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EFFECTS OF PHOTOPERIOD ON PRECOCIOUS FLOWERING OF SUNFLOWER IN 8 

LINES OF SUNFLOWER UNDER IN VITRO CONDITIONS 

AYÇİÇEĞİNDE FOTOPERİYODUN İN VİTRO KOŞULLAR ALTINDA JENERATİF VE 

VEJETATİF GELİŞİMELERİNE ETKİLERİNİN BELİRLENMESİ 

Assist. Prof. Dr. Mahsa POURALI KAHRIZ 

Ardahan Technical Sciences Vocational School, Ardahan University Campus, Camlıçatak 

Mevkii, 75002, Ardahan, Turkey 

ABSTRACT 

Sunflower is an important plant in the economy of many countries of the World. It is largely 

used to extract oil followed by its use as snacks. Although, sunflower is treated as day neutral 

plant  but dissimilar  responses of sunflower to flowering have been reported in the literature.   

Minimum vegetative  requirement of 12-14 leaves growth has been reported  in pre flowering 

period. Some researchers have reported flowering on sunflower grafts containing 3-4 leaves 

even.  The study aimed to compare  the effects of 16 h light and 8 h dark photoperiod with 8 h 

light and 16 h dark photoperiod using 4 lines of sunflower   to find if the   in vitro grown 

plants regenerated from immature cotyledon node  had different flowering behaviors under 

the influence of two photoperiods conditions. The study exhibited that the flower formation 

was highly influenced by photoperiod and the experimental lines flowered during rooting 

precociously under 16 h light conditions and did not flower under 8 h light conditions  

conditions. The experimental results are of great importance and could facilitate in rapid and 

precise sunflower  breeding using  biotechnological techniques.  

Keywords: sunflower, photoperiod, breeding, generative growth, vegetative growth, long 

days, short days 

ÖZET 

Ayçiçeği elde edilen yağdan dolayı dünyanın birçok ülkesinin ekonomisinde önemli bir 

bitkidir.   Ayçiçeği gün nötr bitki olarak kabul edilmesine rağmen ayçiçeği çiçeklenmeye 

farklı tepkiler vermektedir. Çiçeklenme öncesi dönemde minimum 12-14 yaprak büyümesi 

vejetatif gereksinimi bildirilmektedir. Ancak, bazı araştırmacılar 3-4 yaprak içeren aşılık 

ayçiçeği bitkiler  üzerinde çiçeklenmesini  bildirmişlerdir. Bu çalışmada,  Ekiz çeşidinin 

serbest tozlanma sonucu elde edilen 6 adet hatta 16 saatlik aydınlık ve 8 saatlik karanlık 

fotoperiyodun ve 8 saatlik aydınlık ve 16 saatlik karanlık fotoperiyodun etkileri belirlenmiştir. 

Her iki şartda   in vitro koşullarda elde edilen bitkilerin  çiçeklenme davranışlarında farklılığı 

izlenmiştir. 16 saat aydınlatma süresi erken dönemde çiçek açtığını generatif çoğltmına 

göstermiştir. Ancak, 8 saat aydınlık muamelesi elde edilen bitkilerde sürekli vejetatif büyüme 

ile çiçeklenmediğini göstermiştir. Deneysel sonuçlar, bitki biyoteknoloji olarak  büyük önem 
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taşımaktadır ve biyoteknolojik teknikleri kullanılarak  ayçiçeği ıslahını kolaylaştırabilme 

potansiyele sahiptir. 

Anahtar Kelimeler: ayçiçeği, fotoperiyod, ıslah, generatif büyüme, vejetatif büyüme,  uzun 

günler, kısa günler 

1. INTRODUCTION 

The most important cause of obesity, seen as one of the important problems of our age, is 

animal fats with high cholesterol content (Waxman 2003). This situation increases the need 

for vegetable oil production in the world and in Turkey  (Inan, et al. 2006). Compared to  

animal fats, more essential fatty acids that are obligatory for human body are found  in 

vegetable oils (Langstraat, 1976). 

Sunflower; (Helianthus annuus L.) of the genus Helianthus from the family Compositeae, is 

an annual plant. There are 67 species of the genus Helianthus in the World (Bohm, and  

Stuessy,  2001). 

Sunflower oil ranks first among the preferred vegetable oils in the world in terms of edible oil 

quality (Tawfik, and  Huyghebaert   1999); because it is rich in thiamine, B1, B3, B6 vitamins 

and takes the second place after wheat germ oil in terms of vitamin E (Ghafoor, et al. 2017).  

Peru and Mexico is centre of diversity of sunflower   (Lentz, et al. 2008). It is believed that 

the Sunflower brought by immigrants from Romania and Bulgaria to Turkey after World War 

1. First sunflower production starting in Thrace later today or at least to every part of Turkey 

is very scattered (Kaya 2004). Sunflower oil, which is widely used in the production of solid 

oil as margarine raw material, contains 15% saturated and 85% unsaturated fatty acids; such 

that  14-43% of the unsaturated fatty acids are oleic acid, 44-75% of linoleic and up to 0.7% 

of linolenic acid (Young, and  Wassell  2019,  Akkaya,  2018). The high amount of linoleic 

acid in oils increases  quality of oil by reducing the saturation of the oil. It also  facilitates 

digestion and imrove blood circulation (Aladedunye, and Przybylski 2013).  Today; Intense 

efforts are made to obtain the highest possible yield from limited agricultural areas and to 

increase product quality in breeding. In addition to many factors such as agricultural 

processes like fertilization and soil cultivation, the quality of the used seeds are counted as an 

important input  of agriculture since the beginning of humanity  (Akbari, et al. 2011).   

Sunflower seeds improvement activities have gained momentum in the last 20 years since its 

introduction in Turkey. In parallel to  this   the need to use breeding research  and improving 

present materials has in creased many folds   (Konyalı   2017). The seeds of many plants that 

are grown wild or cultivated in the world contain oil. Some of these plants are perennial and 

the majority of them are  annual plants (Seiler   1992, Jan,  et al. 1998 that  store  oil in their 

seeds (Hussain, et al. 2006). The oil in its seeds is extracted by various methods and evaluated 

in many different areas of the industrial sector. 
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When regenerating  with tissue culture in general, the photoperiod of the climate cabinets and 

rooms are set to 16 hours light and 8 hours dark in general (Mishra, et al.  2012). Agricultural 

biotechnology can play an important role in breeding  of new sunflower varieties. In this 

direction, there is a need to develop rapid breeding techniques and protocols and to use 

procedures that can  increase the germination and propagation of the plants (Salunkhe, et al. 

1992).  

In general, sunflower is considered a day neutral plant (Blackman, et al. 2011). However, 

Sunflower varieties show different reactions to flowering. Some researchers report flowering 

in the plant as a result of sunflower  grafting  at 3-4 leaves stage (Konyalı 2017).  

There are limited researches on biology and physiology of sunflower and photoperiod 

sensitivity to  cultivars to generative growth. The aim of the present study was to contribute 

additional evidence on this phenomenon by testing medium composition and photoperiod  

conditions to find ways to reduce precocious flowering in tissue cultured plants. 

2. MATERIALS AND METHODS 

Experimental material 

Sunflower seeds were obtained from Prof. Dr. Khalid Mahmood Khawar of the Department 

of Field Crops Ankara University Turkey.  This study used  12/15, 15/12, 24/19, 28/29, 48/33 

and 13/34 sunflower lines obtained as a result of open hybridization of local cv. Ekiz  of 

sunflower.  

Seed sterilization 

The immature seeds of six sunflower line used in this study were peeled before sterilizing 

them in 1% NaOCl solution for  5  min. The solution contained 500 µl (v/v) Tween 20. They 

were rinsed 3  × 7 min with 2 times distilled  sterile water. The seed sterilization was 

performed in laminar  flow cabin. Thereafter, the immature seed embryos of the six sunflower 

lines were  obtained from the sterilized seeds of six sunflower lines by holding them with 

foreceps and cutting with bisturi. These explants were cultured on MS medium containing 0.5 

mg/l Kinetin containing 0.5, 0.6, 0.7 and 0.8 mg/l NAA  (4 combinations) and  30g/l sucrose 

for  5 weeks at 26±2°C under 50 µmol m-2 s-1 light intensity. The best shoot regeneration 

medium was selected at this step. The shoots induced on this medium were rooted on  MS 

medium containing 0.1 mg/l IBA for  5 weeks at 26±2°C under 50 µmol m-2 s-1 light intensity  

by   equally dividing them  in to two parties. The shoots in one party were cultured under 16 

hours light/8 hours dark photoperiod  and the shoots in other party was rooted under 8 hour 

light and 16 h dark photoperiod.  

Statistical analysis 

Each treatment contained 60 explants that were equally distributed in 12 replications in shoot 

regeneration and rooting experiments. All rooting experiments were carried out under 16/8 or 
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8/16 h light/dark conditions.  All morphological data was collected at the end of each 

experiment.  SPSS for windows (v. 24. SPSS Inc. USA) was used to  compare means with 

univariate or one way ANOVA.  Post hoc tests were performed using Duncans new multiple 

range test. Data given in percentages were subjected to arcsine (X) transformation (Snedecor 

and Cochran, 1967) before statistical analysis. 

3. RESULTS 

Callus formation was noted on the immature embryos of all sunflower lines, regardless of the 

cultures medium used.  

However, callus weight was strongly affected by the line of sunflower and the  cultures 

medium used. The most heavier calli were measured on line 12/15 of sunflower. The 

minimum weight gain was noted on sunflower line 13/34. Callus weight ranged 1.26 – 2.68 g, 

1.14 -2.47 g, 1.11- 3.45 g, 1.34 -2.55 g on MS medium containing 0,5mg/l kinetin +0.5 +0,5, 

0.6, 0.7, 0.8 .mg/l NAA (4 combinations) respectively.  The maximum callus weight ranged 

2.47-3.45 g on line 12/15. The minimum callus weight had range of  1.11- 1.34 g on line 

13/34. 

Shoot formation percentage (%) was strongly influenced  by the line of sunflower and the  

cultures medium used. The maximum shoot formation percentage (%) was measured on line 

12/15 of sunflower. The minimum shoot formation percentage (%) was noted on sunflower 

line 13/34. Shoot formation percentage (%)  ranged 30 – 93,33%, 26.66 -100%,  76.00- 100%, 

60.33 -100.0% on MS medium containing 0,5mg/l kinetin +0.5 +0,5, 0.6, 0.7, 0.8 .mg/l NAA 

(4 combinations) respectively.  The maximum shoot formation percentage ranged 93.33-

100% on line 12/15. The minimum callus weight had range of  30- 76.00% on line 13/34. 

Number of shoots per explant was also strongly influenced  by the line of sunflower and the  

cultures medium used. The maximum number of shoots per explant was measured on line 

12/15 of sunflower. The minimum number of shoots per explant was noted on sunflower line 

13/34. Number of shoots per explant ranged 1.13  – 7.17, 1.14 -5.50,  3.35- 10.01, 1.66 -7.39 

on MS medium containing 0,5mg/l kinetin +0.5 +0,5, 0.6, 0.7, 0.8 .mg/l NAA (4 

combinations) in the same order.  The maximum number of shoots per explant ranged 7.17-

10.01 on line 12/15. The minimum number of shoots per explant had range 1.13- 3.35 on line 

13/34. 

In line with the methodology described in the previous section, the maximum shoot 

regeneration was noted on MS medium containing 0,5mg/l kinetin + 0,7 mg/l NAA. Therfore, 

the shoots regenerated on this medium were selected for rooting 

Half of these  shoots were rooted on MS medium containing 0.1 mg/l IBA by culturing them 

in    16 h light 8 h dark photoperiod. A variation in the rooting and flowering was noted on all 

six cultivars. These  shoots from 6 sunflower lines induced variable but precocious flowering 

after 4-5 weeks of cultures (Table 2).  All shoots were rooted successfully under 16 or 8 h 

4



light /8 or 16 hours dark photoperiod. The number of flowers varied in range of 1.48-1.97 

flowers per plantlet. The flowers were abnormal in the structure along with no  pollen.  

However  no flowering was noted on shoots under 8 hour light /16 h dark photoperiod and 

continued vegetative growth. The 8 hours light photoperiod treated shoots were  accustomed 

to the external conditions.  These plantlets continued vegetative growth and flowered when 

the plants took about one meter length after about 64-68 days. This is a desired situation. 

4. DISCUSSION 

This study provides an evidence that the tissue culture studies on 6 sunflower gentoypes and 4 

different hormonal treatments used in this sudy showed direct evidence of photoperiod based 

response of precocious sunflower blooming. Precocious  blooming of sunflower 

plantlets is not desirable as they failed to produce seeds. Finer (1987), Freyssinet and 

Freyssinet (1988). Pelissier et al. (1990), Knittel et al. (1991), and Chraibi et al. (1992) have 

reported failure to retard precocious blooming in sunflower during in vitro development of the 

young plantlets.   The results are in partially agreement with a previous study by  Ivanov et al 

(1998), whereby    they presented  evidence   on precocious flowering of sunflower 

regenerants. They noted 31, 55 and 62% flowering on sunflower using 8/16 h, 12/12 h and 

16/8 h, light / dark  photoperiods in the same order at 20 ⁰C.  

Cueto and Dathe (1986) has reported the influence of auxins on precocious flower bud 

formation They have reported increased    peroxidase and indole-3acetic acid (IAA)-oxidase 

activities on    floral    bud induction ocur before induction of some generarive morphological 

changes in plant structure during tissue culture. Sergeeva et al. (1985) and Cueto and Dathe 

(1986) have also reported such blooming in  tobacco and coffee with increased  generative  

morphogenesis.  Whereas, Legrand and Bonazza (1991)  confirm  that use of 2,4-

dichlorophenoxyacetic acid (2,4-D) and   IAA  retard  blooming  in coffee.  They infer that  

temperature    of 23-30⁰C stimulate and induce flowering. They found that  reduced 

temperature and elongated dark photoperiod    retard or inhibit bud induction and 

subsequently flowering. 

In the present study, the influence of daylength reduction on bud formation was also 

investigated in line with the results of  Legrand and Bonazza (1991) on Cichorium intvhus, 

where a strongly diminished capacity for bud formation of rooted explants was noted under 

darkness. In the present experiments (Table2) no preeocious bud formation and flowering was 

recorded in sunflower using 8 hours light and 16 hours dark conditions due to  influence of 

reduced daylength. 

The reaction of the  genotypes used in the study to 4 different regeneration treatments in MS 

medium  under two culture conditions showed clear influence of photoperiod on blooming  

for the six gentoypes used in this study; with  100% precocious flowering under 16 h light and 

no flowering under 8 hours light conditions during rooting. However, number of precocious 

flowers varied depending on the genotypes used. Whereas,  
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the experiments in the present study suggest that in vitro flowering is diminished completely 

under increased darkness in agreement with  Legrand and Bonazza (1991) for Cichorium 

intvhus. 

The variations in results could be due to different genotypes and plant growth regulators used 

in two studies under in vitro conditions and emphasise that culture conditions, nutrition 

medium and genotypes contribute to precocious flowering in sunflower. 

The experimental results are of great importance and can facilitate fast and precise sunflower 

breeding using sunflower biotechnology prrotocols. The importance of photoperiod 

treatments for healthy fast sunflower plant breeding with the support of plant biotechnology 

studies was emphasized. 
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Table 1. The effects of  4 different regeneration medium on callus weight, shoot formation percentage and number of shoots per explant  of six 

sunflower lines  

Line 

Callus weight  (g) Shoot formation percentage (%)  Number of shoots per explant 

0.5mg/l 

kinetin 

+0.5mg/l 

NAA 

0.5mg/l 

kinetin 

+0.6 

mg/l 

NAA 

0.5mg/l 

kinetin 

+0.7 

mg/l 

NAA 

0.5mg/l 

kinetin 

+0.8 

mg/l 

NAA 

0.5mg/l 

kinetin 

+0.5mg/l 

NAA 

0.5mg/l 

kinetin 

+06 mg/l 

NAA 

0.5mg/l 

kinetin 

+0.7 mg/l 

NAA 

0.5mg/l 

kinetin 

+0.8 mg/l 

NAA 

0.5mg/l 

kinetin 

+0.5mg/l 

NAA 

0.5mg/l 

kinetin 

+06 mg/l 

NAA 

0.5mg/l 

kinetin 

+0.7 

mg/l 

NAA 

0.5mg/l 

kinetin 

+0.8 

mg/l 

NAA 

12/15 2.68a 2.47a 3.45a 2.55a 93.33a 100.00a 100.00a 100.00a 7.17a 5.50a 10.01a 7.39a 

15/12 1.37d 2.45a 2.23b 1.52b 83.33b 83.33b 90.00b 83.33c 6.98a 2.93c 1.16e 3.33c 

24/19 2.16b 2.33a 2.14b 1.44b 83.33b 73.33c 100.00a 100.00a 4.69b 3.43b 7.16b 3.81c 

28/29 1.74c 2.28a 2.36a 2.22ab 70.00c 86.66b 90.66b 80.00c 4.45b 2.99c 7.32b 5.72b 

48/33 1.68c 1.39a 2.28b 1.47b 30.00d 53.33d 80.00c 90.00b 1.33c 3.59b 4.31c 1.43d 

13/34 1.26d 1.14b 1.11c 1.34b 30.00d 26.66e 76.00d 60.33d 1.13c 1.14d 3.35d 1.66d 

All values shown in a single column showed by different letters are significantly different using Duncans multiple range test at 0.05 level of significance. 
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Table 2. Rooting and precocious flowering behaviour of six sunflower lines used in the study 

under 16/8 h   and 8/16 h light/dark  photoperiod 

Sunflower 

Line  

16 h light / 8 hour dark photoperiod 8 hour light/16 hour dark photoperiod 

Rooting 

percentage 

(%) 

Flowering 

percentage 

(%) 

Number 

of flowers 

per plant  

Rooting 

percentage 

(%) 

Flowering 

percentage 

(%) 

Number of 

flowers per 

plant  

12/15 100.00 100.00 1.97a 100.00 0.00 0.00 

15/12 100.00 100.00 1.21e 100.00 0.00 0.00 

24/19 100.00 100.00 1.95a 100.00 0.00 0.00 

28/29 100.00 100.00 1.79b 100.00 0.00 0.00 

48/33 100.00 100.00 1.61c 100.00 0.00 0.00 

13/34 100.00 100.00 1.48d 100.00 0.00 0.00 

All values shown in a single column showed by different letters are significantly different using Duncans multiple range 

test at 0.05 level of significance. 
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ABSTRACT 

Today, the world is going through a major crisis due to climate change. In the industry, which 

is one of the most important human causes of climate change, the reduction projects targeting 

sustainable green production gained a great importance in marketing by adding environmental 

and climate change issues to the consumer decision making models. Innovation projects stand 

out due to the sustainability statement included in the companies' missions. In addition, 

associations and funds that support corporate ecological activities are created.  

Using sustainability as a marketing strategy has led some companies to do green washing. 

This situation had a negative impact on consumers and investors. For this reason, companies 

that have sustainability among their ideals need to progress cleanly and ecologically, 

especially in production processes. 

In this study; Some data has been requested from local and organic cleaning products 

companies in Turkey. The provided data of energy, water, raw materials and waste 

information are compared according to Global Reporting Initiative G4 Standards. In the 

evaluation process, a scenario where the organic product, which is assumed to have a low 

carbon footprint, is produced in the average multinational cleaning products firm, is used. As 

a result, the optimum points of the process are determined in terms of environmental 

sustainability so as not to allow green washing for a facility that will produce with the 

“organic” label. Therefore, the study is aimed to show the situations where the words used in 

marketing are actually manifested environmentally. 

Keywords: Circular economy, zero waste, green marketing, greenwashing, sustainability 

report 

ÖZET 

Günümüzde Dünya iklim değişikliği sebebiyle büyük bir krizin içinden geçmektedir. İklim 

değişikliğinin en önemli beşerî sebeplerinden biri olan endüstride ise tüketicinin karar verme 

modellerine, çevre ve iklim değişikliği konularının eklenmesi ile sürdürülebilir yeşil üretimi 

hedefleyen azaltım projeleri pazarlamada büyük bir önem kazanmıştır. Şirketlerin 

misyonlarında sürdürülebilirlik ifadesinin yer alması hasebiyle inovasyon projeleri öne 

çıkmakta; kurumsal ekolojik faaliyetleri destekleyen dernekler ve fonlar oluşturulmaktadır. 

Sürdürülebilirliğin bir pazarlama stratejisi olarak kullanılması bazı şirketlerin yeşil yıkama 

yapmasına yol açmış olup bu durum tüketici ve yatırımcılar üzerinde olumsuz etki 
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bırakmıştır. Bu sebeple idealleri arasında sürdürülebilirlik bulunan firmaların özellikle üretim 

süreçlerinde açık ve tutarlı bir şekilde temiz ve ekolojik ilerlemesi gerekmektedir.  

Bu çalışmada; Türkiye pazarında bulunan yerel ve organik bir temizlik ürünleri firmasından 

temin edilen enerji, su, hammadde ve atık verileri Küresel Raporlama Girişimi G4 

Standartları’na göre incelenmektedir. Değerlendirme sürecinde özellikle karbon ayak izinin 

düşük olduğu varsayılan organik ürünün, ortalama çok uluslu bir temizlik ürünleri firması 

tonajında üretildiği bir senaryo kullanılmaktadır. Sonuç olarak “organik” etiketiyle üretim 

yapacak bir tesis için yeşil yıkamaya mahal vermeyecek şekilde çevresel sürdürülebilirlik 

açısından sürecin optimum noktaları belirlenmektedir. Dolayısıyla çalışmada, pazarlamada 

kullanılan kelimelerin çevresel açıdan gerçekte tezahür ettiği durumların gösterilmesi 

hedeflenmektedir. 

Anahtar Kelimeler: Döngüsel ekonomi, sıfır atık, yeşil pazarlama, yeşil yıkama, 

sürdürülebilirlik raporlaması 

1. INTRODUCTION 

Being a natural part of the ecosystem, human beings have caused the natural cycle of the 

ecosystem to deteriorate with the use of uncontrolled resources and rapidly increasing 

environmental destructions. Environmental pollution started to pose a danger especially after 

the Industrial Revolution. Because of the uncontrolled production, emissions of factory-borne 

pollutants were started to be released. In addition, the cities had become employment areas 

due to the industrial revolution. Therefore, rapid migration from rural areas to cities started. 

Environmental pollutants have increased due to the inability to provide shelter in the 

immigration rate and poor urbanization population. And with environmental pollutants, the 

climate started to change rapidly. Today, we know that anthropogenic pollution is the biggest 

cause of Climate Change. The formation and evaluation of future scenarios for Climate 

Change led to innovations to stop activities that cause greenhouse gas emissions. This resulted 

in the emergence of the concept of sustainable production and innovative improvements in the 

industry. However, in some cases, it has been observed that products marketed with 

sustainable or natural labels are not so.  

This study aims to represent the environmental expressions of a product that is marketed with 

natural, green or sustainable labels. 

2. LITERATURE REVIEW  

Previous studies show that there is a variety of different approaches towards the development 

of sustainable innovation. Environmentalism for consumers is defined as "awakening" in the 

1960s, "acting" in the 1970s, "being affordable" in the 1980s, and "power in the market" in 

the 1990s [1]. In addition to the purpose of putting green products into sustainable market by 

making sustainable production, its main purpose is to ensure that there are environmentalist 

consumers in the target audience of companies.  
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Green consumers can be defined as consumers who want to have information about the inputs 

and outputs of the product they purchase and evaluate this information within the scope of 

sustainability. This situation causes green marketing to fail in some cases. Because 

transparency and reliability are very important especially in sustainability. Otherwise, the 

image of the company will be damaged. There are many discussions about how the industry 

uses this sensitivity of consumers as a marketing tool instead of taking meaningful steps in 

this regard. In the 1980s and 1990s, businesses that wanted to quickly bring green products to 

the market did not include the consumer and the needs of the consumer, which should be the 

main focus in marketing practices. Focusing only on environmentally friendly products has 

led to the introduction of high-priced and low-performance products [2]. However, 

sustainability alone does not progress through the environment. Sustainability should be based 

on economy, ecology and sociology as a tree bottom line. Therefore, green production, green 

innovation and industrial sustainability require a sensitive determination with detailed 

research. 

3. GREENWASHING 

Marketing of products that are not produced with clean production processes and that do not 

have natural content with ecological or natural labels is defined as Green Washing. Even if 

consumers see the label and advertisements of the brand, they want to know the raw material 

and supplier selection, production processes as well as the transportation and packaging data 

of the product. Facing a situation like green washing for a company can have very bad results 

in terms of image and consumer perception. 

For example, the water released by Fiji Water with a gift from nature has a rather large carbon 

footprint compared to tap water [3]. Bottled waters have been shown to produce 600 times 

more CO2 than tap water [3]. In the case of Fiji Water, this inequality is further increased by 

the enormous distance that water must go [3]. Aside from the removal, packaging and bottling 

of the water, transportation by land and sea, storage (usually in the refrigerator) and disposal 

or recycling of the bottle are taken into account and all these activities contribute significantly 

to the carbon footprint of Fiji Water. 

4. CASE STUDY 

The company examined in the study is located in Aydın. The company is a national, 

sustainable and green production cosmetics company that uses high acidic olive oils as raw 

materials in the villages that local olives cannot consume as food. The organic product 

produced sustainably with natural raw materials has been evaluated according to the waste 

and raw material related articles of global reporting initiative standards. Global Reporting 

Initiative (GRI); It is an international independent organization that helps governments, 

companies and other organizations understand and communicate their impact on climate 

change, human rights, corruption and other critical sustainability issues [4].  
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Firstly, when compiling the information specified in GRI standards Description 301-3, it 

should be stated in this article that "Percentage of products and packaging materials recovered 

for each product category" [5].  Environmentally friendly and zero waste labels draw attention 

in the marketing strategy of this product. When the finished product is delivered to the 

consumer, a separate package is not used for each product and the product is delivered in 

multiple cases with a wooden case. As the reuse and recycling of the wooden case is possible, 

the waste information used in the marketing strategy reflects the truth. If a product has a zero 

waste label in its marketing strategy, at least its packaging must be recyclable or reusable. 

Otherwise, it is green washing with zero waste label. 

When compiling the information specified in GRI Standards Description 204-1, supporting 

local suppliers should be specified [5]. Buying from the local supplier is one of the basic 

requirements of the sustainable supply chain. In addition, due to the same item, it is necessary 

to "explain the reason and method for monitoring the source, source or production conditions 

of the raw materials and production inputs, if any" [5]. 

The raw materials of the company are basically similar to global companies; It consists of oil, 

water, basic substance and additional substances. However, vegetable oil, which is used 

differently from other companies, is obtained from high-grade olive oils that local olives 

cannot consume as food. and This is a good example for industrial symbiosis. Apart from this 

raw material, it uses water, sodium hydroxide and salt substances. In this case, the raw 

material properties of a soap introduced to the market with its natural label should be similar. 

However, most soap products on the market with their natural label contain only abrasive 

supplements that increase the amount of foam, such as Sodium Laureth Sulfate (SLES) or 

Sodium Lauryl Sulfate (SLS). natural series, a product launched with a natural ingredient 

label should not contain abrasives such as SLES or SLS. Otherwise there was green washing. 

5. CONCLUSION AND DISCUSSION 

Today, the effects of the ecological crisis are very common. The current production and 

consumption sector is also changing due to facing and fear of this crisis. This change in the 

sector basically led to the formation of green consumer, green economy and green marketing. 

As a result, there is a need for sustainable management of raw materials and resources. 

Continuity in supporting products in the life cycle chain emphasizes product development and 

better production in marketing. In addition, this whole process should be considered with 

smart consumption habits [6]. 

Environmentally friendly brands are perceived by the consumer with a high image. however, 

the preference rate of the brand is low [7]. Although consumers believe in the necessity of 

environmentally friendly practices, they do not find the practices of companies credible and 

sincere. [7]. At this point, transparency and reliability are very important. In order for all these 

strategies to be valid and sustainable in the market, their background must be reliable and 

consistent. Otherwise, the strategies reverse and cause the so-called Green Wash. 
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In this study, natural, zero waste, sustainable product labels used in green marketing; It is 

aimed to show what it actually means in the raw material and production part. The study 

provides information that a green consumer can use as a basis for comparison when 

questioning the company's sincerity and reliability. The product marketed with the natural 

serial label should not contain any abrasive materials such as SLES, SLS, and a product 

marketed with a zero waste label should not have an irreversible packaging. 
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ABSTRACT 

Cyprus is among the most important oil and gas regions of the world in terms of geographical 

location and geological features. However, a limited number of oilwells has been drilled in 

Cyprus so far for hydrocarbon exploration. Even though the hydrocarbons were found in 

Türkyurdu-1 oilwell in Northern Cyprus, their amount in this well has not been evaluated as 

an economic discovery. This well indicates that petroleum has occurred onshore in Northern 

Cyprus, and there may be oil and/or gas fields to be economically produced if the wells are 

drilled at the correct locations. The main reason for the lack of economic oil and gas fields 

onshore in Northern Cyprus is the insufficient exploration activities which are required to 

contain geochemical analysis, geophysical survey, and drilling. In this study, the potential 

target areas and exploration methods that may be assessed for economically viable oil and gas 

discovery onshore in Northern Cyprus are suggested in the light of the existing geological and 

geophysical data. 

Keywords: Northern Cyprus, oil and gas exploration, hydrocarbon exploration targets, 

hydrocarbon exploration methods, TPH in water analysis, oil in water analysis 

1. INTRODUCTION 

Both onshore and offshore areas of Northern Cyprus are among the most important oil and 

gas regions of the world in terms of geographical location and geological features (Fig. 1). 

For this reason, Cyprus has attracted the attention of oil companies. Until 1974, seven 

exploration wells were drilled in various regions of the island of Cyprus. However, any 

favorable result could not be obtained from these wells. In Cyprus, 2 wells with the depths of 

853 m and 1829 m in Limassol, 3 wells having the depths of 716 m, 2585 m, and 1250 m in 

the south of Lefkosia (Nicosia), 1 well with 3295 m depth in Geçitkale, and the well 

Türkyurdu-1 having 4200 m depth were drilled by Turkish Petroleum (TPAO) in İskele in 

2012 as the hydrocarbon exploration wells. Nevertheless, in Cyprus, very few wells have been 

drilled for hydrocarbon exploration purposes up to this time. Although a petroleum zone 

discovery was made in Türkyurdu-1 oilwell, this well has not been considered at an 

economically producible hydrocarbon level. This well shows that oil and/or gas has occurred 

onshore in Northern Cyprus, and oil and/or gas fields  may be present onshore to be extracted 

16



 
 

economically if the wells are drilled at the appropriate locations. In this study, the target areas 

and exploration methods that may be taken into consideration for oil and gas onshore in 

Northern Cyprus are come up with in the light of the currently available geological and 

geophysical data. 

 

Fig. 1. Major petroleum provinces of the Tethyan region (Marlow et al., 2014). 

2. GEOLOGICAL SETTING OF NORTHERN CYPRUS 

Various research studies have been conducted on the geology of Northern Cyprus (Gass and 

Masson-Smith,1963; Cleintuar et al., 1977; Harrison et al., 2004; Kinnaird et al., 2011; 

McCay and Robertson, 2012; Harrison et al., 2013; Palamakumbura and Robertson, 2016). 

The island of Cyprus is generally divided into four geological zones. In the north, there is the 

Kyrenia range which covers of the Beşparmak Mountains and their surroundings. The 

Troodos Mountains are situated towards the southwestern part of the island. This area covers 

the entire zone of the Troodos Massif and its surrounding area which is also known as 

Troodos Ophiolite. The Troodos Massif is surrounded by the third geological area, the 

Circum Troodos Zone which is also known as the Zone of the Autochthonous Sedimentary 

Rocks. The last zone is called the Mamonia Complex in the southern part of the island (Fig. 

2). 
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Fig. 2. Outline geological map of Cyprus showing the main tectonic units and sedimentary basins (modified 

from Kinnaird et al., 2011) and geological cross-section (Palamakumbura and Robertson, 2016). 

3. OİL AND GAS POTENTİAL OF ONSHORE İN NORTHERN CYPRUS 

Tethyan Region is a huge oil and gas belt in which Turkey is located. Type-II kerogen-

containing high-yield source rocks formed prosperous oil and gas reserves in the Tethyan 

Region, a marine route between the Gondwana and the northern continental groups (Boreal) 

during the Silurian-Holocene period. The source rock deposition in the region was 

continuously supported by the successive opening and closing of Paleotethys and Neotethys.  

The opening of each Tethys ocean was caused by extensional tectonics forming a continental 

rift. It is seen that these rift basins developed in various geological times are depositional 

areas of petroleum source rocks in the Tethys region. This tectono-sedimentation system has 
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been influential in the generation and accumulation of petroleum associated with the Tethys 

region-specific forms (Ozdemir and Palabiyik, 2019) (Figs. 1 and 3).  

 

 
 

Fig. 3. Map of paleogeography and hydrocarbon formation of the Eastern Mediterranean basin during the 

Oligocene - Miocene period (33-5 million years). On the map, it is seen that the Eastern Mediterranean basin in 

Cyprus island is one of the most important natural gas basins belonging to the Oligocene-Miocene geological 

period (Klemme and Ulmishek, 1990). 

The northern part of Cyprus is divided into two tectonostratigraphic terranes, the boundary of 

which is the Ovgos fault zone. In the Middle Miocene, the Ovgos fault zone was a marine 

platform margin, which separated open-marine platform carbonates from deep-marine 

turbidites. Transpressive movement along easterly and northeasterly trending structures 

dominated the Late Miocene; deposition and preservation of Messinian evaporites occurred in 

grabens at intersections of these trends. This situation indicates that a platform-margin-like 

geologic setting must have existed over the Ovgos fault zone during the Early to Middle 

Miocene and Oligocene (Harrison et al., 2004). The bulk of the Kythera Group is flysch, or 

abyssal turbidites, comprising a monotonous sequence of sandstone, siltstone, marl, and rare 

foraminiferal chalk. A Middle Miocene to Oligocene age is assigned to the flysch of the 

Kythrea Group and was syn-deposition with a shallower open-marine environment. Cleintuar 

et al. (1977) stated that Oligocene and Miocene units in Cyprus contain organic-rich clays and 

sapropels. These units are possible petroleum source rocks in the northern part of the island 

(Figs. 4 and 5).  
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Fig. 4. Schematic of south-north cross-section showing the relation of Middle Miocene depositional 

environments for Kythrea Group in the northern part of Cyprus and composite stratigraphic sections for the 

Kyrenia terrane. (Harrison et al., 2004). 

 
 

Fig. 5. Stratigraphic sections of the northern part of Cyprus  (modified from Cleintuar et al., 1977). 
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4. RECOMMENDED HYDROCARBON EXPLORATION TARGETS IN ONSHORE 

OF NORTHERN CYPRUS 

Numerous studies exist regarding the methods and field applications of gravity and 

aeromagnetic data of use in oil and gas exploration (Gadirov 1994; Piskarev and Tchernyshev 

1997; Gadirov and Eppelbaum 2012; Gadirov et al. 2018; Ozdemir 2019a-c; Ozdemir et al., 

2020). Analysis of gravity and magnetic anomalies has been a permanent element of 

hydrocarbon exploration and discovery in West Siberia for half a century (Piskarev and 

Tchernyshev, 1997). Gass and Masson-Smith (1963) and Papadopoulos et al. (2016) have 

created and interpreted the gravity and magnetic maps of the island of Cyprus. The “terraced” 

maps of the total magnetic field and residual Bouguer field of Cyprus were prepared by 

Papadopoulos et al. (2005). The units in these maps are arbitrary and the maxima of the 

horizontal gradient have been superposed (Fig. 6). These maps are related to the geological 

map of Cyprus and two potential areas have been determined, which may be hydrocarbon 

traps according to their structural geological features (Figs. 7-9). 

 

 
Fig. 6. Recommended two hydrocarbon exploration targets in onshore of Northern Cyprus (red circles). a. The 

“terraced” map of the residual Bouguer field of Cyprus (Papadopoulos et al., 2005). b. Geological map of 

Cyprus (modified from Cleintuar et al., 1977). 
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Fig. 7. Locations of potential oil and/or gas reservoirs in onshore of Northern Cyprus (red polygons). 

 

 
 

  
 

Fig. 8. Location of potential oil and/or gas reservoir and trapping model in Mormenekşe (Gazimağusa District) 

(red polygon). 
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Fig. 9. Location of potential oil and/or gas reservoir and trapping model in Karpaz Peninsula (red polygon). 

5. RECOMMENDED HYDROCARBON EXPLORATION METHODS IN ONSHORE 

OF NORTHERN CYPRUS 

Recently, TPH (Total Petroleum Hydrocarbons) in water analysis has been started to be used 

in petroleum exploration, which allows the determination of hydrocarbon-rich waters and 

organic geochemical properties in basins/regions where source rocks are not exposed at the 

surface as outcrops (covered basins) or have been exhausted (depleted or spent) (Ozdemir 

2019a-c; Ozdemir et al., 2020). Besides, in latest studies, it has been come into existence that 

all organic geochemical analyses conducted on source rock and gas samples can also be 

applied to the hydrocarbon-rich surface and subsurface waters determined by TPH in water 

analysis and that the same analysis and interpretation results for the same basins/regions have 

been reached (Ozdemir 2018; Liu et al. 2018). According to these studies, if an oil and/or gas 

reservoir exists in a region, the surface and subsurface waters in the study area should be 

enriched in terms of mature petroleum hydrocarbons. Consequently, it can be concluded that 

the method of TPH analysis in water will serve reservoir-targeted oil and gas exploration 

activities.  As a result of the authors’ long-term experiences on geological and geophysical 

data analyses and interpretations, two potential areas have been identified that could be oil 
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and/or gas reservoirs in onshore of Northern Cyprus. It is estimated that the presence of oil 

and/or gas reservoir in these areas can be proven by analysis of TPH (Total Petroleum 

Hydrocarbons) in the water to be carried out in the surface and groundwater (including water 

wells and natural cold springs) of these areas. After conducting geochemical processes 

proving the existence of mature hydrocarbons in natural water resources with TPH analysis, 

drilling operations can be performed by detailed geophysical measurements in these areas. 

TPH analysis in water, which is a new reservoir-targeted oil and gas exploration method, has 

not been used for petroleum exploration in Northern Cyprus land areas by now. In this 

respect, the aforementioned method can be taken as an innovative exploration technique into 

account for the determination of the oil and gas potential in onshore of Northern Cyprus. 

6. CONCLUSIONS 

As the amount and types of data increase in petroleum exploration day by day, the integration 

of all the geologic, geochemical, and geophysical knowledge and data has become a 

necessity. The successful integration of all knowledge and data leads to an accurate answer to 

bring into the open. Otherwise, it is inevitable to draw different conclusions depending on the 

same data. In this study, with the integration of all the geologic and geophysical knowledge 

and data, two promising structures for the accumulation of oil and/or gas in the onshore of the 

Northern Cyprus region have been specified. Furthermore, the thicknesses of the formations 

in these structures can contain favorable pay zones to become an oil and/or gas reservoir. 
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FUNGUSİT PROPİCONAZOL’UN Oreochromis niloticus KARACİĞER DOKUSUNDA 
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ÖZET 

Propiconazole tıp ve tarım alanlarında geniş bir şekilde kullanılan triazole bir fungusittir. Bu 

çalışmada Oreochromis niloticus’da propiconazole 0.5 ppb ve 2.5 ppb konsantrasyonlarının 7 

ve 28 gün boyunca toksik etkileri belirlenmiştir. Araştırmamızda karaciğer dokusunda 

propiconazole maruziyetinde EROD enzim (7-ethoxyresorufin-O-deethylase) aktivitesi 7 gün 

maruziyette kontrol grubuna göre 0.5 ppb ve 2.5 ppb derişimlerinde  %7 ve %17 artış, 28 gün  

maruziyette ise %25 ve %46 arttığı belirlenmiştir. Karaciğerde propiconazole maruziyeti 

sonucu oluşan toksik etkinin giderilmesi için EROD enzim aktivitelerinin arttığı 

düşünülmektedir.  

Anahtar Kelimeler: Propiconazole, EROD (7-ethoxyresorufin-O-deethylase), Oreochromis 

niloticus, Karaciğer 

ABSTRACT 

Propiconazole is a triazole fungicide widely used in medicine and agriculture. In present 

study, Toxic effects of propiconazole 0.5 ppb and 2.5 ppb were determined in Oreochromis 

niloticus for 7 and 28 days. In our study, EROD enzyme (7-ethoxyresorufin-O-deethylase) 

activity in liver tissue was increased by 7% and 17% at the concentration of 0.5 ppb and 2.5 

ppb at the 7 days, and 25% and 46% at the 28 days compared to the control group. EROD 

enzyme activies were thought to increase for detoxification of the toxic effect of 

propiconazole in the liver. 

Keywords: Propiconazole, EROD (7-ethoxyresorufin-O-deethylase), Oreochromis niloticus, 

Liver 

1. GİRİŞ 

Dünya üzerinde pestisit çeşitliliğinin ve kullanımının artması, pestisitlerin ekosistem 

içerisinde ayrılmaz bir parça oluşturmasına neden olmaktadır. Sulama ve yağmur sularının 

yıkayıcı etkisi ile sucul ekosistemlere taşınmaktadır. Sucul organizmalar, özellikle denizlere 

oranla su hacmi çok daha düşük olan ve bu nedenle kirlenme potansiyeli yüksek olan tatlı 

sularda yaşayan canlılar, pestisit kirliliği tehdidine daha yüksek oranlarda maruz 
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kalabilmektedir. Fungisitler, klinik ilaç olarak ve tarımsal alanında bir pestisit  grubu olarak 

mantar oluşumuna karşı meyve, mısır ve diğer bitkiler için tedavi ve koruyucu olarak 

kullanılmaktadır (Chen vd., 2008; Li & Randak, 2009). Tarım alanlarında çeşitli zararlılara 

karşı kullanılan fungisitler uygulama sırasında yüzeysel ve yeraltı sularına karışarak hedef 

zararlılar dışında diğer organizmalara ve çevreye de zarar verebilmektedir (Konwick vd., 

2006). Propiconazole, triazol sistemik fungisit alt grubu ve conazole fungisitleri grubu 

üyesidir. Azol içeren fungisitler lipofilik özellikte olup, canlıda sitokrom P450 (CYP450) 

inhibitörü olarak toksik özellik göstermektedir (De Jong vd., 2011). Polinükleer aromatik 

hidrokarbonlar (PAH) gibi organik kirleticiler, ilaçlar ve pestisitler gibi büyük çeşitlikte 

kirleticiler ile de indüklenmektedir (Sakallı vd. 2018). Ksenobiyotik metabolizması öncelikle 

dönüşümü katalize etmek için birçok enzim içeren karaciğerde görülür. sitokrom CYP450'ler 

organizmalarda ksenobiyotiklerin biyotransformasyonu için ilk yanıt olarak işlev görür ve 

ksenobiyotiklerin farklı reaksiyonlarını katalize edebilen çeşitli alt familya enzimlerinden 

oluşur (Tang vd., 2006). Bunlardan biri olan Faz 1 biyotransformasyon enzimi sitokrom 1A 

(CYP1A) aktivitesini temsil eden EROD aktivitesi, birçok sucul organizmada 

ksenobiyotiklerin toksik etkilerinin belirlenmesinde kullanılan biyomarkırdır (Van der Oost  

vd., 2003). CYP450 proteinlerinin çoğu, çeşitli ksenobiyotiklerin kimyasal ve biyolojik 

özelliklerine göre örneğin lipofilik organik maddeleri suda çözünür bileşiklere metabolize 

eder (Bernhoft vd., 1994). Balıklar ortam kirliliğinin izlenmesi ve hastalıkların tanısı için kan 

parametrelerinin izlenmesi son derece önemli ve balığın sağlığı hakkında bizlere bilgi de 

vermektedir (Stoskoph, 1993). Oreochromis niloticus dünya çapında dağılım gösteren kemikli 

bir balıktır ve bu nedenle su ekosistemlerinin incelenmesi ve toksikolojik çalışmalar için iyi 

bir model oluşturur. Tilapia’nın ekonomik öneme sahip 5 türünün karşılaştırmalı çalışmaları 

O. niloticus’un biyotik ve abiyotik stresleri tolere edebilen güçlü bir immün sisteme sahip 

olduğunu göstermiştir (Casas ve ark., 2007). Bu çalışmanın amacı Oreochromis niloticus da 

Propiconazole’nın 0.5 ppb ve 2.5 ppb konsantrasyonlarının 7 ve 28 gün boyunca toksik 

etkileri belirlemektir. 

2. MATERYAL VE METOD 

Deney canlısı O. niloticus, Çukurova Üniversitesi balık yetiştirme çiftliğinden alınarak deney 

ortamıyla aynı şartlarda olan laboratuvar ortamında 14 gün boyunca akklimatize edildi. Deney 

canlısının ortalama boyu 11.2±0.21 cm, ağırlığı ise 24.5±1.94 gr olarak bulunmuştur. 

40x40x40 cm boyutta cam akvaryumlar dinlendirilmiş musluk suyu ile 40 L doldurulmuş ve 

akvaryumlarda merkezi sistem ile havalandırma yapılmıştır.  

Deneyler üç grupta yürütülmüştür. Birinci gruptaki balıklar 0,5 ppb, ikinci gruptaki balıklar 

2,5 ppb propiconazole’nin etkisine 7 ve 28 gün süreyle bırakılmışlardır, üçüncü gruptaki 

balıklar ise kontrol balıkları olarak kullanılmıştır.Deneyler her tekrarda iki balık olacak 

şekilde üç tekrarlı yapılmıştır. 7 ve 28 gün sonunda balıklardan karaciğer dokusu disekte 

edilerek çıkarılıp, %0.9’ luk serum fizyolojik ile yıkandıktan sonra analizlere kadar -80ºC’de 

saklanmıştır. Karaciğer dokusu EROD aktivitesi için hazırlanan mikrozomal süpernantant 
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(S9) ile EROD aktivitesi 572 nm’de spektrofotometrik yöntem ile belirlenmiştir (Klotz vd., 

1984). Protein ölçümü Bradford (1976) spektrofotometrik yöntemiyle standart olarak BSA 

kullanılarak çalışılmıştır. EROD aktivitesi nmol/mg/pro/min olarak belirlenmiştir.Elde edilen 

veriler SPSS 21 paket programı kullanılarak One way ANOVA- Duncan yöntemiyle 

değerlendirilmiştir (p<0.05). 

3. SONUÇ VE TARTIŞMA 

Araştırmamızda Oreochromis niloticus karaciğer dokusunda kontrol grubuna göre 7 gün 

propiconazole maruziyetinde 0.5 ppb ve 2.5 ppb EROD enzim aktivitesi %7 ve %17 artış 

belirlenmiştir. 28 gün propiconazole maruziyetinde 0.5 ppb ve 2.5 ppb sırasıyla %25 ve %46 

artış belirlenmiştir. Balıklarda, In vivo araştırmalarda EROD aktivitesi özellikle karaciğer 

dokusunda spesifik sonuç verdiği ve detoksifikasyon organı olan karaciğer dokusu 

ksenobiyotik mekanizmasındaki rolü önemli olduğundan öncelikli olarak kullanılan bir 

parametredir (Stegeman ve Hahn, 1994; Levine ve Oris, 1999).  EROD enzim aktivitesinde 

çeşitli ksenobiyotik bileşiklerin kimyasal yapılarına göre aktive edebilen veya inhibe 

edebildiğini gösteren araştırmalar bulunmaktadır. 

EROD aktivitesi balıklarda en belirgin ksenobiyotik metabolize edici enzimdir ve aktivitesi 

detoksifikasyon işlemlerinde önemlidir. CYP1A1'in sucul ortamdaki farmasötikler de dahil 

olmak üzere çeşitli çevresel kirleticiler tarafından indüklendiği bilinmektedir (Beijer vd., 

2013, Wassmur vd., 2013). İn vitro çalışmamızda klotrimazol, Ki değeri 0.5 uM olan 

CYP1A1'e bağlı EROD aktivitesinin güçlü bir inhibitörü olarak tanımlanmıştır (Burkina vd., 

2015a). Aksine, aynı çalışma deksametazonun EROD aktivitesini etkilemediğini göstermiştir 

(Burkina vd., 2013). 

 

Şekil 1. Propiconazole’nin etkisine bırakılan O. niloticus‘da karaciğer EROD aktivitesi 

üzerine sürenin etkisi 
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Ortiz-Delgado ve ark., (2007) 20 gün boyunca 100 µg/L, 200 µg/L, 300 µg/L ve 500 µg/L 

konsantrasyonlarında benzo(a)pyrene [B(a)P] maruz bırakılan çipura (Sparus aurata)’ların 

karaciğer ve solungaç dokularından elde edilen mikrozomal süpernantlardan EROD 

aktiviteleri ölçülmüştür. Deney sonucunda artan B(a)P konsantrasyonuna bağlı olarak 

karaciğerde EROD aktivitesinin önemli ölçüde arttığını, solungaçlarda ise en fazla aktivite 

200 µg/L B(a)P konsantrasyonunda maximum seviyeye ulaştığını, 300 ve 500 µg/L B(a)P 

konsantrasyolarında ise aktivitenin kontrol grubuna göre arttığı fakat maksimum (200 µg/L) 

seviyeye göre azaldığını belirlemişlerdir. Benzer bir araştırmada 48 saat 0.002 ppm 

Fenpiroksimat maruziyetinde Paralichthys olivaceus karaciğer dokusunda EROD 

aktivitesinde önemli artıș olduğu bildirilmiştir (Na, 2009). 
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ABSTRACT 

In this study, hydrocarbon exploration activities of Turkey in the Eastern Mediterranean Basin 

are evaluated in terms of historical perspective and a technical point of view. In the drillings 

performed in the East Mediterranean Basin by Turkey, any economic hydrocarbon discovery 

could not be made by this time. However, the geological and geophysical data presented in 

this study indicate that the giant oil and gas reserves may be discovered in Antalya, Finike, 

Rodos, and İskenderun basins which are the sub-basins of the Eastern Mediterranean Basin. 

Consequently, it is foreseen that the current hydrocarbon exploration investigations may 

contribute to the success of discovery if they are shifted to the target areas suggested in this 

study. 

Keywords: Eastern Mediterranean, hydrocarbon potential, oil and gas exploration, 

exploration target, exploration strategy, hydrocarbon seep, mud volcano, pockmark 

1. INTRODUCTION 

Numerous hydrocarbon fields have been discovered in the Eastern Mediterranean Basin so 

far, and the drilling activities have been initiated by some consortiums including multinational 

and international companies. Israel has started natural gas production in the region. Later, the 

discoveries of natural gas in Leviathan, Tamar, Zohr, and Aphrodite fields have caused to 

draw attention to the Eastern Mediterranean Basin in terms of hydrocarbon exploration and 

production (Fig. 1). The geological and geophysical data presented in this investigation point 

out that the giant oil and gas reserves may be discovered in Antalya, Finike, Rodos, and 

İskenderun basins which are the sub-basins of the Eastern Mediterranean Basin. 

2. HYDROCARBON EXPLORATION ACTIVITIES OF TURKEY IN THE 

EASTERN MEDITERRANEAN BASIN 

Turkey has recently started hydrocarbon exploration in the Eastern Mediterranean Sea 

according to the agreement signed with the Turkish Republic of Northern Cyprus in 2011. 
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Moreover, in 2019, the continental shelves and the borders of the countries of Exclusive 

Economic Zones (EEZ) in the Eastern Mediterranean have been determined by following a 

maritime jurisdiction agreement between Libya and Turkey (Fig. 1). Drilling activities are 

carried out by the drillships namely FATİH, YAVUZ, and KANUNİ (Fig. 2) and seismic 

surveys are conducted by the seismic ships namely BARBAROS HAYRETTİN PAŞA and 

ORUÇ REİS (Fig. 3) in the Exclusive Economic Zone of Turkey. In the drillings performed 

in the East Mediterranean Basin by Turkey, any economic hydrocarbon discovery could not 

be made so far (Fig. 4 and Table 1). Nevertheless, the Turkish Government decisively 

undertakes an enterprise to put a hydrocarbon discovery into practice in the Eastern 

Mediterranean Basin. 

 

Fig. 1. The exclusive economic zone of Turkey. 

 

 

Fig. 2. Drillships of Turkey 
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Fig. 3. Seismic survey vessels of Turkey. 

 

Fig. 4. Exploration wells drilled by Turkey in the Eastern Mediterranean Basin until today. 

Table 1. Coordinates of the exploration wells drilled by Turkey in the Eastern Mediterranean 

Basin until today (see Fig. 4). 

Well Latitude Longitude 

Ceylan Deniz-1 36.21° 35.33° 

Mercan Deniz-1 36.29° 35.41° 

Ayşe-1 36.09° 35.81° 

Payas-1 36.61° 35.95° 

Kılıç-1 36.51° 35.80° 

İskenderun Deniz-1 36.47° 35.73° 

Çınar-1 36.43° 35.70° 

Efe-1 36.59° 36.00° 

Seyhan-1 36.67° 34.82° 

Karataş-1 36.42° 35.03° 

Finike-1 34.92° 31.49° 

Kuzey Erdemli-1 36.40° 34.48° 

Alanya-1 36.12° 31.49° 

Karpaz-1 35.80° 34.81° 

Magosa-1 35.59° 34.69° 

Narlıkuyu-1 36.10° 34.26° 

Güzelyurt-1 33.86° 32.15° 

Lefkoşa-1 33.84° 33.13° 
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3. OIL AND GAS POTENTIAL OF EASTERN MEDITERRANEAN BASIN 

Tethyan Region that also covers the Eastern Mediterranean Basin is an enormous oil and gas 

belt. High-yield source rocks formed significant oil and gas reserves in the Tethyan Region, a 

marine route between the Gondwana and the northern continental groups (Boreal) during the 

Silurian-Holocene period. The source rock deposition in the region was progressively 

promoted by the successive opening and closing of Paleotethys and Neotethys. This tectono-

sedimentation system has been a great deal of influence on the formation and accumulation of 

petroleum with the Tethys region-specific conditions (Ozdemir and Palabiyik, 2019) (Figs. 5 

and 6). 

 

Fig. 5.  Major petroleum provinces of the Tethyan region (Marlow et al., 2014). 

 

35



 
 

 

Fig. 6. Petroliferous basins and hydrocarbon types of the Eastern Mediterranean basin during the Oligocene - 

Miocene (from Klemme and Ulmishek, 1990; Ozdemir and Palabiyik, 2019). 

4. FUTURE HYDROCARBON EXPLORATION TARGETS IN EXCLUSIVE 

ECONOMIC ZONES OF TURKEY IN THE EASTERN MEDITERRANEAN 

BASIN 

There are many studies containing geophysical data (seismic and gravity) and geological 

interpretations of these data regarding the exclusive economic zone of Turkey in the eastern 

Mediterranean. In this study, these large data sets have been examined and the numerous 

publications including geological interpretations produced from these data sets and the drilled 

exploration wells to specify the locations of the future hydrocarbon exploration target areas in 

the exclusive economic zone of Turkey in the eastern Mediterranean. As a consequence of 

this inspection performed by the authors, it has been determined that the giant oil and gas 

reserves may be discovered in Antalya, Finike, Rodos, and İskenderun basins which are the 

sub-basins of the Eastern Mediterranean Basin (Figs. 7 and 8). 
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Fig. 7. Simplified bathymetry of the eastern Mediterranean Sea (Aksu et al., 2005). 

 

       (gravity data of Ergün et al., 2005)            (seismic data of www.spectrumgeo.com) 

 

                                  (seismic data of Aksu et al., 2019)            (seismic data of MAPEG) 

Fig. 8. Seismic and gravity data sets and geological interpretations used in this study. 

4.1. Antalya, Finike and Rodos Basins 

There is a close relationship between mud volcanoes and oil and gas fields. Mud volcanoes 

are one of the common occurrences in oilfields. These mud volcanoes, which are closely 

related to gas and water outlets, are generally formed near anticline peaks or fractures that can 

arise from folding. More mud volcanoes are currently available on the anticlines which 
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contain petroliferous levels and close to the surface. Very few mud volcanoes are observed in 

the areas where petroliferous zones are located at too deep depths. Mud volcanoes can also be 

described as characteristic features of especially Tertiary oil and gas fields. For instance, 

nearly 220 mud volcanoes are known in Azerbaijan (İnan, 1982). In the literature, the 

relationship between mud volcanoes and petroleum systems of onshore Azerbaijan and the 

Caspian Sea has been investigated in detail (Guliev and Feizullayev, 1996; Guliev et al., 

2003; Planke et al., 2003; Mazzini et al., 2009; Mazzini and Etiope, 2017; Alizadeh et al., 

2017).  

Since the discovery of the first mud volcanoes in the Eastern Mediterranean in 1970s, mud 

volcanoes, mud diapirs, and flux seeps have been found in different areas of this region. Most 

of them were determined in the Anaximander Mountains on the accretionary prism of the 

Hellenic arc. The mud volcanoes in the Eastern Mediterranean Basin (Amsterdam, Athina, 

Kazan, Kula, and Thessaloniki) can also be regarded as evidence for the presence of large 

hydrocarbon resources in the exclusive economic zones of Turkey (Fig. 9). Eastern 

Mediterranean mud volcanoes have been inspected by Deyhle et al. (2003) and Lykousis et al. 

(2009) while subsurface geology of the region has been examined by Aksu et al. (2009 and 

2019) (Fig. 10). In Fig. 11 and Table 1, the potential hydrocarbon exploration targets in 

Antalya, Finike, and Rodos basins are illustrated and given along with the proposed wells for 

drilling in these target areas by the authors. 

 

 

Fig. 9. Mud volcanoes in the Eastern Mediterranean Basin (Lykousis et al., 2009). 
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Fig. 10. Tectonic map of Antalya, Finike, and Rodos basins (Aksu et al., 2019). 

 

Fig. 11. Potential hydrocarbon exploration targets (white polygons) in Antalya, Finike, and Rodos basins and 

the proposed wells for drilling in these target areas (mud volcanoes: Thessaloniki, Amsterdam, Athina, Kazan, 

and Kula). 
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4.2. İskenderun Basin 

A lot of exploration wells have been drilled offshore Turkey within the Iskenderun basin by 

this time. In some wells among them, oil and gas shows demonstrating a working petroleum 

system have been encountered in the Iskenderun Basin. Many studies were carried out on the 

subsurface geology and hydrocarbon potential of the İskenderun basin by various researchers 

(e.g., Işık, 1998, Aksu, 1999, Garcı´a-Garcı´a et al., 2004; Aksu et al., 2005; Öztürk, 2005; 

Çiftçi, 2018) (Fig. 12). In Fig. 13 and Table 2, the potential hydrocarbon exploration targets in 

İskenderun basin are exhibited and presented  together with the suggested wells for drilling in 

those target areas by the authors. 

 

Fig. 12. Tectonic map of the Iskenderun Basin, showing major sutures/fault zones, normal faults (black 

rectangular) characterized by the ticks on hanging wall, thrust/reverse faults (black triangular) represented by 

the ticks on hanging wall, major ophiolites (v) (Aksu et. al, 2005).  
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Fig 13. Potential hydrocarbon exploration targets (white polygons) in the İskenderun basin and the proposed 

wells for drilling in these targets (Lagos: pockmark). 

Table 2. Coordinates of proposed exploration wells to drill by Turkey in the Eastern 

Mediterranean Basin (see Figs. 11 and 13). 

Basin Well Latitude Longitude 

Antalya SK-1 36.62° 30.92° 

Rodos SK-2 36.66° 28.98° 

Finike SK-3 35.91° 30.30° 

Rodos SK-4 35.99° 28.57° 

Finike SK-5 35.53° 29.68° 

Antalya SK-6 35.52° 30.90° 

İskenderun  SK-1 36.51° 35.42° 

İskenderun SK-2 36.07° 35.71° 

İskenderun SK-3 36.28° 35.18° 

İskenderun SK-4 36.13° 35.53° 
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5. CONCLUSIONS 

Nowadays, the main focus is on the seismic survey alongside the drilling activities of Turkey 

in hydrocarbon exploration activities in the eastern Mediterranean. When the previous 

geological, geophysical, and drilling data are assessed, we can easily make inferences that the 

locations of the exploration wells are improperly selected rather than the inadequate 

geological and geophysical data as well as the number of drillship or seismic vessels as the 

primary reason for the failure of Turkey in hydrocarbon exploration in the eastern 

Mediterranean basin. Therefore, the appropriate selection of well locations is crucial as a 

result of an integrated evaluation of existing geological, geochemical, and geophysical data 

instead of only making use of the interpretations based on the signals obtained from the 

seismic measurements. As the amount and kinds of data go up in petroleum exploration, the 

integration of all the geological, geochemical, and geophysical knowledge and data comes 

into prominence and has become a requirement. The successful integration of all the 

information mentioned above helps us get much more accurate outcomes without having 

different conclusions leading to wrong decisions. In this study, two promising regions for the 

accumulation of oil and gas in the Eastern Mediterranean basin have been determined by 

making use of the integration of all the geological, geochemical and geophysical data 

combined with the experiences associated with those data. The thicknesses of the formations 

in these structures can be evaluated as favorable pay zones to consider them as a petroleum 

reservoir(s). Consequently, it is anticipated that the present hydrocarbon exploration attempts 

may contribute to the discovery success if they are shifted to the target areas recommended in 

this study. The Turkish Government in the Eastern Mediterranean Basin should take the 

actions focusing on the strategies to define the prospects and to drill/test them at as various 

different reservoir levels as possible at the selected locations. In the proposed well locations 

in this study, it is recommended to confirm the drilling locations by taking the geological and 

geochemical samples from the water column and the seabed by using the MTA ORUÇ REİS 

vessel before the drilling works to be performed. 
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ABSTRACT 

Kavlıca, Gernik or emmer wheat (Chromosome No. 2n= 28) is one of the old ancient wheats 

that is is widely grown in Ardahan and Kars regions of Turkey since ancient times. Presence 

of 17000, and 7000 years old smples of this species have been noted at Palestine and Pakistan. 

This type of wheat has hard husks (shell), high amount of roughages and low amount of 

glüten that make it more digestible and preferable for diabetic patients compared to other 

types of wheats. It is also more resistant to insects pests, and other abiotic stresses like cold, 

heat, drought, salt etc. These charachterisitcs make it suitable for cultivation in cold regions. 

The study aimed to find the germination behviour of Kavlica wheat of Ardahan region using 

embryos with and without endosperm on agar solidified MS medium containing MS, 

Gamborg B5, Nitsch and B5 media vitamins (4 combimations). The results showed that the 

two different explants of kavlıca type wheat behaved variably. The embryos without 

endosperms had higher seed vigor compared to the embryos with endosperm. The seedlings 

obtained from the embryos without endosperm showed improved leaf counts, leaf lengths 

(cm), number of roots per plantlet and root length (cm) compared to the embryos with 

endosperm. These plants were transferred to pots and acclimatised under 16 h light 

photoperiod at 24 ⁰C. The results of the study reveal potential role of biotechnological 

techniques in accelarating germination followed by their use in rapid breeding programs of 

the Kavlica type wheat.  

Keywords: Kavlıca wheat, embryo, in vitro, micropropagation, endosperm 

ÖZET 

Kavlıca, Gernik veya Emmer buğdayı (Kromozom No. 2n = 28), antik çağlardan beri 

Türkiye'nin Ardahan ve Kars bölgelerinde yaygın olarak yetiştirilen eski antik buğdaylardan 

biridir. Filistin ve Pakistan'da bu türün 17000 ve 7000 yıllık örneklerine rastlanmıştır. Bu 

buğday türü, diğer buğday türlerine kıyasla diyabetik hastalar için daha sindirilebilir ve tercih 

edilebilir hale getiren sert kabuklara (kabuk), yüksek miktarda kaba yemlere ve düşük 

miktarda glütene sahiptir. Ayrıca, böcek zararlılarına ve soğuk, ısı, kuraklık, tuz vb. gibi diğer 
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abiyotik streslere karşı daha dayanıklıdır. Bu karakteristikler onu soğuk bölgelerde ekime 

uygun hale getirmektedirler. Bu çalışmada, MS, Gamborg B5, Nitsch ve SH ortamlardeki 

vitaminlerini içeren agar ile katılaştırılmış MS ortamında (4 kombinasyon) Kavlica 

buğdayının endosperm içeren ve içermeyen embriyoların çimlenme kabiliyeti incelemek 

amacıyla yapılmıştır. Sonuçlar, kavlıca buğdayının iki tip eksplantının değişken davrandığını 

göstermiştir. Endospermsiz embriyolar, endospermli embriyolara kıyasla daha yüksek tohum 

guçuna sahipti. Endospermsiz embriyolardan elde edilen fideler endospermli embriyolara 

kıyasla daha gelişmiş yaprak sayıları, yaprak uzunlukları (cm), bitki başına kök sayısı ve kök 

uzunluğu (cm) göstermişlerdir. Bu bitkiler saksılara aktarıldı ve 24 ° C'de 16 saat ışık 

fotoperiyodu altında dış koşullarına aktarılmıştır. The results of the study reveal the potential 

role of biotechnological techniques in accelerating germination and its suitability for use in 

rapid breeding programs of kavlıca type wheat. 

Anahtar Kelimeler: Kavlıca buğday, embriyo, in vitro, mikroçoğaltım, endosperm. 

1. INTRODUCTION 

Kavlıca, (Triticum dicoccum) syn. Gernik, emmer wheat,  farro (in Italy) or hulled awned 

wheat was first domesticated in the Near East and is an ancient World crop. It grows under 

natural conditions in some parts of Central Anatolia (Kastamonu), Eastern Anadolu (Ardahan, 

Kars, Iğdir etc) and closeby mountainous areas. It is well established that the Kavlica wheat 

has strong resistance against biotic stresses (like fungal stem rust that is very common in 

moist areas) and abiotic stresses (like cold, heat and drought stress etc.). Therefore, it is 

believed that it could be cultivated on marginal lands with good yields. 

It is known that kavlıca wheat is ancesstor of present day domesticated wheat in Kars 

(Anonymous, 1991, 2015). As per this reasoning both wild and domesticated wheat cultivars 

could be intercrossed with tetraploid wheat and set fertile seeds.   Some taxonomists consider 

that all tetraploid wheats have originated from T. turgidum. Moleculer studies have shown 

that Kavılca type of wheat has its origin or centre of diversity in Göbeklitepe very close to 

Şanlıurfa  and was first domesticated in Fertile crescent during  Pre-Pottery Neolithic ages.   

Recultivation of  Kavlica wheat restarted in mid 2000s, involving local farmers of Kars, that 

spread to neighbouring provinces like Ardahan and surrounding areas. At present  > 300, 

farmers cultivate and produce  500-600 tons of Kavlica wheat  annually. It is mainly used as 

cracked wheat also called  bulgur pilaf and served with roasted chicken or goose.   

It has high fiber percentage  (17-19%) but low in very little glüten (12%).   Kavlıca wheat is 

used in making bulgur and flour as bread additives, making noodles and pastries.   Kavlıca 

flour is used in bread making by mixing it with other flours to make multi cereal breads 

(Anonymous, 1991; Anonymous, 2015; Anonymous, 2016).   Green plants are sometimes 

used as hay and fodder in the countryside especially during freezing and chilling winters. 

Moreover, recultivation of Kavlica wheat is  serving  as an extra source of income to the 

localfarmers.  All these practices are serving conservation of the biodiversity.  
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A very few agronomic studies and no in vitro micropropagation protocol were noticed for the 

kavlıca type wheat of Ardahan and Kars provinces. There is need to develop both in vitro and 

ex vitro agronomic multiplication techniques for rapid and profitable production of the plant. 

Therefore this study aimed to study variation in germination behaviour of the embryo with 

and with out endosperm on MS medium containing four different combinations of MS, 

Gamborg B5, Nitsch and SH vitamins. 

2.  MATERIALS AND METHODS 

Provision of experimental material 

Kavlıca wheat  seeds were provided by the  Turkish Republic Ministry of Agriculture and 

Forestry, Ardahan Provincial Directorate of Agriculture and Forestry.  

 Seed sterilization 

The seeds were sterilized using 5% NaOCl + 400 µl/l (v/v) Tween 20 for  30 min. They were 

rinsed 3 × 7 min with triple distilled  sterile water. All operations were performed in laminar  

flow hood.  

Culture of embryos with and without endosperm for germination 

The sterilized seeds were immersed in water contained in falcon tubes. These falcon tubes 

were placed in water bath  at 35⁰C for 2 hours; thereafter, the  seeds were equally divided into 

two parties. The embryos were removed from endosperms of one party (hereinafter called 

endosperm free embryos). The embryos of 2nd party were not removed from the endosperms   

(hereinafter called embryos with endosperms).    Both type of embryo explants were  

germinated under aseptic conditions on MS medium (macro & micro elements - Table 1) 

containing either (i) MS,  Gamborg B5, Nitsch or  SH vitamins  (4 combinations - Table 2) 

solidified with  6.5 g/l agar  and fortified with 30 g/l sucrose   in sterilized Petri dishes 

containing 34±1 ml culture medium for  5 weeks. 

Table 1: Components of MS medium excluding vitamins 

Macro elements Micro elements 

Components 

 

Concentrations in MS 

medium (mg/L) 

Components 

 

Concentrations in MS 

medium (mg/L) 

NH4NO3 1650 H3BO3 6.20 

KNO3 1900 MnSO4·4H2O 22.30 

CaCl2·2H2O 440 ZnSO4·7H2O 8.60 

MgSO4·7H2O 370 KI 0.83 

KH2PO4 170   

Na2EDTA 37.30   

FeSO4·7H2O 27.80   
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Table 2. Types of vitamins and their concentreations found in different culture media 

Components of 

vitamins or like 

substance 

Concentrations 

in MS medium 

(mg/l) 

Concentrations 

in  Gamborg 

B5 medium  

(mg/l) 

Concentrations 

in Nitsch 

medium (mg/l) 

Concentratio

n in SH 

medium 

(mg/l) 

myo-Inositol 100.0 100.0 100.0 1000.0 

Nicotinic acid  0.5 1.0 5.0 5.0 

Pyridoxine·HCl   0.5 1.0 0.5 0.5 

Thiamine·HCl  0.1 10.0 0.5 5.0 

Glycine/Glisin 2.0   2.0   

Folic Acid/Folik asit     0.5   

Biotin      0.05   

Acclimatization of the plants 

Each of the developing seedling was transferred to plastic  pots containing sterilized ½ L peat 

moss. followed by their cultures   in the laboratory growth room under 80% humidity for 

about 12  days   at 26±2°C using  a 15 h light/ 9 hours dark  photoperiod   under 55 µmol m-2 

s-1 light intensity.  

 Statistical analysis :Statistical analysis of the experimental parameters was done by 

comparing the means from two explants using Duncan’s Multiple Range Test. 

3. RESULTS  

Embryos with endosperm  

The results showed that the the two types of  explants of Kavlıca wheat  behaved variably. 

The endosperm free embryos germinated earlier compared to the embryos with endosperm by 

18-30 h. Both types of seed embryos had 100% germination percentage irrespective of the 

medium and type of the explant.   

Generally, the seedlings obtained from the endosperm free embryos had higher seed 

germination vigor (%),  leaf counts,  shoot lengths (cm), number of roots per plantlet and  root 

length (cm)  compared to the embryos with endosperm (Table 3).  

Germination vigor  ranged  80  to 93.33%. The least germination vigor  was observed on the 

MS medium  containing MS and SH vitamins.  

The number of leaves per pantlet ranged 2.33 to 4.00. The highest number of leaves was 

obtained on MS medium containing Gamborg B5 and SH vitamins. 

The minimum number of leaves was obtained on  modified MS medium containing Nitsch 

vitamins. 

Leaf length was measured as 5.38 to 13.21 cm. The longest leaves were obtained on modified 

MS medium containing Gamborg B5 vitamins. 

The number of roots per plant varied between 4.31-5.00. The longest roots were obtained on  

MS medium containing   MS vitamins. The smallest roots were obtained on modified  MS 
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medium  containing Nitsch and SH vitamins (both were statistically similar in their counts 

and very close to eaxh other. 

The root length ranged  3.88-6.67 cm. The longest roots were noted on  the medium 

containing Gamborg B5 vitamins.  

Table 3. Effects of germination from embryo with endosperm  on MS medium containing 

different types of vitamins 

MS medium  

(macro micro 

nutrients) 

with type of 

vitamins     

Germination 

percentage 

Germination 

vigor (%) 

Leaf 

counts 

Leaf 

lengths 

(cm) 

Number of 

roots per 

plantlet 

Root 

length 

(cm) 

Vitamins of 

MS medium  
100.00  80.00c 3,33b 11,26b 5,00a 6.33ab 

Vitamins of  

Gamborg B5 

medium 

100.00  93.33a 4,00a 13,21a 4,67b 6.67a 

Vitamins of  

Nitsch 

medium 

100.00  86.67b 2,33c 5,38d 4,33c 4.00bc 

Vitamins of  

SH medium 
100.00  80.00c 4,00a 9,45c 4,31c 3.88c 

All values shown in a single column followed by differen small letters are significantly different using Duncan’s multiple range test 

Endosperm free embryos 

Germination vigor ranged  86.67% to 100.00% on endosperm free embryos (Table 4). The 

maximum  germination vigor was observed on MS medium containing MS vitamins. The 

least germination vigor was observed on  MS medium containing SH vitamins. The number 

of leaf  counts ranged  4.00 to 8.00. The highest number of leaves was obtained on  MS 

medium containing Gamborg B5 vitamins. The minimum number of leaves were noted on 

MS medium containing Nitsch vitamins. 

Leaf length was measured between 8.20 - 15.50 cm. The longest leaves were obtained on MS 

medium containing Gamborg B5 vitamins. 

The number of roots per plant varied between 4.0-10.00. The longest roots were obtained on  

MS medium containing MS vitamins. The shortest roots were noted on    MS medium 

containing the SH vitamins. 

Root length varied between 3.79-8.53 cm. The longest roots were obtained on MS  medium 

containing Gamborg B5 vitamins. 
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Table 4. Effects of germination from endosperm free embryos on MS medium containing 

different types of vitamins  

MS medium  (macro 

micro nutrients) with 

type of vitamins     

Germinat

ion 

percenta

ge 

Germina

tion 

vigor 

Leaf 

counts 

Leaf 

lengths 

(cm) 

Number 

of roots 

per 

plantlet 

Root 

length 

(cm) 

Vitamins of MS 

medium  
100.00  100.00a 5.33ab 8,20b 10.00a 7.69a 

Vitamins of  Gamborg 

B5 medium 
100.00  93.33b 8.00b 15.50a 6.00b 8.53a 

Vitamins of  Nitsch 

medium 
100.00  93.33b 4.00c 14.50a 5.33b 3.79b 

Vitamins of  SH 

medium 
100.00  86.67c 6.00a 14.83a 4.00c 6.00a 

All values shown in a single column followed by differen small letters are significantly different using Duncans multiple range test 

4. DISCUSSION 

Seed germination is very important in plant breeding and its use is emerging as a potential 

rapid breeding tool  (Maliro and Kwapata 2000, Koné, et al. 2015).  It is well established that 

source of  explants and  conditions of cultures are two very important constituents of  in vitro 

cultures (Maliro and Kwapata 2000, Jamshidi, et al. 2016). Variable in vitro cultures 

conditions influence growth and development of plants and influence variable responses 

during seed germination (Prasad and Dutta Gupta  2006). These variations are induced due to 

altered physiological pattern of cell growth (Steward and Rao 1970,  Singh et al. 2012) and 

could be due to different reeasons resulting from stimulation to damage in growing of cells 

due to external influences. 

This study is in agreement with above observations and shows that Kavlica wheat  

germination was significantly affected and  influenced negatively if the embryos with 

endosperms were used as explant in in vitro cultures. 

It is well known that starch  degradation may take some time  during wheat seeds germination   

(Zeeman et al., 2010). α-amylase activity the seeds is directly related to the seed vigor  (Liu    

et al. 2005, 2013), that could be influenced by the external environmental conditions. 

Degradation of α-amylase may take some time during in vitro cultures of seeds  as influenced 

by starch hydrolyses  into soluble sugars like  glucose and maltose (Demirkan et al. 2005; 

Goyal  et al.  2005, Mitsuiki et al. 2005; Puspasari et al. 2013). It is assumed that 

accumulation of soluble sugar during degradation and externally supplied sugar interacted 

negatively and resulted in decreased speed of starch decomposition  causing  partial inhibition 

to growth of embryonic cells (Finkelstein et al., 2008); in comparison to the embryonic cells 

that were direct contact with the synthetic cultures having the necessarry amounts of sucrose 

and growth  promoting vitamins along with other growth components  responsible for growth. 

This is in agreement with the data presented in this study. These results emphasise the 
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significance of selection of proper explant during tissue cultures   to avoid  negative influence 

on regeneration due to endosperm. 

Plants biosynthesize the vitamins essential for their development and growth. They are 

utilized as catalysts in various metabolic processes by plants. Therefore, it is very important to 

add the vitamins important for the plants in synthetic culture media used for  in vitro plant 

cells and tissues cultures to avoid limiting of cultured cells and tissues (George et al. 2008). 

Nicotinic acid, myo-inositol, thiamine (B1) and pyridoxine (B6)  are the most popularly used 

vitamins used in plant tissue and cell cultures media.The vitamins most frequently used in 

plant tissue culture media are thiamine (Vit. B1), nicotinic acid (niacin) and pyridoxine (Vit. 

B6). Apart from these three compounds myo-inositol is also used to promote growth and 

development (Bonner 1937, 1938, 1940, Bonner and  Devirian 1939, Robbins and Bartley  

1937, White  1937 Gautheret 1942, White 1943; Murashige and Skoog 1962,  Welander 1977, 

Nitsch and Nitsch 1965,  Roest and Bokelmann 1975,  Kaul and Kochbar, 1985). If we 

compare these vitamins thiamine is originally needed for growth of all types of plant cells and 

is used in range of  0.1 to 10.0 mg / liter. 

Nicotinic acid and pyridoxine are generally used in the synthetic culture mediafor their 

different types of influences cell growth (Robbins and Schmidt. 1939a,b). Generally, nicotinic 

acid and pyridoxine are used at concentrations of 0.1-5.0 and 0.1-10.0 mg / liter in the same 

order. 

Myo-inositol is generally added in many synthetic cultures media is a carbohydrate  in real 

sense; however, it  stimulates plant  growth; therefore, most of the cultures media count it as 

vitamin or pseude vitamin (Eagle, et al. 1957).  Some cultures’ media do not use this or use it 

in very small amounts. 

Ascorbic acid, vitamin E (tocopherol),  Biotin, folic acid, pantothenic acid,  p-aminobenzoic 

acid and riboflavin are also included in many plant synthetic cultures’ media (Huang,  et al. 

2002). 

Most of these are added in very small amounts in the synthetic cultures media and some 

researchers even do not think them as important  growth limiting factors. The researchers  

usually add these vitamins to the synthetic cultures  when the level of thiamine in the 

synthetic medium is  below the needed concentration  for  cell growth of a particular plant 

that is cultured for cell growth (Chawla 2011, Liu, et al. 2013, Mantell et al. 1985). 

5. CONCLUSION 

This is the first report on Kavlica wheat germination under in vtro conditions. The main 

objective of tissue cultured plants based micropropagation is to obtain healthy,  repeatable 

clonal uniformity of in vitro raised plants.  Avoiding these precautions results in number of  

problems  on the in vitro raised  plants.   The study showed that  type of explant and cultures 

medium affected the germination and growth behaviour of the plants.  It follows from the 

discussion that the cultures medium and type of explants   significantly affected the 
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physiological  system of the explants and  their features  in turn. The importance of correct 

explant selection is emphasized for the healthy  rapid plant breeding and micropropagation of 

Kavlica wheat. The superiority of embryo explants without endosperm  was observed in terms 

of germination percentage, germination vigor, leaf formation and leaf length, root formation 

and root length. 

Adding some vitamins to the synthetic culture medium can act as a stimulant for some plants 

and can act as an inhibitor for some other plants, as shown in this experiment, where despite 

the greatest number of vitamins in Nitsch medium vitamins has acted negatively with 

inhibitory effects on embryos with or without endosperms. These vitamins were less effective 

than Gamborg B5 and vitamins of other cultures media used in the study. Therefore, care 

should be taken to choose the amount and type of vitamins during tissue culture studies. It 

was concluded that the variable effect of kavlıca  wheat germination was due to the presence 

of vitamins in different concentrations or their absence in the culture medium. 

The  developed protocol   has high potential and could  be extended  further for its use in  

healthy  rapid plant breeding and micropropagation  of Kavlica wheat. 
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ABSTRACT 

Generation of coherent extreme ultraviolet (XUV) radiation is easy thanks to development of 

ultrashort laser systems. The novel method to produce pulses in the XUV spectral region is 

high harmonic generation (HHG). High harmonic generation occurs when the strong laser 

field interact with nonlinear media (such as gas or solids). This nonlinear interaction causes 

generation of high frequencies (nω, n is an odd number) of the external field (ω). In this 

paper, high harmonic generation for laser aligned carbon dioxide (CO2) molecule is studied. 

The laser beam is split into two arms as pump and probe beam. The first beam (pump pulse) 

triggers a dynamical process, and a second delayed beam (probe pulse) detects the pump 

induced HHG spectrum. The harmonic signals from 17th to 27th harmonic orders are 

measured with varying delay between linearly polarized femtosecond pump and probe pulses. 

The harmonic yield in laser aligned CO2 molecule is significantly enhanced compared to the 

anti-aligned case. Measurements for CO2 molecule is taken for different harmonic orders 

showing evidence of alignment effect.  Full revival and half revival for CO2 molecule are 

experimentally observed at 42.7ps and 21.3ps, respectively. The harmonic yield is enhanced 

as a factor of two when the CO2 molecule is aligned along the laser polarization direction. 

The effect of each harmonic order on the revival signal is observed with the harmonic 

generation process. The laser aligned HHG yield is a promising method to improve the 

harmonic yield. 

Keywords: Atomic and Molecular Physics, Carbon Dioxide Molecule, Ultrafast 

Measurement, Molecular Alignment, Femtosecond Laser; High Harmonic Generation 

1. INTRODUCTION  

The high harmonic generation (HHG) from laser aligned molecules can provide sensitive 

information about the electronic and geometrical structures of molecules [1-3] with a high 

temporal and spatial resolution. HHG from randomly aligned molecule has similar 

characteristic of HHG from atom. However, HHG for laser aligned molecule [4, 5] is a useful 

method for determining molecular rotational constant  and revealing the structure of molecule 

[6]. Studies on aligned molecule [7, 8] has attracted much  interest since it has used for many 

applications such as imaging of molecular structures [9], controlling chemical reactions [10], 

pulse compression [11] nanolithography with molecular beams [12], and quantum 

interference [13, 14]. Molecular revival from HHG signal can be experimentally observed. 

Initially, a weak pre aligning pulse (pump) regulates the molecule to the laser polarization 
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direction, and then a delayed more intense probe pulse comes to produce harmonic yield. The 

HHs signals are detected for each varying pump-probe delay time [3, 9]. 

HHG is explained by semi classical model (three-step model) [15]. Initially, an electron 

tunnels through the atomic barrier if it is exposed to an intense oscillating laser field. After 

tunneling the electron propagates with the laser field, and it gains kinetic energy. When the 

field changes its sign, the electron is accelerated back to its core. If the electron recombines to 

its core, it releases its energy as a high photon energy. 

In this study, experimental investigations of high harmonic (HH) spectra produced from laser 

aligned CO2 molecule are studied. The harmonic yield is increased or decreased when the 

CO2 molecule is aligned along the laser polarization direction. 

2. EXPERIMENTAL DETAILS 

The experiments have been carried by using an amplified femtosecond laser system with 

pulse duration of 50 fs, central wavelength of 800 nm, and output energy of 15 mJ per pulse at 

a 10 Hz repetition rate. A 50% beam splitter splits the laser beam in two arms, namely pump 

and probe beams. The probe beam is sent to a motorized translational stage to scan delay 

between both beams. The pump beam energy differs between 0.5-0.6 mJ, and the probe beam 

energy is fixed ~0.8 mJ. Both beams are spectrally and spatially overlapped on another 50% 

beam splitter. These overlapped beams are focused on a gas jet (~1 mm thickness nickel tube) 

with a ~40 cm focal length lens. The interaction of the laser beam with the gas jet results to 

generation of high harmonics. The pressure at the interaction region is set ~50 mbar to 

optimize phase matching conditions between two beams, and the pressure after the interaction 

region is kept low enough (~2.5×10−3 mbar) to reduce the reabsorption of XUV radiation. The 

generated XUV radiation is traveled through a spectrometer where the harmonics are 

recorded. The experimental setup discussed in this paper is presented in Hata! Başvuru 

kaynağı bulunamadı.. The intensity of the pre aligning (pump) beam is 9×1013 W/cm2, and 

the intensity of the probe beam is 1.6×1014 W/cm2, and both beams are linearly polarized. 
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Figure 1. Experimental setup of high harmonic generation. M: Mirrors, BS: beam splitters,  FL: Focusing 

lens, GJ: gas jet. 
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3. RESULTS AND DISCUSSION 

This study is performed to analyze that the structures of the rotational revivals of CO2 

molecule is changed with the varying pump-probe delay time. Measurements for gas specie 

are done for different harmonic orders showing evidence of similar magnitude of alignment 

effect. Harmonic orders from 17th to 25th orders for both gases are presented. Full revival and 

half revival of CO2 molecule are produced. Figure 2 shows the full revival of CO2 gas for 

harmonics from 17th to 27th orders. The harmonic yield is enhanced or decreased with varying 

delay time. Figure 3 shows each harmonic order yield as a function of pump-probe delay 

time. The harmonic signal is decreased when the delay is at ~42.7ps. In addition the CO2 

molecule is aligned along the polarization direction, and the harmonic signal is increased, Fig. 

3. Bright colors show the enhancement of harmonic yield caused by the aligning pulse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Full revival of CO2 molecule as a function of harmonic orders. The full revival is observed at ~42.7ps time 

delay. 
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Figure 3. Harmonic order yield at full revival of CO2 molecule. The full revival is observed at ~42.7ps time delay. 
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The half revival of CO2 molecule is obtained at the delay time of 21.3ps time delay. 

Harmonics from 17th to 25th harmonic orders are presented in Fig. 4. The harmonic yield is 

decreased or increased when the CO2 molecule is aligned with pump probe delay time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The full revival (~ 42.7ps) and the half revival (~21.3ps) are observed for CO2 molecule.  

Molecular ionization rate is maximum when the molecules are aligned along the laser 

polarization direction. The harmonics yields are enhanced about ~2 fold when the molecule 

has the same polarization direction of the laser field (in Figure 2-5).  

Figure 4. Half revival of CO2 molecule as a function of harmonic orders. The half revival is observed at ~21.3ps 

time delay. 
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Figure 5. Harmonic yield at full revival of CO2 molecule. The half revival is observed at ~21.3ps time delay. 
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Figure 3 and Figure 5 are experimentally observed high harmonic signal from 15th to 27th 

harmonics at the half and the full revival. The three-step model, [15] (i) tunnel ionization, (ii) 

propagation in the continuum, and (iii) re-collision with the atomic core, plays an important 

aspect for HHG from aligned molecule because the tunneling (ionization) rate depends  on 

molecular alignment [16, 17].  

4. CONCLUSION 

The effects of electronic structures from laser aligned linear molecules are studied. The CO2 

molecule has maximum electron density when the molecule is aligned along the polarization 

direction. Thus molecular ionization rate is maximum when molecule is aligned along the 

laser polarization direction. Harmonic yield is enhanced factor of 2 when the molecule is 

aligned along the laser polarization direction. The molecular alignment method is promising 

method to increase the harmonic yield, and it enables to determine the structure of the 

molecular orbital using pump-probe technique. 
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ABSTRACT 

Toys and games; are historical, social and cultural products that exist in fields such as 

History, Geography, Sociology, Psychology, Tourism and Industry. They have an essential 

place in Museology in terms of preserving its originality and occasionally preserved in the 

time with the development and changes and exhibited with its historical development as well. 

Toy museums, which are becoming a complementary element of the city, are becoming more 

and more popular fort he point of cultural tourism in many cities and all around the world as 

well. In Antalya province, the function of the toy museum was proposed and implemented 

into two different structures that have historical value. The aim of the study is to evaluate the 

function of the toy museum within the scope of conservation and tourism by revealing the 

previous functions and new functions of the buildings. Within the scope of the study, Antalya 

Toy Museum and Anatolia Toy Museum are assessed as two examples of toy museums, 

which are located in Antalya.  

Keywords: Toy Museum, Re-functionalization, Tourism and Conservation 

ÖZET 

Oyuncak ve oyun; Tarih, Coğrafya, Sosyoloji, Psikoloji, Turizm ve sanayi gibi alanlarda var 

olan tarihsel, toplumsal ve kültürel bir ürün niteliğindedir. Zaman içinde özgünlüğünü 

korumasının yanında, gelişen ve bu anlamda değişen hali ile korunması ve tarihsel gelişiminin 

sergilenmesi açısından müzecilik alanında da önemli bir yer edinmiştir. Dünya genelinde 

olduğu gibi ülkemiz kültür ve turizm şehirlerinde de giderek yaygınlaşmakta ve şehrin 

tamamlayıcı bir unsuru haline gelmekte olan oyuncak müzeleri tarihi değere sahip yapıların 

yeniden işlevlendirilmesi şeklindeki koruma anlayışında da tercih edilen bir işlev olarak 

karşımıza çıkmaktadır. Antalya ilinde tarihi değere sahip iki farklı yapıya yeniden 

işlevlendirme olarak oyuncak müzesi işlevi önerilmiş ve uygulanmıştır. Çalışmanın amacı da 

yapıların önceki işlevleri ve yeni işlevlerinin ortaya konulması suretiyle bir durum tespiti 
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yapılarak koruma ve turizm kapsamında oyuncak müzesi işlevini değerlendirmektir. Türkiye 

Oyuncak Müzelerinin Antalya’daki iki örneği olarak Antalya Oyuncak Müzesi ve Anadolu 

Oyuncak Müzesi çalışma kapsamında ele alınmıştır. 

Anahtar Kelimeler: Oyuncak müzesi, Yeniden işlevlendirme, Koruma ve Turizm 

1. INTRODUCTION 

Games and toys have an important place in child education. Because children tend to learn by 

seeing and doing rather than reading and listening. They learn and discover the real world 

through games. From this point; 

"The game is that the child expresses himself” 

“The game is the child's job” 

“The game is a bridge between dream and reality” 

“The game is a mirror that reflects the inwardness of the child” (Ormanlıoğlu Uluğ, 1999). 

 "Game; are instinctive movements that strengthen the child's ideas and character, give him 

joy and pleasure and play an important role in body development ”. 

"Game; are all voluntary and freely organized activities that are a source of happiness, 

stimulate all developmental aspects of the child and develop senses and emotions as much as 

their abilities. ”Are defined also  (URL 1). 

All children who are in a normal development process have a playmate from a young age and 

often this playmate is a toy. Because the game is not only a busyness and educational effort 

for the child but also it is a serious job in which he places meanings on toys and objects. A toy 

also support mental health development as the most basic tool of the idea of “child learns 

through play” and helps the initiation and development of emotional relationships (Önder, 

2018). Children are the future of their own countries.  The toys are an important tool that 

plays a role in the upbringing of the future and that’s why it is also a prescience of the 

countries. Önder, who worked on Basic Education Sciences (2018), mentions the perception 

and motivation created by the "German soldiers play set" that was released in 1933 with the 

understanding of "thoughts grow with children" six years before the Second World War. He 

also states that there are researchers who said the war was won in this way. It also draws 

attention to very important details from the toys exhibited in existing toy museums. (Figure 

1). 

“At least half century ago, majority of Japanese children's toys that produced are robots and 

similar robotic toys. In addition, those produced in the USA are related to space and 

spacecraft. Today, Japan is advanced in the robot industry and the USA in the space industry. 

Toys are the common language of all children. It is also an important indicator of the 

education system. The situation is the same in Turkey. Small wind circles (pinwheel) once in 

the hands of our children have now become an important source of energy as wind power 
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stations. Robot toys that children still like very much are started to use extensively in many 

sectors in daily life. Toy cars that have taken different shapes have become real nowadays. 

Paper kites of our childhood have entered our lives as Drones. So, games and toys are very 

important materials that contain the codes of the future of a country” (Önder, 2018). 

 

 
 

Fig. 1. German Soldiers Play Set. (URL 2) 

2. TOY MUSEUMS 

According to the International Commission of Museums (ICOM) current museum definition 

as follows: 

“Museums are democratising, inclusive and polyphonic spaces for critical dialogue about the 

pasts and the futures. Acknowledging and addressing the conflicts and challenges of the 

present, they hold artefacts and specimens in trust for society safeguard diverse memories for 

future generations and guarantee equal rights and equal access to heritage for all people. 

Museums are not for profit. They are participatory and transparent, and work in active 

partnership with and for diverse communities to collect, preserve, research, interpret, exhibit, 

and enhance understandings of the world, aiming to contribute to human dignity and social 

justice, global equality and planetary wellbeing”(URL 3). Toy museums are also within the 

scope of the specialty museum according to the ICOM museum classification. As such, it acts 

as an institution that is responsible for protecting the toy that is a historical, social, cultural 

product and transfers it to new generations (Onur, 2010). In fact, toys and games are a cultural 

product that reflects the society and social development in areas such as history, geography, 

sociology, psychology and industry (Önder, 2018). The display of games and toys that 

develop children's abilities of thinking, producing, and being creative, promoting and 

producing them by organizing various activities are seen as an important activity for 

developed cities focused on education, culture and tourism. In this respect the aim of the toy 

museums, which are increasing in Turkey as well as in the world is; “to contribute the mental, 

affective and psycho-motor developments and creativity of children by bringing together the 

toys that have an indispensable place in child education” (Önder, 2018). 
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Children are the future of their own society and country. In this respect, the way to be 

effective in the future is possible by gaining and developing today's children the ability to 

query, produce and compete through games and toys (Önder, 2018). Nowadays it is seen that 

the number of toy museums opened at important cities and metropolitan areas of the 

developed countries is rapidly increasing. In these countries, there are not only toy museums 

but also toy museums that specialize in different aspects of children's culture. That includes 

doll museum, model toy museum, teddy bear museum, game museum, puppet museum, 

education museum, school museum, child museum,  children arts museum, children literature 

museum, digital game museum, children science and discovery centre, and a planetarium as 

well. For example, Karadeniz (2013), working on educational sciences, states that there are 

242 children museums in the USA only according to 2009 data, and these museums offer 

services for different age groups as well as permanent and temporary exhibitions. These 

services include workshops, courses, summer and winter camps, family days, birthday parties, 

guided museum and city tours, seminars, interviews with scientists and artists, museum-

school cooperation programs, social programs, distance learning programs, seminars, family 

days, teachers activities and learning programs, educational materials for schools, afternoon 

activities, educational programs for museum volunteers, public days, special events on certain 

days and weeks, film and documentary screenings, pre and post-museum educational 

materials, online collections, audio guided trips and training packages. (Karadeniz, 2013). 

Depending on the importance of toy museums, their numbers in our country tends to increase. 

Nowadays there are eight-toy museum in Turkey one is in specialized category. Although the 

first of these is not official museum status, it is important in terms of bringing the toy museum 

culture to our country for the first time. This building is actually village house of the person in 

the name Musa Baran, which he was made available to use as a museum in the form of 

exhibition galleries. The person’s interests in games and toys created the individual 

museology effort. This typical museum was effected the tourism in the settlement also. 

However, first official toy museum opened on April 20, 1990 as Ankara University Faculty of 

Educational Sciences Toy Museum in Turkey. Nowadays toy museums in Turkey can be 

summarized as follows: 

• Musa Baran Children's Toys Museum, Bademler Village, Urla, İzmir (1983) 

• Ankara University Faculty of Educational Sciences Toy Museum (April 20, 1990) 

• Istanbul Toy Museum (23 April 2005) 

• Konak Municipality Ümran Baradan Game and Toy Museum, İzmir (January 17, 

2010) 

• Antalya Toy Museum (April 20, 2011) 

• Gaziantep Toy Museum (April 6, 2013) 

• Folkloric Fabric Doll Museum, Denizli (January 11, 2014) 

• Anatolia Toy museum, Antalya (October 1, 2017). 
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There is also a specialized toy museum in Turkey. Folkloric fabric doll museum in Denizli is 

the first and only museum known as a museum with this feature. Cities that stand out in terms 

of cultural and tourism activities are looking for new tourism areas besides their traditional 

ones. In this respect, it is possible to come across sample activities based on games and toys 

in our country. Muğla-Yerkesik Authentic Game and Toy Festival is one of them. In the 

festivity, which aims to revitalize the forgotten children games held in cooperation with 

universities, non-governmental organizations, the ministry of culture and the municipality, 

handmade toys are also exhibited and used by children. With the activity that contributes 

greatly to peace, unity and tourism is aimed for children to get rid of the submission of the 

techno-culture and passive consumer position, to become an active position and to gain the 

consciousness of resisting the wild capitalism. In this framework they play their games and 

share toys something like hoop, hopscotch, nine stone, ball, jump rope, steel rod, checkers etc. 

(Önder, 2018). (Figure 2) (Figure 3) 

                                                 

Fig. 2.  (Milliyet Newspaper, 28 May 2015) (Önder, 2018)                                        Fig. 3.  (22 May 2017 date news)  (URL 4) 

 

3. TOY MUSEUMS OF THE WORLD 

The number of toy museums is growing rapidly in various parts of the world. In the scope of 

the study, examples from famous toy museums known as examples from around the world are 

included. 

3.1 World’s Largest Toy Museum (Branson Toy Museum), USA. 

The building complex of the Boxcar Willie Museum was sold in 2001 and the building was 

given the function of a toy museum by its new owners. The name of the museum, “The 

World's Largest Toy Museum” (World’s Largest Toy Museum) was determined in the first 

installation phase in direct proportion to its establishment purpose and building area.  The 

museum consists of six museum structures totally and there are more than a million toys in it 

nowadays. In addition, the museum includes different type of toys from the 18th century to 

the present (Figure 4 and Figure 5) (URL 5). 
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                                 Fig. 4. (URL 5)                                                                     Fig. 5. (URL 5) 

 

Toy museums are structures that attract local and foreign tourists. In this respect, they are 

increasingly becoming visiting centres for tour routes and contributing to the tourism 

activities of the city in which they are located. (Figure 6-7-8). 

   

      

          
                                                                              Fig. 6.   (URL 6) 

        
                                                              Fig. 7.  (URL 6) 
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Fig. 8 (URL 7) 

 

3.2 Miami Children's Museum, Florida, USA 

As one of the museums specializing in the field of children's culture, the Miami Children 

Museum was built in 1983. The building functions as a non-profit educational institution 

(Karadeniz, 2013). (Figure 9-14) 

         
      Fig. 9.  (URL 8)                                Fig. 10. (Karadeniz, 2013)                    Fig. 11. Healthy Living Exhibition,  

                                                                                                                                                               (Karadeniz, 2013)    

 

             

                        Fig. 12.                                                     Fig. 13.                                                            Fig. 14. 

  Me, You and Teddy bears exhibition              Art Studio (Karadeniz, 2013)                             Art Studio (Karadeniz, 2013)                                         

               (Karadeniz, 2013)                                                                                                                       

                

Besides the children's museum exhibition areas, education and activity areas are also 

included. (Figure 15) 

 

                                                             Fig. 15. Activities in Miami Children’s Museum   (URL 8)  
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3.3 Stockholm Toy Museum, Sweden 

The museum, which was first located in the five-storey old school building with an area of 

1200 m2 in Stockholm Mariatorget on August  30, 1980, was moved to a building next to the 

Tram Museum in Söderhallarna in 2005. Then moved to the new facility in Nacka in 2018. 

The 20th century toys are exhibited in the museum, which is especially famous for its railway 

modelling collection (Figure 16 and Figure 17) (URL 9). 

 
    Fig. 16.  (URL 9)  

 

    

 
                                                                                  Fig. 17. (URL 9) 

Toy museums, which have become cultural attractions in terms of their cities, are also used by 

tourism hotels for advertising purposes. In this respect, the location of the hotel is more 

important than its name. (Figure 18) 

 
Fig. 18. (URL 10) 
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3.4 Nuernberg Toy Museum, Germany 

Nuernberg Toy Museum, founded in 1971, is known for its toys dating back 600 years. In the 

museum, medieval dolls and industrial toys are exhibited. It was built as a new museum 

structure, which is behind the Renaissance facade of an old aristocratic house on Karlstrasse 

Street of Nuenberg, which was destroyed after the Second World War (URL 11). (Figure 19) 

 

   Fig. 19. (URL 11) 

 

The history of the toy museum is based on a couple named Lydia and Paul and their passion 

of collecting toys.  After Lydia's death, her husband and daughter created the museum, which 

was the dream of Lydia (URL 12). (Figure 20 and Figure 21) 

        
 Fig. 20. (URL 11)                                     Fig. 21. (URL 11) 

  

   
 

    
                                                  Fig. 22. İnterior of the Museum    (URL 13)                                                                                                              
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3.5 Prague toy museum, Czech Republic 

After 1980, Czech cartoonist, illustrator, painter, writer and director Ivan Steiger started 

collecting toys with the help of his family and his collection has become one of the largest toy 

collections in the world. This collection was opened to the exhibition at the toy museum in 

Prague Castle in 1994. The museum’s collection includes examples of Ancient Greek Toys, 

Barbie Dolls Collection (the largest), Fairy Tale Heroes (URL 14). (Figure 23-25) 

   
                                         Fig. 23. (URL 14)                                                Fig. 24. (URL 14) 
 

   
 

     
                                                                                           Fig. 25.  (URL 15) 

3.6 Tokyo (Shinjuku-Ku) Toy Museum, Japan 

Yotsuya Daiyon primary school building, which was built in 1935, is used as a museum 

structure today. There are places in the museum where children can play games both inside 

and outside. In the museum, toys made of wood and natural materials are exhibited and the 

visitor profile was considered very broad. Even breastfeeding and clothes change areas were 

designed for visitors who come to the museum with their babies (URL 16). (Figure 26 and 

Figure 27) 
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Fig. 26. (URL 16) 

                     

                                Fig. 27. (URL 16)                                                    Fig. 28.  Advertisement  (URL 10)                                                   

 

4. USE OF TOY MUSEUMS IN RE-FUNCTIONING 

Over time, as people's needs changed their living spaces and structures also changed. In 

buildings that cannot carry their past functions to the present, a conservation approach in the 

form of re-functioning is applied. Thus, it is aimed to sustain the structures that cannot 

continue their original functions through re-functioning. This situation occurs especially in 

monumental and historical industrial buildings. There are also applications in the examples of 

civil architecture in the changing residential areas after rapid urbanization. With rapid 

urbanization, residential areas are sometimes displaced. As a result, registered buildings in the 

region have been forced to change their original housing functions. Some of the buildings that 

have been re-functioned due to environmental and cultural changes have the opportunity to 

participate in life, but in some cases, the new functions introduced without taking into account 

the integrity of the building, its architectural value and its contribution to the environment 

cause the building's architectural identity, unique elements and fiction to be negatively 

affected (Gazi & Boduroğlu, 2015).  
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It is recommended for reasons such as function change in buildings with historical value, loss 

of original function of buildings, environmental factors, economic reasons, and socio-cultural 

changes (Gazi and Boduroğlu, 2015). In this respect, what the new function will be important 

for sustainability and protection of the building. Museum function that can be given to the 

building has been used recently in terms of different classifications. Toy museum is one of 

these museum classifications. There are two toy museums in the province of Antalya. These 

two toy museums are realized projects by re-functioning of two different buildings with 

historical value. It is one of the investments to increase the domestic and foreign tourism 

activities of Antalya province, which has an important potential in terms of tourism, as well as 

keeping the structures alive. The name of these toy museums are Antalya Toy Museum and 

Anatolia Toy Museum. 

4.1 Antalya Toy Museum 

The building is located in the marina, Kaleiçi which is third degree archaeological protected 

area in Selcuk neighbourhood, Muratpaşa district. The museum includes nearly 3000 toys of 

antique value and many domestic and foreign toys are exhibited from the 1860s to the 1980s. 

    

Fig. 29. (URL 17)                                                   

    
Fig. 30. 
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The building group, which has the appearance of separate spaces from the outside, is a single 

structure with interconnected interiors. It is a single-storey building, located in the east-west 

direction within the marina, painted on masonry plaster, with windows and doors covered 

with stone jamb, vaulted roof covered with Turkish tiles, bearing the characteristics of 

'Kaleiçi traditional trade and architecture'. It is the second group of buildings within the scope 

of Immovable Cultural assets. (The structure reflecting the local life style as a cultural asset). 

The windows are winged and made of wood in arched form. In addition, these windows have 

iron railings in node forms. According to the information obtained from the architect of the 

period, İbrahim Bostanoğlu, it was used as a port warehouse (cotton and grain warehouse) 

until the 1980s. It was taken over from the treasury in 2006 and was used for the purpose of 

the BAR function dated on March 30, 2007 within the 166 block  65,66,67,68,69,70 

numbered parcels  in 2007 (metropolitan municipality conservation KUDEB archive). 

Renovation and maintenance permission has been obtained and applied for the 'BAR' 

function. Within the scope of the renovation, the following applications were made: 

                    1-Roof Transfer, Gutter Repair 

                    2- Painting of walls 

 3- Current electrical installation maintenance repair and improvement 

                    4- Maintenance and repair of existing plumbing 

                    5- All doors and windows repair and painting 

                    6- Cleaning and painting of iron wrought iron elements 

 

With the official letter dated on 15.07.2007 and numbered 1555, it is stated that there are 

pergolas and wooden platform on the south pedestrian road in the 53.54,55,68,69,70,71 

parcels. With the official letter dated on 11.04.2007 and numbered 325, the rotting sections 

were allowed to be changed, painted and polished because of it had a bad appearance 

regarding the existing wooden platform, but it was determined that was not applied as it said. 

So identified that the existing platform was not preserved and a new platform was constructed 

with different material (white wood-like coating material on the metal structure).  In addition, 

the existing form was not complied and although it was not in its old form, it was surrounded 

by a railing (Figure 31). 
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                                                                     Fig. 31. 
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                                                           Fig. 32. (From 2007 Restoration Project) 

 
 

  

   

 

 
 

                                                  Fig. 33. (Existing photos for measured drawing in 2010) 

With the official letter dated 04.11.2010 and numbered 793-2708, modifications and 

maintenance permit was obtained for the 'TOY MUSEUM' function within the 166 block 

56,57,58,59,60,62,63,64,65,66,67,68,69,70 numbered parcels  (Metropolitan Municipality 

KUDEB Archive). In this context; 
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A) Things to do; 

             1- Dismantling of the steps in the entrance area of the area, dismantling of the    

                  flooring and renovation of the steps (Figure 34) 

             2- Replacing the worn step thresholds at the entrance of the building with the same  

                  material (Figure 34) 

             3- Correction of the courtyard flooring, rainwater drainage, making the hydrant  

                  working 

             4- The renewal of the top covers of the eaves with copper material in accordance with  

                  the original (Figure 35-36) 

             5- Removal of hot-cold air ducts inside the interior, which are no longer technically   

                  usable (Figure 38, 39) 

             6- Lifting of the solar panels from the roof (Figure 40) 

             7- Removing the door and window fillers that has been closed without permission,  

                 placing the door and window wings similar to the original in their place  

                 (Figure 35, 36, 37) 

 

     

 Fig. 34.                                                   Fig. 35                               Fig. 36 

      
                                  Fig. 37                                            Fig. 38                                      Fig. 39 

 

    
                                                                 Fig. 40                                         Fig. 41                                                   

  

B) Requested repairs; 

1- Turning the niche between 166 block 55, 56 parcels and the niche between 65, 66   

     parcels into doors 

2- Placing the Toilets on the inner side of the building in the 62 parcel, provided that 

     prefabricated elements are used 

3- Renewal of wall plasters and paints, provided that the existing colour is used  
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4- The repair of door and window joineries with the same material in accordance with 

     the original 

 

C) Considering that the building will be transformed into a new function and its  

     neglected time due to not being used for a long: 

1- Indoor and courtyard lighting project 

2- Prepare the heating ventilation installation Project 

 

  
                                                                Fig. 42. 

 

 

 
                                                    Fig. 43. (2010, measured drawing) 

 

 

 

 

 

 

 

 
                                                                       Fig. 44. (2010, Restoration project) 
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                                                                     Fig. 45. (2010, Restoration project) 

 

                
                                    Fig. 46. (Evaluation of the area in front of the museum entrance facade)     
  

 
  

              
Fig. 47.  
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Fig. 48. 

      

  
 

 

Fig. 49. 

Monthly activity programs are organized for children in the toy museum (Picture 46). 

 

 
 

 
 

Fig. 50.  Monthly activity program (URL 18)                                                                           
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4.2 Anatolian Toy Museum 

Weaving yarn, which was named after the weaving neighbourhood, which is an old settlement 

of Kepez district, is located within the factory area. Weaving Park. (Figure 51) 

 
Fig. 51 (URL 17)   

                                                                         

The building that was used as a kindergarten of the factory was transformed into the toy 

museum related to the main establishment purpose.  In addition to the toy collection, which 

includes examples from the world toys, the museum point out to local toys of Anatolia 

especially. The establishment purpose of the museum was explained to ensure that the 

traditional games and toys of Anatolia are not forgotten and carried to the future. A selected 

specific portion of the local toys of Anatolia that is located in Turkey’s various museums 

produced as imitation by craftsmen. Consequently, development and changes of the toys in 

history has been displayed with these selected portions. The explanation of these replica toys 

was provided by imitations of the ancient works that depict the moment of play of the toy in 

the exhibition. Usually there are many descriptions on ceramic vases to describe the 

relationship between children, games and toys. The toys on display carry the childhood in 

ancient times to today's childhood, and children are instilled in historical and cultural 

awareness through toys. Thus, toys that are the means of establishing relationships between 

people are presented with the method of exhibition and asked to create a link between the past 

and the present. With the permission of Cultural Assets and Museums General Directorate, 

the antique toys of same period, which found in different museums of Turkey, have a chance 

to display together in a hall. It is also stated that replica toys (imitations) produced by ceramic 

artist Erdal Taşbaş are the first in the world with the format that summarizes the 7000 years of 

Anatolian toy history.(URL 19) 
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Fig. 52. 

 

 
Figure 53 Dokuma Park Plan 
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                                                                                                Fig. 54. Floor Plans 

 

 

 

 

 

 

                                                                                      Fig. 55.  Sections and Views 
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The building and the area of the building are loaded with a strong social function as learning, 

entertaining, playing, meeting place with family. There are approximately 5000 toys in the 

750m2 indoor exhibition areas of the museum structure, which sits on an area of 

approximately 4,000m2. 15 thematic hall arrangements were made in the museum. The 

weaving factory period was reflected as 'Room of Memories' at the entrance. Apart from this, 

Pinocchio, Wooden Toys, Storyteller, Popeye / Sea Room, Pepe / yellow courtyard, Garage, 

Metal Room, Cars, Station / Train Room, Early Republic Class, Puzzle, Plush Room, 

Traditional Artisan Street, Anatolian Traditional Toys, Kaleici Street (our grocery store, 

Kaleiçi toy store), Anatolian Toy History themed halls and workshops in 150m2 area were 

organized. (Figure 56-59) 
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                                                                                                    Fig. 57. 
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Fig. 58. 

 

      

Fig. 59. 
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Fig. 60. News of Media 
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Fig. 61. Old Factory Building 

5. EVALUATION AND CONCLUSION 

If there is a child means there is a play and if there is a play means there is a toy generally. In 

the past toys played with or made from materials such as stones and trees in the natural 

environment have been replaced by technological toys over time. The toys that were once 

acquired by simple methods have experienced changes in the characteristics that reflect the 

period and social and cultural changes of the period as well. In this sense, it is developed and 

is still being developed. Toys, which are often produced in the form of a small modelling of 

everything that exists in the world of adults, have experienced improvements and changes 

similar to the developments in the life of adults. Once upon a time, the toy dolls made of stone 

were replaced by walking singing robot babies, this could be considered as an example. As 

well as the toys that protect their existence in every period, new games and toys have been 

developed with the developing technology as well. In this regard a wide range of toys can be 

mentioned from past to present. 

Toy museums are one of the most influential institutions that provide the transfer of the 

development and change of the toys, which is the most important element of childhood to new 

generations. It is popularized by developed and developing countries and is used especially 

for tourism purposes. 

Toy museum buildings are located in a central area and there is desired to create attraction 

areas especially for tourism. Structures that have lost their functions in the central regions are 

considered as usable resources in this regard. This is also the case in the examples examined 

within the scope of the literature. It is seen that in the two examples in America, one is the 

new building and the other one is continuation of the function as museum structure. The 

situation in Sweden is in the form of temporary use in the transition to the new structure 

rather than re-functioning. Except these two countries, museum examples of other countries 

are historical buildings that are used by re-functioning or have been reconstructed. In this 

respect, it can be said that countries and regions with a deep-rooted history carry out studies 

on historical structures in order to transfer the cultural elements of their childhoods to new 

generations and consider this as an element of tourism. 

In our country, toy museums are becoming more and more widespread and become attraction 

points especially in tourism cities. In this respect toy museum function is chosen from the 

historical city buildings which are generally located centrally and are used as structures that 

are kept alive and offered for the benefit of the public. Antalya Toy Museum and Anatolian 
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Toy Museum are the structures that have lost their original functions as two museums in the 

province of Antalya, which we examined within the scope of the study. Both buildings are 

located in the city centre. Both are used as a transfer of toy culture to new generations and as 

effective structures in the field of tourism. These studies on keeping our history alive and 

expanding our cultural values are promising for our future. In fact, investing in the future is 

possible by protecting the past. 
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