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Fig (Ficus carica var. domestica L.) Genetic Resources Conservation and
Characterization
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Alnt1 / Cite : Ayar, A., Sahin, B., Mutlu, D., Ozen, M., Belge, A., Karacaoglan, C. (2023). Fig (Ficus carica var.
domestica L.) Genetic Resources Conservation and Characterization, International Journal of Eastern Anatolia Science
Engineering and Design, 5(1), 1-19.

Abstract

In this study, 292 female fig genotypes, (including foreign origins) in the fig field gene bank, were evaluated for
qualitative characteristics in IPGRI (International Plant Genetic Resources Institute) definitions. These features are tree
growth (tree growth power, branching, shoot length, etc.), leaf (leaf area, shape, number of lobes, etc.), fruit (fruit
weight, color, ostiole opening, flesh thickness, etc.). Generally, non-metric definitions of these features were classified
between certain ranges and expressed as percentage. For example; tree growth of genotypes was observed to be strong
in 33% , and, apical dominance was determined in 17% of the genotypes. 60% of the genotypes have a medium (10-
20cm) shoot length and, leaf area varies between 250-400cm? in %53 . The color of the fruits was determined as yellow
in 34%, green in 32%, purple in 21% and black in 13% of genotypes. Within the scope of this continuous project, the
collection of multiple data continues.

Keywords: Fig (Ficus carica L.), genetic resources, fig field gene bank, characterization, IPGRI.

ISSN: 2667-8764
https://dergipark.org.tr/tr/pub/ijeased
© 2023 1JEASED. All rights reserved.



https://dergipark.org.tr/tr/pub/ijeased
https://dergipark.org.tr/tr/pub/ijeased
https://doi.org/10.47898/ijeased.1197081
mailto:arzu.gocmez@tarimorman.gov.tr
https://orcid.org/0000-0002-0258-7066
https://orcid.org/0000-0002-3113-8681
https://orcid.org/0000-0002-2699-3827
https://orcid.org/0000-0002-4470-833X
https://orcid.org/0000-0003-1746-1455

Ayar, A. et al., International Journal of Eastern Anatolia Science Engineering and Design (IJEASED) / Uluslararas:
Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi
(2023) 5(1):1-19

Disi Incir (Ficus carica var. domestica L.) Genetik Kaynaklart Muhafaza ve
Karakterizasyonu

Ozet

Bu ¢alismada, incir arazi gen bankasinda bulunan yabanci orijinliler de dahil olmak iizere 292 disi incir genotipi,
IPGRI  (Uluslararas: Bitki Genetik Kaynaklar:  Enstitiisii) tamimlamalarindaki  nitel  ozellikler  yéniinden
degerlendirilmistir. Bu ozellikler agag gelisimi (agag biiyiime giicti, dallanma, stirgiin uzunlugu vb.), yaprak (yaprak
alami, sekli, loplarin sayist vb.), meyve (meyve agwrligi, rengi, ostiol genisligi, tabla kalimhigi vb.) ézellikleridir.
Genellikle bu ozelliklere ait metrik olmayan tanimlamalar belirli araliklar arasinda simiflandirilarak, % ’de olarak ifade
edilmistir. Ornegin; agag gelisiminin genotiplerin %33 iinde kuvvetli oldugu saptanmis, %17 sinde apikal dominansi
goriilmiistiir. Genotiplerin %601 orta (10-20cm) siirgiin uzunluguna sahip olup, yaprak alanm %33 iinde 250-400cm?
arasinda degismektedir. Meyvelerin rengi, genotiplerin %34 linde sari, %32 sinde yesil, %21 inde mor ve %13 "linde
siyah olarak saptanmustir. Bu siirekli proje kapsaminda, ¢oklu verilerin alinmasina devam edilmektedir.

Anahtar Kelimeler: Incir (Ficus carica L.), genetik kaynaklar,incir arazi gen bankasi, karakterizasyon, IPGRI.

1. Introduction

Plant genetic resources can be freely used in the development of food, animal feed, fiber and
industrial crops. The necessity of sharing genetic resources in order to conserve and preserve them
for the future has also gained importance from past to present. The collection and storage of seeds
for subsequent planting are at least as old as written history. Sumerians BC. in the 2500s, they have
been came to Anatolia to collect rose, fig and grape varieties. The fig, which is considered sacred in
the world and brought into culture with the settled life of people, is one of the oldest traditional fruit
trees. It includes approximately 850 species globally distributed in tropical and subtropical/warm
regions (Anonymous 2017).

Turkey, the the country of origin of the fig, has a very large fig population through natural
hybridization and selection. Fig varieties are encountered in different climatic conditions of
Anatolia. Southeastern Anatolia and Eastern Mediterranean regions are known as the main genetic
sources of figs, especially for fresh fig varieties (Kuden and Tanriver, 1998).

However, it was determined that the first cultivars and their wild relatives were lost rapidly in
the surveys made in our country and in different parts of the world. In addition to the cultivation of
new varieties with superior characteristics, factors such as various diseases and plant pests, different
climatic events, natural disasters and the development of residential areas affect fig cultivation. For
this reason, in recent years, organizations such as the International Biological Program (IBP),
United Nations Food and Agriculture Organization (FAO), International Plant Genetic Resources
Board (IBPGR) have focused on the collection, evaluation, conservation and documentation (Kiiden

and et al., 1995).
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In many countries where fig genetic diversity exists, studies on the collection, characterization
and conservation of genetic resources have been and are still being carried out. Morphology,
pomology and molecular markers, tissue culture techniques and protocols are successful tools in
assessing genetic diversity and classifying fig accessions (Aksoy et al., 2003; Stover and Aradhya
2005; Simsek and Yildirim 2010; Podgornik et al., 2010; Dalkili¢ et al. , 2011; Giraldo et al., 2010a
et al.; Simsek et al., 2017; Khadivi et al., 2018; Zhou et al., 2013; Nader et al., 2019).

Morpho-agronomic characterization consists of germplasm analysis and subsequent
morphometric analysis using specific descriptors developed by IPGRI (Bioversity International),
The International Union for the Protection of New Varieties of Plants (UPOV) or other international
consortia. These descriptors have been recommended by the Bioversity International, International
Institute for Plant Genetic Resources (IPGRI) (germplasm diversity), International Association for
Seed Testing (for quality control of seeds and propagation material to assess) and the Community
Plant Diversity Office. Bioversity International has developed descriptors for more than 100
products in collaboration with national genetic resource agencies. The data obtained are used in the
phenotyping of the characterized germplasm, in the evaluation of the diversity and variability of
biological resources, and in the identification of regional and/or conservation plant varieties.
Morpho-agronomic specific information is used in the preparation of passports and reports.

In India, biochemical characterization performed in germplasm analysis uses processes such
as protein fractions (storage proteins) or other biochemical markers (antioxidants). Molecular
characterization consists of germplasm analysis using different molecular markers (microsatellites,
ITSs or SNPs). These descriptors have been proposed by IPGRI to assess the genetic variability of
the germplasm, allowing the detection of specific markers for the identification of regional varieties
or representation of material through genetic modification (GMO detection). The data obtained are
used in typing regional varieties and checking the integrity of the collection of germplasm entries.
Specific molecular information is collected in passports and reports (Tripathi, 2017).

Populations consisting of indigenous fig genotypes in Ibradi and Kumluca (Antalya/Tiirkiye)
were classified in terms of pomological and morphological characteristics. The data revealed that
some fruit and leaf characteristics of the examined fig species were significantly different in terms
of location and fig species.

Local fig germplasm was evaluated in Alanya and Kemer districts in the Mediterranean
Region. The results showed that the examined pomological characteristics of the fig genotypes

showed significant differences in both districts. Fig samples collected from Alanya are more
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suitable for making marmalade and jam as they have relatively small fruits. Figs from Kemer were
generally accepted as fresh consumption due to their relatively large fruit size (Gozlekgi, 2010 and
2011).

76 fig varieties were collected from Hatay Province in the Eastern Mediterranean Region
between 2008 and 2009. Apical dominance, lateral shoot formation, leaf shape, number of lobes,
central lobe length, leaf area and leaf width and fruit length for plant and leaf characteristics, pH,
colour formation in the flesh, abscission of the stalk from the twig, fruit width, fruit length, fruit
weight and antioxidant capacity were determined as distinguishing features. It has been suggested to
use reproducible parameters as much as possible for the naming and classification of genetic
resources (Caliskan and Polat, 2012a).

Female fig genotypes in Beyazsu region, located between Nusaybin and Midyat countries
(Mardin/Tiirkiye), were selected between 2014 and 2015 using weighted-rankit method. Each
selected genotype has been defined (Simsek et al., 2017).

In order to determine the phenotypic variation of fig genotypes grown in Mersin Province,
Tarsus District, 24 female fig genotypes were evaluated according to plant and fruit quality
characteristics. Among plant and fruit characteristics, 26 of 45 features were found to be more
suitable for identifying and distinguishing fig genotypes in the research area. The results showed
that the fig genotypes' measured plant and fruit characteristics had significant phenotypic variations
(Simsek et al., 2003 and 2020).

Some fig genotypes were selected from the Istahban Region of Iran in 2005. Morphological
features of genotypes; tree growth, vigor, branching, lateral shoot development, apical bud color,
annual shoot length, thickness, color and branching tendency, leaf shape, number of leaves per
shoot, leaf length, leaf lobe, petiole length; as pomological characteristics; fruit weight, width and
length, fruit skin color, shape, neck, symmetry, stem shape, stem length, total soluble solids, pH and
total acidity were determined according to IPGRI (Mahdavian et al., 2007).

In order to protect the fig from genetic erosion and start the protection program, and make the
morphological characterization of the local fig varieties; 31 fig cultivars belonging to different
regions of Tunisia varying from north to south were analyzed according to both qualitative and
quantitative morphological characters (Saddoud et al., 2008). Local fig germplasm was observed to
determine morphological variability and to identify homonyms and synonyms within cultivars.
Characters with high distinctiveness; fruit size, fruit outer color and leaf size were determined

(Aljane and Ferchichi, 2009). In Morocco, in six main geographical regions, pomology, Plant
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material was collected through observation and interviews with farmers. Local cultivar names were
noted as given by the farmers. Photos and GPS coordinates were recorded as a reference for each
fig tree collected. The study; It has been provided to characterize different varieties and to
determine their geographical ranges. Synonymous and homonymous SSR profile statuses of the
genotype groups were determined, which are closely related to fruit skin color (Khadari et al., 2005;
Achtak et al., 2010). Most of the descriptive lists for the characterization of genetic resources in
plants are long and expensive to evaluate. Also involves a large number of features that complicate
the characterization of large collections of germplasm. Consequently, to facilitate the study and
maintenance of the germplasm, It is important to carefully select the most informative variables for
each species. Ordinal statistical procedures were applied to select the most distinguishing variables
from 134 qualitative variables. As a result, a carefully selected and reduced number of highly
discriminating variables were allowed for efficient fig germplasm characterization and
differentiation, saving significant time and resources (Giraldo et al., 2010a and b).

The genetic diversity of 11 fig cultivars in 45 traits was evaluated using international
morphological descriptors in Algeria. The use of morphological descriptors was found to be more
appropriate to assess genetic diversity in Algerian fig genotypes. It was stated that 20 quantitative
variables and 7 qualitative variables were useful in distinguishing the varieties; skin thickness, fruit
length and fruit width were determined as more distinctive pomological variables (Benettayeb et al.,
2017)

In the Dagestan Region, 14 morphological features were analyzed. The research results
showed that there are significant differences between fig types in all studied natural habitats. Data
from studies of rare species F. carica populations in Dagestan, status assessment and
recommendations for conservation are presented for inclusion in the latest edition of the Red Book
of the Republic of Dagestan (Gabibova et al., 2021).

At the Faculty of Horticulture in Bucharest, the collection of important fig genotypes was
started in 2015 and has been under evaluation ever since. A selection study of 25 fig genotypes was
performed according to IPGRI descriptors. Fruit biochemical analyzes were carried out. Plants that
gave good results in terms of all analyzed parameters were found to be resistant to biotic and abiotic
stresses (Moisescu and Stanica, 2021). There are 8 germplasm centers in the world. 1. China, 2.
India, Malaysia and Thailand, 3. Central Asia, 4. Near East, 5. Mediterranean, 6. Ethopia, 7.
Southern Mexico and Central America, 8. South America. Turkey is located very close to both the
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Near East and the Mediterranean genetic diversity. And this situation highlights Turkey's
germplasm diversity and importance (Tanriver, 2019).

In this study, fig genotypes collected from the fig growing regions of Turkey by scientific
survey and selection studies were taken under protection in the field gene bank in order to provide
material for breeding studies and to transfer the data and material flow to future generations. With
the new collection studies, the enrichment and identification of the collection continues with
morphological measurements, pomological analyzes and phenological observations. A detailed
archive has been created by describing the genotypes and recording the data. The data obtained and
registered in this research were used in the evaluation of the diversity and variability of fig genetic

resources.
2. Material and Methods

All female fig genotypes in the Fig Research Institute Umurlu fig field gene bank constituted
the study material. As criteria in the definitaon of IPGRI; 19 tree growth, 21 leaves, 47 were fruit
(Tablel) and 12 phenological characteristics (breba formation status, onset of breba and main
product fruit maturity, harvest period time, caprification period) were used. The onset of defoliation
the date was taken when 50% of the leaves on the tree were shed (Figure 1) (Anonymous, 2003 and
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Figure 1. Some criteria used in definitions; tree growth habit (a), fruit shape (b), leaf shape (c-d-e-g-1-
i), shape of leaf base (d), ratio length of central lobe/length blade and petiole length (1), little lateral lobes on
petiole sinus (g), abnormal fruit formation (h), parts of fruit (f), expression of skin cracks (j), stalk length and
shape (K) ((Definition photos were taken from the fig field gene bank, and modifided accordance with
IPGRI).

Figure 2. Some tree growth and leaf characteristics in the fig field gen
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Table 1. Some descriptions used in female fig genotypes

Easy of peeling; Determined by manually removing the peel from the fruit neck towards the ostiole. If the peel of
the fruit is peeled without breaking from the neck to the ostiole, it is easily peeled, while the skin of the fruit is peeled from
the neck to the ostiole by hand, if the peel is broken off in the abdomen or before reaching the ostiole, such types are
described as hard to peel.

Amount of fruitlets; Fruitlets were compared with fruitlets of Sarilop. If less fruitlets than Sartlop, low. If more
fruitlets than Sarilop,so high. The types with no fruitlets were considered to have no fruitlets. The other fruitlets were
described as medium.

Fruitlets size; The fruitlets found in Sarilop fig fruits were accepted as medium sized and by comparison with the
fruitlets of the types, those with the size of Sarilop fig fruitlets were accepted as medium, those smaller than Sarilop fig
fruitlets were considered small. The fruitlets of fig types with large fruitlets from Sarilop fig fruitlets were accepted as
large.

Fruit skin cracks; It was determined according to the condition of the cracks formed from around the ostiole

Fruit inner-cavity; The fruit was checked by dividing it in half with a knife from the fruit neck towards the ostiole
(axis) and from the fruit ventral region (diameter). If there is no gap in the fruit center, if the inside is completely full, there
is no gap; the gaps up to the lentil volume are very small, the gaps between the lentil-chickpea volume are small; The voids
up to the chickpea volume were considered medium, and the voids larger than the chickpea volume were considered large.

Leaf shape and lobes: It is generally possible to come across about 3-4 different leaf characteristics. Studies were
carried out according to the dominant leaf shape in the leaf samples taken.

Tree growth characteristics; Tree grown development, tree vigor, branching
(apical dominancy and branching frequency), side branch formation, top bud shape- color-
shoot color, bottom shoot formation tendency, nodal swellings location (Figure 4).

Leaf features; Leaf shape, shape of lobes, location of little lateral lobes, degree of
leaf lobation/incision (length of central lobe/length of leaf ratio (%)), shape of leaf base,
petiole color, profile cross-section, leaf margin dentation, upper and lower leaf surface
hairiness, leaf venation, leaf colour (Figure 1 and 2).

Fruit characteristics; Uniformity of fruit size, fruit symmetry, liquid drop at the
ostiole, scale size-color-adhesion, fruit stalk shape-length, abnormal fruit formations,
abcission of the stalk from the twig, easy of peeling, fruit ribes, skin cracks, resistance to
ostiole-end cracks, firmness of the fruit, skin colour, fruit skin ground over colour, fruit
skin ground over colour( irregular patches), lenticels quantity-size and color, colour
formation in the flesh, pulp internal colour, pulp flavour, pulp texture, pulp juicness, fruit
inner cavity, amount of fruitlets, fruitlets size, colour of dried fruit and firmness of dried
fruit (Figure 1 and 3).

It was determined by measuring with a digital caliper.

Terminal bud length-width(mm), shoot length(cm)-dia(cm),

Leaf length-width(cm)- leaf area(LxW), length of leaf stalk(mm)

Fruit width-length, breba and main crop neck length, fruit flesh thickness,ostiole
opening

Number of leaves per shoot, number of lobes, number of dried fruits per kilogram

Fruitlets weight; 100 fruitlets of the fruits were counted and weighed with precision scale.

Weight of 100 fruitlets (g),

Total soluble solids; Detected with a refractometer. Titratable acidity (TA) (in citric acid) (%); 10 ml sample taken
from the crushed juice filtrate in the blender was titrated with 0.1 N NaOH solution until the pH reached 8.10. Using the
amount of spent NaOH, the free acidity was calculated in terms of citric acid. Mettler Toledo-DG-115-SC automatic
titrator instrument was used for titration (Ayar and Seferoglu, 2021).

Total soluble solids (TSS) (%) and titratable acidity (TA )(%)

Anonymos, (2003); 24.03.201; fig descriptor TG/265/1
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(0)
Figure 3. Fruit skin and ground colour (a), pulp internal colour (b), lenticel colour and quantity (c), fruit
inner cavity (d), fruit skin cracks (e ), fruit shape (f), resistance to ostiole and cracks (g), color of liquid drop
at the ostiole (h), ostiole opening (1), amount of fruitlets (i), size, colour and adhesion of the scales around the
ostiolum (j), ribes (longitudinal on the fruit surface) (k), stalk lenght and shape (1), colour formationin the
flesh (m), neck length (n), flesh thickness (0)

3. Results and Discussion

Tree growth habits of female genotypes showed 38% semi-erect, 24.65% spreading, 15.75% open,
11.99% erect and 7.88% weeping development. As an example; 1002 Bardakei, 1053 Aydin Inciri, 1064
Mor erect; 205-Sar1 Dizlik, 1010 Kara Yaprak, 1034 Sakiz semi erect; 1013 Beyaz Orak, 1031 Alaca, 1036
Lop open; 1004 Kusadas1 Bardake1, 1012 Siyah Orak, 1051 Langav spreading and, 256 Yediveren, 309 Mor,
319 Osmaniyeli were showed weeping tree growth.

10
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In terms of tree vigor, 50.68% showed medium growth, 32.53% showed high growth performance and
the rest showed low growth performance.

It was determined that 16.48% were without apical dominacy and no lateral branch, 41.10% with
apical dominancy and lateral branching, 25.34% with only apical dominance and 17.47% with only lateral
branching. 23% of the genotypes are sparse, 49% are medium branched, and 28% are dense branched. The
apical bud is usually in the form of a cone. The terminal bud length varies between 4.84- 19.72 mm, and the
terminal bud width varies between 3.19-16.74 mm.

Terminal bud colour is generally in the yellow-green (light green) group.

Seasonal shoot growth on trees was 10-20 cm (medium) in half of the collection, <10 cm (short) in
34%, 21-35 cm (long) in 5.82%; shoot diameter was <10 mm (thin) in 47.60% and 10-

15 mm (medium) in 48.28%. The genotypes in the collection were mostly (70.20%) in the group with
red-brown shoot color. The tendency to form tuber is low in more than half of the collection (<3). Nodal

swellings location is 31% in the elderly and 26.71% in young branches (Table 2).

Table 2. Qualitative characteristics of genotypes measured in terms of tree growth

11.99% 38.00% 15.75% 24.65% 7.88%
Tree growth habit . ) )
erect Semi-erect open spreading weeping
) 16.79% 50.68% 32.53%
Tree vigor low medium high
16.48% 41.10% 25.34% 17.47%

Branching:apical
dominancy (BAD) lateral
shoot formation on seasonal
growth (LSF)

BAD (-); LSF ()  BAD (+); LSF (+) BAD (+); LSF(-)  BAD (-); LSF (+)

Relative degree of 23.00% 49.00% 28.00%
branching sparse medium dense
34.00% 60.18% 5.82%

Shoot length (cm)

<10cm (short-poor)

10-20 cm (medium)

21-35cm (long)

Shoot width (mm)

47.60%
<10mm (thin)

48.28%

10-15mm (medium)

4.12%
>15mm (thick)

Shoot colour

7.53%
grey-green group

5.48%
green group

70.20%
red-brown group

16.78%
other

26.71%

31.00%

42.29%

Nodal swellings location

young branches older branches none

The number of leaves in the shoot generally varies in the range of 4-8 pieces. leaf shape; divided into
two groups spur and others.

Leaf shape in most of the genotypes (37.33%), was determined by base cordate, five lobes and
spatulate. The leaves of 63.36% of the collection have five lobes, 28.43% have three lobes, and 3% have no
lobes. The shape of the pieces is grouped as spatulate (45%), latate (31%), linear (17%), and as in Ficus
lyrata (4%). Small lateral slices are usually located in the lateral lobe (62%) and the middle lobe (36%). Leaf

11
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fragments/ the degree of indentation (89%) were found in the range of 0.51-0.75% (pronounced sliced) in
general.

The shape of the petiole sinus is grouped as calcarate (35.27%), truncate (30%), cordatei (26.03%),
decurrent (7.88%) and open calcarate (1.61%). Leaf area (length*width), 250-400 (medium) (52.74%), 400-
550 (large) (20.89%), <250 (small) (20.55%), and >550cm? (very large) (5.82%) detected in the range. The
petiole is generally light green, and its length is between 50-80mm (medium). Leaf margin dentation were
completely no dentation (44.52%), only the upper margins dented (51.72%), and the lobes sides were
completely dented (3.42%). Leaf margin dentation is generally located in the crenate group. The density of
spicules/hairs on leaf’s upper surface was generally medium (48.97%), the density of spicules/hairs on the
lower surface was determined as sparse (43.83%), medium (38.70%), dense (11.64%) and hairless.

The leaf venation of more than half (51%) of the collection is apparent and 54.79% of them have green
leaf color. Petiole length is grouped in the range of <50mm (14.04%) short, 50-80mm (65.41%) medium and
>80mm (20.55%) long (Table 3).

Table 3. Qualitative characteristics of genotypes measured in terms of leaf growth

8.22% 37.33% 9.25% 11.30% 10.96% 7.53% 14.04% 1.36%
lobes linear base cordate,  lobes lyrate  lobes latate base base base leaf not
foh five lobed, cordate, truncate  decurrent  lobed
Leaf shape lobes three-lobed
spatulate
base calcarate other
0, 0, 0,
Number of lobes 3.00% 28.43% 63.36%
absent three five
45.00% 31.00% 17.00% 4.00%
spatulate)- [(latate)- [(linear)-(more slender [(lyrate)-(as in F. lyrate)
(narrow at (wider and regular in shape)]
Shape of lobes the base and  lobes)]
wider at the
top)]
. . 36.00% 62.00%
Location of little lateral . .
lobes In central in lateral
lobe lobes
35.27% 1.61% 30.00% 26.03% 7.88%
Shape of leaf base Icarat n truncat rdatei decurrent
(petiole sinus) calcarate opel uncate cordate ecurre
calcarate
44.52% 51.72% 3.42%
Leaf margin dentation no dentation  only upper  lobes sides
margins completely dented
dented
) 52.74% 14.38% 10.96% 17.81%
LEEGIE ] crenate dentate serrate undulate
14.04% 65.81% 20.55%
Petiole length <50mm 50-80 >80mm
(short) (medium) (long)
20.55% 52.74% 20.89% 5.82%
Leaf area (LxW) (cm?) <250 250-400 400-550 >550
(small) (medium) (large) (very large)
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In most genotypes, breba fruit is born. However, the fruits that remain on the tree for a certain period
of time are shed because they are not fertilized.

Genotypes 224, 1012, 1013, Banana, Nazareth, N.D Caromb, Black Flower, White Flower, Masui
Dauphine, Fethiye PRT, 1071, 1019 have parthenocarpic characteristics. It was determined that genotypes
235, 250, 345, 501, 535, 536, 1011, 1042, 1073, 1094 ripened breba fruits on the tree, albeit partially. Breba
fruit ripening takes place between June 1-15 (mid) and June 16-30 (late). The maturity status of the Main
crop is generally 11-31 August (medium). The harvest period is in the range of 41-60 days (long), the
beginning of harvesting is in the range of >10 June to 10-30 June, the harvesting period is 7-15 days, if there
IS precipitation, 16-21 days, the beginning of leaf fall occurs in late November-early December.

Fruit width was defined as 28-38mm (small) (16%), 39-49mm (medium) (51.40%), 50-60mm (large)
(30%) and >60mm (very large) (1.40%). Fruit size; It was found in the range of 29-46mm (short) (75%), 47-
54mm (20%), and 55-75mm (long) (25%). The neck length of the main crop is generally 5-15mm (medium)
(51.40%).

Fruit sizes (76.71%) were uniform, and fruits were defined as symmetrical in 87%. Ostiole opening
was determined as >5mm (very large) (36%), 4-5 mm (large) (45%), 1-3mm (medium) (16%), and <1lmm
(small) (2%). There was a liquid drop at the ostiole in 25% of the collection, and the color of the liquid drop
at the ostiole was determined as transparent (94.52%), pinkish (4.45%) and red (1%). Genotypes 331, 332,
225, 1104, 1029, 1048, 1049, 1066, 1080, 338, 519, 532, 701 were included in the group with pinkish liquid
drop at the ostiole.

44% of the genotypes are covered with small scales, 35% medium and 19% large scales, and the scale
color of 52% is different from the color of the fruit skin. In terms of scales around the ostiole; frequency,
genotypes were grouped as detached, adhered and semi- adhered. Shape of the fruit stalk was determined in
variously (23.63%), long and slender(23.29%), and short-thick (53%). The length of the fruit stalk varies
between 1.09-17.86 mm. Abnormal fruit formations were generally not observed. Fruit stalk remained on the
branch during harvest (41.78%) and easily separated from the branch (57.88%); easy peeling (69.86%) and
hard peeling (6.5%) genotypes were determined. Genotypes with prominent ribes on the fruit surface
(25.68%), intermediate (52%) and no ribes fruit surfaces were divided into three different groups.

The skin cracks on the fruit are generally in the form of longitudinal and minute cracks (94%).
Genotypes were grouped as susceptible to ostiole cracking (18.83%), intermediate (33.56%) and resistant
(47.60%). Fruit flesh thickness was determined in the range of 0.55-7.46 mm. The firmness of the fruit skin
is grouped as those with soft, medium, firm and rubbery structure, and 48.30% of the genotypes have a
medium-soft fruit firmness of skin structures. The genotypes of fruit skin ground colour were grouped as
purple (18%), brown (2%), green (27%), light green (13%), yellow-green (30%) and yellow (9%). Fruit skin
color is divided into yellow (34 %), green (32 %), purple (21 %) and black (13 %) color groups. Genotypes
304, 308, 339, 347, 1109, 1113 have a very light yellow fruit skin color. 209, 210, 231, 302, 305, 306, 309,
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311, 517, 523, 537, 705, 1009, 1020, 1021, 1024, 1033, 1037, 1039, 1086, 1095, 1096, 1108, 1111 genotypes
were found to have purple fruit skin. Some genotypes in the black fruit skin group; 208, 216, 237, 1071,
1101, and Fethiye PRT genotypes can be given as examples. Lenticels on fruit; It is usually small, scarce in
quantity and usually white in color. Genotypes with intense colour formation (2.74%) and light coloration
(15.75%) on fruit flesh were found. The pulp inner colour is mostly red, with little flavour, a little juicy and
the pulp texture is good in genotypes. Fruit inner cavity is almost non-existent in genotypes. The amount and
size of fruitlets were generally included in the medium group, and the weight of 100 fruitlets was determined
in the range of 41-304 mg. The total soluble solids (%) was found to be very high (>20) in general, and the
titratable acidity value was found to be in the range of 0.126-0.225 (Table 4).

Table 4. Qualitative characteristics of genotypes measured in terms of fruit growth

o 16.00% 51.40% 30.00% 1.40%
Fruit with (mm)
28-38mm (small) 39-49mm 50-60mm >60mm
(medium) (large) (very large)
75.00% 19.52% 5.14%
Fruit length (mm) 29-46 mm (short) 47-54mm 55-75mm
(medium) (long)
2.00% 16.00% 45.00% 36.00%
1-3mm 4-5mm >5mm
Ostiole width (mm) <1mm (small) (medium) (large) (very large)
53.00% 23.29% 23.63%
Shape of the fruit stalk short and thick long and variously
slender
%41.78 %57.88
Abcission of the stalk
from the twig fruit stalk remains attached  easy
to the shoot at harvest
Fruit ribes (logitudinal ~ 25.68% 52.00% 22.32%
ridges on the fruit _ - -
suface) prominent intermediate  none
Resistance to ostiole- 18.83% 33.56% 47.60%
end cracks susceptible intermediate  resistant
s 17.81% 2.06% 26.71% 12.67% 30.14% 8.90% 1.71%
Fruit skin ground .
colour purple brown green light green  yellow-green yelow  black
o 34 % 32% 21% 13 %
Fruit skin colour yellow green purple black
Colour formation in 81.51% 15.75% 2.74%
the flesh absent light intense colour
coloration formation

The average values of the genotypes that stand out in terms of some criteria in this study are
summarized below. In shoot length measurements, which is one of the parameters that reveal tree

development; 1019 Karabakunya (6.93 cm), 1034 Sakiz (8.11 cm) and 1035 Sar1 Cigek (8.95 cm)
14
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showed less than 10 cm growth. 1001 Goéklop, 1004 Kusadas1 Bardakei, 1005 Seker Inciri, 1008
Yesilgiiz and 1029 Sarilop shoot growth were detected in the medium group (10-20 cm). The
genotypes in the group between 21-35 cm (long) shoot development was determined as 1002
Bardakgi, 1012 Siyah Orak and 1013 Beyaz Orak. 1019 Mor 1, 216 Siyah and 708 Darpak can be
given as examples for those with a shoot diameter of >15mm. 237 Bursa Siyah1 (102.80g), 708
Darpak (95.50g), 1029 Sarilop (89.30g) and 1006 Morgiiz (65.00g) were given as a example of
large-fruited genotypes. An example of genotypes that have a too liquid drop of the ostiole, was
given 253 Sultan Selim and 1003 Kara Hiinii. An example of the most genotypes width fruit flesh
thickness was given 1006 Morgiiz (6.28mm), 1001 Goklop (4.71mm), 237 Bursa Siyahi (4.3 1mm).

The threat of genetic erosion has become a significant risk, especially for fig varieties of the
"Smyrna type", and a large number of field gene banks-collection gardens are being established for
the solution in different countries. It is very important to develop new approaches to fig growing
and to summarize them with international approaches. Alternative methods for genetic resource
management should be considered. It is emphasized that the creation of reference collections, the
adoption of a universal list of identifiers and guidelines for the safe movement of germplasm, and
the definition of diversity standards will be very useful. In fig cultivation, there is a need for the
development of high-quality fruiting varieties and new breeding studies (Mars, 2003; Mars et al.,
2008; Gozlekci, 2010 and 2011; Gaaliche et al., 2012; Presti and Wasko, 2014; Nader et al., 2019;
Padmavati et al., 2021).

Another important detail is the determination of the reasons for the abandonment of local
species, their collection and preservation in order to pass them on to the next generation. Forestry
reserves, national parks and protected areas are encouraged to facilitate the in situ conservation of
plant species. In situ on-farm conservation of useful plant genetic resources is another important
concept that promotes the in situ conservation of valuable plant varieties that have been developed
and preserved by breeders for centuries in certain areas.

In order to create a healthy database, mislabeling and redundancy, which is frequently
encountered in the management of genetic resources, should be eliminated before planting/planting,
passport information should be obtained completely, and all accesses that define the genotype
should be characterized multiple long years. However, most of the lists of defination contain a large
number of descriptors that make it difficult to perform a long and time-consuming characterization.

The use of descriptors that best describe the genotype is important in obtaining more reliable data.
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In order to ensure the sustainability of the genotypes taken under protection in-situ and ex-situ
in the fig field gene banks, and against the risk of loss in fig growing regions, the necessary

importance and support should be given by new selection studies.

4. Conclusion

Fig (Ficus carica L.) Genetic Resources Conservation and Characterization Project is a
continuous Project (2005-2022-...) (Kocatas et al, (2005-2014); (Ayar et al., 2015-2022...). In this
project the collection of multiple data for the characterization of female fig genotypes in field
conditions and in the laboratory environment continues with similar approaches and international
complements to the genetic resources studies conducted in other countries.

In this study, significant variability was observed among the figs collected from different fig
regions of Tiirkiye. Genotypes with different tree growth, fruit and leaf characteristics were
determined.

As a result of the molecular study with 310 fig genotypes in the fig field gene bank,
differences were determined between the genotypes. Genotypes collected from 6 geographic
regions were analyzed with 14 SSR loci. 7 identical (identical), 54 clone-level similarities, 36
synonyms (different name but (SSR) genetically same) and 22 homonyms (same name but (SSR)
genetically different) differences were found (Ergul et al., 2021).

Characterization designs of morphological variability in collections and selection of the most
important genotypes should be done carefully to better conserve and exploit genetic resources
(Giraldo et al. 2010a and b).

Characterization of fruit species is recognized as a primary and important step to preserve,
conserve, maintain and carry out any future breeding program (Goézlekgi, 2010 and 2011; Basheer et
al., 2013). The characterization, conservation and sustainability of fig genetic resources and natural
plant ponds is considered very important work for future breeding programs and has become one of

the principles that are encouraged to be passed down through generations.
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Abstract

This study focused on the geothermal hot springs in the Bitlis, Van, and Bingdl provinces in the Eastern Anatolia
Region of Tiirkiye. These geothermal hot springs are Cukur, Nemrut, Ilicakoy (Bitlis), Ercis, Caldiran, Glirpinar
(Van), Kos, Karliova, and Haskdy (Bingol) which are mostly dependent on regional tectonic regime. These hot
waters contains sodium, calcium, bicarbonate, and chloride and their temperature ranges from 33 °C to 80°C, which
are not suitable for electricity generation. Nevertheless these hot waters are sources of healing water used balneological
purposes in Turkish baths and mainly for residences heating.

Keywords: Hot water, Geothermal, Balneotherapy, Healing water, Heating.

Bitlis, Van ve Bingol Illerindeki Bazi Jeotermal Sularin Fiziksel Ozellikleri ve
Degerlendirilmesi

Bu ¢alismanin inceleme alani, Dogu Anadolu Bolgesi’'nde yer alan Bitlis, Van ve Bingol illerinde bulunan jeotermal
kaynaklart kapsamaktadir. Bu kaynaklar, Cukur, Nemrut, llicakoy (Bitlis), Ercis, Caldiran, Giirpinar (Van), Kos,
Karliova ve Haskoy (Bingol) sicak sulari olup tektonik rejime bagh olarak gelismislerdir. Genelde sodyumlu, kalsiyumlu-
bikarbonatl, kloriirlii, sicak sular sinifina giren kaynak sularin sicakliklar: 33 °C ile 80 °C arasinda degisir ve elektrik
tiretimi igin uygun degildir. Yine de bu sicak sulardan, kaplica ve balneolojik amagii ve daha ¢ok konutlarin isitilmasinda
kullanilan sifali su kaynaklaridur.

Anahtar Kelimeler: Sicak su, Jeotermal, Balneoterapi, Sifal su, Isitma.
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1. Introduction

Geothermal energy is a renewable energy source from a hot fluid originating from the earth's
heat (Mert & Aydm, 2017). Geothermal energy is hot water and steam formed by the heat
accumulated deep in the earth's crust. It has a continuous temperature of more than 20 °C and may
contain more dissolved minerals, various salts, and gases than normal groundwaters and surface
waters around it (Kiransan & Sengiin, 2013). Geothermal fluid is divided into three groups according
to its temperature: low (20-70 °C), medium (70-150 °C), and high temperature (>150 °C). High-
temperature fluids are used to generate electricity, while low- and medium-temperature fluids are
used for heating and spa tourism. Moreover, geothermal fluids are also used for different purposes,
such as chemical production, aquaculture, etc (ElImastas, 2008).

Direct utilization of geothermal energy in the World has increased from 8664 MWt in 1995 to
70.885 MWt in 2015 (Lund & Boyd, 2016). Since the 1960s, 230 geothermal fields (20 °C to 287
°C) have been discovered in Tiirkiye (Mertoglu et al., 2015). Hence, Tiirkiye ranks seventh worldwide
and 1% in Europe regarding geothermal heat potential (Mert & Aydin, 2017). The geothermal wells
and resources in Tiirkiye have a total geothermal capacity of 8000 MWt and a calculated potential of
60000 MWt (Mert & Aydin, 2017). Figure 1 shows the potential and distribution of geothermal

energy utilized in Tiirkiye.
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Fig. 1 Total use of geothermal energy in Tiirkiye (Diizen, 2016; Akku¢ & Alan, 2015)
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Tirkiye has 410 geothermal water resources with different flow rates, temperatures,
radioactivities, molten mineral ratios, and accessibility (Lund&Toth, 2021), Doganay, 1999;
Doganer, 2001; Sayili et al., 2007; Akbulut, 2010). The Eastern Anatolia Region ranks third with 64
geothermal water resources (Ozsahin & Kaymaz, 2013).

The geothermal water resources in Eastern Anatolia are located on fault lines or in volcanic
zones. These geothermal resources are unsuitable for electric power generation due to their low-to-
medium-temperature. They contain different minerals (sodium, bicarbonate, sulfur, sulfate, chloride,
etc.). They are mostly used for heating and spa tourism. Geothermal water resources are high in
demand because they have therapeutic physical and chemical properties (Elmastas, 2008).

Erzurum, Erzincan, Agri, Bingdl, Bitlis, Van, and Elazig provinces in the Eastern Anatolia
region are rich in thermal resources. This study investigated the chemical and physical properties of

some geothermal waters in Bitlis, Van, and Bingol.

2. Geothermal Regions

This study focused on the Cukur, Nemrut, Ilicakoy (Bitlis), Ercis, Caldiran, Giirpinar (Van),
Kos, Karliova, and Haskoy (Bingdl) geothermal spring waters. Table 1 shows their chemical

properties.
Table 1. Chemical properties of spring waters (mg/1), (Elmastas, 2008; Diizen, 2016; Celebi, 1994)

Bitlis Van Bingol
Component ~Cykur Nemrut Ihcakdy  Ercis  Caldiran  Giirpinar Kos Karliova  Haskdy

Na 429.17 350 200.29 838 610 24 167.1 686 114
Ca 143.93 38 7.0 135 165 164 144.2 77.1 180

K 54.68 38 3.24 99 150 0.3 20.3 104 9.9
Mg 85.89 4 22.08 14 22.2 110 58.3 39.5 19.8
Fe 5.22 - 3.60 - - - 0.12 0.12 0.05
Al 0.09 - 0.25 - - - 4.23 - 0.01
NH4 12.20 - 12.20 0.31 3.6 0.1 - - 0.01
Zn 0.52 - 0.01 - - - - - -
Cu 0.02 - - - - - - - -
Li 731.76 - - 2 2.3 - - - -

2.1. Geothermal Fields in Bitlis

Bitlis is located in the Upper Murat-Van part of the Eastern Anatolia Region. The northern part
of the Bitlis has several volcanic cones formed as a result of volcanic activities between Neogene to
Quaternary. The most significant one volcanic cones in the Bitlis area is, Nemrut stratovolcano, which
has erupted volcanic material in several phases (Elmastas, 2008). It consists of volcanic rocks, such

as andesite and basalt, while the volcanic material formed a dike to the west, in the northern parts of
22
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Lake Van. Bitlis has three geothermal areas (Cukur (Giiroymak), Nemrut (Iligdl), and Ilicakdy
(Taggermav)] with water temperatures between 38 °C and 60 °C (Fig. 2), (EImastas, 2008).

Caldiran

@ City center, ® Town, # Geothermal resource location
Fig. 2 Geothermal resources locations in Bitlis and Van (Elmastas, 2008)

2.1.1. Cukur (Giiroymak) Geothermal Field

Cukur (Gliroymak) geothermal field is located 10 km from the Giiroymak district center and
north of Bitlis province (Fig. 2). It is located at the west of the Nemrut stratovolcano and at the
intersection of the Mount Nemrut stratovolcano and the Mus plain. The spring waters are accumulated
on the exit points of the springs and form a pond with a diameter of 40-50 meters. Located on the
fault line running east-west, Cukur (Giiroymak) geothermal field has 13 springs with flow rates of 10
to 12 I/sec. It is the largest geothermal field in the province in terms of flow rate. The temperatures
of the springs are between 37.5 °C and 39 °C. Hence, these springs could be are considered as low-
temperature waters. The springs have suitable temperature and flow characteristics for hot spring
tourism and fish production (Elmastas, 2008). Therefore, local people use the springs not only for
touristic purposes but also for treating diseases (rheumatism, skin diseases, etc.). Nevertheless, this
geothermal potential may also have potential for domestic heating and greenhouse purposes due to

their temperatures.

2.1.2. Nemrut (Ihgol) Geothermal Field

Nemrut (Iligol) geothermal field is located within the Nemrut caldera formed on the Nemrut
sratovolcano and it is 15 km from Tatvan and 25 km from Ahlat. Thus, it is easy to access, except in
winter period, for touristic purposes. Nemrut caldera covers an area of approximately 48 km?2. It is
8.4 km long in the east-west direction and 7.2 km in the north-south direction. Lake Nemrut is located
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in its western part of Nemrut sratovolcano, while Lake Iligél is in its northeast part (Giiner, 1984),
(Fig. 2).

Geothermal springs are on the fault line extending in the E-W direction north of Lake Iligol.
There are two hot springs on this fault zone. The temperatures of Nemrut hot springs are between 46
°C and 60 °C and this spring discharges into Lake Iligol. Furthermore, Nemrut hot springs are
bicarbonate and sodium waters. This spring could also use for treatment of various diseases

(rheumatism and dermatological disorders) (Erisen et al., 1996).

2.1.3. Ihcakoy (Taggermav) Geothermal Field

Ilicakdy (Taggermav) geothermal field is located in Ilicakoy in the Boliikyazi sub-district of
the central district of Bitlis (Fig. 2). The spring waters are located on the metamorphic Bitlis Massif
and are on the right side of the Seyhciman stream valley. The springs are located on a probable fault
zone, which is approximately in the E-W direction of the valley (Elmastas, 2008).

Ilicakdy geothermal spring waters are hyperthermal mineral waters in terms of physical
classification. They are sodium, bicarbonate, and chloride waters regarding chemical classification
and their flow rate is 1.3 I/s (Table 2). They are using for rheumatism and dermatological disorders

treatments and they have usages as baths (Elmastas, 2008).

2.2. Geothermal Fields in Van
2.2.1.Ercis-Zilan

Zilan geothermal field is located at 30 km north of Ercis and Lake Van and is between the
villages of Hasanaptal-Sorkoy Gergili in the Zilan valley, which are between 1850 and 3500 meters
above sea-level (Fig. 2). The thermal springs in Ercis geothermal field have temperatures of 34 to 80
°C, flow rates of 9 to 18 I/sec, and pH values of 6.0 to 8.5 (Diizen, 2016). These features allow to them
use for spa facilities, and greenhouses. In addition, they could use for rheumatism and dermatological

disorders treatments.

2.2.2.Caldiran

Caldiran geothermal field is in the Caldiran plain northeast of Lake Van (Fig. 2). Many hot,
mineral and cold-water springs are discharging along the Caldiran fault zone. Ayrancilar (25-36 °C)
and Bugulu (36 °C) are the most important hot water springs in this area (Mutlu & Aydin, 2010).
According to the General Directorate of Mineral Research and Exploration (MTA), the hot and
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mineralized waters in the Caldiran geothermal field have temperatures between 14.0 and 60.8 °C their
flow rates range from 1 to 8 I/sec, and a pH value is 6.72 (Akkus et al., 2005). The hot springs in this
area are using for touristic and therapeutic purposes (rheumatic and skin diseases). Besides these
purpose, they could also be used for heating greenhouses in Caldiran, which is one of the coldest
districts in Tirkiye (-45 °C).

2.2.3.Giirpmar

Giirpinar geothermal springs are located in approximately 24 km south of Van, and they have
igneous origin. These springs are located along the Giirpinar fault. They have a temperature of 37 °C,
a flow rate of 6.7 I/sec, and a pH value of 6.1, (Diizen, 2016). Hence, they could have potential for

touristic purposes and as greenhouse heating.

2.3. Geothermal Fields in Bingol

Bingol hosts the most important geothermal potentian in the Eastern Anatolia (Fig. 3). These
geothermal resources are mainly located on the East Anatolian Fault Zone. The main geothermal
resources in Bingdl province are Kos Hot Spring, Goyniik Hacilar Hot Springs, and Yayladere

Haskdy Hot Springs (Kiransan & Sengiin, 2013).

2.3.1. Kos Hot Springs

Bingol Kos Hot Springs is located in Kos village of [licalar town, 20 km northeast of the Bingol-
Erzurum highway (Fig. 3). The region has important hot springs and spa culture. The hot springs are
located on the west bank of the Kos Stream valley, which runs north-south, or on the valley floor on
the right bank. The hot spring waters are carbon-dioxide and carbon-gas waters (Bulut & Girgin,
2001).

Bingol Kos hot Springs are hyperthermal waters (36-45 °C), which are rich in minerals and
have a flow rate of 35 I/sec (Comak & Gilincegorii, 2012). They might increase gastric and intestinal
motility and urination. Furthermore, they could improve digestion and partially empty the gall
bladder. Even though they are drinkable on site, they cannot be bottled due to sediment proportion
(Bulut & Girgin, 2001). They are good for osteoporosis, tooth decay, diabetes, rheumatism, sciatica
neuritis, and bone, gastrointestinal, urinary tract, nervous, cardiovascular, and gynecological diseases
(Kiransan & Sengiin, 2013).
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Fig. 3 Bingol spring waters

Table 2 Physical properties of spring waters (Elmastas, 2008; Mert&Aydin, 2017; Kiransan&Sengiin, 2013)

_ Bitlis Van Bingdl
Properties Cukur  Nemrut 1Ilicakdy  Ercig Caldiran  Giirpinar  Kos Karliova  Haskdy
Temperature, (°C) 37.5-39  46-60 44 34-80 14-61 37 36-47 62 33
pH 6.72 6.2 9.1 6.3 6.72 6.1 6.7 7.1 6.1
Flow rate, (I/s) 10-12 1 1.3 27 10.5 6.7 35 35 8

2.3.2. Haskoy Hot Springs

Haskdy thermal springs are located about 5 km south of Yayladere, Bing6l. It is sodium water
containing bicarbonate. The local people either drink or swim in it because they believe it has
therapeutic properties. Haskoy thermal springs also soothing and wound healing properties. The water
heals wounds and is good for malnutrition, urinary, kidney diseases, and rheumatism. Haskdy thermal
springs are also known as fault thermal springs. They have a temperature of 33 °C and a pH value of
6.10 (Celebi, 1994).

2.3.3. Karhova Hacilar Geothermal Borehole

Karliova Hacilar Geothermal Borehole is 30 km south-east of the Hacilar village in the Karliova
district of Bingdl. It is located on the banks of the Hubus stream. It is about 45-50 kilometers from
Bingol. It has a water temperature of 62 °C, a pH value of 7.1 and a flow rate of 35 I/sec (Sahan,
2011).

3. Results and Discussion
There is a positive correlation between the distribution of thermal water resources and fault
lines in Tiirkiye. In other words, the main fault zones have numerous thermal springs (Fig.4).
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Fig.4 Thermal water resources and fault lines distribution relationship map in Tiirkiye (Diizen, 2016)

For power generation, the temperature must be higher than 150 °C. Hence, Nemrut, Ilicakdy,
Ercis, Caldiran, K6s, and Karliova geothermal waters do not have any power generation potential
since their temperatures lower than 150 °C. Nevertheless, their temperatures are suitable for heating
houses and greenhouses and for tourist purposes. Cukur, Giirpinar, and Haskdy geothermal waters
have a temperature below 40 °C, which make them for tourist or aquacultural purposes (Fig 5).

We should first turn 1licas into hot springs to put them to public use. In this way, they will attract
more attention and contribute to the protection of public health. They should be made available not
only to local people but to tourists as well. These waters can be used for greenhouse purposes. They

can also be bottled and sold as mineral water, contributing to the local economy.
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Fig. 5 Physical properties of spring waters
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3.1. Geothermal Fields in Bitlis

Bitlis is rich in geothermal water springs. The touristic geothermal waters of Nemrut (Il1ig6l)
have a temperature of 46 to 59.5 °C. There are no facilities on Nemrut geothermal springs. Permanent
facilities may pollute the waters of Nemrut and Ilig6l, which do not have a surface outflow. Therefore,
precaution should be taken from anthropogenical related pollution in this area. Ilicakdy geothermal
area is located in the Seyhcuman valley, covered with forests in the Southeastern Taurus Mountains.

Cukur geothermal field has 13 hot springs (flow rates of 10 to 12 I/sec) on the same line. It is
the largest geothermal area in Bitlis. We need to analyze these hot springs chemically, physically,
and biologically to determine what kind of diseases they are good for health. Therefore, this field
should be utilized within the framework of health tourism.

The hot waters drilled around the Cukur geothermal springs have a reservoir temperature of
200 °C (Elmastas, 2008). This indicates the existence of uncooled pockets underground and the
geothermal energy generation potential in the basin. This potential can also be utilized residence
heatings in Giiroymak. Overall, the geothermal hot springs in Bitlis have potential for therapeutic,
greenhouse, and fishery purposes. Hence they can provide contributions into the province's economic
development.

3.2. Geothermal Fields in Van

Van provinces has a continental climate and easy to do greenhouse farming in and around it.
Because, it has geothermal energy at its disposal and it receives long hours of sunlight throughout the
year. Vegetables are cultivated in greenhouses and tunnels in and around VVan. However, farmers
can extend the vegetation period and grow warm climate vegetables even in winter by heating
greenhouses through hot springs.

Van is located in a tectonically compressional zone. Moreover, a new geothermal activity will
likely occur there because the 2011 earthquake led to new fault systems. Therefore, Van has tectonic

activities and fault systems. All in all, we should use the region's geothermal potential.

3.3.  Geothermal Fields in Bingol

Bingdl is one of the richest provinces in the Eastern Anatolia Region in terms of geothermal
water resources. Therefore, geothermal fields in this province have the potential to contribute to the

local economy.
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Ko6s Hot Springs have great potential regarding their geographical location, water temperature,
and chemical composition. The locals have been using them for recreational and therapeutic purposes
since the first facilities were built. Facilities should be both therapeutic centers and holiday resorts.
Therefore, we need to build more service units. People use Kos Hot Springs for hygiene and
therapeutic purposes (tooth decay, fluorine deficiency, bone, gastrointestinal, urinary tract, nervous,
gout, cardiovascular, diabetes, and gynecological diseases).

Hot water from hot springs and boreholes in the Karliova district can be used for heating of
residences and greenhouses. Furthermore, the recent facilities in this district should be renovated in
order to improve touristic activities.

Research studies show that Haskdy hot springs treat many diseases (nutritional disorders,
kidney diseases, rheumatism, etc. (Kiransan & Sengiin, 2013). As like in Karliova district, the
facilities (e.g., baths) in this area should also be modernized in order to make them attractive for
health tourism, and improvements for bottling hot spring water as mineral water could also have

additional economic potential. Furthermore, springs in this area have potential greenhouse heating.

4. Conclusions

This study focused on the geothermal hot springs in Bitlis, Van, and Bing6l in the Eastern
Anatolia Region. The following are the results:

1-  The geothermal hot springs in Bitlis, Van, and Bing6l have low temperatures and medium
flow rates. Therefore, they are not suitable for geothermal power generation. However, researchers
should investigate whether we can install mixed systems (solar energy, natural gas, etc.) to generate
power.

2-  The local people of Bitlis, Van, and Bingol use the hot springs in spas, baths, and fish
farms. They make use of them for balneological purposes (thermal tourism). They also use them for
heating (residential, thermal plant, and greenhouse) and wet food drying. Nevertheless, further studies
should done in order to find out additional usages of these springs.

3-  The hot springs should be made available not only for local tourism but for regional
tourism as well. Therefore, the recent facilities should be modernized in order to make them more

attractive for regional tourists.
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Ozet

Son yillarda dagitik enerji iiretiminin artmast ile birlikte algak gerilim (AQG) tarafta, tiiketici geriliminde yiikselmeler
meydana gelmektedir. Ayn1 zamanda ters giic akisi, sebeke dengesizligi gibi problemler ile birlikte gerilimdeki
yiikselme, enerji hatlar1 iizerinde kayiplara yol agarak sistemi veriminin diigmesine neden olmaktadir. Bu makalede,
AG mikro sebekeler igin gerilim problemlerinin ¢6ziimiine yonelik, mikro sebeke Oniine statik voltaj regiilatorii (SVR)
baglanmistir ve SVR gerilim kontrol algoritmasi gelistirilmistir. Gerilim kontrol algoritmasinin mikro sebeke i¢in
Onerilen Kural Tabanh ve Optimizasyon Tabanli Enerji Yo6netimi Sistemleri (EYS) ile birlikte uygulanmasina yonelik
benzetim ¢alismasi yapilmistir. IEEE 13 bara test sistemi ve Onerilen algoritmalar Simulink/MATLAB ortaminda
olusturulmusgtur. Optimizasyon tabanli EYS sonuglar1, Python programlama dili kullanilarak elde edilmistir. Gergek
gerilim ve yiik profili otomatik saya¢ okuma sistemi (OSOS) verilerinden alinmistir ve elde edilen sonuglar SVR
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gerilim kontrol algoritmasinin, mikro sebekelerinin gerilimini istenilen seviyeye indirilmesinde etkili bir sekilde
kullanilabilecegini gostermistir. Ayn1 zamanda Optimizasyon Tabanli EYS ile mikro sebekelerin daha efektif bir
sekilde yonetilebilecegi benzetim ¢aligmasi sonuglari ile dogrulanmustir.

Anahtar Kelimeler: Enerji Yonetim Sistemi (EYS), Gerilim Regiilasyonu, Mikro Sebeke, Optimizasyon.

Development of Energy Management and Voltage Control Algorithms for
Microgrids: A Case Study with Static Voltage Regulator at Low Voltage Level

Abstract

Recently, with the increase in distributed energy production, consumers' voltage rises on the low voltage (LV) side. At
the same time, problems such as reverse power flow and grid instability together with the increase in voltage cause
power line losses, therefore system efficiency decreases. This paper proposes a static voltage regulator (SVR) voltage
control algorithm to solve LV microgrids’ voltage problems. A simulation study has been carried out for the
implementation of a voltage control algorithm together with the Rule Based and Optimization Based Energy
Management System (EMS). IEEE 13 Bus test system and proposed algorithms are modeled in Simulink/MATLAB.
Results of Optimization Based EMS are obtained with Python programming language. Voltage and load profiles are
obtained from automatic meter reading (AMR) data. Furthermore, results demonstrate that the SVR voltage control
algorithm can be used effectively to reduce microgrids’ voltage to the desired voltage level. Additionally, it has been
proved by simulation results that microgrids can be managed more effectively with Optimization Based EMS.

Keywords: Energy Management System (EMS), Microgrid, Optimization, Voltage Regulation.

1. Giris

Elektrik giic dagitim sistemlerinde, akilli sebekelerin sisteme dahil olmasi ile degisimler
olmaktadir. Son on yilda, biiyilik oranda giines enerjisi kurulumu hem son miisteri hem de elektrik
sebekesi i¢cin faydayr en iist diizeye ¢ikarma ihtiyacini dogurmustur. Bu nedenle, esas olarak
sistemin genel verimliligini arttirma zorluguna odaklanan enerji yonetim sistemleri (EYS) iizerinde
bircok calisma yapilmistir. Ger¢ek zamanli EYS uygulamalarinin amaci, ev aletlerini izleyerek
yiiklerin yonetilmesi lizerinde yogunlasarak sistem verimliligi maksimum diizeye ¢ikarabilmektedir.

Gilines enerjisi iretimi belli zaman araliklarinda, lreten-tiiketiciler icin tiiketimin iizerine
cikabilmektedir. Bu durum diisiik gerilimdeki dagitim sistemlerinde ters giic akisina ve isletme
geriliminde ylikselmelere neden olmaktadir (Malekpour ve Nikham, 2011; Monika ve ark., 2012).
Ozellikle diisiik tiiketim durumunda, dagitim sistemi operatdrii (DSO) giines enerjisi {iretimini
kisitlamaktadir. Diger bir ¢coziim ise dagitim sebekesinin rezistif olmasindan kaynakli olarak aktif
giiciin azaltilmasidir (Ramakrishna ve Rao, 1999).

EYS ile yonetilen bir mikro sebeke, dagitim sebekesine bagli olmasi nedeniyle sebekenin
gerilimindeki dalgalanmalardan olumsuz bir sekilde etkilenebilir. Dagitik iiretimin artan bir sekilde
sebekeye baglanmasi ile dagitim sebekesinde su problemler ortaya ¢ikmaktadir:

e Yiiksek iiretim siirecindeki sebekede gerilim artigi
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¢ Diisiik talep glicte ters yonde gii¢ akiginin olusmast

e Giines enerjisi iiretimindeki dalgalanmalar neticesinde gii¢ dengesizliginin olugmasi ve gii¢
sisteminde frekans sapmalar1 (Bektas ve ark., 2022)

Genel olarak dagitim sebekesi gerilim profili ve reaktif gii¢ akisi, trafo kademe degistirici,
voltaj regiilatorii, statik senkron kompansatdr ve batarya depolama sistemleri ile kontrol
edilmektedir (Naina ve ark.,, 2017). Dagitim sebekelerinde volt/var kontroliinii hedefleyen
sistemlerin baslica amaci, dagitim fiderinin her noktasinda gerilimin kabul edilebilir smirlar
icerisinde tutmaya ¢alismaktir. Ayn1 zamanda, Volt/var kontrolii ile sistem kayiplarini diistirerek
verimin arttirilmasi ve gerilimin diismesini engelleyerek talebin diisiiriilmesi miimkiindiir (Ibrahim
ve Salama, 2015).

Literatiir incelendiginde, mikro sebeke c¢aligmalar1 EYS’yi ayr1 bir sekilde inceleyen
calismalar, EYS ve volt var optimizasyonu (VVO)’nun birlikte uygulandigi ¢alismalar ve sadece
VVO’nun uygulandig1r ¢alismalar seklinde 3 grupta toplanabilir. EYS ve VVO’nun birlikte
uygulandigi mikro sebeke ¢aligmalari sistem kararliliginin arttirilmasi bakimidan 6ne ¢ikmaktadir.

Sadece EYS iizerinde yogunlasan calismalar su sekilde 6zetlenebilir: (Zafar ve ark., 2018),
iireten-tiiketici tabanli bir EYS iizerinde calismistir. Onerilen sistemin algak gerilim (AG)
seviyesindeki lreten-tiiketiciler i¢in maliyet ve enerji devamliligi agisindan 6nemli oldugu
vurgulanmistir. (Akter ve ark., 2017) belirli bir bolgede AG seviyesindeki giines enerjisi panelleri
ve batarya sistemlerini birlikte ve ayr1 ayrt igeren birden ¢ok kullanicinin bulundugu ve bu
kullanicilart birbirleri ile enerjilerini paylastiklari farkli durumlar senaryo edilmistir mikro
sebekenin yonetimi ile ilgili algoritmalar iizerinde ¢alismistir. (Hu, Liu ve ark., 2017) yaptiklar
caligmada enerji piyasasi igerisinde dahil edilen mikro sebekeler i¢in gelistirilen yontemler {izerinde
durulmustur. (Hu, Shan ve ark, 2017), alternatif akim (AA) ve dogru akim (DA) mikro sebekelerin
birlikte yonetilmesi ile ilgili ¢alisma yapmustir. AA ve DA baranin sebekeye bagli olarak
calismasinda farkli yiiklenme ve iiretim profillerinde birbirleri ile enerji paylasmasinin miimkiin
oldugu ve DA baranin daha az osilasyon ile geriliminde dalgalanmalar oldugu sonucuna varilmstir.
(Luna, Diaz, Graells ve ark., 2016)’da ise giines enerjisi ve batarya depolama sistemi bulunan
birden fazla iireten tiiketici i¢in mikro sebeke yonetimi ilizerinde calisilmistir. Amag fonksiyonu
iireten tiiketicilerin kontrol edilebilir yiiklerine miidahale edilebilecegi ve iireten tiiketicinin ilk
basta kendi enerjisini kullanmaya yoneltilecegi sekilde tanimlanmistir. (Luna, Diaz, Savaghebi ve
ark., 2016) yapmis olduklar1 ¢caligmada, amac¢ fonksiyonunu sebekeden minimum enerji ¢ekilecegi

ve giines panellerinden iretilen giicin Oncelikli olarak kullanilacagi, bataryanin Omriiniin
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etkilenmemesi i¢in ikincil bir sekilde kullanilmasina i¢in tanimlamis ve sistemi buna gore optimum

calistirmistir.

Istenilen regiilasyon seviyesine ulasildigi ve hat kayiplarinda azalmalarin elde edildigi
hususlart VVO’nun tek basina ¢alisildigi makalelerde ne ¢ikmaktadir. (Resener ve ark, 2019;
Resener ve ark., 2019) yaptiklar1 ¢alismada 23 ve 69-barali test sistemi i¢in Kapasite banklari,
Voltaj Regiilatorii, yiik altinda kademe degistirici ve dagitik iireticilerin devrede oldugu yada
olmadig1 durumlari igeren farkli varyasyonlari karigik tam sayili dogrusal programlama (KTSDP),
“mixed integer linear programming (MILP)”, problemine gore formiillestirilmis ve CPLEX OLP
programlayici kullanarak ¢oziilmiistiir. Sonug olarak 23, 69-barali sistemler i¢in Kapasite banklari,
Voltaj Regiilatort, yiik altinda kademe degistirici ve dagitik iireticilerin devrede oldugu varyasyonu
iceren sistemin enerji kaybi1 ve kapasite i¢in optimumu sagladigi goriilmistiir. (Aryanezhad, 2018)
yaptig1 caligmada, batarya enerji depolama sistemleri, anahtarlamali sont kapasitdr, kademeli
gerilim regiilatorii, yiik altinda kademe degistiricinin yer aldigi IEEE 123 test barasi i¢in sistemin
24 saatlik ¢alismasina dair genetik algoritma (GA) tabanli bir simiilasyon yapmistir. Ayni zamanda
bu simiilasyon sonug¢larini pargacik siirii optimizasyonu (PSO) temelli simiilasyon sonuglari ile
karsilastirmis, GA’nin daha iyi sonuglar verdigini ¢ikarimma varmistir. Tanimlanan amag
fonksiyonu ile enerji kayiplarinin ve her baradaki gerilimin nominal degerinden sapmasinin
minimuma indirilmesi hedeflenmis ve basarili sonuglar alinmigtir. (Long, 2019), volt-var
optimizasyonu i¢in yeni bir metot gelistirmistir. Bu metot anahtarlamali kapasite, yiikk altinda
kademe degistirici ve akilli invertorlerin birlikte devreye alinmasi i¢in gerekli kontrol algoritmasini
icermektedir. Kontrol metodunda bara gerilimi ve kontrol degiskenleri arasinda matematiksel
iliskiyi iceren gerilim-yiik hassasiyet matrisi tanimlanmaktadir. Ayni zamanda, tanimlanan amag
fonksiyonu ile de yiik atinda kademe degistiricinin devreye girme sayisi ve her baradaki gerilimin
nominal degerinden sapmasinin minimuma indirilmesi hedeflenmis ve basarili sonug¢lar alinmstir.
(Jafari ve ark., 2018) yaptiklari caligmada, IEEE 13 test barasinda birden ¢ok giines panellerinin ve
akillt invertorlerin olma durumunu incelemislerdir. Akilli invertorlerin GA tabanli kontroliinii, ana
fider gerilimindeki sapma, aktif giic kayiplarinin minimize edilmesi, gerilim ylikselmesi ve
alcalmast durumundaki akilli invertér optimum reaktif giic kontrolii dikkate alarak
gerceklestirmiglerdir. Sonug olarak IEEE 13 test sistemi i¢in aktif gili¢ kayiplarinin minimize
edilmesi ve volt/var kontroliiniin etkili bir bigimde yapilabilirligini kanitlamiglardir.

EYS ve VVO’nun birlikte uygulandig1 6ne ¢ikan calismalardaki énemli hususlar sunlardir:

(Ranaweera ve ark., 2017)’de sebekeye bagl giines enerjisi ve batarya depolama sistemi bulunan
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bir akilli sebekenin, enerji yonetimi yapilirken giines enerjisi ve batarya invertorlerinden reaktif set
degeri ayarlanarak asir1 gerilim probleminin ¢oziilmesi tizerinde basarili sonuglar alinmigtir. (Castro
ve ark., 2020)’de batarya depolama sistemleri ve giines enerji panelleri birden ¢ok mikro sebekede
farkli yerlere yerlestirilmis, ayni zamanda EYS ve VVO’nun yapilabildigi optimal giic akisi
programi MATPOWER sonuglari ile dogrulanmistir. (Bektas ve ark., 2022), gercek bir sebekede
ozellikle yaz aylarinda olan yiiksek gerilim problemi, otomatik sayag okuma sistemi (OSOS)
verileri ile dogrulanmistir. Problemin AG taraftaki bir kullanici igin ¢6ziilmesine dair alternatif
yontemler onerilmistir. Gergek bir sebekenin modellenmesi yapilmis ve AG taraftaki bir kullaniciya
giines panelleri ve batarya depolama sistemi baglanarak yiiksek gerilimin 400 V seviyesine
¢ekilmesi i¢in algoritmalar gelistirilmistir. Ayn1 zamanda, 34.5 kV / 0.4 kV’luk trafonun ¢ikisina
SVR baglanarak iireten-tiiketicinin AG taraftan reaktif giic destegi vermesi ile hem hat kayiplarinin
azaltilmast hem de gerilimin istenilen seviyelere ¢ekilmesi saglanmistir. Sisteme AG tarafta SVR
eklenmesi Onerisinin diger ¢oziimlere gore daha ekonomik oldugu, AG hat kayiplarinin ve mikro
sebeke gerilimin istenilen diizeye ¢ekilebildigi sonucu vurgulanmistir.

Bu galismada, gilines panelleri ve batarya bulunan AG mikro sebeke i¢in Kural Tabanli ve
Optimizasyon Tabanli EY'S gelistirilmistir. Akili sebeke, IEEE 13 Bara test sistemine baglanmistir.
Her iki EYS algoritmasinin uygulandigi mikro sebekeye, 24 saatlik gercek bir OSOS gerilimi ve
talep gii¢ uygulanarak gerilim probleminin SVR ile ¢6ziilmesine yonelik gerilim kontrol algoritmasi
onerilmistir. Kural tabanli EYS algoritmasi, test sistemi ve SVR modeli Simulik/MATLAB
ortaminda gelistirilmistir. Optimizasyon tabanli EYS i¢in Python GLPK ¢6ziici, ’solver”,
kiitiiphanesi kullanilmigs. Bu makale ile AG seviyesinde SVR’in simiilasyon modeli ilk kez
literatiirde yer almaktadir. SVR gerilim kontrolii algoritmas1 ile mikro sebekelerin maruz
kalabilecegi yiiksek gerilim probleminin ¢oziilebilecegi ve Optimizasyon tabanli EYS’nin birlikte
kullanilmas1 ile de mikro sebekenin Kural tabanli EYS’ye gore daha verimli bir sekilde
yonetilebilecegi simiilasyon sonuglari ile dogrulanmugtir.

Makale su sekilde kurgulanmistir; 2. Boliimde, IEEE 13 Bara test sistemi, test sistemine
baglanan akilli sebeke yonetimi icin gelistirilen algoritmalar ve detaylar1 sunulmustur. 3. Boliim,
benzetim calismalarina, algoritmalarin uygulanmasi i¢in uygulanan yontemleri igermektedir. 4.
Boliimde, benzetim c¢alismast sonuglari Onerilen algoritmalar icin verilmis ve sonuglar

karsilagtirilmistir. Son olarak, 5. Boliimde elde edilen sonuclar 6zetlenmistir.
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2. Materyal ve Metot

IEEE 13 Bara Test sistemi, 4160 V orta gerilimde dagitim hatlari, 671. ve 692. Baralar
arasinda bir adet kesici, 633. ve 634. Baralar arasinda 4160/400 V trafo, farkli baralara baglh sont
kapasitorler ve endiiktif reaktif yiiklerden olusmaktadir. Sistemdeki yiikler yaklasik olarak 5 MW
aktif giic 3 MVAR reaktif giic ¢cekmektedir, buda 0,86 geride gii¢ katsayis1 anlamina gelmektedir.
IEEE 13 Bara Test sistemi, Sekil 1.’de verilmistir. 634 nolu AG baraya, SVR baglanmis ve SVR

altinda AG baraya ise giines enerji panelleri, batarya ve yiik baglanmistir.

OG Hat/IEEE 13 Bara AGHat @ Bara

Test Sistemi i
® ® ® 4©_. /{ e
aan 645 £33 T 633 63a 3/ X
/
SVR
611 684 692 675
. 671 L ~ 7
]
652 680

Sekil 1. IEEE 13 bara test Sistemi ve mikro sebeke

IEEE 13 bara test sistemine bagli mikro sebekeye uygulanan 24 saatlik gerilim, tiiketim ve
glines enerji tiretim verileri Sekil 2.’de verilmistir. Gerilim, tiiketim ve giines enerjisi iiretim verileri
Elaz1g ili OSOS’dan almmistir. 632 nolu baraya OG gerilim verisi uygulanmis, mikro sebeke
tiikketim ve giines panelleri iiretim verileri i¢in ise 34.5kV/0.4 kV’luk bir trafoya bagh akilli sebeke
verileri kullanilmistir [1].

IEEE 13 bara test sistemine bagli mikro sebeke enerji yonetimi i¢in Kural Tabanli ve
Optimizasyon Tabanli EYS algoritmalart gelistirilmistir. Boliim 2.1 ve Boliim 2.2°de gelistirilen
EYS algoritmalar1 detaylart sunulmaktadir. Bolim 2.3’de ise SVR gerilim Kontrol algoritmasi

detaylar1 verilmistir.
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2.1 Kural Tabanh Enerji Yonetimi Algoritmasi

Kural tabanli enerji yonetim algoritmasi detaylar1 Sekil 4.’te verilmistir. Gelistirilen algoritma
ortalama iiretim ve tiiketim giicline gore net gilicii hesaplamaktadir ve calismast 2 madde ile
Ozetlenebilir;

e Net gii¢ 0’dan kiiciik ise, bir baska deyisle iiretilen giic tiiketilen giicten az ise, bataryanin
belirli bir miktar desarj edilmesi ile gerekli gii¢ karsilanabilir ya da bunun yaninda
sebekeden gii¢ cekilmesine de ihtiyag duyulabilir. Ancak bu durum bataryanin Sarj Durumu
(SOC)’nun minimum degerden biiyiik olmasi ile miimkiin olabilir. Desarj miktar1 ise net
giiclin degerine gore degisiklik gostermektedir.

e Net giiciin 0’dan biiylik oldugu durum igin ise, bataryanin sarj edilmesi bataryanin
SOC’nun maksimum degerden kiiciik olmasi ile miimkiindiir. Eger artan gii¢ var ise bu
durumda sebekeye giic verilecektir.
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Sekil 2. OSOS gerilim verisi
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Sekil 3. Mikro sebeke verileri
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Sekil 4. Kural tabanli enerji yonetimi algoritmasi
2.2. Optimizasyon Tabanh Enerji Yonetimi
Mikro sebekenin optimum bir sekilde yonetilmesi, matematiksel modelinin ¢ikarilmasi ile

miimkiindiir. Mikro sebeke matematiksel modeli KTSDP optimizasyon modeli seklinde yazilabilir.
Reel degiskenler ve ikili degiskenlerden olusan KTSDP modeli genel olarak Denklem 1-3’de

tanimlanmistir;
minx,z f(x,z) =a’x+ b’z (1)
G(x, z) = c kosulu ile (2)
d = H(x, z) kosulu ile 3)

f (x, z) amag fonksiyonudur, ¢ ve d ise skaler vektorlerdir. G (x, z) ve H(x, z), esitlikler ve kisitlarin
lineer kombinasyonu olarak tanimlanir. Bu yolla, Mikro sebeke icin belirtilen formiilasyonlar
optimizasyon problemi haline doniistirilmiistir. H(x,z) tamimlanan kisitlari, C(x,z) ise giig
dengesi esitliligini temsil etmektedir. Optimizasyon Tabanli EYS igin tanimlanan parametreler
Tablo 1.’de, Batarya ile ilgili parametreler ise Tablo 2’de verilmistir.

GLPK (GNU Linear Programming Kit) kiitiiphanesi baslica, biiyiik 0Olcekli dogrusal
programlama, “large scale lineer programming”, KTSP modelleri ve diger optimizasyon
modellerinin ¢dziimii i¢in tasarlanmistir ve Python programlama dili ile kullanilabilmektedir. ANSI
C ile yazilmis ve ¢agrilabilir bir kiitiiphane seklinde diizenlenmis bir dizi rutindir (URL-1). Mikro

38




Mikro Sebekeler icin Enerji Yonetimi ve Gerilim Kontrol Algoritmalarinin Gelistirilmesi: Al¢ak Gerilim Seviyesinde
Statik Voltaj Regiilatorii Ornegi

sebeke optimizasyonuna ait formiilasyon GLPK ¢oziicii kiitiiphanesi kullanilarak Python
programlama diline uyarlanmistir. Bu sekilde optimum ¢6ziim elde edilebilir. Ayrintili sonuglar,
Boliim 4.’te analiz edilecek ve agiklanacaktir.

Tablo 1. Enerji yonetim sistemi parametreleri

Parametreler Tanimlar Birim/Deger
X Giinliik Giines enerjisi giicii [kw]
p,GRID.n Sebekeden alinan giic [kw]
p, CRID.in Sebekeden alinan giic fiyat: 0.82 TL/kWh
p,GRIDex Sebekeye verilen giig [kw]
p, CRIDex Sebekeye verilen giic fiyati 0.47 TL/KWh
p,Load Yiik talep giicii [kW]
Tablo 2. Batarya parametreleri
Parametreler Tanimlar Birim/Deger
p,BAT chg Batarya sarj giicii [kw]
p,BATdeg Batarya desarj giicii [kw]
pchgmax Batarya sarj limiti [kw] 30
pdcgmax Batarya desarj limiti [kw] 30
Ry, "7 Batarya ramp up limiti [kw/h] 30
Raown 24T Batarya ramp down limiti [kw/nh] 20
UcthAT Batarya sarj verim katsayist [p.u] 0.98
n ngBAT Batarya desarj verim katsayisi [p.u] 0.98
S0C,BAT Batarya baglangi¢ sarj durumu [KWh] %90
SO CmaxBAT dBa}arya sarj durumu maksimum [KWh] %90
egeri
SOC,n 24T };a:carya sarj durumu minimum [KWh] %20
egeri
SO CnBAT.max Bir sonraki adimdaki batarya sarj [p.u.]
durumu maksimum degeri
SO CnBAT,min Bir 6nceki adimdaki batarya sarj [p.u.]

durumu minimum degeri

2.2.1 Amac fonksiyonu

Mikro sebekenin kendi iiretimini maksimum sekilde kullanmas1 amaglayan amag fonksiyonu,
aynt zamanda sistem faturasini At zaman araliginda minimize etmektedir ve Denklem 4’de

tanimlanmuistir;

minF = Y1, (p ORIPex. p,ORIPexX — p GRIDIn p GRIDIM) At 4)

2.2.2 Kisitlar

Gli¢ dengesi ile ilgili kisit su sekilde tanimlanmistir;
PtPV + PtBAT'ng + PtGRID,in _ PtGRID,ex _ PtBAT,chg _ PtLoad =0 (5)

Glic dengesi i¢in her T periyodu icin optimizasyon programinda ek olarak asagidaki kural
tanimlanmalidir;
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PtGRID,in > 0 lSe PtGRID,ex — 0 (6)

PtGRID'in > Oise PtGRID'in =0 (7)
Batarya i¢in birden ¢ok kisit tanimlanmalidir. Bu kisitlardan ilki batarya ‘ramp’ orani limitidir ve su
sekilde verilmistir;

p,_,BATchg 4 p BATdcg < p  BAT yitt—1€eT (8)

P,_,PATA0 4 p AT < R PAT Vi t—1€eT ©)

Her t periyodu i¢in, bataryanin sadece sarj ya da sadece desarj olacagi bilindigi i¢in optimizasyon
programinda ek olarak asagidaki kurallar tanimlanmalidir;

p,BAThg 5, jse p,BATACI — (10)

pBATACG 5  jse pBATCMI = (11)

Ikinci kisit ise SOC ile alakalidir. Bu kisit bataryanin sarj ve desarj olma kapasitelerinin
astlmamasi i¢in gereklidir. Bataryanin maksimum ve minimum enerjisi olarak ta tanimlanabilen
SOC degeri kisit1 Denklem 12.’de verilmistir. Tablo 2’de de tanimlandigi iizere minimum ve
maksimum SOC degeri %20 ve %90 olarak tanimlanmistir. 85 kWh’lik batarya i¢in minimum ve
maksimum SOC degerleri sirasiyla 17 kWh ve 76.5 kWh ’tir.

SOCBATMin < 50C,PAT < SOCBAT ™M yteT (12)

2.3 SVR Gerilim Kontrolii Algoritmasi

SVR, 4.16 kV / 0.4 kV’luk trafo ¢ikisi olan 634 nolu baraya baglanmistir ve gerilim kontrol
algoritmasi ile kontrol edilmektedir. SVR kademelerine gore giris ve ¢ikis gerilimi degisimlerini
gosteren anahtarlama detaylar1 Tablo 3.’te verilmistir. Yazilan algoritma SVR girig gerilimine gore
kademeyi belirlemekte ve ¢ikis gerilimini 395-405 V arasinda tutmaktadir.

SVR i¢in gelistirilen gerilim kontrol algoritmasi Sekil 5.’te verilmektedir. Gelistirilen
algoritma ile giris gerilimi her saat aralig1 icin okunmaktadir ve gerilimin 395 V - 405 V arasinda
tutulmas icin gerekli kademe belirlenmektedir. Ardistk SVR kademeleri arasinda 6V’luk gerilim
farki vardir. SVR diisiirme moduna, girisine yiiksek gerilim geldiginde gecer ve maksimum
diisirme oraninin 1,06 ile 4.kademede oldugu disiiniiliirse yaklagik 423 V’luk gerilimi 400 V
seviyelerine indirebilir. Benzer sekilde SVR yiikseltme moduna, girisine diisiik gerilim geldiginde
gecer ve minimum diisiirme oraninin 0,94 olmas1 nedeniyle ile yaklasik 377 V alt sinir degerini 400
V’a c¢ekebilir. Diger ara kademelere ait sinir degerler ise ¢ikis gerilimin 400 V’a yaklastirilmasi
amagclanarak tanimlanmustir.
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Tablo 3. SVR anahtarlama

Kademe Vin (pu) Vout (PU) % Anahtarlar (agik)  Anahtarlar (kapalr)
0 1 1 +0 1,3 2,45,6,7
1 1 1,015 101,5 4,5 1,2,3,6,7
2 1 1,03 103 2,3 1,4,5,6,7
3 1 1,045 104,5 2,6 1,3,45,7
4 1 1,06 106 2,4 1,3,5,6,7
5 1 0,985 98,5 35 1,2,4,6,7
6 1 0,97 97 1,4 2,3,5,6,7
7 1 0,955 95,5 1,6 2,34,5,7
8 1 0,94 94 13 2,4,5,6,7

EVET

Vasbara BASLA
gerilimini oku T=0

SVRueme= 8

SVRusdome = 2 Vac>383

SVRusdeme=1

SVRiséeme = 0

A

Sekil 5. SVR gerilim kontrol algoritmas1
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3. Mikro Sebeke Modeli ve Benzetim Calismalari

Bolim 2.’de detayli bir sekilde anlatilan Kural Tabanli ve Optimizasyon Tabanli EYS’ler i¢in

olusturulan simiilasyon modeli Sekil 6.’da verilmistir.
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Sekil 6. IEEE 13 bara test sistemi simiilasyon semasi
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24 saatlik tretim ve yiik talebi icin MATLAB/Workspace’den tanimlanan profiller “from
workspace” blogu ile Simulink’e aktarilmaktadir. Sistemde bulunan simiilasyon parametreleri,
“phasor” modda simiilasyonun kag saniye c¢alistirildigina bagli olmaksizin 24 saatlik sonug verecek
sekilde yazilan MATLAB kodu ile tanimlanmaktadir. Simiilasyonda bulunan batarya ve giines

enerji modelleri AC baraya baglanmak icin kendi i¢inde invertdrleri barindirmaktadir.

A - _
— LS )
T Curpiat Phase A
E\J <
o
a)
Fux reiity pamk 1
L 1
Mw‘::l::-l-xu1
NEE — —
e
. = LG ® L
- u 4.
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-—-** .
[mrich_5) ek e "8 v
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Sekil 7. Statik voltaj regiilatorii: a) MATLAB/Simulink modeli, b) Gerilim kontrolii fonksiyon blogu
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Mikro sebeke modeli igerisinde bulunan batarya 85 kWh kapasiteli 50 kW olarak se¢ilmistir.
Alt ve st sarj limitleri %90 ve %20, baslangic enerjisi ise list sarj limiti olan 76.5 kWh olarak
tanimlanmistir. SVR ve gerilim kontrol blogu MATLAB/Simulink modeli, Sekil 7°de verilmistir.
Statik Gerilim Regiilatorii, giris gerilimi %1,5 ve %4,5’e diisiirmekte ve bu gerilimleri anahtarlama
prensibine bagl olarak giris gerilimine seri, aym1 ya da ters polariteli sekilde baglayarak ¢ikisa
vermektedir. Boylece c¢ikista, giris geriliminin %94, %95,5, %97, %98.,5, %100, %101,5, %103,
%104,5 ve %106’s1m1 regiile edebilmektedir.

3.1 Kural Tabanh Enerji Yonetimi

Mikro sebeke, Bolim 2.1°de anlatilan Kural Tabanli EYS algoritmasina gore yazilan
MATLAB fonksiyonu ile kontrol edilmektedir. Bu algoritma, mikro sebekede talep yiikten fazla bir
iretim oldugunda bataryay: sarj etmekte, artan gii¢ varsa sebekeye vermektedir. Talep yiikten az
iretim durumunda ise bataryay1r desarj etmekte ve batarya giicii yetmedigi zamanlarda ise

sebekeden gii¢ almaktadir. Yonetim blogu Sekil 8.’de verilmistir.

EMS

Load I R |« <Load>
PV II R ke <PV>
COe— 4
Phbat EMS I_‘
s0C R ¢ SOC (%
LE (%)
mmg [scpGRDJ>4<Grid>
» PV p Reactive load
Load-Reaclive " Microgiritzp )
easurements (Fower
[ 1]

Sekil 8. Kural tabanli enerji yonetimi blogu

3.2 Optimizasyon Tabanh Enerji Yonetimi

Bolim 2.2’de anlatilan Optimizasyon Tabanli EYS’nin, optimizasyon kismi Python’da

yapilmistir. Python’dan alinan sonuglara gore de Simulink’te aktif gii¢ akisinin izlenebilmesi adina
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simiilasyon c¢alistirilmaktadir. Bu iki programin sirali bir sekilde calistirilmasi gerekmektedir.
Python/Simulink entegrasyonu icin gelistirilen algoritma Sekil 9.’da verilmistir ve caligmasi 5
madde ile 6zetlenebilir;

e Ilk olarak Python programi, MATLAB fonksiyonu ile ¢alistiriimaktadir.

e {lk saat i¢in sonuc¢ dosyasini olusturduktan sonra, elde edilen sonug¢ dosyasina gore
Simulink ¢aligtirllmaktadir.

e Simulink, Python programi tarafindan elde edilen sonu¢ dosyalarini her saat basinda
okuyarak, simiilasyonu gergeklestirmektedir. Python programi da diger saatler i¢in bir
onceki saatin sonundaki SOC degerini Simulinkten alarak ¢6ziim yapmaktadir.

e Python ¢alisirken Simulink, Simulink ¢alisirken de Pyton programi durdurulmakta ve bir
sonraki optimizasyon ya da simiilasyon icin gerekli parametreler diger program
tarafindan saglanmakta ve ortak dosyadan okunmaktadir.

e Bu sekilde kurulan ardisik ¢alisma dongiisii ile 24 saatlik optimizasyon algoritmasi akilli

sebeke icin uygulanmis olunur.

T=0
SOC=50Csas

PYTHON T/T+1 saatleri
Enerji Yonetimi SIMULINK
Optimizasyonu CALISTIR

PBAT: SOCrson

Enerji Yonetimi
Optimizasyonu
Kisitlar

PPViryray
PyUKo/ras

Sekil 9. Python/Simulink entegrasyonu akis diyagrami

4. Bulgular ve Tartisma

Mikro sebeke, Bolim 2.1 ve 2.2°de anlatilan Kural ve Optimizasyon Tabanli EYS ile simiile
edilmis ve bagli oldugu IEEE 13 test sistemindeki aktif gii¢ akis1 gézlemlenmistir. Ayni zamanda,
632 nolu baraya 24 saat boyunca degiskenlik gdsteren gercek OSOS gerilim verisi uygulanmig ve
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mikro sebeke iizerindeki gerilim gdzlemlenmistir. Ulkemizin giinesli giin sayis1 ve giin boyunca
giineslenme saat araliginin fazla olmasi neticesinde, 6zellikle OG seviyesinde giines enerji iiretimi
ile talep gli¢ egrisine de bagli olarak giindiiz saatlerinde gerilim artmakta, aksam ve gece saatlerinde
ise gerilim diismektedir. Bu nedenle, AG taraftaki gii¢ kalitesinin arttirilmasi amaglanmis ve mikro

sebeke gerilimi SVR ile 0,95 pu ve 1,05 pu arasinda tutulmaya caligilmistir.

Sekil 10. a ve b’ de her iki EYS icin mikro sebekenin c¢aligma detaylart sunulmustur.
Sekillerdeki en iist satir, mikro sebeke giines panellerinden iiretilen aktif giicii temsil etmektedir. Bir
alt satirda, mikro sebeke yiiklenme profili verilmistir. Goriildiigii lizere tiiketimin daha ¢ok oldugu
aksam ve gece saatlerinde, giines enerjisi Uretiminin olmamasi 6zellikle kendi enerji ihtiyacim
karsilamak amacli kurulan mikro sebekeler icin gilindiiz {iretilen enerjinin depolanma ihtiyacini
beraberinde getirmektedir. Sekil 11.’de giiclin mikro sebeke tarafindan sebekeye dogru akmasi
sonucu mikro sebekenin ¢ektigi gii¢ eksi tarafa gegmektedir. Buda giiciin ters tarafa aktigi anlamina
gelmektedir.

Kural tabanli algoritma i¢in, enerji iiretimi olmayan gece 00:00 ve 01:00 saatleri arasinda
talep giicti karsilamak amagli ilk basta bataryanin S0kW’lik desarj giicii kullanilmis, ancak bu gii¢
yeterli olmadigi i¢in sebekeden de gii¢ ¢ekilmistir. Optimizasyon tabanli enerji yonetiminde ise s6z
konusu saatlerde batarya 30 kW’lik gii¢ ile desarj edilmistir. Bunun nedeni algoritmanin batarya
‘ramp up’ limitini agmamasidir. Ayn1 zamanda 6gle saatleri incelendigi zaman batarya 11:00-12:00,
13:00-14:00 ve 16:00-17:00 saatleri arasinda sarj oldugu gozlemlenmektedir. Burada da 20 kW
olarak tanimlanan batarya ‘ramp down’ limiti devreye girmektedir. Her iki algoritma i¢cinde SOC
degeri gilin sonunda % 20 lik degere denk gelen 17 kWh’tir. Kural bazli algoritmanin ¢aligmasi
batarya da enerji olma durumunda ilk olarak kullanilmasi ya da talep giiciin karsilanmas1 sonucunda
bataryanin depolanmasi kurallarina dayandigi i¢in SOC degerinin minimumda kalmas1 beklenen bir
durum olarak karsimiza ¢ikmaktadir. Ancak Bataryanin ani olarak sarj ya da desarj olmas1 Omriinii
olumsuz bir sekilde etkilemektedir.

Optimizasyon tabanlt EYS i¢in ise secilen amag¢ fonksiyonunun sebekeye maksimum gii¢
verilmesi olarak tanimlanmasi sebebiyle 24 saatlik periyot sonunda bataryanin enerjisi minimum
seviyededir. Ancak giiniimiizde, giin boyunca enerji alisinin ve satisinin farkli fiyatlarda olacagi
gercegi diislinlildiiglinde bir mikro sebekenin enerji yonetimi ile kontrol edilmesi, bataryanin sarj
edilecegi ve desarj edilece§i zamanlara daha esnek bir sekilde karar verilmesi, sistemin trettigi

enerjinin daha yiiksek fiyatlara satilmasi anlamina gelecegi i¢in olduk¢a 6nem arz etmektedir.
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Sekil 10. Mikro sebeke parametreleri: a) Kural Tabanli EYS, b) Optimizasyon Tabanli EYS
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Sekil 11. Baralardan ¢ekilen aktif gii¢ler: a) Kural Tabanli EYS, b) Optimizasyon Tabanli EYS
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Sekil 12. Bara gerilimleri: a) Kural Tabanli EYS, b) Optimizasyon Tabanli EYS
49



Bektas, E., Baywndir, K. C., Terciyanl, A., Tan, A., Canbolat, H., Yilmaz, H.., Uluslararast Dogu Anadolu Fen
Miihendislik ve Tasarim Dergisi / International Journal of Eastern Anatolia Science Engineering and Design
(IJEASED)

(2023) 5(1): 31-54

430 SVR PARAMETRELERI

420 -
=410 =
2 aoo -
o

< 380 |- -

L L T S T T L L
g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
zaman (saat)

g4gg;rmw
(<=}

< 390
380 [ -

370 L L L L | L L L L L L L L L L L L L
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

zaman (saat)

]
T
L

@
|

[SVR KADEME)
n iy
T T
L L

[=]
T
1

1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
zaman (saat)

=]
[N
w
IS
)
@
~
®
o

a)

SVR PARAMETRELERI
T T T T T T

430 T T T T T T T T T T T T T T

420 | 4
Sat0F B
400
w

2390 J

380 b

370 S O S TR N S ! ! ! ! I I I
01 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

zaman (saat)

430 T T T T T T e
420 T
E 410 n

& 400 —'—‘———'ﬁl_q_/_ﬁ_l.’_\—u—ll—,_rl——'_"—
©

2390 |- R

380 - B

370 S T S TR R S I I I T S T I I
01 2 3 4 5 6 7 8 9 10 111213 14 15 16 17 18 19 20 21 22 23 24

zaman (saat)

0
T
I

(SVR KADEME)
N B (]
T ==
il 1

o
T
I

I I | | |
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
zaman (saat)

o
-
N
w
-~
(&2}
@
~
[s=}
©

b)
Sekil 13. SVR parametreleri: a) Kural Tabanli EYS, b) Optimizasyon Tabanli EYS
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Sekil 12.’de bara gerilimleri verilmistir. 632 nolu bara altindaki diger baralardaki gerilimler
incelenmistir. OSOS verilerine gore OG seviyede gerilim 4175 V — 4375 V arasinda giin boyunca
degismektedir. Bunun nedeni daha oncede belirtildigi iizere dagitik {iretimin varligi ve tiiketim
profilinin aksam saatlerinde, 18:00 ve 22:00 saatleri arasi, daha fazla olmasidir. Bu nedenle giindiiz
saatlerinde gerilim maksimum seviyeye ulagsmaktadir.

Sekil 13.’te SVR giris ve ¢ikis gerilimi verilmistir. Sekil 12.’de verilen OG’deki gerilim
yiikselmesinin etkisi AG tarafta da gézlemlenmektedir. SVR gerilim kontrol algoritmasi ile her iki
EYS algoritmasinin uygulandig1 sonug iginde gerilim istenilen seviye ¢ekilmistir. Ozellikle, batarya
sarj desarj zamanlarmin ve miktarlarini farkli olmasi nedeniyle SVR ¢ikisini temsil eden 635 nolu
bara geriliminde kiiciik farkliliklar ve 400 V’un altinda ya da dstiinde kiiciik dalgalanmalar
gozlemlenmektedir. Her iki durum ic¢inde, mikro sebeke tarafindaki gerilimin diizeltilmesi SVR ile
bu kadar miimkiindiir. 6V’un altindaki dalgalanmalarin yok edilmesi icin akilli sebekenin reaktif
glic dengesinin de saglanmasi gerekmektedir. Bunun icin mikro sebekelerde bulunan giines
panelleri ya da batarya invertorlerinin sisteme reaktif glic destegi saglamasi gerekmektedir.
Gerilimin 400V’tan yiiksek oldugu, sapma degerinin SVR kademesi ile ayarlanamayacak kadar
diisiik oldugu zamanlarda, gerilimin 400 V’a sabitlenmesi i¢in giines panelleri invertorii ya da
batarya invertorii kapasitif reaktif glic modunda sebeke desteklemelidir. Gerilimin 400V tan diisiik
oldugu durumlarda ise giines panelleri invertorii ya da batarya invertorii endiiktif reaktif giig
modunda sebekeyi desteklemelidir. Ancak, uygulamalarda ek donanim gerektiren bu yontem ve
sistem maliyetini arttiracaktir. OSOS verisinde gerilimin Ipu ve iistli olmasi neticesinde, gerilim
kontrol algoritmas1 SVR’1 diisiirme modunda yani 5., 6., 7. ve 8. kademelerde anahtarlamistir.

Boylelikle gerilim 24 saat boyunca 400 V seviyelerinde tutulmustur.

5. Sonuglar ve Oneriler

Bu ¢alismada, giines enerjisi panelleri ve bataryaya sahip bir mikro sebeke i¢in Kural tabanli
ve Optimizasyon Tabanli Enerji YOnetimi algoritmalart gelistirilmistir. IEEE 13 Bara test
sisteminde bulunan 0.4 kV ¢ikish trafoya mikro sebeke baglanmistir. Giiniimiizde, dagitik tiretimin
artmas1 sonucunda giinliik degisen gerilim profili i¢in, gercek saha OSOS verisi kullanilmis ve test
sistemine bu gerilim verisi uygulanmstir. Ozellikle iilkemizde OG seviyesinde Yiik altinda kademe
degistirici olmamas1 ve kademelerin mevsimlik ayarlanmasi sonucunda, gerilim yiikselmelerinin

kullanici tarafinda olumsuz etkiler yaratmasi probleminin ¢éziimiine yonelik AG tarafta SVR mikro
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sebeke Oniine baglanmistir. Mikro sebeke geriliminin 395 V-405 V arasinda tutulmasi amaglanmis
ve SVR ile miimkiin olacagi benzetim sonuglari ile dogrulanmistir. Mikro sebekenin Optimizasyon
Tabanli EYS ile kontrol edilmesinin &zellikle batarya 6mrii ve ekonomik getiri bakimindan daha
tercih edilebilir oldugu sonucuna varilmistir. Aktif giiciin kontroliiniin yaninda geriliminde kontrol
edilmesi gerektigi sonuglari iizerinde durulmustur. SVR ile kullanici igin kabul edilebilir bir

araliklarda gerilim ayarlanabildigi icin, gerilimin tam olarak 400 V’a cekilmesi sadece gerilim

regiilatorii ile miimkiin olmamaktadir. Bunun i¢in reaktif giic destegi saglayan invertorler sisteme
dahil edilmelidir.

Yazarlarin Katkisi

Prof. Dr. Kamil Cagatay Baymndir danismanliginda Doktora 6grencisi Enes Bektas bu makaleyi
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Volt/Var Talep Yonetim Sistemi Gergeklestirilmesi” adli proje kapsaminda desteklenmistir.
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Ozet

Spor saha cizgilerinin diizenli olarak isaretlenmesi, her spor dali i¢in vazgegilmez bir islemdir. Ulkemizde de ¢okca
sevilen futbol, diinyada en fazla ilgi duyulan spordur. Futbol oyun kurallarinin uygulanabilmesi ve miisabakanin
gergeklestirilebilmesi icin oyun alani isaretlemelerinin mutlaka yapilmasi gerekmektedir. Futbol oyun sahasinda
kullanilan donatilar, 6l¢iiler ve oyun standartlarinin tarifi, Uluslararasi Futbol Birligi Kurulu (IFAB) tarafindan agik¢a
belirlenmistir. Glinlimiizde ¢izgi isaretleme ¢alismalart i¢in ¢ok ¢esitli malzeme ve ekipman se¢enegi bulunmaktadir. Bu
nokta da dnemli olan dogru malzeme ve ekipmanin segilmesi ve islem icin uygun planlamanin yapilmasidir. Cizgi
isaretleme islemi esnasinda oncelik saglik ve giivenliktir. Gerek caliganlar gerekse oyuncular i¢cin mutlaka bu sartlar
saglanmalidir. Bu ¢alismada da oncelikle futbol sahasi oyun alani 6lgiileri ve oyun alani isaretlemeleri IFAB’IN
belirledigi 6l¢li ve standartlar ger¢evesinde ele alinmigtir. Daha sonra oyun alani isaretlemesinde kullanilan gizgi
isaretleme malzeme ve ekipmanlar1 gézden gegirilerek futbol sahalarndaki kullanimlari incelenmistir. Ulkemizdeki
futbol sahalarindaki uygulamalar da incelenerek, bu islemin yeterince dikkate alinmadigi, dogru malzeme ve ekipmanin
kullanilmadig tespit edilmistir. Bu dogrultuda ¢alismada gozlemlenen sorunlar ifade edilerek ¢izgi isaretleme teknikleri
konusunda gesitli 6neriler getirilmistir.

Anahtar Kelimeler: Futbol sahalar1, Oyun alani, Saha gizgileri, Cizgi isaretleme.
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The Importance of Playing Field Lines and Line Marking Techniques on Football
Pitches

Abstract

Regular marking of sports field lines is an indispensable process for every sport branch. Football, which is very popular
in our country, is the most popular sport in the World. In order for the footbhall game rules to be applied and the
competition to be held, it is absolutely necessary to mark the playing field. The equipment used in the football pitches, the
dimensions and the definition of the game standards are clearly determined by the International Football Association
Board (IFAB). There is a wide variety of materials and equipment options available for line marking work today. At this
point, it is important to choose the right materials and equipment and to make the appropriate planning for the process.
Health and safety is the priority during the line marking process. These conditions must be provided for both employees
and players. In this study, first of all, the dimensions of the football field and the markings of the playgrounds are discussed
within the framework of the measures and standards determined by IFAB. Then, line marking materials and equipment
used in playground marking were reviewed and their use in football pitches was examined. By examining the applications
in the football fields in our country, it has been determined that this process is not taken into consideration enough and
the right materials and equipment are not used. In this direction, the problems observed in the study have been expressed
and various suggestions have been made about line marking techniques.

Keywords: Football pitches, The field of play, Pitch lines, Line marking.

1. Giris

Spor saha cizgilerinin diizenli olarak isaretlenmesi, her spor dali i¢in vazgecilmez bir islemdir.
Cinkii her spor dali kendine 0Ozel saha isaretlerine sahiptir. Spor miisabakalarinin
gerceklestirilebilmesi icin her spor dalinin kendine 6zgii kurallarina uygun isaretlemelerinin
yapilmasi gerekmektedir. Spor dallar1 farkl ylizeylerde oynansa da ¢ogunlukla ¢im yilizeyli sahalarda
oynanmaktadir.

Ulkemizde de ¢okga sevilen futbol, diinyada en fazla ilgi duyulan spordur. Her kitada, her
iilkede ve bircok farkli seviyede oynanir. Miisabakalarin gerceklestirildigi futbol sahalarinin zemini
ise miisabaka talimatlarinin izin verdigi dogal ve yapay malzemelerin bir arada kullanilmasi (hibrit
sistem) ile; tamamen dogal veya eger miisabaka talimatlar1 izin verirse, tamamen yapay olabilir
(Anonymous, 2021; Hocaoglu ve Bingol, 2022).

Futbol oyun kurallarmin diinya ¢apinda tiim konfederasyon, iilke, sehir ve kdyde oynanan her
bir mag i¢in ayni olmasi, korunmasi gereken dnemli bir giigtiir. Bu ayrica her yerde futbolun 1yiligi
icin kullanilmas1 gereken bir firsattir (Anonymous, 2021). Bu baglamda diinyanin neresinde olursa
olsun oyun sahasinda kullanilan donatilar ve oyun 6lg¢iileri agisindan, futbol oyun standartlarinin da
tarifi bulunmaktadir. Bu standartlar, sadece miisabakanin oynanmasi agisindan degil, yayin
degerinden dolay1 saha gorseli ve sunumu agisindan da 6nemlidir.

Cizgi 1saretleme calismalarinda farkli malzemeler ve ekipmanlar kullanilabilir. Kullanilan en
eski isaretleme malzemelerinden bazilari ise talas ve tozlardir. Kullanilan bu malzemeler zamanla
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yerini basit kuru isaretleme bilesiklerine doniistiiriilebilen ve kolayca yayilabilen tebesir ve kiregtasi
gibi malzemelere birakmistir. Beyaz olan tebesir ve kirectast malzemeleri, 15181 yansitarak ¢izgilerin
gorlintirliigiini artirmistir. Bir bagka 6nemli gelisme de bu malzemelerin daha verimli kullanilmasini
saglayan ve bir tagiyic1 gorevi goren suyla karistirilabilmelerinin fark edilmesidir. Bu farkindaligin
sonucunda tebesir/kirectasi ve su karisimini sivi olarak uygulamak i¢in basit bir transfer tekerlegi
isaretleyici olarak tasarlanmis ve gelistirilmistir (URL-1).

Tasarlanan ilk isaretleme malzemeleri, uzun omiirlii olmamis, yagmur sirasinda kolayca
renkleri atmig ve yetersiz kalmislardir. Bu sorunun iistesinden gelmek i¢inde bazi saha ¢alisanlar1 bu
malzemelere yabani ot oOldiirliciiler eklemeye veya bu malzemeleri kreozot ile degistirmeye
baslamistir. Bu uygulama 1960’lar ile 1980’ler arasinda kabul goren bir uygulama olmustur. Bu
malzemelerin kullanim1 genellikle ¢im bitkisinin 6lmesi ile sonu¢lanmistir. Giiniimiizde ise artik
sonmiis kire¢ (kalsiyum hidroksit) ve kreozot gibi malzemelerin kullanimi yasaklanmistir (URL-1).

Kullanilan isaretleme malzemelerinin yaninda isaretleme ekipmanlari da zaman icerisinde
gelisim gostermistir. Isaretleme ekipmanlar1 baslangigta ¢im yiizeyli tenis kortlarini isaretlemek igin
gelistirilmis olsalar da daha sonralar1 diger agik havada oynan spor dallarinda da kullanilmislardir
(URL-2). Cim i¢in temel ¢izgi isaretleme ekipmanlar1 1800’lerin sonlarinda kullanilmistir. Bu ilk
ekipmanlardan biri olan tekerlekten tekerlege (aktarmali) ¢izgi isaretleyici, F. H. Ayres tarafindan
gelistirilmistir (Sekil 1) (Evans, 1994). 1881 yilinda patent alan bu tasarim, glinlimiizde de kullanilan

tekerlekten tekerlege (aktarmali) ¢izgi isaretleyici ekipmanlarinin ilham kaynagi olmustur.

Basingly, piiskiirtmeli ¢izgi isaretleyiciler ise ilk defa 1951 yilinda, ¢izgi isaretleme ekipmanlari
yapmaya baslayan Peacock & Holmes Ltd. sirketi tarafindan tasarlanmistir. Ik ekipmanda “Holmes
Jet Marker” olarak adlandirilmistir (Sekil 2a-2b). 1950’lerin sonlarinda ise firma ilk defa motorla

calisan ¢izgi isaretleyicisini piyasaya siirmiis ve yliksek fiyatina ragmen emek tasarrufu saglayan bu
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ekipmana kuliipler, konseyler ve biiyiik kuruluslar biiyiik ilgi gostermislerdir (Sekil 2c) (Harrod,
2018).
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Sekil 2. a-b) “Holmes Jet Marker” Holmes piiskiirtmeli ¢izgi 1§aretley101 c) Motoru puskurtmeh cizgi l
isaretleyici (Harrod, 2018)

1960’larda ve 1970’lerin basinda, gelistirilmis tekerlek performansi ile gelismis miihendislik
teknikleriyle daha iyi tasarlanmis ¢ok ¢esitli ¢izgi isaretleme ekipmani ortaya ¢ikmistir (URL-2). Bu
donemde gozler biitce dostu ekipmanlara cevrilmisken, tekerlekten tekerlege (aktarmali) ¢izgi
isaretleyicilerinden biri olan “The Dimple” markasi dogmustur (Sekil 3). Dokme demirden yapilmig
olan ekipmanin boyay1 tanktan sahaya tagimada ve dagitmada ¢ok daha iistiin ve benzersiz bir gukurlu
transfer garki kullanmasi o dénem igin yeni bir kesif olmustur. Ekipmanin kalitesi kisa siirede fark
edilmis ve cok kisa bir siire icinde Wembley, Wimbledon ve The Queen’s Club gibi Ingiltere’nin en

iyi mekanlarindan bazilarinda kullanilmaya baslanmistir (Harrod, 2018).

D ;.
Sekil 3. “The Dimple” tekerlekten tekerlege (aktarmali) ¢izgi isaretleyici (Harrod, 2018)

2010 yilindan itibaren sirketler, bir insanin ekipmani kullanmasini veya isaretlenen hatlarin
konumu i¢in yonlendirmesi zorunlulugunu ortadan kaldirmay: amaglayan, navigasyon i¢in Kiiresel
Konumlama Sistemi (GPS) girigini kullanan, tamamen robotik ¢izgi isaretleyiciler gelistirmeye
baglamistir (URL-2).

Glinlimiizde ise ¢izgi isaretleme caligmalar i¢in ¢ok ¢esitli malzeme ve ekipman secenegi
bulunmaktadir. Onemli olan dogru malzeme ve ekipman segimini yaparak uygun planlamanin
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yapilmasidir. Isaretleme islemi igin yeterli hazirlik dnceden planlanmali ve gerekli ekipmanlar temin
edilerek yeterli zaman ayrilmalidir. Bu ¢alismada da futbol sahas1 oyun alan1 6lgiileri ve oyun alani
isaretlemelerinin 6l¢ii ve standartlari ele alinmis ve isaretlemede kullanilan ¢izgi isaretleme malzeme

ve ekipmanlar1 incelenerek futbol sahalarindaki kullanimlar1 incelenmistir.

2. Oyun Alam Olgiileri
2.1. Boyutlar

Oyun alam1 dikdortgen seklinde olmalidir. Tag¢ ¢izgilerinin uzunlugu kale ¢izgilerinin
uzunlugundan fazla olmalidir (Bingol, 2004).

- Uzunluk (Tag ¢izgisi): En az 90 metre (100 yarda), En ¢ok 120 metre (130 yarda).
- Genislik (Kale ¢izgisi): En az 45 metre (50 yarda), En ¢ok 90 metre (100 yarda).
Uluslararas1 Maglarda Olgiiler:

- Uzunluk (Tag ¢izgisi): En az 100 metre (110 yarda), En ¢ok 110 metre (120 yarda).
- Uzunluk (Kale ¢izgisi): En az 64 metre (70 yarda), En ¢ok 75 metre (80 yarda).

Yukarida verilen Olciiler araliginda kale ¢izgisi ve ta¢ ¢izgisinin uzunlugunu ise miisabaka
talimat1 belirlemektedir (Anonymous, 2021). En iist profesyonel diizeydeki tim magclar ile biiyiik
uluslararas1 ve yerel oyunlarin oynandigi yerlerde saha 105 metre uzunlugunda ve 68 metre
genigliginde olmalidir. Sahanin yaninda, ideal olarak her kale ¢izgisinin arkasinda, oyuncularin
1sinabilecekleri fazladan diiz alanlara (Tali alan) ihtiya¢ duyulmaktadir. Ayrica bu tali alan; top
toplayicilarin, saglik ¢alisanlarinin, giivenlik gorevlilerinin ve basin mensuplarinin dolagsmasina
uygun olmalidir. Bu alanin, sahanin yan taraflarinda 8,5 metre, uc¢ kisimlarinda ise 10 metre olmasi

tavsiye edilir (Anonymous, 2011).

3. Oyun Alaninin Isaretlenmesi

Oyun alani ¢izgilerle belirlenir. Bu ¢izgiler sinirladiklart alana dahildir. Biitlin ¢izgiler en ¢ok
12 santimetre (5 ing) genisliginde olmalidir. Oyun alani bir orta ¢izgi ile ikiye ayrilir. Baglama noktasi
bu ¢izginin tam ortasina isaretlenir (Bingdl, 2004; Anonymous, 2021). Baslama noktas1 (merkez daire
noktalar1) 240 milimetre ¢apinda kati nokta olmalidir (Anonymous, 2018). Bu noktaya merkez olarak
9,15 metre (10 yarda) yarigapli bir daire ¢izilir (Bingdl, 2004; Anonymous, 2021). Penalti noktasi ise

noktanin merkezinden kale ¢izgisinin arka kenarina dogru dlgtiliir (Anonymous, 2021).

59



Bingol, B., Hocaoglu, T., Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi | International Journal of
Eastern Anatolia Science Engineering and Design (IJEASED)
(2023) 5(1): 55-75

Oyun alan1 icerisinde kale alani (alt1 pas), ceza alan1 ve kdse alan1 yer almaktadir. Kale alan
18,32 metre (20 yarda) x 5,5 metre (6 yarda), ceza alan1 ise 40,32 metre (44 yarda) x 16,5 metreden
(18 yarda) olusmaktadir. Ceza yay1 ise ceza alaninin hemen disinda bulunan ve merkezi penalti
noktasi olan, yarigap1 9,15 metre (10 yarda) olan bir yay ile belirlenir. Oyun alani ile ilgili tanimlar

ve Olciiler Sekil 4’de detayli olarak verilmistir.
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Sekil 4. Oyun alani ile ilgili tanimlar ve 6lgiiler (Anonymous, 2021)

e Kale Alam

Kale direklerinin i¢ kenarlarindan 5,5 metre (6 yarda) uzaklikta kale ¢izgisine dik iki ¢izgi
cizilir. Bu ¢izgiler saha igine dogru 5,5 metre (6 yarda) dik uzatilir ve kale ¢izgisine paralel bir ¢izgi
ile birlestirilir. Bu ¢izgiler ve kale ¢izgisiyle sinirlanan bu alana kale alan1 denir (Bingdl, 2004).
e Ceza alam

Kale direklerinin i¢ kenarlarindan 16,5 metre (18 yarda) uzaklikta kale ¢izgisine dik iki ¢izgi
cizilir. Bu ¢izgiler saha igine dogru 16,5 metre (18 yarda) dik uzatilir ve kale ¢izgisine paralel bir
cizgi ile birlestirilir. Bu cizgiler ve kale ¢izgisi ile sinirli bu alana ceza alani denir (Bingdl, 2004).

Her bir ceza alani iginde kale direklerinden esit uzaklikta ve kale ¢izgisine 11 metre (12 yarda)
uzaklikta bir penalti noktasi isaretlenir (Bingol, 2004; Anonymous, 2021). Penalt1 noktas1 200
milimetre ¢apinda kati nokta olmalidir (Anonymous, 2018). Ceza alani disina merkezi penalti noktasi
olan 9,15 metre (10 yarda) yarigapl bir daire yayi gizilir (Bingol, 2004; Anonymous, 2021).
o Kose Alam

Kose alani, her bir kdsede yer alan bayrak direginden itibaren oyun alani i¢ine ¢izilen 1 metre

(1 yarda) yarigapl geyrek daire yayi ¢izilerek belirlenir (Sekil 5) (Anonymous, 2021).
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Kose bayrak diregi mecburidir
Bayrak diregi 1,5 m (5 ft) yliiksekliginden
az olmayacaktir, ucu sivri olmayacaktir

Kose alani Cizgiler 12 cm (5 ing)
yaricap 1 m (1 yd) genigligi agsmayacaktir

Sekil 5. Kose alani 6lgtileri (Anonymous, 2021)

e Bayrak Direkleri

Oyun alaninin her kosesine en az 1,5 metre (5 fit) yiiksekliginde, ucu sivri olmayan ve ucuna
bayrak takilan bir direk yerlestirilmelidir (Bing6l, 2004; Anonymous, 2021). Bayrak direkleri ayrica,
orta saha ¢izgisi hizasinda, tag ¢izgisinin en az 1 metre (1 yarda) disina dikilebilir. Kse yay1 her bir
kosede bayrak direginden itibaren oyun alani i¢ine 1 metre (1 yarda) yaricapl ¢eyrek daire yayi
cizilmesi ile olusur (Bingdl, 2004).

Bayrak direkleri ankrajli, olmali ve mag¢ 6ncesinde 1 takim (4 adet) yedek bulundurulmalidir.
Sporcularin sagligi icinse bayrak direginin ankraja yerlestigi baglant1 noktasinin yayli olmasi tercih

edilir (Sekil 6).

Sekil 6. Kose alan1 ve bayrak diregi (Eryaman Stadyumu) (Yazar arsivi)

o Kaleler

Kaleler, her bir kale ¢izgisinin ortasina yerlestirilmelidir. Bunlar, bayrak direklerinden esit
uzaklikta yukar1 dogru dik iki direkle bunlar1 birlestiren yatay bir iist direkten olusur (Bingol, 2004).
Kale direkleri ve {ist direk, onaylanmis materyallerden yapilmalidir. Sekilleri, kare, dikdortgen,
yuvarlak, elips veya bu sekillerin bir kombinasyonu seklinde olmali ve direkler oyuncular i¢in tehlike
yaratmamalidir (Sekil 7) (Anonymous, 2021).

Iki direk arasindaki mesafe igten ice 7,32 metre (8 yarda) ve iist diregin alt kenarmin yerden

yiiksekligi ise 2,44 metre (8 fit) olarak belirlenmistir (Sekil 7) (Bing6l, 2004; Anonymous, 2021).
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Kale direkleri ve kale iist diregi beyaz renkte olmali ve 12 santimetreyi (5 in¢) asmamak kaydi ile
ayn1 genislikte ve derinlikte olmalidir (Anonymous, 2021). Kale agizlarindaki ¢izgiler kale
direklerinin arkalari ile ayn1 hizada olmalidir (Anonymous, 2018). Kalelere kale aglari, direklere, {ist
direge ve yere iyice tutturulmak ve kaleciye hareket serbestligi vermek sart1 ile takilabilir. Kale aglar

jiit, kendir, kenevir ve naylondan yapilir (Bingol, 2004).

Kale direklerinin kale cizgisine gore
konumu asagidaki gorseller ile
uyumlu olmahdir
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Sekil 7. Kale ol¢iileri (Anonymous, 2021)

Mag giinlerinde, saha kurulumundan ve takim isinmalarindan sonra, devre arasinda aglari
kontrol etmek iyi bir uygulamadir. Kale direklerinin 2 adet yedegi fileleri kurulmus olarak sahaya
kolay erisim saglayan ve kalelere yakin bir yerde bulundurulmalidir. Ayrica herhangi bir deligi
onarmak i¢in de bir ag tamir takimi mevcut olmalidir. Saha personelin olas1 degisim durumu ile ilgili
mutlaka prova yapmasi ve yedek kalelerin de her zaman hazir olmasi gereklidir (Anonymous, 2018).
Kaleler yere saglam bir sekilde sabitlenmelidir (Sekil 8).

Eger kale iist diregi oyun esnasinda yerinden ¢ikar veya kirilirsa, oyun kale ist diregi
onarilincaya veya eski yerine geri takilincaya kadar durdurulmalidir. Oyun ise tekrar bir hakem atis1
ile baslatilmalidir. Eger kale tist diregi onarillamayacak durumda ise mag tatil edilmelidir. Kale {ist
diregi bir iple veya herhangi bir esnek veya tehlike olusturabilecek bir materyalle degistirilmemelidir

(Anonymous, 2021).

Sekil 8. Kale direklerinin degistirilmesi (Anonymous, 2020)
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Filenin i¢inde veya yakin ¢evresinde, kale filesini yere sabitleyen ¢ubuklarin arkasinda ve agin
disindaki payandalar (kale filesi destek direkleri) disinda higbir yapisal eleman ya da fiziksel destek
kullanilamaz. Buradaki amag, kale yapisi elemanlariin, top bir kez kale ¢izgisini gectiginde topun
(kalenin digindan veya i¢inden) oyun alanina geri sekmemesini ve oyuncularin yaralanmasina neden

olmamasini saglamaktir. Bu amagla kale ¢er¢evesi zemine gomiilebilir (Sekil 9) (Anonymous, 2018).

Sekil 9. Yere gomiilii kale ¢erceveleri (Anonymous, 2018)

Kale aglar, kaleye ve kale arkasindaki zemine, kaleciyi ve oyuncular tehlikeye sokmayacak
sekilde diizgiince takilmalidir. Kale yapilarini desteklemek icin kullanilan vidalar veya diger
elemanlar potansiyel bir tehlike olarak kabul edilirse, bant veya dolgu gibi ek koruma unsurlari

kullanilmalidir (Sekil 10) (Anonymous, 2018).

Sekil 10. Oyuncu giivenligi i¢in daha fazla koruma gerektiren kale yapilar1 (Anonymous, 2018)

Kale payandalari, reklam panolarinin 6niine ve kale ¢izgisine yakin bir yere yerlestirilmigse,
kale direklerinden kolayca ayirt edilebilen ayri, tek tip bir renkte ek koruma gerektirir (Sekil 11)
(Anonymous, 2018).
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Sekil 11. Kale payandas1 goriiniirligii ve giivenligi (Anonymous, 2018)

Avrupa Futbol Federasyonlar1 Birligi (UEFA) maglari sirasinda, oyun alani, kale aglari ve bu
aglarin cevreledikleri alanlar, kale direklerinin kendileri, file gerdirme destek direkleri ve kose
direkleri lizerinde gercek veya sanal logolarin veya amblemlerin reprodiiksiyonunun yapilmasi
yasaktir. Bunlara sadece bayraklarda izin verilmektedir (Anonymous, 2018).

e Teknik Alan

Teknik alan teknik kadro, yedek oyuncular ve degistirilen oyuncular i¢in belirlenmis bir yedek
kuliibesini kapsar. Uluslararast oyunlar ve Uluslararas1 Futbol Federasyonlar1 Birligi (FIFA) Salon
Futbolu Diinya Kupasi i¢in her bir kuliibe 23 kisilik olmalidir. Koltuklarin arkaliklar1 olmalidir.
Kuliibeler zemin seviyesine yerlestirilmeli ve izleyicilerin goriisiinii engellememelidir. Bunlar seffaf
pleksiglas tiirii bir ¢atiyla, kotii havaya ve seyirciler tarafindan atilan maddelere karsit korunmalidir
(Anonymous, 2011). Teknik alanin 6l¢iisii, bu kuliibenin herhangi bir tarafinda 1 metre (1 yarda) ve
tac ¢izgisine paralel olacak sekilde tag ¢izgisinden 1 metre (1 yarda) mesafeye kadar genisleyen bir
yapida olmalidir (Sekil 12) (Anonymous, 2021). Alan kesikli ¢izgiler ile isaretlenmelidir.

BT LT

R“ .o
Sekil 12. Teknik alan a) Basaksehir Fatih Terim Stadyumu (Yazar arsivi) b) Ulker Fenerbahge Stikrii

Saracoglu Stadyumu (Yazar arsivi)

4. Cizgi Isaretleme Malzemeleri ve Ekipmanlari

Oyun alanin isaretlenmesi, oyun kurallarinin yerine getirilmesi ve oyunun oynanabilirligi

acisindan son derece onemlidir. Bu yiizden isaretlenme islemi oyun alani 6lgiilerine goére uygun
64



Futbol Sahalarinda Oyun Alam Cizgilerinin Onemi ve Cizgi Isaretleme Teknikleri

malzeme ve ekipman ile titizlikle yapilmali, miisabakanin oynanmasini1 ve yonetilmesini dogrudan
etkilememelidir.

Futbol oyun sahalarinda kullanilan ¢izgi isaretleri, Uluslararas1 Futbol Birligi Kurulu (IFAB)
oyun kurallara uygun olmalidir. Oyun kurallarinda ¢izgiler, sinirlandirdiklar1 alanlarin bir pargasi
olarak kabul edilir. Saha ¢izgileri beyaz, agikca ayirt edilir ve ideal olarak kale direklerinin genisligine
esit genislikte olmali ve 12 santimetreyi gegmemelidir.

4.1. Cizgi isaretleme Malzemeleri

Giiniimiizde ¢esitli ekipmanlar ve aplikatorler araciligiyla uygulanan ¢ok cesitli ¢izgi isaretleme
iriinleri kullanilmaktadir. Genel olarak ideal bir isaretleme malzemesi su gegirmez, ¢cabuk kuruyan,
kolayca silinmeyen veya pul ya da toza meyilli olmamalidir. Ayn1 zamanda saglik ve giivenlik
gerekliliklerini de karsilamalidir (Evans, 1994). Isaretleme malzemeleri, kalic1 veya kalict olmayan
cizgiler tiretmek iizere tasarlanmistir (URL-1). Bu ylizden kullanilan bu malzemeleri ikiye ayirmak
miimkiindiir.

a) Kalict Olmayan Malzemeler

Tozlar: Esas olarak ¢im yiizeyli sahalarda kullanim ig¢in tebesir bazli iiriinlerden olugmaktadir.
Toz, yercekimi beslemeli kuru bir isaretleyici kullanilarak tek basina kullanilabildigi gibi s1v1 olarak
da kullanilmak i¢in su veya emiilsiyon {iriinleri ile de karistirilabilir. Bu iiriinler aktarmali
isaretleyicilerde veya bazi piskiirtmeli ¢izgi isaretleyiciler ile kullanilabilir (URL-1).

Swvilar: Su bazli boyalar ve soliisyonlar ise tiim dogal ¢im ve suni ¢im yiizeylerde kullanilabilir.
Bu iirtinler kullanima hazir veya konsantre olarak temin edilebilir. Aktarmali veya piiskiirtmeli ¢izgi
isaretleyiciler ile kullanilabilir (URL-1).

b) Kalict Malzemeler

Boya: Pigmentli kat1 kivamli s1iv1 boyalar seyreltilmis veya saf halde kullanilabilir. Aktarmali
veya puskiirtmeli ¢izgi isaretleyiciler ile kullanilabilir (Anonymous, 2017).

Aerosoller: Cim yiizeylerde ve tiim sert yiizeylerde kullanilabilir. Elle, el tabancasi aplikatorii

veya 0zel amagl tekerlekli aplikator ile uygulanabilir (URL-1).

4.2. Cizgi Isaretleme Ekipmanlar

Glinlimiizde ¢izgi isaretleme iiriinleri c¢esitli ekipmanlar ve aplikatorler araciligiyla

uygulanabilir. Cizgi isaretleme ekipmanini secerken ekonomik olmasi, zamandan tasarruf saglamasi
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ve alana uygun olmasi gibi kriterler géz onilinde bulundurulabilir. Cizgi isaretleme islemlerinde
kullanilan en yaygin ekipman aktarmali (tekerlekten tekerlege) veya piiskiirtmeli ekipmanlardir
(Sekil 13). Piiskiirtmeli ¢izgi isaretleme ekipmanlarinin GPS ile otonom ¢alisan ve lazer ile hizalama

yapabilen tipleri de mevcuttur.

Dabhili pompali piiskiirtmeli (Yazar arsivi)

a) Kayis/Bant Transferli Cizgi Isaretleyici

Giinlimiizde tercih edilmemekle birlikte eskiden ¢izgi isaretleyici olarak kullanilan stirekli
kayis/bant sistemli bir s1v1 ¢izgi isaretleyicisidir (Sekil 14). Yiizeye pozitif bir yapisma ve siirekli bir
isaretleme sivisi beslemesi saglayan bu ekipman farkli spor tiirleri i¢in de kolayca degistirilebilen ii¢
farkli genislikte kayisa sahiptir. Kayis ¢izgisi, yonlendirme i¢in olumlu bir kilavuz saglar ve ¢cogu
alan tek gegiste isaretlenebilir (URL-4). Ancak bu ekipmanlar ¢amurlu yiizeylerde etkili bir sekilde
calisamaz (URL-1).

Sekil 14. “Truline” kayis/bant transferli ¢izgi isaretleyici (URL-4)
b) Kuru Cizgi Isaretleyici

Kuru ¢izgi isaretleyiciler ¢im, kiremit irmigi ve kil {izerinde kullanim i¢in uygundurlar (URL-
1). Adindan da anlasilacagi gibi, bunlar kuru toz bilesiklerinin uygulanmasi igindir (Sekil 15)

(Anonymous, 2017). Karistirma gerektirmeyen en ucuz ¢izgi isaretleme yontemlerinden biridir. Bazi
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durumlarda, 6zellikle ¢amurlu ylizeylerde, hala hat {iretmenin en iyi yontemidir. Kuru ¢izgi isaretleri
icin kullanilan malzemeler ¢esitli bi¢imlerde olabilir. Bu beyaz tozlar toksik degildir ve 6giitiilmiis
dogal kalsiyum karbonat bazlidir. Kullanim esnasinda tozun ve haznenin kuru oldugundan emin
olunmalidir. Ciinkii nemli toz serbest akis1 onleyecektir (URL-1).

Hidrath kire¢ (kalsiyum hidroksit) ¢izgi isaretleme i¢in asla kullanilmamalidir. Zehirlidir ve
kimyasal cilt yaniklarina ve tahrislere neden olabilir. Hem kuru hem de 1slak formda temas halinde

gozlere ve cilde ciddi zararlar verebilir (URL-1).

| ot
% 5

Sekil 15. Kuru ¢izgi isaretleyiciler (URL-5; URL-6)

¢) Aktarmal Cizgi Isaretleyici (Tekerlekten tekerlege)

Glinlimiizde ¢im alanlarda en ¢ok tercih edilen bir ¢izgi isaretleyicidir. Aktarmali ¢izgi
isaretleme ekipmanlar1 genelde 10 litreden az olmayacak sekilde metal/plastik bir boya haznesine
sahiptir. Cizgi boyama islemi, 3 tekerlekten olusan aktarma sisteminin ve mekanik olarak kullanicinin
ekipmant itmesi ile ¢alisir. Silindirin (1. tekerlek) boya haznesinden aldig1 boya, ara bir tekerlekle (2.
tekerlek) ¢imi boyamasi gereken ve ¢im yiizeyine temas eden tekerlege (3. tekerlek) aktarmasi ile

saglanir (Sekil 16).

,,,,,

Sekil 16. Aktarmali (tekerlekten tekerlege) ¢izgi isaretleyici a) Eryaman Stadyumu (Yzar arsivi) b)
Bunyodkor Stadyumu (Ozbekistan) (Yazar arsivi)
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Ekipman dayanikli olmasi amaciyla ¢elik malzemelerden imal edilir. Sistemi tasiyan tekerlerin
cimde iz birakmayacak sekilde, havali ve/veya dolgu seklinde ¢im tipi olmasi1 gereklidir.

Orta tekerin boyutu iireticiden iireticiye degisiklik gosterebilir. Bu tekerin bazilarinda gukurlar,
oluklar veya kauguk yiizeyler bulunabilir burada amag isaretleme s1visin1 verimli ve esit bir sekilde
aktarmaktir (Sekil 17). Cizginin genisligi, markalama tekerleginin genisligine baghdir. Iyi bir hat
iiretmek i¢in makul miktarda ¢im ortiisii gereklidir. Bu ekipmanlar zemin kosullar1 ¢ok 1slak ve
camurlu oldugunda iyi hatlar iiretmezler. Gevsek ¢im kupiirleri ise isaret ¢arki tarafindan alinirsa,

ekipmani tikayabileceklerinden bir sorun yaratabilir (URL-1).

Sekil 17. Aktarmali (tekerlekten tekerlege) ¢izgi isaretleyici (soldan saga) ‘The Dimple”, “Lines Man”
(Harrod, 2018)

d) Piiskiirtmeli Cizgi Isaretleyici

Piiskiirtmeli ¢izgi isaretleme ekipmanlari hemen hemen her yiizeyde kullanilabilen ve bir¢cok
ozellige sahip olmasi nedeni ile siklikla tercih edilen ¢izgi isaretleyicilerdir. Bu isaretleyiciler degisen
farkli tank kapasiteleri, degisken piiskiirtme genisligi ayarlari, daha kolay kullanim i¢in daha 1iyi
tagima tekerlekleri ve dahili tank yikama olanaklar1 gibi birgok 6zellige sahip olabilirler. Ayrica ¢coklu
cizgileri isaretlemek icin ek plskiirtme cizgileri de sisteme eklenebilir. Baz1 ekipmanlarda ise
otomatik kendi kendini temizleme O6zelligi dahi vardir. Piskiirtme ¢izgisi isaretleyicileri, farkli
yiizeyleri isaretlemek, elle piiskiirtmek ve ayni anda birden fazla ¢izgiyi isaretlemek i¢in cesitli
atagmanlara sahip olabilir (URL-1).

Bu isaretleyicilerde ¢izgi genisligi degiskendir, memenin her iki yanindaki metal kilavuzlar
ayarlanarak degistirilebilir. Bu ekipmanlar ayrica elektrikli veya motorlu olarak da tercih edilebilir.
Bunlar haricinde daha ¢ok agik sahalar i¢in uygun olan GPS sistem, GPS sistemli otonom veya lazer
hizalama gibi donanimlar da bu isaretleyicilere eklenebilmektedir (Sekil 18-19). Bu ekipmanlar
daima temiz tutulmali, pliskiirtme jetlerinin tikanmasini 6nlemek i¢in kullandiktan sonra boyanin

ekipmanda kurumasina izin verilmemeli ve suyla iyice yikanmali veya suyla tekrar ¢alistiriimalidir.
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Sekil 19. Piiskiirtmeli ¢im isaretleme ekipmanlari (soldan saga) a-b) Piiskiirtmeli (GPS sistemli otonom)

(URL-9; Robson, 2019) ¢) Kontrol iinitesi (GPS sistemli otonom) (URL-9)

GPS sistemli otonom veya lazer hizalamali piiskiirme sistemleri saha ¢izgilerinin isaretlenmesi
esnasinda diger ¢izgi isaretleme ekipmanlarinda farkli olarak kilavuz iplerine gerek duymazlar.
Ancak diger sistemlerin tamaminda kilavuz hizalama ipleri kullanilmahidir. Bu tiir sistemler

kullanictya zamandan tasarruf saglar.

e) Aerosol Cizgi Isaretleyici

Aerosol c¢izgi isaretleyiciler etkili ve basit bir kullanima sahiptirler. Aerosol piiskiirtmeli
isaretleyiciler, elde tutulan veya ii¢/dort tekerlekli aplikator gibi cesitli tasarimlara sahiptir. Temel
olarak, tasiyici, piiskiirtme {lizerinde tam kontrole sahip olmaniz1 saglayan bir el piiskiirtmeli serbest
birakma kolu ile bir aerosol kutusunu ters konumda tutar (Sekil 20). Cizginin genisligi, isaretleyicinin
sapindaki bir ayar vidasi ile kontrol edilen kutu tutucunun yiiksekligi ile belirlenir (URL-1).

Esit ve yavas bir tempoda yapilmasi yalnizca ¢izginin diiz olmasini saglamakla kalmaz, ayni
zamanda daha parlak bir ¢izgi olusturulmasi da saglar. Cizgi kalitesi riizgar tiirbiilansindan

etkilenebilir, aerosolun piiskiirtmesi ¢ok incedir ve kotli hava kosullarindan kolayca etkilenebilir.
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Bazi isaretleyiciler, plskiirtmenin etkilenmesini onlemek i¢in riizgar kalkanlariyla donatilmistir
(URL-1).

Aerosol isaretleyici kullanmanin en biiylik avantaji, kullanim hizidir. Malzemelerin 6n karigimi
yoktur, isaretleme aninda gergeklesir. Ancak, boya kutular1 uzun siire isaretleme yapamaz ve bu
yiizden de ekonomik degildirler. Piyasada aymi tiirde performans ve giivenilirlik sunan ¢ok ¢esitli
aerosol isaretleyici bulunmaktadir. Cogu ayni sekilde calisir ve isaretleme igin genis bir renk

yelpazesi sunar (URL-1).

Sekil 20. Aerosol ¢izgi isaretleyiciler (RL-lO; URL-11)
5. Cizgi Isaretleme Esnasinda Dikkat Edilmesi Gereken Hususlar

Cizgi isaretlemesi yapilmadan 6nce mutlaka oyun alani ilgili tanimlar ve 6l¢iiler hakkinda bilgi
sahibi olunmalidir. Isaretleme oOncesinde ise Olgiiler mutlaka titizlikle hesaplanmalidir. Cizgi
isaretleme islemine baslamadan O6nce uygun ekipman ve malzeme se¢imi yapilmalidir. Cizgi
isaretleme isleminde boyanin da kurumasi da g6z oniine alindiginda, bu islem giinesli bir giinde,
dogal ¢im yiizeyli futbol sahalarinda bi¢im isleminden sonra, hibrit sistemli ve yapay ¢im yiizeyli
futbol sahalarinda ise fircalama isleminden sonra yapilmalidir. Bu uygulama yiizeydeki kalintilarin
azaltilmas1 saglar ve ¢imin isaretlenmesi i¢in uygun bir ortam olusturur.

Isaretleme islemine baslamadan once ekipmanda sizinti olup olmadigi mutlaka kontrol
edilmelidir. Cizgi isaretleme ekipmanlari, isaretlemeden once saha disinda doldurulmali ve dogru
sekilde kapatilmali, boylece tasima tekerleklerinin herhangi bir boya aktarmamasi saglanmalidir
(Anonymous, 2018).

Cizgiler isaretlenirken mutlaka kilavuz ipi kullanilmali ve hizalanmalidir (GPS sistemli otonom
ve lazerli piiskiirtme ekipmanlari harig). Cizgi isaretleme boyas: kuruyana kadar kilavuz ipi yerinde
kalmalidir. Aksi takdirde boya etrafa bulasabilir. Cizgi isaretleme ekipmanlar1 kullanilirken ¢izgiler

yavas bir yiiriime hizinda, tutarli bir sekilde, katman katman boyanmalidir. Hizl1 ve 6zensiz yapilan
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islemler ¢izgilerin 6l¢iisiiz ve silik olmasina neden olacaktir (Sekil 21-22). Dogru parlaklik seviyesine
ulagsmak icinse genellikle ters yonde en az iki uygulama yapilmas1 gerekir. Cizgi isaretleme islemi
bittiginde boya ekipmanda kurumaya birakilmamali mutlaka temizlenmelidir. Ozellikle piiskiirtmeli
cizgi isaretleyicilerinde piiskiirtme jetlerinin tikanmasini énlemek i¢in kullandiktan sonra mutlaka

yikanmali veya suyla ¢alistirilmalidar.

#
é
p
#
®
[

Mag esnasinda ¢izgi isaretleme boyasinin parlak beyaz ve fark edilebilir olmasi gerekir. Ancak
ma¢ esnasinda olumsuz hava kosullar1 s6z konusu ise beyaz renkten farkli olarak parlak
kirmizi/turuncu renkli bir ¢izgi isaretleme boyasinin da hazir bulundurulmas istenir (Anonymous,
2018). Futbol Birligi (FA) kurallarina gore isaretlemelerin, 3G yapay ¢im sahalarda; Mini futbol U7
(7 yas alt1) & U8 (8 yas alt1) (5x5 kisi) i¢in kirmizi, Mini futbol U9 (9 yas alt1) & U10 (10 yas alt1)
(7X7 kisi) igin sar1, U1l (11 yas alt1) & U12 (12 yas alt1) (9x9 kisi) i¢in mavi ve diger gruplar &
yetiskin (11x11 kisi) i¢in de beyaz renk olmasi tavsiye edilir (Sekil 23) (Anonymous, 2013).
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Sekil 23. Degisik amaglar i¢in kullanilan farkli ¢izgi isaretleme boyalar1 (URL-7)

Ulkemizde de ¢izgi isaretlerinin yetersiz kaldig1 ve olumsuz hava kosullarmin gdzlemlendigi
durumlarda ¢izgi isaretlemesi i¢in kirmizi veya siyaha yakin koyu renkler tercih edilmektedir (Sekil
24).

.

Sekil 24. Tirkiye’de kullanilan farkli renk ¢izgi isaretleme boyalar1 a) Vodafone Park Stadyumu (ar

arsivi) b) Eryaman Stadyumu (Yazar arsivi)

Cizgileri isaretlerken kazayla yayilan boyalar ¢ikarmak igin bir kova 1lik su ve yumusak bir
firca/stinger kullanilmalidir. Boyanin yayilmasi olas1 olumsuz hava sartlarindan dolay1 bir problem
olusturdugunda, bu problemi ¢dzmek i¢in daha genis bir personel ekip ve lfleyici gibi ekipman
kullanilmalidir (Sekil 25).

Mag giinlerinde, ¢izgiler son ¢im kesme isleminden sonra isaretlenmeli ve antrenman, 1sinma
ve gerekli diger bakim calismalarindan 6nce (genellikle baslama vurusundan 1-1,5 saat 6nce) boyanin

kurumasi i¢in yeterli zaman taninmalidir.
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Sekil 25. Cizgi isaretlerinin kurutulmasi1 a) Medas Konya Biiyiiksehir Stadyumu (Yazar arsivi) b) Atatiirk
Olimpiyat Stadyumu (Yazar arsivi)

6. Sonuclar ve Oneriler

Futbolda her spor dali gibi kendine 6zel saha isaretlerine sahiptir. Futbol oyun kurallarinin
uygulanabilmesi ve miisabakanin gerceklestirilebilmesi i¢in de oyun alani isaretlemelerinin mutlaka
yapilmasi gerekmektedir. Futbol saha cizgilerinin diizenli olarak isaretlenmesi, futbol sahalar1 i¢in
periyodik olarak yapilmasi gereken bir islemdir. Pozitif ¢izgi isaretleme sadece goriiniiste hos degil,
aynit zamanda oyunun kurallarinin dogru bir sekilde yorumlanabilmesi i¢in tim katilimcilar ve
seyirciler igin gereklidir (Evans, 1994).

Futbol oyun sahasinda kullanilan donatilar, dlgiiler ve oyun standartlarinin tarifi, IFAB
tarafindan agikc¢a belirlenmistir. Oyun kurallarina gore ¢izgiler, sinirlandirdiklart alanlarin bir pargasi
olarak kabul edilir. Saha ¢izgileri beyaz, acik¢a ayirt edilir ve ideal olarak kale direklerinin genigligine
esit genislikte olmali ve 12 santimetreyi gegmemelidir.

Cizgi isaretleme calismalarinda farkli malzemeler ve ekipmanlar kullanilabilir. Isaretleme
malzemeleri kalic1 olamayan (tozlar, stvilar) ve kalici olan (boya, aerosol) ¢izgiler tiretmek iizere iki
sinifa ayrilabilir. Giliniimiizde ¢izgi isaretleme malzemesi olarak en ¢ok sivilar ve boyalar tercih
edilmektedir. Malzeme se¢iminde dnemli olan hazirlanmasinin kolay, su gegirmez, ¢abuk kuruyan,
kolayca silinmeyen, uzun kullanilabilen, dagilmayan ve ekonomik olmasidir. Kullanilacak malzeme
ayn1 zamanda oyuncularin saglik ve glivenligini de tehdit etmemelidir.

Cizgi isaretleme malzemeleri ise ¢esitli ekipmanlar ve aplikatorler araciligiyla c¢izgi
isaretlemede kullanilabilir. Cizgi isaretleme ekipmanini segerken ise ekipmanin ekonomik, zamandan
tasarruf saglayan, alana uygun, kolay kullanilabilir, dayanikli ve az bakim gerektiren 6zelliklere sahip
olmasi istenir. Cizgi isaretleme islemlerinde kullanilan en yaygin ekipman aktarmali (tekerlekten
tekerlege) veya piiskiirtmeli ekipmanlardir. Bu iki ekipmanin 6ne ¢gikmasindaki nedenler ise aktarmali

(tekerlekten tekerlege) ekipmanlarda basar1 orani, kullanim kolaylig1 ve maliyet; piiskiirtmeli ¢izgi
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isaretleme ekipmanlarinda ise zamandan tasarruf, farkli atagsmanlarla kullanilabilme ve sunduklari
ekstra ozelliklerdir (GPS, otonom calima, elektrikli, motorlu, kendini temizleme vs.). Kuru ¢izgi
isaretleyiciler ve tozlar ise bazi olumsuz hava sartlarinin goriildiigii zamanlarda hala en iyi segenektir.

Cizgi isaretleme islemi, giinesli bir giinde, dogal ¢im yiizeyli futbol sahalarinda bi¢im
isleminden sonra, hibrit sistemli ve yapay ¢im yiizeyli futbol sahalarinda ise fircalama isleminden
sonra yapilmalidir. Cizgi isaretleme islemine baslamadan 6nce uygun ekipman ve malzeme se¢imi
yapilmalidir. Cizgiler isaretlenirken mutlaka kilavuz ipi kullanilmali ve hizalanmalidir (GPS sistemli
otonom ve lazerli piiskiirtme ekipmanlar1 harig).

Futbol oyun alanimnin isaretlenmesi dikkatli ve planli yapilmasi gereken bir islemdir. Ulkemiz
futbol sahalar1 incelendiginde ise maalesef bu islemin yeterince dikkate alinmadigi, dogru malzeme
ve ekipmanin kullanilmadigi tespit edilmistir. Yapilan ¢izgi isaretlemelerinin 6zensiz ve aceleye
getirildigi gdzlemlenmis bircogunun ise bu nedenlerden 6tiirii IFAB’1n belirledigi 6l¢ii ve standartlara
uymadig1 saptanmistir. Bu ylizden isaretlenme islemi oyun alani dl¢iilerine gére uygun malzeme ve
ekipman ile titizlikle yapilmalidir. Unutulmamalidir ki yetersiz kalan isaretleme islemi, miisabakanin

oynanmasini ve yonetilmesini dogrudan etkileyecektir.

Yazarlarin Katkisi

Calismada her iki yazar da esit oranda katki sunmustur.

Cikar Catismasi1 Beyam

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadir.

Arastirma ve Yayin Etigi Beyani

Yapilan ¢alismada, aragtirma ve yayin etigine uyulmustur.
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Abstract

This research was carried out in Ordu University Faculty of Agriculture Laboratory in 2020. Planting of rice by seedling
method is a widely used method. In this method where stronger seedlings are generally preferred, it is desired that the
seeds should be of good quality, healthy and have strong germination ability. In this context, it was aimed to determine
the effects of five different vermicompost applications on some germination characteristics of three different paddy
varieties. In this study, five different doses of soil-applied vermicompost (0-2-4-6-8 ml liquid manure/100 ml water) and
three different paddy varieties (Ash, Osmancik 97 and Baldo) were used. The study was conducted in glass petri dishes
under laboratory conditions. The experiment was established according to the factorial experimental design in randomized
plots with 3 replications. In the study, germination rate (strength) was 88-100%, average germination time was 3.15-3.96
days, germination index was 4.00%-4.55%, shoot length was 43.24-62.42 mm, root length was 64.62-85.03 mm, shoot
wet weight was 4.16-5.27 mg, shoot dry weight was 0.03-0.04 mg, root wet weight was 4.00-5.79 mg and root dry weight
was 0.03-0.04 mg. The effects of cultivars on germination rate, germination time and germination index were statistically
significant. On the other hand, the effect of vermicompost doses on average germination time and shoot length was
statistically significant.

Keywords: Paddy, Vermicompost, Pre-germination.
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Vermikompostun Celtik (Oryza Sativa L.) ’De Bazt Cimlenme Parametrelerine
Etkileri

ézet

Bu arastirma, 2020 yilinda, Ordu Universitesi Ziraat Fakiiltesi Laboratuvarinda kurulmustur. Celtigin fideleme
yontemiyle dikimi yaygin olarak kullanilan bir yontemdir. Genellikle daha giiclii fidelerin tercih edildigi bu yéntemde,
tohumlarin kaliteli, saglikly ve giiclii cimlenme yetenegine sahip olmasi istenmektedir. Bu baglamda, bes farkli solucan
gilibresi uygulamaswin, ii¢c farkh celtik cesidinde, bazi ¢imlenme ozellikleri iizerine etkilerinin belirlenmesi
amaglanmistir. Bu ¢alismada, topraktan uygulanan solucan giibresinin, bes farkli dozu (0-2-4-6-8 ml sivi giibre/100 ml
su) ve ii¢ farkl geltik cesidi (Asli, Osmancik 97 ve Terme Baldo) kullanilmistir. Calisma laboratuvar kosullarinda cam
petri kaplarinda yapilmistir. Deneme tesadiif parsellerinde faktoriyel deneme desenine gére 3 tekerriirlii olarak
kurulmustur. Calismada, ¢imlenme orani (giicii) % 88-100, ortalama ¢imlenme siiresi 3,96-3,15 giin; ¢imlenme indeksi
%4,55-%4,00; stirgiin uzunlugu 62,42-43,24 mm; kok uzunlugu 85.03-64.62 mm; siirgiin yas agwrhig 5.27-4.16 mg;
stirgtin kuru agwrhigr 0.04-0.03 mg; kok yas agwrligi ise 5.79-4.00 mg ve kok kuru agirligi 0.04-0.03 mg olarak tespit
edilmigstir. Cesitlerin, cimlenme orani, ¢imlenme siiresi ve ¢imlenme indeksine etkisi istatistiksel olarak onemli ¢tkmuistir.
Ote yandan Vermikompost dozlarinin ise ortalama cimlenme siiresi ve siirgiin uzunluguna etkisi istatistiksel olarak onemli
bulunmustur.

Anahtar Kelimeler: Celtik, Solucan Giibresi, On Cimlendirme.

1. Introduction

The paddy plant is the only cereal that can germinate in a moist environment without spoiling
and can take up oxygen dissolved in water through its roots (Yazlik et al., 2020). 90% of the world's
paddy is produced and consumed in Asian countries (Unan et al., 2020). In Turkey, paddy cultivation
area increased from 994,000 decares in 2011 to 16,205,593 decares in 2019 (URL-2, 2023). World
paddy production amounted to 504.17 million tons in 2019 (URL-1, 2023).

Turkey ranks 37th in the world with 900 thousand tons of paddy production and 5th in the world
thanks to its high yield per unit area. The preference and development of high-yielding varieties is
shown as the reason for this yield increase (Naneli et al., 2020).

Rice is a very important food for countries with high population density. (Balasubramanian,
2019). Increasing population growth also increases the need for crop productivity. Therefore, it is
now recommended to use more biological agents (such as earthworms, etc.) to overcome the negative
environmental impact of increased agricultural practices (Singh et al., 2020). In this way, it may be
possible to protect the soil in agricultural areas (Kumar & Balusamy, 2017). One of the most
important stages in plant production is sowing the seed and germinating it under suitable conditions
(Tufekgi et al., 2017).

It is stated that the ideal temperature for germination of paddy is between 18°-35°C.
Temperatures of 12°-15°C constitute the minimum limit for germination (Tagligil and Sahin, 2011).

On the other hand, fertilization takes the most important share of the products used to obtain a quality
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seedling and ensure production (Kant et al., 2006). Many types of fertilizers, both chemical and
organic, are already used in agriculture. However, due to the environmental pollution caused by
chemical substances and the endangerment of food safety, sustainable agricultural systems are
attracting more attention worldwide in terms of soil and environmental pollution. For this reason, it
is necessary to make a rapid transition to sustainable agriculture by utilizing vermiculture
biotechnology in soil. Vermicomposting technology is also a good example for decomposing organic
nutrients and maintaining soil fertility (Khobragade et al., 2017).

The overall growth and development of various plants is also related to the activity of
rhizospheric microorganisms in the soil. A significant positive response in growth parameters has
also been observed by inoculating some bacteria in the soil in the presence of vermicompost (Varma
et al., 2017). For these reasons, the aim of this study was to determine and put into practice how
vermicompost affects some germination values in paddy and at which doses these effects give better

results.

2. Material and Method

This research was carried out in Ordu University Faculty of Agriculture Laboratory in 2020. In
this study, 5 different vermicompost doses (0.5% ml; 1% ml; 2% ml; 3% ml) and 3 different paddy
(Oryza sativa L.) varieties (Osmancik-97; Asli; Baldo) were used. In the study, vermicompost in the
soil-applied liquid content had 2-4% organic matter, 2-4% total (Humic + Fulvic) acid, 0.4-1.8
organic nitrogen, 6.5-7.7 pH and 4-7 EC values. The research was conducted in glass petri dishes.
The experiment was planned according to the factorial trial design in randomized plots with 3
replications.

Figures 1. Differences in seed (a: Osmancik-97; b: Asli; c¢: Baldo) (URL-3, 2023)
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2.1. Germination Method

The seeds subjected to the treatments were placed in sterilized glass petri dishes on filter paper
moistened with 13 ml of liquid solution with the help of pliers (50 seeds/petri dishes). The seed
sowing was completed and the closed petri dishes were placed in an oven with a temperature of 20+5
°C and seed germination trials were started under dark conditions. (The use of 13 ml of water for 50
paddy seeds was predetermined according to the preliminary germination study). For germination,
radicle which has emerged out of testa for 2 mm was taken as a basis. The seeds were counted every
day at the same time. Parameters such as germination rate (Power) (%), average germination time
(days), germination index (%), shoot length (mm), root length (mm), stem wet weight (mg.), root wet
weight (mg.), stem dry weight (mg.) and root dry weight (mg.) were evaluated.

2.2. Germination rate (Power) (%): At the end of the 10th day, germinated seeds were
counted and germination rate was calculated as % with the formula (number of germinated seeds/total
number of seeds) x 100 (Akinci and Caliskan, 2010).

G.R. (%) = Number of Total Germinated Seeds X 100
AT T T otal Number of Seeds Tested

2.3. Mean germination time (days): Average germination time was calculated as the sum of
the product of the number of germinated seeds (f) and the number of germination days (x) divided by
the total number of germinated seeds (Ellis and Roberts, 1980).

Z(fx)
Xf

2.4. Germination index: The ability of the seed to germinate quickly is called "germination

rate” (Widajati 2013).

Gr: germination rate

M.G.T. (day) =

Nt: normally germinated seed (%)
Dc: Days count
n: Indicates the last counting day.

O Nt N1 N2 Nn

£t ~p1 Dz "V Dn

2.5. Shoot and root length (mm): Shoot and root length were determined by measuring with

G.l.=

a millimetric ruler. At the end of the experiment, the stem length of 10 randomly selected plants was

measured with a millimetric ruler (Yilmaz and Kisakiirek 2021).
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2.6. Shoot and root fresh weight (mg.): The green parts of randomly selected plants (5 plants)
from each group were separated and their fresh weights were weighed in mg with a precision balance
(Y1ldiz and Ozgen, 2004).

2.7. Shoot and root dry weight (mg.): The roots were dried in a circulating oven at 70°C until
they reached constant weight and then weighed on a precision balance to determine their dry weight
(mg plant-1) (Yi1lmaz and Kisakiirek 2021).

2.8. Statistical Analysis

Statistical analyses were performed in JMP13 program, analysis of variance was performed

with ANOVA test and multiple comparisons were performed with Tukey test.

3. Results and Discussion

The results of the effects of 5 different vermicompost doses (0.5% ml; 1% ml; 2% ml; 3% ml)
on some germination parameters of 3 different rice (Oryza sativa L.) varieties (Osmancik-97; Asli;
Baldo) are given in Table 1-2 and the graphs of the comparison of the effects are given in Figures 2
to 4.

Tablo 1. Effect of varieties, doses on germination parameters

L G.R. M.G.T. G.l. S.L. R.L. S.D.W. R.D.W. S.W.W. R.W.W.
Varieties

*% *% *% n.s. n.s. n.s. n.s. n.s. n.s.
Asl 99.072 3.43° 4.49% 51.52 74.32 0.03 0.03 4.83 4,73
Osmancik 97 97.67° 3.22¢ 4.442 52.83 74.55 0.03 0.03 4.80 477
Baldo 90.53° 3.89° 4.11° 51.73 74.70 0.03 0.03 4.76 4.66
Doz n.s. * n.s. * n.s. n.s. n.s. n.s. n.s.
0 97.11 3.48® 4.29 57.83% 72.80 0.03 0.03 4.99 5.14
2% 96.33 3.46% 441 53.62%® 74.57 0.03 0.03 4.96 5.09
4% 95.56 3.42° 4.33 48.69° 71.23 0.03 0.03 4.62 4,63
6% 95.33 3.58%® 4.32 50.91% 78.15 0.03 0.03 4.86 4.39
8% 94.44 3.61° 4.38 49.08° 75.89 0.03 0.03 4.56 4.34
CV (%) 0.03 0.04 1.00 0.12 0.09 0.17 0.32 0.08 0.15

(**p<0.01, *p<0.05, n.s.: not significant). G.R.: Germination rate (Power) (%); M.G.T.: Mean germination time (days);
G.1.: Germination index; S.L.: Shoot length (mm); R.L.: Root length (mm); S.F.W.: Shoot fresh weight (mg.); R.F.W.:
Root fresh weight (mg.); S.D.W.: Shoot dry weight (mg), R.D.W.: Root dry weight (mg). cv (%): Coefficient of mass

variation
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Figures 2. Effect of interactions on root length (mm)
Tablo 2. Effect of varieties, interactions on germination parameters
Variety * Dose GR. M.G.T. G.l. S.L. R.L. SDW. RDW. SWW. RWW.

Interaction n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Ash,0% 99,33 3,28 452 62,42 69,94 0,04 0,03 5,27 5,49
Ash,2% 98,67 341 4,48 56,62 75,03 0,03 0,03 5,26 5,79
Ash,4% 98,00 336 4,45 43,24 64,62 0,03 0,02 4,33 4,53
Ash,6% 99,33 3,46 4,45 50,97 85,03 0,04 0,04 512 4,00
Asl,8% 100,00 3,64 455 44,36 76,98 0,04 0,04 4,16 3,82
Osmancik-97,0% 96,00 320 436 58,95 73,74 0,03 0,03 4,95 525
Osmancik-97,2% 99,33 317 452 52,50 74,19 0,03 0,03 4,85 4,82
Osmancik-97,4% 98,00 315 4,45 51,00 74,41 0,03 0,03 476 4,67
Osmancik-97,6% 98,00 333 4,45 50,35 74,63 0,03 0,03 471 4,55
Osmancik-97,8% 97,00 323 4,41 51,36 75,81 0,03 0,03 4,76 4,56
Baldo,0 88,00 3,96 4,00 52,13 74,71 0,03 0,03 4,76 4,68
Baldo,2% 93,33 379 4,24 51,75 74,48 0,03 0,03 476 4,67
Baldo,4% 90,00 3,76 4,09 51,84 74,67 0,03 0,03 477 4,68
Baldo,6% 89,33 396 4,06 51,40 74,79 0,03 0,03 475 4,63
Baldo,8% 92,00 395 418 51,53 74,87 0,03 0,03 475 4,63
CV (%) 0,03 0,04 1,00 012 0,09 017 032 0,08 015

(**p<0.01, *p<0.05, n.s.: not significant). G.R.: Germination rate (Power) (%); M.G.T.: Mean germination time (days);
G.l.: Germination index; S.L.: Shoot length (mm); R.L.: Root length (mm); S.F.W.: Shoot fresh weight (mg.); R.F.W.:
Root fresh weight (mg.); S.D.W.: Shoot dry weight (mg), R.D.W.: Root dry weight (mg). cVv (%): Coefficient of mass

variation
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SHOOT LENGTH (mm.)
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Figures 3. Effect of interactions on shoot length (mm)

As can be seen from the table-1 and figures, germination rates were determined between
88.00%-100.00%. The effect of paddy varieties on germination rate was found to be statistically very
significant. Germination rate of the varieties varied between 90.53%-99.07%. The highest
germination rate was determined from Asli variety, followed by Osmancik-97 and Baldo. Asli and
Osmancik-97 varieties were in the same statistical group.

The effect of vermicompost doses and variety*vermicompost dose interaction on germination
rate was not statistically significant. Germination rates of different paddy cultivars were generally
determined as; Ruttanaruangboworn et al., (2017), 93.25-97.38%; Chatchavanthatri et al., (2020); 96-
98%; Billah et al., (2021); 89.75%. The difference in varietal trait between seeds can only be
recognized if the germination environment provides optimum physical conditions and is equal in all
seeds. In this study, the variety trait had different values in terms of germination rate (Table-2).

In terms of germination time; statistically very significant differences between paddy varieties
and significant differences between vermicompost doses were found. The average germination time
of the varieties differentiated between 3.22-3.89 days. The shortest germination time was obtained
from Osmancik-97 variety and the longest germination time was obtained from Baldo variety. The
effect of vermicompost doses on germination times varied between 3.42-3.61 days and the shortest
germination time was obtained from 4% vermicompost dose application and the longest germination
time was obtained from 8% vermicompost dose (Table: 1, Figure: 1). The vermicompost dose
application which decreased the germination time the most was 4% dose, and the doses more than
4% increased the germination time. It is not desirable to prolong the germination time in plants.

Likewise, if the germination time is prolonged, the seed can be negatively affected by many
82



Yildinnm, G.H. and Yilmaz, N., International Journal of Eastern Anatolia Science Engineering and Design (IJEASED) /

Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi
(2023) 5(1):76-89

environmental conditions. This decreases the germination rate. For this reason, Osmancik-97 variety
and 4% vermicompost dose application seems to be more advantageous in terms of germination time.
In some studies, the effect of vermicompost applications on germination time was found to be
significant similar to our findings and it was determined that vermicompost application decreased the
germination time (Dhanalakshmi et al. 2014; Basay et al., 2019).

As can be seen in Table: 1 and Figure: 1, germination index values were determined between
4.00%-4.55%. The effect of paddy varieties on germination index was found to be statistically very
significant. Germination index of the varieties differentiated between 4.11%-4.49%. The highest
germination index was determined from Asli variety, followed by Osmancik-97 and Baldo. Asli and
Osmancik-97 varieties were in the same statistical group. The effect of vermicompost doses and
cultivar*vermicompost dose interaction on germination index was not statistically significant.
Related to the subject, Kaya et al. (2020) reported that vermicompost increased the germination index
on plants belonging to different species in their studies, which is different from our findings. It is
believed that this is due to the cultural differences applied in the trials.

The effect of experimental factors on shoot length was found to be significant in vermicompost
treatments and insignificant in cultivars and cultivar*vermicompost doses. The effect of
vermicompost doses on shoot length varied between 48.69-57.83 mm. The longest shoot length was
obtained from plots without vermicomposting and the shortest shoot length was obtained from plots
with 4% vermicomposting. Vermicompost application of doses up to 4% shortened shoot elongation
while the doses after 4% increased it compared to controlled plots (Table: 1 and Figure: 1). Najar and
Khan (2013) reported that vermicompost applied at different doses (2t/ha, 4t/ha and 6t/ha) had
significant effects on vegetative growth parameters (shoot length, root length, leaf area, shoot dry
weight, root dry weight and leaf dry weight) in tomato cultivation. In a study on strawberry, plant
growth and yield characteristics of different fertilizer and vermicompost applications in the upper 10
cm depth of the soil in strawberry were examined, and it was reported that a significant increase in
growth and yield was observed, 37% increase in plant shoot biomass and 36% increase in stolon ratio
was observed (Yavig, 2019). In a study conducted by Arancon et al. (2003); vermicompost application
was made on tomato, pepper and strawberry. According to the results of the study, vermicompost
increased shoot length and leaf area in tomato and pepper (Abacioglu et al., 2020). These results

similarly support the results obtained in our study.
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Figures 5. Effect of interactions on shoot-root dry weight (mg.) and shoot-root fresh weight (mg)
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The effects of paddy varieties, vermicompost treatments and variety*vermicompost dose
interaction on root length, shoot wet weight, root wet weight, shoot dry weight, and root dry weight
were not statistically significant (Table-2). According to the results obtained from our study, shoot
wet weight was 4.16-5.27 mg, shoot dry weight was 0.03-0.04 mg, root wet weight was 4.00-5.79
mg, root dry weight was 0.03-0.04 mg and root length was 64.62-85.03 mm. Ersahin et al. (2017)
investigated the effect of vermicompost and cattle manure obtained from kitchen waste on seedling
growth of tomato plants. Vermicompost rates were determined as 0%, 10%, 20%, 30%. They stated
that high pH and EC values of vermicompost negatively affected the growth parameters of the plant
such as root length, number of leaves and shoot diameter. Therefore, the researchers stated that the
feeding stock of the worm should be determined well in vermicompost production and the best dose
for plant growth was 20%. These results are compatible with our study. Yilmaz et al. (2017)
investigated the effect of tomato seedlings grown in different growing mediums on yield and quality.
In the study, they prepared different media with vermicompost, zeolite, peat and their different ratios.
In the study, parameters such as seed germination percentage, seedling height, seedling stem
diameter, shoot fresh weight, root length, root weight and plant nutrient content (N, P, K, Ca, Mg, Fe,
Zn, Mn and Cu) were determined. In the experiment, it was determined that M5 medium (peat 65%
+ zeolite 15% + vermicompost 20%) gave the best results in the parameters of germination
percentage, root length, seedling height, seedling fresh weight and root weight of tomato seedlings
(Benek 2022). Considering the fresh and dry weight results we found, it was not found to be

compatible with our study.

4. Conclusion and Recommendations

This study was carried out to determine the effects of different concentrations of vermicompost
applied through soil on some germination characteristics of three different paddy varieties. According
to the results obtained from the study; statistically very significant differences were obtained between
the paddy varieties used in the experiment in terms of germination rate, germination time and
germination index. There were no significant differences between the varieties in terms of the other
parameters examined.

Vermicompost doses had statistically significant effects on germination time and shoot length.
Vermicompost application of doses up to 4% decreased the germination time, while the doses higher
than 4% increased the germination time. On the other hand, vermicompost application of does up to
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4% shortened shoot elongation while doses more than that increased it compared to controlled plots.
The effect of vermicompost treatments on other parameters examined was not significant.

In conclusion, soil applied vermicompost partially affects germination parameters in paddy
varieties. The effects of soil applied vermicompost on different paddy varieties are quite different
from each other. In addition, it is recommended that new studies should be established with varying
doses and fertilizer content with different ratios in accordance with the variety characteristics.
Considering the damages caused by many chemicals used today to both nature and living tissues, this

and similar studies are considered to be promising.
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Abstract

The aim of this study, in distance education, is to identify the difficulties experienced by vocational high school teachers
and students in the applied courses. This research using a phenomenological approach is important in that it reveals the
challenges of distance education that teachers and students face in the processing of applied courses. Eight teachers,
including four ship machinery teachers and four deck management teachers, who experienced distance education for the
first time and our machine lesson students, four deck lesson students, in totally eight students are the study group of this
research. An interview form consisting of semi-structured open-ended questions was preferred as a data collection tool in
the study. in order to ensure the credibility, the questions were checked by an expert. the data obtained at the end of the
study were analyzed by content analysis and the results were shared under the title of findings. When looked at the results
of this study, teachers and students generally find Distance Education useful. However, it 's expressed that distance
education is not particularly suitable for the structure of applied courses of vocational high schools and they are not
efficient due to the lack of adequate student participation in the courses.

Keywords: AHP, Covid-19, Teacher-Student Satisfaction, Applied Courses, Distance Education.
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Uzaktan Egitimde Uygulamali Derslerde Meslek Ogretmenlerinin ve Lise
Osrencilerinin Yasadiklart Zorluklar

Ozet

Tiirkiye’de Covid-19 Pandemi Salginiylal5 Mart 2020 tarihinde yiiz yiize egitim durdurulmus ve uzaktan egitim
yontemiyle egitim 6gretim yapilmigtir. Bu arastirmadaki amag meslek lisesi ogretmenlerinin ve 6grencilerinin uzaktan
egitim siirecinde uygulamali derslerde yasadiklar: zorluklart ortaya ¢ikarmaktir. Uzaktan egitim siirecinde,
Fenomenolojik yaklasim kullanilarak yapilan bu arastirma, ogretmen ve ogrencilerin uygulamali derslerde karsilastiklar:
zorluklarimi ortaya c¢ikarmast agisindan onemlidir. Arastirmada ¢alisma grubu olarak ilk defa canli ders deneyimi
yasayan Gemi Makineleri bransindan rastgele secilmis dort meslek égretmeniyle Giiverte Isletme Boliimii bransindan
rastgele secilmis dort giiverte isletme 6gretmeni olan iizere sekiz 6gretmen ve rastgele secilmis dért makine dersi géren
agrenciyle dort giiverte dersi goren dgrenci olan sekiz 6grenci olusturmaktadir. Arastirmada veri toplama araci olarak
yart yapuandirilmig acik uglu sorulardan olusan gériisme formu kullanimistir. A¢ik u¢lu sorularin hazirlanmasinda
uzman destegine bagvurulmustur. Calisma sonunda elde edilen veriler icerik analizi yapilarak ¢éziimlenmistir. Ayrica
calismanin sonunda AHP yéontemi kullanilarak hangi egitim sisteminin daha verimli oldugu ortaya konmaya ¢alisilmistir.
Sonuglara bakildiginda 6gretmen ve égrenciler genel anlamiyla uzaktan egitimi faydali bulmakta ancak uzaktan egitimin
ozellikle meslek liselerinin uygulamali derslerinin yapisina uygun olmadigi, derslere yeterli 6grenci katiliminin olmamasi
nedeniyle verimli ge¢cmedigi ifade edilmektedir. AHP uygulamasi sonug¢larina gore de yiiz yiize egitimin lise 6grencilerine
uzaktan egitime gore daha faydall olacagi sonucuna ulasiimistir.

Anahtar Kelimeler: AHP, Covid-19, Ogretmen-Ogrenci Memnuniyeti, Uygulamali Dersler, Uzaktan Egitim.

1. Introduction

The Corona Virus infection, which started in China-based and Wuhan city in December 2019 ,
was officially reported to the World Health Organization (WHO). The Pandemic process, called the
Covid-19 Outbreak, showed its effect in more than 160 countries in January 2020, and although the
countries took Covid-19 measures, the number of cases continued to increase, especially in the USA
and European countries. The first case in Turkey was reported on March 11, 2020, and since then,
measures have been taken by various institutions and organizations and are still being taken. Whether
the educational activities of educational institutions, which have the potential of students from all
levels, will continue or not has been the first agenda item. Subsequently, as of March 16, education
was suspended for a limited period in pre-school, secondary and higher education institutions. In
addition, with a circular published by YOK, it was announced that internship, internship and practice
courses would be suspended.

With the increase in the number of cases, YOK has decided to carry out associate,
undergraduate and graduate programs with distance education as of March 18. In the 2020-2021
academic year, universities continued to carry out their education activities using various distance
education platforms (Gtiler, Anadolu Ajansi, 2021) Ministry of National Education (MEB) Weekly
course programs were structured, through the internet with EBA, via TRT and television. Provided
educational support to students. In addition, all kinds of scenarios have been prepared so that students

will not be victimized in any way, including their exams, by providing free 3 GB internet access from
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all operators in the use of the Education Information Network. The database was expanded by adding
materials to the EBA Academic Support platform, which was in effect until that date, by adding
materials that can be trained in other grade levels, except for grades 11 and 12. It has been decided
that teachers will not be present in schools for professional development activities during the break.
The fact that the first case was seen late in Turkey compared to other countries allowed education
institutions time to prepare for distance education (Milli Egitim Bakanligi, 2021).

Distance Learning; In cases where it is not possible to carry out in-class activities due to the
limitations of traditional learning-teaching methods, it is a teaching method from a specific center
through specially prepared teaching units and various environments of communication and interaction
between the planners of educational activities and students (Kaya, 2002). Distance education is an
education system model in which students and teachers in different environments carry out their
learning-teaching activities with communication technologies and postal services (isman, 2005).
Distance education, on the other hand, describes the course development process of a remote
institution that prepares learning materials for learners. Distance education is a planned and
systematic activity with great flexibility, especially in terms of "learning time". There is no limitation
in terms of "learning place". However, it provides great flexibility in terms of “learning speed” (Usun,
2006). The main assumptions on which distance education is based are; Individuals are in need of
different educational opportunities, existing applications cannot meet this, new opportunities are
added to existing applications and individual-independent learning and mass education are provided.
These new options, which have been created, eliminate the inadequacy of traditional education and
training practices and ensure that all individuals benefit from education and training equally. In many
countries in the world, distance education method is used to solve different kinds of education
problems (Diindar, Candemir, Demiray, Gen¢ Kumtepe, Oztiirk, Saglik Terlemez, & Ulutak, 2017).
Distance education has some benefits and limitations. According to (Kaya, 2002) the benefits of
distance education are; Providing different education options to people, minimizing the inequality of
opportunity, reducing the cost and increasing the quality of education, providing freedom to the
student and providing a rich educational environment, providing individual and independent learning,
giving the individual responsibility for learning, and the necessity of being in a certain indoor space
at a certain time. can be summarized as elimination (Kaya, 2002). Its limitations are; Failed to
establish face-to-face education relations easily, prevent students from socializing, not being able to
provide enough help to students who are unaided and who do not have the habit of self-learning,
taking rest time for working students, not being able to benefit from practical lessons sufficiently, not

being effective in the realization of behaviors related to skills and attitudes, being dependent on
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transportation facilities and communication technologies. can be summarized as (isman, 2005) states
that despite the limitations of distance education, it should be further expanded in the Turkish
education system (Isman, 2005). When the literature is scanned, the attitudes of teachers, students,
teacher candidates and university staff towards distance education are few (Agir, 2007; Ates & Altun,
2008; Birisci, 2013; Baris, 2015; Yildiz, 2016; Diindar et al., 2017; Yenilmez, Balbag et al . Turgut,
2017) has been seen to be studied. Teachers' attitudes towards educational technologies, internet
usage situations, administrators' views on distance education technologies, teachers' views on the
applicability of distance education, students' perception of distance education (Demirli, 2002; Soft
and Kiyici, 2004; Celik & Bindak, 2005; Deniz, 2005; Sabanc1 , 2005; Turhan, 2005; Agir and Okgu,
2006; Pala, 2006; Tirnovali, 2012; Yalman and Kutluca, 2013; Giindiiz, 2013; Ozer and Kir, 2018).
In addition, it is understood from the literature review that the studies in distance education are
generally not based on the opinions of the teachers, but according to the opinions of the students
(Kocayigit, Ali and Usun, Salih, 2020).

In the study, eight teachers and eight students working at Hac1 Rahime Ulusoy Vocational and
Technical Anatolian High School (Maritime School) in Uskiidar District of Istanbul were asked to
give detailed answers to five questions asked with a semi-structured interview form. The answers are
commented. According to these answer comments, it was tried to understand the difficulties
experienced by teachers and students in applied courses in vocational high schools and it was desired
to investigate whether distance education is suitable for the structure of applied courses. In addition,
as a result of the answers given by making use of expert opinion, AHP application, which is a multi-
criteria decision-making technique, was applied to secondary school students and which education
system was better was revealed with numerical data. At the end of the study, it was concluded that
face-to-face training would be more efficient.

1.1. Problem Status

In this study, the difficulties experienced by teachers and students in practical lessons in
distance education during the pandemic period were determined as the subject of research. When the
literature on the subject is examined, it is stated that there are many studies related to distance
education, but there is no existing research topic in terms of the difficulties experienced by teachers
and students in applied courses in vocational high schools during the Pandemic period, and that the
study carried out in this context will be a pioneer in the field and that teachers and teachers in the

applied distance education courses that are put into practice for the first time in high schools. The
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difficulties experienced by the students are an original study and it is thought that it will contribute to

the literature.

1.2. Purpose of the research

The aim of the present study is to reveal the difficulties experienced by the teachers and students
in the applied courses in distance education carried out by the Vocational High School teachers
working in the Uskiidar district of Istanbul. In addition, it is to determine whether the distance
education system is efficient at secondary education and below, although it is important for the
development of distance education with the developing technology by looking at both the

phenomangological approach and the AHP application result.

1.3. Research Problem
In line with the purpose of the research, answers were sought for the following sub-problems
according to the opinions of teachers and students:
1. What are the teachers' thoughts on EBA practices in the distance education system?
2. What are the teachers' thoughts on the learning process in emergency distance education?
3. What kind of problems did teachers encounter in emergency distance education?
4. What are the problems faced by teachers in emergency distance education in applied workshop
lessons?
What are the teachers' recommendations for improving the activities of distance education ?
What are the students' thoughts on EBA applications in the distance education system?
What are the students' thoughts on the learning process in emergency distance education?

What kind of problems did students encounter in emergency distance education?

© © N o O

What are the problems faced by students in applied workshop courses in emergency distance
education?

10. What are the students' recommendations for improving distance education activities ?

2. METHOD
2.1.Phenomenological Method

The research was shaped by the phenomenological method, one of the qualitative research
methods. The phenomenological research method reveals a concept and the experience of a few
people, or the meaning of this experience in individuals. In the research, semi-structured interview
forms with five open-ended questions for teachers and five questions for students were used as data

collection tool. Content analysis was carried out in the light of the collected data. Content analysis,
94



Kocabas Akay, M. et al., International Journal of Eastern Anatolia Science Engineering and Design (IJEASED) /
Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi
(2023) 5(1):90-125

books, articles, theses, historical documents, etc. within the rules. It is a systematic and renewable

method in which a text is summarized as smaller contents (Canpolat, U. & Yildirim, Y ., 2012).

Table 1. Method Information

Analysis of data

Research pattern Identification of participants Data collection and credibility
ualitative Expert review

Q Sample ) P

research Semi-structured

8 teachers and 8 students studying at Maritime High Interview form

School in Uskiidar District of Istanbul Province and

- . . Content analysis  [Researcher
engaged in distance education activities .
Phenomenology function

2.2. Study Group/Cosmos and Sample

In the study, the study group consists of four randomly selected vocational teachers from the
Marine Engineering branch, who experience live lessons for the first time, and eight teachers, four of
which are randomly selected from the Department of Deck Operations, and eight students, four of
whom are taking machine lessons and four students who are taking deck lessons .

Participants of this research are eight vocational teachers working in Vocational High Schools
in Istanbul, Uskiidar District, actively participating in distance education activities, and eight students
studying in the same school, who took courses in distance education activities. Participants in the
research were selected using the criterion sampling method (Canpolat, U. & Yildirim, Y., 2012).

In the research, criteria were determined for teachers to be working in Uskiidar District
vocational high school and to conduct distance education activities and to give both practical and

theoretical lessons.

Table 2. Characteristics of the Participants

Participating teacher Gender Code Branch SeniorityEducational Status

1.Teacher Male  BC1 Marine/Ship Machinery 5 Bachelor's degree

2.Teacher Male  BC2 Marine/Ship Machinery 10 Bachelor's degree

3.Teacher Male  BC3 Marine/Ship Machinery 26 Bachelor's degree/ (Expert Teacher)
4.Teacher Male  BC4 Marine/Ship Machinery 35 Bachelor's degree

5.Teacher Male GOl Marine/Deck Management 7 Graduate graduate

6.Teacher Male  GO2 Marine/Deck Management 8 Graduate graduate

7.Teacher Male  GO3 Marine/Deck Management  11th Bachelor's degree

8.Teacher Male  GO4 Marine/Deck Management 19 Graduate graduate
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For the students, the criterion sample was determined as being a vocational high school
student, taking courses through distance education, and being in the applied courses in the courses
they have taken.

Table 3. Characteristics of the Participants

Participating teacher ~ Gender Age Department Code Grade level
1.Student Girl 15 Basic Den.Guv . KO1 9th grade

2. Student Girl 16 Basic Den.Guv . KO2 10th grade
3. Student Girl 17 Deck Management KO3 11th grade
4, Student Girl 17 Ship Machinery KO4 12th Grade
5. Student Male 15 Basic Den.Mak . IEL 9th grade

6. Student Male 15 Basic Den.Mak . IE2 10th grade
7. Student Male 16 Ship Machinery EO3 11th grade
8. Student Male 19 Deck Management IE4 12th Grade

A semi-structured interview form was created in accordance with the purpose of the research.
Semi-structured interview forms were sent to teachers and students. Before sending the interview
forms to the teachers and students, they were called one by one and detailed information about the
study was given, and the purpose of this research was mentioned. Teachers and students were told
that they could answer the guestions with their free will as they wished, and they acted in accordance
with research ethics. In addition, they are assured that their personal information and answers to the
research questions will only be used for the research and will not be used for any other purpose that
will not be mentioned in the research. The research was conducted between March 2021 and May

2021 with eight teachers and eight students who had volunteered participation.

2.3. Findings

Ask following questions to Students and Teachers,
*What are their thoughts on EBA applications in the distance education system?
* What was the approach of students and teachers to the distance education process during the
epidemic?
The problem question was examined in the light of the data collected in line with the technology
acceptance theory. At the end of the research, it was determined that students had positive and

negative thoughts about distance education processes.
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Table 4. Teachers' views on the EBA distance education system and tools

Opinions f
A. Positive opinions of teachers

Providing uninterrupted education 6
Reaching all students 5
Content is free 5
Technologically, teachers and students have the opportunity to develop themselves. 4
Having a TV support that can be watched one
Offering an alternative to education one
Providing open access to students regardless of time and place 2
Easy to use technological interface one
Easy and convenient to use lesson tools one
B. Negative opinions of teachers

Deprivation of students who do not have access to the system 4
Lack of content for every branch 2
Not enough support units 2
Insufficient infrastructure 4

BC4: “I think that having an education platform like EBA during the Covid-19 epidemic is a
chance in terms of not interrupting education completely.” He stated that education is not interrupted
with his opinion. Similarly, GO4: “EBA is an application that allows education to be done remotely
during the pandemic process.

Although it is not as efficient as face-to-face education, it has benefited the students especially in
terms of allowing them to see the theoretical courses.” He used his expressions.

GO1: “Providing the opportunity to continue education without interruption, providing the
content free of charge, improving the technology usage competence of teachers and students,
providing open access to students regardless of time and place.” He talks about many positive aspects
with his expressions.

On the other hand, the fact that the live lesson tools are easy to use is GO3: "The advantage
of the system is that the live lesson applications are easy to use, camera support, and the possibility
of using a blackboard". He used expressions as

GO2's views on the contents of the courses are as follows: "There are positive aspects such as
being rich in terms of content related to the courses, suitable course durations for education, and
improving students' research skills." He commented that the course times are good and that distance

education directs students to research.
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When Table 4 is examined, it is seen that teachers' negative opinions are: Students who do
not have access to benefit from distance education, insufficient content, insufficient support services,
and insufficient infrastructure.

Students who do not have access to benefit from distance education BC3: “Since there must be
separate equipment according to the number of siblings in a house, in some houses, students were
able to access their courses in order.

Since the school environment could not be formed, the students could not give the necessary
attention to the lessons. “By expressing it with his expressions, he mentioned that the students could
not focus their attention on distance education.

Similarly, GO1: “The inability of the students without access to benefit from distance
education and the inadequacy of infrastructure are the negative aspects of the system. “In addition to

his statements, he also drew attention to the lack of infrastructure.

Table 5. Students’ thoughts on the EBA distance education system and EBA applications

Opinions f
A. Positive comments

Providing uninterrupted education 6
Reaching all students 5
Content is free 5
Technologically, teachers and students have the opportunity to develop themselves. one
Offering an alternative to education one
Easy to use technological interface one

B. Negative comments

Lack of helpful support service 4

Insufficient infrastructure 3

When Table 5 is examined, it can be said that students look at the emergency distance
education system both positively and negatively. The students expressed their opinions in cases where
the education continues without a break, reaches every student, provides free content, provides the
opportunity for technological self-development, is an alternative to formal education, and is easy to
use the interface. EO4, who expressed his thoughts about the free content presentation, said: “There
are enough course materials to teach the courses. There are many resources such as subject screening
tests, summary information, videos, pictures, subject repetitions. Thanks to EBA, they can easily
access the resources that most places sell for a certain fee, free of charge. They are satisfied with this

situation.” He stated that free content is available and easy to access. “He had the opportunity to reach
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every student.” EO1: “I am pleased that EBA provides us with more accurate and more accessible
information.” expressed as. KO2: “EBA has been very useful in distance education, it is a nice
platform.” expressed in his words.

When Table 5 is examined, it is seen that students complain about the EBA system about
support services and infrastructure problems . KO3 on infrastructure problems: “We often have
problems in the EBA application and therefore we cannot attend the course. It's also a very slow app.”
Similarly, KO4: “Due to the insufficient EBA applications, there is a tendency to turn to other
applications (zoom, microsoft teams).” expressed their problems in the system. In addition, EBA has
made both positive and negative views on the distance education system and EBA applications: “I
find the EBA application generally sufficient and useful, the courses are taught from there and fall
into my program as soon as | am appointed. Homework is also a problem. The same convenience is
provided for the online exam. But sometimes it doesn't open, crashes and | can't log in. There are
people who miss the classes, or the instructors can't teach the lessons, and in general, we can't work
very quickly because it is a slow application.” And EO3: “In this process, the system completely
turned to distance education. The homework given by the EBA is quite sufficient for students to
repeat the study subject, but since the lessons are lively, it is very difficult for the student to adapt to
the lesson during the lesson. For this reason, many students start the lesson and focus on other things
and do not listen to the lesson.” have made statements. If the opinions of teachers and students are
evaluated together, it is seen that they have negative thoughts about the fact that the education
continues uninterrupted, the content is free, the positive support services such as the ease of use of

the interface are insufficient and there are infrastructure problems.

2.4.Teachers’ thoughts on learning processes in emergency distance education
With this title, an examination has been made in line with the principles of teachers' and students'
satisfaction theory and innovation theory. The advantages and disadvantages of the system have been

examined to what extent the needs in student-centered education can be met.
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Table 6. Opinions of teachers on learning processes in emergency distance education

Opinion Titles f
A. Positive opinions of teachers

Giving students the opportunity to progress on their own 2
Opportunity to repeat the content on my site as much as desired 3
Rich in content 2

B. Negative opinions of teachers

Little attendance at classes 7
Low motivation of students 4
Insufficient EBA TV for metacognitive learning one
Low achievement in applied courses 5
Failure to implement an individualized education plan for mainstreaming students one
Insufficient content in the system 2
Attendance and absence from the course 6
Failure to complete given work assignments and performance assignments 5

When Table 6 is examined, it is seen that it is rich in content for culture lessons, it has the
opportunity to repeat as much as it wants and it has positive features such as learning at its own pace.
The main features that teachers see as negative can be listed as low student participation, low student
motivation, inadequacy of the content presented, especially the profession, and not doing the
homework given. While GO3 stated that the content of culture courses is sufficient and there are also
resources on EBA TV to help 12th grade students preparing for the exam, he also stated that there is
not enough content for vocational courses, students are mostly not successful in applied courses, and
the participation in the courses is decreasing day by day due to absenteeism has done.

“Contents for culture lessons in learning processes are quite rich. Students can watch the
content they want as much as they want and can do the activities. In addition, the EBA Academy
service provided for senior high school students has become a different alternative for students
preparing for university. It is a successful result that the system creates study plans according to the
student's wishes and gives appropriate guidance according to the success situation.

However, the lack of rich content, especially for vocational courses, creates a disadvantage
for vocational high school students. Although this deficit is tried to be eliminated by shooting EBA
course videos, the deficit is too much in this regard. In addition, since vocational courses are generally
applied practically, they cannot be carried out very well with the distance education process. In some

areas, this is almost impossible. In addition, not counting absenteeism in the distance education
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process causes students not to attend the course over time. Especially, most of the senior students do
not attend the classes on the pretext that we are preparing for the university exams.”

While PT2 stated that the system is rich in content and that he can repeat it as much as he
wishes, he said that the participation in the course was low and the inclusion students could not get
efficiency in the process. But the lack of student participation and the inability to implement an
individualized education plan for mainstreaming students.” expressed in his words.

Student participation and student motivation for BC4 EBA live lessons and EBA TV “We
also had difficulties in motivating students. Some of the students did not attend the live classes
regularly due to computer and internet problems, some of them had to work to support their families,
and some of them did not have to attend the live classes. Since our students did not want to open their
cameras while the live lesson was being held, we could not regularly monitor whether they were
watching the lesson or not. Most of the time, we lectured without being sure whether there was a
student listening to us or not. We did not get immediate answers to our questions.” He also stated that
he could not get answers to the questions he posed to the students.

GO4 stated with the following statements that the measurement can be made through EBA in
the lessons, but the homework given does not return.

“Learning level of the courses can be measured with study questions and assignments sent
over Eba, but the return level of these questions by the students at the class-group level is low.”

BC1 from a different point of view said that the students could not adapt to the process and
that as a technical teacher, the students could not be successful in the applied lessons because of the
demonstration method in the applied lessons and the instant corrections could not be made. I think
that concepts such as demonstration and correction of behavior by providing feedback when mistakes
are made and improving the hand eye coordination and psychomotor skills of the student, which are

used in applied lessons, are not fully provided by distance education .” expressed in their own words.

Table 7. Students’ views on learning processes in emergency distance education

Opinion Titles f

A. Positive opinions of students

Giving students the opportunity to progress on their own one

Opportunity to repeat the content on my site as much as desired

Reinforcing the content by repeating it as much as it wants

Achieving the objectives of the lesson

Rich in content

Considering students with different learning styles
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Statistical control of learning

Access to content appropriate to the level

B. Negative opinions of students

Little attendance at classes 6
Low motivation of students 6
Insufficient EBA TV for metacognitive learning one
Anxiety about falling behind in education in students who cannot access one

EBA TV broadcasts do not offer content that will appeal to the metacognitive learning level

Insufficient duration of EBA live lessons and lessons offered on EBA TV

Intense course content offered on EBA TV

Failure to implement an individualized education plan for mainstreaming students

Low digital literacy of students

Insufficient vocational course content offered 2
Less intelligibility in vocational courses 4
The repulsiveness of the compulsory realization of distance education one
Attendance-absence does not affect grade retention one

When the students’ opinions are examined in general terms, it is seen that the negative features
of emergency distance education for the students studying in vocational high schools come to the
fore. When Table 7. is examined, it is seen that six students stated that their participation was low and
their motivation was low. Likewise, the low level of intelligibility in vocational courses was marked
by four students. Looking at Table 5, it is understood that the students did not characterize this
situation negatively, by marking a student that it was not used for absenteeism or passing, which is a
negative situation. Some student comments are given below.

EO4: “Because we faced such a situation, first of all, there was a process of getting used to it,
both on the teacher's side and on the student's side. Students were inclined to learn something from a
distance due to watching lesson videos on the internet, but they had difficulty in adapting to this
subject completely because they could not interact with a teacher face-to-face by staying away from
the school environment in the classroom environment. It is not possible to get as much efficiency as
the face-to-face lessons at school. Because in the school environment, students have the opportunity
to socialize with each other. By doing activities during recess, they can clear their heads and adapt to
the lessons more. They can find the opportunity to have private face-to-face meetings with the
teachers and solve their problems more easily, but in distance education, it is not possible to get
enough efficiency by always staying in front of the screen until the end of the day. Unfortunately,

there is not much to do in between classes, unfortunately, in the home environment. After a while,
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the student gets bored with this situation and never attends the classes.” He stated that he could not
get as much efficiency from the lessons as at school, that the contents were not adequately examined
by the students, and that there was nothing more to do than the lack of movement opportunities at
home.

EO4: “Distance education is insufficient for me, the department I studied mainly includes
application activities and | understand only the theoretical part of the course | want to do in distance
education and | cannot put it into practice. These and similar problems make it difficult for me to
learn this profession.” He stated that he could not learn his profession because of the fact that there
was no practice in the courses for the department based mainly on practice in distance education.
KO3: “There is no problem for me in general, we teach in an understandable way with our teachers
who are trying very hard. Prolonging the process is not suitable for me because | do not understand
how the course will be taught when the topics are over.” He stated that he attended the classes with
his words and did not have many complaints, and that the teachers tried to be useful to the students
in this process. He then said that he had no idea what the lessons would be like if the process continued
to prolong.

EO2: “I can't say that I think very positively about their education. I never understand the
efficiency of the lessons taught in the classroom. I think being able to move freely is an advantage.”
While expressing that he did not understand the lessons at the class level he was in, they were in front
of the screen for hours and could not understand the lessons, he stated that being at home in
emergency distance education allowed them to attend classes without wasting time on the road.

When the opinions of teachers and students are considered together, the difficulties in applied
lessons appear more and more because of the reasons such as the teachers complaining about the
emergency distance education in general, not being efficient enough in the lessons, the students' lack
of motivation and absenteeism, etc. What kind of problems did teachers and students face in
emergency distance education In this section, the difficulties experienced by teachers and students in
emergency distance education are discussed.

The problems experienced by teachers and students were examined. Obtained results are grouped

under five headings.
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Table 8. Problems faced by teachers in the emergency distance education process
Problem Titles f

A. Problems caused by the teacher

Lack of necessary knowledge and skills of teachers in distance education lectures one
Using lecture method in live lessons 3
Teachers' lack of professional satisfaction 2

B. Problems caused by the student

Less participation in class 3
Student reluctance to lessons 6
Students being passive in lessons 4
Psychological problems experienced by students one

C. Problems with access and infrastructure

internet shortage 6
Lack of necessary tools for the lesson (tablet, computer, phone) 7
Dropping out of class for various reasons 5
Not being able to benefit from EBA TV one
D. Problems arising from EBA, EBA TV and EBA live course environments

Limited student-teacher interaction 3
Unable to watch after live lessons 5
Conflict of live classes held in EBA TV and EBA 2

E. Management related problems

No effect of distance education on course grades 3

No obligation to attend class 3

When Table 8 is examined, it is clearly seen that teachers experience many difficulties in
distance education. Teachers have used many methods in order to carry out the emergency distance
education process in a healthy way and to motivate their students. In Table 5.a, the problems
experienced by teachers are discussed under five headings. When the table is examined, it is seen that
all teachers agree on the lack of student participation in the lessons. 87.5% of the teachers marked the
item not having the necessary equipment for participation in the lesson. Internet access problem and
student reluctance item was marked by 75% of the teachers. Not being able to watch again after the
live lessons and being disconnected from the lesson due to internet connection were marked by 62.5%
of the teachers. By looking at the table, the opinions that can represent the general teacher's views are
given below. According to BC4, “Many of our students did not have computers and tablets, and many
of the teachers had computer and internet problems. Especially the teachers who had to do live lessons

with their own child(s) at the same time had computer problems. Many teachers had to buy computers.

104



Kocabas Akay, M. et al., International Journal of Eastern Anatolia Science Engineering and Design (IJEASED) /

Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi
(2023) 5(1):90-125

Many teachers had to do their lessons from mobile phones. Internet spending of teachers has
increased. We had difficulties in getting our students to attend live classes. We could not get enough
support from the parents to ensure that our students participate in live lessons.” While GO3 expressed
his views, “When the system was first used, there were some difficulties due to using the system. But
these problems were quickly resolved. However, the lack of interaction in the classroom in distance
education has led the teacher to the lecture method. The excuses from the students that most of the
time they did not get an answer even though they were promised, my camera is broken or my
microphone is broken, has led the teacher to the straight lecture method over time. This causes the
teacher to perform an action such as presenting a news rather than giving a lecture. The system also
has disadvantages. First of all, the infrastructure problem has not yet been fully resolved. Problems
such as frequent breaks in EBA and inability to process due to density can still be experienced. In
addition, EBA's transfer of students and teachers to a different platform other than the EBA system
when the live lessons will be held is a separate problem. Not being able to attend classes due to data
consumption due to intensive internet use is another problem. In addition, the fact that not every
student has the necessary device to enter the classes has caused the students to break away from

education in this process. “Denotes with expressions.

Table 9. Problems faced by students in the emergency distance education process

Problems f

A. Problems caused by the teacher

Lack of necessary knowledge and skills of teachers in distance education lectures

Using lecture method in live lessons one

Teachers' lack of professional satisfaction

B. Problems caused by the student

Less participation in class one
Student reluctance to lessons 4
Students being passive in lessons 4
Psychological problems experienced by students 2

C. Problems with access and infrastructure

Internet shortage §]
Lack of necessary tools for the lesson (tablet, computer, phone) 2
Dropping out of class for various reasons 5

Not being able to benefit from EBA TV

D. Problems arising from EBA, EBA TV and EBA live course environments

Limited student-teacher interaction 5

Unable to watch after live lessons
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Conflict of live classes held in EBA TV and EBA

E. Management related problems

No effect of distance education on course grades

No obligation to attend class

When Table 9 is examined, it is seen that the situation that all students complain about is
internet access problem. 62.5% of the students stated that they complained about being disconnected
from the course due to limited interaction and power cuts or internet problems. Table 6.b. When
examined, 50% of the students stated that they had to be passive in the lessons and this situation
caused them to be reluctant to attend the lesson over time. Some of the problems faced by the students
in the emergency distance education written by their own words are given.

EO4: “Even though most of the students have internet, computer and phone, some of them do
not have them at all. Those who do are not able to attend the classes. Because there are families with
more than one child. In this case, one computer or one tablet was not enough. There were those who
did not enter knowingly, because the majority of distance education was not understood. Reasons
such as connection problems caused by the teacher or student, inadequate teaching opportunities, or
loss of time until the visual or sound problems that occur during the lesson are resolved can be written
as pioneers.

The male student, with his explanation of four, states that the computers at home are not

enough because some families have many children, and that as a result of this, the attendance to the
lessons is low, and he also states that the most common problem he encounters is the connection
problems of emergency distance education.
EO3: “Since this process is newer, corrections are made in the system, but despite this, we sometimes
encounter various problems in the lessons. The most common of these problems is the sound problem.
In some cases, the sound is very low and we cannot listen to the lesson because we cannot hear the
teacher clearly.

We drop out of the course due to the internet and we are having difficulty connecting to the
course again. Such problems can be eliminated, but I do not think that it will be a useful and useful
course like face-to-face training.

Three male students stated that they encountered a lot of problems in distance education, most
often they had sound problems during the lesson, could not hear what the teacher said, and as a result,
he did not understand the distance education lessons, and mentioned that the process was inefficient

for him.
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He also emphasized that it is difficult to connect when they experience falling out during the lesson.
In his statements, he stated that he thought that distance education, which is his personal opinion,
would never support face-to-face education and would not be beneficial.

KO1: “The number of courses and the fact that all these courses are at the head of the
technological device are the things that tire me the most. In addition, the fact that all vocational
courses are taught in one day makes it difficult for me to concentrate and throws us in the waiting
room when we enter the course, and sometimes we stay in the waiting room for a long time because
our teachers do not see it.

A female student has to wait in the waiting room for long periods of time because the program
used by the teachers is defined in the waiting room when she has a technical problem in entering the
class or when she is late. means staying.

When the opinions of the teachers and students are evaluated together, the other items of the
students that they gave similar answers to the items such as Internet access problem, Student
reluctance, Low student participation, Being disconnected from the course due to electricity or
internet connection, Limited interaction and lack of tools such as computers, tablets, smartphones
necessary for participation in the course. It is understood that they only look at the process as a
student, not in general.

What are the problems you encounter in applied workshop lessons? With this title, an
examination has been made in line with the principles of teachers' and students' satisfaction theory
and innovation theory. To what extent the needs in student-centered education can be met, what kind
of problems are encountered in the 80% practice-oriented department courses, their perspectives on

the courses and the advantages and disadvantages of the system are examined.

Table 10. Problems faced by teachers in applied workshop lessons
thoughts f

A. Teachers' positive thoughts about applied courses in emergency distance education

It was ensured that the education continued with the distance education that we had to go through. 8

In the hybrid system, the theoretical knowledge can be given remotely and the application can be realized face—4

to-face.

B. Negative thoughts of teachers about applied courses in emergency distance education

Skill acquisitions of applied workshop lessons could not be achieved in remote live lessons.

The part planned to be processed in the face-to-face workshop was not sufficient.

It is not possible to hold hands-on workshop lessons remotely.

The equipment and mechanisms in the workshop should be used by the students.

o1 o1 o] B[ oo

Since the show-and-make method cannot be applied, only distance education is insufficient.
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Practical workshop lessons should be held face to face and in a workshop environment, except for mandatory8

cases.

Videos and animations in emergency distance education did not make the lesson understandable 7

The subjects of working according to the order of operation, clean working habits, complying with occupational 5

safety could not be achieved.

It cannot be said that the EBA system is suitable for applied courses. 6

If it was possible to give theoretical courses remotely, it cannot be said for applied courses. 8

When we look at Table 10, it is seen that the teachers agree that it is almost impossible to
provide permanent learning unless the student is involved in the implementation process, and that it
is not possible to conduct the workshop lessons, which are obligatory in general terms . As a red-
skinned proverb says: "If you tell me, | can forget, if you show me I can remember, if you involve
me, | will never forget."

Although all teachers are of the opinion that education continues without interruption during
the Covid-19 Pandemic process, skill acquisition of applied workshop lessons in remote live lessons
could not be achieved 100% with the opinion of teachers, It is not possible to conduct practical
workshop lessons remotely, Except for mandatory cases, practical workshop lessons are face-to-face
and workshop It is seen that the teachers agree with the topics that should be done in the environment.
87.5% of them stated that videos and animations in emergency distance education could not be
understood and the subjects of working according to the order of operation, clean working habits,
complying with work safety were not provided. 75% said that the EBA system was not suitable for
applied courses, while 67.5% said that they state that since the show-and-make method cannot be
applied, only distance education is insufficient, and that the lesson will not reach the target behaviors
unless the equipment and mechanisms in the workshop are used one-on-one by the students. During
the pandemic, during the period when the practice of face-to-face education in vocational courses in
vocational high schools was introduced from time to time, 50% of the teachers who filled out the
interview form stated that the part reserved for face-to-face in the planning of vocational lessons was
not sufficient. In addition, 50% of the teachers are of the opinion that they can benefit from the hybrid
education system in applied courses. Some of the teacher's views on the Covid-19 Pandemic process
are as follows.

MO4 stated that the gains in distance education could not be achieved in the applied workshop
courses, and that the time allocated for applied courses in vocational high schools was not sufficient
at the time of the transition to face-to-face education: Skill acquisitions remained incomplete due to

insufficient time, low student participation, interruption of face-to-face education, and insufficient
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training materials in our workshops in the processes where the workshop lessons were taught face-
to-face.” expressed as.

MO2, who said that it is not possible to conduct applied courses remotely, and that if
necessary, the remote application part of the toric part can be done face-to-face by using the hybrid
education model, BC2 “It is not possible to conduct applied workshop lessons remotely. However, in
the hybrid system, the theoretical knowledge must be given remotely and the application must be
done face to face. The equipment and mechanisms in the workshop should be used by the students
one-on-one. Distance education alone is insufficient, as it is an indispensable teaching method in the
workshop environment. Practical workshop lessons should be conducted face-to-face and in a
workshop environment, except for obligatory cases. expressed his thoughts.

MO3 stated that occupational safety rules and practices, which are indispensable for
individuals working in technical business lines, cannot be assimilated: “Workshop practices should
be done one-on-one with students. While the student is doing the work, the teacher should observe
the mistake and immediately correct it. In the distance education, the education continued with videos
and animations. In the distance trainings, it was not possible to develop the habit of improving
dexterity, acquiring the habit of working according to the order of operations, acquiring the habit of
working cleanly, and complying with the occupational safety. The availability of materials and the
absence of special teams at home weakened the practical training.”

MOL1 stated that many modules written to explain the lessons can be accessed through SVET,
but there are no videos and visuals that we can use to show them for practical lessons : The learning
environment was affected due to the lack of availability and low suitability for the student. He
expressed his thoughts.

GO3: “Applied workshop lessons are the lessons that should be done face-to-face in a

workshop environment, basically. It is not suitable for the distance education system. Because many
applications in many areas are impossible to do in the home environment.
Many applications that can be done cannot be done due to occupational health and safety. For this
reason, most of the applications are tried to be closed by explaining the application or by making the
videos about the application to be watched. However, this affects the learning processes negatively.”
He expressed it in detail with his statements.

Expressing that students have learning difficulties when we teach practical courses via
distance education, GO4: “It is even more difficult to give applied courses in distance education
compared to theoretical courses. Especially giving vocational courses remotely creates learning

difficulties for students.” It is clearly understood that the teachers could not achieve the target
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behaviors in the applied courses in distance education and that they did not receive professional
satisfaction from the process in general terms.

In general, it is seen that distance education is beneficial and even suitable for some course
structures in order to prevent students from being completely disconnected from education life in the
Covid-19 Pandemic epidemic. However, it is seen that distance education is not useful in vocational
and workshop courses that require technical explanation, demonstration and immediate feedback and
correction. Only the theoretical part of the lectures was given, and the application parts were tried to
be assimilated with videos and visuals.

In the week after any applied lesson, no answers were received to the questions about the
target behaviors of the students.

These and similar results show us that distance education is not suitable for the general
structure of applied courses. What are the problems students encounter in applied workshop lessons?
Under this topic, it has been examined whether vocational high school students can understand the

lesson and the subjects in the applied courses.

Table 11. Problems faced by students in applied workshop lessons
thoughts f

A. Positive thoughts of students about applied courses in emergency distance education

It was ensured that the education continued with the distance education that we had to go through. 3

In the hybrid system, the theoretical knowledge can be given remotely and the application can be realized face-to-5

face.

B. Negative thoughts of students about applied courses in emergency distance education

Skill acquisitions of applied workshop lessons could not be achieved in remote live lessons.

The part planned to be processed in the face-to-face workshop was not sufficient.

It is not possible to hold hands-on workshop lessons remotely.

The equipment and mechanisms in the workshop should be used by the students.

Since the show-and-make method cannot be applied, only distance education is insufficient.

Practical workshop lessons should be held face to face and in a workshop environment, except for mandatory cases.

o O o1 Wl N w| o

Videos and animations in emergency distance education did not make the lesson understandable

The subjects of working according to the order of operation, clean working habits, complying with occupational4

safety could not be achieved.

It cannot be said that the EBA system is suitable for applied courses. one

If it was possible to give theoretical courses remotely, it cannot be said for applied courses. 6
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When Table 11. is examined, it is understood from the student interview form answers that
87.5% of the students are not satisfied with the applied courses and do not attend the face-to-face
education, although the students do not give as detailed answers as the teachers. While it is 87.5%
that it is not possible to conduct applied workshop lessons remotely, it is the first with 87.5%, although
it is possible to give theoretical lessons remotely, it cannot be said for applied lessons.

Videos and animations in emergency distance education do not make the lesson
understandable, Applied workshop lessons should be done face-to-face and in the workshop
environment, except for mandatory cases 75%, Only distance education is insufficient because the
show-and-show method cannot be applied, It is seen that the subjects of working in order of 5, clean
working habits, complying with occupational safety were not achieved 50%, The equipment and
mechanisms in the workshop should be used by the students one-to-one, The part planned to be
processed in the face-to-face workshop was not enough.

EO4, who mentioned that it would be beneficial by touching and using the tools and making
the work and operations live, said: "Since there is an interaction with some tools and equipment by
touching and seeing in the workshop lessons, the topics covered are more memorable than the lessons
taught in a normal classroom. However, since there is no such opportunity in distance education,
informative videos about the topics covered are watched and pictures are shown on the internet, but
of course these are insufficient. It would be better if the workshop lessons were taught face to face.”
expressed his thoughts.

KO1, on the other hand, said that in some lessons in distance education, the teacher tried to
practice in front of the camera, but the sound and image disappeared from the screen freezes, and the
teacher could show one-to-one in the face-to-face workshop lessons. “In the lessons where the camera
must be turned on, the camera being blurry, the internet connection being disconnected or the teacher's
camera not being seen clearly makes it difficult for me to understand the lesson better. When we learn
face-to-face, the teacher explains and applies it one by one, while in distance education, when a
student cannot understand something, the teacher cannot explain it to that student in detail because
the time is not enough, so that student can fall behind in the lesson.” explained as.

EO3 tried to emphasize the extent of the application in the department he studied by giving
examples about the field he studied in distance education. EO3: “Even though the maritime profession
sounds good, it is a very dangerous profession that requires great responsibility and never forgives
mistakes. For this reason, the first lesson taught to students in maritime schools is "Marine safety and
security”. In this course, students learn how to intervene in case of possible problems on the ship and

learn how to use the emergency equipment on the ship. This issue is so important that a seafarer who
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embarks on the ship re-enacts these unusual problems while the ship is cruising, and the worst-case
scenario that can safely occur on the ship is reenacted. The crew on board intervenes in this worst-
case scenario and the saddle is ready if such a situation is encountered in the future. We call this worst
case scenario “ROLE DRESSING”. Role drills are held at periodic intervals on the ship to prepare
the sailor's muscle memory for the disaster response phase. We could not see any of these trainings
in distance education and we could not implement them. In the same way, since we cannot
disassemble and install machine parts in practice courses such as ship machinery course, we have
always seen such topics in theory as the protection of the part after disassembly, how the welding is
done, the electrode angle while welding, and how we should tighten it and how it should be
disassembled. No matter how much a person says that he has read and studied and understood, his
dexterity will never develop without practical training.” expressed with examples.

When we look at the views of both teachers and students, there is a general idea that distance
education cannot be successful in applied courses. Teachers, who are one-to-one practitioners of the
subject, express that they cannot get efficiency in the applied lessons and that the lessons are
understood to a certain extent on the subjects with theoretical weight, while the general thoughts of
the students are in line with the teachers and they cannot understand the lessons and therefore they
cannot learn. While teachers state that distance education and its tools may be suitable for positive
sciences, social sciences and language teaching, students state that the subject is not fully settled since
they do not do the procedures themselves when the applied lesson is taught through video and pictures
in applied lessons.

The teachers' recommendations for improving the activities of distance education ? In this
section, the solutions of teachers for education-teaching activities in emergency distance education
are examined. The collected data were written in four sub-headings.

Table 12. Recommendations of teachers to improve distance education activities

Suggestions f

A. Recommendations for the professional development of teachers

Teachers should be given in-service training on how to do distance education. 3
Teachers should be given in-service training on using distance education technologies. 7
Teachers should receive in-service training for effective communication one
Volunteer teachers can be given in-service training to produce e-content. 2

B. Recommendations to increase class participation

Support service should be provided to all stakeholders 4

Before the lesson, videos on the use of distance education tools should be shared. one
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Students should be given individual feedback one
Learners who actively participate should be rewarded 3
Teacher should be able to communicate well with students 2

C. Suggestions to increase engagement in the lesson

Students should be asked to comment on the subject. one

A discussion environment should be created in live lessons. one

D. Management recommendations

Free and unlimited internet support should be provided to teachers and learners. 6
Social justice and equality of opportunity and opportunity should be ensured in distance education. 6
Content should be updated and improved 4
Tablets etc. for students to use the internet. tools should be given free of charge 4
A technical support unit should be established for technical problems experienced. 2
Live lesson hours should be made flexible and the opportunity to watch again should be given. one
Service points should be given to distance education teachers. 3
Additional tuition fees should be given to distance education teachers. 2
EBA contents should be collected on separate servers as primary, secondary and high school one
Local and national live lesson tools should be used for security problems. one

Free internet should be provided to both teachers and students in live lessons, which are lesson
applications. 50% of them think that 87.5% of them should be given training on the use of distance
education technologies in order not to experience system-related problems in emergency distance
education. In general, when we look at the opinions of the teachers, they state that the idea that it is
possible to be successful in distance education in theoretical courses is dominant, but for applied
courses, distance education is not suitable for applied courses in distance education, both in terms of
distance education content and because it is very difficult to understand the subjects without doing
one-on-one. Some teacher opinions;

Simulations to ensure at least some of the skill acquisition in applied courses, to make it
compulsory to attend classes, to make it difficult to pass the class, to create an infrastructure where
exams can be conducted remotely.” Providing computers and internet to four students and teachers
without exception, allocating sufficient budget for distance education to schools, having simulation
applications at school to increase the quality of teaching in applied courses, establishing the
infrastructure of exam applications to measure students, and making it difficult to pass classes and
courses to increase the quality of teaching means necessary.

GO3: “The financial situation of teachers who prepare content for applied education should

be formally regulated. Since this situation is imposed on teachers in schools as an act they are obliged
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to do, it is not efficient because teachers try to spare time both for the lessons in the school and to
produce these extra contents. Teachers who produce content should only be assigned to this subject
in this process and should not lose additional lessons. Otherwise, there will be reluctance from the
start. The problem of absenteeism in distance education should be resolved and should not be left to
the initiative of the student or parent. For this, internet and device problems must be solved first.”
Three deck teachers stated that there is an extra increase in the burden of distance education, this
situation is imposed as if they have to do it, and distance education content regulations should be
formally regulated. He is of the opinion that in order to continue the lessons in distance education,
the necessary tools should be provided to the students, and the internet problems should be solved
and then the absenteeism problem should be resolved and the students should be able to continue the
lessons.

BC3: “It seems inevitable that education should be done in a hybrid way from school and
distance. At the end of the training given, students must take the exam and receive a training
certificate. These certificates should be requested from them at the time of employment. The order of
passing and failing a class should be changed. Students should rate the teacher they have trained and
the teacher should earn income at the rate of this score.” In his sentences, he states that hybrid
education is inevitable in the coming years, the importance of regulating the pass-fail system and that
students should be given certificates after the courses they take.

BC2: “First of all, a system that can be accessed by every student without exception should
be established and equipment support should be provided to students. Technological investments
must be made. Teacher training should be continued and increased. Teachers should be provided with
resources for the purchase of distance education equipment or tax exemption should be brought
(Computer, microphone, camera, etc.)" thinks that a system where transportation will not be
interrupted, teachers should be provided with a separate source for distance education equipment or,
if not, tax exemption should be provided to relieve teacher budgets . The deck teacher who had a
different point of view; In addition to system improvements such as easy and free transportation,
strong infrastructure, easy interface, augmented reality has been proposed.

When we look at the opinions of teachers in general, it is understood from the general thoughts
that distance education contains many problems and the reason for this is that it has to be put into
practice urgently due to the Covid-19 Pandemic. The practice of distance education in vocational high
schools appears to be the general opinion of teachers that they cannot be productive in lessons.
Although some success can be achieved in theoretical courses in vocational high schools, they argue

that simulation applications, which are difficult to achieve in applied courses, will only increase the
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intelligibility a little bit. Another issue is the increase in the workload of the teachers who participated
in the interview. The fact that vocational high schools have to do both face-to-face and distance

lessons during the pandemic process has worn out the vocational teachers in the process.

Table 13 . Recommendations of students to improve their distance education activities

Suggestions f

A. Recommendations for the professional development of teachers

Teachers should be given in-service training on how to do distance education.

Teachers should be given in-service training on using distance education technologies.

Teachers should receive in-service training for effective communication

Volunteer teachers can be given in-service training to produce e-content.

B. Recommendations to increase class participation

Support service should be provided to all stakeholders

Before the lesson, videos on the use of distance education tools should be shared.

Students should be given individual feedback one
Learners who actively participate should be rewarded one
Teacher should be able to communicate well with students 2

C. Suggestions to increase engagement in the lesson

Students should be asked to comment on the subject. one

A discussion environment should be created in live lessons. one

D. Management recommendations

Free and unlimited internet support should be provided to teachers and learners.

Social justice and equality of opportunity and opportunity should be ensured in distance education.

Content should be updated and improved

Tablets etc. for students and teachers to use the internet. tools should be given free of charge

A technical support unit should be established for technical problems experienced.

NI I =)

Live lesson hours should be made flexible and the opportunity to watch again should be given.

Service points should be given to distance education teachers.

Additional tuition fees should be given to distance education teachers.

EBA contents should be collected on separate servers as primary, secondary and high school

Local and national live lesson tools should be used for security problems.

Table 13. When we look at the recommendations of the students to improve distance education
activities, it is seen that 75% of them say that the internet, which is of great importance in our lives,
should be assured to teachers and students free of charge. It is seen that 50% of the participating
students have the idea that social justice and equality of opportunity and opportunity should be

provided in distance education and the contents should be updated and developed. Students also stated
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that they do not have the chance to watch the live lessons again, that free tablets and tools should be
given to both the teacher and the student, and that it would be advantageous to establish a support
unit for the problems they experienced. Opinions about improving emergency distance education who
filled out the semi-structured interview form;

Teachers should be provided with equipment such as pens, touchpads, which are necessary
for teachers to explain the lessons more easily and without difficulty, so that teachers can better
explain their lessons in a more understandable way and focus the students' attention on the lesson. In
addition, students who actively participate should be rewarded in order to encourage students to the
lessons.” In his words, he thinks that both the teacher and the students have difficulties in obtaining
the necessary tools in distance education and that a solution should be found, and he also explains
that this is necessary in order to focus the student on the lesson.

EO3: “First of all , all students who are involved in distance education should be identified
and students who do not have internet at home or who cannot get internet at home should be provided
with internet and a mobile device where they can enter the course. Vocational students should be
provided with opportunities for practical training. Videos related to practice lessons should be
uploaded to the EBA platform.” In his explanation, he stated above his views on identifying the
students who do not have the opportunity, providing the necessary tools and internet to these students,
improving the eba platform and making it more efficient, and creating opportunities for vocational
practice courses.

KO3: “EBA application needs to be updated and improved, opening schools within the
possibilities , providing useful internet for our friends who do not have enough internet, making
exams easier.” The female student stated that it would be good to open three schools within the
possibilities, to solve the problems of students with internet problems, and to improve the system for
size problems.

KO1: “The fact that the breaks are short distracts me when I go to class and I have to look at
the time all the time. 1 think to solve this problem, if we do a break for 20-25 minutes, at least we will
have a break to eat, and if we start the lessons at 08:10 as before, we will finish earlier. I also think
that we should remove the waiting room when we enter the class because sometimes there are many
times when the teachers can't take the students because they are too busy, and lastly, if we can record
the lesson so that you can watch the lesson later, it would be very helpful in studying for the exams.”
With his thoughts, he expressed that he could not get enough rest between lessons, the lessons ended

late, they passed the lesson in the waiting room if the teacher did not notice, and he could not watch
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the live lessons later in the EBA system, if the recording was made, the students would be able to
understand the lessons better, based on their experiences in the process.

Again, the thoughts of a male student who has a different opinion; Let the course subjects be

lighter and they should add our summer vacation to the school and reduce the course hours.” is in the
form.
Looking at the general student comments above, it is understood that the internet problem is
frequently experienced in the EBA platform, the infrastructure services are not good enough, the
students do not have enough equipment or internet to attend the classes, and the students have
difficulties in the distance education process.

The issues that both teachers and students meet on a common denominator by looking at tables
8and 9. It can be said that increasing the incentive to the lesson by taking attendance and absenteeism

is the common opinion of the teachers and students.

3.2. Analytical Hierarchy Process

In this study, it has been tried to determine which of the distance education and face-to-
face education that we have had the most during the pandemic period is more beneficial and
beneficial to the students by using the AHP method. In this, distance education and face-to-face
education were compared by using five criteria determined by taking expert opinions. Which
education system can be more beneficial to students? answer to the question searched. The
implementation phase was carried out step by step as follows.

3.3. Evaluation of Education Systems with Semi-Structured Interview Form

This evaluation, The semi-structured interview form questions, which were prepared by
taking expert opinion, were filled out by eight teachers and eight students, and the five criteria
that are important in the comparison of education systems were taken into consideration and the
education system was determined from the AHP application. Evaluation with Analytical
Hierarchy Process Model by Creating Evaluation Criteria : This at the stage, 5 question evaluation
criteriato create purpose with classified and five main criteria were determined. The importance
of these criteria for the education system to determine for in education and training active duty
making 8 A semi-structured interview form study was conducted with the participation of an
expert and the participation of eight students who were affected in the education-teaching
process, with the contribution of an expert psychologist experienced in the education system.
Significance levels according to the results of the semi-structured interview form/ criteria
weights as indicated in Table 14 determined.
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Table 14. Criterion Weights
criteria Criterion Weights

Learning Level

Access to the System

Teacher Satisfaction

Training Cost

~N| O w| ©o N

Social development and Interaction

The scoring of alternative systems in terms of criteria is also the scoring created in the

first study, each One criterion taking expert opinion for found and It is given in Tablel5.

Table 15. Criterion Weights Remote/Face to Face

Criterion Weights
Criteria Afar Face to face
Learning Level 3.00 5.00
Access to the System 2.70 3.00
Teacher Satisfaction 2.00 4.00
Training Cost 5.00 3.00
Social development and Interaction 2.30 4.50

These obtained data were evaluated with the Analytical Hierarchy Process Model.

My name one: Decision of your problem definition, Hierarchical structure Establishment:
Aim, main and sub-criteria and solution alternatives Decision Problem: “What education system
Is it more beneficial to students?

Purpose: What training to use system will be more efficient. decisionto give

Alternatives: Face-to-face education — Distance education

Table 16. Main Criteria:

Learning Level

Access to the System

Teacher Satisfaction

Training Cost

Social development and Interaction
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Step 2: Comparison matrix between criteria is created as in Table 17:

Table 17. Comparison Matrix between Criteria

Al A2 A3 A4 A5
. L Social
Learning /Access to the Training
Teacher development
Level System ) ) Cost )
Satisfaction and Interaction
Al |Learning Level 1.00 0.78 2.33 1.40 1.00
A2 |Access to the System 1.29 1.00 3.00 1.80 1.29
A3 | Teacher Satisfaction 0.43 0.33 1.00 0.60 0.43
A4 |Training Cost 0.71 0.56 1.67 1.00 0.71
A5 |Social development and Interaction | 1.00 0.78 2.33 1.40 1.00
TOTAL 4.43 3.44 10.33 6.20 4.43

Step 3: The importance values of the criteria were determined as percentages, and the

normalization of the matrix was provided as in Table 18. Column values are divided by the

column total. The average criterion weight is found for each row . And Tablo 19 shows the

normalization post lower criterion weights.

Table 18. Average Criterion Weight Matrix

W
0.23 0.23 0.23 0.23 0.23 0.23
0.29 0.29 0.29 0.29 0.29 0.29
0.10 0.10 0.10 0.10 0.10 0.10
0.16 0.16 0.16 0.16 0.16 0.16
0.23 0.23 0.23 0.23 0.23 0.23
Table 19. Normalization Post Lower Criterion Weight Table
Learning Level
Afar Face to face Afar Face to face | W
Afar 1.00 0.60 0.38 0.38 0.38
Face to face 1.67 1.00 0.63 0.63 0.63
2.67 1.60
Access
Afar Face to face Afar Face to face | W
Afar 1.00 0.90 0.47 0.47 0.47
Face to face |1.11 1.00 0.53 0.53 0.53
211 1.90
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Teacher's Satisfaction

Afar Face to face Afar Face to face | W
Afar 1.00 0.50 0.33 0.33 0.33
Face to face |2.00 1.00 0.67 0.67 0.67
3.00 1.50
Education cost
Afar Face to face Afar Face to face | W
Afar 1.00 1.67 0.63 0.63 0.63
Face to face |0.60 1.00 0.38 0.38 0.38
1.60 2.67
Social Development
Afar Face to face Afar Face to face | W
Afar 1.00 0.51 0.34 0.34 0.34
Face to face |1.96 1.00 0.66 0.66 0.66
2.96 1.51

The final weight ratios that will inform us for the decision by multiplying the weight
ratios of the main criteria with the weight ratios of the alternatives are shown in Table 20 was

obtained as follows :

Table 20. Final Weight Ratios Table

W1 W2 w3 W4 W5
0.23 0.29 0.10 0.16 | 0.23
Al A2 A3 A4 A5 W
Remote Eg. 0,3750| 0,473 |0,3333 |0,6200 | 0,3382 |> 0.40
Face to face Eg.| 0,6250| 0,526 |0,6667 |0,3800 | 0,6618 |> 0.60

Distance education system yielded 40% and Face-to-face education system yielded 60%
results. It is seen that Face-to-face education should be chosen in the selection of the education

system.
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4. Conclusion, Discussion and Suggestions

Considering both the phenomangological approach and the AHP application result, it is
seen that the face-to-face education system is a system that ensures permanent learning and
higher efficiency from education. can be said as a result.

As a result of the application studies, it was seen that the students expressed themselves
more easily in face-to-face education, and the students remained more silent in distance
education. Although distance education is necessary for some courses and for some situations, it
is seen once again with the AHP application that face-to-face education is important so that the
quality and efficiency of education does not decrease and the motivation of students does not
decrease. When comparing the two education systems, it is understood that the students do not
have difficulty in expressing themselves as in the distance education system, where it is
important to be able to ask questions face-to-face, interact with the teacher and interact with their
friends, socialize and gain target behaviors.

Face- to-face education is important in terms of acquiring target behaviors at secondary and
lower levels. Distance education is more suitable for in-service training, adult courses, courses
suitable for undergraduate education, and postgraduate education. In terms of both studies
carried out in applied courses in vocational high schools, it is seen that face-to-face education is
especially important in applied courses.

As a result of the studies and based on professional experience, it is seen that the learning is
permanent and the motivation of the students towards the lesson is provided more easily with
face-to-face education. However, considering the developing technology and the conditions of
Turkey, it should not be forgotten that the distance education system is a good alternative for the

continuation of education and training when necessary.

4.1. Suggestions

This research was created by conducting a semi-interview form with the participation of eight
vocational teachers in applied courses in vocational high schools, two students from each grade level
and eight students among the educational institutions that switched to distance education during the
Covid-19 Pandemic epidemic period. The research was conducted in a vocational high school in
Istanbul. In order to generalize the results, it can be done again by increasing the number of schools
and the number of people participating in the research.

In order to ensure that the data obtained by looking at the results of the research are healthier,

an in-depth and comprehensive research can be applied to many participants, together with
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quantitative research methods and test methods whose reliability is calculated by including them in

schools across the province or in schools across the country.

A new original study, named Perspectives of teachers and students, on the teaching of applied
and cultural courses in distance education in high schools can be created. General recommendations
in the light of literature review and research results;

e Teachers who teach live lessons may also be given additional lesson fees.

e Teachers who are doing emergency distance education can also be given a service point.

e Flexibility can be provided by leaving the live lesson program to the teacher.

e Inorder to increase student participation in the live lesson, the number of students who attend the
lessons can be increased by taking attendance and absenteeism.

e Domestic national internet tools and programs can be used to prevent security vulnerabilities.

e Instead of the EBA platform being a whole, its servers can be gathered on separate servers, such
as primary school, secondary school, and high school.

e Efforts can be made to ensure social justice, equality of opportunity and opportunity so that
everyone can benefit from distance education equally.

e Trainings that introduce the comprehensive system can be given to those who will meet with
distance education for the first time. By expanding the EBA platform, the scope of educational
content and educational social activities can be increased.

e Vocational course contents and training videos prepared according to the order of attainment can
be made in which the EBA platform can be used effectively in applied courses.

e Augmented reality can be used to increase the quality and understanding of the applied lessons
by the student.

e Simulators that can be used in situations where it is dangerous to practice or face to face .

e The live lessons can be recorded for students to watch again.

e Free internet can be provided to teachers and students, which are indispensable parts of the
education system, in order to continue their education without interruption.

e Students and even teachers can be provided with tools for live distance education free of charge.

e When the Pandemic Period is over, the hybrid education system, which includes both face-to-face
and distance education, can be used.

e Course contents and gains can be rearranged and made suitable for distance education.

e It can be an alternative for courses that can be done with distance education by making course

analysis.
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e By making the necessary legal arrangements, distance education systems can be established for
high school students who cannot continue formal education for any reason.

e Receiving the ideas of teachers, who are the managers of the process, for new technologies related
to the implementation of distance education systems

e On days when face-to-face education is held, teachers should not be given distance education
courses separately.

e Implementation of the same applications in the whole country, not at the discretion of the people
in emergency distance education applications.

e In the periods or days when distance education is applied, teachers should not fill in the class
book.

¢ In live lessons taught over the EBA system, the system should be able to take attendance by itself.
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Abstract

Two dimensional materials have unique physical, chemical and electrical properties. Many theoretical studies on
borophene revealed important possible properties, such as metallicity, transparency, conductivity and chemical activity;
due to vacancies present in its structure. It was first synthesized in 2015 and experimental studies on this new exciting 2D
material is few in number. It was found that many of these studies still focus on expensive and sophisticated production
methods such as Molecular Beam Epitaxy (MBE) and Chemical Vapor Deposition (CVD). Although graphene, first of
these 2D materials, is being studied more than two decades, it could not do the expected impact on energy industry due
to lack of production methods in industrial scale. In this review, it was intended to build a narrative on the experimental
production methods and resulting structures of borophene rather than theoretical background. It was found that liquid
phase exfoliation method to synthesize borophene sheets might be the most promising method to upscale borophene
production. Theoretical, computational and experimental studies suggested that f12 and y3 borophene structures were
stable and could be produced by sonochemical exfoliation method. In addition, possible uses in energy applications and
some future prospects were also discussed. Borophene produced this way, might be used in batteries, supercapacitors
hydrogen evolution (HER) and oxygen evolution (OER) reactions.

Keywords: Borophene, 2D materials, Energy storage.
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Borofen Uretim Teknikleri ve Enerji Uygulamalar

ézet

Iki boyutlu malzemeler benzersiz fiziksel, kimyasal ve elektriksel 6zelliklere sahiptir. Borofen iizerine yapilan bir¢ok teorik
¢alisma, yapisinda bulunan bosluklar nedeniyle metaliklik, seffaflik, iletkenlik ve kimyasal aktivite gibi onemli olasi
ozellikleri ortaya ¢ikarmistir. Ilk olarak 2015 yilinda sentezlenen bu yeni ve heyecan verici 2B malzeme iizerine yapilan
deneysel ¢calismalarin sayisi oldukca azdir. Halihazirdaki ¢alismalarin ¢ogunun hala Molekiiler Isin Epitaksi (MBE) ve
Kimyasal Buhar Biriktirme (CVD) gibi pahali ve sofistike tiretim yontemlerine odaklandigi goriilmiistiir. 2 boyutlu
malzemelerden ilki olan grafen, yirmi yili askin siiredir iizerinde ¢alisilmasina ragmen, endiistriyel olcekte iiretim
yontemlerinin eksikligi nedeniyle enerji endiistrisinde beklenen etkiyi yapamamistir. Bu derlemede, teorik arka plandan
ziyade borofenin deneysel iiretim yontemleri ve ortaya ¢ikan yapilart iizerine bir anlati olusturulmast amaglanmigstir.
Borofen tabakalarini sentezlemek icin sivi faz eksfoliyasyon ydnteminin borofen iiretimini endiistriyel dlgekte
gergeklestirmek icin en umut verici yéntem olabilecegi bulunmustur. Teorik, hesaplamali ve deneysel ¢calismalar, 12 ve
x3 borofen yapiularinmin kararl oldugunu ve sonokimyasal eksfoliyasyon yontemiyle iiretilebilecegini gostermistir. Ayrica,
enerji uygulamalarindaki olast kullanimlar: ve gelecekteki bazi beklentiler de tartisilmigtir. Bu sekilde iiretilen borofen,
bataryalarda, siiperkapasitorlerde hidrojen evrimi (HER) ve oksijen evrimi (OER) reaksiyonlarinda kullanilabilecegi
ongortilmiistiir.

Anahtar kelimeler: Borofen, 2B malzemeler, Enerji depolama.

1. Introduction

2D materials draw a great deal of interest from the researchers, due to their unique and
promising chemical, physical and electrical properties. Graphene, which consists of a single layer of
carbon atoms placed in a hexagonal manner, is the first one of these materials.(Razaq et al., 2022)-
(A. Gupta et al., 2015) Various theoretical and experimental studies propose other 2D materials such
as silicene, germanene, borophene, stanene, phosphorene, arsenene, antimonene, bisthumene,
selenene and tellurene.(L. Zhang et al., 2021) In addition, similar polyatomic 2D materials, such as
graphene oxide, boron nitride and two dimensional transition metal dichalcogenides (e.g.
molybdenum disulfide, tungsten disulfide, molybdenum diselenide and tungsten diselenide) were also
extensively studied.(Choi et al., 2017)

Borophene was first synthesized at 2015 on the Ag(111) substrate (Mannix et al., 2015). Since

its materialization in the laboratory, interest on this fairly new material gradually increased

throughout the years. The number of studies about borophene was given in Figure 1.
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Figure 1. Number of borophene studies throughout the years; Data from Web of Science (Access date: April
2023).

Density functional theory (DFT) calculations and simulations on this subject point out it is
possible to obtain various borophene sheet structures. Electron deficiency, different bonding
situations and many compounds indicate that boron is a chemically active element. Basic structure of
borophene is a B12 icosahedron and crystals are formed through different connections and bonding
styles.(J. Jiang et al., 2018)-(Albert & Hillebrecht, 2009) The comprehensive review by Ou et al,
(2021) on borophene and its biomedical applications presents a good summary of theoretical
borophene structures throughout the years and were given in

Figure 2.(Ou et al., 2021)
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Figure 2. Development of borophene structure models in theoretical studies throughout the years. Printed
under creative commons license.(Ou et al., 2021)
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Borophene forms a triangular structure unlike the hexagonal structure of graphene; however,
unlike graphene, there are vacant locations present in borophene sheet. This special layout is also
called hollow hexagons and due to their presence, borophene sheet exhibits unique physical and
chemical properties such as anisotropy, flexibility, transparency, conductivity and polymorphism.
The placement of vacancies determine the aforementioned properties of borophene.(Mannix et al.,
2018) Highly anisotropic crystal structure of borophene may lead to metallic and semi metallic
behavior. Occurrence of Dirac cones near or at the Fermi level leads to possibility of anisotropic
conductivity due to their anisotropic bonding configuration.(Xie et al., 2020) Anisotropic borophene
sheets have strong optical transparency and have less than 1% absorbance in the visible light
spectrum. Conductivity and transparency properties make borophene possible to be used as a
transparent electrode and a complement for optoelectronic devices. Theoretical study on borophene
sheets with y3 and P12 Structure suggest that anisotropic single gap superconductivity is possible
between the temperature values of 27.0 and 33.0 K.(Zhao et al., 2018) In another study, P12 and y3
borophene sheets were grown on Ag(111) substrate through direct evaporation of a pure boron source.
The superconducting transition temperatures were found to be 18.7 and 24.7 K respectively. Proposed
values are higher than graphene, which exhibits superconductivity theoretically at 8.1 K and
experimentally at 7.4 K.(Gao et al., 2017)

Due to borophene’s multiple exciting and promising properties, plenty of theoretical and
experimental studies were conducted and many reviews were written on this subject in recent years.
Batteries, supercapacitors, hydrogen storage, gas sensing and biomedical applications were suggested
as possible utilization fields for borophene. In this brief review, it was intended to build a narrative
on the experimental production of borophene and inform about its possible uses in energy storage

applications.

2.  Experimental Production of Borophene

2.1. Molecular Beam Epitaxy:

Borophene was first experimentally produced by MBE method on Ag(111) substrate (Mannix
et al., 2015). Feng et al.(Feng et al., 2016) deposited borophene on a clean Ag(111) substrate under
ultrahigh vacuum(6x10°** torr). Ag(111) substrate was cleaned by repeated argon ion sputtering. Pure

(99.99%) boron was deposited by an electron-beam evaporator. Through high resolution scanning
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tunneling microscopy (STM), they observed P12 and 3 types of borophene sheets. Also, single atom
thick borophene nanoribbons were successfully synthesized by Zhong et al.(Zhong et al., 2017) on
Ag(110) substrate under the similar conditions. Li et al.(W. Li et al., 2018) synthesized single layer
honeycomb borophene by using an Al(111) substrate. They reported that although honeycomb
borophene exhibits superconducting abilities, it is also highly unstable. According to their theoretical
calculations Li et al. argued that electron transfer from Al(111) substrate to each boron atom stabilized
the borophene structure. They verified the realization of graphene like honeycomb borophene through
scanning tunneling microscopy measurements. Kiraly et al.(Kiraly et al., 2019) considered that Au
has a lower chemical reactivity than other metals and deposited boron atoms under ultrahigh vacuum
at room temperature on an Au(111) surface, and found that boron atoms formed islands of 1 nm? area.
When they raised the temperature to 550 °C, they observed that boron dissolves in substrate and
segregates back to the surface as the medium temperature cools back to room temperature. Although
Borophene was synthesized over various metals; the size of boron sheets ranged in nanometers. These
dimensions were not acceptable for any practical use, therefore a more reactive substrate than
Ag(111) metal was needed. For that purpose, Cu(111), which facilitated the borophene growth more
than other metals but not too reactive to form metal borides, was used by Wu et al., as a substrate.(\Wu
et al., 2019) They maintained 770 K substrate temperature and utilized low energy electron
microscopy (LEEM) to monitor the Dynamics of borophene growth. They combined the LEEM and
STM results and proposed that ys type of borophene sheets, with up to 100 um? area, were formed on
Cu(111) surface. Ir(111) is another substrate that is used in borophene production. Vinogradov et
al.(Vinogradov et al., 2019) deposited boron on Ir(111) surface in a temperature range from 300 °C
to 600 °C. Their STM images and DFT calculations indicated that ys type of borophene sheets were
formed.

Molecular Beam Epitaxy (MBE) is a powerful way to synthesize 2D materials. MBE process
involves the deposition of atoms from a pure elemental vapor source on a suitable substrate, under a
ultrahigh vacuum environment. Diffusion and deposition are adjusted by the temperatures of the
elemental source and substrates respectively. It is theorized that catalytic effect of the substrate might
suppress the formation of 3D clusters, even though energy levels favor them. MBE is also used to
synthesize 2D silicene and germanene.(Vogt, 2018) Therefore, MBE is the preferred way to produce

borophene, in many studies.
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2.2. Chemical vapor deposition:

Bhowmik and Rajan.(Bhowmik & Govind Rajan, 2022) concluded that graphene, hexagonal
boron nitride and hexagonal metal dichalcogenides and as well as silicene posphorene and borophene
can be produced with chemical vapor deposition (CVD) method. Tai et al.(Tai et al., 2015) obtained
atomically thin borophene sheets on copper films, with CVVD method. They prepared boron source
by mixing pure boron powder (99.99%) with boron oxide (B203) powder at equal weight amounts.
They placed boron mixture in heating zone and put a Cu foil (3x2 cm?, 25 pm) substrate in reaction
zone. Initially, they produced boron vapor in the heating chamber at 1100 °C (T1) and transferred
pure Hy carrier gas to the reaction chamber, where the temperature was at 1000 °C(T2). They
conducted the deposition process for one hour and obtained y-B2g borophene films. Schematic
representation of their process was given in

Figure .
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Figure 3. y-B28 borophene synthesis with CVD method. Printed with permisson from John Wiley and Sons.
(Tai et al., 2015)

Thermal decomposition of diborane is another approach to produce 2D borophene sheets via
CVD method. For this process, Mazaheri et al.(Mazaheri et al., 2021) used Aluminum coated Silisium
wafer as substrate in a single zone CVD system, where chamber pressure was set to 10~ mbar. They
set the CVD chamber temperature to 830 K to anneal the substrate surface with H,. They introduced
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diborane (B2He) and carrier gas (H2) mixture to the deposition chamber, where B2Hs decomposed to
B(s) and Ha. They obtained y3 borophene on the quasi-liquid Aluminum substrates, at the end of the
process.

CVD reactors are comprised of a quartz cylinder with a diameter of 2-5 centimeters and placed
in a heated furnace, which may contain one or more heated zones. The temperature at each zone is
individually programmed and controlled. The reason why quartz is selected as a construction material
for a CVD reactor chamber was to sustain higher temperatures that might reach up to more than a
thousand Celsius degrees. The deposition process occurred in two ways: reactants were introduced to
reaction chamber in gas phase or solid phase reactants were placed in the chamber and sublimated
with a carrier gas. Either way, substrate material was placed in the chamber at an appropriate position.
Generally atmospheric pressures are used in reactor chamber but it is also possible to attain low

pressures with vacuum pumps.

2.3. Sonochemical exfoliation:

Coleman (2013) described the enthalpy of mixing for graphene flakes dispersed and exfoliated
in solvents with the equation below (Coleman, 2013):

AHmix

2
Vv = _T (\/ Ess — vV Es¢ )2¢G
NS

where, AHmix is mixing enthalpy, V is mixture volume, Tns is nanosheet thickness and ¢g IS
volume fraction of dispersed graphene. Ess and Es represent the surface energies of solvent and
graphene respectively. When the surface energies are close to each other, enthalpy of mixing gets
smaller. Coleman’s study was focused on solvents such as N-methyl-pyrrolidone (NMP) and
dimethylformamide (DMF) that are used to exfoliate carbon nanotubes. Similarly, Ranjan et al.
(Ranjan et al., 2019) studied the exfoliation of pure boron powder, boron nitride, molybdenum
disulphide (MoS>) and polyvinylidene fluoride. They mixed 150 mg of boron in 40 mL of six different
solvents; namely acetone, deionized water, isopropyl alcohol, di-methyl formamide and ethylene
glycol. Mixtures were ultrasonicated with a 40 Khz ultrasonic bath up to 24 hours. Samples from each
container was taken at regular intervals in order to examine borophene sheet formation. Mixtures
were centrifuged afterwards. Characterization was made by obtaining High Resolution Tunnelling

Electron Microscopy (HRTEM), Tunnelling Electron Microscopy (TEM) and scanned area electron
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diffraction (SAED) with tunnelling electron microscopy. These measurements confirmed the
presence of P12 and y3 borophene sheets. According to their findings, acetone and ethylene glycol
yielded monolayer sheets after 12 and 20 hours respectively, meanwhile water and isopropyl alcohol
were good at down to few monolayers however with small sheet sizes. HRTEM and Fast Fourier
Transform images of borophene sheets in acetone were given in

Figure . Fast Fourier Transform (FFT) images (top-right corner) exhibited three parallel rows
of dot patterns, where brighter central row originates from atomic ridges while the other two rows
represent atoms situated between the ridges. They argued that this was the proof for the formation of
the P12 phase in synthesized borophene sheets. FFT image b showed a similar pattern. Image from
another sheet (Figure 4c), showed boron atoms situated ~2.5 A apart and other part show narrowly
positioned boron atoms =1.8 A apart. They deduced that the left part was Moire’s pattern and the
right part resembled the 3 phase.

Figure 4. a) P12, b) intermediate and c) y3-like borophene phases. Yellow brackets indicate magnified visuals
Printed with permisson from John Wiley and Sons.(Ranjan et al., 2019)
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Acetone was used by Zhang et al.(F. Zhang et al., 2020) as a solvent for exfoliation to obtain
larger sheet sizes. Boron powder acetone mixture was solvothermally treated in teflon autoclaves at
200 °C for 24 hours. Following that, the suspension was sonicated at 225 W for 4 hours. They obtained
four-layer thick borophene with an average lateral size of 5.05 um. Similar sonochemical exfoliation
procedures using NMP or DMF as solvent were used in various studies that examine the different
aspects of borophene. This method is not only used to synthesize borophene but other boron
nanosheet related materials as well. Wang et al. (2020) initially synthesized borophene from boron
powder with sonochemical exfoliation and created borophene-hydroxide with defined thickness,
where surface functionalization was done by ice-bath sonication. Their aim was to determine the
photo-electrochemical performance of semiconducting borophene-OH(Wang et al., 2020).

As a result, MBE and CVD methods for borophene production has disadvantages such as
requirement of sophisticated equipment, very high process temperatures, vacuum environment and
need for substrates. In addition, the amount of produced borophene and surface area was very small
for practical uses. Although these methods are suitable for scientific studies, they are not scalable,
sufficient nor efficient for large scale production. On the other hand, Ranjan et al.(Ranjan et al., 2020)
concluded sonochemical exfoliaton process might yield a monolayer or multilayer sheet based on the
solvent used and sonication time during exfoliation process. If solvent-boron interaction occurs
properly; laterally large and monolayer sheets can be obtained. However, when the interaction is not
proper, large number of stacking layers are obtained. As the sonication time increased, tiny sheets
(borophene dots) were formed due to fragmentation. Therefore, it is imperative to optimize the

sonication process to obtain good quality borophene sheets.
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Figure 5. Borophene structures. Green circles represent the boron atoms in the borophene sheet; a) P12
borophene b) ys borophene

3. Borophene in Energy Storage Applications
3.1. Batteries:

Batteries hold a significant place in modern electronics. They are extensively being used in
communication, computation, transportation and renewable energy production. In order to make these
operations cheaper and more accessible, issues in battery technology such as energy density, low
performance under various environmental conditions and charge-discharge cycle life should be
addressed. 2D materials offer promising solutions to energy density and battery lifecycle problems.

Mortazavi et al. (2016) employed a first-principles DFT calculations study in order to
investigate the interaction of free-standing monolayer borophene with Ca, Mg, Na and Li
ions.(Mortazavi et al., 2016) Their calculations predicted strong binding energies around 4.03 eV,
2.09 eV, 2.92 eV and 3.28 eV between borophene and adsorbed Ca, Mg, Na or Li ions, respectively.
They also found that binding energy decreases by increasing the ion concentration. In addition, they
acquired significant charge capacites of 800 mA hg*, 1960 mA hg*, 1380 mA hg* and 1720 mA hg’
! for Ca, Mg, Na and Li ion adsorption on borophene, respectively. They concluded that fast diffusion,
low energy barriers between adsorbed ions and borophene and resistance to high temperatures up to
750 K makes borophene an excellent anode material in rechargeable ion batteries. Similar ab-initio
molecular dynamics (AIMD) study by Jiang et al. (2016) determined that borophene has an adsorption
energy of 1.12 eV. Their theoretical result for specific capacity for lithiated borophene was 1860
mAhg . They reported the energy barrier for diffusion as 2.6 meV and argued that this value is much
lower than other anode materials such as TisC> and phosphorene.(H. R. Jiang et al., 2016) Another
AIMD study about Na-ion batteries argued that the energy barrier for Na diffusion on monolayer
borophene is lower than of graphene and MoS>; therefore a better choice to be used as an anode
material in Na-ion batteries.(Liang et al., 2017) The AIMD study by Zhang et al.(2016) on stable
borophene structures of P12 and y3 in Na-ion and Li-ion batteries proposed similar findings.
Borophene structures maintained good electric conductivity before and after adsorption, had small
energy barriers, low average open-circuit voltages. f12 and x3 have storage capacites up to 1984
mAhg? in and 1240 mAhg? respectively. (X. Zhang et al., 2016) Borophene sheets might find
themselves in lithium sulfur batteries as well according to a study that investigated the electrocatalytic
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activity of few-layer P12 crystalline sheets. Resulting Li-S battery had an areal capacity of 5.2 mAh
cm™2 at a sulfur loading of 7.8 mg cm™2. Capacity fading rate was found to be 0.039% in 1000 cycles,
which means their battery outperformed other battery types in terms of charge-discharge life cycle
(Linetal., 2021).

3.2. Supercapacitors:

Supercapacitors are another group of devices that are used to store energy. Although they are
similar to batteries, there are several key differences in their working principle. Batteries use chemical
reactions, mainly oxidation reduction; meanwhile supercapacitors store energy in an electrical field.
Supercapacitors consist of two conductive plates, an electrolyte and an insulator. When a current, in
other words, charging is applied, uniformly distributed positive and negative ions in the electrolyte
are separated and adsorbed to the surface of the respective plates, therefore storing potential energy.
Since there is not a chemical reaction, no surface wear, no side products that lead to dendrite or gas
formation inside the device, supercapacitors have much longer charge-discharge cycle lives.
Supercapacitors can be charged and discharged much faster than batteries, perform better at low and
high temperatures but they are not without drawbacks. They have higher specific power W/kg but
their specific energy Wh/kg is significantly lower than batteries. In addition they lose energy much
faster when they are idle and can’t supply constant voltage, they are used together with batteries or
for power intensive applications like acceleration of an electric vehicle. 2D materials might
significantly improve the supercapacitor performance if they are used on the conductive plates inside
supercapacitors.

Li et al. (2018) investigated producing few-layer boron sheets by liquid-phase exfoliation and
their supercapacitive performance.(H. Li et al., 2018) Electrode was prepared by mixing borophene
nanosheets with active carbon and poytetrafluoroethylene and used 1-butyl-3-methylimidazolium
hexafluorophosphate as electrolyte. Their device exhibited up to 46.1 Wh/kg and 478.5 W/kg energy
and power densities respectively. They also reported the cycling stability as 88.7 % for 6000 charge-
discharge cycles. Polyaniline (PANI) is another supercapacitor electrode that exhibits good
capacitance.(V. Gupta & Miura, 2006) Goktuna and Tasaltin (2021) studied the performance of PANI
a borophene electrodes. They reported the specific capacitance as 960 F/g and capacitance retention
as 95 % after 1000 cycles.(Goktuna & Tasaltin, 2021) Similarly, Tiirkmen et al. (2022) prepared a
liquid phase exfoliated P12 borophene poly(3,4-ethylenedioxythiophene) polystyrene-sulfonate

(PEDOT:PSS) electrode. They mixed borophene with (PEDOT:PPS) at different amounts and found
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specific capacitances change from 230 to 853 F/g and capacitance retention as 95 % after 1000

cycles.(Tirkmen et al., 2022)

3.3. Borophene as a catalyst:

Simple, active, stable and cost-effective catalysts are necessary for efficient hydrogen
production via hydrogen evolution reaction(HER) in order to successfully deploy hydrogen based
energy technologies.(Strmcnik et al., 2016) Several studies indicate that different borophene and
related materials are efficient catalysts. a-MoB2, simply a borophene-molybdene-molybdene
structure that maintains high catalytic activity at high hydrogen coverage, can deliver large current
densities and has excellent catalytic stability.(Chen et al., 2017) DFT study a-borophene revealed that
if Ni and Pd are doped with a-borophene sheets, they display high catalytic activity towards oxygen
evolution reaction and when Fe, Co, Cu, Ag and Pt doped with a-borophene, they exhibit high
catalytic activity towards HER. Therefore bimetal-doped a-borophene might be an excellent catalyst
to facilitate water splitting process.(P. Zhang et al., 2020) First principles study on Boron nanoribbons
suggested that armchair borophene nanoribbons are energetically stable and highly active edge-
dependent (catalytic activity on the edges) HER catalysts.(Wang et al., 2021) Computational study
on transition metal borophene monolayer catalysts revealed that Ni doped o, oy and B1 borOphene
show remarkable bifunctional (HER/OER) catalytic activity.(Xu et al., 2020)

4. Conclusion

In this review, the experimental methods to produce borophene and its potential in energy
applications were briefly summarized. Based on the given conclusions, free standing borophene has
excellent chemical and physical properties due to its unique structure. Theoretical studies suggest
many different borophene structures such as alfa, beta and pmmn are possible, however experiments
coupled with electron microscopy views and DFT calculations, 12 and y3 structures of borophene
(Figure 5) are stable, display the desired properties and can be readily produced. Borophene can be
turned into battery anodes and supercapacitor electrodes, improving their performance significantly
and in some cases out performing other 2D materials. Borophene can be used as a non-precious
bifunctional HER and OER catalyst. In addition, it can be used in many other applications such as
cancer treatment, drug delivery, bioimaging, gas sensing, CO2 capture and hydrogen storage.
Therefore, If this promising material ever to be produced in an industrial scale, further research should

be conducted. MBE and CVD cannot be utilized since these methods are already too expensive in
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laboratory scale. These methods require metal substrates, very high temperatures, sophisticated
equipment and vacuum. Equipment and energy costs would be astronomical, thus unfeasible for
industrial scale production. Sonochemical exfoliation on the other hand, is a much simpler and
cheaper method. Sonochemical reactors are already working in the industrial applications. Many
studies about borophene production by sonochemical methods suggested using different solvents,
centrifuging times and temperatures to design mono or multilayer borophene. It is easier to fine tune
a process at miligram levels however, when these milligrams wanted to be turned into kilograms,
other different, unknown challenges will appear. From an engineering perspective, designing and
optimizing a sonochemical reactor specific for liquid exfoliation of boron powders to obtain brophene
might help to overcome these challenges. Focusing on cheaper and proven organic solvents such as
acetone instead of DMF or NMP could help making the production of this wonder material
industrially feasible. Despite being studied for several years, graphene could not deliver its expected
impact on energy industry due to aforementioned challenges about large scale production. Borophene
is a fairly new material and its experimental realization is just 7-8 years old. Thus, the possible use
of borophene can be studied in other fields such as solid-state batteries (SSB), implementation of 3D
printing into the production process of supercapacitors and SSB’s. Graphene was thoroughly
investigated but there isn’t any study concerning the 3D printing application in the production and

use of borophene in the literature.
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1. KAPSAM VE GENEL BIiLGIi

Dergimiz 2019 yilinin Mayis ayinda kurulmus olup, dergi kapsami konularinda fen bilimleri,
miihendislik ve tasarim teknolojisi alanlarinda yapilan akademik g¢alismalar1 kapsamaktadir.
Dergimizde Tiirk¢e ve Ingilizce dilinde makale yazimi imkam bulunmaktadir. Uluslararasi
Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi (IJEASED); dergi kapsami
alanlarinda hazirlanmis 0zgiin arastirma makalelerin, giincel derlemelerin, konferans
bildirilerinin, teknik notlarin ve editére mektuplarin yayimlandigi wuluslararast indeksli
hakemli bir bilimsel dergidir. IJEASED yilda iki kez elektronik ortamda yayimlanan, agik
erisimli ve makale kabuliinden sonra islem iicreti olan, makalelerin en az iki hakem tarafindan
kor hakemlik uygulamasiyla degerlendirilen, yayin dili Tiirkce ve Ingilizce olan hakemli bir
dergidir.

Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi (IJEASED); biitiin Fen,
Teknoloji, Mithendislik ve Tasarim alanlarinda daha once bagka yerlerde yaymlanmamas,
0zgiin arastirma makaleleri, giincel derlemeler, konferans bildirileri, teknik notlar ve editore
mektuplar yaymlanir. Dergi bilimsel ve hakemli bir dergi olup, Temmuz ve Aralik aylarinda
olmak {izere yilda 2 kez ¢evrimigi ortamda elektronik yayimlanir. Derginin amaci arastirma
ve gelistirme faaliyetlerinin bilimsel yayina doniistiirtilmesi, ulusal ve uluslararasi indekslere
girerek evrensel bilime katki saglamaktir.

2. YAYIN DIiLi VE ANLATIM

Dergide yayinlanacak tiim yazilar i¢in yaym dili 2019'dan itibaren olmak {izere Tiirk¢e ve
Ingilizce'dir. Makale igerisinde yazar tarafindan gergeklestirilen calismalara ydnelik
(Deneysel ¢alismalar, analizler vb) anlatimlarda {iglincii sahis kullanilmaya 6zen
gosterilmelidir.

3. ELEKTRONIK ORTAMDA BASVURU

Dergi ile ilgili tiim yazismalarda DergiPark tarafindan saglanan arayiiz kullanilmalidir. Dergi
yazum kurallarina uygun olarak hazirlanmis makaleler, basili kopyaya gerek olmaksizin,
Ulakbim Dergipark tizerinden https://dergipark.org.tr/tr/pub/ijeased adresi kullanilarak
gonderilmelidir. Dergiye makale gondermek isteyen yazarlarin yazim kurallari ile birlikte



https://dergipark.org.tr/tr/pub/ijeased

"Gonderi Kontrol Listesi' ndeki her maddeyi de kontrol etmeleri gerekmektedir. Makaledeki
bilgilerin dogrulugunun sorumlulugu yazar(lar)a aittir. Yayinlanacak makalelerde, arastirma
ve yayin etigine uygunluk esastir. "Makale Gonderimi ve Telif Hakki Devir Formu"
doldurulup biitiin yazarlar tarafindan imzalanmalidir. Yayin ile ilgili islemler bu formun
tesliminden sonra baglar. Bu formun farkli kopyalari bagka sehirlerde yasayan yazar(lar)
tarafindan ayr1 ayr1 imzalanip gonderilebilir. Hayvanlarin veya zararli maddelerin kullanildigi
arastirmalarda “Etik Kurul izin Belgesi”’nin makaleye eklenmesi gerekir. insanlarin denek
olarak kullanildig1 arastirma sonuglarini iceren makalelerde yazar(lar), “insan denemeleri
iizerinde yetkili kurul” etik standartlarina ve gozden gecirilmis Helsinki bildirgesi 1983°e
uygunlugunu belgelemeleri gerekir.

4. DEGERLENDIRME SURECI

Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi’ne iletilen yazilar dncelikle
dergi bas editoriiniin yonlendirecegi boliim editorii tarafindan konu basligi ve anahtar
kelimelere dayanilarak bi¢imsel agidan degerlendirilir. Bu 6n kontrol agamasinda dncelikle
intihal tespit yazilimlari kullanilarak benzerlik raporlar1 olusturulur. Aday yaymin benzerlik
raporu toplamda %015, tek bir kaynaktan ise %5 oranindan fazla olmamalidir. Daha sonra
incelenecek yayinin dergi formatina uygun olup olmadigina karar verilir. “Makale Gonderimi
ve Telif Hakki Devir Formu” olmayan veya eksik olan aday yaymlar ile benzerlik orani
sinirlarin1 asan aday yaymlar 6n incelemeye alinmaz. Dergi yazim kurallarina uygun
hazirlanmayan makaleler diizeltilmek {izere yazara geri gonderilir. Formata uygun olarak
hazirlanan yazilar dergi bas editdrii tarafindan inceleme siirecinin gergeklestirilmesi i¢in ilgili
boliim editoriine yonlendirilir.

Bolim editorii bilimsel icerik bakimindan degerlendirilmek iizere aday yayini, konusuna
uygun olarak en az ii¢ hakeme yonlendirir. Hakem se¢iminde 6ncelikle konu ile ilgili dergi
yayin danigma kurulu {iyelerinden ya da alaninda uzman baska bir bilim insanindan
yararlanilir. Hakemler degerlendirmeleri sonucunda, uygun, diizeltilerek yayinlanabilir,
diizeltildikten sonra tekrar gormek isterim, istedigim diizeltmelerin kontroliinii derginin
uzman bilimsel ekibi tarafindan yapilmasi uygundur veya yaymlanamaz seklinde kararlar
verebilirler. Diizeltme istenen yazilarla ilgili olarak yazar gerekli diizeltmeleri yapar. Ayrica
katilmadig1r hususlarla ilgili olarak gerekgeli yazisini dergiye gonderir. Hakem kurulu
tarafindan farkli tiirde degerlendirilen yazilar i¢in boliim editorii kendi gorisiinti de ekleyerek
degerlendirmenin sonuglandirilmasi icin bas editore iletir. Degerlendirmede son karar bas
editore aittir. Bas editor gerekli goriirse yeni bir hakem tayin eder veya yaz ile ilgili kararini
sonuclandirir. Tiim degerlendirmeler sonucunda kabul ya da red karar1 gerekgeleri ile birlikte
DergiPark tizerinden yazigmadan sorumlu yazara iletilir. Degerlendirme sonucu kabul edilen
makaleler dergi sekreteryas: tarafindan esasa bagli kalinarak yaymna uygun formata
doniistiirtiliir. Dergide yayimlanan makaleler bagka hi¢ bir yerde yayimlanamaz veya bildiri
olarak sunulamaz. Kismen veya tamamen yayimlanan makaleler kaynak gosterilmeden higbir
yerde kullanilamaz. Dergiye gonderilen makalelerin igerikleri 6zgiin, daha dnce herhangi bir
yerde yayimlanmamis veya yayimlanmak iizere gonderilmemis olmalidir. Degerlendirmeye
sunulacak caligmalarin bir baska dergiye gonderilmedigi veya basilmadigi 6n yazi ile
belirtilmelidir. Makale basim i¢in kabul edilmezse “Makale Gonderimi ve Telif Hakki Devir
Formu” nun yasal bir 6nemi kalmaz ve hiikiimsiiz olarak kabul edilir. Bu Form’un
imzalanmas1 ile yazarlar, makalenin “ULUSLARARASI DOGU ANADOLU FEN



MUHENDISLIK VE TASARIM DERGISI (IJEASED)” web sayfasinda yaynlamasina
ilaveten makalenin tamami1 veya bir kisminin yasal olarak ¢ogaltilmasi ve dagitilmasi hakkini
Uluslararast Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi’ne devrederek, kendi
haklarindan feragat etmektedirler.

Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi'ne gonderilen ¢alismalar
asagidaki siireclerden gegmektedir:

Hakem degerlendirmesi oncesi siirec:
1- Yazar(lar) ¢alismalarini Dergipark platformu aracilifiyla dergiye gonderirler.

2- Editor kurulu 15 giin igerisinde, ¢alismanin okunabilir, tamamlanmis, orijinal olup
olmadigini, derginin yayin politikast dogrultusunda degerlendirirler.

3- Editéor kurulu yukaridaki ozelliklere sahip olan c¢alismalari ¢ift kor hakemlik
sistemi dogrultusunda degerlendirme asamasina alir yada ¢alismay: yazar(lar)a gerekcelerini
sunarak Dergipark platformu iizerinden geri génderirler.

Hakem degerlendirmesi siireci:

1- Editor kurulu, hakem degerlendirmesi siirecine girecek ¢aligmalar1 belirledikten sonra, en
az iki hakemin degerlendirmesine sunulmak {izere ¢alismay1 hakeme iletirler.

2- Hakemlerin gonderilen davete yanit vermeleri i¢in 15 giin siireleri bulunmaktadir.
Hakemlerin davete yanit vermemeleri durumunda, 7 giinliik ek zaman diliminde yanit
verebilmeleri i¢in hakemlere davet yeniden gonderilir.

3- Davet hakemlerden biri ya da ikisi tarafindan kabul edilmezse, ¢alismanin iki hakem
tarafindan degerlendirilebilmesi i¢in davet yeni hakemlere iletilir.

4- Davet kabul edildikten sonra hakemlerin ¢alismay1 degerlendirme siiresi 42 giindiir. 42 giin
icerisinde hakemler c¢alismayr degerlendirmezse, 7 giin ek siire verilir. Hakemler
degerlendirmelerini Uluslararasi Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi'nin
yayin kurulu tarafindan olusturulmus hakem degerlendirme formu tizerinden gergeklestirirler.

5- Calisma hakemler tarafindan degerlendirildikten sonra, ¢alisma yazar(lar)a hakem adlarim
gormeyecekleri bicimde iletilir ve yazar(lar) gerekli diizenlemelerini gergeklestirirler.

6- Hakemler arasinda kabul-red uyusmazligi olmasi durumunda, ¢alisma editér kurulunun
onaytyla yayinlanabilir, reddedilebilir ya da {i¢iincii bir hakeme iletilebilir.

Hakem degerlendirmesi sonrasi siireci:

1- Editor hakemlerden gelen degerlendirme sonucuna gore, yazardan gerekli degisiklikleri
yapmalarini ve revize edilmis dosyayi yiiklemelerini isterler veya degerlendirme sonuglarinin
durumuna goére makaleye "Red" karar1 verilebilir.

2- Yazim Kural Kontrolii bu adimda da yapilir.



3- Editor revizyondan sonra hakem degerlendirmesinin olumlu sonuglanmasinin ardindan
makaleyi kabul eder ve diizenlemeye gecer. Diizenleme isleminden sonra Dergi gelecek
sayisinda veya sayinin Erken goriiniimiinde yazar veya yazarlarin makalesini yayina alir.

5. ETIK SORUMLULUKLAR VE POLITIKALAR

Editorlerin Gorevleri

- Derginin editorii sunulan makalenin yaymlanma kosullarina, tek basina ve bagimsiz olarak
karar vermekten sorumludur. Nihai karara varilmadan once, dergiye yiiklenen makalenin
gecerliligi, 6nemi ve yeniligi her zaman dikkate alinmalidir.

- Editor ve alan editorleri, derginin yaymn kurulunun ilkelerini izleyerek telif hakki ihlali ve
intihal gibi konular1 bu ilkeler dogrultusunda degerlendirir. Editdr, nihai karara varmak i¢in
alan editorleri veya hakemlerle de isbirligi yapabilir.

- Editor ve alan editdrleri, ilgili alanda uzman hakemler araciligiyla degerlendirme siirecinin
esit, adil ve zamaninda tamamlanmasindan sorumludur. Herhangi bir ek hakeme ihtiyag
duyulmadikca, editér veya alan editdrii, dergiye gonderilen makalenin en az iki harici ve
bagimsiz hakem tarafindan degerlendirilmesini saglar.

- Makaleler, yazarlarin 1rk, cinsiyet, cinsel yonelim, dini inang, etnik koken, vatandaglik veya
siyaset felsefesi dikkate alinmadan, editor veya alan editorii tarafindan igeriklerine ve
yeniliklerine gore degerlendirilmelidir.

- Derginin yaymn politikalar1 seffaf olmali ve hakemler ve yazarlardan gelen diiriist raporlar
icermelidir. Ayrica, editor ve alan editorleri, herhangi bir teknik problem haricinde, tiim dergi
iletisimleri i¢in, dergi standart elektronik sistemini kullanmalidir.

- Editor, editor kararlarinin temyizinde, seffaf bir agiklama siireci kullanacaktir.
- Editor, derginin siralamasini etkilemeye calismamali ve bu amagla mantikli bilimsel
nedenler olmadik¢a, yazarlar1 editoriin veya alan editorlerinin makalelerini eklemek igin

zorlamamalidir.

- Dergiye gonderilen tiim makalelerin gizliligi, ilgili taraflarla iletisimler ve hakemlerin
kimlik bilgileri editor ve alan editorii tarafindan korunmalidar.

- Heniiz basilmamis materyaller, gonderilen makalenin bilgi ve icerdigi fikirler, editor veya
alan editoriiniin kendi arastirmasinda, yazarin yazili rizas1 olmadan kullanilmamalidir.

- Yaymcmin herhangi bir potansiyel editdriyel ¢ikar catigmasi varliginda bilgilendirilmesi
gerekir. Yayinci, buna iligkin bildirimleri dergide yayinlayabilir.



- Editor veya alan editorii, kendisi, aile liyesi veya meslektaslar1 tarafindan yazilmis makaleler
hakkinda herhangi bir karar vermemelidir. Bu tiir bir basvuru, derginin genel prosediirlerine
tabi olmal1 ve bu islem ilgili yazar / editdr ve arastirma gruplar1 dahil edilmeden yapilmalidir.

- Editor, slipheli suistimali inceleyerek yayinlanan kaydin biitiinliglinii korumalidir.

- Siipheli bir durum varliginda, eger gerekirse, editor makale yazariyla baglantiya gegmeli ve
ilgili talepler hakkinda kendisini bilgilendirmelidir. Ancak boyle bir durumda editor, ilgili
kurumlar ve arastirma merkezleriyle de iletisim kurabilmelidir.

- Intihal durumunda, editér yayincr ile birlikte hareket etmeli ve bu duruma iliskin diizeltilme,
geri ¢ekilme veya aciklayici ifadenin derhal yayinlanmasini saglamalidir.

Hakemlerin Gorevleri

- Hakem degerlendirmesi siirecinde hakemlerin yukarida belirtilen etik durumlara dikkat
etmesi ve makaleyi nesnel olarak ele almasi beklenir.

- Makalenin konusu, hakemlerin alanlariyla ilgili degilse veya hakem makaleyi zamaninda
degerlendiremeyecekse, hakemin degerlendirme siirecini reddetmesi ve editorii derhal
bilgilendirmesi beklenir.

- Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi'ne (IJEASED) gonderilen
tim makaleler gizlidir. Hakemler ayrica, makale hakkindaki herhangi bir inceleme veya
bilgiyi kimseyle paylasmamalidir. Ayrica hakemler editorden izin almadan yazarlarla iletisim
kurmamalidir.

- Hakem tarafindan gézden ge¢irilen makalede sunulan bilgi veya fikirler, hakemlerin kisisel
faydalarina yonelik kullanilmamalidir.

- Inceleme yapici olmals, intihal gibi etik konular konusunda gok dikkat edilmelidir. Herhangi
bir intihal durumunda, hakem edit6rii derhal uyarmalidir.

-Yorumlar objektif olmali ve herhangi bir kisisel elestiriyi igermeyen argiimanlarla
desteklenmelidir.

- Herhangi bir potansiyel c¢ikar catismasi olmasi durumunda, hakem editérii veya alan
editoriinii uyarmali ve makale degerlendirmeyi reddetmelidir.

- Makaleyi degerlendirmek iizere atanan hakemin, hakemlerin (veya ortaklarinin)
caligmalarinin refere edilmesine iliskin Onerisi, hakemin alinti sayisinin arttirilmast niyeti
olmadan bilimsel olarak makul olmalidir.



Yazarlarin Gorevleri

- Dergiye, bir arastirma makalesi veya kisa bir makale (short communication) gonderen
yazarlar, makalenin igeriginde, ¢alismanin Onemini vurgulayan orijinal sonuglar ve
tartismalarin olmasina dikkat etmelidir. Yiiklenen makale derleme veya diger tiirde bir
makaleyse, i¢eriklerinin somut ve nesnel olmas1 gerekmektedir.

- Dergiye gonderilen makaleler yeterince referans igermeli ve ayrintili bir sekilde
yazilmalidir.

- Calismanin destek kaynaklarindan tiimiiniin, makalenin tesekkiir kisminda belirtilmesi
gerekir.

- Intihal ve tartismali, yanhs ifadeler gibi etik olmayan konular, bir makale igeriginde asla
kabul edilemez.

- Bir yazar ayn1 makaleyi kismen (bir 6zet veya yayimlanmis bir dersin veya akademik tezin
veya elektronik bir basimin diginda) veya tamamen birden fazla dergiye gondermemelidir. Bu
tiir bir davranig etik degildir ve dergi tarafindan kabul edilmez.

- Caligmanin olusturulmasinda igerige entelektiiel agidan katki saglamayan kisiler, yazar
olarak belirtilmemelidir.

- Yaymlanmak iizere gonderilen tiim ¢alismalarin varsa ¢ikar catismasi teskil edebilecek
durumlan ve iliskileri agiklanmalidir.

- Bir ortak yazar olmak i¢in, makalenin igerik, tasarim ve uygulama alanlarina Snemli
katkilarda bulunulmalidir. Dil editorleri veya tibbi yazarlar, tesekkiir boliimiinde
belirtilmelidir.

- Yazar(lar)in yayinlanmis, baskida veya degerlendirme asamasindaki calismasiyla ilgili bir
yanlis ya da hatayr fark etmesi durumunda, dergi editoriinii veya yayinciyr bilgilendirme,
diizeltme veya geri ¢ekme islemlerinde editdrle igbirligi yapma yiikiimliiliigii bulunmaktadir.

- Degerlendirme siireci baglamis bir ¢alismanin yazar sorumluluklarinin degistirilmesi (Yazar
ekleme, yazar siras1 degistirme, yazar ¢ikartma gibi) teklif edilemez.

- Makalenin flgili yazari, uygun ve uygunsuz ortak yazarlardan sorumludur. Ayrica ilgili
yazar, makalenin son hali ve gonderildigi dergi konusunda tiim ortak yazarlardan ilgili
onaylar1 almalidir.

- Tiim yazarlar, makalenin tiim bdliimlerinden sorumludur.

- Eger makale, hayvan veya insan deneklerin kullanimini igeriyorsa, uygun kurumsal komite
(ler) in onay1 gibi gerekli belgeler ve bununla ilgili bir ifade yazisi, yazar tarafindan dergiye
saglanmalidir.



- Yazarin fark ettigi tim Onemli hatalarin derhal editdre bildirilmesi gerekir. Herhangi bir
diizeltme yapilmasi durumunda, yazar, editor veya alan editorii tarafindan istenen kanitlari
saglamakla ylikiimlidiir.

- Gelistirme, yer degistirme, herhangi bir kismin ¢ikartilmasi gibi orijinalligine zarar verecek
karmasik degisiklikler, makale i¢inde yer alan goriintiiler ve resimler i¢in kabul edilemez. Bu
tiir degisiklikler etik dis1 olarak algilanir ve gerekli 6nlemler alinir.

- Sorumlu yazar, biitiin yazarlarin adma yetkili kisidir. Yazar(lar1) makale siirecinden
bilgilendirmesi kendi sorumlulugundadir. Dergi kurulu calismasi kabul edilen yazar(lar)
arasinda yasanan ¢ikar ¢catismazligindan sorumluluk kesinlikle kabul etmez.

Bilimsel Arastirma ve Yayin Etigine Aykir1 Eylemler

Uydurma: Bir bilimsel arastirma yapilmadan yapilmis gibi veriler uydurmak, bunlari rapor
etmek veya yayinlamak,

Carpitma: Arastirma kayitlar1 ve elde edilen verileri tahrif etmek, arastirmada kullanilmayan
yontem, cihaz ve materyalleri kullanilmis gibi gdstermek, arastirma hipotezine uygun
olmayan verileri degerlendirmeye almamak, ilgili teori veya varsayimlara uydurmak ic¢in
veriler ve/veya sonuclarla oynamak, destek alinan kisi ve kuruluslarin ¢ikarlar1 dogrultusunda
arastirma sonuclarini tahrif etmek veya sekillendirmek,

Intihal (Asirma): Baskalarmin fikirlerini, yontemlerini, verilerini, uygulamalarini, yazilarini,
sekillerini veya eserlerini sahiplerine bilimsel kurallara uygun bicimde atif yapmadan kismen
veya tamamen kendi eseriymis gibi sunmak,

Sahtecilik: Aragtirmaya dayanmayan veriler liretmek, sunulan veya yayinlanan eseri ger¢ek
olmayan verilere dayandirarak diizenlemek veya degistirmek, bunlar1 rapor etmek veya
yayimlamak, yapilmamis bir arastirmay1 yapilmis gibi gostermek,

Tekrar yayim (Dublikasyon): Bir aragtirmanin sonuglarini, ilk yaymlandigi derginin
editoriinden izin almaksizin bagka dergide tekrar yayinlamak,

Dilimleme: Bir arastirmanin sonuglarini arastirmanin biitiinligiinii bozacak sekilde, uygun
olmayan bi¢cimde parcalara ayirarak ve birbirine atif yapmadan c¢ok sayida yayin yaparak
docentlik sinavi degerlendirmelerinde ve akademik terfilerde ayr1 eserler olarak sunmak,

Haksiz yazarhk: Aktif katkis1 olmayan kisileri yazarlar arasina dahil etmek, aktif katkis1 olan
kigileri yazarlar arasina dahil etmemek, yazar siralamasin1 gerekgesiz ve uygun olmayan bir
bicimde degistirmek, aktif katkis1 olanlarin isimlerini yayim sirasinda veya sonraki baskilarda
eserden c¢ikarmak, aktif katkisi olmadigi halde niifuzunu kullanarak ismini yazarlar arasina
dahil ettirmek,

Diger etik ihlali tiirleri: Destek alinarak yiiriitiilen arastirmalarin yayinlarinda destek veren
kisi, kurum veya kuruluslar ile onlarin arastirmadaki katkilarini agik bir bigimde belirtmemek,
insan ve hayvanlar lizerinde yapilan arastirmalarda etik kurallara uymamak, yaymlarinda
hasta haklarina saygi gostermemek, hakem olarak incelemek iizere gorevlendirildigi bir
eserde yer alan bilgileri yayinlanmadan once baskalariyla paylasmak, bilimsel aragtirma igin



saglanan veya ayrilan kaynaklari, mekanlari, imkanlar1 ve cihazlar1 amag¢ dis1 kullanmak,
tamamen dayanaksiz, yersiz ve kasith etik ihlali suglamasinda bulunmak.

6. UCRETLENDIRME POLITIiKASI
Dergimiz acik erigimli, editoryal yayin tlicreti yazardan karsilanan bir dergidir.
I. OKURLARDAN ve / veya ABONELIK SISTEMLERINDEN ALINAN UCRETLER

a. Agik erisim politikas1 kapsaminda akademik diinyaya hizmet vermekte olan dergimiz
okurlardan herhangi bir iicret talep etmemektedir.

II. YAZARDAN ALINAN UCRETLER

a. Yazarin ddeyecegi yayin iicreti makale ylikleme Oncesinde talep edilmektedir. Her bir
makale gonderim ticreti 400.00 TL'dir.

b. Dergimize yayin igin gonderilen makalelerden talep edilen bedel hig bir sekilde Kabul / Ret
sartina bagli degildir. Bu sart Yiiksek Ogretim Kurulu’nun 30 Aralik 2021 tarih ve 2021.18
nolu oturumunda Yagmaci/Saibeli Dergiler hakkinda almman 2021.18.643 sayili karar
geregince yiiriitiilmektedir. Universiteler Arast Kurul (UAK) Dogentlik Kriterleri 44-45.
Madde ile uyumlu olarak makale gonderimi sonrasinda, kabul/ret sartina bagli olmaksizin
icret alinmaktadir.

c. Ucret 6deme sart1 biitiin yazarlar igin gegerlidir. Odemeler, her yazara esit uygulanacag
sekilde, seffaf ve denetlenebilir bir yapidadir. buna iligkin raporlar dergimizde her y1l sonunda
yaymlanmaktadir. Ucret yazarlar tarafindan kendi aralarinda miistereken (ortaklasa) esit
oranlarda hesaplanir. Odeme, yetkili yazar hesabindan yapilir.

d. Makale ticreti 6demeleri 17/12/2022 tarihinden itibaren sisteme yiiklenecek makaleler igin
gecerli olacaktir.

e. Makale gonderimi esnasinda ddemenin yapildigina dair e-dekontun sisteme yiiklenmesi
gereklidir. Dekont bilgilerinde makale basligi ve sorumlu yazarin adi, soyadi ve Tiirkiye
Cumbhuriyeti veya vatandasi oldugu iilkeye ait kimlik numaras1 bulunmalidir. Bu bilgilerin
dekontta yer almasi yazar(lar)in sorumlulugundadir.

Gonderim Ucreti: 400.00 TRY
7. MAKALE GERI CEKME POLITIKASI

Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi (IJEASED) yayim
politikalar1 geregi, bir calisma veya makalenin geri ¢ekilmesi agamasinda yazar(lar)a ve yaym
kuruluna diisen gorev ve sorumluluklar asagida verilmistir.

Yazarlar

Yazar(lar)in yayimlanmis, erken goriinim veya degerlendirme asamasindaki calismasiyla
ilgili bir yanhs ya da hatayr fark etmesi durumunda, geri cekme islemlerinde dergi



editoriiyle isbirligi yapma yiikiimliiliigli bulunmaktadir. Degerlendirme asamasindaki
caligmasini geri ¢ekme talebinde bulunmak isteyen yazar(lar), Makale Geri Cekme Formu-
Article Withdrawal Form'nu doldurarak her bir yazarin i1slak imzasi ile imzalanmis ve
taratilmis halini Dergi Bas Editorii'ne muh.semihtaskaya@gmail.com adresi {izerinden e-
posta araciligtyla yayim kuruluna iletmekle yiikiimlidir. Yayim Kurulu geri ¢ekme

bildirimini inceleyerek en ge¢ 15 giin igerisinde doniis saglar. Yayim kurulu tarafindan telif
haklar1 Uluslararasi Dogu Anadolu Fen Miihendislik ve Tasarim (IJEASED) Dergisi’ne
gonderim asamasinda devredilmis ¢alismalarin geri ¢ekme istegi onaylanmadikca yazarlar
caligmasini bagka bir dergiye degerlendirme i¢in gonderemezler.

Onemli Not:

Yazar(lar) calismasiyla ilgili hakli bir gerek¢e sunmadigi, degerlendirme gorevinde bulunan
hakemlerimizinde kararlariyla, keyfi sebeplere bagl yazar(lar)in istegine gére makale geri
¢ekme talebi bulunursa, Editor ve Yaymm Kurulumuz Kkesinlikle bu talebi kabul
etmeyecektir. Ayrica dergi editorlik ve yaymn kurulu yonetimini, hakemlerin
degerlendirmelerini, dergi zamanin1 mesgul etme ve emege saygisizlik olarak nitelendirilecek;
dergimize bu kasith talepte bulunanlar yazar(lar)in 2 yil boyunca dergimizden men
ettirilecegi ve caliyma gonderemeyecegi bilgilerine sunulacaktir.

Editorler

Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi (IJEASED) yayim
kurulu; yaymlanmis, erken goriinimdeki veya degerlendirme asamasindaki bir caligmaya
iligkin telif hakki ve intihal siiphesi olusmasi durumunda ¢alismayi iligkin bir sorusturma
baslatma yiikiimliligi tasir. Yayim kurulu yapilan sorusturma sonucunda degerlendirme
asamasindaki calismada telif hakki ve intihal yapildigini tespit etmesi durumunda ¢alismay1
degerlendirmeden geri ¢eker ve tespit edilen durumlar1 detayl bir sekilde kaynak gostererek
yazarlara iade eder. Yayim kurulu, yayimlanmig veya erken goriinimdeki bir ¢aligmada telif
hakki ihlali ve intihal yapildigini tespit etmesi durumunda, en geg¢ 15 giin icerisinde asagidaki
geri ¢gekme ve bildiri islemlerini gergeklestirir. Etik ihlali tespit edilen ¢calismanin;

1. Elektronik gosterimdeki basliginin basina “Geri Cekildi:” ibaresi eklenir.

2. Elektronik gosterimdeki Oz ve Tam Metin igerikleri yerine c¢alismanin geri gekilme
gerekgeleri, detayli kanit kaynaklar1 varsa yazar(lar)in bagl oldugu kurum ve kuruluslarin
konu hakkindaki bildirimleri ile birlikte yayinlanir.

3. Dergi web sitesinin ana sayfasindan geri ¢gekme bildirimi ilan edilir.

4. Geri ¢ekme tarihinden itibaren ilk yayinlanacak saymin elektronik ve basili kopyasinin
icindekiler listesine “Geri Cekildi: Cahisma Bashg1” seklinde eklenir, birinci sayfasindan
baslamak kosuluyla geri cekme nedenleri ve buna kaynak gosterilen orijinal alintilart
kamuoyu ve arastirmacilarla paylasilir.

5. Yazar(lar)in bagh oldugu kurulus(lar)a yukaridaki geri ¢cekme bildirimleri iletilir.

6. Yukarida siralanan geri ¢ekme bildirimleri Derginin dizinlendigi kurum ve kuruluslar ile
Muilli Kiitiiphane Baskanligi'na dizin sistemleri ve kataloglara kaydedilmesi i¢in iletilir.


https://dergipark.org.tr/tr/journal/3046/file-manager/15489/download
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Ayrica yayim kurulu etik ihlalde bulunulan c¢aligma yazar(lar)inin daha once yayinlanmis
caligmalarinin yayim evlerine veya yayim kurullarina, yayimlanan ¢aligmalarin gegerlik ve
giivenilirligini glivence altina almalarin1 veya geri ¢gekmelerini Onerebilir.

8. MAKALE TURLERI

Dergide yaymlanan farkh yayin formatlan ile ilgili bilgiler ve yazi tiirlerine gore
yazarlarin dikkat etmeleri gereken hususlar su sekildedir:

> Arastirma Makaleleri: Tiirkce Baslk, ingilizce Baslik, Yazarlar, Adresler, Tiirkce Oz,
Tiirkce Anahtar Kelimeler, Ingilizce Oz, Ingilizce Anahtar Kelimeler, Giris, Amag, Gereg
ve Yontem, Bulgular, Tartisma ve Sonuglar, gerekli ise Etik konular, Katki Belirtme ve
Tesekkiir, Kaynaklar, Sekil ve Tablolarla ilgili agiklamalar icermelidir. Makale konunun
uzmanlar1 tarafindan tekrarlanabilecek sekilde yeterli bilgiyi i¢ermelidir. Bu tiir
makalelerde ana metin 3500-4000 kelime arasi olmali, kaynak sayis1 40’1
asmamahdir.

> Derlemeler: Yazar(lar)in uzmanlik alaninda yapilmis eski arastirmalarin derlenip
elestirel bir
sekilde yorumlanip ortaya yeni bir goriis ileri siiren ¢calismalar1 kapsamalidir. Derlemeler,
Tiirkce Bashk, Ingilizce Bashk, Yazarlar, Adresler, Tiirkce Oz, Tiirkge Anahtar
Kelimeler, ingilizce Oz, Ingilizce Anahtar Kelimeler, Giris, Ana Boliimler, Alt Béliimler,
Sonug, Katki Belirtme, Kaynaklar, Sekil ve Tablolarla ilgili agiklamalar icermelidir. Ana
metin en fazla 5000 kelime olup kaynak sayisinda bir kisitlama yoktur.

» Editore Mektup: Dergide yaymlanmis makaleler hakkinda veya ilgili diger konularda
soru
sormak, goriis bildirmek isteyenlerin yazilar1 bu tiirde degerlendirilir. Bu tiir yazilarda
kapsam ve etik kavramlar géz oniinde bulundurulur. Ana metin en fazla 1000 kelime
olup kaynak sayisi 10°u gecmemelidir.

9. MAKALENIN HAZIRLANMASI

Makale Bashg

Tiirkce makaleler i¢in hem Tiirkce hem de Ingilizce olarak makale konusuna uygun, amaci ve
sonucu anlatan kisa ve yalin bir baglik olmalidir. Makale baslig1 koyu, ilk harfleri biiyiik ve
ortalanarak 14 punto Times New Roman fontu ile yazilmalidir. Tiirkge makalelerde Ingilizce
baslik, ingilizce 6zetten dnce verilmelidir.

Yazar isimleri ve Adresleri

Isimler kisaltilmadan soy isimler biiyiik harfle bashigmn altina yan yana ortalanarak yazilir.
Adreslerde kisaltma kullanilmamalidir. Farkli adreslere sahip yazarlar icin rakamli iist indis
kullanilmalidir. Isimler Times New Roman 12 punto, diiz; adresler ise Times New Roman 10
punto, diiz olmalidir. isimlerden énce Unvan yazilmamalidir. Ayrica sorumlu yazarin



telefon ve e-posta adresi 10 punto Times New Roman fontunda Sorumlu Yazar kismina
yazilmalidir.

Ozet

Bu Microsoft Word belgesi Uluslararasi Dogu Anadolu Fen Miihendislik ve Tasarim
Dergisi’ne gonderilecek olan makaleler i¢cin 6rnek olmasi amaciyla hazirlanmistir. Dergimize
gonderilmek iizere hazirlanan makalelerin bu sablona bagli olarak hazirlanmasi makalenin
diizenlenme, degerlendirilme ve yayimmlanma asamalarmni hizlandiracaktir. Ozet kisminda
caligmanin yenilikleri ve temel bulgular1 vurgulanmalidir. Tiirkce ve Ingilizce 6zet kisimlari
Times New Roman yazi tipi ile yazilmalidir ve 10 punto biiyiikliigii secilmelidir. Ozet
kisminin yaziminda tek satir araligi segilmelidir. Makale Ozetinin en fazla 200 kelime
olmasina dikkat edilmelidir. Tiirkge ve Ingilizce 6zetlerin 1 (bir) sayfayr ge¢memesi
onerilmektedir. Anahtar kelime sayisi en az 3 en fazla 6 olmalidir.

Ingilizce Bashk

Makale baslig1 koyu, ilk harfleri biiylik ve ortalanarak 14 punto Times New Roman fontu ile
yazilmalidir.

Abstract

Bu Microsoft Word belgesi Uluslararasi Dogu Anadolu Fen Miihendislik ve
Tasarim Dergisine gonderilecek makaleler i¢in O6rnek olmasit amaciyla hazirlanmistir.
Dergimize gonderilmek iizere hazirlanan makalelerin bu sablona bagl olarak hazirlanmasi
makalenin diizenlenme, degerlendirilme ve yayimlanma asamalarini hizlandiracaktir. Ozet
kisminda galismanin yenilikleri ve temel bulgular1 vurgulanmalidir. Tiirkce ve Ingilizce dzet
kisimlar1 Times New Roman yazi tipi ile yazilmalidir ve 10 punto biiyilikliigii se¢ilmelidir.
Ozet kisminin yaziminda tek satir aralig1 segilmelidir. Makale dzetinin en fazla 200 kelime
civarinda olmasima dikkat edilmelidir. Tiirkge ve Ingilizce 6zetlerin 1 (bir) sayfay1 gegmemesi
onerilmektedir. Anahtar kelime sayisi en az 3 en fazla 6 olmalidir.

1. Giris

Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi tarafindan 6 ayda bir (yilda
iki kez) yayinlanan ulusal hakemli bir dergidir. Dergi, Fen Bilimleri Miihendislik ve Tasarim
sahasinda uluslararas: diizeyde yapilan bilimsel ¢aligmalar1 bilim adamlarina, uzmanlara ve
kamuoyuna duyurmay1 amagclar.

Ana metin, A4 kagit boyutuna 2 cm kenar bogluklari ile 12 punto yazi biiyiikliigiinde Times
New Roman yaz tipi ile 1,5 satir aralig1 ve her iki yana yasl sekilde yazilmalidir. Ana bolim
basliklar1 numaralandirilmali, kelimelerin ilk harfleri biiylik olmali ve koyu (bold) karakterde
yazilmalidir. Ana boliim bagligindan sonra 1,5 satir aralikli bir satir bosluk birakilarak metne
gecilmelidir. Baslikla iist metin arasinda da bir satir bosluk birakilmalidir. Paragraflar 1 cm
icerden baglamalidir. Paragraflar arasinda bosluk birakilmamalidir.



Bu béliimde caligmayla ilgili yeterli literatiir taramasi verilmeli, ¢alismanin amaglar1 ve
literatiirdeki yeri vurgulanmalidir. Detayli literatiir incelemesinden ve sonuglarin &zetinin
verilmesinden kaginilmalidir.

2. Materyal ve Metot

Bu boliimde calismada kullanilan materyal ve metotlar detayli ve agik bir sekilde
anlatilmalidir.

2.1. Alt Bashk
Ana bagliklar alt bagliklar icerebilir.
2.2. Sekiller, Tablolar ve Denklemler

Sekiller grafik, diyagram fotograf, resim, harita olabilir. Sekil yazisi seklin alt kismina
yazilmalidir. Hem sekil hem de sekil yazis1 sayfaya ortalanmalidir. Sekil yazilar okunakli
olmalidir. Sekil ile iist metin arasinda 1 satir bosluk birakilmalidir. Sekil yazisi ile alt metin
arasinda da 1 satir bosluk birakilmalidir. Sekil yazis1 11 punto olarak yazilmalidir. Sekil
yazilarina atifta bulunulmalidir.

Tablolar agik ¢ergeveli tercih edilebilir. Tablo yazisi tablonun iist kismina yazilmalidir. Hem
tablo hem de tablo yazis1 sayfanin soluna hizalanmalidir. Tablo yazis1 ile {ist metin arasinda 1
satir bosluk birakilmalidir. Tablo ile alt metin arasinda 1 satir bosluk birakilmalidir. Tablo
yazilar1 tercihen 11 punto ile ya da 10 punto ile yazilmalidir ve tek satir aralig1 secilmelidir.
Tablo yazilarina atifta bulunulmalidir.

Denklem ekleme ihtiyact duyuldugunda denklemler sirasiyla 1°den baslanarak
numaralandirtlmalidir. Denklem paragraftan baglanarak yazilir. Denklem numarasi sag kenara
yerlestirilmelidir. Denklem ile metin arasinda istten ve alttan bir satir bosluk birakilir.
Denklemler resim formatinda olmamalidir. Word denklem diizenleyicisi tercih edilebilir.

3. Bulgular ve Tartisma

Bu boliimde ¢aligma sonucunda elde edilen bulgular verilmelidir. Elde edilen bulgular ile
ilgili literatiir ¢aligmalar1 yapilarak karsilagtirmalar yapilabilir.

4. Sonuclar ve Oneriler

Bu boliimde calismadan elde edilen sonuglar verilmelidir. Okuyucular i¢in Oneriler ve
goriisler belirtilebilir.

Tesekkiir

Bu kisimda c¢alismada yardimlar1 ya da destekleri bulunan kisi veya kisilere ya da kurumlara
tesekkiir edilebilir.

Kaynaklar

Kaynaklar yazar soyadma gore dizini hazirlanmalhidir ve sayfanin sol kenar boslugu
hizasindan baslanarak yazilmalidir. Metin i¢indeki literatiir agiklamalar1 soyadi ve tarih
verilmek suretiyle (Soyadi, 2017), (Soyadi1 ve Soyadi, 2017) seklinde diizenlenmelidir. Tkiden



fazla yazar olmasi durumunda birinci yazardan sonra “ark.” kisaltilmasi yapilmalidir (Soyadi
ve ark., 2017). Birden fazla kaynak belirtilmek istendiginde bunlar noktali virgil ile
ayrilmalidir (Soyadi, 2017; Soyad: ve Soyadi, 2017). Kaynaklar APA formatindan esinlenerek
hazirlanmistir. Asagida 6rnek olabilecek kaynaklar verilmistir.
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10. INTIHAL DENETIMi POLITIKASI

Uluslararas1 Dogu Anadolu Fen Miihendislik ve Tasarim Dergisi (IJEASED) yayn etigi
geregi "Kor Hakemlik Degerlendirme Siireci'nden geg¢mis her caligmanin biitliinliigiinii
korumak adina intihal denetiminden gecirilmesini zorunlu kilar. Bu kapsamda her ¢alismanin
Tiirkce ve Ingilizce niishalari yaymn kurulunun uygun buldugu bir firma tarafindan intihal
denetiminden gegcirilir. Denetim kapsaminda olusan maddi sorumlulular yazar(lar)a aittir.

Intihal denetimi Turnitin, Intihal.net ve iThenticate yazilimlar aracilhigiyla gergeklestirilir.
Her caligmanin yazilimlar aracilifiyla ortaya ¢ikan eslesmeleri derinlemesine incelenerek


http://www.alistapart.com/articles/writeliving
http://www.giresun.edu.tr/

gonderme ve atifi dogru olan eslesmeler ayiklanir. Ayiklama sonucunda kalan eslesmeler
incelenerek hatalar tespit edilir ve yaym kurulu igin raporlastirilir. Yaym kurulu her
caligmanin intihal denetim raporu 1s18inda ¢alisma hakkinda nihai kararini verir. Raporda yer
alan hatalarin yazarlar tarafindan diizeltilmesi istenebilir veya calisma yazarlara iade
edilebilir, “Red” karar1 verilebilir.

11. SORUMLULUK REDDIi

IJEASED - ULUSLARARASI DOGU ANADOLU FEN MUHENDISLIK VE
TASARIM DERGISI kapsaminda yaymlanan biitiin eserlerin “Yiiksekogretim Kurumlari
Bilimsel Arastirma ve Yavin Etigi Yonergesi” hiikiimlerine ve ilgili mevzuata

uygunlugu tamamen __yazarin _sorumlulugundadir. S6z konusu yonetmeligin biitiin
hiikiimleri sakli kalmak tizere 6zellikle:

* Aktif katkis1 olan kisileri yazarlar arasina dahil etmemek,

* Destek alinarak yiiriitiilen arastirmalar sonucu yapilan yayinlarda destek veren kisi, kurum
veya kuruluslar ile bunlarin katkilarini belirtmemek

* Etige aykir eylemlerin gerceklesmesi halinde asil miiellif, zarar goéren veya haklari olumsuz
etkilenen kisi ve kuruluslarin riza gostermesi ilgililerin sorumlulugunu ortadan kaldirmaz.

hususlarinin etik ihlali teskil etmesi nedeniyle yazarlar lisansiistii tezlerinden yaptiklar
yayinlarda, tez ¢alismasinin yapildigi kurum ve tez danismaninin bilgilerine eser kiinyesinde
yer vermek zorundadir.

“Yiiksekogretim Kurumlar: Bilimsel Arastirma ve Yayin Etigi Yonergesi” ve ilgili
mevzuatin hiikiimlerinin ihlalinden dogabilecek biitiin yasal yiikiimliiliikler tamamen
yazarlara aittir.
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