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Abstract

Many studies have shown that anthropological acts driven by human demands have led to the extinction of
numerous plant and animal species, or have put them in danger of becoming extinct. Deforestation is a serious occurrence
that damages the ecosystem permanently, reduces biodiversity, and interferes with an entire ecological niche's capacity
to function. Evidence on the causes and impacts of vehicle mobility in a forest reserve area is provided by the present
research. Animal mortality was shown to be higher during the lockdown with traffic relaxation and somewhat lower
during the lockdown without relaxation. The present study shows how unregulated automobile access into the Mannur
Protected Forest results in significant faunal fatalities. The state has to be persuaded to exclusively adopt Good
Environmental Practices (GEP) while constructing roads through the forest, and the appropriate authorities must keep an
eye on the movement of automobiles through the remote forest zone.

Keywords: road mortality, fauna, reserve forest, kanchipuram district, tamil nadu

k

Mannur Rezerv Ormani, Kanchipuram, Tamil Nadu, Hindistan'dan gecen bir yolda fauna 6liimlerinin 6n
degerlendirmesi

Ozet

Bir¢ok arastirma, insan taleplerine dayali antropolojik eylemlerin, ¢ok sayida bitki ve hayvan tiirliniin yok
olmasina veya yok olma tehlikesiyle kars1 karsiya kalmasina yol agtigini géstermistir. Ormansizlasma, ekosisteme kalici
olarak zarar veren, biyolojik gesitliligi azaltan ve tiim ekolojik nigin islev gorme kapasitesine miidahale eden ciddi bir
olaydir. Bir orman koruma alanindaki ara¢ hareketliliginin nedenleri ve etkilerine iligskin kanitlar bu arastirma tarafindan
saglanmaktadir. Hayvan 6liimlerinin, tecrit sirasinda gevseme ile daha yiiksek ve gevseme olmadan tecrit sirasinda biraz
daha diisiik oldugu gosterildi. Bu ¢alisma, Mannur Koruma Altindaki Ormana diizensiz otomobil erisiminin nasil dnemli
faunal dliimlere yol agtigim gostermektedir. Devlet, ormanim iginden yollar insa ederken yalmizca Iyi Cevresel
Uygulamalar1 (GEP) benimsemeye ikna edilmeli ve ilgili makamlar, uzak orman bolgesinde otomobillerin hareketini
kontrol etmelidir.

Anahtar kelimeler: karayolu 6liimleri, fauna, rezerv ormani, kanchipuram bdolgesi, tamil nadu
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1. Introduction

One of the most complex obstacles that our planet is coping with at the present moment is the depletion of its
biological diversity. Loss of biodiversity refers to the decline in the number and variety of living organisms on Earth,
including plants, animals, and microorganisms. This loss is caused by a variety of factors, including habitat destruction,
pollution, climate change, and over-exploitation of natural resources [1, 2]. Habitat destruction is one of the main causes
of biodiversity loss, as it destroys the natural homes of many species, making it difficult for them to survive. Climate
change is also a significant contributor to biodiversity loss, as it causes changes in temperature, precipitation, and sea
level, which can affect the distribution of species. Additionally, pollution and over-exploitation of natural resources can
damage ecosystems, making it difficult for many species to survive [3].

The loss of biodiversity has a number of negative consequences, including the loss of ecosystem services, the
disruption of the delicate balance of ecosystems, and the extinction of many species. Additionally, the loss of biodiversity
can also have negative effects on human well-being, as it can lead to the loss of important ecosystem services, such as
pollination and pest control, and can also disrupt the delicate balance of ecosystems. Therefore, it is important to take
action to protect biodiversity and to preserve the natural world for future generations [4].

It is well known that the global assessment of natural resources is not predictable. Fauna directly and indirectly
plays a vital role in the ecosystem by being part of food webs and thereby influences the economic status of the country.
Some examples include soil arthropods which enrich the texture and nutrition of soil in the forest ecosystem, agricultural
fields and litter regions [5]. Insects serve as the backbone of any ecosystem as the entire vegetation depends on natural
pollinators. Reserve forests are pockets of resources for faunal and floral diversity that help conserve and protect
threatened species. Most nocturnal organisms in these forests are active during the night in search of potential mates,
food, shelter and seasonal migration. All of these activities are disrupted by the noise caused by traffic, light and vibration
caused by the motor vehicles that traverse the forests.

Faunal mortality on roads, also known as wildlife-vehicle collisions, is a significant problem that affects both
wildlife and human populations [6, 7, 8, 9]. These collisions can result in the death or injury of both animals and people,
as well as damage to vehicles and infrastructure. One of the main causes of faunal mortality on roads is habitat
fragmentation. As human populations continue to expand and urban areas continue to grow, natural habitats are being
destroyed and replaced with roads and other infrastructure. This fragmentation of habitats can lead to animals being forced
to cross roads in order to find food, mates, or other resources. Additionally, many animals are attracted to the roadside
vegetation, which can be more abundant and diverse than the surrounding habitat, further increasing the risk of collisions.
Climate change also plays a role in faunal mortality on roads as it causes changes in temperature, precipitation, and sea
level, which can affect the distribution of species. These changes can lead to animals moving to new areas in search of
food or suitable habitats, which can increase the risk of collisions with vehicles.

The vehicular movement is a major cause of concern as it is the only reason for the increasing number of road
kill in these forests. The present study aims to quantify the loss of biodiversity due to vehicular movement and road
construction in the middle of Mannur Reserve Forest, Tamil Nadu. The study is significant as it highlights the negative
impact of roads on wildlife and underscores the importance of conservation measures in mitigating such impacts. The
study also provides valuable data that can be used to inform policy decisions and conservation strategies in the region.

2. Materials and methods

Mannur Reserve Forest (MRF) is located 39 km eastwards from the district headquarters in Kanchipuram and
13 km from Sriperumbudur and 37 km from the state Capital Chennai. Mannur is surrounded by Kadambathur block on
the West, Poonamallee block towards the East, Tiruvallur block towards the North. Mannur junction is in the border of
the Kanchipuram and Thiruvallur districts. Mannur is near from national highway (SH 116 - Kanchipuram - Vandavasi
highway) of 8.5 km. Mannur Reserve forest is located between Thandalam road junctions (Thandalam Koot Road) to
Mannur road junction (Kattu Koot Road). Mannur Reserve Forest (Figure 1) under Forest (Conservation) Act 1980, and
norms is the forest area used by protected, nesting, foraging, over wintering, resting, migration, important or sensitive
species of flora and fauna for breeding. MRF is a dense scrub forest with grass, herbs, scrub, bush and shrubs. Total forest
area 7.38 Km2 and the road was constructed between forest of 1.6 km and width of the road is 24 ft. which is a two-way
road without divider with rich vegetation along both sides of the road.

Motor cycles, Cars, Bikes, Scooters, Vans, Lorries, Buses, Heavy Duty Lorries, Trucks, Tractors and almost all
type of petrol, diesel motor vehicles use this road. Vehicles move with a minimum of 40 kmph to a maximum speed of
100 kmph across this 1.68 km stretch running through MRF. Road kill data was obtained for 30 days, from mid-June to
mid-July, 2020; the data includes periods before and after COVID-19 lockdown. The data was collected from 15th to
25th June, due to containment zones that were in district territories in Chennai, Kanchipuram, Chengalpattu and
Thiruvallur districts by Tamil Nadu Government.

After 26th June 2020, the lockdown was further extended with some relaxations till 31st August, 2020. The roads
were systematically surveyed in two sessions i.e. morning (6:00 am to 7:00 am) and evening (5:00 pm to 6:00 pm)
throughout the study period. Line Transect sampling method (Karanth & Nichols, 2017) was followed in the present study
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and data was collected on both sides of the road and dead samples/species were observed, number of mortality was
recorded and photograph were taken for identification. Pictorial handbooks and literatures were consulted to identify the
species [10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21]. Overall percentage of mortality rate was calculated and reported
using statistical tool/software.

Distance @
1.679.55m ~

Figure 1. A map of the study area and road through the Mannur Reserve Forest (Google Maps)
3. Results

Mannur Reserve Forest, characterized by its dense vegetation, hosts a diverse array of plant life, encompassing an
abundance of herbs and shrubs. Within this lush environment, the "Gloriosa superba™ plant, commonly referred to as the
"flame lily" or the "glory lily," thrives in abundance. Notably, this plant holds significance as the state flower of Tamil
Nadu and the national flower of Zimbabwe. The impact of vehicular encounters on the resident wildlife within the reserve
forest is evident, as illustrated in Figure 2. Animals across various groups experienced direct collisions with vehicles
while traversing roads within the forest, resulting in the loss of vital organs and, consequently, a substantial number of
fatalities.

Table 1 provides a comprehensive overview of the common names, phyla, classes, and orders of species
documented throughout the study. Among the diverse animal groups affected by mortality are Clitellata, Mollusca,
Orthoptera, Blattodea, Lepidoptera, Odonata, Hymenoptera, Diptera, Coleoptera, Arachnida, Chilopoda, Diplopoda,
Amphibia, Reptilia, Carnivora, Aves, and Mammalia. A total of 55 species, spanning various taxa, were identified and
are enumerated below. The documentation of species mortality during the lockdown, both with and without relaxation, is
detailed in Table 1. The distribution of mortality percentages during the lockdown without relaxation is visually
represented in the pie diagrams ( Figure 3, 4).

Table 1. List of species observed in the road mortality with thier common names and taxonomic position)

S.

NG Species Name Common Name
1. Eisenia fetida (Savigny, 1826) Earthworm
2. Achatina fulica Bowdich, 1822 Giant African land snail Mollusca
3. Laevicaulis alte (Férussac, 1822) Leather-leaf slug
4. Poekilocerus pictus (Fabricius,1775)

- Grasshopper

5. Oxya hyla hyla Serville, 1831 Arthropoda
6. Xylocopa violacea (Linnaeus, 1758) Violet Carpenter Bee
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Table 1. Continued

7. Chrysocoris stollii (Wolff, 1801)
8. Sternocera chrysis (Fabricius, 1775)

9. Copris (Paracopris) cribratus Gillet, 1927 Beetles

10. | Onthophagus amphinasus Arrow, 1931

11. | Hasora Chromus (Cramer, 1782)

12. | Eurema brigitta (Cramer, 1780)

13. | Hebomoia glaucippe (Linnaeus, 1758)

14. | Danaus chrysippus (Linnaeus, 1758)

15. | Junonia almanac (Linnaeus, 1758)

16. | Junonia lemonias (Linnaeus, 1758) )
Butterflies

17. | Tirumala limniace (Cramer, 1775)

18. | Euploea core (Cramer, 1780)

19. | Pachiliopta aristolochiae (Linnaeus, 1775)
20. | Pachliopta hector ( Linnaeus, 1758)

21. | Mycalesis subdita (Moore, 1892)

22. | Papilio demoleus Linnaeus, 1758

23. | Diplacodes trivialis (Rambur, 1842)

24. | Orthetrum sabina (Drury, 1770) Dragonfly
25. | Trithemis pallidinervis (Kirby, 1889)
26. | Apis mellifera Linnaeus, 1758

27. | Apis cerana indica (Fabricius, 1798) Honey bees

28. | Musca domestica Linnaeus, 1758 Housefly

29. | Periplaneta americana (Linnaeus, 1758)

30. | Periplaneta australasiae (Fabricius, 1775)

31. | Blattella germanica Linnaeus, 1767 Cockroaches

32. | Therea petiveriana (Linnaeus, 1758)

33. | Blatta orientalis Linnaeus, 1758

34. | Rhysida nuda nuda (Newport, 1845) Centipedes

35. | Cormocephalus pygmaeus Pocock, 1892

36. | Xenobolus carnifex (Fabricius, 1775)

37. | Anoplodesmus saussurii (Humbert, 1865) Millipede

38. | Trigoniulus corallinus (Gervais, 1847)

39. | Heterometrus flavimanus (Pocock, 1900) Scorpion

40. | Heterometrus madraspatensis (Pocock 1900)

41. | Daboia russelii (Shaw & Nodder, 1797)

42. | Bungarus caeruleus (Schneider, 1801) .
Snakes Reptilia

43. | Coluber naja Linnaeus, 1758
44, | Enhydris enhydris (Schneider, 1799)
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Table 1. Continued

45. | Ptyas mucosa (Linnaeus, 1758)
46. | Calotes versicolor (Daudin, 1802) Garden lizard
47. | Melanochelys trijuga (Schweigger, 1812) Indian black turtle
48. | Duttaphrynus melanostictus (Schneider, 1799) o
- Frog Amphibia
49. | Duttaphrynus microtympanum (Boulenger, 1882)
50. | Corvus splendens Vieillot, 1817 House crow A
ves
51. | Athene cunicularia (Molina, 1782) Burrowing owl
52. | Herpestes javanicus (E. Geoffroy Saint-Hilaire, 1818) Mongoose (small)
53. | Funambulus palmarum (Linnaeus, 1766) Indian squirrel .
Mammalia
54. | Bandicota bengalensis Gray, 1835
— Rat - Mammal
55. | Golunda ellioti Gray, 1837

Figure 2. Mortality of Higher taxa on Mannur RF road.
4A. Funambulus palmarum (Linnaeus, 1766), 4B. Daboia russelii (Shaw & Nodder, 1797), 4C. Melanochelys trijuga
(Schweigger, 1812), 4D. Athene cunicularia (Molina, 1782), 4E. Calotes versicolor (Daudin, 1802), 4F. Ptyas mucosa
(Linnaeus, 1758)

A preliminary assessment of faunal mortality on a road through Mannur Reserve Forest, Kanchipuram, Tamil Nadu, India
Chezhian YOSEPH, Prabakaran SARANGAN, Muzafar RIYAZ, Chidambaram TAMILSELVAN



BIOLOGICAL DIVERSITY AND CONSERVATION- 16/3 (2023) 177

u Earthworm ¥ Snail & Slug

H Grasshopper B Cockroaches

u Butterflics B Dragonfly
& Honey bee u Carpenter Bee
H Housefly H Beetles

1% H Scorpion u Centipedes
i Millipede = Frog
= Snakes ® Garden lizard
H Turtle B House crow

& Burrowing owl = Mongoose

# Indian squirrel = Rat
0%

Figure 3. Pie diagram showing the percentage of casualties during Lockdown without traffic relaxation
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Figure 4. Pie diagram showing the percentage of casualties during Lockdown with traffic relaxation
4. Conclusions and discussion

Various factors have led to the loss of biodiversity in the reserved forest, the most significant being the laying of
new roads, widening and repairing of the existing roads. This leads to unnecessary traffic wherein animals met with
accidents and thus resulting in a severe diversity imbalance due to adverse decrease in population. Due to the unmonitored
automobile activities which are steadily on the rise, there is loss of endangered/threatened species, endemic species,
protected species, and a drastic drop in the reproductive capacity because of loss of mates and an increase in pollution of
air, water and noise.

The study was undertaken to assess the extent of faunal mortality on a 7-kilometer stretch of a road that cuts
through the forest. We surveyed the road twice a month for one month and recorded the number and species of animals
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that were killed by vehicles. We also collected data on the traffic density and speed of vehicles on the road. The results
of the study showed that a total of 55 animal species, including mammals, birds, and reptiles, were killed during the
survey period. The study also found that the highest number of fatalities occurred during the traffic relaxation, which
corresponded to peak traffic hours.

In order to prevent such adverse effects from happening, it is mandatory to implement the Good Environmental
Practices (EPI) as it will help in minimizing the direct impacts of faunal diversity as a result of road construction project.
Incorporation of biodiversity conservation into the design and implementation of road projects is also a necessary strategy
for environmentally sustainable development.

Results show that mortality is higher (182 casualties) during the lockdown period with traffic relaxation and
comparatively less (82 casualties) during lockdown period without relaxation. Thus, the passage of vehicles within the
secured forest area needs to be controlled by the traffic rules and regulations and Good Environmental Practices (EPI)
has to be followed exclusively to develop roads for modern civilization.

In order to address faunal mortality on roads, a number of different strategies can be employed. These include
wildlife crossings, such as underpasses and overpasses, which can provide safe passage for animals across busy roads.
Additionally, wildlife warning signs and speed limits can be used to alert drivers to areas where collisions are more likely
to occur. Habitat restoration and conservation efforts can also help to reduce the risk of collisions by providing animals
with more suitable habitats and resources.

In conclusion, faunal mortality on roads is a significant problem that affects both wildlife and human populations.
It is caused by a variety of factors, including habitat fragmentation, climate change, and human activity. To address this
problem, a number of strategies can be employed, including wildlife crossings, warning signs, speed limits, and habitat
restoration and conservation efforts. By taking action to protect wildlife and reduce the risk of collisions, we can help to
preserve the natural world for future generations. The study underscores the need for conservation measures to mitigate
the impact of roads on wildlife and provides valuable data that can be used to inform policy decisions and conservation
strategies.
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Abstract

Seeds of 51 bush species, which are plants that can be an alternative feed source, were evaluated in terms of
macro and micro elements. In terms of macro and micro elements, the relations, similarities and differences of the
species with each other have been revealed. As a result of the research, N, K, P, Ca, Mg and Fe were determined as
remarkable minerals in bush seeds. From shrub plants; Deeds of Clematis orientalis L., Cotoneaster integerrimus
Medik., Crataegus monogyna Jacq., Crataegus rotundifolia Moench., Daphne oleoides Schreb., Ephedra major Host.,
Lonicera caucasica Pall., Sambucus ebulus L., Smilax excelsa L., Sorbus torminalis (L.) Crantz., L., Ziziphus vulgaris
Lam., were determined as possible seeds to be used as animal feed.

Key words: shrub, seed, mineral, content

Bazi calimsi bitki tohumlarinin yem amach mineral icerikleri acisindan degerlendirilmesi

Ozet

Alternatif yem kaynagi olabilecek bitkilerden g¢alilarin yaprak, sap-siirgiin gibi kisimlarinin yaninda meyve ve
tohumlarinin kullanilmast amaciyla 51 adet bitki tohumlart degerlendirilmistir. Makro ve mikro elementler agisindan
tohumlarin igerikleri, birbirleri ile iligkileri ve benzerlikleri ve farkliliklar1 ortaya konulmustur. Neticede; N, K, P, Ca,
Mg ve Fe c¢ali tohumlarinda dikkate deger mineraller olarak belirlenmistir. Cali bitkilerinden; Clematis orientalis L.,
Cotoneaster integerrimus Medik., Crataegus monogyna Jacq., Crataegus rotundifolia Moench., Daphne oleoides
Schreb., Ephedra major Host., Lonicera caucasica Pall., Sambucus ebulus L., Smilax excelsa L., Sambucus nigra L.,
Sorbus torminalis (L.) Crantz., Viscum album L., Ziziphus vulgaris Lam., in tohumlarimin hayvan yemi olarak
kullanilmast muhtemel tohumlar olarak belirlenmistir.

Anahtar kelimeler: ¢ali, tohum, mineral, igerik
1. Giris

Ulkemizin fiziki olarak engebeli bir yapiya sahip olmasindan dolay: farkli iklim ve bitki ortiisii gesitliligine
sahiptir. Bu olumsuz yapiin hayvancilik agisindan olumlu etkilerinden birisi de uygun mera ve yaylak-kislaklarin yer
almasidir. Diinyanin kurak ve yar1 kurak bir ¢ok mera alanlar1 verimsiz hale gelmis meralarda bulunan kaliteli tiirlerin
yerini lezzetsiz istilaci tiirler almistir. Yapilan bir ¢ok caligmada meralarin verimlilik ve mera sagligi bakimindan riskli
ve sorunlu oldugu ortaya konulmustur [20]. Diinya’da kurak ve yar1 kurak bolgelerde bulunan mera alanlarinda genelde
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bitkiyle kaplilik oraninin yaklasik olarak % 50-80 arasinda olup, kaliteli azalici bitkiler oraninin yaklasik % 5-20
arasinda degigmesine ragmen, istilaci bitkilerin % 70-90 arasinda degistigi ve mera kalitesinin istilac tiirlerden dolay1
bozuldugu ortaya konmustur. Diinyada degisik stres faktorlerinden dolayr zayiflayan meralarin iyilestirilmesi ve
besleme kalitesinin arttirilmasi galigmalar1 yogun olarak devam etmesi sorunu ¢dzmekten uzaktir. Bu konuda bir ¢ok
calisma yapilmasina ragmen mera kalitesi ve verimliligi diinyada gittikge diigmektedir [12, 23].

Meralarin verimliliginin arttirilmasi ve kalitesinin iyilestirilmesinde ¢alimsi bitkiler 6nemli bir potansiyel teskil
etmekte olup, bu alanlar i¢in ¢alimsi bitkiler kullanilarak gerek 1slah, gerek kurak zamanlarda saglanan yem katkilari ile
6nemli bir 1slah materyali olduklari agikardir. Calimsi bitkilerin yaprak, sap-siirgiin gibi kisimlar1 6zellikle kiigiikbag
hayvanlar i¢in yem kaynagi olustururken, bu bitkilerin tohumlar1 da mese palamudunda oldugu gibi yem degeri
acisindan samandan daha iyi durumda olan palamudun dogal iiretimin bol oldugu yerlerde yem olarak kullanilabildigi
bildirilmistir [30]. Calims1 bitkiler gerek yapraklari, gerek sap-siirgiinleri ve gerekse tohumlari ile tiiketilebilen ek yem
kaynaklar1 olup, mera alanlarina kullanimlarinin artmastyla meralarin verim ve kalitesinin arttirilmasinda 6nemli bir
potansiyel bitki guruplaridir. Ozelllikle calimsi bitkilerin tohumlar: iceridikleri lezzetli biyokimyasal ve mineral
maddeler vasitasiyla hayvan beslenmesinde 6nemli role sahip olup, igerdikleri mineraller hayvansal verim ve kaliteye
onemli katki saglamaktadirlar [8, 32]. Calims: bitkilerle ilgili diinyada bir ¢ok g¢aligma yapilmasina ragmen bu
caligmalar sadece bitki tanimlamasi ve besin igeriklerinin tek bitkide belirlenmesi baglaminda yiiriitilmistiir [29, 16, 2].
Diinyada bu bitkilerle ilgili 1slah ¢alismalari olduk¢a yeni ve yetersiz olup c¢alimsi bitkilerin meralarda
kullanilabilirliklerinin belirlenmesi, yiksek verimli ve kaliteli gesit gelistirme g¢aligmalarina ihtiyag vardir. Islah
caligmalarinda, merada kullanilabilecek ¢esit gelistirme amaciyla yapilan g¢aligmalarin yani sira bu ¢alilarin
biyokimyasal ve mineral madde igeriklerinin belirlenmesi 1slah ¢aligmalarinin basarisint arttiracaktir [11, 15, 13, 24, 3,
26]. Mineraller (N, P, K, Ca, Mg, S, Na, Fe, Cu, Mn, Zn, B) bitki gelismesinde 6nemli bir yer tutmakta olup, bitkilerin
yiiksek verim ve kalite gibi dnemli unsurlarini ortaya ¢ikaran, protein karbonhidrat ve yag gibi organik bilesiklerin
olusumu, bitkinin genetik kapasite ve ¢evreyle olan interaksiyonunda hayati 6nem arz eden organik bilesikler, amino
asitler gibi bilesiklerin biyokimsayal aktivitesinin ortaya konulmasinda énemli yer tutarlar [24, 3]. Minerallerin, ¢alims1
bitkilerin degisik kisimlarindaki igeriklerinin belirlenmesi ¢alimsi birtkilerle yiiriitiilen 1slah ¢aligmasinda kullanilan
bitkilerin kalitesinin ortaya konmasinda énemli rol oynayacaktir. Ozellikle ¢alims: bitkilerin tohumlarinin igerdikleri
mineral maddelerin belirlenmesi tohumlarin kullanim ve degerlendirilme potansiyelinin arttiracaktir [ 30, 13].

Calilarla ilgili yiiriitillen ¢alismalarda basar1 sansini arttirmak amaciyla yapilan degerlendirmelerde degisik
istatistik metotlar1 kullaniabilecegi gibi bu metotlarin birlikte degerlendirilmesi basar1 derecesini ve seleksiyon
basarisini arttiracaktir. Bu amagla korelasyon, faktor, biplot, hiyerarsik clustering ve Conditional formatting analiz
yontemleri, yiiriitillen 1slah ¢alismalarinda basartyla kullanilan yontemlerdir [28, 14]. Bu g¢alismada degisik analiz
metotlar1 (Korelasyon, faktor, biplot, hiyerarsik clustering ve Conditional formatting) kullanilarak bazi ¢alimsi bitki
tohumlari igerikleri mineral maddeler yoniinden benzerlikleri/farkliliklar1 ve mineral madde yoniinden performanslari
ortaya konmustur.

2. Materyal ve yontem

Deneme alanina ait toprak 6zelliklerini gosterir analiz sonucundanda anlasildigi gibi toprakta organik madde
miktar1 0-20-20 40 cm derinlikte % 1.53-1.17 aras1 degismistir. Ayn1 sekilde yarayigh fosfor ve potasyum miktarlari 0-
20 cm de 10.04 ve 7.17 kg/da, 82.95 ve 60.30 kg/da aras1 degismistir. Dikkat edilir ise organik madde, fosfor ve
potasyum mktarlar1 derinlik arttikga azalmig ve dolayisiyla bitkiye en yarayigh toprak derinligi 0-20 cm olarak ortaya
konmustur. Diger taraftan arastirmada ¢aligilan tohumlarin elde edildigi bitkilerin listesi Tablo 1° de verilmistir.
Bitkiler Gegit Kusag1 Tarimsal Arastirma Enstitiisti Miidiirliigi Calims: Bitkiler Plantasyonu ve Suriye’den (ICARDA)
temin edilmigtir. Bitkilerin olgunlagsma donemleri birbirlerinden farklilik gésterdigi igin tohumlar sonbaharda elde
edilmistir.

Tablo 1. Calisilan bitkilerin listesi

Sira No  Cins /Tiir Sira No Cins /Tiir
1 Acantholimon acerosum (Willd.) Boiss. 27 Elaeagnus angustifolia L.
2 Acer campestre L. 28 Ephedra major Host.
3 Alhagi pseudalhagi (M. Bieb.) Fisch. 29 Euonymus europaeus L.
4 Atriplex canescens (Pursh) Nutt. 30 Globularia trichosantha Fisch. & C.A.Mey.
5 Atriplex halimus L. 31 Gonocytisus angulatus (L.) Spach.
6 Atriplex hortensis L. 32 Jasminum fruticans L.
7 Atriplex lentiformis (Torr.) S.Watson. 33 Lonicera caucasica Pall.
8 Atriplex leucoclada Boiss. 34 Mahonia aquifolium (Pursh) Nutt.
9 Atriplex nummularia Lindl. 35 Malus floribunda Siebold ex VVan Houtte.
10 Atriplex polycarpa (Torr.) S.Watson. 36 Paliurus spina-christi Mill.
11 Atriplex undulata (Mog.) D.Diketr. 37 Phillyrea latifolia L.
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Tablo 1. Devam ediyor

12 Berberis vulgaris L. 38 Pyracantha coccinea M. Roem.
13 Buxus sempervirens L. 39 Rosa pulverulenta M. Bieb.
14 Cephalaria media Litv. 40 Salsola Vermiculata L.

15 Cistus creticus L. 41 Sambucus ebulus L.

16 Cistus laurifolius var. atlanticus Pit. 42 Smilax excelsa L.

17 Clematis orientalis L. 43 Sambucus nigra L.

18 Clematis vitalba L. 44 Sorbus torminalis (L.) Crantz.
19 Colutea cilicica Boiss. & Balansa. 45 Rhamnus frangula L.

20 Cotoneaster integerrimus Medik. 46 Rhus coriaria L.

21 Cotoneaster horizontalis Decne. 47 Rosa canina L.

22 Cotoneaster lacteus W.W. Sm. 48 Rubus caesius L.

23 Crataegus marginatus Jacq. 49 Viscum album L.

24 Crataegus monogyna Jacq. 50 Vitex agnus-castus L.

25 Crataegus rotundifolia Moench. 51 Ziziphus vulgaris Lam.

26 Daphne oleoides Schreb.

Tohumlarda mineral madde analizleri (N, P, K, Ca, Mg, S, Na, Fe, Cu, Mn, Zn, B) Endiiktif olarak eslestirilmis
plazma spektrometresi (Perkin-Elmer, Optima 2100 DV, ICP/OES, Shelton, CT) kullanarak 06484-4794, ABD [22]’e

gore yapilmustir.

Denemede kullanilan korelasyon [21, 28], faktor [28, 19] biplot analizi [35] ise GenStat 14th paket programu,
AGGL. HIE JULSPETr analizi, conditional Formating analizleri Excel, Minitab, Statistica paket programlar1 kullanilarak

yapilmigtir [28].

3. Bulgular

Deneme de kullanilan ¢ali tohumlarmin minerallerinin birbirleri ile olan iligkilerini gosteren koralasyon anlizi

Tablo 2’de verilmistir.

Tablo 2. Cali tohumlarinin minerallerinin birbirleri ile olan iligkilerini gosteren koralasyon tablosu

N P K Ca S Na Fe Cu
2 5) 6 5 2 3 4 2
P 0,1126d
K -0,0036d 0,1826d
Ca -0,0986d -0,535** -0,0056d
Mg -0,1786d 0,258* 0,591** 0,0186d
S 0,759** 0,1126d -0,0036d -0,0986d -0,1786d
Na 0,0906d 0,602** 0,540** -0,417** 0,2456d 0,0906d
Fe -0,1880d 0,531** 0,526* -0,307* 0,551** -0,1880d 0,553**
Cu -0,0106d -0,03606d 0,547** 0,1896d 0,2046d -0,0106d 0,1206d -0,0976d
Mn -0,1866d -0,278* 0,0226d 0,447** 0,462** -0,1866d -0,328* 0,1356d -0,1660d
Zn -0,298* -0,1566d 0,496** 0,337* 0,443** -0,298* -0,0486d 0,1046d 0,332*
B -0,0106d -0,0360d 0,547** 0,1896d 0,2046d -0,0106d 0,1206d -0,0976d 0,523**
Mn zZn
Zn 0,326*
B -0,1660d 0,332*

0d: 6onemli degil, *: P <0.05, **: P <0.01.

Tablo 2’de verilen korelasyon iliskileri incelendiginde; N ile S arasinda, P ile Na, K ila Na, K ile Cu, K ile Zn
ve B arasinda, Ca ile Mn arasinda, Mg ile Fe, Mg ile Mn ve Zn arasinda, Na ile Fe arasinda, Cu ile B arasinda olumlu
ve ¢ok onemli (P< 0.01) iligki belirlenirken, N ile Zn arasinda, K ile Fe arasinda, Ca ile Zn arasinda, Mg ile Zn arasinda,
Cu ile Zn arasinda, N ile Zn arasinda, P ile b arasinda olumlu ve % 5 diizeyinde 6nemli iligki belirlenmistir. Ayrica,
mineraller arasinda P ile Ca arasinda, Ca ile Na arasinda olumsuz ve (P< 0.01) diizeyinde 6nemli iligki, P ile Mn
arasinda, N ile Zn arasinda olumsuz ve 6nemli (P< 0.05) diizeyinde 6nemli iligki belirlenmistir.

Mineralller her ne kadar analizlerde olumlu ve olumsuz, 6nemli ve dnemsiz iliski gosterlerse de minerallerin
bitkisel ve hayvansal metabolizmada biitiinlesik etkiye sahiptirler, yani herhangi bir mineral eksikliginde metabolik,
biiyiime ve gelisme faaliyetleri sekteye ugrar, durma noktasina gelir dolyisiyla bu ekiden dolayr bitki ve hayvan
metabolizmasinda belli diizeyde bulunmasi lazimdir. Vitamin sentezi, hormon firetimi, enzim aktivitesi, kolajen
olusumu, doku sentezi, oksijen taginmasi, enerji iiretimi ve biliyiime, lireme ve saglikla ilgili diger fizyolojik siirecler
icin iz mineralleri gereklidir. Bir veya birka¢ elementin eksik ya da fazla alinmasi normal islevleri bozdugu gibi
elementler arasindaki oranlarin bozulmasi da organizmada fizyolojik degisikliklere neden olabildigi vurgulanmistir [25,
1].

Minerallerin proteinlerin, karbonhidratlarin, yaglarin temel bilesenleri oldugunu unutmamak gerekir.
Caligmamizda da sinerjistik/antagonistik etkiye sahip minerallerin birbiri ile negative ve pozitif dnemlilikleri bu durumu
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destekler niteliktedir. Calilar mera verimliliginin ve kalitesinin arttirilmasinda, erozyonun onlenmesinde ve topragin
fiziko kimyasal yapilarinin iyilestirilmesinde dnemli rol oynayan ve gelecektede oynayacak olan 6nemli bitkilerdir.
Calilar sap yaprak gévde ve kok siirgiinleri ve tohumlari ile hayvancilik i¢in ¢ok 6nemli bir yem kaynagi olup 6nem arz
etmektedir. Ozellikle hayvanlar tatafindan severek yenilen lezzetli ¢alilar mera ortaminin kalitesinin artmasinda oldukca
etkilidir [15, 3, 26]. Calilarin hayvanlar tatarfindan tercih edilebilirligine kalitesinin artmasina ¢alimin gelisim ve
biliylimesinde, biyotik ve abiyotik streslere dayaniminda mineraller 6nemli rol oynamaktdir. Mineraller ayrica
hayvanlarin beslenmesinde saglikli olmasinda ve yeterli verim vermesinde yiiksek kaliteli ve verimli bitki meydana
getirilmesine 6nemli rol oynamaktdir. Mineraller bitki biinyesinde belirli oranda bulunmakla hayvanlarin ihtiyacinin
karsilanmasinda temel teskil ederler.

Makro ve mikro elementlerin bitkilerin biiylimesinde énemli rolleri oldugu gibi, bitkilerde yeterli oranlarda
bulunarak hayvanlar tarafindan alinmasinin da o kadar énemli oldugunu, ¢alims: bitkilerin kurak sezonda o6zellikle
kiiclikbag hayvanlarin beslenmesine katkilarinin izah1 ve kullanimimin yayginlastirilmasi amaciyla bazi ¢ali bitkilerinin
sezonluk (ilkbahar, yaz, sonbahar) yaprak 6rneklerindeki makro ve mikro besin elementi icerikleri hususunda yaptiklari
¢alisma neticesinde incelenen c¢ali tiirlerinin besin igeriklerinin sezonlara gore degismekle birlikte bazi tiirlerde,
bitkilerde bulunmasi gereken sinir degerlerin iistiinde, bazi tiirlerde ise nispeten diisiik oldugu belirlenmistir. Ancak;
mevsimsel olarak diisiiniildiigiinde hayvanlarin besin ihtiyaglarinin kurak sezonda karsilanmasi hususunda ilave yemler
olarak kullanilabileceklerini belirtmislerdir [5].

Patlangag¢ calisinin biiylime mevsimi boyunca yesil kalabildigini bitkide yaprak ve siirgiinler yaz sonundan
itibaren kiigiikbas hayvanlar tarafindan otlandigini, ilkbahardan sonbahara dogru yaprak ve siirgiin iiretimi azalan ¢alida
mevsime gore yaprak ve siirgiinde ham protein oran1 %10-20 arasinda degistigini, yaprak ve siirgiinlerde tanen
iceriginin gelisme mevsiminin ilerlemesine bagli olarak diisiis gosterdigi, Sonu¢ olarak bozkir meralarinda yaz
aylarinda yemin kit oldugu dénemde patlangag¢ calis1 kaliteli kaba yem temini agisindan kayda deger bir alternatif
olabilecegini bildirmislerdir [6].

Calilarin diger ot tiirlerinin kuru oldugu zamanlarda yeterli miktarda yesil yem sagladiklari, bu yesil materyalin
sadece kurakligin oldugu periyotta tek besin kaynagi oldugu, bu yiizden odunumsu tiirlerin dominant olarak bulundugu
meralarda birgok ¢alimsinin otlayan hayvanlar i¢in 6nemli bir yem kaynagi olarak mera alanlarinda yem saglayici
olarak diisiiniilebilecegi, tesis edilmesinden sonra mikroklima ve toprak yapisinin da degisecegi, daha fazla gevresel
avantajlart olan alanlarin olusacagi vurgulanmistir [33, 34].

24 adet ¢al1 bitkisi ile yapilan bir ¢alismada, bitkilerinin sezonluk (ilkbahar, yaz, sonbahar) yaprak verimleri,
besin madde igerikleri ve hazmolunabilirlikleri belirlemek amaciyla ilkbahar, yaz ve sonbaharda ayr1 ayr1 incelenmis ve
elde edilen degerlere gore cali bitkilerinin 6zellikle kurak sezonlarda otlatilabilecegi ve ilave yemler olarak katki
saglayabilecegi belirlenmistir [7]. Cali tohumlarinin mineral yoniinden karsilastirmali faktdr analizi Tablo 3° te
verilmigtir.

Tablo 3. incelenen cali tohumlarmin mineral yoniinden karsilastirmal1 faktor analizi

4 100 _

9

—o —o 180 E

W =

= =

= k=

+ 20 g

1 1 0 U

F5 Fo F7
Fi F, Fs Fa Communality

N (%) -0,312 0,611 0,552 0,474 0,676
P (%) 0,256 0,647 -0,295 -0,098 0,581
K (%) 0,851 0,185 0,105 0,175 0,800
Ca (%) 0,021 -0,614 0,276 0,275 0,529
Mg (%) 0,680 -0,027 -0,259 0,410 0,698
S (%) -0,312 0,611 0,552 0,474 0,476
Na (%) 0,453 0,639 -0,181 -0,114 0,660
Fe (ppm) 0,537 0,361 -0,567 0,165 0,767
Cu (ppm) 0,664 -0,098 0,674 -0,240 0,962
Mn (ppm) 0,110 -0,519 -0,241 0,630 0,738
Zn (ppm) 0,525 -0,392 0,039 0,190 0,467
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Tablo 2. Devam ediyor

B (ppm) 0,664 -0,098 0,674 -0,240 0,962
Latent Root 3,111 2,559 2,173 1,322 9,165
Factor Variance (%) 25,927 21,323 18,110 11,014 76,374

Variables Loading % Total Communality Suggested Factor Name

Factory K

K 0,851 0,800 Mg

Mg 0,680 0,698

Zn 0,525 0,467

Factor2 P

N 0,611 0,676 Na

P 0,647 0,581 Ca

Ca -0,614 0,529

S 0,611 0,476

Na 0,639 0,660

Factors Cu

Fe -0,567 0,767 B

Cu 0,674 0,962

B 0,674 0,962

Factozs Mn

Mn 0,630 0,738

Tablo 3’den de anlasildig1 gibi kiimiilatif varyabiliteyi en iyi anlatan dort faktor seviyesi ele alinmis olup, bu
faktor seviyeleri ¢alilarin mineral yoniinden % 76.374 oraninda agiklayiclik saglamaktadir. Faktor 1, asamasinda galilari
en ¢ok agiklayan mineraller K ve Mg olurken faktor 2 diizeyinde P, Na ve Ca olmustur. Faktor 3 asamasinda Cu ve B,
faktor 4 seviyesinde ise Mg en ¢ok agiklayicilik saglayan ve calilart en iyi temsil eden mineraller olarak belirlenmistir.
Dolayistyla bu analiz sonucunda ¢ali tohumlar1 yoniinden goz oniinde tutulan ve 6n plana ¢ikan mineraller K, Mg, P,
Na, Ca, Cu, B ve Mn olarak belirlenmistir.

Makro ve mikro elementler olarak simiflandirilan ¢ok sayida inorganik elementin hayvan beslenmesi ve
bilyiimesindeki 6nemi giiniimiizde kabul gérmektedir [4]. 1z elementler, yasamin devam ettirilmesinin yaninda biiyiime,
gelisme ve iretim faaliyetleri ile canlinin diger hayati fonksiyonlarini yerine getirmede onemlidir. Viicut i¢in gerekli
olan iz elementlerin kandaki miktarlart kritik diizeyin altina distiigiinde hastaliklara 6zgii klinik semptomlar ortaya
¢ikmaya baslamaktadir [27, 17].

Makro ve mikro elementlerin hayvan viicudunda ki gorevleri incelendiginde; iireme dahil olmak iizere hayvanlardaki
tiim fizyolojik siiregler i¢in 6nemli olup [10], yeterli miktarda mineralin saglanmasi gerektigi, ancak eksikliginin zararl
oldugu gibi fazlaliginin da zararl oldugu bildirilmektedir [31].

Factor 2 (21,323 %)

32 ‘ B4
a34® 5
- 40_, 2™
30
+7 .3.8!:10 =73 s
2 -

23' )

-1 -

Factor 1 (25,927 %a)

Sekil 1. Caligmada incelenen minerallerin ve cali genotiplerinin benzerliklerini, farkliliklarim1 performanslarini ve
stabilitelerini gosteren biplot analiz
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Makro ve mikro elementler saglik, biiylime, {iretim ve yeniden iiretim i¢in gereklidir ve bagisiklik sisteminin
bircok bileseninin igleyisi i¢in gereklidirler [5]. Bdylece, uygun saglik ve bagisikligin korunmasina katkida bulunurlar

Tarimsal caligmalarda 6nemini gittikce arttirarak kullanima giren biplot analizi incelenen degiskenlerin birbiri
ile olan iligkisini, performansini ve stabilite durumlarini gosteren ¢ok yararli bir metot olarak ortaya ¢ikmaktadir. Biplot
analizinde gesitlerin incelenen genotiplerin  unsurlar  yoniinden performanslarinin  birbirleri ile olan
sinerjistik/antagonistic etkilesimleri; genotipleri ile incelenen unsurlarin birliktelikleri agiklanabilmektedir. Ayrica hem
genotiplerin hemde incelenen unsurlarin stabil olup olmadiklar1 belirlenebilmektedir [35]. Bu baglamda ¢alismamizda
gerek minerallerin ve ¢ali genotiplerinin benzerliklerini farkliliklarini performanslarini ve stabilitelerini gosteren biplot
analizi sekil 1 de verilmistir.

Sekil 1 den de goriilecegi gibi mineraller ii¢ farkli grup altinda toplanmistir. S ve N ayn1 gurupta yer alirken,
Mn ve Ca farkli gurubu olusturmustur. Bunu yanisira N, Na, Fe, K, Mg, B, Zn ve Cu ayn1 gurupta yer almis olup, bu
mineraller en stabil ve genotiplerde en ¢ok bulunan mineraller olarak belirlenmislerdir. Genotiplere bakilacak olursa
Acantholimon acerosum (Willd.) Boiss. ve Clematis vitalba L. tiirleri mineraller yoniinden diger tiirlerden ayr tek
bagina gurubu olusturmuslardir. Buxus sempervirens L., Cistus creticus L., Colutea cilicica Boiss. & Balansa.,
Crataegus rotundifolia Moench., Rosa pulverulenta M. Bieb. ve Vitex agnus-castus L. tiirleri mineraller yoniinden
benzerlik gostermis olup ayni grubu olusturmuslardir. Diger taraftan, Berberis vulgaris L., Clematis orientalis L.,
Cotoneaster integerrimus Medik., Crataegus monogyna Jacg., Daphne oleoides Schreb., Ephedra major Host.,
Lonicera caucasica Pall., Phillyrea latifolia L., Sambucus ebulus L., Sambucus nigra L., Sorbus torminalis (L.) Crantz.,
Viscum album L ve Ziziphus vulgaris Lam. genotipleri mineraller yoniinden benzer 6zelik gostererek ayni grubu
olusturmusglardir. Bu grubu olusturan genotipler ayni zamanda mineral yoniinden yiiksek performanshi ve stabil
genotipler olarak belirlenmistir. Yine, Acer campestre L., Alhagi pseudalhagi (M. Bieb.) Fisch., Atriplex canescens
(Pursh) Nutt., Atriplex halimus L., Atriplex hortensis L., Atriplex lentiformis (Torr.) S.Watson., Atriplex leucoclada
Boiss., Atriplex nummularia Lindl., Atriplex polycarpa (Torr.) S. Watson., Atriplex undulata (Moq.) D.Dietr., Berberis
vulgaris L., Cephalaria media Litv., Cistus laurifolius var. atlanticus Pit., Cotoneaster horizontalis Decne.,
Cotoneaster lacteus W.W. Sm., Crataegus marginatus Jacq., Elaeagnus angustifolia L., Euonymus europaeus L.,
Globularia trichosantha Fisch. & C. A. Mey., Gonocytisus angulatus (L.) Spach., Jasminum fruticans L., Mahonia
aquifolium (Pursh) Nutt., Malus floribunda Siebold ex Van Houtte., Paliurus spina-christi Mill., Phillyrea latifolia L.,
Pyracantha coccinea M. Roem., Salsola Vermiculata L., Smilax excelsa L., Rhamnus frangula L., Rhus coriaria L.,
Rosa canina L., Rubus caesius L. ve Ziziphus vulgaris Lam. tiirleri ayni1 grubu olusturan ve diisiik performansh tiirler
olarak belirlenmistir. Yine Berberis vulgaris L., Clematis orientalis L., Cotoneaster integerrimus Medik., Crataegus
monogyna Jacg., Daphne oleoides Schreb., Ephedra major Host., Lonicera caucasica Pall., Phillyrea latifolia L.,
Sambucus ebulus L., Sambucus nigra L., Sorbus torminalis (L.) Crantz., Viscum album L. ve Ziziphus vulgaris Lam.
tiirleri yiiksek performansh tiirler olarak belirlenmistir.

Denemede incelenen ¢ali bitkilerine ait tohumlarin igerdigi mineral maddeler Agglomerative Hierarchical
Clustering metoduna gore analiz edilmis, sonuglara gore benzer etkiye sahip olan mineraller ve bu mineraller yoniinden
benzer 6zellik gosteren ¢alimsi bitkiler ortaya konarak Tablo 4’de verilmistir.

Tablo 4’den de goriilecegi gibi ¢alimsi bitkilerin tohumlar1 mineral 6zellikleri yoniinden benzer veya farkli
ozellik gosterebilirler. Dolayisiyla yiliksek performansa sahip ¢alimsi bitkilerin mineral 6zelligi yoniinden benzerlik
gosteren ¢alimsi bitklerin belirlenmesiyle zengin igerige sahip yiiksek verimli ¢alilarin belirlenmesi miimkiin olacaktir.
Bu baglamda N ve Ca bir gurubu olustururken ikinci gurubu Mg. S, Na, Fe, Cu, Mn, Zn olusturmustur. P ve K ise kendi
baglarina ayr1 birer grup olusturmuslardir. Calims: tiirlerden de 1 gurup; Acantholimon acerosum (Willd.) Boiss., Alhagi
pseudalhagi (M. Bieb.) Fisch., Atriplex canescens (Pursh) Nutt., Atriplex halimus L., Atriplex hortensis L., Atriplex
nummularia Lindl., Atriplex polycarpa (Torr.) S. Watson., Berberis vulgaris L., Buxus sempervirens L., Cistus creticus
L., Cistus laurifolius var. atlanticus Pit., Colutea cilicica Boiss. & Balansa., Crataegus rotundifolia Moench., Phillyrea
latifolia L., Pyracantha coccinea M. Roem., Rosa pulverulenta M. Bieb., Salsola Vermiculata L., Sambucus ebulus L.,
Rhamnus frangula L., Vitex agnus-castus L. 2. gurup; Acer campestre L., Atriplex lentiformis (Torr.) S. Watson.,
Atriplex leucoclada Boiss., Atriplex undulata (Mog.) D.Dietr., Cephalaria media Litv., Cotoneaster horizontalis
Decne., Cotoneaster lacteus W.W. Sm., Crataegus marginatus Jacq., Elaeagnus angustifolia L., Euonymus europaeus
L., Globularia trichosantha Fisch. & C.A.Mey., Gonocytisus angulatus (L.) Spach., Jasminum fruticans L., Mahonia
aquifolium (Pursh) Nutt., Malus floribunda Siebold ex VVan Houtte., Paliurus spina-christi Mill., Rhus coriaria L., Rosa
canina L., Rubus caesius L.ve Clematis orientalis L., Clematis vitalba L., Cotoneaster integerrimus Medik., Crataegus
monogyna Jacq., Daphne oleoides Schreb., Ephedra major Host., Lonicera caucasica Pall., Smilax excelsa L.,
Sambucus nigra L., Sorbus torminalis (L.) Crantz., Viscum album L. ve Ziziphus vulgaris Lam. 3. gurubu
olusturmuslardir.

Bu analiz neticesinde; yiiksek mineral icerigine sahip tiirlerin belirlenmesi miimkiin olurken; tiirlerdeki
minerallerin dagilimi benzerlik ve farklilifi ortaya konmustur. Nitekim Aggromeratif Hierarchical Cluster analizi ile
gerek incelenen unsurlarin ve gerekse ele alinan materyallerin benzerlikleri ve farkliliklar1 ortaya konarak yiiksek
degere sahip olan materyaller ve etkin unsurlar1 ortaya konmasi miimkiin olmaktadir. Bu 6zelligi ile bu analiz metodu
tarimsal ¢aligmalarda etkin sekilde kullanilabilir [18].
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Tablo 4. Hiyerachical Clustural analizine gore benzerlik gosteren mineraller ve ¢alimsi bitkiler

Class Genotypes Minerals
1 2 3 1 2 3 4

Within-class variance 996062,443 387509,944 1434928,857 10508688,802 0,000 0,000 2594428,612
Min. dis. to centroid 553,447 265,147 236,449 2292,236 0,000 0,000 478,219
Auv. Dis. to centroid 920,847 570,796 1009,599 2292,236 0,000 0,000 1333,168
Max, dis. to centroid 1783,983 893,480 2179,134 2292,236 0,000 0,000 2404,763

Gen 1 Gen 2 Gen 17 N P K Mg

Gen 3 Gen7 Gen 18 Ca S

Gen 4 Gen 8 Gen 20 Na

Gen5 Gen 11 Gen 24 Fe

Gen 6 Gen 14 Gen 26 Cu

Gen 9 Gen 21 Gen 28 Mn

Gen 10 Gen 22 Gen 33 Zn

Gen 12 Gen 23 Gen 42

Gen 13 Gen 27 Gen 43

Gen 15 Gen 29 Gen 44

Gen 16 Gen 30 Gen 49

Gen 19 Gen 31 Gen 51

Gen 25 Gen 32

Gen 37 Gen 34

Gen 38 Gen 35

Gen 39 Gen 36

Gen 40 Gen 46

Gen 41 Gen 47

Gen 45 Gen 48

Gen 50

Istatistikel olarak incelenen unsurlarin benzerliklerinin farkliliklarinin ortaya koymada conditional formating
metot basari ile kullanilacak bir metottur. Bu metodun kullanilmasi ile incelenen unsurlar gerek siitun ve gerekse satir
yoniinden iki yonlii olarak analiz edilerek benzerlik ve farkliliklar ortaya konabilir [9]. Tablo 5’dan da goriildiigi gibi
yapilan anlaiz sonucunda K, P, Mg, Na, Cu, Zn ve B bir gurubu olustururken, N, S, Ca, Fe ve Mn’da diger bir gurubu
olusturmustur. Diger taraftan, ¢alimsi bitkiler de ¢esitli guruplari olusturmusgtur. Bunlardan birinci gurupta Euonymus
europaeus L., Paliurus spina-christi Mill, ikinci gurupta Acer campestre L., Atriplex lentiformis (Torr.) S. Watson.,
Atriplex undulata (Mog.) D. Dietr., Buxus sempervirens L., Cephalaria media Litv., Cotoneaster horizontalis Decne.,
Cotoneaster lacteus W.W. Sm., Crataegus marginatus Jacg., Globularia trichosantha Fisch. & C. A. Mey,,
Gonocytisus angulatus (L.) Spach., Jasminum fruticans L., Mahonia aquifolium (Pursh) Nutt., Rhamnus frangula L.,
Rhus coriaria L., Rosa canina L., Rubus caesius L., ti¢iincii gurupta ise Alhagi pseudalhagi (M.Bieb.) Fisch., Alhagi
pseudalhagi (M.Bieb.) Fisch., Atriplex canescens (Pursh) Nutt., Atriplex halimus L., Atriplex hortensis L., Atriplex
leucoclada Boiss., Atriplex nummularia Lindl., Atriplex polycarpa (Torr.) S. Watson., Berberis vulgaris L., Cistus
creticus L., Cistus laurifolius var. atlanticus Pit., Colutea cilicica Boiss. & Balansa., Crataegus rotundifolia Moench.,
Elaeagnus angustifolia L., Malus floribunda Siebold ex Van Houtte., Phillyrea latifolia L., Pyracantha coccinea M.
Roem., Rosa pulverulenta M. Bieb., Salsola Vermiculata L., Vitex agnus-castus L., dordiincii gurupta Clematis
orientalis L., Clematis vitalba L., Cotoneaster integerrimus Medik., Ephedra major Host., Sambucus ebulus L., Smilax
excelsa L., Sambucus nigra L., Viscum album L., Ziziphus vulgaris Lam., besinci gurupta ise Crataegus monogyna
Jacq., Daphne oleoides Schreb., Lonicera caucasica Pall., Sorbus torminalis (L.) Crantz. den olusmaktadir. Yukarida
yapilan analizler neticesinde minerallerin birlesik siniflamasi Tablo 6’da, minerallerin benzerlik/farkliliklar1 Tablo 7°de
verilmigtir.
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Tablo 5. Yapilan analizler neticesinde minerallerin birlesik siniflamasi

Genotypes

Acantholimon acerosum (Willd.) Boiss.
Acer campestre L.

Alhagi pseudalhagi (M. Bieb.) Fisch.
Atriplex canescens (Pursh) Nutt.
Atriplex halimus L.

Atriplex hortensis L.

Atriplex lentiformis (Torr.) S.Watson
Atriplex leucoclada Boiss.

Atriplex nummularia Lindl.

Atriplex polycarpa (Torr.) S.Watson
Atriplex undulata (Moqg.) D.Dietr.
Berberis vulgaris L.

Buxus sempervirens L.

Cephalaria media Litv.

Cistus creticus L.

Cistus laurifolius var. atlanticus Pit.
Clematis orientalis L.

Clematis vitalba L.

Colutea cilicica Boiss. & Balansa.
Cotoneaster integerrimus Medik.
Cotoneaster horizontalis Decne.
Cotoneaster lacteus W.W. Sm.
Crataegus marginatus Jacq.
Crataegus monogyna Jacq.
Crataegus rotundifolia Moench.
Daphne oleoides Schreb.

Elaeagnus angustifolia L.

Ephedra major Host.

Euonymus europaeus L.

Globularia trichosantha Fisch. & C.A.Mey.

Gonocytisus angulatus (L.) Spach.
Jasminum fruticans L.

Lonicera caucasica Pall.
Mahonia aquifolium (Pursh) Nutt.
Malus floribunda Siebold ex VVan Houtte
Paliurus spina-christi Mill.
Phillyrea latifolia L.

Pyracantha coccinea M. Roem.
Rosa pulverulenta M. Bieb.
Salsola vermiculata L.

Sambucus ebulus L.

Smilax excelsa L.

Sambucus nigra L.

Sorbus torminalis (L.) Crantz
Rhamnus frangula L.

Rhus coriaria L.

Rosa canina L.

Rubus caesius L.

Viscum album L.

Vitex agnus-castus L.

Ziziphus vulgaris Lam.

Mean

N P K Ca Mg S Na Fe Cu Mn zZn B Mean
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Tablo 6. Incelenen minerallerin degisik istatistiki analizlerle hesaplanan benzerlik ve farkliliklar:

Minerals Correlation Factor Bi-plot Aggl. Hie. Clus. Conditi. Format. Total
N * * * 3
P * * * 3
K * * * * 4
Ca * * * 3
Mg * * * * 4
S * * 2
Na * * 2
Fe * * * 3
Cu * * 2
Mn * * 2
Zn * 1
B * * 1

Tablo 6’dan da goriildiigi gibi yapilan analizlerin birlesik sonucu olarak Zn ve B, bir gurubu olustururken, Mg,
S, Na, Cu ve Mn bir gurubu olusturmustur. Diger taraftan N, P, Ca ve Fe ayn1 gurubu olustururken K ve Mg bir gurubu
olusturmustur. Calimsi bitkilerin mineral yoniinden benerlik ve farkliliklarinin ortaya konulmasi bitki se¢iminde
bitkilerin mineral igerigi yoniinden degerlendirilmesinde biiyiik kolaylik saglayacaktir. Aynit zamanda g¢alimsi bitkiler
icerisinde mineral dagilimi ve miktarinin belirlenerek benzerlik ve farkliliklarinin ortaya konulmasi, zengin mineral
icerikli ¢alimsi bitkilerin belirlenmesinde benzer 06zellik gosteren bitkilerin belirlenmesinde biiyiik kolaylik
saglayacaktir. Benzer sekilde ¢alimsi bitkilerin en ¢cok Mg, N, P, K, Ca ve Fe yoniinden benzerlik gdsterdikleri ortaya
konmustur.

Tablo 7. incelenen ¢alims bitkilerin degisik istatistiki analizlerle hesaplanan benzerlik ve farkliliklari

Genotypes Bi-plot Aggl. Hier. Clus. Conditi. Format.
Acantholimon acerosum (Willd.) Boiss. *
Acer campestre L.
Alhagi pseudalhagi (M. Bieb.) Fisch. *
Atriplex canescens (Pursh) Nutt. *
Atriplex halimus L. *
Atriplex hortensis L. *

Atriplex lentiformis (Torr.) S.Watson
Atriplex leucoclada Boiss.

Atriplex nummularia Lindl. *

Atriplex polycarpa (Torr.) S.Watson *

Atriplex undulata (Mog.) D.Dietr.

Berberis vulgaris L. * *
Buxus sempervirens L. *

Cephalaria media Litv.

Cistus creticus L. *

Cistus laurifolius var. atlanticus Pit. *

Clematis orientalis L. * * *
Clematis vitalba L. * *

Colutea cilicica Boiss. & Balansa. *

Cotoneaster integerrimus Medik. * * *

Cotoneaster horizontalis Decne.
Cotoneaster lacteus W.W. Sm.
Crataegus marginatus Jacq.

Crataegus monogyna Jacqg. * * *
Crataegus rotundifolia Moench. *

Daphne oleoides Schreb. * * *
Elaeagnus angustifolia L.

Ephedra major Host. * * *

Euonymus europaeus L.
Globularia trichosantha Fisch. & C.A.Mey.
Gonocytisus angulatus (L.) Spach
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Tablo 7. Devam ediyor

Jasminum fruticans L.

Lonicera caucasica Pall. = o i
Mahonia aquifolium (Pursh) Nutt.

Malus floribunda Siebold ex Van Houtte

Paliurus spina-christi Mill.

Phillyrea latifolia L. * *
Pyracantha coccinea M. Roem. *

Rosa pulverulenta M. Bieb.

Salsola Vermiculata L.

Sambucus ebulus L. * * *
Smilax excelsa L. * * *
Sambucus nigra L. * * *
Sorbus torminalis (L.) Crantz * * *
Rhamnus frangula L. *

Rhus coriaria L.
Rosa canina L.
Rubus caesius L.

Viscum album L. * * *
Vitex agnus-castus L. *
Ziziphus vulgaris Lam. * * *

Tablo 7 dikkate alindiginda mineral madde icerigi yoniinden Clematis orientalis L., Cotoneaster integerrimus
Medik., Crataegus monogyna Jacq., Crataegus rotundifolia Moench., Daphne oleoides Schreb., Ephedra major Host.,
Lonicera caucasica Pall., Sambucus ebulus L., Smilax excelsa L., Sambucus nigra L., Sorbus torminalis (L.) Crantz.,
Viscum album L., Ziziphus vulgaris Lam., ¢alims1 bitkilerin mineral igeriklerinden benzerlik gésterdigi, bu bitkilerin
zengin mineral igerigine sahip bitkiler olarak ele alinabilecekleri sonucuna varilmistir.

Ulkemiz’de 260.000 ha. alana yayilisi bulunan [36] meseliklerden yilda 60-70 bin ton mese pamlamudu
tiretiminin oldugu bildirilmistir. Tarafimizdan Kiitahya ve ¢evresinde yaptigimiz arazi gézlemlerinde ¢obanlarin uzun
sopalarla palamutlarin dokiilmesine yardime1 oldugu, 6zellikle kegiler tarafindan tercih edildikleri gdzlemlenmistir.

Avakado (Persea Americana Mill.) tohumunun besin kompozisyonunun fitokimyasal ve antioksidan
ozellikleride nem igeriginin % 8.6, yag % 14.1, lif % 7.1, kiil % 2.4, protein % 23.0 ve karbonhidrat i¢eriginin % 44.70
mg / 100g. magnezyum 0.10, kalsiyum 0.82, ¢inko 0.18, potasyum 4.16, sodyum 1.41 ve fosfor 0.09 olarak
bildirilmistir [16].

Uziim gesitlerinin gekirdeklerinin biyoaktif 6zllikleri, asit yag kompozisyonlar1 ve mineral igerikleri ile ilgili
olarak yapilan calismada tohumlarin Fe igeriklerinin farkli ¢esitlerde 29.96 mg/kg - 73.82 mg/kg arasinda olarak
belirlemislerdir [2].

Tropik bitki tohumlarinin besin degerleri ile ilgili olarak yapilan bir ¢alismada 5 ¢ali, 10 agag ve bir ¢ok otsu
tiir incelemis olup, Afzelia bella Harms, Daniellia ogea (Harms) Rolfe ex Holland, Gliricidia sepium (Jacq.) Walp,
Millettia Thonningii (Schum. Et Thonn.) Bak, Pericopsis elata (Harms) Van Meeuwen.’da Na igerigi sirasiyla 175.3,
133.9, 201, 103ve 250 mg/100 g, K igerigi sirastyla 733.94, 565.5, 987, 406 ve 1250 mg/100 g, Ca igerigi sirastyla
307.06, 342.52, 421, 862 ve 250 mg/100 g, Mg igerigi sirasiyla 223.78, 150.05, 145, 202 ve 160 mg/100 g. P igerigi
strastyla 368, 297.5, 584.71, 244.6 ve 370 mg/100 g. F igerigi sirasiyla; 9.4, 12.69, 14.28, 24.58 ve 30 mg/100 g. Cu
icerigi sirasiyla; 0.92, 0.49, 0.95, 1.12 ve nd mg/100 g. Zn igerigi sirasiyla; 2.56, 1.77, 1.77, 1.9 ve 2 mg/100 g. Mn
icerigi sirastyla 1.1, 1.17,2.5,2.17 mg/100 g. olarak bildirmistir [11].

Moringa oleifera Lam. in besin degeri ve tibbi 6zelikleri ile ilgili ¢alismalarinda; bitki tohumlarinda sirasiyla
Ca, Mg, P, Zn, ve S igerikleri sirasiyla 45, 8.66, 75, 0.15, 0.05 mg/100g olarak tespit ettiklerini bildirmislerdir [13].

Kuzeydogu Brezilya'da iiretilen noni (Morinda citrifolia L) 'in kimyasal karakterizasyonu, beslenme 6zellikleri
ve antioksidan kapasitesi ¢aligmalarinda bitki tohumlarina ait igerikleri ile ilgili olarak Na : 1.13 Mg/15 g, Mg: 19.76
Mg/15 g lik 6rnekte, Ca: 43.76 Mg/15 g lik 6rnekte, Mn: 24.24 Mg/15 g lik 6rnekte ve Fe: 0.67 Mg/15 g lik 6rnekte
olarak bildirmislerdir. Buna gore bitki tohumlarinin zengin mineral ve lif kaynagi oldugunu vurgulamiglardir [24].

Mesquite pod’ un besin degeri ve ruminal fermantasyonunun degerlendirilmesi ¢aligmasinda tohum kapsiilii
olgunlastiktan sonra rengi sar1 olan ve kayda deger protein ve karbonhidrat iceren tohumlar igermekte olup, bitkinin
farkli boliimlerinin  kimyasal bilesimini, rumen fermentasyonunu ve sindirilebilirligini degerlendirmesinde;
tohumlarinin en yiliksek ham protein, eter ekstresi ve lignin degerlerine sahip odugunu, toplam bakla, kabuk ve
tohumdaki ham protein igeriginin sirastyla % 12.15, % 10.65 ve % 36.53 oldugunu tespit etmislerdir [3].

Shorea robusta Gaertn. ¢ekirdeginin kimyasal bilesimini ve besleyici degeri hususunda iyi bir ham protein
kaynagi oldugunu, bitki tohum kekinin yiiksek oranda parcalanabilir protein iceren yemleri iyilestirmek igin
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kullanilabilecegini bildirmislerdir [15]. Enterolobium Cyclocarpum Jacq Griseb. tohumlarinin iglenerek ruminant
iretimi i¢in yem olarak kullanilmasi ¢alismasinda; tohumlarin yem kalitei degerlendirilmis olup, tohumlar besin
bakimindan zengin oldugu bildirilmistir [26].

4. Sonugclar ve tartisma

Sonug olarak Mineral orani yiiksek bitkilerin belirlenmesinde N, K, P, Ca, Mg ve Fe gz Oniinde tutulmasi
gereken mineraller olarak belirlenmistir. Yine Clematis orientalis L., Cotoneaster integerrimus Medik., Crataegus
monogyna Jacq., Crataegus rotundifolia Moench., Daphne oleoides Schreb., Ephedra major Host., Lonicera caucasica
Pall., Sambucus ebulus L., Smilax excelsa L., Sambucus nigra L., Sorbus torminalis (L.) Crantz., Viscum album L.,
Ziziphus vulgaris Lam., gibi calimst bitkilerin kullanilmasi yiiksek mineralli ¢alilarin belirlenerek mera 1slah
calismalarinda kullanilmasi hayvan beslemede kaliteyi arttiracaktir. Calimsi bitki tohumlarinin mineral analizlerinin
yapilarak ortaya konmasi, calimsi bitkierin mineral icerikleri yoniinden benzerlik/farkliliklarinin belirlenmesi yiiksek
mineral kalitesine sahip tiirlerin belirlenmesine katkida bulunacaktir. Bu suretle yapilacak seleksiyon ve islah
caligmalarinda kaliteli tiirlerin belirlenmesi daha kolay olacaktir. Yiiksek mineral igerigine sahip tiirlerin hayvan
beslemede de kullanilmasiyla hayvansal {iriin kalitesinin arttirtlmast miimkiin olacaktr.

Tesekkiir

Bu ¢aligma Tarimsal Aragtirmalar ve Politikalar Genel Miidiirliigii tarafindan TA / 11 / 02 /003 proje numarasi
ile desteklenmistir.
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Abstract

In this research, male fig (caprifig) genotypes collected within the scope of the project from Marmara,
Mediterranean Regions, and mainly from the Aegean Region of Tiirkiye were evaluated according to some identification
criteria for fig. Male fig trees produce in three different periods as Profichi (spring), Mammoni (summer), and Mamme
(winter) fruits in a year. The most important of these are the Profichi fruits, which are used to ensure caprification in
female figs. For the caprification process, Profichi fruits are hung on the female fig trees. Caprification occurs via fig
wasp (Blastophaga psenes L.), which emerges from Profichi fruits. Quality characteristics and phenological observations
of Profichi fruit was evaluated in this research. The average fruit weight of Profichi fruits is 7.7- 49.9 g; fruit width is
23.4-54.9 mm; fruit length is 27.7-59.7 mm. The number of fruits on the shoot was determined to be in the range of 2-10.
The number of male flowers in Profichi fruits is 76-269, and the number of female (gall) flowers varied between 194-
1193. In conclusion, this study has shown that there is a significant genetic diversity among domestic male figs in the
Tirkiye Fig Field Gene Bank.

Keywords: male fig, genetic resources, fig field gene bank, conservation

*

Erkek incir genetik ¢esitliligi iizerine ¢alismalar: erkek incir genetik kaynaklar: (Ficus carica var. caprificus)
muhafaza ve karakterizasyonu projesi

Ozet

Bu arastirmada, proje kapsaminda Tiirkiye'nin agirlikli olarak Ege Bolgesi olmak iizere, Marmara ve Akdeniz
Bolgelerinden toplanan erkek incir (caprifig) genotipleri, gesit tanimlama kriterlerine gore degerlendirilmistir. Erkek incir
agaclari, bir yil boyunca ilek (bahar), ebe (yaz) ve boga (kis) olmak tizere ii¢ farkli periyotta meyve verir. Bunlardan en
onemlisi ilek meyveleridir ve bu meyveler disi incirlerde dollenmeyi saglamak amaciyla kullanilir. Disi incirlerde
do6llenme; agaca file torbalar i¢inde asilan ilek meyvelerinden ¢ikan ilek aricigi (Blastophaga psenes L.) vasitasiyla
gergeklesir. Calismada genel olarak ilek meyve kalite 6zellikleri ve fenolojik gozlemleri degerlendirilmistir. lek
meyvelerinin ortalama meyve agirligi 7.7-49.9 gr; meyve genisligi 23,4-54,9 mm; meyve biiyiikliigi 27.7-59.7 mm ve
siirgiindeki meyve sayisinin 2-10 araliginda oldugu belirlenmistir. flek meyvelerinde erkek ¢icek sayis1 76-269; disi (gal)
cicek sayisi ise 194-1193 arasinda degismektedir. Sonug olarak; bu ¢alisma, Tiirkiye Incir Arazi Gen Bankas1’nda bulunan
yerel erkek incirler arasinda biiyiik bir genetik ¢esitlilik oldugunu ortaya koymustur.

Anahtar kelimeler: erkek incir, genetik kaynaklar, incir arazi gen bankasi, muhafaza
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1. Introduction

Tiirkiye contains rich wild and cultivated fig forms. Male fig (caprifig) trees constitute one of the vaulable
genetic resources in Tirkiye. Caprifigs, used as pollinators, are essential to protect genetic resources and transfer the
future. According to reference [3, 5], In the 1960s and 70s, by Olger (1968), Eroglu (1982) and Aksoy et al. (1994),
selection researches was initiated in Tiirkiye to develop new female fig varieties including pollinator figs. In 1960, 18
caprifig cultivars were evaluated according to phenological and pomological characteristics [17]. Eroglu (1982)
determined 58 caprifig genotypes in his selection study in the Aegean Region.

Fig Research Institute Directorate (Aydin/ Tiirkiye) is the institution primarily responsible for the conserving
of caprifig genetic resources. It has aimed to conserve the caprifig cultivars and genotypes collected by survey and
selection studies, etc., carried out in the fig growing regions of Tiirkiye, enrich the collection with new cultivars and
genotypes, characterize them and provide genetic diversity for further breeding studies. The creation of the caprifig
genetic resources plot began in the 1960s. As of 2022, the number of varieties and genotypes in caprifig genetic resources
is 70 [2].

Characterization of male fig cultivars and genotypes, conserved ex-situ and in-situ due to selection and
breeding studies, is accepted as a primary and essential step in carrying out any future breeding program [20].

Morphological and pollinator characteristics of 6 standard cultivars and 90 caprifig genotypes grown in the
Eastern Mediterranean region of Tiirkiye were determined. In the principle component analysis (PCA), the number of
female (gall) flowers per fruit; Blastophaga’s-exit time, pollen viability, and germination percentages; the amount of
pollen per flower and fruit were taken as the prominent parameters. Significant morphological and pollinator variability
was seen among caprifig genotypes. Mersin06 and Osmaniye02 genotypes were found to be parthenocarpic among 90
caprifig genotypes. In addition to their use as pollinators, it has been concluded that they are valuable genetic resources
to include in breeding programs [5].

In the Fig Research Institute Directorate, Umurlu caprifig field gene bank, 12 superior caprifig were determined
suitable pollinators in Sarilop and Bursa Siyahi fig cultivars. Fruit and pollen size, shape class, and surface structure were
determined in 12 caprifig genotypes. It was determined that the Kizilay-1 cultivar had larger fruit (33.5g) and larger
ostiole opening (6.0mm) compared to other genotypes. SEM images of pollen grains of all samples except Mistik and
Mor Demirtas were characterized as suboblate. On the other hand, the Mor Demirtas cultivar was the longest in terms of
pollen length (11.25 pum), and the Yanako-2 cultivar with the largest pollen width (13.34 um) and pori diameter (2.26
um). All genotypes were determined 2-porate. PC1 and PC2 (PCA) defined 73% of the genotypes. According to cluster
analysis, genotypes were divided into groups [4].

Pollen was collected from a total of 24 individuals, including 20 caprifig genotypes sampled from Adana,
Hatay, Kahramanmaras, Mersin, and Osmaniye provinces in the Eastern Mediterranean Region and 4 standard caprifig
varieties from Aydin in the Aegean Region of Tiirkiye to determine the pollen characteristics. Polar length, equatorial
diameter, colpus width, pollen shape, porate number, porate width, exine thickness, and abnormal pollen ratio were
determined as the most important distinguishing criteria [6].

310 fig genotypes in the Fig Research Institute Directorate fig field gene bank collected from 6 geographic
regions (including caprificus) were analyzed with 14 SSR loci. 7 similarities, 54 clone-level similarities, 36 synonyms,
and 22 homonymous differences were detected [8].

As in Tirkiye, studies on the collection, characterization, and conservation of genetic resources have been
made and continue to be conducted in many countries with caprifig genetic diversity.

The National Clonal Germplasm Repository (NCGR) fig collection in Davis, California, currently consists of
190 species and 78 fruit varieties. It contains a selection from 44 different regions, 40 advanced selections from plant
breeders, 28 caprifigs, and a few species and hybrids [21].

The lack of sufficient caprifig trees to pollinate female figs in Tunisia is considered an essential constraint for
developing the fig industry. The study focused on characterizing 8 local caprifig cultivars grown in coastal and continental
conditions [12]. In Tunisia, fruit set, yield, characteristics, and shoot length data of female figs were recorded and
evaluated in 2008 and 2009 to determine the efficiency of the caprification on Zidi, Bidhi, and Bither Abiadh female fig
cultivars [11]. The identical genotypes which were grown in both regions (terrestrial and coastal regions) were compared.
It was determined that tree growth, yield, fruit characteristics, TSS, and earliness situations were different [11, 13, 22].

By crossing male and female figs that produce parthenocarpic fruit, hybrid individuals that produce
parthenocarpic fruit at a rate of 50% can be obtained. For this purpose, caprifigs UCR 228-20, 271-1 and 347, which
produce parthenocarpic fruit, were used as parents in California and Israel [5, 21].

The productivity of three pollen sources in Kazerun, Iran, was evaluated to determine the most effective
pollinator in female figs (‘Payves' and 'Sabz' (Smyrna type- female figs)). As a result, fruit length, skin color, total soluble
dry matter content (TSS), total phenolics, flavonoids, and anthocyanins were significantly affected by pollen sources.
There was no significant effect of pollen source on fruit size, weight, ostiole opening, fruit ripening time, and antioxidant
capacity [19].
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In Spain, 15 reference samples were fingerprinted using 21 SSR markers, along with 42 lines corresponding to
2 caprifig and 12 local varieties. A total of 77 alleles were uncovered, detecting a beneficial level of genetic variability in
local germplasm pools [18].

In Iran, 53 caprifig accessions were analyzed for phenotypic diversity using 32 morphological criteria.
Significant phenotypic diversity was detected among caprifig accessions according to morphological characteristics. As
a result of PCA it was determined that the top ten components that contributed the most to petiole length and thickness,
leaf length and width, fruit width, fruit shape, central lobe length, number of lobes and leaf shape explained 76.09% of
the total morphological variation [14].

In Tunisia, 20 caprifigs were analyzed using improved SSR markers. The 13 pairs of primers were found to
amplify 37 alleles in the studied accessions. The results obtained showed a low genetic diversity in the studied figs.
Samples from different geographical regions were analyzed. No clear grouping based on geographic origin has been
observed, which suggests an extensive exchange of caprifig plant material via vegetative propagation [9].

In Tunisia, 53 morphological features and 4 pollen descriptors of caprifig were studied to select the most
distinctive features. Except for the number of anthers/flower and pollen viability, there were significant differences
between genotypes in almost quantitative traits. It was stated that 40 characters among 53 morphological features and 4
pollen descriptors showed good discrimination power and could be used to distinguish caprifig trees [10].

Identification was performed using molecular markers and morphological characters to analyze genetic
diversity and related relationships between female and caprifig genotypes grown under the same environmental conditions
in the Tunisia ex situ fig germplasm bank. This study showed that there is significant genetic diversity among local figs
[1]. For the purpose of collection, conservation, caracterization, documentation and evaluation of wild caprifig genetic
resources in Tirana, different populations were evaluated in the northwest, central, and southwest (3 regions) of the
country. Genotypes with different fruit colors were found. The number of gall flowers was found to be about 800-1200,
and the other flowers were found in the range of 300-400 [15].

The phenotypic variability of wild female fig and caprifig genotypes in Risso was evaluated. Significant
variations were observed among figs. Due to the increasingly pronounced effects of caprifigs on fruit quality and
phytochemical properties of female figs, it has been found important to conserve caprifig genetic materials not only for
pollination but also for fig breeding studies [16].

Measurements, observations, and evaluations were made using the identification list developed by UPOV and
IPGRI in all domestic and foreign caprifig and female fig varieties and genotypes to be conserved with the collection
program in 9 locations and 26 sub-locations in the Kerkennah Archipelago of Tunisia. In particular, the research showed
that it is imperative to pay attention to threatened and rare varieties. The conservation program in farmer's orchards was
found to be important for the conservation of traditional knowledge, the rehabilitation of varieties, and sustainable
agriculture. The region was stated to be a suitable alternative [7, 11, 13].

In this project, to enrichment of genotypes with new survey, handing them down to the next generations, and
to conserving and keeping the documentation for use in future breeding programs, and to carrying out annual maintenance
operations in the collection was sustainable important target.

This research aimed at metric and non-metric characterization of caprifig genotypes/varieties which conserved
in Umurlu caprifig field gene bank.

2. Material and methods

Caprifig genotypes found in Fig Research Institute Directorate fig field gene bank constituted the study material
(Figure 1).

70% of the male figs used as material were collected from Aydin and izmir Provinces of the Aegean Region,
11% from Balikesir Province of the Marmara Region, and 17% from Hatay, Osmaniye, Mersin and Adana Provinces of
the Mediterranean Region in Tiirkiye.

Abali Tlek, Hamza Ilek, Ak Ilek, Elma flek, Biiyiik Konkur, Ak Erkek 2, Taslik, Bardak¢1 and Bardacik
caprifigs were registered variety in the caprifig field gene bank [2] .

Average fruit weight (g), fruit size (mm) (width, length and ostiole opening), fruit number per shoot
(pieces/shoot), amount of Blastophaga psenes L., amount of male and female (gall) flowers, harvest time (day), foliation
date, the birth date and ripening time criterias of Profichi fruit were evaluated (Table 1).
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Figure 1. Male fig (caprifig) field gene bank (planted date:2009)

Table 1. Some descriptions used in caprifig genotypes

Fruit number per shoot /tree

The fruits amount were counted and determined on shoots of the trees.

Harvest date / period

The date on which the Fig wasp, which comes out of the of the Profichi
fruit, was seen, was taken as the harvest start date. The last date of Fig wasp
emergence was determined as the last harvest date.

Blastophaga psenes L. (pieces)

5 Profichi fruits, were placed in glass jars covered with tulle. Blastophaga
psenes L. amount which comes out of 5 fruits, was counted every day.

Amount of male and gall flowers

Male and gall flowers in 5 Profichi fruits were counted one by one.

Profichi fruit weight (g)

Fruits were weighed with a precision scale sensitive to 0.01 g and their fruit
weights were determined in g. It was determined by dividing the total
weight of fruits from each variety by the number of fruits.

Profichi fruit width-length (mm) and
ostiole width (opening) (mm)

Determined in mm with digital caliper. Fruit width was determined by
measuring from the equatorial region, which is the middle part of the fruit.
Fruit length was found by measuring the distance between the ostiole and
the point where the neck of the fruit meets the petiole.

Fruit cavity

If the inside is completely full; there is no gap;

The gaps up to the lentil volume; very small,

The gaps between the lentil-chickpea volume; small;

The voids up to the chickpea volume; medium, The
voids larger than the chickpea volume; large.

Fruit shape index

It is expressed as the ratio of fruit width to fruit length. this value;
If <0.9 oblonge,

=0.9-1.1 globose,

>1.1 fruit shape is oblate.
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3. Results

The leafing date generally was observed when two-leaf emergence appears in 50% of the tree between March
09 and April 14.

The birth of the profichi fruits generally was observed between March 05 and April 08, when budding and
leafing occured (Figure 2).

The ripening of profichi fruits generally coincides with the period when female figs became
receptive. Generally, skin colour of Profichi fruit turns to bright and light green as a sign of maturity. The scales around
the ostiole opening begin to open. This date is also on which the female fig wasp, which comes out of the Profichi fruit,
was seen. Generally, this period was observed between June 10-27 (2015), May 29- June 19 (2016) and May 29- June 25
(2022). In general, Seytan 1, Mistik Ilek, Bozdogan Kaba Ilek, Sari Ilek, Frenk, Kibrisli, Damarli and Gabali genotypes
had matured profichi fruits the earliest among the caprifigs.

NC N o (02)

Figure 2. Phenological observation studies (A), mamme fruits on the branch (B1, B2), onset of leafing (C1, C2) and newly
formed profichi fruits (D1, D2)
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Generally, the average amount of profichi fruits on the shoot was detected between 2-10. It was counted as 3-
8 (2015) and 2- 13 (2016) pieces/shoot.

The number of Mamme fruits on the caprifig tree varied according to years, genotype, tree age, and vigor.
According to the phenological observations of 2021; approximately 100 or more in Bardake1 Ilek, Hamza, Ak Erkek 1,
Taslik, Frenk, Mehmet Tosun genotypes, approximately 60-80 in Kizilay 1, Cagaron, Seytan 2, Cakin 1, Sari ilek
genotypes; It was determined in the range of 30-50 in Omerbeyli Kaba Ilek, Kuyucak ilek, Gabali, Damarli, Ak ilek,
Aydin 2, Karabulut, Conkurt, Armut ilek, Kizilburun, Yanako 1, Adali, Esref 1, Esref 2 genotypes. It was determined as
20 in other genotypes. The amount of mamme fruit is almost non-existent in Mor Demirtas, Kara ilek, Hatay 20, Adana
10, Hatay 35, Mersin 05, Osmaniye 02, Hatay 13 and Adana 03 genotypes.

The fruit cavity of the genotypes was generally in the middle group. Harvest times generally were determined
between 8 days (Aydin2, Ak Erkek 1, Kérpe ilek) and 12 days (Omerbeyli Kaba Ilek, Yanako 1).

The average fruit size values of some genotypes are given in Table 2 (2015-2022). Average fruit weights of
Profichi fruits were determined in the range of 7.7 (oblonge) (Barbaros)- 49.4 g (globoose) (Haci Yusuf). Profichi fruit
width 23.4 (Osmaniye 02)- 54.9 (Ayar Dolduran); fruit lengths were determined in the range of 27.7 (Osmaniye 02) -
59.7 mm (Bozdogan Kaba ilek). Fruit shape indexes were determined as 0.7 (Damarh)- 1.1 (Hatay 35). Regarding the
ostiole opening, Mersin 05 had the smallest (0.6 mm), and Hatay 06 had the largest (6.4 mm) ostiole opening.

Table 2. Fruit quality metric datas in some caprifig genotypes

Average fruit  Average fruit Average fruit Average ostiole

CERb R weight (g) width (mm) lengths (mm) opening (mm) !:run shape
indexes
Bostanct 315 46.2 50.7 3.1 0.91
Hac1 Yusuf 49.4 53.7 57.9 5.9 0,93
Cakin-2 34.0 49.2 49.4 3.8 1.00
Damarli 18.1 38.0 53.4 2.7 0.71
Aydin-2 18.3 38.6 43.9 3.6 0.88
Ak Erkek 1 24.5 40.7 48.9 2.9 0.83
Ayar Dolduran 43.7 54.9 55.3 3.3 0.99
Bozdogan Kaba Ilek 42.1 49.1 59.7 24 0.82
Yanako 1 21.3 41.7 46.9 3.7 0.89
Koérpe Ilek 25.6 41.1 52.1 3.3 0.79
Barbaros 7.7 27.8 36.7 2.2 0.76
Mehmet Tosun 14.9 33.9 37.7 35 0.90
Hatay 06 29.0 41.9 46.9 6.4 0.89
Hatay 35 23.7 435 41.0 0.7 1.06
Mersin 05 15.9 35.7 42.6 0.6 0.84
Osmaniye 02 8.1 23.4 27.7 2.9 0.85

The number of male flowers in profichi fruits was determined in the range of 76 (Barbaros)- 269 (Hac1 Yusuf).
Gall flower number was found in the range of 194 (Hatay 20) - 1193 (Bozdogan Kaba Ilek). The gall flowers are generally
located near the stalk of fruit. Male flowers are usually located near the ostiole opening of fruit (Figure 3).

During the Profichi fruit ripening period with the swelling of the scales around the ostiole opening, female
Blastophaga psenes L., which has wings and can fly, to continue its generation comes out of the Profichi fruits. As it
emerges from the ostiole opening, it rubs against the pollens of the male flowers. Pollens is moved to female fig fruits via
fig wasp.

The amount of Blastophaga psenes L was determined in the range of 21 (M.Tosun)- 501 (Cakin 2). Fig wasp
exit times was generally determined as 3- 4 days (Figure 4).
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Figure 3. Detection of male flowers (A) and gall flowers (B) in fruit

Figure 4. Healthy profichi fruits, Blastophaga pseneses L. counting and emergence times observations
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Every year, instead of the genotypes that dry out for any reason in the collection, their cuttings are taken, and
their saplings are produced and planted. In this way, renewing the collection and continuing the conservation program in
the project (Figure 5).

Figure 5. Production and planting of saplings of genotypes that are missing in the collection for any reason

In addition to the characterization and documentation information of the caprifig field gene bank to be passed on
to future generations, the status of fruit sections, trees, and fruit branches of genotypes were recorded with photographs
(Figure 6). As an example; the cross-section of the fruit, its condition on the branch and tree growth habit photos of some
genotypes were given in Figure 7.

-rc‘__rld' 'u-ﬂ "fw'

Figure 6. Photography and archive studies on male fig fruits and trees
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Biiyiik Konkur

Cakin 1

Cakimn 2

w U s

Figh 7. Sections of fruit nd fruit on the branch and tree growth habit photos of some caprifigs

4. Conclusion and discussion

In a different research, the first leafing dates were between March 10 and April 15 in 2015 under the conditions
of the Eastern Mediterranean Region, and the fruiting of the Profichi fruit was between March 8 and April 16 [5].

It has been reported that some caprifig genotypes do not produce Mammoni (summer crop) and Mamme (winter
crop) fruits on the tree or their numbers are low [5]. Similarly, in this research, it was observed that some genotypes did
not produce/low produced Mamme fruit.

Some data ranges obtained from Profichi fruits by different researchers are given below.

Profichi fruit weight; 11.52-38.12 g [14]; 17.21-36.89 g [23]; 32 (Jrani)-29.5 (Dijebba2) g [12] and 8.96
(Kmarag05)- 55.14 (Hatay02) g [5].

Profichi fruit width; 18.60-34.70 mm [14]; 37.54-50.25 mm [23] and 28.55 (Mersinl15)- 60.66 (Hatay02) mm
[5].

[5].

Ostiole opening; 5.80 (Caprifigl)-15 (Caprifig53) mm [14]; 6.6 (Assafri)- 8.1(Jrani) mm [12] ; 2.26- 5.80 mm
[5] and 0.65-5.11 mm [23].

The number of Profichi fruits on the shoot; 5.71 (Jrani) - 6.32 (Assafri) pieces/20 cm [12] and 1.33 (Kmaras06)
- 9.70 (Hatay06) pieces/shoot [5].

Number of Blastophaga; 168-1,700 pieces/fruit (Eroglu, 1982), 1350 pieces/fruit (Condit, 1947) [5]; 267
(Caprifig35)- 4 (Caprifig3) pieces/fruit [14]; 76 (Dijebba3)-450 (Assafri) (fertile galls per syconium counted) [12]; It
was determined as 119-480 pieces/fruit in another study conducted in Hatay Province of Turkey [23].

Number of male flowers; 300-400 pieces/fruit [15]; 350 pieces/fruit (Condit, 1947), 6.0 (Kmarag03)- 258.2
(Adana03) pieces/fruit and,

Number of female (gall) flowers; 75-450 pieces/fruit in a study conducted in Tunisia [12], 167.70 (Mersin16)-
1121.2 (Hatay13) pieces/fruit, and it was stated that there is no female (gall) flower in Osmaniye02 genotype [5]; 244-
771 [23]; 800-1200 pieces/fruit [15]. Flower pollen viability rates were found in the range of 64.99-91.53% [23]; 40.81%

Profichi fruit length; 25.30-55.60 mm [14]; 40.54-64.04 mm [23] and 25.64 (Mersin15)- 67.68 (Hatay33) mm
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(Mersin16)-100% (Kmarag01) in different studies. The vitality rate of plants to be used as pollinator varieties is required
to be >50% [5].

The caprifig genotypes in this research were generally examined in terms of phenological, pomological, etc. It
can be said that their properties are generally similar when compared to the varieties in other studies.

Literature studies on male figs generally include studies on determining suitable pollinators in order to increase
the yield and quality of female figs. However, as there is a need to develop new fig varieties in line with market needs
changes day by day, the importance given to caprification studies is increasing. The fact that Turkish female fig genotypes
need caprification reveals once again the importance of male figs. Provided that excessive caprification is avoided,
caprification has an effect on improving fruit quality.

This project was referred to as an evaluation and research project in previous years. Therefore, male fig genetic
resources also include studies conducted by different researchers. Therefore, some of the important studies carried out
are given below as archive information.

310 fig genotypes in the Fig Research Institute Directorate fig field gene bank collected from 6 geographic
regions (including caprificus) were analyzed with 14 SSR loci. 7 similarities, 54 clone-level similarities, 36 synonyms,
and 22 homonymous differences were detected [8].

In conclusion some differences (1 identical [(Yanako 1 (57, Aydn) - Yanako 2 (59, Aydin)], 1 synonim [(Kara
llek (28) - Kavun Ilek (29)] and, 6 homonyms [(Kizilay 1 - Kizilay 2); (Seytan 1 - Seytan 2); (Cakin 1 - Cakin 2), (Ak
Erkek 1 - Ak Erkek 2), (Kaba ilek (Bozdogan) (53) - Kaba ilek (Omerbeyli) (1)); (Biiyiik Konkur (34) - Kiigiik Konkur
(38)] were found among caprifigs.

In terms of pollen amount, genotypes generally produced a moderate amount of pollen. The pollen germination
power of the genotypes was found to be >78.90%. High pollen viability was found in Bostanci Ilek (96%) [4].

The vitality of caprificus genotypes in this project are found to be >50%.

The threat of genetic erosion poses a risk for caprifig genetic diversity. In reducing this risk, the field gene
bank-collection orchards is significant in ensuring genotypes' sustainability and has become a universal corservation
approach. In Tiirkiye, most female fig genotypes require caprification. The preservation and enrichment of the existing
genetic richness and similar approaches are essential in developing high-quality fruit varieties in new breeding studies.

This research was carried out to collect, describe, protect, document and evaluate caprifig genetic resources.
Also, it is an archive of fig gene sources. Rich genetic variation was found between genotypes in the metric and non-
metric definitions of genotypes. The 'Fig (Ficus carica var caprificus) ‘The Genetic Resources Conservation and
Characterization Project' is an ongoing project.

The collection of multiple data for the characterization of caprificus genetic resources in field conditions and
the laboratory environment continues with similar to approaches and studies of other countries/researchers [4, 5, 6, 7, 11,
12,13, 14, 15, 16, 19].
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Abstract

In this study, plant samples of Astragalus L. genus were collected from 42 different locations of Erzincan in
the vegetation period of 2021. As a result of the plant identification studies, 12 taxa (A. pennatulus, A. compactus, A.
aduncus, A. xylobasis, A. angustifolius subsp. angustifolius, A. karamasicus,A. kurdicus, A. cancellatus, A. eriocephalus
subsp. Eriocephalus, A. lycius, A. microcephalus, A. lagurus) were determined. 3 of them (Astragalus pennatulus,
Astragalus karamasicus, Astragalus lycius) are endemic. The genetic relationship between the identified species was
investigated with ISSR (inter-simple sequence repeat) molecular markers. 16 primers (UBC868, UBC817, UBC807,
UBC812, UBC816, UBC825, UBC824, UBC830, UBC836, UBC840, UBC848, UBC855, UBS856, UBC841,
UBC842, UBC61) were used in the ISSR method. According to the PCR results, the primers studied gave bands of 100-
2000 bp in length. Polymorphism was calculated as 90.8% according to ISSR primers. Dendrograms were created using
the ISSR data and the UPGMA method. While the highest genetic similarity was observed between A. kurdicus and A.
angustifolius supsp angustifolius taxa, the lowest genetic similarity was observed between A. angustifolius subsp
angustifolius and A. pennatulus taxa. These studied markers turned out to be suitable for characterizing genetic diversity
between Astragalus species.

Keywords: Astragalus, Erzincan, genetic diversity, ISSR, taxonomy

*

Erzincan ve ¢evresinde yayihis gosteren Astragalus L. tiirlerinin genetik cesitliliginin ISSR yontemi ile
belirlenmesi

Ozet

Bu ¢alismada, 2021 yilinin vejetasyon déneminde Erzincan’daki 42 farkli lokaliteden Astragalus L. cinsine ait
bitki 6rnekleri toplanmistir. Yapilan bitki tayini ¢aligmalar1 sonucunda 12 takson (A. pennatulus, A. compactus, A.
aduncus, A. xylobasis, A. angustifolius subsp. angustifolius, A. karamasicus,A. kurdicus, A. cancellatus, A. eriocephalus
subsp. eriocephalus, A. lycius, A. microcephalus, A. lagurus) belirlenmistir. Bunlardan 3’0 (Astragalus pennatulus,
Astragalus karamasicus, Astragalus lycius) endemiktir. Belirlenen tiirler arasindaki genetik iligkiler ISSR molekiiler
markirlar: ile arastirilmustir. ISSR (kisa dizi tekrarlari arasi) yonteminde 16 primer (UBC868, UBC817, UBC807,
UBC812, UBC816, UBCS825, UBC824, UBC830, UBC836, UBC840, UBC848, UBC855, UBS856, UBCS841,
UBC842, UBC61) kullanilmistir. PCR sonuglarina gore, ¢aligilan primerler 100-2000 b¢ uzunlugunda bantlar vermistir.
ISSR primerlerine gore polimorfizm % 90.8 hesaplanmistir. ISSR verileri ile UPGMA yontemi kullanilarak
dendrogramlar olusturulmustur. En yiiksek genetik benzerlik A. kurdicus ile A. angustifolius supsp angustifolius
taksonlar1 arasinda gozlenirken, en diisiik genetik benzerlik A. angustifolius subsp angustifolius ile A. pennatulus
taksonlar1 arasinda gozlenmistir. Caligtlan bu markerlar Astragalus tiirleri arasindaki genetik benzerligi karakterize
etmede uygun markirlar oldugunu ortaya ¢gikarmustir.

Anahtar kelimeler: Astragalus, Erzincan, genetik ¢esitlilik, ISSR, taksonomi
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1. Giris

Bitki zenginligi ve endemizm bakimindan Dogu Anadolu bolgesi Tiirkiye’nin énemli bolgeleri arasindadir.
Dogu Karadeniz, Dogu Anadolu ve Orta Anadolu cografi bolgeleri arasinda kdprii konumunda olan Erzincan ili, zengin
florasi ile Tiirkiye’nin 6nemli alanlart arasinda gelmektedir [1]. Erzincan, Tiirkiye’nin 13 endemik bitki merkezinden
2’sine ve 6 Onemli bitki alanina sahiptir [2]. Erzincan’da ¢ok fazla mikroiklim goriilmesi, daglarin uzanig yonleri ve
olugsma sekillerinden dolayr farkli habitatlara sahip olmasi nedeniyle bitki ¢esitliligi agisindan olduk¢a zengin bir
bolgededir. Bolge Avrupa-Sibirya ve iran-Turan fitocografi bolgelerinin kesisim noktasinda ve Anadolu Caprazi’min
(Anadolu Diyagonali) gecis noktalar1 iizerinde bulunmaktadir. Bu durum Erzincan’in bir¢ok endemik tiire ev sahipligi
yapmasina imkan saglamistir [3].

Astragalus L. Diinya tizerinde yaklagik 3000 taksonu ile Fabaceae (Baklagiller) familyasinin en biiyiik
cinsidir[4, 5]. Tiirkiye’de de Astragalus en biiyiik cins olup cinse ait tiirler genel olarak Iran —Turan bolgesinde yayilis
gostermektedirler. Bu bolge Astragalus icin cesitlilik merkezi olarak bilinmektedir. Ulkemizde Geven olarak bilinen
Astragalus cinsinin 485 taksonu bulunmaktadir. Bu taksonlarin i¢erisinde 224 tanesi endemik olup, endemizim orani %
47’lerdedir [6]. Astragalus tiirleri giiniimiizde ¢ok ¢esitli amaglar ile kullanilmakta olup ¢esitli faydalar1 bulunmaktadir.
Ulkemizin I¢ Anadolu ve Dogu Anadolu bélgelerinde Astragalus L. koklerinden hazirlanan sivi karigim kanser ve yara
iyilestirmede, geleneksel olarak tedavilerde kullanilir. Astragalus’un birkag tiirii sifali bitkiler olarak bilinir. Bu tiirler;
analijezik, agr1 dindirici, mide ve bagirsak iltihab1 ve tansiyon gibi hastaliklarda kulanilmaktadir. Ornegin Astragalus
gummifer L. mukoza iizerine koruyucu etkisinden dolay1 bogaz enfeksiyonlarinda etkilidir [7]. Aym zamanda bazi
Astragalus tiirleri yakit, sivi yaglar, kereste, lif, giibre, baz1 kimyasal maddelerin iiretiminde ve bahgecilik alaninda
kullanilmaktadir [8]. Ayrica insanlar ve hayvanlar tarafindan gida maddesi olarak kulllanilan tiirleride vardir. Bazi
tiirleri ilag ve siis bitkisi olarak kullanilmaktadir [9]. Erzincan gevresinde yapilan bazi etnobotanik ¢aligsmalarda da bazi
Astragalus tiirlerinin yoresel kullanimlarina yer verilmistir. Yorede Astragalus microcephalus Willd. govde ve
yapraklarindan cay yapilarak iltihap sokiicii ve tansiyon diistiriicii olarak kullanildigy, bitkinin yagi ¢ikarilarak mide ve
solunum yollar1 rahatsizliklarinin, agiz yaralarinin tedavisinde, kansere karsi ve yakacak olarak kullanildigi
bildirilmektedir. Astragalus angustifolius subsp. pungens ve Astragalus plumosus Lam. subsp. kurugeanus (Freyn &
Bornm.) Ponert bitkileri yorede kozmetik ve tutkal yapiminda kullanildigi belirtilmekte, Astragalus plumosus Lam.
subsp. kurugeanus (Freyn & Bornm.) ve A. lagurus Willd. taksonlarimin arilar tarafindan bal yapiminda kullanildig1 ve
bazi Astragalus taksonlarinin hayvan yemi olarak kullanildigi belirtilmektedir [10].

Astragalus cinsi, yillik ve ¢ok yillik forma sahiptir. Morfolojik olarak otsu ve odunsu dikenli yastiklar seklinde
cesitli gruplar icermektedirler. Bu kisa Omiirlii bitkilerin yasam alan1 a¢ik ve yar1 kurak ¢oller, daglik bozkirlar, Akdeniz
bolgesi, Giineybat1 Asya, Orta Asya ve Kuzey Amerika’nin daglik alanlaridir [11]. Iklimin daha nemli ve daha soguk
oldugu Dogu Asya ve Kuzey Avrupa'da, Astragalus tiirleri nadir bulunmaktadir [4].

Astragalus tiirlerinin, morfolojik sinapomorfiler tarafindan desteklenmeyen, ancak cinste uzun yillardir
uygulanan alt jenerik konseptle yakindan eslesen on bir ana dal olusturdugu gosterilmistir. Su anda cinste bilinen bu ana
dallar gayri resmi olarak Glottis, Phaca, Hamosa, Trimeniaeus, Conturtoplicata, Ophiocarpus, Cercidothrix,
Astracantha, Diholcos, Hypoglottis ve Neo-Astragalus olarak adlandirilir [12].

Tiirlerin genetik ¢esitliligini belirlemek amaci ile birgok yontem kullanilmaktadir. Fakat son yillarda en ¢ok
tercih edilen ve giivenilir sonuglar veren tekniklerin basinda molekiiler markir yontemleri gelmektedir. Biiyiik bir
organizasyona sahip olan bitki genomlarmin genetik ¢esitliligi molekiiler markir yontemleri kullanilarak
arastirilmaktadir. Molekiiler markirlar bitki popiilasyonlar1 veya populasyon icindeki birey genotipleri arasindaki
cesitliligin belirlenmesinde %100’e yakin giivenirlilikle sonuglar vermektedir [13]. ISSR (kisa dizi tekrarlar1 arasi)
yonteminde 2-5 arasinda tekrarlanan niikleotitleri i¢eren primerler kullanilmaktadir. Teknigin temel prensibi bu
primerler kulanilarak iki mikrosatellit noktasi arasindaki bolgenin cogaltilmasidir. ISSR yontemi gen haritalama
caligmalari, genetik cesitlilik ve taksonomik analizlerde kullanilabilmektedir [14].

Erzincan ve g¢evresinde daha once yapilan floristik ¢aligmalarda, bolgenin Astragalus (Geven) taksonlarinin
yayilist bakimindan olduk¢a zengin oldugu belirlenmistir [15]. Calismamizda Erzincan ve gevresinde yayilis gdsteren
Astragalus L. tiirlerinin genetik gesitliligi ISSR yontemi ile belirlenmesi hedeflenmistir.

2. Materyal ve yontem
2.1 Calismada kullanilan bitkisel materyal

Erzincan ve ¢evresinde 2021 yili vejetasyon doneminde yiiriitiillen arazi ¢aligmalarinda Astragalus L. cinsine
ait taksonlarin toplanmasi i¢in birgok lokaliteye gidilerek bitki drnekleri toplanmustir. Her bir tiir i¢in iki ayr1 numune
toplanmis, toplanan 6rnekler numaralandirilmis ve lokaliteleri ile beraber kayda alinmistir. Caligmamizin materyalini
olusturan bu bitki 6rneklerinin bir numunesi laboratuvar g¢aligmalart i¢in -80° C derecede muhafaza edilmis, diger
numunesi de tiir teshisleri igin muhafaza edilmistir. Ornekler bilinen herbaryum metodlar1 uygulanarak preslenmis,
kurutulmus ve teshise hazir hale getirilmislerdir. Daha sonra Do¢. Dr. Mustafa KORKMAZ tarafinda tiir teshisleri
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yapilan bitki &rnekleri Erzincan Binali Yildirim Universitesi Fen Edebiyat Fakiiltesi Biyoloji Béliimii Herbaryumunda
muhafaza altina alinmiglardir.

2.2. DNA izolasyonu ve ISSR protokolii

DNA izolasyonu Lin et al. [16]’e gore yapilmistir. DNA Orneklerinin miktar ve kalite tayini Nanodrop
spektrofotometre cihazi kullanilarak gerceklestirilmigtir. ISSR analizi i¢in 16 primer (UBC868, UBC817, UBC807,
UBC812, UBC816, UBC825, UBC824, UBC830, UBC836, UBC840, UBCB848, UBCS855, UBS856, UBC841,
UBC842, UBC61) kullanilmigtir. ISSR-PCR analizi i¢in master mix karigimi; 2 pul PCR buffer (10 x), 1.15 pl MgCI2
(50 mM), 0.3 pl mix ANTP (2 mM), 1 pl primer (60 ng/ul), 5 units Taq DNA polimeraz (0.20 pl), 14.05 pl steril saf su
ile 20pl’ye tamamlanmustir. Hazirlanan karigimlar kullanilan primer baglanma sicakligina gére Bio-Rad C1000 Touch
PCR cihazinda Baslangi¢ denatiirasyonu 1 dongii 95 °C’de 2 dakika; 35 dongii 95 °C’de 30 saniye denatiirasyon, primer
baglanma sicakliginda 60 saniye ve 72 °C’de 120 saniye uzama; 1 dongii 72 °C’de 5 dakika olarak yapilmistir. PCR
islemi sonrasi elde edilen {irlinler agaroz jel elektroforezinde yiiriitilmiistiir. ISSR yontemi i¢in agaroz jel yogunlu %
1.5 olarak ayarlanmistir. PCR 6rneklerinin yiiklemesinin ardindan elektroforez islemi i¢in 90 dakika boyunca 90 volta
60 amps de yiriitilmistiir. Yiiriitme isleminin ardindan goriintiileme cihazinda goriintiilenmistir.

2.3. Veri analizi

ISSR primerlerinden elde edilen amplifikasyon iriinleri var (1) ya da yok (0) seklinde degerlendirilmis,
veriler NTSYSpc 2.11V [17] (bilgisayar paket programinda analiz edilmistir. Caligmada kullanilan genotipler igin
soyagaclar1 Jaccard [18] genetik benzerlik indeksine gore UPGMA ydntemi kullanilarak elde edilmistir.

3. Bulgular

3.1 Erzincan ve ¢evresinden drneklenen Astragalus Tiirleri

Calismamizda Erzincan ve g¢evresinden toplanan Astragalus L. cinsine ait taksonlar herbaryum tekniklerine
uygun olarak preslenerek kurutulmustur. Daha sonra teshis ¢aligsmalar1 yapilmistir. Calismalar sonucu belirlenen tiirler
ve taksonomik 6zellikleri Tablo 1° de verilmistir.

Tiir Ismi Omiir Rakim | Herb.Kodu Lokalite Habitat Elementi Endemizm
Ergan Dagi, kayak
Astragalus Cok EBYU- > Kayalik P
microcephalus Yillik 2050 m E.D. 10 E?i':rll 2. istayon. alanlar fran-Turan
Astragalus Cok EBYU- Erzincan, Cayirli, P
kurdicus vik | 2™ | ep.7 dag yolu 32. km Yamaglar fran-Turan
. Cok EBYU- Erzincan, Cayirli, Kiregli step e .
Astragalus lycius Villik 2293 m ED 5 da yolu 32, km alanlar Bilinmiyor Endemik [21]
Erzincan, Cayirli,
Astragalus Cok EBYU- Yaylalar Koyl Dere yatagi _—
cancellatus Yillik 2280 m E.D.4 istii, Aksu Deresi kenarliklar fran-Turan
civari
Astragalus Cok EBYU- . .| Meyili step oo .
compactus Villik 1450 m ED. 2 Ergan Dagi etekleri alanlar Iran-Turan Endemik [22]
Astragalus Cok EBYU- Ergan Dag1 Meyili step — Endemik
pennatulus Yillik 1550 m E.D. 11 etekleri, 5. Km alanlar fran-Turan [21]
Astragalus Zay1f
angustifolius Cok EBYU- Erzincan, Spikor vejetasyon .
subsp. Yillik 2100 m E.D.9 Dag1 gosteren step Bilinmiyor
angustifolius alanlar
Astragalus Cok EBYU- Dedek Koyt yolu, Akmtilt _—
aduncus Yillik 1450 m E.D. 12 Step yamaglar fran-Turan
Astragalus 5
- Ergan Dagi, kayak
eriocephalus Cok EBYU- A Cayirlik step | .
subsp. Villik 2250 m ED 1 t§5|5|, 2. istasyon alanlar Iran-Turan Endemik [22]
- civari
eriocephalus
) Ergan Dagi, kayak .
Astragalys Cok 1850 m EBYU tesisi, 1. istasyon Yol kenari iran-Turan Endemik
karamasicus Yillik E.D.3 civar ve yamaglar [21]
Cok EBYU- Binko¢ Koyii Yol kenari P
Astragalus lagurus Villik 1650 m ED 8 iistleri step Iran-Turan
Astragalus Cok 2000 m EBYU- Erzincan, Spikor Korunmus Iran-Turan Endemik [22]
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xylobasis | Yillik

| ED.6

| alanlar

Tablo 1. Erzincan ve gevresinden toplanan Astragalus cinsine ait taksonlar
3.2. ISSR PCR analizi

UBC848 primerine ait jel goriintiisii Sekil 1. de verilmistir.

ISSR-PCR tekniginde 12 Astragalus tiirii tizerinden 16 ISSR primeri (UBC868, UBC817, UBC807,
UBC812, UBC816, UBC825, UBC824, UBC830, UBC836, UBC840, UBC848, UBC855, UBS856, UBC841,
UBC842, UBC861) calisilmistir. Bant biiyiikliikleri 100-2000 bg arasinda gozlenmistir. Toplamda 141 bant elde
edilirken, polimorfik bant sayis1 128 ve yiizde polimorfizm % 90.8 olarak hesaplanmistir. En fazla bant veren primerler
UBC848, UBC836, UBC817 (12 bant) olurken, en diisiik bant veren primer UBC824 nolu primer (3 bant) olmustur.
ISSR primerlerinin meydana getirdgi bant biiylikliigii, bant sayis1 ve polimorfizm oranlar1 Tablo 2. de verilmistir.

Tablo 2. ISSR primerlerinin meydana getirdigi bant biiyiikliigii, bant sayist ve polimorfizm

Primer ad1 Molekiil biiyiikligii (bg) Toplam bant sayist Polimorfik bant sayisi % Polimorfizm
UBC807 600-2000 9 8 88.8
UBC812 400-1500 8 8 100
UBC816 500-1500 8 7 87.5
UBC817 300-2000 12 10 83.3
UBC824 900-1500 3 3 100
UBC868 100-400 5 4 80
UBC825 400-1500 11 10 90.9
UBC830 250-1000 9 8 88.8
UBC836 150-1200 12 10 83.3
UBC840 200-1500 11 10 90.9
UBC848 250-2000 12 12 100
UBC855 300-1200 10 9 90
UBCB856 200-800 6 5 83.3
UBC841 200-2000 11 11 100
UBC842 100-1000 9 8 88.8
UBC861 250-500 5 5 100
Toplam 100-2000 141 128 90.8

A-4 A5 A6 A7 A8 A9 A-10 A-11 A-12

Sekil 1. UBC848 primerine ait jel gdriintiisii

A. microcephalus
A. lagurus
A. aduncus

A. xylobasis

A. angustifolius subsp. angustifolius

A. compactus

A-8

A-9

A-10

A-11

A-12

A. pennatulus

A. karamasicus

A. kurdicus

A. cancellatus

A. eriocephalus subsp. eriocephalus

A. lycius
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Jaccard [18] genetik benzerlik indeksine gére UPGMA yontemi kullanilarak elde edilen dendrogram Sekil
2’de verilmistir. Dendrogram verilerine gore calisilan tiirler 2 grupta toplanmustir. 1. Grupta A. pennatulus ve A.
compactus yer alirken, 2. Grup 2 alt gruba ayrilmustir. 1. Alt grupta A. aduncus, A. xylobasis, A. angustifolius subsp.
angustifolius, A. karamasicus,A. kurdicus, A. cancellatus, A. eriocephalus subsp. eriocephalus ve A. lycius yer alirken,
2. Alt grupta A. microcephalus ve A. lagurus yer almistir. En yiiksek genetik benzerlik A. kurdicus ile A. angustifolius
supsp angustifolius tiirleri arasinda olurken, en diisiik genetik benzerlik A. angustifolius subsp angustifolius ile A.
pennatulus arasinda olmustur.

Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine
0 H 10 15 20 23
1 1

1 ] 1
A ifolius subsp, ifolius
A. kurdicus J

A. lycius

A. cancellatus

A. eriocephalus subsp.eriocephalus

Ak

A. aduncus

A. xylobasis

A. microcephal |

A. lagurus

A. compactus |

A

Sekil 2. ISSR yontemi ile elde edilen Erzincan ve gevresinde yayilig gosteren 12 Astragalus tiirii arasindaki genotipik
baglanti

Caligilan tiirlerde yapilan genetik benzerlik indeksine gore A. angustifolius subsp angustifolius ile A. kurdicus
arasindaki genetik benzerlik 0.09 olurken, A. angustifolius subsp angustifolius ile A. pennatulus arasindaki genetik
benzerlik 0.967 olarak hesaplanmustir.

4, Sonuclar ve Tartisma

Diinya’da ve Tiirkiye’de Astragalus taksonlarinin farkli 6zelliklerini ortaya koymak amaciyla ¢ok sayida
calisma yapilmigtir. Bunlardan bazilari taksonomik igerikli [19, 20], fenolojik bilesik ve biyoaktivite igerikli [21],
kullanim alanlar1 ve 6nemi [7], Karyolojik [22] ve anatomik, palinolojik [23] ¢alismalardir. Floristik bakimdan oldukg¢a
zengin olan tilkemiz, jeolojik yapisi, cografik konumu ve topografik yapisi ile her ¢esit toprak tiiriinii bulundurmaktadir.
Cesitli toprak yapisina sahip olmasi, farkl iklim tiirlerinin olusmasi ve ayni zamanda Iran-Turan kdkenli bitki tiirlerinin
gen merkezi olmasi ile gok degisik vejetasyon tiplerini barindirmaktadir [24, 25].

Yapilan bu c¢alismada Erzincan ve cevresinde toplanan Astragalus L. tiirleri arasindaki genetik cesitlilik
ISSR molekiiler markir yontemi kullanilarak belirlenmistir. Erzincan ve g¢evresinde Astragalus cinsine ait 42 farkli
lokaliteden Ornekler toplanmistir. Bu Orneklerden 3’ii endemik (Astragalus pennatulus, Astragalus karamasicus,
Astragalus lycius) olmak iizere toplam 12 farkli takson belirlenmistir. Bu taksonlar; Astragalus microcephalus
(Erzincan-Ergan Dagi), Astragalus kurdicus (Erzincan-Cayirli), Astragalus lycius (Erzincan-Cayirli), Astragalus
cancellatus (Erzincan-Cayirli Yaylalar koyii), Astragalus compactus (Ezincan-Ergan dagi), Astragalus pennatulus
(Erzincan-Ergan Dag1), Astragalus angustifolius subsp. angustifolius (Erzincan-Spikor Dagi), Astragalus aduncus
(Erzincan- Dedek koyii), Astragalus eriocephalus subsp. eriocephalus (Erzincan-Ergan Dagr), Astragalus karamasicus
(Erzincan-Eran Dag), Astragalus lagurus (Erzincan-Binkog koyii), Astragalus xylobasis (Erzincan- Spikor Dagi) olarak
teshis edilmistir. Caligilan 12 taksondan ikisi (Astragalus microcephalus ve Astragalus compactus) sinonim
olmusglardir. Bu taksonlarin gegerli isimleri Astragalus microcephalus Willd. subsp. microcephalus ve Astragalus
compactus Lam. subsp. compactus olmustur. Calisilan taksonlarn endemizm durumlari arastirildiginda TUBIVES
(Tiurkiye Bitkileri Veri Servisi) [26] kaynagina gore alt1 tiir (Astragalus pennatulus, Astragalus karamasicus, Astragalus
lycius, Astragalus eriocephalus subsp. eriocephalus, Astragalus compactus ve Astragalus xlobasis) endemik olarak
verilmesine karsin, Bizim Bitkiler [27] adl sitede {ig tiir (Astragalus pennatulus, Astragalus karamasicus, Astragalus
lycius) endemik olarak verilmektedir.
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Jie vd. [28]. tarafindan 2019 yilinda yapilan g¢alismada Astragalus membranaceus'un 8 populasyonu
arasindaki genetik iligkiyi analiz etmek i¢in ISSR yontemini kullanmiglardir. UPGMA kiimelemesinin sonuglarina gore
2 grup olusturmuslardir. Bu ¢alismada 4. membranaceus’ un genetik ¢esitliligini belirlemede ISSR ydnteminin uygun
oldugunu goéstermislerdir. Baykal GoOlii  bolgesine 6zgli nadir  bir tir olan Astragalus sericeocanus'un alti
popiilasyonunda genetik g¢esitlilik ve popiilasyonun genetik yapisini degerlendirilmek amaci ile ISSR belirtecleri
kullanildig1 ¢alismada Mantel (Nathan Mantel)'in testi ile A. sericeocanus popiilasyonlar: arasinda genetik uzaklik ile
cografi uzaklik arasinda anlamli bir iliski goriilmiistiir [29]. Kayseri'nin Erciyes Dagi'nda yetisen, nesli kritik tehlike
altinda olan endemik tiir A. argaeus'un 4 populasyonundaki genetik ¢esitliligi tespit etmek icin ISSR belirtegleri
kullamlmistir [30]. Ayni sekilde 2011 yilinda ispanya'nin giineydogusunda endemik ve nesli tiikenmekte bir tiir olan
Astragalus nitidiflorus' un 5 populasyonundaki genetik ¢esitliligi ve populasyon yapisini degerlendirmek i¢in yapilan
calismada ISSR belirtecleri kullanilmustir. Istatistiksel sonuglar, populasyon ve tiir diizeyinde diisiik bir genetik cesitlilik
oldugunu gosterirken, populasyonlar arasinda ise diisiik bir genetik farklilasma seviyesi tespit etmiglerdir [31]. Cin'in
farkli eyaletlerinden toplanan Astragalus sinicus L.'nin 22 tiirii arasindaki genetik ¢esitliligi belirlemek amaci ile ISSR
belirteglerinin kullanildigi ¢alismada UPGMA analiz sonuglarina gore Astragalus sinicus L.min 22 tiiriiniin 4 farklh
gruba ayrildigi saptanmustir [32].Sonug olarak yapilan literatiir aragtirmasinda, Erzincan ve c¢evresinde Astragalus
tirleri ile ilgili genetik ¢esitlilik tizerinde bir ¢aligma bulunmamustir. Bu ¢alisma ile bolgedeki Astragalus tiirleri
arasindaki genetik cesitlilik ISSR yontemi kullanilarak detayli bir sekilde arastirilmis ve bu yontemin Astragalus tiirleri
tizerinde genetik ¢esitliligi belirlemede ideal bir yontem oldugu tespit edilmistir.
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Abstract

Today, it is known that there is a change in the world's climate system and the living things that cause the
deterioration of the natural balance are human beings. Human beings have always made changes in the environment
they live in to meet their nutritional and shelter needs. These changes have affected the habitat in the region over time,
causing both flora and fauna to change and have affected the level of biodiversity. In order to understand this change,
pollen records from past periods are valuable archives of vegetation dynamics and provide important information
about vegetation. In this study, pollen belonging to the ancient period was investigated from the wells drilled in near
Gobekli Tepe, which is described as the "zero point of history". Wells were dug from 3 different localities and
samples were taken from different depths. Pollen was found in the 1st and 3st wells, but no pollen was found in the
2st well. The pollen analyzes obtained from the samples in the 1st well between 6 meters and 7-7.5 meters were
approximately B.C. It covers the years 11126 and 13354. The pollen analyzes made at 6, 10, 12 meters in the samples
in the 3rd well were B.C. It reflects the changes in vegetation and climate between 10634-12418. Although
individuals belonging to Quercus, Salix, Juglans, Abies, Pinus and Juniperus species of forest vegetation were
encountered in Ancient G6bekli Tepe, no individuals belonging to these tree species were encountered today. In this
study, data were obtained supporting that the region was forest-steppe in the past, and the presence of forest-forming
taxa Juglans, Abies, Pinus, and Juniperus was determined for the first time and the vegetation of the past period was
made more evident. The information obtained in this study shows that there is a significant change in the region and
will be a source for detailed studies to be done in the future.

Key words: Gobekli Tepe, human impact, oak steppe-forest, pollen
*

Gobekli Tepe (Tiirkiye) bolgesinin iklim ve bitki ortiisii degisiminin polen verileri kullanilarak arastirilmasi

Ozet

Giliniimiizde diinya iklim sisteminde bir degisim oldugu ve dogal dengenin bozulmasina neden olan canlilarin
insanoglu oldugu bilinmektedir. Insanlar, beslenme ve barmma ihtiyaclarini karsilamak igin yasadiklar1 ¢evrede her
zaman degisikler yapmislardir. Bu degisiklikler zaman igerisinde bolgedeki habitati etkileyerek hem floranin hem de
faunanin degismesine neden olmus ve biyogesitlilik diizeyini etkilemistir. Bu degisimin anlasilmasi igin ge¢mis
donemlere ait polen kayitlari, bitki oOrtiisii dinamiklerinin degerli arsivleridir ve bitki ortiisiiniin hakkinda onemli
bilgiler saglamaktadir. Bu ¢alismada “tarihin sifir noktasit” olarak nitelendirilen Gdbekli Tepe bdlgesinde agilan
kuyulardan eski doneme ait polenler arastirilmistir. 3 farkli lokaliteden kuyular kazilmis ve farkli derinliklerden
ornekler alinmustir. 1. ve 3. kuyularda polenlere rastlanmis olup, 2. kuyuda polen bulunmamustir. 1. kKuyudaki
orneklerinden 6 m ve 7-7.5 m’ler arasinda elde edilen polen analizleri yaklasik G.O. 11126 ve 13354 yillarim
kapsamaktadir. 3. kuyudaki &rneklerinde 6, 10, 12 m’lerde yapilan polen analizleri G.O. 10634-12418 yillari
arasindaki vejetasyon ve iklimdeki degisimleri yansitmaktadir. Orman bitki oOrtlisiine ait agaglardan Quercus, Salix,
Juglans, Abies, Pinus ve Juniperus tiirlerine ait bireylere Eski Donem Gobekli Tepe’de rastlanmis olmasina ragmen
glinlimiizde bu agag¢ cinslerine ait hi¢ bir bireye rastlanmamistir. Bu ¢alismada bolgenin gegmis donemde orman-
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bozkir oldugunu destekler sekilde veriler elde edilmis ve orman olusturan Juglans, Abies, Pinus, ve Juniperus
taksonlarimin varlig ilk defa belirlenerek gegmis doneme ait bitki ortiisii daha da belirgin bir hale getirilmistir. Bu
calismada elde edilen bilgiler bolgede onemli bir degisimin oldugunu gostermekte olup, ileride yapilacak detayli
caligmalar i¢in bir kaynak teskil edecektir.

Anahtar kelimeler: Gobekli Tepe, insan etkisi, mese bozkir-ormani, polen,

1. Introduction

The formation of today's climatic conditions started from the last glacial period, that is, 20-22 thousand
years ago. During this period, the temperatures in the world decreased, the pattern and amount of precipitation
changed, changes-growth-shrinkage-displacements were experienced in the pressure and wind systems. During this
period, all vegetation migrated and cold-resistant species became dominant. Not only the climatic variables have
changed, but also the soil formation processes and plant species have changed with the climate [1].

Plant species migrated from the poles to the equator and from high to low, and took shelter in places where
they could find an environment to survive. Today's biodiversity features have emerged as a result of these warming-
cooling periods [2]. Climate changes have a huge impact on all ecosystems, especially temperature increases, leading
to habitat changes, reduction or extinction of local species, and biodiversity losses. In addition to climate change,
anthropogenic pressures significantly affect the composition of vegetation, and a better understanding of past
vegetation dynamics is required to resolve the impact of these forcing factors and to assess future vegetation change
[3].

In order to understand how both the climate and the vegetation of people change over time, it is important
to investigate the regions where people settled down. In this context, it is known that Gobekli Tepe, near Orencik
village, 18 km northeast of Sanliurfa, in the Southeastern Anatolia Region of Turkey, is a Neolithic archaeological site
and is the oldest known historical structure in the world so far and located within the borders of the Fertile Crescent, is
also at the intersection of domestication areas of sheep, cattle, goats and pigs, and this confirms that Gobekli Tepe is
the region where animal domestication first started [4]. Thus, human beings have started to make choices by changing
the environment in which they live by domesticating both plants and animals for their needs such as nutrition and
shelter. Domestication is to enable animals or plants to be used for the benefit of humans and to adapt them to live in a
close relationship with humans [5]. Similarly, in the domestication of animals, it is likely that some changes were
made in this region both for the feeding of these animals and for the needs of people. Therefore, climate was not the
only factor affecting ecosystem dynamics in Gobekli Tepe; It is estimated that vegetation cover is also greatly affected
by anthropogenic pressures. There is evidence that humans have altered the landscape and vegetation for thousands of
years [6,7,8]. Anthropogenic pressures not only change tree position, but also change the composition of vegetation,
increasing fire frequency and grazing activities, leading to a decrease in stress-sensitive species [9]. Pollen analysis
makes an important contribution to our understanding of how plant populations around the world change over time,
the distribution and abundance of pollen taxa reflect spatial changes in the composition of plant communities and
biomes at a regional scale [10].

In this study, the change of climate and vegetation from that period to the present has been investigated by
digging wells in areas close to G6bekli Tepe and taking plant pollen from the old period. The pollen-based scientific
approach was made for the first time for the Gobekli Tepe Region and a basis was established for the evaluation of the
results.

2.Materials and methods

2.1.Study site

The research area is Gobekli Tepe Basin, in which Orencik Village is located in Haliliye district of
Sanlwurfa (Figure 1,2,3). The establishment of this settlement here thousands of years ago was not accidental. Due to
the natural conditions of the environment, security, water-food supply and the vital and social functions that follow,
this place has been chosen as a settlement. The samples taken from the three wells by drilling from the sandy
sedimentation area detected during the fieldwork were sent to the laboratory in order to provide information about the
presence of pollen depending on the examination of the flora fossils in it.
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Figure 1. Map showing the location of Gobekli Tepe in Tirkiye and the distribution of drilling points in the
basin
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Figure 2. atellite photo of Gobekli Tepe basin
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Figure 3. General view of the Gobekli Tepe region

Depending on the field investigations, the areas where the alluviums flowing over the G6bekli Tepe basin
are filled were especially preferred. Because these alluviums, together with plant seeds and living remains, are
dragged by external forces and stacked in a layered manner on pits or flat areas where the slope decreases. These areas
are also very important in terms of palecenvironmental research from past to present, from a hoarding organization.
The patterns taken from the mentioned field were numbered according to their depth and placed in protective
sampling bags. These patterns were sent to TUBITAK Marmara Research Center. The submitted samples were first
subjected to age determination. Based on the period we examined from these samples, then the samples were
subjected to pollen analysis at the Institute of Geosciences of Istanbul Technical University and information about the
vegetation of the period was obtained.

2.2. Pollen Analysis

Pollen analyzes were carried out on 8 samples. Since there is not enough pollen in SK-2 in the samples, it is
not shown in the diagram. Fossil pollen and spore analysis consists of two stages: "Sampling and preparation of pollen
sections™ and "ldentification and counting of pollen and spore grains".

2.3. Sampling and preparation of pollen sections

Approximately 20 g samples were taken from the samples. The samples taken were prepared with the
standard pollen preparation method [11]. Firstly, 35% HCI acid to eliminate carbonate content and 47% HF acid to
eliminate silica content were added to the samples, respectively. Then, ZnCI2 (density>2.0) solution was added to the
samples to separate the palynomorphs. Microscope slides were prepared by passing the remaining sediment sample
through 200 pm and 10 um nylon sieves and placing some glycerin on glass coverslips. Pollen identifications were
analyzed using a Leica transmitted light microscope at Istanbul Technical University Eurasia Institute of Earth
Sciences, using immersion oil in different lenses (x40 and x100).

2.4. ldentification and counting of Pollen and spore grains

Within the scope of the research, classification of fossil spores and pollen was made depending on the
degree of differentiation of morphological characteristics between genera. Pollen atlases [12] and pollen photographs
were used for counting and pollen identification. The results obtained are shown in detailed pollen diagrams and
pollen diagrams were created using the Tilial T program [13]. The photographs of the obtained some pollen are shown
in Figure 4.
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Quercus

Ephedra distachya Amaranthaceae

Asteraceae Poaceae Brassicaceae

Figure 4. Some pollen photographs used for the identification of taxa
3. Results

The pollen analyzes obtained from the SK-1 samples between 6 m and 7-7.5 m. It covers the years B.C.
11126 and 13354 and gives information about vegetation-climatic changes (Figure 5). The SK-1, 6 meter specimen
covers the Younger Dryas period. According to pollen analysis, plant communities seen in this period are mainly
Artemisia steppes and herbaceous plants of Asteraceae-Cichorioideae, Asteraceae-Asteriodeae and Poaceae are
numerous. While Artemisia steppes were around 14%, Asteraceae Cichorioideae from herbaceous plants was
determined as 45.5%. While the pollen belonging to the Poaceae family reached 13%, the pollen belonging to the
Asteraceae-Asteriodeae family was observed as 5.9%. The increase in herbaceous and steppe plants in this period
indicates that the study area was cold and dry in 11126 before today (B.C.). In the forest community, there are
Quercus, Salix, Juglans, Pinus, Abies and Juniperus species, albeit few. Similarly, the density of herbaceous and
steppe plants in the SK-1 7-7.5 meters sample shows that the region was under the influence of a cold and arid climate
in 13354 before today (B.C.). The non-pollinated palynomorph (NNP) assemblage includes Pseudoschizaea Phytolith,
Glomus, Anabea, Trilet spore.
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Figure 5. Detailed pollen diagram of SK-l samples

Pollen analyzes of SK-3 samples at 6, 10, 12 meters reflect the changes in vegetation and climate between
the years 10634-12418 before the present day (Figure 6). Among the plant communities, Artemisia steppes,
Asteraceae-Cichorioideae, Asteraceae-Asteroideae and Poaceae herbaceous plants are numerous. While Artemisia
steppes reached 44% at 12 m in samples, Asteraceae-Cichorioideae from herbaceous plants were recorded between
38-41%. While the pollens belonging to the Poaceae family reached 16.1%, the pollens belonging to the Asteraceae-
Asteriodeae family were found to be between 7-12.9%. The increase in herbaceous and steppe plants in this period
indicates that the study area was cold and arid between the years 10634-12418 before the present day. In the forest
community, there are Quercus and Salix species, albeit few. Phytolith, Glomus and Botryococcus algae were detected
in the non-pollen palynomorph (NNP) assemblage.
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Figure 6. Detailed pollen diagram of SK-3 samples.

Fossil pollen records are well-established indicators of past vegetation changes, the prevalence of pollen in
environmental environments has made palynology one of the most common and valuable tools for studying past
environmental and climatic changes globally for decades [14]. In this study, the characteristics of the obtained fossil
pollen were investigated using current techniques and revealed the data on the vegetation that lived in the Gobekli
Tepe region in the past. In addition, the plants living in this region today were determined both by literature review
and as a result of individual observations and compared in Table 1. In addition, the plant species that are naturally
distributed in this region today were determined by both literature review and individual observations, and the taxa
determined as a result of pollen analyzes were compared in Table 1.
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Table 1. The status of the taxa of Gobekli Tepe region in the past-present and present-day Sanliurfa

Taxon names Ancient Gobekli Tepe Nowadays Gobekli Tepe  Today's Sanhurfa Spread
Quercus + - +

Salix - +

Juglans

Abies

Pinus

Juniperus
Artemisia
Ephedra distachya
Amaranthaceae
Apiaceae
Asteraceae
Poaceae
Brassicaceae

+ o+
'
'

+ + + + 4o
+ 4+ + o+ o+

In Table 1, although individuals belonging to Quercus, Salix, Juglans, Abies, Pinus, and Juniperus species
belonging to forest vegetation were encountered in Ancient Period Goébekli Tepe, no individuals belonging to these
trees have been observed today. However, it was determined that only Quercus [15] and Salix [16] individuals were
distributed in Sanlwrfa. Thus, trees belonging to the forest were found in a few communities in the old period, and
these have completely disappeared from the region due to the changes that have occurred until today. Both climatic
and anthropogenic influences have caused them. Because anthropogenic pressures cause a decrease in pressure
sensitive species such as Abies [9].

The genus Artemisia is a genus of the Asteraceae family and is a hardy herbaceous or shrubby plant group
that grows in dry or semi-arid habitats. Plants belonging to this group were found in the Gobekli Tepe region in the
past but not seen today, and their distribution continues in Sanliurfa [16]. Ephedra distachya is a shrub that protects
the soil against erosion with its strong roots, and although it was found in the past, it is not even found in Sanliurfa
today.

Species belonging to Amaranthaceae, Apiaceae, Asteraceae, Poaceae and Brassicaceae families are
encountered both in the past and today. In addition, the detection of Phytolith, Glomus and Botryococcus algae in the
non-pollen palynomorph (NNP) assemblage in the samples obtained is an indication that there are also water
resources in the Gobekli Tepe region. As a result of these determinations, it also shows that the people around Gobekli
Tepe benefit from these resources and may engage in some economic activities depending on these resources. Recent
research has highlighted that the region between the upper reaches of the Euphrates and Tigris was a region where the
transition to food-producing subsistence took place in the early Epipalaeolithic and Pottery Neolithic Period [17].

In the study of Neef (2003), it was stated that since taxa such as Pistacia, Prunus, Quercus and Poaceae
were identified in Gobekli Tepe, it indicates the existence of a forest-steppe dominated by pistachio-almond oaks
around Gobekli Tepe in the Early Neolithic Age [18]. This forest-steppe is typical of arid areas bordering a steppe
with a slightly continental character. It is relatively open with widely spaced trees, also supported by results from
zoological remains that indicate relatively open landscapes near the site [19].

4. Conclusions and discussion

In this study, we have obtained data supporting that it is a forest-steppe and the existence of forest-forming
Juglans, Abies, Pinus and Juniperus has been determined for the first time and the vegetation of the past period has
been made more evident. Comparable steppe forest types have disappeared in the Gobekli Tepe region today, because
human intervention has often led to irreversible degradation of vegetation, especially in these areas where tree growth
is limited by water stress [18]. Human beings are trying to survive and benefit from the ecological texture they live in,
and accordingly exhibit various practices. This situation continues from the past to the present. It is certain that there
is deterioration in the world climate system and if the human being, who is the main source of this deterioration,
continues his various activities such as production and consumption habits without taking the necessary precautions,
this deterioration in the climate will continue to increase [20]. Destruction or change of habitats can cause populations
to shrink and disappear over time [21].

In this study, important information was obtained by performing fossil pollen analyzes of the past
vegetation of Gobekli Tepe region. The change of climate and vegetation was examined and the data obtained,
especially some taxa belonging to forest vegetation, were determined for the first time based on pollen analysis. This
study will help to better determine the vegetation of that period by scanning more regions and investigating pollen
from more wells in future studies. In addition, it has been revealed that there are deep differences between the natural
vegetation of the past and the natural vegetation of today.
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Abstract

In this study, specimens which belong to genus Aphrodes Curtis (Hemiptera: Cicadellidae: Aphrodinae),
collected from Kastamonu provinces between 2016-2018 have been examined. Materials were collected by a sweeping
net and a hand aspirator on the plants during daytime. Two species were found distributed in this area; Aphrodes bicinctus
(Schrank, 1776), Aphrodes diminuta Ribaut, 1952. Aphrodes diminuta is a new record for the Cicadellidae fauna of
Tiirkiye. The distribution of the species both in Tiirkiye and the world, the photograps of acdeagus and the coordinates of
the specimens were given. In order to show the differences in aedeagus, photographs and measurements of the A. makarovi
Zachvatkin,1948 have also been added.

Key words: Cicadellidae, Tiirkiye, biodiversity, Aphrodes diminuta

*

Aphrodes diminuta Ribaut, 1952 (Hemiptera: Auchenorrhyncha: Cicadellidae): Tiirkiye
Cicadellidae faunasi icin yeni bir kayit

Ozet

Bu ¢aligmada 2016-2018 yillar1 arasinda Kastamonu’dan toplanan Aphrodes (Hemiptera: Cicadellidae:
Aphrodinae) cinsine ait ornekler incelenmistir. Materyal giin ig¢inde bitkilerin iizerinden atrap ve aspiratdr yardimiyla
toplanmugtir. Caligsma alaninda bu cinse ait 2 tiir tespit edilmistir: Aphrodes bicinctus (Schrank, 1776), Aphrodes diminuta
Ribaut, 1952. A. diminuta, Tiirkiye Cicadellidae faunasi i¢in yeni bir kayittir. Tiirlerin Tiirkiye ve Diinya’daki dagilimlari,
aedeagus fotograflar1i ve Orneklerin toplandiklar1 lokalitelerin koordinatlari verilmistir. Aedegustaki farkliliklart
gosterebilmek i¢in A. makarovi Zachvatkin, 1948 nin fotograflar1 ve 6lgiimleri de eklenmistir.

Anahtar kelimeler: Cicadellidae, Tiirkiye, biyolojik ¢esitlilik. Aphrodes diminuta
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1. Introduction

Cicadellidae (Hemiptera), being one of the largest insect family, comprises more than 22000 described species
is grouped into about thirty-six subfamilies [1]. It has 2300 species described in 338 genera in the Palearctic region [2].
According to Demir [3], Tiirkiye Cicadellidae fauna is considered to have 473 species. This number reached to 482 with
the new records and new species in the following years [4, 5, 6, 7, 8, 9, 10, 11, 12].

Leafhoppers of the genus Aphrodes Curtis (Hemiptera: Cicadellidae: Aphrodinae) are common and widely
distributed in the Palearctic [13]. They are not only vectors of some plant diseases [14] but are also evaluated as an
appropriate indicator group in grassland communities [15]. Due to the similarity and variation in the morphological
characters of coloration, size and aedeagus, some species were grouped under the name of A. bicinta species group.
Nickel [16] suggested that this species group consists of 4 species; A. bicincta (Schrank, 1776); A. makarovi Zachvatkin,
1948; A. diminuta Ribaut, 1952 and A. aestuarina (Edwards, 1908). The genus Aphrodes comprise at least four species
which are very similar morphologically and often live syntopically [17]. The genus Aphrodes is a taxonomically
challenging taxon, different species are considered as the ecotype or subspecies of those species. For example, A.
aestuarina has been accepted as a different ecotype of A. makarovi [18]. To solve problems in the species status
Tishechkin [19]. used the the male vibrational signal in The Central European Russia bicincta species group by combining
it with morphological characters and founded that A. makarovi, A. bicincta ve A. centrorossica (= A. diminuta) were
separated from each other. Bluemel et al. [20]. used a combination of different criteria (vibration signals, mitochondrial
DNA, aedeagus morphology) samples collected from Slovenia and U.K, and stated that A. aestuarina, A. bicincta, A.
diminuta and A. makarovi are genetically and morphologically distinct. In the same study, morphological key to male
Aphrodes was constituted according to the morphometric measurements of some body parts and morphological characters
of the aedeagus (body length/ aedeagus length ratio and distance between aedegal spines). In this study, the measurements
mentioned above were carried out and it has been demonstrated that morphometric measurements of aedeagus are very
useful parameters in the differentiation of the species.

According to the literature, Aphrodes fauna of Tiirkiye consists of 11 species. Oshanin [21] listed A. bicinctus,
Dlabola [22, 23] listed A. bifasciatus (Linnaeus, 1758) and A. histrionicus (Fabricius, 1794) and Nast [24] A. nigritus
(Kirschbaum, 1868) from Tiirkiye. Lodos and Kalkandelen [25] and Ozgen and Karsavuran [26] added 6 new records for
this genus; A. albiger (Germar, 1821), A. albifrons (Linnaeus, 1758), A. angusticeps Emelyanov, 1964, A. elongatus
(Lethierry, 1876), A. trifasciatus (Fourcrcoy, 1785) and A. flavostriatus (Donavan, 1799). Baspmar & Uygun [27]
reported A. makarovi from Adana for the first time.

2. Material and method

The specimens were collected from Kastamonu provinces between May 2016 and October 2018. The sampling
of the adults was made by a sweeping net and a hand aspirator over the plants during the daytime. All the material was
collected by the first author. The samples were taken in insect killing jars, labeled and brought to the laboratory and
placed in insect storage packages. The specimens were prepared by standard insect preparation and identified according
to Bluemel et al. [20]. The photos of the general view of dry samples were taken by Canon Eos 70D model camera
connected to Zeiss Stem 2000-C stereomicroscope. The body length of the males, the length of the aedeagus, the distance
between the upper and lower spines were measured for identification. Specimens of A.makarovi that has been in the
personal collection of the first author have also been added for comparison. Specimens (93, 59 @) of A. makarovi were
collected from Sinop before [28]. General views of the species from the dorsal are given in Figure 1, the pictures of the
aedeagus taken from the ventral are given in Figure 2.

Specimens are stored at Sinop University, Faculty of Arts and Sciences, Department of Biology, Invertebrata
Laboratory.

3. Results

A total of 30 specimens belonging to Aphrodes genus collected from Kastamonu provinces. The following
information is given for the material listed: Administrative district (town, village or specific locality), date, altitude,
(coordinate), number of specimens. Additionally, distribution in Turkey andthe world and locality remarks are added.

Aphrodes diminuta recorded in Tiirkiye for the first time. Morphometric measurements used for identification
of species are shown in Table 1.

Aphrodes bicinctus (Schrank, 1776)

Material examined: Kastamonu: Arag, 20.vii.2017, 41° 18" 01.2'N, 33° 31" 54.4'E, 1101 m, (233); ihsangazi,
20.vii.2017, 41° 13' 21.9N, 33° 25" 38.0'E, 780 m, (333).

Distribution of Tiirkiye: Adana, Afyon, Ankara, Antalya, Bilecik, Bursa, Canakkale, Diyarbakir, Edirne, Elaz1g,
Erzincan, Erzurum, Gaziantep, Giresun, Giimiishane, Hakkari, Istanbul, Izmir, Kars, Kirklareli, Konya, Kiitahya, Manisa,
Mugla, Ordu, Rize, Samsun, Sinop, Tekirdag, Tokat, Trabzon, Usak, Van, Zonguldak [29].

Aphrodes diminuta Ribaut, 1952 (Hemiptera: Auchenorrhyncha: Cicadellidae): anew recor for Turkish leafhoppers
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Distribution of the world: Afghanistan, Albania, Algeria, Austria, Bulgaria, Cyprus, Czechoslovakia, Denmark,
England, Finland, France, Germany, Greece, Hungary, Iran, Ireland, Italy, Lebanon, Madeira Islands, Mongolia,
Morocco, Netherlands, North America, Norway, Spain, Sweden, Switzerland, Poland, Portugal, Romania, Syria, Tunisia,
Tiirkiye, Yugoslavia [29].

Aphrodes diminuta Ribaut, 1952

Material examined: Kastamonu: Centre, 06.viii.2017, 41° 32' 24.5' N, 33° 46" 33.3 E, 1041_m, (48J, 329%);
06.viii.2017,41° 43" 39.2'N, 34° 01' 55.9'E, 1331 m, (943, 52 2); Yaralicilvegoz, 06.viii.2017, 41° 47' 35.8'N, 34° 04
53.2'E, 1400 m, (433).

Distribution of the world: Austria, Central Asia, Kazakhstan, Russian Far East, Siberia, Slovenia, Switzerland [13,
30,31,32].

Table 1. The range of obtained values for male body and aedeagus characters

Character (mm) A. bicinctus A. makarovi A. diminuta

Min.  Max. Ave. Min. Max. Ave. Min. Max. Ave.
Body length 57 6,6 6,1 6,9 7,6 7,2 4,6 5,2 4,9
Aedeagus length 0,66 0,72 0,7 0,88 1 0,95 0,78 0,92 0,87
Distance between 0,08 0.15 0,09 0,04 0,09 0,06 0,18 0,25 0,23
spines

It is evident that the length of the aedeagus and the distance between the spines of aedeagus are more than the other two
species according to the body length of A. diminuta. A. makarovi is distinctly larger than the other two species. The spines
of the aedeagus are very close to each other. In A. bicincta, the spines are similar to each other but the aedeagus is smaller
(Table 1).

a b C

Figure 1. Habitus of three Aphrodes spp. (&) a) Aphrodes makarovi, b) Aphrodes bicinctus, c) Aphrodes diminuta
(Scale bar:1 mm)
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a b c

Figure 2. Frontal wiev of aedeagus of three Aphrodes spp. a) Aphrodes makarovi, b) Aphrodes bicinctus, ¢) Aphrodes
diminuta (Scale bar: 0,1 mm)

4. Conclusions and discussion

A. bicincta species group is characterized by consisting of wide transverse bands on the head and pronotum.
This pattern shows variations according to light and darkness. The aedeagus is elongated with two pairs of spines in its
central section [18, 33].The position of the spines in the aedeagus and their distance from each other are used in the
differentiation of the species [34]. To eliminate taxonomic gap due to variation within and between species, different
parameters were used. Within these parameters, one of the important characters for distinction in Aphrodes species is
known as the body length /aedeagus length ratio and the location of the spines in the aedeagus. Aphrodes diminuta is
distinguished by having the largest aedeagus according to body size. A. macarovi, A. bicincta specimen are similar in
distance from the spines in the aedeagus, but A. makarovi is significantly different from A. bicincta in both body size and
aedeagus size [20]. The diagnosis of the species evaluated in this study was made according to this study. Morphometric
measurements were parallel with the study [20] mentioned above.

The samples belonging to A. makarovi species has the largest size of 3 species with its 7.2 mm size. In the U.K
and Slovenia samples, this ratio is 5.93 mm. The males of A. diminuta differ from other Aphrodes species by being small
in size [19]. Similar results were obtained from the samples in this study. A. diminuta has the largest aedeagus in terms
of body size when body lengths are compared to aedeagus length. In A. diminuta, the distance between the upper spines
and the lower spines in the aedeagus is greater than the average species. (mean: 2.33 mm).

Bluemel et al. [20] stated that this rate is also an important character in the identification of the species. The
results obtained in this study are similar. In A. makarovi and A. diminuta samples, the transverse bands in the head and
pronotum are light colored and the variation is small. In A. bicinta, it is bright yellow in general but the variation is quite
high. Although the samples were collected from a limited area, the results may vary according to coloration. Since A.
bicinta species group belongs to taxonomically problematic groups it is very possible that they have already been recorded
under different names in other parts of the country. The fact that this species has not been registered in our country so far
may be related to this situation. When all the results are evaluated, the ratio of body length to aedeagus length is a very
useful character in distinguishing 3 species.

No data were found on the ecology of A. diminuta. There is an evidence which shows that it was collected
only from the higher areas. It is known that A. diminuta is generally located at 1200 m and at least 1500 m in Bovyera
Alps [16]. According to Seljak [32] in Slovenia A. diminuta seems to have a more mountainous distribution, being
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collected mainly at altitudes between 600 - 1400 m. Similarly, the samples collected in this study are at an altitude of
1000-1400 m.

Tirkiye Aphrodes fauna has reached to 12 species after the record of A. diminuta from Kastamonu. Leafhoppers

of the genus Aphrodes, are abundant, widely distributed over the Palearctic and also in North America. Aphrodes
diminuta is placed into the European chorotype [35]. and distributed at Austria, Kazakhstan, Central Asia, Siberia, Russian
Far East, Slovenia and Switzerland. When its distribution in the world is examined, although this record seems to be new
for the Tiirkiye Cicadellidae fauna, it is thought that it may have been evaluated as another species due to variation within
the genus before.
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Abstract

The aim of this study is to measure the antioxidant and anticandidal efficiency of Pedicularis comosa var.
acmodonta (Orobanchaceae). Using a spectrophotometric test on extracts from P.comosa var. acmodonta grown in
Tiirkiye, the antioxidant efficiency of the plant extracts was estimated by measuring the violet coloration in a methanol
solution containing 1,1-diphenylpyryl hydrazil (DPPH-). In addition, the results of the anticandidal effect tests using the
CLSI M27-A2 method are also included in this study. The 70% ethanol extract of P. comosa var. acmodonta showed
the highest antioxidant activity (0.143 mg/mL). According to the anticandidal activity test findings on five Candida
species, it was determined that 70% ethanol extract of P. comosa var. acmodonta inhibited C. utilis at a dose of 31.25
pg/mL (MIC).
Keywords: anticandidal, antioxidant, Pedicularis, Orobanchaceae.

*

Pedicularis comosa L. var. acmodonta Boiss. tiiriiniin antioksidan ve antikandidal etkilerinin belirlenmesi

Ozet

Bu ¢aligmanin amaci, Pedicularis comosa var. acmodonta (Orobanchaceae) tiiriiniin antioksidan ve
antikandidal aktivitesini degerlendirmektir. Tiirkiye'de yetisen P. comosa var. acmodonta ekstreleri lizerinde bir
spektrofotometrik test kullanilarak, bitki ekstrelerinin antioksidan aktivitesi, 1,1-difenilpiril hidrazil (DPPH-) i¢eren bir
metanol soliisyonundaki mor rengin agilmasi 6lgiilerek degerlendirilmistir. Ayrica CLSI M27-A2 yontemi kullanilarak
yapilan antikandidal etki testlerinin sonuglar1 da bu calismada yer almaktadir. P. comosa var. acmodonta 'nin %70
etanol ekstresi en yiiksek antioksidan aktiviteyi (0.143 mg/mL) gostermistir. Bes Candida tiirii iizerinde yapilan
antikandidal aktivite testi bulgularina gére P. comosa var. acmodonta 'min %70 etanol ekstresinin C. utilis'i 31.25
pg/mL (MIC) dozunda inhibe ettigi belirlenmistir.

Anahtar kelimeler: antikandidal, antioksidan, Pedicularis, Orobanchaceae.
1. Introduction

The Orobanchaceae family consists mostly of parasitic plants. Currently, it is represented worldwide by 98
genera and 2233 species [1]. It is observed that ethnobotanical studies on parasitic plants are limited worldwide. O'Neill
and Rana conducted ethnobotanical research on parasitic plants found in Nepal (Himalayas). As a result of the research,
it was determined that more than 150 taxa are distributed in Nepal. Through interviews with 141 informants, it was
observed that 43 parasitic plants were ethnobotanically used by the local population for medicinal, animal feed, food,
religious ceremonies, and various materials [2, 3].

Pedicularis L. is a genus of typically grows to a height of up to 50 cm and is perennial herbaceous plant.
Pedicularis species have historically been used for a very long time as folk medicines to cure tiredness and digestive
problems, as well as to clear heat and remove toxins while preserving vitality and removing edema [4]. Different
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therapeutic uses for Pedicularis species exist in Traditional Chinese Medicine [5]. For the treatment of collapse,
weariness, and senility, several of them have roots and stems that are utilized in Chinese folk medicine and as heart
tonics. Iridoids, phenylethanoids, phenylpropanoids, and flavonoids [6-9] all of which are produced by the genus
Pedicularis, are known to have antioxidant effects.

Pedicularis, known as “lousewort” or “wood concrete” in the literature, is popularly known as 'bitotu sormuk,
sorma, sormuk otu' in Tiirkiye [10, 11]. The plant is used as a registered food in Eastern Anatolia due to the nectar in its
flowers. It is one of the most commonly used classes of medicinal herbs and has many therapeutic benefits on fatigue,
spontaneous perspiration, digestion issues, and heart issues. Additionally, some species of this genus have been found to
exhibit hepatoprotective, anticancer, anti-oxidative, anti-haemolysis, and antibacterial properties [5, 6, 10]. In Flora of
Turkey Pedicularis is represented by 11 species, 2 of which are endemic.

Due to the theuropatic benefits on digestion issues in the traditional use of the Pedicularis species, the
antioxidant and anticandidal effects of Pedicularis comosa var. acmodonta extracts are emphasized in this study. To the
best of our knowledge, methanolic extract of antibacterial efficacy was proven in earlier studies however there has been
no research done on Pedicularis anticandidal effects [12].

2. Materials and methods
2.1. P. comosa L. var. acmodonta Boiss.

The plant was picked up from Han/Eskisehir in Tiirkiye on 26.05.2021 (Figure 1). Sample has been kept at the
Herbarium in the Anadolu University, Eskisehir, Tiirkiye (ESSE 15818).

D’.r"”" \“

5 | »
Figure 1. Pedicularis comosa var. acmodonta
2.2. Plant extract

The aerial parts were used. For using both polar and nonpolar solvents, 70% ethanol and n-hexane were used.
Samples were held to macerate for 48 hours at 24°C temperature in an orbital shaker at 150 rpm. The solvents from the
macerated were eliminated with a rotary evaporator under lower pressure after they had been filtered through filter
paper. By lyophilizing, a 70% ethanolic extract was produced. The extracts were kept at +4 °C after being released from
their solvents until usage.

2.3. Antioxidant activity
The DPPH radical assay was put to use to evaluate the antioxidant properties of plant extracts made from the

aerial parts using the techniques developed by Kumarasamy et al. with some modifications [13]. For standard matter,
Gallic acid made used. All determinations were carried out in triplicate.
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2.4. Antimicrobial activity

P. comosa var. acmodonta extracts were tested for their capability to inhibit the upgrowth of five different strains
of Candida, including C. utilis (NRRL Y- 900), C. albicans (ATCC 90028), C. tropicalis (ATCC 750), C. parapsilosis
(ATCC 22019) and C. krusei (ATCC 6258). Standard method (CLSI M27-A2) was used to identify the minimum
inhibitory (MIC) concentrations of the extracts. Dilutions of the extracts were prepared between the concentration of
8000 to 15.6 pg/mL while the standard antifungals were 16 to 0.003 pg/mL. Minimal fungicidal concentration (MFC)
was determined for the most active extract and the candida. A loop of medium from all clear wells including MIC was
transferred into fresh PDA plates. After 24h incubation MFC was determined.

3. Results

Free radical scavenging activity of the 70% ethanol and n-hexane extracts were assessed spectrophotometrically
by use of DPPH". The in vitro antioxidant and anticandidal activities of the extracts obtained from the plant are
presented in Tables 1 and 2. The results in Table 1 reveal that 70% ethanol extract (ICso 0.143 mg/mL) was more
capable of scavenging DPPH radical.

Table 1. DPPH" radical sweeping activity of the extracts (mg/mL)

Extracts DPPH test 1Cso (mg/mL)
70% ethanol 0.143 +£0.046
n-hexane 0.835 +0.088
Gallic acid 0.002 +0.001

The literature records indicate that the chemical compositions and biological activities of many Pedicularis
species have been studied [14, 15, 16, 17, 18, 19]. Antioxidant activity of P. sibthorpii and P. wilhelmsiana were
determined between the range of 0.01-0.7 mg/mL and 0.01-1.02 mg/mL by Khodaie et al. (2012). In a different
investigation, the DPPH- radical scavenging and ABTS assays revealed that P. mexicana was active (0.883 0.032
mg/mL; 1.242 0.020 mg/mL) [20]. The DPPH radical photometric test was used in a study to evaluate antioxidant
activity, and it was revealed that P. comosa L. var. sibthorpii (Boiss.) Boiss extracts had a very high ability to scavenge
free radicals (ICsp <12.5 ug/mL) [21]. In a study evaluating the antidiabetic and antioxidant effect of the ethanol extract
of P. longiflora Rudolph, it was reported that the increase in antioxidants and decrease in oxidants in the test groups
may be due to the antioxidant features of the plant [22]. It was shown that the total polyphenol content of plants in water
and methanol extracts ranged between 4.6 and 183.8 and 8.2 and 270.1 mg/g, respectively, and that P. resupinata had a
high level of radical scavenging action against DPPH (ICsp <25 pg/mL) radical in Korea [23]. According to DPPH
radical scavenging activity, extracts and various fractions from P. longiflora var. tubiformis (Klotzsch) P. C. Tsoong
were concentrated and screened by Lan et al. It was shown that the 40% aqueous ethanol fraction demonstrated a
remarkable antioxidant efficiency. The application of six major constituents (boschnaloside, alyssonoside,
leucosceptoside A, isoverbascoside, leucosceptoside B and verbascoside) with high content revealed a clear antioxidant
ability towards the DPPH radical [24].

Five Candida species were used for anticandidal assay according to the CLSI M27-A2 method. As regards the
study results given in Table 2, it was determined that C. utilis (MIC 31.25 pg/mL) was quite sensitive to the ethanol
extract prepared from the aerial parts of the plant.

Table 2. Anticandidal effect of P. comosa var. acmodonta extracts MIC (ug/mL)

Candida 70% ethanol n-hexane Amp-B Keto
C. utilis NRRL Y-900 31.25* 1000 1 0.5
C. albicans ATCC 90028 2000 4000 1 0.5
C. tropicalis ATCC 750 500 500 2 0.25
C. parapsilosis ATCC 22019 1000 1000 2 0.125
C. krusei ATCC 6258 500 500 1 1

*MFC: Minimum fungicidal concentration =1000 pg/mL
AMP-B: Amphotericin B, Keto: Ketoconazole

Studies on the antimicrobial effects of Pedicularis species primarily focus on bacteria. To the best of our
knowledge, there is no study on the anticandidal effect of the species that is the subject of the study.
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Opportunistic infections of Candida species are an important threat to public health such as systemic infections,
vaginitis, oral and cutaneous candidiasis, and candidemia. To overcome the problem, it is a big need to find new natural
substances with antifungal potential, more potent and less harmful.

In a previous study disc diffusion method was carried out to evaluate the antibacterial effect of the water and
methanol extracts of P. comosa var. sibthorpii against ten pathogenic bacteria by Turker et al. (2021). It has been
reported that plant extracts generally show antibacterial activity against S. aureus, S. epidermidis and S. pyogenes [21].
In another study, methanol extract of P. sibthorpii Boiss. was found to be effective against P. aeruginosa, S. aureus and
S. epidermidis, however not sensitive to C. albicans. Moreover, methanolic extract from P. wilhelmsiana showed
inhibitory activity against P. aeroginosa, S. epidermidis, S. aureus and M. luteus, whereas it did not show any inhibitory
effect against E. coli, S. paratyphi and B. cereus [12]. Dulger and Ugurlu reported that the antifungal effect of P.
olympica Boiss. extracts is less than that of standard antifungal antibiotics [25].

4, Conclusions and discussion

The biological activity data of the P. comosa var. acmodonta, revealed for the first time, is important to
highlight our assumption that the plant can be exploited as a potential antioxidant, as well as contain positive
components to ameliorate the negative effects of Candida spp. In this study, P. comosa var. acmodonta was evaluated
in terms of anticandidal and antioxidant potential. As far as we know, the absence of anticandidal and antioxidant
activity studies on P. comosa var. acmodonta increases the originality of this study. According to the activity results,
the substances responsible for the effect are thought to be phenolic compounds [12]. It is foreseen that this study will
constitute a source for comprehensive studies to be done in the future.
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Abstract

Neurodegeneration is an important finding of various neurological diseases such as Alzheimer's Disease and
Parkinson's Disease. MAP2 and Rbfox3/NeuN genes are also two important neuronal markers. In this study, our aim is
to investigate the neuroprotective effect of Cistus laurifolius L. extract in neurodegeneration caused by hydrogen
peroxide (H207) treatment in differentiated SH-SY5Y (f-SH-SY5Y) cells.

In the study, the effects of H2O, (62.5-1000uM) and Cistus laurifolius (15.62-1000 mg/ml) doses on cell
viability were determined by the 3-(4,5-dimethylthiazol-2-y1)2,5-diphenyl tetrasodium bromide (MTT) method. The
effect of Cistus laurifolius in d-SH-SY5Y cells followed by H,O- treatment on cell viability was determined by the
MTT test. The effect of the extract on MAP2 and Rbfox3/NeuN gene expressions in 24-hour periods was evaluated by
the Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (RT-gPCR) method.

According to our findings, Cistus laurifolius extract significantly reduced cell viability in SH-SY5Y cells at 24

h and 48 h (p<0.05). H,O- caused a decrease in d-SH-SY5Y cell viability at all doses (p<0.05). We showed that Cistus
laurifolius extract applied for 24 hours and 48 hours before toxicity significantly increased cell viability at doses of
31.25 and 62.5 mg/ml in 24 hours compared to the H2O, group. In d-SH-SY5Y cells, MAP2 gene expression in the
H20, group was significantly decreased compared to the control group, however, it was upregulated in Cistus
laurifolius groups at 31.25 and 62.5 mg/ml administered before toxicity compared to the H.O, group (p<0.05).
However, there was no significant difference between the groups in terms of NeuN gene expression (p>0.05).
The neuroprotective effect of Cistus laurifolius in the in-vitro neurodegeneration model has been extensively
investigated for the first time. According to the data we obtained, Cistus laurifolius increased the cell viability and
MAP2 gene expression and showed a neuroprotective effect. However, further studies are still needed to confirm the
therapeutic value of the extract.

Keywords: SH-SY5Y, Cistus laurifolius, neuroprotective effect, MAP2, NeuN, cytotoxicity”

*

Cistus laurifolius'un farklilasmms SH-SYSY hiicrelerinde hidrojen peroksit kaynakli nérodejenerasyon
iizerindeki noroprotektif etkisi

Ozet

Norodegenerasyon, Alzheimer ve Parkinson gibi ¢esitli norolojik hastaliklarin énemli bir bulgusudur. MAP2
ve Rbfox3/NeuN genleri de ¢esitli ndrodejeneratif hastaliklarin patogenezinde rol alan iki dnemli noronal belirtegtir. Bu
caligmada amacimiz olgun ndron benzeri hiicreye farklilagmig SH-SY5Y (f-SH-SYSY) hiicrelerinde hidrojen peroksit
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(H202) muamelesi kaynakli gelisen norodejenerasyonda Cistus laurifolius L. ekstresinin néroprotektif etkisinin
arastirilmasidir.

Calismada H,0; (62.5-1000uM) ve Cistus laurifolius (15.62-1000mg/ml) dozlarimin hiicre canliligi {izerine
etkileri MTT yontemi ile belirlendi. f-SH-SY5Y hiicrelerinde Cistus laurifolius'un, ardindan H,O; uygulamasinin hiicre
canliligr tzerindeki etkisi 3-[4,5-dimetiltiyazol-2-il]-2,5-difenil-tetrazolyum bromiir (MTT) testi ile belirlendi.
Ekstrenin 24 saatlik siirede MAP2 ve Rbfox3/NeuN gen ifadeleri iizerindeki etkisi Ger¢ek Zamanl Kantitatif Revers
Transkriptaz Polimeraz Zincir Reaksiyonu (RT-gPCR) yontemi ile degerlendirildi.

Bulgularimiza gore Cistus laurifolius ekstresi uygulamasi ile SH-SY5Y hiicrelerinde 24 ve 48 saatte hiicre
canlihgi anlamli diizeyde azalmustir (p<0.05). H;O tiim dozlarda d-SH-SYS5Y hiicre canlilifinda azalmaya neden
olmustur (p<0.05). Toksisite 6ncesi 24 saat ve 48 saatlik siirelerde uygulanan Cistus laurifolius ekstresinin 24 saatte
31.25 ve 62.5 mg/ml’lik dozlarda hiicre canliligin1 H,O; grubuna goére anlamli derecede artirdigimi gosterdik. d-SH-
SYSY hiicrelerinde, H.O, grubunda MAP2 gen ekspresyonu kontrol grubuna goére anlamli derecede azaldi, buna
karsilik toksisite 6ncesinde uygulanan 31.25 ve 62.5 mg/ml’lik Cistus laurifolius gruplarinda H,O, grubuna gére MAP2
gen ckspresyonu upregiile edildi (p<0.05). Ancak gruplar arasinda NeuN gen ekspresyonu agisindan anlamlt bir fark
goriilmedi (p>0.05).

Cistus laurifolius’un in vitro ndérodejenerasyon modelindeki néroprotektif etkisi ilk kez kapsamli bir sekilde
arastirilmistir. Elde ettigimiz verilere gore Cistus laurifolius hiicre canlihigi ve MAP2 gen ekspresyonunda artisa neden
olmus ve noroprotektif etki gdstermistir. Bununla birlikte, Cistus laurifolius ekstresinin terapdtik degerini dogrulamak
icin daha fazla ¢aligmaya ihtiyag¢ vardir.

Anahtar kelimeler: SH-SY5Y, Cistus laurifolius, noroprotektif etki, MAP2, NeuN, sitotoksisite
1. Introduction

The most prominent feature of neurological diseases such as Alzheimer's disease (AD), and Parkinson's disease
(PD) is the development of neurodegeneration in the brain tissue due to various reasons. As a result of
neurodegeneration, pathophysiological changes occur in neurons such as morphological disorders, loss of function,
microtubule dysfunction, and neuronal atrophy [1,2].

Microtubules (MT) are one of the main elements of the cytoskeleton, which has many structural and functional
roles in cells [3]. In addition, Microtubule-associated proteins (MAPS) have been identified, which have various roles
such as neuronal development and signaling, binding to MTs, and stabilizing them [1,3]. One of these proteins, MAP2,
provides stabilization by binding to microtubules, is a regulator in forming dendritic structures, mediates MT and actin
cross-linking, and plays a role in cell signal transmission. It has been shown that irregularities in MAP2 expression and
immunoreactivity are associated with neurodegenerative diseases such as AD, Prion disease, and neurodegenerative
diseases [1,4,5]. Neuronal nuclei (NeuN) is a specific neuronal marker found in nuclei of mature neurons [6]. Although
the physiological roles of NeuN have not been fully elucidated, it has been used in many studies to directly assess
neuronal death or loss [6-8]. A study by Kim et al. explained that Neun is the gene product of Rbfox-3 [9]. Based on the
available information, it is understood that MAP2 and NeuN genes are good therapeutic targets in neurodegeneration
models.

In subjects such as investigating the pathogenesis of neurodegenerative diseases or developing treatment
strategies, SH-SY5Y neuroblastoma cells, from which neuron-like cell models are obtained by applying differentiation
protocol, are often used. SH-SY5Y cells can be differentiated into morphologically and structurally neurons with
inducers such as retinoic acid (RA) and brain-derived neurotrophic factor (BDNF) [10-12]. In addition, since hydrogen
peroxide (H20-) causes neuron damage and increases Reactive oxygen species (ROS) in cells, it is often preferred to
create an in-vitro neurotoxicity model [13]. Our study used the neurotoxicity model induced by H,O- in differentiated
SH-SYS5Y (d-SH-SY5Y) cells.

Cistaceae is a plant family containing approximately 180 different species with antimicrobial, antiulcerogenic,
antidiarrheal, antirheumatic, and vasodilator effects [14,15]. Cistus laurifolius ., one of the members of this family, is
known to be used in traditional treatment methods for the treatment of rheumatic pain, high fever and urinary tract
inflammation [16]. Studies have reported that Cistus laurifolius extracts are rich in flavonoids and have anti-
inflammatory, antimicrobial, antioxidant, and anticarcinogenic effects [16-19]. In addition, the anti-cholinesterase and
antioxidant effects of various Cistus species (C. libanotis, C. creticus, C. Salvifolius) were demonstrated in the AD
model [20]. In another study, phytochemical compounds and antioxidant capacity of 5 different Cistus species were
shown, according to the results obtained from the SH-SY5Y cells [21]. According to our research, limited reports in the
literature describe the functional role of Cistus species in the prevention of neurodegeneration.

In this study, we aimed to examine the neuroprotective effect of the extract obtained from the leaves of Cistus
laurifolius in the model of H,O-induced neurodegeneration. In the study, the cytotoxic effects of Cistus laurifolius
extract on d-SH-SY5Y cells were evaluated and the 1Cso dose was calculated. Then, its protective effect on cell viability
and its effects on MAP2 and NeuN gene expression were investigated in the neurodegeneration model.
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2. Materials and methods
2.1. Plant material and extract preparation

Fresh leaves of Cistus laurifolius were collected in July 2013 by Prof. Dr. It was collected by Ersin YUCEL.
This sample was coded with ANES No. 15518 from Anadolu University Herbarium. The leaves of Cistus laurifolius
were first dried in the sun for 3 days, then in an oven at 40-45 °C for 48 hours, and then they were obtained in powder
form. 40 g of powdered leaves were boiled in 800 ml of water for 60 minutes and the extract was evaporated in a
vacuum evaporator and lyophilized. The final lyophilized form was stored at + 4°C until used in the tests [16].

2.2. Cell culture and neuron-like differentiation

A human SH-SY5Y neuroblastoma cell line was obtained from the Culture Collection Animal Cells, FMD
Institute, Ankara, Turkey. The cells were grown in DMEM/F12 Hams (1:1) medium (Capricorn, China) supplemented
with 10% v/v fetal bovine serum (FBS) (Cegrogen, Germany) and 1 units/ml penicillin-streptomycin (Cegrogen,
Germany) at 37°C in an incubator containing 5% CO». The medium content was replaced every two days and cells were
sub-cultured once they reached 70-80% confluence.

For cell differentiation, culture dishes were first coated with 50 mg/ml type | collagen (Gibco, USA). Next,
cells were cultured as described above. After 24 hours of plating, the percentage of FBS in the culture medium was
reduced to 1% and supplemented with 10 uM Retinoic acid (RA) (Bldpharm, China). The medium content was replaced
per 2 days and differentiation was completed in 5 days [10]. Morphological changes and cell density were examined
under inverted light microscopy (Zeiss Axio, Germany).

2.3. Cell Viability Assay

For cell viability tests, 1x10° cells were added to each well in a 96-well plate and a differentiation protocol was
applied. First, Cistus laurifolius extract (up to 15.62-1000 mg/ml) was applied to d-SH-SY5Y cells for 24 and 48 hours,
and the cytotoxic effect of the extract on d-SH-SY5Y cells was evaluated. Then, H,O, (up to 50-100uM) was treated to
d-SH-SY5Y cells to determine the toxicity model, and the appropriate dose was determined. Finally the cells were
treated with increasing concentration (up to 15.6-1000 mg/ml) of the extract for 24 and 48 hours. After incubation, cells
were treated with a medium containing 250 uM H»0; for 24 hours. After cell viability tests, protective doses of Cistus
laurifolius extract on viability were determined. All experiments were repeated three times.

In all experiments, MTT (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl tetrasodium bromide) test was used to
determine cell viability at the end of the incubation period. 100 pl of MTT solution was added to each well with a final
5 mg/ml concentration and incubated for 3 hours at 37 °C. After the incubation period, 100 pl of DMSO was added to
each well and the tetrazolium salts formed were dissolved. Then, it was read spectrophotometrically in an ELISA
Reader device (SynergyTM H1, Biotek, USA) at 630 nm and 570 nm absorbance. Cell viability was evaluated on a
percentage basis compared to the control group [17].

2.4. Gene expression analysis

For further experiments, extract doses (31.25 mg/ml and 62.5 mg/ml) and time (24 hours) at which the highest
viability was detected in the neurotoxicity model were determined. A total of four groups were formed for gene
expression: control group, H2O2 group, extract doses of 31.25 mg/ml and 62.5 mg/ml. Cells were cultured at the
specified doses and times and harvested at the end of the incubation periods. Gene expression analyses were performed
by the Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (RT-qPCR) method.

2.4.1. RNA extraction and cDNA synthesis

For the evaluation of gene expression, firstly, total RNA isolation was performed from cell groups using the
Total RNA Purification Isolation Kit (Jena Bioscience, Germany). The purity of isolated RNAs was measured with
ELISA Plate Reader (260/280 nm= 1.8-2.1). RNAs were stored at -80 °C until further use.

In the second step, cDNA synthesis was performed from Totatl RNA using the cDNA synthesis kit (ABT,
Turkey) in accordance with the manufacturer's instructions. cDNAs were stored at -20 °C until RT-gPCR studies.

2.4.2. Real-Time Quantitative Reverse Transcription Polymerase Chain Reaction (RT-qPCR) Analysis

MAP2 and NeuN gene expression in d-SHSY5Y cells treated with Cistus laurifolius extract was evaluated by
RT-qPCR (LightCycler®96 Instrument - Roche Diagnostics). This test was performed using the SYBR-Green Master
Mix (A.B. T™ 2X, Turkey) kit in accordance with the manufacturer's instructions. Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) gene was used as housekeeping gene. The relative expression values were calculated using
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the Cycle threshold (Ct) method according to the 2-42¢t formula and the fold change in mMRNA expressions of target
genes was determined [22].

2.5. Statistics

We used SPSS 21.0 for Windows software to analyze study data. The normality of data distributions was
confirmed using the Shapiro—Wilk test. The groups showed normal distribution and the continuous variables were
presented as means and standard error. One-way ANOVA and Tukey Test were used to test the differences between the
groups. Other statistical analyses were calculated using GraphPad Prism (Version 7.04 for Windows, GraphPad
Software, USA) software. A result of p<0.05 and p<0.001 was considered statistically significant.

3. Results
3.1. Cell Viability Analysis

To investigate the protective effects of Cistus laurifolius extract against H,O»-induced cytotoxicity in d-SH-
SY5Y cells, cell viability was evaluated by MTT assay. First, to understand the optimum concentration range of Cistus
laurifolius extract, SH-SY5Y cells were treated with the extract at logarithmically decreasing concentrations (15.62-
1000 mg/ml) for 24 and 48 hours. According to our findings, there was a regular dose-dependent decrease in cell
viability at 24 h exposure, and a statistically significant decrease in cell viability was observed at doses of 125 mg/ml
and above (p<0.05). In 48-hour extract exposure, a significant decrease was observed at all doses compared to the
control group (p<0.05). The 24 h and 48 h ICs dose of Cistus laurifolius extract in SH-SY5Y cells was determined as
154.4 mg/ml and 122.4 mg/ml, respectively.

In order to determine the toxic dose of H,O; in d-SH-SY5Y cells, doses of 62.5 uM, 125 uM, 250 uM, 500
uM and 1000 uM were tested in 24 hours (Figure 1. B). A significant decrease was observed in all doses compared to
the control group (p<0.05) and the ICso dose of H,O, was determined as 212.7 pM. It was decided to use 250 uM as the
neurotoxicity dose to be used in later experiments.

Finally, to evaluate the protective effect of Cistus laurifolius extract, d-SH-SY5Y cells were treated with
increasing doses (15.62-1000 mg/ml) of the extract for 24 and 48 hours. The cells were then exposed to 250 uM H>0>
for 24 hours. After 24 hours of Cistus laurifolius treatment, a significant increase in cell viability was observed at
concentrations of 31.25 and 62.5 mg/ml compared to the H,O; toxicity group (p<0.05) (Figure 1.C.). At increasing
doses, cell viability decreased with the effect of H,O, and extract, and the toxicity rate increased significantly at
concentrations of 500 and 1000 mg/ml (p<0.05). After 48 hours of Cistus laurifolius treatment, there was no significant
increase in cell viability compared to the H,O; toxicity group (p>0.05), on the contrary, the toxicity rate increased
significantly at 500 and 1000 mg/ml concentration (p<0.05) (Figure 1.D.).

3.2. Analysis of gene expression in H,O-induced d-SH-SY5Y cells pretreated with Cistus laurifolius

To evaluate the neuroprotective effect of Cistus laurifolius extract in H,O2-induced d-SH-SY5Y cells, mMRNA
expression levels of MAP2 and NeuN genes were evaluated by RT-gPCR method. According to our results, MAP2
gene expression level in the H,O; toxicity group decreased 5.9-fold compared to the control group without any drug
treatment (p<0.001). The MAP2 gene expression level in the 31.25 mg/ml and 62.5 mg/ml Cistus laurifolius extract
group administered 24 hours before H,O, treatment increased 2.2 and 2.4-fold, respectively, compared to the H,O;
toxicity group (p<0.05). MAP2 level in the d-SHSY5Y control group was still significantly higher than all groups
(p<0.05; p<0.001) (Figure 2.A.).

On the other hand, NeuN gene expression level in the H,O; toxicity group decreased 1.54-fold compared to the
control group, but this was not statistically significant (p>0.05). In the treatment groups, the NeuN gene expression
level in 31.25 mg/ml and 62.5 mg/ml Cistus laurifolius extract applied for 24 hours increased 1.2 and 1.1 fold,
respectively, but these results were not statistically significant (p>0.05).
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Figure 1. Evaluation of the effect of Cistus laurifolius extract on H.O,-induced cell death in d-SH-SY5Y cells by MTT
test. A) Dose (up to 15.62-1000 mg/ml) and time (24h and 48 h)-dependent cytotoxic effect of Cistus laurifolius extract
on SH-SYS5Y cell viability. B) Dose-dependent cytotoxic effect of H,O, for 24 h in d-SH-SY5Y cell. C) Effect of Cistus
laurifolius extracts on d-SH-SY5Y cell viability against H,0, (250 uM) neurotoxicity in 24-hour treatment. D) Effect of
Cistus laurifolius extracts on d-SH-SY5Y cell viability against H,O, (250 uM) neurotoxicity in 48-hour treatment. d-
SH-SY5Y cells were pretreated with Cistus laurifolius before the toxicity of H,O,.) (Cis: Cistus laurifolius ) Values are
presented as mean=SEM. *p<0.05 compared to control group; #p<0.05 compared to H,O, group. (Sample size of 4 per
group; n=4).
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Figure 2. Effect of 24 h Cistus laurifolius treatment against H,O, (24h) toxicity on the expression of MAP2 and NeuN
genes in d-SH-SY5Y neuroblastoma cells. A) MAP2 gene expression B) NeuN gene expression analysis by RT-QPCR.
(Cis: Cistus laurifolius) Values are presented as mean+SEM. **p<0.001 compared to control group; #p<0.05, ##p<0.05
compared to H202 group. (n=4).

4. Conclusions and discussion

In the pathogenesis of neurodegenerative diseases, cell damage, loss of function and even neuronal cell death
are observed due to various causes such as oxidative stress, inflammation or accumulation of toxins [1,2]. Therefore, the
discovery of potential neuroprotective agents that can reduce neurotoxicity is very important in reducing or treating the
symptoms of neurodegenerative diseases [23]. In this study, we investigated the neuroprotective effect of Cistus
laurifolius extract against H.O,-induced neurotoxicity in d-SH-SY5Y cells. In the study, we first evaluated the
cytotoxic effect of Cistus laurifolius extract in SH-SY5Y cells by the MTT method. Then, we examined the cytotoxic
effect of H,O; at a certain dose range to determine the dose to be used to create a neurotoxicity model. Then, we
evaluated the neuroprotective effect of pretreatment administration of Cistus laurifolius extract by the MTT method.
We also evaluated the effect of Cistus luurifolius extract on the expression levels of MAP2 and NeuN genes in d-
shSY5Y cells by RT-gPCR method.

H20- is a frequently used agent to create a neurodegeneration model in vitro studies. This agent causes
oxidative stress and neuronal damage in cells [13,23]. In studies, an H,O; dose of around 250 to 300 uM is preferred to
induce neurotoxicity in SH-SY5Y cells [23, 24]. In this study, we examined the 24-hour cytotoxic effect of H.O, at
increasing doses up to 62.5-1000uM. A significant cytotoxic effect was observed at all doses compared to the control
group. The ICso dose of H,O, was determined as 212.7 uM and 250 uM H,O, dose was selected as the neurotoxicity
dose to be used in further experiments. It is seen that the results we obtained are also compatible with the literature.

The cytotoxic effects of various Cistus species (such as Cistus ladanifer, C. creticus, C. parviflorus) have been
studied in cancer types such as breast cancer, prostate cancer, cervical cancer, and neuroblastoma under in vitro
conditions and reported to show antiproliferative effects [17, 21, 25]. SH-SY5Y cells, the ICso dose of essential oils of
Cistus ladanifer was 92.8 ppm [25], and the 1C50 dose of C. parviflorus extract was 7.89 pg / ml [21]. The cytotoxic
effects of Cistus laurifolius L. extract were examined in mouse fibrosarcoma cells (Wehi 164), human cervical
adenocarcinoma cells (Hep2C), human muscle rhabdomyosarcoma cells (RD) cells, and it was reported that it showed
significant antiproliferative effect at doses of 250 mg/ml and above in all these cell lines [17]. We found only one study
evaluating the cytotoxic effect of Cistus laurifolius in SH-SY5Y cells. In this study conducted by Onal et al., the 24-
hour ICsp dose of Cistus laurifolius in SH-SY5Y cells was determined as 45,73 mg/ml [21].

In our study, we firstly observed that Cistus laurifolius had a significant toxic effect on SH-SY5Y cell viability
at doses of 125 mg and above in 24 and 48 hours applications, and we determined the 1Cso doses as 154.4 mg/ml and
122.4 mg/ml for 24h and 48 hours, respectively. Our study results showed antiproliferative effect in cancer cells as in
other species available in the literature. However, our main aim in this study was to investigate its protective effect
against the neurotoxicity model in neuron-like d-SH-SY5Y cells. Therefore, we examined the protective effect of the
treatment of the extract before toxicity on cells. The doses that increased cell viability the most in the pretreatment
Cistus laurifolius treatment were 31.25 and 62.5 mg/ml for 24 hours. In these groups, cell viability increased
significantly compared to the H,O, group. However, at higher doses of Cistus laurifolius, cell viability decreased with
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the combined effect of H2O.. It probably provides a protective effect with the effect of antioxidant activity at lower
doses.

Anti-inflammatory and antioxidant properties of Cistus laurifolius have been shown in various studies [18, 21].
However, we found a limited number of studies in the literature on its neuroprotective effect. Akkol et al. showed that
Cistus L. has acetylcholinesterase (AChE) butyrylcholinesterase (BChE) inhibitory effect and neuroprotective effect in
the AD model [20]. In this study, we also examined the changes in MAP2 and NeuN gene expressions to see the effects
of Cistus laurifolius extract on neuro markers. MAP2 and NeuN genes are among the important neuro markers in
neurodegeneration models [1,6]. It has been shown that irregularities in MAP2 expression and its immunoreactivity are
also associated with neurodegenerative diseases such as AD, Prion disease, or neuropsychiatric disorders such as
schizophrenia and autism [1, 4, 5]. Although the physiological roles of NeuN have not been fully elucidated, it has been
used in many studies to directly assess neuronal death or loss [6, 7, 8]. In this study, MAP2 gene expression of Cistus L.
was upregulated against 250 uM H,0; neurotoxicity at doses of 31.25 and 62.25 mg/ml, but no significant change was
observed in NeuN gene expression. In fact, NeuN gene expression in the H,O2 group did not show a significant change
compared to the control group. According to these results, we can say that Cistus has a positive effect on MAP2 gene
against neuronal toxicity, while it is not effective for NeuN

In conclusion, the neuroprotective effect of Cistus laurifolius in the in-vitro neurodegeneration model has been
extensively investigated for the first time. According to the data we obtained, Cistus laurifolius caused an increase in
cell viability and MAP2 gene expression and showed a neuroprotective effect. In this context, our results are quite
promising. However, further studies are still needed to confirm the therapeutic value of Cistus extracts.
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Abstract

Biodiversity museums are biological libraries that introduce life thanks to the specimens they have. ESOGU
Zoology Museum is one of the few biodiversity museums in Tiirkiye. It has been serving as a university museum since it
was established in 2007. This study aims to share the existing records in the museum by preparing the first list of the
species exhibited in the ESOGU Zoology Museum. In the study, 205 samples were collected from 46 provinces in Tiirkiye
, and 5 different foreign countries between 1987 and 2012. Inventory registration numbers are provided for the specimens
in a code pattern consisting of six letters and six numbers. In the list, the phylum, class, order and families of the species,
the date of collection or acquisition, the locality, and the person who collected it are provided. There are 24,241 specimens,
21,411 of which are Insecta, registered in the inventory of the museum. As of June 2023, 698 examples are presented to
the visitors in the exhibition hall of the collection. 205 of 317 specimens from Cnidaria, Mollusca, Arthropoda,
Echinodermata, and Chordata phylum, constituting the main collection, were evaluated. As a result of this study 169
species, 14 of which were at the genus level, belonging to the 18 classes, 69 orders, and 136 families were listed.

Key Words: Biodiversity, Cnidaria, Mollusca, Arthropoda, Echinodermata, Chordata

%
Eskisehir Osmangazi Universitesi Zooloji Miizesi sergi koleksiyonu tiir listesi

Ozet

Biyogesitlilik miizeleri, sahip olduklart numuneler sayesinde yagsami tanitan birer biyolojik kiitiiphanelerdir.
ESOGU Zooloji Miizesi Tiirkiye’de bulunan az sayidaki biyogesitlilik miizelerinden birisidir. Kuruldugu 2007 yilindan
giiniimiize bir {iniversite miizesi olarak hizmet vermektedir. Bu ¢alisma, ESOGU Zooloji Miizesi biinyesinde sergilenen
tirlerin ilk listesini hazirlayarak miizede var olan kayitlarin paylagima agilmasi amaglamaktadir. Calismada 205 numune,
1987-2012 yillar1 arasinda Tiirkiye’de 46 il ve 5 farkli yurt dis1 tilkeden bir araya getirilmislerdir. Numuneler i¢in alt1 harf
ve alt1 rakamdan olusan bir kod diizeniyle envanter kayit numaralar1 verilmistir. Listede, tiirlerin sube, sinif, takim ve
familyalarina, toplandig1 ya da elde edildigi tarih, lokalite ve toplayan kisi bilgisine yer verilmistir. Miizenin envanterine
kayitli 21 411’1 Insecta olmak iizere 24 241 numune bulunmaktadir. Kolleksiyona ait sergi salonunda Haziran 2023
itibariyle 698 ornek ziyaretcilere tanitilmaktadir. Bunlarin iginde yer alan ve sergilenen ana koleksiyonu olusturan
Cnidaria, Mollusca, Arthropoda, Echinodermata, Chordata subelerine ait 317 numunenin 205’1 degerlendirilmistir. Bu
¢alisma sonucunda 18 sinif, 69 takim ve 136 familyaya ait 14'ii cins diizeyinde olmak iizere 169 tiir listelenmistir.
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1. Giris

Biyogesitlilik miizeleri, diger miizeler gibi insan ve doganin birikimlerini gelecek nesillere aktaran mucizevi
mekanlardir. Diinyamizin ve {izerindeki yasam formlarinin yorumlanmasinda ziyaretcilerine harikulade deneyimler
yagatan biyolojik kiitiiphanelerdir. Yagamin dinamiklerini tanitirlar. Tiirkiye ¢cok zengin biyogesitlilige sahip olmasina
ragmen sahip oldugu biyolojik cesitliligini tanitacak miizeleri bir kac ilde bulunmakta olup, kapasiteleri son derece
sirlidir [1]. Ulkemizde biyogesitlilik koleksiyonlarinin sergilenmesi ve acik eriseme sunulmasi ile ilgili olarak Bicer ve
digerleri [2], Alhasan ve Akan [3], Kesici ve Dalyan [4], Kaya ve digerleri [5], Dikmen ve Ozulug [6], Ozulug ve Sag
[7], Géniilal ve Giiresen [8], Dalyan [9], Baycan ve Tosunoglu [10] ile Kaya ve Ozulug [11]un miize koleksiyonlarina
ait liste ¢aligmalar1 yer almaktadir.

Ulkemizin {iniversite miizeleri arasinda ilk Zooloji Miizesi, Istanbul Universitesi Zooloji Miizesidir.
Koleksiyonu 19. yy.’a kadar gitmektedir. 1933 yilinda iilkemiz zooloji bilimine ve Anadolu faunasinin tespitine biiyiik
katki saglayan Ord. Prof. Dr. Curt Kosswig tarafindan alinan ZMUI (Zoologischen Museums der Universitat Istanbul)
uluslararasi kodla miize ismini bilim diinyasina duyurmustur [12]. ZMUI’dan 74 yil sonra {iniversite biinyesinde faaliyet
gbsteren az sayida biyocesitlilik miizelerinden birisi olan ESOGU Zooloji Miizesi, 30 Nisan 2007 yilinda kurulmus ve
hizmet vermektedir. Miizede 24241 numune yer almaktadir. Numuneler, Eskigehir basta olmak iizere Tiirkiye’nin bir¢ok
yerinden, 1987 yilindan giiniimiize kadar toplanarak bir araya getirilmistir. Koleksiyonda numuneler taksidermi, iskelet,
s1v1 ¢Ozelti iginde ya da kurutulmus olarak tutulmaktadirlar. Envanterde, 9 Porifera, 6 Anthozoa, 2611 Mollusca, 21411
Arthropoda, 32 Echinodermata, 31 Pisces, 8 Amphibia, 14 Reptilia numuneleri kuru ya da s1v1 soliisyonlarda saklanirken,
48 Aves, 8 Mammalia taksidermi olarak, 25 Mammalia, 2 Aves numunesi iskelet olarak bulunmaktadir. Ayrica 36 adet
fosil numune koleksiyonda yer almaktadir. Sergi salonunda Haziran 2023 itibariyle 698 numune tanitim amaciyla
yerlestirilmistir.

Miizede yer alan Cnidaria, Mollusca, Arthropoda, Echinodermata, Chordata subelerine ait 317 numune miizenin
sergilenen ana koleksiyonunu olusturmaktadir. Bu ¢alismada s6z konusu ana koleksiyon i¢inde yer alan ve yazar
tarafindan 1988-2012 yillar1 arasinda toplanan 195, temin edilen 10 numune olmak iizere toplam 205 numune
degerlendirilmis ve 18 siif, 69 takim, 136 familyaya ait 14’0 cins diizeyinde, 169 tiir ve alt tiirlerden olusan liste
hazirlanmistir. Tiir listesi ESOGU Zooloji Miizesinin paylasilan ilk verileridir. Miizede bulunan koleksiyonun ¢ok biiyiik
bir kism1 halen teshis edilmeyi beklemektedir.

2. Materyal ve yontem

Caligmada listelenen tiirler 1988-2012 yillar1 arasinda bir araya getirilmistir. 195 numune, iilkemizde Afyon,
Antalya, Balikesir, Bilecik, Bolu, Bursa, Canakkale, Diizce, Eskisehir, Gaziantep, Istanbul, Izmir, Mardin, Mugla, Urfa,
Sakarya illerinden toplam 46 lokalitede yazarin aragtirma amagh yaptigi biyolojik arastirma ¢alismalar1 sirasinda
toplanmistir. Temin edilen 10 numunenin 6’s1 Cin, Bat1 Pasifik, Tayland, Nijerya ve Peru menselidir. Calisma toplam
205 numunenin degerlendirilmesiyle elde edilmistir.

Temin edilen numunelerden, MOLDRY000468 Harpago sp., MOLDRY000333 Laevistrombus canarium
(Linnaeus, 1758) satin alinmig; REPLIC000346 Iguana iguana (Linnaeus, 1758), REPTAX 000469 Caretta caretta
(Linnaeus, 1758), AVSTAX000472 Neophron percnopterus (Linnaeus, 1758), AVSTAX000623 Anas crecca Linnaeus,
1758, AVSTAX000479 Calidris pugnax (Linnaeus, 1758), MAMTAX000619 Lama glama (Linnaeus, 1758) numuneleri
yazara hediye edilmis ancak ne yazik ki miizede yasanan su baskinlari sirasinda etiket ve kayit defterlerinin zarara
ugramast nedeniyle listede kisi bilgileri eksik verilmistir. Bu oOrnekler listede “ toplayan” siitununda (?) ile
belirtilmiglerdir. CRSDRY000627 Tachypleus tridentatus (Leach, 1819), G. Ortug, AVSTAX000048 Columba
livia var. domestica J.F.Gmelin, 1789, U. Remzi Dinger tarafindan yazara hediye edilmistir.

Taksidermi ve iskelet numuneleri, dogada 6lii ya da yaralanmig olarak bulunup kurtarilamayan numunelerdir.
Taksidermi ve sivi ornekleri Giilen [13]’e gore ve iskelet numuneleri Caliskan ve digerleri [14]’e gore yazar tarafindan
hazirlanmiglardir. S1vi numunelerin saklanmasinda %70 Alkol ve %4 formaldehit ¢6zeltisi kullanilmstir.

Listelenen tiirlerin nomeclaturu, Kiiresel Biyogesitlilik Bilisim Tesisi GIBIF (the Global Biodiversity
Informatics Facility) [15], Diinya Deniz Tiirleri Kaydi WoRMS (World Register of Marine Species) [16] ve Ramazzotti
ve digerleri [17] ne gore verilmistir.

Tirlerin teshisleri, Tirkiye Kelebek Gozlemcileri & Fotografgilart Toplulugu [18], Bakir & Cevingen [19],
Ciplak ve digerleri [20], Ciplak & Demirsoy [21], Coppard, [22], Demirsoy [23, 24, 25, 26, 27], Devetak [28], Onder ve
digerleri [29], Dyachko & Nedoev [30], Oztiirk & Bagdatli [31], Topgu & Oztiirk [32], Flutsch & Tauzin [33], Furtun ve
digerleri [34], Ozalp & Alparslan [35], Hristo & Chobanov [36], Holthuis [37], Karatas ve digerleri [38], Kirvan ve
digerleri. [39], Korotyaev ve digerleri [40], Ozgiir [41], Neimorovets [42], Néraudeau ve digerleri [43], Tiiziin &
Kekilioglu [44], Ozbek & Ustaoglu [45], Oztiirk ve digerleri [46], Rasmont ve digerleri [47], Turin ve digerleri [48] ve
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Zariquiey Alvarez [49])’e gore yapilmustir. Teshislerinde karsilagtirma materyaline ihtiyag duyulan 14 &rnek cins
diizeyinde brrakilmstir.

ok rpaber Onemurgan Univanitess Zaotoys Mases

Murex (Murex) pecten (Lightfoor) 1786

Murkcidae
Tarih (Dewe) 16,08 2000 Yer (Lokaline) Fethiye Magla Torkiye
Delimenayer H Calrghan

Maniayen (Prep) H Caligian
MOLDRY 000506

Sekil 1. MOLDRY 000506 numarali Murex (Murex) pecten (Lightfoot) 1786. Numunelerin envantere kayitlarinda
kullanilan kodun yer aldig1 etiket ve dijital gorsel i¢in yerlesim plani (6l¢ek 5 cm)

Numunelerin miize envanter kayitlari i¢in kullanilan kodlama sistemi 6 harf ve 6 rakamdan olusan iki boliime
ayrilmistir (Sekil 1). Harflerin ilk Gigii sube, alt sube ya da smifi tamimlar, [Porifera (POR), Cnidaria (CND), Anthozoa
(ANT), Mollusca (MOL), Crustacea (CRS) Chelicerata (CHL), Myriapoda (MYR), Insecta (INS), Echinodermata (ECH)]
son {igii drnegin kuru (DRY), siv1 (LIC), taksiderim (TAX), iskelet (SKL) oldugunu belirtir. Numaralandirma 0-999
arasinda her yeni numuneye sirayla verilen kayit numarasim ifade eder [50]. Miize Orneklerinin dijitallestirilmesi
calismasi kapsaminda gorsel kayitlart da alinmaktadir (Sekil 1-3).

w
5

LY
LT TP

-
b

Testies: Zoolon Mozt TNSDRY 00230 |
Saturnia (Saturnia) pyri (Denis & Schiffermiiller) 1775
Insecta Bilytik tavus kelebegi Saturnidac)
Tarlk (Dener Veor (Lokalin) Foplay an (Cod ) Tooen oy an (D)
OROG00)  Mani Ay vacdk Nl Dige Torkiy ¢ HGabten MOt

Sekil 2. INSDRY 000220 kodlu Saturnia (Saturnia) pyri (Denis & Schiffermiiller) 1775 ve numune igin hazirlanan genel
kullanim veri etiketi (6lgek 5 cm)
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Sekil 3. MAMSKL000331 nolu
tasarlanan numune veri etiketi (6lgek 5 cm)

Numuneler icin Caligkan ve Yalcin [50]’a gore farkli tipte etiketler tasarlanmistir. Numunenin Oniine
bilgilendirme amagli hareketli iki farkli tip [Sekil 1, 2], numunenin igine ya da tabla altina yerlestirilen sabit (Sekil 4) bir
adet etiket tasarimi kullanilmaktadir. Taksidermi gibi biiyiik orneklerin platformlarinin altina yerlestirilen ve Arthropoda
ozellikle Insecta gibi daha ufak numuneler ile birlikte ignelenen, kii¢iik az yer kaplayan etiketler kullanilmigtir

Insecta Saturniidae

Saturnia pavonia
Linnaeus, 1758

Tarih (Date) 02.08.2004 :

Yer (Lokalite) Eskisehir S
Tarkive :

Y

Toplayan (Col) H Cabskan o

2

Tammlayan (Ded.) H.Cakskan 6
6

ESOGU Zooloji Miizesi

Sekil 4: Kii¢liik numuneler ve numune tablalarinin altina yerlestirmek i¢in kullanilan veri etiketi

3. Bulgular

Bu ¢alismada yer alan 14’0 cins diizeyinde, 169 tiir, teshisleri yapilarak Ek’de, Tablo 1 olarak listelenmistir.
Bazi tiirlerin hem taksidermisi, hem iskeleti sergilendigi i¢in listede ayr1 ayri yer almaktadirlar. Tekrarlanan tiirler sayiya

dahil edilmemistir. Teshisleri cins diizeyinde birakilmis olan numuneler farkli viicut 6zellikleri nedeniyle sergi numunesi
olarak segilen drneklerdir.

4. Sonug

ESOGU Zooloji Miizesi sergi salonunda sergilenen Cnidaria, Mollusca, Arthropoda, Echinodermata, Chordata
subelerine ait 205 biyolojik ¢esitlilik numunesi degerlendirilmistir. Bu ¢alismada, 18 sinif, 69 takim, 136 familyaya ait
1471 cins diizeyinde, 169 tiir ve alt tlirlerden olusan liste hazirlanmistir.

Uzun yillar saklama dolaplarinda beklemis biyolojik tiirlere ait birey numunelerinin teshisleri igin hassas
taksonomik viicut kisimlarina ihtiyag duyulmaktadir. Molekiiler yontemler gibi teknolojik yaklagimlar bu tiir 6rnekler
icin kullanilamayabilir. Bu nedenle koleksiyon olarak saklanacak tiim numunelerin toplanmasi ve saklanmasinda

morfolojik viicut kisimlariin korunmasi, zarar gérmemesi biiyilk 6nem tasir. Bu hassasiyet miize koleksiyonlarinin
stirdiiriilebilirliginin en biiyiik zorluklar1 arasindadir.
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Hizlanan iklim degisikligi ile birlikte miizelerde ya da sahsi koleksiyonlarda var olan biyogesitlilik kayitlarinin
listelerinin agik erisime sunulmali ve dijital veriye doniistiiriilmelidir. Bu ¢alismada hazirlanan liste, ESOGU Zooloji
Miizesinin paylasilan ilk verileridir. Miizede bulunan koleksiyonun ¢ok biiylik bir kismi halen teshis edilmeyi
beklemektedir.
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Tablo 1. ESOGUS Zooloji Miizesinde sergilenen Cnidaria, Mollusca, Arthropoda, Echinodermata ve Chordata subelerine ait tiir listesi

Phylum
Classis
Ordo
Ordo
Phylum
Classis
Ordo

Ordo
Ordo

Ordo

Ordo

Ordo
Ordo

Classis
Ordo

Classis
Ordo

Ordo

Ordo

: Cnidaria

: Anthozoa

: Alcyonacea
: Scleractinia

: Mollusca
: Bivalvia

: Adapedonta

: Arcida
:Cardiida

‘Mytilida

:Ostreida

:Pectinida
‘Venerida

:Cephalopoda
:Octopoda

:Gastropoda
:Arcida

:Lepetellida

:Littorinimorpha

Familya

Gorgoniidae
Cladoceridae

Solenidae
Solenidae
Glycymerididae
Donacidae

Mytilidae
Mytilidae
Margaritidae

Ostreidae
Pinnidae
Pinnidae
Pectinidae
Glossidae

Veneridae

Argonautidae
Octopodidae

Arcidae
Haliotidae

Aporrhaidae

CNDDRY
CNDDRY
CNDDRY

MOLDRY
MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLLIC

MOLDRY
MOLDRY
MOLDRY
MOLDRY
MOLDRY
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Kayit Numarasi

000503
000085
000350

000209
000504
000450
000360

000496
000657
000354

000461
000660
000515

000460
000547
000462

000665
000499

000597
000598
000211
000344
000662

Tiir Ada

Eunicella sp.
Cladocora caespitosa (Linnaeus, 1767)
Cladocora caespitosa (Linnaeus, 1767)

Solen marginatus Pulteney, 1799

Solen marginatus Pulteney, 1799
Glycymeris glycymeris (Linnaeus, 1758)
Donax vittatus (da Costa, 1778)

Mytilus galloprovincialis Lamarck, 1819
Mytilus galloprovincialis Lamarck, 1819
Pinctada imbricata Roding, 1798

Ostrea sp.
Pinna carnea Gmelin, 1791
Pinna nobilis Linnaeus, 1758

Pecten jacobaeus (Linnaeus, 1758)
Glossus humanus (Linnaeus, 1758)
Venus verrucosa Linnaeus, 1758

Argonauta argo Linnaeus, 1758
Octopus vulgaris Cuvier, 1797

Arca zebra Swainson, 1833

Arca zebra Swainson, 1833

Haliotis tuberculata Linnaeus, 1758
Haliotis tuberculata Linnaeus, 1758
Aporrhais pespelecani (Linnaeus, 1758)
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Tarih

16.08.2006
16.08.1997
20.08.2005

14.07.2002
16.08.2006
24.08.2005
20.08.2005

01.07.2006
01.09.2010
20.08.2005

25.08.2005
01.09.2011
22.08.2006

25.08.2005
30.06.2007
25.08.2005

20.08.2012
01.07.2006

30.08.2008
31.08.2008
22.08.2002
18.06.2005
01.09.2009

Lokalite

Fethiye, Mugla, Tiirkiye
Bodrum, Mugla, Tiirkiye
Bodrum, Mugla, Tiirkiye

Geyikli, Canakkale, Tiirkiye
Fethiye, Mugla, Tiirkiye
Marmaris, Mugla, Tiirkiye
Tiirkbiikii, Bodrum, Mugla,
Tirkiye

Bodrum, Mugla, Tiirkiye
[zmir, Tiirkiye

Tiirkbiiki, Bodrum, Mugla,
Tiirkiye

Fethiye, Mugla, Tiirkiye
[zmir, Tiirkiye

Tiirkbiikii, Bodrum, Mugla,
Tiirkiye

Fethiye, Mugla, Tiirkiye
Datca, Mugla, Tirkiye
Fethiye, Mugla, Tiirkiye

Bodrum, Mugla, Tiirkiye
Bodrum, Mugla, Tiirkiye

Fethiye, Mugla, Tiirkiye
Fethiye, Mugla, Tiirkiye
Fethiye, Mugla, Tiirkiye
Geyikli, Canakkale, Tiirkiye
[zmir, Tiirkiye

Toplayan

H. Caliskan
H. Caligkan
H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan
H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan

H. Caligkan
H. Caliskan
H. Caligkan

H. Caliskan
H. Caligkan
H. Caligkan

H. Caligkan
H. Caliskan

H. Caligkan
H. Caliskan
H. Caligkan
H. Caliskan
H. Caliskan
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Tablo 1. Devam ediyor

Ordo

Ordo
Phylum
Classis
Ordo

:Neogastropoda

:Trochida
:Arthropoda
:Malacostraca
:Decapoda

Familya
Cassidae
Charoniidae
Cypraeidae
Naticidae

Strombidae

Tonnidae
Columbellidae

Muricidae

Trochidae

Astacidae

Calappidae
Carcinidae
Eriphiidae
Grapsidae
Majidae

Kayit Numarasi

MOLDRY
MOLDRY
MOLDRY
MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLDRY
MOLDRY
MOLDRY
MOLDRY

MOLDRY
MOLDRY

MOLDRY

MOLDRY
MOLDRY

MOLDRY

MOLDRY
MOLDRY
MOLDRY

CRSDRY
CRSDRY
CRSDRY
CRSDRY
CRSDRY
CRSDRY
CRSDRY
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000663
000595
000596
000457
000464
000355

000455
000468
000333
000267
000343

000210
000352

000449

000073
000516

000506

000184
000661
000088

000068
000083
000087
000264
000079
000263
000153

Tiir Ada
Galeodea echinophora (Linnaeus, 1758)
Charonia tritonis (Linnaeus, 1758)
Naria erosa (Linnaeus, 1758)
Neverita josephinia Risso, 1826
Neverita josephinia Risso, 1827
Conomurex persicus (Swainson, 1821)

Conomurex persicus (Swainson, 1821)
Harpago sp.

Laevistrombus canarium (Linnaeus, 1758)
Tonna galea (Linnaeus, 1758)

Columbella rustica (Linnaeus, 1758)

Bolinus brandaris (Linnaeus, 1758)
Bolinus brandaris (Linnaeus, 1758)

Bolinus brandaris (Linnaeus, 1758)

Hexaplex trunculus (Linnaeus, 1758)
Hexaplex trunculus (Linnaeus, 1758)

Murex pecten (Lightfoot) 1786

Rapana venosa (Valenciennes, 1846)
Rapana venosa (Valenciennes, 1846)
Phorcus turbinatus (Born, 1778)

Pontastacus leptodactylus (Eschscholtz, 1823)
Pontastacus leptodactylus (Eschscholtz, 1823)
Calappa granulata (Linnaeus, 1758)

Carcinus maenas (Linnaeus, 1758)

Eriphia verrucosa (Forskal, 1775)
Pachygrapsus sp

Maja squinado (Herbst, 1788)
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Tarih
01.09.2009
30.08.2008
30.08.2008
25.08.2005
21.09.2005
20.08.2005

25.08.2005
07.10.2005
01.01.2005
02.08.2004
18.06.2005

14.07.2002
20.08.2005

23.08.2005

16.07.1996
22.08.2006

16.08.2006

02.06.2001
03.09.2011
18.08.1997

18.07.1995
14.08.1997
16.08.1997
27.07.2004
11.08.1997
27.07.2004
07.09.2000

Lokalite
[zmir, Tiirkiye
Fethiye, Mugla, Tiirkiye
Fethiye, Mugla, Tiirkiye
Fethiye, Mugla, Tiirkiye
Manavgat, Antalya, Tiirkiye
Tirkbiikii, Bodrum, Mugla,
Tiirkiye
Fethiye, Mugla, Tiirkiye
Cin
Cin
Datca, Mugla, Tiirkiye
Geyikli, Canakkale, Tiirkiye

Geyikli, Canakkale, Tiirkiye
Tiirkbiiki, Bodrum, Mugla,
Tiirkiye

Datga, Mugla, Tiirkiye

Fethiye, Mugla, Tiirkiye
Tiirkbiikii, Bodrum, Mugla,
Tirkiye

Fethiye, Mugla, Tiirkiye

Gelibolu, Canakkale, Tiirkiye
Geyikli, Canakkale, Tiirkiye
Fethiye, Mugla, Tiirkiye

Bursa, Tiirkiye

[zmir, Tiirkiye

Bodrum, Mugla, Tiirkiye
[zmir, Tiirkiye
Canakkale, Tiirkiye
[zmir, Tiirkiye
Canakkale, Tiirkiye

Toplayan
H.Caligkan
H. Caligkan
H. Caliskan
H. Caliskan
H. Caliskan
H. Caliskan

H. Caliskan
”
7
H. Caliskan
H. Caliskan

H. Caliskan
H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan

H. Caliskan

H. Caligkan
H. Caligkan
H. Caliskan

H. Caligkan
H. Caligkan
H. Caliskan
H. Caligkan
H. Caliskan
H. Caligkan
H. Caligkan



Tablo 1. Devam ediyor

Ordo :Sessilia

Ordo :Stomatopoda
Classis :Merostomata
Ordo :Xiphosurida
Classis :Arachnida
Ordo :Ixodida

Ordo :Scorpiones
Ordo :Solifugae
Classis :Diplopoda
Ordo :Julida

Classis  :Chilopoda
Ordo :Scolopendromorpha
Classis :Insecta

Ordo :Blattodea
Ordo :Orthoptera

BIOLOGICAL DIVERSITY AND CONSERVATION - 16/2 (2023)

Familya
Penaeidae
Potamidae
Balanidae
Squillidae

Limulidae

Ixodidae

Buthidae

luridae

Galeodidae

Julidae
Scolopendridae
Blattidae

Acrididae

Kayit Numarasi

CRSDRY
CRSDRY
CRSDRY
CRSDRY
CRSDRY
CRSDRY

CRSDRY

CHLDRY

CHLDRY

CHLDRY

CHLDRY
CHLDRY
CHLDRY
CHLDRY

CHLDRY

CHLDRY

MYRDRY

MYRDRY

INSDRY

INSDRY
INSDRY

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

000208
000150
000078
000111
000151
000080

000627

000639

000198

000658

000655
000654
000656
000653

000444

000657

000021

000020

000335

000336
000194

245

Tiir Ad1
Maja squinado (Herbst, 1788)
Penaeus sp
Potamon potamios (Olivier, 1804)
Balanus sp.
Balanus sp.
Squilla mantis (Linnaeus, 1758)

Tachypleus tridentatus (Leach, 1819)

Hyalomma marginatum C.L.Koch, 1844

Aegaeobuthus gibbosus (Brullé, 1832)

Aegaeobuthus gibbosus (Brullé, 1832)

Androctonus crassicauda (Olivier, 1807)
Buthacus macrocentrus (Ehrenberg, 1828)
Hottentotta saulcyi (Simon, 1880)

Leiurus abdullahbayrami Yagmur, Koc &
Kunt, 2009

lurus kinzelbachi Kovarik, Fet, Soleglad &
Yagmur, 2010

Galeode sp.

Julus sp .
Scolopendra cingulata Latreille, 1829
Periplaneta americana (Linnaeus, 1758)

Blatta orientalis Linnaeus, 1758
Oedipoda miniata (Pallas, 1771)

Hakan CALISKAN

Tarih
14.07.2002
07.09.2000
09.08.1997
17.08.1998
07.09.2000
11.08.1997

02.11.2009

14.11.2009

07.06.2001

24.07.2011

23.08.2010
23.08.2010
27.07.2008
21.08.2010

23.08.2005

23.07.2011

20.04.1989
20.04.1989
24.04.2005

08.05.2005
07.06.2001

Lokalite
Geyikli, Canakkale, Tiirkiye
Canakkale, Tiirkiye
Bursa, Tiirkiye
Ayvalik, Balikesir, Ttirkiye
Canakkale, Tiirkiye
Canakkale, Tiirkiye

Bati1 Pasifik

Yenisof¢a, Eskisehir,
Tiirkiye

Ekincik, Koycegiz, Mugla,
Tiirkiye

Saricakaya, Eskisehir,
Tiirkiye

Harran, Urfa, Tirkiye
Harran, Urfa, Tirkiye
Mardin, Tirkiye

Nizip, Gaziantep, Tirkiye

Kusadasi (Dilekyarimadasi),
Aydm, Tiirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Kdoycegiz, Mugla, Tiirkiye
Kdoycegiz, Mugla, Tiirkiye
Alanya, Antalya, Tiirkiye

Eskigehir, Tiirkiye
Kd&ycegiz, Mugla, Tiirkiye

Toplayan
H. Caliskan
H. Caligkan
H. Caliskan
H. Caligkan
H. Caliskan

G. Ortug

H. Caliskan

H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan
H. Caliskan

H. Caliskan

H. Caligkan

H. Caligkan
H. Caligkan
H. Caliskan

H. Caligkan
H. Caliskan
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Tablo 1. Devam ediyor

Ordo : Mantodea
Ordo ‘Hemiptera
Ordo :Hymenoptera
Ordo :Coleoptera

Familya
Gryllidae

Gryllotalpidae

Tettigoniidae

Mantidae
Scutelleridae

Pentatomidae

Pyrrhocoridae

Apidae

Scoliidae

Vespidae

Buprestidae

Carabidae

Cerambycidae

BIOLOGICAL DIVERSITY AND CONSERVATION- 16/3 (2023)

Kayit Numarasi

INSDRY
INSDRY

INSDRY
INSDRY
INSDRY

INSDRY

INSDRY
INSDRY
INSDRY

INSDRY

INSDRY

INSDRY
INSDRY

INSDRY

INSDRY
INSDRY
INSDRY
INSDRY
INSDRY

INSDRY

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

000247

000433

000097
000098
000664

000250

000425
000422
000424

000262

000541

000538

000528

000586

000260

000280

000281

000252

000411

000131

Tiir Ad1
Gryllus bimaculatus De Geer, 1773

Gryllotalpa gryllotalpa (Linnaeus, 1758)
Sagasp. &

Sagasp. ¢

Mantis religiosa (Linne, 1758)
Eurygaster integriceps Puton, 1881

Aelia rostrata Boheman, 1852
Graphosoma lineatum (Linnaeus, 1758)
Pyrrhocoris apterus (Linnaeus, 1758)

Bombus terrestris (Linnaeus, 1758)

Megascolia maculata (Drury, 1773)

Vespa crabro (Linnaeus, 1758)
Vespula germanica (Fabricius, 1793)

Capnodis miliaris (Klug, 1829)

Carabus scabrosus Olivier, 1790
Calosoma sycophanta (Linnaeus, 1758)
Cicindela campestris Linnaeus, 1758
Zabrus sp.

Morimus funereus Mulsant, 1863

Purpuricenus budensis (G6tz, 1783)

Hakan CALISKAN

Tarih
30.05.2004

23.08.2005

05.05.1998
05.05.1998
15.08.2022

10.06.2004

23.08.2005
23.08.2005
09.06.2004

05.07.2004

29.05.2007

20.05.2007

11.05.2007

20.08.2007

04.07.2004

18.09.2004

28.10.2009

11.06.2004

23.08.2005

07.07.2000

Lokalite
Sultandere, Eskisehir,
Tiirkiye
Bayramig, Canakkale,
Tiirkiye
Fethiye, Tiirkiye
Fethiye, Tiirkiye
Meselik Yerl., Eskisehir,
Tiirkiye
Meselik Yerl., Eskisehir,
Tiirkiye
Eskisehir, Tirkiye
Eskisehir, Tiirkiye
Meselik Yerl., Eskisehir,
Tirkiye

Meselik Yerl., Eskisehir,
Tirkiye
Meselik Yerl., Eskisehir,
Tirkiye

Hasan Cavus K., Akgakoca,
Diizce, Tiirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Saricakaya, Eskisehir,
Tiirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Bayramig, Canakkale,
Tiirkiye

Bayramig, Canakkale,
Tiirkiye

Cukurhisar, Eskisehir,
Tiirkiye

Bayramig, Canakkale,
Tirkiye

Canakkale, Tiirkiye

Toplayan
H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan
H. Caligkan

H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan

H. Caliskan

H. Caligkan

H. Caliskan
H. Caliskan

H. Caligkan

H. Caligkan
H. Caligkan
H. Caligkan
H. Caliskan
H. Caliskan

H. Caliskan



Tablo 1. Devam ediyor

Ordo

Ordo

:Lepidoptera

:Neuroptera

BIOLOGICAL DIVERSITY AND CONSERVATION - 16/2 (2023) 247

Familya
Chrysomelidae
Coccinellidae

Curculionidae

Meloidae

Scarabaeidae

Erebidae
Nymphalidae
Pieridae
Pieridae

Papilionidae

Saturnidae
Saturnidae

Myrmeleontidae

Nemopteridae

Kayit Numarasi

INSDRY
INSDRY

INSDRY

INSDRY
INSDRY

INSDRY
INSDRY
INSDRY

INSDRY
INSDRY

INSDRY

INSDRY

INSDRY

INSDRY

INSDRY

INSDRY

INSDRY

INSDRY
INSDRY

INSDRY

INSDRY

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

000638
000226

000248

000261
000271

000584
000253
000272

000108
000230

000236

000368

000039

000391

000380

000219

000076

000266
000363

000409

000223

Tiir Ada
Leptinotarsa decemlineata (Say, 1824)
Coccinella septempunctata Linnaeus, 1758

Asproparthenis punctiventris (E.F.Germar,
1823)
Muzimes collaris (Fabricius, 1787)

Mylabris calida (Pallas, 1782)

Cetonia aurata (Linnaeus, 1758)
Oryctes nasicornis (Linnaeus, 1758)
Polyphylla fullo (Linnaeus, 1758)

Polyphylla olivieri (Castelnau, 1840)
Tropinota hirta (Poda, 1761)

Arctia festiva (Hufnagel, 1766)
Limenitis reducta Staudinger, 1901
Gonepteryx cleopatra (Linnaeus, 1767)
Pieris brassicae (Linnaeus, 1758)
Iphiclides podalirius (Linnaeus, 1758)
Papilio machaon Linnaeus, 1758

Zerynthia cerisy (Godart, 1824)

Saturnia pavonia Linnaeus, 1758

Saturnia pyri (Denis & Schiffermiiller) 1775

Palpares libelluloides (Linnaeus, 1764)

Nemoptera sinuata Olivier, 1811

Hakan CALISKAN

Tarih
13.11.2009
14.08.2003

02.06.2004

04.07.2004
09.08.2004

20.08.2007
18.06.2004
09.08.2004

10.07.1998
06.04.2004

09.05.2004

23.08.2005

08.07.1990

23.08.2005

23.08.2005

02.06.2003

09.05.1997

02.08.2004
23.08.2005

23.08.2005

28.07.2003

Lokalite
Suhut, Afyon, Tiirkiye
Meselik Yerl., Eskisehir,
Tirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Eskisehir, Tiirkiye
Meselik Yerl.,Eskisehir,
Tiirkiye

Mayaislar, Eskisehir, Tirkiye
Mayislar, Eskisehir, Tiirkiye
Meselik Yerl., Eskisehir,
Tiirkiye

Fethiye, Mugla, Tiirkiye
Meselik Yerl., Eskisehir,
Tiirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Meselik Yerl., Eskisehir,
Tirkiye

Gokgeada, Canakkale,
Tirkiye

Bayramig, Canakkale,
Tirkiye

Bayramig, Canakkale,
Tiirkiye

Meselik Yerl., Eskisehir,
Tiirkiye

Bolu, Tirkiye

Eskigehir, Tiirkiye
Bayramig, Canakkale,
Tirkiye

Bayramig, Canakkale,
Tirkiye

Mudanya, Bursa, Tiirkiye

Toplayan
H. Caliskan
H. Caliskan

H. Caligkan

H. Caliskan
H. Caliskan

H. Caliskan
H. Caliskan
H. Caligkan

H. Caliskan
H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan
H. Caliskan
H. Caligkan
H. Caligkan

H. Caligkan

H. Caligkan
H. Caligkan

H. Caligkan

H. Caliskan
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Tablo 1. Devam ediyor

Phylum
Classis
Ordo

Ordo

Classis
Ordo

Ordo

Ordo

Phylum
Classis
Ordo
Ordo
Ordo

Ordo
Classis
Ordo
Ordo
Ordo
Ordo

Ordo
Ordo

:Echinodermata
:Asteroidea
:Paxillosida

‘Valvatida

:Echinoidea
:Spatangoida

:Spatangoida

:Camarodonta

:Chordata
:Elasmobranchii
:Carcharhiniformes
:Hexanchiformes
:Rhinopristiformes

:Squaliformes
:Teleostei
:Anguilliformes
:Beloniformes
:Perciformes
:Pleuronectiformes

:Scombriformes
:Synbranchiformes

Familya

Astropectinidae
Familya

Chaetasteridae

Goniasteridae

Brissidae
Spatangidae

Parechinidae

Scyliorhinidae
Hexanchidae
Rhinobatidae

Squalidae

Muraenidae
Belonidae
Triglidae
Soleidae

Scombridae
Mastacembelidae

BIOLOGICAL DIVERSITY AND CONSERVATION- 16/3 (2023)

Kayit Numarasi

ECHDRY

Kayit
Numarasi
ECHDRY

000104
Tiir
Ad1
000511
ECHDRY 000512

ECHDRY 000507

ECHDRY 000138

ECHDRY 000143

ECHDRY
ECHDRY

000099
000140

PSCLIC
PSCSKL
PISDRY

PISDRY

000614
000588
000186

000185

PSCLIC
PISDRY
PSCLIC
PSCLIC

PSCSKL
PSCLIC

000617
000109
000615
000608

000066
000613

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

Tiir Ada

Astropecten aranciacus (Linnaeus, 1758)
Tarih

Astropecten spinulosus (Philippi, 1837)
Chaetaster longipes (Bruzelius, 1805)

Peltaster placenta (Miiller & Troschel, 1842)

Metalia sternalis (Lamarck, 1816)?
Spatangus purpureus O.F.Miiller, 1776

Paracentrotus lividus (Lamarck, 1816)
Paracentrotus lividus (Lamarck, 1816)

Scyliorhinus canicula (Linnaeus, 1758)
Hexanchus griseus (Bonnaterre, 1788)
Rhinobatos rhinobatos (Linnaeus, 1758)

Squalus acanthias Linnaeus, 1758

Muraena helena Linnaeus, 1758
Belone belone (Linnaeus, 1760)
Trigla lyra Linnaeus, 1758
Solea solea (Linnaeus, 1758)

Thunnus thynnus (Linnaeus, 1758)

Mastacembelus mastacembelus (Banks &
Solander, 1794)

Hakan CALISKAN

Tarih

05.05.1998
Lokalite

22.08.2006

22.08.2006

22.08.2006

09.08.2000

09.08.2000

05.05.1998
09.08.2000

11.11.2008
18.10.2007
19.05.2001

19.05.2001

20.06.2009
15.07.1998
11.11.2008
03.09.2008

10.11.1994
30.10.2009

Lokalite

Fethiye, Mugla, Turkiye
Toplayan

Tiirkbiikii, Bodrum, Mugla,
Tiirkiye

Tiirkbiikii, Bodrum, Mugla,
Tiirkiye

Bodrum, Mugla, Tiirkiye

Ortakent, Bodrum, Mugla,
Tirkiye

Ortakent, Bodrum, Mugla,
Tirkiye

Fethiye, Mugla, Tiirkiye
Ortakent, Bodrum, Mugla,
Tirkiye

Edremit, Balikesir, Tiirkiye
Kuzey Ege Denizi, Tiirkiye
Saryer, istanbul, Tiirkiye

Saryer, istanbul, Tiirkiye

Geyikli, Canakkale, Tirkiye
Istanbul, Tiirkiye

Edremit, Balikesir, Tiirkiye
Istanbul, Tiirkiye

Kuzey Ege Denizi, Tiirkiye
Urfa, Tiirkiye

Toplayan

H. Caligkan

H. Caligkan
H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan

H. Caliskan
H. Caliskan

H. Caligkan
H. Caliskan
H. Caligkan

H. Caligkan

H. Caligkan
H. Caligkan
H. Caligkan
H. Caliskan

H. Caligkan
H. Caligkan



Tablo 1. Devam ediyor

Ordo
Classis
Ordo

Ordo

Classis

Classis

Classis
Ordo

:Syngnathiformes
:Amphibia
:Anura

:Caudata

:Squamata

:Testudines

:Aves
:Accipitriformes

BIOLOGICAL DIVERSITY AND CONSERVATION - 16/2 (2023)

Familya
Syngnathidae

Bombinatoridae
Bufonidae

Hylidae
Ranidae
Salamandridae

Agamidae

Anguidae

Chamaeleonidae
Colubridae

Iguanidae
Lacertidae
Typhlopidae
Viperidae

Cheloniidae
Geoemydidae
Testudinidae

Accipitridae

Kayit Numarasi

PISDRY

AMBLIC
AMBLIC
AMBLIC
AMBLIC
AMBLIC
AMBLIC

AMBLIC
AMBLIC

REPLIC

REPSKL
REPLIC

REPLIC
REPLIC
REPDRY

REPLIC
REPLIC
REPLIC
REPLIC
REPLIC

REPLIC

REPTAX
REPLIC
REPDRY

AVSTAX

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

000187

000590
000589
000592
000606
000591
000594

000641
000607

000148

000274
000214

000604
000215
000517

000519
000500
000346
000117
000602

000204

000469
000524
000609

000473

249

Tiir Ada
Hippocampus sp.

Bombina bombina (Linnaeus, 1761)
Bufo bufo (Linnaeus, 1758)

Bufotes viridis (Laurenti, 1768)

Hyla orientalis Bedriaga, 1890
Pelophylax ridibundus (Pallas, 1771)

Lyciasalamandra luschani (Steindachner,
1891)
Ommatotriton ophryticus (Berthold, 1846)

Triturus ivanbureschi Arntzen & Wielstra,
2013
Laudakia stellio (Linnaeus, 1758)

Laudakia stellio (Linnaeus, 1758)
Pseudopus apodus (Pallas, 1775)

Chamaeleo chamaeleon (Linnaeus, 1758)
Dolichophis caspius (Gmelin, 1789)
Dolichophis caspius (Gmelin, 1789)
Natrix natrix (Linnaeus, 1758)

Natrix tessellata (Laurenti, 1768)

Iguana iguana (Linnaeus, 1758)

Lacerta trilineata Bedriaga, 1886
Xerotyphlops vermicularis (Merrem, 1820)

Montivipera xanthina (Gray, 1849)

Caretta caretta (Linnaeus, 1758)
Mauremys rivulata (Valenciennes, 1833)
Testudo graeca Linnaeus, 1758

Aquila heliaca Savigny, 1809

Hakan CALISKAN

Tarih
04.06.2001

25.06.2008
25.06.2008
25.06.2008
02.09.2008
25.06.2008
30.08.2008

16.11.2009
03.09.2008

09.08.2000

14.08.2004
17.05.2003

31.08.2008
18.05.2003
22.08.2006

28.08.2006
05.07.2006
02.08.2005
10.06.1999
20.06.2009

27.08.2001

08.10.2005
18.11.2006
01.01.2009

01.01.1997

Lokalite
Ayvalik, Balikesir, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Sapanca, Sakarya, Tiirkiye
Eskisehir, Tiirkiye
Fethiye, Mugla, Tiirkiye

Osmaneli, Bilecik, Tiirkiye
Biiyiikcekmece, Istanbul,
Tirkiye

Ortakent, Bodrum, Mugla,
Tiirkiye

Kd&ycegiz, Mugla, Tiirkiye
Bayramig, Canakkale,
Tirkiye

Fethiye, Mugla, Tiirkiye
Edremit, Balikesir, Tiirkiye
Bodrum, Mugla, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Tayland-Tiirkiye
Eskisehir, Tiirkiye
Bayramig, Canakkale,
Tiirkiye

Eskisehir, Tiirkiye
Fethiye, Mugla, Tiirkiye
Adrasan Antalya Tiirkiye
Eskigehir, Tiirkiye

Eskisehir, Tirkiye

Toplayan
H. Caliskan

H. Caliskan
H. Caligkan
H. Caliskan
H. Caliskan
H. Caligkan
H. Caliskan

H. Caliskan
H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan

H.Caligkan
H. Caliskan
H. Caligkan
H. Caligkan
H. Caliskan
”

H. Caliskan
H. Caligkan

H. Caligkan
??

H. Caliskan
H. Caligkan

H. Caliskan
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Tablo 1. Devam ediyor

Ordo

Ordo
Ordo

Ordo
Ordo

Ordo

Ordo

Ordo

Ordo
Ordo
Ordo

:Anseriformes

:Charadriiformes
:Columbiformes

:Cuculiformes
:Falconiformes

:Galliformes

:Passeriformes

:Pelecaniformes

:Phoenicopteriformes
:Psittaciformes
:Strigiformes

Familya

Anatidae

Scolopacidae
Columbidae

Cuculidae
Falconidae

Phasianidae

Corvidae
Sturnidae
Ardeidea

Pelecanidae
Threskiornithidae
Phoenicopteridae
Psittacidae
Strigidae

Kayit Numarasi

AVSTAX 000474
AVSTAX 000472
AVSTAX 000050
AVSSKL 000490

AVSTAX 000623
AVSTAX 000630
AVSTAX 000481
AVSTAX 000125
AVSTAX 000479
AVSTAX 000051
AVSTAX 000048

AVSTAX 000494

AVSTAX 000482
AVSTAX 000027

AVSTAX 000052
AVSTAX 000127
AVSTAX 000485

AVSTAX 000047
AVSTAX 000060
AVSTAX 000126

AVSTAX 000119
AVSTAX 000123
AVSTAX 000124
AVSTAX 000129
AVSTAX 000069
AVSTAX 000053

Tiir Ad1
Buteo rufinus (Cretzschmar, 1829)
Neophron percnopterus (Linnaeus, 1758)
Anas acuta Linnaeus, 1758

Anser anser subsp. domesticus Linnaeus, 1758

Anas crecca Linnaeus, 1758

Anas platyrhynchos Linnaeus, 1758
Spatula clypeata (Linnaeus, 1758)
Tadorna ferruginea (Pallas, 1764)
Calidris pugnax (Linnaeus, 1758)
Columba livia J.F.Gmelin, 1789

Columba livia var. domestica J.F.Gmelin,
1789
Streptopelia decaocto (Frivaldszky, 1838)

Clamator glandarius (Linnaeus, 1758)
Falco tinnunculus Linnaeus, 1758

Alectoris chukar (J.E.Gray, 1830)
Lophura nycthemera (Linnaeus, 1758)
Perdix perdix (Linnaeus, 1758)

Garrulus glandarius (Linnaeus, 1758)
Sturnus vulgaris Linnaeus, 1758
Ardea purpurea Linnaeus, 1766

Ardeola ralloides (Scopoli, 1769)
Pelecanus onocrotalus Linnaeus, 1758
Plegadis falcinellus (Linnaeus, 1766)
Phoenicopterus ruber Linnaeus, 1758
Psittacus erithacus Linnaeus, 1758
Asio otus (Linnaeus, 1758)

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum
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Tarih
01.10.2006
01.01.2006
20.03.1992
04.05.2006

29.10.2009
05.11.2009
01.01.2006
01.05.2000
01.01.2006
19.04.1992
05.05.1991

04.06.2006

01.01.2006
21.06.1989

28.04.1992
01.05.2000
01.01.2006

05.05.1991
17.10.1993
01.05.2000

10.08.1999
01.05.2000
01.05.2000
01.05.2000
01.01.1996
03.06.1992

Lokalite
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
[zmir, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye

Meselik Yerl., Eskisehir,

Tirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye

Eskisehir, Tiirkiye
[zmir, Tiirkiye
Eskisehir, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
[zmir, Tiirkiye

[zmir, Tiirkiye
[zmir, Tiirkiye
[zmir, Tiirkiye
[zmir, Tiirkiye
Nijerya

Eskigehir, Tiirkiye

Toplayan
H. Caliskan
”

H. Caliskan
H. Caligkan,
S. Olugay, M.
Topkaya, C.
Destire

7?

H. Caliskan
H. Caliskan
H. Caliskan
”

H. Caliskan
U.R.Dinger

H. Caliskan

H. Caliskan
H. Caligkan

H. Caligkan
H. Caligkan
H. Caliskan

H. Caligkan
H. Caliskan
H. Caliskan

H. Caligkan
H. Caliskan
H. Caliskan
H. Caligkan
H. Caliskan
H. Caligkan
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Classis

Ordo

Ordo

Ordo

Ordo

Ordo

Ordo
Ordo

Ordo

:Mammalia
:Artiodactyla

:Diprotodontia

:Carnivora

:Charadriiformes

:Cetacea

:Erinaceomorpha
:Perissodactyla

:Rodentia
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Familya

Bovidae

Camelidae
Suidae

Macropodidae

Canidae

Felidae

Scolopacidae

Phocoenidae

Erinaceidae
Equidae

Muridae

Sciuridae

Kayit Numarasi

AVSTAX

MAMSKL
MAMSKL
MAMSKL

MAMTAX
MAMSKL
MAMTAX
MAMTAX
MAMSKL
MAMSKL

MAMSKL

MAMSKL
MAMSKL
MAMTAX

AVSTAX
MAMSKL

MAMSKL

MAMTAX
MAMSKL
MAMSKL
MAMSKL

MAMTAX
MAMSKL

MAMTAX

000064

000121
000254
000610

000067
000491
000619
000040
000120
000618

000002

000095
000001
000118

000479
000463

000059

000122
000637
000642
000077

000229
000331

000207

Tiir Ad1
Bubo bubo (Linnaeus, 1758)

Bos taurus Linnaeus, 1758
Capra hircus subsp. aegagrus Erxleben, 1777
Gazella subgutturosa (Giildenstaedt, 1780)

Ovis aries Linnaeus, 1758

Ovis aries Linnaeus, 1758

Lama glama (Linnaeus, 1758)

Sus scrofa Linnaeus 1758

Sus scrofa Linnaeus, 1758

Macropus rufogriseus (Desmarest, 1817)

Canis lupus subsp. familiaris Linnaeus, 1758

Vulpes vulpes (Linnaeus, 1758)
Felis silvestris Schreber, 1777
Felis catus Linnaeus, 1758

Calidris pugnax (Linnaeus, 1758)
Martes foina (Erxleben, 1777)

Phocoena phocoena (Linnaeus, 1758)

Erinaceus sp.
Equus caballus Linnaeus, 1758
Equus caballus Linnaeus, 1758 (TAY)

Equus mulus (Erkek Equus asinus Linnaeus,
1758 x Disi Equus caballus Linnaeus, 1758)
Rattus norvegicus (Berkenhout, 1769)

Rattus norvegicus (Berkenhout, 1769)

Sciurus vulgaris Linnaeus, 1758

Exhibition collection species list of Eskisehir Osmangazi University Zoology Museum

Hakan CALISKAN

Tarih
18.06.1994

28.09.1999
25.06.2004
01.01.2009

27.05.1995
19.05.2006
25.10.2009
09.10.1990
03.09.1999
01.01.2009

28.05.1988

02.05.1998
10.08.1987
10.08.1999

01.01.2006
01.09.2005

03.09.1993

01.05.2000
12.11.2009
17.11.2009
03.08.1997

19.11.2003
18.11.2004

14.07.2002

Lokalite
Eskisehir, Tirkiye

Eskisehir, Tirkiye
Eskisehir, Tiirkiye
Hayvanat Bahgesi,
Eskisehir, Tirkiye
Eskisehir, Tiirkiye
Eskisehir, Tirkiye
Peru

Inénii, Eskisehir, Tirkiye

Eskisehir, Tirkiye
Hayvanat Bahgesi,
Eskigehir, Tirkiye
Eskigehir, Tirkiye

Eskigehir, Tirkiye
Istanbul, Tiirkiye
[zmir, Tiirkiye

Eskisehir, Tiirkiye
Seyitgazi, Eskisehir,
Tiirkiye

Istanbul, Tirkiye
[zmir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye
Eskisehir, Tiirkiye

Eskisehir, Tiirkiye
Eskisehir, Tirkiye

Eskisehir, Tiirkiye

Toplayan
H. Caliskan

H. Caliskan
H. Caligkan
H. Caliskan

H. Caligkan
H. Caliskan
”

H. Caliskan
H. Caliskan
H. Caliskan

H. Caliskan

H. Caliskan
H. Caliskan
H. Caliskan

7
H. Caligkan

H. Caligkan

H. Caligkan
H. Caliskan
H. Caliskan
H. Caligkan

H. Caligkan
H. Caliskan
ve U. Kiper
H.Caligkan
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Abstract

Soil is a biodiversity-rich ecosystem. Nitrogen-fixing Azotobacter bacteria, an important component of this
ecosystem, are frequently isolated using various methods. The aim of the present study was to perform partial molecular
characterization of non-Azotobacter isolates derived during two Azotobacter isolation protocols, as well as to determine
which bacteria can be obtained using this method. A total of 800 isolates were acquired from soil samples collected
from various pastures in Antalya province of Turkey, with 92 of them being molecularly characterized. These isolates
were clustered through RFLP analysis of 16S rRNA gene and the DNA sequences of the isolates representing different
groups were performed. According to these results, the bacteria belonging to various genera (Agrobacterium,
Phyllobacterium, Variovorax, Acinetobacter, Pseudomonas, Agromyces, and Arthrobacter) were identified. The results
show that similar bacteria could be obtained through two isolation protocols used in this study. However, more diverse
bacteria were encountered on the Brown-medium than on soil-past.

Keywords: Azotobacter, isolate, soil, 16S rDNA

Tiirkiye'nin giineyindeki meralardan Azotobacter izolasyon protokolleri kullamlarak Azotobacter olmayan
bakterilerin izolasyonu ve molekiiler karakterizasyonu

Ozet

Toprak, biyolojik ¢esitlilik agisindan zengin bir ekosistemdir. Bu ekosistemin énemli bir bileseni olan azot
baglayan Azotobacter bakterileri gesitli yontemlerle siklikla izole edilir. Bu ¢alismanin amaci, iki Azotobacter izolasyon
protokolii sirasinda elde edilen Azotobacter olmayan izolatlarin kismi molekiiler karakterizasyonunu gerceklestirmek ve
bu yontemle hangi bakterilerin elde edilebilecegini belirlemektir. Tiirkiye'nin Antalya ilindeki ¢esitli meralardan
toplanan toprak orneklerinden toplam 800 izolat elde edilmis ve bunlardan 92'si molekiiler olarak karakterize edilmistir.
izolatlar, 16S rRNA genlerinin RFLP analizi ile gruplandirilmis ve farkli gruplari temsil eden izolatlarin DNA dizileri
gerceklestirilmistir. Bu sonuglara gore ¢esitli cinslere (Agrobacterium, Phyllobacterium, Variovorax, Acinetobacter,
Pseudomonas, Agromyces ve Arthrobacter) ait bakteriler tespit edilmistir. Sonuglar, bu ¢alismada kullanilan iki
izolasyon protokolil ile benzer bakterilerin elde edilebilecegini gostermektedir. Bununla birlikte, Brown Besi ortaminda
Soil-Past’a gore daha ¢esitli bakteriler tespit edilmistir.

Anahtar kelimeler: Azotobacter, izolat, toprak, 16S rDNA
1. Introduction
Soil is an ecosystem having great biodiversity, including many diverse organisms belonging to numerous

groups on the soil's surface and underground. A gram of soil has been estimated to contain several thousand species of
bacteria [1]. Bacteria, a significant part of this enormous diversity, play a variety of roles in elemental cycles and

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905533529792; Fax.: +903742534642; E-mail: celen_e@ibu.edu.tr
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biochemical reactions [2], and also they establish unique interactions with the other organisms in the soil. Nitrogen, one
of the basic elements of living organisms, is essential for the survival of all organisms. Earth's atmosphere contains
almost 78 % nitrogen [3]. But many organisms are not able to use atmospheric nitrogen. The fixation of nitrogen, one of
the most significant processes on Earth, from the atmosphere to soil or other ecosystems, is performed by only
prokaryotes [4]. Bacteria (such as Rhizobium, Azotobacter, and Cyanobacteria) having the ability of nitrogen fixation
can take place in different phylogenetic groups [5]. These bacteria can convert atmospheric nitrogen (N2) to ammonia,
which is essential for plant growth and supports the nutrition of plants. Therefore, agricultural activities utilize nitrogen-
fixing bacteria for enhancing plant crops. Isolation of nitrogen-fixing bacteria such as Azotobacter is very significant for
their diverse contributions to plant growth and ecosystems [6, 7]. Since it has been shown that bacteria, can grow in
microbial cultures, corresponding to less than 1% of the entire microbial diversity [8, 9] we know that cultivation
methods are relatively limited. On the other hand, it may be an obligation to isolate some bacteria for the purpose of
utilizing them or investigating their properties. The Azotobacter genus is a Gram-negative free-living nitrogen-fixing
bacteria that has been commonly studied for a long time. There are various isolation media such as Winogradsky,
Brown, and Burk [10] to isolate them. But diverse bacteria may be encountered in these enhancement and semi-
selective media. This study aims to identify and characterize bacteria growing in the media used for the isolation of
Azotobacter.

2. Materyal ve yontem
2.1.Sampling Site and Sample Collection

Rhizosphere and bulk soil samples were collected from four pastures (Elmali-Eymir, Manavgat-Demirciler,
Ibradi-Eynif and Akseki-Cimi) Antalya in Turkey. The rhizosphere soil was picked up using a shovel that took a profile
of the soil together with the plant roots. Bulk soil was taken from 10 cm depth of top soil. All samples were transported
to the laboratory in a cool ice chest on the same day and stored at +4 °C for a maximum of one night until the isolation
step. The rhizosphere soil taken with the plant root was removed from the part of the plant root under septic conditions
in the laboratory. All soil samples were sieved with a mesh size of 4 mm.

2.2. Isolation of Bacteria

In the study, two distinct culturing methods were utilized for the isolation of bacteria. Firstly, a 10 g soil
sample from each sample was placed in a 250 mL erlenmayer flask containing 90 mL of sterilized 0.85% (w-v) NaCl
solution and glass beads and shaken at 100 rpm for 15 minutes at room temperature [11]. For soil suspensions, 10-2-10-
5 dilutions were spread on the selective-Brown medium (pH 6.8-7) of Azotobacter and incubated at 29-30 °C for 5-9
days [12, 10]. The mucoid colonies on plates at 10-2-10-5 dilutions were transmitted to TSA (Triptic Soy Agar)
medium. Second, in a sterilized plate, 30-50 g of soil samples were completely mixed with mannitol solution (1 %) and
the surface was smoothed [13]. Plates were incubated for 5-9 days at 29-30 °C. Isolates from these plates were
transferred to nitrogen-free Brown medium. All isolates, from both isolation methods, were tested by the KOH method
for Gram properties [14], and then they were grown on the selective LG medium [10] of Azotobacter. The bacteria with
yellow pigment growing on LG medium were chosen and characterized by molecular methods.

2.3. DNA Extraction and PCR analysis

Two or three bacterial colonies from TSA medium were suspended in 500 pL double sterilized water, then
precipitated by centrifuge. The precipitate was suspended in 100 pL water and mixed with 100 pL of 10 mM Tris-HCI
(pH, 8.2). The suspension was treated with 1 mg-ml proteinaz K and incubated at 55 °C for 2 hours [13]. The
supernatant obtained was stored at -20 °C. The 16S rRNA gene was amplified using universal bacterial primers 27f and
1495r by PCR [15]. PCR was performed in a 25 pL mix with 0.5 U GoTaq of DNA polymerase enzyme and 2 puL of
DNA sample.

2.4. RFLP (Restriction Fragment Length Polimorfizm) and Electrophoresis

Three different restriction enzymes (Alu I, Rsa | and Hha 1) were used according to manufacturer’s protocol
(Promega) for RFLP analysis of 16S rRNA gene. The 16S rRNA gene PCR products were mixed with 10 U of enzyme,
BSA, and NaCl and incubated at 37 °C for 12 hours. The PCR products and the fragments of 16S rDNA from RFLP
were run on 0.5 % and 2.5 % agarose gels, respectively, using TBE buffer. Gels were stained with Ethidium Bromide
and viewed using a UV transilluminator.

2.5. Analysis of RFLP and DNA Sequences

Isolation and molecular characterization of non-Azotobacter bacteria using Azotobacter isolation protocols from pastures in the south of Turkey
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A matrix was constituted using the profile of the DNA bands from RFLP of 16S rDNA according to the
absence or presence of DNA bands. For clustering of all isolates, the matrix was performed with UPGMA (Unweighted
Pairgroup Method with Aritmetic Average) analysis by Bioedite 5 and PHYLIP 3.66 programs [16, 17]. The distance
between groups was accounted for according to Nei ve Li’e [18]. The dendrogram of clustering was obtained using the
Treeview 1.66 program. DNA sequences were conducted for isolates representing different groups using Macrogen
sequencing service (Macrogen Ltd., Seoul, South Korea). DNA sequences were compared with nBlast analysis [19].
All the 16S rRNA gene sequences reported in this paper have been deposited in the NCBI GenBank database.

3. Results

A total of 800 isolates were derived using two distinct nitrogen-free media (Brown and soil-past) from
various pasture soils in Turkey. The 92 isolates were chosen depending on the characteristics of pigment and growth on
the media. For molecular characterization of these isolates, the RFLP method was performed using the 16S rRNA gene.
All isolates were clustered using UPGMA analysis according to RFLP results (Figure 1). According to the cluster
diagram, isolates were separated into at least seven major groups and the substitution of branches was clustered into
subgroups. The 16S rDNA of 11 isolates representing separate groups was sequenced and identified partially (Table 1).
The results of 16S rDNA sequences show that some isolates of these groups correspond to Variovorax,
Phyllobacterium, Acinetobacter, Agromyces, Agrobacterium, Arthrobacter and Pseudomonas. The majority of isolates
(88%) were recovered by Brown-medium isolation, while only a few isolates were acquired through soil-past isolation.
(Figure 1).
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Figure 1. Dendrogram generated using UPGMA cluster analysis. - : isolates from soil past isolation methods, Others
were isolated from Brown medium. Colors point distinct pastures, Blue: Cimi; Yellow: Eynif; Pink: Eymir; Green:
Demirciler. Accession numbers for 16S rDNA sequences; OP686576 (1hdalt-5), OP686577 (2TE-a), OP686578 (3EY-
12), OP686579 (3hdust-4), OP686580 (4A-c), OP686581 (IIIHM-1), OP686582 (1LEY9), OP686583 (1fbax), OP686585
(2hdalt3), OP686586 (2Y012) and OP696653 (4A-c)
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Table 1. Blast results for 16S rDNA sequences from isolates

NCBI accession numbers identification isolate similarity (%)
JN989304.1 Agromyces sp. G4342 1A2 99
CP002417.1 Variovorax paradoxus EPS 1EY-9 99
NR_026233.1 Arthrobacter aurescens strain DSM  1fbax 99
GQ169811 Agrobacterium tumefaciens 2hdalt3 100
NR_043192.1 Phyllobacterium ifrigiyense 2Y012 99
AJ633632.1 Acinetobacter calcoaceticus lhdalt-5 99
NR_025228.1 Pseudomonas koreensis 2TE-a 99
NR_025228.1 Pseudomonas koreensis 3EY-12 99
NR_025228.1 Pseudomonas sp. 3hdust-4 99
MK883099.1 Pseudomonas sp. 4A-c 93
X81661.1 Acinetobacter calcoaceticus IHIHM-1 99

4. Conclusions and discussion

The present study shows that many diverse bacteria can be isolated from the selective media practically. No
doubt, if more restriction enzymes in RFLP analysis had been used, the groups of isolates in cluster analysis would have
been branched more. Thus, that could have provided further enhanced the diversification of bacteria. Despite the fact
that two isolation procedures were used in the study, most isolates were derived from Brown-medium. As a result, it
appears that isolating a specific bacteria using Brown-medium may be more difficult.

It seems that numerous Pseudomonas were recovered from Brown-medium. The cluster diagram shows that
Pseudomonas was also isolated from all pastures. Since Azotobacter and Pseudomonas are closely related [20, 21], it is
not surprising that many and diverse Pseudomonas are obtained using these isolation steps. Acinetobacter and
Pseudomonas bacteria could be commonly isolated together from different environments [22, 23]. Regarding the
isolates from the present study, we do not completely know whether they are nitrogen-fixing bacteria. But, somehow,
these isolates were able to grow on nitrogen-free media. Some strains of Phyllobacterium and Acinetobacter have been
reported to fix atmospheric nitrogen [24, 25]. Because of the abundance of organic molecules, growth factors for
Variovorax are not necessary [26]. As a result, Variovorax isolates may have had a chance to thrive on the Brown-
medium that was utilized. On the other hand, it is remarkably significant to identify these bacteria in the lbrad-Eynif
pasture sampled here because Finkel et al. [27] reported that a single genus, Variovorax is efficient for maintaining
plant root growth in a complex microbiome, and cor bacteria of Variovorax in plant-microbe interactions. Arthrobacter
and Agromyces are Gram-positive bacteria, and although Gram-negative isolates were chosen using the KOH test in the
present study, the reason we encountered them might have been a false negative. The KOH test is a simple, rapid, and
reliable method [28], but some bacteria may give a false negative KOH reaction [29].

Culture-independent methods are becoming more common and help us comprehend the microbial diversity in
various ecosystems [30, 31]. However, the ability to isolate and grow the bacteria is a significant step toward utilizing
them and learning their features. It seems that the bacteria isolated in this study are able to grow in a medium containing
specific nutrition sources. Consequently, this research also aids in our comprehension of the efficiency of the nutrient
media employed in the isolation of bacteria. Microbial populations in soil play a central role in the productivity and
health of terrestrial ecosystems [32], and affect their ecosystems due to their various metabolic activities. Assuming that
each of these bacteria may have a specific function in the soil ecosystem, determining the presence of these bacteria
may contribute to our understanding of pasture soils in the future.
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It is exceedingly difficult to isolate a specific bacteria from soil that has an enormous diversity of
microorganisms using cultural methods. In general, many studies focus on the relevant microorganism when they use
cultural methods for the isolation of a particular microorganism. But, the priority of the present study is to determine
what kinds of microorganisms can grow on the nitrogen-free media used for the isolation of Azotobacter. Moreover, this
study shows, albeit partially, the diversity of soil and various bacterial groups occurring in the different pasture soils.
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