


Journal of Agricultural Biotechnology

VOL. 1 NO. 1(2020): DECEMBER 2020 TABLE OF CONTENTS

Research Articles

o Response of Some Rice Varieties (Oryza sativa L.) to Salinity

ismail NANELI, Fatmagiil BAGI, Selahattin KONDAK, Yasin OZGEN 1-5

e A Research on Micropropagation of Loropetalum chinense

Neslihan BABALI, Taki DEMIR 12-17
e Determination of Some Important Pomological and Biochemical Properties of the
Genotypes of Strawberry Tree (Arbutus unedo L.) Selected in Bolu Province in Turkey

Omer BEYHAN, Taki DEMIR, Hamdi ZENGINBAL 31-38

Review Articles

o Effects of Different Rotation Techniques on Crop Production and Environment

Omer Faruk BUYUKTAVSAN, ismail NANELI 6-11|PDF (Tiirkce

« Karboksidotrofik Mikroorganizmalarin Karbonmonoksit Dehidrojenazlari

Melis COKDINLEYEN, Bilge Hilal CADIRCI EFELI 18-30 [ PDF (Tlrkce

http://journals.subu.edu.tr/index.php/joinabt/issue/view/1



http://journals.subu.edu.tr/index.php/joinabt/index
http://journals.subu.edu.tr/index.php/joinabt/article/view/3
http://journals.subu.edu.tr/index.php/joinabt/article/view/3/3
http://journals.subu.edu.tr/index.php/joinabt/article/view/3/3
http://journals.subu.edu.tr/index.php/joinabt/article/view/55
http://journals.subu.edu.tr/index.php/joinabt/article/view/68
http://journals.subu.edu.tr/index.php/joinabt/article/view/68
http://journals.subu.edu.tr/index.php/joinabt/article/view/68/33
http://journals.subu.edu.tr/index.php/joinabt/article/view/68/33
http://journals.subu.edu.tr/index.php/joinabt/article/view/10
http://journals.subu.edu.tr/index.php/joinabt/article/view/10/4
http://journals.subu.edu.tr/index.php/joinabt/article/view/10/4
http://journals.subu.edu.tr/index.php/joinabt/article/view/60
http://journals.subu.edu.tr/index.php/joinabt/article/view/60/31
http://journals.subu.edu.tr/index.php/joinabt/article/view/60/31
http://journals.subu.edu.tr/index.php/joinabt/issue/view/1
http://journals.subu.edu.tr/index.php/joinabt/index

Research Article
Journal of Agricultural Biotechnology (JOINABT) 1(1), 1-5, 2020
Recieved: 23-Nov-2020 Accepted: 16-Dec-2020

Response of Some Rice Varieties (Oryza sativa L.) to Salinity

Ismail NANELI'" | Fatmagiil BAGI*> , Selahattin KONDAK?® | Yasin OZGEN*

! Sakarya Applied Sciences University, Agricultural Faculty, Field Crops Department, Sakarya, Turkey
2 [gdir University, Agricultural Faculty, Field Crops Department, Igdir, Turkey
3University of Szeged, Institute of Biology, Department of Plant Biology, Szeged, Hungary
4Ankara University, Faculty of Agriculture, Field Crops Department, Ankara, Turkey

ABSTRACT

In our country, soil salinity is an extremely important problem. In particular, it occurs in regions
where poor drainage conditions. It leads to significant yield and quality losses in products. Selection
of tolerant plants to salinity is essential in terms of soil improvement and product yield. Paddy plants
are resistant to salinity to a certain degree and can be used in the improvement of salty soils.
However, the salinity resistance of each paddy type may vary. In this research, the response of seeds
was measured in saline concentrations of 14 rice cultivars at different doses (0 ppm, 500 ppm, 1400
ppm, 1800 ppm, 3600 ppm, 5200 ppm). To applications; germination percentage, grass scabbard
length, etc. were investigated. It was determined that germination decreased from 97.46% to 95.48%
and the grass scabbard length decreased from 2.4781 to 1.9271 with increasing salt doses. Among
the varieties, it has been determined that Kiziltan stands out in the germination rate, Meco and Vasco
in the grass scabbard length. All varieties were taken to study as 3 repetitions. In terms of
germination percentage and length of grass scabbard among the varieties studied, statistical data
were; 1% and 5% were found to be important.

In this study, the performance of the varieties against salinity was determined and it was determined
that some varieties could be used for resistance to salinity.

Keywords: Doses, Rice, Salinity, Variety.

Baz Celtik Cesitlerinin (Oryza sativa L.) Tuzluluga Tepkisi
0z

Ulkemizde, toprak tuzlulugu ¢ok 6nemli bir problemdir. Ozellikle, zayif drenaj kosullarmdaki
bolgelerde ortaya ¢ikmaktadir. Tuzluluk, iiretimde 6nemli verim ve kalite kayiplar1 ortaya ¢ikarir.
Celtik bitkisinin belli dereceye kadar tuzluluga dayanikli oldugu ve tuzlu topraklarin i1slahinda
kullanilabilmektedir. Fakat her geltik ¢esidinin tuzluluga dayanikliligi degiskenlik gosterebilir.
Arastirmamizda, 14 celtik ¢esidi tohumlarinin farkli dozlarda (0 ppm, 500 ppm, 1400 ppm, 1800
ppm, 3600 ppm, 5200 ppm) tuz konsantrasyonlarinda 6l¢iilmiistiir. Caligmalarda; ¢cimlenme yiizdesi
ve ¢im ki1 uzunlugu belirlenmistir. Artan tuz dozlariyla ¢imlenmenin %97.46’dan 9%95.48°e
geriledigi ve ¢im kini uzunlugununsa 2.4781°den 1.9271°e geriledigi saptanmistir. Cesitlerden,
¢imlenme oraninda Kiziltan’mn, ¢im kint uzunlugunda Meco ve Vasco’nun digerlerine gore one
¢iktig1 belirlenmistir. Cimlenme yiizdesi ve ¢im kini1 uzunlugu bakimindan ¢esitler arasinda %1 ve
%35 onemli bulunmustur.
Bu ¢aligmada, tuzluluga karsi ¢esitlerin performansi belirlenmis ve bazi ¢esitlerin tuzluluga karsi
direncli oldugu saptanmistir.
Anahtar Kelimeler: Dozlar, Celtik, Tuzluluk, Cesit.
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1. Introduction

Salinity is an important problem despite all the technological advances going forward. Various
physiological parameters are negatively affected during growth and development of plants exposed to
salinity during their cultivation. In addition, it the biochemical changes possibly occurring when plants
are subjected to harmful stress conditions. It is a fundamental question that is seen in very wide areas of
the world [1].

The rice is the third in terms of yields and production in the world, with a total area of 159.8 million
hectares and a production quantity of 741.0 million tons from other cereal crops [2]. A significant portion
(over 90%) of rice production in the world is carried out in Asian countries [3]. The countries with the
most rice production are respectively; China (209.5 million tons), India (158.8 million tons) and
Indonesia (77.3 million tons). India is the first country with 43.0 million hectares in terms of planting
area. However, production problems to marginal areas like to areas in high slopes with irrigation not
suitable for rice cultivation, inadequate maintenance because of the reasons for the amount of production
is in the second sequence [4].

Turkey ranks 37 in the world by production quantities of 900 thousand tons of rice, ranks 5th with high
yields obtained from unit area. The development of high-yielding varieties and their use in production
in Turkey increases the amount of production. Rice production in our country is carried out at about 110
thousand hectares, yield 821 kg da™! [5]. The rice is originated in Southeast Asia, spreading from South
India to China about 6000 years ago and reaching about 500 years ago in Turkey [6]. The rice produced
is the Oryza species that easily adapt to different habitats [7]. It can easily adapt to different textures
(sandy-loam, clay) and pH 3-8 soil. Rice crop is moderately resistant to salinity, all stages of
development is important for the determination of the salinity damage. In highly salty soils; germination,
tillering and plant height becomes a decrease [8].

In different regions of the world; There are different production systems such as Upland rice, Aerobic
Rice, Irrigated lowland, Rainfed lowland, Deep water and Floating rice production, and the production
system made by irrigation is the most preferred system by the producers [9].

In studies conducted throughout the all vegetation period in different types of rices such as Indica and
Japonica, researchers have determined that some varieties are tolerant to salinity [10, 11]. In studies
conducted during the germination stage of seedlings, researchers have reported that some rice genotypes
are medium tolerance and tolerant to salinity [12, 13].

The yield and quality loss is high in salty soils where rice cultivation is made [8]. The amount requested
by consumers to increase the production of rice products in Turkey and to provide at a reasonable price
is of great importance. To increase the amount of production; It is extremely important to identify rice
genotypes that meet regional environmental conditions per unit area and have high yield and quality
parameters. The yield and yield components in the crop are affected significantly in the region where it
is cultivated [14]. Genetic structure, environment, and genotype X environment interactions are
important factors affecting the performance of genotypes [15]. Selection of rice varieties suitable for the
production of rice; it will benefit the producer in terms of high efficiency, and the consumer in terms of
quality. With this research, the response of some rice varieties due to the salt concentration was
investigated. It is known that the production amount and yield values are low in soils with high salt
content where paddy cultivation is done.

According to the results, it is aimed to increase the production amount and yield by determining the
varieties resistant to salinity and recommending them to the growers in regions with high salinity.
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2. Methodology

In the study was used 14 rice (Oryza sativa L.) varieties. Varieties; Trakya Agricultural Research
Institute (9 varieties), Harman Seed Food Marketing Agricultural Trade (2 varieties), Tekcan Seed Food
and Agricultural Products Industry (3 varieties) were obtained (Table 1). The obtained to seed samples
were counted 100 units and placed in Petri dishes. All varieties included in this study as three
replications. All varieties of seeds at 6 different doses (0 ppm, 500 ppm, 1400 ppm, 1800 ppm, 3600
ppm, 5200 ppm) in 90% NaCl solution was added. Doses applied to the samples were prepared with
100 ml of distilled water. The 90% NaCl solution was given to the rice seeds at room temperature and
was applied 6 times a day. A 0.01 mm precision caliper was used to determine the length of grass
scabbard. The obtained results were analyzed by SPSS 17.0 statistics program. Duncan multiple
comparison test was applied in the analysis. Tests were carried out at 1% and 5% levels.

Table 1. Varieties used in the research and the institutions from which they were provided.

Varieties Provided Organizations

Halilbey Trakya Agricultural Research Institute
Osmancik-97 Trakya Agricultural Research Institute

Sumnu Trakya Agricultural Research Institute

Edirne Trakya Agricultural Research Institute
Cakmak Trakya Agricultural Research Institute
Kiziltan Trakya Agricultural Research Institute

Efe Trakya Agricultural Research Institute

Mis 2013 Trakya Agricultural Research Institute
Tosyagiinesi Trakya Agricultural Research Institute
Cammeo Harman Seed Food Marketing Agricultural Trade
Meco Harman Seed Food Marketing Agricultural Trade
Ronaldo Tekcan Seed Food and Agricultural Products Industry
Nembo Tekcan Seed Food and Agricultural Products Industry
Vasco Tekcan Seed Food and Agricultural Products Industry

3. Results and Discussion

Different rice genotypes (Oryza sativa L.) generally become very sensitive at the seedling period,
affecting plant density in salt-affected fields [16, 17]. As a percentage of germination in the study, the
difference between the varieties at all doses of NaCl was statistically significant at 1% and 5% levels.
The average germination percentages of the varieties were determined to be 97.46% (0 ppm) without
NaCl application (Table 2). In other studies on salinity, the difference between rice genotypes was found
statistically significant [18]. When the highest control germination percentage is obtained in the Nembo
variety, the Efe and Meco varieties has the lowest germination percentage. The average of the varieties
of NaCl-500 ppm application decreased to 97.14%. Meco has the lowest germination percentage while
Kiziltan variety has the highest germination percentage. Tosyagiinesi and Ronaldo varieties came to the
foreground in NaCl-1400 ppm dose application. The germination percentages of the varieties with the
NaCl-1800 ppm varieties mean dose are 96.42% and the Nembo variety have the minimum germination
percentages. In the tested varieties, there was a severe change in NaCl-3600 ppm and NaCl-5200 ppm
doses and a significant decrease in the average of the varieties. Especially, Mis 2013 and Halilbey
varieties with the NaCl-5200 ppm dose gave the lowest germination percentage value with the lowest
94.30% and 94.33%, respectively. The researchers obtained similar results in different studies [19, 20,
21]. In addition, the root dry weight, the length of the grass scabbard are important parameters in
determining the salinity [11]. It was determined that the difference between the varieties in terms of
grass lengths of some rice cultivars subjected to NaCl application at different doses was statistically
significant at 1% level at all doses (Table 3).
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Table 2. Effect of NaCl application at different doses on germination percentage in some rice varieties

. Germination Percentage (%)
Varieties/Doses
0 ppm 500 ppm 1400 ppm 1800 ppm 3600 ppm 5200 ppm
Halilbey 97.91 ab** | 97.13 ab* | 9638  bc* | 96.13  ab* | 9565 bc* | 9433  b*
Osmancik-97 98.30 ab 97.31 ab 96.82 ab 95.71 b 96.11 abc | 96.51 ab
Sumnu 96.97 ab 9747  ab 96.99 ab 96.52 ab 95.71 bc 96.00 ab
Edirne 9730 ab 97.80 ab 96.05 ¢ 96.44 ab 9532 ¢ 95.00 ab
Cakmak 96.94 ab 96.13 ab 97.07 ab 9567 b 96.65 abc | 95.67 ab
Kiziltan 97.81 ab 98.80 a 9671 b 96.00 ab 9758 a 97.00 a
Efe 9630 b 97.52 ab 9738 ab 97.00 ab 96.32 abc | 96.00 ab
Mis 2013 97.63 ab 97.13 ab 96.66 b 96.19 ab 9539 ¢ 9430 b
Tosyagiinesi 96.88 ab 96.47 ab 97.68 a 96.67 ab 95.74  bc 95.00 ab
Cammeo 97.41 ab 98.45 ab 97.38 ab 97.72 a 96.26 abc | 95.67 ab
Meco 9630 b 9580 b 96.61 b 96.67 ab 96.18 abc | 9462 b
Ronaldo 97.73 ab 96.94  ab 97.71 a 97.00 ab 96.09 abc | 95.71 ab
Nembo 9894 a 98.13 ab 9691 b 9553 b 9737 ab 9633 ab
Vasco 97.78 ab 96.80 ab 9659 b 96.61 ab 96.03 abc | 95.00 ab
Mean 97 46a* 97.14ab 96.92ab 96.42ab 96.17b 95.48b
C.V 1.0 1.1 0.8 0.9 0.7 1.2

* *%; It is important at 5%, 1%, respectively

Table 3. Effect of NaCl application at different doses on length of grass scabbard in some rice varieties

Varieties/Doses Length of Grass Scabbard (mm)
0 ppm 500 ppm 1400 ppm 1800 ppm 3600 ppm 5200 ppm
Halilbey 2.1510 e** | 2.1603  de** | 2.0753 d** | 2.0630 d** | 1.9050 d** | 1.6260 d**
Osmancik-97 24747 a-e | 24203 ad 23420 a-d | 23143 bed | 22000 a-d | 1.9210 a-d
Sumnu 2.2190 de 2.1183 de 2.0880 d 22577 «cd 1.9453 d 1.6663 d
Edirne 2.2613 de 2.0500 e 2.1303 d 2.1453 d 2.0997 «cd 1.7083 d
Cakmak 2.6813 abc | 2.5803 abc 2.5503 abc | 2.5653 abc | 2.4073 abc | 2.1283 abc
Kiziltan 1.6970 f 1.5960 f 1.5660 e 1.5810 e 14230 e 1.1440 e
Efe 24303 b-e | 2.3293 b-e 2.2993 bed | 2.3580 a-d | 2.1563 bed | 1.8773  bed
Mis 2013 2.3737 cde | 22727 cde 2.2427 cd 2.1033 d 19873 d 1.8207 cd
Tosyagiinesi 2.7340 ab 2.6330 ab 2.6030 ab 2.6180 ab 24600 ab 2.1810 ab
Cammeo 2.7357 ab 2.7003 a 2.6047 ab 2.6197 ab 25273 a 2.1827 ab
Meco 2.8050 a 2.7040 a 2.6740 a 2.6890 a 25310 a 22520 a
Ronaldo 2.8013 a 2.6347 ab 2.6703 a 2.6853 a 24617 ab 2.2483 a
Nembo 2.5213  ad | 23737 a-e 2.3903 a-d | 24053 a-d |22473 ad | 1.9683 a-d
Vasco 2.8077 a 2.7067 a 2.6767 a 2.6917 a 2.5337 a 22547 a
Mean 2.4781a** 2.3771b 2.3509b 2.3641b 2.2061c 1.9271d
CV 8.5 9.0 9.4 9.7 10.3 11.6

* % It is important at 5%, 1%, respectively

In the case of NaCl-5200 ppm dozen application, there was a significant decrease compared to other
doses. While Ronaldo, Meco and Vasco varieties have the highest grass scabbard length, Kiziltan variety
has the lowest value [21, 22]. According to the research results, it was determined that Vasco, Nembo,
Ronaldo, Meco, Cammeo, Tosyagiinesi, Cakmak, Osmancik-97 genotypes were more resistant to
salinity than other genotypes that can be used in soils with high salt content where paddy is grown.
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Calismada, tarimsal iiretim gerceklestiren treticilerin liretim sahasinda iriinlerinden istenilen
seviyede verim ve kalite elde etmek amaciyla hangi tekniklerle iiretim yapacagi, hangi miinavebe
tekniklerini kullanacagi, miinavebe sistemlerinin se¢imi, Uriinlerin raf omrii ve pazarlama
durumlar1 6nemli konulardir. Ureticiler, iiretim gergeklestirecekleri tarim alanlarinda yiiksek gelir
saglayan {irlin desenini saglamak igin bolgeye uygun miinavebe sistemini belirlemeyi
hedeflemektedirler. Ilave olarak, toprak verimliligini ve toprak kalitesini de dikkate almak
durumundadirlar. Uriin secimi, iiretim ydntemleri ve miinavebe icin bitki secimi iireticilerin bilgi
seviyeleri ve aliskanliklarina gore iiretimlerini yonlendirebilmektedir. Ureticilerin miinavebeye
aldiklar1 bitkilerden elde ettikleri iiriinlerin arz-talep ile olusan piyasa dengesine gore elde
edecekleri gelirler degisebilmektedir. Ureticilerin bolgeye adaptasyonu yiiksek bitkileri
miinavebeye almalart verimliligi dolayisiyla gelir seviyelerini artirmaya yardimci olacaktir.
Ureticilerin miinavebe igin bitki se¢imi, miinavebe sistemi, toprak isleme ydntemini belirlemeye
yonelik tutum ve davranislarinin gergeklestirilecek arastirmalar ile saptanmasi gerekmektedir. Bu
calismanin amaci; tarim alanlarinda iireticilerin bolgeye uygun, adaptasyon seviyesi yiiksek bitkiler
ile uygun alanlarda miinavebe yapmak ve miinavebe sistemlerini belirlemeye yardimci olmaktir.
Aragtirma ile ilgili diinyada ve iilkemizde yapilan bir¢ok ¢alisma ele alinmistir. Yapilan ¢aligmalar
dogrultusunda 6nemli sonuglar elde edilmistir.

Anahtar Kelimeler: Bitki, Kalite, Miinavebe, Miinavebe teknikleri, Verim.

Effects of Different Rotation Techniques on Crop Production and

Environment
ABSTRACT

In study, which techniques will be used by agricultural producers in order to obtain the desired level
of efficiency and quality from their products in the production field, which rotation techniques will
be used, the selection of rotation systems, the shelf life of the products and their marketing status
are important issues. Producers aim to determine the appropriate rotation system for the region in
order to provide a high income product pattern in the agricultural areas where they will produce. In
addition, they have to take into account soil fertility and soil quality. Product selection, production
methods and plant selection for rotation can direct their production according to the knowledge
levels and habits of the producers. The revenues of the producers may vary according to the market
balance formed by the supply and demand of the products they obtain from the plants they alternate.
The producers' rotation of plants with high adaptation to the region will help increase productivity
and thus income levels. The attitudes and behaviors of the producers for the selection of plants for
rotation, the rotation system, and the method of tillage should be determined by the researches to be
conducted. The aim of this research; in agricultural areas, it helps the producers to rotate with plants
with high adaptation level suitable for the region and determine the rotation systems. Many studies
related to the research in the world and in our country have been examined. Important results have
been obtained in line with the researches carried out.

Keywords: Plant, Quality, Rotation, Rotation techniques, Yield.

* Corresponding Author’s email: omerbuyuktavsan@gmail.com

SUBU Bilimsel Yayinlar Koordinatérligi http://biyak.subu.edu.tr


https://orcid.org/0000-0001-7455-4573
https://orcid.org/0000-0002-6377-5263

Omer Faruk BUYUKTAVSAN, Ismail NANELI

Farkli Miinavebe Tekniklerinin Bitkisel Uretim ve Cevre Uzerine Etkileri

1. Giris

Tarimsal {iiretim yapilan alanlarda iireticiler liretim maliyetinin az, yiiksek verim ve kaliteye sahip,
karlihgmn yiiksek oldugu iiriinler iiretmeyi amaglamaktadirlar. Uretim asamasinda iiretilen iiriinlerin raf
Omriiniin kisalmadan pazarlanacagi, toprak kalitesinin azaltilmadan verimli ve kaliteli {iriin elde etmek
icin uygulanacak miinavebe yontem ve tekniklerinin belirlenmesi [1] hususlari son derece 6nem
tastmaktadir. Uretilen {iriinlerde yildan yila degisen iiriin maliyet ve satig fiyatlar1 dogrultusunda
iireticinin kar zarar durumu go6z oniinde bulundurularak farkli iiriin yetistiriciliginin yapilmasi iiretici
acisindan zarar riskini asgari seviyeye indirgeyecektir. Uretim alanlarinda iiretimi gerceklestirilecek
iriinlerin toprak kalitesine olumsuz etkisi olmayip, {irlin verim ve kalitesini artirmak amaciyla
yetistiricili§inin yapilmasi fayda saglayacaktir.

Bitkilerin birbirini takip edecek sekilde ve belirli bir sira ile yetistirilmesi ekim ndbeti, miinavebe veya
rotasyondur [2, 3]. Ekim ndbeti sistemiyle {iriin yetistiriciligi; iirlin artiklarinin (baklagiller v.b) toprak
kalitesini artirmasini, hastalik ve zararli organizmalari azaltmasi bakimindan son derece dnemlidir. Tlave
olarak elde edilen iiriinlerin verim ve kalite 6zelliklerine olumlu etkilerde bulunmaktadir. Ekim nébeti
(miinavebe) monokiiltiir tarima gore; toprak kalitesi korunabilmekte, hastalik ve zararh etkisi ile ¢evre
ve toprak kirliligi azalmakta, iirlinler topraktaki mikro ve makro besin elementlerinden daha iyi
faydalanabilmekte, elde edilen iiriinlerin verim ve kalitesi artirilabilmektedir.

Miinavebe uygulamasi kadar bolge kosullarina uygun miinavebe sisteminin belirlenmesi de son derece
onemli bir husustur. Iklim sartlari, toprak yapisi, bitki dzellikleri, hastalik ve zararli, yabanci ot, ulasim,
depolama, pazarlama gibi faktdrler miinavebe sistemlerinin belirlenmesinde etkin rol oynamaktadir [4].
Miinavebe sistemi uygulayan iireticilerin tiriinlerden elde ettikleri gelir donemsel olarak arz-talep yapisi
dogrultusunda degisiklik gosterebilmektedir. Uriin desenlerinin belirlenmesi, yorelere dzgii iiriinlerin
yetistirilmesi, bolgelere uygun tarim politikalarinin olusturulmast ve uygulanmasi iiriin verimliligi
agisindan yiiksek seviyede katki olusturabilecektir. Miinavebe ve miinavebe sistemlerinin lreticilere
sagladigi katkilar ile ilgili diinyada ve tlilkemizde farkli arastiricilar tarafindan yapilan g¢ok sayida
caligma bulunmaktadir [5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27].

Bolgede mevcut hastalik, zararli ve yabanci ot miinavebe sisteminin belirlenmesinde 6nemli bir
gostergedir. Bu arastirmanin amaci, tarim arazilerinde uygulanan miinavebe tekniklerini belirlemek ve
miinavebe sistemlerinin dnemini ortaya koymaktir.

2. Ekim Nobeti (Miinavebe) Uygulamasi ve Etkileri

Miinavebe uygulamasi farkli bitkilerin birbirini takip edecek sekilde ve belirli bir sira ile ayn1 tarlada
yetistirilmesi olup, sabit ve degisken (yillara gore) 6zellik gdstermektedir. Sabit ekim sisteminde bitkiler
diizenli bir sira ile birbirini takip ederler ve belirli bir yilda ekim ndbeti tamamlanir. Degisken ekim
ndbeti sisteminde ise, bitkiler belirli bir sira ile birbirini izler. Ancak yillara gore degiskenlik gosterirler.

2.1. Ekim ndébeti (Miinavebe) planlanmasinda dikkat edilmesi gereken noktalar

- Ekim nébetinde yer alan bitkilerin tireticinin gelir diizeyini diisirmeyecek verimi saglayacak yiiksek
ekonomik seviyede olmalidir.

- Yetistirilmesi sirasinda hicbir sorun ¢ikartmayan bolgeye uygun bitkilerin se¢ilmesidir. Elde edilen
iiriiniin satisinin ve degerlendirilmesinin kolay olmasi da géz oniinde tutulmasi gerekir.
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- Segilen bitkilerin 6zel alet ve makine gereksinimi olmamali ve isletmeye ekonomik yonden 6nemli
bir yiik getirmemesi gerekmektedir.

- Bolgede ana iiriin olarak yer alan bitkinin ekim nébeti uygulamasi ile veriminde azalmanin meydana
gelmemesi gerekmektedir.

3. Miinavebe (Ekim nobeti) Sistemlerinin Bitki ve Toprak Verimliligi Uzerine Etkileri

Toprak verimliligini azaltic1 yonde etkide bulunan tasinan bitkiler (¢apa bitkileri, tahillar v.b) ile toprak
verimliligine dogrudan olumlu yonde iyilestiren etkisi bulunan tasiyan bitkiler (baklagil v.b) ekim
nobetinde yer alan bitkiler olarak iki grupta incelenirler.

Genellikle bitki artiklariin toprakta humusa doniiserek toprak kalitesini artirdigi bilinmektedir. Toprak
artiklarmin parcalanarak humusa doniisiim hizlart bilesimlerindeki C/N ile saptanmaktadir. Hasat
artiklarinin mikrobiyolojik olarak kisa siirede pargalanabilmesi i¢cin C/N oraninmn yaklasik 20/1
diizeyinde olmasi1 gerekmektedir. Bu orana sahip bitki artiklarinin biinyelerinde yaklasik %2 oraninda
N’lIu bilesik bulunmaktadir. Topraga C/N orani yiiksek (tahillar gibi C/N = 80/1) bir kalint1 ilave edilirse
toprakta mevcut N i¢in rekabet olusmaktadir. Bu sebeple C/N orani diisiik olan baklagiller (C/N=15/1)
gibi bitkiler ile miinavebe isleminin gergeklestirilmesi toprak kalitesini artiracaktir [28]. Baklagillerin
ekim nobetinde yer almasi ile bu bitkilerin hasat artiklarindaki azot miktarimin yiiksekligi
mikroorganizmalarin hizla ¢ogalarak sayilarinin artmasini saglayacaktir [29].

Ekim nobeti uygulanmayan monokiiltiir seklinde {ist {ste tahil yetistirilen tarlalarda
mikroorganizmalarin ¢ogalabilmeleri icin toprakta yeterince organik igerikli azotlu bilesik
bulamadiklar1 zaman bitkilere giibre olarak verdigimiz inorganik N’lu bilesikleri kullanirlar. Giibre
olarak verdigimiz N, bitkiler tarafindan alinmadan mikroorganizmalar tarafindan kullanilir. Ornegin
misir (Zea mays L.) topraktan bol miktarda azot, yonca (Medicago sativa L.) fosfor, liggiil (Trifolium
L.) kalsiyum tiiketir. Ekim nébetiyle bu sorun ortadan kaldirilir. Ulkemizde ve diinyada yapilan bazi
miinavebe c¢aligmalarinda: Geleneksel ve dogrudan ekim yontemleri ile Bugday — Bugday, Nohut —
Bugday, Nadas — Bugday — Nohut — Bugday, Nohut — Bugday — Nadas — Bugday ve Kontrol miinavebe
uygulamalar1 toprak yapisina etkisi pozitif ve dnemli dl¢iide degisiklik gdstermistir [30]. Orta Anadolu
kosullarinda Yazlik Mercimek-Kiglik Bugday ekim ndbetinde toprak hazirlik yontemlerinin {iriin
verimine etkilerinin incelendigi c¢aligmada en yiiksek mercimek veriminde sonbaharda pulluk,
ilkbaharda kazayag1 + tirmik kombinasyonu toprak isleme ile elde edilmistir [31]. Yar1 kurak ve yar
nemli Latin Amerika topraklarinda, ayni arazilerde yogun tahil, pamuk ve yaglh tohumlu bitkilerin
yetistiriciligi sonucunda toprak yapisinda bozulmalar oldugu saptanmistir [32]. Orta Anadolu
kosullarinda bugdayda farkli ekim ndbeti sistemlerinin verime etkileri incelenmistir. Kiglik Bugday —
Kislik Mercimek, Kislik Bugday — Yazlik Mercimek, Kiglik Bugday — Nohut, Kislik Bugday —
Aycicegi, Kigslik Bugday — Kislik Bugday ve Nadas uygulamalar1 gerceklestirilmistir. Arastirmada en
yiiksek kislik bugday verimi Nadas — Bugday ekim nobetinde goriilmiistiir [33]. Celtik - Bugday ekim
ndbeti toplam isletme maliyetinin %79 oraninda azaldigini tane veriminin ise %20 oraminda arttigi
belirlenmistir [34]. Bugdaygil + Baklagil - Bugday miinavebe yonteminin incelendigi c¢aligmada
topraktaki bazi 6zelliklerin iyilestigi belirlenmistir [35].

4. Sonuc¢

Diinyada ve iilkemizde miinavebe uygulamalarinda kullanilacak bitki ve miinavebe sistemlerinin
bitkilerde verim ve kalite iizerine olumlu etkileri hususunda ayrintili bilgiler verilmistir. flave olarak,
ozellikle baklagil bitkilerinin miinavebeye alinmasiyla bitki artiklarinin toprakta hizli bir siirede
parcalanarak humusa doniigmesi, toprak organik maddesini artirmasi, toprak N igerigini yiikseltmesi
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gibi toprak kalitesi iizerine olumlu etkilerinin oldugu saptanmistir. Ozellikle iilkemizde farkli bolgelerde
verim ve kalite bakimimdan 6n plana ¢ikan, toprak kalitesine olumlu etkilerde bulunan miinavebe
sistemlerinden bahsedilmistir. Yapilan arastirmalarin miinavebe sistemlerinde genel olarak bugday,
aycicegi, mercimek, nohut bitkileri kullanilmustir. Ureticiler genel olarak ikili miinavebe sistemlerini
tercih etmekte olup, monokiiltiir tarimda ise iireticiler genellikle bugday bitkisi kullanirlar.

Monokiiltiir tarimin olumsuz etkilerini gidermek i¢in bolgelere uygun miinavebe sistemleri uygulanmali
ve planlanmalidir. Bolgelere uygun, adaptasyon kabiliyeti yiiksek bitkiler ile miinavebe sistemi
planlanirken bitki tiir ve gesitlerinin 6zellikleri, toprak yapisi, iklim kosullari, yabanci ot, hastalik ve
zararli, yayllma durumu, ulagim, depolama ve pazarlama ozellikleri mutlaka dikkate alinmalidir.
Tarimsal iiretim gerceklestirilen alanlarda yapilacak miinavebe uygulamalarinda topragin su tutma
kapasitesi ve organik maddesi artirilmali, toprak verimliligi yiikseltilmeli, bu baglamda kiiltiir bitkilerine
elverigli ortam saglanmalidir. Miinavebe ile isletmelerde isgiicii planlamasi yapilabilmektedir. Bitkilerin
vejetasyon siiresi boyunca ekim, bakim, hasat, harman ve ekim oncesi toprak hazirlik stirecleri gibi
islemler verimli bir sekilde aksamadan uygulamalar gergeklestirilebilecektir.

Sonug olarak, miinavebe teknikleri ile bitkisel liretimler sirasinda meydana gelecek risklerin minimuma
indirilmesi ve maksimum verim saglanmasi miimkiin olur.
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ABSTRACT

The ornamental plant sector has been increasing rapidly in the world and in Turkey in recent years.
It is aimed to develop micropropagation protocols of Loropetalum chinense (Chinese fringe flower),
which are increasingly used in our country and are difficult to produce with traditional methods. For
this purpose, from the MS and DKW media which are used commonly; MS-Mod and DKW-Mod
media prepared considering the soil requirements of the plants were used for this plant. In
Loropetalum chinense media experiments, the best number of shoots per explant (1.76
shoots/explant) was produced on DKW with 1 mg L' of BAP. Also It was determined that the MS-
Mod media with 1.00 mg L' BAP (1.63 shoots/explant) is suitable for Loropetalum chinense
micropropagation. According to the results obtained in the study, the nutrient media that can be used
for micropropagation were determined for the plant Loropetalum chinense (Chinese fringe flower).

Keywords: Chinese fringe flower, Clonal propagation, Loropetalum chinense, Micropropagation,
Plant media, Tissue culture.

Loropetalum chinense Mikrocogaltim Arastirmasi
0z

Siis bitkileri sektorii son yillarda Diinya’da ve Tiirkiye'de hizla artmaktadir. Ulkemizde kullanimi
gittikce yayginlagsan ve geleneksel yontemlerle iiretilmesi zor olan Loropetalum chinense (Cin
piiskiilii) mikrogogaltim protokollerinin gelistirilmesi hedeflenmektedir. Bu amagla yaygin olarak
kullanilan MS ve DKW ortamindan bitkilerin toprak ihtiyaclar1 dikkate alinarak hazirlanan MS-
Mod ve DKW-Mod besiyeri kullanilmistir. Loropetalum chinense ortam denemelerinde, eksplant
basina en iyi siirgiin sayisi1 (1.76 siirgiin/eksplant) 1 mg L' BAP ile DKW ortaminda goriilmiistiir.
Ayrica 1.00 mg L' BAP (1.63 siirgiin/eksplant) igeren MS-Mod ortaminin Loropetalum chinense
mikrogogaltim i¢in uygun oldugu belirlenmistir. Arastirmada elde edilen sonuglara gore
Loropetalum chinense (Cin piiskiilii) bitkisi i¢in standart ortamlar disinda da mikrogogaltim igin
kullanilabilecek besi ortamlar tespit edilmistir.

Anahtar Kelimeler: Cin piiskiilii, Klonal ¢ogaltim, Loropetalum chinense, Mikrogogaltim, Besi ortami,
Doku kiiltiiri.

1. Introduction

Loropetalum chinense (Chinese Fringe Flower), evergreen shrub that belongs to the family of
Hamamelidaceae [1]. Its natural distribution area covers the area extending from the south of China to
the east of India, especially with Hunan province being the center in China [2, 3, 4, 5]. After being
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cultivated in other provinces of China except Hunan, it was promoted in countries such as America and
Japan, and quickly entered the ornamental plants sector [3]. The leaves, flowers and roots of the plant
are known to be used in traditional Chinese medicine for the treatment of many diseases. It is known to
have antipyretic, hemostatic and detoxifying properties. It is also used in the treatment of bleeding
disorders, burn treatment, skin infections, various gynecological diseases, dysentery and diarrhea. It has
various properties such as antioxidant, anti-inflammatory and bacteriostatic with the tannins it contains
[1, 4, 6]. The most widely used method in the production of perennial ornamental plant species is
vegetative production method. Irregular collection of plants from natural flora by humans, shrinkage of
ecological area due to urbanization, global warming and increase in global transportation threaten plant
species. For this reason, it is very important to spread the plant tissue culture method instead of
traditional production [7]. Today, many plant species are cultivated for these purposes and grown as
ornamental plants [8]. Tissue culture; It is defined as the production of a new plant, tissue or various
secondary metabolites from the cell, tissue or organ taken from the plant in sterile and controlled
conditions, in artificial nutrient media [9]. It is widely used because it provides faster production
compared to traditional plant breeding techniques [ 10]. Thus, the reproduction of endangered, endemic,
economically valuable, genetically and productively superior individuals is provided. Quality, fast and
virus-free, disease-free plants can be produced [11]. Loropetalum chinense is a very difficult plant that
can be grown by seed or vegetative methods. Loropetalum chinense last 5 years with different
specifications required in Turkey and is therefore one of the most imported ornamental plants. However,
the difficulties in its production can be overcome with tissue culture [12]. In this study, it is aimed to
develop Loropetalum chinense tissue culture and micropropagation protocols. For this purpose, the
effect of different nutrient media in the number of shoots per explant and the average growth
performance of growing shoots on plant reproduction were investigated.

2. Research Methodology

In this study, Loropetalum chinense plant in Sakarya University Plant Tissue Culture Research and
Production Laboratory was used in March 2020. The nutrient media used in the study and their contents
are given in Table 1. The nutrients were sterilized in autoclave at 121°C for 20 minutes (1 atm). Growth
conditions and soil requirements of the plant were taken into account in determining the content of the
nutrient media. In order to encourage shoot reproduction, 1.00 mg L' BAP was added to each
experimental media considering the literature information. Explants taken from the mother plant were
first washed under running tap water for 20 minutes and pre-sterilized with antifungal (Benomyl) for 10
minutes. It was then washed with 20% by volume sodium hypochlorite (ACE) for 15 minutes. Then,
after washing with sterile distilled water for 5 minutes and 3 repetitions, they were planted in nutrients.
Planting was done with 5 plants in each group. It was cultured for 45 days at 24 + 2 °C in a 16-hours
light photoperiod. All plant trials were set up with 5 replicates and were subjected to Duncan multiple
comparison and variance analysis in SPSS statistical program.

3. Results and Discussion

In this study, MS-Mod and DKW-Mod nutrient media, which were modified by considering the soil
requirements of the plants, based on the commonly used MS and DKW media, were used. In addition,
1.00 mg L' BAP was added to the nutrient media for the plant to propagation.
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Table 1. Nutrient media and ingredients (mg L ).

Ingredients MS MS-modified DKW DKW- modified
NH4NOs3 1650 500 1416 1416
KNO:; 1900 2000 - -
Ca(NO3.4H:0) - 1200 1968 1968
K>SO« - - 1559 1559
MgSO4 181 370 740 740
CaCl 333 - 147 147
KH:PO4 170 170 259 259
FeS04.7H20 27.8 33.80 42.25 -
Na;EDTA 37.26 45.40 56.75 -
EDDHA-Fe - - - 168
Na:MoO4 0.25 0.39 0.40 0.40
CuS0O4.5H0 0.25 0.25 0.25 0.25
H3BO3 6.2 4.8 12.4 12.4
Zn(NO3)7H20 16.9 17 26.7 26.7
MnSO4.2H20 8.6 335 33.8 33.8
NiSO4.6H20 5 5 5 5
Glycine 2 2 2 2
Nikotinik acid 0.5 1 1 1
Thiamine HCI 0.1 2 2 2
My-inositol 1 1 1 1
L-glutamine 1 - 1 -

Table 2. Loropetalum chinense shoot per explant development.
Plant media Shoots per explant | Shoots length Stem length | Internode Leaf per explant

(shoots/explant) (mm) (mm) (mm) (leaves/explant)

MS 0.48° 436* 9.45°¢ 2.89 4.26°
MS-Mod 1.63% 426% 11.81°2 291 5.80%
DKW 1.76 2 4.072 10.48° 2,78 ™ 6.25%
DKW-Mod 0.69° 1.34° 9.49 ¢ 2.62 ™ 4.14°

a-c: The difference between the samples in the same column is statistically significant (P<0.01).

In Table 2, the highest number of shoots per explant was obtained from DKW media with 1.76. It was
determined that there was no significant difference between DKW and MS-Mod media in terms of the
number of shoots per explant. The highest shoot length per explant was 4.36 mm from MS media. It
was determined that there was no significant difference between MS, MS-Mod and DKW media in
terms of shoot size per explant. As the number of shoots per explant increased, shoot length decreased
(Figure 1).

In Table 2, the highest body length with 11.81 mm was obtained from MS-Mode media. No statistically
significant difference was found between environments in terms of internode length. The number of
plant leaves was obtained from DKW media with maximum 6.25 pieces. It was determined that there
was no significant difference between MS-Mod and DKW media in terms of leaf number. The most
suitable growth media for Loropetalum chinense was determined as DKW media. Since their
development in the MS-Mod media is close to the desired level, it has been determined that this media
can be used as an alternative in reproduction (Figure 2-5).
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Figure 1. Loropetalum chinense plant and shoot development per explant.

[13], in their study on the pollen germination percentage of Loropetalum chinense, they found that B*?
and Ca™ increased by 58.47% in tissue culture media. In this study, both shoot and plant growth of the
explant was high in the nutrient media with high B" and Ca*™ amounts. [14], it has been reported that
in Loropetalum chinense callus culture, the most suitable media is MS media containing 2.00 mg L
NAA and 0.50 mg L' BA. However, it has also been reported that there is better callus development in
MS media containing 1.50 mg L' NAA in dark environmental condition. This study does not show
similarity with the test results used for meristem culture. [15], Loropetalum chinense in the vitrification
studies, BA, NAA, activated carbon, sugars, have found that reducing the vitrification of heavy use. In
this study, no vitrification problem was observed in any of the plants due to the use of BAP as cytokinin.
[16], it has been reported that the most suitable media for Loropetalum chinense haploid callus culture
is Gamborg B5 media containing 2.50 mg L' NAA, 0.50 mg L' BA and 30 g L sucrose. The plant
showed different growth in different methods because of micropropagation method used in our research.

At the end of the culture period, the plants and shoots were extended for 15 days in MS media containing
0.10 mg L' BAP and 20 g L' sugar. Then it was rooted for 7 days in 1/2 MS media containing 1.00 mg
L' IBA. When rooting started, it was planted in copeat plates (Figure 5). And pre-conditioning was
done in a plant tissue culture greenhouse.

4. Conclusions

Successful results have been obtained from modified nutrient media prepared by considering soil
requirements. This shows that it is important to meet the natural requirements of the plant in
micropropagation. Accordingly, instead of standard nutrient media, the media prepared according to the
plant's requirements for each plant species give more successful results in micropropagation.
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Figure 2. Loropetalum chinense is in 60 mi MS
media containing 1.00 mg L-1 BAP
(Orginal, March 2020).

Figure 4. Loropetalum chinense is in 60 ml
DKW media containing 1.00 mg L-1 BAP
(Orginal, March 2020).

Figure 3. Loropetalum chinense is in 60 ml
MS-Mod media containing 1.00 mg L-1 BAP
(Orginal, March 2020).

Figure 5. Loropetalum chinense is in 60 ml
DKW-Mod media containing 1.00 mg L-1 BAP
(Orginal, March 2020).

Figure 6. Loropetalum chinense is in cocopeat plate.
(Orginal, May 2020).
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Karboksidotrofik Mikroorganizmalarin Karbonmonoksit
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Endiistriyel gazlar igerisinde salman ve komiir gibi yakitlarin yanmasiyla agifa ¢ikan
karbonmonoksitin (CO), ilerleyen sanayi ile birlikte ¢evre kirleticisi olarak dogada konsantrasyonu
artmakta ve insanoglunun sagligimi tehdit etmektedir. Bununla birlikte, yasamin dogal dengesi
icerisinde karboksidotrofik mikroorganizmalar, sahip olduklari karbonmonoksit dehidrogenaz
(CODH) enzimleri ile, CO’i karbon ve enerji kaynagi olarak kullanmaktadirlar. Gerek aerobik
gerekse anaerobik kosullarda yasam formlart gdsteren bu mikroorganizmalar, ¢ok farkli
kofaktorlere sahip gesitli CODH enzimleri ile yiiksek 6l¢iide toksik CO’in karbondioksite (CO>)
doniisiimiinii katalizlerler. Boylece, enerji zengini bilesiklerin olusturulmasinda ve kiiresel karbon
dongiisiinde karbonun ¢evreye katilmasiyla 6nemli potansiyel etkiye sahiptirler. Enzim katalizledigi
reaksiyon nedeniyle biyoteknoloji i¢in biiyiikk bir potansiyel sunmaktadir. CO dehidrojenazin
kullanilacag: tasarimlar ile, biyosensorlerde CO tabanli problar veya yakit hiicreleri iiretilebilir. Bu
derlemede endiistriyel olarak oldukca Oneme sahip olan CO dehidrojenazlar hakkinda bilgi
sunulmasi1 amaglanmigtir.

Anahtar Kelimeler: Karboksidotrofik mikroorganizmalar, Karbon monoksit dehidrojenaz, Morella
thermoacetica

Carbon Monoxide Dehydrogenases from Carboxidotrophic
Microorganisms

ABSTRACT

Carbon monoxide (CO), released in industrial gases and released by the burning of fuels such as
coal, increases its concentration in nature as an environmental pollutant with the advancing industry
and threatens human health. However, in the natural balance of life, carboxidotrophic
microorganisms use CO as a carbon and energy source with their carbon monoxide dehydrogenase
(CODH) enzymes. These microorganisms, which show life forms in both aerobic and anaerobic
conditions, catalyze the conversion of highly toxic CO to CO; (carbon dioxide) with various CODH
enzymes with very different cofactors. Thus, they have significant potential impact in the creation
of energy-rich compounds and the incorporation of carbon into the environment in the global carbon
cycle. It offers great potential for biotechnology due to the enzyme catalyzed reaction. With designs
using CO dehydrogenase, CO-based probes or fuel cells can be produced in biosensors. In this
review, it is aimed to present information about the industrially important CO dehydrogenases.

Keywords: Carboxidotrophic microorganims, Carbon monoxide dehydrogenase, Morella
thermoacetica
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1. Giris

Karbon monoksit (CO), benzin, odun, propan, odun kémiirii veya diger yakitlarin yakilmasiyla iiretilen
renksiz, kokusuz, tatsiz bir gazdir. CO endojen veya ekzojen kaynakli olabilir. Saglikli bir bireyde
endojen CO>'nin ana kaynagi, hem oksijenaz tarafindan heme'nin bozunmasindan kaynaklanir. CO
ekzojen olarak, araglarin ¢aligtirilmasi, 1sinma, komiir enerjisi tiretimi ve biyokiitle yakma islemlerinde
karsilagilan eksik yanmanin bir triiniidiir. Volkanik patlamalar, dogal gazlarin emisyonu, bitki Ortiisii
ve hayvanlarin bozulmasi ve orman yanginlari gibi dogal cografi olaylarin tiimii, atmosferik CO,'ye
katkida bulunur. Kiiresel CO>'nin yaklasik% 40" bu dogal kaynaklardan gelir. Fosil yakit tiiketimi, ¢cGp
atma, tiitiin duman1 ve odun kdmiirii yanginlar gibi insan miidahalesi, kiiresel CO>'nin kalan% 60'1na
katkida bulunur [1].

CO diizeyleri farkh yerlerde dnemli dlglide degismektedir. Komiir madenleri, ulagtirma, kanalizasyon
aritma vb. kapali ortamlarda calisanlar artan CO’e maruz kalabilirler ve 100 ppm’den fazla CO’e maruz
kalma insan sagligi igin tehlike arz etmektedir [2].

Dogada, karbon fiksasyonunun bilinen alt1 yolu vardir [3]. Anaerobik kosullar altinda, Wood—Ljungdahl
yolu baskindir. Bu yolun anahtar enzimleri CO dehidrojenaz (CODH) ve asetil-CoA sentaz (ACS)’dir
[4] ve atmosferik CO konsantrasyonun giivenli bir seviyede tutulmasinda 6nemli bir rol oynamaktadirlar
[2].

2. Karbondioksit Oksidasyonunu Katalizleyen Enzimler (CODH, ACS, CODH / ACS)

CO oksidasyonu katalizleyen ve asetil-CoA sentezini katalizleyen enzimler toplu halde "karbon
monoksit dehidrojenaz" (CODHs) olarak adlandirilir. Bu ¢esitli nedenlerden dolay1 problemlidir. Bu
enzimler temelde tersinir olarak iki elektron redoks reaksiyonu(CO + H,O «» CO, + 2H" + 2¢7 )
katalizlese de [5], CO oksidasyonu ve asetil-CoA sentezi karakter olarak tamamen farklidir ve
Uluslararast Enzim Komisyon Siniflandirma Diizenlemesine gore sirasiyla oksidorediiktaz (EC 1.2.xx)
ve liyaz (EC 4.2.xx) olarak ayn kategorilerde yer almaktadirlar. Buna ek olarak, bazi1 CODH’lar ACS
etkinligi icermezken bazilari CODH’1n yoklugunda ACS’1 ifadeleyebilir. Her aktivite i¢in CODH,
Akseptor oksidorediiktaz, CO oksidaz ve CO; rediiktaz gibi ¢esitli ad1 vardir. Karigiklig1 onlemek i¢in
Uluslararast Enzim Komisyonu Siniflandirma Diizeni ile uygun olan enzim adim kullanmak 6nemlidir
[4].

2.1. CO Oksidasyon katalizorleri-CODH’lar

CODH’m Mo-CODH, Ni CODH ve Ni-CODH/ACS olmak tizere ti¢ sinifi vardir.

Mo-CODH

CO,/CO ¢ifti igin orta indirgeme potansiyeline (-558 mV, pH 7.0) sahip olmasina ragmen ¢ok negatiftir.
Mo-CODH igin en iyi elektron alimi +0.011 V ile 0.043 V arasindaki orta potansiyeldir. Ayrica
karboksidotroflardan gelen CODH’lar bilinen tiim Mo hidroksilazlarla iligkili bir aktiviteye sahip
NADH’1 oksitleyebilir. Ni igeren CODH’larin aksine, Mo enzimler oksijene duyarh degildir (Ragsdale,
2004). Oligotropha carboxydovorans’dan gelen mezofilik enzim ve O. thermocarboxydovorans’dan
gelen termofilik enzim benzer molekiil agirligina (230,000-310,000) ve yapiya (ofyy) 2 sahiptir [6].
Karboksidotrafik CODH, klonlanmig ve dizilenmis plazmid kaynakli genler tarafindan kodlanir. Aktif
sitesi molybdopterin sitozin diniikleotide(MCD) bagli bir Cu igerir [7,8]. Bu CODH’lar, elektron
transferindeki katalitik Mo-pterin merkezine katilan ve [2Fe-2S] [9] merkezleri olarak bulunan 2 mol
FAD, 8 Fe ve 8 siilfid icermektedir [10]. Molibdenin aktif sitede CO bagladiginin kaniti, metanol ile
enzim aktivasyonunun inhibisyonuna dayanmaktadir. CO {izerinde biiyiime i¢cin Mo gereklidir fakat
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heterotrofik biiylime ve Mo antagonisti, tunsgtat ile CO-bagimli1 biiylimenin engellenmesi igin gerekli
degildir [7].

Ni-CODH

Anaerobik nikel tagryan CODHlar (Ni-CODH), anaerobik mikroorganizmalarda CO ve CO;’in tersinir
donigiimiini  katalizleyen, CO, fiksasyonu ve enerji korunumundan sorumlu multi-enzim
kompleksleridir [11].

Rhodospirillum rubrum, Carboxydothermus hydrogenoformans, ve Morella thermoacetica tiirlerine ait
CODH’lar en yaygin olarak ¢aligilanlardir ve yapilari, bu proteinlerin her biri i¢in bilinmektedir. Bu ii¢
enzimin yapilar1 cok benzerdir ve tiim liganlar aktif sitededir. Bunun yan1 sira baz1 kalintilarin asit-baz
kimyast kolaylagtirmak igin aktif sitede muhafaza edildigi ileri siirilmistir. R. rubrum ve C.
hydrogenoformans CODH’larinin ACS alt birimine sahip olmayis1 sadece CODH’a odaklanmay1 saglar.
Buna ek olarak R. rubrum igin Ni-eksik bir protein holoenzim halinde izole edilen Fe siteleri
icermektedir [12]. M-CO iizerine M-OH’1n saldirisi ile bir metale-baglanmis karbonil, bir metal bagh
hidroksit iyonu ve bir metal karboksilat olusturulan 6nemli ortak ara {iriinleri vardir.

CODH mekanizmasinda, metal merkezinin iki elektron ile indirgendigi ileri siirilmiistiir. Ancak
CODH’lar, bir metal hidriir ile zayif bir CO-bagimli hidrojen gelisim aktivitesine sahiptir. Ne olursa
olsun, CODH mekanizmasi arasindaki temel fark, enzim i¢inde dis elektron tagiyicilar: baglayan site ve
C kiimesi arasinda elektron alicist olarak B ve D kiimelerinin yerlesimi nedeniyle elektron transferinin
¢ok hizli olmasidir [13-15].

Ni-CODH/ACS

CODH’in X-151m1 kristal yapisit bes metal kiime (B, C, ve D kiimeleri) igeren mantar seklindeki
homodimerik bir enzimi ortaya koymaktadir. Bu iki fonksiyonlu enzimde CODH alt birimleri CO
oksidasyonunun (C-kiimesi) ve redoks merkezlerinin (B ve D kiimeleri) katalitik sitesini igermektedir.
ACS alt birimini i¢eren bolgeler vardir [16] ve yiizeyin 18 °A altinda gémiilii her bir CODH altbirimi
icerigi Ni-4Fe-5S (veya Ni-4Fe-4S) olan C-kiimesidir. Bu C-kiimesi ayn1 zamanda bir heterobinukleer
NiFe kiimeyle baglantili [3FE-4S] kiimesi olarak da goriilebilir. Dort seritli bir paralel f-tabaka ile a-
heliksler C-kiimesinin baglanmasi i¢in yapisal motiflerdir [17]. Bu kiimelerde protein ligandlar iki 8
seritin arasinda konumlanmis halkalar halinde bulunur. Sadece C-kiimesindeki Ni merkezi iizerinde Ni
merkezine CO sagladig1 diisiiniilen hidrofobik kanal vardir ve ¢6ziicii bir kanal diger substratlara 40’1n
tizerinde su molekiilii saglamak igin su icermektedir [18].

CO oksidasyonu sirasinda iiretilen elektronlar B- ve D-kiimelerinden olusan bir tele aktarilir. Her CODH
altbirimi bir B-kiimesi ve D-kiimesi i¢erirken nitrojenazin demir proteinindeki FeS kiimesine benzer iki
CODH alt birimi tarafindan ortak kullanilir. Bu, C ve D kiimeleri arasindaki elektron transferine aracilik
etmek icin yerlestirilen bitigsik alt birimin B-kiimesidir. Molekiiler ylizeye yakin olan D kiimesi
muhtemelen CODH ve terminal elektron alicis1 (ferrodoksin, flavodoksin, vs.) arasinda elektron
transferine aracilik etmektedir. Elektron alicilari hiicresel prosesleri gerektiren diger enerji ciftlerine
indirgenmektedir [19].

Reaksiyonlarin ayni sirasi, asetil-CoA’y1 CO,’e doniigtiirme fonksiyonlari olan CODH/ACS’da ters
calistig1 anlagilmigtir. Burada CODH fonksiyonlart su protonundan ve CO,‘den CO iiretmek igindir.
Ancak, M. thermoacetica, R. rubrum ve C. hydrogenoformans gelen CODH alt birimlerinin alfa karbon
omurgasi 0.8-1.0 °A ortalama bir kare kok sapmayla CODH’daki iki anahtar degisikligini proteinlerin
CODH/ACS sinifinda meydana getirmektedir [4].
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CO’in metal atomlaria kars1 6zel afinitesi, metalloproteinleri bir numarali inhibitér yapar ve tim CO
sensorleri de bu metalleri icerir. Simdiye kadar agiklanan tiim CO sensorleri Hem’de bulunan spesifik
metal merkezine dayanir ve fakat metal siilfiir merkezli sensdrler heniiz bulunamamistir. Oksijen icin
FNR [20] ve SoxR [21] gibi, Hidrojen igin HoxAJ [22] gibi, NO i¢in NnrR [23] gibi Hem igermeyen
sensorler tespit edilmistir [24].

Hem iceren CO sensorlerinin olmasi sasirtict degildir ¢linkii CO neredeyse tiim hem igeren proteinlere
baglanabilmektedir. Bu 6zelligin anlami, diger belirgin fizyolojik gaz ligandlara sahip olduklar1 bilinse
bile tiim hem igeren proteinlerin biyolojik olarak CO sensor aday1 oldugudur [25].

CODH’larin bu gesitliligi, mikroorganizma kaynaklarindan da bahsetmeyi gerektirmektedir. Asetil-
CoA sentetaz/CODH’lar, kemoototrofik olarak biiyliyebilen ve karbon metabolizmasinda kritik rol
oynayan anaerobik arkelerde ve bakterilerde bulunmaktadir. Bu grubun en iyi calisan enzimi
homoasetojen Moorella thermoacetica (dnceden Clostridium thermoaceticum)’dan gelmektedir [26].

3. Karbonmonoksiti Metabolize Edebilen Mikroorganizmalar

Cevrede mikroorganizmalarin 6zel bir simifinin varligi (karboksidotroflar), atmosferde eser miktarda
mevcut olan CO i¢in sorumludur. Ortamdaki cesitli bakteriler, biiylime i¢in enerji ve karbon kaynagi
olarak CO’i ve CO;’i kullanmay1 saglayan CODH enzimine sahiptir. Bu enzim yiiksek 6l¢iide toksik
CO’1 CO;’e doniistiirmede kullanilabilir [2].

Karboksidotrofik Bakteriler

Karboksidotrofik bakteriler CO’i CO’e oksitlenme yetenegine sahiptir. CO ve CO; arasindaki ara
doniisim CODH enzimi ile katalize edilmektedir.

CO +H0 = CO, +2H" + 2¢

Karboksidotroflar CO’in yiiksek diizeylerinde (>100ppm) biiyiiyebilirler. Mikroorganizmalarin (aerob
ve anaeroblar) iki ana grubu vardir ve bu nedenle bu mikroorganizmalarin CODH enzimleri farklidir.
CODH enzimini tasimayan mikroorganizmalar CO veya CO» ve H,’li ortamda biiyiiyemezler [27].

Aerobik Karboksidotroflar

Karboksidotrofik bakteriler, temel olarak Proteobacteria ve Firmicutes cinsinden olusan kiiciik ama
cesitli bir aerob grubu olusturur. Bunlar nispeten diisiik afiniteli CO alim sistemleri eksprese ederken,
%1°den daha yiiksek oldugu durumlarda CO’1 tek karbon ve enerji kaynagi olarak kullanirlar [28].

CO; Calvin-Benson-Basham yoluyla hiicre karbonu olarak 6ziimsenmektedir. Aerobik CO kullanicilar
CODH enzimini kullanarak CO’1 CO>’ye oksitleyebilir. Bu mikroorganizmalar elektron transferini bir
elektron tagima zinciri yoluyla CO oksidasyonunu katalizleyen CODH’dan elde etmektedirler [29].
Cevredeki CO’in detoksifikasyonda CODH’lar rol alir ¢iinkii 0.6 uM’a kadar diisilk Km degerleri ile
izleme gazinin alinmasi icin yiiksek egilime sahiptirler [10]. Ancak turnover sayilar1 anaerobik Ni-
CODH’larinkine gore neredeyse 1000 kat daha diisiiktiir [7]. Bunlar molybdopterin igerdiginden Mo-
CODH’lar olarak adlandirilir ve siilfit oksidaz ve ksantin oksidaz gibi birgok 6zelliklerini de Mo-
hidroksilazlarla paylasirlar. CO oksitleyenlerin ¢ogunlugu, yiiksek sicakliklarda (50-120°C), hayatta
kalma ve biliylime kapasitesine sahip termofillerdir. Sicak iklimlerde 6zellikle volkanik patlamalarda
CO seviyeleri yiiksektir (0.6-5540 ppm) [30]. Termofilik ve aerobik karboksidotroflar arasindan
Bacillus schlegelli, 50°C’de CO iizerinde biiyliyemezken optimum 65 °C’de ¢ok hizli bliylimektedir.
Biiytime Molibden bagimlidir ve CODH’1 da molibden hidroksilaz ailesine aittir [31].
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Molibden hidroksilaz ailesine ait olan Streptomyces thermoautotrophicus, metanol ile CODH enziminin
inaktivasyonunu saglamaktadir ve CO iizerinde ¢ogalabilen bu mikroorganizma organik giibreden izole
edilmektedir [32].

RubisCO dogiisii ve C1 asimilasyon yolu enzimleri bulunan Mycobacterium’un birkag tirii CODH
aktivitesine sahiptir. Mycobacterium insanlarda ciddi hastaliklara neden olmaktadir. Mycobacterium
spp. 'nin ¢cogu karbon ve enerji kaynagi olarak CO ve metanol kullanarak biiyiiyebilir ve buna karsilik
M. tuberculosis metanol kullanmaz. M. tuberculosis 'in bilylimesi i¢in yararli oldugu kanitlanan solunum
gazlarindan CO (1-5 ppm) icermektedir. Mycobacterium spp. ayrica CODH aktivitesi yaninda NODH
(nitrikoksit dehidrojenaz) aktivitesine de sahiptir [33].

CO yiikseltgeyiciler ayn1t zamanda deniz habitatlarinda da mevcuttur. CO’in en yiiksek konsantrasyonu
ylizey sularindadir fakat suda 15181n azalmasiyla konsantrasyon da azalir. Deniz karboksidotrofik
mikroorganizmalarindan aerobik ve gram negatif olan Silicibacter pameroyi enerji kaynagi olarak CO
kullanir ve deniz sularinda CO’in oksidasyonunu saglar [27].

Bitki simbiyotik bakterileri (Bradyrhizobium, Mesorhizobium, Sinorhizobium) ve Rhizobiaese’a ait
diger bircok bakteri tiirleri de CO oksitleme yetenegine sahiptir. Gram negatif bir toprak bakterisi olan
Bradyrhizobium, soya fasulyesi ile simbiyotik olarak yasar ve baklagillerden simbiyoz sirasinda azot
baglar. Bitki kokleri ve nodiillerinden iiretilen CO CODH’1n yardimiyla baklagiller tarafindan kullanilir.
CO bulunmasi, bununla birlikte CO leghaemoglobin (legHb) olarak baglanan nitrojenaz aktivitesini
inhibe etmektedir. Bunun sonucunda legHb oksijen baglanmasini 6nlemekte ve nitrojenaz aktivitesine
miidahale etmektedir. Aerobik karboksidotroflarin biiyiik bir grubu olan toprak CO oksidanlar1 da bu
kategoriye girmektedir [34].

Anaerobik Karboksidotroflar

Obligat anaeroblar CO; fiksasyonunda CO>’in CO’e indirgenmesi i¢in CODH kullanirlar. Termofiller
(Carboxydothermus hydrogenaformans), ACS ile birlikte CODH igerirler. Metajonler(Arke) belli
kosullar altinda CO iiretirken, kat1 bir anaerobik termofil olan C. hydrogenaformans CODH kullanarak
CO’1 CO; ve Hy’ye doniistiiriir. Bu tiirler arasindaki CO transferi mutualist bir iligki 6rnegidir.

CO iizerinde cogalabilen ve CO’i metana doniistiiren Methanothermobacter thermoautotrophicus,
kanalizasyon atiklarindan izole edilir. Methanosarcina, Methanobacterium ve Methanobreuibacter de
CO’de biiyliyebilir. Asetojenik bakteriler anaerob (Morella thermoacetica) CODH’a sahiptirler, asetat
sentezi i¢in Wood-Ljungdahl yolundaki enzimi kullanirlar. Olusturulan asetat bocekler ve alt termitler
tarafindan kullanilir [35].

Moorella thermoacetica

Clostridium aceticum, 1981 yilinda izole edilen ilk asetojenik bakteridir. Morella thermoacetica,
Thermoanaerobacteriaceae ailesinden bir Clostridium’dur. M. thermoacetica ¢ok yonlii bir hetotroftur
[36].

M. thermoacetica, karbondioksit eldesiyle ototrofik olarak asetat iiretebilen bir asetojenik bakteridir.
Asetojenesis asetil CoA yolu veya Wood-Ljungdahl yolu ile olusturulabilir. M. thermoacetica cesitli
substratlar kullanan metabolik olarak en farkli asetojenlerden biridir. M. thermoacetia’nin asetil-CoA
yolu ¢esitli ortamlardaki karbon dongiisiinde merkezi 6nem tasir. Dogada, M. thermoacetica durgun
goletler altindaki topraklarda bulunur. M. thermoacetica periyodik termofilik sicakliklardaki
topraklarda yasar ve anaerobtur. Bu termofil bakteri 58 °C’de (140 °F); sekerler, iki karbonlu bilesikler
(glioksilat, glikolat ve oksalat), laktat, piriivat, kisa-zincirli yag asitleri, metoksilli aromatik bilesiklerle
ototrofik ve heterotrofik olarak biiyiiyebilir [37].
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M. thermoacetica nin tam genomu 2008’de dizilenmistir. Tamamlandiginda haritalanan ilk asetojen
olmustur. Genomu, %56’lik GC konsantrasyonuna sahip 2.628.784 baz ciftlik tek bir dairesel
kromozomdan olusmaktadir. Tahminen 2523 proteini kodlayan genin yilizde yetmisinin fonksiyonu
bilinmektedir. 16S rRNA dizilerinin analizi asetojenesisin metabolik bir 6zellik olmasindan ziyade
filogenetik bir 6zellik oldugunu kanitlamada Snemlidir. M. thermoacetica hiicreleri, gram-pozitif ve
cubuk seklindedir. Bunlar 0.4 ila 2.8 mikrometre arasinda degisen hareketlilikten yoksun olan ve
peritrichous kamgiya sahiptir. M. thermoacetica sporlan kiireseldir ve ¢ogunlukla alt terminalde
sporangium i¢inde olusturulmaktadir [38].

M. thermoacetica ve Karbonmonoksit Dehidrojenaz(CODH)

Wood-Ljungdahl ototrofik yolundaki enzimin (ACS/CODH=CODH/ACS) fonksiyonlari reaksiyon-1’i
katalizlemek (CO’dan Asetil-CoA sentezi) ve bir metil grubunu, corrinoid-demir-siilfiir
proteinden(CoFeS) aktarmaktir [26].

Metil grubunun kaynagi CHs;-THF’dir (THF=tetrahidrofolat) ve reaksiyon 2’de CoFeSP’nin
indirgenmis Co'* durumu {izerine aktarilir. CH3-Co**FeSP {izerindeki metil grubu ACS/CODH’in
indirgenmis formuna aktarilabilir (reaksiyon-3). Asetil-CoA’da tutulan THF ye bagl metil grubunun
sterokimyasal konfigiirasyonu gibi olan N, mekanizmalariyla metil transfer adimlar1 gerceklesir. Son
baglanan CoA olmasina ragmen, ilk baglanan metil grubu ya da CO belli degildir[26].

CH;-Co**FeSP + CO + CoASH € CH;(CO)SCoA + Co'*FeSP + H* (1)
Co!*FeSP + CH;-THF + H* €= CH;-Co**FeSP + H-THF )
CH;-Co**FeSP + ACS/CODHyeq € > CH*ACS/CODH,x + Co!*FeSP 3)
CH3-ACS/CODH,, + CO €->CH3(C0O)-ACS/CODH,, @)
CH;(CO)-ACS/CODH,, + CoASH € ->CH;(C)SCoA + ACS/CODHyeq + H' 5)
CO,+ 2¢" + 2H' €= CO + H,0 (6)

Sekil 1. M. thermoacetica’nin ACS operonu

ACS/CODH iki fonksiyonludur ve ayn1 zamanda CO,’in CO’e indirgenmesini geri doniisiimlii olarak
katalizler(reaksiyon-6). M. thermoacetica’nin ACS operonu Sekil 1°de gosterildigi gibidir. Enzim her
bir B alt birimi CO/ CO; redoks katalizi i¢in aktif site iceren bir a3, tetrameridir. Her alt birim aym
zamanda Fe4.S4 kiimesi icerir. Boylece bagka bir kiime a3, tetromerin 2  alt birimi arasinda koprii
kurarken; bu kiimeler, C kiimesi ve dis redoks maddeleri arasindaki elektronlarin transferi i¢in kullanilir.
a alt birimi asetil-CoA sentezi i¢in aktif A kiimesi igerir. A kiimesi de bir Fes.S4’e baglanan [Ni,Nig]
dimeri olusturmada fonksiyon gosterir [26].

CODH’1n (B-alt birimi)

B-kiimesi ve D kiimesi, elektron transferini,

C-kiimesi CO,+ 2¢” + 2H" €< CO + H,0 reaksiyonunu katalizler.
ACS’mn (a-altbirimi)
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A kiimesi CO + CFeSP-CH; + CoA € - asetil- CoA + CFeSP reaksiyonunu katalizler.

M. thermoacetica’nm iki fonksiyonlu enzimi ACS/CODH’mn protein kristalografisi a2
heterotetramerinin 310 kDa oldugunu gostermistir. B-domainleri tek fonksiyonlu CODH’a benzer ve B,
C ve D kiimeleri igerir. Kompleksin her ucunda, ACS aktivitesinden sorumlu A kiimesini igeren o
domainleri vardir. Gazlarin hidrofobik kanallar1 diger A ve C kiimelerini baglayan aktif bdlgeden
gecmektedir. C. thermoaceticum CODH enziminin o alt birimi 729 aminoasitten olusur ve molekiil
agirhigi 81730 Da iken, B alt birimi 674 aminoasitten olugur ve molekiil agirligi 72.928 Da’dur [39].
Aktif bolgeyi iceren [ alt birimi ise ACS etkilesim bolgesi, CODH etkilesim bolgesi ve Ni-Fe-S aktif
bolgesini igerir.

Rhodospirillum rubrum

Fotosentetik bir anaerobik bakteri olan R. rubrum, CO’1 tek karbon ve enerji kaynagi olarak kullanabilir.
CO’1 CO;’e okside ederken CODH enzimini kullanir.

CooA, Rhodospirillum rubrum’dan elde edilmis, hem grubu iceren bir karbonmonoksit duyarh
transkripsiyon faktoriidiir. Coo, siklik adenozin mono fasfat (cAMP) reseptor proteini CRP/fumarat
nitrat rediiksiyon (FNR) ailesi bir transkripsiyon regiilatoriidiir. CooA, sadece CO sensoril i¢in fizyolojik
olarak uygundur ve diger aday CO sensorleri baska hem-tabanli sensorlerle benzer genel 6zelliklere
sahiptir [40]. Bir grup hem-bazli sensor proksimal bir ligand olarak histidin kullanir. Genellikle, bu Fe-
His bagi rezonans Raman spektrumunda diigiik Fe-His germe frekansi ile kanitlandigi gibi zayiftir ancak
bu zayif bagin fonksiyonel rolii belirsizdir [41]. Ote yandan, her bir hem tabanli sensor farkli kiigiik
molekiillii ligandlar i¢in 6zgiilliigii etkileyen 6zel bir hem ortamina sahiptir.

Hem-tabanli sensdrlerde ligand 6zgiilliigiiniin li¢ diizeyi vardir. Oksijenin karbonmonoksitten 20000 kat
daha diisiik dogal bir afiniteye sahip olmasi nedeniyle hem bazli O sensorleri igin ilk 6nemli olan
baglanma seviyesidir. Hemoglobin ve miyoglobinde distal histidin yan zinciri ve O, ligand arasindaki
H-bag1 kullanilarak oran 200°den 25’e diisiiriiliir [42]. Ligand spesifikliginin ikinci seviyesi ligand
koordinasyon 6zelligini igerir. NO sensdrleri i¢in bu seviye yararlidir ¢linkii, NO’nun benzersiz, giiglii
bir trans etkisi vardir. NO igin ¢dziinebilir guanilat siklazin segiciligi (sGC) ¢ok 6nemlidir. Ugiincii
secicilik seviyesi, sensor ligand baglanmasina yanit olan konformasyonel degisikligi temsil etmektedir
(Sekil 2). Belirli bir sensor igin, ligand 6zgiinliigi bu ii¢ diizeyin bir kombinasyonu ile saglanmaktadir
[25].

Karbon ve enerji kaynagi olarak CO kullanan R.rubrum’un cooFSCTJ operonu (Sekil 3), ferrodoksin
benzeri bir protein i¢in gen (cooF), CODH (cooS) icin yapisal gen, ve bir aksesuar proteini (cooCTJ)
icin gen icermektedir [43]. Mikroorganizmalar CO varligini algiladig1 zaman Coo genlerin ekspresyonu
en az 1000 kat indiiklenir [44]. Bir hidrojenaz ve proteinleri kodlayan coo gen kiimesindeki ilk operon,
CODH (co0S) ve bir membran-baglantili elektron transfer FeS proteini igin genlerin ikinci operonunu
olusturan enzimin aktif formunu liretmeyi kapsar. Ayni zamanda en az {i¢ diger gendeki CooS’nin NiFeS
aktif bolgesini Uretmeyi kapsar. Pek ¢ok ¢alisma, CooCTJ iiriinlerinin olgunlagma sirasinda C-kiimesi
icine Ni yerlestirilmesine katildigimi gostermistir [43]. CooC ureE’ye benzeyen bir Ni insertazdir ve
ATP hidroliz ile enerji kullanarak Ni yerlestirilmesinde 6nemli bir yardimci proteinidir. CooJ da
UreE’ye benzer ve en fazla dort Ni iyonu baglayabilen His agisindan zengin bir C-terminali igerir [45].
CooT’nin kesin rolii bilinmemektedir. Fakat Ni saglamada C-kiimesi olarak adlandirilan CO
oksidasyonun aktif bolgesine dahil edilen diger metallere yardimei oldugu bulunmustur [46].

CooA tespit edilen ¢esitli gaz (02, CO, NO) sensorii proteinlerinden biridir [48]. CO, cAMP regiilator
proteini (CRP) ve fumarat nitrat rediiktaz regiilatorii (FNR) igeren transkripsiyonel aktivatdr ailesinin
bir iliyesi olan CooA’ya bagli bir hem tarafindan algilanir [49]. Bu proteinler bir N-terminal efektor
baglama alani icermektedir. CooA’nin inaktif demir formundaki bir histidin kalintis1 (His77) ve amino
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terminal prolini (Pro2) hem ligand olarak fonksiyon géstermektedir [50]. Sadece indirgenmis CooA
yapist bilinmesine ragmen, spektroskopik ¢aligsmalar ligand anahtarlarinin karmagik bir dizisini ortaya
cikarmistir. CooA hemindeki eksenel ligandlar Pro2 ve His77 iken ferrik ligandlar Cys75 ve Pro2’dir
[51,52].

C
NN
i SR R ]
NADPH > NADP
—— I
co
NPAS2 BMAL1 DNA
D
+ 2 + T’
X
FIXL FIXJ DNA

P NN
U ..
]
ADP
P P
Sekil 2. CooA, sGC, NPAS, ve FixL nin efektorlerine karst yanitlarindaki genel davranislart.

(A) CO yoklugunda, CooA homodimeri DNA baglayici yiizeylere (siyah gdlgeli) sahiptir. Spesifik DNA dizilerini
baglamaya olanak saglayan DNA-baglanma yiizeylerinin her bir monomer kismmin CO baglayici iizerindeki
yeniden diizenlemesi dnemlidir. DNA'ya bagli CooA daha sonra gen transkripsiyonuna izin vermek i¢in bir RNA
polimerazi ile etkilesime girer.

(B) sGC NO olmadan inaktif bir heterodimer olarak bulunur. Hem bagli NO, yapisal bir degisikligi tetikleyen
endojen bir histidin ligandi(H) degistirir. SGC'nin aktif konformasyonu &nemli bir sinyal molekiilii olan cGMP
sentezler.

(C) NPAS2 yakin zamanda tanimlanmis fakat tam olarak anlagilamamistir. Hem baglanan kiigiik molekiillerin
varliginda, protein inaktif bir monomer olarak bulunmaktadir. Ama boyle kiigiik molekiillerin bulunmamasi, DNA
baglama ve transkripsiyonu aktive eden BMALI1 gibi bir protein ile aktif bir heterodimer olusumuna yol
acmaktadir.

(D) FixL, hem O, baglandiginda inaktif bir homodimer olarak islev goriir. O, yoklugunda FixL, otofosforilasyona
ve FixJ’ye bu fosfatin daha sonra transferine neden olan konformasyonel degisime ugrar. Fosforile FixJ DNA’ya
baglanir ve anaerobik olarak ifade edilen genlerin transkripsiyonunu aktive eder [25].
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e- transfer Ni proses genleri Transkripsiyonel regiilator

Ferredoksin

CODH CO+H,0--—» CO, + 2H* + 2e"

Sekil 3. Coo regulon. CO varliginda, CooA iki operonun transkripsiyonunu aktive etmek igin promotora
baglanwr. Operonlardan biri zara-bagh bir hidrojenaz ile bunun yardimci proteinlerini kodlarken diger
operon CODH ve bunun yardimci proteinlerini kodlamaktadir [47].

CO, RNA polimeraz ve coo promotdr bolge ile tiretken bir kompleksin olusumunu desteklemeye ve
biiyiik bir yapisal yeniden diizenlenmeye neden olan prolin liganda baglanir [49]. Mutagenez ile, CooA
ve RNA polimeraz arasindaki etkilesimin siteleri haritalanmistir [53]. CooA’daki anahtar bir bolge ve
ilgili proteinler C-heliks olarak adlandirilan bagli-DNA’y1 ve efektor alanlan birbirine baglayan uzun
bir helikstir (sarmaldir) ve dimer arayiizii olarak fonksiyon gérmektedir [48].

Carboxydothermus hydrogenoformans

C. hydrogenoformans CO-kullanan termofilik anaerob bir bakteridir. C. hydrogenoformans genomu
iizerindeki belirlenen (CODH-1-CODH-V) CODH’lar1 kodlayan bes gen icermektedir [54]. Enzimlerin
cesitli fonksiyonlari, genlerine ve yapilan fizyolojik deneylere bagli olarak ileri siiriilmustiir [55]. Buna
gore; CODH-I’in enerji tasarrufu, CODH-II"'nin, NADH {iretimi, CODH-III"iin, asetil KoA yolunda
karbon fiksasyonu, CODH-IV’ln ise oksidatif stres yaniti fonksiyonuna sahip oldugu bulunmustur.
CODH-V ‘in fizyolojik islevi bilinmeden kalmistir. Fakat bazi hizalama analizlerinde korunan ligand
Cys295’in CODH-V’de Glu ile yer degistirdigi kesfedilmistir [S6]. CODH-I-V arasinda, CODH-I ve
CODH-II iyi karakterize edilmis olanlardir. CODH-I ve CODH-II hemen hemen benzer 6zellikler
gosterse de aralarindaki temel fark, CODH-II’'nin CODH-I’den CO oksidasyonu i¢in daha uygun oldugu
gosteren CO ve CN- ile gii¢lii inhibisyonudur [57]. CODH-I, CO; foto-indirgeme sistemlerinde model
katalizordiir. Bir elektrot iizerine absorblanan CODH-I, COz’in ve CO’in hizl1 ve tersinir doniistiimiini
katalizlemektedir [58]. Ikinci fark, CODH-I’in TiO; ile etkilesebilen tek enzim olmasidir. Bununla
birlikte, CODH-I pratik ve tekrarlanabilir CO, azaltma sisteminin gelistirilmesinde kritik olan yiiksek
ekspresyon sistemlerinin olusturulmasi i¢in gereklidir. Ayrica CODH-I, CooC homolog kodlayan bir
geni (cooC3) iceren CODH / hidrojenaz gen kiimesini olusturmaktadir [59].

4. Sonug¢ ve Oneriler

Karbonmonoksit, kan hiicrelerinde bulunan hemoglobin molekiillerinin igerisindeki hem grubu
tarafindan tutularak insanlarin oksijen yetersizliginden zehirlenmelerinin en dnemli sebeplerindendir.
Bu derleme kapsaminda endiistriyel olarak ¢ok cesitli alanlarda kullanilma potansiyeline sahip olan
mikrobiyal karbonmonoksit dehidrojenazlar hakkinda bilgiler verilmistir. CODH enzimi, biyoteknoloji
i¢in bilyiik bir potansiyel sunmaktadir ve birgok endiistriyel uygulamada kullanilabilir. Ornegin
biyosensorlerde CO tabanli problar, CO algilamaya yardimeci olabilecek sekilde tasarlanabilir [60].
Atmosferdeki CO’i azaltmak i¢in CO’in sentez gazlara ve alkanlara doniisiimiinde kullanilabilir [2].

Journal of Agricultural Biotechnology 1(1), 18-30, 2020 26



Melis COKDINLEYEN, Bilge Hilal GADIRCI EFELI

Karboksidotrofik Mikroorganizmalarin Karbonmonoksit Dehidrojenazlari

Ozellikle tiiberkiilozlu hastalarda akciger difiizyon kapasitesini 6l¢gmek igin kullanilabilir [61]. CO
filtreler, sigara filtrelerinde CO,’e doniistiiriilerek CO’i ayirmak igin kullanilabilir [62]. Ancak
giinlimiizde ticari olarak kullanima heniiz ulasamamuistir.
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ABSTRACT

This study was carried out to determine some important pomological and biochemical
characteristics of strawberry tree genotypes selected in Bolu province in Turkey. Twenty genotypes,
which were found to be most promising according to the data obtained during the two years in the
study, were examined. Fruit length was changed between 15.48-21.44 mm, fruit width was 14.07-
21.46 mm and fruit weight was between 2.94-7.47 g in the examined genotypes. Soluble solid
contents (SSC) was changed 13.95-21.75%, fruit juice pH value 3.40-3.83, titratable acid (TA) 0.48-
0.83%; ash content 0.428-0.848%, moisture content 63.78-77.93%, nitrogen content 0.110-0.300%
and protein content 0.760-1.850% respectively. The results obtained suggest that the comparison of
that results of the studies done in our country and the international data shows that the genetically
domesticated genotypes that have grown in the region constitute a promising potential and that
selection studies should be continued under controlled conditions.

Keywords: Arbutus, Biochemical content, Pomology, Strawberry tree.

Tiirkiye'de Bolu Ilinde Secilen Kocayemis Agaci (Arbutus
unedo L.) Genotiplerinin Bazi Onemli Pomolojik ve

Biyokimyasal Ozelliklerinin Belirlenmesi
0z
Bu caligma, Tiirkiye'de Bolu ilinde segilen ¢ilek agaci genotiplerinin bazi énemli pomolojik ve
biyokimyasal 6zelliklerini belirlemek amaciyla gergeklestirilmistir. Caligmada iki y1l boyunca elde
edilen verilere gére en umut verici oldugu tespit edilen 20 genotip incelendi. Incelenen genotiplerde
meyve uzunlugu 15.48-21.44 mm, meyve genigligi 14.07-21.46 mm ve meyve agirlig1 2.94-7.47 g
arasinda degisti. Coziiniir kat1 icerikler (SSC)% 13.95-21.75, Meyve Suyu pH degeri 3.40-3.83, titre
edilebilir asit (TA) % 0.48-0.83, kiil icerigi % 0.428-0.848, nem igerigi % 63.78-77.93, azot icerigi
% 0.110-0.300 ve protein icerigi sirasiyla% 0.760-1.850 degismektedir. Elde edilen sonuglar,
iilkemizde yapilan g¢alismalarin sonuglar: ile uluslararasi verilerin kargilastirilmasinin, bélgede
yetisen genetik olarak yerel genotiplerin umut verici bir potansiyel olusturdugunu ve seleksiyon
calismalarinin kontrollii kosullarda siirdiiriilmesi gerektigini gostermektedir.
Anahtar Kelimeler: Arbutus, Biyokimyasal igerik, Pomoloji, Kocayemis agaci.

* Corresponding Author’s email: tdemir@subu.edu.tr

SUBU Bilimsel Yayinlar Koordinatérligi http://biyak.subu.edu.tr


https://orcid.org/0000-0001-6047-5727
https://orcid.org/0000-0002-3266-4579
https://orcid.org/0000-0001-5041-2298

BEYHAN et al.

Determination of Some Important Pomological and Biochemical Properties of the Genotypes of Strawberry...

1. Introduction

Turkey is the homeland of many fruit species cultured in the world thanks to its geographical location
and climate conditions. Many of the fruit species grown for commercial purposes were created in
Anatolia and cultivated here. There are many fruit species that are not native to Turkey and brought to
Anatolia from different regions of the world and which are easily adapted to the Anatolian climate [1,
2, 3]. One of the fruits species, which is a natural growth area of Turkey, whose value is understood
more with the presentation of its content and whose usage areas for nutritional and medical purposes are
starting to increase, is undoubtedly strawberry tree Arbutus spp. [4, 5, 6].

There are two common species of Arbutus unedo L. and Arbutus andrachne L. that grow naturally in
our kinship country in the Ericaceae family. It is reported that A. unedo species is widespread in Western
Black Sea Region and Marmara Region where Bolu is located and both species naturally grow up in
moist wooded areas in Black Sea, Marmara, Aegean and Mediterranean regions above sea level (700-
1000 m). It is also reported that it is a plant that is more resistant to cold than others, like siliceous, acidic
and granitic soils [3, 7, 8,9, 10, 11].

It is also called locally as strawberry tree, mountain chisel or strawberry tree in the regions that grows
in our country [12, 13, 14, 15]. In general, they have a plant habitat in the form of shrubs or small trees
in forest areas. It is also used in landscaping areas with shrub or shrub forms, impressive flowers and
fruit with green leaf structure and it is grown for these purposes [4, 9, 16]. Along with all the fruits, the
importance of Arbutus unedo has increased by their understanding of their nutritional and medical and
pharmacological properties. Under the conditions of our country, Arbutus unedo blooms between
November and March can mature the fruit all year round. In the regions where it naturally grows, it is
possible to find its fruits especially in the local markets during the autumn until the end of November
[6,17, 18, 19].

Arbutus unedo fruits are heterogeneous and the shape has a heterogeneous structure in terms of weight,
coloration and ripening. Mature fruits are generally round with a diameter of 20-30 mm and red in
different tones. Because of its fruity, it has antiseptic, diuretic, laxative properties. Its leaves use in anti-
diabetic, hypertension and anti-inflammatory treatment. Both leaves and fruits are anti cancerous thanks
to the phenolic substance and antioxidant content of the fruit [20, 21, 22, 23, 24, 25, 26, 27, 28, 29].

Due to these characteristics, research has been started in our country related to this fruit species which
has been increasing in importance and emphasis has been given to selection studies in order to determine
the type of fruit. Agronomic and medical studies are continuing along with selection studies in the Black
Sea Region, especially in the Canakkale, Marmara and Mediterranean Region [3, 6, 16, 17, 18, 19, 30].

This study was carried out in order to determine and compare some important pomological and
biochemical characteristics of the genotypes identified in the selection study that was initiated two years
ago in the central district of Bolu and its surroundings, which are accepted as transition areas between
the Marmara Region and the Western Black Sea Region, and transfer these characteristics to the national
and international data.

2. Material and Methods
2.1. Materials

This study was conducted between 2013 and 2014 in the central districts and affiliated villages of Bolu
province. Twenty genotypes selected as important in the study were obtained in two years. Fruit samples
were taken from the genotypes in each tree, shrub and shrub form that were grown entirely naturally in
forest areas and evaluated based on the weighed scale. Genotypes were labeled by giving the plate code
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of the province of Bolu (14), then the genus name abbreviation (KCY) and then the sequence number
(e.g 14KCY-01).

2.2. Methods

Genotypes were selected in the first step by considering the fruit characteristics and plant characteristics
from the naturally grown populations. In terms of herbal characteristics, criteria such as the form of the
tree, being healthy, being at the same age were taken into consideration. Major morphological
characteristics affecting fruit quality of 20 selected genotypes are fruit size, fruit weight, fruit shape,
soluble solids content (SSC), refractive index, pH of fruit juice, ash ratio, moisture content, titratable
acidity, nitrogen and protein ratios were determined. The fruit sizes were made by digital calipers with
a sensitivity of 0.01 mm over 10 fruits. The amount of soluble solids content (SSC)was measured by
hand refractometer and pH of fruit juice measured by the digital pH meter. Titratable acid is calculated
as g/ 100 ml in terms of malic acid by titration method. In addition, moisture, ash, nitrogen and protein
determinations were determined as percentage values in the samples taken.

3. Results and Discussion

Some important pomological characteristics of the genotypes selected in this study were determined to
determine some important fruit characteristics of the genotypes selected in the province and its villages
in Bolu province. The pomological characteristics of the genotypes examined are presented in Table 1
and the chemical properties are summarized in Table 2. In addition, mean values of these properties and
the variation intervals of these values according to genotypes are given in Table 3. As can be seen from
the Table 1, the mean fruit size of the selected genotypes was 18.47 mm. This value varied between
15.48 and 21.44 mm according to the genotypes. The fruit width was found to be 17.31 mm on average
and the value ranged from 14.07 mm to 21.46 mm. The shape index values obtained from these values
were 1.07 on average. This value varied between 0.95 and 1.18 among the genotypes. All genotypes
analyzed according to shape index values were evaluated as "Round" shape (Table 1).

The obtained data are in accordance with the results of other studies conducted in our country and the
literature. As a matter of fact, similar results were obtained in selection studies carried out in different
regions of Turkey. In the genotypes examined in a study carried out in the Canakkale region, the fruit
length varied between 9.52-29.32 mm and the fruit width varied between 11.15-27.47 mm. Whole
genotypes were evaluated as fruit-shaped round [12].

In another research conducted in Trabzon, the fruit length varied between 16.17-24.54 mm and the fruit
width ranged from 10.74-17.06 mm, and the genotypes were completely rounded in fruit shape [17]. In
different investigation conducted in the Marmara Island genotypes, the fruit length varied between
10.8727.64 mm and the fruit width varied between 12.81 and 25.64 mm [3]. According to the results of
an experiment conducted in Giresun, fruit width average was found as 27.96 mm, fruit size average was
found as 24.37 mm [18]. It was reported that the fruit length varied between 9.96-25.07 mm and the
fruit width varied between 11.47-29.29 mm [19].

The fruit weight is one of the important selection criteria for Arbutus unedo. In the genotypes examined,
fruit weight ranged from 2.48 g to 7.47 g, mean fruit weight was found to be 4.39 g. The fruit weights
of the selected genotypes are also compatible with those obtained in other studies conducted in our
country. As a matter of fact, in a study carried out in the Marmara Island, the fruit weights of the
genotypes ranged from 1.14 g to 8.19 g [3].
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Table 1. Some important morphological fruit characteristics of genotypes.

Genotypes Fruit Fruit width | Shape index | Fruit weight | Fruit Shape | Refractive
length (cm) (cm) (€4) index
14KCY-01 20.61 19.22 1.07 5.36 Round 1.365
14KCY-02 21.44 18.97 1.13 5.46 Round 1.363
14KCY-03 21.04 21.46 0.98 5.97 Round 1.361
14KCY-04 19.98 17.41 1.15 4.60 Round 1.365
14KCY-05 18.92 18.25 1.04 4.07 Round 1.366
14KCY-06 19.59 16.54 1.18 4.57 Round 1.366
14KCY-07 18.48 17.31 1.07 4.40 Round 1.355
14KCY-08 18.45 15.58 1.18 4.21 Round 1.365
14KCY-09 19.31 17.57 1.10 5.02 Round 1.359
14KCY-10 21.06 21.01 1.00 7.47 Round 1.366
14KCY-11 17.83 16.72 1.07 4.54 Round 1.359
14KCY-12 17.55 18.50 0.95 3.97 Round 1.360
14KCY-13 16.82 16.23 1.04 3.30 Round 1.366
14KCY-14 19.06 18.00 1.06 4.83 Round 1.356
14KCY-15 18.47 17.30 1.07 4.39 Round 1.364
14KCY-16 15.48 14.07 1.10 2.48 Round 1.370
14KCY-17 16.23 15.34 1.06 3.47 Round 1.370
14KCY-18 15.61 15.62 1.00 3.12 Round 1.356
14KCY-19 17.06 16.16 1.06 3.71 Round 1.364
14KCY-20 16.50 14.92 1.11 2.94 Round 1.364

Fruit weights in the genotypes examined in Canakkale region ranged from 0.96 g to 13.63 g [12]. It is
reported that fruit weights, which are low in these two studies, belong to Arbutus andrachne L. [3]. Ina
study conducted in Giresun, the average fruit weight was reported to be 10.71 g [18]. In terms of fruit
weight, it can be said that the variation between studies is due to genetic properties. However, the
climatic characteristics of the regions where the studies carried out on fruit weights. Especially in the
Black Sea Region, high humidity ratio increases the fruit weight together with fruit dimensions. It is
also reported that the weight of fresh fruits is close to these values in foreign sources [3, 16].

The values of soluble solid content, fracture index, fruit juice pH, titratable acidity quantity, which are
important criteria in the examined genotypes, are given in Table 2 and the average values and variation
intervals of these values are given in Table 3.

The average value of SSC in genotypes was 18.94%, which varied between 13.95 and 21.75. The mean
pH value in fruit juice was 3.65, which ranged from 3.40 to 3.83. The titratable acid value ranged from
0.048 to 0.083 and was averaged to 0.061 (Table 2).

When compared these values with other studies, there are some differences and close values. As a matter
of fact, the amount of soluble substance in water varies between 12.0% and 24.4% in the Marmara study
[31]. It was changed between 18.5-32.0% in the study conducted in Trabzon [30].

On the other hand, the study conducted in Canakkale reported that the mean score of SSC was 16.0%
[31]. In a study conducted at Unye district, it was reported that this value changed between 16.62-
24.02% [16]. [13] reported that this value was 32.0% in their study. In another study conducted in
Trabzon, it has been reported that the value of SSC varies between 16.50-27.00% [19]. We can say that
the values are similar in terms of fruit juice, pH and titratable acidity. As a matter of fact, in a study
conducted by [3], it was reported that pH grades changed between 3.86-4.80 and vibrational acid value
changed between 0.47-1.68 g/ ml [3].
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Table 2. Some important biochemical properties in fruit of genotypes.

Genotypes SSC PH Ash Moisture Acidity Nitrogen Protein

(%) (%) (%) (%) (%) (%)
14KCY-01 20.45 3.70 0.569 69.02 0.050 0.180 1.090
14KCY-02 19.50 3.40 0.615 72.16 0.077 0.190 1.170
14KCY-03 18.20 3.52 0.495 73.90 0.055 0.170 1.090
14KCY-04 21.10 3.56 0.682 69.26 0.063 0.110 0.710
14KCY-05 18.44 3.73 0.608 72.15 0.056 0.200 1.280
14KCY-06 20.85 3.60 0.621 67.30 0.055 0.170 1.420
14KCY-07 13.95 3.75 0.486 65.94 0.059 0.210 1.850
14KCY-08 19.40 3.52 0.428 68.15 0.064 0.200 1.240
14KCY-09 15.25 3.77 0.662 66.83 0.049 0.260 1.630
14KCY-10 21.75 3.73 0.540 69.28 0.048 0.130 0.800
14KCY-11 17.00 3.74 0.848 69.93 0.068 0.210 1.320
14KCY-12 17.70 3.56 0.823 66.27 0.083 0.190 1.190
14KCY-13 19.60 3.75 0.689 67.33 0.066 0.120 0.750
14KCY-14 21.10 3.52 0.652 70.26 0.070 0.170 1.090
14KCY-15 19.75 3.81 0.639 67.18 0.059 0.230 1.410
14KCY-16 19.70 3.62 0.544 72.63 0.064 0.200 1.290
14KCY-17 13.60 3.61 0.705 67.20 0.062 0.170 1.070
14KCY-18 15.25 3.83 0.716 68.76 0.049 0.220 1.360
14KCY-19 15.00 3.63 0.585 77.93 0.059 0.170 1.060
14KCY-20 19.80 3.68 0.486 63.78 0.066 0.150 1.620

As a matter of fact, in a study conducted by [3], it was reported that pH grades changed between 3.86-
4.80 and vibrational acid value changed between 0.47-1.68 g / ml [3]. Moreover, in a study conducted
in Canakkale, the pH average was around 5.00 [31]. In a study conducted at Unye, it was reported that
the pH values changed between 3.70 and 4.01 and the acidity was 0.4% [16]. Namely it was reported
that pH values ranged from 3.41 to 4.25 and titratable acidity values varied from 1.51 to 3.45 [30]. On
the other hand this value varied between 0.74 and 2.04% [19]. Also the amount of acidity [TA] in
Arbutus unedo was around 4% [31]. It can be argued that the changes in SSC and other chemical
contents, as well as genetic differences, may change depending on the regional differences and
especially on the maturation ratios of the analyzed fruits [3, 16].

Moisture, ash, nitrogen and protein ratios of the selected genotypes were also determined in fruit
samples. The obtained values are summarized in Table 3 and the mean values of these values and the
intervals of these values are given in Table 3.

Table 3. Mean values and the intervals of important fruit characteristics of genotypes.

Fruit Properties Average Values Change Interval
Fruit length (cm) 18.47 15.48-21.44
Fruit width (cm) 17.31 14.07-21.46
Shape index 1.07 0.95-1.18
Fruit weight (g) 4.39 2.94-7.47
Refractive index 1.36 1.35-1.37
Soluble solid content (%) 18.94 13.95-21.75
Fruit juice pH (%) 3.65 3.40-3.83
Ash content (%) 0.63 0.43-0.85
Moisture content (%) 69.51 63.78-77.93
Titratable acidity (%) 0.06 0.05-0.08
Nitrogen content (%) 0.19 0.11-0.30
Protein content (%) 1.22 0.76-1.85
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As can be seen from Table 3, the ash contents in the fruits ranged from 0.428% to 0.848% and the
average value was calculated as 0.63%. As it known, the ash content is an important fruit feature in
terms of revealing the mineral content of the fruits. This property is also consistent with the results of
other studies. As a matter of fact [15] reported that the rate of ash in the samples was 2.82% and the
obtained proportion can be considered low.

Nitrogen content in the examined genotypes was 0.190% on average, and this value varied from 0.110%
to 0.300% according to the genotypes. Protein ratios in the genotypes parallel to the nitrogen ratio have
similar results. As a matter of fact, the average protein ratio was 1.220% and this value varied between
0.760% and 1.850% according to the genotypes. These values are in accordance with other study results.

In a study conducted, it was reported that the crude protein ratio in the genotypes examined was 3.36%
[13].

4. Conclusions

As a result, Arbutus unedo has become a type of fruit which has recently been emphasized both abroad
and in our country, with its full content and health implications. It has been shown that the genotypes
which are examined in this study conducted in and around Bolu province, which is a transit point
between the Black Sea Region and the Marmara Region, it was determined that the genotypes examined
are promising in terms of fruit characteristics.

At the same time, this study is also important in terms of revealing the potential of the area. If these
values are thought to be derived from natural plants that grow in completely natural conditions and have
no cultural practice, it is possible to say that these genotypes will have superior values when cultivated
under controlled conditions. In this respect, it is necessary to determine the appropriate varieties and to
provide the cultivars as standard varieties by considering the continuity of these studies as beginning
and the usage purposes
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