Black mulberry
(Morus nigra)

To improve the rooting of M. nigra microshoots, the effects of three IBA concentration were tested.
The shoots that were new obtained from regenerating explants were cut from the original explants and
subcultured on the multiplication medium for 1 mount were cultured on root induction medium (0, 0.5, 1.0,
1.5 mgL™" IBA).

Table 2. Rooting percentages and mean rooting percentage of Morus nigra microshoots in the presence of various IBA concentrations

Cizelge 2. Farkli IBA konsantrasyonlarindaki Morus nigra’nin kdklenme yiizdesi ve ortalama kok sayisi

Genotype A5 Genotype T6 Genotype T8

IBA (mgL™) Rooting Number of roots ~ Rooting Number of roots Rooting Number of roots
percentage (%) per microshoots ~ percentage (%)  per microshoots percentage (%) per microshoots

0.0 13.0+3a 18+12a -- -- --

0.5 17.0+3a 37+x12a 145+4.2a 25+09a 14+05a 26x0.0a
1.0 155+2.2a 23+09a 16.5+22a 27+09a 10+09a 18+11la
15 140+22a 19+09a 140+22a 19+09a 145+09a 20+05a

Diferent letters indicate significant diferences (p < 0.05).

Four weeks after root indication rooting data were recorded. Regardless of IBA concentration and
genotype rooting ratios were similar. Depending on IBA concentration and genotype, rooting percentage
of microshoots varied between 10% and 17% (Table 2) The number of roots per microshoots varied
between 1.2 and 3.7, and IBA concentrations and genotype 2.2 roots per microshoots were obtained
(Table 2, Figure 3). It was determined that IBA is a possible auxin that encourages roots in in vitro
regenerated shoots (Rajore & Batra, 2005).

A 5 B

% EAS BTh BTS EAS ET6 EHT8
R 4
5
8 = g3
@ = g
g0 = E s
X = £ 2 :
9 = s B
[+ 4 5 g mo g %

0 = BEEE 0 - =

0.0 0.5 1.0 15 0.0 05 1.0 15
IBA(mg/1) IBA(mg/1)

Figure 3. Mean rooting percentage (A) and Mean number of roots (B) of Morus nigra genotypes obtained on medium containing
different concentrations of IBA (mg/l).

Sekil 3. Farkli IBA konsantrasyonlarinda Morus nigra’nin kéklenme ylzdesi (A) ve mikrosirgiin bagina ortalama kok sayisi (B).

Rooted microshoots were removed from culture vessels and roots were washed with tap water to
remove the agar. After removal of agar from roots, rooted microshoots were transferred to pots. Then the
plantlets were subjected to the gradual acclimatization procedure explained in materials and methods
(Figure 4). Over 90% of rooted microshoots survived after acclimatization stage (Figure 4).
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Figure 4. Micropropagation and acclimatization stages of Morus nigra.

Sekil 4. Morus nigra’nin in vitro gogaltma ve aklimatizasyon asamalari.

CONCLUSIONS

Traditional propagation methods of black mulberry are not satisfactory for commercial propagation.
In this study the best in vitro Propagation capacity was observed when using axillary buds explants of
black mulberry. If shoot length is concerned, first a desired shoot number should be obtained on agar -
gelled medium then shoots should be cultured on a liquid medium to obtain longer shoots. Charcoal in
the culture medium was inhibitory for culture growth and its use in micropropagation of black mulberry is
not recommended. Although the rooting of microshoots need to be improved, once microshoots are
rooted, they can successfully be transplanted ex vitro and a reasonable number of clone plants can be
distributed to the growers in a relatively short period of time.
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ABSTRACT

Objective: Tomato (Solanum lycopersicum L.) is one of the economically
important vegetables due to its worldwide economic in both production and
consumption. Due to limited genetic diversity among cultivated tomato genetic
resources, wild tomato species are commonly used for unlocking the genetic
potential and transferring them to cultivated tomato. Solanum habrochaites is
one of those wild tomato species that has great genetic potential for improving
fruit quality traits in cultivated tomato.

Material and Methods: Analysis of segregating populations derived from the
cross between Solanum lycopersicum and Solanum habrochaites is important
for the identification and introgression of such genetic potential. Therefore, the
present study analyzed transgressive segregation of fruit weight, fruit length,
fruit diameter and color parameters in F1, F2 and F3 populations.

Results: For fruit weight, transgressive segregation was observed in just F3
population and five lines had higher fruit weight than maternal parent. Although
S. habrochaites had smaller fruits than cultivated tomato, there was no
significant difference between populations. Although transgressive segregation
was observed in F2 and F3 populations for fruit length and diameter, there was
no significant difference between mean values of populations.

Conclusion: The study showed that F3 population is sufficient to select larger
fruits derived from S. habrochaites.

0oz

Amag: Dinya capinda uretim ve tlketim nedeniyle domates (Solanum
lycopersicum L.), ekonomik énemi olan sebzelerden biridir. Kiltir domatesleri
genetik kaynaklari arasindaki sinirli gesitlilige sahiptir. Bu nedenle genetik
potansiyelin ortaya ¢ikariimasi ve kultir domatesine aktarilmasi igin yabani
domates tirleri yaygin olarak kullaniimaktadir. Solanum habrochaites, kultir

domatesinde meyve kalite 6zelliklerini gelistirmek icin blyik genetik potansiyele
sahip yabani domates turlerinden biridir.

Materyal ve YoOntem: S. lycopersicum ve S. habrochaites arasindaki
caprazdan turetilen ayristirici  populasyonlarin analizi, bu tur genetik
potansiyelin tanimlanmasi ve introgresyonu igin 6nemlidir. Bu nedenle, bu
calismada F1, F2 ve F3 populasyonlarinda meyve agirligi, meyve uzunlugu ve
¢apl ile renk parametrelerinin transgresif ayrimi analiz edilmigtir.

Aragtirma Bulgulari: Meyve agirhgr icin, sadece F3 popllasyonunda
transgresif segregasyon gézlenmistir ve bes tane hat, anne ebeveynden daha
yuksek meyve agirligina sahip olarak bulunmustur. S. habrochaites kultir
domatesinden daha kiguk meyvelere sahip olmasina ragmen, populasyonlar
arasinda 6nemli bir fark bulunmamistir. Meyve boyu ve capi igin F2 ve F3
popllasyonlarinda transgresif segregasyon gdézlemlenmesine ragmen
populasyonlarin ortalama degerleri arasinda énemli bir fark bulunmamistir.

Sonug: Calisma, S. habrochaites’ ten elde edilen F3 popilasyonunun daha
buyuk meyveleri segmek icin yeterli oldugunu géstermistir.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) belongs to Solanaceae family and it is an important vegetable in
tropical and subtropical regions. The vegetable is rich for minerals such as iron, potassium, phosphorous,
vitamins such as vitamin A, B and C. Also, tomato is a good source of plant sterols, antioxidants such as
phenolic compounds and lycopene (Frusciante et al., 2007). Thus, it is consumed as fresh and processed
forms such as tomato pasta and important for sustainable public health (Ensminger et al., 1994). Tomato is
very important for the agricultural economy considering its worldwide production and consumption. China,
India, USA, Turkey and Egypt are main tomato producers. Turkey ranks third after China and USA in terms
of tomato production with 13.2 million tones of production (FAO, 2020). Tomato can be produced both in
open field and under greenhouse, which can be marketed as both fresh and processed (Turk et al., 2019).
Due to importance of the vegetable, its breeding is one of the main topics in plant breeding and several new
tomato cultivars have been developed worldwide (Kabas & Zengin, 2012). Genetic diversity of cultivated
tomato germplasm is low due to due to shorter stigmas. (Rick, 1995; Garcia-Martinez et al., 2006). Wild
tomato species are an excellent source of diversity for tomato breeding not only for biotic and abiotic stress
tolerances but also fruit quality traits. Especially, genetic potential of three wild tomato species Solanum
pimpinellifolium, Solanum habrochaites and Solanum peruvianum has been investigated extensively for
increased fruit quality traits in tomato. First step of utilization of the genetic potential of wild tomato species
and development of tomato cultivars have high fruit quality traits is the development of experimental
populations such as F2, RIL (Recombinant Inbred Lines) or IBL (Inbred Backcross Lines) to identify tomato
lines exceed parents for traits due to transgressive segregation. Although wild tomato species are mainly
used for abiotic and biotic stress tolerance breeding, limited studies focused segregation of morphological
traits. Genetic potential of S. habrochaites was investigated in a BC2F2 and the study reported that S.
habrochaites is better potential than S. pimpinellifolium and S. peruvianum due to a higher proportion of
lines (20% and 15% for phenolics and antioxidants, respectively) had higher phenolic and antioxidants
content than parents (Top et al., 2014). Despite good genetic potential of S. habrochaites for BC2F2,
transgressive segregation of fruit quality traits in other populations such as F2 and F3 was not investigated.
The aim of the current study is investigation of transgressive segregation of four fruit quality traits (fruit color,
fruit weight, fruit length and diameter) in F2 and F3 populations derived from cross between S. habrochaites
and S. lycopersicum.

MATERIAL and METHOD

Interspecific F1 plants derived from cross between S. lycopersicum (AK20215) and wild tomato
species S. habrochaites (AK20212) were developed. Afterwards, F2 and F3 populations were developed
from selfing of F1 and F2 plants, respectively (Figure 1). In this study, Akdeniz University Manavgat
Vocational tomato gene pools were used to generate the population.

§. lveopersicum X S. habrochaites
(AK20215) (AK20212)
Q \ / &

'S

FZ@
1

F3

Figure 1. Populations derived from cross between S. lycopersicum and S. habrochaites.
Sekil 1. S. lycopersicum ve S. habrochaites arasindaki melezlemeden tiretilen popilasyonlar.
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Seed of all plant materials were germinated in a small pot containing sterilized peat. Germinated
seeds were transferred to fruit tray containing peat and perlite (3:1). Afterwards, the seedlings were
transferred to greenhouse for growing. 36°48°30°N 31°23°19 °E (Figure 2). Plants were fertilized
according to protocol reported by Jones et al. (1991). Fruit developmental stage was expressed as days
post-anthesis (DPA): The flowers were tagged when they are full bloomed, and the fruits were harvested
after 45 DPA corresponded to red ripe stage.

Figure 2. The location of the greenhouse.
Sekil 2. Seranin lokasyonu.

Morphological characterization

The average of 10 randomly selected fruits from each line were reported as fruit weight. The
weights of the fruits were measured with a scale with a sensitivity of 0.01 g. Fruit length and diameter of
randomly selected 10 fruits for each line measured by using a digital caliper. Diameters of the fruits
measured from the equatorial part. Ratio between fruit length and diameter was calculated. Fruit color
was measured using Minolta CR 400 based on CIE Laboratory parameters (L*, a*, b* h° and C*). The
color of the fruits was determined by taking 3 different measurements from the equatorial
region. Student t test performed to compare the populations in terms of morpholoical traits.

RESULTS and DISCUSSION

Transgressive segregation of fruit weight of populations was investigated. Cultivated tomato S.
lycopersicum (AK20215) had larger fruits (5.50 + 0.1 g) than wild tomato (1.70 + 0.50 g). Average fruit
weight of F1, F2 and F3 populations were 0.95 + 0.10, 1.28 + 0.84 and 2.48 + 1.72, respectively (Table
1). Although segregation was observed in F2 population, non of the lines exceed maternal fruit weight
(Figure 3). Majority of the lines (15 lines, 46.87%) had fruit weight between 1.4 and 2.8 g. Transgressive
segregation was also observed and a total of five lines (%15.6 of total population) had bigger tomato than
maternal parent (AK20215) (Figure 3, Table 2).

Table 1. Mean fruit weight of populations

Cizelge 1. Poplilasyonlarin ortalama meyve agirligi

Plant material Mean + SD
S. habrochaites (AK20212) 1.70 £ 0.50
S. lycopersicum (AK20215) 5.50+0.10

F1 0.95+0.10
F2 1.28+0.84
F3 248 £1.72

Solanum lycopersicum (AK20215) had bigger fruits as expected. Larger fruits of cultivated tomato
is predominant domestication trait. Although mechanism of this bigger fruits is not clear, domestication of
tomato leads bigger fruits might be due to mutation in a major QTL (fw.2.2) out of six QTLs control fruits
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weights (Alpert et al., 1995; Frary et al., 2000; Tanksley, 2004; Causse et al., 2007). F1 plants had lower
mean of fruit weight than F1 plants derived from same wild species (6.76 g) in previous study performed
by Rodriguez et al. (2005). This difference might be due to larger fruits (65.7 g and 3.99 g) of parents of
previous study. Segregation of fruit weight in BC2F2 population derived from S. habrochaites was
observed by Top et al. (2014). In that study, although population derived from S. habrochaites had larger
fruits than cultivated tomato, non of lines had larger fruits than S. lycopersicum. This difference might be
due to different populations used in two studies.

A B

15+

Frequency
Frequency
-
o
1

0 1 2 3 0 1.4 2.8 42 5.6 7

Histogram {Frequency Diagram) Histogram {Frequency Diagram)

Figure 3. Frequencies of populations (A for F2 and B for F3) for fruit weight.
Sekil 3. Meyve agirligi icin poplilasyonlarin frekanslari (F2 icin A ve F3 igin B).

Table 2. Fruit weight of tomatoes harvested from F3 lines
Cizelge 2. F3 hatlarinda hasat edilen meyvelerin agirliklari

F3 Lines Fruit weight (9)
85-1-12 F3 6.8
85-3-16 F3 6.6
85-3-18 F3 6.0
85-5-5 F3 5.6

Fruit diameter of population was also investigated. Cultivated tomato S. lycopersicum (AK20215)
had longer fruit diameter (21.57 * 0.28) and length (19.51 = 0.95) than wild tomato species S.
habrochaites (AK20212) (14.60 £ 0.36 and 12.27 + 1.07 for fruit diameter and length, respectively) (Table
3). There was no significant difference between populations (F1, F2 and F3) for fruit diameter and length.
While fruit diameter and length ratio of F2 population ranged from 0.86 to 1.18, the ratio of F3 population
ranged from 0.84 to 1.34. There were no significant differences between parents and population for fruit
diameter and length ratio (Figure 4).

Table 3. Fruit diameter and length of plant material
Cizelge 3. Bitki materyalinde meyve ¢api ve uzunlugu

Fruit diameter Fruit length Diameter length ratio
Mean + SD (cm) Mean + SD (cm) Mean + SD (cm)
S. habrochaites (AK20212) 14.60 + 0.36 12.27 +1.07 1.20+0.11
S. lycopersicum (AK20215) 21.57+0.28 19.51 + 0.95 1.11 £0.05
F1 16.11 +2.01 16.11 +2.15 1.11 +£0.08
F2 13.06 + 3.16 12.98 +3.18 1.01 +£0.09
F3 15.87 + 3.87 15.54 + 3.72 1.02 +£0.08
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Frequency
Frequancy

0.86 0.94 1.02 1.1 1.18 0.84 0.94 1.04 1.14 1.24 1.34
Histogram (Frequency Diagram) Histogram {Frequency Diagram)

Figure 4. Frequencies of populations (A for F2 and B for F3) for fruit diameter and length ratio.
Sekil 4. Meyve ¢api ve boy orani igin popllasyon sikliklari (F2 igin A ve F3 igin B).

Surface color of tomato fruits harvested from parents and populations was measured using Minolta
CR 400 chroma meter, which provide CIE L*, a*, and b* values.Higher positive a* indiates red purple,
negative a* values indicate bluish-green. Higher positive b* values indicate yellow and negative b* values
indicate blue color (McGuire 1992). F1 population had significantly higher mean value of L* than parents,
F2 and F3 populations. Although F1 population (-3.52 + 0.91) was similar to S. habrochaites (AK20212) (-
4,93 + 2.35), S. habrochaites (AK20212) had higher mean value than S. lycopersicum (AK20215) for a*.
There was no significant difference between populations for b* value. Although there was no significant
difference between parents for C*, F1 population had lower mean value of C* than parents and F2 and F3
populations. For S. lycopersicum (AK20215) had the lowest h° value (Table 4). Improved tomato color
defined as a reduction in values of hue and L* and an increase of C* (Sacks & Francis, 2001). Based on
this statement, as expected cultivated tomato S. lycopersicum (AK20215) had the highest improved
tomato color. Also, lowest L* and C* values of F3 population showed that F3 population was more
improved than F1 and F2 populations.

Table 4. Mean values of color parameters of parents and populations
Cizelge 4. Ebeveynlerin ve poptilasyonlarin renk parametrelerinin ortalama degerleri

L* a* b* c* h°
Mean £ SD (cm) Mean+SD (cm) Mean+SD (cm) Mean+SD(cm) Mean+ SD (cm)

S. habrochaites (AK20212) 39.87 £5.81 -4.93 +£2.35 19.46 £1.74 20.16 £2.25 103.62 + 5.34

S. lycopersicum (AK20215) 38.05+0.15 18.09 £1.31 10.67 £0.24 21.01£1.25 30.60 +1.25

F1 55.37 £ 0.27 -3.52+0.91 16.37 £0.26 16.77 £ 0.45 102.04 + 2.83

F2 45.08 +7.6 0.12+5.34 18.35+4.40 18.97 £ 4.86 93.64 +13.48

F3 40.40 +8.23 12.28 £5.04 23.77+£7.38 27.49 +£6.33 61.4 £13.22
CONCLUSION

Wild tomato species have favorable alleles for fruit quality traits in addition to their high genetic
potential for abiotic and biotic stresses. The present study reported that small-fruited S. habrochaites had
good source of alleles for improved fruit weight in segregating populations. Also S. habrochaites leaded
more globular fruits in F2 and F3 populations. The current study demonstrated that S. habrochaites is
valuable genetic resource for development of tomato cultivars had improved fruit quality traits.
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ABSTRACT

Objective: The objective of this study was to investigate tomato spotted wilt virus
(TSWV) and cucumber mosaic virus (CMV) infections in tomato and pepper plants
showing virus-induced symptoms in vegetable growing districts of Izmir, Turkey.

Material and Methods: Surveys were carried out in tomato and pepper plantations
in 2019 and 2021, and the incidences of these viruses in the collected leaf samples
were determined by RT-PCR. Nucleotide identities and phylogenetic relationships
of the TSWV and CMV isolates with other isolates retrieved from the GenBank
database were determined.

Results: The results of this study showed that tomato plants were infected at the
same rate (21.50%) with TSWV and CMV. Out of the tested pepper samples,
64.15% were infected with TSWV and 25.47% with CMV. The results showed that,
the identity rate of nucleoprotein region of TSWYV isolates from tomato was 99-96%
at nucleotide level while the isolates from pepper showed 100-95% identity. On the
other hand, the capsid protein gene region of the tomato isolate of CMV had
nucleotide identity rate of 98-95% with other isolates in GenBank, while that of its
pepper isolates had 100-98% identity. Also, CMV isolates of this study showed
close phylogenetic relationship with the CMV isolates of subgroup IB.

Conclusion: This study revealed the prevalence of TSWV and CMV in
symptomatic tomato and pepper samples in Izmir province and some molecular
properties of them.

0z
Amag: Bu galismanin amaci, izmirin sebze yetistirilen énemli ilgelerinde viriis

kaynakli semptomlar gésteren domates ve biber bitkilerinde tomato spotted wilt
virus (TSWV) ve cucumber mosaic virus (CMV) enfeksiyonlarinin arastiriimasidir.

Materyal ve Yontem: Domates ve biber uretim alanlarinda 2019 ve 2021 yillarinda
surveyler yapilmis ve toplanan yaprak érneklerinde bu viriislerin enfeksiyon oranlari
RT-PCR ile belifrenmigtir. TSWV ve CMV izolatlarinin GenBank veri tabanindan
elde edilen diger izolatlarla benzerlik oranlari ve filogenetik iligkileri belirlenmistir.

Arastirma Bulgulari: Calisma sonucunda domates bitkilerinin ayni oranda
(%21,50) TSWV ve CMV ile enfekteli oldudu belirlenmistir. Test edilen biber
orneklerinin %64,15'inin TSWV ve %25,47'sinin CMV ile enfekteli oldugu tespit
edilmigtir. Sonuglar, TSWV domates izolatlarinin nikleokapsid protein gen
bolgesinin nikleotid benzerlik oraninin %99-96 oldugunu, TSWYV biber izolatinin ise
%100-95 benzerlik gosterdigini ortaya koymustur. CMV-domates izolatinin kapsid
protein gen bolgesi GenBank'taki diger izolatlarla %98-95 arasinda, CMV-biber
izolatininki ise %100-98 arasinda niikleotid benzerligine sahip olmustur. Ayrica,
CMV izolatlari, alt grup IB CMV izolatlari ile yakin filogenetik iliski gostermistir.

Sonug: Bu galigma, izmir ilinde simptomlu domates ve biber éreklerinde TSWV
ve CMV'nin bulagiklik oranini ve molekdler dzelliklerini ortaya koymustur.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) and pepper (Capsicum annuum L.) are the most cultivated
Solanaceous crops globally. However, the production is affected by different viruses, including the species
Tomato spotted wilt virus (TSWV), member of the genus Orthotospovirus in the family Bunyaviridae, and the
species Cucumber mosaic virus (CMV), member of the genus Cucumovirus belonging to the family
Bromoviridae. They may cause considerable quality and yield losses. TSWV is one of the 10 most
destructive plant viruses worldwide (Scholthof et al., 2011), and CMV has been determined as the most
common type of Cucumoviruses worldwide (Loebenstein & Lecoq, 2012). These infectious agents have
tripartite RNA genome. TSWV genome consists of Large (8.9 kb), Medium (4.8 kb) and Small (2.9 kb)
negative or ambisense RNAs designated as their relative sizes (Adkins 2000). RNA-dependent RNA
polymerase (RdRp) is encoded by segment L (Chapman et al., 2003), cell-to-cell movement protein (NSm)
(Li et al., 2009) and viral glycoproteins (Gn-Gc) (Sin et al., 2005) are encoded by segment M, while RNA-
silencing suppressor (NSs) (Takeda et al., 2002) and nucleocapsid protein (N) (Li et al., 2015) are encoded
by segment S. CMV has positive-sense single stranded RNAs attributed as RNA1 (3.3 kb), RNA2 (3.1 kb)
and RNAS3 (2.2 kb) (Roossinck, 2002). RNA-dependent RNA polymerase (RdRp) is encoded by segment
RNA1 (Gal-On et al., 2000), RNA-silencing suppressor (2b) is encoded by segment RNA2 (Goto et al.,
2007) whereas cell-to-cell movement protein (3a) and coat protein (3b) are encoded by segment RNA3
(Canto et al., 1997). The coat protein is translated from subgenomic RNA4 (1 kb) that is produced from full-
length negative strand of RNA3, and some CMYV strains contain satellite RNAs (RNA5) (~335 nucleotides)
(Thompson et al., 2008).

The widely distribution of TSWV and CMV is the result of wide range of host-plants comprising weed
species (Parrella et al., 2003) and highly polyphagous nature of their vectors. Multiple species of thrips
(Thysanoptera: Thripidae), particularly Frankliniella occidentalis, transmit TSWV in a circulative and
propagative manner (Nagata et al., 2002). CMV is transmitted by aphid species in a non-persistent manner,
particularly by Aphis gossypii and Myzus persicae, which occur worldwide (Pinto et al., 2008).

It is noteworthy that TSWV and CMV are prevalent throughout the Mediterranean Basin (Roggero et
al.,, 2002; Yardimci & Eryigit, 2006; Debreczeni et al., 2015) and recently in Asia (Jiang et al., 2017
Vinodhini et al., 2021), Africa (Karavina et al., 2016; Waweru et al., 2020) and North America (Lin et al.,
2003; Batuman et al., 2017). Furthermore, the rapid increase of new variants arise makes difficult to control
the viruses (Roggero et al., 2002). Breeding resistant cultivars through the use of resistant genes has
proven to be the most efficient control approach for viral infections. The Sw-5 and Tsw genes have been
found for tomato and pepper, respectively to confer resistance against TSWV. However, existing genetic
resistance rapidly have overcome by the resistance-breaking isolates which are increasingly becoming as a
serious, worldwide agronomic concern. The resistance gene can be overcome by an amino acid substitution
in the TSWV movement protein, NSm for tomato cultivars, and RNA-silencing suppressor, NSs for pepper
cultivars, according to a comparison of nucleotide and amino acid sequences (Batuman et al., 2017; Jiang
et al., 2017). CMV isolates are classified into three subgroups based on serological characteristics, nucleic
acid hybridization, and phylogenetic analyses: IA, IB, and Il (Roossinck et al., 2002).

Turkey is one of the leading tomato (almost 14 million tons) and pepper (almost 3 million tons)
producing country. (FAO, 2020). Until now, negative effects of virus diseases on tomato and pepper growing
areas were reported in different parts of Turkey. The DAS-ELISA method is widely used in the studies
conducted in tomato and pepper production areas (Arli-Sokmen et al., 2005; Arli-Sokmen & Sevik, 2006;
Yardimci & Eryigit, 2006). During 2019-2020, leaf samples were collected, and RT-PCR tests confirmed
TSWV infection in tomato and pepper from various provinces from Turkey except for izmir (Beskegili et al.,
2021; Morca et al., 2022). Currently, izmir province has an important position in terms of tomato and pepper
production and exportation (TUIK, 2022). CMV and TSWYV are the viral agents may cause similar symptoms
such as ring spots and malformation in those crops, especially in pepper. The presence of TSWV in the
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tomato and pepper production areas of izmir has yet to be determined. Previous studies have reported the
prevalence of CMV determined using serological techniques like ELISA on pepper, but that of TSWV is still
lacking (Gumus, 1998). Although more sensitive techniques as well as serological methods have been used
to identify these viruses in some studies in the region, they have not involved the attempts to characterize
them molecularly.

The objective of the present study was to detect TSWV and CMV in symptomatic samples from
commercial tomato and pepper cultivars grown in Izmir province in 2019 and 2021, and molecularly
characterize them according to their partial capsid protein gene regions. Thus, the updated information may
support development of effective strategies for the long-term control of these viruses.

MATERIALS and METHODS
Virus isolates

Field surveys were conducted in the districts of izmir province in tomato and pepper cultivation
seasons. Randomly selected tomato and pepper fields and greenhouses were surveyed. Odemis, Bayindrr,
Torbali, and Tire were the four major production districts surveyed in 2019. The same crops were surveyed
in the districts of Odemig, Bayindir, Torbali, Menderes, and Tire in 2021. Virus-like symptoms observed on
most plants included mosaic, ring spots, chlorotic and necrotic spots, leaf curl and necrosis. Samples were
taken and brought to the laboratory in the cold chain. Samples were kept at -20°C for further analysis.

Molecular identification using reverse transcription-polymerase chain reaction (RT-PCR)

In this study, the presence of TSWV and CMV in the samples was determined by molecular methods.
Total RNA was extracted from all samples using silica-based RNA extraction method as described by
Foissac et al. (2001). A EzDrop 1000 Spectrophotometer was used to assess the quality and quantity of the
extracted RNA. The OneScript® Plus cDNA Synthesis Kit (Applied Biosystems, USA) was used to carry out
the reverse transcription (RT) step for producing complementary deoxyribonucleic acid (cDNA) from
template RNA. cDNA synthesis was done as follows: a mixture of 5 yL plant total RNA, 1 puL of 10 uM
random primers, 1 yL 10 mM dNTP Mix and 7,5 uL Nuclease-free H,O was incubated at 65°C for 5 min and
chilled on ice. Subsequently, recommended volumes of 5X Reaction Buffer for RT, OneScript Plus RTase
(200 U/uL) and RNaseOFF Ribonuclease Inhibitor (40 U/uL) were added in a total reaction mixture of 20 pL.
The reaction mixture was heated for 10 min at 25°C, and then for 50 min at 50°C before being incubated for
5 min at 85°C. cDNA was stored at -20°C until required. After the RT step, PCR reactions were set up in a
total volume of 50 pL containing of PCR Master Mix Il (Thermo Scientific, USA), 4 yL cDNA, 2 pL
10 pM Forward primer, 2 yL 10 pM Reverse primer and Nuclease-free H,O as recommended by the
manufacturer. In an automated thermal-cycler (Gene Amp PCR 9700 systems, Applied Biosystems,
USA), PCR amplification was performed. For the 777 nt fragment of the nucleocapsid protein gene of
TSWV, gene-specific primer pairs TSWV_F (ATGTCTAAGGTTAAGCTCAC) and TSWV_R
(TTAAGCAAGTTCTGCGAGTT) as previously reported by Nour et al. (2013) were used. Amplification
conditions included denaturation step for 4 min at 94°C and 40 cycles of 1 min at 94°C, 2 min at 52°C, 2 min
at 72°C followed by a final extension step at 72°C for 10 min. CMV_F (ACTCTTAACCACCCAACCTT) and
CMV_R (AACATAGCAGAGATGGCGG) primers were used for the amplification of 280 nt fragment of the
coat protein gene of CMV (Faggioli et al., 2005). The PCR conditions were denaturation at 95°C for 3 min
followed by amplification as follows: 35 cycles of 30 s at 94°C, 45 s at 55° and 45 s at 72°C with a final
extension step at 72°C for 7 min. The RNA extracted from healthy plants was used as negative controls in
PCR reactions. Following this, electrophoresis in a 1.5% agarose gel stained with RedSafe™ (iNtRON,
USA) was used to visualize the PCR products. After visualization of agarose gel, the amplicons of TSWV
and CMV RNAs isolated from tomato and pepper were selected for further analysis.
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Phylogenetic analysis

Forward and reverse nucleotide sequences for each selected sample were acquired and edited by
the programs Chromas Pro Version 2.5.1., ClustalX 2.00 and software BioEdit. The sequences were
submitted to GenBank after nucleotide BLAST (Basic Local Alignment Search Tool) analysis at NCBI (The
National Center for Biotechnology Information) and confirmation of sequence identity. Phylogenetic
analysis was used to determine the genetic diversity of TSWV and CMV isolates infecting tomato and
pepper with isolates from around the world. The nucleotide sequences were aligned with the sequences of
TSWYV and CMV isolates belong to various countries and hosts retrieved from the GenBank database. Due
to the large numbers of identical sequences acquired, phylogenetic trees were drawn using only the
selected and then trimmed sequences. Sequence identities were compared using program SMS (The
Sequence Manipulation Suite). The phylogenetic trees were constructed in MEGAX (Kumar et al., 2018)
using the Maximum Likelihood method and the Tamura-Nei model (Tamura and Nei, 1993), with 1000
bootstrap replicates.

RESULTS

A diagnostic study was done to assess the prevalences of TSWV and CMV in tomato and pepper
growing districts of izmir, Turkey. As seen from the data in Table 1 that, samples were collected in 5
districts encompassing 31 locations. Within the scope of the field studies, tomato and pepper crops
showing characteristic virus disease symptoms were collected. The tomato plants collected had leaf
curling, stunting, ringspots, chlorotic and necrotic spots. The foliar symptoms of pepper plants were
mosaic, ringspots, chlorotic and necrotic spots. Molecular characterization was carried out using RT-PCR
with nucleocapsid protein (N) gene-specific primers of TSWV and capsid protein (CP) gene-specific
primers of CMV. RT-PCR amplification with specific primers yielded a 777 bp expected fragment of
TSWYV and a 280 bp of CMV. No viral amplicon was obtained from healthy control plants. The results
obtained from the analysis are also summarized in Table 1. The results of this study indicated that the
overall samples were infected with TSWV at a rate of 36.98% and with CMV at a rate of 22.94%. TSWV
co-infection with CMV was found in 2.15% percent of tomato and 9.81% of pepper samples tested. In
summary, these results show that 43.01% of tomato plants and 89.62% of pepper plants were found to be
infected with either one of the virus. The results of the current study showed that tomato plants were
infected at the same rate (21.50%) with TSWV and CMV. Out of the tested pepper samples, 64.15% were
infected with TSWV and 25.47% with CMV (Table 1).

Table 1. Numbers of tomato and pepper samples tested by reverse transcription-polymerase chain reaction (RT-PCR) in the
districts of Izmir province and of positives for each virus

Cizelge 1. Izmir iline ait ilgelerde reverse transcription-polymerase chain reaction (RT-PCR) yéntemi ile test edilen domates ve biber
orneklerinin ve pozitif 6rnek sayilari

Districts Numbers of tested RT-PCR Numbers of tested RT-PCR
tomato samples TSWV CMV pepper samples TSWV CMV
Odemis 18 6 14 10 8 4
Torbali 117 25 13 11 7 2
Tire 22 0 13 29 16 13
Bayindir 20 2 0 13 8 4
Menderes 9 7 0 43 29 4
Total 186 40 40 106 68 27
Percentage (%) 21.5 21.5 64.15 25.47

In order to confirm the identification of viruses determined by RT-PCR in tomato and pepper plants,
nucleotide sequencing was performed for each isolate of TSWV and CMV from each plant group. Partial
nucleocapsid protein (N) gene sequences were obtained from selected isolates of TSWV from tomato
and pepper leaves. The nucleotide sequences of them were submitted to GenBank under the accession
numbers OM517148 and MZ666393, respectively. The nucleotide identity rates of these isolates with
TSWYV isolates from other parts of the world were compared by BLAST algorithm. The tomato isolate of
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TSWYV exhibited 98.65% sequence identity with TSWV isolate from pepper plants in Tokat province of
Turkey (MW751975). It showed 98.50% identity with peanut isolate of South Korea (MK372883) and
tomato isolates of South Korea (MG001348) and France (FR693255) while it displayed 98.35% identity
with tomato isolates of Argentina (MK524185) and China (HM594685). Likewise, it showed 98.35%
identity with pepper isolates of France (FR693053) and Argentina (MK524182). It has been determined
that it has 97.90% similarity with the pepper isolate from Mersin province of Turkey (MW837080) and
tobacco isolate of China (MF193425). The pepper TSWYV isolate displayed 99.70% identity with tomato
isolate from Zonguldak province of Turkey (Mz568848) and 99.40% identity with tomato isolate from
Ankara province of Turkey (MZ568840). Similarly, it was 99.10% identical to the pepper isolate of
Montenegro (GU339505). It shared 98.96% nucleotide identity with the pepper isolates from Italy
(KM096536) and South Korea (HQ267709), both of which are 100% identical. Also, it showed 98.81%
similarity with pepper isolate of France (FR693047), 98.51% similarity with tomato isolate of Italy
(KM096542) and 98.36% similarity with pepper isolate of Spain (FR693067). Lastly, it exhibited 97.91%
identity with tomato isolate of Spain (FR693266) and 96.72% identity with pepper isolate of Tokat
province of Turkey (MW751975).

As well as BLAST analysis, phylogenetic trees were constructed using Maximum Likelihood Method
to examine genetic diversity among virus isolates. Phylogenetic analysis provided a deeper understanding
of virus evolution and genetic interactions. As shown in Figures 1 and 2, the phylogenetic tree of the
sequences obtained by amplifying the N gene region of the S RNA segment of the isolates was constructed
with the world isolates. The N-gene phylogenetic tree of TSWV isolate from tomato (Figure 1), based on 11
sequences, yielded two subpopulations. First subpopulation included two pepper isolates with the accession
numbers of MW751975 and MW837080 that have been identified in Turkey and also other isolates from
different countries. The last subpopulation only consisted of our isolate (OM517148).

7 FR693255
FR693053
MW837080

MW751975

HM584685

a4 MK372883

MG001348

MF193425
MK524185
991 MK524182

OMm517148

—

0.0020

Figure 1. Phylogenetic tree constructed by Maximum Likelihood method using the partial nucleocapsid gene sequences of tomato
spotted wilt virus isolates obtained from tomato growing areas in Izmir province and the GenBank database. The bootstrap
values are shown in the branches as percentages and values greater than 50% are included in the tree.

Sekil 1. izmir domates (iretim alanlarindan elde edilen ve GenBank veri tabanindaki tomato spotted wilt virus izolatlarinin kismi
kapsid protein geni-nukleotit dizileri kullanilarak, Maximum Likelihood ybntemi ile olusturulan filogenetik aga¢. Bootstrap
degerleri dallarda yiizde olarak gésterilmektedir ve %50'den bliylik degerler agacta yer almaktadir.
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The phylogenetic tree of TSWYV isolate from pepper (Figure 2), based on 11 sequences, contained two
subpopulations. First subpopulation, which has our isolate (MZ666393), included the isolates reported from
Europe and Asia. The last subpopulation consisted one isolate (MW751975) from Tokat province of Turkey.
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Figure 2. Phylogenetic tree constructed by Maximum Likelihood method using the partial nucleocapsid gene sequences of tomato
spotted wilt virus isolates obtained from pepper growing areas in Izmir province and the GenBank database. The bootstrap
values are shown in the branches as percentages and values greater than 50% are included in the tree.

Sekil 2. izmir biber iiretim alanlarindan elde edilen ve GenBank veri tabanindaki tomato spotted wilt virus izolatlarinin kismi
nukleokapsid protein geni-niikleotit dizileri kullanilarak, Maximum Likelihood yéntemi ile olusturulan filogenetik agac.
Bootstrap degerleri dallarda ytizde olarak gbsteriimektedir ve %50'den bliyiik degerler agacta yer almaktadir.

The partial capsid protein (CP) gene sequences of CMV isolates were obtained, and the
sequences were deposited to the NCBI GenBank database with the following accession numbers. The
accession numbers of the CMV isolates from tomato and pepper crops are MZ666392 and MZ666391,
respectively. The nucleotide identity rates of the CMV isolates from tomato and pepper in the present
study with the isolates from world were examined. The tomato isolate of CMV was 98.82% identical to the
tobacco isolate from Adiyaman province of Turkey (MK704429). Also, a 98.43% identity was determined
with tomato isolates from Greece (KT734847) and Iran (KC122260), which were 100% identical. The
tomato isolate of CMV shared 98.04% nucleotide similarity with a tomato isolate of Pakistan (MF351527)
followed by a cucumber isolate from Iraq (MW477481). Also, it showed 97.65% identity with the bean
isolate of Italy (MH748553) and 96.86% identity with the tobacco isolate of India (JX995139). Finally, it
has 96.47% similarity with the tomato isolate of China (DQ302718), 96.08% with the pepper isolate of
Nigeria (KU976471) and 95.69% with the pepper isolate of Malaysia (HQ107964). The pepper-CMV
isolate was 100% identical to the pepper isolate from France (MG334381). Then, a 99.47% identity was
found with the pepper isolate of Thailand (AY560556) and the tobacco isolate of Vietnam (HE999617). It
shared 98.93% nucleotide similarity with the tomato isolate of Egypt (KX014666) as well as pepper
isolates of Tunisia (HE971670), India (KM272276) and Sudan (KU976467). It showed 98.63% identity
with the pepper isolate of Malaysia (HQ107960) while it has 98.40% similarity with the pepper isolates of
China (FJ403474) and Ecuador (MW291545).
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Figures 3 and 4 present the phylogenetic tree of the sequences of RNA3 segment of CMV from
tomato and pepper was constructed along with the world isolates. This study showed that the
phylogenetic tree of CMV isolate from tomato (Figure 3), based on 11 sequences of the CP gene region,
delineated two subpopulations. First subpopulation included European and Asian isolates. The second
subpopulation, which has our isolate (MZ666392), consisted of tomato isolates from Asia and Africa. It
was also shown that the phylogenetic tree of CMV isolate from pepper (Figure 4), based on 11
sequences, yielded two subpopulations. First subpopulation, which has our isolate (MZ666391), included
pepper isolates from France, Tunisia, Malaysia, India, Thailand and Ecuador, as well as, tobacco isolate
from Vietnam. The last subpopulation consisted of the isolates from Asia and Africa.
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= MF351527
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MZ666392

MK704429
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DQ302718

—
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Figure 3. Phylogenetic tree constructed by Maximum Likelihood method using the partial capsid protein gene of cucumber mosaic
virus isolates obtained from tomato growing areas in Izmir province and the GenBank database. The bootstrap values are
shown in the branches as percentages and values greater than 50% are included in the tree.

Sekil 3. izmir domates (retim alanlarindan elde edilen ve GenBank veri tabanindaki cucumber mosaic virus izolatlarinin kismi
kapsid protein geni-niikleotit dizileri kullanilarak, Maximum Likelihood yéntemi ile olusturulan filogenetik agag¢. Bootstrap
degerleri dallarda ylizde olarak gésterilmektedir ve %50'den bliylik degerler agacta yer almaktadir.

The nucleotide identity rates of the CMV isolates from tomato and pepper in the present study with
the isolates from world were examined. The tomato isolate (MZ666392) of CMV was 98.82% identical to
the tobacco isolate from Adiyaman province of Turkey (MK704429). Also, a 98.43% identity was
determined with tomato isolates from Greece (KT734847) and Iran (KC122260), which were 100%
identical. The tomato isolate of CMV shared 98.04% nucleotide similarity with a tomato isolate of Pakistan
(MF351527) followed by a cucumber isolate from Irag (MW477481). Also, it showed 97.65% identity with
the bean isolate of Italy (MH748553) and 96.86% identity with the tobacco isolate of India (JX995139).
Finally, it has 96.47% similarity with the tomato isolate of China (DQ302718), 96.08% with the pepper
isolate of Nigeria (KU976471) and 95.69% with the pepper isolate of Malaysia (HQ107964). The pepper-
CMV isolate (MZ666391) was 100% identical to the pepper isolate from France (MG334381). A 99.47%
identity was found with the pepper isolate of Thailand (AY560556) and the tobacco isolate of Vietham
(HE999617). It shared 98.93% nucleotide similarity with the tomato isolate of Egypt (KX014666) as well
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as pepper isolates of Tunisia (HE971670), India (KM272276) and Sudan (KU976467). It showed 98.63%
identity with the pepper isolate of Malaysia (HQ107960) while it has 98.40% similarity with the pepper
isolates of China (FJ403474) and Ecuador (MW291545).

67 MZ666391
MG334381

HES99617

HQ107960

KM272276

AY560556

HES71670

53 MW291545

FJ403474

KUg76467

KX014666

—
0.0020

Figure 4. Phylogenetic tree constructed by Maximum Likelihood method using the partial capsid protein gene of cucumber mosaic
virus isolates obtained from pepper growing areas in Izmir province and the GenBank database. The bootstrap values are
shown in the branches as percentages and values greater than 50% are included in the tree

Sekil 4. izmir biber (iretim alanlarindan elde edilen ve GenBank veri tabanindaki cucumber mosaic virus izolatlarinin kismi kapsid
protein geni-niikleotit dizileri kullanilarak, Maximum Likelihood yb6ntemi ile olusturulan filogenetik agag. Bootstrap degerleri
dallarda yiizde olarak gosterilmektedir ve %50'den bliyiik degerler ajacta yer almaktadir

Considering the subgroups of CMV, the sequences of subgroups IA, IB and Il from GenBank were
selected and included in phylogenetic analysis. The partial CP-gene sequence of CMV isolate
(MZ666392) collected from tomato plant showed nucleotide identity (98.43%) with a CMV isolated from
melon plant in Iran (KT626606) that is clustered in subgroup IB, characterized by Asian strains. Likewise,
CMV isolate (MZ666391) collected from pepper plant showed nucleotide identity (95.72%) with a CMV
isolated from melon plant in Iran (KT626606) that is placed into subgroup IB. The phylogenetic trees, as
shown in Figure 5, formed one cluster consisting of isolates of subgroup IB along with the CMV isolates of
tomato and pepper, whereas the other cluster consisted of isolates of subgroup IA. The isolates
belonging to subgroup Il formed distinct cluster. Correspondingly, it can be implied that the both CMV-
tomato and pepper isolates of this study belong to subgroup IB and have a close phylogenetic
relationship with the CMV isolates of subgroup IB found in Iran (KT626606), Nigeria (OK107532) and
China (EF213025). According to BLAST analysis of the isolates from different subgroups, CMV-tomato
and pepper isolates of the current study exhibited 94.90%-95.19% sequence identities with the CMV
isolate from tomato plant in Nigeria (OK107532), and 93.73%-92.51% identities with cabbage isolate from
China (EF213025), respectively. However, they showed 91.76%-91.44% identities with zucchini isolate
from Poland (KX495208), 91.76%-91.98% with tobacco isolate from Syria (AB448694), and also 90.59%-
90.91 identities with banana isolate of Ecuador (KU127245), respectively, which are all classified as
subgroup IA. On the other hand, it was determined that CMV-tomato and pepper isolates had nucleotide
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similarity ratios of 81.18%-81.28% with pepper isolate of Australia (KU976485), 80.78%-81.28% with
tobacco isolate of USA (AJ810256) and 80.00%-80.75% with tobacco isolate of Germany (KU976486),
respectively, in subgroup IlI.

0K107532 (IB)

MZ666391
KT626606 (1B)
991 mze66392
EF213025 (18)
AB448694 (IA)
KX495208 (IA)
KU127245 (IA)

KU976488 (1)
KU976485 (1)

64l AJ810256 (I1)

—

002

Figure 5. Phylogenetic relationship of cucumber mosaic virus (CMV) isolates of tomato and pepper plants and the isolates of
different subgroups of CMV. The bootstrap values are shown in the branches as percentages and values greater than 50%
are included in the tree.

Sekil 5. Domates ve biber bitkilerinden elde edilen cucumber mosaic virus (CMV) izolatlarinin, farkli alt gruplardaki CMV izolatlari ile
filogenetik iligkisi. Bootstrap degerleri dallarda ylizde olarak gésterimektedir ve %50'den biiylik degerler agacta yer
almaktadir.

DISCUSSION

The climatic conditions in Turkey favor tomato and pepper cultivation. This study reported CMV
and TSWV infections in the districts of izmir province. A number of researchers have reported TSWV and
CMV infections in tomato and pepper growing areas in different locations of the country. In 1998-1999,
serological tests revealed that 20.2% to 7.7% of pepper samples tested were infected with CMV and
2.2% to 9.2% with TSWV in Samsun province (Arli-Sokmen et al., 2005). In 2002-2003, TSWV and CMV
were detected 12.9% and 6.9% of the tested tomato crops, respectively, in the same region of Turkey
(Arli-Sokmen & Sevik, 2006). CMV was detected in tomato plants in the locations of the north-west
Mediterranean region of Turkey by DAS-ELISA, and the infection rate varied from 12.5% to 90.32%
(Yardimci & Eryigit, 2006). CMV infection in tomato and pepper crops was detected at the rates of 87%
and 69%, respectively, using DAS-ELISA and Real-Time PCR in the locations of Marmara Region of
Turkey (Uzunogullari & Gumus, 2015). In 2015, of the pepper samples tested, 35.81% were found to be
infected with TSWV and 7.34% with CMV in the Mediterranean region of Turkey as a result of DAS-
ELISA and RT-PCR tests (Glnes & Gumuis, 2019). Although different studies have reported these
infectious agents in Turkey, a small-scale study has been carried out in izmir province (Gimis, 1998).
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This is the study conducted in details so far showing that tomato and pepper samples were infected with
notably rate with TSWV and CMV in this region. In spite of the fact that the present findings were
consistent with those observed in earlier studies, and the prevalence of viruses was higher in pepper
samples (89.62%) than tomato (43.01%). The rates of TSWV and CMV infection may vary depending
years in tomato production areas as determined by many researchers using especially biological
indexing, DAS-ELISA and RT-PCR. Virus intensity could be variable among geographical locations. In the
study carried out in Bulgaria, no Orthotospovirus species other than TSWV were found in tomato crops
(Hristova et al., 2001). In 2000-2001, all collected tomato and pepper samples were found to be positive
for TSWYV in Italy (Roggero et al., 2002). TSWYV isolates were identified from tomato and pepper plants
grown in provinces in South Korea (Lee et al., 2011). It was determined that TSWV was distributed to
different tomato production regions of Kenya with an incidence of 21.81% (Macharia et al., 2015). A
considerable amount of literature was published on resistance breaking-TSWYV isolates in tomato and
pepper cultivation areas in Turkey and Spain (Deligoz et al., 2014; Debreczeni et al., 2015; Fidan & Sari,
2019; Almasi et al., 2020). In 2014-2016, CMV was found to be as the major virus among surveyed
pepper growing regions in Thailand by ELISA method (Phatsaman et al., 2021). In Rwanda, hot pepper
genotypes were evaluated for resistance to CMV under screenhouse conditions by ELISA and RT-PCR,
and all commercial genotypes were found to be susceptible (Waweru et al., 2020). CMV infection rate
was reported as 64.7% in evaluated chili pepper varieties in Colombia by using molecular techniques
(Rivera-Toro et al., 2020). More recently, chili pepper is reported to be affected by CMV with 47.91%
infection rate in India (Vinodhini et al., 2021). The present study confirms previous findings and
demonstrate that tomato plants have CMV infection rate as similar to pepper plants. Phylogenetic
analysis indicated that tomato and pepper isolates of CMV in this study have a close relationship with
CMV isolates belonging to subgroup IB (Figure 5). This research may serve as a base for future studies.

It is important to note that the co-infection was detected in tomato and pepper areas surveyed. The
mixed infection of TSWV with CMV have been reported previously (Arli-Sokmen & Sevik, 2006). The
mixed infection in the host plant allows for virus interactions, resulting in genetic variation. Mixed viral
infections can induce more severe symptoms than a single viral infection, or symptoms can be masked by
other viruses. Pepper plants involving mixed infection in this study showed severe mosaic and vein
banding. The interaction of viruses belonging different genus on a single host during combined infections
is needed to be studied.

CONCLUSION

TSWYV and CMV were found to cause disease in economically important Solanaceous crops grown
in the Aegean region, according to this study. The viruses were found to be more prevalent in pepper
production areas than tomato production areas in this location. Despite of being aware of the symptoms
of viral infections that affect plants, there was low awareness of the virus epidemiology, specifically their
alternative hosts. Therefore, farmers' efforts to control thrips and aphids, as well as eradication of weeds,
especially nearby the fields, were limited throughout the vegetation period. This area includes a variety of
crops along with weeds, which are alternative hosts for both viruses and their vectors. Overall, weeds
could be associated to the long-term presence of viral infections in the area. Therefore, it is important to
apply efficient weed management methods for virus control.
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oz
Amag: Bu calisma, dev kralotu (Pennisetum hybridum) bitkisi sap celiklerinin
koklenme kabiliyetini incelemek amaciyla ylritdlmustur.

Materyal ve Yontem: Bitkinin aktif buyime déneminde alinan celikler farkh
surelerde (3, 6, 12, 24, 36, 48, 72 ve 96 saat) ve ortamlarda (kapali ambalaj
icinde kuru ve sulu) muhafaza edilmislerdir. Celikler farkli IBA yogunluklarina (0,
2K, 4K ve 6K ppm) 5 saniye daldiriimis ve nemli topraga dikilmistir. Calismada
koklenme orani, surgiin sayisi ve uzunlugu ile kék kuru agirhdi gibi 6zellikler
incelenmistir.

Arastirma Bulgulari: Veriler; bekleme suresi, ortam ve IBA yogunluklarinin
koklenme orani disinda 6lgulen tim 6zellikler Uzerinde 6nemli etkileri oldugunu
gostermistir. Bekleme siresi uzadikga ve kuru ortamda celik basina surgin
sayisl, uzunlugu ve kok kuru agirh@r azalmistir.

Sonug: 2K ppm IBA uygulamasi, dev kralotu sap geliklerinin kdklenmesi igin en
iyi muamele olarak saptanmistir.

ABSTRACT

Objective: The objective of this study was to examine the rooting capability of
stem cuttings of giant king grass (Pennisetum hybridum).

Material and Methods: Stem cuttings taken in active growing stage of the crop
were kept in different periods (3, 6, 12, 24, 36, 48, 72 and 96 hours) and in
media (dry and wet in closed packaging). Cuttings were immersed in different
concentrations of IBA (0, 2K, 4K and 6K ppm) for 5 seconds and then planted
into the soil. Some properties such as rooting rate, number of shoot and root dry
weight were tested in the experiment.

Results: The data obtained indicated that there were significant effects of
waiting period, media and IBA concentrations on all measured characteristics
except rooting rate. The prolonged waiting time and in dry media reduced the
shoot length, number of shoot and root dry weight per cuttings.

Conclusion: Application of 2K ppm IBA was determined as the best treatment
for rooting the stem cuttings of giant king grass.
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Glner & Geren

GiRIiS

Hayvansal Uretimde genel maliyetler icinde yem masraflari %50-70'lik bir paya sahiptir. Bu nedenle
yem masraflarinin disurdlmesi genel maliyetleri ve mera baskisini azaltacak (Hazar Kalonya, 2022),
dolayisiyla igletme karhligini ylkseltecektir. Yem maliyetlerinin dusurilmesinde yapilacak hamlelerden
birisi kaliteli kaba yem Uretiminde ¢ok yillik, yiksek verimli ve nispeten az bakim gerektiren bitki segimidir.
Bu bitkilerin basinda dev kralotu gelmektedir. Tropik kdkenli ve ¢ok yillik bir bugdaygil yem bitkisi olan dev
kralotu, misir (Zea mays) bitkisi gibi kolaylikla silolanabilen, uygun bakim kosullarinda bir tretim mevsimi
boyunca misirdan daha yiiksek ot verimi saglayabilen (tesis yilindan sonra), mekanizasyona uygun bir
bitkidir. Dev kralotu bitkisinin ¢ok yillik olmasi, her yil tohum ve tohuma bagh tarimsal iglem (toprak
hazirlhdi, ekim isgGiligi, bogaz doldurma, vb.) gerektirmemesi en 6nemli Ustinltklerinden biridir.

Ne var ki, s6z konusu bitkinin kisir olmasi, yani tohum vermemesi, onun farkli ydntemlerle
cogaltiimasi ve tarimina baglanmasi gercegiyle yuz-ylze getirmektedir. Tohumu olmayan dev kralotu
bitkisinin vejetatif organlariyla (6zellikle rizomlari ve dkgeli celikleriyle) kolaylkla ¢ogaltilabildigi pek gok
aragtiricl tarafindan vurgulanmistir (Geren & Kavut, 2015; Geren & Yaman, 2016). Rizomlara ulasmak
icin anac¢ bitkinin bulundugu yerin kazilmasi, rizomlarin sokulmesi ve topradindan arindiriimasi gibi
islemler oldukga yogun emek, isglicii ve zaman gerektirmekte olup, anag¢ bitkinin hayatini da tehlikeye
sokabilmektedir. Benzer durum 6kceli ¢celik elde etmek icin de gecerlidir. Bu nedenle en pratik yol, ana¢
bitkinin toprak Ustl saplarindan celik almak ve bunlari kéklendirmektir (Ellialtioglu, 2019). Zira bu iglem
esnasinda, ne anag bitki zarar gérmekte, ne de asiri bir isglcl veya zamana gereksinim bulunmaktadir.

Dev kralotu bitkisinin koksUz sap ¢elikleriyle yeni tesis edilen plantasyonlarda, anag bitkiden alinan
celiklerin 4-5 saat sonunda dikildigi belirtilirken (Geren & Kavut, 2015), celiklerin daha uzun bir sire
bekletilerek dikilmesi konusunda pek fazla c¢alismanin bulunmadidi dikkati ¢ekmistir. Bu noktadan
hareketle; 6rnegin, A noktasindaki bir dev kralotu tarlasindan alinacak sap celiklerinin, karayoluyla 3
glnlik uzakliktaki B noktasina nakledilmek istendigi distnuldiginde; A noktasindan celiklerin alinip,
hazirlanmasi, koli, guval gibi tasiyici unsurlarin igine yerlestiriimesi, kargoya verilmesi, nakliye sureci, B
noktasina varmasi, oradan da ilgili tarlaya transferi gibi zamana karsi yarig baglamaktadir. Bu yarisin da
en hesapl yolla gerceklesmesi beklenmektedir. Bu gibi bir durumla karsi karsiya kalindiginda, celiklerin
hayatta kalip-kalamayacaklari, ne kadarinin hayatta kalip koklenebilecegi bliyik bir soru isaretidir.

Yukarida farkh yoénlerden agiklanmaya g¢aligilan problemin ¢6zimdi i¢in bu g¢alisma kapsaminda,
dev kralotu anag¢ bitkisinden alinan kokslz sap celiklerinin ¢ogaltma olanaklari incelenmistir. Bu
arastirma, aktif bliyime doneminde dev kralotu bitkisinden alinan koksiz sap celiklerinde, degisik
bekletme sliresi ve ortami ile farkli IBA dozu uygulamasinin kdklenme ve bazi 6zellikleri (izerine etkisini
belirlemek amaciyla ylratilmuastar.

MATERYAL ve YONTEM

Calisma, Ege Universitesi Ziraat Fakiiltesi Tarla Bitkileri Bolimi, Bornova deneme alaninda
yurtilmus olup, dev kralotu plantasyonundan alinan kdkslz sap ¢elikleri bitkisel materyal olarak
kullanilimigtir. Arastirmada Ug faktér ele alinmistir. Bunlardan birincisi 8 farkli bekleme siresi (3, 6, 12, 24,
36, 48, 72 ve 96 saat), ikincisi 4 farkli IBA (Indol-3-bditirik asit, C1,H13NO,) dozu (0 [kontrol], 2000, 4000 ve
6000 ppm) ve Uglncusu 2 degisik saklama ortami (kapali ambalaj i¢cinde kuru ve sulu)dir. Calisma, doért
tekerrlrll saksi denemesi seklinde yuratilmustar.

Calismaya 18 litre hacimli plastik saksilara 2 mm’lik elekten gegirilmis mil binyeli toprak doldurularak
baslanmistir. Ardindan, celik alim olgunluguna ulasan dev kralotu saplari, toprak seviyesinden 10 cm aniz
yuksekligi birakilarak bigilmistir. Bigilen saplardan 2 bogum icerecek sekilde Uretim gelikleri hazirlanmistir
(saplarin Ust kisimlari kullaniimamistir). Celiklere ek bir yaralama (zedeleme) yapilmamis ve herhangi bir
yuzey sterilizasyonu islemi uygulanmamistir. Hazirlanan celiklerin yarisi demet haline getirilerek, cift kat
naylon torba (klasik ¢dp torbasi) icinde (kuru), diger yarisi da igine gigek stingeri konmus (suyla doyurulmus)
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plastik kovalara dip kisimlari siingere batiriimis sekilde konmus ve kapagi kapatiimistir. Bu kovanin kapagi
Uzerine olusabilecek kizismanin dnine gegebilmek igin havalandirma delikleri agiimistir. Fakat kuru ortami
simgeleyen cift kat torbalar delinmemistir. Her iki saklama ortamina konmus celikler, ilgili dikim zamani
gelinceye kadar hangar binasinin golge ortaminda muhafaza edilmistir.

ilgili bekleme siiresinin sonunda ambalajlar acilarak celikler alinmis ve tekrar kapatilmistir. Alinan
celiklerin suda bekletilmis olanlari, st kisimlari zararsiz boya ile isaretlenmis, yukarida belirtilen farkh
dozlardaki IBA hormon ¢ozeltisine, dip kisimlari 5 saniye daldirildiktan sonra tarla kapasitesine getirilmis
nemli saksi topragina dikilmistir. Suda (isaretli) ve kuruda (susuz) bekletilen celikler ayni saksiya
dikilmistir. Hazirlanan ve kullanilan IBA ¢o6zeltileri, bir sonraki dikim saati gelinceye kadar buzluk (tasima
esnasinda) ve buzdolabinda (4°C) (sonraki dikim zamanina kadar bekleme suresi) bekletilmigtir.

Dikim iglemleri tamamlandiktan sonra klasik bakim islemleri (sulama, yabanci ot muicadelesi)
surdurdlmus ve celiklerin kdklenmesi beklenmistir. Celik alim tarihinden (24 Temmuz) 30 gun sonra,
celiklerdeki surgunlerin 2 cm ve daha fazla uzamasi kdklenmis (%100) olarak kabul edilmis ve cetvel
yardimiyla sirgin boylari él¢ctlmastir. Celik alim tarihinden 45 giin sonra ise plastik saksilar kesilerek
celiklerin kokleri Uzerindeki topraklar su ile uzaklastiriimig, kokleri sayilmis ve kok uzunluklari cetvel
yardimiyla Olg¢llmustir. Celiklerden kesilen kokler, laboratuvar ortaminda 1 hafta sireyle kurutulmus
(hava kuru), islem sonunda kuru kok agirliklari kaydedilmistir.

Arastirmadan elde edilen veriler varyans analizine tabi tutulmustur (Yurtsever, 1984). Kéklenme
orani degerlerine varyansi duradanlastirmak igin Arcsin dénlsimi uygulanmistir. 3 faktorli tesaduf
parselleri deneme desenine goére yapilan istatistiki analizler sonucu muameleler arasindaki farklar LSD
testi (0,01) kullanilarak belirlenmisgtir.

ARASTIRMA SONUCLARI ve TARTISMA
Koklenme orani

Koklenme orani verilerinin sunuldugu Cizelge 1 incelendiginde, yapilan istatistiki analizi sonuclari,
calismada ele alinan faktor (slire, IBA, ortam) veya interaksiyonlarin hig birisinin 6nem tasimadigini ortaya
koymus, kdklenme orani genel ortalamasi %95.3 olarak bulunmustur.

Cizelge 1. Farkli bekleme stresi, ortami ve IBA uygulamasinin dev kralotu sap ¢eliklerinin kdklenme oranina (%) etkisi
Table 1. Effect of waiting period, media and IBA application on rooting rate (%) of stem cuttings of giant king grass

IBA Sire (saat)
Ortam (ppm) 3 6 12 24 36 48 72 96 Ort
Kuru 0 100.0 100.0 100.0 100.0 100.0 100.0 75.0 100.0 96.9
(dry) 2000 100.0 75.0 100.0 100.0 100.0 100.0 100.0 100.0 96.9
4000 100.0 75.0 75.0 75.0 100.0 100.0 100.0 100.0 90.6
6000 100.0 100.0 100.0 100.0 100.0 75.0 100.0 100.0 96.9
Ort 100.0 87.5 93.8 93.8 100.0 93.8 93.8 100.0 95.3
Sulu 0 100.0 100.0 100.0 75.0 100.0 100.0 75.0 100.0 93.8
(wet) 2000 100.0 100.0 75.0 100.0 100.0 100.0 100.0 100.0 96.9
4000 75.0 100.0 75.0 100.0 100.0 100.0 100.0 100.0 93.8
6000 75.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 96.9
Ort 87.5 100.0 87.5 93.8 100.0 100.0 93.8 100.0 95.3
Ortalama 0 100.0 100.0 100.0 87.5 100.0 100.0 75.0 100.0 95.3
2000 100.0 87.5 87.5 100.0 100.0 100.0 100.0 100.0 96.9
4000 87.5 87.5 75.0 87.5 100.0 100.0 100.0 100.0 92.2
6000 87.5 100.0 100.0 100.0 100.0 87.5 100.0 100.0 96.9
Ort 93.8 93.8 90.6 93.8 100.0 96.9 93.8 100.0 95.3
LSD (0.01) S:6d IBA:6d O:6d SxIBA:6d SxO:6d IBAXO: 6d  SXIBAXO: od

S: sire (time) O: ortam (media) Ort: ortalama (mean) 6d: 6nemli degil (not significant)
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Kbéklenme orani bulgulari genel olarak degerlendirildiginde, yeni bir dev kralotu plantasyonu
olusturulmak istendiginde, anag¢ bitkiden alinan kéksiiz sap celiklerinin, herhangi bir kéklendirici hormon
uygulamasi yapilmaksizin, golge bir ortamda 4 gine kadar bekletilebilecegini ve sire sonunda nemli
toprada dikilmesi gerektigini ifade etmektedir. Bir bagka ifadeyle, deneme kosullarinda yetistirilen dev
kralotu anag¢ bitkisinden, Temmuz ayinin tglincu haftasi, érnegin Pazartesi ginu saat 08:00’de alinan
saplarin, 4 bodum icerecek sekilde celiklere kesilmesi ve bunlarin goélge bir ortamda saklanarak (kuru
veya sulu ortamda) Cuma gunl saat 08:00’e kadar dikilebilecedi anlamina gelmektedir. Bu bulgu, aktif
bidyuime déneminde bitkinin dip kisimlarina depoladigi besin madde miktarinin, gegen sireye ragmen
yeniden filizienmesi igin yeterli oldugu kanaatini dogurmaktadir.

Pek ¢ok arastirici (Larsen, 1997; Ellialtioglu, 2019; Hartmann et al., 2002) yas, yari odun veya
odun sap celiklerinin kdklenme yetenegi tizerinde, celik alim zamanindaki anag bitkinin saplarindaki besin
madde miktari, dikim esnasindaki toprak ve hava sicakhdi ile toprak nem durumunun da biylk édnem
tasidigini belirtmislerdir. Ayrica dev kralotu sapi Uzerindeki bogumlarda ciplak gézle bile agik¢a goérilen
koék primordiyumlari sayesinde kdklenme sansi oldukga yiksek oldugu pek arastirici tarafindan da ifade
edilmistir (Geren & Kavut, 2015; Geren & Yaman, 2016). Buna ek olarak Geren vd. (2016), dev kralotu
bitkisi sap bogumlari Gzerinde kok primordiyumu gériinmeden (6zellikle sapin Ust bolimlerinden) alinan
celiklerin koklenmedigi, aktif buyime dénemindeki sapin alt kisimlarinin adeta mumsu bir tabaka ile
kaplandidi zaman alinan celiklerdeki kdklenme oraninin ¢ok ylksek oldugu dile getirilmistir. Ayni
arastiricilar, bu dénemdeki dev kralotu celiklerinin kdklendiriimesinde hormon kullaniminin gerekli
olmadigi, nemli ve dogrudan glines i1s1g1 almayan bir ortamda bekletiimesinin yeterli oldugunu belirtmistir.
Arastirmamizda, celiklerin yukarida belirtilen ideal c¢elik alim zamaninda &rneklenmesi ve bakim
islemlerinin tam olarak yapilmasi sayesinde hormon dozu uygulamalari arasinda fark belirlenmemis, ¢ok
yuksek oranda kéklenme saglanmistir.

Calismamizda celiklerin dort giinlik depolama siiresinin koklenme orani izerinde olumsuz bir etkisi
bulunmamasina karsilik, bazi arastiricilar, kdkslz yas celiklerin depolama suresi uzadikga koéklenme
kabiliyetlerinin de azaldigini saptamislardir. Ornegin Zencirkiran (2010), depolama siiresi uzadikga (0, 1,
2, 3, 4 ay), karanfil (Diantus caryophillus) celiklerinin koklenme oranlarinin azaldigini bildirmigtir. Buna ek
olarak Iki et al. (2016), Aralik ayl basindan Nisan ayl bagina kadar 10°C ve 14°C’'de saklanan fil otu
(Pennisetum purpureum) kokslz sap geliklerinin, siire uzadikga ¢ikis oraninin énemli dlgide azaldigini
saptamiglardir. Bulgularimizin, yukaridaki arastiricilarin sonuglariyla farkli olmasinin nedenini kullanilan
bitkisel materyal farkliliklarina, saklama kosulu (sicaklik, nem, vb.) ve sirelerinin degisik olmasina
dayandirilabilir. Calismamizdan elde edilen ilging bulgulardan birisi de, celiklerden ¢ikan koéklerin
herhangi bir kallus olusmadan biyimeye baslamasidir. Zira yari odun veya odunsu g¢eliklerin tabaninda
olusturulan yaralamaya tepki olarak bir kallus dokusu olusmakta ve kallus ile kék ayni zamanda ortaya
cikmaktadir (Keskin, 2016). Calismamiz, dev kralotu sap celiklerinin kdklenmesi igin kallus dokusu
olusumunun zorunlu olmadigini géstermistir. Fil otu (Pennisetum purpureum) bitkisinden alinan 2-3
bogumlu celikleri, buzdolabi ortaminda 4, 8, 12, 16 ve 20 gin sakladiktan sonra diken Valentina et al.
(2018), celiklerin higbirinin kéklenmedigini saptamiglardir.

Sirgun uzunlugu

Surgln uzunlugu verilerine uygulanan varyans analizi sonugclari, bu 6zellik Gzerine sadece bekleme
stresi (p<0.01) ile hormon dozu (IBA) faktorlerinin dnemli (p<0.01) etkisi oldugunu géstermistir (Cizelge
2). Bekleme siresi genel ortalamalari arasinda en uzun sirgin boyu 56.5 cm ile 3 saat bekleyen
celiklerde saptanirken, onu istatistiki olarak ayni grupta yer alan 6 (52.2 cm), 12 (51.9 cm) ve 24 (47.5
cm) saat uygulamasi takip etmistir. En kisa sirgin boyu ise 31.5 cm ile 96 saat bekleyen geliklerde
Olgulirken, onu istatistiki olarak ayni (son) grupta yer alan 72 ve 48 saat uygulamalari izlemistir. Hormon
dozu genel ortalamalari arasinda en uzun sirgin boyu 53.5 cm ile 2000 ppm IBA dozunda kaydedilirken,
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onu istatistiki olarak ayni grupta yer alan 4000 ppm IBA (48.2 cm) uygulamasi takip etmistir. Rakamsal
olarak en kisa siirglin 34.8 cm ile kontrol (O ppm IBA) uygulamasinda kaydedilmistir.

Sdrgun uzunluguna ait bulgularimiz genel olarak degerlendirildiginde, celiklerin dikim icin bekleme
suresi uzadiginda surgin uzunluklarinin azaldigi séylenebilmektedir. Ayrica tim 6Slgimler toplu bir sekilde
yapildigindan, bitkinin bliylime hizi géz 6nine alindiginda, 3 ve 96 saat arasinda neredeyse 4 gin fark
bulunmasi sonucunda surgin boylarinin kisalmasi dogal olarak karsilanmaktadir. Benzer sonuglar Valentina
et al. (2018) tarafindan yuritilen bir calismada da dile getirilmis olup; 4, 8, 12, 16 ve 20 giin depolanan fil otu
(Pennisetum purpureum) geliklerinin dérdiinct glinden dikiminden sonra filizZlenmenin azaldigi vurgulanmistir.

Calismamizda, tim IBA uygulamalarinin kontrole gore slrgin boylarinin yikselmesine neden oldugu
belirlenmistir. Zira pek gok aragtirici (Ozer & Kalyoncu, 2007; Kalyoncu vd., 2008, 2016), koksiiz sap
celiklerinde hormon uygulamalarinin koklenme suresini kisalttigi, daha ¢ok sayida kok olusumuna neden
olarak stirgiin boylarini arttirdiginin altini gizmislerdir.

Cizelge 2. Farkli bekleme siresi, ortam ve IBA uygulamasinin dev kralotu sap ¢eliklerinin strglin uzunluguna (cm) etkisi

Table 2. Effect of waiting period, media and IBA application on shoot lenght (cm) of stem cuttings of giant king grass

IBA Sire (saat)
Ortam (ppm) 3 6 12 24 36 48 72 96 Ort
Kuru 0 40.0 47.0 38.8 315 34.8 31.5 23.5 18.0 33.1
2000 65.8 56.0 57.5 58.0 47.3 49.0 39.0 45.8 52.3
4000 64.8 53.0 57.0 54.3 45.8 43.3 32.8 295 475
6000 46.5 51.5 53.3 42.5 41.8 33.3 26.5 25.3 40.1
Ot 543 51.9 51.6 46.6 42.4 39.3 30.4 29.6 43.3
Sulu 0 41.0 43.8 39.8 51.0 325 335 28.3 22.0 36.5
2000 68.0 64.8 65.3 47.8 51.3 53.5 48.8 39.0 54.8
4000 65.3 51.3 56.5 475 50.3 425 40.3 37.0 48.8
6000 61.0 50.0 47.0 47.3 45.3 36.8 29.5 355 44.0
Ort 58.8 52.4 52.1 48.4 44.8 41.6 36.7 334 46.0
Ortalama 0 405 45.4 39.3 41.3 33.6 325 25.9 20.0 34.8
2000 66.9 60.4 61.4 52.9 49.3 51.3 43.9 42.4 53.5
4000 65.0 52.1 56.8 50.9 48.0 42.9 36.5 33.3 48.2
6000 53.8 50.8 50.1 449 43.5 35.0 28.0 30.4 42.0
Ot 565 52.2 51.9 475 43.6 40.4 33.6 31.5 44.6
LSD (0.01) S:10.4 IBA:7.4 0:6d SxIBA:6d SxO:6d IBAxO: 6d SxIBAXO: 6d

S: sire (time) O: ortam (media) Ort: ortalama (mean) 6d: 6nemli degil (not significant)

Arastirmamizda, dikim zamanina kadar celiklerin bekletildigi ortaminin tiri (kuru veya sulu),
surgln boyu Uzerine istatistiki anlamda énemli etkisi bulunmamistir. Halbuki celiklerdeki nem kaybinin,
kéklenme ve buna bagh 6zellikler lizerinde 6énemli bir etkisi bulundugu pek ¢ok arastirici tarafindan
belirtiimigtir (Larsen, 1997; Hartmann et al., 2002; Friedman & Rot, 2005; Ellialtioglu, 2019).
Arastirmamizda Temmuz sonu gibi oldukg¢a sicak bir dénemi temsil eden zamanda kesilen ve sadece
torba iginde kuru bir sekilde, gblge bir alanda ve doért giin depolanan geliklerin dikimi sonucu kaydedilen
surgln boylarinin, sulu ortamdakilerden 3-4 cm daha kisa olmasi (istatistiki olarak fark édnemli degil),
bitkinin dayanikhliginin bir goéstergesi olarak degerlendirilmistir (Geren & Yaman, 2016). Nitekim bazi
arastiricilar, kokslUz celiklerin  bitkinin genetik yapilarina bagh olarak degisik performans
g6sterebilecegini vurgulamiglardir. Ornegin, Friedman & Rot (2005), ticari karton koli ve polistiren
kutularda sevkiyati yapilan Plectranthus, Heliotropium, Lantana ve Euphorbia bitkilerine ait koksiz
celiklerde, olumsuz nakliye kosullariyla (22-24°C) sevkiyattan sonra, Lantana ve Plectranthus
celiklerinin, tim kaplarda benzer kaliteyi korudugunu ifade etmislerdir. Polistiren kutularda tasinan
Heliotropium ve Euphorbia cgelik kalitesinin, karton kolilere gére daha dusik oldugunu vurgulayan
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arastiricilar, polistiren kaplara buz paketleri konulmasi durumunda zararli etkilerin dnline gegilebildigini
de belirtmiglerdir. Bu sonuglardan da anlasilacagi Uzere, c¢eliklerin dayanikhliklari farkli olabilmekte
olup, bulgularimizi teyit etmektedir.

Siirgiin sayisi

Sirgln sayisi verilerine uygulanan varyans analizi sonuglari, bu 6zellik Gzerine sadece IBA dozu ve
bekleme ortami faktdrlerinin 6nemli (P<0.01) etkisi oldugunu gdstermistir (Cizelge 3). Hormon (IBA) dozu
genel ortalamalari arasinda en yiksek surgin sayisi 4.4 adet ile 2000 ppm IBA dozunda saptanirken, onu
istatistiki olarak ayni grupta yer alan 4000 ppm (3.8 adet) izlemis olup, rakamsal olarak en dislk sirgin
sayisi da 2.7 adet ile kontrol (0 ppm IBA) uygulamasinda kaydedilmistir. Bekleme ortami genel ortalamalari
arasinda ise en ylUksek surgun sayisi 3.9 adet ile sulu ortamda, en dusuk surgln sayisi da 3.1 adet ile kuru
ortamda bekletilen geliklerde saptanmistir.

Sdrgin sayisina iligkin bulgularimiz genel olarak degerlendirildidinde, bekleme siresinin surgin
sayisi Uzerine dnemli bir etkisinin olmadigi, celiklerin kuru ortamda bekletilerek dikilmesiyle celik basina
daha az (~1 adet) slrglin olusumuna neden oldugu, buna ek olarak IBA uygulamalarinin siirgiin sayisini
kontrol uygulamasina gore yiikselttigi ortaya gikmistir. Ancak kontrol uygulamasindan sonra dogrudan zirve
yapan 2000 ppm IBA uygulamasindan sonra artan IBA (sirasiyla 4K ve 6K) dozlarinda stirgiin sayisinin
azalmasi “asiri doz” olarak degerlendirilmis olup, 0-2000 ppm IBA ara dozlarinin (500, 1000, 1500 ppm, vb.)
incelenmesinin gerektigine isaret etmektedir.

Cizelge 3. Farkli bekleme suresi, ortam ve IBA uygulamasinin dev kralotu sap celiklerinin slirglin sayisina (adet/celik) etkisi

Table 3. Effect of waiting period, media and IBA application on number of shoot of stem cuttings of giant king grass

IBA Sire (saat)
Ortam (ppm) 3 6 12 24 36 48 72 96 ort
Kuru 0 1.3 25 25 2.3 25 2.3 2.3 25 2.3
2000 4.5 4.5 4.3 4.0 4.3 3.8 4.0 3.3 4.1
4000 4.0 35 3.8 3.0 3.0 3.5 3.0 3.0 3.3
6000 3.8 2.8 2.8 3.0 2.8 2.3 25 3.0 2.8
Ort 3.4 3.3 3.3 3.1 3.1 2.9 2.9 2.9 3.1
Sulu 0 35 35 3.8 2.5 3.0 2.8 2.8 2.8 3.1
2000 5.0 5.3 5.3 4.8 4.3 4.3 45 4.0 4.7
4000 4.8 4.8 4.8 4.0 4.3 4.3 3.8 35 4.3
6000 4.8 3.8 3.8 35 3.0 3.3 3.3 2.8 3.5
Ort 4.5 4.3 4.4 3.7 3.6 3.6 3.6 3.3 3.9
Ortalama 0 2.4 3.0 3.1 2.4 2.8 25 25 2.6 2.7
2000 4.8 4.9 4.8 4.4 4.3 4.0 4.3 3.6 4.4
4000 4.4 4.1 4.3 35 3.6 3.9 3.4 3.3 3.8
6000 4.3 3.3 3.3 3.3 2.9 2.8 2.9 2.9 3.2
Ort 3.9 3.8 3.8 3.4 3.4 3.3 3.3 3.1 3.5
LSD (0.01) S:6d IBA:0.7 0:05 SxIBA:dd SxO:06d IBAXO:6d SxIBAXO: 6d

S: sure (time) O: ortam (media) Ort: ortalama (mean) 6d: 6nemli degil (not significant)

Celik kdklendirme iglemlerinde ylksek IBA dozlarinin her zaman ve her bitki icin daha iyi olmadigi
pek ok arastirici tarafindan dile getirilmistir. Ornegin Yildiz vd. (2009) karadut (Morus nigra) bitkisinden
alinan odun, yari odun ve yesil ¢celiklere 4K, 6K ve 7.5K ppm IBA uygulamalari karsisinda 7.5K ppm IBA
uygulanan odun celiklerinin hig¢ birisinin kdklenmedigini ve sirgiin vermedigini bildirmislerdir. Buna karsilik
ayni dozun, yari odun ve yesil geliklere uygulanmasinda en yiksek kdklenme ve sirgliin sayisina
ulasildigi saptanmistir. Arastiricilarin bu sonuglari, bulgularimizla paralellik géstermesine karsilik, dev
kralotu celiklerine 4K ppm IBA uygulamasinin yuksek surgiin sayisi uretmesine neden oldugunu ifade
eden Geren & Kavut (2015)’in sonuglariyla gelismektedir.
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Calismamizda ele alinan sirglin sayisi, esasen bitkinin blylimesine gore paralel bir sekilde artis
gosteren 6zelliktir. Ozellikle dev kralotu bitkisinin yiiksek oranda siirgiin olusturma kapasitesi nedeniyle,
koklendikten sonra is tamamen bitkiye ve ortam kosullarina kalmaktadir. Nitekim Geren & Yaman (2016)
sakslya dikilen bir dev kralotu celiginin 5 ay sonra ortalama 12 adet, Saberrezaei & Geren (2022) ise
saksidaki bir celigin 1 yil sonra 16 adete ulastigini belirtirken, tarla kosullarinda dikim yili sonunda
metrekarede 40 adet olan sap sayisinin, ikinci yilin sonunda 260 adete yikseldigi bildirilmistir (Geren &
Kavut, 2015).

Kok kuru agirhgi

Kok kuru agirhgi verilerine yapilan analiz sonuglari, SxIBA ile SxO ikili interaksiyonlarin énemli
(P<0.01) oldugu ortaya koymustur (Cizelge 4). SxIBA ikili interaksiyonuna gore yapilan degerlendirmede,
rakamsal olarak en yiksek kdk kuru agirligr 8.0 g/celik ile 6 saat ve 2000 ppm IBA uygulanan cgeliklerde
saptanmistir. Rakamsal olarak en dusuk kok kuru agdirhdi ise 2.6 g/celik ile 24 saat bekletilen ve IBA
uygulanmayan (0 ppm, kontrol) celiklerde tespit edilmigtir. SxO ikili interaksiyonuna gdére vyapilan
degerlendirmede ise, rakamsal olarak en ylksek kok kuru agirhgi 7.5 g ile 3 saat sulu ortamda, yine
rakamsal olarak en dusik kok agiriigi ise 3.3 g ile 96 saat kuru ortamda bekletilmis geliklerde kaydedilmisgtir.

Kok kuru agirhd@ bakimindan bulgularimiz genel olarak degerlendirildiginde, celiklerin bekletiime
suresi uzadikga kok agirhdinin distigu, IBA uygulamalarinin kontrole gére (0 ppm) celiklerdeki kok
agirhgini yukselttigi ve sulu ortamda bekletilen celiklerin kuru ortamda bekletilenlere gbre biraz daha fazla
kok agirlidina sahip oldugu saptanmistir.

Cizelge 4. Farkli bekleme stresi, ortam ve IBA uygulamasinin dev kralotu sap geliklerinin kék kuru agirigina (g) etkisi

Table 4. Effect of waiting period, media and IBA application on root dry weight (g) of stem cuttings of giant king grass

IBA Sire (saat)
Ortam (ppm) 3 6 12 24 36 48 72 96 Ort
Kuru 0 35 25 33 2.8 31 3.0 31 2.6 3.0
2000 6.0 6.9 51 5.7 5.2 55 3.9 3.9 5.2
4000 5.9 5.6 438 4.6 45 3.7 35 3.6 45
6000 5.7 31 3.7 3.8 34 3.2 34 33 3.7
ort 5.3 4.5 4.2 4.2 4.0 3.8 35 33 4.1
Sulu 0 5.0 3.6 4.6 24 34 3.3 3.2 33 3.6
2000 8.7 9.2 7.6 6.7 5.2 6.0 5.3 4.6 6.6
4000 8.6 8.8 7.3 6.4 4.6 4.0 4.7 4.6 6.1
6000 7.7 6.7 6.4 5.9 4.0 34 35 35 5.1
Ort 7.5 7.1 6.5 5.3 4.3 4.2 4.2 4.0 5.4
Ortalama 0 4.2 31 4.0 2.6 3.2 31 31 3.0 33
2000 7.3 8.0 6.4 6.2 5.2 5.8 4.6 4.2 5.9
4000 7.3 7.2 6.0 55 45 3.9 41 41 5.3
6000 6.7 4.9 51 4.8 3.7 33 35 34 4.4
ort 6.4 5.8 5.3 4.8 4.2 4.0 3.8 3.6 4.7
LSD (0.01) S:0.7 IBA:05 0:04 SxIBA:15 SxO:1.1 IBAXO:6d SxIBAXO: 6d

S: sire (time) O: ortam (media) Ort: ortalama (mean) 6d: 6nemli degil (not significant)

Toprakla bulusan celikler, bir sorun yoksa (yani gozler (tomurcuk) saglam, toprak sicakhgi ve nem
uygunsa) hemen koklenmeye basladiklarindan kok sayilari ve uzunluklari artmakta, bu da dogal olarak
toplam kok agirliklarinin artmasina neden olmaktadir. Dikimin gecikmesi veya geliklerin kéklenmeyi olumliu
yonde etkileyen nemli ortamda bulunmamasi ve kdklenmeyi tesvik edici kimyasallara maruz kalmamasi
celik basina daha az sayida ve kisa kdk olusumuna neden oldugu bir¢ok arastirici tarafindan vurgulanmistir
(Krain, 2016; Lesmes-Vesga et al., 2021). Yukarida agiklanan durum ¢alismamizda test edilen bitki ve ona
uygulanan muameleler icin gecerli olmustur. Ne var ki, yapilan literatlr taramalarinda s6z konusu bitkimizle
ilgili benzer ¢alismalara rastlanilmamasi, bulgularimizi tartismayi zora sokmaktadir.
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Glner & Geren

Geren & Yaman (2016) saksiya dikilen bir dev kralotu celiginin 5 ay sonra ortalama 228 g/bitki,
Saberrezaei & Geren (2022) ise saksidaki bir celigin iki yil sonra 789 g kok kuru agirhgi verdigini
bildirmislerdir. Bu sonuglar, bulgularimiz ile uyum gdstermemektedir. Zira galismamizda kok kuru agirhgi,
dikimden 45 gun sonra Olgulmustir. Ancak degisik tarimsal islemlerin ve drnekleme suresinin dev kralotu
kék agirhg tizerinde farkl tepkilere neden oldugunun bir gdstergesidir. Ornegin, dev kralotu bitkisine farkli
konsantrasyonlarda (0, 25, 50 ve 100 m Mol) tuz (NaCl) uygulayan Geren & Durul (2014), 0 m Mol'de 14 g
olan kok kuru agirhiginin, 100 mMol'de 4 grama distigini ifade etmiglerdir. Saksida yetistirilen dev
kralotuna farkli su dozu (tarla kapasitesinin %100’l, %80’i, %601 ve %40'1) uygulayan Geren et al. (2014)
ise, su dozunun azalmasiyla kdk agirhgr 25 g’'dan 12 grama distiginid saptamislardir.

SONUC

Farkh bekleme stresi (3, 6, 12, 24, 36, 48, 72 ve 96 saat) ve ortami (kapali ambalaj icinde kuru ve
sulu) ile IBA uygulamasinin (0, 2K, 4K ve 6K ppm) dev kralotu kéksiz sap geliklerinin kéklenme orani ve
baz dzelliklere etkisini incelemek amaciyla ylrutilen denemede su sonuglara ulagiimigtir: Koklenme orani
Uzerine incelenen faktorlerin (sdre, ortam, IBA) hig birisinin dnemli olmadigi saptanmistir. Celiklerin bekleme
sUresi uzadikga slrgin sayisi diismuis, boylar kisalmistir. Celiklerin kuru ortam yerine suda bekletiimesi
celik basina surgun sayisini arttirmigtir. Celiklerin bekleme siiresi uzadik¢a kdk kuru agirliklar azalmistir.
Sulu ortamda bekletilen celikler, kuru ortama gére daha az miktarda koék olusturmuslardir. 2K (2000) ppm
IBA uygulamasi gelik basina surgiin sayisi, sirgin uzunlugu ve kok kuru agirigini arttirmistir.

Bu sonuclara goére, dev kralotu anag bitki sapi dip kisimlarinin mumsu bir tabaka ile kaplanarak hafif
grimsi-yesil renge donustugu ve bogumun hemen altinda kok izlerinin gérinmeye bagsladigi zamanda alinan
sap celiklerinin %100’e varan oranda koklendigi saptanmistir. Celiklerin mimkiin olan en kisa surede
toprakla bulugsmasinin gerekli oldugu sonucu saptanan galismamizda, geliklerin nakliyesi esnasinda nem
kaybini dnlemek amaciyla suda bekletiimesi ve 2K ppm IBA uygulanmasinin surglin sayisi ve kok agirligi
Uzerinde olumlu etkisi de belilenmistir. Ayrica ¢alismamizda kullaniimayan IBA ara dozlarinin (0.5K, 1K,
1.5K, 2K, 2.5K ppm, vb.) test edilmesinin gerektigini ortaya ¢ikmigtir.
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0z
Amag: Bu ¢alismanin amaci, tuzluluk stresi altinda yetistirilen soya fasulyesinde
salisilik asidin morfolojik ve biyokimyasal degisimlerini g6zlemlemektir.

Materyal ve Yéntem: Calisma 2019 yilinda Van Yiiziincii Yil Universitesi Ziraat
Fakiltesi Tarla Bitkileri Bolumu iklim odasinda gerceklestirilmistir. Arastirmada,
“llksoy” soya gesidi kullanilmis, dért farkl salisilik asit dozu (0, 0.5, 1, 1.5 mM)
ve 3 farkh NaCl tuz dozu (0, 150 ve 300 mM) uygulanmistir. Calismada soyada
kok - gbvde uzunlugu, kok - govde yas agirhdi, kok - govde kuru agirhgi, yaprak
alani, klorofil orani, yaprak dokularinda iyon sizintisi (YDIS), lipid peroksidasyon
diizeyi (MDA), yaprak dokularinda bagil su igerigi (YDBSI) ve membran
dayaniklilik indeksi (YDMDI) gibi bitki ile ilgili 6zellikler belirlenmistir.

Arastirma Bulgulan ve Sonug: Tuz dozlan arttikga govde yas agirliginin
azaldigl, en disuk degerin, 1.26 g ile 300 mM tuz konsantrasyonundan elde
edildigi gbzlemlenmistir. En yiksek MDA miktari (0.75 nmol/g TA) ve en disuk
klorofil igerigi (39.46 SPAD) 300 mM NaCl dozu uygulandiginda elde edilmistir.
Yapilan galigmada, tuz stresi uygulamalari ile gévde uzunlugu, kék, gévde yas
ve kuru agirliklarini, YDBSI, YDMDI, yaprak alanini, ve klorofil orani azalirken,
MDA ve YDIS degerleri artmistir. Ayrica en uzun kokler kontrol ile
kiyaslandiginda 150 mM tuz uygulamalarindan tespit edilmistir.

ABSTRACT

Objective: The objective of this study was to observe the morphological and
biochemical changes of salicylic acid in soybean grown under salinity stress.

Material and Methods: The study was carried out in climate room of Van
Yuzuncu Yil University, Faculty of Agriculture, Department of Field Crops in 2019.
The “llksoy” soybean variety was used in the study. Four different salisilic acid
doses (0, 0.5, 1 and 1.5 mM) and 3 different NaCl salt doses (0, 150 and 300 mM)
were applied. Plant releated properties such as root - stem length, root -stem fresh
weight, root - stem dry weight, leaf area, chlorophyll content, ion leakage in leaf
tissues (ILLT), lipid peroxidation level (MDA), relative water content (RWC) and
membrane resistance in leaf tissues (MRLT) were determined.

Results and Conclusions:It was observed that as the salt doses increased,
the stem fresh weight of the soybean plants decreased, and the lowest value
was obtained from 1.26 g and 300 mM salt concentration. The highest MDA
content (0.75 nmolg™ FW) and the lowest chlorophyll content (39.46 SPAD)
were obtained when the 300 mM NaCl dose was applied. From the study
conducted, the stem length, root, stem fresh and dry weights, RWC, MRLT, leaf
area and chlorophyll ratio decreased with salt stress applications while the MDA
and ILLT values increased. In addition, the longest roots were detected in 150
mM salt applications as compared to the control.
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GiRIiS

Bitkiler, gecmisten glnimuize kadar insanlar tarafindan farkh amaclar icin kullanmaktadir.
Gegmiste insanlar bitkileri; hastaliklarin tedavisinde, beslenme, barinma, savunma ve isinma amaciyla
kullanmistir. Ginimiizde ise bu daha bilingli bir sekilde yapilmakta ve gida, kozmetik, ilag, endistri ve
ziraat gibi pek ¢ok alanda bitkiler kullaniimaktadir (Goktas & Gidik, 2019). insan saghgi goz oniinde
bulundurularak, yeni beslenme aligkanliklar icerisinde birgok driin yer almistir. Protein orani oldukca
yuksek bir yag bitkisi olan soyabunlardan biridir (Hartwig & Kihl, 1979).

Gen merkezi Kuzey Cin olan soya (Glycine max (L.) Merrill) baklagiller familyasina ait tek yillik bir
bitkidir. %18-26 yag ve %40 protein iceren soya, insan ve hayvan beslenmesi agisindan ¢cok énemli bir
yere sahiptir (ilker vd., 2010). Ayrica, diinya yagli tohum dretiminin %50’sinden fazlasi soya bitkisinden
karsilanmaktadir (Arioglu, 1994). Soya, kolesterol ve doymus yaglar icermemesi nedeniyle, protein icerigi
yuksek kalitede olup, ¢cok yonli kullanim alani olan bitkisel gida maddesidir. Soya yagi, B ve E vitaminleri
ile demir, ¢inko, magnezyum agisindan oldukca zengindir. Son 20 yilda uygulanan 2. Uriin projesi ile
Akdeniz ve Ege Bdlgesi'nin sulanabilir alanlarinda yetistiriimeye baslanmis olan soya tarimi giinimuizde
agirlikli olarak Cukurova Boélgesi'nde yapilmaktadir. Soya Uretiminin %80-85'i Adana ve Osmaniye
illerinde yapilmakta olup. Son yillarda soya tretimi 50-60 bin tona gerilemigtir. Ozellikle treticilerimizin bu
degerli Grind 2. Urin olarak degerlendirmeleri ve yayginlagsmasini saglamalari 6nem arz etmektedir
(Nazlican, 2017).

Topraklarin verimliligini énemli 6l¢iide azaltan tuzluluk problemi, 6zellikle yadisi yetersiz olan kurak
ve yari kurak iklim bdlgelerinde sik karsilasilan bir sorundur. lliman iklim bdélgelerindeki tuzlar nemin
etkisiyle ¢ozlinerek alt katmanlara dodru hareket etmekte ve yer alti sularina karigsarak okyanuslara
tasinmaktadir. Kurak iklimin yasandigi boélgelerde ise bu durum tam tersidir, dolayisiyla yikanma ile
denize ya da okyanuslara tasinma durumu yok denilecek kadar azdir. Diinyada bulunan topraklarin
%46’s1 kurak ve yari kurak iklim bélgelerinde yer almaktadir. Sulu tarim yapilan bu iklim bdlgelerinde
arazilerin %50’ye yakininda farkli seviyelerde tuzluluk problemi vardir. Bunun yani sira kuraklik
buharlasmayi da beraberinde getirdiginden buharlasmanin etkisiyle toprak yuzeyinde biriken tuzlar yogun
miktarda topraklarda tuz birikimine neden olmaktadir.

Toprakta tuzluluk problemi kurak ve yari kurak bélgelerde drenaj yetersizligi, yagislarla tuzlarin
tasinmasi gibi dodal nedenlerle, sulama suyunun tuzlu olmasi ve bilin¢siz giibreleme gibi insan faktorli
uygulamalar sonucunda olugmaktadir (S6nmez & S6nmez, 2007).

Dunyada topraklarin yaklasik %33'0 tuzlu topraklar olarak bilinmektedir ve bu oran her gecen yil
artmaktadir. Dinyada 10 milyon hektar arazi her yil tuzluluk probleminden dolayi kullanilamaz duruma
gelerek sorunun boyutunun ne kadar buyik oldugunu géstermektedir (Kwiatowski,1998). Ekonomik
degere sahip bitkilerin ¢gogu toprak tuzluluguna karsi hassasiyet géstermekte olup, duyarh bitkilerin tuz
stresine karsi hassasiyetini gidermek ve tolerans mekanizmalarini arttirmak amaciyla besin degeri yiiksek
ve sadece tuza degil diger tum abiyotik stres cesitlerine karsi da genis tolerans araligina sahip bitkilerin
gelistiriimesi gerektigi mecburi bir hal almigtir.

Salisilik asit (SA), genellikle bir hidroksil grubu ya da onun fonksiyonel tiirevini tagiyan, aromatik bir
halkaya sahip bitki fenoliklerinin bir grubudur. Fenolik karakterli icsel bir bliyiime diizenleyici olan SA, bitki
binyesinde fizyolojik olaylarin dizenlenmesinde gérev almaktadir (Mikolajczyk et al., 2000). SA'nin
kuraklik, tuzluluk agir metaller ve sicakhk gibi olumsuz sartlarda bitki bunyesinde strese karsi verdigi
tepkilerin dizenlenmesinde 6nemli bir rol Ustlendigi belirtiimistir (Hayat vd., 2010). Bitkilerde hastalik
direncini arttiran salisilik asit, bircok stres durumuna kargi hormonal birsinyal molekulidir (Shirasu et
al.,1997). Salisilik asit; ucuz, ayristirilabilir ve son derece gicli bir bitki biyime hormonu oldugundan,
normal ve stresli kosullar altinda Uriin verimini arttirmada kullaniimaktadir (Cochrane et al., 2004; Catinot
et al., 2008; Kim & Hwang, 2011; Sadeghi vd., 2013). Yapilan ¢alismalarda SA'nin hormonal etkilerinin
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biyumeyi dislk dozlarda uyarmak ve yiksek dozlarda ise buyimeyi engellemek igin hareket ettigi ileri
surdlmektedir (Bagautdinova et al., 2022). Ayrica SA'nin, bitkinin hiicre bolinmesinde gok 6nemli roller
oynadigi tespit edilmistir (Li et al., 2022). Bu bulgular, SA’'nin olduk¢a agir stres kosullarinda, bitki
tolerans seviyesini arttirabilecegini géstermektedir.

Bu calisma ile, tuz stresi kosullarinda yetistirilen soyanin bazi fiziksel ve biyokimyasal 6zellikleri
Uzerinde, farkli salisilik asit dozlarinin etkisi incelenmis ve salisilik asitin tuz stresi nedeniyle meydana
gelen zararlanmalarin hangi seviyede baskilandigi ya da toleransi artirip artirmadigi saptanmistir.

MATERYAL ve YONTEM

Deneme, 2019 yilinda Van Yizinct Yil Universitesi Ziraat Fakiiltesi Tarla Bitkileri Bolimi'ne ait
tam kontrolli iklim odasinda ydratdlmustur. Arastirmada tohumluk materyali olarak Trakya Arastirma
Enstitiisi’'nden temin edilen ilksoy soya (Glycine max L.) gesidi kullanilmistir. Deneme, Tesadiif Parselleri
Deneme Desenine gbére 4 tekerrirll olarak faktoriyel dizende yiritilmastir. Arastirmada, dort farkl
salisilik asit konsantrasyonu (0, 0.5, 1.0 ve 1.5 mM) ve Uc¢ farkli tuz dozu (0, 150 ve 300 mM NaCl)
kullaniimigtir. Toplam 48 adet plastik saksi kullanilarak kurulan denemede bitki biinyesinde olusturulan
tuz stresinin salisilik asit uygulamalari sonucu ne derecede dnlenebildigini gbzlemlemek amaciyla topraga
salisilik asit dozlari sulama suyu ile birlikte verilmigtir.

Arastirmada, soya tohumlari 6ncelikle plastik ¢cimlendirme kaplarina ekilerek ve 2-3 adet gercek
yapraga sahip olduklari fide dénemine geldiklerinde her saksiya viyollerden alinan birer adet fide 1/3 perlit
ve 2/3 toprak karisimi ile doldurulan 500 cc'lik plastik saksilara dikilmistir. Kullanilan saksi harci 500 gram
olacak sekilde saksilara doldurulmustur. Dikimden sonra saksilar 16/8 saatlik aydinlik/karanlik
fotoperiyotta, 25°C sicaklik, %65 neme sahip iklim odasina yerlestirilmistir. Bitkiler ekimden itibaren giin
asir olmak kaydi ile saf su ile sulanmigtir. Bitkilere salisilik asit uygulamasi ekimden 12 giin sonra
baslamistir. Saksilardaki bitkilere 16. ginden itibaren tuz uygulamalarina baslanmistir. Sulama suyu
olarak farkh tuz dozlarinda hazirlanan soliisyon topraga uygulanmistir. Tuz konsantrasyonu
uygulamalariyla birlikte salisilik asit veriimeye devam edilmistir. Bitkilere 19. glinde sadece tuz uygulanip
salisilik asit uygulamasi sonlandiriimigtir. yaklasik 1 hafta sonra (27.gin) bitkilerde fizyolojik sorunlar
g6zlemlenmis ve analizler i¢in (33. gun) hasat yapilarak deneme sonlandiriimigtir. Tuz stresine maruz
kalmis soya bitkisine uygulanan salisilik asit uygulamalarinin bitkide fizyolojik ve biyokimsal 6zellikler
Uzerine olumlu etkide bulundugu tespit edilmistir.

Kok ve gévde uzunlugu, kumpas ile santimetre (cm) cinsinden Olgiimustir. Kok ve gbvde yas
agirligl, hassas terazide tartilmig, daha sonra 70°C’de 48 saat siiresince etiivde bekletilerek kok ve govde
kuru agirliklari hesaplanmistir.Her saksida bulunan tek bitkiler hasat edilmeden 6nce, tim incelenecek
parametreler igin 4 tekerrirli olacak sekilde drnekleme yapilmig ve daha sonra morfolojik gozlemler
alinmak Uzere bitkiler hasat edilmistir.

Yaprak Dokularinda Bagil Su igerigi (%): Bitkilerin oransal su igeriklerini belirlemek icin hasattan
hemen sonra her bir yapraktan 4 adet disk seklinde kesit alinip yas agirliklari belirlenmigtir. Yaprak
diskleri, 2 saat boyunca, 25 °C’'de ultra saf suda bekletilerek, turgor agirliklari saptanmistir. Ardindan
ornekler, 110 °C’de 24 saat boyunca kurutularak agirliklari kaydedilmis ve bagil (oransal) su igerigi, Arora
et al.(2002)'ne gore hesaplanmistir.

Lipid Peroksidasyon Seviyelerinin Belirlenmesi (nmol/gTA): Bitkilerde lipid peroksidasyonu
malondialdehit (MDA) icerigi olarak ifade edilmektedir. Amacina uygun olarak alinan 0.5 g yaprak
ornekleri 10 ml %0.2'lik trikloro asetik asit (TCA) ile homojenize edildikten sonra homojenat 15000 g'de 5
dakika santriftj edilmigtir. Santrifij edilen drnegin supernatant kismindan 1 ml alinip, tzerine 4 ml %20’lik
TCA icerisinde ¢ozilmis %0.5'lik tiobarbiturik asit (TBA) eklenmistir. Karisim 95°C su banyosunda, 30
dakika bekletildikten sonra hizla buz banyosunda sogutulup 10000 g'de 10 dakika santriflij yapildiktan
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sonra sUpernatant kisminin 532 ve 600 nm dalga boyunda absorbansi belirlenmis ve malondialdehit
(MDA) icerigi tespit edilmistir (Sairam & Saxena, 2000).

Yaprak Dokularinda Membran Dayanikhilik indeksi (%) ve Yaprak Dokularinda Iyon Sizintisinin
Belirlenmesi (%): Hasattan 6nce alinan yas yaprak ornekleri (0.1 g) 6nce ¢esme suyu ile daha sonra saf
su ile yikanip bitki 6rnekleri 10 ml saf su igerisinde 40°C’de 30 dakika bekletilerek ¢ozeltinin EC'si
Olculmustldr. Sonra sicak su banyosunda 100°C’de 10 dakika bekletilen drnekte EC tekrar oOlgllerek ve
yaprak dokularinda iyon sizintisi veya membran gegirgenligi belirlenmistir (Sairam, 1994).

Yaprak Alani: Yaprak sekilleri cizilerek alan olcer aleti (planimetre) kullanilarak cm?® olarak
hesaplanmistir.

Klorofil igerigi: Yapraktaki klorofil miktarini dolayh olarak 6lgen, taginabilir klorofil metre cihazi
(Minolta SPAD-502, Osaka, Japan ) ile belirlenmistir.

Elde edilen verilerin hesaplanmasi COSTAT (6.3 versiyonu) bilgisayar analiz programi kullanilarak
yapilmis olup 6nemli gikan uygulamalar Duncan Coklu Karsilastirma Yontemi'ne gore karsilastiriimistir.
ARASTIRMA SONUCLARI ve TARTISMA

Tuz stresi kosullarinda yetistirilen soya fidelerinde salisilik asit uygulamalarinin bazi blylime
parametreleri ile fizyolojik ve biyokimyasal degisimleri gdzlemlenmis elde edilen sonuclar Cizelge 1 ve
Cizelge 2'de sunulmustur.

Cizelge 1. Tuzluluk stresi kosullarinda yetistirilen soyaninbazi morfolojik gelisim parametreleri tzerine salisilik asit dozlarinin etkisi

Table 1.The effects of salicylic acid applications on some morphological growth parameters of soybean grown under salinity stress

conditions

Tuz Uyg. SA K6k uzunlugu Gb\!de lfbk yas Gt}vde yas Kfjk kuru G('jvvde kuru
Uyg. (cm) uzunlugu (cm) agirhgi (9) agirhk (g) agirhk (g) agirhk (9)

TO SA1 18.40d 45.75bc 1.54de 1.83abc 0.17c 0.37c
SA2 25.62bc 47.87bc 2.54b 2.17ab 0.25b 0.43b
SA3 26.25bc 62.00a 3.18a 0.79e 0.33a 0.61a
SA4 28.25b 61.87a 2.72b 2.67a 0.26b 0.60a

TO Ortalama 24.63B 54.37A 2.49A 1.86A 0.25A 0.50A

T1 SA1 25.55bc 25.55¢g 1.14e 1.41c 0.13cd 0.25e
SA2 32.85a 44.87c 2.15¢ 1.74bc 0.22bc 0.31d
SA3 25.25bc 46.17bc 2.14c 2.12ab 0.23bc 0.40bc
SA4 28.00b 46.45bc 1.58d 1.92ab 0.16¢ 0.37c

T1 Ortalama 27.91A 40.76B 1.75B 1.79A 0.19B 0.33B

T2 SA1 17.77e 31.07f 0.48g 0.79de 0.09d 0.23ef
SA2 34.75a 35.62e 1.19% 1.26cd 0.13cd 0.17f
SA3 18.35d 38.57d 0.84f 1.47c 0.11cd 0.37c
SA4 24.10c 49.85b 1.32e 1.54c 0.13cd 0.30d

T2 Ortalama 23.74B 38.78B 0.96C 1.26B 0.11C 0.27C

SA Ortalama SA1 20.58D 34.12D 1.06C 1.34D 0.13C 0.28B
SA2 31.07A 43.79C 1.96AB 1.73B 0.20B 0.30B
SA3 23.28C 48.91B 2.06A 1.46C 0.22A 0.46A
SA4 26.78B 52.73A 1.87B 2.04A 0.18C 0.42A

VK (%) 10.097 6.362 11.288 14.207 12.391 10.096

TUZ Uyg *% *% *% *% *% *%

SA Uyg . *% *% *% *% *% *%

T X SA *% *% *% *% *% *%

T: Tuz, SA: Salisilik asit, SA1: 0 (Kontrol), SA2:0.5 mM, SA3: 1 mM, SA4: 1.5 mM, TO: 0 (Kontrol), T1: 150 mM, T2: 300 mM,
*P<0.05 dizeyinde 6nemli ,** P<0.01 duzeyinde énemli,
Ayni buyuk ve ayni kiigik harf ile gésterilen ortalamalar arasinda istatistiksel olarak farklilik bulunmamaktadir.
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Soya bitkisinin kék uzunlugu Uzerine salisilik asit doz uygulamalari, tuz konsantrasyonlari ve tuz
salisik asit interaksiyonunun etkisi istatistiksel olarak dnemli bulunmustur. Tuz konsantrasyonun artmasi kok
uzunlugunun azalmasina neden olmustur (Cizelge 1). Tungtirk vd. (2011), tuz stresi kosullarinda yetistirilen
kanolanin kék uzunlugunda, Bilkis et al. (2016), bugdayin kék gelisiminde bir azalmaya neden oldugunu
vurgulamislardir. Salisilik asit dozlari agisindan degerlendirme yapildiginda, en uzun koklerin 31.07 cm ile
SA2 dozundan elde elde edildigi, en kisa koklerin ise 20.58 cm ile kontrol bitkilerinde Olguldigu ortaya
ctkmistir. Salisilik asit konsantrasyonlari 0.5 mM tuz dozunda kok uzunlugu Uzerinde en iyi etkiyi
gosterirken, artan dozlar kdk uzunlugunun artmasinda etkili olmamistir Ancak kontrol ile kiyaslandiginda
artiglar saglanmistir. Salisilik asitin bugday ve fasulyede kok uzunlugunu arttirdigi 6zellikle tuz stresine
maruz birakilmig bitkilerin kdklerinde hlicre bélinmesinin ilerlemesine ve verimlilik artisina neden oldugu
ortaya konulmustur (Shakirova et al., 2003; Turkyilmaz vd., 2005). Zahra et al.(2011) tarafindan yapilan
¢alismada da tuz stresi kosullarinda salisilik asit konsantrasyonundaki artisa paralel olarak kék uzamasinin
engellendigi bildirilmistir.

Farkh tuz ve salisilik asit dozlarinin gévde uzunlugu Uzerine etkisi 6nemli bulunmustur. Farkh tuz
konsantrasyonlarinda en yilksek goévde uzunlugu ortalama degeri 54.37 cm ile tuz uygulanmayan kontrol
grubundan saglanirken, en disuk govde uzunlugu degeri ise 38.78 cm ile 300 mM tuz uygulamasindan elde
edilmigtir. SA uygulamalari bakimindan, en yiksek govde uzunlugu 52.73 cm ile 1.5 mM SA
uygulamalarindan en diistik deger 34.12 cm ile kontrolden saglanmistir. Govde uzunlugu degeri, en yiuksek
62.00 cm ile kontrol ile 1.0 mM salisilik asit interaksiyonundan elde edilmistir. Calismada uygulanan artan
tuz konsantrasyonlari gévde uzunlugunu azaltici yonde etkilerken, SA uygulamalarinin arttirici yoénde etkisi
tespit edilmistir. Farkl bitkilerde yapilan ¢alismalarda tuz stresinin kok gelisimini engelledigi ve bu durumun
bitkide gévde uzunlugu gelisimini azalttigi ortaya konulmustur (Romero et al., 2001; Irshad et al., 2002).
Kizilgeci (2021), bugdayda yaptigi calismada da artan tuz konsantrasyonlarinin gévde uzunlugunda
azalmaya neden oldugunu bildirmigstir.

Soyada kok yas agirligi tuz x salisilik asit interaksiyonundan énemli derecede etkilenmistir. En
yuksek deger 3.18 g ile kontrol ile 1.0 mM SA interaksiyonundan elde edilmistir. Artan salisilik asit
konsantrasyonlari ile bitki kék yas agirhiginin olumlu etkilendigi ve bitki kbk yas agiriginin arttigi tespit
edilirken, artan tuz konsantrasyonlarinin ise kok yas agirligini azalttigr belirlenmigtir. Gutierrez Coronado
et al.(1998) soya fasulyesinde, Shakirova et al. (2003) bugdayda, Giines vd. (2007) misirda yaptiklari
calismalarda, salisilik asidin bir buylime dizenleyicisi olarak rol aldigini belirtmislerdir. Tunctirk vd.
(2008) tuz stresine maruz birakilan soya gesitlerinde stresin bitki gelisimini olumsuz yénde etkiledigini, bu
etkinin cesgitlerin tolerans seviyesine bagli olarak degistigini bildirmiglerdir. Fasulyede uygulanan salisilik
asidin bitkinin kok yas agirliklari Gzerinde uygulanan doza baglh olarak olumlu etkisinin oldugu bildirilmistir
(Tarkyilmaz vd., 2005). Tunctlrk vd. (2008) tuz stresine maruz birakilan soya cesitlerinde stresin bitki
gelisimini olumsuz ydnde etkiledigini bu etkinin cesitlerin tolerans seviyesine bagh olarak degistigini
bildirmislerdir.Altinci vd. (2020) tarafindan yapilan arastirmada ise salisilik asit uygulamalarinin narince
Uzum cgesidinde kok yag agirigini arttirdidi belirlenmistir.

Soyada tuz dozu arttikga govde yas agirhdinin azaldigi, en disik degerin, 1.26 g ile 300 mM tuz
konsantrasyonundan elde edildigi gézlenmistir. Salisilik asit dozu arttikga, yas agirlik artmistir. Tuz x
salisilik asit interaksiyonunda en yiiksek goévde yas agirhdi 2.67 g ile kontrol kosullarinda 1.5 mM SA
uygulamasindan elde edilmigtir.

Tirkyllmaz vd. (2005) fasulye bitkisinde salislik asidin kontrole gore bitki yas ve kuru agirligini,
Gutierrez Coronado et al. (1998) soyada kok ve strgtn agirligini arttirdigini tespit etmislerdir. Delavari et
al. (2010) tarafindan yapilan galismada 0,01 mM salisilik asit uygulamalarinin, feslegenin gdévde
uzunlugunu arttirdiini tespit etmislerdir. Tepe (2011) kontrol uygulamalarina kiyasla SA uygulamalarinin
fide yas agirhdini arttirdigini, Bahrani & Pourreza (2012) farkh salisilik asit uygulamalarinin tuzluluk
stresinde fide yas agirligi tzerine etkisini aragtirdiklari ¢alismada, 1.5 mg L* SA uygulamalari ile tuzun
kontrol parsellerinde, en yuksek fide yas agirhgini elde ettiklerini bildirmiglerdir. Kiran vd. (2015), tuz
stresi altinda yetigtirdikleri bazi patlican anaclarinda gozle gorulir zararlanmalarin meydana geldigini ve
skala degerleri arttik¢a bitki govde yas agirliginda azalmalarin meydana geldigini saptamislardir.

95



Kurt vd.

Kok kuru agirhgr 300 mM tuz konsantrasyonunda en disuk degeri verdigi gézlenmistir. Salisilik asit
Kontrol kosullarina 1.0 mM salisilik asit dozu uygulamasi en yiksek kok kuru agirhdinin elde edilmesini
saglamistir. Turkylimaz vd. (2005) tarafindan fasulyede yapilan ¢calismada 50, 100 ve 200 ppm salisilik asit
uygulamalarinda kok kuru agirliklarinda istatistiki olarak anlamli bir fark gézlenmedigi belirlenmigtir. Karlidag
vd. (2009), cilekte en yiksek kok kuru agirhdr dederininin 1 mM SA uygulamalarindan elde ettiklerini
bildirmislerdir. Dura vd. (2016), vyaptiklariarastirmada biber bitkisine uyguladiklarn salisilik asit
konsantrasyonlarinin kontrol bitkilerine oranla bitki kok kuru agiriginda énemli artiglara neden oldugunu
bildirmiglerdir. Yilmaz (2021) tarafindan buddayda yapilan ¢alismada salisilik asit uygulamasinin kék kuru
agirh@ini arttirdigini tespit etmiilerdir. Farkh dozda salisilik asit uygulamalari icerisinde, en yiiksek gévde
kuru agirigr 1.0 mM salisilik asit konsantrasyonu uygulanan parsellerden elde edilirken, en disuk goévde
kuru agirhgr ortalama degeri kontrol saksilarinda gézlenmigtir. Salisilik asit dozlari 1 mM’ye kadar govde
kuru agirh@i tzerinde artis saglarken, uygulama dozunun artmasi, govde kuru agirhginin azalmasina neden
olmustur Khan et al. (2003), soya ve misirda salisilik asitin bitki kuru agirigini arttirarak verimde artislara
neden oldugunu bildirmislerdir. Lian et al. (2000), soyada 5 mM SA uygulamalarinin gévde kuru agirhgini
azalttigini tespit etmislerdir.

Tuz konsantrasyonlari arttikga soya bitkisinde bagil su iceridi degerlerinin azaldigi belirlenmistir.
Salisilik asit uygulamalari bakimindan en yiksek bagil su icerigi %65.41 ile 1.5 mM salisilik asit
konsantrasyonundan elde edilirken, en dusik deger %51.04 ile salisilik asit uygulanmayan kontrol
parsellerinde gozlenmistir. Salisilik asit uygulamalarinin bitkide yaprak dokularinda bagil su igerigi
degerlerini arttirdigi Cizelge 2’de izlenebilmektedir. Salisilik asit uygulamalarinin hardal otunda net
fotosentez oranini, bitki blnyesindeki CO, miktarini, su kullanim etkinligini, traspirasyon ve stomal
iletkenlik oranini arttirdigr bildirilmistir (Fariduddin, 2003). Yakit & Tuna (2006), tuz stresi altinda
yetistirdigi misir bitkisinde bagil su igeridinin tuz uygulamalariyla birlikte azaldigini rapor etmislerdir. Elde
edilen sonuglarin literattrler ile paralellik gdsterdigi belirlenmistir. Bagil su icerigi yoniinden en yiksek
deger %77.04 ile tuz ve salisilik asidin kontrol uygulamalarindan elde edilmistir

Cizelge 2. Tuzluluk stresi kosullarinda yetistirilen soyada meydana gelen biyokimyasal degisimler tizerine salisilik asit uygulamalarinin etkisi

Table 2.The effect of salicylic acid applications on biochemical changes in soybean grown under salinity stress conditions

A vaprak N MDA do\l:ﬁi)arﬁrk\da Yaprak dokulannda Yaprak Klorofil orani
Tuz Uyg. U dokularinda bagil (nmol/gTA) ivon sizintist membran dayaniklilik alani (SPAD)
yg- su igerigi (%) 9 y o) indeksi (%) cm?
To SA; 77.04a 0.47 de 5.00d 83.76 ab 5.88 bc 42.10ab
SA; 63.08ab 0.52 de 4.77d 79.73 b 6.55 bc 42.45 ab
SA; 74.97a 0.58 cde 3.87d 84.20b 4.89d 36.63 c
SA4 74.28 a 0.43e 4.89d 81.51b 9.32a 44.63 a
To Ortalama 72.34 A 0.50C 4.63C 82.30 A 6.66 A 41.45 A
T, SA; 55.31 ab 0.72 abc 12.00 cd 7747 c 545c¢c 33.75¢
SA; 67.08 a 0.64 bd 9.43 cd 84.76 a 7.98b 44.25 a
SA; 64.79 a 0.65 bcd 14.59 cd 83.31 ab 5.98b 40.05 b
SA4 59.82 ab 0.66 b-d 25.58 b 72.50cd 6.72 bc 40.83 b
T, Ortalama 61.74 B 0.67B 15.39B 79.51B 6.53 B 39.72B
T, SA; 20.78 c 0.82a 20.56 bc 82.40 ab 4.89d 36.63 c
SA; 44.67 b 0.71 bc 26.77b 70.56 d 6.08 c 40.90 b
SA; 47.85 ab 0.74 ab 3290 a 75.00c 5.16 ¢ 36.15¢c
SA4 62.12 ab 0.74 ab 15.11 cd 72.76 cd 5.74 c 40.18 b
T, Ortalama 43.85C 0.75 A 23.83 A 75.18 C 5.46 C 38.46 B
SA SA; 51.04C 0.67 A 12.52 B 81.21 A 541C 37.49B
Ortalama  SA; 58.28 B 0.62B 13.65B 78.35 AB 6.87 B 42.53 A
SA; 62.54 A 0.66 A 17.12A 80.83 A 535C 37.60B
SA4 65.41 A 0.61B 15.19B 75.59 B 7.26 A 41.87 A
VK (%) 6.777 2.921 15.103 4.364 14.124 5.727
Tuz Uyg *k *k *k *k *k *k
SAUyg X *k *k *k *k *k *k
T X SA *% *% *% *% **% *%

T: Tuz, SA: Salisilik asit, SA;: 0 (Kontrol), SA;:0.5 mM, SA;: 1 mM, SA,: 1.5 mM, To: 0 (Kontrol), T;: 150 mM,
T,: 300 mM,*P<0.05 diizeyinde dnemli, ** P<0.01 duzeyinde 6énemli.
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Uygulanan tuz dozu arttikga, MDA oraninda artis gézlenmis en yiiksek deger, 0.75 nmol/g TA ile
300 mM tuz uygulamalarindan elde edilmistir. En disik MDA miktari (0.50 nmol/gTA) ise kontrol
saksllarinda gozlenmistir. Salisilik asit uygulamalarinda en yliksek MDA degeri, 0.67 nmol/g TA ile
kontrolden elde edilmis, 1.0 Mm SA uygulamalari ile aralarinda istatistiksel bir farkliigin bulunmadig
tespit edilmistir. Abiyotik stres kosullarinda Uretilen oksijen radikalleri, bitki membranlarinda lipid
peraksidasyonunda zarara neden olmaktadir. Tuz stresine maruz birakilan domates tirlerinde tuz
stresinin etkisiyle bitki yapraklarinin MDA miktarinda artis gozlendigi belirtiimistir (Kendal & Mc Kersie,
1989; Kusvuran vd., 2008). Baran & Dogan (2014), tuz stresine maruz biraktiklari soya fasulyesinde,
tuzun etkisiyle lipit peroksidasyon seviyelerinin arttigini, salisilik asidin etkisiyle MDA miktarinin azaldigini,
salisilik asidin bitki bunyesinde strese kargsi tolerans diizeyini arttirdigini bildirmislerdir. tuz stresine maruz
kalan bitkilerde lipit peroksidasyon seviyelerinde artis olduguna dair yudritilen bircok calisma,
calismamiza benzer bulgular gdstermistir (Dioinisio-Sese & Tobita, 1998; Sreenivasulu et al., 1999; Yasar
vd., 2008). Bak (2009) ve Akcgal (2014) tarafindan yapilan galismalardaMDA miktarinin salisilik asit
uygulamalariyla azaldigini bildirmiglerdir. Calismada en yiuksek MDA degeri 0.82 nmol/g TA ile 300 Mm
tuz konsantrasyonu ile SA uygulanmayan saksilardan elde edilmistir.

Soya fasulyesi fidelerine uygulanan farkli tuz dozlari bakimindan en yiksek iyon sizintisi degeri
%23.83 ile 300 mM tuz uygulamalarindan, en disik deger ise %4.63 olarak kontrolden saglanmistir. Elde
edilen bulgulara goére tuz stresine maruz kalan bitkilerde iyon sizintisinin arttigi saptanmistir. Salisik asit
uygulamalari sonucunda ise en yiksek iyon sizintisinin %17.12 olarak 1.0 Mm SA uygulamalarindan, en
dislk ise %12.52 ile kontrolden elde edildigi belirlenmigtir. Tuz stresi altinda yetistirilen celtik ve soya
bitkilerinde tuz stresinin etkisiyle, bitkide iyon sizintisinin énemli oranda artisg gosterdigi bildirilmistir (Lutts
et al., 1996; Essa, 2002). YurUtilen galismadan elde edilen veriler, s6zkonusu literattir ile benzerlik
gOstermektedir. Tuz x Ssalisilk asit interaksiyonu bakimindan en yuksek deger, %32.90 ile 300 mM tuz ve
1.0 mM SA uygulamalarindan elde edilmistir. Yildinm vd. (2008) salatalik, Karlidag vd. (2009) cilek
Uzerinde yuruttukleri calismada tuz stersi kosullarinda uygulanan 0,50 ve 1,00 mM SA'in bitkilerde iyon
sizintisini azalttigini bildirirken, Korkmaz vd. (2020), SA uygulamalarinin tuz stresi altinda yetisen kolza
bitkilerinin iyon sizintisi tGzerine herhangi bir etkisi olmadigini tespit etmislerdir. Yirutilen galismadan
elde edilen veriler s6zkonusu literatlr ile benzerlik gostermektedir. T x SA interaksiyonu bakimindan en
yuksek deger %32.90 ile 300 mM tuz ve 1.0 mM SA uygulamalarindan tespit edilmistir.

Farkh tuz konsantrasyon uygulamalari sonucu elde edilen bulgulara gére, yaprak dokularinda
membran dayaniklilik indeksine ait en ylksek deger %82.30 ile kontrolden, en disik deger ise %75.18
ile 300 mM tuz konsantrasyonu uygulamalarindan belirlenmistir. Artan tuz konsantrasyonunun soyanin
yaprak dokularinda membran dayanikhlik indeksini disirdigi goézlemlenmistir. Salisilik asit
uygulamalarinda en yiksek deger 81.21 ile kontrol grubunda ortaya c¢ikmig, fakat 1.5 mM SA
uygulamalari hari¢ diger dozlar arasinda istatistiki agidan 6nemli bir farklin olmadigi belirlenmistir.
Dolayisiyla en dusuk deder %75.59 ile 1.5 mM SA uygulamalarindan saptanmistir. Domates bitkisinde
salisilik asit uygulamalariyla, stresin bitki Gzerinde olusturdugu zararin azaldigi, salisilik asidin membran
bitinliginu koruyarak NaCl alinimina engel oldugu ortaya konulmustur (Ahmed et al., 2009). Tuz x
Salisilik asit interaksiyonunda en yuksek deger %84.76 ile 150 mM tuz dozu ile 0.5 mM SA dozundan
elde edilmistir. Farkli tuz konsantrasyonlari uygulamalari sonucu, en yuksek yaprak alani 6.66 cm? ile tuz
uygulanmayan parsellerden saglanirken, en disuk yaprak alani degeri 5.46 cm?® ile en yuksek tuz
uygulamasindan elde edilmistir. SA uygulamalarinda en yiiksek deger 7.26 cm?ile en yuksek dozdaki SA
uygulamalarindan, en disiik deger ise 5.35 cm?® ile 1.0 mM SA uygulamalarindan tespit edilmistir. Tuz
stresi uygulanan bitkilerde, genellikle bitkinin kdk, govde ve slrgiin gibi aksamlarinda, yaprak alaninda
azalmalar ve klorofil oraniyla birlikte bitkilerde verimde disUslerin meydana geldigi rapor edilmistir
(Greenway & Munns, 1980). Canakgl & Munzuroglu (2006) tuz stresi kosullarinda misir bitkisinde
yurattikleri calismada, salisilik asit uygulamalarinin yaprak alani Gizerine azaltici etkisinin oldugunu tespit
etmislerdir. Yasar vd. (2007)’'nin yuruttikleri bir galismada tuz stresine hassas fasulye genotiplerinin artan
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tuz konsantrasyonlari ve streste kalma siresine bagl olarak bitki yesil aksamlarinda azalmalarin
oldugunu bildirmislerdir. 1.0 mM salisilik asit uygulamasinin, yazlik kabakta yaprak alanini kontrol
grubuna kiyasla 6nemli diizeyde arttirdigi ortaya konulmustur (Ozdiiven, 2016). Kok (2012) ise tuz stresi
altinda salisilik asit uygulamalarinin bitki ¢egitlerine bagll olarak yaprak alani Uzerine etkilerinin farkl
oldugunu tespit etmistir. Korkmaz vd. (2020), salisilik asit uygulamalarinin kolzada yaprak alani tizerine
negatif etkisinin oldugunu bildirmislerdir. Calismada en yiiksek yaprak alani degeri 9.32 cm? ile kontrol ile
1.5 mM salisilik asit uygulamalarindan elde edilmistir.

Farkll tuz dozlari bakimindan en yiksek klorofil orani ortalama degeri 41.45 ile kontrol grubu
bitkilerinden alinirken, en disltk deger 38.46 ile 300 mM tuz konsantrasyonundan elde edilmistir Calismada
artan tuz dozlan ile toplam klorofil oraninin distigd gézlenmistir. En yiksek SPAD degeri 42.53 ile 0.5 mM
salisilik asit dozundan elde edilmistir. islam vd. (2007) artan dozlarda uyguladiklari tuz stresi sartlarinda,
soyada Klorofil oraninin azaldigini bildirmislerdir. Gautam & Sing (2009) yurdttikleri bir bagka ¢alismada ise,
tuz stresinin neden oldugu klorofil miktarindaki azalmanin salisilik asit uygulamalari ile ortadan kaldirildigt,
salisilik asit uygulamalarinin bitkide klorofil miktarini arttirdigini saptamiglardir (Srivastava & Dwivedi, 2000).
Arastirmaci bulgulari ile ¢galisma bulgularimiz uyum icerisindedir. SPAD degeri 44.63 ile tuz uygulanmayan
kontrol saksilari ile 1.5 mM salisilik asit uygulamalarindan elde edilmigtir.

SONUC

Arastirma sonucunda; artan tuz konsantrasyonlari ile incelenen karakterlerden gévde uzunlugu,
kok, govde yas ve kuru agirliklar, yaprak dokularinda bagil su igerigi, yaprak dokularinda membran
dayanikhhk indeksi, yaprak alani, ve klorofil orani gibi degerler azalis gosterirken, lipit peroksidasyon
dizeyi (MDA) ve yaprak dokularinda iyon sizintisi gibi degerlerde artiglarin oldugu tespit edilmistir.
Calismada, en yiksek (62.00 cm) govde uzunlugu degeri,tuz uygulamalarinin yapiimadigi (kontrol), 1.0
mM salisilik asit uygulamalarindan elde edilmistir. Tuz x salisilik asit interaksiyonunda en yiiksek gévde
yas agirhgr 2.67 g ile kontrol x 1.5 mM SA uygulamalarindan elde edilmistir. Uygulanan tuz
konsantrasyonlari icerisinde bitkinin en ¢ok zarar gérdigu konsantrasyon seyiyesi 300 mM olmustur. Tuz
stresine maruz kalmig soya bitkisine uygulanan salisilik asit uygulamalarinin bitkide fizyolojik ve
biyokimsal 6zellikler Gzerine olumlu etkide bulundugu tespit edilmistir. Salisilik asit uygulamalarinin,
incelenen tum karakterler Gzerinde olumlu etkilerinin oldugu ve artan konsantrasyon seviyelerine bagl
olarak bu etkinin de pek cok parametrede arttigi gdzlemlenmistir. Ayrica, salisilik asit uygulamalarinin
bitkide tuz stresinden kaynaklanan zararlanmalari minimize ederek, bitkinin yasam faaliyetlerini
surdurebilmesi agisindan olumlu etkide bulundugu saptanmistir. Buna baglh olarak 6zellikle, Glkemiz
topraklarinda tuz stresinin tarimsal Uretimde ciddi sorunlara neden olmasi ve mevcut sorunun etkisini
azaltmaya yonelik salisilik asit uygulamalarinin pratige aktariimasi konusunda c¢alismalarin
yayginlastiriimasi ve ekonomik analizler yapilarak degerlendiriimesi dnem arz etmektedir.
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0z
Amag: Farkh fosfor dozlarinda Ege Yildizi tritikale ¢esidinin tane verimi, bitki
boyu, basak uzunlugu, bin tane, basakta tane sayisi gibi verim bilesenleri

belirlenmistir. Buna ek olarak protein orani, yag orani, nisasta orani, lif ve kil
orani gibi kalite parametrelerinin degisimlerinin belirlenmesi amaclanmistir.

Materyal ve Yontem: Arastirma, 2021 yilinda Aydin'da yuritiimistir. Ege Yildizi
tritikale gesidine 6 farkli (0, 4, 8, 12, 16, 20 kg da™) fosfor dozu uygulanmistir.
Verim, bazi verim 6geleri, bazi kalite parametreleri degerleri dlguilmustar.

Arastirma Bulgular: Tane verimi 443,3- 586,7 kg da’* araliginda, bin tane agirhg
46,3 -53,1 gram arasinda, bitki boyu 143,2- 151,2 cm arasinda, basakta tane
sayisl 58,2 - 63,6 adet araliginda, basak uzunlugu 12,6 - 14,4 cm, metrekaredeki
basak sayisi 316-404 adet arasinda Olglilmustir. Tanede kil orani %0,04-0,48
araliginda, yag %2,31- %2,82 araliginda, lif %2,93- %3,63 araliginda, protein
%13,15- %15,05 araliginda, nisasta %63,56- %69,44 araliginda 6lgtimustr.

Sonug: 12 kg da? potasyumun tane verimi bakimindan Ege Yildizi tritikale
cesidinde en yiiksek verimi verdigi, buna ek olarak 16 kg da™* potasyumun Kiil,
lif, yag ve protein orani gibi bazi kalite parametrelerini de yikselttigi
gorilmustur. Glbre uygulama maliyeti ve tanenin degerlendirilme amacina gére
dekara 12 kg veya 16 kg potasyum onerilebilir.

ABSTRACT

Obijective: Yield components such as grain yield, plant height, spike length, thousand
grain weight, number of grains per spike were measured of Ege Yildizi triticale
at different phosphorus doses. In addition, it was aimed to determine the
changes in quality parameters such as protein, fat, starch, fiber and ash ratios.

Material and Method: The research was carried out at Aydin in 2021. Six different
phosphorus doses (0, 40, 80, 120, 160, 200 kg ha') were applied to Ege Yildizi
variety. Yield, yield components, quality parameters values were measured.

Results: Grain yield (4433,3 - 5866,6 kg ha), thousand grain weight (46,3 -
53,1 g), plant height (143,2 - 151,2 cm), number of grains per spike (58,2 -
63,6), length of spike (12,6 - 14,4 cm), number of spike per square meter (316 -
404), ash content (%0,04 - %0,48), fat (%2,31 - %2,82), fiber (%2,93 - %3,63),
protein (%13,15 - %15,05), starch (%63,56 - %69,44) were measured.

Conclusion: The highest grain yield values were measured in 120 kg ha* phosphorus
parcels in Ege Yildizi variety. 160 kg ha™ phosphorus also increased ash, fat
and fiber rate. So, 120 or 160 kg ha™* of phosphorus fertilizer application can be
recommended according to fertilizer application cost and usage purpose of grain.
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GiRiS

Dunya nifusun hizla artmasina bagh olarak gida Urinleri tiketimi ve gida maddelerine olan ihtiyag
her gegcen giin artmaktadir. Deg@isen nifusun gida ihtiyacini kargilamak icin tarimsal ve hayvansal
dretimin artinlmasi kaginilmaz hale gelmistir. Ancak gerek hizli sanayilesme gerekse carpik kentlesme
sonucu kirlenen ve kullanim alanlari gittikce azalan tarim topraklari yanlis uygulamalar ve dogal
tahribatlar (asiri sulama, asiri glibreleme, erozyon ve toprak kaymasi vb.) karsisinda hizla azalmaktadir
(Kaptan et al., 2017). Azalan kullanim alanlarinda gézlenen yagis dizensizliklerine bagh kurak periyotlar
bitkilerin biylime ve gelisme dénemlerini ve 6zellikle tane doldurma periyotlarini olumsuz etkilemektedir
(Ayranci vd., 2017). Dinyada meydana gelen bu olumsuz gelismeler sonucunda tarimsal CUretimi
arttirmak icin bodlge ekolojisine uygun yeni tir ve cgesitlerin gelistirimesi ve bununla beraber tarima
elverigli olmayan arazilerin en uygun sekilde degerlendirmesi ile tarimsal tretim arttinlabilir.

Yuksek verim ve kaliteli Uriin elde etmek igin baslica, bdlge ekolojilerine uygun, verimi ylksek,
hastalik ve zararlilara karsi dayanikli bitki cins ya da tiirlerin bulunmasi ve gelistirimesi gerekmektedir. ilk
turler arasi melez kultur bitkisi olan tritikale de bugdayin yiuksek verimi, protein oranin yuksekligi, maya ve
kabarma o6zellikleri sayesinde kaliteli ekmek olabilme 6zelligi ile ¢cavdarin soguga ve kuraga dayaniklilik
Ozelliklerini tek bir bitkide toplamakla beraber marjinal ve fakir tarim arazilerinde dekardan alinan verimi
arttirmak amaciyla insan eliyle olusturulan amfidiploid bir serin iklim tahihdir (Varughese et al., 1996).
Genetik ve bitki 1slahi galismalarinin, ézellikle biyoloji bilimindeki gelismelerinden faydalanarak ve etkin bir
bicimde kullaniimasi sonucunda elde edilen tritikale (Mintzing, 1979), ¢cavdarin olumsuz ¢evre kosullarina
olan direnci, toprak ve iklim ydéninden segici olamamasi ayrica hastalik ve zararlilara karg! dayaniklihgini,
bugdayin verim ve Kkalite potansiyelini bir araya getirmek amaciyla gerceklestiriien, yogun islah
¢alismalarinin sonucu bir Grinadir (Kara, 2010). Gelistirilen yeni gesitlerin yaninda bunlar ile birlikte ekilen
diger cesitlerin maksimum potansiyellerinin de ortaya ¢ikarabilmek igin en uygun kultirel uygulamalari da
yapmak gerekmektedir. Bu agronomik uygulamalardan birisi de topraga fosforlu glibre uygulamasidir.

Fosfor, bitkiler tarafindan azottan sonra en ¢ok kullanilan besin elementidir. Optimum blylime ve
gelisme icin mutlak gerekli, makro besin elementlerinden bir tanesidir. Ayrica fosfor, bitkilerde meydana
gelen bircok fizyolojik ve biyokimyasal olaylarda bulunmakla birlikte bitki kuru agirliginin yaklasik olarak
%0,2’sini olusturmaktadir (Theodorous & Plaxton, 1993). Fosforun bitki gelisimi ve metabolizma
acisindan baslica etkilerine bakilacak olursa; bitkilerde protein, enzimler, koenzimler, niikleik asitler ve
fosfolipitlerin 6nemli yapisal bilesenini olusturmakta hem fotosentez hem de solumda gerekli olan NAD,
NADH, ADP ve ATP gibi fosfor igceren enerji bakimindan zengin bilesiklerin sentezinde mutlak gerekli
element olmakla birlikte ciceklenme, tohum baglama, erken olgunlasma ve kok olusumunu tesvik edici
etkileri siralanabilir (Mengel & Kirkby, 2001).

Fosfor toprak ile temas ettiginde kisa bir zaman igerisinde reaksiyona girerek daha az ¢ézinur ve
daha az yarayisl bilesikler haline déntsur (Wasonga et al., 2008; Rahim et al., 2010). Ayrica ortamdaki
kalsiyum, magnezyum aliiminyum ve demir gibi elementlerle birlesen fosfat iyonlari ¢okelti olusturmakta
ve yarayisiz hale gelmektedir (Ozturk, 2001). Genel olarak Turkiye topraklari, fosfor fiksasyonunu artiric
ozelliktedir (Ozbek vd., 1993). Bu galisma, artan fosfor dozlarinin tritikale bitkisinin tane verimine
etkilerinin incelenmesini hedeflemektedir.

MATERYAL ve YONTEM

Bu g¢alisma 2020-2021 tritikale yetistirme doéneminde Aydin’da ydratilmustar. Tohum ekimi
26.11.2020 tarihinde gercgeklestiriimistir. Bu calismada materyal olarak Ege Yildizi cesidi (bdlge
ekolojisine uyumlu) kullanilmistir. Bitki boyu 120-140 cm arasinda, tane verimi 350-750 kg da* ve tanenin
yemlik kalitesi ile ekmek karisim kalitesi iyidir. Farkli fosfor dozlari igin Diamonyum Fosfat (DAP) glbresi
kullaniimistir. DAP glbresi (%18 azot ve %46 fosfor) koyu gri veya kirli beyaz renkte granule haldedir.

104



Farkli fosfor dozlarinin tritikalede verim ve kalite Gizerindeki etkileri

Denemenin yurutdldigu tarlanin toprak analiz sonuclari Cizelge 1'de verilmigtir. Cizelge 1'de
verilen analiz sonuglari degerlendirildiginde deneme arazisinin; kumlu tinli biinyeye sahip, alkali karakterli
(pH 8,0) ve organik madde miktar (%2,0) bakimindan distk oldugu soéylenebilir. Ayrica potasyum
miktarinin disuk, fosfor miktarinin ise ylksek oldugu sonuglari elde edilmigtir.

Cizelge 1. Deneme alani toprak analiz sonuglari
Table 1. Soil analysis results of experimental area

Toprak teksturd (%) H Organik p K Ca
kam Ml kil " Madde (%)  (ppm) (ppm) (ppm)
72 16,7 11,3 8,4 1,2 21 176 2978

Calismanin yapildigi, 2021 de Aydin ‘in ortalama sicaklik ve yadis dederleri ile uzun yillara ait
ortalamalar Cizelge 2'de verilmigtir.

Cizelge 2. Arastirma yerinin 2020-2021 yili ve uzun yillara ait ortalama sicaklik ve yagis deg@erleri
Table 2. Average temperature and precipitation values of the research site for 2020-2021 and long years

Toplam Yagis (mm) Ortalama Sicaklik °C
Aylar 2020-2021 Uzun Yillar Ortalamasi  2020-2021  Uzun Yillar Ortalamasi
KASIM 1,9 74,4 12,6 12,9
ARALIK 110 135,1 11,1 9,4
OCAK 118,2 121 9,4 8,2
SUBAT 37,5 95,5 10,2 8,9
MART 66,1 71,1 10,1 11,7
NISAN 28,3 455 15,6 15,7
MAYIS 3,2 335 21,3 20,9
HAZIRAN 1,8 14 24,2 25,9

Cizelge 2'deki verilere gore 2021 yili kiglik Uretim dénemindeki sicaklik degerleri ile uzun yillar
ortalamasindaki sicaklik degerleri arasinda 6nemli farklliklar olmadidi ancak Aralik, Ocak ve Subat
aylarindaki sicaklik degerlerinin uzun yillar ortalamasina ait sicaklik degerlerinin Gzerinde gerceklesmistir.
Genel olarak uzun yillar ortalamasinin altinda seyir eden toplam yagdis miktari 6zellikle de tohum ekiminin
gerceklestirildigi ddonemde oldukga dusuk kalmistir.

Calismada kontrol dahil olmak Gzere 6 farkli dozda (dekara 0 kg, 4 kg, 8 kg, 12 kg, 16 kg ve 20 kg)
fosfor gubrelemesi uygulanmistir (3 tekerrlrli olarak). Ekim 6ncesi taban gubresi olarak tre (%46N) ve
potasyum slfat (%50 K20) kullanilarak dekara saf 8kg azot ve 10 kg potasyum verilmistir.

Ekim islemi 26.11.2020 tarihinde M%ye 500 bitki gelecek sekilde 1.2m*6m bulyukligundeki
parsellere (22 kg da?) gergeklesmistir. Farkli fosfor dozlarinin uygulamasi 17.12.2020 tarihinde
yapilmistir. Ust giibreleme islemi 18.02.2021 tarihinde tire (%46 N) giibresi ile (8 kg saf N) yapiimistir.

Parseller 31.05.2021 tarihinde kenar tesirleri birakilarak her parselden 2 m?lik alan hasat edilmistir.
Denemede tane verimi (kg da'), bin tane agirligi (g), bitki boyu (cm), basakta tane sayisi (adet), bagak
uzunlugu (cm) ve metre karedeki basak sayisi (adet) gibi verim 6geleri olgtilmustir. Bunlara ek olarak
elde edilen tanelerden kil orani, yag orani, lif orani, nem orani, protein orani ve nisasta orani degerleri
NIRS-FT (Bruker MPA) aleti ile ol¢ilmustir (Gislum et al., 2004). Veriler Tarist istatistik programinda
analiz edilmis ve aragtirmadan elde edilen veriler varyans analizi (ANOVA) ydntemine gore degerlendirilmigtir.

ARASTIRMA SONUGCLARI ve TARTISMA

Arastirma Aydin ilinde farkh fosfor dozlarinin Ege Yildizi tritikale cesidi Uzerine etkisinin
belirlenebilmesi icin yaruttigimiz ¢alisma sonucunda elde edilen de@erlere ait varyans analiz tablosu ve
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kareler ortalamasi degerleri Cizelge 3'te verilmistir. Varyans analizi sonuglari dederlendirildiginde oélcilen
Ozelliklerin birgogunda farkli fosfor dozlarindaki farkin énemli oldugu gérilmektedir.

Cizelge 3. Varyans analizi sonuglari
Table 3. Variance analysis results

Varyasyon Tane TB'n Bitki Bisakta Basak | Metrekaredeki| Tanede | Tanede | Tanede | Tanede | Tanede
kaynagi Verimi ane Boyu ane Uzunlugu | Basak Sayisi Kul Yagd Lif Protein | Nisasta
Agirhgi Sayisi
Doz 9919,17 **| 18,92 6d | 30,2 6d | 51,64 6d | 1,24* 2719,296d | 0,07* | 0,18 | 0,19* |1,36906d | 18,77 **
Hata 1670,83 17,86 22,5 26,48 0,24 2246,22 0,02 0,04 0,03 0,6 2,22
Genel 4394,85 17,06 29,35 32,92 0,53 2736,73 0,03 0,99 0,25 4,11 7,84

*, **; fark sirayla 00.5 ve 0.01 olasilik dizeyinde 6énemli, 6d: fark dnemli degil- Doz: Fosfor dozlari

Calismadan elde edilen sonuclar Cizelge 4 ve Cizelge 5'de verilmistir. Ayrica her gizelgenin igerisinde
fark diizeyi 6nemli olan ézellige ait hesaplanan en kiiciik 6nemli fark (EKOF) degerleri de verilmistir.

Cizelge 4. Fosfor dozlarinin tritikalede tane verimi ve verim 6geleri tizerine etkisi
Table 4. The effect of Phosphorus doses on grain yield and yield components of triticale

Fosfor dozlari (kgda?) 0 4 8 12 16 20 Ort EKOF
Tane Verimi (kg da) 443,3  460,0 536,7 586,7 493,3 4450 4942 74,4
Bin Tane Agirhg: (gram) 46,3 46,4 48,7 53,1 49,6 48,4 48,8 -
Bitki Boyu (cm) 143,2 147,5 151,2 145,5 151,2 148,5 147,9 -
Basakta Tane Sayisi (adet) 58,2 59,4 64,8 67,6 68,3 64,5 63,8 -
Basak Uzunlugu (cm) 12,6 13,8 13,8 14,4 14,3 13,9 13,8 0,9

Metrekaredeki bagak sayisi (adet) 350,7 316,0 376,0 345,3 404,0 352,0 357,3 -

Aragtirmadan elde edilen ortalama sonuclara goére; Ege Yildizi tritikale ¢esidinde en yiksek tane
verimi 12 kg da?! fosfor dozunda (586,7 kg da) oldugu gézlemlenirken en diisiik tane verimi kontrol dozu
olan (0 kg da?) ile (443,3 kg da') elde edilmistir. Veriler genel olarak degerlendirildiginde 8 kg da* fosfor
gubre dozunda verimde 6nemli bir artis saglarken 12 kg da* fosfor guibre dozunda maksimum verim elde
edilmistir. Artan fosfor dozunun verimi bir noktaya kadar arttirdigi bildiriimistir (Fageria & Baligar 1999).
Buna karsin artan dozlarin ekonomik etkisinin de degerlendiriimesi gerektigi yénunde bazi calismalar
bulunmaktadir (Helvaci, 2006; Kacar & Katkat 2009). Benzer bir calismada bugday bitkisine 5 farkli dozda
fosfor uygulayarak tane veriminin artigi ancak fosforun kullanim etkinliginin azaldigi gézlemlemistir (Xin-Kai
et al. 2012). Tasyurek vd. (2001), yaptiklan ¢alismada azotlu ve fosforlu giibre uygulamalarinin tritikalede
en ylksek verim icin dekara saf olarak 8 kg fosforlu glibre uygulanmasi gerektigini belirlemislerdir.

Cizelge 4’deki bin tane agirhgr degerleri incelendiginde, Ege Yildizi tritikale g¢esidinin bin dane
agirhigi ortalamalari baglangig seviyesinden 12 kg da! fosfor dozuna kadar artis gosterdigi ve 12 kg da
fosfor dozunda 53,1 gram en yiksek, kontrol dozunda (0 kg da?) ise 46,3 gram ile en dlsik bin tane
agirhgi degeri olculmastur.

Cizelge 5. Fosfor dozlarinin tritikalede tane kalite parametreleri izerine etkisi
Table 5. The effect of Phosphorus doses on grain quality parameters of triticale

Fosfor Dozlari (kgda®) 0 4 8 12 16 20 Ort EKOF
Kl (%) 0,17 0,29 0,04 0,14 0,48 0,18 0,21 0,23
Yag (%) 2,31 2,63 2,17 2,63 2,82 2,35 2,48 0,35
Lif (%) 2,93 3,28 3,23 2,98 3,63 3,19 3,2 0,34
Protein (%) 13,15 15,05 14,83 14,21 14,68 14,3 14,37 -

Nisasta (%) 68,31 63,56 69,44 64,31 64,7 68,15 66,41 2,71
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Bitki boyu degerleri incelendiginde, dozlar arasindaki farkliik dnemsiz ¢ikmigtir. Genel olarak bitki
boyu icin, 20 kg da! fosfor dozuna kadar artis ve azalis seklinde dalgalanma olmasina ragmen 8 kg da
fosfor dozuna kadar bitki boyunda sirekli artisin oldugu ve en yiiksek bitki boyu degerinin olguldigu
gorulmektedir. Celebi (2006), Van ekolojik kosullarinda misir bitkisi Gzerinde yapmis oldugu denemede,
hasil misir Uretimi igin 8 kg da fosfor dozunun en uygun guibre miktari oldugunu belirtmistir. Benzer
sekilde Harran ovasinda yapilan bir baska calismada 8 kg da? - 12 kg da! arasinda uygulanan saf
fosforun yeterli oldugu bildirilmistir (Oktem & Ulger 1998).

Basakta tane sayisi degerlerine bakildiginda, Ege Yildizi tritikale cesidinde ol¢lilen en yuksek
basaktaki tane sayisi 68,31 adet ile 16 kg da fosfor dozunda oldugu hesaplanmistir. Buna karsilik
kontrol (0 kg da) dozunda en disiik basaktaki tane sayisi 58,2 adet olarak elde edilmigtir. Arastirma
verileri sonucunda artan fosforlu giibre dozlan ile birlikte basaktaki tane sayisi degerlerine bakilacak
olursa tane verimi ve bitki boyundaki verilere benzer bir sekilde 8 kg da™* fosfor dozunda ivmeli bir artig
stz konusu iken daha sonraki uygulanan fosfor dozlarinda azalan ivmeli bir sekilde artis gergeklesmistir.
Ancak 16 kg da* fosfor dozundan sonra ise azalma egiliminin meydana geldigi gorilmektedir.

Cizelge 4 incelendiginde, en yiiksek basak uzunlugu degerini 12 kg da* fosfor dozunda 14,4 cm
olarak gozlemlenirken en dlsik basak uzunlugu degerini ise 0 kg da* fosfor dozunda 12,6 cm oldugu
gorulmektedir. Basak uzunlugu direkt olarak verim 6gesi sayllmasa da dolayli olarak basak uzunlugunun
artmasi neticesinde bagaktaki tane miktarinin artma ihtimali s6z konusudur. Buna bilgiye bagh olarak en
uzun basak uzunlugunda (14,6 cm) maksimum tane verimi (586,7 kg da') elde edildigi gortlmistdr.
Basak uzunlugunda artiglar ve azalmalar meydana geldigi ancak en uzun basak uzunlugunun 12 kg da™
fosfor dozunda oldugu olgtimustir.

Metre karedeki basak sayisina ait gizelge yorumlandiginda, artan dozlarda uygulanan fosfor
degiskenin istatiksel bakimdan 6nemsiz oldugu ayrica ortalamalar arasinda farklarin oldugunun ve bu
farklarin artis ve azalis olmak lizere dalgalanmalardan meydana geldigi tespit edilmistir. Sonuglara gore,
16 kg da! fosfor dozunda en yiiksek metre karedeki basak sayisi (404 adet), 4 kg da™! fosfor dozunda ise
en duslk metre karedeki basak sayisi (316 adet) elde edilmigtir.

Cizelge 5’de tanede kdl, yag, lif, protein ve nisasta oranina ait kalite parametre degeri verilmistir.
Cizelge 5'deki kil orani degerlerine bakildiginda, en yliksek kil oranina 16 kg da fosfor dozunda %0,48 ile
elde edilirken en az kul oranina ise kontrol dozundan (%0,17) Ol¢limustir. Tanedeki kil oranina ait
degisimler, icerdigi mineral madde ile alakahdir. Buna bagl olarak kil oranindaki artiglar Mg, Ca, Mn, Cu,
gibi ginuimulzde eksikligi hissedilen iz elementlerinin elde edilmesi agisindan olumlu olarak nitelendirilebilir.
Bu nedenle Ege Yildizi tritikale gesidinin 16 kg da fosfor dozunda kil oraninda pozitif farkliliklara sebep
oldugu sdylenebilir.

Tanede yad orani degerleri incelendiginde, bdlge iklim sartlarina uygun Ege Yildizi tritikale
cesidinde karsilastirildiginda 16 kg da fosfor dozunda en yiiksek yagd orani seviyesi %2,82 olarak
belirlenmistir. En diislk yag orani degeri ise kontrol parsellerinde %2,31 oldugu tespit edilmistir.

Tanede yag orani 6zelligine benzer bir sekilde, tanede lif oranina ait degerleri incelendiginde, en
yuksek lif orani 16 kg da™* fosfor dozunda (3,63) oldugu goriilmektedir buna karsilik en duslk lif orani ise
baslangi¢ seviyesinde (%2,93) dl¢ilmustur. Erekul vd. (2016), ekmeklik bugdayda farkli cevre kosullari ve
degisik bazi uygulamalarin kalite parametrelerini etkiledigini ve 6zellikle bugdayda kuru madde miktarini
ve tane verimini 6nemli dlgide arttirdigini bildirmistir.

Cizelge 5 incelendiginde Ege Yildiz tritikale gesidinde fosfor dozlari arasindaki etki; tanede protein
orani bakimindan dusuk oldugu ve dalgalanmalarin goéruldiga bildiriimistir. Ayrica artan gubre dozlari
arasinda ki dalgalanmalarin yaklasik olarak birbirine paralel oldugu tespit edilmistir. Neredeyse tim fosfor
gubre dozlarinda protein orani yiiksek seviyelerde olmasina ragmen en yiiksek protein orani degeri 4 kg da*
fosfor glibre dozunda %15,1 ol¢llmuistir. En disik deger ise diger kalite parametrelerinde oldugu gibi
kontrol dozunda %13,2 tespit edildi. Elde edilen sonuclar Oncan Siimer & Erten (2022) ile paralellik icindedir.
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Ege Yildizi tritikale gesidinde en yiiksek nisasta orani %69,4 ile 8kg da* fosfor gtibre dozundan, en
duslk nisasta orani ise 4 kg da! fosfor glibre uygulamasi sonucunda %63,6 olarak bulunmustur.

Calismamizda olgiilen protein ve nisasta orani degerleri birlikte yorumlandiginda; Ege Yildizi
tritikale gesidi en yilksek protein orani degerini 4 kg da fosfor glibre dozunda verirken, en dlsik nisasta
orani degerini de ayni seviyede glbre uygulamasinda gdéstermistir. Bulunan bu sonug; tahil tanelerinde
protein orani ile nisasta orani arasinda ters iligski bulundugunu bildiren g¢alismalar ile (Sari vd., 2012;
Cotaoglu & Koca, 2020) paralellik gdstermektedir.

ONERILER

Akdeniz ikliminin hakim oldugu Aydin ilinde Ege Yildizi tritikale ¢esidine farkli fosfor dozlarinin
etkileri asagida verilmistir.

- Tane verimi sonuglari degerlendirildiginde, Ege Yildizi tritikale ¢esidi icin en uygun gubre dozu olan
12 kg da* olarak belirlend.i.

- Benzer sekilde s6z konusu glibreleme ile maksimum bin dane agirhdi, basakta tane sayisi ve
basak uzunlugu degerlerine de ulagiimistir.

- Bitki boyu parametresi degerlendirildiginde, Ege Yildizi tritikale gesidinde uygulanan 8 kg da
fosfor giibre dozunda en yiiksek bitki boyu degeri 151,2 cm oldugu tespit edilmistir.

- En yiksek metre karedeki basak sayisi ve tanede kiil, lif ve yag oranlari degerlerinin de 16 kg da™*
fosfordan elde edilecegi belirlendi.

- Degisen fosfor dozlarinda protein ve nisasta oranlarn arasinda da zit yénli bir hareket s6z konusu
olmustur. Artan fosfor dozlari protein oranini yavas ve dalgalanmali bir sekilde azaltirken nisasta oranini
artirmigtir.

Tdm bu bilgiler 1s1g1nda, glbre uygulama maliyeti ve tanenin degerlendiriime amacina gore dekara
12 kg veya 16 kg fosfor onerilebilir. Calismanin ikinci yilinin yapilmasi ya da farkh bdlgelerde tekrar
kurulmasi daha net sonuclara sebep olacaktir.

TESEKKUR

Calisma ilk isimli yazarin yiksek lisans tezinden esinlenilmigtir. Buna ek olarak, ADUBAP ZRF-
21012 numarali proje ile desteklenmistir.
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0z
Amag: Bu calismada, Sileyman Demirel Universitesi ve Isparta Uygulamali

Bilimler Universite’nde okuyan égrencilerinin organik gida tiiketimini etkileyen
faktorleri belirlemek amaglanmistir.

Materyal ve YoOntem: Bu amag¢ dogrultusunda, anket yoluyla yiz yize
gorustllerek toplanan demografik ve bilissel faktorlere iliskin birincil verilerle
Lojistik regresyon modeli tahmin edilmektedir. Bu faktorler cinsiyet, gelir
seviyesi, bilgi dizeyi, cevresel kaygi, fiyat etkisi, saglik bilinci ve ulasilabilirliktir.
Anket, Isparta ilinde Isparta Uygulamali Bilimler Universitesi veya Siileyman
Demirel Universitesi'nde okuyan 384 iiniversite 6grencisi ile gergeklestirilmistir.

Arastirma Bulgulan: Bu ¢alismada, tiketicilerin %40.88’inin kadin, %59.11’inin
ise erkek oldugu ve yas ortalamalarinin 22 oldugu saptanmistir. Katihmcilarin
%85.68'inin organik gida tlkettigi belirlenmistir. Ayrica, organik gida tiiketimini
etkileyen faktorler arasinda cinsiyet faktérinin, bilgi dizeyinin ve organik
gidaya ulasilabilirliginin istatistiksel olarak anlamli oldudu tespit edilmistir.

Sonug: Arastirma sonuglarina gore, tiiketicilerin organik gidalari tliketmesinde
yuksek bilgi diizeyinin ve cinsiyetin énemli oldugu goéralmustur.

ABSTRACT

Objective: This study aimed to determine the factors influencing the organic
food consumption of students studying at Suleyman Demirel University and
Isparta University of Applied Sciences.

Material and Methods: For this aim, a logistic regression model was estimated
using primary data on demographic and cognitive factors collected through
face-to-face interviews via a questionnaire. Gender, income level, knowledge
level, environmental concern, price effect, health awareness, and accessibility
were among these factors. The survey included 384 university students from
Isparta University of Applied Sciences and Suleyman Demirel University.

Results: According to the study, 40.88% of the consumers were female, and
59.11% were male, with an average age of 22. It was discovered that 85.68% of
participants consumed organic food. In addition, it was determined that the
gender, level of knowledge, and accessibility to organic food were statistically
significant among the factors affecting organic food consumption.

Conclusion: According to the results of the research, it was concluded that
gender and a high level of knowledge are important for the consumption of
organic food by consumers.

111


https://doi.org/10.20289/zfdergi.1180141
https://doi.org/10.20289/zfdergi.1180141
https://orcid.org/orcid-search/search?searchQuery=0000-0001-8206-4718
https://orcid.org/orcid-search/search?searchQuery=0000-0002-2596-3220
https://orcid.org/orcid-search/search?searchQuery=0000-0001-8243-3368

Sarica vd.

GiRIiS

Dunyada nufus artisi ile ortaya gikan ihtiyaglari kargilayabilmek amaciyla tarimsal Gretimde kari ve
verimliligi artirmak oldukga 6nem kazanmistir. Bu amag dogrultusunda, tarimsal Uretimde kimyasal gubre,
hormon ve ilag kullanimi giderek yayginlagmistir. Ancak katki maddelerinin agiri kullanimi zaman iginde
insan saghgi ve cevre kirliligi bakimindan tehlikeli bir hal almistir. Bunun sonucunda, daha g¢evre dostu

uretim ydntemleri arayisina girilmis ve bdylelikle organik tarim metodu ortaya c¢ikmistir (Turan &
Demircan, 2021).

Organik tarim kavrami ilk kez 1910 yilinda ingiltere’de ortaya c¢ikmistir, ancak ilk uluslararasi
yapilanma 1972 yilinda Almanya’da Uluslararasi Organik Tarim Hareketleri Federasyonu (IFOAM)'nun
kurulmasi ile gerceklesmistir (Kadirhanogullari vd., 2022). Organik tarimin tanimi, Haziran 2008'de italya,
Vignola’daki IFOAM Genel Kurulu tarafindan onaylanan Turkge gevirisine gore;

“Ekolojik tarim; toprak, ekosistem ve insan sagligini devam ettiren, saglikli olmasini saglayan bir
Uretim sistemidir. Sistem, olumsuz etkisi olan girdilerin kullanimi yerine ekolojik isleme suregler, biyolojik
cesitlilik ve yerel kosullara uyum saglamis ddngllere dayanir. Ekolojik tarim, icinde bulundugumuz
cevreye fayda saglamak, adil iligkiyi ve tim ilgili taraflar igin iyi bir yagsam kalitesini yayginlastirmak adina
gelenek, yeni buluglar ve bilimi bir araya getirir.” seklindedir (IFOAM, 2022a).

Ozellikle 1980'li yillardan sonra tiiketicilerin artan talebiyle aile tarimi konumundan ¢ikip ticari bir
boyut kazanan organik tarim, basta Amerika Birlesik Devletleri ve Avrupa Birligi Ulkeleri olmak Uzere
bircok Ulkede uygulamaya baslanmistir (Demirylirek, 2011). Diinya geneli igin organik tarim ile ilgili
glincel temel gostergeler Cizelge 1'de sunulmustur. IFOAM (2022b)'a gore, 2020 yilinda dinyada 190
Ulkede, 74.9 milyon ha alanda organik tarim yapilmaktadir. Bu deger 1999 yilinda yalnizca 11 milyon ha
iken 2020 yilina gelindiginde yaklasik 7 kat artis gostermistir. 2020 yili itibariyle, organik tarim alanlarinin
toplam tarim alanlari igerisindeki pay! yalnizca %1.6’dir. Organik tarim arazilerinin en ¢ok bulundugu
Ulkeler sirasiyla Avustralya (35.7 milyon ha), Arjantin (4.5 milyon ha) ve Uruguay (2.7 milyon ha)dir.
Dinya genelinde organik tarim Uretici sayisi ise 3.4 milyondur. Organik tarim ureticilerinin blyik bir
kismini da sirasiyla Hindistan (1.6 milyon), Etiyopya (220 bin) ve Tanzanya (149 bin) olusturmaktadir. Kisi
basina tiketim ise dinya genelinde 15.8 Euro’dur. Dinya geneline bakildiginda oldukga kuguk bir pay
olan bu degerin gelismis Ulkelerde hayli yiksek oldugu goérulmektedir. Kisi bagina tuketimde ilk Ugte yer
alan Ulkeler isvigre (418 Euro), Danimarka (384 Euro), ve Likksemburg (285 Euro)’ tur.

Cizelge 1. Organik tarim ile ilgili temel gbstergeler
Table 1. Fundamental indicators related to organic agriculture

Gostergeler Dinya Onde gelen ulkeler

Organik tarim sertifikasina sahip lilkeler  2020: 190 ulke

2020: 74.9 milyon ha Avustralya (35.7 milyon ha)
Organik tarim arazisi (1999: 11 milyon ha) Arjantin (4.5 milyon ha)
Uruguay (2.7 milyon ha)
Lihtenstayn (%41.6)
2020: %1.6 Avusturya (%26.5)
Estonya (%22.4)
2020: 3.4 milyon uretici Hindistan (1599010)
Ureticiler (1999: 200 bin uretici) Etiyopya (219566)
Tanzanya (148607)
Amerika Birlesik Devletleri (49.5 milyar Euro)
Almanya (15 milyar Euro)
Fransa (12.7 milyar Euro)
isvicre (418 Euro)
Kigi bagina tiiketim 2020: 15.8 Euro Danimarka (384 Euro)
Luksemburg (285 Euro)

Organik tarim arazilerinin toplam tarim
arazisi igindeki payi

2020: 120.6 milyar Euro

Organik pazar bilyiiklugi (2000: 15.1 milyar Euro)

Organik yonetmeligi olan lilke sayisi 2020: 76 Ulke

Kaynak: IFOAM, 2022b.
Source: IFOAM, 2022b.
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Tirkiye'de ise organik tarim uygulamalari 1985 yilinda ithalat¢i Ulkelerin talebi dogrultusunda az
sayida Uretici tarafindan organik izmir Gzimi (sultani) yetistiriciligi ile baslamis, zamanla incir ve kayisi
gibi farkli Griinlere yonelerek geniglemis ve ticari bir boyut kazanmistir (Karabas & Girler, 2012; Turan &
Demircan, 2021). Guniumuizde Turkiye'de yetistirilen baslica organik Urtnler; tahillar, kurutulmug meyveler,
taze veya islenmis sebze ve meyveler, baklagiller, findik, baharatlar, aromatik bitkiler, ¢ay ve bitkisel
caylar, yumurta, endustri bitkileri ve gesitli islenmis GrlGnlerdir. Ayrica, islenmis Urtnlerin bazilar, zeytinyagd,
bal, sit, dondurulmus sebze ve meyveler ile konsantre meyve sularidir (Turan & Demircan, 2021).

Cizelge 2. Turkiye’'de organik tarim bitkisel tretim verileri
Table 2. Organic agriculture plant production data in Tirkiye

Yillar Ur?lr;nﬁg;lan (2:)%022';30) MikLtJa:ﬁ“(nT]on) (2!)%35230) Ciftci Sayist Uriin Sayisi
2002 89827 100 310125 100 12428 150
2007 174283 194 568128 183 16276 201
2012 702909 782 1750127 564 54635 204
2017 543033 604 2406606 776 75067 214
2018 626885 698 2371612 765 79563 213
2019 545870 608 2030465 655 74547 213
2020 233707 260 1123409 362 52590 235
2021 216863 241 1101236 355 48244 267

Kaynak: TOB, 2022.
Source: TOB, 2022.

Tirkiye’de organik tarim bitkisel Uretim verileri Cizelge 2'de gosterilmistir. Tarim ve Orman
Bakanligi’'ndan elde edilen veriler goére, 2002 yilinda toplam Uretim alani 89827 ha iken 2021 yilinda
yaklasik 2.5 kat artarak 216863 ha alana ulasmistir. Benzer bir sekilde bitkisel Uretim miktari 2002 yilinda
310125 ton iken 2021 yilinda 3.5 kat artarak 1101236 tona ylkselmistir. Tlrkiye'de organik tarim yapan
ciftci sayisi 2002-2021 donemi igerisinde 12248'den 48244 ciftgiye ylkselmistir. Ayni dénemde organik
Uretici sayisi ise 1.8 kat artarak 150’den 267’ye ylUkselmistir (TOB, 2022).

Bu aragtirma, Sileyman Demirel Universitesi ve Isparta Uygulamali Bilimler Universite’'nde okuyan
Ogrencilerin organik gida tiketimini etkileyen faktérleri belirlemeyi amaclamaktadir. Bu amag
dogrultusunda calismaya katilan 6grencilerin demografik 6zellikleri ile birlikte, bilgi diizeyi, ¢cevresel kaygi,
saglik bilinci, gelir seviyesi, organik Urlnlerin fiyati ve organik gidaya ulasilabilirlik faktérlerinin
ddrencilerin organik gida tuketimini ne yonde etkiledigi incelenmistir. Bahsi gecen bu faktérlerin etkisini
incelemek igin lojistik regresyon analizi kullaniimistir. Dolayisiyla bu calisma, Ureticiler, tiketiciler,
arastirmacilar ve politika yapicilar i¢in bir referans sunmayl amacglamaktadir.

MATERYAL VE METOT
Veri

Bu calisma Isparta ilinde okuyan Isparta Uygulama Bilimler Universitesi ve Sileyman Demirel
Universitesi égrencilerinin organik riin tiiketimini etkileyen faktorleri tespit etmeyi amaglamaktadir. Bu
amag¢ dogrultusunda aragtirmanin ana materyalini, drnekleme ydntemiyle secilen 384 Universite dgrencisi
ile yliz ylize goriserek yapilan anket ¢alismasi sonucunda elde edilen veriler olusturmaktadir. Ayrica
organik Urin tiketimi ve tlketici davranislari ile ilgili gegmiste yapiimis cesitli yerli ve yabanci arastirma
sonuglarindan, raporlardan, tezlerden ve ulusal ve uluslararasi arastirma kuruluslarindan elde edilen
mevcut istatistiki verilerden yararlaniimistir.

Arastirma icin hazirlanan anket sorulari, daha Once benzer amagclarla yapilmis calismalardan
faydalanilarak arastirmanin amacina uygun bir sekilde dizenlenmistir. Analize déahil edilecek olan
degiskenlerin seg¢iminde uluslararasi literatiirde yer alan benzer konuda yapilmis gesitli kaynaklardan
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yararlaniimistir. Faydalanilan bu kaynaklar Cizelge 3'de ayrintili bir sekilde sunulmustur. Belirlenen
degiskenler su sekildedir; cinsiyet (C), gelir seviyesi (GS), bilgi diizeyi (BD), ¢evresel kaygi (CK), fiyat etkisi
(FE), saglik bilinci (SB) ve ulasilabilirlik (U)'tir. Anket uygulamasi 2022 yili Subat, Mart ve Nisan aylarinda
gerceklestirilmigtir.

Ankette katilimcilara bireysel Ozellikler disinda ydneltilen ifadeler Likert tipi bir dlgekle uygun
etiketler kullanilarak ol¢ilmuUstir. Likert tipi Olgek, sosyal bilimlerde tutumlar dlgmek icin en yaygin
kullanilan arastirma yontemidir. Katihmcilardan, aciklayici bir ifadeye ne kadar katildiklarini belirtmeleri
istenir. Bes puanlik bir sistemde her bir Olgcek, katiima dizeyine goére etiketlenebilir: 1: kesinlikle
katiliyorum, 2: katihyorum, 3: kararsizim, 4: katilmiyorum, 5: kesinlikle katilmiyorum. Olgek etiketleri,
neyin Ol¢ildigine bagl olarak farkli sekillerde ifade edilebilir (Yin et al., 2014).

Cizelge 3. Ankete dahil edilen degiskenler ve bunlarin élgim ifadeleri

Table 3. Variables included in the questionnaire and their measurement expressions

Degisken ifade Sayisi ifade ifade Kaynag:
Cinsiyet (C) 1 Cinsiyetiniz: Kadin, Erkek. Hansen et al. (2018)
Gelir seviyesi (GS) 1 Aylik ortalama geliriniz ne kadardir? (Bir ay icerisinde Yazdanpanah & Forouzani (2015)

hanenize giren toplam miktar)

Gidanin organik veya organik olmadigini biliyorum.
Organik Urnlerin Gretim strecini biliyorum.

Organik gidalari yemenin daha guvenli oldugunu
biliyorum.

Doganin dengesi ¢ok hassastir ve kolayca bozulabilir.
insanlar gevreyi ciddi sekilde kétiiye kullaniyor.

insanlar hayatta kalabilmek icin doga ile bir denge
kurmalidir.

insanlarin dogaya miidahaleleri genellikle feci sonuglar
dogurur.

Organik gidalar pahalidir.

Organik gidanin fiyati faydalarina kiyasla uygundur.
Saglikli olmak igin yiyecekleri 6zenle segerim.

Kendimi saglik bilincine sahip bir tiketici olarak
goérmuyorum.

Sik sik saglikla ilgili konular hakkinda duginirim.
Saglik bilinci (SB) 6 Gunlik olarak tlkettigim besinlerdeki besin tiri ve
miktari konusunda endiseliyim.

Organik gida sagliga iyi gelir.

Gerekirse tlketimimi azaltmaya raziyim ve mimkin
oldugunca saglikli yemeye hazirim.

Organik Urdnler piyasadan kolayca elde edilebilir.
internetten organik (iriin satin alabilirim.

Bilgi diizeyi (BD) 3 Singh & Verma (2017)

Cevresel kaygi (CK) 4 Roberts & Bacon (1997)

Fiyat etkisi (FE) 2 Singh & Verma (2017)

Tarkiainen & Sundqvist (2005);
Singh & Verma (2017)

Ulasilabilirlik (U) 2 Singh & Verma (2017)

Anket uygulanacak drnek sayisinin belirlenmesinde literatirdeki benzer calismalar incelenmis ve
asagida belirtilen “ana kitle oranlarina dayali kiimelendiriimemis tek asamali basit tesadifi olasilik
orneklemesi” yontemi kullaniimistir (Collins, 1986).

(1) N = tz (p*q)

e2

Formilde;

N: Ornek hacmi
t: %95 6nem dlzeyine karsilik gelen tablo degeri (1.96)

p: S6z konusu olayin meydana gelme olasihdi (bu ¢alismada Universite 6grencilerinin organik gida
tiketim orani bilinmedigi icin en yiksek érnek hacmine ulagsmak adina bu deger 0.50 olarak alinmistir)

g: SOz konusu olayin meydana gelmeme olasiligi (q=1-p) (0.50)
e: Orneklemede kabul edilen hata pay! (%5)
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Bu bilgiler 1s1ginda, Esitlik 1. deki formllden yararlanilarak érnek sayisi 384 olarak hesaplanmistir
ve katihmcilar tesadifen secilmistir.

Ekonometrik model kurulumu
Literatlr taramasi dogrultusunda, asagidaki hipotezler kurulmustur.
H1: Tiketicilerin cinsiyeti onlarin organik gida tiiketim egilimlerini anlamli bir sekilde etkilemektedir.

Literatir taramasi sonucunda cesitli calismalar cinsiyet farklihginin organik gida tuketimini
etkiledigini gostermektedir. Irianto (2015), Radman (2005), Padel & Foster (2005) ve Van Loo et al.
(2011) calismalarinda kadinlarin erkeklere kiyasla organik gida tiketimine daha olumlu baktiklarini
belirtmistir. Calismalarin ¢cogu kadinlarin erkeklere nazaran daha ¢ok organik gida tikettiklerini savunsa
da, Tsakiridou et al. (2008) cinsiyet farkliligi ile organik gida tlketimi arasinda anlaml bir iliski olmadigini
ifade etmistir. Bu calismada cinsiyet faktoriinin tiketicilerin organik gida tiketim egilimlerini anlamli bir
sekilde etkileyecegi dustnulmektedir.

H2: Tuketicilerin gelir seviyesi onlarin organik gida tiketim egilimlerini pozitif ve anlamli etkilemektedir.

Daha onceki galismalardan (Kenanoglu & Karahan, 2002; Nie & Zepeda, 2011; Durnortier et al.,
2017; Nandi et al., 2017; Janssen, 2018) esinlenerek olugturulan bu hipoteze gore, yiksek gelir seviyesine
sahip olan bireylerin organik gidayl daha fazla tiketmesi beklenmektedir. Surrett (2016)’e gore, tiketicilerin
ortalama gelirinin disuk olmasi organik gidalari karsilayabilmesinin éniine ge¢cmektedir. Bu durum organik
gida tuketimini dogrudan olumsuz bir sekilde etkilemektedir. Bu ¢alismada, H2 hipotezi tuketicilerin gelir
seviyelerinin organik gida tiiketimlerini ne 6lgiide etkileyebilecegini tahmin etmek igin énerilmistir.

H3: Tuketicilerin organik gidaya yénelik bilgi diizeyleri onlarin organik gida tiketim egilimlerini pozitif
ve anlamh etkilemektedir.

Organik gidaya yoénelik bilgi dizeyinin tiketicilerin organik gida tiketimini etkileyen bir unsur
oldugu distnitlmektedir. Nguyen (2011) calismasinda, organik gidanin faydalarinin ve o&zelliklerinin
bilinmesi tliketicilerde organik gidaya karsi bir giiven olusturdugunu ve sahip olduklari bilgilerin tlketicileri
kalite kiyaslamasinda daha iyi bir hale getirdigini ifade etmektedir. Bu durumun tiketicilerin organik gida
tiketme kararlarini olumlu yonde etkiledigi varsayillmaktadir. Literatirde gesitli ampirik ¢calismalar bilgi
dlzeyinin organik gida tiketimine etkisini genis ¢apta incelemistir (Botonaki et al., 2006; Gonzalez, 2009;
Smith & Paladino, 2010; Lillywhite et al., 2013; Xie, 2015; Bryta, 2018).

H4: Tuketicilerin c¢evresel kaygisi onlarin organik gida tiketim egilimlerini pozitif ve anlaml
etkilemektedir.

Cevresel kayginin organik gida tiketimini olumlu yoénde etkiledigine dair literatliirde gesitli calismalar
bulunmaktadir (Magnusson et al., 2001; Vindigni et al., 2002; de Magistris & Gracia, 2008; Teng & Wang,
2015; Shin et al.,, 2018). Cevre kaygisina sahip olan tiketicilerin organik gidanin gevre dostu olmasi
nedeniyle ¢cevreye daha az zarari oldugu ydninde bir algiya sahiptir. Bu hipotezle ¢evre kaygisi daha
yuksek olan tiketicilerin daha fazla organik gida tiikketme egiliminde olduklari varsayiimaktadir.

H5: Organik gida fiyatlar tiketicilerin organik gida tiketim egilimlerini negatif ve anlamli etkilemektedir.

Organik gida fiyatlarinin tiketicilerin tiketim tercihlerini etkileyen faktoérlerden biri olabilecegi
varsayilmaktadir. Organik gida igin 6denen paranin artmasi sonucunda tiiketicinin organik gida tiketimini
olumsuz ybnde etkilemesi beklenmektedir. Bu konuda yapilan bircok calisma (Lea & Worsley 2005;
Zakowska-Biemans, 2011; Pomsanam et al., 2014; Bryta, 2016) yuksek fiyatin organik gida tiketimi
Uzerindeki olumsuz etkisini dogrulamaktadir.

H6: Tlketicilerin saglik bilinci onlarin organik gida tiketim egilimlerini pozitif ve anlamli etkilemektedir.
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Saglik bilinci yuksek olan tiketiciler besleyici, yuksek kaliteli ve sagdlikli gidalari tiketmeyi tercih
etmektedirler. Bu durum bahsi gegen 6zellikleri tasidigi ve dodal olarak yetistirildigi distincesiyle tiketicileri
organik gidaya yonlendirmektedir (Davies et al., 1995). Fotopoulos & Krystallis (2002), Shaharudin et al.
(2010), Pomsanam et al. (2014), Shin et al. (2018), Pham et al. (2018) ve Hansen et al. (2018) gibi bircok
calisma saglik bilincinin tiketicilerin organik gida tiketimi Uzerindeki etkisini 6lgmektedir. Bu hipotezde
tuketicilerin saglk bilinci arttikgca organik gida tiketme egilimlerinin artacagi varsayilmaktadir.

H7: Organik gidaya ulasilabilirlik tiketicilerin organik gida tiketim egilimlerini pozitif ve anlamli
etkilemektedir.

Son olarak literatliirdeki bazi ampirik galismalar (Dettmann & Dimitri, 2009; Zakowska-Biemans,
2011; Henryks et al.,, 2014; Vega-Zamora et al., 2014; Pomsanam et al., 2014) organik gidaya
ulagilabilirligin organik gida tiketimi ile iligkili oldugunu géstermektedir. Bu iligkinin pozitif yonli olmasi
beklenmektedir. Organik gida tiketiminin gergeklesebilmesi icin organik gidalarin ulasilabilir olmasi
gerekmektedir. H7 hipotezi ile organik gidaya ulasilabilirligin kolaylasmasina bagh olarak organik gida
tiketiminin de artaca@i 6ngorilmektedir.

Metot

Calismada Isparta ilinde egitim goren Universite 6grencilerinin organik gida tiketimini etkileyen
faktorleri analiz etmek icin Lojistik regresyon modeli kullaniimistir.

Model, dzellikle iki kategorili bagimli degisken icin tasarlanmis dogrusal olmayan bir regresyon modelidir.
Lojistik olasilik fonksiyonuna dayali Logit ekonometrik model asagidaki gibi ifade edilmektedir (Gujarati, 1995):

1 _ 1

2 Prob(Y; =1) =P, =F(Z) = F(a + pX;) = (e @)~ Tre @hR)

1
14e(@tBX)

3) Prob(Y; =0)=1-P;, =
burada F kimulatif olasilik fonksiyonudur, e Ustel sabittir, a sabit katsayidir, 8 her aciklayici dedisken igin
tahmin edilecek parametredir ve X; ise i’ninci bagimsiz degiskeni ifade eder.

(2) ve (3) sayili denklemlerinden,

(4)

PTOb(Yi=1) _ P

= = eZi
PT’Ob(Yl'=0) 1-P;

Denklem (4)’Un her iki tarafinin dogal logaritmasi alinarak asagidaki denklem elde edilir.

Pi
(5) Ll = lTl [(I—Pi)] = Zl =a+ ,[))1X1 + ﬁzXz + -+ ﬁan + &

Modelde bagimli degiskeni, belirli bir secenegdi tercih etmenin, etmemeye olan oraninin dogal
logaritmik degeri olarak ifade edilmistir. Ogrenciler organik gida tiiketiyorsa y = 1, aksi takdirde y = 0
oldugu varsayilmistir. Bagimsiz degiskenler ise iktisat teorisi ve literatiir taramasindan elde edilen bilgiler
1Isiginda belirlenmistir. Boylece cinsiyet (C), gelir seviyesi (GS), bilgi dizeyi (BD), ¢evresel kaygi (CK),
fiyat etkisi (FE), saghk bilinci (SB) ve ulasilabilirlik (U) bagimsiz degiskenler olmasina karar verilmistir.

Logit regresyon modeli, bagimli ve bagdimsiz degiskenler arasindaki dogrusallik varsayimina
dayanmamasi ve homoskedastisiteyi varsaymamasi nedeniyle avantajli bir regresyon modelidir.
Arastirmada, yaklasimin bu avantajlarindan dolayi Logit regresyon tahmini kullaniimigtir. Ayrica model,
aragtirmada tanimlanan veriler kullanilarak SPSS (2019) 26.0 programi araciligiyla gelistiriimis ve ampirik
olarak test edilmisgtir.
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ARASTIRMA BULGULARI ve TARTISMA
Tanimlayici istatistikler

Arastirma kapsaminda Isparta ilinde okuyan 384 (Universite &grencisi ile yluz ylze yapilan
goérismelerden, modelde kullanilan degiskenler ile ilgili bilgiler diginda, gérisllen tuketicilerin sosyo-
demografik dzellikleri, organik Grln algisi ve tutumlarina dair bilgiler de elde edilmistir.

Elde edilen bilgiler dogrultusunda arastirmaya katilan tiketicilerin %40.88’inin kadin, %59.12'sinin
ise erkek oldugu ve yas ortalamalarinin 22 oldugu saptanmistir (Cizelge 4’e bakiniz). Avcl & Yildiz
(2019)'In yaptigi benzer bir calismada Gumughane ilinde ankete katilan bireylerin %42.60'inin kadin,
%57.40'Inin  erkek oldugu tespit edilmistir. Ogrencilerin egitim aldiklari seviyeler incelendiginde
%15.89’'unun 6n lisans, %79.69'unun lisans, %3.60'Inin ylUksek lisans ve %0.78’inin doktora seviyesinde
oldugu belirlenmistir. Gériisme yapilan égrencilerin yalnizca %6’sinin evli oldugu tespit edilmistir. Ayrica
yapilan gorismelerde 6grencilerin %9.89'u hem galisip hem okuduklarini ifade etmislerdir. Ankete katilan
ogrencilerin gelir dizeylerine bakildijinda ise buylk ¢odunlugunun (%37.50) 500-1000 TL ayhk gelir
grubunda, %31.25'inin 1001-2000 TL grubunda, %17.97’sinin 4000 TL < grubunda, %7.55’inin 2001-3000
TL ve %5.73'Unln 3001-4000 TL grubunda yer aldigi belirlenmigtir. Bu durum katilimcilarin yarisindan
fazlasinin oldukga dusuk bir gelir seviyesine sahip oldugunu géstermektedir.

Katimcilara organik gida tiiketip tiiketmedikleri soruldugunda %85.68’i organik gida tukettiklerini,
%14.32'si ise tuketmediklerini belirtmiglerdir. Benzer bir sekilde, Cam & Karakaya (2018) Siirt ilinde
yuruttikleri arastirmada tuketicilerin %84.30'unun organik urGn tukettigini belirlemislerdir. Calismada
organik gidalari tercih etme nedenleri soruldugunda %81.30’u saglikh olmasi, %35.40'1 glvenilir olmasi,
%27.30'u lezzetli olmasi, %24.52’si taze olmasi, %20.80'i cevre dostu olmasi, %12.20’si pestisit
icermemesi ve %5.50’si yeni bir sey denemek istemesi olarak belirtiimistir. inan vd. (2021) ¢alismalarinda
tiketicilerin organik gidalar tercih etme nedenleri arasinda, Urunlerin saglikli olmasi sebebiyle tercih
edilmesi ilk sirada yer almaktadir. Bu durum arastirmamizin bulgulariyla értismektedir. Son olarak, gida
satin alirken organik Urin sertifikasi olup olmadigina dikkat eden &grencilerin orani %40.10 olarak
belirlenmistir. Geri kalan %59.90’1 ise organik urln sertifikasina dikkat etmediklerini ifade etmigtir.

Cizelge 4. Orneklem kitlesinin tanimlayici istatistikleri

Table 4. Descriptive statistics of the sample population

Degisken Grup f %
Cinsivet Kadin 157 40.88
Y Erkek 227 59.12
. Evli 23 6.00
Medeni Durum Bekar 361 94.00
17-20 Yas 115 29.95
Yas 21-24 Yas 214 55.73
25 Yas < 55 14.32
On lisans 61  15.89
Egitim Lisans 306 79.69
Yuksek Lisans 14 3.64
Doktora 3 0.78
500-1000 TL 144 37.50
Gelir Sevivesi 1001-2000 TL 120 31.25
Y 2001-3000 TL 29 7.55
3001-4000 TL 22 5.73
4000 TL < 69 17.97
Calisma Durumu Evet 38 9.89
Hayir 346 90.11
. I Evet 329 85.68

?

Organik gida tuketiyor musunuz? Hayir 55 14.32
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Model tahmini

Daha Once bahsedildigi gibi, Isparta ilinde ikamet eden &grencilerin organik gida tuketimini
etkileyen faktorleri analiz etmek icin lojistik regresyon modeli kullaniimistir. Verilerin islenmesinin
ardindan, lojistik regresyon modelinin analiz sonuglari Cizelge 5'te verilmistir. Uyum iyiligi olgimleri,
modelin verilere makul dlgide iyi uydugunu gdéstermektedir. Nagelkerke R Square 0.501 ve logit
fonksiyonunun 6nemini 6lgen 2 log-likelihood degeri 188.577’dir. Hosmer-Lemeshow test sonucu 4.206
(0.838)dir. Ayrica c¢alismada, elde edilen verilerin guvenilir olup olmadigini belirlemek amaciyla
Cronbach alfa glvenilirlik analiz testi uygulanmigtir. Cronbach alfa katsayisinin 0.60 ile 0.80 arasinda bir
deger almasi analizin guivenilir oldugunu géstermektedir (Ozdamar, 1999). Analiz sonucunda elde edilen
Cronbach alfa katsayisi 0.643 olarak tespit edilmistir ve bu deger bize galismanin guvenilir oldugunu
gostermektedir. Son olarak dogru siniflama orani %89'dur. Diger bir dedisle model vakalarin %89'unun
sonucunu dogru bir sekilde siniflandirmistir. Bu bilgiler, bagimsiz degiskenlerin bagimh degisken igin iyi
bir aciklama glcline sahip oldugu anlamina gelmektedir. Ayrica, lojistik regresyon katsayilarinin
degdisimin bayukligunu yansitmadigina da dikkat edilmelidir, yalnizca yonu yansitmaktadir.

Elde edilen bulgulara gore, cinsiyet faktéri ve bilgi dizeyi degiskenleri istatistiksel olarak %1
diizeyinde anlamli bulunmustur. Tuketicilerin organik gidaya ulagilabilirlik faktéri ise %5 duzeyinde
istatistiksel olarak anlaml bulunmugstur. Ote yandan gelir diizeyi, gevresel kayg, fiyat etkisi ve saglk
bilinci degiskenlerinin iniversite 6drencilerinin organik gida tiketimi izerinde istatistiksel olarak anlamli
bir etkisi olmadigi tespit edilmistir. Koyuncu vd. (2014)'nin Ege universitesi 6grencilerinin organik st
tiketme olasiligini etkileyen faktorleri ortaya koyduklari ¢alismanin bulgularinin aksine bu ¢alismada
cinsiyet faktérunln tuketici davranisi lizerinde etkili oldugu bulunmustur. Tahmin sonuglarina goére, kadin
ogrencilerin erkek 6grencilere kiyasla organik gida tiiketimine daha meyilli olduklari tespit edilmistir. Elde
edilen bu bulgu, Irianto (2015) ve Van Loo et al. (2011)’'un kadinlarin erkeklere nazaran daha ¢ok organik
gida tukettikleri savini ileri surdikleri galismalariyla da értismektedir. Bdylece kadinlarin beslenmelerine
daha fazla 6zen gosterdikleri ve erkeklere kiyasla organik gidalar ile ilgili daha bilingli olduklari gikarimi
yapilabilir. Bir diger anlamli degisken olan bilgi diizeyine bakildiginda tiketicilerin bilgi dizeyleri artikgca
organik gida tiuketiminin de arttigi gorilmektedir. Bu sonug, tuketicilerin organik gidalar ile ilgili bilgi
dlzeyleri arttiktan sonra organik gida satin alma olasiliklarinin daha yliksek oldugunu bulan Napolitano et
al. (2010) ile tutarlidir. Ayrica, Hamilton & Hekmat (2018) organik gida tiketimini etkileyen faktorleri
belirlemek amaciyla yaptiklar arastirmada, sahip olunan bilgi diizeyinin organik gida tiiketimi tGzerinde
istatistiksel olarak anlamli oldugunu bularak bu c¢alisma ile benzer sonuglar elde etmiglerdir. Organik
gidaya ulaslilabilirlik faktori incelendiginde organik Griinlerin piyasadan kolayca elde edilebilecegi
disuncesini ifade edenler aksini ifade edenlere kiyasla daha az organik gida tiketimi
gergeklestirmektedirler. Singh & Verma (2017) tuketicilerin organik gida Urtnlerine yonelik tutumlarini
etkileyen faktorleri inceledikleri calismalarinda ise, organik gidaya ulasilabilirligin organik gida tiiketimi
Uzerinde pozitif ve anlamli bir etkiye sahip oldugunu ortaya koymuslardir. Benzer bir sekilde, Karabas &
Gurler (2012) Samsun il merkezinde yaptiklari ¢alismada organik Uriinlere ulasabilme kolayliginin organik
arin tdketimini artirdig1 sonucuna varmislardir.
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Cizelge 5. Lojistik regresyon sonuglari

Table 5. Logistic regression results

Degisken B Wald P-value
C -1.834 9.947 .002%**
G (1) -.495 .579 447
G (2) 102 .019 .890
G (3) -.656 490 484
G (4) 1.088 1.220 .269
BD1 (1) 2.474 1.875 171
BD1 (2) 1.252 .676 411
BD1 (3) .980 434 .510
BD1 (4) 2.424 1.988 .159
BD2 (1) -5.161 14.887 .000***
BD2 (2) -5.304 16.858 .000***
BD2 (3) -4.100 11.070 .001***
BD2 (4) -3.169 8.045 .005***
BD3 (1) -8.546 13.359 .000***
BD3 (2) -9.268 15.532 .000***
BD3 (3) -7.505 9.498 .002%**
BD3 (4) -8.334 10.175 .001***
CK1 (1) .026 .000 .990
CK1 (2) 154 .005 . 945
CK1(3) -.983 165 .684
CK1 (4) 2.137 672 412
CK2 (1) 4.622 3.493 .062*
CK2 (2) 3.060 1.641 .200
CK2 (3) 6.103 5.234 .022**
CK2 (4) 3.796 1.591 .207
CK3 (1) 15.369 .000 1.000
CK3(2) 15.614 .000 1.000
CK3(3) 16.682 .000 .999
CK3 (4) -30.165 .000 .999
CK4 (1) -28.301 .000 .998
CK4 (2) -28.104 .000 .998
CK4 (3) -29.333 .000 .998
CK4 (4) -50.422 .000 .997
F1(1) 1.122 .140 .708
F1(2) 1.292 .185 .667
F1(3) 2.088 436 .509
F1 (4) -27.234 .000 .997
F2 (1) -1.983 2.954 .086*
F2 (2) -.064 .004 .952
F2 (3) -.971 .904 .342
F2 (4) .523 .250 .617
SB1 (1) -3.435 3.655 .056*
SB1 (2) -2.663 2.278 131
SB1 (3) -3.356 3.282 .070*
SB1 (4) -5.296 5.997 .014**
SB2 (1) 2.438 1.916 .166
SB2 (2) .613 134 715
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Cizelge 5. Lojistik regresyon sonuglari (devami)
Table 5. Logistic regression results (continued)

Degisken B Wald P-value
SB2 (3) 2.464 2.088 .148
SB2 (4) 2.918 2.846 .092*
SB3 (1) -1.795 1.003 .316
SB3(2) -.997 292 .589
SB3 (3) -3.054 2.738 .098*
SB3 (4) -1.662 794 .373
SB4 (1) 3.268 1.377 241
SB4 (2) 2.762 1.105 .293
SB4 (3) 2.276 715 .398
SB4 (4) 4.107 2.234 135
SB5 (1) 4.041 2.461 117
SB5 (2) 5.595 4.361 .037**
SB5 (3) 5.730 4.694 .030**
SB5 (4) 3.079 .881 .348
SB6 (1) -1.691 .639 424
SB6 (2) -1.212 .340 .560
SB6 (3) -.739 .138 711
SB6 (4) .022 .000 991
ul(@) 4.488 4.514 .034**
Ul (2) 4.628 5.193 .023**
Ul (3) 4.914 5.973 .015**
Ul 4) 3.787 3.886 .049**
U2 (1) 1.164 1.105 .293
U2 (2) -.176 .039 .843
U2 (3) .166 .037 .848
U2 (4) -.213 .064 .800
Hosmer and

Lemeshow Test 4.206 838

-2 Log likelihood = 188.577
Nagelkerke R Square .502
Classification (%) 89.00

Kaynak: Yazarin kendi hesaplamalar
Source: Author’s calculations

SONUC ve ONERILER

Tarimsal Uretimde kari ve verimliligi artirmak amaciyla, kimyasal glbre, hormon ve ilag kullanimi
giderek yayginlasmistir. Ancak katki maddelerinin asiri kullanimi zaman iginde daha gevre dostu Uretim
yontemlerinden biri olan organik tarimi ortaya ¢ikarmistir. Her gecen giin daha da buytiyen organik tarim,
kiresel gida endustrisinin en dinamik ve hizla bliyliyen sektorii olma yolunda ilerlemektedir. Bu nedenle,
makale, Isparta ilinde okuyan Universite 6grencilerinin organik gida tiketimini etkileyen faktorleri
ekonometrik olarak arastirmayi amaglamistir. Bu amag¢ dogrultusunda, anket yoluyla toplanan demografik
ve biligsel faktorlere iliskin birincil verilerle Lojistik regresyon modeli tahmin edilmistir. Bu faktorler cinsiyet,
gelir seviyesi, bilgi dliizeyi, gevresel kaygl, fiyat etkisi, saglik bilinci ve ulagilabilirliktir. Anket, Isparta ilinde
Isparta Uygulamali Bilimler Universitesi ve Sileyman Demirel Universitesinde okuyan 384 Universite
Odrencisi ile gergeklestiriimistir. Bilindigi kadariyla Isparta ilinde Universite dgrencilerinin organik gida
tuketimini etkileyen faktorlerin belirlenmesi konusu ele alinmamisgtir.
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Bu calismanin, Turkiye genelinde organik gida tiketimini etkileyebilecek faktorleri tespit etmede
diger arastirmacilara yardimci olacagi disiiniimektedir. Genel anlamda, bu galismanin bulgulari, organik
gida tiuketiminin yogunlugunu etkilemede cinsiyet faktortiniin, tiketicilerin bilgi dizeylerinin ve organik
gidaya ulagilabilirliginin dnemli oldugunu vurgulamaktadir.

Sonug olarak tiketicilerin organik gidalari tliketmesinde yiUksek bilgi dizeyinin dnemli oldugu
gorilmuastur. Bu nedenle organik tlketimin artirilabilmesi igin tuketicilerin bilgi dizeyini artiracak sekilde
Tarim ve Orman Bakanhgi, Saglik Bakanhigi ve Universitelerin is birligiyle organik gidalara yonelik yazil
ve gorsel medyada tanitici-bilgilendirici (televizyon, sosyal medya vb. agdlarda) kamu spotlari Ureterek
organik gidalara daha fazla yer verilmelidir. Ayrica, tiiketicinin yani sira Ureticinin de bilgilendiriimesi
oldukca 6nemlidir. Bahsi gecen kuruluslar tarafindan organik gidalar hakkinda Ureticilere de verilen
egitimler artirlmahdir. Organik gidalarin tiketimini etkileyen bir diger énemli neden urinlerin ulasilabilir
olmasidir. Bu sebeple organik gida satigi yapan merkezlerin artiriimasinin tiketimi olumlu ydnde
etkileyecegi duslUnulmektedir. Belediyelerin, organik gida satigi yapilan pazarlarin kurulmasi adina
calismalar yuritmesi organik gidalara ulasimi daha kolay hale getirecektir. Bu tur girisimlerin organik gida
tuketimini artirma yolunda olumlu etkiler yaratmasi beklenmektedir.

Bu calisma, ilgili paydaslarda farkindalik olusturabilecek, organik gida Ureticilerine ve yerel
yonetimlere pratik uygulamalar igin rehberlik edebilecek ve konuyla ilgili gelecekte yapilacak ¢alismalara
kapsamli bir temel saglayabilecektir. Ayrica, ¢alismadan elde edilen sonuglar, politika yapicilara ve karar
vericilere yeni politikalarin ve stratejilerinin gelistirimesine yardimci olacaktir.
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Amagc: Calismada topragin, tarimda kullanim sekli ve surdirilebilirlik agisindan
Uretici davraniglarinin belirlenmesi amaglanmistir.

Materyal ve Yontem: : Calismanin ana materyalini, Mugla ilinde 118 uretici ile
yapilan anketler olusturmaktadir. Ornek hacmini belirlenmesinde basit tesadiifii
ornekleme yontemi kullaniimigtir.

Aragtirma Bulgulari: Arastirmada Ureticilerin biyik ¢ogunlugunun arazi islahi
(%85,6) ve ekim nobeti yaptirmadigi (%55.1) ortaya c¢ikmistir. Yapilan ¢oklu
uyum analizine gore, egitim seviyesi ve geliri dustk kisiler ekim ndbeti
uygulamamaktadir.  Ureticilerin  bilyilk  bolimi (%77.1) toprak analizi
yaptirmamustir. Ureticilerin verdikleri ilaglarin miktari ve sikliklari olmasi
gerekenden biraz daha fazladir. Ureticilerin ¢ogunlugu topraklarinda verim
azalmasinin farkinda olmasina karsin kendi topraklarinda bir sorun
gormemektedir. Bu durum da topraklarinda iyilestirme yapmalarina engel
olmaktadir.

Sonug: Ureticilerin topragin siirdiiriilebilir kullaniminda toprak 1slahi, ekim
nobeti, gibre ve ilag kullaniminda yanlis uygulamalar yapmakta ve bu
konularda bilgi ve egitime gereksinme duymaktadir.

ABSTRACT

Objective: The objective of this study was to determine the producer behaviors
in terms of the use of soil and sustainability.

Material and Methods: The main material of the study is the questionnaires
applied to 118 producers in Mugla province. Simple random sampling method
was used.

Results: The results of this study was to find out that the majority of the
producers (85.6%) did not have land melioration and did not have crop rotation
(%55.1). According to the multiple correspondence analysis, producers with low
education level and income do not implement crop rotation. Most of the
producers (77.1%) did not have soil analysis. The amount of pesticides applied
by the producers and the frequency of implementation of pesticides is slightly
higher than it should be. Although most of the producers are aware of the
decrease in yield in their lands, they do not see a problem in their lands. This
situation prevents them from making improvements in their lands.

Conclusion: Producers make wrong implementations in the sustainable use of
soil, melioration, crop rotation, fertilizer and pesticide use, and they need
information and training on these issues.
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Gllesen & Celik Ates

GiRIS
Dunyada ve Turkiye'de sirekli olarak artan nifusun beslenmesi dnemli bir sorun olmakta ve gidaya
talebi de dogal olarak artirmaktadir. Diger yandan tarim arazileri ise surekli olarak amac digi kullanim, cevre

kirliligi gibi nedenlerle elden gikmaktadir. Bu durum tarim topraklarinin korunmasi ve slrddrdlebilirligin
saglanmasini (Aznar-Sancheza et al., 2019) daha da 6énemli hale getirmektedir.

Toprak, tarimsal Uretimin en 6nemli Uretim faktorlerinden birisidir. GUnimuzde her ne kadar
topraksiz tarim Uzerine ¢alismalar yapilsa da bu galismalarin artan nifusun gida talebini karsilayacak
diuzeyde olamayacag! ve topragin 6nemini azaltamayacagi aciktir (Celik Ates & Akbas, 2018). Ayrica,
toprak okyanuslardan sonra ikinci karbon deposudur, bu nedenle topradin surdirulebilir bir sekilde
kullaniimasinin saglanmasi, atmosferdeki karbondioksit varliginin azaltiimasina yardimci olmasi ve
dolayisiyla sera etkisinin azaltiimasi anlamina gelir (Zucaro & Morosini, 2018).

Turkiye'de 2001 yilinda toplam tarim alani 40 967 000 hektar iken, 2021 yilinda bu rakam 38 063
000 hektara dismustir. 2021 yilinda kullanilabilir tarim arazisi ise 23 milyon hektara, iglenen tarim alani
ise 19 milyon hektara diismiistiir (TUIK, 2022) Diger bir ifadeyle 20 yilda yaklasik 2-3 milyon hektar tarim
toprag! elden ¢ikmistir. Verilerden de anlasilacagi gibi, tarim topraklari bir yandan sanayilesme yoluyla,
bir yandan artan kentlesme nedeniyle konut yapiminda, diger yandan cevre kirliligi ile asin ilag, girdi
kullanimi vs. ile kirlilik yoluyla niteliginin degismesine bagli olarak surekli olarak azalma egilimindedir.

Tarkiye'de tarim arazilerinin mevcut sorunlari ¢ok ¢esitlidir. Ancak, bu sorunlarin bazilari topragin
yapisal ozelliklerinden, bazilari ise insan kaynakli (Young et al., 2005) ortaya ¢ikmaktadir. Egim, drenaj,
taglilik, tuzluluk ve alkalilik, toprak derinligi ve kismen de olsa erozyon gibi sorunlar topragin yapisal
6zelliginden kaynaklanirken, arazilerin tarim digi kullanimi ise insanlardan kaynaklanmaktadir (Topcu,
2012). Ayrica kullanilan yanlis tarim teknikleri, asiri sulama, asiri kimyasal gibre kullanimi, asiri ilaglama
gibi uygulamalar da tarim topragini elden g¢ikaran ve sirdirtlebilir kullanimina engel olan uygulamalardir.

Kentlesme ve sanayilesme sonucu ortaya ¢ikan her tirlt atik ve bunlarin topraga karismasi, toprak
kirliligini olusturmakta, ayrica tarim alanlarinin kentsel ve sanayi kullanimlarina agilmasi da verimli
topraklarin kaybina neden olmaktadir. Diger yandan verimli tarim topraklarindan tugla, kiremit gibi yapi
malzemelerinin Gretimi, toprak kayiplarini ¢ogaltmaktadir. Bunlarla birlikte daha cok rin almak icin
gelistirilen yeni tarim teknikleri bazi hallerde; erozyon, tuzluluk ve toprak kirlenmelerine yol agabilmektedir
(Guler, 1997). Tarim giderek endistrilesmektedir. Bununla birlikte, tarimin endustrilesmesi, cevreyi
kirletebilen ve yerel gecim kaynaklarinin saghgini etkileyebilen gubreler veya herbisitler, pestisitler gibi
yuksek duzeyde girdilerin kullaniimasiyla (Tilman, 1999; Kirkhorn & Schenker, 2001) artmaktadir. Bu tir
uygulamalar toprak ¢zelliklerini, toprak verimliligini ve erozyonu da etkileyebilmektedir (Cunningham et al.,
2013; Foucher et al., 2014). Ayrica, endustrilesmeyle birlikte yogun, bilgisiz ve bilingsiz yapilan bazi tarim
uygulamalari, hava, toprak ve suda ciddi kirliligine neden olmaktadir (ikincikarakaya vd., 2013). Toprak
kirligi ve tarim topraginin amac disi kullanimina ydnelik bircok calisma yapilmistir (Giler & Cobanoglu,1997;
Ozbek & Oztag, 2004; Karaca vd, 2012; Kilig & Korkmaz, 2012). Ancak toprak kullanimina yonelik olarak
Uretici davraniglarini iceren galismalar fazla degildir. Bu calismada, dogal kaynaklardan biri olan topragin,
tarimda kullanim sekli ve surdurilebilirlik agisindan uretici davraniglarinin belirlenmesi amacglanmistir.

MATERYAL ve YONTEM

Arastirma, Isparta Uygulamali Bilimler Universitesi Bilimsel Arastirma ve Yayin Etigi Kurulu
tarafindan 09.06.2022 tarihli, 111 toplanti nolu, 01 karar sayili belge numarasiyla onay almistir.

Calisma Mugla ilinde yaruttilmustar. Mugla ili dogasi ve iklimi ekolojik avantajlari sebebiyle 6nemli
bir tarim kentidir. Uygun iklim yapisi bircok Orlinin yetistirilebilmesine olanak saglamaktadir. Tarimsal
uretimde yillara gore degisiklikler olmakla birlikte zeytin, 6rtu altt domates, narenciye, ¢cam salgi ball,
badem, nar ve su Urlnleri 6nemli tarimsal Uriinleridir (Anonymous, 2018). Calismanin ana materyalini,
Mugla ilinde 118 uretici ile yapilan anketler olusturmaktadir. Bunun yaninda arastirmanin ikincil verileri
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olarak, konu ile ilgili yapilmis yurtici ve yurt disindaki arastirmalar, Mugla il Tarim ve Orman Midiirligii ve
Turkiye istatistik Kurumu (TUIK) gibi kurum ve kuruluglarin dokiimanlarindan yararlaniimistir. Mugla ilini
sosyal, ekonomik ve tarimsal Uretim agisindan temsil edebilecek ilgeleri, Tarim ve Orman Bakanhgi
Mugla il Midarlagi'nin gériisti alinarak, gayeli olarak belirlenmigtir. Milas, Seydikemer ve Mentese
ilceleri bu cercevede secilmistir. Belirlenen ilcelerden ayni sekilde kdyler gayeli olarak Milas ilgesinden
Agaghylk, Bahgeburun, Kafaca, Oren ve Yagyer koyleri; Seydikemer ilgesinden Kincilar, Déger ve
Camurkdy koyleri; Mentese ilcesinden ise Yesilyurt ve Kafaca koyleri olmak (zere toplam 10 koy
arastirma bolgesi olarak belirlenmistir. Ornek hacminin belirlenmesinde basit tesadiifii 6rnekleme yéntemi
kullaniimistir (Cicek & Erkan, 1996).

B N.S?.t2
" (N—1).d2 +S2.t2

n

Formuld kullaniimistir.

Esitlikte;

n=0rnek hacmi

S=standart sapma

t=guiven siniri

N=6rnekleme cercevesine ait toplam birim sayisi
d=kabul edilebilir hata

Guven araligi %90, hata pay! ise %10 olarak ele alinmistir. Yapilan hesaplamalara gore ornek
hacmi 118 bulunmustur. Verilerin analizinde oransal dagihmlar, Khi-kare ve c¢oklu uyum analizleri
(Multiple Correspondence Analysis (MCA)) kullaniimistir.

ARASTIRMA BULGULARI ve TARTISMA

Arastirmada elde edilen veriler ayrintili ve fazla olup, tim verilerin makalede sunumu yer darlidi
nedeniyle olanakli degildir. Bu nedenle verilerin sadece dnemli gorilenleri sunulmustur.

Ciftcilerin sosyo-ekonomik dzellikleri

Aragtirma bolgesindeki anket yapilan ciftciler, erkek agirlikl (%98.3), buyik ¢cogunlugu 51 yas Usti
(%67) ve ortalama 54 yasinda, evli (%95), egitim diizeyi ilkokul (%80.5), ana gecim kaynaklan ciftcilik
(%89), ortalama hane halki sayisi 3, ortalama ¢ocuk sayisi ise 2 ve ortalama gelirleri ise yillik 73000 TL
(2018 yili)'dir.

Ureticilerin toprak/arazi kullanim durumlari

Ciftcilerin Uretim yaptiklari alanlara gore dagihminda, %77.1'i acik alanda, %11'i serada, %11.9'u
ise hem acik alan hem de serada lretim yapmaktadir (Cizelge 1). Anket yapilan dreticilerin ortalama
isletme buyukligu 35 dekar olarak belirlenmistir. Bu da igletmelerin gogunlukla kiguk aile igletmesi
oldugunu godstermektedir. Bilindigi gibi tarim yapma sekilleri toprak kullanimini etkilemektedir. Kontrollii
kosullarda (sera) yapilan tarimda genelde daha fazla glibre ve ila¢ kullaniimaktadir.

Cizelge 1. Uretim alani sekli

Table 1. Production area type

Uretim Alani Sayi %

Acik alan 91 77.1
Sera 13 11.0
Acik alan-sera 14 11.9
Toplam 118 100.0
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Uriinlerin ekilis alanlarina gére dagilimi

Arastirma alaninda dUretilen Uriinler, ana gruplar itibari ile sebzeler, tek yillik yesillikler, meyveler ve
hububatlar olarak gruplandiriimistir.

Bu gruplara gére drtnlerin ekilis alanlari dagilimi 6zetle soyledir; Sebze Ureten Uretici sayisi 67'dir.

Sebzelerden en fazla ekilen trin domatestir, 0.5-6 dekar arasinda domates Ureten Uretici orani
%32.83 ile ilk siradadir. Bunu 0.5-5 dekar arasinda sirasiyla Ureticilerin %20.89'u biber, %19.40 ‘i
patlican, %8.95'i salatalik (hiyar), %4.47'si fasulye, %2.98'i bérilce, bamya ve pirasa, %1,49'u
karnabahar, barbunya ve kabak Gretmektedir. Biber, patlican ve salatalik tretimi yapilan arazilerin her biri
icin ortalama arazi buyukligli 2 dekardir. Domates, fasulye ve borilce Urinleri icin ortalama arazi
blylkligu her biri icin 1 dekardir.

Tek wyillik yesilliklerden maydanoz, marul, dereotu, ispanak, pazi ve rokayl 29 Uretici
yetistirmektedir. 0.5-5 dekarlik alanda dureticilerin sirasiyla %31,03 ‘0 maydanoz, %27.58'i marul,
%24.14'0 roka (0.5-6 dekar), %10.35'i dereotu, %3.45 1spanak, %3.45 i de pazi yetistirmektedir. Roka ve
dereotu Uretiminin ortalama arazi buydkligu 3 dekardir. Maydanoz, marul, pirasa, Ispanak ve pazi
Ureticilerinin ortalama arazi bayUkIigu 2 dekardir.

Meyve grubuna (Uzim) bag ve zeytin de dahil edilmistir. Bélgede Uretilen meyveler cilek, erik,
kavun, nar, narenciye iziim (bag) ve zeytindir. Meyve (reten uretici sayisi 47’dir. Ureticilerin bag(tiziim)
ve cilek dretim alani 0.5-5 dekar arasindadir. Erik, kavun ve narin ekim alani 6-15 dekar arasidir.
Narenciye 'de 0.5-5 dekar arasinda uretim yapan 1 Uretici, 6-15 dekar arasinda 2 Uretici ve 16-25 dekar
arasinda ise 1 dretici olmak Uzere toplam 4 dretici (%8.51) bulunmaktadir. Kavun ve narenciyede
ortalama uUretim alani 10 dekardir. Zeytin Uretiminde ise ortalama alan 20 dekardir. Cilek uretiminde ise
ortalama alan 2 dekar, erik Uretiminde 7 dekardir.

Hububat dreten 115 Uretici bulunmaktadir. Pamuk, misir, yem bitkileri ve tutlin de bu grup icinde
irdelenmistir. En ylksek oran misir yetistiricileri (%28.69) bunu ise sirasiyla arpa (%23.48), bugday
(%22.61), yonca (%7.82), yulaf (%6.96), pamuk (%5.22), soldurma adi verilen yem bitkisi(%1.74), susam,
trinova, kinoa ve titiin (%0.87 ser) izlemektedir. Uriinlerin ortalama Uretim alanlarina gére dagilimi
soyledir. Misir 26 dekar, yonca 16 dekar, bugday 27 dekar, arpa 24 dekardir.

Sebzelerin ortalama parsel sayilarina bakildiginda biber, domates, patlican, salatalik, karnabahar,
kabak, fasulye, bértlce, barbunya ureticilerinin tek parselde, bamya Ureticilerinin 2 parsel Gizerinde tretim
yaptiklari belirlenmistir. Tek yillik yesilliklerin parsellerine bakildiginda dereotu, 1spanak, pazi, pirasa
Uretiminin tek parselde yapildigi tespit edilmistir. Meyvelerde parsel durumu ise erik, kavun, bag, narda
tek parsel, cilek Uretiminin %54.5'0 tek parsel, %9'u 2-3 parselde, narenciye Uretiminin ise %27.2'sinin tek
parsel, %9'nun 2-3 parselde Uretildigi gortlmektedir. Zeytin ve narenciye Uretiminin ortalama 2 parselde,
cilek, kavun, erik, nar ve Gzimin ise tek parselde oldugu ortaya ¢ikmistir. Misir ve arpanin ortalama 3
parselde, bugday ve yulafin ortalama 2 parselde Uretildigi belirlenmistir. Bu veriler Ureticilerin genelde tek
veya birkac parselde uretim yaptiklarini gostermektedir. Bu durum kuskusuz kaynaklarin daha verimli
kullaniimasini etkilemektedir.

Tarkiye'deki tarimsal isletmelerde verimliligi biyik 6lgtide etkileyen hususlardan birisi arazilerin
parcalihdr ve daginikhdidir. 2017 verilerine goére halihazirda 24 milyon hektar olan tarim arazileri 32.5
milyon adet tarim parselinden olusmaktadir (T.C. Kalkinma Bakanlgi, 2018).

Verim

Ureticilerden alinan bilgilere gore driinlerin ortalama verimleri soyledir; salatalik (hiyar) verimi
dekara 11 ton ile ilk sirada yer alirken bunu dekara 7 ton ile domates, 4 ton ile biber, 3 ton ile patlican, 2
ton ile kabak izlemektedir. Karnabahar Uretiminde ortalama verim dekara 5000 adet olmaktadir. Fasulye
Uretiminde dekara 100 kg, bérilce ve barbunya Uretiminde 200 kg verim alinmaktadir.
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Yesilliklerin dekara verimlerinde ise Ureticiler elde ettikleri bag Uzerinden ifade etmislerdir. Roka
Ureten dreticilerin %71.4'G dekara 1000-3000 bag, maydanoz Ureten Ureticilerin %44.4'( dekara 1001-
5000 bag, marul Uretenlerin ise %37.5'i dekara 500-1000 bag verim elde etmektedir.

Cilek tretiminde verim dekara 4001-5000 kg, erik Gretiminde 1500 kg, kavun Uretiminde 3000 kg,
nar Uretiminde 2500 kg oldugu tespit edilmigtir.

Hububatlarin verimi ise, misir tUretiminde Ureticilerin %33.3'Unlin dekara 3-4 ton, arpada Ureticilerin
%33.3'Unun dekara 201-300 kg, buddayda dureticilerin %34.6’sinin dekara 301-400 kg, yulafta ise
Ureticilerin %37.5’inin dekara 201-300 kg verim elde ettigi ortaya ¢ikmistir.

Tarimsal yapida gorilen bozukluklar verimin artirimasini engelledigi gibi yatirrm ve Uretim
maliyetlerini de yukseltmektedir. Tarimsal Uretimde verimliligi artirmak icin tarim arazilerinin kabiliyetlerine
gore kullaniimasi ve korunmasi, tarim uygulamalarinin ileri seviyelere yukseltiimesi, yeni tarim
teknolojilerinin gelistiriimesi ve uygulanmasi gerekmektedir (T.C. Kalkinma Bakanligi, 2018).

Arazilerin topografik durumu

Uretim yapilan arazilerin topografik durumuna gére sebze grubunda; domates, biber, patlican,
fasulye, boérilce, bamya, karnabahar, salatalik, barbunya, kabak ireten ciftcilerin ovada uretim yaptiklari
ortaya ¢ikmaktadir. Yesillikler grubunun da ayni sekilde roka, maydanoz, marul, dereotu, 1spanak, pazi,
pirasa uretimi ovada yapilmaktadir. Meyve grubunda da zeytin disindaki meyvelerin Uretimi ovada
yapilirken Zeytinde ise ciftcilerin %40.6’s1 ovada, %18.8'i yamagta, %37.5'i daghk alanda, %3.1'i ise hem
ova hem de yamagcta Uretim yapmaktadir. Hububat Uretiminde arazilerin topografik durumuna goére
dagiliminda, arpa Uretiminin %96.3'0 ovada, %3.1'i yamagta, misir Uretiminin %37.5’i, bugday Uretiminin
%29.5'’i, yulaf Uretiminin ise %9’u ovada yapilmaktadir.

Arazi i1slah galigmasi ve ekim nobeti

Topragin fonksiyonlarini yerine getirebilmesinde, fiziksel, kimyasal ve biyolojik toprak 6zelliklerinin
belirlenmesi dnemlidir. Bozulmus arazilerde sudrdarilebilirligi saglamada arazilerin 1slah edilmesi
gerekmektedir. Arazi bozulmasina sebep olan etmenlerin dogru tespit edilmesi ve uygun islah
yontemlerinin gelistiriimesi blylk 6nem tasimaktadir. Arazilerin yapisinin bozulmasinin &nlenmesi,
surdirulebilir gecim kaynaklarinin arttiriimasi ve korunmasi, iklim degisikliginin etkilerinin hafifletiimesi ve
biyolojik gesitliligin korunmasi agisindan da arazi islahi yarar saglamaktadir (Budak vd. 2020).

Ureticilerin %14.4’Unun arazi islahi yaptirdigi, %85.6’sinin ise yaptirmadidi ortaya gikmistir. Arazi
islahi yaptiranlarin ise %94.1’i solarizasyon, %5.9'u nadas uygulamasi seklinde yapmaktadir. Ciftcilerin
arazi 1slah ¢alismalari hakkinda yeteri kadar bilgi sahibi olmadiklari da belirlenmistir.

Solarizasyon gunesin 1s1 enerjisinden faydalanilarak, topraktaki hastalik etmenlerini, zararli
bdcekleri ve yabanci ot tohumlarini etkisiz hale getiren toprak yuzeyi seffaf plastik ortulerle kaplanarak,
topragin isinmasinin saglanmasina denir (Kitis, 2011). Arastirmaya katilan ureticilerden %44.9'u ekim
nobeti uygulamasi yapmaktadir. EKim ndbetini ise en ¢ok %20.8'i domates ile biber, %20.8'i arpa, bugday
ve yulaf, %11.3'U ise misir, yonca, %11.3 U arpa, bugday ve misir ile yapmaktadir. EKim nobetini %98.1'i
her yil Grindn yerini degdistirerek, %1.9'u 3 yilda bir degistirerek uygulanmaktadir (Cizelge 2).

Ekim nobeti ayni arazi Uzerinde farkh bitkilerin birbirlerini takip edecek sekilde yetistiriimesidir
(Torun, 2019). Ekim ndbetinin uygulamasindaki amag, topragin verimliliginin arttinlmasi, erozyonu
Onleyip, toprak kalitesini iyilestirmesi ve surdurulebilir bir sekilde topragin kullaniimasidir (Kara vd. 2011).
Arastirma bdlgesindeki Ureticilerin yarisindan fazlasinin ekim nébeti yapmadigi ortaya ¢gikmaktadir. Bu da
tarimin ve topragin surdurilebilir kullanimini olumsuz etkileyebilmektedir. Yapilan ¢oklu uyum analizine
gore, ekim nébeti uygulamayan Ureticilerin egitim diizeyleri ilkokul olup toplam gelirleri ise 31 000-50 000
TL arasindadir. Yani egitim seviyesi ve geliri disuk kisilerin ekim ndbeti uygulamadigi sdylenebilir. Diger
bir ifadeyle egitim dizeyi arttikga ekim ndbeti uygulamasi da artmaktadir.
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Cizelge 2. Ekim nébeti uygulama durumu
Table 2. Crop rotation application

Ekim ndbeti uygulama durumu Sayi %
Uygulayan 53 44.9
Uygulamayan 65 55.1
Toplam 118 100.0
Ekim nébeti uygulanan dranler

Misir-yonca 6 11.3
Misir-yesillik 2 3.8
Sebze-yesillik 3 5.7
Fasulye-boriilce 1 1.9
Biber-patlican 3 5.7
Bamya-karnabahar 1 1.9
Domates-Biber 11 20.8
Maydanoz-dereotu-roka- 1 1.9
Marul-maydanoz-roka 2 3.8
Pamuk-yonca 1 1.9
Arpa-bugday-yulaf 11 20.8
Pamuk-bugday 1 1.9
Domates-salatalik 4 7.5
Arpa-bugday-misir 6 11.3
Toplam 53 100.0
Kag yilda bir?

Her yil yerini degistiriyorum 52 98.1
3 yilda bir 1 1.9
Toplam 53 100.0

Ekim ndbetini uygulayanlarin egditim dizeyi lise ve gelirleri ortalama 100000 TL (zerindedir.
Uygulamayanlarin ise egitim duizeyi ilkokul ve gelirleri 31000-50000 TL arasindadir (Sekil 1).
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Sekil 1. Egitim, toplam gelir ile ekim ndbeti arasindaki iligki
Figure 1. The relationship between education, total income and crop rotation

Egitim durumu: 1: llkokul 2: Ortaockul 3: Lise 4: Yiiksekokul 5: Universite
Toplam gelir: 1. 5000-30000 2. 31000-50000 3. 51000-70000 4. 71000-100000 5. 100000+
Ekim nobeti uygulama durumu: 1: Uygulayan 2: Uygulamayan
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Toprak analizi

Toprak analizi de topradin verimliliginin arttirimasi ve korunmasinda 6nemlidir. Analiz ile elde
edilen sonucglar topragin durumu konusunda bilgi vermekte ve yapilacaklar konusunda vyol
gostermektedir. Ureticilerin toprak analizi yaptirma durumlari, yaptirma yillari ve yerleri Cizelgede 3.de
sunulmustur.

Cizelge 3. Toprak analizi durumu

Table 3. Soil analysis status

Toprak analizi yaptirma durumu Sayi %
Yaptiranlar 27 22.9
Yaptirmayanlar 91 77.1
Toplam 118 100.0
Analiz yaptirilan yil

2014 6 22.2
2015 2 7.4
2016 6 22.2
2017 4 14.8
2018 8 29.6
2019 1 3.7
Toplam 27 100.0
Analiz yaptirilan yer

Tarim ve Orman Bakanhigi Mugla il ve ilge Miid. 11 40.7
Ziraat Odasi 8 29.6
Mugla Valiligi 1 3.7
Mugla Universitesi 6 22.2
Tarim Kredi Koop. 1 3.7
Toplam 27  100.0

Cizelge 3'e gore ureticiler buyik oranda toprak analizi yaptirmamakta, az sayida yaptiranlar ise
genellikle son yillarda ve llfilge Tarnm Midirligi'nde yaptirmaktadir. Ureticilerin toprak analizi
yaptirmamasi, topragin korunmasi ve surdirilebilirligin saglanmasinda énemli bir eksikliktir. Yapilan khi-
kare testine gore, ankete katilan ciftcilerin egitim durumu ile toprak analizi yaptirma durumlari arasindaki
iliski istatistiksel olarak anlamli bulunmustur (p=0.028). Ciftcilerin egitim seviyesi distik¢e toprak analizi
yaptirmama oranlari yikselmektedir. Isparta ilinde yapilan bir arastirmaya gére (Yilmaz vd. 2009), gubre
miktarini toprak analiz sonuglarina gore belirleyen Ureticilerin orani sadece %13.27'dir.

Toprak analizi yaptirmama nedeni biyik &lctde kiiclk aile isletmesi olmasi ve ekonomik sikintilar
olarak gorulebilir. Yapilan khi-kare analizine gore, kredi kullanimi ile toprak analizi yaptirma durumu
arasinda anlamli bir iligki bulunmustur (p=0,021). Kredi kullanan Ureticilerin toprak analizi yaptirdidi,
kullanmayan ureticilerin toprak analizi yaptirmadigi ortaya ¢ikmaktadir. Toprak analizi yaptiranlarin analiz
sonucunda neler yaptigi ve nasil davrandidina iliskin bilgiler cizelge de sunulmustur (Cizelge 4). Toprak
analizi yaptirmasina karsin, analiz sonunda gogu Uretici hicbir sey yapmamistir. Her ne kadar toprakta
sorun goérmedigi icin bir sey yapmadigini séylese de bu Ureticilerin bllyik ¢ogunlugunun sadece toprak
analiz desteginden faydalanmak icin analiz yaptirdigi anlasiimaktadir. Bu da toprak analizi yaptiranlarin
¢ogunun bilin¢li olarak bu analizleri yaptirmadigini ortaya ¢ikarmaktadir. Konya Cumra ilgesinde yapilan
bir calismaya goére (Tanriverdi & Celik, 2016), Ureticilerin %76.93'U toprak analizi desteklemeleri
baslamadan ©6nce toprak analizi yaptirmadid: tespit edilmistir. Bu veri de toprak analizi yaptirmanin
destekler ile ilgisi oldugunu ortaya koymaktadir.
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Cizelge 4. Toprak analizi sonuglarina gore davranislar

Table 4. Behaviours according to soil analysis results

Toprak analizi sonucunda uygulamalar bir degisiklik yapma durumu Sayi %

Yapmis 13 481
Yapmamis 14 51.9
Toplam 27 100.0

Yapilan degisiklik

Besin maddesi eksiklerini tamamlayan gubreleme yapma

9 69.2
Azot eksikligi nedeniyle fig ekimi yapma 2 15.4
Tuzluluk galismasi yapma 1 7.7
Azot eksikligi nedeniyle sunni guibreleme yapma 1 7.7
Toplam 13 100.0
Degisiklik yapmama nedenleri
Sartlari el vermedigi icin 2 14.3
Herhangi bir sorun ¢gikmadigi igin 11 78.6
Uygulamayi yapmak zor geldigi icin 1 71
Toplam 14 100.0

Ureticilerin gelecege yonelik olarak yetistirdigi Uriin deseninde degisiklik yapma ve yeni uriin ekleme
durumlari da gizelge de sunulmustur (Cizelge 5). Ureticilerin blyik bir kismi gelecekte yeni bir Griin
eklemeyi veya degistirmeyi digsiinmemektedir. Yeni trtin olarak misir, yem salgami, figi ve arpa eklemeyi
dusunen Ureticiler, bu Urinleri hayvanlarini beslemek icin eklemeyi diigtindiklerini dile getirmisledir.

Cizelge 5. Yeni Uriin ekleme durumu

Table 5. New product addition status

Yeni Bir Uriin Ekleme Sayi %
Evet 19 16.1
Hayir 99 83.9
Toplam 118 100.0
Eklenecek yeni trlnler

Patates, sogan 3 15.8
Misir, yem salgami, fig, arpa 9 47.4
Soya, pamuk 2 10.5
Kanola, chia 2 105
Lavanta, salep 1 5.3
Cilek 2 10.5
Toplam 19 100.0

Kullanilan gibre gesitleri

Ureticilerin giibre kullanim durumlari toprak (izerine etkili olabilecek bir davranistir. Giibreleri hangi
amacla ve nasil kullandiklari arastirmada incelenmis ve Uriin gruplarindan sebzelerde kullanilan giibreler
sOyle belirlenmistir; Domates Ureten ciftcilerin %22.2’si 15-15 ve (re, %16.7’si 18/18 ve potasyum nitrat,
biber Ureticilerinin  %27.3'0 15-15 ve Ure, patlcan Ureticilerinin %20’si 15-15/fosfor/potasyum
kullanmaktadir. Ciftcilerin taban giibresini, ekim yapilmadan 6nce verimi artirmak, Grlintin zorlu sartlara
daha iyi dayanmasini saglamak ve kok gelisimini artirmak icin kullanmaktadir. Yesillik grubunda,
Ureticilerin tim yesillikler icin 15-15, Gre ve Amonyum sulfat kullandigi belirlenmigtir.
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Meyve gruplarinda ise zeytinde 15-15 ve 20-20 nitrat grubu, cilekte 15-15, Gre ve potasyum,
kavunda potasyum, narda 15-15 ve (re, erikte 15-15, narenciyede Amonyum sulfat, 15-15, DAP ve Ure
kullaniimaktadir. Kavunda potasyum gibresi meyve tutumunu saglamak, narenciyede kullanilan
aliminyum stilfat ve Ure ise ekimin yapildidi sirada verim artigi saglamak amaciyla kullaniimaktadir.

Hububat grubunda bugday, yulaf ve arpada 15-15, 20-20, DAP, Ure, nitrat, Soldurmada nitrat,
yoncada yaprak glbresi,15-15 ve DAP, misir ve pamukta, 15-15, 20-20, DAP, dlre, nitrat, Amonyum
silfat, tutiinde 15-15 kullaniimaktadir. Arpa ve bugdday Ureten ciftciler DAP ve 20-20 gubrelerini ekim
yapmadan ¢©nce arazilerinin tabanlarina uygulamaktadir. Ureyi ise kardeslenme déneminde
kullanmaktadir. Ciftcilerin kullandiklari gubre c¢esitlerinde dogru secimler yaptiklari anlasiimaktadir.
Isparta ilinde yapilan bir arastirmaya gore (Yilmaz vd. 2009), Ureticilerin %37.76’s1 gubre ¢esidini kendi
deneyim ve bilgilerine gore se¢cmektedir.

Kullanilan giibre miktarlan

Ureticilerin kullandiklari giibre ¢esidi kadar miktari da olduk¢a 6nemlidir. Gereginden fazla
kullanilan glibrenin toprak ve su kirliligine sebep oldugu bilinmektedir. Gereginden fazla gubre kullanimin
sebep oldugu cevre sorunlari su sekilde 6zetlenebilir: ¢ Yiksek dizeyde azotlu glbreleme sonucu
topraktan yikanmalarla, icme sulari ve akarsularda nitrat miktarinda artig, » Fosforlu gubrelerin yuzey
akiglariyla tagsinmasi sonucu, icme sularinda ve diger akarsulardaki fosfat miktarinda yikselme, « Yiksek
dizeyde azotlu gibrelerin kullanildigi topraklardaki bitkilerde nitrozamin gibi kanserojen maddeler
olusmakta, 0©zellikle yapraklari yenen marul ve ispanak gibi bitkilerde nitrat ve nitrit birikimleri
olabilmektedir (ikincikarakaya vd. 2013). Sebzelere verilen giibrelerin dekar basina ortalamasi ise
soyledir; domateste 80 kg, biberde 50 kg, patlicanda ise, 46 kg. Ureticilerin maydanoz iiretiminde dekar
basina ortalama 26 kg, dereotu icin 61 kg, rokada 62 kg gubre verdikleri ortaya ¢ikmistir. Tarim ve Orman
Bakanligi Mugla Tarim il Miidarliigi'ndeki konu uzmanlari gore, tek yillik yesillikler igin kullanilan renin
dekar basina 10 kg, Amonyum Siilfat gubresinin ise dekar basina 20 kg olmasi gerektigi belirtiimektedir.
Bu duruma gore Ureticilerin yesilliklerde gereginden olduk¢a fazla gubre kullandigi ortaya ¢ikmaktadir.
Zeytin Ureticilerinin dekar basina 26 kg, cilekte 25 kg, erikte 35 kg, kavunda 10 kg, narenciyede 23 kg,
narda 30 kg, bagda 10 kg giibre verdigi ortaya gikmistir. Tarim ve Orman Bakanhg Mugla Tarm |l
Mudarlugi’ndeki uzmanlardan alinan bilgilere goére, Ureticilerin ¢ilek Gretiminde kullandiklari Grenin ve
potasyumun bitki gelisimi i¢in kullanilabilecegdi, kavunda kullanilan potasyumun dekara 20 kg olmasi
gerektigi belirtimektedir. Kavunda Ureticilerin kullandidi gubre miktari olmasi gerekenden az olsa da diger
meyvelerde kullanilan giibre miktarinin gereginden fazla oldugu anlasiimaktadir.

Misir Ureticisinin dekar basina ortalama 60 kg, bugday Ureticisinin 50 kg, yulaf Ureticisinin 30 kg
glibre verdikleri tespit edilmistir. Tarim ve Orman Bakanh@i Mugla Tarim il MidUrliginden alinan bilgilere
gbre, bugday ureten ciftcilerin kullandiklari Grenin dekara 15 kg, DAP gubresinin 15 kg, 20.20 gubrenin
ise 15 kg olarak verilmesi gerekmektedir. Arpa Uretiminde ise dekara 12 kg amonyum stilfat, 12 kg Ure,
12 kg DAP gubre kullanilmasi gerektigi tespit edilmistir. Bu bilgilere gore, Ureticilerin hububatta
kullandiklari gubre miktari genel olarak olmasi gereken miktarlara yakindir. Isparta ilinde yapilan bir
aragtirmaya gore, tireticilerin %33.67'si gubre miktarini ve %36.73'0 gubreleme zamanini kendi bilgi ve
deneyimlerine gore belirlemektedir (Yilmaz vd. 2009). Ureticilerin genel olarak gibreleri temin ettikleri
yerler acisindan ilk sirayi ilag bayileri, ikinci sirayl tarim kredi kooperatifleri, Gglincu sirayr Ziraat Odalari
almaktadir. 45 sebze Ureticisi icin bu oranlar sirasiyla, ilagc bayiini tercih edenler %57.78, Tarim Kredi
Kooperatifini tercih edenler %31.11 ve Ziraat Odalarini tercih edenler %11.11 dir.

Kullanilan kimyasal tarim ilaglan

Tarim ve Orman Bakanligi Mugla Tarm il Midirligi’nden alinan bilgilere gore, (reticiler
sebzelerde Laser adli ilaci domates guivesi icin, Antracol ilacini ise domateste mildiyo i¢in kullanmaktadir.
Biber Ureticileri ise Mostar tarim ilacini yaprak biti icin kullanmaktadir. Kullanilan tarim ilaglari hastalik ve
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zararlilarla miicadele igin ne kadar uygun olsa da topradin yapisina zarar vermektedir. Ureticiler ilaglarini
cogunlukla ilagc bayilerinden temin ettikleri icin herhangi bir organik ilaca, tuzaklara ya da kdltirel
micadeleye tesvik edilmemiglerdir.

Yesilliklere verilen ilaglarda roka, maydanoz, marul, dereotu ve ispanak ureticilerinin tamami sinek
ilacini (mostar) kullandiklarini ifade etmistir. Tarim ve Orman Bakanhgrnin bitki koruma Urinleri veri
tabanina gore tek yillik yegilliklere verilen ilaglar incelendiginde mostar tarim ilacinin yesilliklerde
kullanimi gérilmemektedir. Ureticilerin kullandiklar tarim ilaci konusunda yanls bir secim yaptiklari
ortaya ¢ikmaktadir. Bu konuda Ureticilerin dogru bilgilendiriimeleri ve yanlis uygulamalardan vazge¢cme
konusunda ikna edilmeleri gerekmektedir. Ureticilerin meyvelere verdikleri ilaglar su sekildedir; nar igin
akdeniz galeri sinegi ilaci, narenciye Uretimi icin yagli ila¢ (parkan), kavun dretimi icin sinek ve killeme
ilaci, cilek Uretimi icin lazer, erik i¢in kurt ilaci kullandiklari tespit edilmigtir (Cizelge 6).

Tarim ve Orman Bakanhdi Mugla Tarim il Miidrligi'ndeki konunun uzmanlarindan alinan bilgilere
gore cilek Ureticisinin laser adli ilaci ciceklerde meydana gelen tripslerden dolayi kullandigi, narenciye
Ureticisinin yagl ilag olarak adlandirdigi parkan tarim ilacinin turuncgilde unlubit icin kullanildig
anlasiimaktadir. Ciftcilerin hububatlarda daha ¢ok yabanci ot ile micadele ettikleri ve kullandiklari ilaglar
hakkinda tam olarak bir bilgiye sahip olmadiklari gérilmektedir.

Cizelge 6. Uriinlere verilen kimyasal ilaglar

Table 6. Chemical pesticides applied to the crops

Uriinler ilag ismi Uretici Sayist ~ Uriinler  ilag ismi Uretici Sayisi
Kelebek ilaci 1 Erik Kurt ilaci 1
Sinek ilaci 2 Bordo bulamaci 5
i Zeytin
Kaptan/Antikor 1 Yt Giive ilaci 1
Kombi
Durivo 1 Ot ilaci 4
Antracol 1 Arpa Diamin 1
Domates . .
Tuta ilaci 3 Sine ilaci 1
Laser 3 Ot ilaci 6
Varamtorga I
B 1 Diamin 1
(Alimtarga) Bugday
Kok ¢uraklugu ilaci 3 Sine ilaci 1
Laser-alimtargo 1 Siline+yabanci ot ilaci 1
Desis 1 Kurt ilaci 3
. Mostar 2 Ekip 1
Biber Misir )
Lazer 1 Yabanci ot ilaci (arat) 3
Trivey 1 Tel kurdu ilaci 1
Fasulye . . 1 Kurt ilaci 2
o Sinek ilaci (Mostar) . .
Borulce 1 Bayer/Sincenta Triflin 1
Nar ﬁ;cdlenlz galeri sinegi 1 Pamuk Kurt ilaci+Ballik ilaci 1
Narenciye Yagli ilag (parkan) 1 Kurt+Kurutma ilaci 1
Kavun Sinek+Kiilleme llaci 1 Kurt+Sinek 1
Cilek Laser 1 Yulaf Ot ilaci 2
Bag Kukirt+Mavi Kif ilaci 1

Kullanilan kimyasal tarim ilaglarinin miktarlan

Arastirmada, domates (Ureticilerin %23.5'inin , biber dreticilerinin %40’inin dekara 100 gr ila¢

verdigi, fasulye ve borulce Ureten Ureticilerin tamaminin dekara 30 gr ilag verdigi ortaya ¢ikmistir. Tarim
ve Orman Bakanligrnin yayinladigi bitki koruma drtnleri veri tabaninda kullanilan ilaglar icin dekar basina
belirli bir oran yazilmaktadir. Ureticilerin verdikleri ilaglarin miktari ile kiyaslandiginda ureticilerin
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kullandiklari ilaglarin miktarini biraz daha fazla tuttuklari ortaya ¢ikmistir. Fazla kullanilan tarim ilacinin
topraga verdigi zarar belki o an hissedilmeyebilir ancak gelecek yillarda verimsizlik, toprak-su Kkirliligi,
cevre kirliligine neden olabilmektedir.

Tarim ve Orman Bakanligi Mugla Tarim il Miidiirligi'ndeki konunun uzmanlarindan alinan bilgilere
gore bolge dreticisinin kullandigi tarim ilacinin miktarlarinin genel olarak olmasi gerekenden daha fazla
oldugu ortaya ¢ikmistir. Tarim ve Orman Bakanligi Mugla Tarim il Miidirliigi'ndeki konu uzmanlarina
gore gore narenciye icin bolge Ureticisi daha fazla ila¢ kullanmaktadir.

Cizelge 7. Uriinlere verilen kimyasal ilag miktari

Table 7. The amount of chemical pesticides applied to the crops

Uriinler Dekarailag  Uretici Sayisi  Uriinler  Dekarailag Uretici Sayisi  Uriinler  Dekarailag  Uretici Sayisi
100 gr 4 Marul 50 gr 3 8 kg 1
2 kg 2 100 gr 1 2 kg 2
Misir
50 gr 1 Dereotu 100 gr 1 200 gr 2
Domates 250 gr 1 Ispanak 50 gr 1 100 gr 3
400 gr 2 Bag 2 kg 1 1kg 1
Yulaf
500 gr 2 Kavun 5 kg 1 2 kg 1
800 gr 2 Cilek 20 gr 1 100 gr 5
) Pamuk
Fasulye 30gr 1 Erik 1.5kg 1 200 gr 1
Bordice 30 gr 1 2 kg 2 Bugday 1 kg 1
300 gr 1 ) 1.5kg 2 10 kg 1
Zeytin
100 gr 2 101t 1 2 kg 1
Biber
400 gr 1 41t 1 12 kg 1
250 gr 1 1kg 1 4 kg 2
50 gr 1 10 kg 1 50 gr 1
Roka
100 gr 2 Arpa 2 kg 2 100 gr 1
50 gr 2 400 It 1 10 gr 1
Maydanoz
100 gr 3 10 gr 1 1

Kullanilan tarim ilaglarinin verilme sikhigi

Arastirmada tarimda ilaclama sikliklari da incelenmistir. Buna goére, domates Ureten Ureticilerin
farkh sikliklarla ilaglama yaptigr anlasiimaktadir. Bu reticilerin %17.6’s1 20 gunde 1, %17.6’s1 15 giinde 1
ilaglama yapmaktadir. Biber Ureten ureticilerin %40’ inin ise ayda 1 kere ilag verdikleri tespit edilmistir.

Yesilliklere verilen ilaglarin sikliklarina bakildiginda roka ureten giftcilerin %66.7’si 1 kere, %33.3'l
4 kere, maydanoz Ureten ciftcilerin %80'i 2 kere, %20'si 4 kere, dereotu Ureten ciftcinin 4 kere, ispanak
ureten ciftcinin ise 5 kere ilaclama yapti§i ortaya ¢ikmistir. Tarim ve Orman Bakanh@ Mugla Tarim il
Mudurlugi'nde konu uzmanlarindan alinan bilgilere gore, yapilan ilaglamalarin sikliklarinin yiuksek oldugu
gorulmektedir. Cok sik verilen tarim ilaglarinin hem topragin zarar gérmesine hem de Urintn kalitesinin
dlismesine neden olmaktadir.

Ankete katilan giftcilerin meyvelere ila¢c verme sikliklarina bakildiginda nar Ureten giftcinin ilaci tg
kere verdigi, narenciye Ureten ciftcilerin ise 2 kere verdigi, kavun Ureticisinin 10 kere ila¢ verdigi, erik
Ureten ciftcinin ise 3 kere ila¢c verdigi tespit edilmistir. Meyvelere verilen ilaglarin siklik duruma
bakildiginda cilek Ureticisin 15 giinde 1 kere cevabini vererek strekli bir ilaglama yaptigi tespit edilmistir.
Anlagiliyor ki ciftciler yapilan ilaglamanin pek faydasini géremeyip sirekli ilaglama yapmaktadir. ilaglama
yerine ¢ilekte gorilen hastalik icin dogal dismanlarindan yararlanilabilir.
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Arastirmaya katilan ciftgilere hububatlara ilag verme sikliklari soruldugunda misir treten giftcilerin
%87.5'i 1 kere, %12.5'i 2 kere, bugday Ureten ciftcilerin %77.8'i bir kere, %22.2'si iki kere, yulaf ve arpa
Ureticilerinin ise bir kez ilag verdikleri gérilmektedir.

Toprak sorunlari
Turkiye'de yaklasik 2.5 milyon hektar alanda tarimsal uretimi tehdit eden drenaj ve arazi islahi
sorunu bulunmaktadir. Sulama alanlarinda yiiksek taban suyu ve tuzlanma en ciddi sorunlarin baginda

gelmektedir (T.C. Kalkinma Bakanhgdi, 2018). Ciftcilerin biyik bir kismi (%52.5) topraklariyla ilgili bir
sorunlarinin olmadigini diisinmektedir (Cizelge 8).

Cizelge 8. Toprakla ilgili sorunlar
Table 8. Problems with soil

Toprak lle ilgili En Onemli Sorunlar Sayi %
Sorunum yok 62 52.5
Su ve kiraglhk 15 12.7
Sirekli ekim sonucu verim azlidi, yorgunluk, zayiflik 15 12.7
Hastaliklarin fazla olmasi (kdk ve mantar hastaliklari) 3 25
Nematodlarla ve yabanci otlarla micadele zorlugu 7 5.9
Topraklarin pargal ve kiiguk olmasi 12 10.2
Topragin kaymak tabakasinin olmasi (tuzluluk ve fazla sulama nedeniyle) 2 1.7
Taban suyunun fazla olmasi 1 0.8
Islah yapilamamasi 1 0.8
Toplam 118 100.0

Sekil 2’de yapilan c¢oklu uyum analizi sonucunda toprak hakkindaki sorunlardan sirekli ekim
sonucu verim azhgi, yorgunluk, zayiflik diyen Ureticilerin egitim duzeyleri lise ve yiiksekokul seviyesinde
olup toplam gelirleri 51 000-70 000 TL arasindadir. Egitim diizeyi Universite ve gelirleri 71 000-100 000
olan Ureticiler toprak sorununu toprak islahinin yapilmamasi olarak gérmektedir. Egitim dizeyi dusuk
Ureticiler toprak sorununun farkinda olmayanlardir. Egitim seviyesi yukseldikce toprak sorunu daha ozel
konularda ifade edilmektedir. Verilen cevaplardan ciftcilerin gogunlugunun verim azalmasi yasadigi
anlasiimaktadir (Cizelge 9). Verim azalmasinin nedenleri ise; ayni arazi Uizerinde sirekli tarim yapilmasi,
analiz yapiimadan, topraklarin durumu 6grenilmeden Uriin yetistiriimesi, hava kosullarindan dolay! bazi
aylarin yogun yagis ve soguk gecmesi ve bazi aylarda ise tamamen kurak ge¢cmesi olabilmektedir.

Cizelge 9. Topragin zamanla degisme durumu

Table 9. The state of change of soil over time

Yillar itibari ile topraktaki degisiklik durumu Say %
Degisiklik var 54 45.8
Degisiklik yok 64 54.2
Toplam 118 100.0
Degisiklikler

Verim azaldi 39 72.2
Surekli ayni yerde tarim yapilmasindan kaynakli verimin azalmasi 7 13.0
Hayvan glbresi vermeden verim alamama 3 5.6
Topraklarin kireglenmesi 2 3.7
Yer alti sularinin pH'nin artmasi 1 1.9
Coraklasma 1 1.9
lyi tarim uygulamalari yapiyorum verim artti 1 1.9
Toplam 54 100.0

Ureticilerin gogunlugu verim azalmasinin farkinda olmasina karsin topraklarinda bir sorun
gbrmemektedir. Bu durum da topraklarinda iyilestirme yapmalarina ve korumalarina engel olmaktadir.
Isparta ilinde yapilan bir galismaya goére (Yilmaz vd.2009), Ureticilerin %21.43'Gnun hangi Uriine hangi
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gubrenin ne zaman ve ne miktarda kullanilacagini bilmedikleri belirlenmigtir. Gubre se¢imi ve kullanimi
konusunda ciddi bir bilgi eksikligi ortaya ¢ikmistir. Ciftciler giibre ve gubreleme ile ilgili uygulamalarinda
dogru bilgiye ihtiyagc duymaktadir. Tokat ilinde yapilan bir baska calismada (Yizbasioglu, 2020) ise,
Ureticilerin %67.59'u kimyasal gubrelerin topraga verdigi zararlar hakkinda bilgi sahibi oldugunu, %32.41’i
bilgisi olmadigini ifade etmiglerdir. Ureticiler, kimyasal giibrelerin topraga verdigi zararlar konusunda en
fazla toprakta tuzlulasmaya neden oldugunu (%60.69) , ikinci sirada agir metal birikimine (%31.03) ve
Uclncl sirada ise sularda kirlilige (%16.55) neden oldugunu belirtmislerdir.

Joint Plot of Category Points

Dimension 2

Dimension 1

Wariable Principal Nom

Sekil 2. Egitim, toplam gelir ve toprak hakkindaki sorunlar arasindaki iligki
Figure 2. The relationship between education, total income and problems about soil

Egitim durumu: 1: llkokul 2: Ortaokul 3: Lise 4: Yilksekokul 5: Universite

Toplam gelir: 1.5000-30000 2.31000-50000 3.51000-70000 4.71000-100000 5.100000+

Toprak hakkindaki sorunlar: 1. Sorunum yok 2. Su ve kiraglik 3. Surekli ekim sonucu verim azlidi, yorgunluk, zayiflik 4. Hastaliklarin
fazla olmasi (k6k ve mantar hastaliklar) 5. Nematodlarla ve yabanci otlarla miicadele zorlugu 6. Topraklarin pargali ve kiigiik olmasi
7. Topragin kaymak tabakasinin olmasi (tuzluluk ve fazla sulama nedeniyle) 8. Taban suyunun fazla olmasi 9. Islah yapilamamasi.

SONUC ve ONERILER

Dunya tarim topraklarinin Gcte biri erozyon, tuzluluk, bitki besin maddesi ve organik madde kaybi,
kirlilik ve betonlagsma nedeniyle verimsizlesmistir. Dinya arazilerinin yizde 26’sina karsilik gelen 1.2
milyar hektar arazi ise yanhs tarimsal faaliyetler ve kullanim sonucu bozulma ile kargl karsiya kalmigtir
(FAO, 2015). Turkiye icin de gecerli olan tarim topraklarindaki bozulmalar sdrddrilebilir tarimda risk
olusturmaktadir. Mugla’'nin Milas ilcesinde yapilan bu calisma ile Ureticilerin tarim topradini kullanim
durumu ortaya konulmustur. Ciftcilerin ortalama tarimsal deneyim sireleri 26 yildir. Gecgimlik isletmelerde
yas ortalamasi yuksek, yillik gelir ve egitim seviyesi ise dlsiktir, ticari isletmelerde ise egitim seviyesi ve
yillik gelir artmakta, yas ortalamasi ise diusmektedir. Ciftciler, arazilerinde sebze, meyve, yesillik ve
hububat Uretimi yapmaktadir. Bu ciftcilerin buylk bir kismi tarimsal Uretimi kendi gecimlerini saglamak
amaciyla yapmaktadirlar. Araziler, buyuk o6lcide ciftcilerin kendi mulkleri ve tek pargadir. Arastirma
bolgesinde yapilan (retimler biyiik olciide sulu ve duz ovadadir. Uretilen riinlerden sebzelerin,
yesilliklerin ve meyvelerin bir kismi aile tiketimi igin kullanihirken biyik ¢ogunlugu satilmaktadir. Hububat
Uretiminde ise hayvanlari olanlar kendi hayvanlarina yedirmekte ya da tamamini satmaktadir.
Surdurdlebilir tarimda toprak kullanimi olduk¢a 6nemlidir. Uzun stire ayni trindn dretilmesi, asiri sulama,
gubreleme gibi faaliyetler zamanla verimi disUrmektedir. Topradin uzun siure verimini korumasi ve
surdurulebilirligi ancak toprak islahiyla olasidir. Arastirmada Ureticilerin buyuk ¢odunlugunun (%85.6)
1slah galismasi ve ekim nébeti (%55.1) yaptirmadidi ortaya ¢ikmistir. Arazi islahi yaptiranlarin ise %94.1’i
solarizasyon, %5.9'u nadas uygulamasi seklinde yapmaktadir. Ciftcilerin arazi islah ¢alismalari hakkinda
yeteri kadar bilgi sahibi olmadiklari da belirlenmistir. Bu da tarimin ve topradin strdirulebilir kullanimini
olumsuz etkileyebilmektedir.
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Sdrdurdlebilir toprak kullaniminda oldukga 6nemli olan arazi islahi ve ekim nébeti konusunda
Ureticilere ilgili tarim kuruluglar ve yerel orgitler aracihiiyla kapsamli ve etkili bir yayim ve egitim
calismasi yuritilmelidir. Yayim calismalarinin tim sureclerine dreticilerin katihmi saglanarak katilimci
yaklasimlar ve uygulamalar esas alinmalidir. Ayrica, toprak yapisi ve buna uygun bitkiler Tarim ve Orman
Bakanligi'nca bélgelere gore belirlenerek, Ureticilere ekim ndbeti yapilabilecek ve bélgeye uygun bitkiler
konusunda yol gosterilmeli ve bilgilendirme ve yayim galismalari yiritilmelidir. Ureticilerin buyik bélami
(%77.1) toprak analizi yaptirmamigtir. Ciftcilerin egitim seviyesi dustikce toprak analizi yaptirmama
oranlari yikselmektedir. Toprak analizi yaptiranlarin genellikle desteklerden faydalanmak igin yaptirdigi
ortaya ¢ikmigtir. Bu durum da topragin surdurilebilir kullanimini olumsuz etkileyebilmektedir.

Ureticilerin genelde kullandigi giibre cesitleri secimi bolge topragi ve bitkiler icin uygundur.
Kullanilan giibre miktarinda ise, yesilliklerde gereginden oldukg¢a fazla oldudu ortaya c¢ikmaktadir.
Domates, biber, patlican ve salatalik Ureten ciftgilerin tim sezon boyunca gubre verdigi gorilmektedir.
Yapilan tim sezon boyunca giibre uygulamasinin ise fazla oldugu belirlenmistir. Gereginden fazla gubre
uygulamalari ise hem topragi hem de su kaynaklarini kirletmektedir. Strdurdlebilir bir tarim icin topragin
verimliliginin korunmasi gerekmekte, bu nedenle de glibre miktarlari makul seviyelere disurilmelidir. Bu
konuda yerel orgutler ve kamu kuruluslari Ureticileri bilingclendirme ve egitme amacl yayim c¢alismalari
yuratmelidir. Yas ortalamasi arttik¢a ahir gubresi kullanim orani artmaktadir. Bdylece orta yas ureticiler
hedef kitle olabilir. Ureticilerin genel olarak guibreleri temin ettikleri yerler agisindan ilk siray! ilac bayileri,
ikinci sirayi tarim kredi kooperatifleri, Gigincii siray ise Ziraat Odalari almaktadir. ilag bayileri kar amagli
calisan 6zel kuruluglar oldugu icin denetim ve izlemeye tabi tutulmalidir. Bitki hastalik ve zararlilarla
micadelede Ureticilerin olduk¢a genis cesitlige sahip ilaglar kullandiklari ortaya ¢ikmistir. Yesilliklere
verilen ilaclarda roka, maydanoz, marul, dereotu ve ispanak Ureticilerinin tamami sinek ilacini (mostar)
kullandiklarini ifade etmistir. Ancak, Tarim ve Orman Bakanhgdi’'nin bitki koruma drtnleri veri tabanina
gore tek yillik yesilliklere verilen ilaclar incelendiginde mostar tarim ilacinin yesilliklerde kullanimi
gorulmemektedir. Ureticilerin kullandiklari tarim ilaci konusunda yanlis bir secim yaptiklari ortaya
¢cikmaktadir. Bu konuda dreticilerin dogru bilgilendiriimeleri ve yanhs uygulamalardan vazgecme
konusunda ikna edilmeleri gerekmektedir. Bu da yine yayim calismalari ile yapilabilir. Bitkilerdeki bircok
hastalik ve zararllar icin kimyasal ilaclar tercih edilmektedir. Tarim ve Orman Bakanlhigrnin yayinladigi
bitki koruma Udrinleri veri tabanina bakildiginda, kullanilan ilaclar icin dekar basina belirli bir oran
yazilmaktadir. Ciftcilerin verdikleri ilaglarin miktari ile kiyaslandiginda ciftcilerin ilaglarin miktarini biraz
daha fazla tuttuklari ortaya ¢ikmistir. Bunun yaninda kimyasal ilaglarin verilme sikliklari da oldukca
fazladir. Bircok sebze ve yesillikte ve cilekte neredeyse tim Uretim sezonu boyunca ilaglama
yapmaktadir. Her ne kadar hastalik ve zararllar i¢in dogru teshis ve ilag sec¢imi yapilsa da kimyasal
ilaclar, topragi ve suyu kirletmekte, ekolojiye zarar vermekte ve insan sagligini tehdit etmektedir.
Kimyasal ila¢ yerine cevre dostu olarak adlandirilan organik entegre muicadele ydntemleri tercih
edilmelidir. Bu yontemler konusunda ureticiler bilgilendiriimeli ve tesvik edilmelidir.

Ureticilerin gogunlugu verim azalmasinin farkinda olmasina kargin topraklarinda bir sorun
gbérmemektedir. Bu durum da topraklarinda iyilestirme yapmalarina ve koruma énlemleri alinmasina engel
olmaktadir. Ureticilerin topragin surdurdlebilir kullaniminda toprak islahi, ekim nobeti, giibre ve ilag
uygulamalari konusunda bilgi ve egditime gereksinmeleri vardir. Cevre dostu ve organik yontemlerin
ureticiye tanitilip, benimsetilmesi ve bu tlr uygulamalarin yayginlastiriimasi konularinda katilimci
yaklasimlarla yayim programlari hazirlanmali ve ureticileri tesvik edecek politikalara yer verilmelidir.
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0z
Amag: Bu galisma, Goller yoresinde predatodr 6zellikte olan Syrphidae (Diptera)

turlerinin saptanmasi ve yayiliglarinin belilenmesi amaciyla 2014-2016 yillarinda
gerceklestirilmistir.

Materyal ve Yontem: Ergin bireyler tarim alanlar, islenmemis araziler ve
ormanlik alanlardaki agag, ¢ali ve otsu bitkiler Gzerinden havanin agik ve giinesli
oldugu zamanlarda atrap ve agiz aspiratdri kullanilarak 241 ayri 6rnekleme
noktasindan toplanmistir. Ornekleme sirasinda bulunan ergin éncesi dénemler
konukgular ile birlikte kultlire alinmak Uzere laboratuvara getirilmistir. Butiin ergin
Syrphidae bireyleri klasik teshis metotlari kullanilarak tanilanmstir.

Arastirma Bulgulari: Calisma sonuglarina goére; entomofag 0Ozellikte olan
Baccha, Chrysotoxum, Didea, Episyrphus, Eupeodes, Heringia, Melanostoma,
Meliscaeva, Paragus, Pipiza, Pipizella, Platycheirus, Scaeva, Sphaerophoria,
Syrphus, Volucella, Xanthandrus ve Xanthogramma cinslerine ait 38 tlr
belirlenmistir. En yaygin turler, Episyrphus balteatus (De Geer, 1776), Eupeodes
corollae (Fabricius, 1794), E. nuba (Wiedemann, 1830), Melanostoma mellinum
(L., 1758), Paragus albifrons (Fallén, 1817), P. bicolor (Fabricius, 1794), P.
haemorrhous Meigen, 1822, P. tibialis (Fallén, 1817), Sphaerophoria rueppelli
Wiedemann, 1830, S. scripta (L., 1758) ve S. turkmenica Bankowska, 1964;
sayica en fazla 6rneklenen turler ise S. scripta (1937 birey, % 62.10), M. mellinum

(374 birey, % 11.99) ve E. corollae (264 birey, % 8.4)'dir.

Sonug: Goller yoresinde belirlenen érnekleme alanlarinda entomofag Syrphidae
turleri ve yayilislari belilenmistir. Calismada, baz turlerin avlari da belirlenmistir.

ABSTRACT

Objective: The objective of this study was to determine the entomophagous
Syrphidae (Diptera) species in the Lakes Region of Turkiye and their distribution in
2014-2016.

Material and Methods: Adult specimens were collected from 241 different
localites on trees, shrubs and herbaceous plants in agricultural areas,
uncultivated lands and forest areas, by using sweep-net and mouth aspirator
when the weather was clear and sunny. The pre-adults found during sampling
were brought to the laboratory to be cultured together with their hosts. All adult
Syrphidae individuals were identified using classical diagnostic methods.

Results: According to the results of the study; a total of 38 species having
entomophagous character belonging to the genera, Baccha, Chrysotoxum, Didea,
Episyrphus, Eupeodes, Heringia, Melanostoma, Meliscaeva, Paragus, Pipiza,
Pipizella, Platycheirus, Scaeva, Sphaerophoria, Syrphus, Volucella, Xanthandrus
and Xanthogramma were determined. Episyrphus balteatus, Eupeodes corollae,
E. nuba, Melanostoma mellinum, Paragus albifrons, P. bicolor, P. haemorrhous,
P. tibialis, Sphaerophoria rueppelli, S. scripta and S. turkmenica were the most
common species while S. scripta (1937 individuals, 62.10%), M. mellinum (374
individuals, 11.99%) and E. corollae (264 individuals, 8.4%) have been the most
sampled species.

Conclusion: In this study, Entomophagus Syrphidae species and their distribution
were determined in the sampling areas in the Lakes region while prey of some
species was also determined.
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Uzun Yigit vd.

GiRIiS

Akdeniz Bolgesi'nin kuzeyinde, i¢ Anadolu Bélgesi'nin bati i¢ kisimlarina kadar uzanan Goéller Yéresi,
farkh iklim Ozellikleri, degisken jeolojik yapisi ve sahip oldugu c¢ok sayidaki gollerle ¢ok zengin bir
biyogesitliligi blnyesinde barindirmaktadir. Yorede, hentz bir arastirmaya dahil edilmemis birgok arthropod
grubu bulunmaktadir. Bunlardan birisi de Diptera’ya ait Syrphidae’dir. Cigek sinekleri olarak bilinen bu
bdcekler Diptera’da tir sayisi bakimindan en bulylk familyalarindan birisini olusturmaktadir. Syrphidler,
bitkilerin tozlasmasinda kligimsenmeyecek dizeyde etkili olan ve birgok kultir bitkisi ve yabani bitkinin
arillardan sonra en 6nemli tozlayicilari olarak kabul edilmektedir (Simic & Glumac, 1987). Erginlerinin
ciceklerde polen ve nektar ile beslenmelerine kargin, syrphidlerin blyik c¢odunlugunun degisik bdcek
gruplarina ait turlerin 6zellikle de vyaprakbitlerinin avcisi olmalari, biyolojik mucadele calismalarinda
kullanilabilmelerine olanak tanimaktadir (Van Driesche et al., 2008). Avrupa'da 900'den fazla syrphid tird
bilinmekte olup, bunlarin yaklasik yarisi Akdeniz Bodlgesi'nde bulunmaktadir. Son yillarda yapilan
¢alismalarla bilim diinyasina ¢ok sayida yeni syrphid turd dahil olmustur (Vuji¢ et al., 2020).

Syrphinae alt familyasi, Pipizini triblisu ile Volucella ve Microdon cinsleri zoofag tirleri iceren
onemli taxa’yr olusturmaktadir. Pipizini ve Syrphinae turleri, ¢ok az istisna disinda, tamamen afit
predatorleri olarak bilinmektedir (Rotheray, 1986). Afitler diginda diger bazi boéceklerle beslenen syrphid
tirleri de bulunmaktadir. Ornegin, Syrphinae altfamilyasinda bazi tirlerin larvalari Coccidae, Psyllidae,
Aleyrodidae ve Cicadellidae turleri (Kohli et al., 1988; Rojo et al., 1999), Xanthandrus comptus (Harris,
1780)’'un larvalar ise toplu olarak yasayan bazi Microlepidoptera larvalari ile beslenmektedir. Ayrica,
Dasysyrphus tricinctus Fallén, 1817'un, tenthredinid ve noctuid larvalari, Parasyrphus nigritarsis
(Zetterstedt, 1843)’'in chrysomelid larvasi ve bazi Chrysotoxum ve Doros tirlerinin karinca larvalari ile
beslendikleri tahmin edilmektedir (Sommagio, 1999). Zeytin agacinda zararli olan psyllidlerinin avcilarini
arastirilirken Euphyllura olivina (Costa, 1839) (Hemiptera: Aphalaridae) Gizerinde avlanan birkag syrphid
larvasi bulunup, kiltire alindiktan sonra Scaeva mecogramma (Bigot, 1860) ergin bireyleri oldugu
belirlenmistir (Rojo et al., 1999). Ayni calismada Trioza alacris Flor, 1861 (Hemiptera: Triozidae)'in
meydana getirdigi gallerin (zerinde Heringia heringi (Zetterstedt, 1843)’nin yumurta ve birinci dénem
larvalarini gézlemlemislerdir. Ayrica, Meliscaeva auricollis (Meigen, 1822) larvalarinin zeytin agacinda
bulunan psyllid kolonilerinde beslendiklerini saptamislardir. Kuzey Amerika tirl Toxomerus corbis
(Walker) larvasinin Tetranychus sp. de beslendigi kaydedilmistir (Gilbert, 2005).

Tarkiye’de Syrphidae tlrlerinin  belirlenmesine yonelik calismalar oldukga sinirli  dizeydedir.
Genellikle degisik kultir bitkilerindeki bécek gruplarinin belirlenmesine yonelik ¢alismalar sirasinda elde
edilen Syrphidae’ye bagh dogal diisman olan turlere deginilmistir (Erkin, 1983; Zeren & Dizglnes, 1983,
Alaoglu & Ozbek, 1987; Yasarakinci & Hincal, 2000; Civelek & Tezcan, 2005; Oztiirk vd., 2005; Ayyildiz &
Atlihan, 2006; Dasci & Gugli, 2008; Demirézer & Karaca, 2014). Daha onceki galismalarda, Goller
Yoresinde Syrphidae’ye ait ¢ok az sayida dogal disman tespiti disinda, 6zellikle gicek sineklerinin tlrlerinin
belirlenmesine ybnelik bir ¢alismaya rastlanmamistir. Bu c¢alisma, Goller Yoresi'nde avci 6zellikte olan
Syrphidae turlerinin saptanmasi ve yayiliglarinin belirlenmesi amaciyla yapilmistir.

MATERYAL ve YONTEM

Calisma, Goller Yoresi'nde yer alan illerden Antalya (Korkuteli), Afyonkarahisar (Dazkiri, Dinar),
Burdur (Aglasun, Altinyayla, Bucak, Cavdir, Celtik¢i, Golhisar, Karamanl, Kemer, Tefenni ve Yesilova),
Isparta (Aksu, Atabey, Egirdir, Gelendost, Gonen, Kegiborlu, Senirkent, Sitgller, Sarkikaraagag,
Uluborlu, Yalvag ve Yenisarbademli) ve Konya (Beysehir)da yurutiimustir. Calismanin materyalini,
Goller Yoresi'nde bulunan illerden 2014, 2015 ve 2016 yillarinin nisan-ekim aylari arasinda, her ilgeye en
az ikiser kez gidilerek toplanan cgicek sinekleri (Syrphidae) érnekleri olusturmustur. Ayrica kulttire alinan
ergin éncesi dénemleri birlikte bulundugu yaprakbitleri de diger calisma materyalleridir.
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Ergin d6rneklemeleri

Ergin bireyler, tarim alanlari, islenmemis araziler ve ormanlik alanlardaki agag, ¢ali ve otsu bitkiler
Uzerinden 241 ayri 6rnekleme noktasindan havanin agik ve gunesli oldugu zamanlarda atrap ve agiz
aspiratérd kullanilarak toplanmistir. Polietilen torbalar veya plastik tupler igerisindeki ergin bireyler
laboratuvara getirilerek -20°C’de tutulduktan sonra, bdcek igneleriyle ignelenmis ya da igneye takiimig
beyaz kartonlara teshise uygun sekilde yapistirilarak etiket bilgileri eklenmisgtir.

Kiltiire alinan yaprakbiti turlerinden Syrphidae tirlerinin elde edilmesi

Avci tlrlerin ergin 6ncesi donemleri beslendikleri konukgulari ve Uzerinde bulunduklari bitkiler ile
birlikte kagit havlu arasinda ve polietilen torbalar igerisinde buz kutusuyla laboratuvara getirilmis, syrphid
yumurta, larva veya pupalarinin bulundugu bitkiler ergin sineklerin elde edilmesi ve avlari olan
yaprakbitlerinin ayrim ve teshislerinin yapiimasi amaciyla etiket bilgileriyle birlikte ayri ayri kontrolli
sartlarda (251, % 60 nem, 16:8 aydinlatma) kdltire alinmistir. Kdiltdre alinan syrphid yumurta ve
larvalarinin beslenerek ergin bireylerin elde edilmesi amaciyla bol miktarda konukgu bitki ve yaprakbiti
toplanarak laboratuvarda muhafaza edilmistir. Yaprakbiti tiirlerinin teshisi Dog. Dr. Isil OZDEMIR (Kocaeli
Universitesi, Ziraat Fakiltesi, Bitki Koruma BOolimii, Kocaeli) tarafindan gergeklestirilmistir. Ergin
cikiglarinin ardindan etil asetat yardimi ile dldirtlen bireyler etiket bilgileriyle ignelenmistir.

Tirlerin tanilanmasi

Arazi ¢alismalarinda toplanan erginler ve de avlariyla birlikte klltire alinarak ergin ¢ikisi saglanan
bireyler, mevcut literatir 1siginda ve referans materyali dikkate alinarak stereomikroskop altinda
incelenmisg, altfamilya ve cins dlizeyine kadar siniflandirildiktan sonra, ayni cins igerisinde morfolojik
olarak farkli gériinen bireylere birer referans numarasi verilmistir. ihtiyac duyuldugunda, teshiste énem
tasiyan erkek bireylerin genitalyalari ¢ikarilarak igerisinde gliserin bulunan mikroviyal tiplere aktariimistir.
Entomofag syrphid erginlerinin tiir diizeyinde teshisleri, Prof. Dr. Riistem HAYAT ve Prof. Dr. Ante VUJIC
tarafindan yapilmigtir.

Tanisi yapilmis olan tirlerin gelecekte yiritllecek galismalar igin referans materyali olarak
kullanilabilmesi amaciyla Isparta Uygulamal Bilimler Universitesi, Ziraat Fakiltesi, Bitki Koruma
Bolimu’'nde bulunan Isparta Entomoloji Miizesinde (EMIT) 6zel olarak hazirlanan koleksiyon dolaplarinda
muhafaza edilmesi saglanmigtir.

Orneklerin toplandiklari noktalarin lokasyon bilgileri (GPS), konukgulari ve habitat notlari
kaydedilmistir. Ornekleme noktalarina ait lokalite ve tarih bilgileri kod numaralariyla birlikte Cizelge 1’de
verilmisgtir.

Cizelge 1. Ornekleme noktalarina ait bilgiler ve kod numaralari
Table 1. Information and code numbers of sampling points

Kod Lokalite Enlem-Boylam Rakim(m) Tarih
1 Konya, Budak, Hiyik 37°51'30.26"N 31°34'49.40"E 1132 28.iv.2014
2 Isparta, Sarkikaraagag, Kiyakdede 37°59'18.63"N 31°28'48.26"E 1137 28.iv.2014
3 Konya, Beysehir, Ciftlik 37°42'56.42"N 31°42'30.76"E 1130 28.iv.2014
4 Konya, Huylk, Gogeri 37°57'51.66"N 31°31'20.89"E 1124 28.iv.2014
5 Isparta, Yalvag, Cetince 38°11'32.93"N 31°12'59.66"E 1171 28.iv.2014
6 Isparta, Egirdir, Mahmatlar 37°55'35.70"N 30°55'30.00"E 1172 28.iv.2014
7 Isparta, Gonen Senirce Koyu 37°53'3.21"N 30°30'29.77"E 941 02.v.2014
8 Isparta, Gonen, Senirce Kdyu Yolu-1 37°53'19.60"N 30°31'1.22"E 960 02.v.2014
9 Isparta, Gonen, Senirce Kdyu Yolu-2 37°53'58.52"N 30°30'42.99"E 1000 02.v.2014
10 Isparta, Gonen, Guneykent, Gimusgin 37°53'51.70"N 30°24'0.48"E 937 02.v.2014
11 Isparta, Kegiborlu, Glineykent, Yukari 37°56'36.9"N 30°18'56.3"E 975 02.v.2014
12 Isparta, Kegiborlu, Glineykent, Yukari 37°56'23.87"N 30°19'5.68"E 970 02.v.2014
13 Isparta, Uluborlu, Selguklu 38°4'39.99"N 30°28'46.01"E 1019 02.v.2014
14 Isparta, Senirkent, Senirkent-Yalvag yolu 38°10'15.36"N 30°40'38.28"E 946 02.v.2014
15  Isparta, Senirkent-Yalvag Yolu, Eski Koy, Gengali 38°14'35.30"N 30°46'7.40"E 952 02.v.2014
16  Isparta, Yalvag/Senirkent-Yalvag Yolu, llegi 38°18'51.86"N 31°7'38.41"E 1167 02.v.2014
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Uzun Yigit vd.

Cizelge 1. Ornekleme noktalarina ait bilgiler ve kod numaralari (devami)
Table 1. Information and code numbers of sampling points (continued)

Kod Lokalite Enlem-Boylam Rakim(m) Tarih
17  Isparta, Yalvag, Madenli Kdyu 38°9'63.88"N 31°5'41.12"E 983 02.v.2014
18 Burdur, Aglasun, Hamam 37°37'50.88"N 30°31'15.96"E 1077 12.v.2014
19 Burdur, Aglasun, Kiprit, Kum 37°37'25.05"N 30°30'54.88"E 1036 12.v.2014
20  Burdur, Celtikgi, Kiprit, Yukari 37°35'13.92"N 30°31'21.40"E 1149 12.v.2014
21 Burdur, Celtikgi, Antalya-Burdur Yolu, Kuzkdy 37°33'05.0"N 30°27'36.3"E 887 12.v.2014
22 Burdur, Bucak, Bucak ¢ikigi 37°22'8.44"N 30°31'30.58"E 792 12.v.2014
23 Antalya, Korkuteli, Bozova 37°14'54.19"N 30°17'48.56"E 859 12.v.2014
24 Antalya, Korkuteli, Stulekler 37°7'24.36"N 30°3'2.89"E 1236 12.v.2014
25 Antalya, Korkuteli, S6gut, Korkuteli-Tefenni yolu 37°05'35.8"N 29°53'57.1"E 1200 12.v.2014
26 Burdur, Karamanli, Burdur- Fethiye yolu 37°21'10.5"N 29°48'63.1"E 1120 12.v.2014
27 Burdur, Merkez, Bogazici Kemer Yolu 37°30'16.97"N 30°4'39.12"E 992 12.v.2014
28 Burdur, Merkez, Bogazigi, Burdur Kemer Yolu 37°29'57.73"N 30°5'1.61"E 979 12.v.2014
29  |Isparta, Kegiborlu, Kozluca 37°55'25.52"N 30°15'57.36"E 1026 16.v.2014
30 Isparta, Kegiborlu, Kaplanli, Aydogmuslar Kéyu 37°58'49.81"N 30°12'14.22"E 1005 16.v.2014
31  Afyonkarahisar -Dinar Basmakg! Beldesi 37°54'30.84"N 29°58'13.08"E 1094 16.v.2014
32  Afyonkarahisar, Basmakgi, Mimar Sinan Basmakgi Beldesi 37°54'24.89"N 29°58'7.55"E 847 16.v.2014
33 Afyonkarahisar, Dazkiri, Dazkiri-Denizli yolu 37°52'37.93"N 29°50'4.47"E 854 16.v.2014
34 Isparta, Kegiborlu, Kaplanli 37°58'49.62"N 30°12'14.06"E 966 16.v.2014
35 Isparta, Kegiborlu, Kilig Havalimani civari 37°53'68.41"N 30°19'50.38"E 945 16.v.2014
36 Isparta, Egirdir, Isparta-Egirdir Arasi Barla yolu 37°54'12.17"N 30°44'10.31"E 1001 29.v.2014
37 Isparta Egirdir Bedre Koyu yolu 37°54'39.06”"N 30°46'47.43"E 975 29.v.2014
38 lIsparta, Egirdir, Beydere, Sahil 37°55'17.10"N 30°47'40.20"E 928 29.v.2014
39 Isparta, Egirdir, Cirbeli, Akbelenli, Kovada golu 37°38'48.84"N 30°51'57.91"E 909 29.v.2014
40 Isparta, Egirdir, Cirbeli, Kirinti, Kovada goélu Park Alani 37°37'47.27"N 30°52'19.21"E 909 29.v.2014
41  lIsparta, Egirdir, Kovada gol kiyisi 37°36'44.18"N 30°52'31.82"E 904 29.v.2014
42 Isparta, Gelendost, Yesilkdy 37°59'47.01"N 30°59'18.36"E 1068 29.v.2014
43 Isparta, Gelendost, Yesilkdy-2 37°59'47.9"N 30°59'28.4"E 1235 29.v.2014
44 Isparta, Sarkikaraagag, Sarkikaraadag yolu 38°8'21.94"N 31°18'11.12"E 1174 29.v.2014
45 Isparta, Sarkikaraadag, Kiyakdede, Kireli Kéyu girisi 37°59'13.81"N 31°28'30.82"E 1225 29.v.2014
46 Konya, Beysehir, Beysehir yolu (g6lkenari) 37°51'28.95"N 31°34'48.02"E 1130 29.v.2014
47  Konya, Beysehir, Beysehir yolu 37°51'27.86"N 31°34'35.89"E 1130 29.v.2014
48 Isparta, Egirdir, Agilkdy 37°48'49.82"N 30°53'58.53"E 1009 10.vi.2014
49 Isparta, Egirdir, Agilkdy ¢ikisi 37°48'28.18"N 30°55'9.22"E 1121 10.vi.2014
50 Isparta Aksu Aksu yolu-1 37°48'31.92"N 30°55'33.52"E 1150 10.vi.2014
51 Isparta, Egirdir, Havutlu, Aksu yolu-2 37°47'17.33"N 30°59'6.79"E 1190 10.vi.2014
52 Isparta, Sutguler, Ayvalipinar Kéyu 37°40'38.42"N 31°1'0.73"E 1173 10.vi.2014
53  lIsparta, Sutgller, Sutguler yolu 37°39'53.09”N 30°59'1.75"E 1250 10.vi.2014
54 Isparta, Sutculer, Sipahiler Kéyu ¢ikisi 37°38'43.47"N 30°59'3.09"E 1188 10.vi.2014
55 Isparta, Aksu, Terziler 37°44'50.67'N 31°8'22.41"E 1180 10.vi.2014
56  Isparta, Aksu, Aksu-Yenisarbademli yolu 37°44'47.61"N 31°14'21.75"E 1400 10.vi.2014
57 Isparta, Yenisarbademli, Pinargézi mevkii 37°42'6.69"N 31°21'13.84"E 1338 10.vi.2014
58 Isparta, Yenisarbademli, Beysehir yolu 37°42'7.68"N 31°21'12.52"E 1164 10.vi.2014
59  Burdur, Burdur Goli kenari 37°41'28.42"N 30°11'23.86"E 866 12.vi.2014
60  Burdur, Merkez, Yassiglime 37°36'46.61"N 30°8'26.76"E 931 12.vi.2014
61 Burdur, Merkez, Karagal, Yesilova yolu-1 37°34'56.82"N 30°3'58.57"E 893 12.vi.2014
62 Burdur, Yesilova, Yarisli, Yesilova yolu-2 37°35'45.14"N 29°57'33.05"E 939 12.vi.2014
63 Burdur, Yesilova, Yesilova yolu 37°33'7.92"N 29°48'56.11"E 1145 12.vi.2014
64 Burdur, Yesilova, Salda Golu kenari 37°30'44.60"N 29°41'18.25"E 1153 12.vi.2014
65  Burdur, Kemer, Kemer yolu 37°29'56.87"N 30°5'0.01"E 1094 12.vi.2014
66  Burdur, Kemer, Kemer Yolu 37°29'56.87"N 30°5'0.01"E 1018 12.vi.2014
67 Burdur, Karamanli, Kagilcik, Aziziye yolu 37°22'59.52"N 29°54'36.59"E 1290 12.vi.2014
68  Burdur, Merkez, Kapakli, Cami 37°27'57.51"N 30°17'16.20"E 1440 12.vi.2014
69  Burdur, Merkez, Aksu, Cami 37°28'42.41"N 30°17'10.13'E 1460 12.vi.2014
70 Burdur, Aglasun, Aglasun yolu-1 37°38'51.00"N 30°41'30.89"E 971 12.vi.2014
71  Burdur, Aglasun, Aglasun yolu-2 37°38'34.76"N 30°42'3.68"E 1004 17.vi.2014
72 Burdur, Aglasun, Aglasun yolu-3 37°38'0.39"N 30°37'8.97"E 1014 17.vi.2014
73 Burdur, Aglasun, Sagalasos yolu 37°39'58.24"N 30°31'42.68"E 1307 17.vi.2014
74 Burdur, Aglasun, Sagalasos Antikkent girigi 37°40'30.05"N 30°31'21.84"E 1485 17.vi.2014
75  Burdur, Aglasun, Sagalasos Antikkenti 37°40'34.27"N 30°31'8.19"E 1495 17.vi.2014
76 Burdur, Bucak, Bucak yolu-1 37°37'43.19"N 30°22'55.16"E 1200 17.vi.2014
77  Burdur, Bucak, Karapinar yolu 37°22'34.31"N 30°31'22.91"E 785 17.vi.2014
78  Burdur, Bucak, Kizilkaya, Yeni 37°18'29.35"N 30°27'17.45"E 793 17.vi.2014
79 Antalya, Korkuteli Bozova ¢ikisi 37°11'53.41"N 30°15'40.29"E 930 17.vi.2014
80  Yelten, Korkuteli/Antalya Korkuteli yolu-1 37°10'47.88"N 30°14'44.20"E 987 17.vi.2014
81  Antalya, Korkuteli, Korkuteli girisi 37°8'12.91"N 30°14'0.48"E 1050 17.vi.2014
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Goller Yoresi (Turkiye) entomofag Syrphidae (Diptera) turleri ve yayiliglari

Cizelge 1. Ornekleme noktalarina ait bilgiler ve kod numaralari (devami)
Table 1. Information and code numbers of sampling points (continued)

Kod Lokalite Enlem-Boylam Rakim(m) Tarih

82  Antalya, Korkuteli, Derekdy 37°6'11.84"N 30°6'36.28"E 1102 17.vi.2014
83  Antalya Korkuteli Korkuteli-Tefenni yolu 37°7'58.91"N 30°4'1.62"E 1335 17.vi.2014
84  Antalya, Korkuteli, Tefenni Yolu, Baspinar Varsak yaylasi 37°9'45.36”"N 30°1'28.43"E 1451 17.vi.2014
85  Antalya, Korkuteli, Tefenni Yolu, Taskesigi, Varsak Yaylasi 37°10'50.17"N 30°0'35.84"E 1485 17.vi.2014
86 Burdur, Tefenni, Yaylakdy 37°12'3.00"N 29°57'22.32"E 1403 17.vi.2014
87 Isparta, Keciborlu, Kegiborlu-Dinar yolu, Kozluca 37°55'25.43"N 30°16'0.25"E 1155 19.vi.2014
88 Isparta, Kegiborlu, Kozluca Yolu 37°55'2.33"N 30°14'31.87"E 1115 19.vi.2014
89 Isparta, Kegiborlu, Kozluca 37°54'13.36"N 30°13'1.83"E 1301 19.vi.2014
90 Isparta, Kegiborlu, Gulkdy, Dag yolu 37°54'3.21"N 30°11'16.13"E 1458 19.vi.2014
91  Isparta, Kegiborlu, Kozluca-Kaplanli arasi 37°54'37.45"N 30°10'26.75"E 1430 19.vi.2014
92 Isparta, Kegiborlu, Kaplanli yolu, Cesme 37°55'25.26"N 30°10'20.50"E 1463 19.vi.2014
93 Afyonkarahisar, Dazkiri, Dazkiri yolu 37°57'38.20"N 29°53'48.90"E 891 19.vi.2014
94  Afyonkarahisar, Dinar, Bagsmakgi 37°55'61.98"N 30°2'57.46"E 960 19.vi.2014
95 Isparta, Kegiborlu, Kilig Kéyu 37°53'59.44"N 30°18'35.11"E 950 19.vi.2014
96 Isparta, Gonen, Génen-Atabey yolu-1 37°56'41.4"N 30°31'06.8"E 996 19.vi.2014
97  lIsparta, Gonen, Gonen-Atabey yolu-2 37°56'28.8"N 30°34'44.0"E 1000 19.vi.2014
98 Isparta, Gonen, Atabey Goleti 37°56'38.6"N 30°36'52.9"E 1050 19.vi.2014
99 Isparta, Atabey, Egirdir yolu-1 37°56'52.54"N 30°39'37.09"E 1021 19.vi.2014
100 Isparta, Atabey, Egirdir yolu-2 37°53'55.81"N 30°42'49.04"E 946 19.vi.2014
101  Burdur, Kapakli-Aziziye Koyl yolu-1 37°27'19.7"N 30°15'37.6"E 1422 03.vii.2014
102  Burdur, Aziziye Koyl yolu-1 37°29'06.1"N 30°17'05.1"E 1465 14.vii.2014
103  Burdur, Kapakli Koyt 37°27'57.51"N30°17'16.20"E 1438 14.vii.2014
104  Burdur, Aziziye yolu 37°27'13.59"N 30°13'0.55"E 1407 14.vii.2014
105  Burdur, Kozlucadag yolu 37°27'3.65"N 30°11'31.91"E 1312 14.vii.2014
106  Burdur, Kozluca Koyl gikisi 37°29'29.58"N 30°6'5.60"E 1031 14.vii.2014
107  Burdur, Tefenni, Seydiler 37°15'29.98"N 29°48'24.27"E 1137 14.vii.2014
108  Burdur, Tefenni, Seydiova 37°17'24.91"N 29°48'41.29"E 1113 14.vii.2014
109  Burdur, Tefenni, Gayli Kdyu 37°12'20.06"N 29°48'19.13"E 1356 14.vii.2014
110  Burdur, Tefenni, Tefenni-Cavdir yolu 37°13'27.35"N 29°44'30.96"E 1240 14.vii.2014
111 Burdur, Harmanh ¢ikisi 37°35'40.28"N 29°55'41.79"E 972 14.vii.2014
112  Isparta, Egirdir, Kovada yolu 37°41'11.32"N 30°52'34.72"E 751 16.vii.2014
113  Isparta, Egirdir, Kovada Gélu 37°37'47.68"N 30°52'20.05"E 911 16.vii.2014
114  Isparta, Sutguler, Sutguler gikisi 37°31'14.72"N 30°57'51.86"E 955 16.vii.2014
115 Isparta, Sutgller, Candir, Yazili kanyon gikisi 37°27'43.94"N 30°54'11.11"E 322 16.vii.2014
116 Isparta, Merkez, Yakaodren, Golclk Tabiat Parki 37°44'06.5"N 30°29'48.6"E 1403 18.vii.2014
117  Isparta, Merkez, Golcuk-Sidre yolu-1 37°44'05.4"N 30°30'26.4"E 1482 18.vii.2014
118  Isparta, Merkez, Golciik Tabiat Parki-Sidre yolu-2 37°44'25.9"N 30°30'37.0"E 1458 18.vii.2014
119 izgzrst?, Merkez, Yakaodren, Golclk Tabiat parki, Golcik 37°44'06.1"N 30°30'19.3"E 1482 18.vii.2014
120 Isparta, Merkez, Yakadren, Golclk Tabiat Parki 37°42'58.8"N 30°29'42.7"E 1445 18.vii.2014
121  Isparta, Merkez, Golcik Golikenari-2 37°43'25.8"N 30°29'25.9"E 1422 18.vii.2014
122  Isparta, Merkez, Golcuk Golu kenari-3 37°43'46.3"N 30°29'07.4"E 1424 18.vii.2014
123  Isparta, Merkez, Cobanisa, Davraz Dagi-2 37°46'54.65"N 30°45'34.68"E 1735 18.vii.2014
124  Isparta, Merkez, Cobanisa, Davraz Dagi-3 37°47'48.7"N 30°45'33.8"E 1603 18.vii.2014
125 Isparta, Merkez, Cobanisa, Davraz Dagi-4 37°48'25.42"N 30°45'27.78"E 1596 18.vii.2014
126  Isparta, Aksu, Yilanh Koyl 37°47'32.52"N 30°59'23.07"E 1215 22.vii.2014
127  Isparta, Aksu, Yilanh Koyl 37°47'32.52"N 30°59'23.07"E 1205 22.vii.2014
128 Isparta, Yenisarbademli, Aksu- Yenisarbademli yolu 37°43'46.62"N 31°16'13.49"E 1632 22.vii.2014
129 Isparta, Yenisarbademli (Yaka Aksu)-2 37°42'4.62"N 31°17'43.57"E 1725 22.vii.2014
130 Isparta, Yenisarbademli, Yenisarbademli yolu-3 37°41'47.56"N 31°18'24.74’E 1600 22.vii.2014
131 Isparta, Yenisarbademli, Pinargézi Magarasi arasi 37°41'46.53"N 31°18'31.56"E 1542 22.vii.2014
132  Isparta, Yenisarbademli, Yenisarbademli-Pinargdzu arasi 37°42'15.32"N 31°18'44.01"E 1509 22.vii.2014
133  Isparta, Yenisarbademli, Sarkikaraagag yolu-1 37°43'21.92"N 31°24'28.06"E 1149 22.vii.2014
134  Isparta, Yenisarbademli, Sarkikaraagag yolu-2 37°45'22.96"N 31°24'53.54"E 1132 22.vii.2014
135 Isparta, Kegiborlu, Yangin gozlekulesi 37°52'30.80"N 30°12'22.06"E 1760 24.vii.2014
136 Isparta, Kegiborlu, Yenitepe Koyt 37°52'56.67"N 30°13'50.88"E 1510 24 .vii.2014
137 Isparta, Uluborlu, Kapidagi 38°3'21.78"N 30°28'15.80"E 1300 24.vii.2014
138 Isparta, Egirdir, Egirdir-Senirkent yolu 38°1'10.96"N 30°48'40.51"E 944 24 .vii.2014
139 Isparta, Egirdir, Egirdir-Gok¢ehlyuk yolu 37°51'42.88"N 30°56'52.33"E 1110 24 .vii.2014
140 Isparta, Egirdir, Isparta yolu 37°52'20.73"N 30°41'42.85"E 986 24.vii.2014
141  Isparta, Egirdir, Egirdir yolu 37°52'43.03"N 30°46'21.52"E 1021 19.viii.2014
142  Isparta, Egirdir-Gelendost yolu 37°53'30.51"N 30°54'20.17"E 919 19.viii.2014
143  Isparta, Gelendost, Gelendost-Sarkikaragag yolu 38°8'56.65"N 31°3'565.95"E 941 19.viii.2014
144  Isparta, Sarkikaraagag -Beysehir yolu 37°59'13.78"N 31°28'52.08"E 1226 19.viii.2014
145  Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1693 21.viii.2014
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Uzun Yigit vd.

Cizelge 1. Ornekleme noktalarina ait bilgiler ve kod numaralari (devami)
Table 1. Information and code numbers of sampling points (continued)

Kod Lokalite Enlem-Boylam Rakim(m) Tarih
146  Isparta, Aksu, Yaka, Melikler Yaylasi-2 37°41'55.09"N 31°17'41.12"E 1721 26.viii.2014
147  Isparta, Yenisarbademli-Pinarg6zi Magarasi arasi 37°41'46.44"N 31°18'29.71"E 1568 26.viii.2014
148 Isparta, Kegiborlu, Gulkdy 37°54'37.45"N 30°10'26.75"E 1437 28.viii.2014
149  Denizli, Armutalani Kdyu Mec. Mah. 37°55'15.96"N 29°37'46.55"E 1216 28.viii.2014
150 Isparta, Merkez, Yakaodren, Golclk Tabiat Parki gol kenari 37°44'6.27"N 30°29'48.43"E 1398 02.ix.2014
151 Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44'32.85"N 30°31'26.78"E 1196 02.ix.2014
152  Isparta, Merkez, Cobanisa-Davraz Dagi 37°46'54.70"N 30°45'30.92"E 1663 03.ix.2014
153  Isparta, Aksu, Yaka, Melikler Yaylasi-1 37°41'47.80"N 31°17'38.44"E 1635 04.ix.2014
154  Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3'"E 1017 11.vi.2014
155  Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 23.vi.2014
156 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N30°32'17.61"E 1017 07.vii.2014
157  Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 08.vii.2014
158 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 10.vii.2014
159 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 15.vii.2014
160 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 18.vii.2014
161 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 23.vii.2014
162 Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3'"E 1017 24.vii.2014
163 Isparta, Yenisarbademli-Pinarg6zi Magarasi arasi 37°41'46.44"N 31°18'29.71"E 1600 04.ix.2014
164  Isparta, Egirdir Yolu -1 37°52'45"N 30°47'06"E 1030 21.iv.2015
165 Isparta, Egirdir, EGirdir ¢ikig! 37°50'34.9"N 30°52'01"E 929 21.iv.2015
166 Isparta, Egirdir, Sanidris, Egirdir-Yesilkdy yolu 37°58'38.2"N 30°58'00.8"E 928 21.iv.2015
167 Isparta, Gelendost, Gelendost girisi 38°04'30.6"N 30°59'30.8"E 938 21.iv.2015
168 Isparta, Yalvag, Kozlugay 38°11'52.3"N 31°17'39"E 1050 21.iv.2015
169 Isparta, Sarkikaraagag, Sarkikaraagag cikisi 38°03'13.4"N 31°25'49.3"E 1186 21.iv.2015
170  Konya, Beysehir, Hiyik, Cukurkent, Kireli gikisi 37°53'29.4"N 31°33'24.4"E 1150 21.iv.2015
171  Isparta, Egirdir, Pinar Pazari 37°48'51.5"N 30°53'47.9'E 985 28.iv.2015
172  Isparta, Egirdir, Havutlu Aksu-Yilanh 37°47'04.1"N 30°58'40.8"E 1228 28.iv.2015
173  Isparta, Aksu-Sdtgller Arasi, Sutgller yolu 37°35'30.5"N 30°59'11.2"E 1125 28.iv.2015
174  Isparta, Aksu, Yilanh 37°48'01.6"N 31°00'29.3"E 1238 28.iv.2015
175  Burdur, Merkez, Burdur Goli kenari 37°41'52"N 30°12'5.8'E 867 5.v.2015
176  Burdur, Merkez, Yassigime 37°36'40.7"‘N 30°08'27.4"E 946 05.v.2015
177  Burdur, Merkez, Karagal, Yesilova yolu 37°34'49.4"N 30°03'16.3"E 924 05.v.2015
178  Burdur, Merkez, Asagi Muslumler, Burdur Yarigh Goli kenari 37°35'29.7"N 29°58'52.2"E 933 05.v.2015
179  Burdur, Yesilova, Salda Gélu 37°30'47.8"N 29°44'11.9'E 1187 05.v.2015
180  Burdur, Tefenni 37°18'59.0"N 29°46'57.0"E 1163 05.v.2015
181  Burdur, Tefenni, Yuvalak, Tefenni-Cavdir yolu 37°16'18.6"N 29°46'02.6"E 1162 05.v.2015
182 Isparta, Gonen, Senirce, Mucavir, Senirce-Goénen yolu-1 37°54'08"N 30°30'43.3"E 950 20.v.2015
183 Isparta, GOnen, Senirce-Gonen yolu-2 37°55'05.8"N 30°30'37.3"E 941 20.v.2015
184  Isparta, Kegiborlu, Kozluca Kbyl merasi 37°54'55.7"N 30°14'21.7"E 1117 20.v.2015
185 Isparta, Kegiborlu, Gllkdy-Kavak yolu 37°54'30.2"N 30°10'33.9'E 1452 20.v.2015
186  Afyonkarahisar, Dinar, Kavak-Korpeli Dag yolu 37°55'47.3"N 30°08'52.6"E 1525 20.v.2015
187  Afyonkarahisar, Dinar, Camli Kéyu 37°57'08.4"N 30°08'02.2"E 1420 20.v.2015
188  Afyonkarahisar, Dinar, Aktoprak, Dinar-Dazkiri yolu-1 38°02'22.8"N 30°05'01.9"E 960 20.v.2015
189  Afyonkarahisar, Dinar, Dinar-Dazkir yolu-3 37°58'09.0"N 29°54'08.3"E 870 20.v.2015
190 Afyonkarahisar, Dazkiri, Asagiyenice 37°53'41.8"N 29°51'31.3"E 862 20.v.2015
191  Afyonkarahisar, Dazkiri, Yiregil Mah. 37°53'35.3"N 29°53'23.6"E 862 20.v.2015
192  Afyonkarahisar, Basmakgi, Basmakgi-1 37°54'34.9"N 29°57'48.1"E 864 20.v.2015
193 Isparta, Kegiborlu, Havaalani Kavsagi 37°53'55.9"N 30°22'16.1"E 927 20.v.2015
194  Isparta, Merkez, Doganci Mah. 37°45'26.3"N 30°32'26.2"E 1113 08.vi.2015
195 Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1670 16.vi.2015
196 Isparta, Merkez, Davraz Dagi inisi-1 37°49'23.0"N 30°45'24.7'E 1400 16.vi.2015
197 Isparta, Merkez, Biyikhacilar, Davraz Dagi inisi-3 37°47'41.1"N 30°39'23.0"E 1090 16.vi.2015
198 Isparta, Atabey, Yeni, Atabey Goleti yani 37°56'45.4"N 30°37'00.7"E 1071 16.vi.2015
199  Burdur, Aglasun, Agdlasun yolu-1 37°38'45.3"N 30°41'55.4°E 993 18.vi.2015
200  Burdur, Aglasun, Camlidere Derekdy-1 37°38'06.9”N 30°40'58.4"E 960 18.vi.2015
201  Burdur, Aglasun, Derekoy-2 37°37'58.9"N 30°37'35.9'E 1023 18.vi.2015
202  Burdur, Bucak, Yeni, Kizilkaya 37°18'20.8"N 30°27'37.6"E 827 18.vi.2015
203  Antalya, Korkuteli, Baspinar, Varsak (l) 37°09'41.6"N 30°01'39.1"E 1435 18.vi.2015
204  Antalya, Korkuteli, Baspinar, Varsak Yaylasi-2 37°09'5.8"N 30°01'0.3"E 1545 18.vi.2015
205 Antalya, Korkuteli, Varsak (lIl) 37°11'06.4"N 30°00'10.6"E 1530 18.vi.2015
206 Isparta, Kegiborlu, Kozluca, Afyonkarahisar-Burdur Yolu 37°55'26.4"N 30°15'56"E 1165 22.vi.2015
207  Isparta, Kegiborlu, Kozluca 37°54'45.5"N 30°14'6.6"E 1180 22.vi.2015
208 Isparta, Kegiborlu, Kozluca-Gulkdy 37°53'53.4"N 30°10'59"E 1522 22.vi.2015
209 Isparta, Kegiborlu, Gllkdy 37°54'24.6"N 30°10'33.4'E 1502 22.vi.2015
210 Isparta, Kegiborlu, Kavak-Kaplanli arasi-1 37°55'24"N 30°10'25"E 1530 22.vi.2015
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Goller Yoresi (Turkiye) entomofag Syrphidae (Diptera) turleri ve yayiliglari

Cizelge 1. Ornekleme noktalarina ait bilgiler ve kod numaralari (devami)
Table 1. Information and code numbers of sampling points (continued)

Kod Lokalite Enlem-Boylam Rakim(m) Tarih

211  Isparta, Kegiborlu, Kavak-Kaplanli arasi-2 37°55'37"N 30°11'27"E 1500 22.vi.2015
212  Isparta, Merkez, Yakadren, Golclk Tabiat Parki 37°44'07"N 30°29'48.0"E 1400 25.vi.2015
213 Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44'34.2"N 30°31'23"E 1220 29.vi.2015
214  Isparta, Yenisarbademli, Melikler Yaylasi (Aksu-Yaka) 37°41'51.7"N 31°17'39.3"E 1731 30.vi.2015
215 Ispgrta, Yakakdy, Yaka, Aksu-Yenisarbademli Pinargdzu 37°41'50.5"N 31°18'33.4"E 1560 30.Vi.2015

Magarasi arasi

216 Iasrzzlrta, Yakakdy, Yaka, Aksu Vali Cesmesi-Melikler Yaylasi 37°42'52 6'N 31°17'38.2"E 1822 30.vi.2015
217  Burdur, Karamanli, Burdur-Karamanl arasi 37°23'44"N 29°56'18"E 1104 02.vii.2015
218  Burdur, Merkez, Bozlar, Burdur-Aziziye yolu 37°24'58.4"N 30°10'41"E 1300 02.vii.2015
219 Isparta, Kegiborlu, Kegiborlu-Yenitepe kdyl arasi 37°52'35.9"N 30°12'27.7"E 1740 08.vii.2015
220 Isparta, Kegiborlu, Yenitepe kdyu 37°52'40.0"N 30°12'51.3"E 1650 08.vii.2015
221 Isparta, Kegiborlu, Gulkdy-Kavak arasi 37°54'30.5"N 30°10'34.0’E 1455 08.vii.2015
222 Isparta, Uluborlu, Kapidagi 38°03'49.0"N 30°28'05.1"E 1200 08.vii.2015
223 Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44'34.2"N 30°31'23"E 1260 09.vii.2015
224  Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44’34.0"N 30°31'23.0"E 1260 11.vii.2015
225 Isparta, Merkez, Yakaoren, Golcuk Tabiat Parki-1 37°43'43.1"N 30°29'39.1"E 1412 05.viii.2015
226 Isparta, Merkez, Yakadren, Golclik Tabiat Parki-2 37°43'43.1"N 30°29'09.1"E 1414 05.viii.2015
227 Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44'20.6"N 30°30'55"E 1300 05.viii.2015
228 Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1670 06.viii.2015
229 Isparta, Aksu, Yaka, Yakakoy, Melikler yaylasi 37°41'51.7"N 31°17'39’E 1718 25.viii.2015
230 Isparta, Yenisarbademli, Yaka, Pinarg6zii Magara asagisi 37°42'20.2"N 31°18'51.7"E 1510 25.viii.2015
231 Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1672 27 viii.2015
232  Isparta, Gonen, Gonen Goleti 37°57'55.1"N 30°31'25.4"E 1086 01.ix.2015
233 Isparta, Senirkent, Biyukkabaca-Yalvag yolu 1 38°11'53.7"N 30°43'20.8"E 950 01.ix.2015
234 Isparta, Yalvag, Yalvag gikigi 38°13'29.0"N 31°07'03.8"E 1022 01.ix.2015
235 Isparta, Merkez, Deregimi Mh. 37°44'20"N 30°30'55"E 1310 08.ix.2015
236 Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1672 10.ix.2015
237  Burdur, Bucak, Barboros, Burdur-Bucak yolu 37°27'33.8"N 30°31'28.1"E 782 12.ix.2015
238  Burdur, Bucak, incirdere 37°27°08.5"N 30°29'42.0"E 790 12.ix.2015
239  Burdur, Bucak, Yuregil KestelKoyii 37°20'37.9"N 30°19'42.0"E 827 12.ix.2015
240  Burdur, Bucak, Yuregil Koyl 37°24'38.8"N 30°11'49.6"E 1248 12.ix.2015
241 Burdur, Merkez, Kemer 37°24'07.3"N 30°03'49.3"E 1040 12.ix.2015
242 Burdur, Karamanli, Kagilcik, Burdur-Kemer yolu 37°22'54.8"N 29°55'24.6"E 1094 12.ix.2015
243  Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 01.iv.2015
244 Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 13.iv.2015
245  Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 16.iv.2015
246 Isparta, Merkez, Isikkent Mah. 37°45'36.2"N 30°31'55.8"E 1125 18.iv.2015
247  lIsparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 07.v.2015
248 Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 12.v.2015
249  Isparta, Merkez, Doganci Mah. 37°45'18.5"N 30°32'50.8"E 1129 13.v.2015
250 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 14.v.2015
251  Isparta, Merkez, Dere Mah. 37°45'04.1"N 30°31'51.8"E 1208 16.v.2015
252 Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 22.v.2015
253  Isparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 10.viii.2015
254  lIsparta, Merkez, SDU Dogu Kampiisii 37°50'35.4"N 30°32'31.3"E 1017 18.viii.2015
255  Isparta, Merkez, SDU Dogu Kampiisii 37°50'16.77"N 30°32'17.61"E 1017 01.x.2015
256 Isparta, Merkez, Dere Mh. Kirazlidere mevkii 37°44'34.2"N 30°31'23.0"E 1220 19.vi.2016
257  Isparta, Merkez, Cobanisa, Davraz Dagi 37°46'57.7"N 30°45'33.3"E 1700 20.vi.2016
258 Isparta, Yenisarbademli, Yakakdy, Yaka, Aksu Melikler 37°41'51.7"N 31°17'39.3"E 1731 21.vi.2016

Yaylasi-1

ARASTIRMA BULGULARI ve TARTISMA

Calisma sonucunda entomofag 6zellikte 18 cins (Baccha, Chrysotoxum, Didea, Episyrphus,
Eupeodes, Heringia, Melanostoma, Meliscaeva, Paragus, Pipiza, Pipizella, Platycheirus, Scaeva,
Sphaerophoria, Syrphus, Volucella, Xanthandrus ve Xanthogramma)’e ait 38 tlr belirlenmistir. Elde edilen
syrphid cinsleri arasinda Paragus 7, Chrysotoxum 5, Eupeodes ve Sphaerophoria ise 4’er tir ile en ¢ok tir
barindiran cinsler olarak dikkat cekmektedir. Ornekleme noktalarinda en az 3 ilde varli§i saptanan ve sik
rastlanan tirler, yaygin tirler olarak kabul edilmistir. En yaygin tirler; Episyrphus balteatus (De Geer, 1776),
Eupeodes corollae (Fabricius, 1794), E. nuba (Wiedemann, 1830), Melanostoma mellinum (L., 1758),
Paragus albifrons (Fallén, 1817), P. bicolor (Fabricius, 1794), P. haemorrhous Meigen, 1822, P. tibialis
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(Fallén, 1817), Sphaerophoria rueppelli Wiedemann, 1830, S. scripta (L., 1758) ve S. turkmenica
Bankowska, 1964 olarak belirlenmigstir. Sayica en fazla érneklenen turler ise sirasiyla S. scripta (1937 birey,
% 62.10), M. mellinum (374 birey, % 11.99) ve E. corollae (264 birey, % 8.4)'dir.

Episyrphus Matsumura & Adachi, 1917
Episyrphus balteatus (De Geer, 1776)

incelenen Materyal: 11, 19; 21, 19; 23, 19; 33, 19; 49, 13; 60, 19; 65, 19; 66, 19; 68, 1J; 88,
29; 91,143,120, 1312; 147, 12; 151, 29; 171, 13; 173, 131Q; 182, 19; 203, 1Q; 218, 13; 222, 29; 225,
20: 226, 24; 227,19: 231, 13; 235, 231Q; 237, 19; 242, 29; 248, 20.

Turkiye’deki Yayilisi: Adana, Adiyaman, Akdeniz Bolgesi Kiyi Seridi, Aksaray, Ankara, Antalya,
Artvin, Balikesir, Bartin, Bolu, Burdur, Bursa, Canakkale, Cankiri, Cukurova Bolgesi, Denizli, Diyarbakir,
Dogu Akdeniz Bolgesi, Edirne, Erzincan, Erzurum, Eskisehir, Giiney Anadolu Bélgesi, Isparta, Istanbul,
izmir, Hatay, Kahramanmaras, Konya, Karabiik, Kastamonu, Kayseri, Manisa, Marmara Bélgesi, Mardin,
Mersin, Mugla, Nigde, Ordu, Osmaniye, Sinop, Sivas, Sanliurfa, Tekirdag, Tokat, Zonguldak (Toth, 2013;
Pehlivan & Atakan, 2014; Saribiyik, 2014; Géziacik & inang, 2018).

Diinyadaki Yayilisi: Fennoskandiya’dan Akdeniz, Kanarya adalarina, Azorlar ve Kuzey Afrika’'ya
kadar, irlanda’dan Avrasya (zerinden Pasifik kiyilarina, giineyde Oriental Bolge’de Sri Lanka ve
Avustralya’ya kadar olan kesim (Speight, 2020).

Eupeodes Osten Sacken, 1877
Eupeodes corollae (Fabricius, 1794)

incelenen Materyal: 1, 1319; 2, 1319; 3, 13319; 4, 29; 5, 29; 6, 13; 7, 12; 8, 19; 9, 33; 10, 12;
11, 89;12,39; 14,19; 15, 19; 16, 1329; 18, 135 19, 1319Q; 20, 13; 21, 1329; 23, 53; 25, 19; 26, 19; 27,
1349; 28, 1329; 29, 13; 30, 2319; 31, 19; 32, 2319; 34, 14; 35, 1319; 45, 1319; 48, 1419; 57, 13 60,
2319; 61, 19; 62, 23; 66, 19; 68, 23; 75, 13; 84, 19; 87, 181%; 88, 13; 90, 24; 95, 19; 96, 14; 97, 15;
117, 19; 120, 4319; 121, 19; 128, 13; 130, 33; 146, 1312; 148, 19; 153, 1329; 154, 4339; 162, 19;
166, 13; 168, 19; 170, 23; 171, 13; 174, 29; 176, 49; 177, 4329; 178, 19; 181, 19; 182, 2349; 183, 13,
186, 1329; 188, 13; 190, 2319; 191, 2319; 197, 19; 198, 23; 203, 19; 204, 19; 206, 132%; 207, 1312;
209, 13; 213, 13; 226, 331Q; 228, 29; 229, 39; 231, 59; 236, 131Q; 237, 19; 238, 49; 242, 2362; 243,
23; 244, 23; 245, 134Q; 246, 13; 247, 232Q; 248, 2319; 250, 4319; 253, 19; 254, 19; 258, 3319.

Turkiye’deki Yayilisi: Adana, Adiyaman, Afyonkarahisar, Akdeniz Bolgesi Kiyi Seridi, Aksaray,
Ankara, Antalya, Artvin, Bartin, Bolu, Burdur, Cankiri, Cukurova Boélgesi, Denizli, Diyarbakir, Dogu
Akdeniz Bélgesi, Edirne, Elazig, Erzincan, Erzurum, Eskisehir, Hatay, Igdir, Isparta, izmir,
Kahramanmaras, Karabuk, Kars, Kastamonu, Kayseri, Konya, Mardin, Marmara Bolgesi, Mersin, Mugla,
Nevsehir, Nigde, Ordu, Osmaniye, Sinop, Sivas, Sanliurfa, Tokat, Zonguldak (Toth, 2013; Pehlivan &
Atakan, 2014; Saribiyik, 2014; Géziiagik & inang, 2018).

Diinyadaki Yayilisi: izlanda’dan Fennoskandiya ve Faroe adalarina, giineyde iberya, Akdeniz,
Madeira, Kanarya adalarina, Kuzey Afrika, Afrika'nin kiyi Ulkelerinden Glney Afrika’'ya, Mauritius’a,
irlanda’dan doguya dogru Avrupa’nin biylk bir kismi, Rusya’nin Avrupa kesiminden Sibirya, Urallar,
Pasifik kiyisi, Japonya, Cin, Formosa’ya kadar olan boélge (Speight, 2020).

Eupeodes nuba (Wiedemann, 1830)
incelenen Materyal: 6, 12; 25, 1352; 27, 13; 62, 1312; 88, 19; 91, 13; 212, 12.
Tiirkiye’deki Yayilisi: Mugla, Sanliurfa (Yetkin, 2006; Saribiyik, 2014).

Diinyadaki Yayilisi: Akdeniz havzasi, Kanarya adalari ile Portekizden italya (Sicilya), eski
Yugoslavya, Orta Avrupa, Romanya, Transkafkasya’ya, Asya’nin gineybati kisimlari (Kirgizistan,
Ozbekistan ve Tacikistan)ndan Afganistan ve Mogolistan’a, Afrotropikal Boélge’nin  dogusunda
Etiyopya'dan Guney Afrika'ya kadar olan bdlge (Speight, 2020).
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Melanostoma Schiner, 1860

Melanostoma mellinum (L., 1758)

incelenen Materyal: 1, 4319; 3, 5372; 6, 13; 11, 12; 19, 12; 20, 13; 21, 136 2Q; 23, 17; 24, 102;
27,19;29,4329; 32,12; 36, 12; 38, 19; 39, 2329; 40, 2329Q; 42, 12; 44, 1322, 49, 1419Q; 50, 12; 51,
29;52,13; 55, 19; 56, 18119; 57, 19; 58, 29; 61, 19; 67, 2329; 68, 4359; 69, 19; 74, 19; 76, 3829;
77,12, 80,29;82,13; 84, 72; 85, 12; 86, 13; 88, 19; 89, 13; 91, 3342, 92, 48112, 96, 1J; 97, 2332;
98, 14; 99, 14; 100, 2829; 115, 19; 127, 29; 128, 1312Q; 130, 1329; 132, 33; 133, 19; 134, 13; 149,
23; 152, 13; 153, 4839; 154, 1429Q; 156, 3399; 157, 19; 165, 2359; 166,733%; 167, 4359; 168,
1319; 170, 131Q; 171, 28369; 172, 38129; 173, 23; 174, 273309; 175, 12; 182, 1339; 183, 133%;
185, 33169%; 195, 19; 200, 24; 201, 13; 203, 1Q; 208, 29; 209, 32; 210, 1819; 211, 2339Q; 212, 134 Q;
213, 432Q; 214, 2372; 215, 19; 216, 29; 218, 1339; 223, 19; 225, 13; 229, 1349; 230, 12; 231,
1359; 235, 2829; 236, 13; 237, 1349Q; 245, 13; 246, 4339; 248, 39; 250, 19; 257, 143.

Tiirkiye’deki Yayilisi: Adana, Adiyaman, Akdeniz Bolgesi Kiyi Seridi, Aksaray, Ankara, Antalya,
Artvin, Aydin, Bolu, Canakkale, Cankiri, Cukurova Boélgesi, Denizli, Diyarbakir, Dogu Akdeniz Bolgesi,
Edirne, Erzincan, Erzurum, Eskisehir, Hatay, 1gdir, Isparta, izmir, Kahramanmaras, Konya, Karabilk, Kars,
Kastamonu, Kayseri, Mersin, Mugla, Nigde, Ordu, Sinop, Sivas, Sanlurfa, Tokat, Zonguldak (Toth, 2013;
Pehlivan & Atakan, 2014; Saribiyik, 2014; Gdziagik & inang, 2018).

Diinyadaki Yayilisi: izlanda ve Fennoskandiya’dan giineyde iberya, Akdeniz ve Kuzey Afrika'ya,
irlanda’dan doguya dogru Avrupa’nin biiyiik bir kismi, Rusya’nin Avrupa kesimi, Sibirya’ya, Urallardan
Pasifik kiyisina, Kuzey Amerika’da Alaska’dan Quebec ve gliney Washington'a kadar yayilis gosterir
(Speight, 2020).

Paragus Latreille, 1804

Paragus albifrons (Fallén, 1817)

incelenen Materyal: 82, 13; 127, 13; 156, 13; 206, 13; 235, 1.
Tiirkiye’deki Yayilisi: Ankara, Kastamonu, Kayseri, Tokat (Saribiyik, 2014).

Diinyadaki Yayiligi: Giiney isve¢ ve Danimarka'dan Akdeniz’e, Britanya (Glney ingiltere)dan
doguya dogru Orta ve Giiney Avrupa (Bulgaristan, eski Yugoslavya ve italya) ve Rusya’nin Avrupa
kesimine, Kafkaslar tizerinden Pasifik’e, iran, Afganistan ve Mogolistan’a kadar olan bélge (Speight, 2020).

Paragus bicolor (Fabricius, 1794)

incelenen Materyal: 3, 13; 4, 19; 10, 13; 12, 12; 16, 1Q; 17, 1319; 46, 13; 60, 13; 62, 4312;
68,13;72,19;73,19;77,19; 84, 19; 91, 1312; 94, 19; 96, 13; 102, 2319; 104, 1312; 105, 13 106,
245110, 19; 111, 38; 113, 13; 118, 1385 121, 1Q; 123, 29; 128, 131Q; 135, 13; 136, 4529; 137, 19;
138, 3819; 139, 13; 141, 13; 143, 13; 161, 1329; 162, 1081Q; 168, 13; 171, 13; 172, 13; 178, 13;
180, 13; 185, 281Q; 187, 13; 194, 1Q; 201, 131Q; 202, 1J8; 205, 12; 213, 19; 234, 13; 235, 29; 236,
135 240, 19; 241, 23; 247, 13; 248, 13; 250, 143; 252, 19; 254, 13; 255, 34 257, 19.

Turkiye’deki Yayilisi: Adana, Adiyaman, Akdeniz Bdlgesi Kiyl Seridi, Aksaray, Ankara, Antalya,
Bolu, Cankiri, Denizli, Diyarbakir, Edirne, Erzurum, Isparta, izmir, Konya, Kahramanmaras, Karabiik,
Kastamonu, Kayseri, Mersin, Mugla, Nevsehir, Nigde, Sanlurfa, Tokat, Zonguldak (Yetkin, 2006; Toth,
2013; Pehlivan & Atakan, 2014; Saribiyik, 2014; Géziiagik & inang, 2018).

Diinyadaki Yayiligi: Giiney isve¢ ve Danimarka'dan giineyde Akdeniz ve Kuzey Afrika'ya,
Fransa’dan doguya dogru Orta ve Giiney Avrupa, Mogolistan, iran ve Afganistan’a kadar olan bélge ile
Kuzey Amerika (Speight, 2020).

Paragus haemorrhous Meigen, 1822

incelenen Materyal: 53, 13; 103, 13; 126, 63; 127, 13; 128, 23; 130, 34; 132, 13; 139, 13; 140,
135 141, 13; 147, 23, 150, 14; 160, 1J; 192, 1J; 200, 14; 204, 1.
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Tiirkiye’deki Yayilisi: Antalya, Edirne, Erzurum, izmir, Mugla, Nevsehir (Toth, 2013; Saribiyik, 2014).

Diinyadaki Yayilisi: Kuzey Norveg'ten giineyde iberya ve Akdeniz (Malta ve Sicilya dahil), Kuzey
Afrika, israil, Tirkiye Afrotropikal Bélge'ye, irlanda’dan doguya dogru Orta ve Giiney Avrupa (Eski
Yugoslavya ve italya), Rusya’nin Avrupa kesimine, Kuzey Amerika'da Yukon'dan glineyde Kosta Rika'ya
kadar yayilis gosterir (Speight, 2020).

Paragus tibialis (Fallén, 1817)

incelenen Materyal: 36, 13; 48, 13; 55, 13; 56, 13; 94, 13; 102, 43; 103, 343; 105, 13; 117, 13;
118, 13; 119, 13; 124, 13; 125, 23; 130, 1J; 133, 13; 136, 748; 137, 13; 139, 43; 143, 13; 144, 243,
145, 24; 149, 13; 152, 14; 153, 24; 157, 4J; 160, 43; 161, 29; 170, 13; 210, 1J; 218, 13; 220, 13;
221,13, 233, 1319; 235, 12; 236, 13; 239, 3d; 240, 12; 255, 13; 256, 12.

Tiirkiye’deki Yayilisi: Adana, Akdeniz Bodlgesi Kiyi Seridi, Aksaray, Ankara, Antalya, Bolu,
Cankiri, Gukurova Bélgesi, Diyarbakir, Diizce, Hatay, Isparta, izmir, Erzurum, Mersin, Kahramanmaras,
Karabiik, Kastamonu, Kayseri, Kirsehir, Konya, Mugla, Nigde, Sanhurfa, Tokat, Zonguldak (Yetkin, 2006;
Toth, 2013; Géziiacik & inang, 2018).

Diinyadaki Yayilisi: Bu tirin yayihisi ile ilgili olarak bazi sipheler bulunmaktadir. Mevcut
kaynaklarda, Giiney Norveg'ten isveg, Danimarka, giineyde Akdeniz kiyisina, Kuzey Afrika ve Kanarya
adalarina, Giiney Britanya (Giiney ingiltere)’dan doguya dogru Orta ve Giiney Avrupa, eski Yugoslavya,
israil ve Tiirkiye'ye kadar olan genis bdlge yayilis alani olarak verilmektedir (Speight, 2020).

Sphaerophoria Le Peletier & Serville, 1828
Sphaerophoria rueppelli Wiedemann, 1830

incelenen Materyal: 3, 1319; 9, 1329; 27, 131%; 39, 13; 62, 29; 66, 19; 67, 13; 77, 532%; 78
2329; 81, 13; 84, 13; 88, 19; 91, 1319; 94, 634%; 95, 2329; 97, 14; 100, 1319; 107, 13; 154, 13, 202,
18.

Tiirkiye’deki Yayilisi: Adana, Adiyaman, Akdeniz Kiyi Seridi, Aksaray, Ankara, Antalya, Aydin,
Bolu, Canakkale, Cankiri, Cukurova Bélgesi, Diyarbakir, Diizce, Hatay, Isparta, izmir, Kahramanmaras,
Kastamonu, Kayseri, Kirsehir, Konya, Marmara Bélgesi, Mersin, Mugla, Osmaniye, Sanlurfa, Tokat,
Zonguldak (Yetkin, 2006; Toth, 2013; Pehlivan & Atakan, 2014; Saribiyik, 2014).

Diinyadaki Yayiligi: Giiney Norveg ve isveg'ten giineyde Kuzey Afrika ve Kanarya adalarina,
irlanda’dan doguda Orta ve Giiney Avrupa (Akdeniz adalari, Tirkiye ve Yunanistan dahil)’ya, Asya’'da
Rusya, Afganistan, Pasifik kiyisi, Cin ve Kore’ye, Afrotropikal Bélge’nin dogusunda Kenya'ya kadar olan
genis alan (Speight, 2020).

Sphaerophoria scripta (L., 1758)

incelenen Materyal: 2, 2329; 3, 143242; 4, 19; 5, 13; 6, 38; 7, 18, 9, 5359; 10, 19; 11, 113;
12, 4339; 13, 33; 14, 13; 22, 49; 19, 3329%; 20, 2332; 21, 14823%; 22, 231Q; 23, 49; 24, 19; 27,
1859; 29, 4859; 30, 1829; 31, 19; 32, 12; 33, 18; 34, 1829; 35, 29; 36, 245%; 37, 12; 38, 29; 39,
23492; 41, 433Q; 42, 233%2; 43, 2342; 44, 385%; 45, 236Q; 46, 19; 47, 231Q; 48, 183992; 49, 2429;
50, 3342; 51, 181Q; 52, 3383%; 53, 334Q; 54, 4312, 55, 14311Q; 56, 838%; 57, 333Q; 58, 3372; 59,
13, 60, 6322; 61, 15811Q; 62, 958%; 63, 1529; 64, 4312; 65, 3812; 66, 647%; 67, 559%; 68, 3332;
69, 396Q; 70, 2439; 71, 73159; 72, 15312Q; 73, 2349; 75, 4329; 76, 6459; 77, 13349; 78, 40317 9;
79, 1329; 80, 10489; 82, 143132Q; 83, 5452; 84, 104112, 85, 4392; 86, 385%; 87, 19410%2; 88,
113119, 89, 15462; 90, 2459; 91, 24382; 92, 16414Q; 93, 2322; 94, 2339%2; 95, 3422; 96, 354 2;
97, 14342; 98, 9332; 99, 16362; 100, 28317%; 102, 10342; 103, 2342; 104, 1Q; 105, 73122; 108,
8422; 109, 39; 110, 24; 111, 32; 112, 3342Q; 113, 29; 114, 29; 115, 1352; 116, 153322; 118, 4349;
120, 18; 121, 58169Q; 122, 3329; 123, 1459Q; 124, 2329; 125, 13; 127, 13139; 128, 153272; 129,
33422; 130, 28; 133, 10452Q; 134, 74112; 136, 1435%; 138, 29; 140, 19; 142, 1332; 144, 143, 149, 13,
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150, 1319; 152, 19; 153, 13; 154, 4389; 155, 113119; 156, 284319; 157, 83132; 158, 2359; 159,
23129; 160, 113209; 164, 103129; 165, 1349; 166, 2319; 167, 103199; 168, 334%; 169, 12; 171,
3359; 172, 2329; 174, 3359; 175, 2319; 178, 1319; 179, 33; 182, 638%; 183, 434%; 185, 13389;
186, 13; 187, 19; 189, 29; 190, 13; 191, 33; 193, 13; 194, 23; 195, 1329; 196, 8349; 197, 13; 199
6349; 200, 16462; 201, 15369; 202, 6319; 203, 13; 204, 19; 205, 3319; 206, 17359; 207, 1429;
208, 9932; 209, 21389; 210, 248; 211, 7329; 212, 4339; 213, 2429; 214, 2339; 215, 2319; 216,
3329; 217, 19; 218, 43; 219, 1319; 220, 1319; 221, 33; 223, 13; 224, 1234Q; 226, 16313%; 228, 23;
229, 13; 230, 23; 231, 3319; 232, 19; 235, 19; 236, 43; 237, 17379; 238, 1319; 239, 13; 240, 73;
242, 2339; 245, 19; 246, 33; 247, 3319; 248, 5369; 250, 1429; 254, 43; 257, 23; 258, 13.

Turkiye’deki Yayiligi: Adana, Adiyaman, Afyonkarahisar, Akdeniz Kiyi Seridi, Aksaray, Ankara,
Antalya, Artvin, Aydin, Bartin, Bolu, Burdur, Cankiri, Cukurova Boélgesi, Denizli, Diyarbakir, Dlzce,
Edirne, Erzincan, Erzurum, Eskisehir, Hatay, 1gdir, Isparta, istanbul, izmir, Kahramanmaras, Karabiik,
Kars, Kastamonu, Kayseri, Kirikkale, Kirgehir, Konya, Marmara Bdlgesi, Mersin, Mugla, Nevsehir, Ordu,
Osmaniye, Sinop, Sivas, Sanliurfa, Tekirdag, Tokat, Trabzon, Zonguldak (Yetkin, 2006; Toth, 2013;
Pehlivan & Atakan, 2014; Saribiyik, 2014; Gdziacik & inang, 2018).

Diinyadaki Yayiligi: Glineybati Gronland, izlanda, Fennoskandiya’dan Akdeniz, Kanarya adalari
ve Kuzey Afrika’'ya, irlanda’dan doguya dogru Palearktik Bolge'nin biyiik kismindan Asya’nin Pasifik
kiyisi, Kesmir ve Nepal'’e kadar olan genis bdlge yayilis gosteren yiksek dizeyde gé¢men bir tardar
(Speight, 2020).

Sphaerophoria turkmenica Bankowska, 1964

incelenen Materyal: 11, 13; 44, 13; 52, 23; 54, 13; 62, 23; 66, 43; 72, 13; 77, 33; 78, 1529;
81,24, 86, 14;91,19; 162, 14; 179, 24.

Turkiye’deki Yayilisi: Adiyaman, Diyarbakir, Erzurum, Gaziantep, Kayseri, Kirsehir, Ordu,
Sanlurfa, Tokat (Yetkin, 2006; Toth, 2013; Saribiyik, 2014; Géziiagik & inang, 2018).

Diinyadaki Yayilisi: Avrupa ve Rusya’nin Asya kesimi, Kafkasya (Ermenistan, Azerbaycan), iran,
Arabistan Yarimadasi (Umman), Turkmenistan ve Kazakistan (Speight, 2020).

Calisma siiresince daha az yaygin olarak kabul edilen diger entomofag tirler Cizelge 2’de verilmistir.

Calisma boyunca kiiltire alinarak elde edilen ergin syrphid bireyleri de dahil olmak lizere 38 tire
ait toplam 3.119 adet entomofag 6zellikte ergin birey toplanmistir. Arazi galismalarinda 190 ayri noktadan
(820-1730 m) toplam 1892 6rnek ile en ¢ok rastlanan tur S. scripta olmustur. En gok karsilasilan ikinci tur
ise 93 ayri noktadan 374 adet toplanan M. mellinum’dur. Bir diger yaygin entomofag tir olan E. corollae’a
97 farkli noktada (750-1675 m) rastlanmis ve bu alanlardan 264 adet birey toplanmistir. Bu tirlerin 2014
ve 2015 yillarinda nisan sonunda érneklenmeye baslandigi ve eylul ayinin ikinci yarisina kadar yapilan
drneklemelerde elde edilebildigi belirlenmistir. Ornekleme calismalarinda, en az rastlanan tiirin S.
pyrastri oldugu ve bu tirle siklikla Burdur'da yapilan érneklemelerde karsilasildigi gézlenmistir. Bu tdr,
2015 yihinda mayis-eylll aylari arasinda 5 ayri noktadan (920-1672 m) toplamda 12 adet 6rneklenmistir.
Ayrica, Uzerinde beslendikleri yaprakbitleriyle birlikte kultire alinan tdrler icinde S. pyrastri, 6zellikle 2015
yilinda dikkati ¢ekmistir. Larva 6rnekleri genellikle Centaurea spp., Cirsium arvense (L.) ve Rumex sp.
Uzerindeki yaprakbitlerinde beslenirken elde edilmis ve Ornekler mayis’in ikinci yarisindan haziran’in ilk
haftasina kadar toplanmistir. Kiltire alinan larvalar, haziran'in ilk hafta sonunda pupa olmus ve
haziran’in ikinci yarisinda da ergin cikislari gerceklesmistir. Ornekleme alanlarindan iizerinde
beslendikleri yaprakbitleriyle birlikte klltire alinan yumurta, larva ve pupa dénemlerinden elde edilen
ergin bireyler, konukgu bitkileri, Gzerinde bulunduklari yaprakbiti turleri Cizelge 3’te verilmistir.
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Cizelge 2. Goller Yoresinde daha az yaygin olarak kabul edilen diger entomofag turler
Table 2. Other entomophagous species that are less common in the Lakes Region

Toplandign Lokalite Kodlari (bkz. Gizelge 1) SE:;:Z Ef;,‘::‘{ﬁ}?
(]

Baccha elongata (Fabricius, 1775) 223 1 0.03

Tiir adi

Chrysotoxum cautum (Harris, 1776) 29, 60, 173, 178, 6 0.19
Chrysotoxum festivum (L., 1758) 213, 215 3 0.09
Chrysotoxum intermedium (Meigen, 1822) 5, 87, 188, 208, 257 6 0.19
Chrysotoxum parmense Rondani, 1845 144, 145, 153, 215, 222 6 0.19
Chrysotoxum aff. vernale Loew, 1841 212, 241 2 0.06
Didea fasciata Macquart, 1834 101, 211, 222, 256 5 0.16
Eupeodes latifasciatus (Macquart, 1829) 182 1 0.03
Eupeodes luniger (Meigen, 1822) 152, 165, 171, 222 4 0.12
Heringia heringi (Zetterstedt, 1843) 189, 222, 227 3 0.09
Meliscaeva auricollis (Meigen, 1822) 18, 194, 234 3 0.09
Paragus oltenicus Stanescu, 1977 10, 102, 249, 255 5 0.16
Paragus quadrifasciatus Meigen, 1822 59, 62, 88, 116, 143, 199 8 0.25
Paragus testaceus Meigen, 1822 52, 105, 145, 146, 150, 153, 205, 208, 215, 227, 229, 230, 235, 254 25 0.80
Pipiza noctiluca (L., 1758) 227, 229, 235 4 0.12
Pipizella divicoi (Goeldlin, 1974) 213, 215 2 0.06
Platycheirus albimanus (Fabricius, 1781) 165, 212, 234, 256 5 0.16
Platycheirus ambiguus (Fallén, 1817) 153 2 0.06
Platycheirus scutatus (Meigen, 1822) 163, 165, 241, 3 0.09
Scaeva albomaculata (Macquart, 1842) 27, 1 0.03
Scaeva pyrastri (L., 1758) 176, 177, 217, 184 5 0.09
Sphaerophoria menthastri (L., 1758) 21,21, 25 3 0.09
Syrphus torvus Osten-Sacken, 1875 222, 257 2 0.06
Syrphus vitripennis Meigen, 1822 88 1 0.03
Volucella zonaria (Poda, 1761) 50, 83, 130, 131, 151, 203, 211, 221, 222, 226, 234, 256 16 0.51
Xanthandrus comtus (Harris, 1780) 207, 211 4 0.12
Xanthogramma dives (Rondani, 1857) 150, 198, 221, 226, 227, 230, 234, 235, 256 21 0.67

Cizelge 3. Calisma alaninda toplandiklari lokalitelere gore yaprakbiti kolonilerinde saptanan ve konukgulari ile birlikte kulture
alinarak ergin elde edilen turler, avlari, tzerinde bulunduklari bitkiler

Table 3. Species determined in aphid colonies according to the localities where they are collected in the study area and obtained
adults by culturing with their hosts, their prey, the plants on which they are found

Lok. No*  Konukgu bitkiler

13 Verbascum sp.
Sinapis arvensis, Centaurea

Yaprakbiti ttrd

Aphis fabae Scopoli, 1763
Uroleucon (Uromelan) jaceae (L., 1758); Brachycaudus

Syrphidae turi

Episyrphus balteatus (29)

16 cyanus helichrysi (Kaltenbach, 1843) Eupeodes corollae (63, 12)

18 Cirsium arvense Uroleucon (Uromelan) aeneum (Hille Ris Lambers, 1939) Sphaerophoria scripta (23)

19 Cirsium arvense Uroleucon (Uromelan) jaceae (L., 1758) Sphaerophoria scripta (22)

20 Lapsana communis Aphis nasturtii Kaltenbach, 1843 Sphaerophoria scripta (12)

o o Episyrphus balteatus (93, 49),
21 eslxgr?;searvenss, Cirsium Aphis fabae Scopoli, 1763 Sphaerophoria menthastri (1),
Sphaerophoria scripta (17, 8%),
Onopordum sp., Carduus . . . .

51 pycnocephalus, Cirsium sp. Brachycaudus helichrysi (Kaltenbach, 1843) Sphaerophoria scripta (53, 139)

54 Onopordum sp. Brachycaudus (Acaudus) cardui (L., 1758) Sphaerophoria scripta (43, 99)
. . Episyrphus balteatus (12),

154 Carduus sp. Aphis fabae Scopoli, 1763 Eupeodes corollae (13, 19)

154 Cirsium sp. Uroleucon (Uromelan) aeneum (Hille Ris Lambers, 1939) Scaeva pyrastri (19)

155 Cirsium sp. Aphis fabae Scopoli, 1763 Scaeva pyrastri (13)

156 Cirsium sp. Uroleucon (Uromelan) aeneum (Hille Ris Lambers, 1939) Scaeva pyrastri (19)

157 Cirsium sp. Uroleucon (Uromelan) jaceae (L., 1758) Scaeva pyrastri (23)

. Brachycaudus (Acaudus) cardui (L., 1758), .
157 Cirsium sp. Uroleucon (Uromelan) aeneum (Hille Ris Lambers, 1939) Scaeva pyrastri (15)
176 gﬁnmt2:r§; spp., CIrsium sp., - 6jeucon (Uromelan) aeneum (Hille Ris Lambers, 1939) Eupeodes corollae (29)
Centaurea s Cirsium s Uroleucon (Uromelan) aeneum (Hille Ris Lambers, 1939),
177 RUMEX S Pp-, P- Uroleucon (Uromelan) jaceae (L., 1758), Eupeodes corollae (43, 29)
p: Capitophorus elaeagni (del Guercio, 1894)
184 Cirsium sp. Nasonovia ribisnigri (Mosley, 1841) Scaeva pyrastri (19)
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Episyrphus balteatus, predatdr syrphidler icerisinde en ¢ok gdrulen tur olup degisik bitkilerdeki afit
kolonilerinde gelismesini surdidrmektedir. Bir larvanin, gelisimi esnasinda 416.4 adet Aphis pomi (De
Geer), 231.8 adet A. fabae, 461 Brevicoryne brassicae (L.) veya 221.4 adet Dysaphis plantaginea
(Passerini, 1860) nimfini takettigi saptanmistir (Wnuk, 1979). Tlrkiye’de yapilan bir calismada ise bu
turiin Brassica oleracea Uzerindeki B. brassicae lzerinde beslendigi bildiriimistir (Zeren & Dizglines,
1983). Bu ¢alisma kapsaminda ise Isparta ve Burdur illerinden alinan Verbascum sp., Sinapis arvensis,
Cirsium arvense ve Carduus sp. Uzerinde bulunan A. fabae bireylerinde beslendigi saptanmistir.

Volucella inflata (Fabricius, 1794) harig, hemen hemen tim Volucella tdrlerinin larvalari, ari ve
yabanarisi yuvalarinda yasamakta; V. pellucens (L., 1758) larvasi hem 6li hem de canli yabanarisi
larvalarini yemektedir (Sommagio, 1999). Yiritilen bu ¢alismada ise arazi 6rneklemelerinde V. zonaria
elde edilmigtir. Ancak konukgusu ile ilgili herhangi bir veri bulunmamaktadir.

Eupeodes (=Metasyrphus) corollae'nin Spinacia oleracea Uzerindeki Myzus persicae (Sulzer)
(Hemiptera: Aphididae) ile beslendigi bildirilirken (Zeren & Dizglnes, 1983), bu ¢alismada ise bu tirin
Centaurea spp., Cirsium sp., Rumex sp. Uzerindeki Uroleucon (Uromelan) aeneum (Hille Ris Lambers,
1939) ve Capitophorus elaeagni (del Guercio, 1894), Sinapis arvensis, Centaurea cyanus Uzerindeki U.
jaceae (L., 1758) ve Brachycaudus helichrysi (Kaltenbach, 1843), Carduus sp. lzerindeki A. fabae 1763
ve Uzerinde beslendigi saptanmigtir.

Scaeva pyrastri’'nin Brassica oleracea uzerinde bulunan B. brassicae, M. euphorbiae, A. fabae ve
A. pisum Uzerinde beslendigi bildirilirken (Zeren & Dlzglnes, 1983), yurGtilen ¢alismada ise bu tur
Cirsium sp. Uzerindeki A. fabae, Nasonovia ribisnigri (Mosley, 1841), Brachycaudus (Acaudus) cardui (L.,
1758), U. aeneum ve U. jaceae Uzerinde bulunmustur.

Sphaerophoria scripta Solanum melongena Uzerindeki M. persicae ve Phaseotus vulgaris
Uzerindeki A. fabae Uzerinde bulunurken (Zeren & Duzgunes, 1983), ayni avci tur Cirsium arvense
Uzerindeki U. jaceae, S. arvensis, C. arvense uzerindeki A. fabae, Lapsana communis utzerindeki Aphis
nasturtii Kaltenbach, 1843, Onopordum sp., Carduus pycnocephalus, Cirsium sp. Uzerindeki B. helichrysi
ve Onopordum sp. Uzerindeki B. cardui (L., 1758) Uzerinde beslendigi belirlenmistir.

SONUC

Onceki calismalar degerlendirildiginde, yararli bocekler arasinda énemli bir yer tutan Syrphidae
turleri Gzerinde Turkiye'de yeterli sayida galisma bulunmadidi, hatta bazi yoérelerimizde bu konuda
yapilan galismalarin yok denecek kadar az oldugu goriimektedir. Bu ¢alisma ile Tirkiye’de zengin bir
bdcek faunasina sahip Goller Yoéresi'ndeki avelr Syrphidae tirlerinin ortaya ¢ikariimis, avci tirlerin avlari
ve toplandiklari lokaliteler hakkinda bilgi sunulmustur. Arastirmanin sahip oldugu bu 6zellikler nedeniyle
zararhlarin biyolojik micadelesi kapsaminda yurutilecek sonraki arastirmalar igin iyi bir kaynak niteligi
tasiyacagi ve 6nemli bir alt yapi olusturacagi dustunulmektedir.
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oz
Amagc: Bu galismanin amaci yaglik ve cerezlik olarak kullaniimak Uzere gida
sektorinde onemli bir yeri olan yer fistiginin sulama programini olusturmak,

kurak ve yari kurak iklim bolgelerinde su kaynaklarinin daha verimli kullaniimasi
adina kisintili sulama yaparak su-verim iligkilerini incelemektir.

Materyal ve Yontem: Bu g¢alisma Kahramanmaras Dodu Akdeniz Gegit Kusagi
Tarimsal Arastirma Enstitlisiine ait topraklarda 2020 yili yetistirme sezonunda
yuratulmustar. Faktoriyel deneme desenine gore uyarlanan ¢alismada iki farkli
yer fistigr ¢esidi (Florispan, NC-7) ve dort sulama seviyesi (%100, %75, %50,
%25) 3 tekerrurlu olarak yuratilmuistur.

Arastirma Bulgulari: Her iki gesite %100 sulanan konudan %25 sulanan
konuya dogru 1230 ile 513 mm su verildi. Bitki su tuketimi degerleri 1100 ile 450
mm arasinda degisti. Su kullanim etkinligi 0.44 ile 0.89 kg m?®, sulama suyu
kullanim etkinligi ise 0.39 ile 0.78 kg m™ olarak bulunmustur. Ky degeri 0.54
olarak bulunurken klorofil igerigi degerleri 20 ile 39 arasinda gézlenmistir.

Sonug: Yer fistigi bitkisinin Dogu Akdenizde %75 su kisitinda yetistirilebilecegi
anlasilmistir. Florispan ¢esidi su stresine karsi daha hassas oldugu icin NC-7
cesidinin yetiriimesi onerilmistir. Klorofil igeriginin belirsiz sonuclar vermesi
sulama zamaninin belirlenmesinde yetersiz oldugunu géstermistir.

ABSTRACT

Objective: The aim of this study is to create an irrigation program for oil and
snck peanuts, which is important for the food sector. and to examine the water-
yield relations by using deficit irrigation in order to use water resources more
efficiently in arid and semi-arid climates.

Material and Methods: This study was conducted in the fields of the Eastern
Mediterranean Transition Zone Agricultural Research Institute in Kahramanmarasg
in the 2020 growing season. In this study, two different peanut varieties
(Florispan, NC-7) and four irrigation levels (100%, 75%, 50%, 25%) were tested
in 3 replications according to a factorial trial design.

Results: Both varieties were given 1230 to 513 mm of water from 100%
irrigated to 25% irrigated treatment. Crop water consumption values varied
between 1100 and 450 mm. Water usage efficiency was found to be between 0.44
and 0.89 kg m™® and irrigation water use efficiency was between 0.39 and 0.78
kg m™. While Ky value was found to be 0.54, chlorophyll content values were
observed between 20 and 39.

Conclusion: Peanut plant can be grown in Eastern Mediterranean with 75%
water deficed. Since Florispan variety is more sensitive to water stress, it is
suggested to grow NC-7 variety. Uncertain results of chlorophyll content
showed that it was insufficient to determine irrigation time.
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GiRIiS

Artan nifus, kiresel 1sinma ve iklim degisikligi, sanayilesme ve dinyanin gitgide tiketim toplumu
haline gelmesi dogal kaynaklarin tuketimini hizli bir sekilde artirdidi gibi gida ihtiyacini da baskilamaktadir.
Kit bir kaynak olan suyun dinyamiza ve gelecek nesillere yetebilmesi igin onu israf etmeden kullanmak
gerekmektedir. Bu ylzden tarimsal Uretimde ciddi bir payi olan suyun gesitli yontemlerle etkin kullaniimasi
icin yeni teknik, yaklasim ve yontemler gelistiriimelidir. Bununla beraber yetistirilen Urtnlerin kurakliga
toleransli ve ayni zamanda verimli gesitlerden secilmesi de 6nem arz etmektedir.

Kurak ve yari kurak iklim bolgelerinde bulunulan yerlerde bitki su ihtiyacinin kargilanmasi igin
sulama yapmak kaginilmazdir. Turkiye'de oOzellikle de Karadeniz bélgesinin diginda yer alan diger
bolgeler Kurak ve Yari kurak iklim dzellikleri gsterdiginden sulama tarimsal verim icin oldukca 6énemlidir
(Gorgulu & Ul, 2017). Akdeniz Boélgesi'nde mevcut su kaynaklarinin sinirlihdi, bu kaynaklarin diger
sektdrlerde (evsel, kentsel ve endustriyel) kullaniminin artmasi ve dinyadaki su kaynaklarinin en fazla
tiiketicisinin sulama oldugu disundldiginde, suyu verimli kullanmak kaginilmazdir (Sezen vd., 2017). Su
ve enerjiden tasarruf saglayan, cevreyi nispeten daha az kirleten, drin verimi ve Kkalitesinde artis
saglayan basingli sulama sistemlerinin kullaniimasi, Ulke su kaynaklarinin daha verimli kullaniimasini
saglayacaktir (Sezen vd., 2019).

Yer fistig1 baklagiller familyasinda (fabaceae) siniflandirilir ve baklagiller kadar protein igerigine
sahiptir ancak genellikle yiksek yag icerigi nedeniyle yadh tohumlar arasinda yer alir (Arya et al.,
2016).Yer fistigi (Arachis hypogaea, L.) dinyadaki dordiinct énemli yagh tohumdur (Boukid, 2022). Yagi
alinmis yerfistigi kiispesi %50-60'a kadar protein icerir ve genellikle glbre, yem veya yakit olarak
kullanilir (Zhao et al., 2020). Bugun yer fistigi Cin, Hindistan, Afrika, Japonya, Gliney Amerika ve Amerika
Birlesik Devletleri'nde diinya g¢apinda gelistirilen 300'den fazla gesitle yetistiriimektedir (Settaluri et al.,
2012). Yer fistigi, yag uretimi, cerezlik tuketim, yer fistigi ezmesi, sekerlemeler, yer fistigi iceren
atistirmaliklar, protein artirici ve gida katki maddesi olarak diinya ¢apinda yetistirilen dnemli bir Grindur
(Rustom et al., 1996). Yer fistigi bitkisi, diger baklagillerden farkh olarak, yer tstinde gicek agarken, yer
altinda meyve Uretir. Dikimden yaklasik 120-140 gin sonra, yer fistidi yerden cekilir ve bir yer fistigi
kazici-galkalayici kullanilarak ana kok kesilir ve her bitki tarlalarda giineste kurumasi icin yiginlarda bas
asag! birakilir. Bu noktada yer fistigi %25-50 nem icerir ve depolama icin %10'dan daha az neme kadar
kurutulmahdir. Kurutma isleminden sonra, bicerddver fistiklari ayirma islemine gecer (Zhao et al., 2012).

iklim kogullari yer fistigi gelisimini dogrudan etkiler (Shi et al., 2020). Ozellikle de hava sicakligi ve
yagis yer fistigini en gok etkileyen hava unsurlaridir (Hoogenboom, 2000; Carleton, 2017). 25-30°C hava
sicaklhigi araliginda iyi gelisen yer fistigi (Pradhan et al., 2019) 32 °C'nin Uzerindeki sicakliklarda meyve
kutlesi miktarini azaltir (Ketring, 1984). 28°C'lik bir hava sicakhgi 6zellikle bakla olusumu asamasinda, yer
fistiginin gelismesi icin idealdir (Prasad et al., 1999). Tirkiye'de Cukurova bdélgesi yerfistigi ekiminin
%80’ine yakinini karsilamaktadir. Yer fistigi ekim alanlarinin %49.3'0 Adana, %27.2'si Osmaniye,
%11.6’s1 Sirnak, %2.7'si Antalya, %2.4’0 Hatay, %1.9'u Kahramanmaras, %1.8'i Aydin, %1.1'i Mersin ve
%1'i Gaziantep'tedir. Kahramanmarasta ekim orani diger illere gore disuktur (Kadiroglu, 2022).

Yer fistidinda sulama yodnetimi, optimum Uretim igin tim blylime asamalarinda ¢ok onemlidir
(Meisner & Karnok, 1992). Ancak bazi yazarlar yer fistiginin su stresine verdidi tepkinin bitkinin farkli
gelisme donemlerinde ayni derecede hassas olmadigini bildirmislerdir (Howell et al., 1980; Doorenbas &
Kassam, 1986). Glinimuizde, tam sulama, karli verim elde etmede ¢ok az etkisi olan liks bir su kullanimi
olarak kabul edilmektedir (Kang & Zhang, 1998; Sepaskhah & Ahmadi, 2010). Suyu verimli kullanmak igin
kisintili sulama, kismi kok kurulugu (PRD) gibi uygulamalari gelistirmek gereklidir (Perry, 2011; Toprak et
al.,, 2016). Bu ¢alismanin amaci Turkiye'nin Dogu Akdeniz bélgesinde yer alan Kahramanmaras ilinde
damla sulama sistemi ve kisintili sulama programi ile yiuksek fistik verimi elde etmeyi saglama, NC-7 ve
Florispan gesitlerinin suyu etkin kullanma durumlari ve klorofil iceriklerini kargilastirmaktir.
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MATERYAL ve YONTEM
Deneme yeri, iklim ve toprak ozellikleri

Bu calisma Kahramanmaras Dogu Akdeniz Gegit Kusagi Tarimsal Arastirma Enstitist Madurligu’ne
ait tarimsal arazilerde 2020 yilinda yurutilmustar. Galigilan alanin rakimi 465 m olup koordinatlari 37'5508"
Kuzey enlemi ve 36°55'09” Dogu boylamidir. Kahramanmaras ili Akdeniz iklimi hakimiyeti altindadir.
Kahramanmaras ili iklim 6zelikleri bakimindan yer fisti§i yetistiriciligi icin oldukca uygun iklim &zelliklerine
sahiptir. 2020 yili deneme alanina ait iklim verileri Cizelge 1'de verilmistir. Kahramanmaras ili iklim verilerine
ait degerler Meteoroloji Genel Mudurlidginden alinmigtir (Anonymous, 2022).

Cizelge 1. Kahramanmaras ili yer fistigi yetisme dénemine ait iklim verileri

Tablel. Climatic data of the peanut growing period of Kahramanmaras province

Sn Aylar
Iklim &zellikleri - — — -
Haziran Temmuz Agustos Eylul Ekim
Aylik ortalama sicaklik (°C) 25.00 30.50 29.50 29.10 23.00
Aylik toplam yagis (mm) 4.10 0.00 0.50 0.00 0.50
Aylik ortalama nispi nem (%) 48.40 44.60 39.70 40.50 39.10

Deneme alanina ait topragin 0-30, 30-60, 60-90 cm katmalarinda kil tanecikleri miktari kum ve silte
gore disiktir. Hacim agirhg 1.60 g cm™ civarindadir. Su tutma kapasitesi kumlu topraklara kiyasla
yuksektir. Topragin fiziksel 6zellikleri yer fistigi yetistiriciligi icin uygundur. Cizelge 2'de galisma alanina
ait topragin fiziksel ozellikeri verilmistir. Toprak bunyesi Bouyoucos hidrometre yontemi (Bouyoucos,
1951)’e gore belirlenmistir.

Cizelge 2. Caligilan topraga ait fiziksel 6zellikler

Table 2. Soil physically properties of the trial area

Toprak Tarla kapasitesi Solma noktasi Hacim agirhg Kullanilabilir su tutma Bilnye Kum Kil Silt

katmani (cm) (mm) mm (g cm?) kapasitesi (mm) sinifi (%) (%) (%)
0-30 105.5 59.9 1.6 45.56 Siltli tinh 40.10 29 56.9
30-60 107.8 65.9 15 41.9 Siltli tnh 35.6 9.6 547

Topragin kimyasal 6zelliklerini belirlemek i¢in 0-30 cm’lik katmandan drnekler alinmigtir. pH degeri
hafif alkali Richards (1954), iletkenligi tuzluluga sebep olmayacak duzeyde (Kanber, 1992), organik madde
miktari “az” (Nelson and Sommers, 1982), kire¢ miktari “oldukga kiregli” (Saglam, 2008), fosfat miktari “az”
potasyum ise “fazla” (Richards, 1954)'dir. Toprak kimyasal yénden incelendiginde yer fistigi yetistiriciligi
acisindan sorun olusturmadigi gérilmektedir. Topragin kimyasal 6zellikleri Cizelge 3'te verilmistir.

Cizelge 3. Calisilan topraga ait kimyasal 6zellikler

Table 3. Soil chemical properties of the trial area

Toprak EC Organik madde P,0s K0 Kireg
Yillar — gerinligi cm)  PH dsm? (%) (kg da’) (kg da?) (%)
2019-2020 0-30 7.80 0.023 1.03 3.66 62.00 19.85

Bitki gesit ve dzellikleri

Denemede NC-7 (Virginia tipi) ve Florispan (Spanish tipi) olmak Uzere iki adet yerfistigi ¢esidi
kullaniimigtir. NC-7 cesidi yari yatik 6zellige, Florispan gesidi ise tam dik blyiime 6zelligine sahiptir. NC-7
cesidi 140-160 giin, Florispan gesidi ise 120-125 giinde yetisme 6zelligine sahiptir (Asik vd., 2018). NC-7
cesidi orta erkenci 6zellige sahip olup tohumlari ince ve acik pembedir. Yag orani ortalama %50'dir.
Turkiye'de en yaygin yetistirilen cerezlik yer fistigi ¢esitlerinden biridir (Kadiroglu vd., 2011). Florispan ¢esidi
erkenci, tohumlari yuvarlak ve acik pembe, yag orani %53-%55 olup yaglik gesittir (Kadiroglu, 2022).
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Deneme deseni, sulama sistemi ve sulama konulari

Deneme faktériyel deneme desenine gore iki bitki ¢cesidi, dort sulama seviyesi ve (¢ tekerriir olmak
Uzere yirmi sekiz parselde yuratalmuastir. Tohumlar her bir parselde 4 sira olacak sekilde 70 cm sira arasi
ve 15 cm sira Uzeri mesafede olacak sekilde dizayn edilmistir. Her bir parselin alani 14 m? olarak
ayarlanmigtir.

Denemede sulama faaliyetleri icin damla sulama sistemi kullaniimistir. Lateraller ¢capi 16 mm, 4 | ht
debi ve 25 cm damlatici araligi olan polietilen borulardan segilmis ve her bir bitki sirasina bir lateral boru
doésenmigstir.

Sulama konulari bitki su ihtiyacinin tam karsilandigi konu olan %2100 sulama, NC-71g9-F1q9 (kontrol
konusu), kontrol konusunun %25 eksigi NC-75-F;s5, kontrol konusunun %50 eksigi NC-759-F5o ve kontrol
konusunun %75 eksigi NC-7,5-F,5 olarak belirlenmistir. Sulama toprak nem takibi yapilarak verilmistir.
Toprak nemi gravimetrik yontemle belirlenmis ve tarla kapasitesi ile solma noktasi arasinda tutulmasi
saglanmistir. Sulama araligi 4-6 giin olarak belirlenmistir.

Kultarel iglemler

Bugday hasatindan sonra ikinci Urlin olarak yetistiriciligi yapilan yer fistigi cesitleri icin tarla
surtlerek ekime hazir hale getirilmigtir. EKimden once tarlaya 30 kg/da "' 18-46 DAP gubresi verilmistir
(Killi & Beycioglu, 2022). Ekim pnomatik mibzerle 27 Haziran 2020 tarihinde gergeklestiriimistir. Bitkiler
vejetatif doneme gegince dekara 15 kg gelecek sekilde Ure gubresi (%46) uygulamistir (Killi & Beycioglu,
2022). Hasat 31 Ekim 2020 tarihinde elle yapilmistir.

Sulamaile ilgili g6zlemler

Bitkilere verilen sulama suyu her sulamadan 6nce tam sulamanin yapildigi konuya ait toprak nem
degerinden yola cikilarak hesaplanmistir. Sulama suyu hesabinda derinlik cinsinden kullanilabilir su
tutma kapasitesinden yararlaniimistir.

Parsellere verilmesi gereken sulama suyu toprak neminin derinlik cinsinden ifadesiyle Esitlik 1'e
gore hesaplanmistir (Glngér vd., 2012).

dn = (PWTK—Pr;MON)XASXD (l)

Esitlikte,

dn: net sulama suyu miktari, mm; PwTK: tarla kapasitesi (agirlik ylizdesine cinsinden), %; PWMN: mevcut
nem, %; As: hacim agirhgi, g cm™; D: etkili kok derinligi, mm dir. Tarla kapasitesi ve solma noktasi
Gingor vd. (2012)'de belirtildigi gibi dlctimugstar. Etkili kok derinligi 60 cm olarak kabul edilmigtir (GUngor
vd., 2012).

Bitki su tiketimi (ET) su bitcesi esitligine dayanarak belirlenmistir (Howell et al., 1986). Bitki su
tuketimi Esitlik 2'ye gore hesaplanmistir.

ET=I+P-Rf-Cr - Dp £AS (2)
Esitlikte,

ET: bitki su tiketimi, mm; | sulama suyu miktari, mm; P: yagis, mm; Rf: ylzey akistan kaynaklanan
kayiplari, mm; Dp: derine sizma, mm; Cr: kilcal yikselis, mm; AS: toprak nemindeki degisim, mm/60
cm’dir. Calisma alaninda taban suyu problemi olmadidindan yuzey akis kayiplari (Rf) ve kilcal
yukselmeler (Cr) dikkate alinmamistir ve derine sizmanin (Dp) olmadidi varsaylimistir.
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Su kullanim (WUE) ve sulama suyu kullanim etkinligi (IWUE) Zhang et al. (2004)'ye gobre
belirlenmistir. Su kullanim (WUE) ve sulama suyu kullanim etkinligi sirasiyla Esitlik 3 ve 4'te verilen
esitliklere gore belirlenmigtir.

WUE =&Y 100 3)
ET

Esitlikte;
WUE: Su kullanim etkinligi, kg m?; Ey: bitki su tiketimi kargisinda elde edilen verim, kg da™; ET: Bitki su
tiketimidir, m®

IWUE = ?xloo @)

Esitlikte;
IWUE: Sulama suyu kullanim etkinligini, kg m’>; I: verilen sulama suyu miktaridir, mm.

Bitki su tuketimine karg! elde edilen yer fistigi verimine bagh olarak bitki-verim tepki etmeni (Ky)
stewart modeline goére belirlenmigtir (Kadayif¢i & Yildirim, 2000). Ky esitlik 5’e gore belirlenmisgtir.

% ET
1-—)=ky(l- ——
( Ym) y( ETm) (5)

Esitlikte;

Ky: Verim tepki etmeni, Y: elde edilen verim, kg da™* ; Ym: sulama konulari arasinda elde edilen en
fazla verim, kg da™; ET: su tuketimi, mm ; ETm: Maksimum su tiiketimi, mm’dir.

Klorofil igerigi

Konulu sulamalara baglanilinca her sulamadan ©6nce her parselden 5 bitkinin klorofil dlgtimleri
yapilmis ortalamalari alinmigtir. Klorofil igerikleri SPAD-502 (Minolta Co, Tokyo, Japonya) ile él¢gulmistur.

istatistik analiz

Elde edilen veriler arasindaki farkliligin diizeyini belirlemek igin varyans analizi yapiimistir. Varyans
analizi sonucunda gériilen farkliliklarin siniflandiriimasinda Duncan testi kullaniimistir. istatistiksel analiz
icin SAS programi kullaniimistir

ARASTIRMA BULGULARI ve TARTISMA

Sulamaile ilgili g6zlemler

Yer fistigi cesitlerine; ekimden vejetatif aksamlar gelisinceye kadar (17 Agustos 2020) tim
konulara (%100, %75, %50 ve %25) aynit miktarda su verilmigtir. Daha sonra konulu sulamalara
baslanmistir. Her sulamada uygulanan toplam sulama suyu belirlendikten sonra dénemlik bitki su tiketim
degerleri belirlenmigtir. Bitkilere verilen sulama suyu miktari ve bitki su tiketim degeri %100 sulanan
konudan %25 sulanan konuya dogru azalmistir. %100 konusuna yapilan %25 su kisiti sonucunda sulama
suyu azalirken bitki su tiketimindeki artisin %75 konusundaki toprak nem farkindan kaynaklandigini
distindirmustir. %100 konusuna uygulanan %50 su kisitl sonucunda bitki su tiiketimi %27.71 oraninda
diserken %75 su kisiti sonucunda ise %58.29 oraninda dusiuk sonuglar elde edilmistir. Khodadadi
Dehkordi (2020), iran kosullarinda yer fistigina uyguladiklari sulama suyu deg@erlerini 771 mm ile 1279 m
arasinda bulurken, bitki su tiketimi degerlerini 622 mm ile 1201 mm arasinda hesaplamistir.
Arastirimacilarin sonucu ¢alismanin sonucuyla benzerdir. Amiri et al. (2015), iran kosullarinda birinci Giriin
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olarak yetigtirdikleri yer fistigina 60 ile 480 mm su uygulamis ve sirasiyla 252 ile 405 mm bitki su tiketimi
degerleri elde etmislerdir. Arastiricinin elde ettigi sulama suyu miktari ve bitki su tiiketimi degerlerinin
calismadaki degerlerden diisik olmasinin sebebi birinci triin olarak yetistiriciliginin yapiimis olmasi ve
iklimsel farkhliklardan kaynaklanabilecegini dugsundirmustir. Cizelge 4'te bitkilere verilen sulama suyu ve
bitki su tiiketim dergerleri verilmigtir.

Cizele 4. Yer fistigi gesitlerine verilen sulama suyu ve bitki su tiiketim degerleri

Table 4. Irrigation and crop water consumption values given to peanut varieties

Sulama seviyeleri  Sulama suyu (mm) Bitki su tiketimi (mm)

%100 1230.98 1079.00
%75 1113.72 1100.00
%50 879.84 780.00
%25 513.70 450.00

Birim miktarda tlketilen suya karsihik gelen su kullanim etkinligi ve uygulanan sulama suyu
karsisinda elde edilen verim miktariyla belirlenen su kullanim etkinli§i NC-7 ve Florispan cesitleri icin ayri
ayri hesaplanmistir. Cesitler arasinda hem su kullanim etkinligi hemde sulama suyu kllanim etkinliginde
fark cikmamistir. Sulamalar arasinda ylzde bir 6nem dizeyinde 6nemli farklar blunmustur. Sulama
seviyeleri, su kullanim etkinligi konusunda iki grup olugturmustur. En yiksek sulama suyu kullanim
etkinligi %50 ve %75 kisintinin yapildigi konulardan elde edilmigtir. Sulama suyu kullanma etkinliginde g
grup olusmustur. En yiiksek degerler, su kullanim etkinliginde oldugu gibi %50 ve %75 kisintinin yapildigi
konulardan elde edilirken en disik %100 sulamanin oldugu konuda gézlenmistir. Khodadadi Dehkordi
(2020) su kullanim etkinligini 0.06 kg m™ ile 0.35 kg m™ olarak, sulama suyu kullanim etkinligini ise 0.081
kg m? ile 0.45 kg m™® araliginda bulmustur. Hem su kullanim etkinligi hemde sulama suyu kullanim
etkinligi su kisiti arttikga artmistir. Bu durum yer fistiginda birim miktarda tiketilen suya kargi daha fazla
verim alinabildigini goéstermistir. Benzer sekilde Payero et al. (2008) sulama suyu miktarinin artmasiyla
sulama suyu kullanim etkinligi deg@erinin azaldigini bildirmislerdir. Florispan c¢esidinin %75 sulanan
konusunda sulama suyu kullanim etkinlidi degersi su kullanim etkinligi degerine esit ¢cikmistir. Bu
durumun nedeni %75 sulanan konuya ait bitki su tiketimi dederinin sulama suyu degerine ¢ok yakin
olmasindan kaynaklanmaktadir. Cizelge 5'te yer fistigi ¢esitlerine ait su kullanim ve sulama suyu kullanim
etkinligi degerleri verilmigtir.

Bitki-verim tepki etmenini belirlemede bitki su tuketimindeki eksilme ile buna karsilik gelen
verimdeki azalig degerlendirilmistir. Bitki verim tepki etmeni 1'den kugukse verimdeki kaybin bitki su
tuketimideki eksiklikten daha az 6nemli, 1'den blyilkse verimdeki kaybin bitki su tiketimi eksikliginden
daha fazla 6nemli, 1'e esit olmasi ise verim kaybinin bitki su tuketimi eksikligine esit oldugunu
gOstermektedir (Doorenbos & Kassam, 1979). Bitki verim tepki etmeni her bitki icin ayri ayri hesaplanmis,
NC-7 gesidi icin 0.54, Florispan icin 0.64 ve her iki bitki ¢esidinin birlikte degerlendirildigi sonucg ise 0.54
olarak bulunmustur. Khodadadi Dehkordi (2020) Ky degerini yer fistiginda 1.05 ile 1.8 arasinda
bulmustur. Sezen vd. (2019) ise Adana kosullarinda yer fisti§gi Ky degerini sulama onularina gére 0.58 ile
0.91 arasinda degistigini gdzlemlemigtir. Caligilan yerlerin iklim, toprak ve cesit 6zelligi acisindan
birbirinden farkli olmasi Ky sonuglarinin da birbirinden farkli degerlerde ¢ikmasina sebep olmustur.

Cizelge 5. NC-7 ve Florispan gesitlerine ait su kullanim ve sulama suyu kullanim degerleri

Table 5. Water use efficiency and irrigation water use efficiency of NC-7 and Florispan varieties

Sulama NC-7 Florispan
seviyeleri Su kullanim Sulama suyu Su kullanim Sulama suyu
etkinligi kullanim etkinligi etkinligi kullanim etkinligi
%100 0.44° 0.39° 0.51° 0.44°
%75 0.48" 0.48" 0.53" 0.53"
%50 0.83% 0.74% 0.70% 0.62%
%25 0.89% 0.78% 0.74% 0.65%
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Igbadun et al. (2008), ky degerinin yiksek bir degere sahip olmasini bitkiye uygulanan su stresinin
fazla olmasi ve bunun karsiliginda verimdeki azalmanin bitki su tiiketimindeki azalmadan yiizde olarak
daha fazla olmasindan kaynaklandidini gérmuslerdir. Bu bilgiden yola ¢ikarak Florispan ¢esidinin NC-7
cesidine gore su stresinden daha fazla olumsuz etkilendigi sdylenebilir. Sekil 1'de yer fistigi gesitlerine ait
Ky degeri verilmistir.

NC-7 ve Florispan Ky

(1-Eta/Etm)
0.70 0.60 0.50 0.40 0.30 0.20 0.10 0.00

- 0.00

l 0.05

) 0.10
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(Florispan) 0.45
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Sekil 1. NC-7 ve Florispan gesitlerine ait Ky degerleri.

Figure 1. Ky values of NC-7 and Florispan varieties.

Klorofil igerigi

Konulu sulamalara gecildikten sonra her sulamadan once klorofil igerigi olcimleri alinmigtir.
Klorofil icerigi degeri NC-7 ¢esidinde 27 ile 39 arasinda ¢ikarken florispan ¢esidinde bu deger 20 ile 37
arasinda degisiklik géstermistir. NC-7 ¢esidinin klorofil iceriginin yetisme dénemi boyunca Florispandan
daha yiksek ¢iktigi séylenebilir. Her iki gesitte de sulamanin klorofil igerigini artirici ya da azaltici etkisi
vardir yorumu yapilamasa da NC-7 ¢esidinin %100 sulama yapilan konusunda en yiksek klorofil icerigi
degeri g6zlenmistir. Donem boyunca klorofil iceriginde %25 sulanan konuya dogru azalma egilimi
vardir. Hem NC-7 hem de Florispan ¢esidinde hasada yaklastikga klorofil iceriginde dusius goérulmustir.
Genel olarak kisa sureli dlgimlerde (4-7 ginde bir) sulamanin klorofil icerigini belirlemede ¢ok etkili
olmadigini disundirmustir. Songsri et al. (2009) yer fistigi klorofil icerigini 13.09 ile 54.54 olarak
Nageswara (2001) 21.6 ile 36.7 araliyinda bulmustur. Sonuclar daha 6nceki arastiricilarin sonuglari ile
benzemektedir. Sekil 2’"de NC-7 ve Florispan ¢esitlerinin bitki yetisme donemi boyunca klorofil igerigi
egilimleri gosterilmistir.
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NC-7 Klorofil icerigi Florispan klorofil igerigi

40,00 40,00
38,00
38,00 36,00
36,00 34,00
34.00 32,00
‘ 30,00
32,00 28,00
30,00 26,00
24,00
28,00 22,00
26,00 20,00

51 58 65 72 80 86 95 107 51 58 85 72 80 53 95 107

NC-7-100 NC-7-75 NC-7-50 ——NC-7-25 F-100 F-75 F-50 F-25

Sekil 2. NC-7 ve Florispan cesitlerine ait klorofil iceri egilimleri.

Figure 2. Chlorophyll intrusions of NC-7 and Florispan cultivars.

SONUC

Edinilen verilere gbére %100 sulanan konudan %25 sulanan konulara dogru, uygulanan sulama
suyu miktarinin azalmasina karsin, en yiksek bitki su tiketimi degeri %75 sulanan konudan elde
edilmistir. Su ve sulama suyu kullanim etkinliginin her iki ¢esitte de en yuksek %25 ve %50 sulanan
konulardan ¢ikmasi yer fistigindan kisintili sulama karsisinda olumlu sonuglar alindigini géstermistir. Yer
fistigi bitkisinin Dogu Akdeniz gibi Kurak ve Yari Kurak iklim bélgelerinde yetistiriciligi yapilacaksa %75 su
kisitina gidilebilecedi sonucuna variimistir. Ky degeri Florispan g¢esidinde NC-7 c¢esidine gére daha
yiksek ¢ikmistir. Bu durum Florispan gesidinin su stresine karsi daha hassas oldugunu distndirmastur.
Bu yiizden bolgede NC-7 gibi ¢erezlik gesitlerin yetirilmesi 6nerilmistir. Klorofil igerigi her iki bitkide de her
ne kadar birbirine yakin sonuglar verse de Florispandan daha dusuk degerler elde dilmistir. Klorofil
iceriginin belirsiz sonuclar vermesi sulama zamaninin belirlemesinde SPAD metre ile o6l¢ilen Klorofil
iceriginin net sonuclara imkan vermeyecegini gdstermistir. Ayrica klorofil igeriginin sulama aralidi gibi kisa
surelerde degil de donemsel olarak élgtldiginde daha net sonuglar alinabilecedi sonucuna ulagiimistir.
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0z
Amagc: Bu galisma, Kahramanmarag'ta yetistirilen pamuk genotiplerinde, pamuk

bitkisinin meyve ve odun dallarindan alinan pamuk liflerine ait lif verim ve Iif
kalite 6zelliklerini belilemek amaci ile yurutiimustur.

Materyal ve YoOntem: Calismada, materyal olarak 7 pamuk genotipi
kullanilmistir. Pamuk liflerinin lif verimlerine ait veriler tesaduf bloklari deneme
desenine gore dort tekerrurll olarak 2017 yilinda kurulan deneme alanindan, lif
kalite 6zelliklerine ait veriler ise ISKUR Tekstil Laboratuvarindan elde edilmistir.

Arastirma Bulgulan ve Sonug: Aragtirma sonuglarina gore lif verimi 116.50 kg
da™ ile 225.56 kg da™ arasinda degismistir. En yiiksek lif verimine 225.56 kg da’
! ile DP 396 gesidi sahip olmustur. Meyve dali lif verimi 111.42 kg da™ ile 197.91
kg da™ arasinda degismistir. En yiiksek meyve dali lif verimine DP 396, DP 332,
ST 468, ve BA 119 (sirasiyla 197.91 kg da™, 193.45 kg da™, 181.29 kg da™ ve
178.04 kg da™) cesitleri sahip olmustur. Odun dali lif verimi 1.03 kg da™ ile
29.63 kg da™ arasinda degismistir. En yiiksek odun dali lif verimine 29.63 kg da’
! ile DP 396 sahip olmustur. Biitiin genotiplerde fenotipik ve genotipik 6zellikler
birbirinden farkh oldugu icin yetistirildigi oldugu iklim ve cevre kosullarina
tepkiler farkh olmustur.

Oneri: Lif verimi, teknolojik ve diger kalite 6zellikleri ile ilgili 1slah ¢alismalarinda
makineli hasada uygunluk da g6z 6nline alinarak odun dalini azaltmaya, meyve
dalini artirmaya yonelik arastirmalarin yapilabilecegi teyit edilmistir.

ABSTRACT

Objective: This study was conducted to determine the fiber yield and fiber
quality characteristics of cotton fibers taken from sympodial and monopodial
branches of cotton plant in cotton genotypes grown in Kahramanmaras.

Material and Methods: In the study, 7 cotton genotypes were used as material.
The data on the fiber yields of cotton fibers were obtained from the experimental
area established according to the randomized complete block design with four
replications in 2017, and the data on the fiber quality characteristics were
obtained from the ISKUR Textile Laboratory.

Results and Discussion: According to the results of the study, the lint yield
ranged between 116.50 kg da™ and 225.56 kg da™, the highest yields were
obtained from DP 396 225.56 kg da™. Lint yield of sypodial branches ranged
from 111.42 kg da™ to 197.91 kg da™. The highest yields were obtained by DP
396 (197.91 kg da™), DP 332 (193.45 kg da™), ST 468 (181.29 kg da™) and BA
119 (178.04 kg da™). Lint yield of monopodial branches ranged from 1.03 kg da’
! to 18.32 kg da™. While DP 396 (29.63 kg da™) had the highest yield. Since
phenotypic and genotypic characteristics of all genotypes were different from
each other, the responses of all genotypes to the climatic and environmental
conditions in which they have been grown is different.

Conclusion: It has been confirmed that breeding studies regarding to yield
improvements can be made to decrease the monopodial branches and to increase
the sympodial branches by considering the suitability of the machine harvesting.
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Kaya & Karayagli

GiRI$

Ulkemiz iklim ézelliginden kaynakli, orta uzunlukta elyafa sahip Gossypium hirsutum L. tiiriine ait
pamuklarin yetismesine daha uygundur. Bu nedenle Ulkemize yetistiricili§i yapilan pamuk g¢esitlerin tamami
bu tlre aittir. Gossypium barbadense L. pamuk tirii ise, Gossypium hirsutum L. tird pamuk gesitlerine gore
lif teknolojik ©zellikleri ydnunden (6zellikle lif uzunlugu agisindan) daha Ustiin degerlere sahiptir. Ancak
Gossypium barbadense L. g¢esidinin tlkemizde ekiminin mimkiin olmama nedeni, daha uzun bir yetistirme
doénemine ve ylksek sicakliklara ihtiyag duymasidir. Yetigtiriciligi en ¢ok yapilan Gossypium hirsutum tiriinde
20.6-34.3 mm arasinda olan lif uzunlugu, G. barbadense tiriinde ise 30.48 mm Ustl olan lifli pamuklardir
(Anonymous, 2022a). Ulkemize G. barbadense tiiriine ait pamuk gesitlerinin yetisme sireleri uzun
oldugundan bdyle uzun lifli pamuklarin yetistirlememesi nedeni ile son yillarda turler arasi melezleme
projeleri hayata gegirilmistir (Kaya & Eryigit, 2018).

Pamuk lifinin Gretimine ve market degerine etki eden temel ozellikleri; lif verimi, uzunluk, mukavemet,
incelik, renk durumu ve yabanci madde miktari olarak siralanabilir. Her gegen giin dinya elyaf tiketimi
artmaktadir. 2018 yili diinya elyaf tuketimi yaklagik 100 milyon iken, 2030 yilinda 140 milyon tona ulasacagi
ongorilmektedir. 2018 yilinda yaklasik 100 milyon tonluk elyaf tiketimindeki petrol bazli sentetik elyaflar
%62.0 ile en yiksek paya sahiptir. Pamugu da igeren selllozik ve protein bazl elyaflar %26, odun bazli
selllozik elyaflar %6, diger dogal elyaflar %5 ve yin %1 civarinda kullanim oranina sahiptir (Anonymous,
2022b). 2021 yihindaki toplam elyaf Uretimi ise 116 milyon tona ylkselmistir. Pamuk, Tlrkiye ekonomisinde
oldukga 6nemli bir yere sahiptir. 2019 sezonunda diinyada pamuk ekimi yapilan alan 36.7 milyon hektar, lif
uretimi 25.5 milyon ton ve lif verimi ise 695 kg ha™'dir (FAOSTAT, 2022). 2021 sezonunda Tiirkiye kil
pamuk ekim alani 432 279 hektar, Uretim 2 250 000 ton, verim 5200 kg ha™dir. Lif Giretimi 814 000 ton, verim
1930 kg ha™dir. Kahramanmarag’'ta 2021 sezonunda kitli pamuk ekim alani 38 080 dekar, uretim 20 360
ton, verim 535 kg da™dir. Uretim 20 360 ton, verim 198 kg da™dir (TUIK, 2022a). Tirkiye 2020 yili lif pamuk
ithalati 1 064 626 ton, ithalat degeri ise 1.65 milyar dolar iken 2021 yil ilk dokuz aylik lif pamuk ithalati 896
516 ton, ithalat degeri ise 1.70 milyar dolar olaerak gergeklesmistir (TUIK, 2022b; Anonymous, 2022c). Bu
durum g6z 6nline alindiginda yerli pamuk ekim alanlarinin arttirilmasi Glke ekonomisi igin gok 6nemlidir.

Yeni gesit gelistiriimesine yonelik islah ¢alismalarinda; melezlemelerde ebeveyn olarak G. barbadense
thrlerinin materyal olarak kullaniimasinin bir sebebi de lif teknolojik 6zelliklerini artirmanin (Lacape at al.,
2007) yaninda Verticillium hastaligina dayanikliidi artirmaktir (Erdogan, 2009). Yine odun dallari direk olarak
verim alinabilecek kisimlar degildir. Odun dallarinin asil gérevleri bitkinin fizyolojik gelisimine fotosentez
sonucu Uretilen nisasta Urun0 ile katki sunmaktir. Farkli pamuk tlrlerine ait genotiplerin de odun dali
sayllarinin farklilik arz etmesi goéz 6nine alindigina pamukta odun dalina ait verim, verim unsurlari ve lif
teknolojik 6zelliklerinin ortaya konmasi énem arzetmektedir. Iste yiiriitilen bu galismada da tescil
asamasindaki Hat KMA gibi G. hirsutum L. x G. barbadense L. tirlerinin melezlenmesi ile elde edilmis bir
genotip olan ileri hat melezi de tercih edilmistir. BOylelikle ¢esit aday bir genotipin potansiyeli, ayni zamanda
meyve ve odun dali degerleri de ortaya konmus olacakitir.

Bu galisma 7 farkli pamuk genotipinde meyve ve odun dallarindan alinan pamuk liflerine ait lif verimini
ve teknolojik ve diger kalite 6zelliklerini belirlemek amaci ile yuritiimuistir. Calismada artan yag acigina
paralel olarak pamukta lif teknolojik Ozelliklere ilaveten artik yag orani degerlerinin de galismalarda ortaya
konmasi ve Uzerinde durulmasi gerektiginden yag orani ve protein orani gibi 6zelliklere de yer verilmigtir.
Pamuk ile ilgili galismalara baktigimizda, meyve dallarinin lif teknolojik dzelliklerinin ortaya konmasi adina
¢alismalar yapilmakla birlikte, caismamizda odun dallari ile ilgili unsurun da ilavesiyle; hem meyve ve hem
de odun dallarina ait verim 6zellikleri ve lif teknolojik 6zellikleri incelenmistir.

MATERYAL VE METOD
Materyal

Kullanilan ST 468, BA 119, DP 396, Candia, Claudia, DP 332 ve Hat KMA (Gossypium hirsutum L.
X Gossypium barbadense L. ileri hat melezi) Dogu Akdeniz Gegit Kusagi Tar. Ars. Enst. Mid.’nden temin
edilmistir.
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Denemede kullanilan pamuk gesitlerinin 6zelllikleri su sekildedir:

ST 468; May-Agro Toh. San. ve Tic. A.$. tarafindan tescil ettiriimis, teknolojik 6zellikleri
bakimindan; lif inceligi 4.2-4.4 mic, mukavemet 34-36 g tex™, uzunluk 30-31 mm, girgir randimani % 44-
45, olgunlasma grubu orta erkenci, yaprak tlyld, koza buyUkligu orta, bes ¢enetli koza orani % 70-75, bin
tohum agirigi 106 g, hastaliga toleransli, makineli hasada uygun, kuraklik stresine toleransli, adaptasyon
kabiliyeti mukemmel, ddkmeye kargi toleransli (Anonymous, 2019d).

BA 119; Progen Tohum A.$. tarafindan tescil ettirilmig, teknolojik 6zellikleri bakimindan; lif inceligi
4.4-4.6 mic, mukavemet 31-33 g tex™, uzunluk 28-30 mm, parlaklik 70-72, sarilik 7,8-8,2, SCI 140-150,
circir randimani % 41-43, olgunlagsma grubu erkenci, yaprak tuyll, bitki boyu orta, bitki yapisi yayvan,
koza buyukligu orta, koza yapisi oval, hastaliga toleransli, makineli hasada uygun, kuraklik stresine
toleransli, adaptasyon kabiliyeti mikemmel, dokmeye karsi toleransli, ikinci Grine ¢ok uygun, 6nerilen
Uretim bolgesi Giney Dogu Anadolu (Anonymous, 2019e).

DP 396; Monsanto Gida ve Tarim Tic. Ltd. Sti. tarafindan tescil ettirilmis, teknolojik 6zellikleri
bakimindan; mukavemet 34-38 g tex!, uzunluk 30-31 mm, girgir randimani % 42-44, olgunlagsma grubu
erkenci, bitki boyu orta, bitki yapisi yari gali-yayvan, yaprak orta tlyll, koza buyuklaga kagik, koza yapisi
konik-sivri uglu, tohum sayisi 10900 adet kg'l, hastaliga toleransli, kuraklik stresine toleransli, makineli
hasada uygun, adaptasyon kabiliyeti GAP bdlgesi igin mikemmel, dokmeye kargi toleransli, ikinci Uriine
¢ok uygun, onerilen Uretim bdlgesi: Urfa Diyarbakir Ege (Anonymous, 2019f).

Candia; BASF Turk Kimya San. ve Tic.Ltd. Sti. tarafindan tescil ettirilmig, teknolojik Ozellikleri
bakimindan; lif inceligi 4,0-4,3 mic, mukavemet 33-35 g tex, uzunluk 30-31 mm, Gniformite % 85-88, SCI
150 ve Uzeri, ¢irgir randimani % 43-45, olgunlasma grubu orta-geg, tohum sayisi 11500 adet kg'l,
makineli hasada uygun, dékmeye kargi toleransli, kuraklik stresine toleransli (Anonymous, 2019g).

Claudia; BASF Turk Kimya San. ve Tic.Ltd. $ti. tarafindan tescil ettirilmis, teknolojik 6zellikleri
bakimindan; lif inceligi 3,9-4,3 mic, mukavemet 32-34 g tex™, uzunluk 30-32 mm, uniformite % 85-88, SCI
150 ve uzeri, ¢irgir randimani: % 44-46, olgunlasma grubu orta-geg, koza biyukligl orta, tohum sayisi
12000 adet kg'l, makineli hasada uygun, kuraklik stresine toleransli, dékmeye karsi toleransli
(Anonymous, 2019h).

DP 332; Monsanto Gida ve Tarim Tic. Ltd. Sti. tarafindan tescil ettiriimis, teknolojik 6zellikleri
bakimindan; lif mukavemeti 35-39 g tex™, uzunluk 30-32 mm, cirgir randimani: % 44-46, olgunlasma
grubu orta erkenci, bitki boyu orta, bitki yapisi yari g¢ali-yayvan, yaprak tlyslz, koza buylk, koza yapisi
yuvarlak, tohum sayisi 11000 adet kg™, adaptasyon kabiliyeti iyi, hastaliga toleransli, makineli hasada
uygun, kuraklik stresine toleransl, dokmeye karsi toleransli, onerilen Uretim bdlgesi Adana Urfa
Diyarbakir Hatay Ege Antalya (Anonymous, 20191).

Hat KMA genotipi; Dogu Akdeniz Gegit Kusag! Tar. Arg. Enst. Mud. tarafindan i1slah ¢aligsmalari
yUruttlen ve tescil agsamasinda olan Gossypium hirsutum L. X Gossypium barbadense L. melezlenmesi
ile elde edilmis bir genotiptir.

Deneme yerinin dzellikleri
Deneme yil ve yeri

Calismada, meyve dallarinin lif teknolojik 6zelliklerinin ortaya konmasi adina ¢alismalar yapilmakla
birlikte, odun dallari ile ilgili unsurun da ilavesiyle; hem meyve ve hem de odun dallarindan alinan pamuk
liflerinin anilan dzellikleri belirlenmigtir. Materyal olarak ST 468, BA 119, DP 396, Candia, Claudia, DP
332 ve tirler arasi melezleme ile elde edilen (Gossypium hirsutum L. x Gossypium barbadense L.) ileri
hat melezi (Hat KMA) kullaniimigtir. Pamuk liflerinin lif verimlerine ait veriler Dogu Akdeniz Gegit Kusagi
Tar. Ars. Enst. Mid.'’nce tesadif bloklari deneme desenine goére dort tekerriirli olarak 2017 yilinda
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kurulan kurum deneme alanindan, lif kalite 6zelliklerine ait veriler ise Uster HVI ve Uster AFIS cihazlari
yardimiyla ISKUR Tekstil Laboratuvarindan elde edilmigtir.

Deneme yerinin toprak ozellikleri

Toprak Analizleri Dodu Akdeniz Gegit Kusagi Tar. Arg. Enst. Mud.’ne ait Toprak Analiz Lab.'’nda
yapilmistir. Deneme alani topragdi, pH 8.09 ile hafif alkali olup, organik maddece %1.23 ile az, % 19.45 ile
fazla kirecli, 45.95 kg da™ KO ile potasyum ve 18.00 kg da™ P,Os ile f osfor zenginligi olan ve tinli yapidadir.

Deneme yerinin iklim 6zellikleri

Kahramanmaras , cografi olarak Dogu Akdeniz Bolgesinde 27  11-38 36 kuzey paralelleri-36 15-
37 41 dodu meridyenleri arasinda yer alir. Rakim olarak 800 metreye kadar olan bdlgelerde Akdeniz
iklimi, daha yuksek seviyelerde ise karasal iklim 6zelliklerinin etkisi altindadir. Denemenin yarataldagu
2017 yilina ait olan ortalama sicaklik, toplam yagis degerleri Meteoroloji isleri il Midarlagi 2017 Yili
Raporlari’'na goére, 2017 yil Mayis ve Ekim aylari arasindaki sicaklik degerleri ile uzun yillar (1927-2017)
ortalamasi kargilagtirildiginda, Mayis (19.60 °C) ayinda uzun yillar ortalamasinin biraz altinda (-0.70 °C)
gerceklesirken, ekimi muteakiben Haziran (26.20 °C), Temmuz (30.90 °C), Agustos (29.80 °C), Eylil
(27.70 °C) aylarinda ve hasat igsleminin yapildigi Ekim (19.40 °C) aylarinda sicakhk uzun yillar (1927-
2017) ortalamasinin Uzerinde (sirasiyla 1.0, 2.5, 1.3, 2.5 ve 0.3 °C) gergeklesmistir. Yagis bakimindan
Mayis-Ekim aylari arasindaki uzun yillar ortalamasi olarak 105.40 mm toplam yagis dismesine karsilik
2017 yili Mayis-Ekim aylari arasinda toplam 151.00 mm yagis almistir. Yine uzun yillar ortalamasindan
45.60 mm daha fazla yagisin distigi 2017 yili Mayis-Ekim aylar arasinda Haziran (3.10 mm), Temmuz
(- mm), Agustos (- mm), Eylil (- mm), Ekim (42.90 mm) aylarinda yagis miktari uzun yillar ortalamasinin
Ustiinde (-18.80 mm) iken; Mayis (105 mm) ayinda ise yagis miktari uzun yillar ortalamasinin Ustinde
(64.40 mm) olmustur.

Metod
Deneme metodu

Tesaduf bloklari deneme desenine gore 4 tekerrirli olarak kurulan, parselleri 0.70 m x 12.00 m x 8
sira= 67.20 m?, her blokta 7 parsel ve bloklar arasi aralik ta 3.00 m; toplamda 2234.40 m?lik bir alana
sahip deneme alanindan incelenen o6zelliklere ait veriler alinmistir. Kurulmus olan denemede Dogu
Akdeniz Gegit Kusagi Tar. Ars. Enst. Mud. arastirma alaninda ayni midurlikten temin edilen genotiplere
(ST 468, BA 119, DP 396, Candia, Claudia, DP 332 ve Hat KMA (ileri hat melezi)) ait tohumluklar
kullanilmigtir. EKim oncesi toprak hazirhdi islemleri sonbaharda baslamig, sonbaharda ilk olarak derin
surim yapilmis ve toprak kisi bu sekilde gecirmistir. Nisan ayinda 2 defa diskaro ¢ekildi. Yagislardan
dolay tarla ylizeyinde yogunlasan yabanci ot miicadelesi i¢cin Ekimden 20 giin 6nce total herbisit
uygulamasi yapilmigtir. EkKimden hemen 6nce 1 defa diskaro, 2 defa tirmik ve 2 defa tapan ¢ekilmistir.
Deneme alanina; ekimle birlikte 6 kg da™ saf azot (N) ve 6 kg da™ saf fosfor (P,Os) gelecek sekilde
kompoze guibre (20-20-0) uygulamasi yapilmistir. Bélge kosullarina goére Nisan ayi igerisinde gergeklesen
ekim isleri bu yil yodun yadislardan dolayl gergeklestirilememigtir. 30.05.2017 tarihinde ekim
gerceklestiriimistir. Deneme alaninda c¢ikiglarin saglikh bir sekilde gergeklestigi gozlenmistir. 18.06.2017
tarihinde sira arasindaki yabanci otlarin yok edilmesi ve topradi havalandirmak icin frezeli gapa ve hemen
sonrasinda ise sira lUzerindeki yabaci ot miicadelesi icin el ¢capasi yapilmistir. Deneme alaninda ekimden
sonra cikiglarin saglikli bir sekilde oldugu gézlemlenmistir. Bitkilerin daha rahat bir gelisme alani bulmasi
icin 6-8 yaprakli déneme girdiginde seyreltme iglemi, 12-14 yaprakh donemde ise tekleme islemi
gerceklestiriimistir. Deneme alaninda topragi havalandirmak, kapilariteyi kirmak ve yabanci ot miicadelesi
yapmak amaciyla 2 defa elle ve 2 defa makine ile capalama yapilmigtir. Ekim ile birlikte verilen taban
gubresinin yani sira ust glbre olarak, birinci sulama 6ncesi dekara 6 kg saf azot icerecek Amonyum
Sulfat ile G¢tincl sulama o6ncesi dekara 6 kg saf azot olacak sekilde Ure gubresi uygulanmistir. Bitkide
yapilan fenolojik gézlemlere goére 7 kez sulama gergeklestiriimistir. Sulamalar karik yontemine gore
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gelistirilmis kontrolli musluklara sahip borular kullanilarak yapiimistir. Bu sayede tim kariklara ayni anda
ve esit miktarda su verilmistir. Ayrica ilk taraklanma baslangicinda yesil kurt micadelesi icin 200 g/L
Chlorantraniliprole etkili maddesi olan Coregan-20 SC adh insektisit kullaniimigtir. Hasat isleri 20 Eylul
2017 tarihinde yapilmistir.

Deneme ile ilgili bazi gérintiler asagida verilmigtir (Sekil 1&2).

e P 2, § R A ’ W,

Sekil 1. Deneme alanindan pamuk hasadi ve gozlemler.

Figure 1. Cotton harvest and observations from the trial area.

Sekil 2. Yag analiz cihazinda (sokshalet) ekstraksiyon islemi ve pamuk yagi érnekleri.

Figure 2. Extraction process and cottonseed oil samples in oil analyzer (soxhalet).

incelenen Ozellikler ve izlenen Yoéntemler

Calismada lif verimlerine ait veriler Dogu Akdeniz Gegit Kusagdi Tar. Ars. Enst. Mud.’nce kurulu
deneme {zerinden, lif kalite ézelliklerine ait veriler ise ISKUR Tekstil Laboratuvarindan elde edilmis
olmakla birlikte, ekim dncesi ve sonrasi yapilmis olan ¢alismalar asagida verilmistir.

Verim ile ilgili 6zelliklerden; lif verimi (kg da™) (lif verimi (kg da™), meyve dali lif verimi (kg da™),
odun dali lif verimi (kg da™), tohum verimi (kg da™), (tohum verimi (kg da®), meyve dali tohum verimi (kg
da™), odun dali tohum verimi (kg da™), protein orani (%), meyve dali protein orani (%), odun dali protein
orani (%), yag orani (%) meyve dah yagd orani (%), odun dah yagd orani (%) gibi incelenen 6zelliklere dair
veriler Kaya vd. (2011) ve Kaya vd. (2013) ve Anonymous (2022j)nin belirttigi yontem uyarinca
saptanmistir. Protein orani USKIM laboratuvarinda égiitiilen cigit érneklerinde Kjeldahl yéntemi ile azot
tayini analizi yapilip, 6lglilen azot ylzdesi degerleri daha sonra 6.25 katsayisi ile garpilip, her érnege ait
ham protein oraninin belirlenmesi seklinde hesaplanmistir.
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Verim ile ilgili incelenen 6zelliklerde, meyve ve odun dallarina ait toplam lif pamuk ve tohum verim
degerlerinin oranlari baz alinmistir. Lif Teknolojik Ozelliklerden érnek meyve ve odun dallarina ait
kozalardan elde edilen lifler kullaniimig ve bunlarin teknolojik Ozellikleri ise Uster HVI (High Volume
Instrument) cihazi ile yontemleri uyarinca belirlenmistir. Bu lif teknolojik 6zellikleri sunlardir; uzunluk
(mm), incelik (mic.), mukavemet (g/tex), Uniformite (%), egrilebilirlik indeksi (SCI), sarilik derecesi (+b),
parlaklik derecesi (% Rd), elastikiyet (%), kisa lif orani (SFI) (%). Neps miktari (adet/gram) ise Uster AFIS
cihazi ile belirlenmisgtir.

Sonuglarin istatistiksel Degerlendirilmesi

Yukarida belirtilen karakterlerin gézlem, tartim, olgcim ve sayimlari sonucu bulunan degerlerin
varyans analizleri tesaduf bloklari deneme deseninde SAS 9.1 paket programi kullanilarak yapilmistir.
Baz parsellerde bitki drneklerinde odun dali yok ise; ona ait veriler veri dosyasinda bos birakilmigtir.
Onemli bulunan farkliliklar ise Duncan ¢oklu kargilagtirma testine tabi tutulmustur.

ARASTIRMA BULGULARI VE TARTISMA

Farkh pamuk genotiplerinde; pamuk bitkisinin meyve ve odun dallarindan alinan pamuk liflerine ait lif
verim ve lif kalite 6zelliklerini belilemek amaciyla yapilan bu ¢alismada elde edilen sonuglar asagidadir.

Verim ile ilgili dzellikler

Lif verimi (kg da™)

Denemede kullanilan pamuk genotiplerinin bitki, meyve dali ve odun dali lif verimine ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 1 & 2’de verilmistir.

Cizelge 1. Pamuk genotiplerinde bitki, meyve ve odun dali lif verimi ve tohum verimine iligkin varyans analiz sonuglari

Table 1. Variance analysis results of plant, sympodial and monopodial branch fiber yield and seed yield in cotton genotypes and
Duncan groups formed

Varyasyon Kaynaklari SD LV MDLV OoDLV TV MDTV OoDTV
Cesit 6 5720.57 4268.35** 431.83 12673.90 8054.01** 948.25
Blok 3 58.83 77.34 75.65 174.27 465.02 196.10
Hata 18 510.88 242.52 163.57 791.34 278.11 340.40
Genel 27

LV: Lif Verimi (kg da-1), MDLV: Meyve Dali Lif Verimi (kg da-1), ODLV: Odun Dali Lif Verimi (kg da-1), TV: Tohum Verimi (kg da-
1), MDTV: Meyve Dali Tohum Verimi (kg da-1), ODTV: Odun Dali Tohum Verimi (kg da-1)

Cizelge 2. Pamuk genotiplerinde bitki, meyve ve odun dali lif verimi ve tohum verimine iligkin ortalama degerler ve olusan Duncan gruplari

Table 2. Average values of plant, sympodial and monopodial branch fiber yield and seed yield in cotton genotypes and Duncan
groups formed

Cesitior  Lif Verimi Meyve Dali Lif Odun Dali Lif  Tohum Verimi Meyve Dal Tohum Toohﬁ“r:]"\z;'i;ﬂ
(kg da™)** Verimi (kg da™)** Verimi (kg da™) (kg da™)** Verimi (kg da™)** (kg da’)*

ST 468 19852 ab 18129 a 18.32 263.78 b 236.67 b 26.01 ab
BA 119 198.55 ab 178.04 a 20.19 264.76 b 237.75 b 27.33 ab
DP 396 22556 a 19791 a 29.63 32227 a 275.86 a 44.42 a
Candia 142.88 cd 137.81 b 5.22 180.38 ¢ 172.76 ¢ 7.45 b
Claudia 11650 d 11148 ¢ 5.76 156.20 ¢ 146.79 d 8.68 b
DP 332 194.50 ab 193.45 a 1.03 246.03 b 24471 b 134 b
HatKMA  164.18 bc 14282 b 19.82 262.01 b 23321 b 30.34 ab
Ortalama _ 177.24 163.26 14.28 242.20 22111 20.79
cV (%) 12.75 9.54 89.54 11.61 7.54 88.73

(") P<0.01
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Lif verimine ve meyve dali lif verimine gore yapilan varyans analizinde genotipler arasindaki farkin
istatistiki olarak (P<0.01 duzeyinde) ¢ok énemli oldugu goérilmektedir. Karademir vd. (2017) da genotipler
arasinda lif verimi bakimindan istatistiki olarak énemli farkliliklar bulmustur. Kutli pamuk veriminin
genotiplere goére degistigi gorilmektedir, bu durum denemelerde kullanilan c¢esitlerin farkh genetik
yapilarindan kaynaklanmis olabilir. Odun dal lif verimine gbére yapilan varyans analizinde genotipler
arasindaki farkin istatistiki olarak (P>0.05 diizeyinde) 6nemsiz oldugu goértlmektedir.

Cizelge 2'de géruldugua uzere lif verimi 116.50 kg da™ ile 225.56 (kg da'l) arasinda degismistir ve
en yuksek lif verimine 225.56 kg da™ ile DP 396 cesidi sahip olurken, en diisiik lif verimi 116.50 kg da™* ile
Claudia cesidinden elde edilmistir. Bu sonuglar, Karademir vd. (2015), Karademir vd. (2017) bulgulariyla
uyum icerisindedir. Meyve dal lif verimi 111.42 kg da™ ile 197.91 kg da™* arasinda degismistir ve en
yiksek meyve dal lif verimine DP 396, DP 332, ST 468, ve BA 119 (sirasiyla 197.91 kg da”, 193.45 kg
da™, 181.29 kg da™ ve 178.04 kg da™) cesitleri sahip olurken, en diisiik meyve dali lif verimi 111.48 kg da’
' ile Claudia cesidinden elde edilmistir. Odun dali lif verimi 1.03 kg da™ ile 29.63 kg da™ arasinda
degismistir ve en yiksek odun dali lif verimine 29.63 kg da™ ile DP 396 sahip olurken, en dusik verim
1.03 kg da™ile DP 332 cesidinden elde edilmistir, Candia ve Claudia cesitleri ile arasinda istatistiki olarak
fark bulunmamistir.

Tohum verimi (kg da'l)

Denemede kullanilan pamuk genotiplerinin bitki, meyve dali ve odun dali tohum verimine ait
varyans analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 1 & 2'de verilmistir.

Tohum verimi ve meyve dali tohum verimine gdre yapilan varyans analizinde genotipler arasindaki
farkin istatistiki olarak (P<0.01 diizeyinde) ¢ok 6nemli oldugu gorilmektedir. Odun dali tohum verimine
gbre yapilan varyans analizinde genotipler arasindaki farkin istatistiki olarak (P<0.05 dlzeyinde) oldugu
gorulmektedir.

Cizelge 2'de goruldigu tzere tohum verimi 156.20 kg da’ile 322.27 kg da™’ arasinda degismistir ve
en yiiksek tohum verimine 322.27 kg da™ ileDP 396 cesidi sahip olurken, en diisiik tohum verimi ile 156.20
kg da™ Claudia gesidinden elde edilmistir, Candia gesidi ile arasinda istatistiki olarak fark bulunmamistr.
Meyve dali tohum verimi 146.79 kg da™ ile 275.86 kg da™ arasinda degismistir ve en yiiksek tohum
verimine 275.86 kg da™ ile DP 396 ¢esidi sahip olurken, en dustk tohum verimi 146.79 kg da™ ile Claudia
¢esidinden elde edilmistir. Odun dal tohum verimi 1.34 kg da’ile 44.42 kg da’ arasinda degismistir ve en
yiksek tohum verimine 44.42 kg da™ ile DP 396 cesidi sahip olurken, en diisiik tohum verimi DP 332,
Candia ve Claudia (1.34 kg da®, 7.75 kg da've 8.68 kg da'l,) cesiditlerinden elde edilmistir.

Protein orani (%)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dal protein oranina ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 3 & 4'te verilmistir.

Meyve dali protein orani ve Odun dali protein oranina gére yapilan varyans analizinde genotipler
arasindaki farkin istatistiki olarak (P<0.01 diizeyinde) ¢ok énemli oldugu gorilmektedir.

Cizelge 4'te goruldugu Gzere, meyve dall protein orani % 16.52 ile 24.66 arasinda degismistir ve en
yiuksek meyve dal protein oranina %24.66 ileBA 119 cesidi sahip olurken, ST 468 cesidi ile arasinda
istatistiki olarak fark bulunmamistir. En dislk orana %16.52 ile Claudia ¢esidi sahip olurken, Candia gesidi
ile arasinda istatistiki olarak fark bulunmamistir. Odun dali protein orani % 19.43 ile 25.41 arasinda
degismistir ve en yiksek odun dali protein orani %25.44 ile BA 119 gesidinden elde edilirken, ST 468 c¢esidi
ile arasinda istatistiki olarak fark bulunmamistir. En disuk protein oranina %19.43 ile Candia c¢esidi sahip
olurken, Claudia, DP 332, DP 396 ve Hat KMA genotipleri ile arasinda istatistiki olarak fark bulunmamistir.
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Cizelge 3. Pamuk genotiplerinin meyve dali ve odun dali protein orani, yag orani ve lif uzunluguna iligskin varyans analiz sonuglari

Table 3. Variance analysis results of sympodial branch and monopodial branch protein ratio, oil ratio and fiber length of cotton
genotypes and Duncan groups formed

Varyasyon Kaynaklari SD MDPO ODPO MDYO OoDYO MDLU oDLU
Cesit 6 38.25** 20.69** 16.99* 6.51 9.92** 6.59**
Blok 3 1.77 2.38 8.96 4.96 0.18 0.55
Hata 18 1.09 1.64 3.63 3.63 0.45 0.02
Genel 27

MDPO: Meyve dali protein orani (%), ODPO: Odun dali protein orani (%), MDYO: Meyve dali yag orani (%), ODYO: Odun dal
yag orani (%), MDLU: Meyve dali lif uzunlugu (mm), ODLU: Odun dali lif uzunlugu (mm)

Cizelge 4. Pamuk genotiplerinin meyve dali ve odun dal protein orani, yad orani ve lif uzunluguna iliskin ortalama degerler ve
olusan Duncan gruplar

Table 4. Average values of sympodial branch and monopodial branch protein ratio, oil ratio and fiber length of cotton genotypes and
Duncan groups formed

Gesitler Meyve dali protein Odun dali protein Meyve dali yag Odun dali yag Meyv? dabl lif Odur} dal lif
orani (%)** orani (%)** orani (%)** orani (%) uzunlugu (mm)**  uzunlugu (mm)**
ST 468 23.29 a 2457 a 21.75 a 19.30 26.82 d 2752 c
BA 119 24.66 a 2541 a 21.07 a 20.31 27.24 cd 27.83 b
DP 396 19.21 b 20.82 b 18.07 b 18.54 28.11 bc 28.05 b
Candia 16.55 ¢ 19.43 b 21.47 a 18.60 29.09 b oy
Claudia 16.52 ¢ 20.44 b 16.85 b 16.47 29.06 b oy
DP 332 20.46 b 20.71 b 2233 a 19.15 27.47 cd oy
Hat KMA 19.84 b 2092 b 20.96 a 20.10 3143 a 30.69 a
Ortalama 20.08 21.76 20.36 18.92 28.46 28.44"
CV (%) 5.20 5.90 9.36 13.52 2.37 0.46

(**) P<0.01, (*) P<0.05, dy: yetersiz koza numunesinden dolayi élgiim yapilamadi. *: Olclim yapilan degderlerin ortalamalari alinmistir.
Yag orani (%)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali yagd oranina ait varyans analiz
sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 3 & 4'te verilmigtir.

Meyve dali yag oranina goére yapilan varyans analizinde genotipler arasindaki farkin istatistiki
olarak (P<0.01 diizeyinde) ¢ok 6nemli oldugu gorilmektedir. Odun dali yad oranina gére yapilan varyans
analizinde genotipler arasindaki farkin diizeyinde istatistiki olarak 6nemsiz oldugu gérilmektedir.

Cizelge 4'te goruldugu Gzere, meyve dal yag orani %16.85 ile %22.33 arasinda degismistir ve en
yuksek meyve dali yag oranina %22.33 ile DP 332 gesidi sahip olurken ST 468, Candia, BA 119 ve Hat
KMA genotipleri ile arasinda istatistiki olarak fark bulunmamigtir. En disik meyve dali yag oranina
%18.07 ile DP 396 cesidi sahip olmustur, Claudia ¢esidi ile arasinda istatistiki olarak fark bulunmamistir.
Odun dali yag orani % 16.47 ile 20.31 arasinda degismistir.

Lif teknolojik 6zellikleri

Lif uzunlugu, lif inceligi, lif mukavemeti, liz Gniformitesi, egrilebilirlik indeksi, sarilik derecesi,
parlaklik derecesi, lif elastikiyeti ve kisa lif orani gibi teknolojik 6zelliklerinin genotiplere gére degistigi
gorulmektedir, bu durum denemelerde kullanilan cesitlerin farkli genetik yapilarindan kaynaklanmis
olabilir. Oz & Evcim (2002) de lifin diger teknolojik 6zellikleri olan lif uzunlugu, uzunluk Gniformitesi, lif
mukavemeti ve lif inceligi degerlerinin gesit 6zelliklerine bagh olarak farkli degerler aldigini, s6z konusu
ozelliklerin daha ¢ok gevresel kosullardan etkilendiklerini bildirmektedirler.
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Lif uzunlugu (mm)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dal lif uzunluguna ait varyans
analiz sonuclari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 3 & 4’te verilmigtir.

Meyve dali lif uzunluguna ve odun dal lif uzunluguna goére yapilan varyans analizinde genotipler
arasindaki farkin P<0.01 dizeyinde istatistiki olarak ¢ok 6nemli oldugu gorilmektedir. Bozdogan vd.
(2009), Karademir vd. (2015), Kaka¢ (2018) ve Giines (1996) da genotipler arasinda lif uzunlugu
bakimindan istatistiki olarak énemli farkhliklar bulmustur.

Cizelge 4'te goruldugl tzere meyve dalh lif uzunlugu 26.82 mm ile 31.43 mm arasinda degismistir
ve en yiksek lif uzunluguna Hat KMA genotipi sahip olurken, en disuk lif uzunlugu ST 468 cesidinden
elde edilmigtir. Odun dali lif uzunlugu 27.52 mm ile 30.69 mm arasinda degismistir ve en yuksek Iif
uzunluguna Hat KMA genotipi sahip olurken, en disuk lif uzunlugu ST 468 c¢esidinden elde edilmistir.
Tespit edilen lif uzunluklari, Gines (1996), Bozdogan vd. (2009), Karademir vd. (2015, 2017), Yildiz &
Haliloglu (2017) ve Kakag (2018)'in tespitleri ile de uyum icerisindedir.

Lif inceligi (mic.)
Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dal lif inceligine ait varyans analiz

sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 5 & 6'da verilmigtir.

Cizelge 5. Pamuk genotiplerinde meyve dali ve odun dali lif inceligi, lif mukavemeti ve lif Gniformitesine iligkin varyans analiz sonuglar

Table 5. Variance analysis results of sympodial branch and monopodial branch fiber fineness, fiber strength and fiber uniformity in
cotton genotypes and Duncan groups formed

Varyasyon Kaynaklari SD  MDLI oDLI MDLM ODLM MDLU OoDLU
Cesit 6  3.95% 4.80** 46.56** 31.20%* 1.61* 1.72
Blok 3 030 0.07 8.42 1.11 1.23 0.55
Hata 18 023 0.04 4.20 0.69 0.48 1.11
Genel 27

MDLI: Meyve dali lif inceligi (mic.), ODLI: Odun dali lif inceligi (mic.), MDLM: Meyve dali lif mukavemeti (g tex-1), ODLM: Odun dali
lif mukavemeti (g tex-1), MDLU: Meyve dali lif Giniformitesi (%) MDLU:Odun dal lif Giniformitesi (%)

Cizelge 6. Pamuk genotiplerinde meyve dali ve odun dali lif inceligi, lif mukavemeti ve lif Gniformitesine iliskin ortalama degerler ve
olusan Duncan gruplari

Table 6. Average values of sympodial branch and monopodial branch fiber fineness, fiber strength and fiber uniformity in cotton
genotypes and Duncan groups formed

Gesitler _Mey_\((_a da_ll lif ) 0dL_|[1_ dal_l lif Meyve _dall lif . Odun c_lall lif . ) l\_lleyve_ dal_l lif ) C_)dun _dall_lif
inceligi (mic.)** inceligi (mic.)* Mukavemeti (g tex™)** mukavemeti (g tex™)** Uniformitesi (%)* uniformitesi (%)
ST 468 252c 244 c 3750 b 39.20 a 83.55 b 83.20
BA 119 4.75 ab 477 a 33.22 ¢ 33.82¢ 8297 b 82.75
DP 396 257c 252c 42.55 a 40.27 a 84.97 a 84.15
Candia 414 b oy 38.40 b oy 84.12 ab oy
Claudia 423 b oy 36.65 b oy 83.72 b oy
DP 332 5.01a oy 32.27 ¢ oy 83.42 b oy
Hat KMA 4.30 ab 401b 3750 b 37.27b 84.00 ab 82.70
Ortalama 3.93 3.47 36.87 37.56" 83.82 83.23"
CV (%) 12.13 5.95 5.56 221 0.83 1.27

(**) P<0.01, (*) P<0.05, dy: yetersiz koza numunesinden dolayi élgim yapilamadi.  Olgtim yapilan degerlerin ortalamalari alinmistir.

173



Kaya & Karayagli

Meyve dal lif inceligine ve odun dal lif inceligine gore yapilan varyans analizinde genotipler
arasindaki farkin istatistiki olarak (P<0.01 diizeyinde) ¢ok dnemli oldugu gorilmektedir. Lif inceligine dair
bulunan sonuglar, Bozdogan vd. (2009), Karademir vd. (2015), Karademir vd. (2017), Yildiz & Haliloglu
(2017) ve Gunes (1996) bulgulariyla da uyum icerisindedir.

Cizelge 6'da goruldugu tUzere meyve dal lif inceligi 2.52 mic. ile 5.01 mic. arasinda degismistir ve
en yuksek lif inceligine 5.01 mic. ile DP 332 c¢esidi sahip olurken, en disuk lif inceligi ST 468 (2.52 mic.)
ve DP 396 (2.57 mic.) gesitlerinden elde edilmistir. Odun dali lif incelidi 2.44 mic. ile 4.77 mic. arasinda
degismistir ve en yiksek lif inceligine 4.77 mic. ile BA 119 ¢esidi sahip olurken, en disuk lif inceligi ST
468 (2.44 mic.) ve DP 396 (2.52 mic.) gesitlerinden elde edilmistir.

Lif inceligi 6zellikle ST 468 c¢esidinde ¢ok dusuk ¢ikmistir. Ancak tim numuneler ayni sartlar altinda
teknolojik analize tabi tutulmustur. Numune azli§i bazen inceligin disik olmasina neden olabilir. Zaten
genele bakildiginda, G¢ cesidin odun dali lif incelikleri yetersiz koza numunesinden dolayr 6lcim
yapilamamis, yapilanlarin gogunda da meyve dalindan elde edilenlerden daha disik ¢ikmistir

Lif mukavemeti (g tex'l)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali lif mukavemetine ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 5 & 6'da verilmistir.

Meyve dali lif mukavemetine ve odun dali lif mukavemetine gére yapilan varyans analizinde
genotipler arasindaki farkin istatistiki olarak (P<0.01 diizeyinde) cok énemli oldugu gorilmektedir.

Cizelge 6'da goriildiigii lizere meyve dali lif mukavemeti 32.27 g tex” ile 42.55 g tex™ arasinda
degismistir ve en yiksek lif mukavemetine 42.55 g tex ile DP 396 cesidi sahip olurken, en disik lif
mukavemeti BA 119 (33.22 g tex!) ve DP 332 (32.27 g tex™) gesitlerinden elde edilmistir. Odun dali lif
mukavemeti 33.82 g tex™ ile 40.27 g tex™ arasinda degismistir ve en yiiksek lif mukavemetine 39.20 g
tex' ile ST 468 ve 40.27 g tex ile DP 396 gesitleri sahip olurken, en dusiik lif mukavemeti 33.82 g tex™
ile BA 119 ¢esidinden elde edilmistir.

Lif uniformitesi (%)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali lif Uniformitesine ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 5 & 6’da verilmistir.

Meyve dali lif Uniformitesine gbre yapilan varyans analizinde genotipler arasindaki farkin istatistiki
olarak (P<0.05 dizeyinde) 6nemli oldugu goérulmektedir. Odun dali lif Gniformitesine goére yapilan varyans
analizinde genotipler arasindaki farkin istatistiki olarak (P>0.05 dizeyinde) 6nemsiz oldugu goértlmektedir.

Cizelge 6'da goruldugu Gzere meyve dal lif Gniformitesi %82.97 ile %84.97 arasinda degismistir ve
en yuksek lif Uniformitesine %84.97 ile DP 396 c¢esidi sahip olurken, en dusuk lif Gniformitesi %82.97 ile
BA 119 gesidinden elde edilmistir, DP 332, ST 468 ve Claudia cesitleri ile arasinda istatistiki olarak fark
bulunmamistir. Odun dal lif Gniformitesi %82.70 ile %84.15 arasinda degismistir.

Egrilebilirlik indeksi (SCI)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali egrilebilirlik indeksine ait
ortalama degerleri ile olusan Duncan gruplari Cizelge 7 & 8'de verilmistir.

Meyve dal egrilebilirlik indeksine ve odun dali egrilebilirlik indeksine gbre goére yapilan varyans
analizinde genotipler arasindaki farkin istatistiki olarak (P<0.01 diizeyinde) ¢ok dnemli oldugu goérilmektedir.

Cizelge 8’de goruldugu tzere meyve dall egrilebilirlik indeksi 135.25 ile 195.00 arasinda degismistir
ve en yuksek indekse DP 396 c¢esidi sahip olurken, en disuk indeks DP 332 gesidinden elde edilmis, BA
119 cesidi ile arasinda istatistiki olarak fark bulunmamistir. Odun dal egrilebilirlik indeksi 138.00 ile
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185.00 arasinda degismistir ve en yiksek indekse 185.00 ile DP 396 cesidi sahip olurken ST 468 cesidi
ile arasinda istatistiki olarak fark bulunmamistir. En disik indeks BA 119 gesidinden elde edilmistir.

Cizelge 7. Pamuk genotiplerinde meyve dali ve odun dali egrilebilirlik indeksi, sarilik derecesi ve parlaklik derecesine iligkin varyans
analiz sonuglari

Table 7. Variance analysis results of sympodial branch and monopodial branch spinning consistency index, yellowness degree,
reflectance degree in cotton genotypes and Duncan groups formed

Varyasyon Kaynaklari SD MDEI ODEI MDSD ODSD MDPD ODPD
Cesit 6  1765.75** 1676.25** 2.80** 1.86** 15.08** 1.87
Blok 3 203.27 11.31 022 0.00 0.39 2.00
Hata 18  154.50 6153 025 021 276  3.60
Genel 27

MDEI: Meyve dali egrilebilirlik indeksi, ODEI: Odun dali egrilebilirlik indeksi, MDSD: Meyve dal sarilik derecesi (+b), ODSD: Odun
dali sarihk derecesi (+b), MDPD: Meyve dali parlaklik derecesi (Rd), ODPD: Odun dali parlaklik derecesi (Rd).

Cizelge 8. Pamuk genotiplerinde meyve dali ve odun dal egrilebilirlik indeksi, sariik derecesi ve parlaklik derecesine iligkin
ortalama degerler ve olusan Duncan gruplari

Table 8. Average values of sympodial branch and monopodial branch spinning consistency index, yellowness degree, reflectance
degree in cotton genotypes and Duncan groups formed

Cesitler o ng\{e _dall . Odun Qah egrilebilirlik Meyve da_h sarihlk  Odun da!| sarilk  Meyve dal! parlakhik  Odun dali parlakllk
egrilebilirlik indeksi** indeksi** derecesi (+b)**  derecesi (+b)** derecesi (Rd)** derecesi (Rd)

ST 468 17150 b 177.00 a 10.12 a 10.40 a 75.68 ¢ 76.07

BA 119 136.00 ¢ 138.00 ¢ 10.15 a 10.10 ab 75.62 ¢ 75.92

DP 396 195.00 a 185.00 a 8.82 bc 8.80 c 77.07 bc 77.02
Candia 169.00 b oy 8.15¢c oy 81.27 a oy
Claudia 159.00 b oy 8.32¢c oy 78.47 b oy

DP 332 13525 ¢ oy 9.85 a oy 77.92 be oy
Hat KMA 166.50 b 166.50 b 9.37 ab 9.40 bc 77.00 bc 75.27
Ortalama 161.75 164.43" 9.26 9.64" 77.58 76.13"

CV (%) 7.68 4.77 5.45 4.81 2.14 2.49

(**) P<0.01, 8y: yetersiz koza numunesinden dolay! 6lgiim yapilamadi. *: Olgiim yapilan degerlerin ortalamalari alinmistir.
Sarilik derecesi (+b)

Denemede kullanilan pamuk genotiplerinin meyve dall ve odun dali sarilik derecesine ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 7 & 8'de verilmistir.

Meyve dali sarilik derecesine ve odun dall sarilik derecesine gore yapilan varyans analizinde
genotipler arasindaki farkin istatistiki olarak (P<0.01 diizeyinde) ¢ok énemli oldugu gorilmektedir.

Cizelge 8'de gorlildugu tUzere meyve dal sarilik derecesi 8.15 ile 10.15 arasinda deg@ismistir ve en
yuksek sarilik derecesine 10.15 ile BA 119 gesidi sahip olurken, ST 468 ve Hat KMA genotipleri ile arasinda
istatistiki olarak fark bulunmamistir. En dislk sarilik derecesi Candia (8.15) ve Claudia (8.32) ¢esitlerinden
elde edilmigtir. Odun dali sarilik derecesi 8.80 ile 10.40 arasinda degismistir ve en ylksek sarilik derecesine
ST 468 ¢esidi sahip olurken, en distk sarilik derecesi DP 396 ¢esidinden elde edilmistir.

Parlaklik derecesi (Rd)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali parlaklik derecesine ait
varyans analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 7 & 8'de verilmigtir.

Meyve dali parlaklik derecesine gore yapilan varyans analizinde genotipler arasindaki farkin istatistiki
olarak (P<0.01 dizeyinde) ¢ok 6nemli oldugu goriimektedir. Odun dal parlaklik derecesine gore yapilan
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varyans analizinde genotipler arasindaki farkin istatistiki olarak (P>0.05 dlzeyinde) 6nemsiz oldugu
gorulmektedir.

Cizelge 8'de goruldugu Uzere meyve dall parlaklik derecesi 75.62 ile 81.27 arasinda degismistir ve
en yuksek sarilik derecesine Candia sahip olurken, en dislk parlaklik derecesi ST 468 (75.68) ve BA
119 (75.62) gesitlerinden elde edilmistir. Odun dali parlaklik derecesi 75.27 ile 77.02 arasinda degismistir.

Lif elastikiyeti (kopma uzamasi) (%)

Denemede kullanilan pamuk genotiplerinin meyve dali lif elastikiyetine ait varyans analiz sonuglari
ve ortalama degerleri ile olusan Duncan gruplari Cizelge 9 & 10'da verilmisgtir.

Cizelge 9. Pamuk genotiplerinde meyve dali ve odun dali lif elastikiyeti, kisa lif orani ve neps miktarina iliskin varyans analiz
sonuglar

Table 9. Variance analysis results of sympodial branch and monopodial branch fiber elongation, short fiber index and neps content
in cotton genotypes and Duncan groups formed

Varyasyon Kaynaklan SD MDLE ODLE MDKLO ODKLO MDNM ODNM

Cesit 6 1.88** 1.25* 4.12* 1.05 1392.45 9786.26**
Blok 3 0.15 0.08 0.15 0.24 1199.00 873.15
Hata 18 0.22 0.17 1.12 1.17 74417 779.28
Genel 27

MDLE: Meyve dali lif elastikiyeti (%), ODLE: Odun dal lif elastikiyeti (%), MDKLO: Meyve dal kisa lif orani (%), ODKLO: Odun dali
kisa lif orani (%), MDNM: Meyve dali neps miktari (adet/g) ODNM: Odun dali neps miktari (adet/g)

Meyve dali lif elastikiyetine gore yapilan varyans analizinde genotipler arasindaki farkin istatistiki
olarak (P<0.01 dizeyinde) ¢ok onemli oldugu goérilmektedir. Odun dal lif elastikiyetine gére yapilan
varyans analizinde genotipler arasindaki farkin istatistiki olarak (P<0.05 diizeyinde) onemli oldugu
gorulmektedir.

Cizelge 10'da goruldugu Uzere meyve dali lif elastikiyeti 6.12 ile 8.22 arasinda degismistir ve en
ylksek elastikiyete DP 332 sahip olurken, en dusuk elastikiyet Hat KMA genotipinden elde edilmigtir.
Odun dali lif elastikiyeti 6.57 ile 7.90 arasinda degismistir ve en yliksek elastikiyete ST 468 sahip olurken,
en duslk elastikiyet Hat KMA genotipinden elde edilmistir.

Cizelge 10. Pamuk genotiplerinde meyve dali ve odun dal lif elastikiyeti, kisa lif orani ve neps miktarina iliskin ortalama degerler ve
olusan Duncan gruplar

Table 10. Average values of sympodial branch and monopodial branch fiber elongation, short fiber index and neps content in
cotton genotypes and Duncan groups formed

Gesitler Meyv_e dz_lll lif Odl_m da_ll lif ngve dal kisa Oc.iun dah kisa Me.yve dali neps Qdun dali neps
elastikiyeti (%)** elastikiyeti (%)* lif orani (%)* lif orani (%) miktari (adet/g) miktari (adet/g)**

ST 468 7.50 abc 7.90 a 8.95a 8.73 78.25 58.00 b

BA 119 8.07 ab 7.75 ab 8.92 a 8.77 92.25 7450 b

DP 396 7.37 bc 7.05 bc 6.90 bc 8.42 72.25 83.25b

Candia 7.17 c oy 7.50 abc oy 74.00 oy

Claudia 7.35 bc oy 8.27 ab oy 58.50 oy

DP 332 8.22 a oy 8.60 a oy 111.00 oy

Hat KMA 6.12d 6.57 c 6.40 c 7.53 103.25 182.67 a

Ortalama 7.40 7.33 7.93 8.40" 84.21 96.64"

CV (%) 6.29 5.63 13.33 12.89 32.39 28.88

(**) P<0.01, (*) P<0.05, dy: yetersiz koza numunesinden dolayi élgiim yapilamadi. *: Olclim yapilan degderlerin ortalamalari alinmistir.
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Kisa lif orani (%)

Denemede kullanilan pamuk genotiplerinin meyve dali ve odun dali kisa lif oranina ait varyans
analiz sonuglari ve ortalama degerleri ile olusan Duncan gruplari Cizelge 9 & 10'da verilmigtir.

Meyve dali parlaklik derecesine gore yapilan varyans analizinde genotipler arasindaki farkin
istatistiki olarak (P<0.05 dizeyinde) énemli oldugu goérilmektedir. Odun dali parlaklik derecesine gore
yapilan varyans analizinde genotipler arasindaki farkin istatistiki olarak (P>0.05 dizeyinde) 6nemsiz
oldugu gorulmektedir.

Cizelge 10’da goruldugu tzere meyve dal kisa lif orani %6.40 ile %8.95 arasinda degismistir ve en
yuksek kisa lif oranina %8.95 ile ST 468 ¢esidi sahip olurken, BA 119 ve DP 332 cesitleri ile arasinda
istatistiki olarak fark bulunmamistir. En dusuk kisa lif orani %6.40 ile Hat KMA genotipinden elde
edilmistir. Odun dal kisa lif orani ise 7.53 ile 8.77 arasinda degismistir.

Neps miktari (adet/g)

Denemede kullanilan pamuk genotiplerinin meyve dali neps miktarina ait varyans analiz sonuglari
ve ortalama degerleri ile olugsan Duncan gruplari Cizelge 9 & 10'da verilmistir.

Meyve dali neps miktarina gére yapilan varyans analizinde genotipler arasindaki farkin istatistiki olarak
(P>0.05 dizeyinde) 6nemsiz oldugu goérilmektedir. Odun dali neps miktarina gére yapilan varyans
analizinde genotipler arasindaki farkin istatistiki olarak (P<0.01 dlizeyinde) ¢ok énemli oldugu goriimektedir.

Cizelge 10'da gorildigu tzere meyve dali neps orani 58.50 adet/g ile 111.00 adet/g arasinda
degismistir. Odun dali neps orani 58.00 adet/g ile 182.67 adet/g arasinda deg@ismistir ve en yiksek neps
oranina 111.00 adet/g ile Hat KMA genotipi sahip olurken, en disik neps miktari 58.00 adet/g ile ST 468
cesidinden elde edilmistir, BA 119 ve DP 396 58.00 cesitleri ile arasinda istatistiki olarak fark bulunmamistir.

SONUC

Bu calisma, Kahramanmaras bdlgesinde yetistirilen 7 farkli pamuk genotipinde meyve ve odun
dallarindan alinan pamuk liflerine ait lif verim ve lif kalite 6zelliklerinin belirlenmesi amaciyla yuritilmastar.
Denemede genotiplere ait; lif verimi, tohum verimi, protein orani ile protein verimi, yagd orani ile yag verimi, lif
teknolojik 6zelliklerinden uzunluk, incelik, mukavemet, Uniformite, egrilebilirlik indeksi, sarilik derecesi,
parlaklik derecesi, lif elastikiyeti ile kisa lif orani ve neps miktari gibi 6zellikler incelenmisgtir.

Bitiin genotiplerde fenotipik ve genotipik 6zellikler birbirinden farkl oldugu igin yetistirildigi iklim ile
cevre kosullarina tepkiler farkh olmustur. Bu ylizden genotiplere ait incelenen 6zelliklerden 9'u (lif verimi,
odun dali lif verimi, tohum verimi, odun dali tohum verimi, odun dahl yag orani, odun dal lif Gniformitesi,
odun dal parlaklik derecesi, odun dal kisa lif orani, meyve dali neps miktari) disindaki 30 6zellik
arasindaki farklar istatistiki olarak énemli bulunmustur.

Genotiplerde toplamda bitki, meyve dali, ve odun dallarina ait incelenen o6zelliklerin ortalama
degerleri ve bunlarin katki ve kiyaslama dagilimi agagidaki gibidir:

177.24 kg da™lik ortalama lif verimine, meyve dali lif veriminin (163.26 kg da™) katkisi % 92.11
olarak gergeklesirken, odun dali lif veriminin (14.28 kg da™) katkisi % 7.89 olarak gergeklesmistir.

Tohum verimine (242.20 kg da™) meyve dali tohum veriminin (221.11 kg da™) katkisi % 91.30
olurken odun dali tohum veriminin (20.79 kg da™) katkisi % 8.70 olarak tespit edilmistir.

Meyve dal protein orani % 20.08, odun dal protein orani ise % 21.76 olarak bulunmustur.

Meyve dali yag orani % 20.36 olarak tespit edilirken, odun dali yag orani ise % 18.92 olarak
bulunmustur.
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Meyve dali lif uzunlugu 28.46 mm, odun dali lif uzunlugu ise 28.44 mm olarak tespit edilmistir.
Meyve dali lif inceligi 3.93 mic. olurken, odun dali lif inceligi 3.47 mic. olmustur.

Meyve dali lif mukavemeti 36.87 g tex! olarak tespit edilmisken, odun dali lif mukavemeti ise 37.56
g tex" olarak bulunmustur.

Meyve dal lif Gniformitesi % 83.82 iken, odun dali lif Gniformitesi % 83.23 olarak bulunmustur.
Meyve dali egdrilebilirlik indeksi 161.75, odun dali egrilebilirlik indeksi 164.43 olarak tespit edilmistir.

Meyve dali parlaklik ve sarilik derecesi sirasi ile 9.26, 77.58 olarak bulunurken, odun dal parlakhk
ve sarilik derecesi ise sirasi ile 9.64, 76.13 olarak tespit edilmistir.

Meyve dal lif elastikiyeti % 7.40, odun dali lif elastikiyeti ise % 7.33 olmustur.
Kisa lif oranlari meyve dalinda % 7.93, odun dalinda ise %8.40 olarak tespit edilmistir.
Neps miktari meyve dalinda 84.21 adet/g, odun dalinda ise 96.64 adet/g olarak bulunmustur.

Yuralen bu arastirma tek yillik bir galisma olup, denemelerden daha guvenilir sonug alabilmek ve
saglikli  6nerilerde bulunabilmek igin benzer c¢alismalarin tekrarlanmasinda fayda vardir. lIslah
calismalarinda lif verimine ve teknolojik degerlere olumlu etkide bulunabilecek pamuk bitkisinin her bir
organi ve bunlara ait degerleri ve lif teknolojik 6zellikleri izerinde kiyaslamalarin yapilmasi elzemdir.

Yapilan tek yillik arastirma sonucuna gére odun dalina ait lif verimi ve tohum verimleri ile diger bazi
kalite 6zelliklerinin, toplamda bitkiye ait degderlerle kiyaslandijinda kayda deger bir etkisi olmamisg, ancak
odun dali sayisi en yiksek olan Hat KMA, ST 468, BA 119 ve DP 396 genotiplerinin lif verimi degerleri
ylUksek bulunmustur. Ozellikle odun dali yiiksek olan bu genotiplerin ortalama lif verimi degerlerinde de
meyve dalinin katkisi % 88.84 olmustur, dolayisiyla verimle ilgili 1slah ¢alismalarinda makineli hasada
uygunluk da gbéz 6nlne alinarak odun dalini azaltmaya, meyve dalini artirmaya yonelik arastirmalarin
yapllabilecegi teyit edilmistir.

TESEKKUR

Bu galisma, Kahramanmaras Siitcii imam Universitesi'ne ait BAP Koordinasyon Birimi tarafindan
“2018/7-17 YLS” nolu proje ile desteklenmistir.
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oz

Onemli bir katabolik olay olan otofaji bitkilerin gelisim siireclerinde ve
biyotik/abiyotik ~ strese  verdigi tepki sonucunda istenmeyen/hasarli
yapilarin/molekillerin sitoplazmik icerikle beraber vakuollerin igine alinarak litik
enzimlerle pargalanmasi ve nihayet sitoplazmanin tasfiyesiyle hiicre o6limu
olayidir. Otofaji konukcu-patojen interaksiyonlarinda bitki immdnitesinin
dizenlenmesinde bircok 6nemli role sahiptir. Patojen organizmalarin yagam
stratejilerine gore bitkilerde otofaji yoluyla hipersensitif reaksiyon (HR) olimleri
ya baskilanmakta ya da tesvik edilmektedir. Aslinda otofaji bitki hucrelerinin
biyotik faktdrlere karsi kendini korumak ve homeostazi stabil tutmak amaciyla
patojenleri veya patojene ait yapilari ortadan kaldirmak suretiyle yeni bir
adaptasyon yolu olarak da dusunulebilir. HR hicre o6luimlerinde otofajinin
molekiler mekanizmasi kesin olarak bilinmese de, otofajiye dahil olan proteolitik
enzimlerin HR hiicre o6lumlerini desteklemesi nedeniyle, bitki ETI (Effector-
Triggered Immunity) immun sistemin bilesenlerinden olan HR programli hiicre
0lum kapsaminda ele alinmaktadir. Otofaji bitki immunitesinde anti-patojenik
yeni bir sistem olmaya aday dogal bir hiicresel prosestir. Yeni ¢alismalar, bitki
immunitesinde HR-PCD (HR-Programmed Cell Death) sirecinde hicre
yikiminin otofajiyle baglantili oldugunu dusundirmektedir. Bu derleme otofajik
sistem aginin bitki immunitesiyle koreleli oldugunu drneklerle agiklamaktadir.

ABSTRACT

Autophagy, a major catabolic reaction, is cell death by lysis of undesirable/
damaged structures/molecules with some cytoplasmic contents engulfed by
vacuoles and result finally in degredation of whole cytoplasm as a part of
developmentel processes and to respond biotic/abiotic stresses for
homeostasis. Autophagy has multifunctional significant roles in regulation of
plant immunity during host-pathogen interactions. Hypersensitive reaction (HR)
deaths caused by autophagy can either inhibited or induced depending on life
strategies of the pathogen organisms. In fact, autophagy can be considered as
a kind of any adaptation way ridding of pathogenes or a section of pathogen
properties to maintain the cell itself and for stability of cellular homeostasis
versus biotic factors. Although molecular mechanisms of autophagy in HR cell
death is unknown, HR that is considered as ETI (Effector-Triggered Immunity)
defense from tiered of plant immune system is involved in programmed cell
death due to encouraged HR cell death of proteolytic enzymes in autophagy. As
a candidate to be novel antipathogenic system in plant immunity, autophagy is
already naturally available cellular process. Recent evidences suggest that cell
degradation during HR-PCD (HR-Programmed Cell Death) in plant immunity is
linked to autophagy process. This review explains with examples that the
autophagic system network is correlated with plant immunity.
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Bas

GiRIiS

Canlilar aleminin c¢esitli subelerinde gorilen programli hiicre 6lumu, organizmalarin hayatta
kalmak icin ya 6zel hiicre/doku geligsimlerinin bir pargasi olarak ya da genetik sebepler ve
biyotik/abiyotik stresler nedeniyle zarar go6ren, yaslanan hiicre-doku-organ-herhangi bir yapiyi
uzaklastirmak amaciyla 6lum ile yasam arasinda karar vermek zorunda oldugu 6nemli bir sirectir.
Hucre intihari olarak da bilinen programl hiicre 6lim sireci, cok hiicreli organizmalarda genetik olarak
kontrol edilen i¢csel bir mekanizmadir (Latrasse et al., 2016). Cesitli PCD tipleri, hayvanlarda hasarli
hicreleri elemine etmede 6nemli rollere sahip olan apoptozisten, ¢ok-hiicreli canli topluluklarindaki
hiicreye-6zerk nekrozise ve fungal heterokaryon uyumsuziugu da dahil (HI; Heterokaryon
Incompatibility) genis canh topluluklarinda goértulmektedir (Paoletti, 2016; Daskalov et al., 2017;
Goncalves et al., 2017; Nirmala & Lopus, 2020). Programli hiicre 6lim yollarinin mekanizmasi, 6l
hicre morfolojisi ve meydana gelen biyolojik hasarlar canh alemlerinde o6nemli farklihklar
gOstermektedir. Buna ragmen o©karyotik PCD ile ilgili proteinlerin domain bélgelerindeki evrimsel
yonden benzerlik dikkate deger bir sonugtur (Paoletti & Clavé, 2007; Bernoux et al., 2011; Williams et
al., 2014; Hauenstein et al., 2015; Daskalov et al., 2016; Urbach & Ausubel, 2017; Ve et al., 2017;
Zhang et al., 2017; Nanson et al., 2019).

Genis kapsamli bir fenomen olan HR, kisaca bitkilerin buyuk c¢ogunda bulunan, hastalik
dayaniklih@iyla ilgili olan ve patojenin penetrasyon noktasinda meydana gelen hizli ve lokal hiicre
olumaduar (Balint-Kurti, 2019). Bu nedenle HR o&lumleri bir immin strateji olarak kabul edilse de
infeksiyon noktasindan uzak bélgelerdeki sistemik reaksiyonlari (SAR: sistemik kazaniimis dayaniklilik
drnegindeki gibi) da aktifleyebilmesinden dolayi infeksiyon noktasindaki lokal savunma tepkimelerinden
genetik olarak farkhdir (Pitsili et al., 2020). Bitkilerde HR-otofaji baglantisini ilk kez rapor eden Liu et al.
(2005), otofajik gen ATG ortologu olan BECLIN1 ile yaptigi calismada otofaji geni mutant bitki
varyetelerinde patojen infeksiyonuna karsi HR-PCD’nin de sinirlandigini ortaya koymustur. Bitkilerde
hipersensitif reaksiyon Uzerinde bir asiri askin streden beri galisiimasina ragmen, HR'yi diizenleyen
molekiler mekanizmalar hentiz tam olarak ortaya c¢ikarilamamis (Salguero-Linares & Coll, 2019),
hemde bitki immunite kapsaminda HR-6limdyle ilgili otofajinin molekiler mekanizmasi da henliz netlik
kazanmamistir. Ancak otofajinin fizyolojisiyle ilgili bircok sonuclar gostermektedir ki, otofajide yer alan
proteolitik enzimlerin HR 6lumlerini tegvik etmesinden dolay: bitkilerde ETI imminite kapsaminda ele
alinan HR otofajik bir olay olup programli bir hiicre élim seklidir (Minina et al., 2014; Wu et al., 2014;
Bozhkov, 2018). Sunulan derlemede, bitki hastalik gelisiminde ve patojenle tegvik edilen otolitik
olmayan PCD ile baglantili HR tepkimeyi kontrol eden genel mekanizmalarin fizyolojisi son gelismelerle
ele alinmistir.

Hicre 6lum gesitleri

Morfolojik degisimlerle makroskobik olarak ortaya g¢ikan hicre élimlerine ait isimlendirmeler
hayvanlarda morfolojik, biyokimyasal ve fonksiyonel bir perspektiften ele alinarak 12 cesit programli
hiicre 6lim modalitesi tanimi yapilmistir (Galluzzi et al., 2018). Ol hiicreler ile bunlarin pargalarinin
atik oldugu morfotiplerin atilma mekanizmalarina gére hayvansal hiicre o6lumu U¢ farkh sinifta
incelenmektedir; 1) apoptozis, 2) otofaji, 3) nekrozis (Galluzzi et al., 2018). Buna gore apoptozis;
sitoplazmada buzilme-gekilmeler, kromatinde yogunlasma-kiimelesme (piknozis), niiklear parcalanma
(karyoreksis), plazma membraninda kabarciklanma, kiiguk yeni vezikillerin olusumuyla sonucglanan ki,
bunlar genellikle apoptotik cisimcikler olup bu cisimciklerin fagositik aktiviteli komsu hucreler tarafindan
alinarak lizozomlar icinde parcalanmasiyla sonuglanir, otofaji; sitoplazmada buyuk vakuol benzeri
yapilarin olusmasi ve fagositik olarak lizozomal parcalanmayla sonuglanir, nekrozis ise yukarda
aciklanan diger iki 6lum tipinin belirleyici 6zelliklerini gdstermeyen, fagositik ve lizozomal aktivite
olmaksizin hicre atiklarinin uzaklastiriimasiyla ortaya c¢ikar (Sekil 1).
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Sekil 1. Hiicre-ici veya -disi uyari lizerine gelisen dkaryotik hiicre 6lim sekilleri (hayvan hicreleri esas alinmistir).

Figure 1. Eukaryotic cell death types upon inter-cellular or intra-cellular stimulus (based on animal cells).

Okaryotik programli hiicre 6liimleri arasindaki farklar

PCD siniflandiriimasi asagidaki aciklamalarda gorilecegi gibi genellikle sitolojik degisimlere dayali
morfo-degisimlerdir. Hayvanlarda en iyi bilinen programli 6lim modaliteleri, apoptozis, nekroptozis,
piroptozis ve benzerleri olup, apoptozis hiicrenin normal gelisiminde anomali veya hasarli DNA tespit
edildigi zaman i¢/dis sinyal molekdlleriyle i¢csel yollardan aktif hale gecerken nekroptozis hiicre disi
faktorlere bagli hasarlar nedeniyle gelisen kontrolsiiz hiicre 6lum seklidir ve patojen istilasi sirasinda
apoptozisin engellendigi durumlarda patojenlere kargi gelisen sekonder 6lumddr, piroptozis ise infektiyoz
organizmalara karsi gelisen primer bir hiicre tepkisidir ve immun sistem araciligiyla harekete gecer (Frank
& Vince, 2019).

Hayvan hicrelerine kiyasla bitki hicrelerinin yapisi ve organizasyonlar farkli oldugu icin PCD
surecide farkli 6zelliklere sahiptir. Hayvanlarda morfolojik kritelere gore yukarda agiklanan u¢ temel 6lim
mekanizmasindan apoptozis, bitkiler i¢in uygun degildir ¢unki bitkilerde dolagimda fagositik hucreler
yoktur. Ancak bitkilerde otofaji benzeri vakuolar hiicre oélumleri ile nekrozis modelleri hayvan hiicrelerine
benzerlik gdstermektedir (van Doorn et al., 2011). Yine bitki ETI-immuniteyle ilgili HR tipi hiicre élimd,
hayvanlardaki nekroptrosis ve piroptosisle karsilastirildiginda 6lim sekli morfolojik, molekiler ve
mekanizmalar benzerligi géstermektedir (Coll et al., 2011).

Bitki PCD siniflandirilmasi ve kriterleri

Programli hiicre 6lim sureci ilk olarak bitkilerde tanimlanmasina ragmen bitkilerde PCD olaylarinin
molekiler mekanizmasi, hayvansal organizmalara gére daha az bilinmektedir (Locato & Gara, 2018). van
Doorn (2011), bitkilerdeki PCD siniflandiriimasini detayli olarak rapor etmis ve bitkilerde programli hiicre
olumlerinin tanimlanmis kriterlerden ziyade belirleyici morfolojik kriterlere gore siniflandirmanin daha
dogru oldugunu bildirmistir. Buna gore in situ’da bitki-PCD iki ana sinifta ele alinir;

1) otolitik PCD
1a) 6zel hucre tipine bagh PCD
1b) bitki veya organ yaglanmasina baglh PCD
1c) abiyotik streslere bagh PCD
2) otolitik olmayan PCD
2a) Biyotik faktorlere bagh PCD
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1) Otolitik PCD: Tonoplastlarda yirtiimalarin meydana gelmesinden sonra biitiin sitoplazmanin ve
bazen de hiicre duvarinin buyitk bir kisminin hizla tasfiye edilmesiyle meydana gelen hiicre éliumi
otolitik-PCD’nin tipik &zelligidir, bitkilerin normal gelisim sirecinde ve abiyotik stresle ortaya ¢gikmaktadir
(van Doorn, 2011; Valandro et al.,, 2020). Vakuol membranlari yirtiinca sitoplazmaya salinan litik
enzimler hiicrenin igerigini kimyasal olarak pargalayarak mekanik yikimlara neden olmaktadir (Bozhkov,
2018). Bu tarz nekrotik hiicre olumleri hayvansal hicrelerle kiyaslanirsa otofajiye benzerlik
gostermektedir. Kalsiyum iyonlarinin hiicreye giris-¢ikis akiginda degisim, reaktif oksijen turlerinin (ROS)
birikimi, sitoplazmanin asitlesmesi, DNA pargalanmasi, mitojenle-aktiflenen protein kinazlarin (MAPK;
Mitogen-Activated Protein Kinases) tetiklenmesi gibi c¢esitli hicresel sinyaller PCD’lerinin tesvik
edilmesinde rol oynamaktadirlar (van Durme & Nowack, 2016).

Uc kategoride incelenen otolitk PCD’den birincisi angiospermlerde normal bitki gelisim sirecinde
kacinilmaz olup ksilem hucreleri, anter tapetum hucreleri ve kok u¢ hucreleri gibi 6zel hucre tiplerinin
farklilagsma programi sonucunda hcre tiriine 6zgi tesvik edilmektedir (Plackett et al., 2011; Bollhéner et
al., 2012; Fendrych et al., 2014; van Hautegem et al., 2015). ikincisi yasam doéngiisiinii tamamlayacak
olan bitkilerde ya bitin bitki diizeyinde veya dokularda organ yaslanmasina bagli-tesvik edilen otolitik
PCD'dir (Thomas, 2013; van Hautegem et al., 2015). Uglincisi ise asiri UV-radyasyon, Isi ve I1sik stresi,
kuraklik, tuz stresi, ozon, herbisit vb maddelerin yarattigi kirlilik, yiksek miktarlarda agir metaller gibi
abiyotik stresler de otolitik PCD’ne neden olmaktadir (Petrov et al., 2015).

2) Otolitik olmayan PCD: Otolitik olmayan PCD ise cevresel faktdrlere bagl biyotik olarak gelisen
PCD seklidir ve patojenle tesvik edilen lokal hiicre 6limleri ya da HR tepkimeleri kapsamaktadir (Wu et
al., 2014). Bitki-patojen interaksiyonlari sirasinda meydana gelen otolitik olmayan-PCD’inde bitki
hiicresinde tonoplast yirtiimalari olmakla beraber sitoplazma hemen tasfiye olmamakta ve vakuol benzeri
olusumlar artmaktadir (van Doorn, 2011). Otolitik PCD ve otolitik olmayan PCD tiplerinin morfolojik olarak
hem benzerlikleri hemde farkliliklari vardir. Otolitik PCD’leri vakuolar hiicre olumleriyle karakterize
edilirken, otolitik olmayan PCD’de ise hem nekrozis hem de vakuolar olusumlar gibi 6zellikler ortaya
¢ikmaktadir (van Doorn et al., 2011).

Bitkilerde PCD

Hayvan hicrelerinde bulunan PCD-ilgili genler veya homologlari bitki genomunda mevcut degildir
(van Doorn, 2011). Bitkilerde programli hiicre 6lumu, hem bitki gelisiminin ayrilmaz bir pargasi olarak,
hem de biyotik/abiyotik cevresel faktorlere tepkime reaksiyonu olarak meydana gelmektedir (Latrasse et
al., 2016). Bitkilerde PCD genel olarak hipersensitif reaksiyonla 6zdes olarak kullaniimakta, bazen
bitkilerdeki HR tepkimesi memelilerdeki apoptozis yerine sinirh bir kapsamda kullanilirken bazen de HR
sinir ¢izilmeden genel olarak PCD yerine kullaniimaktadir. van Doorn (2011), bitkileri memeli hicre
Olumleriyle kiyaslayarak, bitki HR tepkimelerini otofaji ve nekrotik hiicre dlumleri icine dahil etmistir.
Bitkilerde apoptozis memelilerden oldukca farklidir ve otofajiye en yakin form ise hipersensitif
reaksiyondur (van Doorn, 2011). Bitki hiicrelerinde ne apoptotik cisimcikler ne de fagositoza benzer
aktivite bulunmamaktadir, otofaji ise sadece otofaji morfolojisiyle ilgilidir (van Doorn, 2011).

Bitki PCD’de otofajinin roli

Ele alinan makalede otofaji kelimesi bicimsel olarak hayvansal organizmalarda kullanilan anlamdan
ziyade, tanisi yapilan morfolojik kriterlere uygunluk icinde “vakuolar hiicre o6lumleri’ni kapsayici sekilde
kullaniimistir.

Okaryotik organizmalarin biyotik/abiyotik strese adaptasyonunda 6nemli rollere sahip olan otofaji,
onemli bir katabolik olaydir. Evrensel bir mekanizma olan otofaji, hucrenin “kendi-kendini yemesi”
anlamindadir ve hasarli/toksik atiklari ayristirarak uzaklastirir béylece stres déneminde ya da hicrenin
gelisim strecinde hicreye geri-doniisimle besin maddesi de saglanmis olur (Li & Vierstra, 2012; Liu &
Bassham, 2012). Bitkilerde ki otofajiye ait U¢ ¢esit mekanizma tanimlanmigtir (van Doorn & Papini, 2013); a)
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mikrootofaji, atik materyal bir miktar sitoplazmik icerikle beraber dnce vakuol membraniyla gepecgevre
sarilarak vakuol icine alinir ve burada vakuol hidrolazlariyla ayristirilir. b) makrootofaji, sitoplazmada
gerceklesen cift membranh organellerde ayristirma islemi olup vakoulden ayri olarak olugsan kiguk tubdil
yapilar (endoplazmik retikuluma benzeyen) cift membranli ve litik enzimlere sahiptir. Atk materyal
sitoplazmanin bir kismiyla beraber tibuler yapinin igine alinir, ardindan litik enzimlerle ayristirigtirilir. Bu
tubdler yapilar giderek genisler ve vakoul benzeri yapiya donusur. ¢) megaotofaji bitkilerde gorilen
PCD’nin son asamasidir ve tonoplastlarin yirtiimasiyla sitoplazmaya gecen vakuolar hidrolazlar yardimiyla
butun sitoplazma tasviye edilir.

Otofaji biyolojik kapsama bagli olarak bitkilerde hiicre élumlerini baglatan, baskilayan, duzenleyen
Ozelliklere sahip olup, patojen infeksiyonuyla gelisen lokal hipersensitif tepkiyle ilgili hiicre &limlerinin
baslaticisi, terminal olarak farklilasmis hicrelerde ise vakuolar hiicre 6lumlerinin sorumlusu ve yikici
nekrozlarin 6nleyicisi, ayrica homeostatik ve yaslanma karsiti gorevleriyle de otofajinin hiicre dlimlerindeki
rolleri analizi karmasik hale getirmektedir (Minina et al., 2014).

Bitki immunitesinde programli hiicre 6limleri ve kontroli

PCD her zaman bitkinin yarar saglayacagi bir mekanizma olmayabilir. Kontrollii PCD 6lim sekli
olan hipersensitif tepkinin aktiflenmesi biyotrof patojenlerin gelisimini sinirlar (Dickman & Figueiredo,
2013; Faris & Friesen, 2020). Cunki biyotrof patojenler saglkli konukgu bitkiyi infekte ederek canli
hicreleri éldirmeden besin tedarik ederler, konukgunun immun sistemini kontrol altina almaya c¢aligirlar
(Giraldo & Valent, 2013). Nekrotrofik patojenlerse saglikli konukgu bitkiyi infekte ederek canli
hicreleri/dokulari éldururler ve besinlerini 6li materyalden temin ederler (Schulmeyer & Yahr, 2017). Bu
nedenle HR tepkime nekrotrofik patojenlerin gelisimini tesvik edebilir (Dickman & Figueiredo, 2013; Faris
& Friesen, 2020). Hemibiyotroflar da biyotroflara benzer sekilde infeksiyonun baslangicinda canli
hicreleri/dokulari 6ldirmeden infekte ederler ve infeksiyon bolgesine tamamen yerlestikten sonra
nekrotrofik faza gecerler (Schulmeyer & Yahr, 2017).

Biyotrofik ve hemibiyotrofik patojenlerin HR'yi tesvik etmesiyle ilgili bircok ¢alismalar bulunmaktadir
(Bai et al.,, 2012; Liu et al., 2012; Chang et al., 2016). Biyotrofik ve hemibiotrofik patojenlere karsi
konukcu da gelisen HR tipi hticre dlumleri, nekrotroflarin toksinleriyle mi veya bitkinin PCD genleriyle mi
gelismekte oldugu halen net olarak bilinmemektedir. Ancak nekrotrofik lezyonlar nekrotrofik patojenlerle
PCD'nin aktif olarak kullanilmasi sonucunda gelistigi rapor edilmistir (Kabbage et al., 2013). Bu grupta yer
alan patojenlerin urettigi toksinler ve efektor proteinler bitki PCD’ni tesvik etmektedir (Mengiste, 2012).
Nekrotrofik patojenler salgiladiklari toksinler ve litik enzimlerle konukgu bitki hiuicrelerinde 6lime neden
olsa da bu konuda yapilan c¢alismalar nekrotrofik patojenlerin infekte ettigi hicreler de pasif 6lumin
gerceklesmedigini gostermektedir (Zhou, 2016). Yani nekrotrofikler, bitkilerde PCD'yi tesvik ederek
nekrotik lezyonlar olusmaktadir.

Bitkilerde PCD’nin diizenlenmesi

Bitkilerde biyotik bir isaret algilaninca PCD’nin baglamasi ve olayin yiratilmesinden sorumlu bir ag
mekanizmasinin olmasi beklenir. Bu sinyalizasyon ag sistem duzenleyicilerinin ya genlerin ifade edilmesi
ya da transkripsiyonel/translasyonel diizenlemeyle calistigi varsayilabilir. Bitki PCD’nin 6én hazirligindan
sorumlu dizenleyiciler 2 grupta degerlendirilebilir; 1) enzim aracili faktérler (proteazlar ve nikleazlar) 2)
transkripsiyon faktorleri.

1) Enzim Aracili Faktorler (proteazlar ve nukleazlar); HR hiicre élimlerinde énemli rollere sahip
olan proteaz grubuna dahil 3 grup enzim mevcut olup bunlar sistein proteazlar (papain-benzeri sistein
proteazlar (PLCP), vakuolar prosesleme enzimleri (VPE), metakaspazlar), treonin proteazlar (ubikutin-
proteozomal sistem) ve serin proteazlar (subtilazlar olup iki érnek mevcuttur, bunlar da saspaz ve
fitaspaz)’dir (Salguero-Linares & Coll, 2019). Bu enzimlerde asagida érneklendigi sekilde patojene ve
bitki tiriine bagh olarak vakuol/sitoplazma/apoplastik boslukta bulunmaktadir. Bitki temel immunitesinde
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eksojen bir patojen bitki huicresiyle ilk 6nce apoplastik bosluklarda karsilastigi icin genellikle HR’ye dahil
olan proteaz grubu enzimler genel olarak apoplastik bosluklarda bulunmaktadir ve HR 6lime aracilik
etmektedir (Misas-Villamil et al., 2013; Misas-Villamil et al., 2016; Balakireva & Zamyatnin, 2018).

Sistein Proteazlar (VPE’ler); VPE'ler genel bir HR diizenleyicisi degildir (Salguero-Linares & Coll,
2019). Bir sistein proteaz grubundan olan VPE grubu enzimler, bitki vakuollerinde bulunan proteinlerin
olgunlasmasi ve aktiflenmesinden sorumludur (Hatsugai et al., 2015). Hizli ve lokal hiicre 6lim sekli olan
HR 6limlerinde vakuollerin bozulmasiyla meydana gelen tonoplast yirtiimalari hidrolitik enzimleri agiga
cikarmakta ve hicre dlimlerine yardim etmektedir. Vakuollerde lokalize olan VPE'ler protein onculleri
olarak sentezlenmekte ve otokatalitik olarak aktif forma gecerek vakuol ¢okintiisiine neden olmaktadir
(Hatsugai et al., 2015). Soru “kendi-kendini aktifleme (otokatilize) nasil kontrol edilmektedir” yani “geri-
bildirim (feed-back) mekanizmasiyla mi ¢alismaktadir, geri-bildirim nasil ¢calismaktadir” gibi sorular cevap
beklemektedir. Nekrotrofik fungus Fusarium moniliforme’nin misir bitkisinde Urettidi toksin fumonisin B1
ve bakteriyel elisitor harpin ile tesvik edilen HR-benzeri hiuicre dlumlerinde VPE'lere ihtiya¢ duyulmakla
beraber, fungal nepl ve oomycetes boehmerin elisitdrleri ile HR-benzeri élimlerde VPE aktivitesi gerekli
degildir (Kuroyanagi et al., 2005; Zhang et al., 2010). Soru “genel bir mekanizma olmayan VPE'ler hangi
grup patojene ait sistemdir”?.

Sistein Proteazlar (PLCP’ler); Zimojen olarak sentezlenen PLCP, apoplastlarda, vakuollerde ve
lizozomlarda bulunur ve apoplastik bosluga salgilaninca aktif hale gecerler (Zamyatnin, 2015; Salguero-
Linares & Coll, 2019). PLCP grubunda yer alan cathepsin B olmadiginda bitki-HR tepki de zarar
gormektedir (Salguero-Linares & Coll, 2019).

Sistein Proteazlar (Metakaspazlar MC); MC enzimleriyle ilgili sonugclar bitkilerde genellikle MC tekli
geni kullanilarak elde edilmis olup bitin metakaspazlari kapsayici ve karsilastirmali calismalar yoktur.
Hicresel lokalizasyonlari da fonksiyonlari da halen c¢alisiimaktadir. Hayvansal hiicre apoptozisinin
dizenlenmesinden sorumlu olan Kkilit konumundaki enzimler proteaz enzim ailesinden olan kaspaz
(caspase)’lardir (Kumar et al., 1992; Yuan et al., 1993; Kumar et al., 1994; Salvesen et al., 2016; Ramirez &
Salvesen, 2018; Grilo & Mantalaris, 2019). Bitkilerde, funguslarda ve protozoanlarda PCD icin kaspazlar
bulunmayip kaspaz-benzeri proteazlar (veya metakaspazlar) benzer gorevleri Ustlenmiglerdir (Baskett,
2012; Lord & Gunawardena, 2012). Bitki metakaspaz enzimleri gesitli ¢cevresel biyotik/abiyotik faktorlere
tepki gelistirmede 6nemli roller Ustlenmislerdir (Ahmad et al., 2012; Zhang et al., 2013; Coll et al., 2014;
Wang & Zhang 2014; Balakireva et al., 2018; Yao et al., 2020). Bitkilerde yapisal diizen ve amino asit motif
desenine gore iki tip metakaspaz geni bulunur; tip | metaspazlar (AtMC1-AtMC3) ve tip Il metakaspazlar
(AtMCA4-AtMC9)’'dir (Balakireva & Zamyatnin, 2018). Arabidopsis’te tip | metakaspazlardan AtMC1 ve
AtMC2 genleri HR-hlicre 6lumini antagonistik olarak kontrol eder. AtMC1 hicre dlimlerinde pozitif
regllator olarak calisirken AtMC?2 ise negatif regulatdr olarak calismaktadir (Coll et al, 2010). Tip Il
metakaspazlardan AtMC4 biyotik ve abiyotik strese bagll hiicre dlumlerinin pozitif diizenleyicisi (Watanabe
& Lam, 2011), AtMC8 geni UV ve H,0, ile tegvik edilen hicre 6limlerinde ihtiya¢ duyulmakta (He et al.,
2008), AtMC9 geni de iletim demetleri hiicre oliimlerinde islevseldir (Bollhéner et al., 2013; Tsiatsiani et al.,
2013). Cesitli bitkilerde PCD'de 6nemli fonksiyonlara sahip olan metakaspazlardan bazilari; bugdayda
Puccinia striiformis f. sp. tritici fugusuyla tesvik edilen hiicre dlimlerinde TaMCA4 geni ¢alismaktadir (Wang
et al., 2012), biber metakaspaz geni Camc9 bitki savunma genlerinin ifade edilmesinde ve reaktif oksijen
turleri (ROS: Reactive Oxygen Species) Uretimiyle diizenlenen patojenle tetiklenen hiicre élimlerinin pozitif
dizenleyicisi (Kim et al., 2013), Norve¢ ¢ali bitkisinde mcll-Pa geni ise hem vakuolar hiicre 6lumlerinin
ilerlemesi hem de nekrozisin baskilanmasindan sorumludur (Minina et al., 2013). Bitki metakaspaz enzimleri
hayvansal kaspazlarla fonksiyonel benzerlige sahip olup evrimsel olarak uzak akraba baglantilidir ve
substrat 6zgulligi farkhdir (Sueldo & van der Hoorn, 2017). Sistein proteazlardan olan bitki metakaspazlar,
sitoplazma/nikleus/apoplastlarda da bulunurlar, PCD ve RNA susturma gorevleri Ustlenmistir (Balakireva &
Zamyatnin, 2018). Bitkilerde metakaspaz-otofaji yolu genetik olarak baskilandigi zaman vakuolar PCD'de
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baskilanmakta ancak nekrotik hiicre dlumu tegvik edilmekte olup suspensor farklilasmasi ve embriyonik
blokaj basarisiziga ugramaktadir (Minina et al., 2013). Metakaspazlarin sinyalizasyon yolaklari halen tam
bilinmemektedir.

Arabidopsis thaliana’da tip | metakaspaz geni 9 adet, tip Il metakaspaz geni 6 adet toplam 15 gen
(AtMC geni) tanisi bulunmaktadir (Valandro et al., 2020). Biyoinformatik ve molekdler biyolojik ¢alisma
sonuglarina gore, Arabidopsis thaliana’nin in vitro'da Fusarium’dan fumonisin B1 toksini, nekrotrofik
fungal patojen Alternaria brassicicola ve hemibiyotrofik bakteri Pseudomonas syringae pv tomato’ya karsi
tip | metakaspaz geninin dokuzu da PCD’inde farkh diizeylerde farkh dokularda ifade edilmektedir (Kwon
& Hwang, 2013).

Treonin proteazlar (ubikuitin-proteazomal sistem); duzenleyici kicik bir protein olan ubikuitin
proteini hasarli veya hicre igin gereksiz olan proteinlere baglanarak proteazomlarda (proteinlerden
meydana gelen bir ¢cok alt tiniteye sahip kompleks bir yapi) hidrolitik yikima neden olurlar, ayrica hiicrenin
gelisim programi ve stres tepkilerinde énemli rollere sahiptir (Sharma et al.,, 2016). Bitki proteazomu
HR’nin pozitif dizenleyicisidir (Thomas & van der Hoorn, 2018). Bu proteazom icinde yer alan PBA1/31
alt Unite bir treonin proteazdir, kaspas-3-benzeri aktiviteye sahiptir ve HR kapsami icinde detayli olarak
calisiimistir (Hatsugai et al., 2009). Elde edilen sonuglara gore, avirlilent patojen infeksiyonu sirasinda
bitki hiicresinin buyutk santral vakuoli hiicre membraniyla fiizyona ugrar ve igerigindeki antimikrobik
protein/hidrolitik enzimleri bakterilerin gelistigi apoplastik bosluga birakilir ve bdylece patojen gelisimi
engellenmeye c¢ahgsilir. PBA1/31 alt Gnitesi zarar goren bitki varyetesinin HR giici azalmakta veya
avirllent patojene daha duyarl hale gelmektedir. Sonu¢ olarak HR'ye dayali PCD’leride engellenmis
olmaktadir. Proteazomun diger alt tniteleri RPN1a ise mildiyd ve mildiyo-tetiklenen hiicre dlimlerine karsi
bitkinin dayanikhligi icin gereklidir, benzer sekilde RPT2a ve RPN8a alt tnitelerde meydana gelen bir
kaos mildiyd dayanikhhdini ve mildiyo-tetiklenen hiicre dlumlerini zayiflatmaktadir (Yao et al., 2012).
Kisaca 6zetlenirse, biyotrof olan mildiydnin gelisimi HR'ye dayali PCD’le tesvik edilen hiicre dlimiuyle
sinirlandiriimaktadir, bu yolda iglevsel olan bitki araci molekullerinden biri zarar gordigiinde patojenin
gelisimine de olanak saglanmaktadir. O halde nekrotrofikler mi tegvik edilmektedir?

Bitkilerde hayvansal kaspaz benzeri aktiviteye sahip subtilisin-benzeri proteinlerin diger ismi
subtilazlar olup serin proteazlar grubuna dahildir ve bitkilerde HR kapsaminda iki 6rneg@i bulunmaktadir
saspazlar ve fitaspazlar olmak Uzere (Salguero-Linares & Coll, 2019). Saspazlar; genetik veya
biyokimyasal verileri hentz yeterli olmayan saspazlarla ilgili sinirli érnekler mevcuttur. Saspazlar
zimojen seklinde inaktif formda sirekli olarak bulunan bir enzimdir ve PDC sirasinda apoplastlara
hareket etmektedir (Balakireva & Zamyatnin, 2018). Ornegin yulafta victoria yanikligina neden olan
nekrotrofik fungus Cochliobolus victoriae’dan salgilanan konukguya 6zel victorin toksini bitkide HR-
benzeri hiicre 6lumlerine neden olmaktadir. ilgili toksinin substrati Rubisco in vitro'da kloroplast
membranin yirtilmasiyla pargalanmaktadir, bitkinin victorin duyarhliinda saspazlar Rubisco’nun
parcalanmasina ve PCD’e dncilik etmektedir (Balakireva & Zamyatnin, 2018). Diger subtilaz 6rnegi
StSBTc3 ise Phytophthora infestans’in patates infeksiyonu sirasinda apoplastlara yerlesmekte ve
surekli sentezlenmekte olup in vitro ¢alismalarda PCD’ni ve sitoplazmada buzilme-gekilmeleri tesvik
etmektedir (Fernandez et al., 2012).

Serin Proteazlar (Fitaspazlar); Fitaspazlar'in amino asit motif deseni saspazlardan farkh olup
TMV-ile tesvik edilen PCD’de aktif olmaktadir (Chichkova et al., 2010). Fitaspazlar normal sartlarda
surekli olarak apoplastlarda aktif olarak mevcut olup PCD sirasinda sitoplazmaya gecmektedir
(Chichkova et al., 2012).

Genel olarak PCD ile ilgili proteaz 6rnekleri yukarda agiklandi§i sekilde bazi bitkilerde mevcut ancak
Ozel olarak biyokimyasal, genetik, biyoinformatik veya kisaca “omics” kapsaminda galismalar konuya netlik
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kazandiracak dizeyde bulunmamaktadir. Dolaysiyla PCD'ni ilgilendiren kapsamli genelleme yapmak veya
mekanizmalar gelistirmek zorlagsmaktadir.

Nukleazlar; Nukleaz enzimleri, konukgu bitkinin amino asit katabolizmasiyla lokal PCD’ni kontrol
etmekte (Dominguez et al., 2012; Moyano et al., 2018) ayrica konukguyu infekte eden patojeninde
nikleik asitlerini katabolize edebilmektedirler (Sugawara et al., 2016; Gobert et al., 2021). Patateste
Candidatus Liberibacter solanacearum (CLso) tarafindan neden olunan zebra chip hastaligiyla infekteli
yumrularda niikleaz aktivitesi artmaktadir ve bu nikleazlarin aktivitesi HR’de rol oynayan CLso-ile tesvik
edilen oksidatif stresle dizenlenmektedir (Kumar et al., 2022). Kofaktor olarak Zn+2’yi kullanan patates
niikleazlarin aktivitesi, Zn**nin metalik Zn'ye indirgenmesi sonucunda inhibe olmaktadir, boylece
nikleazlarin  aktivitesi hicrenin redoks potansiyelinden etkilenmektedir (Kumar et al.,, 2017).
Pseudomonas syringae pv. glycinea’nin avirtllent irki ile infekteli soya’da HR tepki sirecinde 45-50 kb
blyudkliginde tespit edilen DNA fragmentlerinin endoniikleaz aktivitesiyle gelistigi bildiriimistir (Levine et
al., 1996). HR tepki sirasinda gelisen sitosolik Ca*® iyon artisi oksidatif patlamaya neden olmakta ve
hiicre olumleri gelismektedir. Dolayisiyla endoniikleazlarin artisida Ca*? bagli oldugu icin HR 6limlerinde
DNA parcalanmaktadir (Moyano et al., 2020). Bakteriyel yanikliga neden olan Acidovorax avenae ile
infeksiyon sonrasi celtikte gen ifade seviyesi yikselen bir endonikleaz IREN (Immune-Related
Endonuclease; Bagisiklikla-ilgili Endoniikleaz) geni HR hiicre éliimleriyle ilgili DNA'nin pargalanmasindan
sorumludur (Kaneda et al., 2009). HR hicre 6lumu sirasinda, IREN nikleusa go¢ etmekte fakat HR
tepkimenin hizini artirmamaktadir, yine de niklear DNA'nin pargalanmasiyla hicre gelisimide
baskilanmaktadir (Ootsubo et al., 2016). TMV ve Pseudomonas syringae pv. phaseolicola ile infekteli
tutin yapraklarinda gelisen HR hicre 6lum sirecinde DNA yikimlari tespit edilmis ancak mekanizmasi
net olmamakla beraber bu hiicre dliimleri deoksiribonlkleaz aktivitesindeki artisla iligkilendirilmistir (Mittler
et al., 1997). Bitkilerde endonikleazlarin PCD ile ilgili arastirmalari abiyotik faktdrlerden elde edilmis olup
biyotik fakttrlere dayali calismalar daha azdir.

2) Transkripsiyon Faktorleri; Hayvansal organizmalarda genellikle PCD mekanizmasinin
transkripsiyon sonrasi diuzenlenmesi nedeniyle ilgili transkripsiyon regtlatorleri yardimiyla hiicre 6lim
yolaklari hem tesvik edilmekte hem de baskilanmaktadir (Fuchs & Steller 2011; Zhai et al., 2012; Aubrey
et al., 2018). Bitkiye-6zgl en blyuk transkripsiyon faktorleri ailesinden olan NAC (NAM, ATAF ve CUC)
proteinleri, transkripsiyonun tekrar programlanmasindan sorumludur (Nuruzzaman et al., 2010). Bitki NAC
proteinleri bitkilerin hem gelisim doneminde, hem de biyotik/abiyotik stresle tesvik edilen PCD'yi
dizenleyici 6zellige de sahiptirler (Ogata et al., 2012; Mendes et al., 2013; Yang et al., 2014; Zhang et al.,
2014; Wang et al., 2017; Ogita et al., 2018; Yuan et al., 2019). Celtikte HR hiicre 6lumleriyle baglantil
olan OsNAC4 proteinin fonksiyonlari detayli olarak calisiimis ve konukcuya 6zgl olmayan savunma
tepkime sirecinde ilgili protein dizeyinde artis gbézlenmis, PCD karakteristik morfolojisiyle ilgili plazma
membraninin Uniter yapisinda kayiplar, niklear DNA'nin parcalanmasi gibi sonuclar ortaya ¢ikmistir
(Kaneda et al., 2009). Ayni calismada OsNAC4 geni zarar gérmus celtikte, avirilent bakteri Acidovorax
avenae Irkina karsi ise HR o6lum tepkisi azalmistir. Arabidopsis'te bulunan NAM proteinlerinden olan
NAC4 proteini HR tepkimesinin pozitif diizenleyicisi olup, avirilent Pseudomonas syringae pv. tomato’nun
mutant irkina (NAC4’Un agirn ifade edildigi ve miR164 susturulmus mutant irk) tepki olarak bitkide asiri
miktarda NAC4 nedeniyle HR-hlicre 6lim simptomlari da artmistir (Lee et al., 2017). Arabidopsis'te
mirR164, RNA grubundan molekiiller olup bazi NAC transkripsiyon faktér genlerinin mRNA’sini parcalar
ve NAC islevine engel olur (Fang et al., 2014).

Bitkilerde ve hayvanlarda otofaji oksidatif stresle tesvik edildigi icin (Pérez-Pérez et al., 2012;
Filomeni et al., 2015) reaktif oksijen tirlerinin (ROS) Uretimi, otofaji ve PCD’nin diizenleyicisi olarak
hareket edebilir, benzer sekilde PCD’e 6zgu yeni transkripsiyon dizenleyicilerinin kesfiyle bitki savunma
reaksiyonlarinda yeni mekanizmalar gelistirilebilinir.
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SONUCLAR VE GELECEKTEKIi BEKLENTILER

Bitkilerde otofaji-aracili sinyalizasyon olaylarinin daha iyi anlasiimasi icin bircok arastirma
calismalarina ihtiyag vardir. Bu derlemede bitki PCD-otofaji'nin karmagik mimarisinin bitki immunitesiyle
baglantisini  kurmak amaciyla son gelismeler kisaca g6zden gegirilmistir. Bitki immunitesinin
bilesenlerinden, bitki reseptorlerine, R-proteinlerine, patojen efektorlere, elisitorlere dayanarak hicre
ylizeyinden niikleusa kadar biyotik sinyal yolaklarinin biitiin ana/ara yollari dahil otofajiyle baglanti yollari
nelerdir? Cevap bekleyen bu gibi sorular ilerleyen zaman icinde dzellikle bitki-patojen interaksiyonlarinda
otofajinin bilesenlerini ortaya ¢ikarmada 6nemli bilgiler saglayacaktir. Bitki patosistemlerde otofajinin
immun yolculugunun ortaya ¢ikariimasi, bitki hastalik dayanikhhdina alternatif stratejilere dncilik edecek
ve potansiyel uygulama alanlarinin ortaya ¢ikisini da saglayacaktir. Ele alinan makale kapsaminda
cikarilabilecek dersler/sorular/beklentiler 6zetle;

1) Biyotrofik organizmalar icin bitkide HR’ye dayali-otofaji daha uygun gériinmekte olup nekrotrofik
organizmalari tesvik edebilir.

2) Otofajiyle ilgili proteaz/niikleaz/RNaz gibi enzim aktiviteli araci molekiller genellikle kofaktorle
calisirlar. Kofaktor ihtiyaci olan bu enzimlerin redoks potansiyelleri degistirilerek ya bitkinin gug
kazanmasi ya da patojen organizmalarin bitki hicrelerini/proteazlarini/niikleazlarini hedefleyen enzimleri
bloke edilerek bitki immunitesine destek yollar tasarlanabilir mi?

3) Patojenlere ait PCD sistemini hedef alan metabolit arastirmalariyla bitki korumaya yénelik yeni
kimyasallarin ortaya ¢ikariimasi bitki biyoteknolojisinde énemli sonuglar sunabilir.

4) Uruin verimini diistren yabani otlar icin bazi farmasétik firmalari PCD ile arastirma galigmalari
yapmaktadirlar. Pestisid-tretim endustrisi, yabani otlarda PCD’de iglevsel proteinleri arastirmakta ve direk
bu molekullere saldiran herbisitlerle yabani otlarin programl yok edilmesini hedeflemektedirler (B-Debate,
2013). Buradan elde edilecek pragmatik sonuclar ileride patojenler icin de tasarlanabilecektir. Ancak bitki
PCD-otofaji'nin, biyotrof-nekrotroflarda gosterdigi zit etkiye benzer sekilde yabani otlar ile kaltir
bitkilerinde PCD-otofaji’'nin etki mekanizmasi karsilastirmali olarak henuz bilinmemektedir. Bu yolla
tasarlanan bir herbisid, kiltir bitkisine de zarar verir mi? Henliz bilinmemektedir, PCD-otofaji ile ilgili
edinilen sonugclar sinirh sayida bazi kiltir bitkileri ve Arabidosis’e ait verilerdir.

Gelecek yillarda yeni verilerle bu sorularda hem c¢esitlenecek hemde yeni c¢c6zim &nerileri
geligtirilecektir. Ilgili makalede degerlendirildigi gibi, bitki PCD’nin immiiniteye yonlendirilmesiyle ilgili
arastirmalar yeni ortaya c¢ikariimaktadir ve bu konu temel molekiler mekanizmalarin ortaya g¢ikisini
saglayacak 6nemli 6karyotik bir sistem olarak gelecekte de yer alacaktir.
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ABSTRACT

Logistic regression analysis is a method to determine the reason-result
relationship of independent variable(s) with dependent variable, which

has binary or multiple categorical structures. In this study, sex of calf,
parity and calving year-season effects on stillbirth were analyzed with
binary logistic regression analysis. Study material was obtained from the
USA National Association of Animal Breeders collected among 2003-2005
with a total of 404460 birth records of single born calves. According to the
results, sex of calf, parity and calving year-season effects on stillbirth
were found statistically significant (P<0.05). The model showed good fit,
based on Hosmer-Lemeshow goodness of fit statistics (P>0.12). When all
variables were analyzed together in the same model, stillbirth rate of
female calves compared to male calves was found to be more than 1.03
times higher. In addition, risk of stillbirth was decreased by increasing
parity. On the other hand, the risk of stillbirth in summer calves was found
to be higher than winter calves. In our country, data sets on stillbirth rates
should be collected and risk factors that have an effect on stillbirth must
be detected and then calf deaths could be controlled here, too.

OZET

ojistik regresyon analizi ikili veya ¢oklu kategorik yapidaki bagimh

degiskenin bagimsiz degiskenlerle neden sonug iligkisini belirlemede

yararlanilan bir yontemdir. Bu galismada buzagi 6lii dogum oranlan
lizerine buzagi cinsiyeti, laktasyon sirasi ve buzagilama yil-mevsim etkileri
ikili lojistik regresyon analizi ile incelenmistir. Galismanin materyali ABD
Ulusal Hayvan Yetistiricileri Birligi’ne kayith 2003-2005 yillari arasinda
yetistirilen toplam 404460 adet tek dogan buzaginin dogum kayitlaridir.
Analiz sonuglarina gére buzagi cinsiyeti, laktasyon sirasi ve buzagilama
yil-mevsim degiskenlerinin buzagi 6lii dogumlarina etkileri 6nemli (P<0.05)
bulunmustur. Hosmer-Lemeshow uyum iyiligi testi ile modelin iyi uyum
gosterdigi belirlenmistir (P>0.12). Tiim degiskenler ayni modelde birlikte
analiz edildiginde, disilerdeki 6lii dogum oraninin erkeklere gore 1.03 kat
daha fazla oldugu belirlenmistir. Ayrica, laktasyon sirasinin artmasiyla 6li
dogum oraninin azaldigi saptanmistir. Diger yandan, yaz dogumlarindaki
olii dogum orani kis dogumlarindan fazla bulunmustur. Ulkemizde &lii
dogum oranina iligkin kayitlar toplanmali ve bu oran iizerine etkili
olabilecek risk faktorleri belirlenmeli ve boylece buzagi 6liimleri kontrol
altina alinabilmelidir.
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INTRODUCTION

Several methods are used to explain the cause-
result relationships in scientific research. Although
the choice of method is significantly related with
structure of the variables in the research, often
simple or multiple regression analysis can be used.
In the data set that was applied to these methods,
dependent (Y), independent variables (X) and the
error term must be normally distributed. On the
other hand, sometimes the dependent variable
takes two (binary - dichotomous) or more than two-
class (polychotomous) whereas in fact it should be a
continuous variable (Sharma, 1996). In this case the
regression assumptions cannot be provided
(Johnson and Wichern, 2005) and Least Squares
parameter estimates lose the properties of best
linear and unbiased estimator (BLUE) (Park, 2010).

In such cases logistic regression analysis is
preferred. Because logistic regression analysis is a
method with independent variables, even a
combination of both of them is continuous or
discrete and dependent variable is discrete
(Antonogeorgos et al., 2009; Cokluk et al., 2010).
Logistic regression analysis can be divided into
three groups depending on the structure of the
dependent variable. If structure of dependent
variable is categorical with two groups: binary, if
classified with more than two groups: nominal, if it
has ranking scale: ordinal logistic regression
analysis is used (Cook et al.,, 2001; Stephenson,
2008). Recently, logistic regression analysis is
increasingly common in all disciplines. It's easy
using the development of parameter estimation
methods, the availability of software and
interpreting the results in a meaningful way are the
main causes of this interest.

There is not enough research in which stillbirth
rates of calves are analyzed by logistic regression
analysis. Yakubu et al, (2014) examined the
breed, season, parity, and litter number on effects
of abortion and stillbirth in 5,268 goats from four
different goat breeds in Nigeria. As a result of
binary logistic regression analysis, the related
factors have been identified of the abortion and
stillbirth risk factors. Zadeh (2014) studied the
effect of dystocia on stillbirth from a total of 16
herds and 104,572 Holstein calf records with
logistic regression analysis. According to the
results of the study, in cows with birth difficulties
the incidence of stillbirth increased, and vyield
characteristics decreased. Similarly, Atashi (2011)
investigated the effects of risk factors on stillbirth
and stillbirth effects on lactation performance in
5,201 Holsteins. According to logistic regression

analysis results, calving year, parity and dystocia
increases the incidence of stillbirth, whereas there
is no effect by calving season. Also, stillbirth is high
in the first calving and dystocia increases the risk
of stillbirth. Meyer et al. (2001) investigated the
mortality gestation period, calving year, calving
season, sex, parity and dystocia effects on
666,341 Holstein's stillbirth rates of multiparous
and primiparous cows in the USA. These factors
were significant. Bicalho et al. (2007) revealed that
sex of calf, parity and dystocia had significant
effects on 13,608 Holstein calves reared in the UK.

In this study, the effects of calf sex, parity,
calving year and season on stillbirth were
examined according to the binary logistic
regression analysis and are intended to remedy
the lack of literature on this subject.

MATERIAL and METHOD
Material

The material of this study consists of Holstein
calf birth records collected within the period 2003
to 2005 from 3,980 herds belonging to members of
US National Animal Breeders Association in
Columbia and Missouri. The calves of 404,460
Holstein cows with 15 different parities were
scored as calf live (0) and stillbirth (1) if they were
live or defined as death within 48 h from parturition,
respectively.

The months of collected birth records were
classified as May to September (1, summer),
October to April (2, winter) and years grouped as
2003 (1) 2004 (2) and 2005 (3). These groups
were combined into a single year-season
categorical variable (2003/May-September-1,
2003-2004/October-April-2, 2004/May-
September-3, 2004-2005/October-April-4 and
2005/May-September-5). Also, due to the lack of
observations in the six and subsequent lactation
records were evaluated under the sixth lactation.

Method

Logistic regression analysis uses maximum
likelihood method rather than the least squares
method. The values of the estimated parameters
are adjusted iteratively until the maximum likelihood
value for the estimated parameters is obtained.
That is, maximum likelihood approaches try to find
estimates of parameters that make the data
actually observed most likely (Hair et al., 2006).
Moreover, the probability of logistic regression
analysis is based on the odds ratio and logarithm of
the odds. Odds ratio is defined as the ratio of the
probability that an event will occur divided by the
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probability that the event will not occur (Mertler and
Vannatta, 2005). In other words, odds ratio
regression represents the odds change in the
dependent variable for a change of one unit in the
independent variable and tells us how many times
more likely the event is to happen than not happen.

This interpretation is similar to that of the linear
regression coefficient. The only difference is that
the change in the dependent variable is the
change of log odds in the logistic regression.
Probability of the dependent variable can be
calculated from the odds ratio. When the
exponential beta (odds ratio) is greater than one
indicates that independent variable is an important
risk factor and values close to zero also indicate
important risk factors for the variable but it has
negative effect on the dependent variable.

The selection of independent variables in the
logistic regression model is also an important
issue. For the selection of model variables, each of
the independent variables is analyzed with a
dependent variable using univariate logistic
regression analysis. Then the variables that have
probability values under 0.25 are proposed in the
model. On the other hand, before analysis, the
presence of multicollinearity among independent
variables should be examined. If the correlation
values among the variables are less than 0.90, it is
assumed that there is no multicollinearity
(Tabachnick and Fidell, 2007).

In this study, sex of calf, parity and calving
year-season effects on stillbirth were analyzed with
binary logistic regression analysis by the following
model:

1
1+ e—(Bo +B X B2 X5 +B3X3)

P(Y) =

where P(Y) is the probability of stillbirth levels, X,
X2 and Xs sex of calf, parity and calving year-
season effects, respectively, o, constant; B1, B2
and B3 are the coefficients of regression. The first
level of the independent variables was selected as
reference category and compared to other levels.
Odds ratios were used as a comparison criterion.
The statistical significance of each coefficient () in
the model was tested with the Wald-statistic has a
chi-square distribution with degree of freedom
equal to total number of covariates in the model to
test the null hypothesis (Field, 2005):

_ B
SB

where § represents the estimated parameters and
s are their respective standard errors. The

goodness-of-fit of the logistic regression model
was evaluated with Hosmer and Lemeshow test
statistic (C;). The Hosmer-Lemeshow statistic

evaluates the goodness-of-fit by creating 10
ordered groups of subjects and then compares the
actual number in each group (observed) to the
number predicted by the logistic regression model
(predicted) and calculated as follows (Hosmer and
Lemeshow, 2000):

The test statistic follows a chi-squared
distribution with n-2 degrees of freedom. For the
test statistic, non-significance outcome s
desirable, which indicates that the model prediction
does not significantly differ from the observed.

Binary logistic regression procedure in SPSS
20 was applied for descriptive statistics and for the
factors affecting stillbirth, which were presented in
this study, before the univariate logistic regression
analysis was carried out for determining the
potential risks of variables. Later the multivariate
logistic analysis for the variables, which had P-
value <0.25, was applied with the enter method
that enters all variables at the same time.

RESULTS and DISCUSSION

The incidences of stillbirth for Holstein calves
by different levels of sex, parity, calving year and
year-season variables were shown in Table 1. The
overall stillbirth rates for male and female calves
were 51.4% and 48.6%, respectively. Although the
stillbirth rate was similar for male and female
calves, it was higher at first lactation than other
lactations. Approximately half of the stillbirths
(52.1%) were in the first lactation. On the other
hand, the stillbirth rate of calves born from May to
September 2004 was 41.8% and greater than
other year-seasons (Table 1).

In this study, before applying binary logistic
regression analysis, presence of multicollinearity
among variables was examined. The Spearman
correlation  coefficients and their statistical
significance are given in Table 2. As can be seen
in Table 2, the correlations among variables were
less than 0.70 (Tabachnick and Fidell, 2007) and
accordingly it was determined that there was no
multicollinearity among variables.
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Table 1. Live and stillbirth frequencies of studied characters

Sex g':::uencies e (%) :'ggzler:\r::ies (%)
Male 193520 51.4 14170 50.3
Female 182774 48.6 13995 49.7
Parity - - - -

1 111160 29.5 14670 52.1
2 114404 30.4 5637 20

3 72895 19.4 3492 12.4
4 77835 20.7 4366 15.5
5 21057 5.6 1207 4.3
6< 15441 41 953 3.4
Year-Season - - - -
1 40446 10.7 3351 11.9
2 107150 28.5 7046 25

3 147933 39.3 11760 41.8
4 6402 1.7 421 1.5
5 74363 19.8 5587 19.8

Table 2. Spearman correlation coefficients and probabilities among sex of calf, parity and year-season

of calving variables

Parity Year-Season
Correlation Coefficient -0.02 -0.00
Sex Probability 0.00 0.69
. Correlation Coefficient 1 -0.02
Parity Probability ) 0.00

Results of the univariate logistic regression
analysis for the potential risk factors on stillbirth are
shown in Table 3. As seen in Table 3, the P-values
of the variable effects were found to be <0.25.
Therefore, all variables were assumed to be risk
factors and they were included in the multivariate
logistic regression model. The results of the
multivariate logistic regression analysis are shown
in Table 4.

Compared to the reference category (male
calves), the stillbirth rate of female calves was
1.05 times higher than male calves. Moreover, the
risk of stillbirth decreased with increasing parity
numbers. In addition, the stillbirth risk for calves
born at third and fifth levels of year-season
variable were found to be greater than for those
born at second and fourth levels (Table 4).

Table 3. Univariate logistic regression results between stillbirth and sex of calf, parity and year-season of calving factors

Variables B SE Walid df p OR-Exp(B) 95% Confidence
Female 0.05 0.01 13.09 1 0.00 1.05 1.02 1.07
Constant -2.61 0.01 90235.12 1 0.00 0.07

Parity 5896.28 5 0.00

2 -0.99 0.02 3686.46 1 0.00 0.37 0.36 0.39
3 -1.01 0.02 272217 1 0.00 0.36 0.35 0.38
4 -0.91 0.02 1477.96 1 0.00 0.40 0.39 0.42
5 -0.83 0.03 729.62 1 0.00 043 0.41 0.46
<6 -0.76 0.04 484.87 1 0.00 047 0.44 0.50
Constant -2.03 0.01 53151.52 1 0.00 0.13

Year-Season 188.73 4 0.00

2 -0.23 0.02 112.54 1 0.00 0.79 0.76 0.83
3 -0.04 0.02 412 1 0.04 0.96 0.92 1.00
4 -0.23 0.05 18.70 1 0.00 0.79 0.72 0.88
5 -0.10 0.02 18.55 1 0.00 0.91 0.87 0.95
Constant -2.49 0.02 19197.81 1 0.00 0.08
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Table 4. Binary logistic regression results for stillbirth rate of calves

3 n
Variables N B SE Wald df p gf’;(s) Do% Confidence
Male 207690 - - - - - Reference - -
Female 196770 0.03 0.01 438 1 0.04 1.03 1.00 1.05
Parity 404460 5885.85 5 0.00 - -

1 125830 - - - - - Reference - -

2 120041  -0.98 0.02 3675.80 1 0.00 0.37 0.36 0.39

3 76387 -1.01 0.02 2714.39 1 0.00 0.36 0.35 0.38

4 43543 -0.91 0.02 148247 1 0.00 0.40 0.39 0.42

5 22264 -0.84 0.03 73443 1 0.00 0.43 0.41 0.46

<6 16395 -0.76 0.04 486.72 1 0.00 0.47 0.44 0.50
Year-Season 187.41 4 0.00 - -

1 43797 - - - - - Reference - -

2 114196 -0.24 0.02 11541 1 0.00 0.79 0.76 0.83

3 159693 -0.05 0.02 6.63 1 0.01 0.95 0.91 0.99

4 6823 -0.29 0.05 28.70 1 0.00 0.75 0.67 0.83

5 79951 -0.11 0.02 24.06 1 0.00 0.89 0.86 0.94
Constant - -1.93 0.02 9074.52 1 0.00 0.15 - -

Hosmer-Lemeshow test observed and expected
values of the decimal risk group are presented in

_ (41301-41322.140) 2

(35763 —35723.236) 2

Table 5. Hosmer-Lemeshow statistics related with
these risk groups are calculated as follows:

(7886 —7844.191) 2

C, = =12.68
41322.140 35723.236 7844.191
Table 5. Contingency table for Hosmer and Lemeshow test
Calf live Stillbirth Total
Observed Expected Observed Expected Observed
1 41301 41322.140 1777 1755.860 43078
2 35763 35723.236 1595 1634.764 37358
3 33127 33157.704 1661 1630.296 34788
4 31407 31424.089 1615 1597.911 33022
5 31385 31348.515 1591 1627.485 32976
6 39273 39318.071 2152 2106.929 41425
7 36990 36959.199 2091 2121.801 39081
8 33542 33636.408 3147 3052.592 36689
9 38127 37983.829 4650 4793.171 42777
10 55379 55420.809 7886 7844.191 63265

The results of Hosmer-Lemeshow test statistic
and its probability are given in Table 6. From these
results it can be said that the logistic regression
model provided a good fit.

Table 6. Chi-Square value and probability of Hosmer-
Lemeshow test statistic

Step Chi-Square value df p
1 12.68 8 0.12

In this study sex, parity and calving year -
season variables are examined to determine if
these are risk factors or not on stillbirth ratios. The
effects of variables were determined by logistic
regression analysis in which all factor were
contained. According to the results of analysis, all
levels of sex, parity and calving year-season
variables were found to have a significant effect on
stillbirth rates. Similar results have been reported
by Meyer et al. (2001), Bicalho et al. (2007) and
Atashi (2011).

When the variables were examined in detail,
stillbirth rates were found to be similar for male and
female calves. However, by fitting the logistic
regression model, females have 3% higher stillbirth
rates than males. This result is not similar to that of
Bicalho et al. (2001), who reported that stillbirth
rates of female calves were 23% lower than those
of male calves. Meyer et al. (2001) reported that
stillbirth rates of female calves were 7% lower than
male calves for primiparous cows. However,
female calves of multiparous cows have a stillbirth
rate 12% higher than that of male calves. These
results are higher than our results, but show a
similar trend. On the other hand, in this study the
effect of parity was found to be an important risk
for stillbirth, but the risk was decreased by
increased number of parity. Indeed, stillbirth rates
of 2 3d 4t 5h and 6" lactations were
significantly lower than first lactation (P<0.05).
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Compared to the first lactation (as a reference
category) the stillbirth risks of other lactations were
0.37, 0.36, 0.40, 0.43 and 0.47 times lower,
respectively. These results are consistent with the
results of Meyer et al. (2001), Bicalho et al. (2007)
and Atashi (2011).

This study showed that the year-season effect
was associated with the risk of stillbirth.
Compared to stillbirths in the months of May to
September 2003 (as a reference category), the
other levels of year-season effects showed 0.79,
0.95, 0.75 and 0.89 times lower stillbirth rates,
respectively. Meyer et al. (2001) reported that
stillbirth risk was higher in summer than in the
winter season. This result is in agreement with
our findings that the summer season had higher
risk of stillbirth. However, Atashi (2011) found the
calving season did not significantly affect
stillbirths.

As a result, calving mortality can be reduced by
improvements in herd management considering
the mentioned risk factors. However, there are
other
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OZET

Bu calisma, 2015 yih vejetasyon periyodunda Ahmetli ilcesi’nde 7
yasinda yerli koklu olarak yetistirilen Siiperior Seedless (Vitis vinifera
L.) sofralik iiziim gesidinde gerceklestiriimistir. Deneme tesadiif bloklari
desenine gore 7 uygulama ve 3 tekerrirli olarak diizenlenmistir. Tim
kiiltirel uygulamalar ben diigme doneminde yapilirken, GA3; 10 ppm olarak
somak uzatmak igin (salkim uzunlugu 7-8 cm ulastiginda) uygulanmistir.
Kontrol asmalara sadece su piskiirtilmiistiir. Bu ¢alismanin amaci,
Salkim Ucu Kesme (SUK), Bilezik Alma (BA), Salkim Ucu Kesimi + Bilezik
Alma (SUK+BA), Gibberellik Asit + Bilezik Alma (GAs+BA) ve Gibberellik
Asit + Salkim Ucu Kesimi + Bilezik Alma (GAs+ SUK +BA) uygulamalarin
tizim verim ve bazi kalite 6zellikleri Uzerine etkilerini ortaya koymaktir.
Superior Seedless’de tiim uygulamalar verim, salkim agirligi, salkim eni ve
boyu, salkim en/boy orani, tane agirhgi, tane en ve boyu, ¢oziinebilir kuru
madde ve asitlik lizerine etkisi istatistiki (P<0.05) olarak 6nemli
bulunmustur. En yiiksek Gziim verimi, salkim agirhigi ve salkim uzunlugu
GA:+BA, en yiiksek tane agirhgi, en uzun tane boyu BA, en yiiksek
¢oziinebilir kuru madde degerleri sirasiyla GAs + SUK + BA ve GA:+ BA
uygulamalarindan elde edilmistir. Bu arastirmanin sonucu olarak sofralik
Superior Seedless Uziim gesidi yetistiriciligi icin genel olarak onerilebilir
en iyi uygulama GAs+BA dir.

ABSTRACT

his study was carried out on own rooted 7 years old Superior Seedless

(Vitis vinifera L.) table grape variety in a vegetation season of 2015 in
Ahmetli district. The experiment was completely randomized block design
with 7 treatment combinations replicated in three blocks. When all
treatments was used at fruit set, GAs; as 10 ppm dosage used for elongate
cluster (when cluster length reached 7-8 cm). Control (C) only water was
sprayed. The aim of this study was revealed effects of applications on
grape yield and some quality characteristics of Cluster Tipping (CT),
Girdling (G), CT+G, GA3+CT, GA:;+G, GA3:+G+CT. It was found that all
applications generally had statistically (P<0.05) significant effects on
grape yield, cluster weight, cluster width, berry length, berry width, berry
length/berry width, soluble solid and titratable acidity in Superior
Seedless. The highest grape yield, cluster weight, cluster length were
obtained in GA3+G, the highest berry weight, the longest berry length
were obtained in G, the highest soluble solid value were obtained in GA; +
CTR+ G and GAs+G respectively. As results of this study, general
recommendation is made of GA;+G the most suitable application for
growing Superior Seedless table grape variety.
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GiRiS

Ulkemiz Diinya Uzerindeki stratejik konumu ve
bagcilik igin uygun iklim kugagina sahip bir UGlke
olmasi sebebiyle genis bag alanlarina sahiptir.
Turkiye 482.024 ha bag alani ile 4. Sirada,
4.265.000 ton Gzum Uretim miktari ile de 6. sirada
yer almaktadir. Uretilen Gzimlerin % 51'i sofralik,
% 38'i kurutmallk ve % 11'i saraplk olarak
uretilmektedir. TUrkiye'de bagcilik denilince ilk akla
gelen sehirlerden birisi olan Manisa'nin 2014 yili
Uretimi 769.000 da arazi ile 1 389 436 tondur ve
Tarkiye bag alanlarinin %15,3'Une, (zim
Uretiminin ise %33,8’ine sahiptir (Anonim, 2015).

Ihman ve tropikal bolgelerin dnemli ticari
drtinlerinden biri olan Gzim; bir ¢cok kullanim alani,
yiksek dizeyde besleyicilik Ozelligi ve farkli
degerlendirme sekilleri olan bir meyvedir (Winkler
et al., 1974; Celik, 2006). Ozellikle Cekirdeksiz
Uzim cgesitler, kurutmalik, sofralik ve saraplk
olarak degerlendirilebilme 6zellikleri nedeniyle tim
dinya Uzerinde (Ureticiler tarafindan en c¢ok ilgi
gormektedir (Cirami et al.,, 1992). Sofralik
UzOmlerde iyi kalite; c¢esidin orta bUyUklikte
homojen salkim, karakteristik renk, bir érnek tane,
istenilen tat ve dokuya sahip olmasidir (Winkler et
al.,, 1974). Ayrica, gesidin erkencilik 6zelligi, daha
kolay ve yiksek fiyattan degerlendirilebilmesi
yoniyle 6nemlidir. Son yillarda Ege bdlgesinde
erken donemde piyasaya arz edilen sofralik Gzim
acisindan onemli ¢ekirdeksiz gesit olarak Superior
Seedless (Vitis vinifera L.) hizla yayiimaktadir.

Superior Seedless; taneleri orta irilikte (4,5-5,0
g), yesilimsi sari renkli ve eliptik sekilli, gcekirdeksiz,
erken mevsimde olgunlasan bir cesittir (Celik,
2006; Coban 2010). Cekirdeksiz Gzim gesitlerinde
sik salkim kuguk tane sorunu gidermek amaciyla
salkim boyunu uzatmak ve taneleri irilestirmek
yetistiricilerin ve aragtirilarin en bliylik amaglarindan
biridir. Bu amaca ulagsmak igin birgok bitki blylime
dizenleyicisi yaninda kaltirel uygulamalar ve
kombinasyonlari 6nem kazanmigtir.

Cesitli  sofralik  Gzim gesitlerinin  kalitesini
artirmaya yonelik farkl bitki gelisim dlzenleyici ve
kaltarel uygulamalarinin etkinligi ortaya koymak
amaciyla gok sayida arastirma yapilmistir (Weaver
ve Pool, 1972; Kismali, 1979; Jensen et al., 1981;
Celik, 1984; Ezzahovani et al., 1985; Roper ve
Williams, 1989; Cirami et al., 1992; Zabadal, 1992;
Bahar ve ark., 1998; Ates ve Karabat, 2006;
Yamane ve Shibayama, 2006; Odabas ve ark.,
2007; Akin, 2011a; Akin 2011b; Rather et al.,
2011; Akin ve Sarikaya, 2012; Ozer ve ark., 2012;
Abu-Zahra, 2010; Abu-Zahra ve Naseri, 2012,
Dardeniz, 2014; isci ve Altindigli, 2014; Soltekin ve
ark., 2015).

Bu calismanin amaci, Slperior Seedless iziim
cesidinde Salkim Ucu Kesme (SUK), Bilezik Aima
(BA), Bilezik Alma + Salkim Ucu Kesme
(BA+SUK), Gibberellik Asit + Bilezik Alma
(GAs+BA), Gibberellik Asit + Salkim Ucu Kesme
(GA3+SUK) ve Gibberellik Asit + Salkim Ucu
Kesimi + Bilezik Alma (GAs+ SUK +BA)
uygulamalarin Uzim verim ve kalitesi Uzerine
etkilerini ortaya koymaktir.

MATERYAL ve YONTEM

Materyal

Deneme 2015 vejetasyon doneminde Manisa ili
Ahmetli ilgesi Alahidir mevkiindeki 7 yasinda yerli
koklh (Asisiz) olarak Superior Seedless (izim
cesidi ile tesis edilen dretici baginda yuratilmastar
(GPS koordinatlari 38° 29" 32.7408" ve 27° 53’
49.4592"). Bagin topragi homojen yapida olup
kumlu-tinh biinyeye sahiptir. Omcalar sira lzeri 2
m, sira arasi 3 m olup, yuksek T terbiye sekli ile
sekillendirilmistir. Budama da omcalar da birakilan
ortalama g6z sayisi 60 adet/omca dir. Boylelikle
denemeye alinan her omca da esit yuk
uygulanmasi saglanmis, toprak isleme, gubreleme,

zirai mucadele gibi kdlturel islemler teknigine
uygun olarak yapilmistir.

Slperior Seedless Uzim c¢esidi, John
Garabedian tarafindan Kaliforniya da ismi

bilinmeyen ¢ekirdeksiz bir gesitle Kardinal ¢esidinin
melezlemesi yoluyla elde edilmis olup, 1972 yilinda
Sugraone ismi ile tescillendiriimigtir. 1989 yilinda,
Sun World firmasina patent haklari devredilen bu
gesit Superior Seedless olarak diinyaya yayilmis
olup Avustralya Meninde Seedless olarak da
taninir ve gesidin SU3412 ve SU5026 olmak lzere
iki klonu bulunmaktadir. Sun World tarafindan
yetistirme lisansi VG nuerseries’e  verilmigtir
(Goban, 2010). Bu ¢esit, beyaz renkli, gekirdeksiz,
yuvarlak ve daneleri orta-iri yapili olup erkenci bir
cesittir (Celik, 2006).

Yontem

Deneme, tesadf bloklari deneme desenine gore
ve 4 tekerrurli ve her tekerrir de 3 omca olacak
sekilde toplamda 84 asmada planlanmis ve
uygulanmigtir. Deneme Deseni;

A. Kontrol (K),

B. Salkim Ucu Kesimi (SUK),

C. Bilezik Alma (BA),

D. Bilezik Alma+ Salkim Ucu Kesimi (BA+SUK)

E. Gibberellik Asit +Bilezik Alma (GAs+BA),

F. Gibberellik Asit +Salkim Ucu Kesimi
(GA3+SUK),

G. Gibberellik Asit +Salkim Ucu Kesimi + Bilezik
Alma (GAs+ SUK +BA) olarak olusturulmustur.
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Denemede, GAsz uygulamalari Somaklar 5-6 cm
ulastiginda somak boyunu uzatmak amaciyla 10
ppm dozunda ve bandirma ydntemi seklinde
uygulanmistir (Winkler et al. 1974; Coban, 1995).

Kaltdrel uygulamalar olarak ise; salkim ucu
kesimi (SUK) uygulamasi ve taneler 3-4 mm
capinda iken salkimin ug¢ kismindan yaklasik
yuzde 30'luk kisminin kesilip atilmasi seklinde
yapiimistir (Winkler et al., 1974; Coban, 2001;
Akin, 2011a; Dardeniz, 2014,).

Bilezik alma (BA) uygulamasi, ince koruk
déneminde Uzim taneleri (3-5 mm c¢apinda iken)
asma govdesinin en Ustiinden kabuk ¢cepecevre bir
¢izgi halinde ¢ikariilma seklinde yapilmistir. Bilezik
alma ve Salkim ucu kesimi (BA+SUK) uygulamasi
ayni dénemde ayri bir kombinasyon olarak birlikte
uygulanmistir (Jensan et al., 1981; Altindigli, 1995;
Uzun ve Ceylan, 1995; Yamane ve Shibayama,
2006; Soltekin ve ark., 2015).

Ornek alma islemi Amerine ve Creuess (1960)
yontemine  gbre  gerceklestiriimistir. Hasat
déneminde incelenen  parametreler,  verim
(kg/lomca), ortalama salkim agirhgr (g), salkim
uzunlugu ve eni (cm), ve boyu (mm), tane agirhgi
(g), tane hacmi (cm®), Tane eni ve boyu, pH
(Adwa, AD1020 pH metre, Hungary), suda
¢Ozlnebilir kuru madde (SCKM, %) (digital
refraktometre, PR-1, Atago, Tokyo, Japan), asitlik

(Karagali, 2009) goére yapimistir. Elde edilen
bulgulart JMP (7.0 versiyon, SAS Institute, Cary,
NC, USA) istatistik programinda analiz edilmistir.

ARASTIRMA BULGULARI ve TARTISMA

Arastirma, 2015 yilinda Manisa-Ahmetli-
Alahidir Mahallesi’nde yerli kdklU olarak yetistirilen
7 yasinda Siperior Seedless Uzim bagdl olan
Uretici baginda yurutilmustar.

Salkim Ucu Kesimi, Bilezik Alma, Bilezik Aima +
Salkim Ucu Kesimi, Gibberellik Asit + Bilezik Alma,
Gibberellik Asit + Salkim Ucu Kesimi,ve Gibberellik
Asit + Salkim Ucu Kesimi + Bilezik Alma
uygulamalarin  GzUm verim, salkim ve tane
Ozelliklerine, SCKM, Asitlik, pH ve Olgunluk indisi
Uzerine etkileri incelenmistir. Elde edilen veriler
istatistiki analize tabi tutularak sonuglar cizelgeler
halinde verilmigtir.

Uygulamalarin verim ve salkim ozelliklerine
etkisi

Superior Seedless Uzim cesidinde hasat 20
Temmuz 2015 tarihinde yapilmistir. Elde edilen
verilerin  degerlendiriimesi sonucunda yapilan
uygulamalarin yas UzUm verimi, salkim agirligu,
salkim uzunlugu ve salkim genisligi Uzerinde
onemli dizeyde farkli etkiler yaptigi belirlenmigtir

(Cizelge 1).

Cizelge 1. GAs ve farkh kultirel uygulamalarin bazi salkim 6zellikleri etkisi
Table 1. The effect of GAs and different cultural applications to some cluster characters

Uygulamalar U&Z%;ig?' Salkim Agirli§i (g) Sa'k'"zcl:]fyn'ugu Sa'k'Tcggn@“g'
GAs+ BA 134 a 934a 331 a 16.3 bed
GAs + SUK 116b 740 b 26.3¢ 20.1 ab
GAs + BA+ SUK 125 ab 706 ¢ 25.4 be 2122
SUK 101 ¢ 580 20.6 de 18.4 be
BA 10.8 be 710¢ 27.2 ab 15.6 cd
SUK + BA 10.5 be 644 d 24.5 bed 192b
KONTROL 7.84d 452 f 22.1d 108e
LSD oo 1.507 9.203 2123 1.434

a-f: Ayni sutunda farkl kigik harfi alan ortalamalar arasindaki fark énemlidir (P<0.05)

Uzim verimi agisindan degerlendirildiginde; en
yuksek deger 13,4 kg/lomca ile GAs + BA
uygulamasinda, sirayla 12,1 kg/omca GAs + BA +
SUK, 11,6 kg/lomca GAs + SUK takip etmistir. En
dislk deger 7,8 kg/omca ile Kontrol asmalardan
elde edilmistir (Cizelge 1). Bu sonuglar, Brown et
al., (1988), Celik (1978; 1984), Zabadal (1992) ve
Coban (2001) tarafindan vyapilan arastirma
sonuglarinda ifade ettikleri kiltirel uygulamalarin
yas UzUm verimi Uzerine olumlu yonde etkiledigi
gorusu desteklemektedir. Ayrica, Amasya Uzim
gesidinde, %60 oraninda yapilan somak seyreltme

(Dardeniz, 2001), Horoz Karasi, GOk Uzim ve
Miskile sofrallk Uzim cesitlerinde 1/3 SUK
uygulamasi calismalarinda da (Akin, 2011a;
2011b), yas Uzim verimini arttigi saptanmistir. Bu
sonuglar, arastirma bulgulari ile uyum igindedir.

Salkim agirh@i ilgili veriler bakildiginda, en
yuksek deger 934 g ile GAs + BA uygulamasinda
gorulirken, en dusuk deger 452 g ile Kontrol
asmalardan elde edilmigtir (Cizelge 1). Diger
uygulamalar bu iki deder arasinda su sira ile yer
almistir: GAs + SUK; 740 g, BA; 710 g, GAs + BA +
SUK; 706 g, SUK + BA; 644 g, SUK; 580 g.
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Bu bulgular vyapilan diger ¢alismalarla
karsilastinldiginda; Cardinal Gzim gesidinde omca
basina bir salkim kalacak sekilde salkim seyreltme,
Pembe Gemre lzim cesidinde 1/3 SUK, Sultani
Cekirdeksiz lGzim gesidinde 1/3 SUK (Ates, 2004)
ve Crimson Seedless Uzim c¢esidinde SUK
uygulamalari (Abd El-Razek et al., 2010) salkim
agirhgini arttirdigi  saptanmistir.  Diger tarafdan,
Kismal (1979), Brown et al., (1988), Altindisli
(1995), Coban (2001) ve Rather ve et al., (2011)
yapmis oldugu arastirmalarda elde ettikleri bilezik
ve salkim ucu kesimi uygulamalarinin tane
tutumunu ve salkim agirhgini arttirdigi savini da
desteklemektedir.

Salkim uzunlugu ile ilgili veriler
degerlendiriimesi sonucunda, en ylksek deger
33,1 cm ile GAs + BA uygulamasinda olurken, en
disik deger 20,6 cm ile SUK uygulamasinda
gorilmustir (Cizelge 1). Diger uygulamalarin
sonuglari bu iki deger arasindadir (BA; 27,2 cm,
GAs + SUK; 26,3 cm, GAs + BA + SUK; 25,4 cm,
SUK + BA; 24,5 cm, Kontrol; 22,1 cm).

Bu sonuglar, Brown et al., (1988), Coban
(2001), Akin (2011b) ve Dardeniz (2014)
tarafindan ilgili uygulamalarin salkim o&zellikleri
tzerine olumlu etkiledigi gorusu ile uyum igindedir.

Salkim genigliginde, en yiksek deger 21,2 cm
ile GAs + BA + SUK, en dusik deger 10,8 g ile
Kontrol uygulamasindan elde edilmigtir. Diger
uygulamalar bu iki deder arasinda su sira ile yer
almistir: GAs + SUK; 20,1 cm, SUK + BA; 19,2 cm,
SUK; 18,4 cm, GAs + BA; 16,3 cm, BA; 15,6 cm.

Bu bulgular, Altindisli (1995) ve Coban (2001)
Yuvarlak gekirdeksiz ve Akin ve Sarikaya (2012)
Hasandede UzUm cesitlerinde yaptiklari arastirma
sonuglarinda bilezik alma ve salkim ucu kesimi
uygulamalarinin kontrol asmalara goére salkim
genigligini  artirdigi  sonuglan  ile  paralellik
gOstermektedir.

Uygulamalarin tane ozelliklerine etkisi

Elde edilen verilerin degerlendirilmesi
sonucunda vyapilan uygulamalarin yas Uzim
verimi, salkim agirligi, salkim uzunlugu ve salkim
genigligi Uzerinde Onemli dizeyde farkli etkiler
yaptigi belirlenmistir (Cizelge 2).

Cizelge 2. GAs ve farkl kultirel uygulamalarin bazi tane 6zellikleri etkisi
Table 2. The effect of GAs and different cultural applications to some berry characters

Tane agirhgi Tane hacmi 100 Tane Tane eni Tane boyu Tane

Uygulamalar @ (cm?) agirgi (g) (mm) (mm) ooy
GAs+ BA 134 a 55b 585.6 b 934 a 16.3 bed 33.1a
GAsz + SUK 116b 45c 468.2 de 740 b 20.1 ab 26.3¢c
GAs + BA+ SUK 12.5ab 4.7 cb 551.5¢cb 706 c 21.2a 25.4 bc
SUK 10.1¢c 53b 509.9d 580 e 18.4 bc 20.6 de

BA 10.8 bc 6.9a 669.7 a 710 ¢c 15.6 cd 27.2 ab

SUK + BA 10.5 bc 45c 493.4 de 644 d 19.2b 24.5 bed
KONTROL 7.8d 3.7d 4213 f 452 f 10.8 e 22.1d
LSD o,5 1.507 0.32 105.7 9.203 1.434 2.123

a-f: Ayni sutunda farkh kigik harfi alan ortalamalar arasindaki fark 6nemlidir (P<0.05)

Tane agirhid agisindan veriler incelendiginde,
uygulamalarin tane agirligi tzerine istatistiki anlamda
o6nemli diizeyde farkli etkiler yaptigi saptanmistir. Buna
gore en yuksek deger 6,70 g ile BA uygulamasindan,
en disuk deger 4,21 g ile Kontrol uygulamasindan
elde edilmigtir (Cizelge 2). Diger uygulamalar bu iki
deger arasinda su sira ile yer almistir: GAs + BA,;
5,86 g, GAs + BA + SUK; 5,51 g, SUK; 5,01 g, SUK
+ BA; 4.93 g, GAs + SUK; 4,47 g.

Bu sonuglar, Kismali (1979), Jensen et al.,
(1981), Ezzahovani et al., (1985), Shulman et al.,
(1986) Thomson Seedless ve Ruby Seedless
cesitlerinde cigeklenme zamani bilezik alindigini,
GAs veya GAs3+BA (Thomson Seedless 5ppm,
Ruby Seedless 1, 5 ve 20 ppm veya meyve
tutumunda 20 ve 40 ppm) uygulandigini; Thomson
Seedless’te tane tutumu sonrasi yapilan GAs ve

BA uygulamalarinin tane iriligini artirdigini, en iri
taneleri GAs+BA uygulamasinin meydana getirdigini
rapor etmiglerdir. Calismamizda da benzer sonuglar
elde edilmis ve en iri taneler BA uygulamasindan
sonra GAs+BA kombinasyonun da belirlenmistir.

Tane buyukliginin gostergelerinden olan tane
hacmi, tane agirhdina paralel sonug vermigtir.
Cizelge 2. incelendiginde Siperior Seedless Uzim
cesidinde vyapilan uygulamalarin tane hacmi
Uzerine istatistiki anlamda ©6nemli dizeyde farkli
etkiler yaptigi saptanmistir. Buna gére en yuksek
deger 6,9 cm?® ile BA uygulamasindan, en dislk
deger 3,7 cm?® ile Kontrol uygulamasindan elde
edilmigtir. Diger uygulamalar bu iki deger arasinda
siralanmigtir (GAs + BA; 5,5 cm3, SUK; 5,3 cm?,
GAs + BA + SUK; 4,7 cm?, GAs + SUK ve SUK +
BA; 4,5 cm?).
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Literatlrle karsilastinldiginda; Coban (2001)
Yuvarlak ¢ekirdeksiz, Shulman ve et al., (1986),
Ezzahovani et al. (1985), Thomson Seedless ve
Ruby Seedless cesitlerinde yaptiklari
uygulamalarda; Thomson Seedless’te tane tutumu
sonrasi yapilan GAs ve BA uygulamalarinin tane
iriligini  artirdigini, en iri  taneleri GAs+BA
uygulamasinin meydana getirdigi tespit etmislerdir.

Yapilan uygulamalarin 100 tane agirligi Gzerine
istatistiki anlamda ©6nemli dizeyde farkh etkiler
yaptigi gozlenmistir (Cizelge 2). Buna gore en
yuksek deger BA; 669,7 g, uygulamasi, sirasiyla
GAs + BA; 585,6 g, GAs + BA + SUK; 551,5 g,
SUK; 509,9 g, SUK + BA; 493,4 g, GAs + SUK;
468,2 g ve en dusik deger 421,3 g ile Kontrol
uygulamasindan elde edilmigtir.

Tane eni agisindan veriler incelendiginde,
uygulamalarin tane eni Gzerine istatistiki anlamda
onemli dizeyde farkh etkiler yaptigi saptanmistir.
Buna goére en yuksek deger 20,3 mm ile BA
uygulamasindan, en distk deger 17,1 mm ile
Kontrol uygulamasindan elde edilmistir (Cizelge 2).
Diger uygulamalar bu iki deder arasinda su sira ile
yer almistir: GAs + BA; 20,2 mm, GAs + SUK; 19,7
mm, GAsz + BA + SUK; 19,5 mm, SUK; 18,8 mm,
SUK + BA; 18,8 mm.

Yapillan  benzer ¢alismalarda;  Yuvarlak
Cekirdeksiz UzUme farkh Kkdltirel uygulamalar
yapiimigtir. En yiksek tane agirhgi degerleri ince
koruk déneminde uygulanan bilezik alma + salkim
ucu kesimi kombinasyonundan elde edilmigtir
(Brown et al., 1988, Coban, 2001). Ayrica,
Dardeniz (2014), Uslu ve Cardinal Gzim gesidinde
yaptigi SUK uygulamalarinin tane genisligi Gzerine
olumlu etkiledigini  bildirmis olup, arastirma
sonuglari ile uyum halindedir.

Tane boyu bakimindan elde edilen veriler
degerlendirildiginde, uygulamalarin tane boyu
Uzerine istatistiki anlamda ©6nemli dizeyde farkli
etkiler yaptig1 tespit edilmistir (Cizelge 2). Buna

gbére en yiksek deger 23,1 mm ile BA
uygulamasindan, en distk deger 19,9 mm ile
Kontrol uygulamasindan elde edilmigtir. Diger
uygulamalarin sonuglari bu iki deder arasinda yer
almistir (GAs + BA; 22,1 mm, SUK + BA; 21,1 mm,
GAs + SUK; 20,9 mm, GAs + BA + SUK; 20,8 mm,
SUK; 20,6 mm).

Altindigli (1995), Coban (2001), Zehra ve Naseri
(2012), Yuvarlak cekirdeksiz Uzim cesidinde BA,
SUK ve kombinasyonlari, Dardeniz (2014), Uslu ve
Cardinal  Uzim  gesidinde  yaptigi  SUK
uygulamalarinin tane boyunu artirdigini
belirlemiglerdir. Bu bulgular elde ettigimiz
sonuclarimizla benzerlik gostermektedir.

Superior Seedless izim cesidinde elde edilen
veriler degerlendirildiginde, yapilan uygulamalarin
tane genisligi/tane uzunlugu orani Gzerine istatistiki
anlamda o6nemli diizeyde farkli etkiler yaptigi
go6zlenmigtir (Cizelge 2). Buna goére en yuksek
deger 0,94 ile GAs + SUK, en duslk deger 0,85 ile
Kontrol uygulamasindan elde edilmigtir. Diger
uygulamalar bu iki deder arasinda su sira ile yer
almistir: GAs + BA+ SUK; 0,93, GAs + BA ve SUK;
0,91, SUK + BA; 0,89, BA; 0,87.

Yapilan benzer c¢alismalar incelendiginde;
Altindigli  (1995) ve GCoban (2001) Yuvarlak
Cekirdeksiz, Akin (2011b) Muskiile sofralik Gzim
cesitlerinde yaptiklari arastirma sonuglarinda
bilezik alma ve salkim ucu kesimi uygulamalarinin
kontrol asmalara gore tane genisligi/tane uzunlugu
oran degeri Uzerine etkili oldugu ve arastirma
sonuglari ile uyumlu oldugu saptanmistir.

Uygulamalarin SCKM, Asitlik pH ve
Olgunluk indisine etkisi

Elde edilen verilerin degerlendirilmesi
sonucunda vyapilan uygulamalarin yas Uzim
verimi, salkim agirligi, salkim uzunlugu ve salkim
genisligi Uzerinde Onemli diizeyde farkh etkiler
yaptigi belirlenmistir (Cizelge 3).

Cizelge 3. GAsve farkh kultirel uygulamalarin kuru madde, asitlik, pH ve olgunlagsma Gzerine etkisi
Table 3. The effect of different cultural applications on dry matter, acidity contents, pH and maturity index

SCKM

Asitlik

Uygulamalar (kglomca) (%) pH Olgunluk indisi
GAs+ BA 17 a 0.41 bc 3.689 4146 a

GAs + SUK 16 ab 0.44 bc 3.661 36.36 b

GAs + BA+ SUK 16 ab 0.43 bc 3.578 37.20 ab

SUK 16 ab 0.46 b 3.759 34.78 bc

BA 17 a 0.43 bc 3.731 39.53 ab

SUK + BA 16 ab 0.46 b 3.617 34.78 bc
KONTROL 145b 0.51a 3.845 2843 c

LSD o,05 0.561 0.045 oD 5.645

a-f: Ayni sutunda farkl kigik harfi alan ortalamalar arasindaki fark énemlidir (P<0.05)

O.D: Onemli degil
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SCKM, sofralik tzimlerde hasat olgunluguna
ulasmanin tayininde o6nemli bir ol¢ittir. Yapilan
uygulamalarin SCKM (izerine istatistiki anlamda
onemli dizeyde farkl etkiler yaptigi tespit edilmistir
(Cizelge 3). SCKM degerleri % 14,5-17 degerleri
arasinda degismektedir. Buna goére en yuksek seker
miktari deger ylksek deger % 17 ile GAs + SUK ve
BA uygulamalarinda belirlenirken, en dugsik deger
ise % 14,5 Kontrol uygulamasindan elde edilmigtir.

Diger arastirma bulgulari ile karsilastirildiginda;
Ezzahovani et al. (1985), Shulman et al. (1986),
Thomson Seedless ve Ruby Seedless gesitlerinde
ciceklenme zamani bilezik alindigini, GAs veya
GAs+BA uygulandigini; Thomson Seedless’te tane
tutumu sonrasi yapilan GAs ve BA uygulamalarinin
seker miktarini etkilemedigini; Ruby Seedless’te
ise seker miktarinda dnemsiz bir azaligin meydana
geldigini ifade etmiglerdir. Akin ve Sarikaya (2012),
Hasandede (zim c¢esidin yapilan 1/3 SUK
uygulamalari  SCKM  degerini  disUrdigini
belirlemiglerdir. Buna karsin, Jensen et al. (1981),
Thompson Seedless ve Cardinal, Brown et al.
(1988), Pinot noir, Coban (2001), Yuvarlak
Cekirdeksiz, Akin (2011b), Muskile, Rather et al.
(2011) Perlette, Dardeniz (2014), Uslu ve Cardinal,
Soltekin ve ark., (2015) Red Globe Uzim
gesitlerinde BA ve SUK; uygulamasi yapmislar;
SCKM miktarini artirdigini tespit etmislerdir. Bu

bulgular, arastirma sonuglari ile benzerlik
gOstermektedir.
Asit iceri§i bakimindan degerlendirildiginde;

uygulamalarin  tanelerin asit igerigi Uzerine
istatistiki anlamda ©6nemli dizeyde farkh etkiler
yaptigi gorilmuistir. Buna gore en yiksek deger %
0,51 Kontrol uygulamasindan, en dusiik deger %
0,41 ile GAs + BA uygulamasindan elde edilmistir
(Cizelge 3). Diger uygulamalarin sonuglari bu iki
deger arasinda yer almistir (SUK ve SUK + BA;
0,46, GAs + SUK; 0,44, BA ve GAs + BA + SUK;
0.43, GAs + BA; 0,41).

Brown et al. (1988), Pinot noir Uzim c¢esidinde
sapkalarin dokilmesinden bir hafta énce yapilan BA

uygulamasi sonucu asitligin distigund,
Chardonnay (zim ¢gesidinde vyapillan BA
uygulamasinin verimi artirdigini, asit miktarinin
degismedigini tespit etmiglerdir. Jensen et al.

(1981), Thompson Seedless ve Cardinal Uzim
cesitlerine bilezik alma uygulamasi yapmiglar;
toplam asitligin degdismedigini saptamislardir. Akin
ve Sarikaya (2012), Hasandede (zim gesidin
yapilan 1/3 SUK uygulamalari Asitlik degerini
distrdiguni belirlemislerdir. Akin (2011b) Muaskiile,
Dardeniz (2014), Uslu ve Cardinal, sofralik Gzim
cesidinde 1/3 SUK uygulamasi asitligi artirdigini
belirlemistir.  Arastiricilarin -~ ayni uygulamalar

yapmasina karsin asit agisindan farkli sonuglar
almasi, farkli cgesitler Uzerinde bu uygulamalari
gerceklestiriimesi kaynaklanabilecedi ve her gesidin

ayni uygulamaya kargi farkh tepki verebildigi
sOylenebilir.
pH degerleri agisindan bakildiginda,

uygulamalarin pH degerleri Uzerinde olan etkileri
istatistiksel olarak 6nemli olmadigi saptanmistir.
En ylksek pH degeri 3,759 ile SUK
uygulamasinda, en dusuk pH deger ise 3,617 ile
SUK + BA uygulamasinda goézlenmistir. Diger
uygulamalarin sonuglari bu iki deder arasinda yer
almistir (Cizelge 3).

Soltekin ve ark. (2015) Red Globe {zim
cesidinde BA uygulamasi yapmis pH degeri
Uzerinde istatistiki olarak dnemli olmadig
sonucuna varmistir. Bu bulgu, Arastirma sonuglari
ile uyum halindedir

Olgunlagsma indisi verileri degerlendirildiginde,
yapilan uygulamalarin olgunluk indisi degeri
Uzerine istatistiki anlamda ©6nemli dizeyde farkli
etkiler yaptidi belirlenmistir. Buna gére en ylksek
deger % 41,46 ile GAs + BA, en disik deger %
28,43 ile Kontrol uygulamasindan elde edilmistir
(Cizelge 3).

Yapilan benzer calismalarda; Coban (2001),
Yuvarlak c¢ekirdeksiz Uzim g¢esidinin ince koruk
déneminde yapilan BA ve SUK uygulamalari; Ates
(2004), Pembe Gemre ve Sultani ¢ekirdeksiz 'de
1/3 SUK, %25 oraninda yaprak alma uygulamalari;
Akin (2011a), GOk Uzim c¢esidinde 1/3 SUK
uygulamasi; Akin ve Sarikaya (2012), Hasandede
Uzum gesidinde 1/3 SUK uygulamasi olgunluk indis
degerini artirmistir.  Bu sonuglar, arastirma
bulgularimizi desteklemektedir.

SONUG ve ONERILER

Manisa ilinde son yillarda erkenci cekirdeksiz
sofralik beyaz renkli gesit olan Siperior Seedless
UzUm cesidi Uretim alani her gegen gun artmaktadir.
Bu cesit sofrallk amagli yetistirmesi ana hedefi
olmasina karsin istenen kalitede olmamasi halinde,
kurutularak degerlendirme sekli olmasi bdlge
bagcisi acgisindan talep edilmesinin en blylk
nedenlerinden biridir. Bu durum gelir kaybina neden
olmaktadir.

Bolgede erken donemde sofralik Gzim
piyasasina giren bu ¢gesit, sofrallk amagl
degerlendirildiginde ylksek gelir saglamaktadir. Bu
amagla sofralilk Uzim kalitesini yukseltmek
amaciyla; Salkim Ucu Kesimi, Bilezik Alma, Bilezik
Alma + Salkim Ucu Kesimi, Gibberellik Asit + Bilezik
Alma, Gibberellik Asit + Salkim Ucu Kesimi ve
Gibberellik Asit + Salkim Ucu Kesimi + Bilezik Aima
uygulamalari yapilmigtir.
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Bir vejetasyon doneminde (2015) yapilan
arastirmanin sonuglari séyle dzetlenebilir;
1. Uygulamalar Siperior seedless lzim

cesidinde asma basina yas Uzim verimini arttirmistir.

2. Salkim agirhgi ve salkim uzunlugu Uzerine
uygulamalar farkli etkide bulunmus en fazla salkim
agirligr ve uzunlugu Gibberellik Asit + Bilezik AIma;
Salkim genisligi ise Gibberellik Asit + Salkim Ucu
Kesimi + Bilezik Alma kombinasyonundan elde
edilmigtir.

3. Tane agirhigi, 100 tane agirhgi, Tane genigligi
ve uzunlugu, Tane hacmi Bilezik Alma
uygulamasinda tespit edilmistir.

4. Yapilan uygulamalar Suda Cdézunebilir Kuru
Madde Uizerine farkli etki yapmis Gibberellik Asit +
Salkim Ucu Kesimi + Bilezik Alma kombinasyonu
hasat zamaninda en yuksek degere ulasmistir.

5. Hasat zamaninda Gibberellik Asit + Bilezik
Alma kombinasyonunda asit degeri en dusuk
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