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Mineral Composition of Inbred Confectionary Pumpkin Candidates
from Turkey Originated Populations

Ceknas ERDINC', Musa SEYMEN?Z, Onder TURKMEN?Z, Sali FIDAN?, Mustafa PAKSOY*

ABSTRACT: Turkey is one of the most important countries in the production of confectionary pumpkin. The aim
of the study is to reveal the amount of some mineral elements in seed coat and the seed of confectionary pumpkin
candidates which gathered from different regions of the country and reached in S5 level. In the present study, a
total of twenty-seven pumpkin genotypes which were self-pollinated to the level of S5 and two local population
characterized genotypes were used as plant material. Contents of P, K, Ca, Fe, Mg, Mn, Cu, S and Zn minerals were
determined in the seed coat and seed, separately. Results of the study indicated that the highest content inside of
the seeds as following genotypes; “A14” and “A25” for P, “A14” for K, “B17” and “A8” for Ca, “B33” and “C24”
for Fe, “A14” for Mg, “C30” and “A32” for Mn, “A14” for Cu, “A14” for S and “A14” for Zn. Seed coat produced
the highest content as following; “B14” for P, “A14” for K, “A11” for Ca, “C25” and “B25” for Fe, “A11” for
Mg, Urgiip Sivrisi (population characterized) for Mn, “A33” for Cu, “C18” for S and “A14” for Zn. Consequently,
“A14” was found as the highest content of nutritional compounds.
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Tiirkiye’den Toplanan Popiilasyonlardan Elde Edilen Cerezlik
Kabak Cesit Adaylarinin Mineral Madde Icerikleri

IGDIR ONIVERSITESI

OZET: Tiirkiye, cerezlik kabak iiretiminde en onemli iilkeler arasmdadir. Calismanin amaci, iilkenin farkls
bolgelerinden toplanan ve S5 kademesine ulastirilan ¢erezlik kabak 1slah hatlarinda tohum kabugu ve tohumdaki
bazi mineral maddelerin miktarini ortaya koymaktir. Bu calismada, S5 kademesinde yirmi yedi kabak genotipi ve
genotip olarak karakterize edilmis iki yerel popiilasyon kullanilmigtir. Tohum kabugu ve tohumda P, K, Ca, Fe,
Mg, Mn, Cu, S ve Zn minerallerinin icerigi ayr1 ayr1 belirlenmigtir. Aragtirma sonuglarinda, tohum igerisindeki
en yiiksek mineral madde icerigi P icin “A14” ve “A25”, K icin “A14”, Ca icin “B17” ve “A8”, Fe i¢in “B33”
ve “C24”, Mg i¢in “A14”, Mn i¢in “C30” ve “A32”, Cu i¢in “A14”, S i¢in “A14” ve Zn icin “A14” hatlarinda
belirlenmigtir. Tohum kabugunda ise P i¢cin “B14”, K icin “A14”, Ca i¢in “A11”, Fe i¢in “B25” ve “C25”, Mg icin
“A11”, Mn igin Urgiip Sivrisi (popiilasyon), Cu igin “A33”, S icin “C18” ve Zn icin “A14” hatlarinda en yiiksek
degerler gozlenmistir. Sonug olarak A14 en yiiksek mineral madde igerigine sahip genotip olarak tespit edilmistir.

Anahtar Kelimeler: Genotip, mineral, kalite, tohum bilesimi
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INTRODUCTION

Seeds of many plants are produced for use
in human and animal feeding. Environmentally
(friendly)
considered to be the basis of sustainability in

production techniques, which are
agricultural production, functional food production
to be provided by improving soil characteristics
and increasing nutritional value while intensive
production techniques are applied among the topics
that researchers worldwide are interested in recently
(Krzebietke and Sienkiewicz,2010; Jankowski et al.,
2015; Kahraman, 2017a). It is obvious that seeds are
the materials to increase desired yield and quality in
crop production. Confectionary pumpkin is usually
produced for fruit, as well as their seeds used as a
snack or in human nutrition due to high-quality oil
content (Paris, 2001). Turkey, where biodiversity
and varieties vary widely in genetic variation, is
located within the origin and boundaries of some
cucurbit species, and most of the species of pumpkin
belonging to the Cucurbitaceae family can be grown
easily. While confectionary pumpkin is mostly
consumed as a snack in Turkey, in other countries, it
is widely used in food, medical and cosmetic fields.
The pumpkin has a production value of 41.610 tons
with 61.500 hectares in Turkey. According to the data
obtained, 32.960 tons of this production takes place
in the Central Anatolia region and the cultivation
areas are increasing day by day (Tiiik, 2015). Edible
pumpkin cultivation is not economic especially in
inner regions of Turkey, also lack of problem in
storage and marketing are among the main reasons
why the spread of pumpkin growing in arid and
limited irrigation water conditions (Diizeltir, 2004;
Keskin, 2007; Yavuz et al., 2015).

The pumpkin seed has active ingredients that
protect and cure diseases, as well as nourishing by
the nutrients they contain. For centuries, it has been
traditionally used for the treatment of diseases and
pests such as prostate and parasites. Nowadays, it
is being used increasingly as a modern therapeutic
agent or as a medical preparation.

12

The oil obtained from the pumpkin seeds limits
its use as a food product due to its color, foaming
properties and sharp flavor. However, in Austria,
Slovenia and Romania, it is a commonly used
salad oil (Murkovig¢ et al., 1996). Pumpkin seeds
contain approximately 42-54% fat, and fatty acid
composition depends on factors such as location,
climate and maturity (Murkovi¢ et al., 1999;
Tiirkmen et al., 2015; Seymen et al., 2016).

The composition of amino acids, fatty acids,
minerals and vitamins of pumpkin seeds of different
genotypes varies depending on environmental
conditions.

The determination of these properties, which
are accepted as quality parameters, is important for
the evaluation in food, oil and medicine industry.
Omega-3 (w-3) and omega-6 (w-6) fatty acids are
fatty acids that cannot be synthesized by the human
body and must be taken from the outside. These
compounds, called essential fatty acids, have very
important functions in body metabolism (Murkovig
et al., 1996).

Essential amino acids found in the pumpkin seed
protein are isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, tryptophan and valine.
These amino acids are essential amino acids that
must be taken from the outside for feeding. Pumpkin
seed is very rich in vitamins such as Thiamin (B1),
Riboflavin (B2), Niacin and Folic Acid from water
soluble group B vitamins, and E vitamins from oil
soluble vitamins. Pumpkin seeds also contain other
vitamins such as A, D and K. These vitamins are
a raw material which is used for the enrichment of
medical extracts and increases day by day due to
antioxidant activities.

The pumpkin seed is also rich in mineral content.
Especially P and Mg content are higher than many oil
crops. Pumpkin seeds are also an important source
of Ca, K, Se, Mn, Fe and Zn minerals (Seymen et al.,
2016). The aim of this study is to reveal the amount
of mineral elements in seeds and seed coats of
confectionary pumpkin candidates which gathered
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from different regions of the country and reached
S5 level.

MATERIALS AND METHODS

In the present study, a total of 27 selected
pumpkin genotypes in S5 stage and 2 local
populations which are important in terms of seed
shape, size, color and ease of climbing were used
as plant material. Mineral analyzes were made on
seed coat and seed (inner), separately in dried seeds.
Seeds were sown at 100x50 cm spacing according to
a randomized block design in three replications with
14 seedlings for each plot. Fertilizers were applied
to plants 11 kg da ' P and 4 kg da' N in seedling
planting stage and when fruits were seen 6 kg da', N
was performed two equal amounts in ten days.

Pumpkin seeds were dried and ground until the
weight is constant at 70 °C. About 0.2 g of grounded
pumpkin seed was put into a crucible with 15 ml of
pure NHO, and 2 ml H,0O, (30 % w/v). The sample
was incinerated in a MARS 5 microwave oven at
210 °C. After a digestion treatment, samples were
filtered through a Whatman No 42 filter. The
filtrates were collected in 50-ml flasks and analyzed
by Inductively Coupled Plasma Atomic Emission
Spectrometry (ICP-AES).

Mineral contents of the samples were quantified
against standard solutions of known concentrations
which were analyzed concurrently (Kahraman,
2014).

Instrument: ICP-AES (Varian-Vista Model)

RF power: 0.7-1.5 kW (1.2-1.3 kW for axial)

Plasma gas flow rate (Ar): 10.5-15 1/min.
(radial) 15 1/min‘!. (axial)

Aucxiliary gas flow rate (Ar): 1.5 I/min™.

Viewing height: 5-12 mm

Copy and reading time: 1-5 s (max. 60 s)

Copy time: 3 s (max. 100 s)

The study was conducted with three replications,
and results of the research were analyzed for
statistical significance by analysis of variance
(Piiskiilcii and Ikiz, 1989).

Cilt / Volume: 8, Say1 / Issue: 1,2018

RESULTS AND DISCUSSIONS

In the study, significant differences were found
between some nutrient content in seed coat and the
seed of the 27 selected genotypes at the S5 stage and
2 local populations (Table 1; Table 2).

As a result of the nutrient analysis, the contents
of P,K, Ca, Fe, Mg, Mn, Cu, S and Zn of seeds (inner)
are statistically significant in the confectionary
pumpkin (Table 1).

While P content was highest in the “Al14”
and “A25” genotypes with 3963 and 3888 mg kg
respectively, the “C24” genotype had the lowest value
with 1575 mg kg™'. The highest value in the K content
was obtained from the “A14” genotype with 12102
mg kg!, while the lowest value was obtained from
the “B24” genotype with 3996 mg kg'. The highest
Ca content was obtained from the “B17” and “AS8”
genotypes with 2851 and 2769 mg kg respectively,
and the lowest Ca content was obtained from the
“B20” genotype with 1311 mg kg™'. In the Fe content,
the “B33” and “C24” genotypes gave the highest
values with 227 mg kg and 224 mg kg!, while the
“B20” and “A24” genotypes gave the lowest values
with 70 mg kg' and 65 mg kg, respectively. When
Mg contents were examined, the “Al14” genotype
gave the highest value with 2754 mg kg, while
the “A4” genotype had the lowest value with 1202
mg kg'. When the Mn contents were examined, the
“C30” and “A32” genotypes gave the highest values
with 27.86 mg kg! and 25.82 mg kg!, while the
“A1” genotype had the lowest value with 5.99 mg
kg!'. When the Cu content was examined, the “A14”
genotype gave the highest value with 23.16 mg kg!,
while the “A5” genotype with 10.39 mg kg'gave the
lowest value.

The highest S content was obtained from “A14”
genotype with 1719 mg kg, while the lowest value
was obtained from B24 genotype with 727 mg kg'.
“Al4”
genotype gave the highest value with 29.16 mg kg
!, while the “C24”, “A3” and “A4” genotypes gave
the lowest values with 9.26, 9.22 and 8.99 mg kg
respectively.

When Zn contents were examined, the
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Table 1. Mineral content of the seeds (inner part) of some selected confectionary pumpkin genotypes at S5 stage (mg kg™')

Genotype P K Ca Fe Mg Mn Cu S Zn
Al 2318 b-g 11354ab 1601 j-m 90 e-g 1994b-g  599m  1696c-g 1208b-f 16.52b-e
A3 2340b-g  7415cf 2226b-h 157 b-e 1690d-1  1535d-j 11.68J-L 860 d-h 922¢e
A4 1683 fg  6365d-g 1571k-m  9le-g 12021 124111 1252h-1 777 gh 899e
AS 2273b-g  6862d-g  17661-1 114 c-g 1743 c-1 13.87 f-k 10.391 610 f-h 11.23 de
A7 1935d-g 7734 cf 1866 g-1 100 d-g 1607e-1 125211 1649e-g  921c-h  1241c-e
A8 2437b-g 8736 b-d 2769 a 214 ab 1871b-h  1721c-f 20.70ab  1134b-h 14.61 b-e
A1l 2287b-g  5640e-g 2122 c-1 81 fg 1889b-h 1838 b-d 12.121-1 971c-h 1328 b-e
A 14 3963 a 12102a 1791 h-1 129 c-g 2754a 10291-m 23.16a 1719 a 29.16 a
A18 2898 a-f 6863 d-g 2124 c-1 125¢c-g  2008b-g 1636c-h 1684d-g 1036b-h 1443 b-e
A24 2774 a-g  6690d-g 1513 1Im 65¢g 1734 c1 123211 123111 890d-h 1213 c-e
A25 3888a  8550b-e 2046 d-j 179 a-c 2354 ab 21.80b  1555e-1 1400ab  17.98 b-d
A32 2456 b-g 7644 c-f 2285b-g  132c-g  1925b-h  2582a 1102kl 1204b-f 11.83c-e
A33 2349b-g 5684 d-g 2053 d-1 119c-g  1813b-h  13.08h-1 1836b-e 932c-h  13.87b-e
A34 3499 ab 8400 b-f 2596 ab 132¢c-g  2325a-c  16.65c-g 14.07g-k 1306ac 16.02b-e
B 14 1980 c-g 5724d-g 2312b-f 110d-g 1447 g1 1573d-1 1352g-L  951c-h 1294 Db-e
B 16 2601 b-g 6%15_:0 2230 b-h 141 cf 1821b-h  17.79c-e 1471fj 1056b-h 15.60 b-e
B 17 3240 a-c = 7307 c-f 2851 a 113c-g  2189a-e 19.67bc 1624e-g 1202b-f 1936bc
B 20 3072a-d 7790 c-f 1311 m 70¢g 2031 b-g 15.09d-j 1393 g1 1243b-d 2039D
B 24 2170 b-g 3996 g 1831 h-1 78 fg 1588 f-1 11(1_'113 12.31 11 727 h 14.36 b-e
B 25 2091 c-g 5348 fg 1856 g-1 115c-g 1508 f1  1734c-e 17.87b-f 864d-h 13.14b-e
B33 1970 c-g 7717 cf 2511 a-c 227 a 1696d-1  1441e-k 2034a-d 1036b-h 12.71 b-e
C18 2832 a-g 1?:33 1938 -1 155b-e  2243a-d 887mn 1595e-h 1229b-e 18.17 b-d
C24 1575g  6882d-g 2439 ad 224 a 1342h1 1225j-m  11.68 j-1 750 gh 926¢
C25 2557 b-g 1(2)3;9 1857 g-1 103d-g  2062b-f 1492e-j 1431fk 1109b-h 16.30b-e
C26 3189a-d 8664b-e 2415 a-e 75 fg 2032b-g 1376 g-k 1552e1 1222b-f 18.07 b-d
C27 1766 e-g 6383 d-g 1528 k-m 104 d-g 1515f1  14.69e-k 13.77g-L  775gh 11.89 c-e
C30 3067 a-d  6227d-g 2163 b 160a-d  1974b-g  27.86a 12.60h-1 1143b-g 16.58 b-e
1 3032a-e  7958c-f 1972e-k  106d-g  2075b-f 1520d-j 2043a-c 1319a-c 17.17b-d
2 2375b-g 6544d-g 1557 k-m 80 fg 1619e-1 128011  11.09kl 816 e-h 1145 de
LSD %5 1283 3092 445 67.2 597 342 3.59 416 7.5

*1-Control Population- I (Eskisehir ). 2- Control Population -II (Urgiip sivri)
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As a result of the nutrient analysis, the contents
of P, K, Ca, Fe, Mg, Mn, Cu, S and Zn of seeds
coats are statistically significant in the confectionary
pumpkin (Table 2). When we looked at the P
content, the “B14” genotype gave the highest value
with 14075 mg kg', while the Eskisehir control
population gave the lowest value with 7416 mg
kg!'. The highest K content was obtained from the
“A14” genotype with 9467 mg kg™, while the lowest
value was obtained from the “C27” genotype with
5228 mg kg!'. The highest Ca content was obtained
from the “Al11” genotype with the 688 mg kg,
while the lowest value was obtained from the “A25”
and “C25” genotypes with289mgkg'and 288 mgkg'.
When we look at the Fe contents, the highest value
is obtained from the “B25” and “C25” genotypes
with 2794 and 281.04 mg kg!, while the other
applications are in the same group. When Mg content
was examined, the “A11” genotype gave the highest
value with 3559 mg kg, while the “C27” genotype
gave the lowest value with 2463 mg kg'. When the
content of Mn was examined, Urgiip sivrisi control
population gave the highest value with 44.47 mg kg™!,
while the “A32” genotype gave the lowest value with
20.81 mg kg!.

When Cu contents were examined, the “A33”
genotype gave the highest value with 23.74 mg kg',
while the “B24” and “A34” genotypes gave the lowest
value with 14.01 mg kg'and 13.73 mg kg™'. S content
was highest in the “C18” genotype with 2922 mg kg™!,
the lowest in the “C27” genotype with 1996 mg kg'.
“Al14”
genotype gave the highest value with 61.12 mg kg!,
while the “A34” and “B24” genotypes gave the
lowest values with 27.58 mg kg!' and 27.57 mg kg

When Zn contents were examined, the

respectively.

P content contained in the crust of pumpkin
seeds is higher about three times more than the seed
coat. Phosphorus is especially high in protein-rich
products and has an important place in the diet. It
has been reported that there are high amounts P in
dairy products, dry pulses, pumpkin seeds, nuts and
walnuts (Kacaroglu Vicdan and Giilseven Karabacak,
2014; Kahraman et al., 2015). It has been determined
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that the contents of different genotypes grown in
different regions are different in the study of a
confectionary pumpkin seed in Turkey. In the study,
while the same genotype had the best P content in
all regions, genotypes were found different P value.
Among the genotypes, P content was between 6800
and 17510 mg kg (Ermis, 2010). The reason why
our results are lower than the results of the related
reports is thought to have originated from difference
ecological conditions and genotypes. Some
researchers have reported that changes in mineral
content are affected by genetic, climate, soil and
even the maturation period of seeds (Akwaowo et
al., 2000; Glew et al., 2006). Phosphorus content in
a different study in the hull-less pumpkin seed was
found between 3569-9108 mg kg! (Seymen et al.,
2016). The present results are in line with the results
of Seymen et al., 2016.

Potassium, magnesium, iron, copper and sulfur
contents were similar in seed and seed coat, as well.
Potassium is an element that acts an important role in
the workings of the heart and muscles. Potassium is
high in vegetables and fruits, and it is also known as a
rich source of potash in the pumpkin seed (Kacaroglu
Vicdan and Giilseven Karabacak, 2014). Iron is an
important mineral for hemoglobin and myoglobin in
the body.

It has significant effects protection from fatigue
and disease, as well as on growth and development
(Karadeniz, 2004; Kahraman, 2017b). In a study
conducted in our country, it was found to be potassium
3820-14370 mg kg!, magnesium 4100-7710 mg kg!
and iron 38.90-128.70 mg kg™'. In the study, it was
reported that the contents of phosphorus, potassium
and magnesium are high and iron and zinc are low
in pumpkin seeds (Ermig, 2010). All genotypes are
considered to have higher nutrient content due to
ecological reasons and harvesting time. In another
study, however, K between 2704 and 10332 mg kg
', Mg between 1352 and 3938 mg kg, Fe between
20.41 and 71.50 mg kg!. Cu between 8.18 and 23.49
mg kg! were obtained from pumpkin seeds (Seymen
et al., 2016). The present results are in line with the
results of Seymen et al., 2016.
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Table 2. Mineral content of the seed coat of some selected confectionary pumpkin genotypes at S5 stage (mg kg™')

Genotype P K Ca Fe Mg Mn Cu S Zn
Al 11360 a-f 9071 ab 367 f-1 10534b  3104b-f 2620f-k 15.17h-k 2833 a-c 5495a-c
A3 10416 d-g 8163 a-g 459 b-g 6598b  3009b-g 29.76c-j 1626d-k 2629 a-f 29.15jk
A4 11551 a-f 8180 a-f 295 hi 9727b  3151b-e 3151b-h 1851b-g 2609a-g 5531a-c
AS 10568 d-g 8270 a-f 436 b-h 62.59b  2958c¢c-g 3567b-e 1627d-k 2488b-g 41.00 h-j
A7 10983 b-g 678 g-j 571 ab 79.75b  3048b-g 2391 h-k 1881b-e 2277fh 5726a-c
A8 11223 b-g  7751b-1 441 b-g 86.57b  2940c-g 3838ab 1897b-d 2547a-g 42.18d-1
A1l 12196 a-e 8600 a-d 688 a 90.72 b 3559 a 33.12b-f 1534h-k 2852ab 33.81h-k
Al4 13441 ab 9467 a 328 g-1 7933b  3269a-c 2438h-k 1846b-g 2280 ab 61.12a
A18 10160d-h  6579h-k 411 d- 6395b  2884d-g 2541g-k 19.05b-d 2274fh 39.18fk
A24 10507 d-g 7688b-j  442b-g 77.19b  3027b-g 2829d-k 15.84e-k 2409d-g 32.71 h-k
A25 9389 f-h 7263 d-j 2891 62.31b 2682gh 2641fk 1724c-j 2315e-h 31411k
A 32 9868 e-h 7356 c-j 369 e-1 6559b  2755f-h 2081k  1433jk 2766a-d 36.19 g-k
A33 11930 a-f 6931 f-j 488 b-f 9924b  3274ac 3592b-d 2374a  2697a-e 5744ab
A34 10659 c-g 8311 a-f 353 11 7309b  2880d-g 27.77fk 1373k  2514a-g 2758k
B 14 14075a  8415a-e 556 a-c 72.01b 3118 b-f  30.30c-1  18.64b-f 2761 a-d 52.54a-e
B 16 10289 d-g 7167 e-j 335 g1 5682b  2847e-h 2511g-k 1553g-k 2295e-h 3493 gk
B 17 11006 b-g 7359 c-j 434 b-h 5542b  2911c-g 3043c1 17.14cj 2423d-g 4707 b-g
B 20 9605e-h 6547 1-k 326 g1 69.15b  2910c-g 22.851-k 1534h-k 2211gh 29891k
B 24 10102d-h 7131 e-j 436 b-h 70.12b  2921c-g 2845d-k 1401k  2488b-g 2757k
B 25 10681 c-g 6454 1-k 409 d-1 2794a  2984b-g 2936¢cj 15.77fk 2585a-g 34.82gk
B33 10287 d-g 6350 jk 549 a-d 67.50b  2877d-g 28.19e-k 18.67b-f 2274f-h 42.20d-1
C18 13356 a-c 8938 ab 349 1 88.93 b 3354ab  2849d-j 18.04b-h  2922a  56.88 a-c
C24 11150 b-g 7993 b-g 398 e-1 79.87b 3081 b-f 36.84ac 19.02b-d 2664 a-f 40.75e-]
C25 11868 a-f 8196 a-f 2881 281.04a 3176a-e 3240b-g 20.89ab 2530a-g 49.03 a-f
C26 11959 a-f 7963 b-h 493 b-f 6120b  3240a-d 2224j-k 1883b-e 2853ab 4491c-h
C27 8585 gh 5228 k 397 e11 5394 b 2463h  2434h-k 14791k 1996h  36.13 g-k
C30 11122 b-g 7251 d-j 426 c-1 6750b  2908c-g 3138b-h 1891b-d 2444c-g 4491 c-h
1 7416 h 7185 e-j 375 e—1 6107b  2892c-g  29.61c-j 1733ca1 2550a-g 3949fk
2 12644 a-d 8720 a-c 514 b-e 86.78b  3155b-e 4447a  20.13bc 2622 a-f 5395a-d
LSD %5 2746 1388 144 151 384 7.68 3.00 407 12.48

*#]1- Control Population- I (Eskisehir ). 2- Control Population -II (Urgiip sivri)

When calcium content is taken into account,
pumpkin seeds contain four times more than seed
coats. Ca is a mineral that is essential for human
health. It is important for the development of bones,
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health of teeth and red cells (Karadeniz, 2004). It is
known that pumpkin seed is rich in Ca, Mn and Zn in
the seed coats those two times more than seeds. It has
been reported that the content of Zn in the pumpkin
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seed is between 52.30-130.70 mg kg (Ermis, 2010).
Results obtained from our genotypes are lower and
are thought to be caused by ecological change and
harvesting time. However, in another study, mineral
matter contents were determined between Ca 77-526
mg kg, Mn 12.77-42.04 mg kg, Zn 27.13-83.04 mg
kg (Seymen et al., 2016). The results we obtained
are similar to the work done.

CONCLUSION

Consequently, the confectionary pumpkins in
Turkey are a type of vegetable that is economically
attractive as an alternative to grain products in barren
lands. In the present study, the content of the nutrients in
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Production Potential and Development Opportunities of Pistachio
(Pistacia vera L.) Grown in Southeastern Turkey

Mikdat SIMSEK'

ABSTRACT: Turkey is the homeland of many nuts, such pistachio and walnut, as hazelnut, chestnut, and almond.
Because Anatolia is the gene center of pistachio, the richness of our country on genetic variation of this species
provides facility for achievement in breeding studies in a short period of time. Because this fruit is cultivated on
some regions of Anatolia, it is extremely important to develop cultivars proper for some regions. The world has
1,023.000 tons of total pistachio production. According to 2015 statistics, Turkey has 144.000 tons of total pistachio
production. Considering the total pistachio production by the regions in Turkey, Southeast Anatolia and Aegean
regions rank first and second with 134.481 and 4.197 tons respectively as West Blacksea Region is the last with
a production of 73 tons. In this context, Southeast Anatolia region has 93.39% of Turkey’s pistachio production.
Considering the provinces in Southeastern region, Gaziantep and Sanliurfa rank first and second with 53.109 and
47.848 tons of pistachio productions respectively as Sirnak province comes last with a production of only 43 tons.
In this study, through presenting the existing status of the pistachio production of Southeastern Turkey, it was aimed
to increase the awareness and set light to decision makers for making use of and directing the existing potential in
future plans in Turkey.
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Giineydogu Anadolu’da Yetistirilen Antepfisiginin (Pistacia vera L.)
Uretim Potansiyeli ve Gelistirme Olanaklari

IGDIR ONIVERSITESI

OZET: Tiirkiye findik, kestane ve badem kadar antepfistig1 ceviz anavatamidir. Anadolu antepfistiginin gen merkezi
oldugundan dolayi, iilkemizde bu tiiriin genetik ¢esitliligi lizerindeki zenginligi nedeniyle kisa siirede yetistirme
caligmalarina bagari saglama imkani saglamaktadir. Bu meyve Anadolu’nun bazi bolgelerinde yetistirildigi icin,
baz1 bolgeler icin uygun cesitlerin yetistirilmesi son derece énemlidir. Diinya 1.023.000 ton toplam antepfistigi
iiretimine sahiptir. 2015 istatistiklerine gore Tiirkiye toplam 144.000 ton antepfistig1 liretmektedir. Bolgelerdeki
toplam antepfistig1 liretimi dikkate alindiginda, Giineydogu Anadolu ve Ege bolgeleri sirasiyla 134.481 ve 4.197
ton ile birinci ve ikinci sirada yer alirken, Bat1 Karadeniz Bolgesi 73 ton’luk bir iiretimle son sirada yer almaktadir.
Bu baglamda, Giineydogu Anadolu bolgesi, Tiirkiye nin antepfistig1 iiretiminin % 93.39’una sahiptir. Giineydogu
Anadolu Bolgesi'ndeki iller dikkate alindiginda Gaziantep ve Sanliurfa illeri sirasiyla 53.109 ve 47.848 ton
antepfist1g1 liretimi ile birinci ve ikinci sirada yer alirken Sirnak ili 43 ton’luk bir iiretimle son sirada yer almaktadir.
Bu caligmada, Gilineydogu’nun Tiirkiye’deki antepfistig1 iiretiminin mevcut durumu ortaya konularak, gelecekteki
planmalarda mevcut potansiyelin kullanilmasi ve yonlendirilmesine yonelik bilinglenmeyi artirmak ve karar
vericilere 151k tutulmasi1 amag¢lanmustir.

Anahtar Kelimeler: Antepfistigi, gelistirme olanaklari, Giineydogu Tiirkiye, liretim potansiyeli
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INTRODUCTION

According to archaeological research, It has
been known that many fruit species were grown in
Anatolia a few thousand years ago (Gercekcioglu
et al., 2014; Simsek, 2015; Giilsoy et al., 2016).
In this context, Turkey is the homeland of many
nuts, such as pistachio, walnut, hazelnut, chestnut,
and almond (Sykes, 1975; Soylu, 1984; Koksal,
2002; Akcga, 2009; Giilsoy et al., 2015) Pistachio
nuts are conventionally produced in Turkey (Satil
et al., 2003). The majority of pistachio (Pistacia
vera L.) are grown in the Southeastern Turkey.
Grafted pistachio on wild Pistacia species are
also grown in different regions of Turkey (Kaska,
1995). Therefore, the production of pistachio nuts
in Turkey has increased in recent years.

Pistachio is one of the most popular tree nuts
in the World (Aldars-Garcia et al., 2016). This
fruit is the richest source of heart-healthy fatty-
acids, metals, phytosterols, phenolic and other
compounds, and their consumption has become
increasingly popular over the past decade (Dreher,
2012). Pistachios are served principally as salted
nuts. A large percentage of pistachios are marketed
in the shell for snack food. The food industry uses
pistachios for biscuits, pies, candies, cakes, ice
cream and pistachio butter. It is also used as the
main ingredient of many Turkish desserts. This
fruit contains 16% carbohydrate, 25% protein and
55% oil (Aktas and Polat, 2007).

Turkey has a large potential of fruit species and
their production (Simsek and Kara, 2016; Simsek
and Giilsoy, 2017). Turkey is one of the important
pistachio producing countries with 14.08% of the
world. The world has about 1.023.000 tons of
total pistachio production. The largest producer of
pistachio in the world is Iran with 480.000 tons.

After Iran, USA, Turkey, China and Syria
produce 240.000, 144.000, 80.000 and 57.000 tons
annually, respectively (FAO, 2015). According
to 2015 statistics Turkey has 144.000 tons of
total pistachio production. Considering the total
pistachio production by the regions in Turkey,
Southeast Anatolia and Aegean regions rank first
and second with 134.481 and 4.197 tons of pistachio
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productions respectively as West Blacksea Region
is the last with a production of 73 tons (TSI, 2015).

Pistachio’s wild trees are spread in almost
all parts of Turkey. However, the majority of this
species’ trees are in the Southeastern parts of
the country. Because the ecological conditions
(climate and soil) of this region is quite suitable for
growth of this species’ trees or shrubs. Eventually
this region is the most significant area for pistachio
production although the annual precipitation is
very low, the soils are poor, stony and calcareous,
summers are very hot and dry and the winters are
rather cold. So in a way pistachio trees are grown
in Southeastern Turkey in marginal lands where
no other fruit or even field crops can be grown
economically unless some cultural measures such
as irrigation, fertilization are taken.

In this study, through presenting the existing
status of the pistachio production of Turkey, it was
aimed to increase the awareness and set light to
decision makers in Turkey.

Some Important Pistachio Cultivars in
Southeastern Turkey

Turkey has about twenty pistachio cultivars.
Pistachio cultivars such as ‘Siirt’, ‘Uzun’, ‘Kirmiz1’,
‘Halebi’, ‘Ohadi’, ‘Keten Gémlegi’, ‘Beyaz Ben’,
‘Degirmi, Cakmak’, ‘Sultani’, ‘Vahidi’, ‘Miimtaz’,
‘Sefidi’ and ‘Haci Serif” are grown in Southeastern
region and Anatolia. However, the most popular
pistachio cultivars in both this region and our
country are ‘Siirt’, ‘Kirmizi’ and ‘Uzun’ (TREM,
2013)

Pistachio Production of Southeastern Turkey

Southeastern Turkey has 144.000 tons of total
pistachio production (TSI, 2015). Southeastern
Region has 93.39% of Turkey’s pistachio
production. In this context, this region has 134.481
tons of pistachio production. Pistachio production is
carried out in 40 provinces in Turkey. Considering
the provinces in Southeastern Anatolia Region,
Gaziantep and Sanliurfa rank first and second with
53.109 and 47.848 tons of pistachio productions
respectively as Sirnak province come last with a
production of only 43 tons (TSI, 2015) (Table 1).
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Figure 1. Some Pistachio Cultivars (Anonymus, 2017a).
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Figure 2. Some Pistachio Cultivars (Anonymus, 2017a).

Table 1. Pistachio trees’s numbers and production of southeastern turkey

Area covered Average Number of
. R Production yield Number of . Total number
Provinces by bulk fruit . unfruitful
(tons) per tree fruitful trees of trees
(hectars) 2 trees
(kilogram)

Gaziantep 1.299.203 53.109 3 16.412.510 3.575.368 19.987.878
Adiyaman 254397 15.368 4 4.209.355 862.476 5.071.831
Kilis 59.477 2271 3 713.724 237.908 951.632
Sanliurfa 968.629 47.848 4 12.843.690 4.348.102 17.191.792
Diyarbakir 4384 1.408 10 139.980 78.005 217.985
Mardin 10.021 1.659 9 178.157 138.516 316.673
Batman 20.670 1.654 5 340.335 255.802 596.137
Sirnak 2.493 43 4 10.160 61.777 71.937
Siirt 190.663 11.221 4 2.742.800 1.219.000 3.961.800
Southeastern 2.809.937 134.581 4 37.590.711 10.776.954 | 48.367.665
Turkey
TURKEY 2914.179 144.000 4 40.597.427 11.632.973 52.230.400

Development Opportunities of Pistachio in

Southeastern Turkey

Pistachio producers in Southeastern Turkey need
to develop policies to get the expected profit from

Cilt / Volume: 8, Say1/ Issue: 1,2018

shell nuts together with production plans for domestic
consumption and exports. These producers need to make
regular cultural processes to reduce profit inefficiency.
Authorized institutions need to reform nut subsidy
purchases and subsidy pricing policies. Pistachio yield
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and quality will increase in case of more contribution to
scientific research and will make a positive contribution
to the economy both the nut producers.

The pistachio’s fruits are in the group of risky
products in terms of Alfatoxin. Therefore, the fruit’s
storage conditions should be emphasized. It is necessary
to speed up the breeding works to develop new pistachio
varieties to be suitable for different climatic and soil
conditions. Necessary measures should be taken and
timely and regularly done to prevent diseases and
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INTRODUCTION

In recent years, number sequences such as
Fibonacci, Pell, Lucas etc. play an important role
in many fields of science (Koshy, 2001). Topics

in these sequences has attracted the attention of

several researchers (see (Everest, 2005; Cerin and
Gianella, 2006; Cerin and Gianella, 2007; Falcon
and Plaza, 2007; Bolat and Kose, 2010; Falcon,
2011; Catarino, 2013; Catarino and Vasco, 2013;
Catarino and Vasco, 2013)).

Forn € N and n > 2, the Pell numbers {P, } are defined by the recursive recurrence

PO = 05P1 = 15Pn = 2Pn—1+Pn—2’
the Pell-Lucas numbers {p,}

Po=2,P1 = 2,Pn = 2Ppn-1+ Pn-2-

It is well known that the relationship between {P,} and {p,,}

Pn = B, + P,_;(Horadam, 1971).

k-Pell and k-Lucas numbers which are the
generalizations of Pell and the Pell-Lucas numbers,
their some properties which are studied Binet
formulas, sum formulas, several identities and

generating functions and many applications have

been studies by some authors (Cerin and Gianella,
2006; Cerin and Gianella, 2007; Catarino, 2013;
Catarino and Vasco, 2013; Catarino and Vasco,

2013; Vasco et al., 2015).

For any positive real number k and n > 2, k-Pell numbers, k- Pell-Lucas numbers and

Modified k-Pell numbers are defined by
Pro=0,Pe1 =1 Penyr = 2P + kP p1,
Pko = 2, Pkt = 2, Pin+1 = 2Pk + KDkn-1

ko = L g1 = 1, Qrne1 = 2qkn + kqin-1,

(1
)
A3)

respectively. The relationship between these numbers is presented by

Qkn = Pxn + kPgpn—1 and py, = Z(Pk,n + kPk,n—l) since 2qyn = Prn (Vasco et al,,

2015).
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We now summarize some properties given
for the k-Pell and the k-Pell Lucas numbers

in literature. For more details about these

On the k- Pell Quaternions and the k- Pell-Lucas Quaternions

sequences, see (Catarino, 2013; Catarino and
Vasco, 2013; Catarino and Vasco, 2013; Vasco
et al., 2015).

The characteristic equation of these sequences is 72 — 2r — k = 0. The roots of this

equation are r; =1++vV1+k and r, =1 —+v1+ k. Also, There are the following

identities:

7"1+T2 =2,T1—7"2 =2v1+k,1‘17‘2 = —k.

Binet formula for n-th the k-Pell, the k-Pell-Lucas numbers and Modified k-Pell

n n
r—r

-T2

numbers is Py , =

ri+r

— N n —
5 pk,n =n + Ly and Qk,n -

n
2

, respectively.

Catalan’s identities for the k-Pell numbers and the k-Pell-Lucas numbers are

Pk,n—rpk,n+r

_ Plg,n — (_1)n—r+1kn—rplir’

Prn-rPrn+r — pl%,n = (_k)n_r(pi,r - 4(_k)r)'

The generating functions for these numbers are

X

2-2x

(P %) = e and (Prni ) = 555

There exists closely relationship between the

Modified k-Pell and the k-Pell-Lucas numbers

MATERIALS AND METHODS

The k-Pell quaternions and k-Pell-Lucas
quaternions

The quaternions of the sequences firstly
are introduced by Horadam (Horadam, 1993).
These quaternions have been investigated by
several authors. For example, some relations of
the Fibonacci and Lucas quaternions have been
defined in ( Horadam, 1963; Iyer, 1969; Iyer,
1969; Swamy, 1973; lakin, 1981; Horadam, 1993;

Cilt / Volume: 8, Say1 / Issue: 1,2018

where 2q_= p,, . Thus, we only deal with the

k

k-Pell and the k-Pell-Lucas numbers.

Halici, 2012; Ramirez, 2015), and Pell quaternions
and Pell-Lucas quaternions have been defined and
obtained some properties about these quaternions
in (Cimen and Ipek, 2016; Szynal-Liana and
Wloch, 2016). Paulo have introduced the Modified
Pell, the Modified k-Pell quaternions and their
octions (Catarino P,2016). The researches working
on quaternions of the sequences deal with Binet
formulas, the generating functions and summation

formulas for these quaternions. In this section,
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we introduce the k-Pell quaternions and k-Pell- we obtain some summation formulas for these
Lucas quaternions and in section 3, we give some  quaternions and relationships between these

properties for these quaternions. Furthermore, quaternions.

n -th Pell quaternion and Pell-Lucas quaternion numbers are defined as follow:

QB = Py + iPpy1 + jPryz + RPpys,
QPLy = pn + iPnt1 +jPn+2 + KPnss,
where P, and p,, are n-th Pell and Pell-Lucas numbers (Cimen and ipek, 2016).
In here, there exist the basis i, j, kK which satisfies the following:
i?=j2=k*=ijk=-1andij = k= —ji,ki = j = —ik, jk =i = —Kj.
A quaternion is a  hyper-complex number and is defined by
q =dqo+iqy +jqz + kqs.
q" the conjugate of the quaternion q equal q* = qo — iq; — jq — Kq3.
The conjugates of QP, and QPL,, are defined by, respectively,
QPy = Py — iPpyq = jPryp — KPpys,
QPLy = Pn = iPn+1 = jPn+2 — KPnss-
The norm of QF, and QPL,, are defined by, respectively,
QP.QP; = P? + Pi 1 +P, + Phys,
QPL,QPL;y, = pi + pii1+Diiz + Prss.
The k- Pell quaternion QPy,, is defined by
QPin = Pen + iPen+1 + jPrnv2 + KPrnys,

where Py, is the are n-th k-Pell number for n > 0. The k- Pell-Lucas quaternion

QPLy , is defined by

QPLgy = Pin + iPins1 + JPkns2 + l“<pk,n+3a

where py ,, is the are n-th k-Pell-Lucas number for n = 0.
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RESULTS AND DISCUSSION
Some identities of the k-Pell quaternions
and k-Pell-Lucas quaternions and relationships

between these quaternions

Proposition 1.
. QP{n=2PknQPin — QPinQPin
ii.  QPL}n = 2PknQPLgn+ QPLinQPLyp
iii. QPxn+ QPrp = 2Py
iv.  QPLgyn+ QPLyy = 2Pin
V.  2QPyn+1 + kQPry = QPypyo
vi.  2QPLypy1+ kQPLyy = QPLypyo-

Proof.

On the k- Pell Quaternions and the k- Pell-Lucas Quaternions

In this section, we mainly focus on the
k-Pell and k-Pell-Lucas quaternions to get some
important results. We give some relations about

these quaternions as in the following.

i Qplg,n = Plg,n - Plg,n+1 - Plg,n+2 - Plg,n+3 + Zi(Pk,nPk,n+1) + ijk,npk,n+2 +

2RPI",,nPlR’,,n+3

= ZPk,n(Pk,n + iPk,n+1 +ij,n+2 + kPk,n+3) - Plg,n - Plg,n+1 - Plg,n+2 - Plg,n+3

= 2Pk,nQPk,n - QPk,nQPI:,n

ii. QPgn+QPr, = (Pk,n + iPrns1 T jPrnsz + kPk,n+3) + (Pk,n —iPrns1 —

JPin+2 — KPin+3) = 2Py

V. 2QPgn41 +kQPxy = 2(Pins1 + iPensa + jPin+s + KPinsa) + k(Pin + iPinyr +

ij,n+2 + kPk,n+3) = Pk,n+2 + iPk,n+3 +ij,n+4 + kPk,n+5 = QPk,n+2-

The proofs of the others similarly have been done.

Proposition 2.
. 1
1. QPk,n+1 + kQPk,n = EQPLk,n+1

.. 1
11. QPk,n+1 - QPk,n = EQPLk,n

Cilt / Volume: 8, Say1 / Issue: 1,2018
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iii.  (2k+2)QPgy + QPLin = QPLypsn.
Proof
i.  Since pyrp = 2(Pxyn + kPipn—1), we get
QPyni1 + kQPyxyn = Pypir + iPupiz + jPinss + KPpia + k(P +
iPeps1 + JPinsz + KPipas)-
QPins1 + kQPim = (Pnsr + Picnsz + JPinss + RPines) = 5 QPLinsr.
ii.  Since G = Pgnt+1 — Prn (Horadam, 1971), we get
QPrn+1— QPkn = Prny1 + iPrns2 + jPrn+s + KPenya
~(Pim + iPins1 + jPimsz + RPinsz) = 5 QPLyp.
iii.  From 2(k + 1)Py,, = Prn + kDrn—1 (Vasco et al., 2015) and
Pkn+1 = 2Pkn + KPgn-1, We have
2(k + 1)QPyp + QPLyp, = 2(k + D)(Pyn + iPin+1 + jPin+2 + KPin+3) + Pen +
iDines + JPemrz + KDignes = 20k + DPpy + 1y, + 1 (20k + DPjopsr +
Prensr) ¥ (206 + DPpia + D p) + K(20k + DPrpas +Pppys) =

QPLk,n+1-

In (Catarino, 2016), the author obtained some  the following results. We give the following
properties for the modified k-Pell quaternion. theorem (Catarino, 2016) by adapting our using

Now, as a different approximation we will prove  symbols.

Theorem 1. (Binet’s formula)
Binet’s formula for QPy, and QPL, , respectively, are as the following equations

Pyr{ =Ty

QPyn = and QPLy, = 1 + #1), where # =1+ ir +jrf +kr{ and
fy =1+ir, +jr2 + kr).
Proof

The characteristic equation in (Catarino, 2013) is 72 — 2r — k = 0. Morever, the initial
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On the k- Pell Quaternions and the k- Pell-Lucas Quaternions

values are QPyo = (0,1,2,k +4) and QPy, = (1,2,k + 4,4k +8). Thus, QPy, =
Ar{* + Bry'. Then, we have QPy o = A + B and QPy ; = Ary + Br,. We obtain that

QP —1QPco 1+ +jrf + kif

A
rn—n 2V1+k
B = _QPk,l_TlQPk,O _ _1+iT2 +]T22 +f(7‘23
n—n 2V1+ k
1 : £ .2 3 n : -2 3 n
QPyn = ﬁ((l +ir +jry + k)t — (A +iny + jry + kry)ry )
(@ +iry g + R — (L + iy + )+ ke)ry
n—n

f'l Tln - f'z rzn

T‘l - TZ
Similarly, the initial values are QPLyo = (2,2,2k + 4,6k + 8) and
QPLy1 = (2,2k + 4,6k + 8, 2k? + 16k + 16) for k-Pell-Lucas quaternion. Then, we

have QPL, o = A+ B and QPLy,; = Ar; + Br,. We obtain that

A= QPLy1—12QPLgo _ (ri—12)(1+irg+jri+&rd) _
r-r L4 S ]

1+ ir + jr? + kr,

PLy, —1QPL r, —r)(1 +ir, + jr + krj
_QPLia mmQPLio __ (pmr)U i 4in +K15) e s
H—" rn—-r

B =

and QPLk,TL == 7”\‘17"{1 + f‘zrzn.
Theorem 2. (Catalan’s identity) We have the following equations:

_ A (rr_rr)z _ A A
QPk,n—rQPk,n+r - Qplg,n = (_1)n r+1kn rrlrz m = (_1)71 T+1kn rrlrzplg,r'

QPLk,n—rQPLk,n+r - QPL%c,n = (_1)n—r+1(4 + 4k)kn_r1"‘11"‘2PI€r_

Proof: By using the Binet formula and r;, = —k, we obtain

A - A - A +r A n+r A n A n 2
Pr] T =Pr T (P T =P Prt—Fo1]
QPyn—rQP, - QP ——( -
Nn—r kn+r kn

-T2 r1—T2 -T2

_ e n A (rr_rr)z
— (_1)11 r+1kn T‘rl.r. 12

e | n—‘r+1kn—‘r1¢\. 7 PZ .
2 (rl_rz)z ( ) 17240 k,r

Similarly, we get

Cilt / Volume: 8, Say1 / Issue: 1,2018
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QPLyy—+QPLy iy — QPL?c,n = (Hr "+ fzrzrl_r)(fﬂﬁn” + f'27'2n+r) — (At +
forg)? = ()™ (4 + 4k)K™ TR P PR
Theorem 3. (Cassini’s identity) Forn > 1,
QPin—1QPxns1 — QP = (=1)"k" 177y,
QPLin—1QPLyny1 — QPL, , = (=1)" 1 (4 + 4k)k™ 174 7,.
For r =1 in the above theorem and using the initial conditions of these sequences, we
hold the Cassini’s identity for the k- Pell quaternions and k- Pell-Lucas quaternions.
Theorem 4. If m > n, then we get
QPimQPrn+1 — QPim+1QPin = 12 (k)" Pim—n,
QPLk,mQPLk,n+1 - QPLk,m+1QPLk,n = (_1)n+14_,a1,a2kn(1 + k)Pk,m—n-

Proof

-y m Py m -y n+1 Y n+1 5 m+1 Y m+1 Y n Y n
_ (T —TeT nry T ™ —T27 T 12T,
QPimQPins1 — QP QPrn = ( ) (=) - ( )( )

ri—r - - ri—r

A A n rt o n
= Pt (r)"(r —12) (W)

m-n_.,m-n
= f‘lf'z (_k)TL (‘r1 7'2 )

-T2

= ?1?2 (_k)npk,m—n-

Similarly, the identities QPLynQPLg 41 — QPLims1Q@PLyn = (—1)" 1477, k™(1 +
k) Py ;—n are proved by using Theorem 1 and Theorem 2.
Theorem 5.

QPL%, — QPEn = (3 + 4K)QPZ,, + 4F, 7, (—IO™

Proof

o N 2
QPLZ _ QPZ — (_’f,\. rt 44 _rn)Z _ (rlrfl—rzrzn)
kn kn — \f171 212

r1—T2

(ry=12)2 (FEr2n 42y Por St + 7212 ) =2 4 2y For Pt — 72137

(ry—-12)?

= (3 + 4k)QPZ,, + 47 7 (—k)™.
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On the k- Pell Quaternions and the k- Pell-Lucas Quaternions

Theorem 6. Suppose that the generating function for the k-Pell quaternion

is G(ka,n; X) — Z?lozo QPk,nxn- Then, G(QPk,n; X) _ QPro+QPy1X—2QP) 0X (Catarino,

1-2x—kx?2

2016).
Corollary 1. Let be G(QPk,n; x), H (QPLk,n; x) the generating functions for the k-Pell

and k-Pell-Lucas quaternions, respectively.

x+i+ Q24xk)j+ (4+k+ 2kx)k
1—2x — kx? ’

G(QPk,n; X') =

1—-x+Q+xk)i+ (k+2+xk)j+ (xk(k+2) +3k+4)k

H(QPL"’”; x) =2 1—2x — kx?

Proof: The generating function for {QPk,n}:::O is
G(QPin; x) = QP + QP 1Xx + QP px? + -+ 4 QP ppx™ + +--.
Multiplying both side of equation with 2x and k, we obtain
2XG(QPyn; x) = 2QPyoX + 2QP1x? + 2QP;2x% + -+ + 2QP iy x™ 1 + -,
kx2G(QPyn; x) = kQPyox? + kQPy1x3 + kQPjpx* + -+ + KQPjyx™*2 + -,

And then, adding these equations, we get

(1 = 2x — kx?)G(QPn; x) = QPyo + QPycsX — 2QPyox

QPro + QP 1x — 2QPy ox
1—2x — kx?

G(QPyn;x) =

_x+i+ @2 +xk)j+ (4+k+ 2kx)k
B 1—2x — kx? '

Similarly, we obtain H (QPLk,n ; x) as follows;
H(QPLypn;x) = QPLyo + QPLi1X + QPLy5x? + -+ + QPLj px™ + -
2xH(QPLyn; X) = 2QPLygoX + 2QPLy 1X2 + 2QPLi 3% + - + 2QPLi g x™ 1 + ---
kx?H(QPLyn; X) = kQPLyox? + kQPLi1X? + KQPLypx* + -+ + KQPLy ™2 +...

(1 — 2x — kx*)H(QPLy ;%) = QPLyo + QPLy1x — 2QPLyox

QPLyo + (QPLyx 1 — 2QPLyg)x

H(QPLR’"; x) - 1 —2x — kx?
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x+(1+xk)l+(k+2+xk)]+(xk(k+2)+3k+4)k
1—2x — kx?

H(QPLyyn;x) = 22

Theorem 7. For the k-Pell quaternions QPy, ,, and the k-Pell-Lucas quaternions QPLy ,,,

(—K)™QPrmn+j=QPkmn+m+j+QPkj+(=K) QPym—;
(k)™ -prm+1

(=)™ QP mn+j—QPkmn+m+j+QPk j—(=K)™ QP j_m
(—k)m_pk,m+ 1

, ifj<m;
iz QPimivj =

, otherwise

(=K)™QPLy mn+j=QPLimnama+j+QPLi j—(=K) QPLy m_j
(—k)m_pk,m+1 ’
(=k)™QPLy mn+j—QPLimn+m+jtQ@PLy j—(=K)™ QPLy j—m
(—k)m_pk,m"'l

if j<m
Yico QPLymisj = .
, otherwise

Proof.
n no. mi+ A _mi+ n n
17 g 21, g 1 A ] j
QP mi+j nr rlml - ?Zrz TZml
’ M — T 1\
=0 =0 1 2 2v1l+ k =0 =0
1 . 7,.17717”L+1n 1 . T2mn+m 1
= 171 m —nnn m
2V1+k nt—=1 =1
1 1 mn+m+] m mn+m+j j.m
= ot — T — i+
2V1+k (ryrp)m= (" +r]t )+1( 11 2 11 1172
A A _mn+m+ mn+m+
tir] — o1 N Tt #yrdrm — #,1))
1 1 A _mn+m+j_m A mn+m+j_m
= i T, — 1T T-
2V1+k (—k)m—pk‘m+1( 1 2 272 1
A _mn+m+j A _mn+m+j A _J.m A _J.m ~
T1T1 - 1‘21‘2 ) - (T‘lT‘l rz - 1‘21’2 T1 ) + (7‘17‘1 T2T2 ))

?11”]1 Tgn—?z‘ré rf

_ CR)™QPrmn+j=QPkmn+m+j+QPkj 2Vi+k
(—k)m_pk,m"'l (—k)m_pk,m+1 '

In addition to Pyrdry =ty )l — {_(_k)j QPem—j» if j <m;

2V1Hk (=k)™ QPy j_m, otherwise’

Then,
(—k)mQPk,mn+j—QPk,m:1+m+j+QPk,j+(—k)j QPk,m—j, if j <m;
n o QPk i = (=K) _pk,m+1
= M) (™ QPR mn+j QP QP — ()™ QPy,j .
L AR A Chn, L B2 T otherwise.

(—k)m_pk,m+ 1
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The second part of the proof is found in a similar way.

Corollary 2. For the k-Pell quaternions QP ,,

n
z QP i = (_k)mQPk,mn — QPxmn+m + QPxo + QPxm
i=0 o (_k)m — Pkm +1 ’

n

z 0P, = kQPyn + QPxpy1 — QPro — QPy
-~ kel k+1 '
=

Moreover, for the k-Pell-Lucas quaternions QPLy ,

n
Z QPLy i = (_k)mQPLk,mn - QPLk,mn+m + QPLk,o - QPLk’m
i=0 o (k)™ — Pr,m + 1 ’
n
kQPLk,n + QPLk,n+1 - QPLk,o + QPLk'l
@Flas = k+1 '

i=0

Theorem 8. For n > 0, we obtain the following summation formula:

n
z 0P, = QPLyys1 — 2(QPro + QPy1)
ki = :

i=0

Pk2 — Pk

KQPin+QPjns1—~QPio—QP
Proof. From Corollary 2, we know that Y7, QP; = PintQ k”;:lq ko~ QPhs1,

1
n p, . — kQPn+QPynt1—QPro—QPr1 _ 79PLkn+1—QPro—QPk1
i—OQ ki

k+1 ~(Pk2—Pk1)

_ QPLipn+1—-2(QPro+QPk,1)
Pk2—"Pk1

Theorem 9.

- —1
Z) QP ris = 20+ D) QPLy,
r:

oo

-1
ZO QPLirss = 77 (QPLis + KQPLis 1),
r=
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Proof By using Binet’s formula, we obtain the following equations:

r+s

(9]
_ 7"\‘17‘1 - 7"\‘27‘2
QPk,r+s - r r
17 12

Hre 1 fory 1

Tl—Tzl—T'l T‘l—Tzl—Tz

1 < Furs fors )
2Vi+k\l1-n 1-n
-1

=TT 1 (QPys + kQPys_1)

_ -1
T 2(k+1)

QPLy ;.

The second sum is found in a similar manner.

Theorem 10. Let be G(x) the generating function  function for the k-Pell-Lucas quaternions. Then,
for the k-Pell quaternions and H(x) the generating  there exists in the following equation:

following equation:

2[1+kx+(kx+k+2)i+(k2x+2kx+3k+4)j+(3k2x+4kx+k2+8k+8)k]

2(k + 1)G(x) + H(x) = 1—2x—kx2

Proof.

QPyo + QP 1x — 2QPy ox
G(ka’n; x) - 1—2x — kx?

QPLy o+ QPLy1x — 2QPLy ox
1—2x — kx?

H(QPLyn;x) =

From Proposition 2 (iii) and Proposition 1 (vi), we get

_ QPyo+QP1X—2QPyoX | QPLyo+QPLy1X—2QPLyoX
2k + DG + H(x) = 2(k + 1) ———2—— t 1-2x—kx?

_ QPLk,l + QPLk,Zx - ZQPLk,lx _ QPLk,l + kaPLk,O
B 1—2x — kx? 1 —2x — kx?

2[1+kx+(kx+k+2)i+(k2x+2kx+3k+4)j+(3k2x+4kx+k2+8k+8)k]

20k + 1G(x) + H(x) = —
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Antifungal and Herbicidal Activity of Trachystemon orientalis
(L.) G. Don against Some Plant Pathogenic Fungi and Cuscuta
campestris Yunck”

Abdurrahman ONARAN', Melih YILAR?

ABSTRACT: The antifungal and herbicidal activity of Trachystemon orientalis (L.) G. Don aqueous plant extracts
were evaluated against important plant pathogenic fungi (Sclerotinia sclerotiorum Lib. De Bary, Alternaria solani
(Ellis & G. Martin) Sorauer, Phytophthora infestans (Mont.) de Bary, and Botrytis cinerea Pers.,) and Cuscuta
campestris Yunck. Antifungal activity experiments were conducted under laboratory conditions and herbicidal
activity was tested in the greenhouses. The leaves, root and flowers of aqueous extracts of 7. orientalis at 1, 3,
5,7, 10 and 20% doses were applied on Potato Dextrose Agar (PDA) and tested to plant diseases, and the dose
of 5% of flowers and leaves aqueous extracts of T. orientalis were examined on tobacco (Nicotiana tabacum L.)
and sugar beet (Beta vulgaris L.) against C. campestris. Antifungal activity displayed differences inhibited effects
on mycelium growth of plant pathogenic fungi according to increasing extract dose and plant pathogenic fungi.
The results showed that mycelial growth inhibitions were found effective in all extracts (leaf, flower and root) on S.
sclerotiorum 0 to 100%, on A. solani 21 to 100%, on P. infestans 25 to 100% and, on B. cinerea 0 to 100% depending
on the extract dose. According to herbicidal activity result the development of C. campestris has been reduced by
looking the fresh (in tabocco: 0.3639 g and in sugar beet:0.6749 g) and dry (leaf extracts: in tabacco:0.0675 g and
sugar beet: 0.1546 g; flower extracts: in tobacco 0.3246 g and sugar beet: 0.3421g) weight.
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Keywords: Antifungal activity, Cuscuta campestris, herbicidal activity, plant extract, Trachystemon orientalis.

Baz Bitki Patojeni Funguslar ve Cuscuta campestris Yuanck.’a
Kars1 Trachystemon orientalis (L..) G. Don’un Antifungal ve
Herbisidal Aktivitesi

IGDIR ONIVERSITESI

OZET: Trachystemon orientalis (L.) G. Don bitkisinin su ekstraktlarinn bitki patojeni funguslara (Sclerotinia
sclerotiorum Lib. De Bary, Alternaria solani (Ellis& G. Martin) Sorauer, Phytophthora infestans (Mont.) de Bary,
ve Botrytis cinerea Pers.,) ve Cuscuta campestris Yunck. karg1 antifungal ve herbisidal aktiviteleri belirlenmistir.
Antifungal aktivite denemeleri laboratuvar kosullarinda, herbisit etkinlik denemeleri ise sera kosullarinda
yiirlitiilmiistiir. T. orientalis’in %1,3,5,7, 10 ve 20 dozundaki yaprak, kok ve ¢icek ekstraklarinin bitki patojenlerine
karg1 Patates Dekstroz Agar (PDA) ortami iizerinde antifungal aktivite ¢aligmalar1 yiiriitiilmiigtiir. Herbisidal
aktivite caligsmalarinda ise, C. campestris’e kars1 T. orientalis’in ¢icek ve yaprak ekstraktlarinin %35 dozlar tiitiin
(Nicotiana tabacum L.) ve seker pancari (Beta vulgaris L.) bitkileri iizerinde uygulanmistir. Bitki patojeni funguslar
ve ekstraktlarin doz artigina gore antifungal aktivitelerde farkliliklar gozlemlenmistir. Bu sonuclara gore, ekstraktin
doz miktarina bagl olarak biitiin ekstraktlar i¢in (yaprak, ¢icek ve kok) S. sclerotiorum’da %0-100, A. solani’de
%21-100, P. infestans’da %25-100 ve B. cinerea’da %0-100 arasinda yiizde miselyum gelisim engellemeleri
gozlenmistir. Herbisidal aktivite ¢alismalar1 sonucunda, C. campestris’in kontrol bitkilerine gore taze (tiitiinde;
0.3639 g ve seker pancarinda; 0.6749 g) ve kuru (yaprak ekstrakti:tiitiinde 0.0675 g ve seker pancarinda: 0.1546 g;
cicek ekstrakti: tiitiinde 0.3246 g ve seker pancarinda: 0.3421g) agirliklarina bakilarak gelisimini azalttig1 ortaya
konmustur.

Anahtar kelimeler: Antifungal aktivite, bitki ekstrakti, Cuscuta campestris, herbisidal aktivite, Trachystemon
orientalis.
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INTRODUCTION

Weeds and plant diseases are the important
reasons to yield losses in crop all around the world.
Weeds constitute a problem due to increasing costs
and hosting diseases and pests in competition with
the cultivated plants. Plant diseases cause to be
infection and reduce the quality and production in
agricultural products (Dellavalle et al., 2011; Isik
et al., 2016). Synthetic pesticides are generally
used intensively in the control of weeds and plant
diseases. The extensive use of synthetic pesticides
has brought negative effect on human health and the
environment (Isik et al., 2016). In addition, intensive
pesticide that is used to control weed and plant
diseases bring about resistance problems. For this
reason, alternative methods need to be developed for
pesticides.

Therefore, researchers focus on developing
new bio-pesticide against weed and controling of
plant diseases by using new active molecules such
as seconder metabolites (Onaran et al., 2014; Yilar
and Kadioglu, 2016; Onaran, 2016). Secondary
metabolites are naturally contained in plants and their
effectiveness on diseases and harmful weeds have
been studied by isolating the allelochemicals with
the potential of biological activity from the plants.

Sclerotinia sclerotiorum (Lib.) De Bary is
the causal agent of white mold, which is common
in cucumber in Turkey (Yanar and Onaran, 2011).
Alternaria solani (Ell. and G. Martin) Sorauer and
Phytophthora infestans (Mont.) de Bary cause
intense damage in tomato both in the world and in
our country. A. solani is an early blight agent, is very
common in tomatoes in Turkey (Yazici et al., 2011).
P. infestans is the causal agent of late blight, is an
important fungal disease of tomato worldwide (Soylu
et al., 2006). Botrytis cinerea Pers., causes grey mold
disease in strawberries all around the world (Grabke
et al., 2014).

Cucuscuta campetris Yunck belongs togenus
of Cuscuta (Convolvulaceae) is an obligate parasite
(Dawson et al., 1994). This parasite has a wide range
of host species. It parasites tobacco, sugar beet, some
horticultural crops, legumes and broadleaved weeds

38

(Yuncker, 1932).

L) G.
(Boraginaceae) is known colloquially as kaldirik,

Trachystemon  orientalis Don
fish poison and borage in Turkey, is a perennial plant
at heights of 30-40 cm with rhizome. It can be seen
in the Black Sea Region in Turkey, especially under
beech forests, in different habitats of the Black Sea
Region, in addition to east Bulgaria and the west
Caucasus. It has diuretic, blood cleansing, emollient
and antipyretic effects. It can be used internally as
infusion, and flower buds and leaves are consumed
as vegetables. It contains tannins, essential oils,
nitrate salts, mucilage, saponins and resin (Karagoz
et al., 2002; Akgin et al., 2004). The antioxidant,
antifungal and herbicidal properties of this plant
were determined in previous studies and found to
contain phenolic compounds and flavonoids (Ozen,
2010; Onaran and Yilar, 2012; Ayvaz, 2015).

The purpose of this study was to determine
the effect of T. orientalis on plant pathogenic fungi
(S. sclerotiorum, A. solani, P. infestans, and B.
cinerea), and against Cuscuta campestris, which is
an important parasite of the plants.

MATERIALS AND METHODS
Plant Material

Plant materials were collected from the Saz
Village in the city of Diizce in April 2014. The leaves,
flowers, and roots of the collected plants were dried
at room temperature. The dried plant materials were
passed through the electric grinder. Plant powder
was kept room temperatures in the jar until using the
experiment.

Fungi Cultures

The plant pathogenic fungi (Table 1) were
obtained from the stock cultures in the phytopathology
laboratories of the Plant Protection Department at
Gaziosmanpasa University, Faculty of Agriculture.
Fungus cultures were used in the study after being
developed for seven days at 25+2°C in 60 mm petri
plates, containing 10 ml Potato Dextrose Agar (PDA).

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Antifungal and Herbicidal Activity of Trachystemon orientalis (L.) G. Don against Some Plant

Table 1. Species of fungi used in study

Pathogenic Fungi and Cuscuta campestris Yunck

Plant Pathogens

Isolated Plants

Sclerotinia sclerotiorum (Lib.) de Bary

Cucumber (Cucumis sativus L.)

Alternaria solani (Ell. and G. Martin) Sorauer

Tomato (Solanum lycopersicum L.)

Phytophthora infestans (Mont.) de Bary

Tomato (Solanum lycopersicum L.)

Botrytis cinerea Pers.

Strawberry (Fragaria L.)

Preparation of Extracts

Four hundred grams of each grained plant material
(leaf, flower and root) were weighed and placed in an
Erlenmeyer flask and 1000 ml sterile purified water
(pH:6.5) was added. This solution was left for 24 h on a
shaker at room temperature for extraction. Then it was
filtered through filter paper. The obtained extracts were
filtered with the Millipore mechanism by using 0.45x¢m
membrane paper after being centrifuged for 15 minutes
at 5000 rpm. The obtained solutions were used in the
tests (Onaran and Yilar, 2012).

Weed Cultures

Cuscuta campestris Yunck plants were grown
on sugar beet plants in the greenhouses from
Gaziosmanpasa University (Tokat-Turkey) in 2014.
C. campestris transferred to the new sugar beet and
tobacco seedlings from sugar beet plants (all experiment
pot sizes were 16 (w) x 21 (h) cm). C. campestris was
infected to plants and waited approximately 3-4 weeks
for development (Cakmakct et al., 2006). The same
grown of C. campestris intensity were attentive to use
for experiment.

Herbicidal Activity

The resulting stock solution was adjusted to 10%
dose. The 95 ml stock solution (% 5 dose) was taken,
and added 5 ml of acetone (5% acetone v/v) inside the
taken solution for preparing the application (Onaran

MGI=100 x (dc—dt)+dc
dc: Mycelial growth in control

dt: Mycelial growth in treatment

Statistical Analysis

Data were analyzed statistically using SPSS 16.0
program (SPSS, Chicago, IL). Differences among

Cilt / Volume: 8, Say1 / Issue: 1,2018

and Yilar, 2012). This solution was applied by spraying
methods on sugar beet and tobacco plants, which were
infected by C. campestris. The changes in the plants
were recorded daily. Two weeks after application, C.
campestris was taken on sugar beet and tobacco plants
and then recorded fresh and dry weights (Khaliq et
al., 2013). This experiment was set up 3 replicate and
repeated twice in the greenhouse conditions.

Antifungal Activity

The specific dose of the obtained extracts was
10%. The extracts of 2.5, 7.5, 12.5, 17.5, 25 and 50
ml respectively were added to 250 ml PDA and final
doses were obtained at 1%, 3%, 5%, 7%, 10% and 20%
respectively. These PDAs including different doses
were cooled to 45-50°C, and poured into the 60 mm
petri plates in 10 ml.The mycelium discs (diameter:
Smm) were taken from 7 days old plant fungus cultures
were placed in extract with PDA added. As control,
fungi were added to PDA plate without contained plant
extract. The fungus cultures were left for incubation for
seven days in 25+2°C after inoculation. The changes
in the mycelium growht of the pathogen were started
to record 24 h after inoculation and continued 7 days.
This experiment was set up 4 replicate and repeated
twice (Onaran and Y1ilar, 2012). The growing mycelium
diameters were measured with a digital calliper and
mycelial growth inhibition (MGI) was calculated based
on the following formula (1) (Pandey et al., 1982);

(D

doses and each pathogen were compared with using
DUNCAN Multiple Range Test of p<0.05.
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RESULTS AND DISCUSSIONS

The effect on leaf, flower, and root extracts of Trachystemon orientalis L. on plant pathogenic fungi are

summarized in Table 2.

Table 2. The antifungal activity of flower, leaves, and root extracts of Trachystemon orientalis on mycelium growth of plant pathogens

Plant Parts
Plant pathogens Doses Leaf Flower Root
Mycelium Growth Mycelium Growth Mycelium Growth
(mm) (mm) (mm)
Sclerotinia sclerotiorum Control 60.00'a’+0.00 60.00a+0.00 60.00a+0.00
1% 60.00a+0.00 0.00b+0.00 60.00a+0.00
3% 36.85ab+ 0.80 0.00b+0.00 60.00a+0.00
5% 27.64b+1.99 0.00b+0.00 60.00a+0.00
7% 0.00c+0.00 0.00b+0.00 60.00a+0.00
10% 0.00c+0.00 0.00b+0.00 60.00a+0.00
20% 0.00c+0.00 0.00b+0.00 44 45b+0.65
Alternaria solani Control 53.13a+0.36 53.13a+0.36 53.13a+0.36
1% 32.07b+1.02 28.48b+0.37 43.19b+0.33
3% 19.05¢+0.82 15.33¢+0.78 40.67b+1.82
5% 18.68d+1.16 0.00d+0.00 33.15¢+0.29
7% 0.00e+0.00 0.00d+0.00 32.01c+0.28
10% 0.00e+0.00 0.00d+0.00 31.23¢+0.52
20% 0.00e+0.00 0.00d+0.00 30.83c+1.58
Phtophthora infestans Control 46.19a+0.97 46.19a+0.97 46.19a+0.97
1% 22.85b+0.27 0.00b+0.00 34.58bc+0.78
3% 19.62c¢+0.75 0.00b+0.00 26.86c+1.67
5% 12.45¢+1.80 0.00b+0.00 25.69¢c+0.59
7% 0.00d+0.00 0.00b+0.00 23.30c+1.56
10% 0.00d+0.00 0.00b+0.00 22.76¢+0.35
20% 0.00d+0.00 0.00b+0.00 20.35d+0.54
Botrytis cinerea Control 60a+0.00 60a+0.00 60a+0.00
1% 56.52ab+0.59 52.45b+2.08 60.00a+0.00
3% 55.27ab+0.18 0.00c+0.00 60.00a+0.00
5% 54.97ab+0.58 0.00c+0.00 60.00a+0.00
7% 53.91ab+0.69 0.00c+0.00 48.84b+0.55
10% 52.75ab+2.72 0.00c+0.00 45.72b+1.48
20% 50.45b+0.19 0.00c+0.00 41.60c+0.56

Mycelial growth+ Standard deviation.'Mycelial growth after 7 days (mm). *Different letters represent statistically significant differences among mycelia

growths between treatments according to Duncan’s test (P < 0.05)
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T. orientalis extracts were showed a significant
effect on the inhibition of plant diseases. This effect
has varied depending on the extracts, pathogens and
doses. The flower extract has showed highest effect on
pathogens, this was followed by leaves, and root extract.
Mycelial growth inhibition of S. sclerotiorum, A. solani,
P. infestans and B. cinerea at a rate of 100% according
to the control were affected by the flower extract of
T. orientalis (Figure 1 and 2). Mycelium growth has
negatively affected by the leaves extract of T. orientalis
depending on increasing applied dose. The 20% dose

Pathogenic Fungi and Cuscuta campestris Yunck

of T. orientalis was inhibited mycelium growth of
S. sclerotiorum, A. solani and P. infestans at a rate of
100% but B. cinerea mycelium growth was reduced at
a rate of 16% compared to the control (Figure 1 and 2).
The root extract of T. orientalis showed lower effect on
plant pathogens compared with flower and leaf extracts,
in general. The 20 % dose of T. orientalis root extract
inhibited the mycelium growth of S. sclerotiorum
was 26%; (Figure 1) A. solani was 44%; (Figure 1) P.
infestans was 56%, (Figure 2) and B. cinerea was 31%
(Figure 2) compared with the control.
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Figure 1. Mycelial growth inhibition values Trachystemon orientalis extracts (leaf, flower and root) against Sclerotinia sclerotiorum and

Alternaria solani. Bars show standard deviation
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Figure 2. Mycelial growth inhibition values of Trachystemon orientalis extracts (leaf, flower and root) against Phtophthora infestans and

Botrytis cinerea. Bars show standard deviation
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With this study, herbicidal activity of T. orientalis
was examined. The leaves and flower extracts were
applied against development of C. campestris. During
the experiment, the control plants grew vigorously
and developed normally. The 5 % of leaves and flower
extracts of 7. orientalis was applied by spray on C.
campestris and were obtained significantly reduced the
fresh (control) and dry weight of C. campestris (Figure
3).In addition, after application of extract, C. campestris
was observed brownish colouring. The flower extracts
were found more effective than leave extracts. This
result is similar with antifungal experiment results.
Ozkurt et al., (2007) reported that T. orientalis plant

water extracts inhibited seed germination and seedling
development of Sinapis arvensis L., Agrostemma
githago L., Triticum vulgare L., Lepidium sativum L.,
and Lactuca sativa L. In another study, Hassannejad
and Ghafarbi, (2013) reported that the aqueous extracts
of medicinal plants (Lavandula vera DC., Rosmarinus
officinalis L., Salvia officinalis L., Thymus vulgaris
L., and Melisa officinalis L.) had inhibited effect the
germination percentage of C. campestris and reduced
seedling length of C. campestris. These results have
shown that T. orientalis has herbicidal activity on
weeds. Thus, the use of extracts could be potentially an
effective way of controlling C. campestris.
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Figure 3. Herbicidal effect of Trachystemon orientalis flower and leaf extracts against Cuscuta campestris on the tobacco and sugar beet plants

According to the results of this study, the flower
extracts of T. orientalis was showed the greatest effect,
this was followed by leaf and root extracts respectively.
This difference came from secondary metabolites,
which were possession of different parts of plant contain
different level. Similar result has been reported by many
researchers (Okigbo and Ogbonnaya, 2006; Kanan and
Al-Najar, 2008; Yilar and Kadioglu, 2016). Onaran and
Yilar, (2012) reported that the aqueous flower extract of
T. orientalis showed inhibitory effect against the plant
pathogens (Ascochyta rabiei, Fusarium oxysporum f.sp.
melonis, Fusarium oxysporum f.sp. radicis-lycopersici,
Verticillium dahliae and Rhizoctonia solani). The
flower extract completely inhibited mycelial growth of
A. rabiei, V. dahliae and R. solani in all applied doses.

CONCLUSION

Consequently, Trachystemon orientalis aquatic

extract has demonstrated antifungal activity on

Sclerotinia sclerotiorum, Alternaria solani, Botrytis
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In this study, the extracts of T. orientalis were observed
the different antifungal activity rates against plant
pathogens. The most tolerant plant disease was found
B. cinerea, in contrast S. sclerotiorum was observed
more susceptible against plant extracts. This difference
arises from the structural diversities of pathogens and
effect of the chemical substance mechanisms in plant
extracts (Tiurkiisoy and Onogur, 1998; Kordali et al.,
2009). The previous studies showed that 7. orientalis
plant extracts have antiviral, antioxidant, allelopathic,
and antimicrobial activities (Karag6z et al., 2002; Uzun
et al., 2004; Ozkurt et al., 2007; Ozen, 2010). As result
of this study, T. orientalis has showed herbicidal and
antifungal activities, these results are consistent with
previous studies.

cinerea and Phytophthora infestans plant pathogens,
and has showed herbicidal activity on C. campestris.
From these results, T. orientalis has determined that
could be an alternative to synthetic pesticides against
important plant diseases and weed problems.
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Toxicities of Some Plant Extracts to Adults of European Sunn Pest,
Eurygaster maura L. (Hemiptera: Scutelleridae)’

Fatma Nur ELMA!, Ozdemir ALAOGLU'

ABSTRACT: In this research, toxicities of methanol extracts from the eight plants; Cuminum cyminum L.,
Foeniculum vulgare Miller, Pimpinella anisum L. (Umbelliferae), Lavandula angustifolia Miller, Thymus vulgaris
L. (Lamiaceae), Achillea millefolium L., Artemisia absinthium L. (Asteraceae) and Hypericum perforatum L.
(Hypericaceae), were evaluated under laboratory conditions using two test methods (topical application and
spraying) on adult stage of the European Sunn pest, Eurygaster maura L. (Hemiptera: Scutelleridae), one of the
most important cereal pests. The experiments were conducted in conditions at 26x1°C, 60+10% RH and 16/8 hours
light/dark. Percent mortalities were recorded 24, 48 and 96 h after treatment. The results from the both assays
showed that all of the plant extracts tested had a toxic effect in varying degrees. After 96 h, F. vulgare extract was
the most toxic extract in both tests. After 48 h, the ranking of extracts with regard to toxic effects (LC,, values)
obtained from the both assays was as follows; F. vulgare > L. angustifolia > C. cyminum > A. millefolium > P.
anisum > A. absinthium > T. vulgaris > H. perforatum at the topical, and F. vulgare > C. cyminum > T. vulgaris >
H. perforatum > L. angustifolia > A. absinthium > P. anisum > A. millefolium at the spraying assays. Over all the
results suggest that the plant extracts tested, especially F. vulgare extract, have a potential in the control adults of
E.maura.
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Bitki Ekstraktlarinin Avrupa Siinesi, Eurygaster maura L.
(Hemiptera: Scutelleridae)’min Erginine Toksisitelerinin Belirlenmesi

IGDIR ONIVERSITESI

OZET: Bu calismada, 8 bitki [Cuminum cyminum L., Foeniculum vulgare Miller, Pimpinella anisum L.
(Umbelliferae), Lavandula angustifolia Miller, Thymus vulgaris L. (Lamiaceae), Achillea millefolium L., Artemisia
absinthium L. (Asteraceae) ve Hypericum perforatum L. (Hypericaceae)]’den elde edilen methanol ekstraktlarinin
toksik etkileri laboratuvar kosullarinda iki test yontemi (topikal aplikasyon ve piiskiirtme) kullanilarak en 6nemli
tahil zararlhilarindan biri olan Avrupa siinesi Eurygaster maura L. (Hemiptera: Scutelleridae)’nin ergin donemine
kars1 aragtirilmistir. Denemeler, 28+1°C sicaklik %60+5 orantili nem ve 16/8 aydinlik/ karanlik sartlarinda iklim
odasinda yiiriitiilmiistiir. Uygulamadan 24, 48 ve 96 saat sonra 6liim oranlar1 kaydedilmistir. Her iki testten elde
edilen sonuglar test edilen tiim bitki ekstraktlarinin degisen diizeylerde toksik bir etkiye sahip oldugunu gostermistir.
Uygulamadan 96 saat sonra, F. vulgare ekstrakti her iki testte de en toksik ekstrakt olmustur. Uygulamadan 48
saat sonra LC, degerleri gdz Oniine alinarak toksik etki durumuna gore bitki ekstraktlarinin siralanmasi topikal
uygulamada, F. vulgare > L. angustifolia > C. cyminum > A. millefolium > P. anisum > A. absinthium > T. vulgaris
> H. perforatum seklinde iken, piiskiirtme uygulamasinda F. vulgare > C. cyminum > T. vulgaris > H. perforatum >
L. angustifolia > A. absinthium > P. anisum > A. millefolium seklinde olmustur. Tiim bu sonugclar, test edilen bitki
ekstraktlarinin, ozellikle Fvulgare ekstraktinin, E. maura’nin miicadelesinde kullanilabilecek potansiyele sahip
oldugunu gostermistir.
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INTRODUCTION

Wheat, one of cool climate cereals, is an important
cultivated plant that contributes to the national economy
as well as being an indispensable nutrient in our daily
nutrition. Cereals constitute a major part of the present
cultivated areas in our country. In Turkey, according to the
data for 2016, wheat constitutes 20 600 000 tonnes of 35
281 164 tonnes of cereals produced (TUIK, 2017).

Sunn pest (Hemiptera: Scutelleridae) is among the
most important pests in our country that affect the cereal
production negatively in terms of yield and quality. Among
the species belonging to Eurygaster species, E. integriceps
(Put), E. maura (L) and E. austriaca (Schrk) are the species
that cause a major damage economically (Critchley, 1998;
Kocak ve ark., 2007; Ozkan ve Babaroglu, 2015). Among
them, E. maura is reported to be the sunn pest species that
pervades Central Anatolia (Kocak and Babaroglu, 2005).
Up to the present, sunn pest management in our country
has been carried out by a chemical control considering
the activity of egg parasitoids. Chemical control poses
some risks in terms of environment and human health
with the development of pesticide resistance in pests and
pesticide residues in the crop produced. For the purpose
of its becoming an alternative to chemical pesticides, the
use of extracts obtained from various plants in the pest
management has gained quite an importance in recent
years. While botanical pesticides obtained from plants do
not harm nature because they are present in nature, they
also do not cause environmental pollution by decomposing
in a short time and do not form residues in the product
(EPA, 2016). In this regard, it has been put forward by
many researchers that plants both around the world and in
our country and the compounds obtained from them are
important potential resources in developing insecticides
(Kumral et al., 2010; Soummane et al., 2011; Bashir et
al., 2013; Sagheer et al., 2014; Giidek ve Cetin, 2016).
However, the literature on the effects of plant extracts
on sunn pest is very limited (Zibaee and Bandani, 2009;
2010; Elma, 2014; Elma ve Alaoglu, 2014). In the light of

Table 1. Specific information on the plants used in the study

all this information, when the flora diversity of Turkey is
also taken into consideration, the need to benefit from these
treasures in the most efficient way emerges. Our country
has an important resource in terms of botanical richness
with nearly 3000 endemic plant species (Avci, 2005). In
this regard, the studies carried out with plant extracts should
be sustained and the usability of promising ones in pest
control should be investigated. In this study, it was aimed
to contribute to the studies on developing environmentally
friendly plant-derived insecticides bearing a low risk in
terms of human and environmental health which can be
used in the sunn pest control. In this study, the toxicities of
the methanol extracts of 8 different plants to the adult stage
of European sunn pest were evaluated.

MATERIALS AND METHODS
Insect Material

The adult sunn pests used in the study were collected
from the bottom of the plants and among the leaf waste of
oaks in Karaman-Karadag winter area which is the most
intensive winter area in Konya at the end of April and
May. The adult sunn pests collected were brought to the
laboratory in plastic storage containers on a daily basis
and their adaptation was enabled by making them wait
at room temperature for 24 h and later by sorting out the
dead sunn pests among the overwintered adults the living
ones were taken into cylindrical plastic containers with the
diameters of 20 and 30 cm in height on the sides of which
holes were made for ventilation to feed them in the climate
chambers. Approximately 100 sunn pests and enough
amount of fresh wheat stem for their feeding were placed
in the cultivating containers and by covering them with a
cheese cloth, they were used in the experiments by placing
them in a climate chamber with the temperature of 26+1°C,
60+£10% humidity and 16 h of the light exposure period.
Their nutrition was changed once in 2-3 days.

Plant Material and Extraction

The plant materials used in the present study and
specific information on them are presented in Table 1.

Family Scientific name Plant part used for extraction
Umbelliferae Cuminum cyminum L. Seed

Umbelliferae Pimpinella anisum L. Fruit

Umbelliferae Foeniculum vulgare Miller Seed

Asteraceae Artemisia absinthium L. Leaf

Asteraceae Achillea millefolium L. Flower

Lamiaceae Thymus vulgaris L. Flower

Lamiaceae Lavandula angustifolia Miller Flower

Hypericaceae

Hypericum perforatum L.

Stem and leaf
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For the preparation of the methanol extracts of the
plants used in the study, 50 g of each dried plant material
crumbled by grinding were weighed and transferred into
glass jars and 500 ml of methanol was added to them. The
mouth of the jar was covered with aluminium foil and the
mixture was waited for 7 days at room temperature by
shaking occasionally. At the end of this period, the mixture
was filtered through Whatman (no 1) filter paper. By
evaporating the methanol of the suspensions in the liquid
form obtained with the help of a rotary evaporator, the pure
extracts of the plants were obtained. Later, 40% (w/w)
stock solutions were prepared from the extracts and by
diluting them with 10% acetone (v/v), five concentrations
to be used in the study as 5%, 10%, 20%, 30% and 40%
(w/w) were made ready. The distilled water containing
10% acetone was used as a control.

Toxicity Studies

In determining the toxicities of plant extracts, 2
different methods, topical application and spraying, were
used to the sunn pest adults. In the topical application test,
5 different concentrations prepared from each plant extract
were applied to the sternum of the 3™ thorax segment of
sunn pest adults with the help of a microsyringe as 2 ul for
each concentration (Zibaee and Bandani, 2009).

It was ensured that the insects remained still during the
application by keeping the sunn pest adults at 4°C for 5 min
before the extract application. After the topical application,
20 adult individuals along with fresh-leaved wheat stem
were placed in the plastic containers (18 x 25 cm) over the
cover part of which a transparent cheese cloth was mounted.
The experiments were carried out in the climate chamber
with the temperature of 26+1°C and 60+10% rate. At the
end of 24, 48 and 96 h, the number of the dead and alive
adults was recorded. To be able to distinguish the insects
pretending to be dead, whether they were alive or not was
observed by stimulating the suspected insects with a brush.
The accuracy of the counting was made certain by making
the dead adult individuals that were taken into a separate
container from the trial containers wait for another day.
In the spraying assay, 5 concentrations were prepared and
sprayed over the 20 adults of the pest in each Petri dish with
a spray pressure of 0.8 bar in a way that it would be 2 ml for
each concentration with the help of a spray tower (Burkard
Manufacturing Co. Ltd. Uxbridge, U.K.). Later, treated
adults were transferred to the plastic storage container
including fresh wheat, and then the container was placed in
the climate chamber. In the counts made after 24,48 and 96
h, the dead and alive insects were recorded separately. The
experiments were replicated for three times.

Data Analysis

The data obtained from the both assays with sunn pest
adults were subjected to the probit analysis by using Polo-
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PC packaged software (Le Ora Software, 1994) and the
LC,, and LC,, values (w/w) and the confidence intervals
were determined.

RESULTS AND DISCUSSION

Mortalities of sunn pest adults exposed to the plant
extracts in the topical application are presented in Table 2.
The rate of mortality increased in parallel with the increasing
application time and the increase in the concentration
applied. Twenty-four hours after application, L. angustifolia
extract demonstrated the lowest LC, value with 4.39%.
F. vulgare extract occupied the second place and its LC,
value was 8.18%. At the end of 48 h, the lowest LC,  value
was calculated to be 1.17% in L. angustifolia extract in
topical assays and C. cyminum extract followed it (7.82%).
F. vulgare extract demonstrated high toxicity but its LC,
value could not be calculated. In the study conducted by
Ikeura et al. (2012), they reported that the toxicity of the
ethanol extract of lavender (Lavandula intermedia 1..)
plant in the assays with Myzus persicae Sulzer was weak
yet its repellent effect was stronger. Their results were
different from ours. This could be attributed to different
insect species (afid versus sunn pest), as well as different
plant species, solvent, concentration and time were used
in both studies. Since the contents of the extracts obtained
with different solvents are also different, their effects may
be different from each other even for the same pest. The LC
values were not calculated for F. vulgare extract at the two
highest concentrations because of being 100% mortality in
topical application after 96 h. The same was also valid for
L. angustifolia extract (Table 2). Taking into toxicities of F.
vulgare and L. angustifolia extracts, we can say that these
two plant extracts occupy the first and the second places.
Top (2005) reported that F. vulgare extract caused 100%
mortality in Anopheles superpictus (Diptera: Culicidae)
larvae 2 days after application, and the same extract caused
59.00 and 63.35% mortalities in Culex pipiens (Diptera:
Culicidae) and Aedes aegypti (Diptera: Culicidae) larvae,
respectively, after 3 days. Al Qahtani et al. (2012) reported
that the dry powder extract of F. vulgare had toxic effect
against the adults of Oryzaephilus surinamensis (L.)
(Coleoptera: Silvanidae) and found its LC,; value to be
0.7 mg g'. Although F. vulgare extract contains various
compounds, particularly in the phytochemical analysis
of the methanol extract of F. vulgare seed, terpenoids,
phenolic compounds, flavonoids, saponins, tannins, and
amino acids were determined to be the main and effective
compounds (Manonmani, 2011). There are various studies
on the effects of some of these compounds against various
pests (Kim and Ahn, 2001; Kim et al., 2002; Lee, 2004;
Conti et al., 2010).
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Table 2. LC, and LC, values of the test plant extracts against the adults of E. maura after the topical application

Exposed time (hour)

24 48 96
Pimpinella anisum
LC,, (%) " 16.46 2.12
Lower-upper confidence interval® (11.66-23.22) (0.48-3.95)
LC,, (%) % 30.51 21.38
Lower-upper confidence interval (27.92-37.05) (15.11-38.54)
Slope+SE - 1.02+0.22 1.27+0.28
Thymus vulgaris
LC,, (%) 4248 28.19 9.81
Lower-upper confidence interval (31.14-81.44) (23.72-35.07) (5.60-13.75)
LC,, (%) 73.65 36.21 40.39
Lower-upper confidence interval (68.59-89.03) (35.58-50.67) (26.81-96.28)
Slope+SE 2.11+0.33 2.17+£0.29 2.08+0.27
Cuminum cyminum
LC,, (%) 4223 7.82 0.44
Lower-upper confidence interval (32.93-63.13) (3.02-11.92) (0.00-1.84)
LC,, (%) 76.25 70.98 10.17
Lower-upper confidence interval (65.02-82.09) (37.43-99.1) (3.70-18.49)
Slope+SE 1.83+0.29 1.33+0.24 0.94+0.33

Foeniculum vulgare

LC,, (%) 8.18 sk s
Lower-upper confidence interval (2.10-13.40)
LC,, (%) 51.65 s s
Lower-upper confidence interval (46.59-59.93)
Slope+SE 1.03+0.23 - -
Lavandula angustifolia
LC,, (%) 4.39 1.17 s
Lower-upper confidence interval (0.55-8.01) (0.01-3.27)
LC,, (%) 84.23 39.15 s
Lower-upper confidence interval (39.47-97.08) (22.07-58.98)
Slope+SE 0.99+.023 0.84+0.27
Artemisia absinthium
LC,, (%) 61.09 20.73 4.11
Lower-upper confidence interval (40.44-79.3) (14.38-32.58) (0.66-7.05)
LC,, (%) 89.57 84.88 17.61
Lower-upper confidence interval (45.09-99.20) (47.15-98.13) (11.15-50.23)
Slope+SE 2.60+0.50 2.09+0.28 2.03+0.32
Achillea millefolium
LC,, (%) 4248 13.88 1.27
Lower-upper confidence interval (31.14-81.44) (9.33-19.14) (0.01-3.56)
LC,, (%) 101.01 61.96 52.12
Lower-upper confidence interval (86.60-187.89) (38.25-184.3) (27.48-67.2)
Slope+SE 2.11+0.33 1.97+0.21 0.79+0.25
Hypericum perforatum
LC,, (%) 52.72 29.77 1.78
Lower-upper confidence interval (32.74-74.6) (22.21-51.13) (0.11-3.91)
LC,,(%) 73.33 814 15.11
Lower-upper confidence interval (54.66-76.99) (88.85-118.83) (9.55-30.77)
Slope+SE 1.75+0.31 2.00+0.38 1.38+0.39
n* 300 300 300

*: The assessed LC is very high (The death data obtained are low)
*#%:100% mortality occurred
*:The total number of individuals tested

®: Lower-upper confidence interval (at 95% significance level)
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Table 3. LC, and LC, values of the plant extracts against the adults of E. maura in the spraying assays

Exposed time (h)
24 48 96
Pimpinella anisum
LC,, (%) ¥ ¥ 2298
Lower-upper confidence interval® (17.62-31.52)
LC,, (%) * ¥ 46.50
Lower-upper confidence interval (43.25-50.53)
Slope+SE - - 1.75+0.27
Thymus vulgaris
LC,, (%) 51.55 32.82 11.11
Lower-upper confidence interval (35.31-78.5) (22.85-68.66) (5.40-16.78)
LC,, (%) 107.23 86.70 65.37
Lower-upper confidence interval (81.67-168.94) (75.78-109.89) (35.90-83.89)
Slope+SE 2.28+0.40 1.63+0.27 1.66+0.24
Cuminum cyminum
LC,, (%) 61.10 30.15 948
Lower-upper confidence interval (37.14-97.3) (20.05-72.97) (3.80-14.75)
LC,, (%) 111.01 78.01 35.06
Lower-upper confidence interval (98.25-159.01) (73.68-89.02) (21.31-78.02)
Slope+SE 1.97+0.35 1.59+0.25 2.25+0.27
Foeniculum vulgare

LC,, (%) 35.10 20.14 991
Lower-upper confidence interval (27.52-51.11) (14.45-30.37) (6.97-12.67)
LC,, (%) 56.22 34.28 66.77
Lower-upper confidence interval (52.67-72.23) (31.38-49.35) (44 .48-89.40)
Slope+SE 1.64+0.26 1.20+0.23 1.54+0.25

Lavandula angustifolia
LC,, (%) * 78.13 23.31
Lower-upper confidence interval (41.06-96.01) (16.55-36.95)
LC,, (%) * 129.02 60.39
Lower-upper confidence interval (98.90-160.09) (52.29-7741)
Slope+SE - 1.29+0.28 1.28+0.24

Artemisia absinthium
LC,, (%) * * 11.35
Lower-upper confidence interval (3.97-19.01)
LC,, (%) * * 50.47
Lower-upper confidence interval (45.83-56.93)
Slope+SE - - 0.71+0.29
Achillea millefolium

LC,, (%) * * 24 .81
Lower-upper confidence interval (18.64-38.10)
LC,, (%) * * 104.05
Lower-upper confidence interval (79.32-136.29)
Slope:SE - - 1.32+0.27

Hypericum perforatum
LC,, (%) * 68.68 26.38
Lower-upper confidence interval (37.12-88.17) (18.40-51.32)
LC,, (%) * 98.91 53.58
Lower-upper confidence interval (90.01-118.67) (51.09-86.57)
Slope+SE - 0.79+0.24 1.04+0.26
n? 300 300 300

*: The assessed LC is very high (The death data obtained are low)

2 : The total number of individuals tested

°: Lower-upper confidence interval (at 95% significance level)
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The LC values of the test plant extracts against
the adults of European sunn pest and their confidence
intervals obtained from the spraying application are
presented in Table 3. It was also observed that the
mortality rate increased depending on the increasing
application time in the spraying application similarly
to the topical application. When the mortalities caused
by the plant extracts applied with the spraying method
24 h after application were taken into consideration,
F. vulgare extract demonstrated the lowest LC, value
with 35.10% and T. vulgaris and C. cyminum followed
this with 51.55% and 61.10%, respectively.

At the end of 48 h, F. vulgare extract again
demonstrated the lowest LC, value with 20.14% value
and this was followed by C. cyminum and T. vulgaris
extracts, respectively (30.15%; 32.82%). At the end of
96 h, differently from other application times, the lowest
LC,, value was observed in C. cyminum with 9.48%
and F. vulgare extract followed this with the value of
9.91%. According to the results of the test carried out
by Tas et al. (2015) to determine the contact effect of
the methanol extracts of 4 different plant species on the
adults of Callosobruchus maculatus (F.) (Coleoptera:
Bruchidae) by using the topical application method,
the highest mortality ratio was 98.21% in the 16%
concentration of C. cyminum extract at the end of 48 h.
Although the insect species tested are different, there
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Dicle Nehri’nden Toplanan Unio mancus ve Anodonta anatina
Tiirlerinde Agir Metal Birikiminin Arastirilmasi

Cigdem KAYMAK ABAY'

OZET

Bu ¢alismada, Dicle Nehri’nden 2013-2014 yillar1 arasinda toplanan Unio mancus ve Anodonta anatina tiirlerinin
i¢c organ kitlesinde Cu, Ni, Co, Zn, Cd ve Pb’nun birikim diizeyinin tespit edilmesi amaclanmistir. Bu amagla
belirlenen ii¢ istasyondan alinan 90 adet midye 6rneginde agir metal analizi ICP-OES ile yapilmistir. Unio mancus
tiirtinde dlciilen agir metal konsantrasyonlar1 Zn (94.2 ppm)> Cu (31.66 ppm)> Ni (14.10 ppm)> Pb (5.72 ppm)>
Co (2.51 ppm) olmak iizere en yiiksek degerlerin (Zn hari¢) I. istasyonda oldugu goriilmiistiir. Zn metalinin en
yiiksek degeri ise II. istasyonda 107.86 ppm olarak ol¢iilmiistiir. Anodonta anatina tiiriinde 1. ve II. istasyonda
konsantrasyonlar Zn> Cu> Ni> Pb> Co, III. istasyonda ise Zn> Ni> Cu> Pb> Co olarak olciilmiistiir. Cu (23.75
ppm),Ni (16.06 ppm), Co (3.05 ppm), Pb (3.84 ppm) metallerinin en yiiksek degerleri L. istasyonda,Zn (117.68 ppm)
metalinin ise en yiiksek degeri I1I. istasyonda olciilmiistiir. Istatistik hesabi ANOVA-Tukey testi ile yapilmis ve agir
metal konsantrasyonlari Unio mancus tiiriinde Cu (F=74.238; P=0.000), Ni (F=39.584; P=0.000), Co (F=13.738;
P=0.000); Anodonta anatina tiiriinde ise Cu (F=35.369; P=0.000), Ni (F=20.107; P=0.000), Co (F=6.777; P=0.004),
Zn (F=16.298; P=0.000) ve Pb (F=16.347; P=0.000) seklinde anlamli bulunmustur (p<0. 05). Calismamizda elde
edilen agir metal diizeyleri iilkemizde cift kabuklu yumusakcalarda Tiirk Gida Kodeksi Bulaganlar Yonetmeligi'ne
(2011) gore kabul edilir degerlerin iizerinde, EPA ve FAO’ya gore belirlenen sinir degerlerin ise altinda oldugu
gorilmiigtiir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Anahtar Kelimeler: Agir metal, Anodonta anatina, Dicle Nehri, Unio mancus

Investigation of Heavy Metal Accumulation in Unio mancus
and Anodonta anatina Species Obtained from the Tigris River

ABSTRACT

IGDIR ONIVERSITESI

In this study, it was aimed that to determine the accumulation levels of Cu, Ni, Co, Zn, Cd and Pb in the Unio
mancus and Anodonta anatina species visceral mass which collected from Tigris River between 2013-2014. For
this reason, heavy metal analysis of 90 mussels samples which taken from three stations were carry out by ICP-
OES. Heavy metal concentrations were measured in the Unio mancus species Zn (94.2 ppm)> Cu (31.66 ppm)>
Ni (14.10 ppm)> Pb (5.72 ppm)> Co (2.51 ppm) maximum value (except Zn) was found in the first station. The
highest value of Zn was measured in II. station as 107.86 ppm. In Anodonta anatina species the concentration of
Zn> Cu> Ni> Pb> Co at I. and II. station; and Zn> Ni> Cu> Pb> Co at III. station were measured. The highest
values of Cu (23.75 ppm), Ni (16.06 ppm), Co (3.05 ppm) and Pb (3.84 ppm) were measured in the I. station ; the
highest values of Zn (117.68 ppm) was measured in the III. station. Statistical calculations made with ANOVA-
Tukey test and heavy metal concentrations were found significant of Cu (F=74.238; P=0.000), Ni (F=39.584;
P=0.000), Co (F=13.738; P=0.000) in Unio mancus species; in Anodonta anatina species, Cu (F=35.369; P=0.000),
Ni (F=20.107; P=0.000), Co (F=6.777; P=0.004), Zn (F=16.298; P=0.000) and Pb (F=16.347; P=0.000) (p <0.05).
The heavy metal levels obtained from the present study, are higher than the accepted values according to Turkish
Food Codex Contaminants Regulation (2011) and below the limit values determined according to EPA and FAO
in bivalve.

Keywords: Heavy metal, Anodonta anatina, Tigris River, Unio mancus
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Cigdem KAYMAK ABAY

GIRIS

Kentsel yagamin baglamasi ile ortaya cikan ve
endiistrinin gelismesiyle artmayabaglayan ¢evrekirliligi
etkisini en ¢ok sucul sistemlerde gostermektedir (Sartor
et al, 1974; Kaya ve ark., 1998). Ulkemizde giderek
artan problemlerin baginda da agir metal iyonlarindan
kaynaklanan su kirliligi gelmektedir (Karadede and
Unlii, 2000; Cavusoglu ve ark.,2007). Sucul ortamlarin
kirlenmesiyle bu ortamda yasayan canli organizmalarda
agir metal birikebilmektedir. Bu metallerin canlilar
tizerinde meydana getirdigi degisimlere yOnelik
caligmalar artig gostermektedir (Saglamtimur et al.,
2003; Farkas et al.,2003; Canli and Atl1,2003; Canpolat
and Calta, 2003; Karadede et al., 2004; Guevara et al.,
2004; Kalay et al., 2004; Argese et al., 2005; Yilmaz,
2006; Demirak et al., 2006; Kir et al., 2006; Tekin-
Ozan and Kir, 2006; Velcheva, 2006). Dolayisiyla sucul
ortamlarda yasayan canlilar metal kirliligini géstermesi
acisindan indikator tiirler olarak degerlendirilmektedir.
Bentik organizma olan midyeler sularda bol miktarda
bulunmalari, metalleri yiiksek yogunluklarda biriktirip
bunlari uzun bir siire biinyelerinde tutmalarindan
dolayi, sularda kirliligi yansitan biyolojik indikatorlerin

%

basinda gelir (Uzunoren, 1987; Uzun, 1993; Sentiirk,
1993; Naimo, 1995; Oktener, 2004 Taylan ve Ozkog,
2007; Grabarkiewicz and Davis, 2008; Hongyi et al.,
2009; Mendil et al., 2010). Calismamizda, dogal ve
antropojenik cevresel faktorlerin etkisi altinda kalan
Dicle Nehri’nin belirlenen ii¢ istasyonundan belli
araliklarla alinan Unio mancus (Lamarck, 1819),
Anodonta anatina (Linnaeus, 1758) tiirlerinde Cu,
Ni, Co, Zn, Cd ve Pb gibi agir metallerin birikim
diizeylerinin belirlenmesi amag¢lanmistir. Lokaliteler
arasinda elde ettigimiz degerler istatistiksel olarak
karsilagtirilip hangi bolgenin daha fazla kirlenmeye
maruz kaldig1 belirlenmeye caligilmigtir.

MATERYAL VE YONTEM

Eyliil 2013’te baglamis olan arazi ¢caligmalar1 2014
Eyliil ayna kadar diizenli araliklarla siirdiiriilmistiir.
Calisma Dicle Nehri iizerinde belirlenen ii¢ istasyon
iizerinde  gergeklestirilmistir. =~ Bu  istasyonlar
belirlenirken nehrin ¢evresinde yerlesim yeri ve tarim
alanlarmin oldugu yerler dikkate alinarak ornekler
almmistir. Calisma alaninin  haritas1  Sekil 1’de
verilmisgtir.

Sekil 1. Dicle Nehri iizerinde 6rnekleme yapilan istasyonlar

Istasyonlardan alinan midye ©Ornekleri tiir
seviyesinde teshis ve sayimlar1 yapilarak ayri ayri
posetlere konulmus ve icinde buz kaliplarinin

bulundugu dikdortgen sekilli iistten blok kapakli 30

54

L hacimli termoslarla aym giin i¢inde laboratuara
getirilmigtir. Bir¢ok calismada Unio mancus (Lamarck,
1819) tiirli Unio elongatulus (Pfeiffer, 1825) olarak,
Anodonta anatina (Linneaus,1758) tiirii de Anodonta
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piscinalis (Nilsson, 1823) olarak kabul edilmektedir.
Bu tiirlerin bilimsel adi iizerindeki tartismalar
stirmektedir (Lopes-Lima et al., 2016). Calismamizda
bu tiirleri Unio mancus ve Anodonta anatina olarak
ele aldik. Oncelikle Unio mancus ve Anodonta anatina
orneklerine ait uzunluk dl¢timleri bir kumpas yardimi ile
almmustir. Total agirliklari ise 0.001 g hassasiyetli dijital
elektronik terazi ile ol¢iilmiistiir. Her istasyondan yag ve
agirliklar1 birbirine yakin olan 15 er adet midye 6rnegi
analize hazirlanmistir. Midyelerin kabuklar1 bir pens
yardimiyla agilarak i¢ organ kitlesi dikkatli bir bicimde
alinarak dissekte edilmistir. 0.001 g hassasiyetli dijital
elektronik terazi ile darasi alinmig 1sidan etkilenmeyen
polietilenli steril kaplara aktarilan numunelerin yag
agirliklar: Ol¢iilmiistiir. Baget yardimiyla homojen hale
getirilen Ornekler etiivde yaklagik 80-85 °C’de 72 saat
bekletilerek kurumalari saglanmistir. Sabit kuru agirhiga
getirilen Orneklerin kuru agirliklari tartilmis, kayip
olmamas1 i¢in bulundugu kap icerisinde doviilerek
tamamen homojenize edilmistir. Tekrar sabit kuruluga
gelmesi i¢in etiivde 1 saat bekletilmis ve analiz islemine
kadar nem kapmalarin1 6nlemek amaciyla vakumlu
posetlerde bekletilmistir. Analiz islemine baglamadan
once midye tiirlerinin asit egliginde parcalanmasini
saglamak amaciyla Berghof marka Speedwave MWS-3+
Mikrodalga ¢Oziiniirlestirme cihazi  kullanilmigtir.
Numunelerde bulunan metal konsantrasyonlarini
O0lcmek amaciyla da Perkin Elmer Optima 2100 DV
markali ICP-OES cihazi kullanilmigtir.

Coziiniirlestirme  iglemi icin hassas terazi
yardimiyla biitiin numunelerden yaklasik 0.1-0.2
g alinarak mikrodalga coziiniirlestirme tiiplerine
yerlestirilmigtir. Her bir tiipiin iizerine 5 ml HNO, ve 1
ml H,0O, ilave edilmig, buhar ve gaz ¢ikiginin saglanmasi
amaciyla ceker ocakta bir siire bekletilmigtir. I¢inde
numunelerin bulundugu 12 adet tiip mikrodalga firinina
yerlestirilerek coziiniirlestirme iglemi baglatilmigtir.
Mikrodalga firininda 40 dk c¢oziiniirlestirme iglemi
yapildiktan sonra cihazdan c¢ikarilan tiiplerin oda
sicakliginda sogumalari saglanmistir. Soguyan tiiplerin
kapaklar1 agilmig, tiiplerdeki ¢ozelti filtre edilerek
falkon tiiplerine aktarilmis ve ¢6zelti miktari ultra saf su
ile seyreltilerek 15 mL’ye tamamlanmistir. Cu, Ni, Co,
Cd, Pb agir metalleri icin 0.025, 0.05,0.1,0.3,0.5, 1,
1.5 ppm konsantrasyonlarda, Zn metali i¢cin 0.5, 1, 1.5,
2, 2.5 ppm standartlarda ¢ozeltiler hazirlanmigtir. Bu
standartlar 1 000 ppm’lik stok ¢ozeltiden seyreltmeler
yoluyla hazirlanmigtir. Sonuglar kuru agirlik iizerinden
mg kg olarak hesaplanmigtir.

BULGULAR VE TARTISMA

Midye tiirlerinde yaptigimiz ¢oziiniirlestirme ve
analiz sonuglarinin dogrulugundan emin olabilmek icin
standart referans materyal olarak NRC-CNRC DOLT-
3 kullanilmig ve sonuglar Cizelge 1’de verilmistir. En
yiiksek uyumluluk % 109 ile Zn da, en diisiik uyumluluk
ise % 83 ile Cd metalinde Sl¢iilmiistiir.

Cizelge 1. NRC-CNRC DOLT-3 standart referans materyal ile 6l¢iilen degerler

Metaller Referans Degerler (mg kg?) Ol(;ii(llenl;]l)(;gl()erler Uyumluluk (%)
Cu 31210 30.53+0.22 97
Ni 2.72 £0.35 2.42+0.007 89
Zn 86.6 2.4 94.4+1.05 109
Cd 194+0.6 16.25+0.19 83

Caligilan istasyonlardan aliman Unio mancus
tiriinde Olclilen agir metal konsantrasyonlarinin
degisimi (ortalama deger, standart sapma, minimum-
maksimum degerleri ile istatistiksel farkliliklari)
Cizelge 2’de, bolgeler arasindaki ortalama metal
konsantrasyonlarinin degisim grafikleri ise Sekil 2°de
verilmistir. Unio mancus tiirlinde istasyonlar arasinda
agir metal birikim oranlart degerlendirildiginde Cu,
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Co ve Pb metalleri I> II> III; Ni metali I> III> II;
Zn metali ise II> III> I olarak ol¢tilmiistiir. Cu, Ni ve
Co metallerinde istasyonlar arasinda Cu (F=74.238;
P=0.000), Ni (F=39.584; P=0.000), Co (F=13.738;
P=0.000) seklinde anlamli bir farklilik oldugu (p<0.05);
Zn ve Pb metalinde anlamli bir sekilde farklilik olmadigi
goriilmiistiir (p>0.05).
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Cizelge 2. Unio mancus tiiriinde Olgiilen agir metal konsantrasyonlarinin istasyonlara gore degigimi (Ortalama deger+Standart sapma,
Minimum-Maksimum degerleri ile istatistiksel farkliliklar)

N istasyonlar Cu Ni Co Zn Cd Pb

15 1. istasyon 31.66+9.342 14.10+£3.18* 2.51+0.6* 94.20+18.25° ALA 5.72+2.322
2 (Diyarbakir) | (19.14-49.6) (9.27-19.9) (1.18-3.6) (70.95-136.5) (4.03-12.7)
O
§ 15 II. istasyon 12.07+3.71° 6.22+2.68° 1.5+0.73° 107.86+39.41° ALA 5.16x4.31°
S (Bismil) (6.5-17.78) (3.77-14.2) (0.93-3.1) (63.61-202.5) (2.38-17.5)
s
<) .

15 III. Istasyon | 6.41+2.32¢ 7.29+1.84° 1.4+0.28° 103.4+38.27% ALA 3.92+2.392

(Hasankeyf) | (3.55-10.16) (4.49-10.7) (1.08-1.9) (64.34-182.6) (1.92-11.5)

N: Caligilan tiir say1st

Unio mancus tiiriinde ayni siitundaki farkli harfler farkin istatistiksel olarak 6nemli oldugunu ifade etmektedir (p<0.05). a, b, ¢ harfleri istasyonlar arasindaki

farklilig1 gosterir

ALA: Olgiimler ICP-OES’in analiz limitinin altindadir. Cd igin bu deger 0.012 mg L olarak 6lgiilmiistiir
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Sekil 2. Unio mancus tiirtinde 6l¢iilen agir metal konsantrasyonlarinin istasyonlara gére degisim grafigi

Karadede (2002) Dicle Nehri'nde Unio
elongatulus tiirii iizerinde yapmis oldugu calismada
konsantrasyonlart Cu: 443, Zn: 9.24, Ni: 0.67 ng
g' seklinde bulmustur. Yarsan ve ark. (2000) Van
Golii’'nden toplanan Unio stevenianus Krynicki
orneklerinde agir metal diizeylerini belirlemek amaciyla
yaptiklar1 calismada analiz edilen biitiin midyelerde
Pb: 1.43+0.81 ppm, Cd: 0.09+£0.02 ppm, Cu: 5.83+0.73
ppm, Zn: 15.93+3.26 ppm olarak tespit etmislerdir.
Sahin ve ark. (2016) Karakaya Baraj Golii'nde Unio

elongatulus eucirrus tiirlinde agir metal diizeylerinin
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belirlenmesi i¢in biri referans olarak secilen Arguvan,
digeri kirlilige maruz kalan Battalgazi olmak iizere iki
farkl1 istasyon belirlemislerdir. Elde ettikleri verilere
gore, midyelerin kas dokusunda agir metallerin
derisim diizeyleri sirasiyla Arguvan bolgesinde Cd
(0.146)> Pb (0.089)> Ni (2.67)> Zn (1.13)> Cu (0.22),
Battalgazi bolgesinde Cd (0.136)> Pb (0.062)> Co
(0.68)> Ni (2.31)> Cu (0.96)> Zn (0.34) ppm olarak
tespit etmiglerdir. Yilmaz (2011) Dipsiz Cine Cayi’nda
Unio crassus tiiriiniin kas, manto ve solungaglarinda
total metal konsantrasyonunu ppm olarak Zn (24.24)>
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Ni (1.32)> Cu (0.72)> Pb (0.29)> Cd (0.23) seklinde
Olcmiiglerdir. Tiim bu caligmalarda da goriildiigii gibi
Unio cinsi midyelerde olciilen agir metal degerleri
calismamiza gore daha diisiik konsantrasyonlardadir.

Anodonta anatina tiiriinde Olgiilen agir metal
konsantrasyonlarmmin  degisimi  (ortalama  deger,
standart sapma, minimum-maksimum degerleri ile
istatistiksel farkliliklar1) Cizelge 3’te, istasyonlar
arasindaki  ortalama metal konsantrasyonlarinin
degisim grafikleri ise Sekil 3’te verilmistir. Anodonta

anatina tlirlinde istasyonlar arasinda agir metal
birikimi degerlendirildiginde Cu ve Ni konsantrasyonu
I> II> II; Co konsantrasyonu I> III> II; Zn
konsantrasyonu III> II> I; Pb konsantrasyonu ise
II> I> I olarak ol¢iilmiistiir. Cu, Ni, Co, Zn ve Pb
konsantrasyonlarinda  istatistiksel =~ olarak  Onemli
bir farka sahip oldugu goriilmiistir (p<0.05). Cu
(F=35.369; P=0.000), Ni (F=20.107; P=0.000), Co
(F=6.777;, P=0.004), Zn (F=16.298; P=0.000) ve Pb

(F=16.347; P=0.000) seklinde anlamli bulunmustur.

Cizelge 3. Anodonta anatina tiiriinde 6lgiilen agir metal konsantrasyonlarinin istasyonlara gére degisimi (Ortalama deger+Standart sapma,

Minimum-Maksimum degerleri ile istatistiksel farkliliklart)

N=15 | istasyonlar Cu Ni Co Zn Cd Pb

< I. istasyon 23.75£9.60° | 16.06+5.68 3.05%1.22° 66.29£1044* | 3.84x1"

£ (Diyarbakir) (12.7-52.1) (8.85-29.3) (1.26-5.96) (53.19-90.53) (2.25-5.7)

S

<

N 1. istasyon 12524278 | 10.23£2.94° 1.67+0.67° 102.05£29.44" | /| 633193

g (Bismil) (5.98-16.6) (5.64-15.6) (0.64-2.92) (65.42-181.8) (3.45-10)

=

§ I11. istasyon 5.542.78¢ 5.46+4.69° 2.35+1.69% 117.68+30.65" | ., | 342x143
(Hasankeyf) (2.18-10.4) (1.99-21.2) (1.15-3.55) (74.90-181.1) (146-6.8)

N: Caligilan tiir sayist

Anodonta anatina tiiriinde istasyonlar arasinda ayni stitundaki farkli harfler farkin istatistiksel olarak 6nemli oldugunu ifade etmektedir (p<0.05). a, b, ¢

harfleri istasyonlar arasindaki farklilig1 gosterir

ALA: Olgiimler ICP-OES’in analiz limitinin altindadir. Cd icin bu deger 0.012 mg L' olarak 6l¢iilmiistiir
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Sekil 3. Anodonta anatina tiiriinde dlciilen agir metal konsantrasyonlarinin istasyonlara gore degisim grafigi
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Baltaci (2011) Cildir Golii’nde Anodonta cynea
Linnaeus tiiriinde yaptig1 calismada Zn (1.83+0.61
ppm)> Pb (0.88+0.49)> Cu (0.26+0.03 ppm)> Cd
(0.04+0.03 ppm); Dobrowolski ve Skowrofiska
(2001) Zemborzyce’de Anodonta sp. tiiriinde yaptig1
calismada konsantrasyonlart1 Zn (18.7 ppm)> Pb
(0.115 ppm)> Cd (0.051 ppm) seklinde bulmuslardir.
Gundacker (2000) Viyana kentsel nehir habitatinda
Anodonta sp. ve Unio pictorum tiirlerinin solungac
ve kas dokularinda agir metal ¢aligmasi yapmistir.
Calisma sonunda Anodonta sp.’nin solungacinda Cd:
0.25-0.67, Pb: 1.09-21.3, Cu: 2.9-8.3 ve Zn: 317-
862 ppm, kasinda Cd: 0.16-0.72, Pb: 0.16-3.18, Cu:
0.9-8.5 ve Zn: 111-328 ppm ve Unio pictorum’un
solungacinda Cd: 0.3-0.82, Pb: 1.13-4.68, Cu: 7.2-
9.2 ve Zn: 316-430 ppm, kasinda Cd: 0.23-0.9, Pb:
0.29-2.2, Cu: 5.2-6.1 ve Zn: 142-276 ppm olarak
bulmustur. Zn metali degerlerinin ¢aligmamizdan
yliksek, Cu, Pb degerlerinin ¢aligmamiza gore daha
diisik degerlerde oldugu goriilmiistiir. Salanki
ve ark. (2003) Macaristan’in Balaton Golii’'nde
Anodonta cygnea tiirii iizerine yaptiklar1 caligmada
konsantrasyonlar1 Cd: 14.7-13.4, Cu: 10.7-28.3, Pb:
4.2-12.4 ppm bulmuglardir. Pb, Cu ve Cd degerlerinin
calismamiza gore yiiksek konsantrasyonda oldugu
gOriilmiigtiir.

Literatiir karsilagtirmalarinda da goriildigi
gibi midyelerdeki metal diizeylerinin farklilig1
o bolgedeki kirliligin  farkliliklarin1  ortaya
koymaktadir. Ayrica su iiriinleri ve midyelerde agir
metallerde kabul edilebilir maksimum degerler
tilkelere gore farkliliklar gostermektedir (Uzun,
1993; Kaya ve ark., 1998; Anonim, 2011). Ornegin
midyeler icin Finlandiya’da Pb: 2 ppm, Ingiltere’de
Pb: 10 ppm ve Cu: 20 ppm, Venezuella’da ise Pb:
2 ppm, Cu: 10 ppm olarak sinirlandirilmigtir. Tiirk
Gida Kodeksi Bulaganlar Yonetmeligi’ne (2011)
gore iilkemizde ise ¢ift kabuklu yumusakcalarda
Pb: 1.5, Cd: 1, Cu: 20, Zn: 50 mg kg' yas
agirlik olarak smirlandirilmigtir. Ni ve Co igin
yonetmelikte herhangi bir bilgiye rastlanmamuistir.
Buda calismalarin yetersiz boyutlarda oldugunu
goOstermektedir.

Uluslararas: kuruluslarda ise midyelerde agir
metal limit degerleri su sekildedir: EPA’ya gore Cd:
1.4,Co: 27,Cu: 54, Ni: 27 ve Zn: 410 ppm (Anonim
2005a); FAO’ya gore yumusakcalarda kuru agirlik
konsantrasyon degerleri Cd: 10, Cu: 50-150,
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Pb: 5-30, Zn: 200-500 ppm olarak bildirilmigtir
(Wagner and Boman, 2004).

SONUC

Dicle Nehri bircok kirletici unsurun etkisinde
bulunmaktadir. kiyist
olan yerlesim birimlerinin kanalizasyon sulari,
sanayi kuruluslari atik sulari, cevresinde bulunan
petrol ve tesislerinde meydana gelen
aksakliklardan dolay1 olan sizintilar nehre karigsarak
ciddi oranlarda kirlilige neden olabilirler (Anonim,

Bunlar arasinda nehre

kuyular1

2005b). Ayrica belirlenen istasyonlarda tarim
alanlar1 ve ticari isletmelerin nehir sistemine
yakin olmasinin da kirlilige neden oldugu

diisiiniilmektedir. Dicle Nehri’nin ii¢ istasyonundan
toplanan Unio mancus
tiirlerinde en fazla biriken metalin Zn en az biriken
metalin ise Co oldugu goriilmiistiir. Zn metalindeki
ylksek degerlerin sicakliga bagli olarak metabolik
aktivitelerdeki degisiklilerden kaynakli oldugunu
diisiinmekteyiz. Cd metalinde ise sonuglar ICP-
OES cihazinin dl¢iim sinirlarinin altinda kaldigi i¢in
tespit edilememistir. I. istasyonda Cu, Pb ve Zn en
fazla Unio mancus’ta, Ni ve Co en fazla Anodonta
anatina’da; II. istasyonda Cu, Ni, Co ve Pb metali
en fazla Anodonta anatina’da, Zn metali ise en
fazla Unio mancus’ta; 111. istasyonda Cu, Ni ve Pb
metallerinde en fazla birikimin Unio mancus’ta; Co
ve Zn ise Anodonta anatina tiirlinde Ol¢iilmiigtiir.
Calisma bolgelerinde metallerin birikim oranlarinin
tirler arasinda farkliliklar gosterdigi goriilmiistiir.
Calismamizda elde edilen agir metal diizeyleri
yonetmelige gore kabul edilir degerlerin iizerinde,
EPA ve FAO’ya gore belirlenen sinir degerlerin
ise altinda oldugu goriilmektedir. Ortamda higbir
sekilde yok olmayan bu agir metaller, ¢esitli yollarla
insanlara da ulagabilmekte ve insan sagligini tehdit
edecek tehlikeli boyutlara varabilmektedir (Seker et
al., 1998). Tatlisu sisteminin gelecegi i¢cin 6nemli
olan bu tarz ¢alismalar diizenli olarak yapilmalidir.

ve Anodonta anatina

TESEKKUR

Bu calisma doktora tezinden iretilmistir. 12-FF-
85 No’lu Proje ile ¢caligmay1 maddi olarak destekleyen
Dicle Universitesi Bilimsel Arastirma Projeleri Yonetim
Birimi Bagkanli§1i’na tesekkiir ederim.
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Adigiizel Baraj Goli’nde (Denizli/Tiirkiye) Deterjan, Fosfat, Bor
ve Agir Metal Kirliliginin Belirlenmesi

Orkide MINARECT', Murat CAKIR?

OZET: Bu galisma Adigiizel Baraj Golii’ndeki deterjan, fosfat, bor ve agir metal kirliligini belirlemek amaciyla
yapilmistir. Ortalama anyonik deterjan, fosfat, bor, bakir, nikel, krom ve kursun konsantrasyonlari, sirastyla
0.235mgL", 0.009 mg L, 0.659 mg L, 0.0048 mg L, 0.0170 mg L, 0.0016 mg L, 0.0002 mg L' bulunmustur.
Bu degerler “Kita I¢i Su Kaynaklarmin Siniflarina Gore Kalite Kriterleri” ile karsilastirilmistir. Adigiizel Baraj
Golii anyonik deterjan parametresi acisindan II. sinif (az kirlenmis su), fosfat, bor ve agir metal parametreleri
agisindan I. sinif (kirlenmemis su) olarak simiflandirilmistir.

Anahtar kelimeler: Adigiizel Baraj G6li, agir metal, anyonik deterjan, bor, fosfat

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Determination of Detergent, Phosphate, Boron and Heavy Metal
Pollution in Adigiizel Dam Lake (Denizli/Turkey)

IGDIR ONIVERSITESI

ABSTRACT: This study was performed to determine of anionic detergent, phosphate, boron and heavy metal
pollution in Adigiizel Dam Lake. The average concentrations of anionic detergent, phosphate, boron, copper, nickel,
chromium and lead were found 0.235mg L', 0.009 mg L', 0.659 mg L', 0.0048 mg L', 0.0170 mg L', 0.0016 mg L',
0.0002 mg L, respectively. These values were compared with “Quality Criteria for Inland Water Resources by
Class”. Adigiizel Dam Lake was classified as II. class (less contaminated water) in terms of anionic detergent
parameter and I. class (uncontaminated water) in terms of phosphate, boron and heavy metal parameters.

Keywords: Adigiizel Dam Lake, anionic detergent, boron, heavy metal, phosphate
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GIRIS

Insanin yasamiin her déneminde yasamsal
faaliyetlerin gergeklesebilmesi i¢in su gerekli bir
maddedir ve kendisi de bir yasam ortamidir. Bu
nedenle suyun yasam ortaminda bulunmasi ve
kalitesi cok onemlidir (Akin ve Akin, 2007). Diinyada
niifusun ¢ok fazla artisi, endiistri ve teknolojinin
hizl1 gelisimi, insanlarda ¢evre koruma bilincinin
olusamamasi gibi sebeplerle kullanilabilir suyumuz
gittikge azalmaktadir. igme suyu kaynaklarimizin
artarak kirlenmesi de kotii sonuglar doguran sorunlar
yasamamiza sebep olmaktadir (Dagli, 2005; Atalik,
2006).

Basta sentetik deterjanlar olmak iizere ylizey
aktif maddeler, temizlik madde formiilasyonlarinda
diinyada yaygin bir sekilde kullanilarak, evsel ve
endistriyel atik sularla alici su ortamlarina dnemli
miktarda karbonlu atik madde olarak katilmaktadir.
Genelde pargalanabilir yilizey aktif maddeler aritma
uzaklastirilabilse de, indirgenmis
konsantrasyonlarda  atik akarsulara
verilmektedir (Vural, 1983).

tesislerinde
sularla

Akuatik ortamlarda fosfor, cok yonlii ve karmasik
kimyasal dengelerin anahtar elemanlarindan biridir.
Evsel atik sularda fosforun yaklasik yarisi kullanilan
deterjanlarin yapisindaki fosfattan gelir. Alict ortam
suya fosforun % 91’1 evsel ve endiistriyel atiklardan
gelirken, % 9’u da tarimsal alanlardan gelmektedir
(Egemen, 2011).

Bor bilesikleri yeriistii ve yeralti sularinda
yaygin olarak bulunur. Diinyada bor konsantrasyonu,
yeralt1 sularinda >0.3 mg L' ve <100 mg L', deniz
suyunda 0.5-9.6 mg L', tatli sularda ise 0.01-1.5 mg
L' arasindaki degerlerdedir. Ayrica kanalizasyon
atik sularinda bor konsantrasyonu 5-100 mg L
arasindadir. Bor elementinin toksik limit degeri,
bitkiler, hayvanlar ve insanlar i¢in igme ve sulama
sularinda belirlenmis olan limit deger ile ayn1 olarak
atik sularda da 1.0 mg L' alinabilir (Kabay ve ark.,
2006).

Selenyum, demir,
elementler topraktan sulara karismakta, magnezyum,
potasyum ve kobalt elementleri havaya deniz
suyundan ge¢mekte, ¢inko, bakir, kadmiyum, civa,
antimon, arsenik, argon, kursun, krom, selenyum

mangan ve kobalt gibi
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gibi zehirli elementler atmosfere antropojenik
faaliyetlerle karistiktan sonra sulara ve topraga

karigmaktadir (Samsunlu, 1999).

Biiyilk Menderes Nehri’nin su kalitesinin
belirlenmesi i¢in yapilan arastirmada, Adigiizel
Baraj Golii su kalite parametre degerleri diiglik
konsantrasyonlarda bulunmustur (Kiiciik, 2007).
Daha sonra ¢cogunlukla goldeki balik faunasi lizerine
calismalar yapilmistir. Biyikli balik (Luciobarbus
kottelati Turan, Ekmekci, ilhan & Engin, 2008)
tiiriiniin Adigiizel Baraj Golii’ndeki populasyonunun
bazi biiyiime Ozellikleri saptanmistir (Basiagik ve
ark., 2012). Yapilan diger bir arastirmada, Adigiizel
Baraj Goli’'nde yayilist bulunan endemik tatli su
balig1 Chondrostoma meandrense Elvira, 1987 nin
bazi biiyiime 6zellikleri arastirilmistir (Giirleyen ve

ark., 2012).

Ulkemizin tarim ve endiistri alaninda en énemli
iiretim bolgelerinden olan Biiyiik Menderes Havzasi,
basta kirlilik olmak tizere su kaynaklar1 ile ilgili
problemlerle karsi karsiyadir. Tarimsal tiretimin yan1
sira deri ve tekstil endiistrisi de havzada oldukca
geligsmistir (Condur ve Comertler, 2010).

Biiyiik Menderes Nehri, tarimsal agidan onemli
bir boélge olan Biiyiilk Menderes Havzasi’nin
can damaridir. Ama nehir, yerlesim yerlerinden
kaynaklananevsel atik sularla, sanayikuruluslarindan
kaynaklanan endistriyel atik sularla, giibre ve
pestisit kullanildig1 i¢in kimyasal maddeler iceren
sulamadan donen sularla ve jeotermal enerji santrali
atik sulariyla kirletilmektedir. Bu nedenle Biiyiik
Menderes’in su kalitesi bozulmakta ve kullanimi
sinirlanmaktadir.

Adigiizel Baraj Golii, Biiyiik Menderes Nehri
iizerinde bulunmaktadir. G6l suyunun kalitesinin
bozulmasinin, igme suyu, tarimsal kullanim ve
balik¢ilik acisindan dolayisiyla da insan sagligi
agisindan olumsuz etkiler yapacagi disiiniilerek,
bu calismada Adigiizel Baraj Goli’niin anyonik
deterjan, fosfat, bor ve agir metal kirliliginin
belirlenmesi amaclanmistir.

MATERYAL VE YONTEM

Adigiizel Baraj Golii, Biiyiik Menderes Nehri
iizerinde, Denizli ve Usak il sinirlar igerisindedir.
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Baraj Golii tarimsal sulamada, enerji iiretiminde ve
taskin korumada kullanilmaktadir. Rakimi yaklagik
430 m olan baraj goli, 89 600 hektarlik bir alani
sulamada kullanilirken, 62 MW gii¢ ile de yillik
280 GWh’lik enerji iiretmektedir (DSI, 2017).
Su oOrnekleri, ilk istasyon olarak belirledigimiz

baraj kapaklarinin bulundugu bédlgeden ve ikinci
istasyon olarak da, baraj goliinii besleyen onemli
kaynaklardan birisi olan Hamam Cayi’nin gole
etkisini belirlemek i¢in, ¢ayin baraj goliine ulastig:
bolgeden alinmistir. Orneklerin alindig: istasyonlar
Sekil 1’de verilmistir.

Sekil 1. Adigiizel Baraj Go6lii tizerindeki drnekleme istasyonlari

Belirlenen istasyonlardan, her bir 6rneklemede tiger
su 0rmegi alinarak, aylik periyotlar halinde 6rnekleme
yapilmistir. Sicaklik, pH, ¢6ziinmiis oksijen, toplam
¢Oziinmiis madde ve iletkenlik parametreleri, TOA
WQC (Water Quality Checker) — 20A marka su kalite
parametreleri Olglim cihazi ile arazide Olgilmiistiir.
Anyonik deterjan (Anonim, 1995), orto-fosfat fosforu
(Parsons et al., 1984), bor (Hatcher and Wilcox 1950;
Anonim, 2005) konsantrasyonlar1 ise laboratuvarda
spektrofotometre ile 6l¢iilmiistiir. Agir metal analizleri
de, ICP-MS cihazi kullanilarak gerceklestirilmistir.
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BULGULAR VE TARTISMA

Adigiizel Baraj Golii’'nde, ortalama sicaklik 18.1
(£5.4) °C, pH 8.6 (£0.5), ¢6ziinmiis oksijen 6.9 (£2.5)
mg L1, toplam ¢6ziinmiis madde 360 (+20.9) mg L' ve
iletkenlik 100 (£0,0004) uS cm! olarak bulunmustur.
Anyonik deterjan 0.07 — 0.403 mg L', fosfat 0.006 —
0.018 mg L', bor 0.016 — 1.316 mg L, bakir 0.0004 —
0.0049mgL"', nikel 0.0043—-0.0396 mg L', krom 0.0009
—0.0196 mg L', kursun 0 — 0.0004 mg L' degerleri
arasinda degismekte olup, bu konsantrasyonlarin aylik
ortalama sonuglar1 Cizelge 1°de verilmistir.
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Cizelge 1. Su orneklerindeki deterjan, fosfat, bor, bakir, nikel, krom ve kursun konsantrasyonlarinin aylik ortalamalari (mg L")

Aylar Deterjan Fosfat Bor Bakir Nikel Krom Kursun
Temmuz 0.124 0.006 0.016 0.0012 0.0257 0.0015 0.0000
Agustos 0.137 0.006 0.082 0.0025 0.0226 0.0014 0.0004
Eyliil 0.070 0.006 0.736 0.0008 0.0221 0.0017 0.0000
Ekim 0.151 0.009 1.063 0.0005 0.0169 0.0011 0.0002
Kasim 0.276 0.01 0.131 0.0013 0.0396 0.0016 0.0003
Arahk 0.253 0.009 0.409 0.0031 0.0332 0.0011 0.0001
Ocak 0.138 0.017 0.608 0.0006 0.0124 0.0009 0.0000
Subat 0.352 0.018 0.571 0.0025 0.0012 0.0014 0.0000
Mart 0.284 0.009 0.731 0.0015 0.0043 0.0031 0.0002
Nisan 0.287 0.013 0.961 0.0004 0.0140 0.0196 0.0002
Mayis 0.344 0.006 1.316 0.0009 0.0077 0.0167 0.0003
Haziran 0.403 0.007 1.285 0.0049 0.0048 0.0074 0.0003
ORTALAMA 0.235 0.009 0.659 0.0048 0.0170 0.0016 0.0002

Her bir deger, ii¢ tekrarl 2 istasyondan alinan 3 6rnegin (n = 18) ortalamasidir. Standart hata (+SH< 0.001)

Ortalama olarak anyonik deterjan miktar1
0.235 mg L', fosfat miktar1 0.009 mg L', bor miktar1
0.659 mg L', bakir miktar1 0.0048 mg L', nikel miktar1
0.0170 mg L', krom miktar1 0.0016 mg L', kursun
miktar1 0.0002 mg L' bulunmustur. Elde ettigimiz tim
degerler, Su Kirliligi Kontrolii Yo6netmeligi (Resmi
Gazete, 2004) cergevesinde Kita I¢i Su Kaynaklarinin
Smiflarina Gore Kalite Kriterleri ile karsilagtirildiginda,
Adiglizel Baraj Goli sularmmin ¢dziinmils oksijen
parametresi ve yiizey aktif madde yoniinden II. kalite,
diger tiim parametreler yoniinden I. kalite su sinifinda
oldugu goriilmiistiir. Adigiizel Baraj Golii’niin yerlesim
yerlerine yakin bolgede olmasi nedeniyle ve desarjlarin
gole ulagtig1 diisiiniiliirse, evsel atik yiike bagli olarak
anyonik deterjan ylikiiniin arttig1 sonucuna varilabilir.
Ortalama anyonik deterjan konsantrasyonumuz
(0.235 mg L), Avrupa Birligi su kalitesi kriterlerinde
< 0.3 mg L' olarak kabul edilen yiizey aktif madde
konsantrasyonunun altindadir.

Adigiizel Baraj Golii su kalite verileri, Yeriistii Su
Kalitesi Yonetmeligi (Resmi Gazete, 2012) Gol, Golet
ve Baraj Gollerinde Trofik Siniflandirma Sistemi Sinir
Degerleri’ne gore degerlendirildiginde, goliin toplam

fosfor parametresine gore oligotrofik gol sinifina girdigi
belirlenmistir. Gollerde yapilan benzer ¢alismalarda da
gollerin trofik seviyeleri belirlenmistir.

Samsun Kizilirmak Deltasi’ndaki Balik Golii su
kalitesinin ve trofik seviyesinin belirlendigi ¢aligmada,
ozellikle denize yakin kiyilarinda go6lin asin
otrofiklestigi belirtilmistir (Ciice ve ark., 2011).

Borgka Baraj Goli (Artvin)’'nde yapilan bir
calismada su kalite verileri, Yeriistii Su Kalitesi
Yonetmeligi Gol, Golet ve Baraj Gollerinde Trofik
Siniflandirma Sistemi Sinir Degerleri ile karsilastirilmis
ve goliin  mezotrofik gdl oldugu saptanmistir
(Bilgin, 2015).

Isiktepe Baraj Golii (Maden, Elazig)’nde yapilan
su kalitesi calismasi sonucunda, Yeriistii Su Kalitesi
Yonetimi Yonetmeligi A ve B grubu parametrelerine
gore baraj golii “yiiksek kaliteli” ve “az kirlenmis”
siniflarinda bulunmustur (Kii¢iiky1lmaz ve ark., 2014).

Karakaya Baraj Golii su kalitesinin incelendigi
caligmada, goliin mezotrof godllerin 6zelligine sahip
oldugu ve su tiriinleri yetistiriciligi i¢in uygun olmadigi
sonucuna varilmistir (Kii¢likyilmaz ve ark., 2017).
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Adiglizel Baraj Goli'nde daha Once yapilan
calismalara bakildiginda &zellikle barajin tizerinde
kuruldugu Biiyilkk Menderes Nehri’'nde ve barajin
bulundugu bolgedeki i¢ sularda ilgili caligmalar vardir.

Biiyiik Menderes Nehri’nde yapilan arastirmada,
bor miktarinin 0.33 — 6.41 mg L' arasinda oldugu
bulunmus, ozellikle yer alti termal su kaynaklarinin
bulundugu boélgelerde bor konsantrasyonunun yiiksek
oldugu belirlenmistir (Aydin ve Seferoglu, 2000).

Menderes  Nehri
calismada, nehre yapilan
jeotermal attk su desarjlari  nedeniyle bazi
istasyonlarda bor konsantrasyonu 1.1 mg L
olarak saptanmis ve tarimsal sulama i¢in kullanilan
nehir suyunun direkt olarak tarimsal {iriinlerin iiretimini

etkiledigi belirtilmistir (Akar, 2007).

Kiigiik (2007), Biiyiik Menderes Nehri su kalite
Olciimlerini  degerlendirdigi ¢alismasinda,
ortalama bor degerini 0.6 mg L' saptamustir.

Yine  Biiyiik
suyunda yapilan bir

yizey

nehrin

Biiyiik Menderes Nehri’ni besleyen kaynaklarin
iizerinde bulunan Isikli Goli ve Biiyllk Menderes
Nehri’nin giiney kolu olan Isikli Cayi’'nda yapilan
calismada da, su Orneklerinde anyonik deterjan
konsantrasyonu Kita I¢i Su Kaynaklarinin Siniflarina
Gore Kalite Kriterleri’ne gore degerlendirilmistir. Isikli
Gola ve Isikli Cayi, yiizey aktif madde agisindan II.
Smif (az kirlenmis su) olarak belirlenmistir (Cakir ve
Minareci, 2015).

Civril Goli (Isikli Golii) yiizey suyu kalitesinin
degerlendirildigi baska bir aragtirmada da, goliin bazi
istasyonlarinda o6zellikle yaz mevsiminde organik
kirliligin ¢ok arttig1 ve ¢dziinmiis oksijen miktarinin da
oldukca azaldig1 belirtilmistir (Bulut ve ark., 2012).

Mumecular Baraji’nin fiziko-kimyasal 6zelliklerinin
belirlendigi ¢alismada, ortalama su sicakligi 20.7 °C,
pH 8.3, ¢oziinmiis oksijen 7.3 mg L', fosfat 0.2 mg L,
turbidite 7.4 NTU olarak belirlenmistir. Kita i¢i su
kriterlerine gére Mumcular Baraj Goli’niin II. simf
ozellik gosterdigi belirtilmistir (Y1lmaz, 2004). Biiyiik
Menderes Nehri’nde yapilan bu ¢aligmalarda elde
edilen anyonik deterjan, fosfat ve bor degerleriyle
bizim ¢aligmamizda elde ettigimiz ortalama degerler
karsilastirildiginda degerlerin birbirine yakin oldugu
gOriilmiistiir.

Calismamizda elde ettigimiz ortalama agir metal
konsantrasyonlarini, bazi gollerde yapilan agir metal
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kirliligi ¢aligmalarinda elde edilen konsantrasyonlarla

karsilastirdigimizda, genel olarak diisiik oldugu

goriilmektedir.

Meri¢ Nehri Deltasi’'ndaki Gala Golii ve golii

besleyen kaynaklardan alman su ve sediment
orneklerinin ¢ogunda kadmiyum, kursun, mangan,
kobalt ve bakir sinir degerlerin {izerinde ¢ikmistir

(Dokmeci ve Dinger, 2005).

Karacaoren II Baraj Golii’'nde yapilan kirlilik
arastirmasinda, krom, kadmiyum ve civa biitin
mevsimlerde limit degerlerin altinda bulunmus,
stronsiyumun ise suda en fazla biriken metal oldugu

belirlenmistir (Kir ve Tumantozlu, 2012).

Su ve sedimentte agir metal birikiminin incelendigi
Kovada Go6lii’'ndeki calismada, suda en fazla bulunmus
olan demir tiim mevsimlerde, ¢inko 2005 ilkbahar
ve 2006 kis mevsimlerinde, aliiminyum 2005 yaz
mevsiminde, nikel 2005
mangan 2006 kis mevsiminde belirlenmis, kadmiyum,

ilkbahar mevsiminde ve

krom, bakir ve kursun da tiim mevsimlerde ICP-OES’in
analiz limit degerinin altinda bulunmustur (Kir ve ark.,
2007).

Sapanca ve Abant Gollerinde yapilan bir ¢aligmada,
Sapanca Golii su ve sedimentinde agir metal kirliliginin
trafikten, fosseptik atiklardan, tarimsal giibre ve
ilaglardan kaynaklandigi, Abant Golii’'nde ise trafik ve
fosseptik atik kaynakli oldugu belirlenmistir (Duman,
2005).

Van Goli’nde yapilan agir kirliligi
arastirmasinda, bakirin limit degerin altinda, demir,
mangan ve kursunun limit degerlerin {izerinde,
kadmiyum, ¢inko ve mangana gore de suyun I. ve Il
kalitede oldugu bulunmustur (Zengin, 2008).

Koycegiz  GoOli agir  metal
fraksiyonlarinin incelendigi arastirmada, mangan
disindaki metallerin risk olugturmadig1 veya diisiik risk
olusturdugu, manganin ise asir1 derecede yiiksek risk
olusturdugu tespit edilmistir (Keskin ve ark., 2012).

metal

sedimentinde

Damsa Baraji (Nevsehir) yiizey suyu kalitesinin
belirlendigi ¢alismada, pH, sicaklik, ¢6ziinmiis oksijen
ve amonyum parametreleri agisindan baraj suyunun
tarimsal sulamada kullanilabilecegi, agir metaller ve
toksik madde agisindan ise kullanima uygun olmadigi
belirtilmistir (Kalipct ve ark., 2017).
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SONUC

Biiyilk Menderes Nehri
Adigiizel Baraj Golii, 6zellikle tarimda sulama igin
kullanilmaktadir. Tarim bolgesi olan Biiyiik Menderes

tuzerinde bulunan

Havzasi’nda tarimsal sulama i¢in kullanilan suyun kalite
parametrelerinin bilinmesi ve izlenmesi siirdiiriilebilir
bir tarim agisindan 6nem tagimaktadir. Calismamizin
sonucunda anyonik deterjan konsantrasyonlar: yiiksek
bulunmustur. Adigiizel Baraj Goli'niin yerlesim
yerlerine yakin bolgede olmasi nedeniyle ve desarjlarin
gole ulagtig1 diisiiniiliirse, evsel atik yiike bagli olarak
anyonik deterjan yiikiiniin arttig1 sonucuna varilabilir.
Biyolojik parcalanabilirligi yiiksek olan ylizey aktif
maddeler kullanildiginda deterjan kirliligi 6nlenebilir.
Deterjanlarda suyun sertliginin  giderilmesi igin
kullanilan sodyum tripoli fosfat kullanilmamali, kirlilik
yaratmayan baska maddeler kullanilmalidir. Deterjanin
mikroorganizmalarca yenmesi seklinde olan biyolojik
aritim yapildiktan sonra evsel atik sular alici ortama
verilmelidir. Evsel atik su aritim tesislerinde organik

madde konsantrasyonu ¢ok yiiksek oldugundan,
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ortamda hizli bir sekilde ¢ogalan mikroorganizmalar
deterjanlar1 absorbladiginda, deterjan
konsantrasyonu azaltilabilecektir. Boylece deterjan
miktarlar1 kaynaginda kontrol edilecek, alici sularda
canlilar i¢in toksik etkiler azalacaktir. Golde fosfat, bor
ve agir metal konsantrasyonlarinin kriter degerlerden
diisilk olmasi, goliin endiistri bolgesine ve termal
sularin ¢iktig1 bolgeye uzak olmasi nedeniyle beklenen
bir sonugtur. Bu da g6l sularmin o6zellikle tarimsal
sulama i¢in kullaniminin bu parametreler agisindan
uygun oldugunu gostermektedir.
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Ursodeoksikolik Asit’in insan Periferal Kan Lenfositlerindeki
in Vitro Genotoksik EtKisi”

Songiil BUDAK DILER!, Fikriye POLAT?, Eyiip OZER?

OZET: Kenodeoksikolik asitin 78 epimeri olan ursodeoksikolik asit (UDKA), kolestatik karaciger hastaliklarinin
tedavilerinde artan bir sekilde kullanilmaktadir. Bu c¢aligmada, Ursodeoksikolik asitin, insan periferal kan
lenfositlerindeki in vitro sitotoksik ve genotoksik etkilerinin belirlenmesi hedeflendi. UDKA’nin potansiyel
genotoksik ve sitotoksik etkisi, kromozom aberasyon ve mitotik indeks testleri kullanilarak in vitro olarak arastirildi.
Insan peripheral kan lenfositleri, 24 ve 48 saat siireyle, 10, 50 ve 100 pg/ml UDKA ile muamele edildi. Veriler
SPSS istatistik programinda, Tek Yonlii Anova (Post Hoc Analiz-LSD Test) testi ile analiz edildi. Elde edilen
istatistik sonuglari, kontrolle karsilastirildiginda, uygulanan UDKA konsantrasyonlarinin mitotik indeks degerlerini
diisirmedigini ve kromozom anomali frekanslarinda da 6nemli bir artiga neden olmadigini gdstermektedir (p>0.05).
UDKA’nin insan kromozomlarinda anomalileri artirmamasi bulgusu, bu maddenin az da olsa insan viicudunda
fizyolojik olarak firetilen bir safra asiti olmasi ile baglantili olabilir. UDKA’y1 kullanan pek ¢ok hasta olmasi, bu
calismadan elde ettigimiz bulgularin 6nemini artirmaktadir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Anahtar Kelimeler: Genotoksik etki, Insan periferal lenfositleri, Kromozom aberasyon testi, Mitotik indeks,
Ursodeoksikolik asit

In Vitro Genotoxic Effects of Ursodeoxycholic Acid in Human
Peripheral Blood Lymphocytes

FBED

ABSTRACT: Ursodeoxycholic acid (UDCA), the 7B epimer of chenodeoxycholic acid has been increasingly
used for the treatment of cholestatic liver diseases. In this study, it was aimed to determine the potential in vitro
genotoxic effects of ursodeoxycholic acid in human peripheral blood lymphocytes. The potential genotoxic and
cytotoxic effects of UDCA were investigated in vitro by using chromosome aberration and mitotic index assays.
Human peripheral blood lymphocytes were treated with 10, 50 and 100 pg/ml of UDCA for 24 and 48 hours. The
data were evaluated using one-way ANOVA (Post Hoc Analysis-LSD Test) test in the SPSS statistics program.
Statistical results showed that the applied doses of UDCA did not cause a significant increase in chromosome
aberration frequency, and also it did not cause a significant decrease in mitotic index when compared to the control
(p>0.05). The finding that UDCA does not cause an increase in chromosomal aberrations may be related to the
production of this substance physiologically as bile acid in the human body, even in trace amount. The fact that
there are many patients using UDCA increases the importance of findings obtained from this study.

Keywords: Chromosome aberration test, Genotoxic effect, Human peripheral lymphocytes, Mitotic index,
Ursodeoxycholic acid
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GIRIS

Ursodeoksikolik asit (UDKA), baz1t memelilerde
(0rn. ay1, kunduz, insan) bulunan fizyolojik bir safra
asitidir (Pusl and Beuers, 2006). Insanda bagirsak
bakterileri  tarafindan  kenodeoksikolik  asitin
7pB-epimerizasyonu ile olugturularak, safra asidi
havuzunda %3 oraninda bulunmaktadir (Beuers
et al., 1998; Kotb, 2009). UDKA’nin karaciger
hastaliklarinin tedavisinde kullanimi, geleneksel
Cin tibbinin Tang Hanedanligi dénemine kadar
uzanmaktadir (Guarino et al., 2013). UDKA,
20. yiizyilin basinda Isvecli bir arastirmaci olan
Hammarsten tarafindan kutup ayisinin safrasinda
tespit edilmis ve bu safra asiti ilk olarak ursokoleneik
asit olarak isimlendirilmigtir. 1927 yilinda ise
Japon Shoda adli bilim insami tarafindan kristalize
edilerek, ursodeoksikolik asit adi verilmig ve yapay
olarak tiretilmeye baglanmigstir (Makino and Tanaka,
1998; Guarino et al., 2013).

Hidrofilik dihidroksi safra asiti olan UDKA’nin
kimyasal yapist: 3a, 7p-dihidroksi-58-kolanoik asit
seklindedir (Pusl and Beuers, 2006). Bu ilag, 1970’den
itibaren kolestatik karaciger hastaliklarinda kullanilmig
ve 1980°den sonra endikasyonlar lizerine aragtirmalar
yapilarak, tedavideki etkinligi ve giivenirligi teyit
edilerek, diinyada kullanimi yayginlagmistir (Makino
and Tanaka, 1998; Hofman, 2011).

Agiz yoluyla alinan UDKA’nin yaklagsik
%90’ninin  ince bagirsakta absorbe edildigi,
absorbsiyonu takiben portal vene girdigi ve

enterohepatik dolagsim siiresince kenodeoksikolik
asite (KDKA) doniistiiriildiigii belirlenmistir. (Owen
et al., 1988; Beuers et al. 1998; Salvioli et al.,
1983). UDKA’nin bakterial enzimatik tepkimeye
maruz kalarak, 7p-hidroksisteroid dehidrogenaz
(7 B-HSDH) ile 3 a -hidroksi-5 P-7-okso-kolanoik
asit (7TKLA)’e oksitlendigi ve olusan 7KLA’nin
ise ya kolonik flora (Higashi et al., 1978; Owen et
al., 1988) ya da sitokrom P450-bagimli karaciger
enzimleri araciligi ile KDKA’ya rediiklendigi
tespit edilmistir (Owen et al., 1988; Kotb, 2009).
UDKA’nin ayrica kolonik bakteriler aracigi ile
litokolik asite dehidroksillenebildigi ve litokolik
asitin de daha sonra feges ile atildig1 saptanmigtir
(Owen et al., 1988; Dodo et al., 1984).

UDKA ilag olarak, kolesterole bagli safra taglari,
primer bilier siroz (PBS), primer sklerozan kolanjit
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(PSK), akut viral hepatit, kronik hepatitler, siroz,
kolon kanseri ve gebelik kolestazinin tedavisinde
siklikla kullanilmaktadir (Glantz et al 2005; Hofmann
and Hagey, 2008; Song et al., 2011). Opak beyaz
kapsiil ya da siispansiyon sekilde hastalara verilen
ve hastaligin durumuna goére yillarca kullanilabilen
UDKA’nin tedavi edici etkisinin yanisira diare, ates,
kolanjit, hepatit, karaciger yetmezligi, pnémoni,
konviilziyon ve mutajenik etkiler gosterdigi rapor
edilmigtir (Kotb 2009; Lindor et al., 2009; Burnat
et al., 2010). Son yillarda yapilan bir arastirmada,
UDKA’nin DNA onarimi, koenzim A, siklik AMP,
p53, fagositoz ve nitrik oksit sentataz indiiksiyonunu
inhibe ettigi ortaya ¢ikartilmigtir (Kotb,2012). Ayrica
Fimognari et al., (2001) tarafindan UDKA’nin insan
lenfositlerinde apoptoz ve mikroniikleus olugsumu
lizerine yaptiklart bir arastirmada belirli bir dozun
lizerinde potansiyel olarak genotoksik olabilecegi
saptanmustir. Insan periferal kan lenfositlerinde
UDKA’nin kromozom anomalilerine neden olup
olmadigi ile ilgili literatiirde herhangi bir ¢calismaya
rastlanmamigtir. Bu nedenle biz de ¢alismamizda,
insanda cesitli hastaliklarin tedavisinde yaygin
olarak ve kullanilan UDKA’nin
kromozomlarinda anomali yapip yapmadigini, insan
periferal kan lenfositlerinde kromozom aberasyon
(KA) testi ve mitotik indeks (MI) yontemlerini
kullanarak arastirmay:r uygun bulduk. Yaptigimiz
bu caligma, hem UDKA’y1 kullanan insanlarin ilaca
olan giivenlerini arttiracak hem de bilimsel alandaki
onemli bir boslugu dolduracaktir.

siirekli insan

MATERYAL VE METOT

Bu arastirmada ilag, alkol gibi maddeleri
kullanmayan, sigara icmeyen ve ayni yas grubunda
olan (20-24 yaslarinda), saglikli iki bayan ve iki
erkek bireyden uzman kisilerce alinan periferik
kan, materyal olarak kullanilmistir. Calismada test
maddesi olarak, genel adi ursodeoksikolik asit ve
ticari ad1 Ursactive (Pharmactive ila¢ san. ve Tic.
A.S., Tekirdag, Tiirkiye) olan molekiiler grade
olmayan ilacin, suda hazirlanmig soliisyonlari
kullanilmistir. Bu c¢alismanin  etik  kurallara
uygunlugu, Erciyes Universitesi Klinik Arastirmalar
Etik Kurulu’nun 30.07.2015 tarih ve 2015/366
nolu karar1 ile onaylanmigtir. UDKA’nin kimyasal
ozellikleri agsagida verilmigtir.
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Kimyasal Ad1 TUPAC): (3a.,5f,7f3)-3,7-Dihydroxycholan-24-oic acid.

Genel Adi: Ursodeoksikolik Asit

Sinonimleri: Ursodeoxycholic acid, Actigall, Ursosan, Urso, Urso Forte

Acik Formiil:

Ticari adi: Ursactive
Cas No. (Reg No.): 128-13-2
H, O

241404

Kapal Formiil: C

Molekiil Agirhgi: 392.572 g/mol

Erime Noktasi: 203 °C

Evans et al., (1984) kullandig1 protokol esas
alinarak, kromozom aberasyonu testi icin preparatlar
hazirlanmistir. Litaratiire gore (Fimognari et al., 2001)
belirlenen test maddesinin suda ¢oziilerek hazirlanan
3 farkli konsantrasyonu (10, 50 ve 100 pg/ml) kiiltiir
ortamina ilave edilmig ve hiicrelerin test maddesiyle 24
ve 48 saat boyunca muamele edilmeleri saglanmistir.
Hiicre kiiltiir siiresinin bitiminden 2 saat 6nce (yani
kiiltiiriin 70. saatinde) her tiipe 0.06 ug/ml kolsisin
eriyigi ilave edilmigtir. Kiiltiir siiresi olan 72. saatin
bitiminde, tiipler 2000 rpm’de 5 dk santrifiij edilerek
iistte kalan siipernatant atilmig ve hiicreleri ihtiva eden
0.5-0.7 mI’lik s1viya, hipotonik eriyik (%0,4 KCI) ilave
edilerek, hiicreler 37°C’de 15 dk muamele edilmistir.
Siirenin sonunda tiipler tekrar 1200 rpm’de santrifiij
edilerek, her tiipe 5 ml olacak sekilde soguk fiksatif
ilave edilmis ve bu islem 3 defa tekrarlanmistir. Her
fiksatif ilavesinden sonra tiipler santrifiij edilerek
iistteki s1v1 atilmig ve son santrifiijden sonra dipte kalan
hiicre siispansiyonundan preparatlar hazirlanmistir. Bu

-
/

lf'

-
|

sekilde hazirlanan preparatlar 24 saat oda sicakliginda
kurumaya birakilmig ve %5’lik Giemsa boya eriyigi
ile 20 dk boyanmustir. Kuruyan preparatlar entellan ile
kapatilarak, mikroskobik incelemeler yapilmaisgtir.

Test maddesinin hiicrelerdeki sitotoksik etkisini
belirlemek i¢in MI hesaplanmigtir. MI'yi belirlemek
icin caligilan her bir kisinin her konsantrasyonuna
ait preparatlarda toplam 3000 hiicre incelenmis
ve mitoz bdliinme geciren hiicrelerin orani yiizde
cinsinden hesaplanarak belirlenmigtir. Ayrica maddenin
genotoksik etkisinin belirlenmesi icin de, iyi dagilmig
kromozomlara sahip 100 hiicrede (iki bayan, iki erkek
toplam dort kisiden 400 hiicre) KA’lar saptanmugtir.
Preparatlarin  incelenme agsamasinda, hiicrelerde
gozlenen kromatid kirigr (Sekil 1), kromozom kirigi,
fragment, disentrik kromozom, sister union (kardes
kromatit birlesimi) gibi yapisal KA verileri ayr1 ayri
kaydedilmistir. Bu ¢calismada inceleme sirasinda sayisal
KA (poliploidi ve endoreduplikasyon) saptanmamis ve
‘gap’lar anormallik olarak degerlendirilmemistir.

\

Sekil 1. Kromatid kirig1 bulunan metafaz plagi (50 ug/ml UDKA, 24 saat muamele, X1000)
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Istatistiksel analiz SPSS 15.0 Windows programi
kullanilarak yapilmigtir. Sonuglar p<0.05 anlamlilik
diizeyine gore istatistiksel olarak o©nemli kabul
edilmistir. Yapisal KA’lar ve MI degerleri ile 24 ve
48 saatlik muamele siirelerinde farkin 6nemli olup
olmadig1 Tek Yonii Anova (Post Hoc Analiz-LSD Test)
ile analiz edilmistir.

BULGULAR VE TARTISMA

Insan periferal kan lenfositleri, UDK A’nin literatiire
(Fimognari et al., 2001) gore belirlenen 10, 50 ve 100

pg/ml’lik suda ¢oziilerek hazirlanmis konsantrasyonlari
ile 24 ve 48 saat siiresince muamele edilmistir.

UDKA’nin 3 farkli konsantrasyon ile 24 saat
muamele edilen insan periferal kan lenfositlerindeki
yapisal KA, toplam KA/hiicre ile MI degerleri Cizelge
1’de gostermistir.

Uygulanan muamele siiresinde (24 saat) meydana
gelen KA’lar, kontrol ve pozitif kontrol (Mitomisin C;
MMC) ile karsilagtirldiginda gruplar arasinda farkin
istatistiksel olarak Onemli olmadig1 belirlenmistir
(p>0.05).

Cizelge 1. Degisik konsantrasyonlarda UDKA ile 24 saat muamele edilmis olan insan periferal kan lenfositlerindeki kromozom anomalileri*

Kromozomal Anomaliler

Muamele Yapisal KA Toplam KA,
Test maddesi L opram / MI £ SD

Siire Kons. . .. | Hiicre +SD

Kromatid tipi Kromozom tipi
saat pg/ml

Kontrol -- -- 12 3 0.03+0.01 6.06+1.02
MMC (PK) 24 0.125 47 22 0.17+0.04 2.89+0.04
10 14 2 0.04+0.01 6.16+0.59
UDKA 24 50 13 4 0.04+0.01 5.99+0.36
100 16 3 0.04+0.01 5.87+1.11

*Toplam 400 hiicre incelendi. KA; Kromozomal anomaliler, MI; Mitotik indeks, MMC; Mitomisin C, PK; Pozitif kontrol, UDKA; Ursodeoksikolik asit.

Insan periferal kan lenfositleri, UDKA’nin 10, 50
ve 100 pg/ml’lik konsantrasyonlari ile 48 saat siiresince
muamele edilmis ve yapisal KA, toplam KA/hiicre ile
MI degerleri Cizelge 2’de gostermistir. Uygulanan

48 saatlik muamele siiresinde meydana gelen KA’lar,
kontrol ve pozitif kontrol ile karsilastirildiginda gruplar
arasinda farkin istatistiksel olarak onemli olmadig:
saptanmugtir (p>0.05).

Cizelge 2. Degisik konsantrasyonlarda UDKA ile 48 saat muamele edilmis olan insan periferal kan lenfositlerindeki kromozom anomalileri*

Muamele Kromozomal Anomaliler
Yapisal KA
Test maddesi P qu lam KA/ MI £+ SD
- Hiicre = SD
Siire Kons. 3 s ..
Kromatid tipi | Kromozom tipi
saat pg/ml

Kontrol - - 12 3 0.03+0.01 6.06+1.02
MMC (PK) 48 0.125 53 25 0.19+0.04 3.12+0.38
10 17 4 0.05+0.01 6.15+1.41
UDKA 48 50 15 3 0.04+0.02 6.53+£1.22
100 18 4 0.05+0.01 6.46+0.97

*Toplam 400 hiicre incelendi. KA; Kromozomal anomaliler, MI; Mitotik indeks, MMC; Mitomisin C, PK; Pozitif kontrol, UDKA; Ursodeoksikolik asit.
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UDKA’'nin mitoz boliinme iizerindeki etkisini
tespit etmek icin MI hesaplanmistir. Bu test maddesinin
mitoz boliinme iizerindeki etkisine baktigimizda, hem
24 saatlik hem de 48 saatlik muamele siirelerinde, tiim
konsantrasyonlarda (10, 50, 100 pg/ml) kontrol ve
pozitif kontrole gore farkin istatistiksel olarak 6nemli
olmadig1 belirlenmistir (Cizelge 1 ve Cizelge 2).

Dihidroksi safra asiti olan UDKA’nin kronik
kolestatik karaciger hastaliklarinin tedavisinde artan
bir sekilde kullanildig1 ve ayrica immiin modiilatér
ozelliklere sahip oldugu belirlenmistir (Roma et al.,
2011).Cesitli karaciger hastaliklarindaetkili antioksidan
terapi olarak Onerilen UDKA’nin gastrodzofagal
varislerin gelisimini geciktirdigi ve PBS’li hastalarda
uzun siireli sag kalimi sagladigi gosterilmistir (El-
Sherbiny et al., 2009; Liu et al., 2007).

UDKA toksisitesi ile molekiiler mekanizmalar
ve yan etkileri iizerine yapilan bir derlemede,
UDKA’nin biyolojik olarak litokolik asite doniistiigii
ve bu asitin de DNA zincir kiriklarina neden oldugu
rapor edilmigtir (Kotb, 2009). Bu arastirmaya gore
UDKA’nin, sitotoksik ve antiproliferatif oldugu, ayrica
immiin sistemi baskiladigi ve P53’ inhibe ettigi de
bildirilmistir (Kotb, 2009). Kotb’un aksine bazi bilim
adamlar1 aragtirmalarinda, UDK A’nin hepatotoksisiteyi
azaltacagim1 ve karaciger koruyucusu olarak rol
oynayabilecegini bildirmislerdir (Galle et al., 1990;
Ishizaki et al. 2005; Lukivskaya et al., 2006).

Deney hayvanlarinda UDK A konjugatlarinin; kolik
asit konjugatlar ile deoksikolik asit ve litokolik asitin
nedenoldugu ve karaciger hasariile kolestazi engelledigi
rapor edilmigtir. Ayrica yapay ya da biyomembranlarin
milimolar diizeyde hidrofobik safra asitlerine maruz
birakildiklarinda, UDKA konjugatlarinin membrani
stabilize edici etkiye sahip oldugu da ifade edilmistir
(Beuers et al. 1998). Intrahepatik gebelik kolestazi
(IGP), gebeligin ilerleyen donemlerinde annede kasinti
ve sarilikla karakterize, erken dogum ve 6lii dogum
riski bulunan nadir bir hastalik olup, gebelik siiresince
UDKA ile tedavi olan kadinlarin ¢ocuklarinda herhangi
bir yan etki rapor edilmemistirr UDKA gebeligin
liciincii trimestrisinde IGP’de giivenli bir tedavi edici
olarak diisliniilmesine ragmen UDKA tedavisi tavsiye
edilmeden oOnce daha kontrollii calismalara ihtiyac
oldugu rapor edilmistir (Beuers et al. 1998).

UDKA’nin hiicre koruyucu etkisinin, olasilikla
membranlart koruma yetenegi ile iligkili oldugu
bildirilmistir (Heumen and Bajaj, 1994). Nitekim
UDKA’n1n, in vitro olarak, izole edilmis insan hepatosit
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safra kanal membraninda, kenodeoksikolik asit ile
¢oziilen kolesterol ve fosfolipid miktarini diisiirdiigii
bulunmugtur (Lim et at.,1995). Bu calismada UDKA’nin
daha ¢ok hidrofobik asitlerle temas ettigi ve boylece
polariteyi diisiirdiigii, ayrica membranlara baglanarak,
membranlarin akicilifini ve stabilitesini etkileyebildigi
ileri siirlilmiigtiir (Lim et al., 1995).

Yeni safra asit tlirevlerinin insan gogiis karsinom
hiicrelerinde p53’ten bagimsiz bir yolla apoptozu
uyardigr belirtilmistir (Im et al., 2001). Aym
sekilde bagka bir calismada da, UDKA’nin apoptoz
ve proliferasyon inhibisyonunu uyararak insan
hepatomasini 6nlemek ve tedavi etmek icin kimyasal
bir ajan olarak kullanilabilecegi 6nerilmistir (Liu et al.,
(2007). Fimognari et al., (2001), insan lenfositlerinde
UDKA’'nin  mikroniikleus  indiiksiyonu,  hiicre
dongiisii ve apoptoz gibi hiicresel stres belirteclerini
caligsmiglardir. Aragtirmacilar bu ¢alismada, UDKA’nin
ve tauroursodeoksikolik asit (TUDKA)'nin insan
lenfosit hiicreleri iizerindeki etkisine bakmuiglardir.
UDKA’nm 10, 30 ve 100 yg/ml dozlar1 ile TUDKA’nin
10,30,100,300 ve 1000y g/ml dozlarini kullanmiglardir.
Yapilan bu ¢alisgmada, UDKAnin 100 pg/ml dozunda
mikroniikleusu indiikledigini fakat diger dozlar ile
TUDKA’nin dozlarmin mikroniikleus olusumunu
etkilemedigini belirtmiglerdir. Biz de yaptigimiz bu
calisma ile UDKA nin uyguladigimiz tiim dozlarinda
(10, 50 ve 100 pg/ml) kontrole gore hem MI'y1 hem de
KA’y1 etkilemedigini belirledik.

Kotb, (2009) ve Fimognari et al. (2001) tarafindan
yapilan arastirmalarda UDKA’nin genotoksik etkileri
olabilecegi bildirilmesine ragmen insan periferal kan
lenfositlerinde in vitro olarak yaptigimiz bu calismada,
herhangi bir sitotoksik ve genotoksik etki bulamadik.
Yillarca bu ilact kullanmak zorunda olan hastalar
acisindan  diisiiniildiigiinde  tarafimizca  bulunan
sonuclar sevindiricidir.

Sonug olarak, test maddesi olarak kullandigimiz
UDKA’nm, uyguladigimiz dozlarda insan periferal
kan lenfositlerinde, sitotoksik ve genotoksik etki
gostermedigi bulunmustur. Ayrica gelecekte, ileri
genotoksite testleri kullanilarak yapilacak bagka
caligmalarla, bu ilacin genotoksik etkisine dair bilgilerin
giincellenmesi 6nerilmektedir.
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Theoretical Investigation of The Molecular Structure,
Conformational and Nonlinear Optical Properties of
Picolinic Acid and Its Derivatives
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ABSTRACT: In this paper, ab initio Hartree-Fock (HF) and Density Functional Theory (DFT), using Becke-3—
Lee—Yang—Parr (B3LYP) hybrid density functional, calculations have been performed to characterize the ground
state geometrical energy, the dipole moment (), polarizability (ct), the hyperpolarizability (3) of picolinic acid
(PA), picolinamide (PAA) and picolinic acid hydrazide (PAH) molecules using the 6-311++G (d, p) basis set.
The 'H and *C NMR chemical shifts were calculated by GIAO approach by using B3LYP/6-311+G (2d, p) and
HF/6-31G (d) level of theory. Also, E, . (the highest occupied molecular orbital energy), E, ., (the lowest
unoccupied molecular orbital energy), HOMO-LUMO energy gap (AEg), the dipole moment (), polarizability (o)
and the hyperpolarizability ([3) are investigated as a function of the torsional angle, for each molecule. In addition,
the trends in the calculated torsional potentials, barrier heights and energy differences between conformers are
discussed. The trans-conformers of the studied molecules were found to be most stable among their conformers.
The potential barrier height of cis- conformers are at 13.24, 10.69, and 9.56 with DFT/B3LYP level of the theory
6-311++G (d, p) basis set and at the HF/6-311++ G (d, p) 13.53, 10.94, and 10.55 kcal/mol, respectively. The
structural parameters of the studied molecule compared with the data given in the literature.
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Pikolinik Asit ve Tiirevlerinin Molekiiler Yapisinin,
Konformasyonel ve Dogrusal Olmayan Optik Ozelliklerinin
Teorik Olarak Incelenmesi

IGDIR ONIVERSITESI

OZET: Bu caligmada, Pikolinik asit (PAA), pikolinamid (PAA) ve pikolinik asit hidrazid (PAH) molekiillerinin taban
(temel) durum geometrik enerjisini, dipol momenti (), polarizebilitesi () ve hiperpolarizebilitesini ([3) belirlemek
icin ab-initio Hartree—Fock (HF) ve Becke-3-Lee-Yang-Parr (B3LYP) hibrit fonksiyonelli Yogunluk Fonksiyoneli
Teorisi (DFT) ile 6-311++G(d,p) temel seti kullanilarak hesaplamalar yapilmistir. 'H ve *C NMR kimyasal kayma
hesaplamalar1t GIAO yaklasimina gore B3LYP/6-311+G (2d, p) ve HF/6-31G (d) yontemleri ile yapilmigtir. Ayrica,
her molekiil igin, E, , (en yiiksek dolu molekiiler orbital enerjisi) ve E (en diisiik bog molekiiler orbital
enerjisi), B\ -E, ouo €nerji gap (AEg), dipol momenti (), polarizebilite (o) ve hiperpolarizebilite ([3) degerleri
torsiyon ag¢inin fonksiyonu olarak arastirildi. Bunlara ek olarak, Konformerler arasindaki hesaplanmis torsiyonal
potansiyelleri, bariyer yiikseklikleri ve enerji farklar1 tartigildi. Calisilan molekiillerin trans-konformerlerinin
konformerler arasinda en kararli olduklari bulundu. Cis-konformers durumunda potansiyel bariyer yiiksekliginin
DFT / B3LYP/6-311 ++ G (d, p) yonteminde 13.24, 10.69 ve 9.56 oldugu, HF / 6-311++G (d, p) yonteminde
ise 13.53, 10.94 ve 10.55 kkal / mol oldugu sirasiyla bulunmustur. Calisilan molekiiliin yapisal parametreleri,
literatiirde verilen verilerle kargilagtirilmisgtir.
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INTRODUCTION

Picolinic acid, commonly known as PA, is pyridine
derivative, which attracts great interest because of
molecular properties biological and chemical. It is an
isomer of nicotinic acid and isonicotinic acid with six
membered ring structures. In recent years, pyridine
and its derivatives have been widely investigated and
analyzed owing to their interest in bioactivities and
employment in pharmaceutical and in other industrial
areas. (Pierrat et al., 2005). Picolinic acid is defined in
varied biological environment as blood serum, mother
milk, pancreatic juice and gastral homogenates (Dazzi
etal.,2001; Rebelloetal., 1982). During the digestion, it
is secreted into the intestine and absorption of essential
metals. (Evans, 1989). So, it is a body’s chelator and
acts as a chelating agent of elements such as chromium,
zinc, manganese, copper, iron, and molybdenum in the
body. It is used in food preservation, pharmaceutical
and textile industry (Kiec et al., 2003; Ahren, 2001).
It is known that 2-picolinic acid is terminal tryptophan
metabolite, and its anion has been used as a valuable
chelating ligand. Besides, 2-picolinic acid is not only
a potential proton acceptor but also proton donor
depending on deprotonated groups (Kukovec et al.,
2008). Picolinic acid and its derivatives are used as
building block in photovoltaic devices (Liu et al.,
2014; Matsuda et al., 2004). Recently, nonlinear
optical properties of picolinic acid complexes have

been investigated. The nonlinear optical materials have
received great interest because of advances in optical
processing and opto-electronic technology. A great deal
of research has been devoted to investigating different
types of nonlinear optical (NLO) materials (Andraud
et al., 1994; Lipscomp et al., 1981) to design excellent
NLO materials which show potential application in
modern communication technology, data storage and
optical signal processing (Uyeda et al., 2002; Marder
et al., 1983). In the particular, organic nonlinear optical
materials have shown great promise around photonics
due to their useful physical and optical properties.
Theoretical study has been played a crucial role in
designing and development of novel materials for
nonlinear optics. The physical and chemical properties
of a substance are strongly related to both its geometrical
and electronic structures. In this work, molecular
structure, dipole moment, relative energies, rotational
barriers, polarizability, first static hyper polarizability,
potential energy scan, the electronic structure and
HOMO-LUMO energies of above-mentioned molecule
have been studied. 'H NMR and *C NMR chemical
shifts calculations have been performed. The molecular
structure using numbering scheme of the picolinic acid
hydrazide is given in Figure 1. The cis-conformer is the
structure in which the nitrogen (N) of pyridine and the
carbonyl group are not on the same sides. In case of
trans-conformer, they are in the same sides.

H11\ /HIO o,
C3—C\2\ //
le—C4\/ Ci—Cs Hie
CNL NNy
Hi3 ]4 "His

trans-conformer

Hi4 H
Hyy Hip \ s
N / N>—N3
cC /7N
Hi,— 4, /C1—C6\ His
Cs=N; \01
His
cis-conformmer

Figure 1. Molecular structure of picolinic acid hydrazide numbering scheme.

Computational Method

Computational calculations on the isolated

molecules were performed by the aid of Gaussian
09W program package and Gauss view 5.0 molecular
visualization programs (Frisch et al., 2010; Dennington

et al., 2009) in the gas phase. The geometric parameters

76

of picolinic acid (PA), picolinamide (PA A) and picolinic
acid hydrazide (PAH) molecules in the equilibrium state
were optimized at HF (Moller et al., 1934) and DFT with
Becke’s three parameter hybrid functional (B3) (Becke
et al., 1988) and combined with gradient corrected
correlation functional of Lee—Yang—Parr (LYP) (Lee et
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al., 1988; Becke, 1993) and employing 6-311++G (d,p)
basis set (Francl et al., 1982; Rassolov et al., 2001). In
order to obtain the best stable structures, Conformational
analysis of the optimized molecule was performed as a
function of dihedral angle which was varied between
0 and 180" with increments of 10" both HF/6-31++G**
and B3LYP/6-31++G** level of theory. The minimum
of each PES was referred to as zero. Rotational barriers
at 0" [AE, =E (¢=0")-E (equilibrium)], at 90" [AE
=E (¢=90)-E (equilibrium)] and at 180" [AE, =E
(6=180")-E (equilibrium)] were calculated by using
the energies of the respective optimized structures.
After optimization, at all optimized structures of the
title compounds obtained B3LYP/6-311++G (d,p) and
HF/6-311++G (d,p) level of theory, the p, o, 3 based on
finite field approach and energy differences of E -

were calculated in the same as level of theory. The 'H
and '*C NMR chemical shifts were calculated by GIAO

Properties of Picolinic Acid and Its Derivatives

approach by using B3LYP/6-311+G (2d, p) and HF/6-
31G (d) level of theory (McLean et al., 1980; Krishnan
(et al., 1980

RESULTS AND DISCUSSION
Structural Results and Energies

The equilibrium state structures of picolinic acid,
picolinamide and picolinic acid hydrazide molecules
obtained by the HF/6-311++ G (d,p) and DFT/6-311++G
(d,p) methods are compiled. It is found that, in three of
the compounds, dihedral angle between the pyrimidine
ring and carbonyl group is almost planar. The calculated
values of the electronic, dipole moment, polarizability,
hyperpolarizability, HOMO, LUMO energy and energy
gap (AEg) at the ground-state equilibrium geometry of
studied molecules are listed in Table 1.

Table 1. The electronic, HOMO, LUMO energy, dipole moment, polarizability, hyperpolarizability, and energy gap (AEg) of equilibrium

conformers of title compounds

B3LYP/6-311++G (d. p)

Electronic Energy (a.u) p (D) a (a.u) P (a.w) Eomo (@0) E jmo (@0) AEg (eV)
PA -436.9895188 5.96 80.09 40.85 -0.285578 -0.083905 54877
PAA -417.1188787 342 85.57 4195 -0.262983 -0.067039 5.3318
PAH -472.4537888 3.12 95.67 86.03 -0.26462 -0.068704 5.3311
HH/6-311++G (d. p)

PA -434.4300319 6.03 73.07 67.73 -0.375896 0.027884 10.9873
PAA -414.5965497 3.64 77.74 65.82 -0.361173 0.033023 10.7265
PAH -469.6049508 3.36 86.23 84.74 -0.362946 0.0323 10.755

The X-ray crystal structures for these three
molecules are available in the literature and the
torsion angle obtained at X-Ray crystal structures is
4.8° (Takusagawa and Shimada, 1973) for PA and
-18.1° (Gerzon et al., 2012) for PAA. In this analysis,
calculations were done for PA, PAA and PAH of the
studied molecule in the ground state and tabulated in
the Table 2. At the B3LYP/6-311++G (d, p) and HF/6-
311++G (d, p), the bond lengths C5-N1 of PA, PAA
and PAH have been calculated as 1.334, 1.334, 1.334,
1.318, 1.318 and 1.317 A whereas the corresponding
reported value is 1.343 (Takusagawa and Shimada,
1973), 1.334 (Jose et al., 2006) (Gerzon et al., 2012).
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For C1-C6, as 1.511, 1.514, 1.511, 1.510, 1.512 and
1.511 A whereas the corresponding reported value is
1.513 (Takusagawa and Shimada, 1973), 1.496 (Jose et
al., 2006) (Gerzon et al., 2012) and for C6-O1 as 1.204,
1222, 1224, 1.180, 1.197 and 1.1994 whereas the
corresponding reported value is 1.214 (Takusagawa and
Shimada, 1973), 1.253 (Jose et al., 2006) (Gerzon et al.,
2012) and 1.235 (Zareef et al., 2006), respectively. In
both methods, the bond angles C2-C1-N1 of PA, PAA
and PAH have been calculated as 123.5, 123.2, 123.3,
123.6, 123.3 and 123.4 A whereas the corresponding
reported value is 120.6 (Takusagawa and Shimada,
1973), 123.7 (Zareef et al., 2006).
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Table 2. Selected structural parameters of picolinic acid and its derivatives.

Bond lengths A)
C1-C2 C2-C3 C3-C4 C4-C5 C5-N1 NI1-C1 C1-C6 C6-01
PA DFT 1.393 1.391 1.393 1.394 1.334 1.339 1.511 1.204
HF 1.382 1.384 1.383 1.385 1.318 1.320 1.510 1.180
Exp®. 1.382 1.391 1.366 1.386 1.343 1.344 1.513 1.214
PAA DFT 1.394 1.391 1.393 1.394 1.334 1.340 1.514 1.222
HF 1.384 1.383 1.383 1.385 1.318 1.321 1.512 1.197
Exp®. 1.386(2) 1.334(2) 1.370(2) 1.496(2) 1.253(2)
PAH DFT 1.395 1.391 1.392 1.395 1.334 1.340 1.511 1.224
HF 1.384 1.384 1.383 1.386 1.317 1.321 1.511 1.199
Exp°. 1.235
Bond angles (°)
C2-C1-C6 C2-C1-N1 | C6-C1-N1 C1-C2-C3 C2-C3-C4 | C3-C4-C5
PA DFT 120.8 1235 115.7 118.0 1190 118.8
HF 120.1 123.6 116.2 117.7 119.0 118.5
Exp®. 119.8 120.6 119.5 119.6 119.2 119.0
PAA DFT 1191 1232 117.7 118.3 118.8 118.5
HF 119.0 123.3 117.7 118.0 118.9 118.3
ExpP. 117.2(1)
PAH DFT 119.0 1233 117.7 118.3 118.9 118.5
HF 118.8 1234 117.8 118.0 118.9 118.3
Exp°. 123.7 1189 118.5 118.9
Torsion Angles (°)
C2-C1-C6-01 N1-C1-C6-0O1 C2-C3-C4-C5 C1-C2-C3-4
PA DFT 0.0 180.0 0.0 00
HF 0.0 -180.0 0.0 00
Exp®. 4.8
PAA DFT 0.0 -180.0 0.0 0.0
HF 0.0 -180.0 0.0 00
Exp®. -17.5 162.4(2)
PAH DFT 0.0 180.0 0.0 00
HF 0.0 180.0 0.0 00
Expe°.

staken from Takusagawa and Shimada, 1973,"taken from Gerzon et al., 2012, taken from Zareef et al., 2006.

For C6-C1-N1,as 115.7,117.7,117.7,116 2, 117.7
and 117.8 A whereas the corresponding reported value is
1.513 (Takusagawa and Shimada, 1973), 1.496 (Jose et
al., 2006) (Gerzon et al., 2012) and for C6-O1 as 1.204,
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1.222,1.224,1.180, 1.197 and 119.5 (Takusagawa and
Shimada, 1973), 117.2 (Pierrat et al., 2005) A (Gerzon
et al., 2012), whereas the corresponding reported value
is 1.214 (Takusagawa and Shimada, 1973), 1.253 (Jose
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et al., 2006) (Gerzon et al., 2012) and 1.235 (Zareef
et al., 2006), respectively. As the optimized structural
parameters (bond length and bond angles) calculated
by HF, DFT/B3LYP with 6-3114++G (d,p) basis set are
compared with the XRD experimental data (Takusagawa
and Shimada, 1973; Zareef et al., 2006).

Conformational Analysis and Torsional Barriers

Conformational analysis of the optimized
molecule was performed as a function of dihedral
angle. The dihedral angle was defined as: ¢= N1-C1-
C6-0O1. The dihedral angle ¢ is the C1-C6 single bond
about which internal rotation forms clearly different
conformations. This search focused on the alteration
of ¢ torsional angle to determine the relative stabilities
of the different conformers existing on PEY. To obtain
potential energy surface of dihedral angles, ¢= N1-C1-
C6-0O1 of the optimized molecular geometry (trans-
conformer) was varied with increments of 10° starting
from 0° throughout 36 steps while all other structural

parameters were optimized and the result of potential

Properties of Picolinic Acid and Its Derivatives

energy surface is shown Figure 2 (a) and (b). Rotational
barriers at 0" [AE, =E (¢=0")-E (equilibrium)], at 90’
[AE,, =E (¢=90")-E (equilibrium)] and at 180" [AE,,
=E (¢=180’)-E (equilibrium)] were computed by using
the energies of the optimized structures. The results are
shown in Figure 2 (a) and (b). As seen from Figure 2 (a)
and (b), In both methods generated qualitatively parallel
form of the torsion potential. The conformational
analysis calculations at the HF/6-311++G (d,p) and
B3LYP/6-311++G(d,p) showed that potential energy
surface have two energy minima and a transition state
structures.

The low-energy conformers were obtained at = 180
and-180°(trans-conformer). Maximaenergy conformers
were seen at 0° dihedral angle (cis conformer). The
trans-conformers of the studied molecules were found
to be most stable among their conformers. The potential
barrier height of cis- conformers are at 13.24,10.69, and
9.56 with DFT/B3LYP level of the theory 6-311++G
(d, p) basis set and at the HF/6-311++ G (d, p) 13.53,
10.94, and 10.55 kcal/mol, respectively.
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Figure 2. The potential energy surface (PES) (a) at the B3LYP/6-3114++G (d,p), (b) HE/6-311++G (d,p).

Dipole Moment, Linear and Non-Linear Optical
Effects (NLO)

Non-linear optics is the study of the interactions
of light with matter under conditions in which the
non-linear response of the atoms plays an important
role. Some of the nitro substituted pyridine materials
show efficient NLO properties that can be used
in various non-linear optical devices. It is well
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known that the higher values of the p, o and {3 are
important for more active NLO properties. In this
study dipole moment, polarizability and the second
order polarizability or first hyperpolarizability of the
titled molecule were investigated by using HF and
B3LYP method at 6-311++G (d, p) basis set. The
following equations (1, 2, 3) are used for calculating
the magnitude of p, o and
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Where, the p, o and 3 using the x, y, z components
are defined as (Petek et al., 2006; Mol, 2010). The pu,
AEg, o and § were calculated by using 6-311++G(d,p)
basis set at the HF and DFT (B3LYP) of picolinic
acid (PA), picolinamide (PAA) and picolinic acid
hydrazide (PAH) molecules. The results are shown
in Figure 3 (a), (b) and Figure 4 (a), (b), respectively.
As results, the dipole moment in a molecule is very
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important electronic property and was used to study the
intermolecular interactions involving the van der Waal
type dipole-dipole forces.

HOMO-LUMO energy differences,dipole moment,
linear polarizability and the first hyperpolarizability
values of PA, PAA and PAH are investigated as a
function of the torsional angle using B3LYP/6-311++G
(d,p) level of theory.
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Figure 3. (a) The dipole moment () and (b) the HOMO-LUMO energy gap at the B3LYP/6-311++G (d.p).

As seen from Figure 3 (a), dipole moment values
of trans conformers of all the molecules are lower than
that of cis-conformer. PA has the highest dipole moment
value when comparing the other studied molecules.

The calculation results showed that behavior of a of

80

studied molecules as a function of torsion angle have
the similar trend.

That is, according to the orthogonal conformation
(90°) of the molecules, the polarizability curves are
almost symmetric.
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Figure 4. (a) Linear polarizability (o) and (b) first order hyperpolarizabilities (§) at the B3LYP/6-311++G (d.p).

The computed results demonstrate that the values
of HOMO-LUMO energy differences and the first
hyperpolarizability at the dihedral angle of 90° are
maximum, whereas this condition does not obtain for

NMR Spectral Investigations

'H, 3C NMR values of conformers picolinic acid,
picolinamide and picolinic acid hydrazide molecules
have been calculated and given in Tables 3. The
atomic positions are numbered as given in Figure 1.
Calculations performed with GIOA/DFT and GIOA/

the polarizability. As a result, behavior of MO energy
gap of studied molecules as a function of torsion angle
are of the similar trend.

HF methods were used the B3LYP/6-311+G (2d, p)
and HF/6-31G (d) level of theory. Comparison of
the calculated and experimental 'H, *C NMR values
indicates that results of HF/ 6-31G (d) are in good
agreement with experimental data (Gerzon et al., 2012).

Table 3 The theoretical 'H, *C NMR chemical shifts values of PA, PAA and PAH molecules (Gerzon et al., 2012).

B3LYP/6311+G (2d, p) HF/6-31G(d)

Atoms Cl C2 Exp® C3 Cl C2 C3
1-C 154.6 157.6 150 157 1453 147.6 147
2-C 128.3 127.3 121.9 127 120.9 120 120
3-C 1425 1412 137.6 141.1 136.9 135.8 135.8
4-C 130.8 1294 126 .4 129.5 121.2 120.1 120.2
5-C 152.7 153 148.4 1533 143.7 143.6 143.8
6-C 167.8 168.4 166 170 151 156.7 158.1
10-H 8.55 8.62 8.12 8.58 8.2 8.23 8.2
11-H 8.07 7.99 7.98 7.96 7.96 7.86 7.85
12-H 7.64 7.52 7.51 7.26 7.14 7.15
13-H 10.58 7.59 8.63 8.79 8.62 5.96 8.58
14-H 8.82 8.81 8.05 8.66 8.26 8.58 6.79
15-H 4.62 3.25 3.7 2.26
16-H 3.25 2.26
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CONCLUSION

In this paper, the ground state geometrical energy,
w, o, B, E, 0 E, ivo. AEg and NMR and *C NMR
chemical shifts of picolinic acid (PA), picolinamide
(PAA) and picolinic acid hydrazide (PAH) molecules
are examined as a function of the torsional angle both
HF/6-311++G (d,p) and B3LYP/6-311++G(d,p) level
of the theory, for each molecule.

The tendency in the calculated torsional
potentials, barrier heights, and energy differences
between conformers are discussed.

The trans-conformers of the studied molecules
were found to be most stable among their conformers.
The potential barrier height of cis- conformers are at
13.24, 10.69, and 9.56 with DFT/B3LYP level of the
theory 6-311++G (d, p) basis set and at the HF/6-
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An FT-IR and DFT Study of Solvent Effects on Molecular Parameters
and Vibrational Frequencies of 3,5-diamino-1,2 4-triazole

Mustafa Tugfan BILKAN!

ABSTRACT: In this paper, solvent environments effects on structural and spectroscopic properties of 3,5-diamino-
1,2 4-triazole (Guanazole) antitumor agent have been investigated. Optimized molecular structures were obtained
in solvent media. Conformational structures of Guanazole in the gas phase were investigated and the relative
population distributions of the conformations were obtained using the Boltzmann distribution. Moreover, the
experimental FT-IR spectrum of Guanazole were recorded. In addition, vibrational frequencies and its intensities
were calculated for each environment by using of optimized structures and they compared with the experimental
data. Density Functional Theory and 6311++G (d,p) basis set were used in the theoretical calculations. Based on
the solid phase IR spectrum of pure Guanazole, it was seen that Guanazole is dimeric structure in solid phase. For
this reason, the dimer structure of Guanazole has been investigated in detail.

Keywords: Density functional theory, guanazole, solvent effects, vibrational spectroscopy
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3,5-diamino-1,2 4-triazole Molekiiliiniin Titresim Frekanslarimin
ve Molekiiler Parametrelerinin Uzerine Coziicii Etkilerinin bir
DFT ve FT-IR Calismasi
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OZET: Bu calismada, 3,5-diamino-1,24-triazole (Guanazole) anti timor ajamin yapisal ve spektroskopik
ozellikleri iizerine ¢oziicii etkileri arastirildi. Coziicii ortamlar icerisinde optimize edilmis molekiiler yapilar elde
edildi. Guanazole’nin konformasyonel yapilar1 gaz fazda incelendi ve nispi niifus analizleri Boltzmann dagilimi
kullanilarak elde edildi. Ayrica, Guanazole’nin deneysel FT-IR spektrumu kaydedildi. Ek olarak titresim frekanslari
ve siddetler optimize yapilar kullanilarak her bir ¢oziicti ortam icin hesaplandi ve deneysel veriler ile kiyaslandi.
Hesaplamamalarda Yogunluk Fonksiyoneli Teorisi ve 6311++G(d, p) temel seti kullanildi. Saf Guanazole’nin
deneysel IR spektrumundan yola ¢ikilarak, Guanazole’nin kati fazda dimer yapida oldugu belirlendi. Bu ylizden
dimer yapi i¢in detayli incelemeler yapildi.
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INTRODUCTION

3,5-diamino-1,2 4-triazole (Guanazole) molecule
is given in CH.N; closed formula and the molecular
weight is about 99.09 ¢ mol!. It is in solid phase at room
temperature. Guanazole is an important biomolecule
and it forms the basis of many studies published up
to now because of its antitumor and anticancer effects
on living tissues. Studies on the pharmacological and
biological properties of the Guanazole molecule have
gained a significant impetus in the 1970s and are still
effective today [ Vicketal., 1970; Daveetal., 1978; Suter
and Romagna, 1990; Ho et al., 2003; Xin et al., 2012].
The identification of structural, physical and chemical
properties of molecules with such important medicinal
and pharmacological effects is also of great importance.
Therefore, in the literature, there are many published
papers on the structural and vibrational properties of
Guanazole. In their articles published in 2005, Kumar
et al. examined vibrational modes of Guanazole using
infrared spectroscopy and Density Functional Theory
(DFT) methods. Next, Guennoun et al. calculated the
vibrational modes, energy and geometric parameters
of free Guanazole using DFT and Hartree-Fock (HF)
theories. In addition, for the molecule, studies on various
metal complexes and different physical properties have
also been published. [Aurkie et al., 2008; Penglei et al.,
2015; Haixiang et al., 2016].

Although there are many published studies on
the investigation of vibration mode modes of free
Guanazole in solid phase, there is no published study
of solvent effects on this molecule as far as we know.
In order to fill this gap in the literature, the structural,
vibrational and some physical properties of Guanazole
in various solvent media have been investigated in
detail. It is quite important to examine the behavior,
physical and chemical properties of any molecule in a
solvent environment because solvent media are physical
factors that directly affect the absorption, transport and
diffusion of a drug into the living organism. There are
many methods and theories to study these effects. One
of most popular methods for the research of solvent
effects is Polarizable continuum model (PCM). When
examining solvent interactions, PCM treats solvents
as a continuous polarized environment rather than as
individual molecules [S. Miertus et al., 1981]. This
allows the calculation costs to fall significantly, which
is the biggest problem in ab initio calculations. In this
study, DFT method were used for the calculations of
many physical-chemical properties of Guanazole in
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solvent media. The optimized molecular structures
of Guanazole in Benzene (CH.-€=2.27), Toluene
(PhMe-£=2.37), Chloroform (CHCl,-8=4.71),
Dichloromethane (DCM-£=8.93), Acetone
(ACTN-£=20.49), Ethanol (EtOH-£=24.85), Methanol
(MeOH-£=32.61) and Acetonitrile (ACN-£=35.69)
solvents were obtained and they compared with
the crystal structure parameters from the literature.
Experimental FT-IR spectrum was recorded in solid
phase. DFT calculated vibrational modes of Guanazole
in vacuum and in solvent media were compared with the
experimental FI-IR spectrum. Dimeric structure was
also investigated based on the experimental spectrum.
The energies and some thermochemical properties
of the structures were also calculated using the same
methods. The results obtained were discussed and the
effects of solvent environments on Guanazole were
elucidated in detail.

MATERIAL AND METHOD

A commercial sample of Guanazole was purchased
from Aldrich and used without further purification.
The infrared spectrum of the molecule was recorded
between 3700-550 cm” by Perkin Elmer Spectrum
100 FT-IR spectrometer with ATR (Attenuated total
reflection) equipment.

The calculations of energies, optimized molecular
structures and vibrational frequencies of Guanazole
have been performed by using Gaussian03 program
with the help of Gaussview visualization program
[Frisch et al., 2004; Dennington et al., 2008]. All
calculations were made on personal computers. The
calculated frequencies were scaled by 0.98 to correct
the difference between the calculated and experimental
vibrational frequencies. All calculations in vacuum and
in solvent media were performed DFT method with
6-311++G(d,p) basis set. From the optimized structures,
vibrational frequencies and intensities were calculated.
The fundamental vibrational modes were characterized
by their PED (potential energy distribution) obtained
by using the VEDA4 program [Jamréz et al., 2004].

RESULT AND DISCUSSIONS
Energetics and Thermochemical Properties

Guanazole has two tautomers due to its molecular
structure. In this study, tautomeric structures were
named Guanazole-1 and Guanazole-2. The optimized
structures of both tautomers are given in Figure 1.
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GUANAZOLE-1

GUANAZOLE-2

Figure 1. Optimized molecular structures of Guanazole-1 and Guanazole-2

The total energies of Guanazole-1 and Guanazole-2
were calculated as -353.084854 H and -353.069002 H,
respectively, in the vacuum environment. This suggests
that Guanazole-1 is more stable than Guanazole-2.
The calculated energy difference between the
tautomeric structures is 9.95 kcal mol'. This energy
difference is quite large and according to Boltzmann

relative population analysis, the probability of having
Guanazole-1 is 100% due to this energy difference. The
energy difference shows itself also the same in solvent
environments, and the probability of the presence of
Guanazole-2 is 0% in solvent environments. Therefore,
all calculations and interpretations made in the rest of
this paper apply to Guanazole-1.

Table 1. DFT calculated total energies and some important thermochemical parameters of Guanazole.

Parameters Vacuum CH, PhMe CHCI, DCM
Dielectric constant 1.00 2.27 2.36 471 8.93
(Total Energy (Hartree -353.08485 -353.09835 -353.09917 -353.10775 -353.11236
*(Energy Dif. (Kcal/Mol 0.00 8.47 8.99 14.37 17.26
(Dipole Moment (Debye 2.5984 3.2104 3.2372 3.6553 3.8646
(ZP.VE. (Kcal/Mol 58.399 57.808 57.759 57.334 57.075
(Entropy (cal/mol.K 78.323 78.280 78.365 78.234 78.181
(Heat Cap. (cal/mol.K 24.261 24.305 24.343 24.330 24.335
Parameters ACTN EtOH MeOH ACN
Dielectric constant 20.49 24.85 32.61 35.69
(Total Energy (Hartree -353.11597 -353.11645 -353.11711 -353.11728
*(Energy Dif. (Kcal/Mol 19.53 19.83 20.24 20.35
(Dipole Moment (Debye 40316 40552 4.0856 4.0639
(ZP.VE. (Kcal/Mol 56.865 56.836 56.795 56.786
(Entropy (cal/mol.K 78.141 78.141 78.156 78.134
(Heat Cap. (cal/mol.K 24332 24.335 24.345 24.335

* The energy differences indicate the changes of the energies in the solvent media relative to the vacuum
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It can be seen from Table 1 that the dipole moment
of Guanazole changes significantly from the vacuum to
the solvent environment. Since the dipole moment is the
measure of the polarity of a molecule, the polarizable
continuous model approach included in the theoretical
calculations reveals that the dipole moments show
significant increases. For Guanazole, the entropy and
heat capacity changes do not show a linear increase with
increasing dielectric constant of the solvent medium. In
some environments it showed an increase and in some
environments it showed a decrease. This instability is
thought to originate from the polarity of the changing
solvent environment.

Molecular Parameters

The optimized molecular structure of Guanazole
has been given previously in Figure 1. All calculated
bond lengths and angles are also given in Table 2 along
with experimental X-Ray diffraction data taken from
the literature [Starova et al.; 1979].

When Table 2 is examined, it can be seen that the
bond lengths and bond angles calculated in both the
vacuum environment and the solvent environments

are in good agreement with the experimental values.
Deviations from the experimental values of all bond
lengths calculated except for N-H bond lengths are less
than 0.05 A. Similarly, deviations from experimental
values at all other angles, except for the bond angle at
which hydrogen atoms are present, are less than 0.3°.
It is known that in geometric parameters containing
hydrogen atoms, there are errors that cannot be
eliminated due to X-ray scattering factors. This can lead
to large differences compared to those calculated in the
molecular parameters such as X-H and X-X-H. As a
result of this, significant differences also have seen in
the comparison of calculated and observed vibrational
modes.

Vibrational Modes and Assignments

Guanazole has 12 atoms and there are 30 vibration
modes in total since there is no linear geometry.
Vibration frequencies and relative intensities calculated
in vacuum and solvent environments are given in Table
3 together with the experimental values. The recorded
experimental IR spectrum is also given in Figure 2.
Since the experimental data starts at 550 cm™, the
vibrational modes are given after the eighth mode.
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Figure 2. Recorded mid-IR spectrum of Guanazole.
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Table 2. Calculated and measured molecular parameters of optimized Guanazole in solvent media.

Bond lengths (A)
Atoms Vacuum CH, PhMe | CHCI, | DCM | ACTN | EtOH | MeOH | ACN | Exp.®
1C-4N 1.349 1.346 | 1.346 1.345 1.344 1.343 1.343 1.343 1.343 | 1.339
1C-5N 1.320 1.326 | 1.326 1.330 1.332 1.334 1.334 1.334 1.334 | 1.363
1C-7N 1.380 1.375 | 1.375 1.371 1.369 1.368 1.368 1.368 1.367 | 1.353
2C-3N 1.319 1.321 1.321 1.323 1.323 1.324 1.324 1.324 1.324 | 1319
2C-5N 1.371 1.370 | 1.370 1.369 1.369 1.369 1.368 1.368 1.368 | 1.363
2C-6N 1.380 1.380 | 1.380 1.381 1.381 1.381 1.381 1.381 1.381 | 1.376
3N-4N 1.386 1.388 | 1.388 1.388 1.389 1.389 1.389 1.389 1.389 | 1.398
4N-12H 1.006 1012 | 1.012 1.017 1.020 1.022 1.022 1.023 1.023 | 0.870
6N-10H 1.009 1012 | 1.012 1.015 1.016 1.017 1.017 1.017 1.017 | 0.830
6N-11H 1.009 1013 | 1.013 1.015 1.016 1.017 1.017 1.018 1.018 | 0.930
7N-8H 1.011 1013 | 1.013 1.015 1016 1.017 1.017 1.018 1018 | 0.890
7N-9H 1.010 1013 | 1.013 1.015 1.017 1.018 1.018 1.018 1018 | 0.860
Bond angles (°)
4N-1C-5N 1104 1102 | 1102 110.1 110.1 110.1 110.0 1100 1100 | 1104
4N-1C-7N 124.1 1243 | 1243 124 4 1244 124 4 124 .4 1244 1244 | 1241
S5N-1C-7N 125.5 1254 | 1254 1254 1254 1254 1254 1254 1255 | 1254
3N-2C-5N 115.7 115.5 115.5 1154 1153 115.3 115.3 1153 1153 | 1159
3N-2C-6N 123.1 123.1 123.1 123.1 1232 1232 1232 1232 1232 | 1229
5N-2C-6N 121.1 1213 | 1213 1214 1214 121.5 1215 121.5 1215 | 121.0
2C-3N-4N 1014 1015 | 1015 101.6 101.7 101.7 101.7 101.7 101.7 | 1015
1C-4N-3N 109.8 109.8 | 109.8 109.9 109.9 109.9 109.9 109.9 1099 | 109.5
1C-4N-12H 129.6 129.7 | 1297 129.5 1294 129.3 129.3 129.3 1292 | 1325
3N-4N-12H 119.7 120.1 120.1 1204 120.6 120.8 120.8 120.8 120.8 | 1180
1C-5N-2C 102.8 1029 | 1029 103.0 103.0 103.0 103.1 103.1 103.1 | 102.7
2C-6N-10H 1139 1139 | 1139 113.8 113.8 113.8 113.8 113.8 113.8 | 1150
2C-6N-11H 114.5 1144 | 1144 114.3 1143 114.3 114.3 114.2 1143 | 1140
10H-6N-11H 1139 1133 1133 112.8 112.6 112.4 112.4 1124 1124 | 1140
1C-7N-8H 112.2 1132 | 1132 113.9 114.2 114.4 114.4 114.5 1145 | 1150
1C-7N-9H 1159 116.3 116.3 116.4 116.4 116.4 116.4 116.4 1164 | 1190
8H-7N-9H 112.5 1129 | 1129 113.2 1134 113.4 113.5 113.5 1135 | 1150
*Data were taken from Ref.
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An FT-IR and DFT Study of Solvent Effects on Molecular Parameters and Vibrational Frequencies of 3,5-diamino-1,2 4-triazole

When Table 3 and Figure 2 are examined, it can
easily be seen that the strongest vibrational mode is the
H-N-H bending mode, which is calculated at 1618 cm’!
and is shown at 1621 vs in the experimental spectrum.
This mode, which is originated by the angle bending
movement between atoms 8H-7N-9H and 10H-6N-11H
is assigned as H-N-H bending mode by Kumar et al.
8H-7N-9H and 10H-6N-11H atoms. In addition, the
mode was very severely affected by varying solvent
environments because it was outside the Triazole
ring. The vibrational frequencies are shifted by 15,
16, 26, 32, 36, 37, 38 and 38 cm™! in solution phases,
respectively. The N-C stretching modes are calculated
at 1632, 1566, 1474,1403, 1111, 1045 and 654 cm™. All
of these modes, except the one calculated at 1474 cm'!
are also combinations of H-N-H and H-N-C bending
vibrations, too. It was found that the N-C vibrations
in the plane of the Triazole ring were more severely
affected by the changing solvent environment. For
example, at the mode number 25 which is caused by
the stretching vibrations between atoms 1C-7N and
2C-6N, the frequencies shifted about 25 cm™ from gas
phase to solution phases. However, mode 20 which is
combination of the stretching vibrations between 2C-
5N and 1C-5N atoms shows a shift of 15 cm™.

The most serious changes that occur in vibrational
modes are those in the functional group region.
Guanazole has five N-H stretching modes computed
at 3608, 3596, 3588, 3505, and 3493 cm™ which are
significantly affected from the changing media. In each
of the N-H stretching vibrations, 164, 160,230, 157 and
218 cm™! shifts were occurred passing from gas phase to
solution phases.

There is an important situation in investigation of
vibrational modes in the functional group region. Five
bands were seen as expected in the 3000-3500 cm!
region of the experimental spectrum. From these bands,
3393-3361 and 3304-3236 cm! are similar, while 3099
cm! is different from the other. We think that bands
observed at 3393-3361 and 3304-3236 cm! originated
from N-H, vibrations and at 3099 cm™' originated from
N-H vibration. However, when Table 3 is examined
it will be seen that the stretching vibration between
4N-12H atoms for Guanazole T1 structure is calculated
at 3596 cm'. Namely, according the theoretical
calculations, the N-H stretching mode was calculated at
frequencies greater than N-H, stretching modes. There
are also inconsistencies in the calculated and observed
vibration intensities. In the functional group region, the
strongest band calculated is mode 29, while the most
intense band observed is 3099 m. All these conditions
indicate that the structure is in the dimeric phase, not
the monomer. Therefore, in this study, the dimeric
phase calculations of Guanazole were also investigated.

Dimerization of Guanazole

Dimer structures usually form in the end result of
bonding two monomers with hydrogen bonds. Previous
studies have shown that dimerization seriously affects
vibrational frequencies [Bilkan et al, 2017]. In this
study, it was thought that solid Guanazole was in dimeric
structure due to the reasons mentioned above. In this
case, many possible dimer structures for Guanazole can
be mentioned, but the most likely structure that will
provide the dominance of the N-H stretching vibration
is the structure given in Figure 3. The calculated and
observed vibrational modes of this structure for the
functional group region were given in Table 4 in detail.

Figure 3. Dimeric structure of Guanazole.

Cilt / Volume: 8, Say1 / Issue: 1,2018

91



Mustafa Tugfan BILKAN

Table 4. Calculated and observed N-H stretching modes of Guanazole dimer.

Mode Freq. L, Exp. PED (%)

57 3307 0.04 VAS[4N-12H+16N-24H 1(86)
3099 m

58 3328 100.00 Vantomsionam (80)

59 350 1 0 69 VS[] 9N-20H+19N-2 lH](59)+VS[7N—8H+7N—9H](33)
3236 w

60 3501 328 VS[7N-8H+7N-9H J(68)+VS[19N-20H+19N-21H J( 1 3)

61 3504 168 VS[6N-11H+6N-lOH](77)+vS[18N-22H+lSN-ZSH](18)
3304w

62 3504 0 6 1 VS[ 18N-22H+1 8N—23H](7 1 )+VS[6N—1 1H+6N-1 OH]( 1 3)

63 3599 0.70 VAS[7N—8H+7N—9HJ(7 6)+VAS[19N—20H+19N—21H J( 14)
3361 w

64 3599 3 6 1 VAS[19N-20H+I9N-2 lH](72)+VAS[7N-8H+7N-9H](22)

65 3605 1 47 VAS[GN-I IH+6N-1 OH](84)+VAS[1 8N-22H+1 8N-23H]( 1 6)
3393 w

06 3605 191 VAS[18N722H+1 8N-23H 1(88)+VAS[6N71 1H+6N—10H]( 1 2)

Table 4 also shows in detail which atoms the
vibrational modes originate from. The vibration
frequencies calculated for dimer structures were
usually calculated in pairs since they originate
from the same two structures. For example, when
examining Table 4, it can be seen that the complete

calculated modes except for modes 57 and 58
is calculated in pairs. The strongest mode in the
functional group region according to Table 4 is the
vibrations between atoms 4N-12H and 16N-24H,
which is quite consistent with the situation observed
in the experimental spectrum.
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Figure 4. Calculated IR spectrum of dimer structure of Guanazole.
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In Figure 4, the calculated IR spectrum for the dimer
structure is given. When the 3000-3500 cm™ region is
examined, it is seen that the intensities of observed and
calculated vibrational modes are in harmony with each
other. This proves that Guanazole exhibits dimerization
in the solid phase. The differences between the
frequencies calculated and observed for this region
are due to the fact that the molecules adjacent to the
dimer structure in the solid phase affect the stretching
vibrations of 18N-22H, 19N-20H, 7N-8H and 6N-10H.
The hydrogen bonded dimer structure of Guanazole is
in binary connected and the binding is of type N-H-~N.
The intermolecular hydrogen bond distances were
calculated to be 2.006-2.007 A.

CONCLUSIONS

In this study, we have performed the experimental
and theoretical studies on vibrational, structural and
some chemical properties of Guanazole anti-tumoragent.
Molecular structure optimizations were performed in
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gas and solution phases. From the optimized results,
two stable tautomeric structures were found. Moreover,
the relative energy differences of these conformations
are not very close to each other. Thus, relative
population distributions show that Guanazole is 100%
available in Guanazole-1. The calculated frequencies
are compared with the experimental spectrum and each
fundamental vibrational mode is described in detail.
Based on the experimental spectrum, dimeric structure
was determined and investigated in detail. Hydrogen
bond lengths and relative energy differences of the
dimer structure was calculated. The results of this study
showed that Guanazole was severely affected by the
changing solvent environment.
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Keciboynuzu Unu Tlavesinin Kakaolu Kekin Fiziksel, Duyusal ve
Tekstiirel Ozelliklerine Etkisi

Kamil Emre GERCEKASLAN!, Hiiseyin BOZ?

OZET: Bu calismanin amaci ke¢iboynuzu ununun kakaolu kekin fiziksel, duyusal ve tekstiirel dzelliklerine etki-
lerini degerlendirmektir. Kek formiilasyonundaki kakao yerine %0-20-40-60 ve 80 oranlarinda kec¢iboynuzu unu
kullanilmisg ve ilave edilen keciboynuzu unu miktar: kakao miktarindan diigiilmiistiir. Ke¢iboynuzu unu ilavesi kek
orneklerinin L, a ve b renk degerlerini p<0.01 diizeyinde etkilemistir. Ke¢iboynuzu unu ilavesi kek drneklerinin ha-
cim ve spesifik hacim degerlerini olumsuz etkilememis, kiil icerigini ise kontrole kiyasla 6nemli (p<0.01) diizeyde
diistirmiistiir. Yapilan duyusal degerlendirmelerde biitiin formiilasyonlar panelistler tarafindan kabul gormiis olsa
da kontrol kek ornegine en yakin skorlari sirasiyla %20 ve %40 keciboynuzu unu iceren formiilasyonlar almigtir.
Tekstiir analizinden elde sonuclara gore keciboynuzu unu ilavesi kek 6rneklerinin kohesivligini artirmig; sertlik,
cignenebilirlik ve elastikiyet degerlerinde 6zellikle %40 keciboynuzu unu seviyesine kadar olumsuz bir etki olus-
turmadi81 gozlemlenmistir. Bu sonuglar 15181nda keciboynuzu ununun kakaolu kek iiretiminde %40 seviyesine
kadar kullanilabilecegi ifade edilebilir.
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Anahtar Kelimeler: Kek, keciboynuzu unu, kakao, tekstiir

The Effect of Carob Flour on the Physical, Sensory and Textural
Properties of Cocoa Cake

IGDIR ONIVERSITESI

ABSTRACT: The aim of this study was to evaluate the effect of carob flour on physical, sensory and textural
properties of cocoa cakes. Instead of cocoa in the cake formulation, 0-20-40-60 and 80% of carob flour was used
and the amount of carob flour added was subtracted from the amount of cocoa. Carob flour affected L, a and b color
values of crust color of cake samples statistically at p<0.01 level. The addition of carob flour did not adversely
affect the volume and specific volume values of the cakes, but reduced the ash content of the cake samples at a
significant (p<0.01) level compared to the control. If all the formulations in the sensory evaluations were accepted
by the panelists, the closest scores to the control cake sample were formulations containing 20 and 40% carob flour,
respectively. According to the results obtained from the texture analysis, the addition of carob flour increased the
cohesiveness of the cake samples and it was observed that the hardness, chewiness and elasticity values did not
cause a negative effect until the level of carob flour was 40%. These results suggest that carob flour can be used up
to 40% in the production of cocoa cake.

Keywords: Cake, carob flour, cocoa, texture
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Kamil Emre GERCEKASLAN ve Hiiseyin BOZ

GIRIS
Kek; hazirlanigt kolay, maliyeti diisiik ve 6zellikle
raf Omriiniin olduk¢a uzun olmasi nedeniyle gerek

yetigkinler gerekse cocuklar tarafindan yaygin bir
sekilde tiiketilen tahil Giriinleri arasindadir.

Kakao; yiiksek yag ve hidrofobik polisakkarit
icerigiyle cikolata, kek, biskiivi ve cesitli tatlilarda
yaygin olarak kullanilmaktadir (Omobuwajo et
al., 2000). Giiniimiizde kakao yerine keciboynuzu
unu kullanimi bu iriinlerde gerek yag igerigini
azaltmak gerekse iriinlerin fonksiyonel 6zelliklerini
iyilestirmek maksadiyla tercih edilmektedir (Rosa et
al., 2015).

Keciboynuzu (Ceratoniasiliqua L.) Leguminoseae
(Fabaceae-Baklagiller) familyasinin Caesalpinaceae
alt familyasina ait olan, antik caglardan bugiine dek
var olan, hem cevresel hem de ekonomik olarak
onem tasiyan bir bitkidir. Kok yapist sayesinde
yetistiriciliginin yapildigr alanlarda erozyon gibi
afetleri Onleyebildigi ifade edilen keciboynuzunun
Diinyada ¢ogunlukla Akdeniz iklimine sahip alanlarda,
Ispanya, Italya, Fas, Portekiz, Yunanistan, Kibris ve
Tirkiye gibi iilkelerde yetistiriciliginin yapildig1 ifade
edilmektedir (Pazir ve Alper, 2016).

Kec¢iboynuzu unu; ekmek, makarna, kek ve eriste
gibi firin iirlinlerinde besin igerigini zenginlestirmek
(Ortega et al., 2011; Turfani et al., 2017), ¢olyak
hastalari i¢in iiretilen gidalarda ise yapi diizenleyici
olarak kullanilmaktadir (Feillet and Roulland, 1998;
Durazzo et al., 2014).

Keciboynuzu meyvesi  yiikksek  diizeydeki
coziilebilir seker (40-50 g 100g"'), diisiik protein
(3-4 g 100g") ve lipid (0.4-0.8 g 100g™") icerigi ile
karakterize edilen bir meyvedir. Ancak diyet lifi,
fenolik bilesenler, vitamin ve mineral bakimindan
olduk¢a zengin olmasi (Kumazawa et al., 2002; Khlifa
et al., 2013; Biernacka et al., 2017), keciboynuzuna
olan ilgiyi her gecen giin artirmakta ve diger bircok
endiistride oldugu gibi gida endiistrisinde de kullanim
alanin1 genigletmektedir.

Gida endiistrisinde ¢ekirdeksiz keciboynuzu
meyvesinin un haline getirilerek kakao yerine
kullanilabilecegi (Durazzo et al., 2014), ke¢iboynuzu
ununun gida iiretimi icin fonksiyonel bir katk: olarak
degerlendirilebilecegi belirtilmektedir (Tsatsaragkou
et al., 2014; Biernacka et al., 2017). Fonksiyonel
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bir bilegen olarak kabul edilen ke¢iboynuzu ununun
kek formiilasyonlarina ilave edilmesi siiphesiz kekin
gerek besin degerini, gerekse fonksiyonel 6zelliklerini
artiracaktir. Ancak keciboynuzu unu kullaniminin
kekin fiziksel,
birinci derecede etkileyen duyusal 6zelliklerini nasil
etkileyecegi bilinmemektedir. Bu calismada kek
iretiminde formiilasyona kakao yerine farkl: oranlarda

tekstiirel ve tiiketici tercihlerini

keciboynuzu unu ilavesinin kek orneklerinin fiziksel,
tekstiirel ve duyusal 6zelliklerine etkilerini belirlemek
amaclanmuistir.

MATERYAL VE YONTEM
Materyal

Kek iiretiminde kullanilan un, geker, yag, kakao,
keciboynuzu unu ve kabartma tozu Nevsehir’de yerel
bir marketten satm alinmistir. Uretimde kullanilan un
%12.80 nem, %0.495 kiil, %11.49 protein ve % 29
yas gluten; keciboynuzu unu %6.26 nem, %?3.20 kiil
ve kakao % 3.71 nem ve %12.80 kiil icerigine sahiptir.

Kek Uretimi

Kek iretiminde Karaoglu ve ark, (2008)
tarafindan tarif edilen formiilasyon ve pisirme iglemi
kullanilmigtir. Bu caligmada farkli olarak, kakaolu
kek iretimi icin ©6n denemelerle belirlenen bir
deger olarak formiilasyona %10 kakao eklenmisgtir.
Formiilasyondaki kakao %20, 40, 60 ve 80 oranlarinda
keciboynuzu unu ile ikame edilmistir. Kontrol kek
orneklerine keciboynuzu unu ilave edilmemis,
formiilasyonlarda %10 kakao kullanilmigtir.  Kek
hamuru hazirlanirken bilesenlerin karistirilmasinda
Karaoglu ve ark, (2008) tarafindan verilen sira
takip edilmistir. Kenwood (KM-242) marka mikser
kullanilarak oncelikle yumurta aki ve tuz 4 dakika,
seker ilave edilerek 1 dakika, siit ilave edilerek 2
dakika, yag ve yumurta saris1 edilerek 1 dakika 5.
devirde ve son olarak un, kakao ve kabartma tozu
ilave edilerek 4. devirde 4 dakika karistirilmistir. Elde
edilen kek hamurlar1 muffin kek kaliplarina 60°ar g
olacak sekilde konulmus, bir elektrikli firinda (Arcelik
MF44) 175°C’de 35 dakika siire ile pisirilmistir.

Keklerde Yapilan Analizler

Materyallerin ve kek Orneklerinin nem ve
kiil icerikleri sirasiyla AACC metot 44-15.02 ve
08-01.01’e gore yapilmustir (AACC, 2003). Uretilen

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Keciboynuzu Unu lavesinin Kakaolu Kekin Fiziksel, Duyusal ve Tekstiirel Ozelliklerine Etkisi

kekler oda sicakliginda 1 saat bekletilip sogutulduktan
sonra tartilmig, kolza tohumu kullanilarak yer
degistirme esasina gore hacimleri ve spesifik hacimleri
belirlenmigtir (Elgiin ve ark., 1999). Keklerin kabuk
ve i¢ rengi Ol¢iimlerinde Konica Minolta (CR-400)
Colorimeter (Minolta Camera Co., Osaka, Japan)
kullanilmigtir (Elgiin ve ark., 1999).

Tekstiir Analizleri

Keciboynuzu unu ilave edilerek iretilen kek
orneklerinde tekstiir analizleri TA-XT Plus tekstiir
analiz cihazinda (Stable Micro Systems, Godalming,
Surrey, UK) 100 mm’lik prob (P-100) kullanilarak
gerceklestirilmigtir.  Pisirilip oda  sicakliginda
sogutulduktan sonra stre¢ filmle kaplanmig, yaklasik
24 saat bekletilmis keklerden tekstiir analizi icin
silindir sonda yardimiyla 3 cm c¢apmnda ve 3 cm
yiiksekliginde 6rnekler ¢ikartilmigtir. TPA metodunun
parametreleri; test oncesi hiz 1 mm s, test hizi
2 mm s, test sonrasi hiz 1 mm s, bekleme siiresi
5 s, tetikleyici kuvvet 10 g (otomatik) ve sikistirma
orant %40 olarak ayarlanmistir. Bu sartlar altinda
cizdirilen grafikten sertlik, elastikiyet, kohesivlik ve
cignenebilirlik degerleri hesaplanmigtir (Karaoglu ve
ark., 2008).

Duyusal Analiz

Kek orneklerinin duyusal analizleri Hac1 Bektag
Veli Universitesi, Gida Miihendisligi boliimii-Genel
Uygulama Laboratuvarinda yapilmig, panelistler bay
ve bayan olmak lizere Gida Miihendisligi boliimii
akademik personeli ve yiiksek lisans o6grencilerinden
secilmistir. Uretilen kek 6rnekleri dort esit parcaya
boliinerek, her biri rastgele ii¢ haneli rakamlar olacak
sekilde kodlanarak tabaklarda i¢cme suyu esliginde 10
paneliste sunulmus ve duyusal olarak degerlendirmeleri
istenmistir. Kek ornekleri kabuk rengi, i¢ renk, tat
ve genel kabul edilebilirlik o©zellikleri agisindan
degerlendirmeye tabi tutulmuslardir. Parametrelerin
degerlendirilmesinde 9 puanli hedonik skala (1=¢ok
kotii, 9=cok i1yi) kullanilmis ve panelistlerden her kek
ornegi icin birden dokuza kadar puanlar vermeleri
istenmisgtir.

Istatistiksel Analiz

Kec¢iboynuzu unu %0-20-40-60 ve %80 olmak
iizere bes farkli diizeyde kullanilmistir. Ilave edilen
keciboynuzu unu miktari, formiilasyondaki kakao
miktarindan disiilmiistiir. Bes farkli formiilasyonda
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hazirlanan deneme 3 tekerriirlii olarak yiiriitiilmiistiir.
Aragtirma neticesinde elde edilen veriler SPSS 22.0
paket programi ile Duncan Coklu Karsilagtirma
Testine tabi tutularak karsilastirilmustir. Istatistiksel
analizler neticesinde aralarindaki farkliliklar 0.05
giiven araligina gore 6nemli bulunan degerler Cizelge
ve Grafiklerde farkli harflerle gosterilmistir. Biitiin
degerler ortalama + standart hata olarak sunulmugtur.

BULGULAR VE TARTISMA

Keciboynuzu ununun kekin bazi kimyasal ve
fiziksel ozelliklerine etkisi Cizelge 1°de verilmistir.
Elde edilen sonuglara goére kegiboynuzu unu kekin
kil icerigi hari¢ diger 6zelliklerini p<0.05 diizeyinde
etkilemistir. Kek orneklerinin nem igeriginde artig,
orneklerin kiil iceriginde ise formiilasyona ilave edilen
keciboynuzu unu miktarindaki artisa bagli olarak
onemli diizeyde azalma g6zlenmistir. Kek drneklerinin
kiil icerigindeki bu azalmanin sebebi olarak kiil icerigi
daha yiiksek (%12.80) olan kakaonun formiilasyondan
cekilip yerine kiil igerigi kakaoya kiyasla daha diigiik
(%3.20) olan keg¢iboynuzu ununun dahil edilmesi
gosterilebilir. Kek oOrneklerinin nem icerigindeki
artisin nedeni olarak da ke¢iboynuzu ununun diyet
lifi igerigi gosterilebilir. Zira diyet lifin iiriinlerde
suyu tutabilen en onemli bilegsenlerden birisi oldugu
bildirilmektedir (Padilha et al., 2010).

Kek orneklerinin hacim ve spesifik hacim
degerlerinde keciboynuzu unu ilavesinin olumsuz bir
etki olusturmadig1 goézlemlenmistir. Firin iiriinlerinde
spesifik hacim en onemli kalite kriterlerinden biridir.
Keciboynuzu spesifik
hacimlerinde herhangi bir olumsuzluk olugturmamis,
aksine kek orneklerinin spesifik hacim degerlerini
onemli diizeyde artirmistir.

ilavesi kek Orneklerinin

En diisiik spesifik hacim %0 keciboynuzu iceren
kontrol kekte belirlenmig, keciboynuzu ilave edilen
formiilasyonlarin tamaminda spesifik hacim degerleri
kontrol kekten yliksek c¢ikmigtir. Benzer sonuglar
glutensiz ekmek liretiminde Tsatsaragkou et al (2017)
tarafindan elde edilmis,ekmek iiretiminde keciboynuzu
unu ilavesiyle ekmeklerin spesifik hacimleri artis
gostermis ve bu durum keciboynuzu unundaki
hidrokolloidlerin hamur formiilasyonundaki diger
bilesenler ile reaksiyonlarindan kaynaklanabilecegi
ifade edilmistir.
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Cizelge 1. Keciboynuzu ununun kekin bazi kimyasal ve fiziksel 6zelliklerine etkisi®

Keciboynuzu unu

Spesifik hacim

(%) Nem(%) Kiil(% KM) Hacim (cm?) (cm® g Pisme kaybi (%)
0 26,98+0.34b 1.50+£0.02a 105.3+0.66b 2.03+0.02¢ 13.23+0.36b
20 27.02+0.13b 1.38+0.01b 108.0+0.00a 2.09+001a 14.16+0.13a
40 27.62+0.09a 1.31£001c 106.0+0.01b 2.05+0.01bc 14.06+0.08a
60 26.91+0.06b 1.20+0.01d 107.3+0.66a 2.08+0.01ab 14.17+0.03a
80 26.71+0.08b 1.14+0.00e 108.0+0.00a 2.10+0.00a 14.32+0.03a
P * o * * *

a: Ayni siitunda ayni harfle gosterilen ortalamalar istatistiksel olarak birbirinden farksizdir.

Herhangi bir gidanin rengi gidanin kalitesini
gosteren en 6nemli parametrelerden biridir (Biernacka
et al., 2017). Renk ayn1 zamanda tiiketici tercihlerini
belirleyen unsurlar arasinda birinci sirada yer
almaktadir.

Cizelge 2’°deki veriler incelendiginde ke¢iboynuzu
ununun kek oOrneklerinin kabuk rengi L, a ve b renk
degerlerini p<0.01 c¢ok Onemli diizeyde etkiledigi
goriilmektedir.

Kek orneklerinin kabuk rengi L degerleri 22.7 ile
30.9 arasinda degisiklik gostermis, en diisiik kabuk
rengi L degeri kontrolde, en yliksek L degeri ise %80
keciboynuzu unu ilavesinde godzlemlenmistir. Bir
bagka ifadeyle formiilasyonlarda ke¢iboynuzu unu
ilavesi arttikca kek drneklerinin kabuk renginde acilma
meydana gelmektedir.

Kegiboynuzu unu ilavesi kabuk rengi a ve b
degerlerini de artiric1 yonde etkilemis, formiilasyondaki
keciboynuzu unu artigina paralel olarak a ve b renk
degerleri artis gostermistir. Kabuk renginde oldugu
gibi kek orneklerinin i¢ renk L, a ve b degerlerinde
de ke¢iboynuzu unu ilavesiyle bir artis gézlenmistir.
Formiilasyonlara renk olarak daha yogun olan kakao
yerine keciboynuzu unu dahil edildiginden kek
orneklerindeki renk degisiminin bu yonde olmasi
normaldir.

Renk degerleri i¢cin benzer sonuglar; soya ve
muz unu kullanilarak iiretilen keklerde kakao yerine
keciboynuzu ununun kullanildig1 bir ¢calismada da elde
edilmis, ke¢ciboynuzu unu ilavesiyle kek orneklerinin
L ve a renk degerlerinin arttig1 bildirilmistir (Rosa
etal., 2015).

Cizelge 2. Keciboynuzu ununun kek drneklerinin kabuk rengi ve i¢ renk degerlerine etkisi®

Kabuk rengi I¢ renk

Kelfl‘ll:l"(y;;‘;zu L a L a b
0 22.7+0.72e 6.92+0.06e 5.78+0.06e 21.96+0.23¢ 7.08+0.15b 6.94+0.15¢e
20 24.3+0.10d 7.68+0.06d 6.79+0.07d 24.30+0.22d 7.67+0.06a 8.08+0.16d
40 25.6+0.02c 8.62+0.10c 7.79+0.20c 27.47+0.20c 7.88+0.16a 8.99+0.28¢
60 27.4+0.10b 9.25+0.09b 9.19+0.04b 30.13+0.22b 8.02+0.06a 10.15+0.04b
80 30.9+0.28a 10.80+0.03a 12.31+0.17a 35.85+0.84a 7.70+0.02a 11.64+0.12a
P *% % *% *% * *%

a: Ayni siitunda ayni harfle gosterilen ortalamalar istatistiksel olarak birbirinden farksizdir.
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Bir gidanin besin igerig§i ne kadar yiiksek
olursa olsun eger gidanin duyusal 6zellikleri kabul
gormezse tiiketiciler tarafindan tercih edilmemektedir.
Ciinkii tiiketiciler genel olarak gidanin 6nce duyusal
Ozelliklerine bakarak tercihte bulunmaktadirlar (Yousif
et al., 2012). Keciboynuzu unu ilave edilerek iiretilen
kek oOrneklerinin yapilan duyusal degerlendirmede
panelistler tarafindan kabul gordiigli Cizelge
3’deki verilerden anlagilmaktadir. Genel olarak kek

formiilasyonlarindaki ke¢iboynuzu unu artigina bagh
olarak panelistlerin begenisi azalmig, begenideki bu
azalma % 60 ve 80 ke¢iboynuzu unu ilavesinde belirgin
olarak goézlemlenmistir. Duyusal analizlerde en yiiksek
skorlar1 kontrol kek, kontrol keke en yakin degerleri
ise sirasiyla %20 ve 40 kegiboynuzu unu igeren
formiilasyonlar almistir. %60 ve 80 ke¢iboynuzu unu
iceren formiilasyonlar ise ¢ok diisiik skorlar almasa da
en az begenilen formiilasyonlar olmustur.

Cizelge 3. Keciboynuzu ununun kek drneklerinin duyusal 6zelliklerine etkisi®

Keciboynuzu

unu (%) Kabuk rengi i¢ renk Tat Genel kabul edilebilirlik
0 9.3+0.33a 9.3+0.33a 8.3+0.33a 7.3+0.33a
20 9.3+0.33a 9.0+0.57a 7.6+£0.33b 7.0+0.00a
40 8.3+0.33b 8.3+0.33a 6.0+0.00d 7.0+0.00a
60 7.0+0.00c 7.0+0.00b 6.0+£0.00d 6.6+0.33a
80 6.0+0.00d 5.0+0.00c 7.0+£0.00c 6.0+0.00b
P kg kK Kk *

a: Ayni siitunda ayni harfle gosterilen ortalamalar istatistiksel olarak birbirinden farksizdir.

Keciboynuzu unu ilavesinin kek Orneklerinin
tekstiirel ozelliklerine etkisi Sekil 1°de goriilmektedir.
Keciboynuzu unu ilavesi kek orneklerinin tekstiirel
ozelliklerini genel olarak p<0.05 diizeyinde etkilemistir.
Tiiketicilerin tazelik algisi ile yakindan alakali olmast
nedeniyle firin iiriinlerinin degerlendirilmesinde gidanin
sertligi en dikkat ceken tekstiirel 6zellikler arasindadir
(Giannou and Tzia 2007; Karaoglu ve ark., 2008). Kek
orneklerinin sertlik degerleri %20 ve 40 keciboynuzu
unu ilavesiyle istatistiksel olarak anlamli bir degisiklik
olusturmamis; %60 ve 80 keciboynuzu unu ilavesiyle
orneklerin sertlik degerleri kismen azalmis olsa da
onemli diizeyde bir degisiklik gostermemistir (Sekil
1A). En diisiik sertlik degeri %60 keciboynuzu unu
iceren formiilasyonda, en yiiksek sertlik degerleri ise
keciboynuzu unu igermeyen kontrol formiilasyonunda
belirlenmigtir. ilavesiyle kek
orneklerinin sertlik degerlerinin azalmasi 6rneklerin su
icerigiyle iligkilendirilebilir. Ciinkii keciboynuzu unu
ilavesiyle orneklerin nem igerigi artmis ve bu artigin
dogal bir sonucu olarak 6rneklerin sertligi azalmistir.

Keciboynuzu unu

Cilt / Volume: 8, Say1 / Issue: 1,2018

Elastikiyet; firin iiriinlerinde birinci sikistirmadan
sonra gidanin eski halini ne diizeyde aldigin1 gosteren
bir parametredir ve genel olarak yiiksek olmasi
arzu edilmektedir (Gupta et al., 2007). Uretilen kek
orneklerinin elastikiyet degerleri 0.931 ile 0.939
arasinda degisiklik gostermistir (Sekil 1B). En diisiik
elastikiyet degerlerine %40 keciboynuzu unu igeren
formiilasyonda, en yiiksek elastikiyet degerlerine ise
kontrol kek 6rneklerinde ulagilmistir. Keciboynuzu unu
kek orneklerinin elastikiyet degerlerinde istatistiksel
olarak anlamli bir degisiklik olusturmamigtir. Bir
bagka ifadeyle keciboynuzu ununun kek orneklerinin
elastikiyetini olumsuz olarak etkilemedigi de
sOylenebilir. Rosa et al., (2015) tarafindan yapilan
calismada soya ve muz unu kullanilarak iiretilen
keklerde kakao yerine keciboynuzu unu kullanildiginda
orneklerin elastikiyet degerleri artis gostermisgtir.
Oysa bizim caligmamizda istatistiksel olarak anlaml
bir degisiklik olusturmasa da kakao yerine kek
formiilasyonlarina keciboynuzu unu ilavesi orneklerin
elastikiyet degerlerini diisiirmiistiir.
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Sekil 1. Kegiboynuzu ununun kek rneklerinin tekstiirel 6zelliklerine etkisi

Kohesivlik gida bilesenlerinin birbirinde ne
diizeyde tutundugunu ya da gidanin biitlinliigiini
ifade eden bir tekstiirel parametredir. Firin {irtinleri
bilesenlerinin molekiiler interaksiyonu ile iligkili olan
kohesivlik degerlerinin diisiik olmast iirliniin tutulmasi
ve dilimlenmesinin zorluguna isaret eder (Esteller et
al., 2006, Rosa et al., 2015). Sekil 1C’de genel olarak
keciboynuzu unu ilavesinin kek drneklerinin kohesivlik
degerlerini artirdig1  goriilmektedir. Keciboynuzu
unu ilavesi o©rneklerin kohesivligini de olumsuz
etkilememis, aksine kek bilesenlerinin biitiinligiini
yada bilesenlerin birbirine tutunmalarini artirmigtir.

Fiziksel olarak kat1 bir iiriiniin pargalarina ayrilip
yutmaya hazir hale getirebilmek icin gerekli olan enerji
olarak tanimlanan c¢ignenebilirlik, gidanin yutmaya
hazir hale getirilinceye kadar gerekli olan ¢igneme
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sayist olarak da ifade edilmektedir (Karaoglu, 2010;
Ansari et al., 2014). Kek orneklerinin ¢ignenebilirlik
degerlerinde  oOzellikle %40 keciboynuzu unu
seviyesine kadar anlamli bir degisiklik olmadig1 Sekil
1D’de goriilmektedir. En yiiksek cignenebilirlik degeri
kontrol grubu keklere ait iken en diisiik ¢ignenebilirlik
degeri %60 keg¢iboynuzu unu ilave edilen orneklere
aittir. %20 ve 40 ke¢iboynuzu unu ilavesinin kek
orneklerinde c¢ignenebilirlik acisindan olumsuz bir
etki olusturmadig1 gozlemlenmigtir. Kek orneklerinin
cignenebilirlik degerlerinde istatistiksel olarak anlaml
bir fark ¢ikmasa da genel itibariyle keciboynuzu unu
kullaniminin, keklerin c¢ignenebilirlik degerlerini
diisiirdiigii gozlemlenmistir. Buradan yola c¢ikarak
keciboynuzu unu ilavesinin keklerin yenilebilirligini
kolaylastirdig1 sonucuna varmak miimkiindiir.
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SONUC

Aragtirma neticesinde elde edilen bulgulara gore
ke¢iboynuzu unu ilavesi kek orneklerinin hacim ve
spesifik hacim degerlerini olumsuz etkilememis, kek
orneklerinin kil icerigini ise kontrole kiyasla onemli
diizeyde diisiirmiistiir. Yapilan duyusal analizlerde en
yiiksek skorlar1 kontrol kek, kontrol keke en yakin
skorlari ise sirasiyla %20 ve 40 ke¢iboynuzu unu igeren
formiilasyonlar almistir. Kek orneklerinin L, a ve b renk
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Trafik Kazalarma Etki Eden Faktorler Arasindaki Iliskilerin TBA
Biplot Analiz Yontemi Ile Degerlendirilmesi

Emre TERCAN', Erkan BESDOK?

OZET: Trafik kazalari Tiirkiye’de en 6nemli sorunlar arasinda yer almaktadir. Trafik kazalari ¢ok sayida can ve
mal kaybina neden olmakta ve toplum iistiinde olumsuz sosyal ve psikolojik etkiler yaratmaktadir. Oliimlii veya
yaralanmali kazalara neden olabilecek durumlarin belirlenmesi, koruyucu, uyarici ve 6nleyici tedbirlerin alinmasi
icin oldukg¢a 6nemlidir. Bu sebeple trafik kazalarina neden olan parametreler arasindaki iligkilerin degerlendirilmesi
gerekmektedir. Degisken sayisinin ikiden fazla olmas: halinde, ¢ok degiskenli verinin gorsel sekilde aciklanmasi
oldukca karmagiktir. Cok degiskenli veri setinin geometrik olarak daha az boyutta yorumlanmasinda biplot analiz
yontemi olduk¢a kullanighdir. Bu makalede, yedi farkli boliinmiis karayolundaki trafik kazalar1 veri seti Temel
Bilesenler Analizi (TBA) biplot yontemi ile degerlendirilmistir. Bu ¢alismanin amaci, 6liimle ve yaralanmayla
sonuglanan trafik kazalarina neden olan parametreler arasindaki iligkilerin aragtirilmasidir. Elde edilen sonuglar giin
(gece), giin (giindiiz), cok aragli, tek aracli, kaza tipi (yoldan ¢ikma), kavsak yok ve kavsak var parametrelerinin
oliimlii ve yaralanmali kazalarda en 6nemli parametreler oldugunu gostermektedir. Trafik kazalarina etki eden
parametreler arasindaki iligkilerin biplot yontemi ile degerlendirilmesi, trafik kazalarini azaltict ve Onleyici
tedbirlerin gelistirilmesine katk: saglayacak ve gelecekte yapilacak caligmalara 6nemli bir zemin olusturacaktir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Anahtar Kelimeler: Trafik kazasi, karayolu, biplot analizi, TBA biplot

Evaluation of Relations Between Factors Affecting Traffic
Accidents by PCA Biplot Analysis Method

IGDIR ONIVERSITESI

ABSTRACT: Traffic accidents are among the most important problems in Turkey. Traffic accidents cause a lot
of loss of life and property and cause negative social and psychological effects on the society. Determination
of the conditions that could result in a fatal or injured accident is very important for taking preventive, warning
and preventive measures. For this reason, it is necessary to evaluate the relationships between the parameters
that cause traffic accidents. If the number of variables is more than twice, it is very complicated to visualize the
multivariate data visually. The Biplot analysis method is very useful for interpreting a multivariate dataset with
less geometric dimensions. In this article, the traffic accidents data set on seven different divided roadways was
evaluated by Principal Components Analysis (PCA) biplot analysis method. The aim of this study is to investigate
the relationships between parameters that cause traffic accidents resulting in fatal and injury. The results show
that day (night), day (daylight), multi-vehicle, single vehicle, accident type (run-off-road), no intersection and
intersection parameters are the most important parameters in fatal and injured accidents. The evaluation of the
relationships between parameters affecting traffic accidents by biplot method will contribute to the development of
preventive measures to reduce traffic accidents and will constitute an important ground for future studies.

Keywords: Traffic accident, roadway, biplot analysis, PCA biplot

' Emre TERCAN (0000-0001-6309-1083), Karayollar1 Genel Miidiirliigii, 13.Bolge Miidiirliigii Etiit Proje ve Cevre Bagmiihendisligi,
Antalya, Tiirkiye

2 Erkan BESDOK (0000-0001-9309-375X), Erciyes Universitesi, Miihendislik Fakiiltesi Harita Miihendisligi Boliimii, Kayseri, Tiirkiye
Sorumlu yazar/Corresponding Author: Emre TERCAN, emre_tercan@hotmail.com

Cilt/Volume: 8, SayVIssue: 1, Sayfa/pp: 103-111, 2018
ISSN: 2146-0574, e-ISSN: 2536-4618 DOI: 10.21597]jist.407848

Gelis tarihi / Received: 10.09.2017
Kabul tarihi / Accepted: 23.11.2017



Emre TERCAN ve Erkan BESDOK

GIRIS

Diinya genelinde trafik kazalarinda yilda takriben
1.2 milyondan fazla kisi 6lmekte, takriben 50 milyon
kisi yaralanma veya sakat kalma vakalarina maruz
kalmaktadir. Trafik kazalar1 diinya genelinde 6liimlerin
on temel sebebi arasinda yer alip dokuzuncu olim
sebebi olarak goriilmektedir (WHO, 2016). Trafik
gilivenliginin saglanmamast ve gerekli tedbirlerin
almmamasi durumunda, 2020 yilina kadar diinyada
trafik kazalarinda 6len ve yaralanan kisi sayisinin %65
artacag1,2030 yiliitibariyla trafik kazalarinda yaralanma
sonrast meydana gelebilecek 6liim vakalarinin 6liime
sebep olabilecek tiim faktorler agisindan besinci
siraya gelecegi ongoriilmektedir. Halen diinyanin pek
cok iilkesinde trafik kazalari her yil yaralanma ve
kalict bedensel islev kayb1 vakalari nedeniyle felaket
diizeyinde sosyo-ekonomik kayba neden olmaktadir
(WHO, 2016; Tercan, 2017).

Tiirkiye’de niifus ve trafige katilan motorlu arac
sayist hizla artmaktadir. Ulagtirma tiirleri arasinda
karayolu ulagiminin diger ulastirma tiirlerine gore
daha fazla tercih edilmesi karayolu agi iizerindeki
trafik yogunlugunu artirmistir. Karayolu bakim,
isletme ve iyilestirme caligmalarindaki olumsuzluklar,
kavsak tasarim hatalar1 ve uygun olmayan kavsak
tipinin  secilmesi, demiryolu agmin ve akilli
ulagtirma sistemlerinin yeterince yayginlagmamasi
gibi kamusal kararlar yetersiz kalmaktadir. Yiik ve
yolcu talebinin artis egiliminde olmasi, gevresel ve
meteorolojik faktorlerden kaynaklanan sorunlar ve
yol kullanicilarinin olumsuz eylemleri trafik kazalarini
ayrica arttirmaktadir.

Trafik kazalari, diinya genelinde ciddi bir sorun
oldugu gibi Tiirkiye’de de en dnemli sorunlar arasinda
yer almakta ve her yil kazalara bagli olarak ¢ok sayida
insan Olmekte, yaralanmakta ve sakat kalmaktadir.
Tiirkiye’de 2016 yil trafik kazasi verilerine gore giin
bagmna ortalama 3 240 adet trafik kazasi meydana
gelmis, trafik kazalaria bagli olarak 20 kisi hayatini
kaybetmis ve 832 kisi yaralanmigtir. Tiirkiye’ de son
bes yilda gerceklesen 851 509 adet 6liimlii-yaralanmali
trafik kazasinda toplam 25 789 kisi 6lmiig, 1 436 200
kisi yaralanmig veya sakat kalmistir (KGM, 2016). Bu
istatistiksel sonuclar, trafik kazalarmin Tirkiye igin
cok Onemli bir sosyo-ekonomik problem oldugunu
gostermektedir.
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Karayollarinda, trafik kazalarina neden olan en
onemli parametreler insan davraniglart (siiriicii, yolcu
ve yaya davraniglart), ara¢ 6zellikleri (araglarin yapisi,
yasl, tiirii gibi), yol, cevre ve meteorolojik etkenlerdir.

Trafik kazalar1 can ve mal kayiplarina, toplum
iistlinde olumsuz sosyal ve psikolojik etkilere sebep
oldugu icin ciddi anlamda arastirilmasi ve kokli
coziimler iretilmesi gereken bir problem olarak
goriilmektedir. Bu nedenle trafik kazalarimi azaltmak
ve Onleyici tedbirler alabilmek icin trafik kazalarma
neden olan parametreler arasindaki iligkilerin
degerlendirilmesi gerekmektedir.

Biplot yontemi, ¢ok degiskenli bir veri kiimesinin
ayrintili olarak oOzetlenmesine yardimci olmaktadir.
Biplotlar degisken sayis1 kadar eksene sahiptir. Biplot
grafiginde tiim degiskenler iizerinde herhangi bir
gozlemin dik izdiigiimii, ilgili g6zlemin tiim degiskenler
iizerinde aldig1 degerleri saglamaktadir. Bu caligmada
kullanilan asimetrik biplot’un en basit ve en yaygin sekli
olan Temel Bilesenler Analizi (TBA) biplot gbzlemler
ve degiskenler arasindaki iligkilerin tanimlanmasi i¢in
kullanilan cok degiskenli istatistiksel bir yontemdir.
TBA biplot, veri yapisinin yorumlanmasina yardimci
olmakta ve Onemli degiskenler ya da gozlemlerin
belirlenmesi i¢in olanak saglamaktadir (Alkan, 2011;
Tercan, 2017).

Biplot analiz yontemleri ile jeokimya (Sierra et
al., 2017; Librero et al., 2017), gida analizi (Alkan ve
Atakan, 2011; Martin et al., 2017), tarimsal iirlin verim
degerlendirme (Kadariya et al., 2008; Kendal ve ark.,
2014; Tekdal ve ark.,2014; Sayar ve Han, 2015; Zhang
et al., 2016; Kabak ve Akcura, 2017), saplant1 zorlanti
bozuklugu (Kim et al., 2016), bilim insanlarinin
performanslarinin degerlendirilmesi (Faes et al., 2015),
kurumsal sosyal sorumluluk degerlendirme (Esteban
et al., 2017) gibi farkli disiplinlerde caligmalar
yiirtitiilmektedir.

Literatiirde trafik kazalarinin modellenmesi
amactyla regresyon analizi (Al Ghamdi, 2002; Yau,
2004; Tortum et al., 2012; Codur ve ark., 2013), yapay
sinir aglar1 (Kunt et al., 2012; Alikhani et al., 2013),
siniflandirma ve regresyon agaclari (Kashani and
Mohaymany, 2011; Chang and Chien, 2013), bayes
aglar1 (Mujalli and De Ona, 2011; De Ona et al, 2013)

gibi yontemler kullanilarak ¢aligmalar yiiriitiilmektedir.
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Al-Ghamdi (2002), Suudi Arabistan’in bagkenti
Riyad’da trafik kazasi giddeti {lizerinde, farkh
degiskenlerin etkisini incelemek i¢in trafik kazasina ait
verilere lojistik regresyon uygulamistir. Kaza yaralanma
siddetine etki eden 6nemli parametreler kaza sebebi ve
kaza konumu olarak belirlenmistir. Yau (2004), Hong
Kong’da belirli bir bolgedeki motorlu ara¢ kazalarinda,
yaralanma giddeti iizerinde konum, cevre, giivenlik,
ara¢, insan ve mabhalli faktorlerin etkisini incelemek
icin asamali lojistik regresyon modelini kullanmistir.
Ozel araclarda, bolge, siiriicii cinsiyeti, ara¢ yast,
kaza zaman ve 1sik durumu; tehlikeli madde tasiyan
araglarda, emniyet kemeri kullanimi ve kazanin hafta igi
meydana gelmesi; motorsiklet kazalari icin, ara¢ yasi,
kazanin hafta ici meydana gelmesi ve kaza zamani trafik
kazas1 yaralanma siddetine etki eden 6nemli faktorler
olarak belirlenmistir. Codur ve ark., (2013), Erzurum
Kuzey Cevre Yolu’'nda 2005-2010 yillart arasindaki
trafik kaza verilerini kullanarak trafik kazalarina etki
eden faktorler arasindaki iligkilerin degerlendirilmesi
icin Genellestirilmis Lineer Regresyon yoOntemini
kullanmislardir. Mevcut boliinmiis yollarda kazaya
karigan agir tasitlarin yiizdesi, yaz mevsiminde olan
kazalarin ylizdesi ve yatay kurp sayist arttifinda kaza
sayilarinin azaldigini; buna karsin diisey kurp sayisinin,
yol kesim kilometresinin ve yillik ortalama giinliik
trafigin (YOGT) artmas: ile kaza sayilarinin arttifi
belirlemiglerdir.

Cizelge 1. Calisma Yapilan Boliinmiis Yol Giizergahlari (Tercan, 2017)

Literatiirde trafik kaza parametreleri arasindaki
iligkilerin biplot yontemi ile degerlendirilmesine
iligkin bir caligma bulunmamaktadir. Bu makalede,
ilgili boliinmiis devlet yollarinda meydana gelen
trafik kazalarina ait resmi raporlarindan derlenen 25
parametreden olusan trafik kaza veri seti biplot yontemi
ile analiz edilerek o6liimle ve yaralanmayla sonuclanan
trafik kazalarina neden olan parametreler arasindaki
iligkilerin aragtirilmast amaglanmistir. Bu ¢caligmada ele
alman trafik kazalarina etki eden parametreler arasindaki
iligkilerin biplot yontemi ile degerlendirilmesi, trafik
kazalarini azaltici ve 6nleyici tedbirlerin gelistirilmesine
katki saglayacak ve gelecekte yapilacak calismalara
onemli bir zemin olusturacaktir.

MATERYAL VE YONTEM
Calisma Alani ve Veri Seti

Tiirkiye’de trafik kazalarinin siklikla meydana
geldigi ve bu kazalar sonucunda 6nemli 6lciide can ve
mal kayiplarinin olustugu,Karayollar1 Genel Miidiirliigii
sorumlulugunda bulunan 7 adet aks igerisinden 30
farkli kontrol kesim noktasi (KKNO) calisma alani
olarak secilmistir (Sekil 1 ve Cizelge 1) (Tercan, 2017).
Caligma alan1 yollarin tamami boliinmiis devlet yolu
statiisiindedir ve {ist yapisi bitiimlii sicak karigimdir.

No Aks Ad1 Kontrol Kesim No Uzunluk (Km)
1 Sivrihisar-Polatli-Ankara Yolu 200-10/11/12 104
2 Aydin-Denizli-Cardak Yolu 320-01/02/03/04 178
3 Balikesir-Akhisar-Manisa Yolu 568-08/09 96
4 Erzincan-Erzurum-Agri-Dogubeyazit-Giirbulak Yolu 100-26/27/28/29/30/31/32/33 435
5 Ankara-Sereflikochisar-Aksaray Yolu 750-08/09/10/11 194
6 Yozgat-Yildizeli-Sivas-Zara-Refahiye Yolu 200-20/21/22/23 217
7 Kinal1 (Ayrim)-Tekirdag-Ipsala Yolu 110-01/02/03/04/05 214
Tiirkiye’de  trafik  kazalarim  etkileyen  boliinmiis yola ait 2012-2013 yillarinda gergeklesen

parametreler arasindaki iligkileri yorumlamak ig¢in
veri seti, iilkenin farkli bolgelerinde yer alan 30 farkli
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trafik kazalarma ait resmi raporlardan derlenmistir
(Tercan, 2017).
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Bu calismada kullanilan trafik veri seti, calisma alan1 ~ derlenen 25 farkli parametre icermektedir. Trafik
olarak secilen devlet yollarinda 2012-2013 yillarinda  kazalarma rolatif olarak en ¢ok etki eden soz konusu
meydana gelen 8 078 trafik kazasina ait resmi raporlardan ~ parametreler Cizelge 2°de verilmigtir (Tercan, 2017).

Cizelge 2. Trafik Kazalarina Etki Eden Veri seti parametreleri (Tercan, 2017)

No Parametre Kodlama
0 (Hayir) 0 (Evet)
1 Yerlesim yeri i¢i mi? 0 1
2 Yerlesim yeri dig1 m1? 0 1
3 Arag sayis1 =1 mi? 0 1
4 Arag sayisi>1 mii? 0 1
5 Hava durumu a¢ik m1? 0 1
6 Hava durumu yagmurlu mu? 0 1
7 Hava durumu sisli veya karlt m1? 0 1
8 Giin durumu giindiiz mii? 0 1
9 Giin durumu gece veya alacakaranlik m1? 0 1
10 Yol iist kaplamas1 kuru mu? 0 1
11 Yol iist kaplamasi 1slak m1? 0 1
12 Yol iist kaplamasi buzlu veya karli mi1? 0 1
13 Yatay geometride aliyman var mi1? 0 1
14 Yatay geometride kurp var mi1? 0 1
15 Yol diiseyde egimli mi? 0 1
16 Yol diiseyde egimsiz mi? 0 1
17 Yolda kavsak var m1? 0 1
18 Yolda kavsak yok mu? 0 1
19 Kaza tipi arkadan ¢arpma m1? 0 1
20 Kaza tipi devrilme mi? 0 1
21 Kaza tipi yoldan ¢ikma m1? 0 1
22 Kaza tipi yandan ¢arpma mi1? 0 1
23 Kaza tipi duran araca, yayaya, hayvana, sabit cisme ¢arpma mi1? 0 1
24 | Oliim var m1? 0 1
25 Yaralanma var m1? 0 1
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Biplot Analiz Yontemi ve TBA (Temel Bilesenler
Analizi) Biplot

Iki degisken iizerinde n gézlemden olusan bir veri
kiimesi, iki boyutlu bir nokta sac¢ilim grafiginde basit bir
sekilde yorumlanabilir. Degisken sayisinin ikiden fazla
olmasi halinde, ¢cok degiskenli verinin gorsel sekilde
aciklanmasi oldukca karmagiktir. Cok degiskenli veri
setinin geometrik olarak daha az boyutta yorumlanmast
biplot olarak tanimlanan grafiksel bir yontem ile
gerceklestirilir. Boyut indirgemesi cogunlukla veri
kaybina yol acar. Biplotlarin amaci, verideki bu kaybin
minimizasyonu icin bazi kriterleri optimize etmektir.
Optimize edilmis kriterlere bagli olarak, biplotlarin
cesitli tipleri bulunabilir. Biplot yontemi, cok degiskenli
bir veri kiimesinin ayrintili olarak 6zetlenmesine
yardimci olur. Biplotlar, degigsken sayis1 kadar eksene
sahiptir. Biplot grafiginde tiim degiskenler iizerinde
herhangi bir gézlemin dik izdiislimii, ilgili g6ézlemin
tim degiskenler {iizerinde aldig1 degerleri saglar.
Gozlemlerin degiskenler lizerinde aldig1 degerlere
kesin olarak ulagilamamaktadir (Alkan, 2011; Tercan,
2017). Gozlemleri ve degiskenleri es zamanli olarak
gosterebilen biplot yontemi bir veri matrisinin gorsel
analizi i¢in kullanilabilir (Alkan ve ark., 2015).

Biplot yontemi, Gabriel (Gabriel, 1971; Gabriel,
1978) tarafindan bir veri matrisinin 6nemli 6zelliklerini
gostermek icin Onerilmigtir. Gabriel’in biplot teknigi,
Gower ve Hand’in (Gower and Hand, 1996) fikirleriyle
yeni bir bakis a¢is1 kazanmistir. Daha sonra farkli biplot
yontemleri gelistirilmistir (Gower, 2004; Gardner and
Le Roux, 2005; Gower et al., 2011; Alkan, 2011).

Asimetrik biplot’un en basit ve en yaygin sekli
olan Temel Bilesenler Analizi (TBA) biplot, X veri
kiimesinin degiskenlerini ve gbzlemlerini ayni uzayda
incelediginden asimetriktir. Ayrica asimetrik form,
veri matrisinin kovaryans veya korelasyon yapisini
ifade eder. TBA biplot, TBA sonuglarin1 gorsel olarak
gostermek icin kullanilir. TBA biplot gozlemler ve
degiskenler arasindaki iligkilerin tanimlanmasi igin
kullanilan c¢ok degiskenli istatistiksel bir yontemdir.
TBA biplot, veri yapisinin yorumlanmasina yardimci
olur ve oOnemli degiskenler ya da gozlemlerin
belirlenmesi i¢in olanak saglamaktadir (Alkan, 2011;
Tercan, 2017).

Cilt / Volume: 8, Say1 / Issue: 1,2018

TBA biplotta, yalnizca tek bir degisken kiimesi
X :NXP, T=XV
ayrigtirilmaktadir. X,=UD v

'nin  dogru tekil vektorlerinin ilk A siitunlarin

ana bilesenler kiimesine
Burada; V|

41>

icermektedir. Ayrica X’in en iyi A boyutlu yaklagimi
X, =X VV' = X,V V= TY" ile verilebilir
(Eckart and Young, 1936; Oyedele and Lubbe, 2015).
TBA biplotta, oOrnekler T siralar1 ile tanimlanan
sira isaretleyiciler ile temsil edilmektedir. Biplot
eksenlerinin yonleri V[A] matrisinin satirlar1 tarafindan
verilmektedir (Oyedele and Lubbe, 2015).

Gower ve Hand (Gower and Hand, 1996) sirastyla
A boyutlu biplot uzayindaki P boyutlu bir 6rnegin
konumunu bularak ve A boyutlu biplot uzayindaki
herhangi bir nokta i¢in P orijinal degiskenlerinin
degerlerini tahmin

cikararak enterpolasyon ve

islemlerini tanimlamislardir. Bu yazarlar, bir 6rnek
T —\T
r=x-X)Vy,

gostermektedir.

verildiginde  biplot  uzayina

esitligi ile enterpole edildigini

Burada; X, x’in siitun ortalamalaridir. k. degisken
icin Ongoriilen biplot eksenini izlemek ic¢in W,
degerleri (u,/ ekTV[A]V[ﬁ ]q{)V[f 4 ifadesinde yerine
konulmaktadir. Burada e, k. konum i¢in bir tanesi
diginda sifirlar igeren birim vektordiir. W, degerleri
merkezlenmis gozlemlere baghdir ve kalibrasyon
isaretleri duyarli Olcek isareti degerlerine uydurulur
(Oyedele and Lubbe, 2015). Bu yonteme ait teorik
altyapiyailiskin detayli tanimlamalar (Gower and Hand,
1996; Alkan, 2011; Gower et al., 2011)’de bulunabilir.

Bu calismada, yedi farkli boliinmiis karayolundaki
trafik kazalar1 veri seti TBA biplot analiz yontemi ile
MATLAB yazilimi kullanilarak degerlendirilmistir.

BULGULAR VE TARTISMA

Oliimlii kazalara ait gozlemlerin diger gozlemlerle
olan pearson korelasyon degerlerinin ortalamalari
hesaplanmustir.

degerleri i¢in N(u,0) = N(0.3877,0.1394) olarak

hesaplanmistir. Ortalama r degerleri, li¢ histogram
bandinda incelendiginde ol¢iilerin %71.82’si [.3915
max(r)] araliginda yigilmistir. Yaralanmali kazalara ait

Elde edilen ortalama korelasyon
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gozlemlerin diger gézlemlerle olan pearson korelasyon

degerlerinin  ortalamalar1 ayrica  hesaplanmugtir.
Elde edilen ortalama korelasyon degerleri icin
N(w,0)=N(0.3290,0.1494) olarak hesaplanmistir.
Ortalama

incelendiginde olgiilerin  %85.11°1

r degerleri, iic histogram bandinda
[.3307 max(r)]
araliginda yigilmistir. Elde edilen bu basit istatistiksel
sonuclar, trafik kazalarmi incelemek igin secilen
parametrelerin, 6liimlii ve yaralanmali trafik kazalarini
incelemek i¢in kullanilabileceklerini gostermektedir

(Tercan, 2017).

Sekil 2 ve Sekil 3’de verilen biplot analiz grafikleri,
Olimlii ve yaralanmali trafik kazalarina etki eden

0.6 |
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parametreler arasindaki iligkilerin yorumlanmasina
katki
secilen sayidaki ana bilesenleri lizerindeki katkilarini

saglamaktadir. Biplot analizi, degiskenlerin
inceler. Gergeklestirilen biplot analizine gore oliimli
kazalar icin 1. ve 2. ana bilesenler icin en etkili
parametrelerin sirastyla giin (gece), giin (giindiiz), cok
aracli, tek aracli, tipi (yayaya ve sabit cisme carpma),
tipi (yoldan ¢ikma), tipi (yandan ¢arpma), kavsak var,
kavsak yok oldugu belirlenmistir (Sekil 2). Yerlesim
dis1, kavsak yok ve tipi (yoldan ¢ikma) parametreleri
pozitif korelasyona sahiptir. Yerlesim i¢i, kavsak var,
tipi (yandan ¢arpma) parametreleri pozitif korelasyona
sahiptir (Sekil 2). Bu durum trafik kazasi verilerinin
anlamli oldugunu da gostermektedir (Tercan, 2017).
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Sekil 2. Oliimlii trafik kazas1 verilerine ait biplot analizi (Tercan, 2017)

Gergeklestirilen biplot analizine gore yaralanmali
kazalar icin 1. ve 2. ana bilegenler icin en etkili
parametrelerin giin (gece), gilin (giindiiz), ¢cok aragli,
tek aracli, tipi (yoldan ¢ikma), kavsak yok, kavsak
var, yiizey (kuru), yiizey (1slak) oldugu belirlenmistir
(Sekil3). Giin (giindiiz), yiizey (kuru), hava (agik),
diisey (egimsiz), yatay (aliyman), yerlesim ici, kavsak
var parametreleri pozitif korelasyona sahiptir. Giin
(gece), yiizey (1slak), hava (yagmurlu), diisey (egimli),
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yatay (kurp), yerlesim dis1, kavsak yok parametreleri
pozitif korelasyona sahiptir. Yiizey (kuru) ve hava
(agik) parametrelerinin ¢ok yiiksek pozitif korelasyona
sahip olmas trafik kazasi verilerinin anlamli oldugunu
da gostermektedir (Sekil 3). Giin (giindiiz), yiizey
(kuru), hava (acik), diisey (egimsiz), yatay (aliyman),
yerlesim i¢i, kavsak var, tek arach yaralanmali trafik
kazalarinda kaza olugum tipinin yoldan ¢ikma seklinde
oldugu soylenebilir (Tercan, 2017).

Igdir Uni. Fen Bilimleri Enst. Der. / Igdir Univ. J. Inst. Sci. & Tech.



Trafik Kazalarma Etki Eden Faktorler Arasindaki fligkilerin TBA Biplot Analiz Yontemi Ile Degerlendirilmesi

04 F

0.2

Ana
EBilesen g =

L

02t '

0.6 }

0.5 0.4 03 02 -0

Tek .ﬂfagl.l,];j.pil{ \-‘nh'-la'n Glﬁma}- !
2 i”ﬂtn’?xwﬁ'_

._' : *", ava(vagminu)
" ui¥nzéylistak) v

+GOn{ Gondiz)

p Ylzey{Kuna)
Hava (AgIk)

I}uq.aﬁngrmz:l
A z_‘{a1a';rmlwmanj YE dﬁlm ||;|

Tapn:‘ra ndan Ga:,pma:n
Cuk Ara:;ll

‘i?“if!.ﬁi'm

[Eg.mm Trw: kﬂdan -Cw“lnmm:

| Gi‘mid;am]

] 0.1 0.2 0.3 0.4 0.5

Ana Bilegen 1

Sekil 3. Yaralanmali trafik kazas1 verilerine ait biplot analizi (Tercan, 2017).

Yapilan biplot analizleri sonucunda, giin (gece),
giin (gilindiiz), ¢cok aragli, tek aracly, tipi (yoldan ¢ikma),
kavsak yok ve kavsak var parametreleri Slimlii ve
yaralanmali kazalarda en Oonemli 6 parametre olarak
belirlenmistir (Tercan, 2017).

SONUC VE ONERILER

Cok degiskenli bir yapiya sahip trafik kazasi
verilerinin  gorsel sekilde agiklanmasi oldukca
karmasiktir. Cok degiskenli veri setinin geometrik
olarak daha az boyutta yorumlanmasinda biplot analizi
oldukca kullanigh bir yontemdir.

Koruyucu, wuyarict ve Onleyici tedbirlerin
almmasi ve trafik ydnetim planlamasi icin trafik
kazalarma etki eden parametreler arasindaki iligkilerin
degerlendirilmesi gerekmektedir. Trafik kazalar1 veri
setinin TBA biplot analiz yontemi ile degerlendirilmesi
sonucunda; giin (gece), giin (giindiiz), ¢cok arach, tek
aracli, kaza tipi (yoldan ¢ikma), kavsak yok ve kavsak
var parametreleri 6liimlii ve yaralanmali kazalarda
en Onemli parametreler olarak belirlenmistir. Yapilan
bu calisma ile trafik kazalarini azaltici ve Onleyici
tedbirlerin  gelistirilmesine katki saglanacak ve
gelecekte yapilacak calismalara Onemli bir zemin
olusturulacaktir.
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Trafik
parametrelerin  yeterliligi

kazalarimin  analizinde  kullanilan
oldukca O©nemlidir. Bu
kapsamda yol geometrisi, yol tasarimi, yol {ist yapi
durumu (iist yap1 terleme alani, makro ve mikro
dokudaki tekerlik

izinde oturma, catlak iist yap1 alani, ondiilasyonlar ve

sirtinme  katsayisi, cilalanma,
yigilmalar gibi) gibi yoldan kaynakli parametrelerin
dikkate alinmasi gereklidir. Ara¢ kaynakli (ara¢ lastik
durumu, ara¢c manevra kabiliyeti, fren, ara¢ 6n ve arka
lambalari, hava yastigiin agilip acilmamasi gibi) ve
insan kaynakli (yas, cinsiyet, medeni durum ve gelir
durumu, egitim diizeyi, yorgunluk, uyku hali, dikkat
bozuklugu, saldirganlik, duyu organlarindan kaynaklh
kusurlar, kas-iskelet sistemi bozukluklar: ve algilama
yetenegi gibi) faktorlerin ayrica dikkate alinmasi
gereklidir (Tercan, 2017).
olarak kaza esnasindaki ara¢ hizi, yagmur seviyesi

Bulanik  parametreler

ve siddeti, yol aydinlatma kosullari, goriis mesafesi
ve dever miktari, otokorkuluk dikme araliklarinin ve
yliksekliklerinin durumu, kavsak tasarim hatalarindan
kaynakli sorunlar, kazanin meydana geldigi andaki
tasit yogunlugu, trafik isaretleri, emniyet kemerinin
kullanim durumu gibi parametrelerin trafik kaza tespit
tutanaklarinda derecelendirilmis bir sekilde islenmesi

onerilmektedir (Tercan, 2017).
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Trafik kazalarina etki eden parametreler arasindaki
iligkilerin daha iyi kavranmasi i¢in Onerilen tiim
parametrelerin dikkate alinarak degerlendirilmesi ve
trafik kaza tespit tutanaklarinin bu parametrelere gore
yeniden diizenlenmesi ile muhtemel trafik kazalarimi
ve kazalar sonucunda meydana gelebilecek Oliim,
yaralanma, is giicii kaybi ve ekonomik zararlarin
elemine edilmesine katki saglanacaktir.
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Toplu Tasima Kullanimmn Ikili Lojistik Regresyonu ile
Karsilastirmali Analizi

Nuriye KABAKUS!, Ahmet TORTUM!

OZET: Bu ¢alismanin amaci farkli gelismislik diizeyine sahip illerde yasayan bireylerin toplu tasima kullanimina
etki eden faktorlerin belirlenmesidir. Calisma kapsaminda Tiirkiye’de gelismislik indeksine gore gelismis, gelis-
mekte olan ve gelismemis il gruplarindan se¢ilen sirastyla Ankara, Erzurum ve Bayburt illeri ¢aligma alan1 olarak
belirlenmigstir. Bu ii¢ ilin merkez il¢e niifuslarina gére 6rneklem biiyiikliikleri hesaplanmigtir. Caligma alanlarinda
Subat- Nisan 2015 tarihleri arasinda saha ¢caligmas: yaptirilarak hanehalki: ulagim anketleri uygulanmigtir. Hanehal-
ki ulagim anketleri sonucu elde edilen veri seti ¢aligmanin amacina uygun olarak hazirlanmis ve olusturulacak is-
tatistiksel modelin de8iskenleri belirlenmistir. Bagimli degisken olarak toplu tagima kullanimi se¢ilmistir. Bagimh
degisken nitel ve ikili cevap (evet-hayir, var-yok) icerdigi i¢in ikili lojistik regresyon analizi uygulanmigtir. Model-
de bagimsiz degisken olarak cinsiyet, yas, egitim durumu, siiriicii belgesi sahipligi, yolculuk amaci, yolculuk siiresi
gibi degiskenler kullanilmistir. Sonug olarak, ii¢ farkli gelismislik diizeyindeki iller i¢in ayr1 ayr1 olugturulan toplu
tagima kullanim ikili lojistik regresyon modeli sonuglar: karsilagtirilmigtir. Toplu tagima kullaniminda Ankara ilin-
de ehliyet sahipligi, yolculuk amaci, yolculuk siiresi degiskenleri, Erzurum ilinde egitim durumu, ehliyet sahipligi,
yolculuk amaci, yolculuk siiresi degigkenleri, Bayburt ilinde ise cinsiyet ve yolculuk siiresi degiskenleri istatistiksel
olarak anlamli degiskenlerdir. Hanehalki ulagim anketlerinden elde edilen veriler sonucunda toplu tagima kullanim
orani en yiiksek olan il gelismekte olan il grubundan secilen Erzurum ili, toplu tagima kullanim oraninin en diisiik
oldugu il gelismemis il grubundan secilen Bayburt ilidir.
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Comparative Analysis with Binary Logistic Regression
of Using Public Transportation

IGDIR ONIVERSITESI

ABSTRACT: The purpose of this study is to determine the parameters that affect the using of public transportation
for individuals living in the cities which have the different level of development. Within the scope of the study
according to the index of development Ankara, Erzurum, Bayburt are selected respectively as developed,
developing, underdeveloped provinces in Turkey. The sample size is calculated using central district population of
this provinces. Household transportation survey was applied doing a field study between February-April in 2015.
The data set which is obtained from the result of the survey is suitable for the purpose of the study and variables
of the statistical model are determined. Using public transportation is selected as dependent variables. Due to
dependent variable has qualitative and binary response (yes-no, all-nothing) binary logistic regression analysis is
applied. As independent variables sex, age, education level, ownership a driving license, trip purpose, trip time is
chosen in this model. As a result, binary logistic regression model results which are composed separately for each
the different three provinces are compared. The ownership of the driving license, trip purpose, trip time variables
are the significant for using public transportation in Ankara, education level, ownership of the driving license, trip
purpose, trip time are significant in Erzurum, gender, trip time are significant in Bayburt as statistically. While
Erzurum which is selected from developing province group has the highest rate of using public transportation,
Bayburt which is selected from underdeveloped province group has the lowest rate of using public transportation.
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Nuriye KABAKUS ve Ahmet TORTUM

GIRIS

Ulkemizde her gecen giin artan niifus ve buna
bagh olarak artan ara¢ sahipligi sebebiyle kentsel
ulagim problemleri de artmaktadir. Kent i¢i ulagimda
ozellikle yolculuk talebinin fazla oldugu kentlerde
toplu tagima sistemlerinin kullanimi1 6nemli avantajlar
saglamaktadir. Bu avantajlar; trafik de olusabilecek
tikanikligin azalmas: ve enerji tiiketimi acisindan
cevreye verilen zararin azaltmasi olarak siralanabilir.

Toplu tagima  sistemlerinin  ¢ekici  hale
getirilmesinde bu sistemlerin gelistirilmesi tek bagina
etkili olmamaktadir. Kentlerde diger ulagim tiirlerinin
de planlanarak sistemlerinin birbiri ile koordineli hale
getirilmesi gerekmektedir. Ozellikle trafik tikamkliginin
yagsandig1 biiyiik kentlerde otomobil kullanimini
azaltmak, insanlar1 toplu tagimaya yonlendirmek icin
toplu tagima sistemlerinde yapilacak iyilestirmeler toplu
tasimay1 daha cazip hale getirebilir (Kilingaslan, 2012).
Toplu tagimay1 destekleyen ulagim tiirii yaklagimlarinin
diinyadaki uygulamalar1 ulagim politikasi olarak giinliik
yasama gegirilirse toplu tagima kullanimi artirilabilir.

2015 yilinda Buehler and Hamre tarafindan
yapilan calismada, Amerikali yetigkinler arasinda 6zel
oto kullanimi, yiirlime, bisiklet kullanimi ve toplu
tasima kullanimini incelemislerdir. Oncelikle Bati
Avrupa iilkelerine odaklanmiglar, 2001 ve 2009 Ulusal
Hanehalki Ulagim Anketlerini c¢alismalarinda veri
olarak kullanmislardir. Bir haftalik yolculuklar: dikkate
alarak 4 Amerikali’dan 1’inin 6zel otomobil kullandig:
sonucuna varmiglardir. Analizlerde Multinominal ve
Lojistik Regresyon yontemini kullanmiglardir. Sonug
olarak otomobil kullanimin1 azaltmaya yonelik politika
degisikliklerini Onermislerdir (Buehler and Hamre,
2015). Bireylerin siiriicii belgesine sahip olmalar1 ve
bir arabaya kolayca erisebilmelerinin tiim yolculuklar
icin siiriis kolaylig1 sagladigini ve diger mod tiirlerini
secme olasiliklarini  azaltti§ini  vurgulamislardir
(Kuhnimhof et al., 2006). Norvec’te 2013 yilinin
Haziran - Agustos aylarinda yapmis oldugu anketlerle
1039 kisiye anket uygulamis eksik anketler ¢ikarilarak
546 anket iizerinden veri setini olusturmuslardir. Bu
anket caligsmasi yardimiyla bireylerin toplu tagima
kullannmindaki amaglarini, ulagim mod secimindeki
tutumlarini, 6zel oto kullanim aligkanliklarini, ulagim
onceliklerini karsilagtirmiglardir. Analizlerde yapisal
esitlik modelini kullanmislar ve toplu tagima kullanimini
artirmaya yonelik trafik gilivenlik kampanyalarina ve
toplu tasimanin cazibesini artirmak icin bu ulagim
tiiriniin  esnekligini gelistirmeye odaklanabilecegini
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belirtmiglerdir (Simgekoglu et al., 2015). Toplu tagima
kullanimint etkileyen faktorleri ve toplu tagima ile ilgili
tutumlarda cinsiyet farkliliklari1 degerlendirmeyi
amaclayarak, Ohio Devlet Universitesi'nde 2012
kampiis ulagim anketinden toplanan verilerle bireylerin
sosyo-demografik 6zellikleri, tiir se¢imleri, glivenilirlik,
esneklik erisilebilirlik vekonforolmakiizeretoplutasima
kullanma yo6niindeki tutumlari 6l¢iilmiistiir. Analizlerde
ikili lojit model kullanilmigtir. Caligmanin sonucunda
elde edilen bulgular ile toplu tagima kullanimini ve
cinsiyetler arasindaki farkliliklarin nasil etkiledigini
ulagtirma planlamacilarinin  anlamalarina yardimci
olmaktadir (Namgung and Akar, 2014). Kennedy,
Toronto bolgesinde 6zel ve toplu tasima kullanimini
derinlemesine kargsilagtirmiglardir (Kennedy, 2002).
Miller et al. 2016 yilinda yapmis olduklar1 ¢alismada
toplu tasima kullanimi ve siirdiiriilebilirlik arasindaki
iliskiyi incelemislerdir (Miller et al., 2016).

Bu caligmada Tiirkiye’de gelismis il grubundan
Ankara, gelismekte olan il grubundan Erzurum ve
gelismemis il grubundan Bayburt ili c¢alisma alam
olarak secilmistir. Bu ii¢ ilde merkez ilce niifuslarina
gore Orneklem biiyiikliikleri hesaplanarak hanehalki
ulagim  anketleri tabakali  Ornekleme metodu
kullanilarak yaptirilmistir. Saha caligmasina Subat 2015
de baglanilmig ve Nisan 2015 de tamamlanmistir. Elde
edilen anketler ile veri taban1 olusturulmustur. Ug farkli
gelismislik diizeyindeki Ankara, Erzurum ve Bayburt
illerinde toplu tasima kullanimi karsilagtirilmagtir.
Calisma sonucunda gelismislik seviyesi farkli olan ii¢ il
icin olusturulan ikili lojistik regresyon model sonuglari
karsilagtirilmagtir.

MATERYAL VE YONTEM
Materyal

Calisma alani olarak Tiirkiye’de 3 il belirlenmistir.
Bunlardan birincisi Tiirkiye” nin bagkenti olan Ankara
ilidir. Ankara, Tiirkiye’nin merkezine yakin bir konuma
sahip olup Tiirkiye’ nin niifusu bakimindan ikinci biiyiik,
yiizolgiim olarak da iiciincii biiyiik ilidir. Ikinci calisma
alan1 Erzurum, Dogu Anadolu Bolgesinin en biiyiik ili
olupniifusolarak 27.ve yiizdlgtim olarak da4. biiyiik ilidir.
Uciincii calisma alani Bayburt ili ise niifus ve yiizolgiim
olarak Tirkiye’'nin en kiigiik illerinden biridir. Calisma
alan1 belirlenirken illerin gelismislik indekslerine gore
karar verilmistir (Cizelge 1). Cok gelismis il grubundan
bagkent Ankara, gelismekte olan illerden Erzurum ve
gelismemis illerden Bayburt se¢ilmistir.
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Cizelge 1.2012 Y1l {llerin Gelismislik Endekslerine Gore Geligmislik Gruplari (Giil ve Cevik, 2014)

il ige il ige
Istanbul . 22 Hatay 0.37 43 Karaman -1.08 Kilis
Ankara 54 23 Isparta 0.23 44 Rize -1.10 Cankiri
Izmir .84 24 Canakkale 0.13 45 Sivas -1.12 Van
Antalya .8 25 Yalova -0.05 Burdur Giimiishane

Bursa .14 26 Bolu -0.09 Sanlurfa -1.29 g Adiyaman

Kocaeli 340 27 Edirne -0.24 Bartin -1.43 ) Yozgat

Mugla 2.64 28 Elazig -0.51 Kirgehir -1.44 Bayburt

8 Adana 2.09 29 Kiitahya -0.54 Amasya -1.47 Kars
9 Konya 2.07 30 Zonguldak -0.56 Tokat -147 2 Tunceli
10 Gaziante 1.79 31 Kirklareli -0.64 Corum -1.48 g Sirnak
11 Eskisehir 1.74 32 Malatya -0.77 Ordu -1.55 - Bingol
12 Denizli 1.28 33 Nevsehir -0.89 Aksaray -1.56 Siirt
13 Mersin 1.26 34 Afyon -0.90 Erzincan -1.57 Igdir
14 Kayseri 1.17 35 Erzurum -091 Artvin -1.62 Mus
15 Trabzon 0.76 36 Kahramanmar -0.96 Osmaniye -1.63 Bitlis
16 Tekirdag 0.65 37 Diizce -0.96 Kastamonu -1.64 Agr
17 Sakarya 0.52 38 Karabiik -0.97 Giresun -1.71 : Ardahan
18 Balikesir 049 39 Usak -0.98 Nigde -1.73 Hakkari
19 Samsun 043 40 Kirikkale -1.01 Batman -1.80
20 Manisa 0.39 41 Diyarbakir -1.05 Sinop -1.84
21 Aydin 0.37 42 Bilecik -1.06 Mardin -1.86

| [ ——

Gelismis <€ > Az Gelismis

Calisma alanlar1 icin Orneklem biiyiikliikleri  kullanilarak hanehalki ulagim anketleri yaptiriimig
denklem 1 aracilig1 ile hesaplanmistir. Bu ii¢ ilde ve c¢alisma kapsaminda kullanilacak veri seti
merkez ilgelerde tabakali rassal ornekleme metodu  olusturulmustur.

» Evrendeki eleman sayisi biliniyorsa

n = N.p.q.z%a/2
- (N-1)d?%+p.q.z%a /2 (D
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Formiilde;

N=Evrendeki birey sayis1 (Illerin niifusu, Cizelge
2), n=6rnekleme alinacak birey sayisi, p=incelenecek
olaymm goriis sikligi (0.5), g=incelenecek olayin
gorlilmeyis siklig1 (1-p=0.5), z= Saptanan giiven
diizeyinden z ¢izelgesindan bulunan teorik deger (1.96),

d=Olayin goriilme sikligina goére yapilmak istenen +
sapma (0.05) olarak simgelenmistir.

[llerin merkez ilge niifuslari, hesaplanan rneklem
biiyiikliikleri  (Esitlik 1), uygulandigi
hane sayisi ve hanedeki kisi sayisi Cizelge 2’ de
sunulmustur.

anketin

Cizelge 2. Illerin Merkez Ilce Niifuslari, Orneklem Biiyiikliigii ve Uygulanan Anket Sayist

il Niifus* Orneklem Biiyiikligii A“';g;‘;g‘;‘;:‘a“ Ha“lfi‘;?;;;‘l’glam
Ankara 4822839 384.12 603 1989
Erzurum 399 683 383.79 410 1839
Bayburt 63 848 38037 385 1568

* Merkez ilge niifuslar1 2014

Toplu tagima kullanimi bagimli degisken, cinsiyet,
yas, egitim durumu, siiriicli belgesi sahipligi, yolculuk
amaci, yolculuk siiresi degiskenleri de kategorik
bagimsiz degisken olarak ikili lojistik regresyon

Yontem

Bu caligmada kullanilan veri seti, geligmis,
gelismekte olan ve gelismemis illerde hanelerde
uygulanan hanehalki ulasim anketleri yardimiyla
elde edilen verilerden olugmaktadir. Modelde bagiml

L=In [1%] = bo+ b X+ ¢

Lojistik regresyon modelinin parametreleri, analitik
olarak elde edilemediginden, tahmin teknigi olarak
maksimum olabilirlik teknigi kullanilir (Field,2005;
Kalayci, 2008).

BULGULAR VE TARTISMA

Bu calismada verilerin degerlendirilmesi SPSS
20 paket programinda yapilmistir. Lojistik Regresyon
analizi yapilarak ikili lojistik regresyon model
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modelde veri seti olarak kullanilmistir. Kategorik
bagimsiz degisken i¢in son kategoriler referans kategori
olarak secilmistir.

degisken olarak secilen toplu tagima kullanimi nitel
degisken oldugu ve ikili cevap (evet-hayir) icerdiginden
dolay1 ikili lojistik regresyon analizi uygulanmustir.

Lojistik regresyon modeli agagidaki matematiksel
ifade ile formiile edilebilir (Kalayci, 2008).

2

yardimiyla hanehalkinin toplu tagima tercihlerinde
etkili
gelismislik diizeyindeki illerde toplu tagima kullanimi

olan faktorlerin neler oldugu ve farkh

belirlenerek karsilagtirilmistir.

Anketlerden elde edilen veriler dogrultusunda
caligma alanindaki iller i¢in toplu tagima kullanim
oranlar1 Cizelge 3’de verilmistir. Toplu tagima
kullanim oraninin % 41.5 oldugu en yiiksek oldugu il

gelismekte olan Erzurum ilidir (Sekil 1).
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Cizelge 3. Illerin Toplu Tagima Kullanimi

iller Ankara Erzurum Bayburt
Toplu tasima kullanma durumu Frekans | Yiizde | Frekans | Yiizde | Frekans | Yiizde
Toplu tagima kullanan 577 30.2 572 41.5 173 14.8
Toplu tagima kullanmayan 1332 69.8 805 58.5 996 85.2
Toplam 1909 100 1377 100 1169 100

B Toplu Tasima Kullanan

100
80
60
40
20

= Toplu Tagima Kullanmayan

Ankara

Erzurum

Bayburt

Sekil 1. fllerin Toplu Tagima Kullanim Dagilimi

Toplu tagima kullanimi igin olugturulan ikili
lojistik regresyon model sonuglar1 incelendiginde,
Ankara ilinde siiriicii belgesi sahipligi, yolculuk amaci,
yolculuk siiresi bagimsiz degiskenleri % 5 anlamlilik
seviyesinde istatistiksel olarak anlamli (sig.<0.05)
bulunmustur (Cizelge 4). Cizelge 4 incelendiginde
Ankara ilinde siirlicii belgesi sahibi olmayanlarin
stiriici belgesi olanlara gore toplu tagima kullanma
ihtimali 2.034 kat daha fazladir.

Toplu tasima kullanma ihtimali, yolculuk amac1 ev
olanlarin yolculuk amaci diger kategorisine gore 21.928
kat, yolculuk amaci is olanlarin yolculuk amaci diger
kategorisine gore 4.408 kat, yolculuk amaci egitim
olanlarin yolculuk amaci diger kategorisine gore 6.694
kat, yolculuk amaci saglik olanlarin yolculuk amaci
diger kategorisine gore 2 kat, yolculuk amaci aligveris
olanlarin yolculuk amaci diger kategorisine gore 0.561
kat, yolculuk amaci is takibi olanlarin yolculuk amaci
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diger kategorisine gore 1.42 kat, yolculuk amaci akraba
ziyareti olanlarin yolculuk amaci diger kategorisine
gore 1.947 kat daha fazladir.

Yolculuk siiresi 0-5 dk arasinda olanlarin yolculuk
stiresi 60 dk ve iizeri olanlara gore toplu tagima kullanma
ihtimali 0.012 kat, yolculuk siiresi 6-11 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gore
toplu tagima kullanma ihtimali 0.049 kat, yolculuk
stiresi 12-17 dk arasinda olanlarin yolculuk siiresi 60 dk
ve iizeri olanlara gore toplu tagima kullanma ihtimali
0.07 kat, yolculuk siiresi 18-23 dk arasinda olanlarin
yolculuk stiresi 60 dk ve lizeri olanlara gore toplu
tasima kullanma ihtimali 0.152 kat, yolculuk siiresi 24-
29 dk arasinda olanlarin yolculuk siiresi 60 dk ve iizeri
olanlara gore toplu tasima kullanma ihtimali 0.247 kat,
yolculuk siiresi 30-35 dk arasinda olanlarin yolculuk
siiresi 60 dk ve iizeri olanlara gore toplu tasima
kullanma ihtimali 0.370 kat daha fazladur.
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Cizelge 4. Ankara ili i¢in ikili lojistik regresyon model sonuglari

Degiskenler B | SE. | Waa | ar | sig. | Exp(B)
Cinsiyet
Kadin 0.112 | 0.137 | 0666 | 1| 0415 | 1119
Erkek Referans Kategori
Yasi 4366 5 0.498
0-11 -0.213 0.456 0218 1 0.640 0.808
12-23 0.336 0.382 0.770 1 0.380 1.399
24-35 0.180 0.358 0.253 1 0.615 1.197
36-47 0.246 0.359 0.469 1 0.493 1.279
48-59 0.069 0.378 0.033 1 0.855 1.071
60> Referans Kategori
Egitimdurumu 6.113 8 0.635
Cocuk-kres -1.068 1.261 0.717 1 0.397 0.344
Okur yazar degil -0.375 1.687 0.049 1 0.824 0.688
Okur Yazar -1.192 1.593 0.560 1 0.454 0.304
Ilkokul -1.239 1.172 1.118 1 0.290 0.290
Ortaokul -1.238 1.172 1.116 1 0.291 0.290
Lise -0.981 1.159 0.716 1 0.397 0.375
Universite -0.979 1.160 0.713 1 0.399 0.376
Yiiksekokul -1.858 1.280 2.106 1 0.147 0.156
Lisansiistii Referans Kategori

Stiriicii Belgesi Sahipligi

SB yok 0710 0.174 16620 | 1| 0.000 2,034
SB var Referans Kategori

Yolculuk amact 91.350 7 0.000

Ev 3.088 0.748 17.029 1 0.000 21928
is 1483 0.241 37.803 1 0.000 4,408
Egitim 1901 0.278 46.661 1 0.000 6.694
Saglik 0.693 0.467 2.200 1 0.138 2,000
Algveris 0578 0.400 2087 1 0.149 0.561
iy Takibi 0.351 1244 0.080 1 0.778 1420
Akraba Ziyareti 0.666 0.385 2,987 1 0.084 1.947
Diger Referans Kategori

Yolculuksiiresi 268.316 10 0.000

0-5 Dakika 4412 0.420 110.079 i 0.000 0012
6-11 Dakika -3.021 0.333 82.147 1 0.000 0.049
12-17 Dakika -2.665 0.329 65.530 1 0.000 0070
18-23 Dakika -1.882 0.323 33.883 1 0.000 0.152
24-29 Dakika -1.400 0.367 14.568 1 0.000 0247
30-35 Dakika -0.994 0.324 9.430 i 0.002 0370
36-41 Dakika -0.110 0.424 0.067 1 0.796 0.896
42-47 Dakika -0.459 0.386 1414 1 0.234 0.632
48-53 Dakika 20.369 9 498.279 0.000 1 0998 | 100 469
54-50 Dakika 19.849 17 922.130 0.000 1 0.999 | 417027

348.56

60> Dakika Referans Kategori

Sabit 0479 1250 0147 | 1| 0.701 1615

(B: Regresyon Katsayilari, S.E.: Standart Hata, Wald: istatistigi, df: serbestlik derecesi, sig.: anlamlilik diizeyi, Exp(B): iistel B degerleri)
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Toplu tagtma kullanimi i¢in olugturulan ikili  yolculuk amaci, yolculuk siiresi bagimsiz degiskenleri
lojistik regresyon model sonuglar1 incelendiginde, % 5 anlamlilik seviyesinde istatistiksel olarak anlamli
Erzurum ilinde egitim durumu, siiriicii belgesi sahipligi,  (sig.<0.05) bulunmustur (Cizelge 5).

Cizelge 5. Erzurum ili i¢in ikili lojistik regresyon model sonuglari

Degiskenler B | S.E. | Wald | df | Sig. | Exp(B)
Cinsiyet
Kadin 0.196 | 0.150 | 1701 | 1| 0.192 | 1217
Erkek Referans Kategori
Yast 2.280 5 0.809
0-11 -0.810 0.596 1.846 1 0.174 0.445
12-23 -0.599 0.554 1.168 1 0.280 0.550
24-35 -0.490 0.550 0.795 1 0.373 0.612
36-47 -0.401 0.545 0.541 1 0.462 0.670
48-59 -0.478 0.544 0.773 1 0.379 0.620
60> Referans Kategori
Egitimdurumu 39.486 8 0.000
Cocuk-kres -0.583 1.531 0.145 1 0.703 0.558
Okur yazar degil 0.742 1.341 0.306 1 0.580 2.100
Okur Yazar -0.457 1.577 0.084 1 0.772 0.633
ilkokul 0.577 1.080 0.285 1 0.593 1.780
Ortaokul 0.768 1.077 0.509 1 0476 2.156
Lise 1.242 1.068 1.352 1 0.245 3.463
Universite 1.856 1.066 3.035 1 0.082 6.399
Yiiksekokul 1.228 1.234 0.990 1 0.320 3414
Lisansiistii Referans Kategori

Siiriicii Belgesi Sahipligi

SB yok 0.402 0.178 5.108 1 0.024 1.495
SB var Referans Kategori

Yolculuk amact 45.080 7 0.000

Ev 1.260 0.951 1.755 1 0.185 3.525
is 0.701 0.382 3.365 1 0.067 2016
Egitim 1.740 0.388 20.096 1 0.000 5.700
Saglik 1.167 0.747 2444 1 0.118 3212
Aligveris 0.066 0.459 0.021 1 0.885 1.069
Is Takibi -19.024 173 84.75 0.000 1 0.999 0.000
Akraba Ziyareti 0.837 0.536 2438 1 0.118 2.310
Diger Referans Kategori

Yolculuksiiresi 146.641 9 0.000

0-5 Dakika -2.109 0.398 28.130 1 0.000 0.121
6-11 Dakika -1.987 0.368 29.092 1 0.000 0.137
12-17 Dakika -1.113 0.356 9.755 1 0.002 0.329
18-23 Dakika -0.190 0.354 0.288 1 0.592 0.827
24-29 Dakika -0.257 0.441 0.340 1 0.560 0.773
30-35 Dakika -0.333 0.363 0.844 1 0.358 0.717
36-41 Dakika 1.781 0.835 4.551 1 0.033 5.935
42-47 Dakika 1.544 0.839 3.388 1 0.066 4.685
48-53 Dakika 0.322 1.180 0.075 1 0.785 1.380
60> Dakika Referans Kategori

Sabit -1.649 1.266 1.697 1 0.193 | 0.192

(B: Regresyon Katsayilari, S.E.: Standart Hata, Wald: istatistigi, df: serbestlik derecesi, sig.: anlamlilik diizeyi, Exp(B): istel B degerleri)
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Cizelge 5 incelendiginde, Erzurum ilinde egitim
degiskeni kategorisinden egitim durumu kres olanlar
lisansiistii egitim durumuna sahip olanlara gore
0.558 kat, egitim durumu okur yazar olmayanlar
lisansiistii egitim durumuna sahip olanlara gore 2.1
kat, egitim durumu okur yazar olanlar lisansiistii
egitim durumuna sahip olanlara gore 0.633 kat,
egitim durumu ilkokul olanlar lisansiistii egitim
durumuna sahip olanlara gore 1.780 kat, egitim
durumu ortaokul olanlar lisansiistii egitim durumuna
sahip olanlara gore 2.156 kat, egitim durumu lise
olanlar lisansiistii egitim durumuna sahip olanlara
gore 3.463 kat, egitim durumu iiniversite olanlar
lisansiistii egitim durumuna sahip olanlara gore 6.399
kat, egitim durumu yiiksekokul olanlar lisansiistii
egitim durumuna sahip olanlara gore 3.414 kat toplu
tasima kullanma ihtimalleri daha fazladir.

sahibi
olmayanlarin siiriici belgesi olanlarin gore toplu

Erzurum  ilinde  siiriicii  belgesi
tastma kullanma ihtimali 1.495 kat daha fazladir.
Toplu tasima kullanma ihtimali, yolculuk amaci ev
olanlarin yolculuk amaci diger kategorisine gore
3.525 kat, yolculuk amaci is olanlarin yolculuk amact
diger kategorisine gore 2.016 kat, yolculuk amaci
egitim olanlarin yolculuk amaci diger kategorisine
gore 5.7 kat, yolculuk amaci saglik olanlarin
yolculuk amaci diger kategorisine gore 3.212 kat,
yolculuk amaci aligveris olanlarin yolculuk amaci
diger kategorisine gore 1.069 kat, yolculuk amac1
akraba ziyareti olanlarin yolculuk amaci diger

kategorisine gore 2.31 kat daha fazladir.

Yolculuk siiresi 0-5 dk arasinda olanlarin
yolculuk siiresi 60 dk ve iizeri olanlara gore toplu
tasima kullanma ihtimali 0.121 kat, yolculuk siiresi
6-11 dk arasinda olanlarin yolculuk siiresi 60 dk ve
tizeri olanlara gore toplu tasima kullanma ihtimali
12-17 dk arasinda

olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gore

0.137 kat, yolculuk siiresi
toplu tagima kullanma ihtimali 0.329 kat, yolculuk

siiresi 18-23 dk arasinda olanlarin yolculuk siiresi
60 dk ve iizeri olanlara gore toplu tagima kullanma
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ihtimali 0.827 kat, yolculuk siiresi 24-29 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gére
toplu tagima kullanma ihtimali 0.773 kat, yolculuk
siiresi 30-35 dk arasinda olanlarin yolculuk siiresi
60 dk ve lizeri olanlara gore toplu tagima kullanma
ihtimali 0.717 kat, yolculuk siiresi 36-41 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gore
toplu tagima kullanma ihtimali 5.935 kat, yolculuk
siiresi 42-47 dk arasinda olanlarin yolculuk siiresi
60 dk ve tizeri olanlara gore toplu tagima kullanma
ihtimali 4.685 kat, yolculuk siiresi 48-53 dk arasinda
olanlarin yolculuk siiresi 60 dk ve {iizeri olanlara
gore toplu tagsima kullanma ihtimali 1.380 kat daha
fazladir.

Toplu tasima kullanimi i¢in olusturulan ikili
lojistik regresyon model sonuclari incelendiginde,
Bayburt ilinde cinsiyet ve yolculuk siiresi bagimsiz
degiskenleri % 5 anlamlilik seviyesinde istatistiksel
olarak anlamli (sig.<0.05) bulunmustur (Cizelge 6).

Cizelge 6
cinsiyeti Kadin olanlarin erkeklere gore toplu tagima
kullanma ihtimali 1.901 kat daha fazladir. Yolculuk
siiresi 0-5 dk arasinda olanlarin yolculuk siiresi 60
dk ve iizeri olanlara gore toplu tagima kullanma
ihtimali 0.337 kat, yolculuk siiresi 6-11 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gore
toplu tasima kullanma ihtimali 0.142 kat, yolculuk
siiresi 12-17 dk arasinda olanlarin yolculuk siiresi

incelendiginde Bayburt ilinde

60 dk ve iizeri olanlara gore toplu tasima kullanma
ihtimali 0.488 kat, yolculuk siiresi 18-23 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gore
toplu tagima kullanma ihtimali 0.48 kat, yolculuk
stiresi 24-29 dk arasinda olanlarin yolculuk siiresi
60 dk ve lizeri olanlara gore toplu tagima kullanma
ihtimali 0.343 kat, yolculuk siiresi 30-35 dk arasinda
olanlarin yolculuk siiresi 60 dk ve iizeri olanlara gére
toplu tagima kullanma ihtimali 1.476 kat, yolculuk
siiresi 36-41 dk arasinda olanlarin yolculuk siiresi
60 dk ve lizeri olanlara gore toplu tagima kullanma
ihtimali 1.299 kat daha fazladir.
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Cizelge 6. Bayburt ili i¢in ikili lojistik regresyon model sonuglari

Toplu Tagima Kullammmnin Tkili Lojistik Regresyonu ile Karsilagtirmali Analizi

Degiskenler B | S. hata Wald Exp(B)

Cinsiyet

Kadmn 0.642 | 0.206 9.720 1 0.002 1.901
Erkek Referans Kategori

Yagsi 6.706 5 0.243

0-11 2.006 1.096 3.348 1 0.067 7433
12-23 1.477 1.074 1.889 1 0.169 4.380
24-35 0.973 1.063 0.838 1 0.360 2.646
36-47 1.315 1.055 1.552 1 0.213 3.723
48-59 1.122 1.068 1.103 1 0.294 3.070
60> Referans Kategori

Egitimdurumu 3.723 8 0.881

Cocuk-kres 0.283 41 703.708 0.000 1 1.000 1.327
Okur yazar degil 19.430 40 205.075 0.000 ! 1.000 s
Okur Yazar 20977 57 881.671 0.000 1 1.000 L oo
. 230 824
Ilkokul 19.257 40 205.075 0.000 1 1.000 058204
Ortaokul 18.973 40 205.075 0.000 1 1.000 Lo oo

. 250 006

Lise 19.337 40 205.075 0.000 1 1.000 334.108
L 160 656
Universite 18.895 40 205.075 0.000 1 1.000 498 554
Yiiksekokul 19.090 40 205.075 0.000 1 1.000 ;zggg
Lisansiistii Referans Kategori

Stiriicii Belgesi Sahipligi

SB yok -0.106 | 0.278 0.146 1 0.703 0.899
SB var Referans Kategori
Yolculuk amact 13.528 7 0.060

Ev -15.945 19 663.363 0.000 1 0.999 0.000
Is 2919 1.047 7.770 1 0.005 18.524
Egitim 3.156 1.070 8.696 1 0.003 23.470
Saglik -16.593 10 879.568 0.000 1 0.999 0.000
Aligveris 1.788 1.130 2.503 1 0.114 5.979
Is Takibi -16.237 22 645.768 0.000 1 0.999 0.000
Akraba Ziyareti -16.310 4 583.569 0.000 1 0.997 0.000
Diger Referans Kategori

Yolculuksiiresi 51.631 9 0.000

0-5 Dakika -1.087 23 388.661 0.000 1 1.000 0.337
6-11 Dakika -1.955 0.877 4.964 1 0.026 0.142
12-17 Dakika -0.717 0.854 0.705 1 0.401 0.488
18-23 Dakika -0.734 0.864 0.723 1 0.395 0.480
24-29 Dakika -1.071 0.902 1410 1 0.235 0.343
30-35 Dakika 0.389 0.904 0.185 1 0.667 1476
36-41 Dakika 0.262 0.869 0.091 1 0.763 1.299
42-47 Dakika -20.285 40 192.970 0.000 1 1.000 0.000
48-53 Dakika -19.360 15 260.535 0.000 1 0.999 0.000
60> Dakika Referans Kategori

Constant -24.409 | 40 205.075 0.000 1 1.000 0.000
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(B: Regresyon Katsayilari, S.E.: Standart Hata, Wald: istatistigi, df: serbestlik derecesi, sig.: anlamlilik diizeyi, Exp(B): iistel B degerleri)
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Nuriye KABAKUS ve Ahmet TORTUM

Cizelge 7’de ii¢ farkli gelismiglik diizeyindeki il
icin olusturulan toplu tagima kullanim model 6zetleri
sunulmugtur. Bu modellerde Ankara ilinde toplu
tastma kullaniminin % 45.5’i, Erzurum ilinde toplu

Cizelge 7. Iller icin olusturulan ikili lojistik regresyon model 6zetleri

tasima kullaniminin % 38’i ve Bayburt ilinde ise %
25’t  bagimsiz degiskenler tarafindan aciklanmigtir
(Nagelkerke R?).

2
; R -2 Log likelihood Cox & Snell R? Nagelkerke R*
Iller
Ankara 1 594.660 0.321 0.455
Erzurum 1414.425 0.283 0.380
Bayburt 799.589 0.141 0.248
L(Minterce t) 2/N
Cox & Snell R*=1- {—"}
L(Mpu) 3)
1— {L(Mintercept)}Z/N
L(Mfyqp)
Nagelkerke R*=
g 1-L (Mintercept)Z/N (4)

Aciklayicilik katsayilarinim (R?) formiilasyonlart
esitlik (3) ve (4) de verilmistir. Egitliklerde; L=
likelihood degeri (olabilirlik orani), =Yordayicilar ile
model, =yordayicilarsiz model ifade etmektedir.

SONUCLAR VE ONERILER

Bu calismada Tiirkiye’ de gelismiglik indekslerine
gore secilen ii¢ farkli gelismislik diizeyindeki illerde
toplu tagima kullanimi incelenmistir. Bu
yaptirilan hanehalki ulagim anketleri sonucu elde edilen
verilere gore toplu tagima kullanim oraninin en yiiksek
oldugu il gelismekte olan il grubundan se¢ilen Erzurum
ili, ikincisi gelismis il olan Ankara ili ve {iglinciisii
ise gelismemis il olan Bayburt ilidir. Toplu tagima
kullantyor musunuz? (evet- hayir) sorusunun bagiml
degisken olarak belirlendigi ikili lojistik regresyon
model her iig il icinde ayr1 ayri olusturulmustur. Ikili
lojistik regresyon analiz sonuglarina goére Ankara ili
icin olusturulan toplu tagima kullanim modelinde
ehliyet sahipligi, yolculuk amaci ve yolculuk siiresi
degiskenleri anlamli degisken,
olusturulan toplu tasima kullanim modelinde egitim
durumu, ehliyet sahipligi, yolculuk amaci ve yolculuk
siiresi degiskenleri anlamli degisken, Bayburt ili

illerde

Erzurum ili icin
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icin olusturulan toplu tagitma kullanim modelinde
ise cinsiyet ve yolculuk siiresi bagimsiz degiskenleri
anlamli degisken olarak elde edilmistir.

Ug farkli geligmislik diizeyindeki illerde yolculuk
siiresi bagimsiz degiskeni ortak anlamli degiskendir.
Literatiirde toplu tasima kullanimi ile ilgili bir¢ok
calisma bulunmasina ragmen farkli gelismislik
diizeyindeki illerin toplu tagima kullanimini inceleyen
bir calisma bulunmamaktadir. Bu ¢alisma sonucu elde
edilen veriler 1518inda farkli gelismislik diizeyindeki
illerde yasayan bireylerin toplu tasima kullaniminda
etkili olan parametreler farkli oldugundan dolay1
gelismiglik diizeyi farkli illerde toplu tasima
yonlendirmeleri icin alimacak 6nlemler ve ¢oziimler de
farkli olmalidir.
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Iki Noktaya Indirgeme Tekniginin Hasar Belirlemede Kullanim

isi

Barlas Ozden CAGLAYAN', Ahmed ALQAYYIM?

OZET: Dinamik test verileri kullanilarak yapilarda hasar tespiti ve hasar tespit yontemleri konusundaki aragtirma-
lar son 30 yilda biiyiik bir artig gostermigtir. Teknolojik gelisme, 6l¢iim ve data toplama sistemlerinin maliyetlerini
diisiirmiig, daha detayli ve hassas ol¢iimlere olanak saglanmasina, test maliyetlerinin belirgin sekilde diigmesine
neden olmus ve bilgisayar ortaminda ¢ok biiyiik verilerle dahi hafiza sorunu olmaksizin islem yapilmasina olanak
saglamigtir. Bu gelismeler yeni 6l¢ciim tekniklerinin ve hesap yontemlerinin gelismesine yardimci olmus ve olmaya
devam etmektedir. Yapi iizerindeki hasarin tespit edilebilmesi i¢in bir¢ok test ve hasar belirleme yontemleri gelis-
tirilmigtir. Ancak her birinin bir dierine gore iistiin ve/veya iistiin olmayan y&nleri, uygulama kolayliklar: ya da

tesi Fen Bilimleri Enstitiisii Derg

Igdwr University Journal of the Institute of Science and Technology

g zorluklar1 vardir. Bazilariin maliyeti digerlerine gore yiiksek, ya da bazilarinin sonug¢ vermesi i¢in olduk¢a yogun
E islem hacmi gerektiginden problemin ¢dziimii uzun zaman dilimine bagl olabilir. Bazilar: ise oldukca karmasiktir,
45 uzman olmayan biri tarafindan uygulanamayabilir ve hatta ¢oziilemeyebilir. Yontemin data toplama siiresi uzun,
_‘E'.; islem siiresi ise kisa olabilir. Bazi1 yontemlerde ise tam tersine data toplama siiresi kisa, datay: igleme ve sonug
220 elde etme siiresi uzun olabilir. Bu makalede, koprii hasarlarinin dinamik test datas1 yardimi ile saptanmast i¢in
uygulamasi kolay, kisa zamanda sonug alinabilen, karmagik olmayan ve islem hacmi kii¢iik, dolayistyla ekonomik
oldugu diisiiniilen gelistirilmis yontem ve bu yontemin bir prototip lizerindeki uygulamas: anlatilmis ve sonuclari
verilmigtir.
Anahtar Kelimeler: Dinamik indirgeme, dinamik test, hasar belirleme
Application of Two Point Condensation Technique for Damage
Detection
mz
E ABSTRACT: During the past few decades, nondestructive damage evaluation (NDE) techniques using

experimental dynamic test data are widely applied in structures. Technological advancements increase in cost-
effective computing memory and speed, advances in sensors, and adaptation and advancements of finite element
method represent technical developments that have contributed to recent improvements in vibration based damage
detection without memory lackness and long calculation time. In addition, adaptation and advancements in
experimental techniques such as modal testing and development of linear and non-linear system identification
methods are both reason and results of the abovementioned improvements. Testing and vibration based damage
identification methods that are applied to structures have some advantages and disadvantages against each other.
Some of them are very easy to apply to structures, some are not. Some of them are very expensive, some are not.
Some of them are very complicated, some are not. Some of them need intensive and extra knowledge of testing and
identification. In this paper, an application of one of these NDE techniques is discussed, which is named Two Points
Condensation technique (TPC). This method helps to detect the damage without applying complicated calculation
by using acceleration data gathered during the test of the structure under free or ambient vibration. In this study,
the developed technique is applied to the experimental data of a steel truss bridge model structure after introducing
damage by removing an element from the specimen. The results show that the method detects the damage location
and level of damage.

Keywords: Damage detection, dynamic condensation, dynamic test
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Barlas Ozden CAGLAYAN ve Ahmed ALQAYYIM

GIRIS

Yapuilarin siirekli izlenmesi ve hasarin miimkiin ol-
dugunca erken bir safhada belirlenmesi 6zellikle ingaat,
mekanik ve uzay miihendislerinin ilgisini cekmektedir.
Yapilarin dinamik &zelliklerini ve/veya davranmiglarim
degistiren hasar veya kusurun tespiti i¢in yapilan calis-
malarda ana fikir, modal parametrelerin (frekans, mod
sekli, modal soniim) yapinin fiziksel 6zelliklerinin (kiit-
le, soniim ve rijitlik) bir fonksiyonu olmasidir. Fiziksel
parametrelerde herhangi bir degisim, modal parametre-
lerde bir degisime neden olacaktir.

Ideal hasar tespit yonteminin adimlari; yapida ha-
sarin olup olmadiginin saptanmasi, yapida hasar bulu-
nuyorsa yerinin belirlenmesi, hasarli bolgenin 6l¢iim
aletleriyle donatilip hasarin miktarinin ve ciddiyetinin
saptanmasi ve son olarak yapinin kalan émriiniin tayin
edilmesi safhalarindan olusur. Bu akis diyagrami ayni
zamanda otomasyona da uygundur. Ancak 6nemli bir
sorun bu noktada karsimiza ¢ikmaktadir; yapi, yapilir
yapilmaz (inga sonrasi), lizerine yerlestirilecek ol¢iim
aletleri ile dl¢iilmelidir ki, ileride hasar tespiti sirasin-
da bu olciimler referans tegkil ederek yeni dlgiimlerle
arasinda kiyaslama yapilmas1 miimkiin olabilsin. Ayri-
ca hasar tespit metotlarinin rahat uygulanabilir olma-
st ve yapinin islevsellik kisitlamalarint da g6z oniinde
tutmas1 gerektigi aciktir. Ornegin literatiirde yer alan
bir¢ok hasar tespit yonteminde yapinin kiitlesinin yapi-
da olusan hasar sonucunda degismedigi kabul edilmek-
le beraber, baz1 yapilarda bu kabuliin dogru olmadigi
bilinmektedir; acik deniz platformlar: buna uygun bir
ornektir. Bir diger énemli problem de model ile yapi
arasindaki davranis farkliliklaridir. Geligtirilen bilgisa-
yar modeli ve gercek yapr davranigi arasinda goz oniine
alinmayan etkiler nedeniyle olusacak farkliliklar, ya-
pida hasar olmamasina ragmen, yapida hasar bulunu-
yormusg gibi yorumlanmasina neden olabilir. Yapi iize-
rindeki hasarin etkisi lineer veya lineer olmayan olarak
siniflandirilabilir. Lineer hasarda, yapi tizerinde hasarin
olugmasindan sonra da yapi lineer davranis icerisinde
kalir. Modal 6zelliklerdeki degisiklikler, yapinin geo-
metrisinin ve/veya malzemenin degismesinden kay-
naklandiginda yapinin davranigt halen lineer hareket
denklemi kullanilarak modellenebilir. Lineer olmayan
hasarda ise, yapi lizerinde olusan hasar nedeniyle line-
er davranig icerisinde olan yapinin lineer olmayan bir
davranis icerisine girmesi s6z konusudur. Yapinin dis
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yiikler altindaki titregimi sirasinda zaman zaman acilip
kapanan yorulma catlaklar1 lineer olmayan hasara or-
nek olarak verilebilir. Yapilmig caligmalarin biiyiik bir
boliimii sadece lineer olan sistemler iizerinedir.

Modal parametrelerin kullanilmasina dayanan,
yapt hasarlarimin tespiti konusunda detayli bir aragtir-
ma 1979 yilinda yapilmigtir (Richardson, 1980). Bu
arastirma daha cok biiyiik yapilar, niikleer santraller,
acik deniz platformlar1 ve doner makinalar tizerinedir
ve yapilarin degisik boliimlerinin birlikte ¢alismasinin
kontrolii, yap1 iizerindeki titresimleri siirekli izleme ve
modal 6zelliklerindeki degisikliklerin kontrolii sathala-
rindan olugmaktadir. Bir¢ok doktora ¢aligmasi sirasinda
Hasar tespit ve bununla ilgili konularda bircok yayin
incelenmis ve birbirleriyle kiyaslanarak iyi ve kotii ta-
raflar1 yayinlanmistir (Rytter, 1993; Doebling, 1995).

Hasar tespit yontemlerini asagidaki gibi siniflandi-
rilmaktadir ( Rytter, 1993):

e Smif1 Yap: lizerinde hasarin olup olmadigi-
nin tespiti

* Smif2 Yap iizerindeki hasarin geometrik ye-
rinin belirlenmesi

e Smif 3 Hasarn seviyesinin belirlenmesi

e Smif4 Yapinin geri kalan servis dmriiniin be-
lirlenmesi

Bu ¢alismanin amaci dogrultusunda sadece Sinif 1
ve Smif 2 géz Oniinde tutulmus, Smif 3 hasar mikta-
rinin ne kadar belirlenebilecegi arastirilmis ve mevcut
hasar tespit yontemlerine ek olarak etkin bir hasar tespit
yontemi gelistirilmigtir. Hasar tespitiyle ilgili ¢aligma-
lar incelendiginde, hasar tespitinde kullanilan dl¢iim
datasina ve kullanilan teknige gore frekans degisimleri,
ileri problem, tersinir problem, mod sekli degisimleri,
fleksibilite degisiminin kiyaslanmasi, teklik kontroli,
rijitlik hata matrisi metodu, artik fleksibilitenin etkileri,
Olciilmiis rijitlik matrisindeki degisimler, matris giin-
celleme yontemleri, optimum matris giincellemesi me-
todu, duyarlilik analizlerine dayali giincelleme metod-
lar1, 6zdeger benzesim metodu, hibrid matris giincelle-
me metodlar1 ve yontemler, lineer olmayan yontemler,
sinir agina dayali metodlar, diger metotlar olarak bir
siralama yapmak miimkiindiir.

Tim yontemlerle ilgili daha detayli bir referans
listesi icin Alqayyim’in doktora ¢alismasi incelenebilir
(Algayyim, 2016).

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



MATERYAL VE YONTEM

Bu ¢aligmada tagiyici sistemlerde K_ rijitlik degisi-
mini ve bu degisimin yerini saptayabilen bir algoritma
geligtirilmistir. Bu algoritma indirgenmis sistem Kkiit-
le, soniim ve rijitlik matrislerini ve arazi Ol¢iimlerin-
de kaydedilen ivme verisini kullanmaktadir. Olgiim ve
kaydedilen verilerden gercek yapi davranigina gegcerken
karsilagilan en biiyiik sorun analitik model ile test mo-
delinin iist iiste diisgmemesidir. Bunun en biiyiik nedeni
analitik modelde olan biitiin serbestlik derecelerinin

test modelinden Slciilmemesi veya dlciilememesidir.

Genellikle bu problemin iistesinden kiitle, soniim
ve rijitlik matrislerin indirgenmesi ile gelinmektedir.
Bazen bunun tersi ile de karsilagilabilir, bu durumda
matrisleri genisletme yoluna gidilebilir. Matrislerin in-
dirgenmesi icin bircok yontem vardir ancak genel ola-
rak bakildiginda bunun ikiye ayrildig: goriiliir; statik
indirgeme ve dinamik indirgeme yontemleri. Bu ¢alig-

mada SEREP (System Equivalent Reduction Expansion

Iki Noktaya Indirgeme Tekniginin Hasar Belirlemede Kullanim1

Process) olarak adlandirilan dinamik indirgeme yonte-
mi kullanilmugtir. TPC (two point condensation) teknigi
rijitlik matrisindeki degerlerin degisimlerinin goézlen-
mesine dayanan analitik bir yontemdir. Bu teknik indir-
genmis teorik rijitlik matrisi K_ile optimizasyon sonucu
hesaplanmis rijitlik matrisinin K_birbiriyle mukayese-
sine dayanir. Teorik rijitlik matrisi K, mevcut imalat
paftalar1 kullamlarak hesaplamir. Indirgenmis rijitlik
matrisi K teorik rijitlik matrisi K kullanilarak serbest
titresim denkleminin yazilacag: iki-serbestlik derece-
li sisteme indirgenmis rijitlik matrisidir. Bu serbestlik
dereceleri, koprii lizerine yerlestirilmis ivmedlcerlerin
yerine gore belirlenir.

Bu calismada kullanilan indirgeme yontemi SE-
REP’ in, ozellikle dinamik problemlerin ¢oziimiin-
de daha iyi performans gosterdigi, rijitlik matrisinde
daha az hataya neden oldugu bir¢ok arastirmaci tara-
findan makalelerinde belirtilmistir (Koh et al., 2006).
Indirgenmis matrislerle olusturulan hareket denklemi
Esitlik 1° de verilmistir (Chopra, 2012).

[M, ] {}2x1 + [Crlax2{0}ax1 + [Kr]2xa{u}2xa = 0 (1)

Bu formiilde, K indirgenmis rijitlik matrisi, M_in-
dirgenmig kiitle matrisi, C_soniim matrisi, i ivme vek-
torii, 0 ivme vektorii kullanilarak hesaplanan hiz vekto-
rii, u ivme vektorii kullanilarak hesaplanan yer degis-
tirme vektoriidiir (Leis, 2011). Olgiilen ivme kayitlari
kullanilarak sistemin birinci ve ikinci mod sekilleri ve
ilgili frekanslar, soniim matrisinin ve hesap yoluyla bu-
lunacak rijitlik matrisinin hesap ve kontrollerinde kul-
lanilmaktadir.

Akis diyagrami Sekil 1° de verilen bu yontemde
kiitle matrisinin sisteme etki edecek kadar degismedi-
&1 kabul edilmistir (Pokharkar and Shrikhande, 2010).
Yapisal dinamik analizlerde en yaygin olarak kullani-
lan séniim modeli dogrusal viskoz soniimii modelleyen

3 [0 - M) + (6,1 + K (w)]||
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Rayleigh soniim modelidir. Bu model kullanim kolay-
181 saglamasi nedeniyle cok yaygin olarak kullanilir.
Bu caligmada da soniim matrisi (C) bu model kullani-
larak hesaplanmigtir. Rijitlik matrisindeki degisim ile
soniim matrisinin de degisimi géz Oniine alinmigtir.
Olugturulan hareket denkleminin optimizasyonu icin
yazilan kod ¢ok hedefli optimizasyon ¢oziiciisiinii icer-
mektedir. Matlab ve Octav ortamlarinda bu teknik icin
yazilmig kod c¢aligtirilabilir. Cok hedefli optimizasyon
bir matematik optimizasyon problemidir ve ayni anda
birden fazla degiskenin optimizasyonuna olanak verir.
Bu ¢aligmada rijitlik matrisinin optimum degerleri (K )
(simetri korunacak sekilde) q minimize edilerek hesap-
lanmaktadir.

2
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Sonitim matrisi C_ Rayleigh viskoz soniim kullanilarak kiitle ve rijitlikle orantili olarak Esitlik 3° te
tanimlandi81 gibi hesaplanmustir:

C, = aM, + BK;

3)
ve [ degerleri i ve j modlarina ait: § ve § soniim oranlarindan hesaplanmaktadir.
W
1w @ (5 = {Ei}
2 i w] B E ] '
iy
! “)

So6niim oranlar1 & ve é‘j birinci ve ikinci modlar kullanilarak Half-Power Bandwidth yontemine gore Esitlik 5
kullanilarak hesaplanmigtir (Silva and Clarence, 2000).

2¢ =

Wy —Wq
“n )

o frekanslari her bir mod i¢in Hizli Fourier doniisiimii teknigi kullanilarak elde edilmistir (Monson, 1996).

)

Kitle Rijitlik
[ Deneysel test ]

\ \

‘l( Iki serbestlik derecesine

ivme indirgeme Sondm matrisi

olusturma Hasarl ve hasarsiz
\i/ rijitlik matrislerinin
L karsilastirilmasi
Hiz

Optimizasyon e

N

Deplesman Rijitlik matrisi Rijitlik matrisi

tespiti

igindeki degisime bagh

yerin belirlenmesi
ir

Frekanslarin
hesaplanmasi

Frekanslar
uygun mu?

Evet ——

Sekil 1. Gelistirilen TPC tekniginin ana adimlari.

Optimizasyon sonucunda bulunan K matrisi K ile kiyaslanarak degisim belirlenir.

Bolge 1 l Bolge 2 l Bolge 3 F{ - Kuc]

= L . C KCB Kcr.

Sekil 2. Bolge ve indirgenmis rijitlik matrisi
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B ve C olclim noktalart olmak iizere, hasar eger
Bolge 2 de ise degisim en ¢ok K. ve K, de goriil-
mektedir. Hasar Bolge 1 de ise degisim en ¢ok K, de
goriilmektedir. Hasar Bolge 3 de ise degisim en ¢ok K .
de goriilmektedir. Hasar yayili olarak Bolge 1, Bolge
2, Bolge 3 de ise degisim en ¢ok K, ve K .. de goriil-
mektedir.

Iki Noktaya Indirgeme Tekniginin Hasar Belirlemede Kullanim1

Geligtirilen yontem Sekil 3’te goriilen model bir
koprii tizerinde etkinliginin belirlenmesi i¢in uygulan-
mugtir. Test kopriisii 6 metre acikliginda zemine serbest
oturan, {i¢ tip farkli boru elemandan iiretilmis bir kafes
kopriidiir. Test icin 12 ivmedlger kullanilmustir. ivmedl-

cerlerin yerlesim semasi, test ekipmanlari ve test diizeni
Sekil 3’ de goriilmektedir.

Sekil 3. 6m aciklikli kafes koprii ve ivmedlgerlerin yerlesim plant

Model koprii iizerinde hasarin tarifinin yapilabil-
mesi i¢in sirasiyla secilen elemanlar modelden ¢ikaril-
mistir. Hasar senaryosu i¢in 4 farkli set kullanilmistir
(Sekil 3). Ik hasar senaryosu i¢in model kdpriiden J-K
elemam sokiilmiistiir. Tkinci hasar senaryosu icin J-K
elemant yerine monte edilmis ve L-M elemani yerinden
sokiilmiistiir. Ugiincii hasar senaryosu i¢in P-M elemani
yerinden sokiilmiistiir. Sonuncu senaryo i¢in L-M, P-M
nin yan1 sira L- O eleman1 da yerinden sokiilmiistiir.
Sokiilecek elemanlar mod sekline ve frekansa en hassas
ve en az hassas olacak sekilde segilmistir. Boylece ge-
listirilen yontemin hasarli bolgeyi bulmadaki yeterliligi
simanmigtir.

Kafes model koprii ¢cek ve ani birak yontemiyle tit-
restirilmistir. Hiz ve deplasman verileri ivme kaydinin
integrasyonu sonucu elde edilmistir. Kaydedilen sinyal
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ve integrasyon sonucu bulunan hiz ve deplasmanlar
optimizasyon sirasinda kullanilmigtir. Optmizasyon
sonucu elde edilen rijitlik matrisine bagli bulunan yap1
mod sekilleri ve ilgili frekanslar 6l¢iimden elde edilen
degerlerle kontrol edilmistir.

Indirgeme sirasinda kullanilan serbestlik derece-
leri (DOF) Sekil 4’ de verilmistir. Serbestlik dereceleri
Vi, V,, V5V, Ve v on aksta, diger serbestlik dereceleri
Ves V45 Vgs Vo Ve V| arka aksta bulunmaktadir. Yerlesti-
rilen senl- sen12 adli ivmedlgerler v, - v, yoniindeki
ivme degerlerini kaydetmektedir. Hasarin belirlenme-
si i¢in sirasiyla on ve arka aksta 2 serbestlik derecesi
secilmigtir. Hasarin yeri rijitlik matrisindeki en biiytik
degisimi gosteren elemanin yerine gore belirlenmeye
caligilmistir.

129



Barlas Ozden CAGLAYAN ve Ahmed ALQAYYIM

Sekil 4. Bu calisma i¢in dikkate alinan serbestlik dereceleri

Indirgenmis rijitlik matrisi ile optimizasyon ile
bulunmus rijitlik matrislerinden hesaplanacak degisim
matrisinin elemanlarindaki degisim miktar1 ve yeri ha-

Akii Akij

AKij = [Akj- Ak

Burada, AKij 1 ve j serbestlik derecelerindeki de-
gisim matrisi, Ak;;, Ak;;, Ak,

rijitlik matrisi ile hesaplanmig K_ rijitlik matrislerindeki

Akj; indirgenmis K|

karsilikli gelen elemanlarindaki % cinsinden degisimi

gostermektedir.

BULGULAR VE TARTISMA

[k hasar senaryosu igin sirasiyla v2 - v4, v7 — v9,
v11 — v12 serbestlik dereceleri secilmistir (Sekil 4). Ci-
zelge 1° de her secilen serbestlik dereceleri icin Oneri-

len yontemin uygulanmasi sonucu hesaplanan degisim

Cizelge 1. Hasar senaryosu 1 i¢in hesaplanan degisim matrisi

sarin yerinin ve hasar miktarmin belirlenmesinde yol
gosterici bir faktordiir (Esitlik 6).

(6)

Ak ve Akj j birbiriyle kiyaslandiginda, biiyiik
degisimin oldugu eleman hasarin yoniinii de goster-
mektedir. Oregin AKii nin Akj; den biiyiik olmast

7344
1

hasarin “i” serbestlik derecesinin bulundugu yere daha

yakin oldugunu isaret etmis olur.

matrisi verilmistir. Cizelge 1° de verilen degisim mat-
risleri incelendiginde, en biiyiik degisimin v2-v4 ser-
bestlik dereceleri matrisinde k , , elemaninda oldugu

goriilmektedir.

G0z oniine alInan

Rijitlik matrisindeki degisim

serbestlik dereceleri (AK %)
v v [10.50 11.37]
2274 111.37 21.15.
v v [14.22 12.07]
779 112.07 8.38
N N [18.24 10.65]
1n o' 110.65 9.56 |
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Sen2 adli ivmedlgere hasarli bolgenin daha yakin
oldugu anlagilmaktadir. v7-v9 serbestlik dereceleri
matrisinde k , . elemaninda k , , elemanina gore daha
biiyiik bir degisim oldugu i¢in, Sen7 adli ivmedlcere
hasarli bolgenin daha yakin oldugu anlagilmaktadir.
Bu iki sonug¢ hasarin kopriiniin sol tarafinda oldugunu

Cizelge 2. Hasar senaryosu 2, 3 ve 4 i¢in degisim matrisleri.

Iki Noktaya Indirgeme Tekniginin Hasar Belirlemede Kullanim1

isaret etmektedir. v,, — v , serbestlik dereceleri ince-
lendiginde, k , , degerinin daha biiyiik bir degigime
isaret etmesinden dolayi ise hasarli bolgenin 6n akstaki
panelde oldugu anlagilmaktadir. Hasar senaryosu 2, 3
ve 4 i¢in hazirlanan Cizelge 2 incelendiginde, hasarl

bolgenin yeri tayin edilebilmektedir.

Serbestlik dere- Degisim matrisi

Degisim matrisi Degisim matrisi

lori (AK %) (AK %) (AK %)
durum 2 durum 3 durum 4
[9.52 12.05 8.83 10.44 9.09 10.66
Vo Vs 12.05 13.97 10.44 13.25 10.66 15.17
[20.33 13.13 21.67 1133 [25.26 9.23
Vs Vo 13.13 10.12 11.33  9.99 923 9.42
[10.65 11.01 10.97 10.50 828 10.46
Vii Vi 11.01 18.19 10.50 17.28 10.46 19.81

Gelistirilen yontemin 6zellikle hasarin yerini isaret
etmesi bakimindan iyi sonuglar verdigi goriilmektedir.
Biiyiik degisimler gri renkle taranmugtir. Sekil 2 de

SONUC

Bu c¢aligmada tagiyict sistemlerde K rijitlik
degisimini ve bu degisimin yerini saptayabilen
gelistirilmis bir yontem sunulmustur. Karsilagilan
ana sorun, analitik olarak modellenmis sistem ile
deneysel olarak Olciilmiis sistemin ¢ogunlukla
serbestlik dereceleri bakimindan birbiriyle uyum i¢inde
bulunmamasidir. Analitik modellenmis sistemin biitiin
serbestlik derecelerinden 6l¢iim kaydi alinmadigi icin
yapt davraniginin Ol¢iimlerden cikarilmasi her zaman
kolay olmamaktadir. Rijitlik ve kiitle matrislerinin
indirgenmesi bu asamada biiylik kolaylik saglamaktadir.
Iki noktaya SEREP algoritmasi kullanilarak indirgenen
kiitle ve rijitlik matrisi ve dolayli olarak hesaplanan
sOniim matrisi lizerinden yazilan hareket denkleminin
test edilen yapi lizerinden kaydedilen ivme kayitlarinin
kullanilmasiyla rijitlik matrisinin  optimizasyonu
sonucu rijitlik matrisi i¢indeki degisim ve degisimin
yerine bagli olarak rijitlikteki diisiis/artis ile muhtemel
hasarin yeri belirlenebilmektedir. Bu yontemin en etkin
yonlerinden biri, sistemdeki bilinmeyenlerin sayisi
indirgeme nedeniyle azaldigi icin hesaplamalarin ¢cok
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verilen bilgilerin 15181 altinda, hasarin ne tarafta oldugu
acik olarak goriilebilmektedir.

hizli yapilabilmesidir ve iki ivmedlger ile yapilacak
birkag testten faydalanarak muhtemel hasarli bolgenin
hizlica belirlenmesi ve o bolgenin daha detayli olarak
Olciilmesine daha uzun siire ayrilabilmesi i¢in olanak
saglamasidir.

Bu yontemin etkinligi ve giivenirligi prototip bir
kafes koprii tizerinde sinanmustir. Olciimlerle elde edi-
len frekans ve modsekilleri, optimizasyon sirasinda
ayr1 bir parametre olarak kullanilmis ve hesaplanan ri-
jitlik matrisi sonrast bulunan mod sekli ve frekanslar-
la uyumu kontrol edilmistir. Boylece hasarli bdlgenin
optimizasyon ile bulunmasi sirasinda siir kosullar ki-
sitlanarak daha dogru bir sonucun elde edilmesi saglan-
mugtir. Elde edilen datanin gelistirilmis olan yontem ile
degerlendirilmesi sonucu, prototip tasiyici iizerinden
sonradan cikarilan elemanlarinin neden oldugu rijit-
lik degisimi ile yerinin saptanmast miimkiin olmustur.
Bu calismada gelistirilmis olan yontem; hasar tespiti
konusundaki etkinliginin yan1 sira, olduk¢a az sayida
ivmedlgerin kullanilmasina izin verir. Diger test yon-
temleriyle kiyaslandiginda daha kisa ve az sayida kablo
ile az kanall1 bir veri toplama sistemi yeterli olmakta-
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dir. Test sirasinda kopriiyli kullanima kapatmadan uy-
gulanabilmesi, emsallerine gore daha ekonomik bir test
ekipmanina ve ¢ok kisa siirede daha az sayida test ekibi
ile uygulanabilen bir test yontemi olmasi nedeniyle;
literatiirde yeralan benzerlerine gore optimum bir ni-
telik tagimaktadir. Data toplama sitemleri kablolardan
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Method Development and Validation for the Determination of
Pesticide Residues in Water by GC-NPD

Bahar BAYRAK!

ABSTRACT: A multi-residue method was developed for the determination of organophosphorous pesticides and
Herbicide by liquid-liquid extraction (LLE) and followed by gas chromatography-nitrogen-phosphorus detector
(GC/NPD). The method was evaluated with respect to the limit of detection and quantification, linearity and accura-
cy (repeatability, reproducibility, recovery). The method is linear over the range 2.5 -25 ug L' for eleven pesticides
and 5-25 pg L' for methamidophos. Correlation coefficients were higher or equal to 0.992. The limits of detection
(LODs) were between 0.67 and 2.23 pg L'. The limits of quantification (LOQs) ranged from 2.24 and 7.45 ug L.
Recoveries of fortified water samples in two different concentration levels with 12 organophosphorous pesticides
and herbicide were over 95% in high concentration and 80% in low concentration. For repeatability, relative stan-
dard deviation (RSD%) ranged between 2.79 and 10.99%, and for reproducibility (RSD%) ranged between 1.56
and 10.36 %. The developed method is suitable for routine application in water samples in accordance with the
validation data and the parameter as the high sample throughput and cost effective.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Keywords: Environmental pollution, GC/NPD, method validation, multi-residue analysis, pesticide

Sudaki Pestisit Kalintilarinin Belirlenmesi icin GC-NPD
Kullanilarak Method Gelistirilmesi ve Validasyonu

IGDIR ONIVERSITESI

OZET: Organik fosforlu pestisitlerin ve herbisitlerin sivi-sivi ekstraksiyonu (LLE) ve ardindan gaz kromatografisi-
azot-fosfor dedektorii (GC / NPD) ile belirlenmesi i¢in bir coklu kalint1 yontemi gelistirildi. Metod; dedeksiyon
ve miktar sinir1, dogrusallik ve dogruluk (tekrarlanabilirlik tekrartiretilebilirlik, geri kazanma) limitine gore
degerlendirildi. Yontem, on bir pestisit i¢in 2.5-25 pug L' aralifinda ve metamidofos i¢in 5-25 pg L' aralifinda
dogrusaldir. Korelasyon katsayilar1 0.992” ye esit veya daha yiiksektir. Dedeksiyon limitleri (LOD) 0.67 ve 2.23 pg L*!
arasindadir. Miktar sinirlamalari (LOQ) 2.24 ve 7.45 ng L' arasinda degismektedir. 12 organofosforlu pestisit
ve herbisit ile iki farkli konsantrasyon seviyesinde zenginlestirilmis su numunelerinin geri kazanimi, yiiksek
konsantrasyonda %95’in lizerinde ve diisiik konsantrasyonda %80’ in iizerindedir. Tekrarlanabilirlik i¢in, relatif
standart sapma (RSD%) 2.79 ile 10.99 arasinda ve tekrariiretilebilirlik icin (RSD%), 1.56 ile %10.36 arasinda
degismektedir. Gelistirilen yontem, validasyon verilerine ve yiiksek numune akisi ile uygun maliyetli olusu gibi
parametrelere gore su numunelerinde rutin uygulama i¢in uygundur.
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INTRODUCTION

Pesticides are chemical or biological products
that was used to destroy the harmful effect to
agriculture (Domotérovd and Matisova, 2008). It
is one of the sources of water contamination with
serious risks to human and animal health and leads
to serious environmental consequences. Pesticides
may cause acute anaemia, bone structure disorders,
teratogenic and embryologic disease and affect
nervous system or endocrine system in the body
(Castilhoetal.,2000). Additionally, it causes changes
in the ecosystem with harmful consequences for
the environment and agriculture, because of long-
term effects on living organisms, the emergence and
spread of new pests and disease with consequent
increasing in the need for using more pesticides
(Costa et al., 2008). Due to the intensive use of
pesticides and the persistence of these compounds,
residue of pesticides is getting into the environment,
including groundwater and surface water (Komatsu
and Vaz, 2004).

Water resources are affected from pesticides
due to agriculture requires a water supply (Cabrera
et al., 2008). For decades, the extensive use of
organophosphorous pesticides in predominantly
agricultural areas has been favoured over the more
persistent organochlorine pesticides. Because the
degradation rates of organophosphorous pesticides
are more rapid than organochlorine pesticides (Driss
et al., 1993). The spread using of these pesticides
cause an increase in the environmental pollution
especially in drinking waters (Beltran et al., 1998).
Pesticides may leach down to the ground water,
which may lead to extensive pollution of groundwater
(EPA, 1990). Maximum permissible level is decided
at 100 ng L' for single pesticide present in drinking
water and 500 ng L! in the case of multiple pesticide
residues by the European Union in its drinking water
regulations. Increasing contamination of soil, water
and sediment due to the intensive use of pesticides
has led to the development of efficient analytical
methods to detect the presence of pesticides (Park

et al.,2011).

134

Therefore, continuous monitoring of pesticides
residues in environmental samples is very important.
However, it is necessary to develop a faster and
more selective analytical methodologies that are
less harmful to the environment and more sensitive
to trace levels of pesticide residues in natural and
drinking waters (Jin et al., 2012).

Determination of pesticides in environmental
water samples were carried out by the complex
Although it
sample extraction

chromatographic instrumentation.

requires the application of
procedures (usually with preconcentration steps)
in order to isolate analytes, remove interferent
substances and achieve the sensitivity required for
drinking water pollution control (Beltran et al.,
1998). There are many important techniques for
extraction of pesticides such as supercritical fluid
extraction, liquid-liquid extraction, solid phase
extraction, solid phase micro extraction, matrix

solid phase dispersion (Jin et al., 2012).

The analysis and detection of pesticides is mostly
based on different chromatographic techniques such
as high performance liquid chromatography (HPLC),
liquid chromatography (LC) or gas chromatography
(GC) (Rocha et al., 2012).

Different detectors are used to determine

the  compounds with gas  chromatography.
Organophosphorus compounds are determined with
gas chromatography/nitrogen phosphorous detectors
(GC-NPD) and gas chromatography/mass spectrometry
(GC-MS) due to higher sensitivity. Organochlorine
pesticides, pyrethroids and imidazoles compounds are
detected from gas chromatography/electron capture
detection (GC-ECD) with
Organophosphorus and organochlorine pesticides were
detected simultaneously by GC-MS (Menezes Filho et

al., 2010).

excellent sensitivity.

It must be able to measured residues at very
low concentration levels and must also provided
clear evidence to confirm both the identity and
the magnitude of any residue detected with new
developed method (Vidal et al., 2006). The method
of pesticide residue analysis needs to be essentially
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reliable and efficient as well as robust and simple.
Validation of the
important as it confirms the analytical data (Suman
and Singh, 2011).

methodology is extremely

The goal of this
multi-residue

study is to develop a

method for determining the
organophosphorus pesticides and herbicide which
pollute the water by GC —NPD. In the laboratory, a
method should be validated to constitute whether it
is suitable for the purpose for which it is to be used
(Bempelou and Liapis, 2006). Hence, validation of
the method according to the parameters of linearity,
reproducibility, repeatability, recovery, limits of
quantification (LOQs) and limits of detection
(LODs) is also aimed.

MATERIAL AND METHOD
Chemicals and Reagents

Some organophosphorus (OPPs)

chlorpyrifos

pesticides

standards  (chlorpyrifos  methyl,
ethyl, methamidofos, atrazine and simazine) were
purchased from Dr. Ehrenstorfer GmbH 1000 ng
pul' in acetone. Other OPPs pesticide standards
(demeton, diazinon, ethion, disulfoton, malathion,
parathion methyl and parathion ethyl) were
purchased from AccuStandard M614, 1000 g ml™! in
acetone/hekzane and stored in the freezer at —10°C
the dark at 20 °C. Dichloromethane, acetone and
sodium sulphate were obtained from Merck for gas
chromatography. Organic solvents are pesticide
grade. Other chemicals are analytical grade (Sigma),

and water was double distilled.
Apparatus

The Turbovap evaporation system was used at
the last stage of extractions. Extractions were carried
out using a 2 L separation funnel. Separation and
detection of pesticides were performed by a Perkin
Elmer GC equipped with a split/splitless injector,
with a nitrogen phosphor detector (NPD). The GC-
NPD detector investigations were carried out using
a Perkin Elmer type Clarus 500 gas chromatograph.
A 30 m elite-5 MS fused-silica capillary column
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(0.25 mm id. and 0.25 pm film thickness) was
utilized for separation of pesticides. Helium (purity
99.999%) was used as the carrier gas at the constant
flow rate of 2 mL min~'. 2 mm focus liner was used
as liner. The temperatures of injector and detector
were set at 250 and 325 °C , respectively. The
injection port was operated at splitless mode. Oven
temperature program was: 70 °C for 1 minute,
increased to 230 °C at 20 °C min™" and held at 230
°C for 20 minutes, then increased to 325 °C at 45 °C
min~', and held at 325 °C for 10 minutes.

Calibration Solutions

A stock solution containing 12 pesticides at
100 ppb in acetone was prepared from individual
The
prepared at four different concentrations (2.5-5-10-

pesticide stock solutions. solutions were
25 pg L") using this stock solution and pesticide-
free water. Pesticide-free water was employed in
calibration and validation studies to exclude further
studies on matrix effects. This water was tested for

absence of pesticides by GC/NPD.
Methodology

For liquid-liquid extraction, one litre of water
sample was put into a 2 L separatory funnel, spiked
(in acetone) with organophosphate compounds
(for optimization and validation studies), mixed
and allowed to equilibrate to room temperature.
Samples were extracted with three 100 ml portions
of dichloromethane (DCM). The separatory funnel
was mixed intensely for a few minutes with periodic
venting to release excess pressure and was left to
separate the organic layer. Seperated phase was
collected into an erlenmeyer flask. The combined
extract was percolated through an anhydrous
sodium sulphate column. The combined extract was
evaporated using Turbovap evaporator at 35 °C then
evaporated to dryness with nitrogen gas. The residue
was dissolved with 1 mL acetone. Optimization
of GC/NPD parameters was based on sequential
injections extracted water samples. 5 uL were
injected into the GC/NPD in the split-less mode. Fig.
1 shows the chromatogram of the spiked pesticides
in water at 10 pg L' obtained by GC-NPD
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Figure 1. Chromatogram of GC-NPD analysis of pesticides for 10 pg L. Target compounds are numbered as follows: methamidofos,
simazine, diazinon, disulfoton, chlorpyrifos methyl, parathion methyl, malation, chlorpyrifos ethyl, parathion ethyl, ethion

RESULTS AND DISCUSSION Linearity

The performance characteristics of the method were For GC/NPD; the linearity of the calibration
identified by the evaluation of linearity, accuracy, limits ~ curve was determined by the analysis of each of the 11
of detection and quantification with standard solutions,  pesticides at4 calibrationlevels (2.5,5,10and 25 pg L").
sample blanks and spiked samples. Validation studies  For only methamidofos, its curve was graphed at 3
are carried out with varied pesticide concentrations in  calibration levels because it was not determined at 2.5
spiked pesticide water samples before extraction. pg L. The calibration curves were prepared for each
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compound from the spiked water by plotting relative
responses versus the analyse concentration and linear

Method Development and Validation for the Determination of Pesticide Residues in Water by GC-NPD

regression method was used.

The majority of the correlation coefficients (R)

were higher or equal to 0.992.

Accuracy

Accuracy is defined with recovery, repeatability
and reproducibility. For repeatability; six (6+6=12)
analyses of one concentration (25 pg L') were
performed in the same day (Table 1).

Table 1. For repeatability; Mean, SD, RSD, and r values of pesticides analyzed at 25 pg L.

Mean SD RSD RSD % r

1 20.207 0.820 0.041 4.056 2.319
methamidofos

2 21.020 1.467 0.070 6.977 4.151

1 20.623 1.894 0.092 9.185 5.361
demeton

2 20.875 1.458 0.070 6.985 4.126

1 19.957 1.210 0.061 6.063 3424
simazine

2 19.653 0.903 0.046 4.593 2.555

1 21.812 0.759 0.035 3481 2.149
atrazine

2 21.941 0.749 0.034 3413 2.119

1 23.335 0.719 0.031 3.083 2.036
diazinon

2 23428 1.127 0.048 4811 3.190

1 23.393 0.820 0.035 3.506 2.321
disulfoton

2 22.798 1.800 0.079 7.897 5.095

1 20.447 1.830 0.089 8.950 5.179
chlorpyrifos methyl

2 21.105 2.321 0.110 10.998 6.569

1 20.865 1.835 0.088 8.792 5.192
parathion methyl

2 20.747 2225 0.107 10.725 6.297

1 25.002 0.988 0.040 3951 2.795
malathion

2 25312 0.708 0.028 2.796 2.003

1 23.172 0.978 0.042 4221 2.768
chlorpyrifos ethyl

2 23.553 1.134 0.048 4.814 3.209

1 21.775 0.949 0.044 4.357 2.685
parathion ethyl

2 22.348 0.993 0.044 4.445 2.811

1 21.828 1.168 0.054 5.351 3.305
ethion

2 22.287 1.571 0.070 7.050 4.446

For reproducibility; analyses of nine (9+9=18)
different samples of one concentration (10 pg L) were
performed in 3 different days (Table 2). Reproducibility
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relative standard deviation (RSDr) , Reproducibility (R)
and Repeatability (r) were calculated in
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Yl(ai—b;)/%]?

2n >

RSD, =

r=Standard Deviation (SD)*2.83 and
R=SD*2.8.

Accuracy was expressed as the relative repeatability and was <15% for reproducibility for
standard deviation (RSD%). RSD% was <6 for  most pesticides.

Table 2. For reproducibility; Mean, SD, RSD, RSD, values of pesticides examined at 10 pg L™'.

Repeat Mean SD RSD RSD % RSD_ |RSD % R

a 9.502 0.868 0.091 9.132 243
methamidofos 0.004 | 0016 1.561

b 9.57 0.88 0.09 9.16 245

a 11.11 1.47 0.13 13.27 4.13
demeton 0.154 | 0.093 | 9.260

b 10.92 1.56 0.14 14.32 438

a 11.15 2.82 0.25 25.28 7.89
simazine 0.193 | 0.104 | 10.364

b 11.03 2.44 0.22 22.14 6.84

a 13.49 1.10 0.08 8.13 3.07
atrazine 0.055 | 0055 | 5517

b 13.54 1.14 0.08 8.40 3.19

a 8.72 1.46 0.17 16.70 408
diazinon 0.041 | 0.048 | 4.750

b 8.67 1.13 0.13 13.03 3.16

a 10.54 1.56 0.15 14.84 4.38
disulfoton 0.085 | 0.069 | 6.852

b 10.46 1.19 0.11 11.39 3.33

a 14.63 3.05 0.21 20.85 8.54
chlorpyrifos methyl 0.029 | 0.040 | 3.986

b 14.47 327 0.23 22.62 9.17

a 15.58 3.63 0.23 23.33 10.18
parathion methyl 0.020 | 0.033 | 3.339

b 15.49 331 0.21 21.39 9.28

a 10.33 1.95 0.19 18.92 547
malathion 0.070 | 0062 | 6.225

b 10.81 1.89 0.17 17.50 5.30

a 13.31 1.67 0.13 12.51 4.66
chlorpyrifos ethyl 0.018 | 0.031 3.121

b 13.54 1.81 0.13 13.33 5.06

a 13.64 1.33 0.10 9.74 3.72
parathion ethyl 0019 | 0.032 | 3.236

b 13.75 1.51 0.11 10.96 422

a 13.28 1.25 0.09 942 3.50
ethion 0.053 | 0.054 | 5405

b 13.15 1.51 0.11 1145 421
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Recovery; Trueness has been calculated as the
recovery of 12 spiked reference materials in water for

two concentration levels. The recoveries for each of
pesticides are given in (Table 3).

Table 3. Mean recoveries, SD, RSD fortified at two different concentration level

Cor(n:legngzll;ion Mean recovery SD RSD R;)D

methamidofos 5 80.023 0.35 0.004 0436
25 90.62 7.14 0.08 7.88

demeton 25 68.93 3.86 0.06 5.60

25 90.10 8.73 0.10 9.69

simazine 25 71.53 1.67 0.02 233

25 80.73 9.58 0.12 11.86

atrazine 25 93.67 10.08 0.11 10.76

25 96.03 5.14 0.05 535

diazinon 25 102.40 1.04 0.01 1.02

25 96.83 3.61 0.04 3.73

disulfoton 25 102.87 2.17 0.02 2.11

25 97.92 3.84 0.04 392

chlorpyrifos methyl 25 65.07 4.65 0.07 7.14
25 99.09 10.47 0.11 10.56

parathion methyl 25 87.20 2.70 0.03 3.10
25 102.17 13.89 0.14 13.59

malathion 25 16.47 1.81 0.11 11.02

25 98.49 16.26 0.17 16.51

chlorpyrifos ethyl 25 82.07 2.31 0.03 2.82
25 9549 9.25 0.10 9.69

parathion ethyl 25 103.20 2.53 0.02 245
25 95.83 6.83 0.07 7.12

ethion 25 101.07 1.18 0.01 1.17

25 99.11 348 0.04 351

The results of the present study (Table 3) showed
that recovery of the most of 12 pesticides have existed
in above 95% in high concentration and 80% in low
concentration. None of mean recovery exceeds 103%.
International guidelines indicate that for the validation
of quantitative methods mean recovery should be
within the range of 70-110%(SANCO, 2004). The
results were in accordance with these guidelines. Dorea
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et al. detected organophosphate pesticide residues in
fruits by GC-NPD detector. The lowest recoveries were
88.2% for diazinon, 89.5% for methylparation and
89.1% for malation. For similar pesticides (diazinon,
parationmetil and malation), RSD and recovery values
for grape and orange were found to be compatible
with our results (Dorea et al., 1996). Tian et al. tried
to determine six organophosphorus pesticides in water
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with GC-NPD. They obtained the recoveries 97%
for diazinon, 70.6% -91.2% for parationmethyl sand
86.7% -107.5% for were malation. These results are in
compatible with our results (Tian et al., 2014). Canbay
et al. analyzed pesticide residues in the lake and
sediment with GC-ECD and NPD. %RSD, %recovery
values are compatible with our results (Canbay et
al., 2014). 2.5 pg L' was selected as low value for
recoveries however recoveries of methamidophos
was selected 5 ug L' because of the lowest calibration
value. High recoveries were observed for most studied
pesticides at the highest spiking concentration level of
25 pg L. Variability in recoveries will be higher by
approaching to concentrations near to LOQ. Table (3)

Table 4. LOD, LOQ, Mean, SD, RSD values at 5 ug L.

shows the average recoveries %, Standard deviation
(SD) and the relative standard deviation (RSD %) for
pesticides compounds residue in water.

Limits of Detection (LODs) and Quantification
(LOQs)

12 analyses were carried out at 5 ug L' for LODs
and LOQs. The standard deviation was calculated for
each pesticide and 3 and 10 times of these values was
used for calculation of LODs and LOQs respectively.
The LODs values ranged between 0.67 and 2.23 pg L™
and the LOQs values ranged between 2.24 and 7.45 pg
L (Table 4). The relative standard deviation (RSD%)
was <15% for most pesticides.

Retention Time Mean SD RSD RSD % LOD LOQ
methamidophos 517 4.125 0.272 0.066 6.600 0.817 2.722
demeton 7.68 3.871 0.372 0.096 9.610 1.116 3.720
simazine 8.35 5.343 0.639 0.120 11.963 1.918 6.392
atrazine 8.48 5410 0.453 0.084 8.379 1.360 4.533
diazinon 8.67 4.499 0.232 0.052 5.161 0.697 2322
disulfoton 8.82 4.946 0.225 0.045 4.544 0.674 2.247
chlorpyrifos methyl 9.21 5.200 0.667 0.128 12.836 2.002 6.674
parathion methyl 9.27 4.628 0.705 0.152 15.241 2.116 7.053
malathion 9.62 3.003 0371 0.124 12.353 1.113 3.710
chlorpyrifos ethyl 9.74 5.198 0.745 0.143 14.332 2.235 7.449
parathion ethyl 9.83 5.175 0.448 0.086 8.650 1.343 4476
ethion 12.39 5.213 0.288 0.055 5.521 0.863 2.878

CONCLUSION method provides sensitivity, selectivity, detection limits

In this work, a new multi-residue method to analyze
for 12 pesticide residues in a single injection in water
samples was developed. The instrumental analysis was
carried out approximately 12 minutes by GC/NPD
detector, however total analysis time was enlarged for
cleanup of column in high temperature. The period of
extraction is decrease with six cellular in Turbowap
evaporator system for application in routine analysis
where a high sample throughput is required. The
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in the parts-per-billion level and good repeatability
for the simultaneous analysis of residue of pesticides
belong to different chemical classes (two herbicides
and ten organophosphate pesticides) in water samples.
The developed method was validated in order to ensure
the applicability of the method for routine analysis.
Parameters such as linearity, trueness (recovery),
precision (reproducibility and repeatability), LODs and
LOQs were studied in the validation.
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Organize Surfaktant Yapilar Varhginda Floresin ve
Safranin-T Arasindaki Enerji Transferi
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OZET: Bu calismada, Floresin ve Safranin-T molekiilleri arasindaki enerji transferi ters misel ve mikro-emiilsiyon
sistemlerde UV-Gor. absorpsiyon, durgun-hal ve zamana-bagl floresans spektroskopisi teknikleri kullanilarak
incelenmigtir. Su, ters misel ve mikro-emiilsiyon ¢ozeltileri icerisindeki enerji transfer parametreleri hesaplanmugtir.
Floresin ve Safranin-T molekiilleri arasindaki enerji transferinin yiiksek verimde meydana geldigi ve enerji transfer
parametrelerinin ortamin boyutu degistirilerek kontrol edilebilecegi gézlenmistir.
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ABSTRACT: In this study, energy transfer between Fluorescein and Safranine T molecules were investigated
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micelle and microemiilsion systems. The energy transfer parameters were calculated in water, reverse micelle
and microemiilsion solution. It was observed that energy transfer between Fluorescein and Safranine T molecules
occurs at high efficiency and the energy transfer parameters can be controlled by changing the size of the media.
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Ebru BOZKURT

GIRIS

Elektron, proton ve enerji transfer olaylari
molekiil i¢ci ve molekiiller arasinda meydana gelen en
onemli olaylardir. Floresans Rezonans Enerji Transferi
(FRET), bir molekiilden (donér=D) diger molekiile
(akseptor=A) enerjinin 151masiz olarak transfer edildigi
fizikokimyasal bir prosestir (Chatterjee et al. 2005).
FRET mekanizmas1 Forster Teorisi ile agiklanabilir
(Seth et al. 2005). Forster FRET ’in, donor-akseptor
ciftinin baz1 spektroskopik ve geometrik dzelliklerine
bagli olan uzun mesafeli dipol-dipol rezonans etkilesimi
ile meydana geldigini onermistir (De and Girigoswami
2004). Bu teoriye gore, enerji transferinin meydana
gelmesi; dondr molekiiliiniin emisyon spektrumu
ile akseptor molekiiliiniin absorpsiyon spektrumlari
arasindaki spektral ¢cakigsma alanina, donériin kuantum
verimine, dondr ve akseptor molekiillerinin gegis
dipol momentlerinin relatif yonlenmesine ve dondr
ve akseptdr molekiillerinin gegis dipol momentleri
arasindaki mesafeye baglidir (Chatterjee et al., 2005;
Wang et al.2015). Ayrica enerji transfer etkinligi, donor-
akseptor arasindaki mesafenin 1/6. kuvvetiyle orantili
olarak degisir (Das et al. 2011; Ohta et al. 2016). Enerji
transfer etkinliginin mesafeye bagliligi, A dlcegindeki
mesafeleri belirlemek icin oldukg¢a avantajlidir (Hillisch

et al. 2001). FRET, fotosensitizasyon ve fotosentez gibi
enerji doniisiim olaylari (Sundstrom et al. 1999), DNA
yapisinin aydinlatilmasi (Clegg, 1992), iyon sensor
teknolojisi gibi bircok alanda kullanilmaktadir (Chen et
al. 2016; Dey et al. 2014).

Ters miseller, polar ve apolar coziiciilerde
uygun surfaktant molekiiliiniin ¢ozlinmesiyle olusan
diizenli agregatlardir (Sekil 1). Bu sistemlerde polar
¢oziicli olarak saf su, surfaktant olarak ise dioktil
siilfosiiksinat sodyum tuzu (AOT) sik¢a kullanilir
(Eskici and Axelsen 2016; Ghosh et al. 2017).
Ters misel sistemlerde, olusan nano olcekteki su
havuzlarinin boyutu W  (suyun surfaktanta molar
orani) parametresi ile karakterize edilir (Chowdhary
and Ladanyi 2009). W, degeri 15’ten kiigiik olan
sistemler ters misel, W = 15 olan sistemler ise
mikro-emiilsiyon olarak adlandirilirlar (Pileni,
1993). Ters miseller, nano partikiil sentezi (Eastoe et
al. 2006; Quinlan et al. 2000), ilac tasarim1 (Miiller-
Goymann, 2004), tekstil endiistrisi (Wang et al.
2016) ve biyomolekiillerin saflastirilmasi (Mathew
and Juang 2007) gibi bir¢ok alanda kullanilmaktadir.
Ayrica, floresan boya bilesiklerinin foto-fiziksel
ozellikleri de bu sistemlerde incelenmektedir (Hazra
and Sarkar 2001).

» Polar ¢dziicli havuzu

— Apolar ¢dzici

Surfaktant

Sekil 1. Ters misel sistemlerin yapisi

Bu calismada, Floresin (FL) ve Safranin-T
(ST) arasindaki enerji transferinin ters misel
ortamlarda incelenmesi amaglanmistir. Bu amacla,
FL-ST i¢in saf su ve farkli W  degerlerine sahip
ters misel ortamlarda UV-Gor. absorpsiyon, durgun-
hal ve zamana-bagli floresans Ol¢limleri alinmasi
planlanmigtir. Tim c¢ozelti sistemleri i¢in FRET
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parametreleri hesaplanmasi diisiiniilmiistiir. Bu
caligmanin sonuclari ile FRET temelli yeni bir sistem
elde edilmig olacaktir. Ters miseller kullanilarak
FRET  parametrelerinin  kontrol  edilebilmesi
enerji transferinin kullanildigi elektronik ve optik
alanindaki bir¢ok caligsmaya 1s1k tutacaktir (Rabouw
et al. 2014; Shi et al. 2015).
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MATERYAL VE YONTEM
Materyaller

3,7-diamino-2,8-dimetil-5-fenilfenazinyum kloriir
(Safranin-T) ve n-heptan (apolar c¢oziicii olarak)
Merck, 3’,6’-dihidroksispiro[izobenzofuran-1(3H),9’-
[9H]ksanten]-3-on (Floresin), dioktil siilfosiiksinat
sodyum tuzu (AOT) ve diger kimyasallar ise Sigma

COO Na*

X

Na* O (0] O

(a)

firmalarindan temin edilmistir. FL. ve ST’nin 1x10-
3 M’lik stok cozeltileri sirasiyla etanol ve metanol
icerisinde hazirlanmigtir. Su, ters misel ve mikro-

emiilsiyon  cozeltilerindeki ~ problarin  istenen
konsantrasyondaki numuneleri, bu stok cozeltilerden
¢Oziiciiniin buharlastirilmasiyla hazirlanmustir.

Caligmada kullanilan boyar maddelerin molekiiler
yapilar1 Sekil 2.’de verilmistir.

H,N N NH,

(b)

Sekil 2. Molekiiler yapilar1 (a) Floresin (FL) ve (b) Safranin-T (ST)

Ters Misellerin Hazirlanmasi

Ters misel c¢ozeltileri sodyum bis(2-etilhekzil)
stilfostiksinat (AOT), n-heptan ve saf su kullanilarak,
saf suyun surfaktanta molar orammni veren W
parametresine bagh olarak hazirlanmigtir. Bu amacla
once 40 ml n-heptan igerisinde AOT ¢o6ziilmiis, daha
sonra istenen W deerinde ters miselleri elde etmek
icin gerekli miktardaki saf su eklenmistir. Biitiin ters
misel ve mikro-emiilsiyonlar i¢cin AOT 0,09 M olarak
almmustir (Hazra and Sarkar 2001). Tiim 6l¢iimler i¢in
FL ve ST konsantrasyonlar: sirastyla 20 uM ve 6 uM
olarak ayarlanmigtir ve tiim 6l¢limler oda sicakliginda
kaydedilmisgtir.

Cihazlar

Tim numunelerin UV-Gor.
spektrumlari

absorpsiyon ve

floresans sirasiyla  Perkin  Elmer

0,0, (3)(2) (=)
s "r\p,) \n2) \1-10-9Ds
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Lambda 35 UV/VIS spektrofotometre ve Shimadzu
RF-5301PC spektroflorometre ile kaydedilmistir.
Durgun-hal floresans oOlciimleri i¢cin numuneler 400
nm’de uyarilmis ve floresans siddetleri 410-700
nm dalgaboyu aralifinda kaydedilmistir. Floresans
yasam Omrii ve durgun-hal anizotropi Ol¢iimleri,
Photon Technology International (PTI) firmasindan
LaserStrobe Model TM3 spektroflorofotometre ile
gerceklestirilmigtir. Cihazin uyarma kaynagi pulse
azot lazeri/ayarlanabilir boya lazeri kombinasyonu
olup, FL boya bilesiginin durulma egrileri (A =
457 nm) aritmetik progresyona gore zaman artisi ile
dogrusal olmayan bir zaman 6lgegi kullanarak 200
kanal tizerinden toplanmistir. Floresans durulmalari,
cihazin yagam omrii dagilim analizi yazilimu ile analiz
edilmistir (Bozkurt et al. 2012).

Floresans kuantum verimleri (®) Parker-Rees
metoduyla belirlenmistir. Parker-Rees denklemi;

)]
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seklinde verilip, burada @ ve ®_sirasiyla, numune
ve referansin floresans kuantum verimi; D, ve D,
sirastyla numune ve referansin diizeltilmis floresans
spektrumu altindaki alanlari; 1 ve 1 _sirastyla numune
ve referansin ¢oziiciisiiniin kirilma indisi; OD_ve OD ,
sirastyla numune ve referansin uyarilma dalga boyunda
(A= 400 nm) olgiilen optik yogunlugudur (Tan et al.
2014). Referans olarak floresin bilesiginin 0,1 M NaOH
icerisindeki ¢ozeltisi kullanilmigtir. Floresin bilesiginin
0,1 M NaOH igerisinde 496 nm uyarma dalgaboyundaki
0,95+0,03’tiir (Brouwer, 2011).
Bu deger i¢in verilen uyarma dalgaboyu (496 nm)

kuantum verimi

Ker = — (&)6

Tp \T

esitligi ile verilir. Burada, T, akseptor bulunmadig:
durumda dondriin yasam Omrii, r dondr-akseptor
arasindaki mesafe ve R, Forster mesafesini ifade

Ro = 0.211[x*n~*QpJ(W)]"/°

Bu esitlikte; Q, akseptoriin bulunmadigi durumda
dondriin kuantum verimi, 1 ortamin kirilma indisi ve
k? ise yonlendirme faktoriidiir. Bu faktor, dondriin
ve akseptoriin gecis dipollerinin uzaydaki relatif

yonelimini tarif eder ve genellikle dondr ve akseptoriin

Jy Fp(ea(M)A*dr
Jy> Fp(M)da

J) =

esitligi ile verilir. Fp(A) akseptoriin bulunmadig:
durumda donériin normalize floresans siddeti ve €4 (A)

ise akseptoriin molar absorptivite katsayidir. Onemli

FRET parametrelerinden biri olan enerji transfer

F T
E:1_ DA=1_ DA
Fp Tp

146

calismada kullanilan uyarma dalga boyundan farkli olsa
dahi referans bilesiklerin kuantum verimleri ¢cogunlukla
uyarma dalga boyundan bagimsizdir. Kuantum
verimi hesaplamak i¢in kullanilan referans bilesik
numune ile ayni1 dalga boyunda uyariimalidir. Boylece
farkli uyarma dalgaboylarindan kaynaklanan siddet
farkliliklarinin diizeltilmesine ihtiya¢ kalmamaktadir

(Lakowicz, 2013).
FRET Parametrelerinin Hesaplanmasi

Forster Teorisi’ne gore floresans rezonans enerji
transfer hizi (k);

2

etmektedir. R, enerji transferinin %350°sinin meydana
geldigi anda dondr-akseptor arasindaki mesafe olup bu
deger asagidaki esitlik kullanilarak hesaplanabilir.

(€))

spektral ortiisme integrali (J(A)) i¢in en uygun ortalama
dinamik dagilimin oldugu deger olan 2/3 olarak kabul
edilir. Spektral ortlisme integrali, dondriin emisyon
spektrumu ve akseptoriin absorpsiyon spektrumu
arasindaki spektral ortiigme derecesini temsil eder ve

“)

etkinligi, akseptor molekiiliiniin varhginda (t,,/F;,)
ve yoklugundaki (t_/F) durumlarda dondriin floresans
yasam Omrii ve floresans siddeti degerleri kullanilarak
asagidaki esitlik yardimiyla hesaplanmigstir (Lakowicz,
2013):

&)
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Gelen 151k siddeti sabit oldugunda Oolgiilen

anizotropi durgun-hal anizotropi (r) olarak
adlandirilir. Iyy; hem uyarma hem de emisyon
polarizerlerinin elektrik alan vektoriiniin diizleme

dik, Iyy; ise uyarma polarizerinin elektrik alan

_ Iyv-Glvy
Iyv+2Glyg

Burada G, diizeltme faktorii olup;

G = v
Inu
seklinde ifade edilir.
BULGULAR VE TARTISMA

Bu c¢alismada, donor molekiilii olarak Floresin
(FL) ve akseptdr molekiilii olarak Safranin-T (ST)
kullanilmigtir. Donér (FL) ve akseptor (ST) icin

vektoriiniin diizleme dik ve emisyon polarizerinin
elektrik alan vektoriiniin diizleme yatay oldugu
durumdaki floresans giddetleri olmak iizere
durgun-hal anizotropisi (6) esitligi ile hesaplanir

(Lakowicz, 2013).

(6)

)

uygun konsantrasyonlar belirlendikten sonra enerji
transferinin meydana gelebilmesi igin var olmasi
gereken spektral ortiigme alanlart FL-ST cifti icin tim

calisilan ortamlarda belirlenmistir (Sekil 3).

A A L i L L L L
09 sarsu 14
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Normalize Floresans Sidder

Normalize Floresans Siddeti

Normalize Floresans Sidden

Sekil 3. FL-ST cifti igin saf su ve farkli W degerine sahip ters misel ve mikro-emiilsiyon ortamlardaki spektral drtiigme alanlart

Cilt / Volume: 8, Say1/ Issue: 1,2018

Organize Surfaktant Yapilar Varliginda Floresin ve Safranin-T Arasindaki Enerji Transferi

i L i L " i " ' i i i
1.0 W =20 = 1.0
1. Florrsans
0,8 -
0,6
= 0.5
0.4
0,2
an - r - Lo
400 450 500 550 B0O 650 ma
Dalgaboyu (nm)
i L i L " i i L i L "
e BT 1,00
P
1. Florcsans
0,8
06w
= 0.5
04
0,2
(] T - 0,0
400 450 500 550 €00 650 100
Dalgaboyua (nm)
e A " i & A " i & L "
1,0 “_.0 45 = 1,0
—L Floresans S0 Absorbans
0,5 -
0,5=
0.5
0,4
0,2=
0o v r T - =00
400 450 500 =50 GO0 E50 TOO
Dialgaboyu (nm)

Normalize Absorbans

Mormalize Absorbans

Normalize Absorbans

149



Ebru BOZKURT

Iki molekiilin emisyon ve absorpsiyon
spektrumlarinin ortiistiigii belirlendikten sonra bu
molekiiller arasinda enerji transferinin varligini
kanitlamak icin donériin uyarma dalga boyunda
(A, .= 400 nm) FL ve ST molekiillerinin ayr1 ayri
ve FL-ST ciftinin birlikte floresans ol¢iimleri
alinmistir. Sekil 4a’da goriildiigii gibi donériin
uyarma dalga boyunda FL-ST cifti icin alinan

spektrumda 449 ve 566 nm dalgaboylarinda iki

pikin varlig1 belirlenmigtir. 449 nm’deki floresans
pik siddetinin saf FL’nin pik siddetine kiyasla daha
diisiik, 566 nm’deki floresans pik siddetinin ise saf
ST’nin pik siddetine kiyasla daha biiyiik oldugu
gdzlenmigtir. Aym1 sonuglar ters misel sistemlerde
alinan dlciimlerde de gozlenmistir (Sekil 4b). Bu
durum iki molekiil arasinda bir enerji transferinin
varligin1 kanitlamaktadir (Bozkurt et al. 2015; Lee
et al. 2015).

1200 =

10040 =

Floresans Siddeti (5.B.)

350

Dalgaboye (nm)

Floresans Siddeti (5.8.)

Dalgaboyu (mm)

Sekil 4. FL, ST ve FL-ST cifti i¢in (a) saf su ve (b) ters misel ortamlardaki floresans spektrumlar1 (A, = 400 nm)

Bu sonuclar 1s18inda enerji transferinin varlifi
kanitlandiktan sonra iki molekiil arasindaki enerji
transferine ters misel ve mikro-emiilsiyon ortamlarin
etkisi incelenmigtir. Farkli W (2-45) degerine sahip
ters miseller icerisinde FL-ST cifti icin alinan floresans
spektrumlar1 Sekil 5a’da verilmistir. Sekil 5b ve 5c’de
gortildiigii gibi su havuzu boyutlart W =2°den W =45’¢

150

degistirildikce, hem dondriin hem de akseptoriin floresan
maksimumlarinda kirmiziya kayma ve akseptoriin pik
siddetinde bir artis meydana geldigi belirlenmistir.
Floresans spektrumlarinda gézlemlenen bu kaymalar,
ters misel ve mikro-emiilsiyon ortamlarindaki boyalarin
etrafindaki mikro cevrenin saf sudaki kogullarindan farkli
oldugunu gostermektedir (De and Girigoswami 2004).
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Sekil 5. (a) FL-ST cifti (b) FL ve (c) ST i¢in saf su, farkli ters misel ve mikro-emiilsiyon ortamlardaki floresans spektrumlari
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Farkli ters misel ve mikro-emiilsiyon ortamlarda
FL ve ST arasindaki enerji transferi spektral olarak
belirlendikten sonra, FRET
parametreler (2), (3), (4) ve (5) esitlikleri yardimiyla

icin Onemli olan

hesaplanmigtir. Cizelge 1’de FL-ST cifti icin farkh
ortamlarda hesaplanan c¢esitli FRET parametreleri
verilmistir.

Cizelge 1. FL-ST cifti icin saf su ve farkli W degerine sahip ters misel ve mikro-emiilsiyon ortamlardaki FRET parametreleri

T ——3
Ortam O {M"']:;gnm‘} {:r:) {n:n} kh{l:'l}ﬂ B’ Ly
. 0.65 3.48 8.65 3.27 6.16 .00 038
W2 0.78 3.04 8.72 4.68 0.94 0.98 0.2
Wo=d 0.74 3.49 8.60 4.08 2.08 0.99 0.5
Wo=8 0.87 3.46 8.82 3.86 3.52 0.99 0.6
Wo=15 0.85 3.56 8.83 3.56 5.69 .00 0.12
We=20 0.89 3.59 8.92 3.59 5.77 .00 0.17
S 0.89 3.60 8.93 3.60 5.69 .00 0.16
Wo=45 0.84 3.63 8.86 3.45 7.37 1.00 021

"Durgun-hal dlgiimlerinden; E=1-Fpa/Fp

“*Zamana-bagh dlgiimlerden; E=1-tpa/tp esitlikleri kullamlarak hesaplanmistir.

Cizelge 1°de goriildiigii gibi saf su ortaminda
spektral ortiisme integrali J(A)= 3,48x10'¢ M'cm
'nm*, Forster mesafesi R=8,65 nm ve dondr-
akseptor arasindaki mesafe r=3,27 nm bulunmustur.
Ters misel ve mikro-emiilsiyon ortamlarda W degeri
arttikca, bu degerlerin saf sudaki degerlere kiyasla
daha biiyiik oldugu goriilmiistiir. Ters misel ve mikro-
emiilsiyon ortamlarda R degerlerinin saf sudakine
kiyasla biiyiik olmasi, caligilan sistemlerdeki
floresans enerji transferinin uzun mesafeli dipol-dipol
etkilesimlerinden kaynaklandiginm1 gostermektedir.
Bununla birlikte saf suda dondr-akseptor arasindaki
ters misel ve

mesafe (1) mikro-emiilsiyon

ortamlardaki degerlerden daha kiicilk olmasina
ragmen enerji transfer etkinliginin (E) bu ortamlarda
saf suya yakin hatta ayn1 ¢ikmasi spektral Ortiisme
alanlarinin

biiyiikliiginden  kaynaklanmaktadir

152

(Aydin et al. 2009). Ayrica E degerlerinin FL ve ST
cifti i¢in, misellerde ve lipozomlarda yapilan daha
onceki caligmalara kiyasla onemli Olgiide yliksek
oldugu gozlenmistir (Bozkurt et al. 2013; Chatterjee
et al. 2005). Negatif yiikli surfaktant (AOT) ile
pozitif yiikli akseptor molekiilii (ST) arasindaki
elektrostatik etkilesimlerden dolay: ters miseller ve
mikro-emiilsiyonlarda ST molekiiliiniin ¢oziinlirliigi
artmaktadir. Bu yiizden ST molekiilii polar ¢oziicii/
surfaktant ara ylizeylerine yakin bolgelerde lokalize
olmaktadir. W,
lokalizasyonu degistirilebilmekte ve bdylece enerji
transfer etkinligi kontrol edilebilmektedir (Sekil 6).
Ayrica dondr-akseptdr arasindaki mesafe (r) arttikca

degeri degistirilerek  probun

enerji transfer hizi azalmaktadir. Saf sudaki enerji
transfer hizi (k; ) oldukg¢a yiiksek olup W, degeri
arttikca ters misel icerisindeki su bilegimi arttigindan

Igdir Uni. Fen Bilimleri Enst. Der. / Igdir Univ. J. Inst. Sci. & Tech.
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k. degeri saf sudaki degere yaklagmaktadir. Bununla
birlikte degisen su bilesimine bagli olarak donér
ve akseptoriin floresans spektrumlarinda goézlenen
kaymalarin

ortam polaritesinin  farkliligindan

kaynaklandig1 belirlenmis olup, bu farkliliklardan
dolay1 su ve diger ortamlarda enerji transfer
hizlarinda da farkliliklar oldugu goézlenmistir (Seth

et al. 2005).

10K = ]

0,995«

0,590 = = =

0,985«

Enerji Transfer Verimliligi (E)

10,951 = [ ]

Sekil 6. Enerji transfer verimliliginin (E), W degerine bagh olarak degisimi

FL-ST cifti icin, enerji transfer hiz sabitlerini ve
enerji transfer etkinligini belirlemek amaciyla durgun-
hal 6l¢iimlerinin yan sira hem saf su hem de ters misel
yapilar igerisinde zamana-bagli floresans olclimleri de

yapimustir. Dondr molekiiliiniin (FL) saf su ve farkl
W, degerine sahip ters misel ve mikro-emiilsiyon
ortamlardaki floresans durulma egrileri Sekil 7’de
verilmigtir.

Cibar Tepki Fanksiyons
(IHE)

Siddet

Faman {ns)

Sekil 7. FL igin saf su ve farklt W degerine sahip ters misel ve mikro-emiilsiyon ortamlardaki floresans durulma egrileri

Ortama akseptor molekiilii (ST) eklendiginde FL’in
yasam Omrii degerlerinin azaldig1 Cizelge 2’de acik¢a
goriilmektedir. Ayrica, zamana-bagli 6l¢iim verilerinden
hesaplanan enerji transfer etkinligi degerlerinin, durgun-
hal hesaplamalarinda gériilen trende sahip oldugu

Cilt / Volume: 8, Say1 / Issue: 1,2018

belirlenmistir (Cizelge 1). Ancak FL’nin yasam omrii
degerlerinin single-eksponansiyel olmasindan dolay1 bu
parametrenin durgun-hal verilerinden hesaplanmasinin
daha iyi olacag bilinmektedir (Seth et al. 2005).
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Cizelge 2. Saf su ve farkli W degerine sahip ters misel ve mikro-emiilsiyon ortamlarda FL igin ST nin varliginda (t,,) ve yoklugunda (t)

floresans yagsam omrii ve anizotropi (r) degerleri

Oriam T
We=2 4438
We=d 422
=8 4.053
Wi=15 4094
We=211 4051
W30 4.006
Wi=45 39062
Saf su 5.596

Donériin (20 uM FL) saf su ve ters misel
sistemler icerisindeki durgun-hal anizotropi degerleri
W, degerlerinin fonksiyonu olarak Cizelge 2’de
verilmigtir. Cizelgede goriildigi gibi W degeri
arttikga anizotropi azalmig fakat en biyik W/
degerinde bile saf suda gozlenen degerden (-0.16)
cok yiiksek bir deger goézlenmistir. Bu durum
FL bilesiginin saf sudaki durumuna kiyasla ters

SONUC

Bucalismada,Floresinve Safranin-Tmolekiilleri
arasindaki enerji transferine organize surfaktant
sistemlerin etkisi UV-Gor. absorpsiyon, durgun-hal
ve zamana-bagh floresans spektroskopisi teknikleri
kullanilarak incelenmistir. FL-ST cifti icin su, ters
misel ve mikro-emiilsiyon ¢ozeltiler icerisindeki
enerji transfer parametreleri hesaplanmigtir. Ters
misel ve mikro-emiilsiyon ortamlarin boyutlari
degistirilerek donor-akseptér arasi mesafe (r)
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T r
4.349 1.00
4.013 1.00
3.820 0.25
1610 ol
3360 0.10
3.438 0.10
3013 0.09
1469 016
misellerdeki su havuzlarinda daha smirli olarak

hareket Bu
enerji transfer olayr misel/su arayiiziindeki FL

ettigini  gostermektedir. nedenle,
molekiilinden, su havuzunda ¢6ziinmiis akseptor
molekiiliine (ST) gerceklesmektedir (Seth et al. 2005).
Ayrica r de8erinin artmasi, ters misel havuzlarinda
bagli suyun igerisindeki mikrogcevrenin saf sudan

farkli oldugunu gostermektedir (Bose et al. 2009).

ve enerji transfer verimliligi (E) gibi 6nemli

parametrelerin kontrol edilebilecegi gozlenmistir.

Ayrica  yiiksek  degerlerde  enerji  transfer

verimliliginin elde edilmesi literatiirde oldukca
az rastlanan sonuclar arasinda yer almaktadir. Bu
sonuclar enerji transferinin siklikla kullanildigr 1g1k
sacan diyotlar (LED), florometrik iyon sensorleri ve
biyosensorler gibi bir¢cok arastirma alanina dnemli
katkilar saglayacaktir (Bozkurt et al. 2015; Min et
al. 2014; Shi et al. 2015).
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4-(3-metil-3-fenilsiklobiitil)-2-(2-(piridin-4-ylmetilen)hidrazinil)
tiyazol’un Sentezi, Karakterizasyonu, Kristalografik Yapisi ve
Hirshfeld Yiizeyinin Incelenmesi

Fatih SEN'

OZET: Bu caligmada, 4-(3-metil-3-fenilsiklobiitil)-2-(2-(piridin-4-ylmetilen)hidrazinil)tiyazol [C, H, N,S]
molekiilii sentezlendi ve IR, 'H NMR "“C NMR spektroskopileri ile karakterize edildi. Kristalografik ve molekiiler
yapist tek kristal X—igmlar1 kirmimi teknigi ile belirlenmigtir. Bilesik ortorombik P 212121 uzay grubu ile
kristallesmistir ve birim hiicre parametreleri a=6.208(5) A, b=15.938(5) A, ¢=19.573(5) A ve 0a=p=y=90.00°"dur.
Bilesigin molekiiller yapisindaki 6nemli etkilesimleri belirleyebilmek i¢cin PLATON ve Crystal Explorer programlari
kullanilmig ve kristal drgiisiindeki molekiillerin paketlenmesinin dogas1 anlagilmaya caligilmigtir.
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hydrazinyl)thiazole [C, H, N,S] was synthesized, characterized with IR, "H NMR "*C NMR. Crystallographic and
molecular structure determined by single-crystal X-ray diffraction techniques. The compound was crystallized in
the orthorhombic space group P 212121 with a = 6.208(5) A, b=15.938(5) A, c =19.573(5) A, and a=B=y=90.00°.
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GIRIS

Bilesikler, yapilarinda bulundurduklart molekiil
gruplarmin biyolojik ve farmakolojik etkileriyle tip ve
eczacilik gibi bir¢ok alanda kullanilabilmektedir. Bu 6nemi
dikkate alindiginda, 6zellikle ila¢ sanayisinde kullanilmasi
ongoriilen  bilegiklerin  sentezlenmesi  biiyiikk  6nem
tagimaktadir. ~ Siklobiitan tiirevlerinin anti-inflamatuar
(iltihap onleyici) ve anti-depresan (depresyon Onleyici)
(Dehmlow and Schmidt, 1990), tiyazol tiirevlerinin anti-
fungal (mantar karsitr) (Chimenti et al., 2007; Narayana
et al., 2004), anti-kanser (Lesyk et al., 2007; Lesyk et al.,
2006), anti-inflamatuar (Hassan, 2012), anti-bakteriyel
(Ghasemi et al., 2015), anti-konviilsan (Bachir et al.,
1990), anti-tiiberkiiloz (Lu et al., 2012), anti-mikrobiyal
(Karegoudar et al., 2008; Meral ve Leyla, 2017; Liaras et
al., 2011), analjezik (agr1 kesici) (Saravanan et al., 2011;
Thore et al., 2013), anti-oksidan (Jaishree et al., 2012),
Schiff bazi tiirevlerinin antitumor ve anti-kanser (Zhou
et al., 2007; Utreja et al., 2015), anti-fungal ve anti-
bakteriyel (Prasad et al.,2013; Joseyphus and Nair, 2008),
anti-mikrobiyal (Silva et al., 2011), anti-oksidan (Sen ve
ark., 2017) ve piridinli bilesiklerin anti-kanser (Mohamed
etal.,2012; Abbas et al., 2015), anti-viral (Gueiffier et al.,
1998), anti-konviilsan (Pradhan and Goyal, 2016; Salam et
al., 2013), anti-mikrobiyal (Abbas et al., 2015; Bhardwaj
etal.,2012) ve anti-fungal (Rajput et al., 2011) aktivitelere
sahip oldugu bilinmektedir. Bu biyolojik ve farmakolojik
etkileri sebebiyle yapisinda siklobiitan, tiyazol, Schiff bazi

1. tsc

Hs
2. o-haloketone
OHC@N i

ve piridin bulunduran bilesiklerin 6zellikle ilag¢ sanayisinde
kullanilmas: Ongoriilmektedir. Bu amagla, literatiirde
bulunmayan  4-(3-metil-3-fenilsiklobiitil)-2-(2-(piridin-
4-ylmetilen)hidrazinil)tiyazol ~bilesigi sentezlenmistir.
Bilesigin molekiiler ve kristalografik yapisi tek-kristal X —
st kirmnimi yontemiyle aydinlatilmugtir. Kristali olugturan
molekiilleri bir arada tutan hidrojen bag etkilesimleri
incelenmis Hirshfeld ylizey analizi yontemiyle molekiiler
paketlenme anlasilmaya caligilmgtir.

MATERYAL VE YONTEM
Kristalin Sentezi

Bilesik uygun baglangic materyalleri ve miktarlari
kullanilarak literatiirde (Sen ve ark.,2015) verilen yontem
ile sentezlenip asetondan kristallendirildi. Verim : %76.
Erime noktas:: 478 K (Et,0). IR (KBr, v cm™): 3138
(-NH-), 3062 (Aromatik), 2975-2855 (alifatik), 1577
(C=N), 701 (C-S-C). 'H NMR (CDCl,, TMS, 6 ppm):
1.55 (s, 3H,~CH,, siklobiitan), 2.52-2.55 (m, 4H, CH-
siklobiitan), 3.78 (quint, j = 8.8 Hz, 1H,>CH-siklobiitan),
6.28 (s, 1H, tiyazol), 7.17-7.19 (m, 3H, aromatik), 7.31-
7.36 (m, 2H, aromatik),7.50 (dd,j,=1.2 Hz,j,=4.0 Hz, 2H,
aromatik piridin), 7.73 (s, 1H, -N=CH-, azometin), 8.65
(dd,j=12Hz, =40 Hz, 2H, aromatik piridin). BCNMR
(CDCl,, TMS, & ppm): 168.26, 155.83, 152.15, 150.25,
141.53, 138.10, 128.28, 12543, 124.70, 120.49, 102.86,
40.23,38.89,30.69, 30.23.

N
/ S)—NH—N:CH \ /N

Sema 1. [C, H, N,S] Kristalinin Sentez Semasi

X — Ismm Kirmim

Boyutlar1 0.25 X 0.27 X 0.31 mm olan bilesigin
kumizi renkli tek kristalinin X — 1511 datast Bruker
APEX-II CCD difraktometresi ile 0.71073 A dalga
boylu MoKa 1ginlart kullanilarak oda sicakliginda (296
°K) toplanmustir. Veri toplama ve indirgeme siireclerinde
sirastyla X-AREA ve X-RED (Stoe and Cie, 2002)
programlart kullanilmigtir. Toplam 29799 yansimanin
4646’s1 bagimsiz yansimadir. Bu bagimsiz yansimalara
sogurma diizeltmesi uygulandiktan sonra I[>20(I)
kosulunu saglayan 3693 yansima gozlenen yansima
olarak belirlenmigtir. Gozlenen yansimalar kullanilarak
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WinGX (Farrugia, 1999) programi icerisinde bulunan
SHELXS 97 (Sheldrick, 1997) yap1 ¢oziimleme yazilimi
ile direkt yontemler kullanilarak yapt ¢oziilmiigtiir.
Fourier haritasinda bulunan agir atomlara ait siddetli
pikler isimlendirilerek hidrojen haricindeki tiim atomlarin
konumlar1 belirlendikten sonra en kiiclik kareler
yontemi ile aritim iglemi yapilmigtir (Sheldrick, 1997).
Artim igleminin ilk asamasinda sicaklik titresim
parametreleri izotropik alinmistir. Hidrojen atomlari
bulunmadan 6nce sicaklik parametrelerini optimize
etmek icin hidrojen disindaki atomlara anizotropik
aritim uygulanmistir. Sonrasinda hidrojen atomlari
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geometrik olarak yerlestirilirken aromatik C-H bag
uzunluklart 0.93 A, metilen C-H, bag uzunluklar
0.97 A, metil C-H, bag uzunluklar1 0.96 A ve N-H
bag uzunluklar1 0.86 A olarak sabitlenmistir. Hidrojen
atomlari eklendikten sonraizotropik aritim iglemine tabi

Yapis1 ve Hirshfeld Yiizeyinin Incelenmesi

tutulmustur. Yap1 agirlik fonksiyonu beklenen degerine
esitlenene kadar aritim islemine devam edilmisgtir.
Aritimda SHELXL 97 (Sheldrick, 1997) yazilimi
kullanilmigtir. Kristaline ait kristal parametreleri, veri
toplama ve aritim bilgileri Cizelge 1’°de verilmistir.

Cizelge 1. [C, H, N,S] Kristaline ait kristal parametreleri, veri toplama ve aritim bilgileri

Kristal Parametreleri

Kimyasal Formiil C,H,N,S
Formiil Agirhigi (ak.b.) 348.460

Sicaklik (K) 296

Kristal Sistemi Ortorombik

Uzay Grubu P 212121

Birim Hiicre Parametreleri

abc(A) 6.208(5), 15.938(5), 19.573(5)
a=y=p(°) 90.00

Kristal Boyutlar1 (mm) 0.25%x0.27 x0.31
Hacim, V (A% 1936.6 (17)

z 4

Sogurma Katsayisi, i (mm™) 0.18

Fouo 736

Hesaplanan Yogunluk (Mg/m®) 1.195

Veri Toplama

min® “max

Veri Toplanan Cihaz Bruker APEX-II CCD
Veri Toplama 0 Aralig1 (°) 33<0<283
indeks Aralig
min? “max 8.8
k .k 21,18
-26,26

Kirinim Toplama Yo6ntemi

\f and \w scans

max

Olciilen Yansima 29799
Bagimsiz Yansima 4646
Gozlenen Yansima [I > 20(I)] 3693
Sogurma Diizeltmesi multi-scan
T .o T 0.6456,0.7404
- 0.046
Verilerin Aritilmasi
Yansima Sayist 3693
Parametre Sayis1 228
R[F?>20(F?)] 0.063
WR(F?) 0.125
GooF = § 1.13
Ao,,. Ao, (el A) -0.22,021

Cilt / Volume: 8, Say1/ Issue: 1,2018
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Kristalin tam ¢oziimii gerceklestirildikten sonra,
Cambridge Kristalografik Data Merkezi’nin (Cambridge
Crystallographic Data Centre (CCDC)) veri tabani
kullanilarak kristallerin ilk defa laboratuvarlarimizda
sentezlendigi dogrulanmugtir. Molekiiler cizimler icin
ORTEP-3 (Farrugia, 2012) programi, molekiil-i¢i ve
molekiiller arasi etkilesmelerin tespiti i¢in ise PLATON
(Spek, 2009) ve PARST (Nardelli, 1995) programlari
kullanilmagtir.

Yiizey Analizi

Bilesigin  kristal  oOrgiistindeki ~ molekiillerin
paketlenmesinin dogasin1 anlamak ve molekiiller
arasindaki onemli etkilesimleri belirleyebilmek icin
Crystal Explorer 3.1 (Turner et al., 2017) programi
kullanilarak Hirshfeld yiizey analizi gerceklestirilmigtir.
Programa girig dosyas1 olarak X — 111 yap1 ¢oziimii
sonucunda elde edilen kristale ait *.cif dosyasi
kullanilmigtir. Bilesik i¢in normalize temas mesafeli
(d,,,,) Hirshfeld yiizeyi, Hirshfeld parmak izi haritasi
ve Hirshfeld yiizeyine katkida bulunan etkilesimler
ortaya ¢ikarilmustir.

BULGULAR VE TARTISMA
Kristalografik ve Molekiiler Yapi

Kristal monoklinik yapida olup uzay grubu P
212121’dir ve birim hiicrede molekiil sayis1 (Z) dorttiir.
Kristaldeki tiim atomlara ait kesirsel koordinatlar
Cizelge 2.’de verilmistir.

Kristalde fenil, siklobiitan, tiyazol ve piridin
halkalarinin yanisira Schiff baz’1 fonksiyonel grubu
vardir. Fenil halkas1 C8 atomuyla siklobiitan halkasina,
siklobiitan halkas1 C12 atomuyla tiyazol halkasina
ve tiyazol halkasi da Sciff bazi vasitasiyla piridin’e
baglanmistir. Fenil ve tiyazol halkalar1 siklobiitan
halkasina gore cis konumundadir. Kristalinin molekiiler
yapisini gosteren ¢izim Sekil 1.’de, yapisal parametreler
(bag uzunluklari, bag acilar1 ve torsiyon agilar) Cizelge
3.’de verilmistir.

Fenil A (C1-C6), siklobiitan B (C8-C11), tiyazol C
(C12-C14/S1,N1) ve pyridine D (C16-C20/N4) olmak
tizere, bu halkalarin olusturdugu diizlemler arasindaki
dihedral acilar sirastyla 83.64° (A/B), 76.02° (B/C),
14.87° (C/D), 89.94° (A/C), 75.57° (A/D), 71.59°
(B/D)’dir.
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Siklobiitan halkasi
sahiptir.

kelebek konformasyonuna
Bu konformasyonda karbon atomlar1
arasindaki bag uzunluklar1 ortalama 1.555 A ve her
iic karbon atomu tarafindan olusturulan bag acilar
ise 88°’dir (Solomons and Fryhle, 2000). [C, H, N,S]
kristali i¢in sirasiyla bu degerler ortalama 1.541 A ve
88.56° olarak elde edilmigtir. Ayn1 zamanda siklobiitan
halkas1 i¢in diizlemsellikten sapma miktar1 0.1223 A
olarak bulunmugtur. Tiyazol halkasi 2 konumundan
C14 atomu vasitasiyla Schiff bazina, 4 konumunda C12
atomuyla siklobiitan halkasina baglanmigtir. S1—C13
ve S1—C14 bag uzunluklar1 1.730(3) A ve 1.723(3)
A‘dur. Yine C13—S1—Cl4 ve C12—NI1—Cl4 bag
acilar da sirastyla 87.77(15)° ve 109.9(2)°“dur. Tiyazol
halkas1 i¢in diizlemsellikten sapma miktar1 0.0057 A
olarak bulunmustur. Schiff bazi ve Piridin icin C-N bag
uzunluklar1 sirasiyla literatiirde 1.283 (7) A (Sen ve
ark.,2017) ve 1.319 (3) A (Inkaya ve ark., 2013) olarak
verilmigtir, [C, H, N, S] kristali i¢in bu bag uzunluklari
(N3=C15) 1.277(4) A ve (N3=C18) 1.333 (4) A olarak
elde edilmistir.

Kristal yapida dikkate deger bir molekiil-ici ve
bes molekiiller aras1 hidrojen baglari tespit edilmistir
(Cizelge 4). Molekiiliin siklobiitan halkasinin C10
atomu ile tiyazolun N1 atomu arasinda H10A vasitasiyla
Molekiiler
paketlenmede ise’de bulunan molekiiliin C11 atomu
(x-1/2,-y+1/2,-z+1)’de bulunan molekiiliin tiyazol S1
atomuna hidrojen—bag vericisi olarak davranmuigtir.’de
bulunan molekiiliin N2 atomu (2-x, 1/2+y, 1/2-z)‘de
bulunan molekiiliin piridin N4 atomuna hidrojen—bag

molekiil-ici bir etkilesme olugmustur.

vericisi olarak davranmustir. Yine benzer sekilde ’de
bulunan molekiiliin C19 atomunun (x, y, z)‘de bulunan
molekiiliin tiyazol N1 atomuna hidrojen—bag vericisi
olarak davranmistir. Bu N2—H2N-N4 ve C19—
H19---N1 etkilesimleri birlikte bir halkas1 olusturmugtur
(Sekil 2). Bu hidrojen baglarimin yani sira molekiiller
arast C—H:-m etkilesimi de ii¢ boyutta paketlenmeye
yardimct olmaktadir. Sekil 3’de piridin halkasinin
(Cgl) merkezi ile C10 atomuna bagli HIOA atomu
arasinda ve tiyazol halkasinin (Cg2) merkezi ile C13
atomuna bagli H13 atomu arasinda olusan C—H-x
tipi etkilesim goriilmektedir. Tiim hidrojen baglarina
ait D—H, H--A, D--A uzunluklart ve D—H-+-A acis1
Cizelge 4.‘de verilmigtir. Kristalde 57t etkilesimlerine
rastlanmamugtir.
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Yapis1 ve Hirshfeld Yiizeyinin Incelenmesi

Cizelge 2. [C, H, N S] kristalindeki atomlarin kesirsel koordinatlari ve Uiso* Ueq (A degerleri

Atom x y z U *IU_
Cl 0.9303 (6) -0.0975 (2) 0.55200 (17) 0.0608 (8)
C2 0.8507 (10) —0.1380 (2) 0.6070 (2) 0.1132 (18)
H2 0.7203 —-0.1208 0.6257 0.136*
C3 0.9616 (14) —-0.2056 (3) 0.6362 (3) 0.155(3)
H3 0.9043 —0.2334 0.6738 0.186*
C4 1.1517 (13) —-0.2303 (3) 0.6095 (3) 0.131 (2)
H4 1.2295 —-0.2731 0.6303 0.158*
C5 1.2293 (10) —-0.1930 (3) 0.5527 (4) 0.127 (2)
H5 1.3547 -0.2129 0.5324 0.153*
C6 1.1216 (7) —0.1248 (3) 0.5245 (3) 0.0977 (14)
H6 1.1795 -0.0974 0.4868 0.117*
Cc7 0.6809 (8) —0.0558 (2) 0.45825 (19) 0.0864 (13)

H7A 0.5787 -0.0972 04729 0.130%*

H7B 0.7765 —0.0800 04251 0.130%*

H7C 0.6060 —-0.0092 0.4381 0.130*
C8 0.8120 (5) —0.02501 (17) 0.52019 (15) 0.0528 (7)
C9 0.9431 (6) 0.05409 (18) 0.50076 (17) 0.0612 (9)

H9A 1.0776 0.0596 0.5256 0.073*

H9B 0.9659 0.0604 0.4520 0.073*
C10 0.6783 (5) 0.03187 (17) 0.56796 (17) 0.0584 (8)

H10B 0.5240 0.0233 0.5642 0.070*

HI10A 0.7242 0.0300 0.6153 0.070*
Cl1 0.7597 (6) 0.10910 (18) 0.52916 (16) 0.0585 (8)
Hil 0.6588 0.1231 0.4924 0.070%*
Ci2 0.8189 (5) 0.18679 (16) 0.56729 (14) 0.0489 (7)
Cl13 0.7154 (6) 0.26071 (19) 0.56384 (17) 0.0634 (9)

H13 0.5914 0.2703 0.5383 0.076*
Cl4 1.0283 (5) 0.25967 (16) 0.63526 (14) 0.0463 (7)
Cl15 1.4073 (5) 0.37528 (18) 0.72611 (15) 0.0516 (7)

H15 1.4986 0.3319 0.7392 0.062*
Cl16 1.4602 (5) 0.46239 (18) 0.74414 (14) 0.0506 (7)
C17 1.3193 (6) 0.52834 (18) 0.73289 (14) 0.0573 (8)

H17 1.1859 0.5189 0.7127 0.069%*
C18 1.3797 (6) 0.6086 (2) 0.75208 (17) 0.0667 (9)

H18 1.2825 0.6521 0.7450 0.080*
C19 1.7019 (6) 0.5628 (2) 0.7912 (2) 0.0749 (10)

H19 1.8345 0.5740 0.8113 0.090*

C20 1.6547 (6) 0.4804 (2) 0.77457 (18) 0.0650 (9)

H20 1.7529 0.4378 0.7838 0.078%*
N1 0.9970 (4) 0.18558 (13) 0.60912 (12) 0.0501 (6)
N2 1.1973 (5) 0.27758 (14) 0.67656 (13) 0.0600 (7)

H2N 1.2781 0.2383 0.6924 0.072*
N3 1.2361 (4) 0.35917 (14) 0.69242 (12) 0.0515 (6)
N4 1.5696 (5) 0.62674 (17) 0.78015 (16) 0.0706 (8)
S1 0.84354 (14) 0.33564 (5) 0.61316 (5) 0.0614 (2)
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Cizelge 3. [C, H, N,S] kristaline ait yapisal parametreler

Bag

o

uzunluklar: A Bag acilar ) Torsiyon acilar1 ©)
Cl—C2 1.348 (5) C2—C1-—-C6 118.5 (4) C6—C1—-C2—C3 09 ()
C1—C6 1.374 (5) C2—C1—-C9 121.3 (4) C9—Cl1—-C2—-C3 179.8 (4)
C1—C9 1.504 (5) C6—C1—C9 120.2 (4) Cl1—C2—-C3—-C4 0.6 (9)
C2—C3 1.400 (6) Cl1—C2—-C3 120.9 (5) C2—C3—-C4—-C5 -3.6 (10)
C3—-C4 1.349 (9) C4—-C3—-C2 119.8 (5) C3—-C4—-C5—-C6 5009
C4—C5 1.350 (8) C3—C4—C5 120.2 (5) C2—C1—-C6—C5 0.4 (6)
C5—C6 1.390 (6) C4—C5—-C6 119.9 (6) C9—C1—-C6—C5 -178.5 (4)
C8—C9 1.540 (4) C1—C6—C5 120.5 (5) C4—C5—C6—Cl1 -34(8)
C9—Cl11 1.544 (4) C13—CI12—Cl11 120.0 (3) C2—C1—-C9—-C8 -97.6 (4)
C9—C10 1.548 (4) C13—C12—CI10 118.1 (3) C6—C1—C9—C8 813 4)
C12—Cl13 1.492 (4) Cl11—C12—CI10 88.0 (2) C2—C1—-C9—Cl11 32.5(5)
C13—Cl14 1.344 (4) C14—CI13—NI1 1152 (3) C6—C1—C9—Cl1 —148.6 (3)
C13—N1 1.376 (4) C14—C13—CI12 125.8 (3) C2—C1—-C9—-CI10 135.1 (4)
C14—S1 1.730 (3) N1—C13—C12 119.0 (2) C6—C1—C9—CI10 -46.0 (4)
C15—NI1 1.302 (3) C13—C14—-S1 1109 (2) C1—C9—-C10—C12 -1379 (3)
CI15—N2 1.355 (4) N1—-C15—N2 122.8 (3) C8—C9—C10—C12 94.9 (3)
C15—S1 1.723 (3) N1—-C15—S1 116.1 (2) C11—-C9—-C10—C12 -179 (2)
C16—N3 1.277 (4) N2—C15—S1 121.2 (2) C1—C9—Cl11—-CI12 138.5(3)
C16—C17 1.470 (4) N3—-C16—C17 120.0 (3) C8—C9—Cl11—-C12 -92.6 (3)
C17—C21 1.377 (5) C21—-C17—C18 117.7 (3) C10—C9—CI11—-C12 18.0 (2)
C17—Cl18 1.385 (4) C21—-C17—Cl16 119.8 (3) C9—Cl11—-C12—C13 -139.7 (3)
C18—CI19 1.385 (4) C18—C17—Cl16 122.6 (3) C9—C11—-C12—C10 -18.1 (2)
C19—N4 1.333 (4) C19—-C18—C17 119.2 (3) C9—C10—CI12—C13 1414 (3)
C10—Cl12 1.541 (4) C1—C9—C8 109.8 (3) C9—C10—CI12—Cl11 18.1 (2)
Cl11—-Cl12 1.532 (4) C1—C9—Cl1 117.6 (3) Cl11—-C12—C13—-Cl14 -113.4 (4)
C20—N4 1.327 (5) C8—C9—Cl1 112.3 (3) C10—C12—C13—-C14 141.4 (3)
C20—C21 1.384 (4) C1—-C9—-Cl10 118.1 (3) C11—C12—CI13—NI 68.0 (4)
N2—N3 1.358 (3) C8—C9—C10 110.1 (3) C10—C12—C13—N1 =372 4)
C11—-C9—-C10 873 (2) N1—-C13—-C14—S1 1.34)
C12—C10—C9 89.2 (2) C12—C13—C14—S1 -1773 (2)
N4—C19—C18 123.5 (3) N3—C16—C17—C21 -173.7 (3)
N4—-C20—C21 124.1 (4) N3—-C16—C17—C18 7.5(4)
C17—C21—C20 119.0 (3) C21—C17—C18—C19 04 (5
C12—C11—-C9 89.7 (2) C16—C17—C18—C19 179.2 (3)
C15—N1—-C13 1099 (2) C17—C18—C19—N4 1.2(5)
C15—N2—N3 118.4 (2) C18—C17—C21—C20 -1.2(5)
C16—N3—N2 117.3 (3) C16—C17—C21—C20 180.0 (3)
C20—N4—C19 116.6 (3) N4—C20—C21—-C17 0.6 (6)
C15—S1—-Cl14 87.77 (15) N2—CI15—N1—-C13 -177.5 (3)
S1—C15—N1—-C13 1.4 (3)
C14—C13—N1—-C15 -1.7 4)
C12—C13—NI1—-Cl15 177.0 (3)
NI—CI15—N2—N3 169.6 (3)
S1—C15—N2—N3 -934)
C17—C16—N3—N2 179.2 (3)
C15—N2—N3—-C16 -173.7 (3)
C21—C20—N4—C19 0.8 (6)
C18—C19—N4—C20 -1.7 (5)
N1—-C15—S1—-Cl14 -0.6 (3)
N2—C15—S1—-C14 178.3 (3)
C13—C14—S1—-C15 -04(3)
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4-(3-metil-3-fenilsiklobiitil)-2-(2-(piridin-4-ylmetilen)hidrazinil) tiyazol’un Sentezi, Karakterizasyonu, Kristalografik
Yapis1 ve Hirshfeld Yiizeyinin Incelenmesi

_c3 €20 c19
C4 yua Tl an c15 ;_,r_- JI\.
_.«l h A\I 2 N2 N3 ,_ﬂ_t:-.l-ﬁx\ , N4
s ) e NG S SO=(
. - G‘!ﬂ o C14 C17 18
s c8 T\ ciz [
NN~ S
j 9 C11
c7 ) c13

Sekil 1. [C, H, N,S] kristaline ait %30 olasilikl1 1s1sal elipsoitlerle ¢izilmis ORTEP — 3 diyagrami. Agik bir goriiniim igin hidrojen atomlart
silinmigtir.

Cizelge 4. [C, H, N,S] kristaline ait hidrojen bag1 geometrisi A,

D—H-A D—H H-A DA D—H-A
C9—H9A N1 0.97 2615 3.000 (4) 100
Cl1—HI11--S1! 0.98 2.821 3.900 (4) 178
N2 —H2N--N4ii 0.86 2.08 2931 4) 168
C19—HI19--N1ii 0.93 2.59 3.336 (5) 138
C10—H10A-Cgl" 0.97 2.82 3.533(5) 131
C13—H13--Cg2" 093 298 3.785 (5) 146

Simetri kodlar: (i) x-1/2,-y+1/2,-z+1; (i) 2—x, 1/2+y, 1/2-z; (iii) 2-x, -1/2+y, 1/2-z; (iv) 1-x,1/2+y,1/2-z; (v) -1/2+x,1/2-y,1-z. Cgl piridin Cg2 tiyazol
halkasinin merkezidir.

Sekil 2. [C, H, N, S] kristalinin [100] dogrultusu boyunca N2—H2N--N4 ve C19—H19--N1 etkilesimlerinin olusturdugu R?,(7) zincir
motifini gosteren kristal yapisinin bir boliimii. A¢ik bir goriiniim igin baglanmaya katilmayan hidrojenler gosterilmemistir.
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Sekil 3. [C, H N S] kristalinin C10—H10A--Cgl ve C13—H13--Cg2 etkilesimlerini gosteren kristal yapisinin bir boliimii. A¢ik bir

2007200 4
gOriiniim i¢in baglanmaya katilmayan hidrojenler gosterilmemistir.

Hirshfeld Yiizeyi

Bir molekiilin Hirshfeld ylizeyinin elde

edilmesinde iki parametre tanimlanir: Bunlar;

d, : Hirshfeld ylizeyinden yiizeyin digindaki en
yakin cekirdege olan uzaklik

d,: Yiizeyin i¢indeki en yakin ¢ekirdege karsilik
gelen uzakliktir.

Normalize temas mesafesi (d ) d , d. ve atomun
van der waals (vdw) yarigapina baghdir.d

ile formiilize edilir. Bu esitlik molekiiller-arasi
hidrojen baglar1 icin 6zel 6nem tasiyan bolgelerin

belirlenmesini saglar. d  kirmizi, beyaz ve mavi

en kirmiz
bélgeler

Sekil 4.

a) Hirshfeld yiizeyi (d

norm) )

164

renkten olusur. Eger atomlar van der waals (vdw)
yarigaplarinin toplamindan daha yakin molekiiller
arast bag yapiyorlarsa, bu baglar yiizey iizerinden
kirmizi bir nokta ile verilir. Van der waals (vdw)
yarigaplarinin toplamindan uzak ise mavi, yakin ise
beyaz renk ile gosterilir (Spackman and McKinnona,
2002; Spackman and Jayatilaka, 2009).

Bilesigin  Hirshfeld ylizey analizi Crystal
Explorer 3.1 (Turner et al., 2017) programi vasitasiyla
gergeklestirilmistir ve bilesik i¢in d__ Hirshfeld
yiizeyi (Sekil 4), sekil indeksi (Sekil 5a) ve egrilik
(Sekil 5b) olusturulmustur. Bu yiizeyler 3 boyutlu
olarak d -0.538 (kirmizi) ile 1.981 A (mavi) renk
skalasinda, sekil indeksi -1.000 +1.000 araliginda ve

egrilik -4.000 +4.000 araliginda elde edilmistir.

b)

b) Kirmizi noktalar verici-alic1 etkilegim bolgelerini gostermektedir.
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4-(3-metil-3-fenilsiklobiitil)-2-(2-(piridin-4-ylmetilen)hidrazinil) tiyazol’un Sentezi, Karakterizasyonu, Kristalografik

Yapis1 ve Hirshfeld Yiizeyinin Incelenmesi

Sekil 5. a) Sekil indeksi,

Hirshfeld yiizeyinde (d
acik kirmizi noktalara gore daha kuvvetli hidojen

om) KOYU kirmizi noktalar
baglarint gostermektedir. Sekil 4a’da toplam 8 kirmizi
bolge vardir. Bu bolgelerden 2’si digerlerine nazaran
daha koyu renkli ve biiyiiktiir. Daha agik kii¢iik kirmizi
bolgeler S1, H11, H19, N1, H13 ve tiyazol halkasinin
merkezi lizerine yerlesmistir ve Cizelge 4.’de verilen

C9—H9A--N1, CI11—HI11--S1, C19—H19--Nl1,
C13—H13--Cg2 hidrojen baglarin1 dogrulayacak
sekildedir.

En koyu kirmiz1 2 bolge ise H2N ve N4 atomunun
iizerine yerlegsmistir ve bu bolgeler de Cizelge 4.’de
verilen en kuvvetli hidrojen bag1 olan N2—H2N---N4
ve C19—H19--N1 molekiiller-aras1 hidrojen baglarin
dogrulayacak sekildedir. Hirshfeld yiizeyi ile PLATON
ve PARST verileri uyum igindedir.

b) Egrilik

Hirshfeld yiizeyinin 2 boyutlu gosterimi ‘parmak
izi ¢izimi’ olarak adlandirilir ve bu ¢izim x ekseni d,,
y ekseni d_ olmak iizere elde edilir. Mavi noktalardan
olusur ve adindan da anlasilacagi iizere parmak izine
benzer. Bilesigin parmak izi gosterimi Sekil 6.’da
verilmistir. Bu ¢izimde gosterilmis olan keskin sivri
uclar S--H / H---S, C-~-H/H~-C,N--H / H--N ve H--"-H
/ H---H etkilesimlerine aittir. H---H / H---H etkilesimleri
parmak izi ¢iziminin yilizde 48,8’linii olusturur ki bu
ylizde c¢izime katkida bulunan en biiylik yiizdedir
(Sekil 7a). C-+-H / H---C etkilesimleri % 23.3 (%13.2
+ %10.2) (Sekil 7b), N--*H / H---N etkilesimleri %15.1
(%8.3 + %6.8) (Sekil 7c), S---H / H--S etkilesimleri
%8.3 (%4.7 + %3.6) (Sekil 7d) ile parmak izi ¢izimine
katkida bulunur. H---H / H---H etkilesimleri diginda bu
etkilesimler parmak izinde kug kanatlar1 seklindedir.

1.0 12 1.4 1 1|a 20222426 28
Q\ S"'H

\F" C---H
N-H

Sekil 6. Hirshfeld yiizeyinin 2 boyutlu gosterimi (parmak izi ¢izimi)
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28
26
24
2.2
2.0
18
16

1.4
1.2

1.0

o,
1.0 1214 1618 2.0 2224 26 28
H---H/H---H
48.8 %

1.0 1214 1.618 2.0 22 24 26 28
N---H/ H-+-N

15.1%
c)

_ d,
1012141618 20 22 24 26 2B
C--H/H-C
23.3%
b)
28| % k
286
24
22
2.0
18
16
14
12
1.0
d,
10 1214 1618 2.0 2.2 24 26 28
S"'HI H...s
8.3%
d)

Sekil 7. Toplam Hirsfeld yiizeyine katkida bulunan etkilesimler

SONUC

Sonug¢ olarak, 4-(3-metil-3-fenilsiklobiitil)-
2-(2-(piridin-4-ylmetilen)hidrazinil)tiyazol
bilesigi sentezlenmis, kristal ve molekiiler yapisi
aydinlatilmigtir. Bilegigi olusturan siklobiitan, tiyazol,
Schiff bazi ve piridin’e ait yapisal ayrintilar belirlenmig
ve literatiirdeki karsiliklar1 ile birlikte verilmigtir.
Kristal yapidaki hidrojen baglar1 ortaya c¢ikarilmis
ve Hirshfeld ylizey analizi yontemiyle molekiiler
paketlenme agiklanmigtir.
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N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-1,3 4-oksadiazol-2-il)
amin’in Sentezi Karakterizasyonu ve Gaussian Hesaplamalar

Murat GENC!

OZET: Bu calismada ilk olarak 3-hidroksi-2-naftoikhidrazit bilesigi kullamlarak 3-hidroksinaftil-2-il-N-
(4-Metilfenil) hidrazinkarbotiyoamid bilesigi sentezlendi. Elde edilen bilesigin civa(Il)asetat bilesigi ile
reaksiyonundan N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-1,3 4-oksadiazol-2-il) amin sentezlendi. Bilesiklerin
yapilariNMR,FT-IR ,elementel analizile karakterize edildi. Caligmaninikincietabindaise; Gaussian 09 hesaplamalari
kullanilarak HOMO ve LUMO orbital enerjileri, atomlarin mulliken yiikleri, molekiiliin aktivitesini belirlemek i¢in
HOMO-1 ve LUMO+1 orbital enerjileri aragtirildi. Teorik NMR ve FT-IR hesaplamalarimin deneysel degerlerle
uyumu aragtirildi.

Anahtar kelimeler: 1,3 4-oksadiazol; DFT
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GIRIS

Oksadiazol kapali formiili C,H,N,O olan
aromatik heterosiklik bir halkadir. Oksijen ve azot
atomunun konumuna gore 1,24, 1,23, 1,34 ve
1,2,5 oksadiazol yapisinda bulunabilir. Ancak 1,34
ve 1,24 oksadiazoller 6nemli biyolojik ve kimyasal
ozelliklerinden dolay1 aragtirmacilar tarafindan daha

fazla calisilmaktadir. (Oliveira et al, 2012)

Yapisinda 1,3,4-oksadiazol halkast iceren
bilesikler genis bir biyolojik aktivite spektrumuna
sahiptir.  Genel olarak; antibakteriyel (Kanthiah
et al, 2011; Sridhara et.al 2010; Naveena et al.,
2010), antifungal (Jayashankar et al., 2009; Akhter
et al. 2011) analjezik (Bharathi et al., 2011) , anti-
inflamatuar, antiviral, antikanser (Akhtar et al, 2010;
Rostom et al. 2003), antidiabetik (Shyma et al., 2015)
etki gosterdikleri son yillarda yapilan caligmalarla
ortaya konulmustur.

Ayrica 1,3,4- oksadiazol halkast iceren iki
bilesik suan klinik tipta ila¢ olarak kullanilmaktadir.
Bunlardan biri Raltegravir antiretroviral ila¢ olarak
kullanilirken Zibotentan anti kanser ilaci olarak
kullanilmaktadir. (Savarino, 2006; James, 2009)

Scifinder (SciFinder Scholar - Chemical
Abstracts Service)’da 18 Temmuz 2017 tarihinde
yaptigimiz aramada 1,3 ,4-oksadiazoller ile ilgili
2010-2017 yillar1 arasinda 860 calisma kayitlidir. Bu
say1 1,3 ,4-oksadiazollere olan ilginin artarak devam
ettigini gostermektedir. Bu c¢alismada literatiirde
onemli bir yere sahip olan 1,3 ,4-oksadiazoliin tiirevi

olan  N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-
1,3,4-Oksadiazol-2-il)amin’in  sentezi literatiirde
ilk kez gerceklestirildi. Elde edilen bilegigin teorik
parametreleri Gaussian 09 programu ile yapilarak
deneysel ve teorik sonuclar kargilagtirildi.

MATERYAL VE YONTEM

Calismada kullanilan tiim kimyasallar ithal
olarak temin edilip ayrica saflagtirma islemine tabi
tutulmadan reaksiyonlar gerceklestirildi. Bilesik 1
literatiire gore sentezlendi. (Dogan et al., 1999)

Fiziksel 6lciimler

Elde edilen iirlinlerin IR spektrumlar1 Perkin
Elmer Spektrum One (ATR) cihaziyla elementel
analiz sonuglart CHNS-932 (LECO) Elementel
Analiz Cihaz1 ile, erime noktalar1 Stuart SMP
30 cihaziyla, NMR analizleri Bruker 400 MHz
NMR  spektrometresi ve ¢oziicii olarak DMSO-d,
kullanilarak gerceklestirildi.

N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-
1,3,4-oksadiazol-2-il)amin’in sentezi (2)

1 mmol 3-hidroksinaftil-2-il-N-(4-metilfenil)
hidrazinkarbotiyoamid bilesiginin bulundugu (1) 50
mL’lik deney balonuna 30 mL etil alkol ve 2mmol
Civa (II) asetat bilesigi ilave edildi. Reaksiyona 4
saat ¢oziiciinlin kaynama noktasinda devam edildi.
Coken madde siiziildii. Siiziintii viskoz olana kadar
¢oziiciisii uzaklagtirild1. Uriin oda sicakliginda kuru-
tuldu. Etil alkolde kristallendirildi. (Sekil 1)

Hg(CH3CO0)

Sekil 1 N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il)amin’in sentez semast
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N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-il )Jamin’in Sentezi Karakterizasyonu ve Gaussian Hesaplamalar1

N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-1,3 4-
oksadiazol-2-il)amin

Rengi: Beyaz toz, (verim % 85.) (C ,H )N.O,);
Elementel Analiz (Hesaplanmis/Bulunan): C: 71.28
(70.92); H:4.32(4.16); N: 13.85(13.56).FT-IR (cm™):
vmax: 3202 (OH), 3239 (N-H), 3056-2928- (Ar-
CH), 2860(C-H), 1668, (C=C), 1581 (C=N), 1498

(N-H), 1188 (C-0O). 'H-NMR (400 MHz, DMSO-d6,

i - e § - -
EE] i s L s i 3 L

T,
13 (pprs

| - n‘l

ppm): 10.69 (1H,s; N-H), 10.38 (1H, s, OH), 8.29
(s 1H, Ar-H), 7.96 (d, 1H, Ar-H, J: 4Hz), 7.78 (s,
1H, Ar-H, j:4Hz), 7.52(m,1H,Ar-H), 7.54(D,2H,
Ar-H, J: 8Hz), 7.38(t, 2H, Ar-H, j:8Hz)7.19 (d, 2H,
Ar-H, J:8Hz) 2.28 (3H, s, CH,), 13C-NMR (100
MHz, DMSO-d,, ppm): 8C=N:169, O6C=N:148,
152,136,135, 131,130,128, 127, 117,
112,110,112, & 20.

Alifatik karbon

Sekil 2. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-il)amin’in 'H-NMR spektrumu

H Hh!!l | ‘I

Ea N (1} (34}
(g

Ll

16 = Bl bl ", i an i il 1

Sekil 3. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il)amin’in>*C-NMR spektrumu.
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Teorik Hesaplamalar

Teorik hesaplamalar Hp Z820 helios model is
istasyonu kullanilarak Gaussian 09, Gauss view
5.00 programinda, DFT 6-311G++(d,p) temel seti
kullanilarak gerceklestirildi. Molekiiliin titresim
frekanslart ayni1 kimyasal modelin gaz fazindaki
denge esitliklerinden hesaplandi.

BULGULAR VE TARTISMA

Bu calismada ilk olarak N-(4-metilfenil)-N-
(5-(3-hidroksinaftil-2-il)-1,3,4-oksadiazol-2-il)
3-hidroksi-2-naftoik  hidrazit
bilesiginden  yola  c¢ikilarak  gercgeklestirildi
(Sema 1). Elde edilen bilesigin yapilar1 FT-IR,
NMR ile aydinlatildi. N-(4-metilfenil)-N-(5-(3-

amin’in  sentezi

hidroksinaftil-2-il)-1,3,4-oksadiazol-2-il)amin’in
sentezinin gerceklestiginin en belirgin pikleri FT-
IR spektrumunda (1) nolu bilesikte goriilen 1697
cm’deki karbonil pikinin kaybolmasi, 3352 ile
3260 cm’de belirlenen NH piklerinin tek NH
piki olarak 3239 da gozlemlenmesidir. Ayrica
(1) nolu bilesigin C=N, C=C, C-H piklerinin
sentezlenen (2) nolu bilesikte kayma gostermesi
bu varsayimi desteklemektedir. (2) Nolu bilesigin
NMR spektrumu incelendiginde 10.69 ppm’ de bir
NH piki, 10.38 ppm ‘de OH piki, 8.29-7.19 ppm
araliginda 10 tane aromatik hidrojen pikleri ile 2.28
ppm’de CH, piki yapinin tam olarak olustugunu
desteklemektedir..

Calismanin ikinci asamasinda elde
edilen 1,3 4-oksadiazol bilesiginin Gaussian
09 programinda ilk olarak optimizasyonu

gerceklestirildi.(Sekil 4).

Sekil 4. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il)Jamin’in (2) Gaussian 09’ da optimize edilmis hali

Mulliken Popiilasyon Analizi

Atomik yiikler; dipol moment, molekiiler
polarizasyon, asit-baz davranisi gibi molekiiler
sistemin pek cok davraniginda etkilidir. Bu sebeple
Mulliken atomik yiik hesaplamalar1 kuantum

kimyasal hesaplamalarinda ©nemli rol oynar.

Calismada molekiiliin yiik dagilim hesaplamalari
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DFT 6-311G++(d,p) temel setinde gerceklestirilerek
Cizelge 1°de listelendi. Buna gore en negatif atom
Naftalin halkasina bagli oksijen olarak gozlemlendi.
Diger heteroatomlarla birlikte genellikle hidrojen
bagli karbon atomlarida negatif olarak belirlenirken,
en pozitif atom ise oksadiazol halkasindaki 17

numarali karbon atomu olarak gézlemlendi.
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N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-il )Jamin’in Sentezi Karakterizasyonu ve Gaussian Hesaplamalar1

Cizelge 1. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-ilJamin’nin Mulliken Yiik Cizelgesi

Atom Atom M}llliken Atom Atom M}llliken Atom Atom M}llliken
No Yiikler No Yiikler No Yiikler
H 7 0.19865 C 18 0.68443 C 29 -0.05445
H 8 0.20565 0) 19 -0.48263 H 30 0.19986
H 9 0.20213 N 20 -0.58902 H 31 0.20277
C 10 -0.26386 H 21 0.40982 C 32 -0.58612
C 11 -0.09853 C 22 0.15341 H 33 0.20877
H 12 0.20679 C 23 -0.24056 H 34 0.20985
H 13 0.20627 C 24 -0.22446 H 35 0.20471
C 14 -0.14879 C 25 -0.17832 N 36 -0.37426
C 15 0.34294 H 26 0.23644 N 37 -0.28845
H 16 0.22588 C 27 -0.18295 o) 38 -0.66770
C 17 0.47941 H 28 0.20021 H 39 0.46984
HOMO ve LUMO Analizi enerji haritalar1 molekiiliin kimyasal aktivite ve kinetik

Molekiiler zelliklerin beliflenmesinde notral bir ~ Xararliigmi temsil eder. Elde edilen bilesigin HOMO
sistemde En Yiiksek Isgal edilmis Molekiil Orbitali degerleri incelendiginde elektron yogunlugunun tiim
(HOMO) ve En Diisiik Isgal Edilmemis Molekiil  bilesik lizerinde dagildigi, LUMO da ise naftalin halkasi
Orbitali (LUMO) anahtar bir rol oynar (Bahgat and lizerinde toplandig1 belirlendi. Sonuglar 1sinda denilebilir
Fraihat, 2015). HOMO-LUMO enerji degerleri ve ki, yiik akisi naftalin halkasina dogrudur.(Sekil 5)

HOMO HOMO-1

LUMO LUMO+1

Sekil 5. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il)Jamin’in HOMO-LUMO orbitalleri
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NMR Analizi

N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-
1,3,4-oksadiazol-2-il)Jamin’in deneysel NMR analizi
DMSO-d, ¢oziicii ortaminda 400 MHz NMR cihazinda,
teorik NMR analizi B3LYP/GIAO model setinde
almarak degerler Cizelge 2 ve Cizelge 3’ de 6zetlendi.
Deneysel ve teorik NMR degerleri karsilastirildiginda
'"H-NMR de denklem y=0,8963x+1,1115; R2=0,6018

iken *C-NMR’de ise denklem y = 0,9369x — 3,3219; R?
= 0,9749’dir. R2 degerleri incelendiginde *C-NMR’de
teorik ve deneysel degerlerde ¢ok iyi bir uyum
"H-NMR de bu deger asidik protonlarin
diger protonlara oranla daha hareketli olmasindan
dolayr daha diisiik c¢iktig1 soylenebilir. Bu protonlar
hesaba katilmadigi taktirde y = 0,9605x + 0,0803; R? =
0,9857 cikmas1 Onerimizi destekler niteliktedir.

gozlenirken;

Cizelge 2. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-ilJamin’in deneysel ve Teorik 'H-NMR Degerleri

Atom No Teorik | Deneysel Atom No Teorik | Deneysel
y =0,8963x + 1,1115

H, 8.81 8.29 H,, 7.44 7.19 12 RT= 0,6018’4

" 8.27 7.54 i 7.11 7.54 10 °
H, 797 7.96 H, 6.88 10.69 8 /&—
H, 7.87 7.78 H, 5.28 10.38 b /
H, 7.76 7.52 H,, 2.51 2.28 4
H,, 762|738 H, 251 | 228 2 é i

0 T 1

A 7.53 7.19 H., 2.04 228 0 5 10

H, 7.53 743

Cizelge 3. N-(4-Metilfenil)-N-(5-(3-Hidroksinaftil-2-il)-1,3 ,4-Oksadiazol-2-il)amin’in deneysel ve Teorik *C-NMR Degerleri

Atom No Teorik | Deneysel Atom No Teorik | Deneysel

C,, 167 160 C, 133 127

C, 166 157 C, 132 127 200

C 158 152 C, 130 128 ISOv: 3,9?:69}<+ 3,3219

c,, 141 136 C, 128 117 100 R =TI 7

C, 140 135 C,, 121 112 /

C,, 138 131 C, 117 110 >0 e

C, 135 130 C, 117 12 0 : : : :
C,, 134 130 c, 113 126 0 50 100 150 200
C, 134 128 C, 20 20

C, 134 128

Infrared Spektrum Analizi

2 nolu bilesigin teorik infrared hesaplamalari
DFT/B3LYP 6-311  G++(d,p)

gergeklestirildi. Gauss-View programui ile Infrared

temel  setinde

Bandlar1 gorsellestirilerek Cizelge 4°de 6zetlendi.
Elde edilen sonuglarla deneysel veriler genel olarak

uyum i¢inde olmasina ragmen teorik verilerle deneysel
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veriler karsilagtirildiginda teorik degerlerin yetersiz
kaldig1 belirlendi. Bunun temel nedeni deneysel
verilerde molekiiller arasi etkilesimler varken teorik
hesaplamalarin tek molekiil iizerinden gitmesi ve
deneysel veriler kat1 fazda alinirken teorik hesaplamalar
gaz fazinda alinmasidir. Deneysel FT-IR sonuclarinda
OH gerilme titregiminin 3202 cm’de, NH gerilme
titregimi 3239 cm™! de, aromatik CH gerilme titresimleri

Igdir Uni. Fen Bilimleri Enst. Der. / Igdir Univ. J. Inst. Sci. & Tech.



N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-il )Jamin’in Sentezi Karakterizasyonu ve Gaussian Hesaplamalar1

3056-2928 cm™! araliginda, C=C gerilme titresimi 1668
cm?! de, C=N 1581 cm! de tespit edilirken; teorik
hesaplamalarda ise OH 3618 cm™’de NH 3829 cm™! de,

Aromatik CH gerilmelerinin 3189-3020 cm™ arali§inda,
C=C gerilme titresiminin 1671,1661, C=N titresiminin
ise 1615 cm™! de oldugu gozlemlendi.

Cizelge 4. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il)Jamin’in hesapsal ve deneysel titresim frekanslar1 (cm™)

o . B3LYP/6-
< oo B3LYP/6-3114+4G(d,p) Bag ve titresim 3 G(d.p)
Bag ve :g;els)l m tury (ecm™) Deneysel tiirii 11-(|-c-|-m_1) Deneysel
Teorik (cm™) ;
Teorik

av (C-H)) .
N-H 3829 3239 2 (lifatik)+ 536 1468

v ) v (C=C)(halka)
v (O-H) 3618 3202 oV (C-H,) i 1503 1428
v, (C-H) 3189 3056 yv(C-H) 1478 1343

v (C=N_d

v. (C-H 3159 2980 + 1368 1318

s ( )(Ar) U(C_Hz)( (alifatik)

i p v(N-H) + pv

Vo (C-H) 3099 2928 (C-H) 1246 1297
Vo (C-H o 2920 2860 p v(N-H) 1235 1233
v (C=C) 0 1671 1668 v(C-0) 1188 1205
v (C=C) g 1661 1639 tv (C-H,) 1170 1175
v (C=N), 1615 1581 pu(C-H) 1152 1147
v (N-H) 1541 1498 V(N-N) 1098 1126

v: gerilme titresimi; v_ : Asimetrik gerilme titresimi; v_: Simetrik gerilme titresimi; wv : Dalgalanma titresimi; yv: Diizlem dig1 ac1 biikiilme titresimi; dv:

Aci biikiilme titregimi; pu: Sallanma titregimi.

Molekiiler Elektrostatik Potansiyel (MEP)
Analizi

Molekiiler Elektrostatik Potansiyel(MEP)
molekiilde toplam yiikk dagilimi ile olusturulan net
elektrostatik etki hakkinda bilgi vermenin yam sira,
bir bilesigin elektronegatifligi, yiikii, dipol moment
ve kimyasal reaksiyona oram ile iligkilendirilirken
molekiil polaritesini anlayabilmemizi saglayan optik
bir yontemdir. (Bouabdallah, 2013). Sekil 6’da ii¢

boyutlu olarak elde edilen bilesigin farkli renklerde
MEP haritas1 gosterilmektedir. Renklerde mavi renk
molekiiliin pozitif bolgelerini gosterirken, yesil renk
iliml bolgelerini, kirmizi renk ise negatif bolgelerini
gosterir. Buna gore, 2 nolu bilesigin 6zellikle oksijen ve
azot atomlarinin oldugu bolgeler elektronca zenginken,

hidrojen atomlarinin oldugu yerler pozitif olarak

goriilmektedir.

Sekil 6. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 4-oksadiazol-2-il Jamin bilesiginin MEP haritast
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Molekiiler Parametre Hesaplamalari

HOMO- LUMO enerjileri, aralarindaki enerji
farklar1 (AE), elektronegatiflik (), kimyasal potansiyel
(Pi), kimyasal sertlik (1), yumusaklik (o), elektrik
dipol momenti (M), iyonlagma enerjisi (I), elektron
ilgisi (A), elektronik kimyasal potansiyel (x) global
elektrofillik(w) global yumusaklik, (S) Elektronik Yiik
(ANmax) degerleri literatiire gore hesaplandi. (Moser,
et al. 2010, Bouabdallah, et al., 2013). Molekiiliin
stabilitesi ve reaktivitesi icin kimyasal sertlik ve
yumusgaklik onemli parametrelerdir. Sert molekiiller
biiyiik enerji degerlerine yumusak molekiiller kiiciik

enerji degerlerine sahiptir. Yumugak molekiiller
elektronlarin1 bir reseptore kolaylikla sunabildikleri
icin sert molekiillerden daha reaktiftir. Diger molekiiler
parametrelerde bu degerlerle iligkilendirilebilmektedir.
Buna gore elde edilen bilesigin HOMO-LUMO
degerlerinin diisiik olmasi reaksiyon aktivitesinin daha
kolay olacagini ve metal atomlar1 veya bir reseptore
kolayca baglanabilecegini gostermektedir. Bu nedenle
genel olarak 2 nolu bilesigin aktivitesinin belirlenmesi
ve deneysel sonuglarin quantum kimyasal hesaplari ile
iligkilendirilmesi icin yukarida sayilan parametreler

literatiire gore hesaplanarak cizelge 5’de 6zetlendi.

Cizelge 5. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-1,3 4-oksadiazol-2-il)amin bilesiginin hesaplanan molekiiler parametreler

Cizelgesi(a.u).
HOMO -0,20873 kimyasal sertlik (1)) 0,070005
LUMO -0,06872 kimyasal yumusaklik (o) 14,28469
HOMO-1 -0,22808 elektronik kimyasal potansiyel (Pi) -0,13873
LUMO+1 -0,06365 global elektrofillik(w) 0,000674
AE jomo-Lumo) 0,14001 global yumusaklik (S) 0,035003
AE omonovonn 0,16443 Elektronik Yiik (AN ) 1981644
elektronegatiflik (%) 0,138725
Natural Bag Analizi biiyilikliiglinii gostermektedir. Elde edilen 2 nolu

Natural Bag Analizi molekiil i¢ci ve molekiillerarasi
bag etkilesimleri icin dnemli bir parametredir. HOMO
iligkili iken LUMO
elektron ilgisi ile iligkilidir. Cizelge 6’da verilen E2

iyonizasyon patansiyeli ile

degeri elektron veren-alan arasindaki etkilesiminin

bilesikteki etkilesimleri degerlendirirsek en giiclii
etkilegsimlerin BD (1) O,,- H,, ile RY*(6) H,,
arasinda 1936.03kcal/mol, LP (1) O,, ile RY*(6) H,,
arasinda 1628.53kcal/mol, CR (1) O,, ile RY*(6) H,,
arasinda 1213.44 kcal/mol oldugu gézlemlendi.

Cizelge 6. N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)-1,3 4-oksadiazol-2-il Jamin bilesiginin NBO analiz Cizelgesi

Donor NBO Acceptor NBO E(2) kcal/mol Donor NBO Acceptor NBO E(2) kcal/mol
BD (1) C,,- O, RY*(3) H,, 29.54 CR (1) O, BD*(2) C,-C,, 34.63
BD (1)C,- O, RY*(6) H,, 1082.77 CR(1) O, BD*(1) C,, - H,, 193.02
BD (1)C,, - O, BD*(2)C,-N,, 14.08 CR (1) O, BD*(1) N, - N, 599.43
BD(1)C, -0, BD*(22) C,,-C,, 20.12 CR (1) O, BD*(1) O, - H,, 310.06
BD(1)C,-0,, BD*(1) N, - N, 159.93 LP (1) O, RY*(3) H,, 30.07
BD(1)C,, - O, BD*(1) O, - H,, 75.74 LP (1) O, RY*(6) H,, 1628.53
BD (1) O, - H, RY*(3) H,, 41.23 LP (1) O, BD*(22)C,,- N, 22.59
BD (1) O, - H,, RY*(6) H,, 1936.03 LP (1) O, BD*(22) C,;-C,, 30.71
BD (1) O, - H,, BD*22)C,,-N,, 2521 LP (1) O, BD*(1)C,,- H,, 67.72
BD (1) O, -H,, BD*(2) C,,- C,, 3736 LP (1) O, BD*(DN, -N,, 12270
BD (1) O, - H,, BD*(1) C,, - H,, 52.38 LP (1) O, BD*(1) O, - H,, 75.20
BD (1) O, - H,, BD*(1) N, - N, 212.88 LP(2) O, RY*(1) H,, 36.08
BD (1) O, - H,, BD*(1) O,,- H,, 106.73 LP(2) O, RY*(6) H,, 101.04
CR (1) O, RY*(15) O, 30.98 LP(2) O, BD*(22) C,,-C,, 21.92
CR (1) O, RY*(16) O, 33.38 BD*12)C,-N,, BD*(22) C,,-C,, 11.62
CR (1) O, RY*(3) H,, 83.73 BD*12)C,,-C,, BD*(22)C,,-C,, 174.20
CR (1) O, RY*(6) H,, 1213.44 BD*(2)C,,-C,, .BD*(2)C,,-C, 60.20
CR(1) O, BD*(2)C,-N,, 20.15 BD*(2)C,,-C, .BD*(2)C,.-C,, 121.21
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N-(4-metilfenil)-N-(5-(3-hidroksinaftil-2-il)- 1,3 ,4-oksadiazol-2-ilJamin’in Sentezi Karakterizasyonu ve Gaussian Hesaplamalar1

SONUC

Bu calismada N-(4-metilfenil)-N-(5-(3-hidrok-
sinaftil-2-il)-1,3,4-oksadiazol-2-il)amin bilesiginin sen-
tezi literatiirde ilk kez gerceklestirildi. Elde edilen
bilesigin yapisi 'H-NMR, *C-NMR, elementel analiz
teknikleriyle aydinlatildi. Calismanin ikinci asamasinda
ise Gaussian 09 programiyla bilesigin teorik
hesaplamalar1 yapildi. Teorik sonuglara gore HOMO da
elektron yogunlugu tiim bilesige dagilmasina ragmen
LUMO?’ da naftalin halkas: iizerinde toplandigi, teorik
ve deneysel NMR degerleri karsilagtirildiginda R?
degerinin 'H-NMR’de 0,6018 "“C-NMR’de 09749
olarak belirlendi. Deneysel ve teorik FT-IR degerleri
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genel olarak uyum igerisinde iken, molekiiler parametre
hesaplar1 sonucunda elde edilen degerlerin diisiik olmast
nedeniyle metal atomlariyla kolaylikla baglanabilecegi
tespit edildi. Natural bag analizi sonucuna gore ise en
giiclii elektron alan-veren etkilegimlerin BD (1) O, -
H,, ile RY*(6) H,, arasinda 1936.03kcal/mol oldugu
gozlemlendi.
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An LC-MS/MS Method Validation for the Phytochemical
Quantification of Four Edible Plants

Mustafa Abdullah YILMAZ', Oguz CAKIR?, Enes ARICA?, ismail YENER*, Birol OTLUDIL?,
Mehmet Hakki ALMA®, Abdulselam ERTAS’

ABSTRACT: A comprehensive LC-MS/MS method was developed and validated for the quantification of eight
plant phytochemicals (cynarin, caffeic acid, syringic acid, p-coumaric acid, o-coumaric acid, vanillic acid, ferulic
acid, chlorogenic acid) in plants. The developed analytical method was fully validated in terms of linearity, accuracy
(recovery), inter and intra-day precision (repeatability), limits of detection and quantification (LOD/LOQ) and
relative standard uncertainty (U% at 95% confidence level (k=2)). Chromatographic separation was performed on
a reverse phased UHPLC. MS detection was performed using a triple quadrupole mass spectrometer and negative
or positive ionization modes were optimized for each analyte. Multiple reaction monitoring (MRM) was used
to quantify the analytes, related molecular ions and transition ions were optimized. After method validation, the
phytochemical composition of methanolic extracts of some edible plants including artichoke (Cynara scolymus L.),
broccoli (Brassica Oleracea var. Italica), caulifiower (Brassica Oleracea var. Botrytis) and tumble thistle (Gundelia
Tournefortii) were investigated by the developed and validated LC-MS/MS method. Among the analysed plants,
artichoke was by far the richest one in terms of phenolics. Additionally, chlorogenic acid was the most abundant
phenolic compound in all plants. Although the studied edible plants were chosen as real samples, the developed
LC-MS/MS method is applicable to a wide range of species in plant kingdom.
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Yenilebilir Dort Bitki Tiiriiniin Fitokimyasal Iceriginin Miktarsal
Tayini icin LC-MS/MS Metot Validasyonu

OZET: Bitkilerde 8 fitokimyasal bilesigin (sinarin, kafeik asit, sirinjik asit, p-kumarik asit, o-kumarik asit, vanilik
asit, ferulik asit, klorojenik asit) miktarsal tayini i¢in kapsamli bir LC-MS/MS metodu gelistirildi ve validasyon
caligmalar1 yapildi. Geligtirilen analitik metot lineerite, gerceklik (geri kazanim), giin i¢i ve giinleraras: kesinlik
(tekrarlanabilirlik ve tekrar iiretilebilirlik), tespit ve tayin limitleri (LOD/LOQ) ve bagil standart belirsizlik (% 95
giiven araliginda (k=2)) gibi parametreleri igerek sekilde tam validasyon calismalari yapildi. Kromatografik ayrim
ters faz UHPLC sistemi ile yapildi. Kiitle dedeksiyonu ise her analit i¢cin negative veya pozitif iyonlagma modlari
optimize edilerek iiclii kuadrupol kiitle spektrometresi ile gerceklestirildi. Analitlerin miktarsal tayini icin ¢oklu
reaksiyon goriintiileme (MRM) kullanildi, molekiiler iyonlar ve ilgili gecis iyonlar: ise optimize edildi. Metot
validasyonu sonrasi, enginar (Cynara scolymus L.), brokoli (Brassica Oleracea var. Italica), karnabahar (Brassica
Oleracea var. Botrytis) ve kenger gibi (Gundelia Tournefortii) bazi yenilebilir bitkilerin methanol ekstrelerinin
fitokimyasal icerikleri gelistirilen ve valide edilen LC-MS/MS metodu ile tespit edildi. Analiz edilen bitkiler
arasinda enginar, agik ara farkla fenolik yoniinden en zengini olarak belirlendi. Ek olarak, analiz edilen tiim
bitkilerde klorojenik asit en bol bulunan bilegen olarak goriildii. Calisilan 6rnekler analiz icin secilmis bitkiler olsa
da, gelistirilen LC-MS/MS metodu bitki diinyasindaki pekcok bitkiye uygulanabilirdir.
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INTRODUCTION
Natural polyphenols (i.e., phenolic acids,
flavonoids, tannins) are compounds that are

produced by plants and are involved in their
defense mechanisms against biotic and abiotic
stressors (Beckman, 2000). The consumption of
polyphenol-rich plants such as vegatables and foods
has been observed to be beneficial to human and
animal health. To examplify, they are efficient in
prevention of cardiovascular disease and cancer
(Del Rio et al., 2013; Rodriguez-Mateos et al., 2014;
Feliciano et al., 2015; Turati et al., 2015). From the
technological food point of view, these metabolites
play an important role against oxidative damage, and
thus prevent quality deterioration (Shahidi, 1997).
However, the continuous request from consumers for
a sustainable source and environmentally friendly
production has increased scientific interest in the
search for potential natural compounds in plant
materials (Balasundram et al., 2006).

The globe artichoke (Cynara scolymus L.) being
aherbaceous perennial crop is widely consumed in the
Mediterranean area (Bianco, 2005). Its commercial
production makes significant contribution to the
agro-economy. Compared to other vegetables, globe
artichoke embodies a high level of polyphenolic
compounds (Brat et al., 2006; Lattanzio et al., 2009;
Lombardo et al., 2010). Nonetheless, it is believed
to be a promising source of biopharmaceuticals
such as luteolin and mono-/di-caffeoylquinic acids,
which are responsible for the therapeutic effects
of the artichoke (Jun et al., 2007). Furthermore,
antioxidant properties of the artichoke are thought
to be related to its rich phenolic content (Mulinacci
et al., 2004). For all these reasons, artichoke is
regarded as a functional food. Several analytical
methods have been reported on phenolic compound
investigation in artichoke (Hé&usler et al., 2002;
Sénchez-Rabaneda et al., 2003; Wang et al., 2003;
Schiitz, 2006; Lombardo et al., 2010).

that
such as

Epidemiological studies have shown
consumption of Brassica vegatables

broccoli and cauliflower reduces the risk of many
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noncommunicable diseases. This health-promoting
effects of Brassica vegetables, are generally thought
to originate from bioactive compounds such as
glucosinolates (GSLs) and phenolic compounds
(Latte et al., 2011; Sikora and Bodziarczyk, 2012;
Kumar and Andy, 2012; Ares et al., 2013). Methods
for identification and quantification of the main
phenolic compounds in Brassicaceae vegetables have
been generally based on HPLC coupled to DAD or
MS detectors (Llorach, 2003; Vallejo, 2004; Bahorun,
2004; Ferreres et al., 2005; Harbaum et al., 2007).

Tumble thistle (Gundelia Tournefortii L.) being
a member of compositae family is a medicinally
important plant, important food source and native to
the Asian-temperate zones of Western Asia, namely
Turkey, Azerbaijan, Turkmenistan, Cyprus, Egypt,
Iran and Israel (Coruh et al., 2007). There are some
articles on the bioactivities and chemical contents of
tumble thistle, though not many. Haghi et al.. (2011)
investigated the caffeic acid derivatives in Gundelia
tournefortii by HPLC.

The goal of this study was to develop and validate
an LC-MS/MS method for the simultaneous and
quantitative determination of phenolic compounds
in vegatables. In this case, the phytochemical
composition of methanolic extracts of some edible
plants including artichoke (Cynara scolymus L.),
broccoli (Brassica Oleracea var. Italica), cauliflower
(Brassica Oleracea var. Botrytis) and tumble thistle
(Gundelia Tournefortii).

MATERIALS AND METHODS
Chemicals

Cynarin (95%), caffeic acid (98%), syringic
acid (95%), p-coumaric acid (98%), o-coumaric
acid (97%), vanillic acid (97%), ferulic acid
(99%), chlorogenic acid (95%), formic acid (98%),
ammonium formate (99%) were purchased from
Sigma Aldrich Co (Figure 1) . HPLC grade methanol
was obtained from Merck and ultrapure water was
obtained from Sartorious arium® pro ultrapure water

system.
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Figure 1. Phenolic compounds used in the LC-MS/MS method

Img/mL stock solutions of 8 phenolic compounds
were prepared from their solid forms. They were
stored at -20°C when not studied. Afterwards, related
calibration solutions were prepared by diluting these
standard stocks.

Plant Material

Fresh artichoke, cauliflower, broccoli and tumble
thistle samples, cultivated in Turkey, were purchased
from a commercial local market. Then, the vegetables
were seperated into different parts except from tumble
thistle (artichoke; heart, outer stem, inner stem, outer
leaves, inner leaves, cauliflower; stem, leaves, head,

Cilt / Volume: 8, Say1 / Issue: 1,2018

broccoli; outer stem, inner stem, leaves, head). After
being purchased, vegatable samples were transported
directly to the lab, washed with deionized water and
stored at 4°C prior to be used.

Extraction Protocol

Firstly, fresh plant samples were divided into
different parts, each part was homogenized by
laboratory mixer and 10 grams of the samples were
macerated with methanol three times (3x10 mL). After
that, the extracts were filtered through 0,2 y microfiber
syringe filter and put into HPLC vial prior to injection.

181



Mustafa Abdullah YILMAZ et al.

Instrumentation and

Conditions

Chtomatographic

LC-MS/MS analyzes of 8 phenolic compounds
were performed by using a Nexera model Shimadzu
UHPLC coupled to a tandem MS instrument. The liquid
chromatography was equipped with LC-30AD binary
pumps, DGU-20A3R degasser, CTO-10ASvp column
oven and SIL-30AC autosampler. The chromatographic
separation was performed on a C18 reversed-phase
ACE 3, 150x 4.6 mm analytical column. The column
temperature was fixed at 30°C. The elution gradient
consisted of mobile phase A (water, 5 mM ammonium
formate and 0.1% formic acid) and mobile phase
B (methanol, 5 mM ammonium formate and 0.1%
formic acid). The gradient program with the following
proportions of solvent B was applied t (min), B%: (0,
10),(30,90),(10,14) (90),(14.01,20), (30). The solvent
flow rate was maintained at 0.5 mL/min and injection
volume was settled as 2 uL.

MS Instrumentation

MS detection was performed using Shimadzu
LCMS 8040 model triple quadrupole mass spectrometer
equipped with an ESI source operating in negative
ionization mode. LC-MS/MS data were collected and
processed by LabSolutions software (Shimadzu, Kyoto,
Japan). The multiple reaction monitoring (MRM)
mode was used to quantify the analyzes: the assay of
investigated compounds was performed following two
transitions per compound, the first one for quantitative
purposes and the second one for confirmation. The
optimum ESI conditions were determined as interface
temperature; 350°C, DL temperature; 250°C, heat block
temperature;400°C, nebulizing gas flow (nitrogen); 3 L
min' and drying gas flow(nitrogen); 15 L min™'.

LC-MS/MS Method
Quantitative Analysis

Validation And

In this study, before the method validation process,
chromatographic and mass spectrometric conditions
were optimized. To do this; different columns, mobile
phases (acetonitrile-water, —methanol-water etc.),
mobile phase additivies (ammonium acetate-acetic
acid, ammonium formate-formic acid, ammonium
hydroxide), column temeperatures and HPLC flow
rates, were tried and the ones that serve for the best
chromatographic seperation and mass ionization
efficiencies were chosen for our method.
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Following the optimization of chromatographic
and MS conditions, the LC-MS/MS method was fully
validated for the quantification of 8 phenolic compounds
(cynarin, caffeic acid, syringic acid, p-coumaric acid,
o-coumaric acid, vanillic acid, ferulic acid, chlorogenic
acid) in edible plants. The performance characteristics
of the developed method were determined by using
standard solutions, spiked and non-spiked samples.
Within this context, the developed method was fully
validated in terms of linearity, accuracy (recovery),
inter-day and intra-day precision (repeatability), limits
of detection and quantification (LOD/LOQ) and relative
standard uncertainty (U% at 95 % confidence level
(k=2)). Parameters related to the LC-MS/MS method
validation studies are given in Table 1.

Linearity

A calibration study was carried out over a wide
concentration range in order to adapt to the broad
spectrum of plants with significant phenolic content.
The linearity studies were performed using external
standard calibration curve with six concentration levels
for each analyte, and each concentration level was
assayed in triplicate. The developed method showed to
be linear for all compounds, between the ranges of tested
concentrations during the validation of the method with
R2> 0.9923. The equations for the calibration curves
and the determination coefficients (R?) are shown in
Table 1. Calibration graphs of the analytes are given in
Figure 2.

Accuracy and Precision

(Repeatability)

(Recovery)

Accuracy and precision studies of the method
were performed by standard addition to a selected
vegetable (cauliffiower stem) extract. For intra-day
variability assessment, spiked samples were measured
for six replicates within a single day, whereas spiked
samples were examined in six replicates per day for
three consecutive days to conduct inter-day assay. As
a result of the intra-day and inter-day studies, recovery
and %RSD values were calculated to determine the
accuracy and precision (Table 1). The recovery was
calculated with the following equation: recovery
(%) = (amount found — original amount)/amount spiked
x 100%.
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Figure 2. Calibration curves for the analytes studied in the LC-MS/MS method (A: Cynarin, B: Caffeic acid, C: Syringic acid, D: p-Coumaric
acid, E: o-Coumaric acid, F: Vanillic acid, G: Ferulic acid, H: Chlorogenic acid)

Detection and Quantification Limits (LOD/LOQ)

In order to determine LOD and LOQ values for
the analytes used in the LC-MS/MS method, analyte
mixtrure were spiked at 10 identical samples prepared
from a selected extract at the lowest concentration
signaled by the standards and injected to the instrument.
LOD and LOQ values detected for the analytes were
as; 11.21/13.12 for cynarin, 2.58/3.61 for caffeic
acid, 286.51/339.87 for syringic acid, 8.62/9.92 for
p-coumaric acid, 12.84/13.63 for o-coumaric acid,
290.54/361.78 for vanillic acid, 114.24/141.67 for
ferulic acid and 2.35/2.81 for chlorogenic acid. LOD

RESULTS AND DISCUSSION

Quantitative analysis of Phenolic
Compounds by LC-MS/MS

After method validation, the phytochemical
composition of different parts of methanolic

extracts of the studied fresh edible vegatables

including artichoke (Cynara scolymus L.),
broccoli  (Brassica Oleracea var. Italica),
cauliflower (Brassica Oleracea var. Botrytis)

and tumble thistle (Gundelia Tournefortii) were
investigated by the developed and validated LC-
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and LOQ values were calculated according to the
following equations (Table 1):

LOD=Mean+3xStandard Deviation
LOQ= Mean+10xStandard Deviation

Relative Standard Uncertainty (U%)

Standard uncertainties of the analytes were
determined by the accuracy (recovery) and precision
(repeatability) studies according to EURACHEM
Guide (EURACHEM CITAC Guide, 2004).

MS/MS method. The quantitation results and
representative chromatograms (chromatograms of
standard chemicals and )were given Table 2 and
Figure 3, respectively.

to the

o-coumaric and ferulic acids weren’tdetected in any

According results, syringic,
parts of the extracts. In addition, chlorogenic acid
was the most abundant phenolic compound present
in all extracts. Nevertheless, heart (19651.38 ug
g! fresh plant) and inner leaves (14738.88 ug g!

plant) of artichoke sample contained the highest
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amounts of chlorogenic acid. Similarly, tumble
thistle ( 6863,64 ug g' fresh plant), outer and
inner stems of artichoke (5162,88 and 3747,32 64
ug g fresh plant, respectively), outer leaves of
artichoke (2806,88 ug g! fresh plant) and head
parts of broccoli (2075,66 ug g' fresh plant) were
rich in terms of chlorogenic acid. On the other
hand, chlorogenic acid content of cauliflower-stem
and broccoli-inner stem etxracts were quite low.

Moreover, the heart (168.42 pug g' fresh
plant) and inner leaf (635.63 g g fresh plant) parts
of the artichoke are the only extracts containing
vanillic acid. Inner stem part of artichoke (58.83

png g fresh plant) was the most abundant extract
containing caffeic acid. Inner leaves of artichoke
(21.95 pug g! fresh plant), tumble thistle ( 25.52
ug g fresh plant) and head of broccoli (25.86
pg g' fresh plant) were also rich in caffeic acid
compared to other extracts. Besides, head of
cauliflower (135.20 ug g' fresh plant) was the
richest extract containing p-coumaric acid. When
it comes to cynarin content, artichoke parts were
the only extracts containing cynarin. Inner leaves
(157.81 pug g! fresh plant), outer leaves (106.22 ug
g! fresh plant) and heart (82.45 pug g' fresh plant)
parts of the artichoke were the most abundant
extracts containing cynarin.
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Figure 3. LC-MS/MS TIC chromatograms of A: Standard analytes, B: Artichoke inner leaf sample
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Table 2. Quantitative results (#g analyte/g plant) for the phenolic analysis of samples by LC-MS/MS

Samples Cynarin Cz}ffeic sy{'ingic p-?oumaric o-(}oumaric Va.nillic Fe.rulic Cl.llorogenic
acid acid acid acid acid acid acid
Artichoke-heart 82.45 71 ND: 407 N.D. 168.42 N.D. 19651.38
Artichoke-outer stem 24 .41 13.66 N.D. 6.5 N.D. N.D. N.D. 5162.88
Artichoke-inner stem 31.36 53.83 N.D. 548 N.D. N.D. N.D. 3747.32
Artichoke-inner leaf 157.81 21.95 N.D. 49.67 N.D. 635.63 N.D. 14738.88
Artichoke-outer leaf 106.22 3.96 N.D. 38.6 N.D. N.D. N.D. 2806.88
Tumble thistle N.D. 2552 N.D. 9.17 N.D. N.D. N.D. 6863.64
Cauliflower-stem N.D. 0.84 N.D. 3229 N.D. N.D. N.D. 45.37
Cauliflower-leaf N.D. 1.52 N.D. 15.97 N.D. N.D. N.D. 326.61
Cauliflower-head N.D. 1.13 N.D. 1352 N.D. N.D. N.D. 524.99
Broccoli-head N.D. 25.86 N.D. 1491 N.D. N.D. N.D. 2075.66
Broccoli-leaf N.D. 332 N.D. 94 N.D. N.D. N.D. 1675.51
Broccoli-outer stem N.D. 1.82 N.D. 9.64 N.D. N.D. N.D. 245.58
Broccoli-inner stem N.D. 0.88 N.D. 15.89 N.D. N.D. N.D. 20.68

2N.D.: Not detected

In a previous study on Brazilian vegatables, it
was reported the caffeic acid content of artichoke
and broccoli (Tiveron, 2012). Furthermore, Haghi
et al. reported the chlorogenic acid and caffeic acid
contents of tumble thistle in their study (Haghi,
2011). In another study, Negro et al. reported
the chlorogenic acid and caffeic acid contents in
artichoke plant tissues (Negro, 2012).

CONCLUSION

A rapid LC-MS/MS method was developed for
the simultaneous and quantitative determination
of eight phenolic compounds in plant tissues. The
developed LC-MS/MS method was fully validated
in terms of linearity, accuracy (recovery), inter
and intra-day precision (repeatability), limits of
detection and quantification (LOD/LOQ) and
relative standard uncertainty (U% at 95% confidence
level (k=2)). In the current syudy, the phytochemical
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composition of methanolic extracts of different
parts of some edible plants including artichoke
(Cynara scolymus L.), broccoli (Brassica Oleracea
var. Italica), cauliflower (Brassica Oleracea var.
Botrytis) and tumble thistle (Gundelia Tournefortii)
were investigated. According to the results, syringic,
o-coumaric and ferulic acids weren’t detected in any
parts of the extracts. Additionally, chlorogenic acid
was the most abundant phenolic compound present
in all extracts. Nevertheless, heart (19651.38 ug g’!
fresh plant) and inner leaves (14738.88 ug g!' plant)
of artichoke sample contained the highest amounts
of chlorogenic acid.
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Yeni Jenerasyon TREN ve Jeffamine® D230 Cekirdekli PEG
Sonlu PAMAM Dendrimerler: Sentezi, Karakterizasyonu,
Sulfametoksazol (SMZ) I¢cin Kompleks ve In Vitro Salimn Calismasi

Mustafa Ulvi GURBUZ!, Ali Serol ERTURK?, Metin TULU!

OZET: Sulfametoksazol (SMZ) bir antibiyotiktir ve trimetoprim ile bakteriyostatik ve idrar yolu enfeksiyonlarimnin
tedavisinde yaygin olarak kullanilir. SMZ ile ilgili sorun, zayif su ¢oziiniirliigii, dolayisiyla klinik uygulamalarda
diigiik biyoyararlanimidir. Bu caligmada, yeni jenerasyon TREN (T) ve Jeffamine® D230 (D) ¢ekirdekli PEG
bisamin sonlu (T5.PEG COOH ve D5.PEG COOH) PAMAM dendrimer sentezlendi. Sentezlenen dendrimerler, 'H
NMR ve ATR-FTIR ile karakterize edilerek SMZ’nin ilag tagtyici ve in vitro salimi ¢aligmasi arastirildi. PAMAM
dendrimerin SMZ’nin ¢oziiniirliigiinii arttirmada ki rol’ii 0.002 M dendrimer varlifinda 54 kat ve TS.PEG COOH>
D5.PEG COOH azalan siralamada belirlendi. /n vitro salimi calismasi gosteriyor ki, 2 saat sonra SMZ’den en yavag
salim1 SMZ-T5.PEG COOH (% 12.3) ilag-dendrimer ¢ozeltisinde gozlendi.

Anahtar Kelimeler: lag tasiyici sistem, pegilasyon, poly(amidoamin) pamam, sulfametoksazol
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New-Generation TREN and Jeffamine® D230 Core PEG Terminated
PAMAM Dendrimers: Synthesis, Characterization, Complexation
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ABSTRACT: Sulfamethoxazole (SMZ) is an antibiotic and used widely in the treatment of bacteriostatic and
urinary tract infections with trimethoprim. The problem with SMZ is its poor water solubility, therefore, low
bioavailability in clinical applications. In this study, we synthesized new-generation TREN and Jeffamine®
D230 core PEG bisamine terminated (TS.PEG COOH and D5.PEG COOH) PAMAM dendrimers. Synthesized
dendrimers were characterized by 'H NMR, and ATR-FTIR investigated as drug carriers of SMZ and in vitro
release studies. The role of PAMAM dendrimer in the solubility enhancement of SMZ was in the decreasing order
of T5.PEG COOH> D5.PEG COOH, and 54-fold in the presence of 0.002 M dendrimer. In vitro release studies
showed that after 2h, the slowest release of SMZ was observed from the drug-dendrimer solution of SMZ-T5.PEG
COOH (% 12.3).
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GIRIS

Kansere bagl oliimlerin son yillarda diinya capinda
hizli bir artis gostermektedir. WHO istatistiklerine gore
2030 yilina kadar kanserden olenlerin sayisinda % 45
artig ongoriilmektedir (Thanki et al., 2013). Bu saghk
problemini ¢ozmek amactyla ilag sektorii yeni anti-kanser
ilaglar1 gelistirmek igin biiylikk paralar ve caligmalar
sarf etmektedir (Maeda, 2012). Fakat yeni gelistirilen
ilaglarin ¢oziiniirliiklerinin diisiik olmasindan dolay1
viicut igerisinde etkili bir biyoyararlilik gosterememesi
ve tiimorlii dokunun yani sira saglikli doku ve organlarda
etkili olmas1 gibi baz1 dezavantajlar1 vardir. Kan
dolagimindaki anti-kanser ilaglar1 bobrekler tarafinda
hizli bir sekilde emilerek digariya atilmalar1 sebebiyle
kanser hastalarina siklikla ayni tedavi uygulanmaktadir
(Okuda et al., 2006; Jain and Bharatam, 2014). Anti-
kanser ilaclarin kanserli hiicreyi hedefleyerek dogru
zaman ve miktarda kontrollii salimini gerceklestirmek
icin nanopartikiiller, lipozomlar, miseller, polimerler
ve dendrimerler gibi biyomalzemeler kullanilmaktadir
(Oerlemans et al., 2010).

Dendrimerlerin monodisperdisesi, suda
coziinebilirligi, kapsiilleme yetenegi ve cok sayidaki
fonksiyonel u¢ gruplart gibi fiziksek karakterleri, bu
makro molekiilleri ila¢ tagima araci olarak kullanilmasi
icin uygun bir aday yapmaktadir (Morgan et al., 2006).
Dendrimerlerin ilag tasiyici sistemlerde kullanilmasinda
tic temel ozelliginden yararlanilmaktadir. Bunlardan
birincisi, suda ¢ok az ¢dziinen bir¢ok ilacin yapisinin
getirdigi avantajlar sayesinde c¢Oziiniirliiglinii  ve
biyoyararliligin1 artirabilmekte; ikincisi, boyutlarinin
kontrol edilebilir olmasindan dolay: bobrek esigini
astigindan dolay1 bobreklerde filtrelenmediginden kan
dolagiminda daha uzun siire kalabilmekte; iiclinciisii
ise, dendrimerin ylizey gruplarini hedeflendirme
gruplar1 ile modifiye edilerek ilacin hedef bolgeye
ulagsmasini sagladig1 gibi, ilacin saglikli dokulara
etkisini azaltabilmektedir (Caminade and Turrin, 2014).
Farmasotik alaninda genis uygulama alanlarina sahip
olmasinaragmen,amin sonludendrimerlerin sitotoksisite

H,N

ve hemolitik toksisite Ozellik gostermesinden dolay1
biyolojik sistemlerde  kullanimini  kisitlamaktadir
(Kesharwani et al., 2014). Toksisiteyi minimize etmek
icin biyouyumlu dendrimer sentezlemek (nétral ve
anyonik foksiyonel gruplu) veya dendrimer yiizeyini
toksik olmayan yiizey gruplariyla modifiye etmek
gerekmektedir (Jevprasesphant et al., 2003; Agrawal et
al., 2007; Medina and El-Sayed, 2009).

Biyouyumlu polietilen glikol (PEG) maddesi
toksik, immiinojenik ve antijenik olmayan, suda
yiiksek coziiniirliige sahip polimerik yapilardir (Zhu
et al., 2010). PAMAM dendrimerin yiizeyini PEG ile
modifiye edilerek, dendrimerin toksisite sorunlarinin
iistesinden gelmek, etkin maddenin ve tagtyici sistemin
cozlinilirligiini  arttrmak ve arttirilmis  gecis  ve
alikonma etkisiyle etken maddenin tiimore alinimi
arttrmak amaciyla siklikla kullanilmaktadir (Luo et
al., 2002). Dendrimerlerin yiizeyi PEG ile modifiye
edilerek biyouyumlu dendrimerler elde edilmesinin
yani sira etken maddeyi veya hedeflendirme ligandlarini
dendrimerlere PEG araciligiyla kovalent baglarla konjuge
edilebilmektedir (Zhang et al., 2010; Zhao et al., 2010;
Ohyama et al., 2016). Bu sayede ilaglarin ¢oziiniirliigiinii
ve kararliliginin arttirmakla birlikte, ila¢ tagtyici sistemin
hedef bolgeye ulastiginda etken maddenin asit ortaminda
salim gerceklestirebilir (Oztiirk et al., 2017).

Son calismamizda TREN (T) ve Jeffamine®
D230 (D) cekirdekli yiiksek jenerasyonlu PAMAM
tiirli dendrimer sentezini ve karakterizasyonu gosterildi
(Ertiirk et al., 2017b; Giirbiiz et al., 2017). Bu calismada
(T) ve (D) cekirdekli ester sonlu PAMAM dendrimerin
(D4.5.COOCH, ve T4.5.COOCH,) ~ % 10 oramnda
PEG bisamin ile modifiye edildikten sonra geriye kalan
ester gruplari hidroliz edilerek ¢oziiniirligii cok diisiik
olmasindan dolayi, kanmn icinde hizli emilmemesi,
plazma proteinleriyle yetersiz iligkisi ve bircok yan
etkisi (ates, deri dokiintiisii, hematolojik bozukluk, vb.)
gibi olumsuz etkileri neden olan sulfametoksazol (SMZ)
(Sekil 1) ile fiziksel etkilesimlerini saglayarak ilacin
sudaki ¢Oziiniirligii aragtirildi.

o
g—NH

Sekil 1. SMZ kimyasal 6zellikleri: A =256 nm, pKa = 6.16 ve 1.97, Molekiiler agirhk = 253.27 g mol”!
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MATERYAL VE YONTEM
Materyaller ve cihazlar

Tris (2-aminoethyl)amin (TREN), Jeffamine®
D230, PEG bisamin (Ma = 2000 g mol™), etilendiamin
(EDA), metilakrilat, metanol, n-butanol, NaOH ve
sulfametoksazol (SMZ) Sigma-Aldrich firmasindan
temin edildi, Biitiin c¢ozeltiler 18.2 M Millipore
Milli-Q cihazindan elde edilen ultra saf ile hazirlandi.
NMR ol¢giimleri Bruker 500 MHz cihazi kullanilarak
alindi. UV-Vis spektrumlart PG T70 UV-Vis
spektrofotometresi  kullanilarak  alindi.  Infrared
spektrum olgtimleri icin ATR-FTIR Bruker Tensor 27
(4000-400 cm") spektrofotometresi kullanildi.

PAMAM Dendrimerin Sentezi

(T) ve (D) cekirdekli PAMAM dendrimerlerin
PEG bisamin ile yapilan yilizey modifikasyonu son
calismamiza gore yapildi (Giirbiiz et al., 2016). 20 mL

NH,

Q -

Cekirdek TREN

Jeffamine D230

N
s

Sulfametoksazol (SMZ) I¢in Kompleks ve In Vitro Salimi Calismasi

metanol icerisindeki ester sonlu PAMAM tiirii dendrimer
¢ozeltilerin (D4.5.COOCH, ve T4.5.COOCH,) iizerine
metanol de ¢oziilmiis olan PEG bisamin (ester sayisinin
% 10) maddesi argon atmosferi altinda 0 °C sicaklikta
5 saat boyunca damla damla ilave edildi. 24 saat oda
sicakliginda karistirildi.

Reaksiyon bittikten sonra ortamdaki ¢oziicii
doner buharlagtirict  yardimiyla uzaklagtirildi.  Sivi
fazli polimer destekli alikonma (LPR) yonteminde 15
psi N, basingta, metanol ¢oziiciisii igerisinde, 10 kDa
membranlar kullanilarak saflagtirma iglemi yapildi. Son
¢Ozelti doner buharlastirict ile uguruldu. Sarimsi sivi
madde elde edildi. Elde edilen D5.PEG COOCH, ve
T5.PEG COOCH, maddelerini NaOH (ester sayisinin
1.5 kat1) ile 24 saat boyunca karistirildi. Coziicli doner
buharlagtiric1 yardimiyla uzaklastirilarak beyaz kati
D5.PEG COOH ve T5.PEG COOH maddeleri elde
edildi (Sekil 2 ve Cizelge 1).

HZN/\/N\/\NHZ HZNA\/O%)\NH

NH,

yUksek Jenerasyon

QMH,——— QN  —O N > cooc&,,) .
: e
\ \_\l
H,
G0'5 COOCH, G1°0 NH, G4'5 COOCH,
NH,PEG™NH,
O_<COOCH3> COOCH — COOH
<NH PEG" NH) (NH'PEG'NH,) ;
G4'5 PEG COOCH,4 G50 PEG COOH
Sekil 2. PEG bisamin sonlu PAMAM dendrimerlerin sentezi
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Cizelge 1. PEG bisamin sonlu PAMAM dendrimerlerin kimyasal 6zellikleri

Dendrimer X y z
% 10 PEGilasyon

D4.5.PEG COOCH, 56 - 8
T4.5 PEG COOCH, 86 - 10
D5.PEG COOH - 56 8
T5.PEG COOH - 86 10

SMZ-PAMAM Dendrimer
Hazirlanmasi

SMZ-PAMAM dendrimer kompleksleri Onceki
calismalarimiza gore hazirlandi (Ertiirk et al., 2017b,
2017a; Giirbiiz et al., 2017). 1:1 molar oraninda SMZ-
PAMAM Kkarigimlart metanolde ¢oziildii. 24 saat siire
boyunca 37 °C sicaklikta ve 250 rpm hizinda karistirildi.

Komplekslerin

Doner  buharlastirici yardimiyla  ¢oziicii
uzaklagtirildi ve geriye kalan ¢okeltiye saf su ilave
ederek 2 saat boyunca karigmasi saglandi. Daha sonra
0.45 pm’lik gozeneklere sahip siizgec kagid ile filtre
edildi. SMZ-PAMAM dendrimer kompleksleri UV-Vis
(230-400 nm) cihazi ile analizi yapildi.

UV-Vis Karakterizasyonu

SMZ-PAMAM dendrimer kompleksleri metanol
ile son konsantrasyon 12.5 ug mL"' olacak sekilde
seyreltildi. Bu komplekslerin UV-Vis cihaz1 ile 400-
230 nm araliginda spektrum olclimleri alindi. SMZ
karakteristik bantt A_ = 256 nm’dir. SMZ-PAMAM
dendrimer kompleksleri olustuktan sonra bu bantlarda
herhangi bir kayma goézlemlenmedi (Ertiirk et al.,
2017a,2017b; Giirbiiz et al., 2017).

SMZ Coziiniirliik Testi

PAMAM dendrimerlerin (T5.PEG COOH ve
D5.PEG COOH) 2.5 x 10* -2 x 10 M arasindaki ultra
saf su igerisindeki c¢ozeltileri 5 mL’lik balon jojede
hazirlandi. Fazla miktarda ilag ilave edilerek doygun
cozeltiler olugturulduktan sonra 24 saat boyunca 37
°C’de 250 rpm hizinda karigtirildi. 24 saatin sonunda
cozeltiler 6000 rpm hizinda 5 dakika boyunca santrifiij
yapildiktan sonra ¢oOziinmeyen ilaclar 0.45 pm’lik
gozeneklere sahip siizgec kagidi ile ¢ozelti ortamindan
uzaklastirildi.

SMZ-PAMAM dendrimer kompleks ¢ozeltilerinin
absorbans bantlari belli bir aralikta (0-1 abs) olabilmesi
icin seyreltme yapildiktan sonra Olclimler alindi.
SMZ’nin kalibrasyon egrisinden faydalanilarak ilacin
miktari belirlendi.

192

Ila¢ Salimu (in Vitro) Calismasi

TSPEG COOH ve DSPEG COOH
dendrimerlerin SMZ ile yapmis oldugu
komplekslerinin in vitro ilag salimi 6zellikleri arastirildi
(Giirbiiz et al., 2017). Kontrol ¢ozeltisi olarak 4 mg
mL"lik saf SMZ ¢ozeltisi hazirlandi. ilag-dendrimer
kompleks ¢ozeltileri 4 mg mL"' olacak sekilde PBS
(pH 74) ile seyreltildi. Daha sonra bu ¢ozeltilerden
1 mL aliarak diyaliz paketine (Ma 1 kDa) aktarildi.
Diyaliz paketi 50 mL beher igerisine konuldu ve 40
mL PBS (pH 7.4) ¢ozeltisi ilave edildi. 50 rpm hizinda
ve 2 saat boyunca karigtirma islemi devam ederken,
diizenli araliklarla numune alindiktan sonra ayni oranda
taze PBS cozeltisi ilave edildi ve ilacin 256 nm’deki
absorbans bandi takip edilerek dendrimerlerin ilag
salimi oranlari tespit edildi.

BULGULAR VE TARTISMA
PAMAM Dendrimerin Karakterizasyonu

Suda c¢oziinebilen dendrimerler ATR ve NMR
yontemleri kullanilarak karakterize edildi. Yiiksek
Jenerasyonlu ester sonlu dendrimerlere (D4.5. COOCH,
ve T4.5. COOCH,) ~ % 10 oraninda PEG bisamin
maddesini bagladigimizda PEG molekiiliinde bulunan
eter grubu (C-O) ~ 1020 cm™! de kuvvetli bir bant
olusturmus ve ~ % 90 oranindaki ester grubu hidroliz
edilerek ester bantinin kaybolmasi ve ~ 3000 cm
tizerinde asitten kaynaklanan yayvan bandin goriilmesi
reaksiyonun bagarili bir gsekilde gerceklestiginin
kanitidir (Sekil 3). Yiiksek jenerasyonlu dendrimerlere
(D4.5. COOCH, ve T4.5. COOCH,) ~ % 10 oraninda
PEG bisamin molekiilii ile modifiye edilmesinden
sonra elde ettigimiz dendrimerin '"H NMR spektrumunu
inceledigimizde PEG maddesin de bulunan metilen
gruplart 3.5-3.7 ppm arasinda rezonans yaptigi
goriildii. Ucuna PEG baglanmig dendrimerin sudaki
¢cOziinlirliigli arttirmak icin ester gruplarini  asit
grubuna dontstiirdiigimiizde metil esterleri 'H NMR
spektrumunda kayboldugu gozlendi (Sekil 4).
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Sekil 3. TREN c¢ekirdekli PEG bisamin sonlu PAMAM dendrimerin ATR spektrumu
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Sekil 4. TREN c¢ekirdekli PEG bisamin sonlu PAMAM dendrimerin NMR spektrumu
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DS.PEG COOCH,

Sarimst sivi elde edilidi (1,16 g, % 97). ATR-IR
v cm' 3324 (NH), 1735 (C=0), 1648 (HNC=0),
1562 (HNC=0), 1023 (C-O). 'H-NMR 6H (500 MHz;
CD,0D)2.34-2.45(m,CH,CH,COOCH,),2.56-2.66 (m,

2772
CH,CH,COOCH,),2.76-2.91 (m, CONHCH,CH,NR ),
326332 (m, CONHCH,CHNR), 337 (s,

CONHCH,CH,0), 358 (t, OCH.CHO), 3.68 (s,
COOCH,), 3.70 (t, CH,OCH,).

TS.PEG COOCH,

Sarimst sivi elde edilidi (1,24 g, % 98). ATR-IR
v_cm’! 3317 (NH), 1737 (C=0), 1648 (HNC=0),
1560 (HNC=0), 1020 (C-0). 'H-NMR 6H (500 MHz;
CD,0D)2.36-2.45(m,CH,CH,COOCH,),2.56-2.65 (m,
CH,CH,COOCH,), 2.77-2.87 (m, CONHCH,CH,NR ),
3.26-3.32  (m, CONHCH,CHNR), 337 (s,
CONHCH,CH,0), 3.58, (t, OCH,CH,0), 3.67 (s,

COOCH,), 3.70 (t, CH,0CH,),
D5.PEG COOH

Beyaz kati madde elde edildi (0.73 g, % 100).
ATR-IR v cm' 3321 (COOH), 1645 (HNC=0),
1568 (HNC=0), 1406 (O-H), 1022 (C-O).
'H-NMR 06H (500 MHz; CD,0D) 2.38-243 (m,

1.0
1
0.8 '
06 /
2 2
o P
=]
5 3
Z 04
T
0.2
— "
003 ;
240 280

CH,CH,COOH), 2.64-270 (m, CH,CH,COOH),
2.72-276 (m, CONHCH,CHNR)), 3.33-335 (m,
CONHCH,CH,NR,), 3.37 (s, CONHCH,CH,0), 3.68
(t, OCH,CH,0), 3.77 (t, CH,OCH,).

TS.PEG COOH

Beyaz kati madde elde edildi (0.73 g, % 100).
ATR-IR v_ cm' 3336 (COOH), 1641 (HNC=0),
1566 (HNC=0), 1402 (O-H), 1025 (C-0).
'H-NMR OH (500 MHz; CD,0OD) 2.13-2.19 (m,
CH,CH,COOH), 2.40-245 (m, CH,CH,COOH),
248-2.52 (m, CONHCH,CHNR), 3.09-3.12 (m,
CONHCH,CH,NR)), 3.14 (s, CONHCH,CH,0), 3.43
(t, OCH,CH,0), 3.52 (t, CH,OCH).

SMZ-Dendrimer Komplekslerinin
Tarafindan Karakterizasyonu

UV-Vis

SMZ, PAMAM dendrimer ve SMZ-PAMAM
dendrimer komplekslerinin UV-Vis spektrumlar1 Sekil
5’de gosterilmektedir. SMZ i¢in A_ = 256 nm iken
PAMAM dendrimerlerin A__ = ~280 nm’dir. SMZ-
PAMAM dendrimer komplekslerinin ve SMZ’nun 256
nm’deki absorbans bantlar1 gosteriyor ki, dendrimerler
SMZ ile elektrostatik etkilesim ve enkapsiilasyon
yaparak SMZ’nin ¢6ziiniirliigliniin artmasina neden
olmuslardir (Giirbiiz et al., 2017).

320 360 400

Dalgaboyu (nm)

Sekil 5. UV-Vis spektrumu (1) SMZ (12.5 g mL"); (2) SMZ-T5.PEG COOH kompleks (12.5 pg mL1); (3) SMZ-D5 PEG COOH kompleks
(12.5 ug mL™"); (4) TS.PEG COOH (25 pM); (5) D5.PEG COOH (25 M)
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SMZ Coziiniirliigii Uzerindeki Dendrimerin
Konsantrasyon Etkisi

Farkli konsantrasyona sahip (T) ve (D)
cekirdekli PEG sonlu suda c¢oziinebilen PAMAM
dendrimerlerin (T5.PEG COOH ve D5.PEG COOH)
SMZ’nin sudaki
incelendi ve sonuclar Sekil 6’da gosterildi. SMZ’ nun

¢cOziiniirliigii lizerindeki etkisi

sudaki ¢Oziiniirliigii, dendrimer konsantrasyonlarin
(0-2 mM) artmasiyla dnemli bir artig tespit edildi.

SMZ Coziiniirliigii Uzerindeki Dendrimerin
Yiizey Fonksiyonel Gruplarin Etkisi

Dendrimerlerilaglarlahidrojen bag, elektrostatik

etkilesim ve etken maddeyi i¢ kavitelerine
enkapsiilleyerek ilaclarin ¢oziintirliiklerinin
artmasina sebep  olmaktadirlar. Dendrimerin

ylizeyinde ve ic¢c kavitelerinde bulunan bircok

fonksiyonel gruplar ilacglarla degisik etkilesime

girerek  ¢oziinlirliikklerinin ~ artmasina  sebep
olabilmektedir.

Amin sonlu dendrimerlerin biyolojik
calismalardaki dezavantajini ortadan kaldirmak

icin suda coziinebilen PEG sonlu dendrimerleri

40

Sulfametoksazol (SMZ) I¢in Kompleks ve In Vitro Salimi Calismasi

sentezleyerek diisiik ¢oziintirlige sahip SMZ’nin
¢oziinlirliigiinde kayda deger bir artig saglandi.
En son yapilan caligmada, (T) c¢ekirdekli farkli
ylizey gruplarina sahip dendrimerler ile SMZ’nin
sudaki
cozintrliigini 30.68 mg mL"e kadar arttirildi
(Giirbiiz et al., 2017).

¢oziiniirlik calismast yapildi ve

Bu c¢alismada PEG sonlu (T) ve (D) ¢ekirdekli
SMZ’nin  (sudaki
¢Oziiniirliigi 0.68 mg mL"') sudaki ¢oziiniirligiinii

dendrimerleri  kullanilarak
incelendi. SMZ ile yapilan ¢calismada (T) ¢ekirdekli
dendrimerin (D) cekirdekli dendrimere gore SMZ
ilacin ¢oziintirliglinii arttirmada daha fazla etkili
oldugu goriildii. Ciinkii ayni jenerasyonlara sahip (T)
cekirdekli dendrimerin fonksiyonel grup sayilart (D)
cekirdekli dendrimere gore daha fazla olmaktadir
(Cizelge 1). DS.PEG COOH ve T5.PEG COOH
dendrimerlerde bulunan yiizey fonksiyonel gruplarin
SMZ’de bulanan amin gruplariyla hidrojen bag
(COOH'--NH, gibi) yapabildigi gibi, dendrimerlerin
enkapsiilasyon yapabilme 6zelliginin de etkisiyle
ilacin ¢oziiniirliglini sirasiyla 27.48 mg mL"! ve
36.48 mg mL"ye kadar arttig1 gozlendi (Sekil 6).

T5.PEG COOH
D5.PEG COOH

35+

30 4

25+

20+

15 -

Cozunurluk (mgfmL)

104
5

ﬂ Ir o

0.0000 0.0005

0.0010

00015  0.0020

PAMAM Derisimi (moliL)

Sekil 6. PEG bisamin sonlu PAMAM dendrimerin konsantrasyona bagli olarak SMZ’nin ¢6ziintirliigii tizerindeki etkisi
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SMZ-Dendrimer in Vitro

Calismasi

Komplekslerin

(T) cekirdekli farkli ylizey gruplarina sahip
dendrimer-SMZ komplekslerinin in vitro (% 16-27)
salimi ozelligi onceki calismamizda degerlendirildi
(Giirbiiz et al., 2017). Bu calismada ise, PEG sonlu

sonra 2 saat sonundaki in vifro salimi sonuglari
ise SMZ, T5.COOH PEG ve D5.COOH PEG igin
sirastyla % 38.8, % 12.3, % 14.5 olarak raporlandi
(Sekil 7). Bu caligmada goriildiigii gibi, dendrimer-ilag
komplekslerinin ¢ok az in vitro salimi gerceklestirmis

olmalari ileride yapilabilecek bir¢ok caligmada pozitif

dendrimerlerin SMZ ile kompleks olusturduktan  sonuglarin alinabileceginin gostergesidir.
40 = T5.PEG COOH A
—e— D5.PEG COOH :
35- 4 SMZ
30 - AT
£ 25 g
- &
E ;
& 20
&
= 15 ' B .
/ . . .
10 - : u- - I
.:_...
F s
5-
T T
0 20 40 60 80 100 120
Zaman (dk.}

Sekil 7. (T) ve (D) ¢ekirdekli PEG bisamin sonlu dendrimerin SMZ ile yapmis oldugu kompleksinin in vitro salimi ¢aligmast

SONUC
Bu calismada, (D) ve (T) maddelerinden yola
cikarak yiiksek jenerasyonlu suda ¢Oziinebilen

PEG bisamin sonlu PAMAM tiirii dendrimerleri
mikrodalga ve geleneksel yontemleri kullanarak
bagarili bir sekilde sentezlendi ve LPR saflastirma
yontemi  kullanilarak  saflagtirildi.  Sentezlenen
dendrimerlerin karekterizasyonunu 'H NMR ve ATR
yontemleri kullanilarak karakterize edildi. Sentezlenen
dendrimerlerin hidrofobik 6zellik gosteren SMZ’nin
¢Oziiniirliigii iizerindeki etkisi arastirildi ve dendrimer-
ilag komplekslerinin in vitro salimi ¢aligmas: yapildi.
PEG bisamin sonlu PAMAM tiirii dendrimerlerin SMZ
ile yapilan ¢oziiniirlik caligmasinda (T) cekirdekli
dendrimerlerin ilacin ¢oziiniirliglini 36. 48 mg mL~
!, (D) ¢ekirdekli dendrimerlerin ise 27.48 mg mL"ye

kadar arttirabildigi gozlendi. SMZ ve dendrimer-

196

SMZ komplekslerinin in vitro salimi sonuclarina goére
dendrimer-ila¢ komplekslerinin (% 12.3 ve % 14.5)
saf SMZ’ye (% 38.8) gore daha diisiik oranlarda salimi
yaptig1 goriildii. Bu sonuclar bize gosteriyor ki, kanser
hiicrelerinin ylizeyinde eksprese edilen reseptorlere
spesifik olarak baglanacak vitaminler, peptidler
ve antikorlar gibi tiimoére spesifik hedeflendirme
ligandlarinin PEG sonlu dendrimerlere konjugasyonu
ile dendrimer-etkin madde konjugatlarinin kanser
hiicrelerine aktif hedeflendirilmesi gerceklestirilebilir.
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Investigation of Inhibition Effect of Oxytocin on Carbonic Anhydrase
and Acetylcholinesterase Enzymes in the Heart Tissues of Rats

Umit Muhammet KOCYIGIT!

ABSTRACT: In our study, it was aimed to investigate the effects of oxytocin, oxytocin receptor antagonist
atosiban and oxytocin-atosiban injected to rats on carbonic anhydrase (CA) and acetylcholinesterase (AChE)
enzyme activities in the heart of rats. For this purpose, four different groups (n = 6) consisting of a total of 24
rats, were formed. (Control group, oxytocin treated group, atosiban treated group, and oxytocin and atosiban
combination treated group). The rats were necropsied after 60 minute intraperitoneal injection of the chemicals into
the rats. Cardiac tissue of rats was removed. The enzyme activity averages of the groups are statistically compared.
According to this, while the activity of carbonic anhydrase enzyme in heart tissue of rats decreases in oxytocin
and atosiban given groups, in the combination group with oxytocin and atosiban it was seen that the reduction
was relatively less according to the others. Acetylcholinesterase activity decreases in both groups of oxytocin and
atosiban which given groups did not show any significant change in the group in which oxytocin and atosiban were
given together.
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Sicanlarin Kalp Dokusunda Oksitosin’in Karbonik Anhidraz
ve Asetilkolinesteraz Enzimleri Uzerine Inhibisyon Etkisinin
Arastirilmasi

IGDIR ONIVERSITESI

OZET: Calismamizda, sicanlara enjekte edilen oksitosin, oksitosin reseptor antagonisti atosiban ve oksitosin-
atosiban hormonlarinin, sicanlarin kalp dokusunda karbonik anhidraz (CA) ve asetilkolinesteraz (AChE) enzim
aktivitelerine etkilerinin incelenmesi amaclanmigstir.Bu amacla, toplam 24 adet sicandan olusan dort farkli grup
(n=6) olusturuldu. (Kontrol grubu, oksitosin verilen grup, atosiban verilen grup ve oksitosin ile atosiban’in birlikte
verildigi grup). Sicanlara kimyasallar intraperitoneal olarak enjekte edildikten 60 dakika sonra sicanlar nekropsiye
alindi. Siganlarin kalp dokular1 ¢ikarildi. Elde edilen her bir enzim icin aktivite degerleri istatistiksel olarak
hesaplandi.

Buna gore si¢anlarin kalp dokusunda karbonik anhidraz enzim aktivitesi oksitosin ve atosiban verilen gruplarda
azalisa neden olurken, oksitosin ile atosibanin birlikte verildigi grupta ise azalmanin digerlerine nispeten daha az
oldugu goriildii. Oksitosin ve atosiban verilen gruplarda asetilkolinesteraz aktivitesinde goriilen azalma, oksitosin
ve atosiban’in birlikte verildigi grupta gézlenmedi.

Anahtar Kelimeler:enzim aktivitesi, karbonik anhidraz, oksitosin,rat
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INTRODUCTION

Carbonic anhydrase (CA, carbonate hydrolase, E.C.
4.2.1.1), which is the most abundant enzyme available in
all living species, also this enzyme acts as a pH, water,
electrolyte and ion transport regulator in the living

systems. It is physiologically catalyzes the conversion of

CA .
CO, + H,0 & H,CO; < HCO3 + HY

Acetylcholinesterase (acetylcholine acetylhydro-
lase, E.C.3.1.1.7, AChE) is a fundamental enzyme for
neurotransmission, and reduces the agglomeration of
active neurotransmitters during the synaptic division
in extreme cells, and hydrolyzes the neurotransmitter
acetylcholine (Akincioglu et al., 2014;Gocer et al.,
2015, Kose et al., 2015). It has been noted that cho-
linergic therapeutics for Alzheimer’s disease (AD)
contain acetylcholinesterase inhibitors (AChEIs),
acetylcholine (ACh) precursors, ACh expression fa-
cilitators, post-synaptic muscarinic recptor type 1
(M1) receptor agonists (Ozbet et al., 2016; Taslimi
et al., 2016)

Oxytocin is a mammalian peptide hormone
that consists of nine amino acids (Sir et al., 2015).
Oxytocin (OT) is a well known for its role in birth and
breastfeeding which is synthesized from neurons in
supraoptic and paraventric nuclei in the hypothalamus
(Vireo et al., 2010). In extra-hypothalamic areas
determination of these hormones and their receptors;
that this hormone can be associated with central
functions such as: stress, social, sexuality and maternal
behaviors. Oxytocin has been shown by suppressing
activate of the hypothalamic-pituitary-adrenal (HPA)
axis and cause behavioral and stress-reducing effects
(Neumann et al., 2002; Yegen et al., 2010). It has
also been demonstrated that this hormone has anti-
inflammatory effect by regulating the immunological
and inflammatory processes with the inhibition of
some interleukin release (Ivell et al.,1995;Yegen et
al., 2010). Black and etc. have suggested that the
systemic OT has analgesic and anxiolytic effects and
may be a very useful agent in chronic pain syndrome
by stress (Black et al., 2009).

Oxytocin receptor which is located in the cardiac.
Oxytocin, directly produces at the cardiac or atrial
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carbon dioxide’s hydration and bicarbonate dehydration
alternately (Equal 1). The enzyme exist is present in
all tissues which perform hydratase activity of H* and
HCO, (Gulgin et al., 2004; Berg et al., 2014; Gocer et
al., 2016; Kocyigit et al., 2016; Kucukoglu et al., 2016;
Bhatt et al., 2017; Gul et al., 2017).

o))

natriuretic peptide (ANP) as cardioprotective effects
(apoptosis inhibitors) with nitric oxide (NO) stimulation
(Paquin et al., 2002; Jankowski et al., 2004)

Oxytocin stimulates differentiation of cardiac
stem cells (Favaretto et al., 1997;Soares et al.,
1999). It provides via ANP (Petersson et al., 2008).
It decreases the systemic blood pressure. Oxytocin
also has negative inotropic and chronotropic effects
in the cardiac (Houshmand et al., 2009). It is the
neuromodulator effective on the parasympathetic
system. Treated oxytocin as of birth prevents the
development of hypertension in hypertensive rat
strain (Ondrejcakova et al, 2009). In myocardial
infarction (MI) animal models, oxytocin has been
shown to reduce the infarct area and improve cardiac
function (Miki et al., 2007;Authier et al., 2009).
The IP3 (inositol triphosphate) and IP3K (Inositol
triphosphate kinase)
have a protective effect against myocardial damage
(Jezdinsky et al., 1963). Oxytocin therapy in the rabbit
myocardial ischemia-reperfusion model activates the

systems used by oxytocin

extracellular-signal-regulated kinase %2 (ERKI1/2),
protein kinase b (AKT) and endothelial nitric oxide
synthase (e-NOS) systems(Asadetal.,2001).

An analogue of desamino-oxytocin, atosiban is
a nonapeptide, and a vasopressin / oxytocin receptor
antagonist (VOTra). Atosiban inhibits the inositol
triphosphate release (performed via oxytocin) from
the myometrial cell membrane. As a result of this, it
reduces the release of intracellular calcium stored in
the sarcoplasmic reticulum of myometrial cells and
the flow of calcium in the extra cellular liquid through
voltage-dependent on calcium channels. In addition,
to atosiban suppresses prostaglandin E (PGE) and
prostaglandin F (PGF) released from decidua via
oxytocin (Sanu et al., 2010).
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OH

Figure 1: Chemical structure of Oxtocin

Carbonic anhydrase (CA) and acetylcholinesterase
(AChE) are vital enzymes for the living organisms. CA
Enzyme has different isoenzymes and different kinetic
properties in every living organism and in the tissues.
There are thousands of studies on the purification
and characterization of CA in each specie and tissue
separately in order to determine functions of CA in the
living organism and how the enzyme is localized.

The purpose of this study is to investigate the
effects of oxytocin, oxytocin receptor antagonist
atosiban, and oxytocin-atosiban hormones injected to
the rats on the activities of carbonic anhydrase and
acetylcholinesterase enzymes in the heart tissues of
rats, which has not been studied before. This is the
identifying role of oxytocin precisely is complicated
due to the pulsatility of oxytocin secretion in live
metabolism and difficulty of measuring the level of
hormones.

However, it is expected that a contribution is made
for fully understanding the role of oxytocin in the light
of the data obtained.

Cilt / Volume: 8, Say1 / Issue: 1,2018
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Figure 2: Chemical structure of Atosiban

MATERIAL AND METHOD
Chemicals

p-nitrophenyl acetate (PNF), CNBr-activated-
Sepharose-4B and protein assay reagent were provided
from Sigma-Aldrich Co. (GmbH, Germany). All
chemicals for analytical grade were purchased from
Merck (Germany).

Animals and lab.

The research was applied to permission from the
Ethics Committee of the Cumhuriyet University on
Experimental Animals. 24 adult male Wistar albino rats
(weighing approximately 240-260 g) not exposed to the
stress and served in cages conforming to the standards
were used in the study.

The rats obtained through Cumhuriyet University
Animal Laboratory were kept in an insulated room with
an 12-hour light / dark cycle at an ambient temperature
of 22 + 2°C and a relative humidity of 53 + 5%. Also,
it was ensured that they fed were adequately and
appropriately.
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The administration on the experimental animals
was performed between 9:00-15:00, and the light
and sound levels were kept under consistent control.
Experimental animals were selected randomly, and
distributed into four groups (n = 6 each) as follows:
Group 1 - control, Group 2 - oxytocin (40 IU / kg (160
ug / kg)), Group 3 - atosiban (2.5 mg / kg) and Group
4 - oxytocin (40 IU / kg (160 pg / kg)) & atosiban
(2.5 mg / kg) (Erbas et al., 2013; Simsek et al., 2012;
Kocyigit et al., 2017)

Extraction of Tissues and Preparation of
Homogenate

The rats used in the study were necropsied
after 60 minutes from the injection of chemicals
intraperitoneally. Heart tissues were extracted. Then,
the tissues were washed for 3 times with 0.9% NaCl
to eliminate the blood and other contaminants. For
preparing tissues homogenate, the samples were
initially dispersed by using the ultra-turrax device.

Thus, tissues were dispersed into extremely small
pieces. After that, they were dispersed in liquid nitrogen,
and homogenized in 3 mL/g with 25 mM Tris HCI/0.1
M Na SO, (pH= 8.7) buffer solution.

This suspension was centrifuged 2 times at 20000 rpm
for 60 minutes, and used for supernatant analyses (Pullan et
el.,1985;Wistrand et al., 2002; Kocyigit et al., 2017).

The enzyme unit per the volume of enzyme solution
was calculated by the formula above (Equal 2) (Maren,
1960; Huyut et al., 2016a; Huyut et al., 2016b ). The

Esterase Activity

The esterase activity method was applied to kinetic
and inhibition studies. This method is based on the fact

that CA has the esterase activity. Shortly, the principle

Measurement of carbonic Anhydrase Activity
Hydratase Activity

Hydratase activity was used to determine the
activities of CA enzymes Wilbur et al., 1948, which
was modified later by Rickli et al., 1964 This method
is based on the principle that the pH change caused
by the H* ion resulting from the hydration of CO, is
identified by the bromine thymol blue indicator and the
time elapsed is measured.

To this end, 1 mL vernal buffer (0.025 M, pH: 8.2),
0.1 mL 0.04% bromine thymol blue, 0.6 mL purified
water and 2.5 mL CO, solution were added into a blind
tube. Thus, the total volume in the activity measurement
medium was 4.2 mL. Then, the time elapsed for the blue
color of the indicator to turn into the yellowish green
(pH: 6.3), starting from the moment the CO, solution
was added and measured via a chronometer. 0.05 mL
water was removed and instead, enzyme solution added
into the sample tube, and finally, the time elapsed for
the blue color of the indicator to turn into the yellowish
green (pH: 6.3) as soon as CO, solution was added (t.)
was measured via a chronometer (Kocyigit et al.,2017).

According to this method of relative activity, an
enzyme unit (EU) is defined as the amount of enzyme
that reduces the time compared to CO, hydration
without the enzyme.

@)

same procedures were applied to determine activity
in hemolysate, pure enzyme solution and inhibition
studies (Kocyigit et al., 2017).

of method is to hydrolyze the p-nitrophenylacetate
(PNA), used as a carbonic anhydrase enzyme substrate,
to p-nitrophenol or p-nitrophenolate, providing
absorption at 348 nm. The reaction mechanism is as
provided below:

o
om@—o-!cm . H0

p-Nitrofenil asetat

OzNOOH + CH3COOH

p-Nitrofenol

Figure 3. p-nitrophenylacetate - p-nitrophenol conversion mechanism
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Both p-nitro phenol and p-nitrophenolate display
the same absorbance at 348 nm. Hence, whether the H
*ion in the phenol group is decomposed does not affect
the measurement (Armstrong et al., 1966; Verpoorte,
1967). Since p-nitrophenylacetate has very little
absorption at this wavelength, it is used as blind .

The procedure below was observed for
determination of activity measured by using a 1 mL
quartz vessel per sequence of involvement of the
substances forming the reaction mixture into the

treatments (Table 1).

Table 1. The solutions used at each 1 mL quartz vessel for esterase activity

Materials Used Control Tube (uL) Sample Tube (ul)
Tris-SO, (0.05 M; pH:7 ,4) 467 467

P-Nitro phenol acetate 333 333

Pure Water 200 167

Enzyme Solution - 33

Total Volume 1000 1000

After preparing the reaction mixture in Table 1, the
amount of absorbance was checked every 15 seconds
and the absorbance difference was calculated by using
the absorbance at 348 nm at 25°C after 3 minutes. The
spectrophotometer was set to zero with the absorbance
of the mixture obtained by replacing the enzyme with
pure water after 3 minutes.

The p-nitrophenylacetosubstrate solution used in
the experiments was prepared daily: 27.2 mg PNA,
dissolved in 1 mL acetone, was added gradually to 49
mL distilled water and stirred rapidly. This solution is 3
mM, and it is not possible to prepare more concentrated
version due to the limited solubility of ester. Acetone
was preferred because it was relatively the least
inhibiting solvent for the hydrolysis reaction among
other organic solvents (Verpoorte, 1967). Activity

measurements during kinetic studies were performed
with the esterase activity of the enzyme (Kocyigit et
al., 2017).

Acetylcholinesterase Activity Measurement
Method

The basis of this method can be described as
follows; per observations from the previous studies,
cholinesterases catalyze the reaction decomposing
acetylcholine into thiocolchine and acetate. Yellow
colored 5-thio-2-nitrobenzoic acid is formed by
the reaction of thiocolchine and 5,5’-Dithiobis(2-
nitrobenzoic acid) (DTNB) which are obtained from as
product. Resulting color is measured at 412 nm (Ellman
et al., 1961). The absorbance of the sample and blind
vessels was measured at 412 nm wavelength for 5
minutes (Table 2) (Kocyigit et al., 2017).

Table 2. Vessel content in the study performed via acetylcholinesterase method

Materials Used Control Tube (uL) Sample Tube (uL)
Tris-HCl 100 100

Pure Water 790 780

Sample - 10

DTNB 50 50

Enzyme Solution 10 10
Acetylcholinethioiodide 50 50

Cilt / Volume: 8, Say1 / Issue: 1,2018
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Statistical Assessment
All the experimental res208

ults were provided in the mean SD (mean standard
deviation).

Since the data was compatible with the normal
range, it was tested via variance analysis (ANOVA) and
then, significance was determined by the Tukey test.

Statistical significance was identified to be p <0.05
(Kocyigit et al., 2017).

RESULTS AND DISCUSSION

The results show that the effect of hormones on the
activity of carbonic anhydrase and acetylcholinesterase
enzymes in the heart tissue are indicated in Table 3.

Table 3. The results of hormone effects on the activity of carbonic anhydrase and acetylcholinesterase enzymes in the heart tissue.

Oxytocin Comparis
. Control Oxytocin Atosiban . Post hoc
Variable _ +Atosiban ANOVA on
X +=SD X" +=SD X +=SD p-value
X +SD Group

1Vs2 0.001
1Vs3 0.001

F=134.864
CA 8.99+0.86 2.56+0.41 3.73+0.25 4.40+0.45 1Vs4 0.001

. Esterase P=0.001

Activity 2Vs3 0.017
(EU/mL) 2Vs4 0.001
1Vs2 0.001
1Vs3 0.001

F=140.285
492.11+£5542  142.96+6.34 188.10+9.68 223.87+17.6 1Vs4 0.001

Hydratase P=0.001

2Vs3 0.116
2Vs4 0.001
1Vs2 1.000
AChE 1Vs3 0.001

. L F=12.822
Activity  Acetylcholiniodide 0.18+.0.012 0.18+0.014  0.13+0.023 0.18+£0.015 P=0.001 1Vs4 0.996
(EU/mL) o 2Vs3 0.001
2Vs4 0.997

When the activities of CA are evaluated according
to the esterase method in the cardiac tissue; comparing
to control group became a statistically significant
difference between oxytocin treated group (p <0.05),
according to the control group a statistically significant
difference between atosiban treated group (p <0.05),
comparing to the control group have become a
statistically significant difference in combination

treated with the oxytocin and atosiban.

When the activities of carbonic anhydrase enzyme
according to the hydratase method are evaluated in the
cardiac tissue; comparing to the control group become
a statistically significant difference between oxytocin
terated group (p <0.05), according to the control group
a statistically significant difference between atosiban
treated group (p <0.05), according to the control group
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have become a statistically significant difference in
combination treated with oxytocin and atosiban (p
<0.05).

When the activities of AChE enzyme in cardiac
tissue are evaluated comparing to the control group a
statistically significant difference between atosiban
treated group (p <0.05), according to oxytocin become
a statistically significant difference between atosiban
treated group (p <0.05), according to the atosiban
has become a statistically significant difference in
combination treated with oxytocin and atosiban (p
<0.05).

In the previous study, the effects of oxytocin
and atosiban on enzyme activities in liver and kidney
tissues of rats were investigated and similar results
were obtained (Kocyigit et al., 2017).
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Figure 1. The effect of hormones in the heart tissue of a rat on the Carbonic anhydrase enzyme
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Figure 2. The effect of hormones in the heart tissue of a rat on the acetylcholinesterase enzyme

The carbonic anhydrase enzyme has both hydratase
and esterase activity. However, hydratase activity
is important in physiological terms. Also hydratase
activity is important due to the regulation of acid-
base balance of the live organism. In this research, the
activity of CA enzyme was measured via both methods
and consistent results were obtained. Considering
the chemical structures of the oxytocin hormone and
oxytocin antagonist atosiban (Figure 1-2), it might

CONCLUSION

According to this, the carbonic anhydrase enzyme
activity in cardiac tissue of rats lead to a decrease in
the groups with the oxitocin or atosiban. However,
this decrease was relatively less in the groups in which

Cilt / Volume: 8, Say1/ Issue: 1,2018

be considered that there is a reduction in activities of
CA and AChE due to -OH and -NH, groups in their
structures. We have achieved similar results in our
previous work (Kocyigit et al., 2017). For this reason
the results support each other.

Absence of a significant change in the activities
of enzymes in the group where oxytocin and atosiban
were administered together might be considered as a
result of having antagonistic effects (Figure 2).

oxytocin and atosiban were given together. In addition,
decreasing acetycholinesterase activity was observed in
the atosiban-treated group, while this situation did not
show in oxytocin or oxytocin+atosiban-treated groups
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Magnetron Sicratma Yontemi ile Biiyiitiilen Elmas Benzeri
Karbon Filmlerin Adezyon ve Coklu-Cizik Test Davramslarinin
Arastirilmasi

Hikmet CICEK!

OZET: Elmas benzeri karbon (DLC) ince filmler sahip olduklar diisiik siirtinme katsayisi, yiiksek sertlik, yiiksek
aginma dayanimi ve kimyasal inaktiflik 6zelliklerinden dolay: giiniimiizde ¢ok yaygin olarak ¢ok cesitli taban
malzemeler lizerine kaplanmaktadir. Bu tiir kaplamalarda onemli olan bir husus ise kaplamanin taban malzemeye
olan adezyonu/yapigkanligidir. Bu ¢alismada DLC filmler inconel taban malzeme iizerine adezyonu artirmak ve
daha yiiksek dayanim elde etmek icin TiN ve TiCN aratabakalar kullanilarak magnetron sigratma yontemi ile
kaplanmigtir. Fimlerin yapisal, mekanik, adezyon ve yorulma benzeri davraniglar: karakterize edildi. Bu calismada
filmlerin yapisal ve kimyasal analizleri i¢in X-ray difraktometre (XRD) ve taramali elektron mikroskopu (SEM)
kullanild1. Mekanik 6zellikler i¢in mikro-sertlik, adezyon ve yorulma benzeri 6zellikleri i¢in ise artan yiiklii ¢izik
test ve 100, 250 ve 500 c¢evrimlik coklu-¢izik testleri filmlere uygulandi. Filmin mikrosertlik degeri 39.8 GPa
olarak tespit edildi. Adezyon testlerine gére DLC filmde kritik yiik degeri 22 N olarak belirlendi ve 25N yiike
kadar film taban malzeme lizerinde dayanimim siirdiirdii. Coklu cizik test sonug¢laria gore TiN/TiCN aratabaka ile
biiyiitiilen DLC filmlerin 250 ¢evrim sonuna kadar ¢ok iyi dayanim gosterdigi gozlenmistir.
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Investigation of Adhesion and Multi-pass Scratch Test Behaviour
of Magnetron Sputtered Diamond-Like Carbon Films
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ABSTRACT: Diamond-like carbon (DLC) thin films are now widely spread over a wide variety of base materials
due to their low coefficient of friction, high hardness, high abrasion resistance and chemical inactivity. An
important aspect of such coatings is the adhesion of the coating to the substrate. In this study, The DLC films were
coated on the inconel substrates with magnetron sputtering method using TiN and TiCN interlayers to increase the
adhesion and to obtain higher strength. Structural, mechanical, adhesion and fatigue-like behaviors of the films
were characterized. X-ray diffractometer (XRD) and scanning electron microscope (SEM) were used for structural
and chemical analysis of the films. To intevtigate mechanical properties, adhesion and fatigue-like properties of the
films, micro-hardness test, increasingly loaded scratch test and 100,250 and 500 cycles of multi-scratch tests were
applied to the films. The microhardness of the film dtermined as 39.8 GPa. According to the adhesion tests, the first
critical load value of the DLC film was determined as 22 N and the film maintained its strength on the substrate
until the load of 25N. According to the results of the multi-scratch test, it was observed that the DLC films grown
by the TiN-TiCN interlayer could be held on the substrate even at the end of 250 cycles.
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GIRIS

Elmas benzeri karbon (DLC) ince filmler sahip
oldugu yiiksek sertlik ve diisiik siirtiinme katsayisi
degerlerinden dolay: siirtlinme-aginma olan yiizeylerde,
kimyasal inertlikten dolay1 korozyondan koruyucu
uygulamalarda, antibakteriyel ve biyouyumlulugundan
dolayr biyomalzemelerin yiizeylerinde ve ilaveten
bircok ugulamada c¢ok farkli taban malzemeler iizerine
kaplanmaktadir. Bu tiir koruyucu kaplamalarda belkide
en Onemli durum kaplama-taban malzeme arasindaki
adezyon (yapiskanlik) ve servis sartlarinda meydana
gelebilecek tekrarli yiikler altinda ylizeyde tutanabilme
ozelligidir. DLC kaplamalar bagta magnetron sigratma
yontemi (Bewilogua et al., 2004; Chowdhury et al., 2004)
olmak iizere kimyasal buhar kaplama yontemi (CVD)
(Ohana et al., 2004; Noda and Umeno, 2005) ve darbeli-
lazer kaplama yontemi (Jelinek et al.,2010; Gayathrietal.,
2012) gibi birgok yontem kullanilarak iiretilebilmektedir.
Bu yontemler arasinda atomsal diizeyde kontrol
saglanabilmesi, daha yogun filmlerin olusturulmasi ve
daha iyi adezyonun saglanmasi agisindan magnetron
sicratma yontemi bir¢cok avantaja sahiptir.

DLC filmlerin sertlik, siiriitnme Kkatsayisi,
siiriitinme-aginma  ve  yorulma dayanimi  gibi
ozelliklerini daha da gelistirmek i¢in bircok caligsma
yapilmis ve yapilmaya devam etmektedir. Bazi
caligmalarda DLC filmlerde TiCN aratabaka kullanarak
bag yapisint ve mekanik Ozelliklerini gelistirmeye
calismiglardir (Kang et al., 2015). TiCN aratabakanin
filmin sertligini, elastiklik modiiliinii ve arayiizey
bagin1 giiclendirdigini bildirmiglerdir. TiN aratabaka
kullaniminin DLC kaplamalardaki etkisini arastiran

Cizelge 1. Inconel taban malzemenin kimyasal kompozisyonu

bir calismada ise TiN aratabaka kullanmanin DLC
kaplamanin taban malzemeye olan bagini giiclendirdigi
vurgulanmigtir (Giraldo et al., 2009). Diger bir
calismada ise DLC filmlerin aginma ve yorulma
dayanimmi artirmak igin Ti/TiN/DLC c¢ok tabakali
filmler tretilmistir (Hongxi et al., 2012). Biiyiitiilen
cok tabakali kaplama ile 32 GPa sertlige ve 410 GPa
Elastiklik moduiiliine ulasilmig, filmin
katsyisinin geleneksel DLC kaplamalara gore daha
diisiik oldugu tespit edilmis ve yorulma 6mriiniin arttig1
vurgulanmaigtir.

siirtiinme

Bu calismada DLC filmler daha iyi adezyon
ve mekanik ozellikler elde etmek icin TiC ve TiCN
aratabakalar ile desteklenerek inconel taban malzemeler
iizerine magnetron si¢ratma yontemi kullanilarak
kaplanmustir. Filmlerin yapisal, mekanik, adezyon ve
yorulma benzeri davranmiglan (cift yonlii coklu-¢izik
test) aragtiritlmigtir.

MATERYAL VE YONTEM

TiN/TiCN/DLC kompozit filmler kapali alan
dengesiz magnetron sigratma yontemi kullanilarak
inconel (Cizelge 1’ de kimyasal icerigi verilmistir) ve
silikon taban malzemeler iizerine kaplanmistir. Kaplama
icin dort adet yiiksek saflikta (99,99) Ti hedefler
kullanilmigtir. Hedeflerden atomlarin sagtirilmasi
ve plazma olusumu i¢in Ar gazi, nitriir fazlarmn
olusturulmasi i¢in N, gazi ve karbon verici olarak da
C,H, gaz1 kullamlmugtir. Kaplama parametrelerine ait
detayl1 bilgiler Cizelge 2’de verilmistir.

Ni Cr Fe Mn Si C Cu P S
73.1 16.19 946 0.82 0.33 0,065 0,02 0013 0.002
Cizelge 2. TiN/TiCN/DLC filmin kaplama parametreleri

Ti Hedef Akimi | Calisma Basma1 | N, gaz akis C H, gaz akis .
Katmanlar (A) (Pa) OI%anl (%) 01?a 1121 (%) Siire (dk.)
TiN 2 0,27 40 - 10
TiCN 2 0,33 30 30 20
DLC 0,1 0,33 20 50 30

Inconel taban malzemeler ortalama piiriizliiliik
degeri Ra=0.05 pm olacak sekilde SiC zimpara
kagitlart ile parlatilmigtir. Daha sonra 0.05 pm
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pargacik capli a-alumina tozuyla ince parlatma iglemi
gerceklestirilmigtir. Taban malzemeler mekanik yiizey

parlatma isleminden sonra etil alkol banyosunda
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ultrasonik olarak temizlendi. Son olarak %35 nital
cozeltisi ile malzemelerin yiizeyleri 10 saniye siireyle
daglandi.

Taban malzemeler kaplama cihazina
yerlestirildikten sonra ilk olarak argon gaziyla 20
dakika siireyle bombardiman edilerek iyon temizleme
igslemi gerceklestirildi. Daha homojen bir film eldesi
icin taban mazlemeler kaplama siiresi boyunca vakum

cemberi igerisinde 2 devir/dakika hizda dondiiriildii.

Filmlerin kiristal yapilari1 analiz etmek igin
GNR-Explorer X-Ray difraktometre kullanildi. Tarama

Normal

yiik

Film
Tefetsel
kuvvet
—_—

ac1 araligi olarak 10°-100 ° secildi. TiN/TiCN/DLC
filmlerin kesit goriintiileri ve kimyasal kompozisyonu
Quanta FEG 250 taramal1 elektron mikroskopu (SEM)
ile gerceklestirildi. Mikrosertlik analizleri vickers
mikrosertlik yontemi ile belirlendi.

Filmlerin taban malzemeye adezyonunu belirlemek
icin artan yiikte cizik testleri uygulandi. Sifirdan 50 N
yiike kadar 5 mm/dk. hizda ve 5 mm boyunca ¢izik testi
uygulandi. Baticu ug¢ olarak Rockwell-C diamond (ug
capt 200 mikron) kullanildi. Artan yiik ¢izik testinin
sematik resmi Sekil 1’de verilmistir.

Batici ug
A

4 > Taban malzeme
A

l (izik kanah

]

Hareket yéonil

Sekil 1. Artan yiik ¢izik testi sematik gosterimi

Filmlerin yorulmabenzeri dayanimlarini belirlemek
icin ise sabit yiikte iki yonlii yiiklemede c¢oklu ¢izik
testleri uygulandi. Burada sabit yiik olarak literatiirde
genelde filmlerin adezyon dayaniminin yarisi veya daha
az1 alinmaktadir. Bu calisma da sabit yiik olarak 10 N
belirlendi. 10 N yiik TiN/TiCN/DLC filmin iizerinde 3

mm boyunca gidis ve doniiste uygularak 100 ¢evrim,
250 ¢evrim ve 500 ¢evrim yapilmistir. Filmlerin ¢cevrim
siiresince siirtlinme katsayilart ve cevrim sonunda
meydana gelen hasarlar1 incelenmigstir. Coklu ¢izik
testin sematik gosterimi Sekil 2°de verilmigtir.

Sabit
vilk

Film
Tegetsel Batici ug
kuvvet
4 ',‘
y _-?'/-. Taban malzeme
L ____I " Cizik kanali
e =

Hareket yoni

Sekil 2. Sabit yiikte ¢oklu ¢izik testi sematik gosterimi

BULGULAR VE TARTISMA

TiN/TiCN/DLC filmin SEM ile alinmis kesit
goriintiisiic Sekil 3’de verilmektedir.
tabakali DLC filmin katmanlar1 net bir gekilde

goriinmektedir. TiN tabakasi yaklagik olarak 250 nm

Olusturulan

kalinliginda ve yogun bir yapida oldugu goriilmektedir.

Cilt / Volume: 8, Say1 / Issue: 1,2018

TiCN tabakasi ise yaklasik olarak 750 nm kalinliginda
olup yogun ve kolonsal bir yap1 sergilemistir. Kolonsal
yap1 filme disaridan gelen yiikleri tasiyabilecek sekilde
dikey olarak yonlenmis ve bu tip filmlerde istenilen
bir konumdadir. En {istte olusturulan DLC tabakasinin

kalinlig1 yaklagik 500 nm civarinda olup ¢ok yogun ,
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diizgiin ve bosluksuz bir yap1 olarak biiyiitiilmiistiir.
Yapisal olarak genel anlamda film cok yogun ve
hatasiz oldugu goriinmektedir. Bu yapr kapali alan
dengelenmemis yonteminin

magnetron  sigratma

Taban-malzeme (Si)
Film kahnhg: 1.51im

-...'.:_H & |

sagladigi bir avantajdir. Toplam film kalinlig1 yaklagik
olarak 1.5 ym olarak tespit edilmis olup bu tip koruyucu
kaplamalar i¢in ideal kalinlikta oldugu soylenebilir
(Masripan et al., 2013).

[N

Sekil 3. TiN/TiCN/DLC filmin SEM ile alinmis kesit goriintiisii

Silikon taban malzeme {iizerine kaplanmig TiN/
TiCN/DLC filmin X-ray difraktometre cihazi ile elde
edilen faz dagilimi grafigi Sekil 4’de verilmektedir.
Grafik incelendigi en yogun pik 26=42.5°de TiCN
(200) kristal yapisina sahip oldugu goriilmektedir.
[laveten diisiik yogunlukta TiCN (111) faz1 da yap1
icerisnde bulunmaktadir.

TiN fazlarmma bakildiginda ise en

yonlenmenin (200) dogrultusunda oldugu ve ilaveten

yogun

diisiik yogunlukta (111) ve (222) yonlenmesinin

de filmde mevcut oldugu goriilmektedir. Karbon
atomlarinin  olusturdugu kristal yapilar da XRD
grafiginde tespit edilmistir. 26=45°de en yogun karbon
kristalleri mevcutken 26=50° ve 26=72.5° de de C
kristalleri tespit edilmigtir. XRD grafigindeki pikler
olarak degerlendirildiginde TiN/TiCN/DLC
filmin basaril1 bir sekilde ve kristal yapida olusturuldugu

genel

ve literatiirdeki degerlerle oOrtiistiigli goriilmektedir
(Voevodin et al., 1997; Siow et al., 2015; Banaszek et
al., 2015; Kovaci ve ark., 2016).

&0 - TSN 200)
B0 <
40 4

" 3

=

S 30 - _

’E TNI.?DD_-. c
20 4 Tik{111)

TiICH{111})

10

TiN[2Z2)

1]
10 20 30 40

i J.*f;”“wf*w"u"'ﬁ’wjﬂw

70 80 80

2 Theta
Sekil 4. TiN/TiCN/DLC filmin X-ray difraktometre grafigi

Magnetron sicratma yontemi ile biiyiitiille DLC
filmin karbon bag1 enerji seviyelerini belirlemek i¢in
yapilan XPS analiz sonucu Sekil 5’de verilmektedir.
Grafik incelendiginde literatiirdeki degerlere benzer
olarak carbon baglarinin varligi tespit edilmigtir

212

(Merel et al., 1998; Geng et al., 2002; Smano et al.,
2002). C-1s 282.6 eV, C-sp? 284.5 eV ve C-sp® 285.2
eV olarak tespit edilmistir. Karbon baglarinin yiizde
miktarlar1 ise su sekilde belirlenmigtir: C-1s=%51,
C-sp’=%26, C-sp’=%23.
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Sekil 5. TiN/TiCN/DLC filmin karbon elementi XPS grafigi

TiN/TiCN/DLC  filmin  mikrosertlik  degeri
Vickers mikrosertlik yontemi ile Buehler mikrosertlik
cihazinda 10 gf yiik altinda tespit edildi. Inconel taban
malzemenin mikrosertlik degeri 2.1 GPa olarak, filmin
mikrosertlik degeri ise 39.8 GPa olarak belirlendi.
Sayisal degerler en az ii¢ Ol¢iim yapildiktan sonra
ortalama degeri alinarak bulunmusgtur. Literatiirdeki
degerler ile kargilatirildiginda TiN/TiCN aratabaka
kullaniminin filmin sertligini artirdig1 goriilmektedir
(Masripan et al., 2013; Kang et al., 2015).

TiN/TiCN/DLC filmin artan yiik ¢izik test sonucu
elde edilen siirtiinme katsayisi- normal yiik grafigi
sekil 6’da verilmektedir. Bu tiir grafiklerde siirtiinme
katsayisinda artisin meydana geldigi yiik miktari filmin

taban malzemeden belirgin olarak ayrilmaya basladigi
ilk kritik yiik olarak tespit edilir. Burada kritik yiik
degeri olarak 22 N belirlenmistir. Literatiirde yapilan
caligmalarda takim celigi lizerine kaplanmig DLC
kaplamalarin adezyon degerleri mN seyilerinden (Chen
etal.,2009; Shahsavari et al., 2016) birka¢ N seviyesine
kadar (Lima-Oliveira, 2012) degisim gostermektedir.
TiN/TiCN/DLC filmin adezyon degeri literatiirdeki
degerlerle karsilastirildiginda oldukca iyi bir degere
sahip oldugu goriilmektedir. Literatiirde ultra yiiksek
sertlige sahip arabataka destekli DLC filmler mevcuttur
ancak bu filmler adezyon konusunda kritik degerlere
sahiptir. TiN/TiCN/DLC filmin optimum sertlik ve
adezyon degerlerine sahip oldugu sdylenebilir.

Surtunme Surtunme

Hoemal vuk
Ruvvetl KMy

Harrmal yik

SUrtanime Latksns

Sarireme kevweti

Sekil 6. TiN/TiCN/DLC filmin ¢izik test sonucu sayisal veriler grafigi
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Sekil 7. TiN/TiCN/DLC filmin artan yiik cizik testi mikroskop ve SEM goriintiileri

TiN/TiCN/DLC filmin artan yiik ¢izik testinden
elde edilen mikroskop ve SEM goriintiileri Sekil 7°de
verilmektedir. Goriintiiler incelendiginde filmde SN’dan
itibaren koheziv catlaklarin bagladig1 goriilmektedir.
Kiiciik capta ilk adeziv catlaklar ise 10N’dan itibaren
olugmaya baglamigtir. 22N yiikte ise filmde c¢ok
belirgin olarak adeziv ayrilmalar ve kopmalar artik
meydana gelmeye baglamistir. Film bu yiikten itibaren
taban malzeme lizerindeki baglhiligin1 kaybetmeye
baglamistir. Cizik testinin son noktasi olan SON yiikteki
goriintiilere bakildiginda ise film taban mazleme olan
inconelden biiyiik oranda ayrilmugtir. Literatiirdeki
kiritk yiik degerlerine gore TiN/TiCN aratabakaya
sahip DLC kaplamanin daha iyi adezyona sahip oldugu
acikca soylenebilir.

TiN/TiCN/DLC filmin yorulma benzeri dayanimini
belirlemek i¢in sabit yiikte ¢coklu cizik testleri yapilmig
ve 10N yiikte 100 ¢evrim sonunda elde edilen mikroskop
ve SEM gortintiileri Sekil 8’de verilmigtir. Goriiniitler
incelendiginde olusan izin orta kisminda filmde sadece
koheziv ayrilmalar meydana gelmis, ¢cok az miktarda
adeziv ayrilmalar olusmugtur.

Film 100 cevrim sonunda gayet iyi yorulma
dayanimi gostermistir. Izin u¢ noktalarinda ise daha
yogun adeziv ayrilmalar meydana gelmistir. Bu
yogun adeziv ayrilmalarin nedeni baticit ucun Oniinde
biriken filmden kopmus karbon tabakasinin izin bitig
noktalarinda birikerek filme daha fazla yiik uygulamis
olmas1 gosterilebilir.

Cizik tam porindy

100 gevrim

Sekil 8. TiN/TiCN/DLC filmin 10N yiikte 100 ¢evrim sonundaki mikroskop ve SEM goriintiileri
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250 ¢evrim sonunda elde edilen mikroskop ve
SEM goriintiileri Sekil 9°da verilmistir. Goriintiiler
incelendiginde filmde ¢ok yogun koheziv kirilmalarin
meydana geldigi ve ilaveten adeziv ayrilmalarda 100
cevrime gore artigin oldugu goriilmektedir. Film 250

cevrim sonunda biiylik oranda taban malzeme yiizeyinde
varligim1 devam ettirmig, 100 cevrim kadar olmasa
da yine de iyi bir yorulma dayammi sergilemistir. Iz
kenarlarinda 6nceki sonugta oldugu gibi daha yogun
adeziv ayrilamalar mevcuttur.

Aderiv kinkma

Clrik tam gorlndy

250 gevrim

Koheziv kirilma

Taban malzeme

Sekil 9. TiN/TiCN/DLC filmin 10N yiikte 250 ¢cevrim sonundaki mikroskop ve SEM goriintiileri

Son olarak TiN/TiCN/DLC filmin 500 ¢evrim
sonuclart Sekil 10 ‘da verilmektedir. Goériintiiler
incelendiginde koheziv kirilmalarin yani sira ¢cok
yogun bir sekilde adeziv ayrilmalarin meydana

Koheziv kinlma

Aderiv kenbma

500 cevrim

TiN/TiCN/DLC filmin sabit yiikte coklu c¢izik
testlerinde elde edilen siirtlinme katsayist grafikleri
Sekil 11°de verilmektedir. Ik temasta siirtiinme
katsayis1 0.1°den baslamakta, ¢izikteki ilk geri doniiste

Cilt / Volume: 8, Say1 / Issue: 1,2018

geldigi goriilmektedir. 500 ¢evrim sonunda TiN/
TiCN/DLC film yorulma dayanimi gdsterememis,
inconel taban malzeme yiizeyinden biiyiik oranda
ayrilmistir.

Taban malzeme

Sekil 10. TiN/TiCN/DLC filmin 10N yiikte 500 ¢cevrim sonundaki mikroskop ve SEM goriintiileri

0.11 degerini almakta ve 10 ¢evrim sonrasinda 0.06
seviyesine inmektedir. Ik 100 cevrimde siirtiinme
katsayis1 bu deger civarinda salimm gostermistir ve
kararli bir durum sergilemistir. Bunun nedeni filmde
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adeziv kopmalarin olugsmamasi ve filmin iyi dayanim
gostermesidir. 250 ¢evrim boyunca siirtiinme katsayilari
incelendiginde, 100 ¢evrimden sonra biraz daha dalgali
bir seyir izlemis ve ortalama 0.04 civarinda bir deger
almagtir.

Olusan bu diisiik deger film ile batict u¢ arasinda
cevrim sayisinin artigina bagl olarak kaygan bir film
olusumundan kaynaklandig1 sdylenebilir.

Dalgalanmanin daha fazla olmasmin nedeni
ise filmde artmaya baglayan adeziv ayrilmalar
gosterilebilir. 500 ¢evrim sonuglart incelendiginde,
250 c¢evrimden sonra siirtiinme katsayisinda hizli bir
artisin oldugu goriilmektedir. Bunun nedeni filmin bu
cevrimden sonra taban malzemeden adeziv olarak
belirgin bir sekilde ayrilmasidir. 400 ¢evrimden sonra
ise taban malzemede baglayan deformasyonlar sonucu
artis yukar1 yonlii tekrar devam etmeye baglamustir.

Tim sonuclar degerlendirildiginde, magnetron
sigratma yontemi ile biiyiitiilen TiN/TiCN/DLC filmin
diisiik yiikleme kosullarinda c¢alisan ve siiriitiinme-
aginmaya maruz kalan makine yiizeylerine kaplanmasi
durumunda ¢ok diisiik siiriitinme ve buna bagli olarak
cok diisiik aginma degerlernin elde edilebilecegi tespit
edilmistir. Buna ilaveten, yine diisiik yiiklemelere
maruz kalan (birim alana basina 10N’dan az) makine
parcalarinda sahip oldugu iyi adezyon ve kohezyon
baglarindan dolay1 servis sartlarinda uzun siire
gorevini yetirebilecegi bu caligmanin verilerine
bakilarak soylenebilir. Bu Calismaya ilaveten TiN/
TiCN/DLC filmin farkli ortamlarda ve farkli yiiklerde
siirtinme-aginma  davraniglarinin

filmin

detayli  olarak

belirlenmesi literatiire kazandirilmasi ve
endiistride hangi alanlarda kullaniminin daha verimli
olacaginin belirlenmesi acisindan da 6nemli olacagi

diisliniilmektedir.

100 cevrim
0,12
2 01 a
1
§ o -\
w 0,06 —
E —— %
E o —
= 002
[T,
o
o 0 60 &0 100
Cevrim
250 gevrim
_ 0,14
£012 &
3 01 8%
= \
= 008 Y
g ope — - :
5 0,04 T - ‘“--.._‘__ -
5 0,02
w1
o
0 50 150 200 250
Cevrim
500 cevrim
0,14 !
5012 % -
= L) P ¥
a 01 [y rd —
il s
2 0,08 '
£ 006 er 4
iS5 0,04
=3 002
o
o 100 200 300 400 500
cevrim

Sekil 11. TiN/TiCN/DLC filmin 10N yiikte 100, 250 ve 500 ¢evrim boyunca elde edilmis siirtiinme katsayilar1 grafikleri
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SONUC

e TiN/TiCN/DLC film magnetron si¢ratma yontemi
ile inconel taban malzemeler ilizerine yogun bir
yapida biiyiitiilmiis.

»  Filmin mikrosertlik degeri 39,8 GPa olarak tespit
edilmis olup bu deger literatiirdeki degerlere gore
oldukga yiiksektir.
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INTRODUCTION

It is known that if a surface is formed by
the movement of a line, this surface is called the
ruled surface. A ruled surface is the locus of a line
depending on a parameter. We assume that this line

does not have an envelope; hence the surface is

parameters # and v in E’ by X (u,v). Let

X(u,v)=a(u)+vb(u)

be a non-developable ruled surface in E’ with
b’ (u )=1 and the parameter u is the arc length
parameter of b (u ) as a unit spherical curve in E’
(Liuetal.,2014; Yuetal.,2014).1f a'(u).b'(u) =0,

base curve a( u ) is striction line of ruled surface.

MATERIAL AND METHOD

Definition 2.1. A curve 3 with K (S)7'E 0 is defined

as a cylindrical helix if the tangent lines of the curve

(Zj(s) = constant.

K

Here, if K (S) and T(S) are constants we call a

circular helix.

Definition 2.2. A curve 3 with K(s)#O is

220

non-developable (Kiihnel, 2006). In other words,
it is mean that a non-developable surface free
of points of vanishing Gaussian curvature in a
3-dimensional Euclidean space (Yoon, 2007). We
denote the Euclidean 3-space by E’ and a regular

parameter surface with the

(1)

Some special curves which are helix, slant helix,
Bertrand and Mannheim curves are examined
by the some authors. (Izumiya and Takeuchi,
2002; Liu and Wang, 2008; Yayli and Saragoglu,

2012).

[} creative a constant angle with a fixed direction.

Proposition 2.1. A curve f with K(5)#0 is a
cylindrical helix if and only if

2)

defined as a slant helix if the principal normal
lines of 3 creative a constant angle with a

fixed direction.
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Proposition 2.2. Let £ be an unit speed space curve with K(S)¢ 0. Then, S is a slant helix if and

only if

1s a constant function.

Definition 2.3. A curve B :/ = E’ with K(s)#0
is defined as a Bertrand curve if there is a curve

E :1 = E’ under the condition that the principal

A(T'(S)K(S) —K'(S)T(s))—r'(s) =0

suchthat 4 # Oand A € R Here,B = B (s) + An(s)

is Bertrand mate of f3.

Definition 2.4. A curve B :/ = E with ()0
is defined as a Mannheim curve if there is a curve

E:I — E° such that the principal normal lines

K =c(1<2 +r2),

3)

normal lines of (3 and E at Vs € [ are equal.

Proposition 2.3. Let § be a space curve with
K (s);é 0 and T (s) Then, 3 is a Bertrand curve if
and only if

4

of 3 with the binormal lines of E at Vse [ are

equal.

Proposition 2.4. A space curve in E’ is a

Mannheim curve if and only if

®)

where ¢ is a nonzero constant and Kand T are curvature and torsion of curve, respectively.

Definition 2.5. A ruled surface is defined by transformation

X(a,b): IxE — E°
(u,v)—X(a,b)(u,v)=a(u)+vbu),

Cilt / Volume: 8, Say1 / Issue: 1,2018
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where a:l — E3,bi[ —E° are differentiable
transformations and / is an open interval. a(u)
and b(u) are called base curve and director curve,
respectively. If b(u) is a constant, ruled surface is

called as a cylinder.

It is known that if Gaussian curvature is zero,
the ruled surface is developable ruled surface. In
addition, it is mean that a non-developable ruled
surface free of points of vanishing Gaussian

curvature.

x'(u)Za(u),
o () =—x(u)+k, () y(u),

V() =k, (u)er(u),

where K¢ (“) is called the spherical curvature func-
tion and {x(u),oc(u ),y(u)} is called the spherical
Frenet frame of the spherical curve b(u) (Liu et

al.,2014; Yu et al., 2014).

Definition 217. Suppose that
X (u,v)=a(u) +vb(u) is a non-developable ruled
surfaceand a(u) isthestrictionlineof X (u,v) under
the conditions @' (u)= M (u)x(u)+ n(u)y () and
u 1s the arc length parameter of b(u). Let k, (u)
be the spherical curvature function of b(u), then
X (u,v) can be given by {kg (u),}\(u),u(u)} up to

a transformation in E’ . Here, the functions k, (u)>

222

Definition 2.6. Suppose that X (u,v) = a(u) + vb(u)
is a non-developable ruled surface in E°. We
assume that b(x) is a unit spherical curve in E’
such that b* (u )21 and the parameter u is the
arc length parameter of bh(u) and base curve
a(u) 1is the striction line of the non-developable
ruled surface X (u,v). In this case, if we write as
x(u)=b(u),x'(u)=a (u) and yu)=o() x(u),
the spherical Frenet formulas of the curve b(u) can

be given by

(7)
8)

©)

A(u) and u(u) are defined as structure functions

of X(u,v) in E’ (Liuetal., 2014; Yu et al., 2014).

Definition 2.8. Suppose that
X (u,v)=a(u)+vb(u) is a non-developable ruled
surfacein E’ and a(u) isthe strictionline of X (u,v)
under the condition g '(u) = k(u)x(u)+ w (u ) y(u )
Here,{oc (u), x(u)= b(u), y(u )} is the spherical
Frenet frame of the spherical curve b(u) and the

parameter u is the arc length parameter of b(u) .

We assume that 7»(24 );é 0,then X'(u,v) is described
as pitched ruled surface. (Liu et al., 2014; Yu et

al.,2014).

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Striction Lines of Non-developable Ruled Surfaces in Euclidean 3-Space

RESULTS AND DISCUSSION

Let X (u,v) = a(u) +vb(u) be a non-developable  w(x) and k < (u) Then, the curvature K and torsion

ruled surface with the structure functions A(x), T of striction line a(u) are, respectively, given by

L (A—kopt) (2 +42)+ (Xu—2pt')
(/12 + )3

and
(A= pak, ) (A" = 2pa+ (2, + 1) (2~ ,ukg))+(/1'/1—/1/1')(2/1'—Zkgy'—kg'y)

o (A—kou) (2 + 1)+ (Xu—2pd'

(Liu et al., 2014; Yu et al., 2014).
From ‘“Eq. 10.”” and ‘“‘Eq. 11.”’, we obtain
(ﬂ—ykg)(iu”—/’t”y+(}tkg +p)(A-pk,))

+(z'u—zy')(2/1'—2kgy'—kg'y)

I3 (A—kou) (2412 )+(Au—2u')’
K (A—kou) (2412 )+ (A - 2w’y
(/12 + 1’ )3

By definition of helix, the last equation should be constant. In this case, if we choose

A
— = constant , we get

U
Au—2u4'=0
and
Au"—A"u=0

Then, we have

o (A-uk)(Ak +p)(A-pk,) (2 N

SRS [V R PR Fny
T ﬂkg +u
K Ak

Cilt / Volume: 8, Say1 / Issue: 1,2018

(10)

(1)

(12)

(13)

(14)

(15)

(16)
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If striction line is helix ‘‘Eq. 16.”’ is constant and so, we can write

Ak, +
A—k,u

=c, (celR)

and we obtain

cA—u

k, = :
A+cu

g

From here, we can express the following theorem:
Theorem 3.1. Suppose that X (u,v) = a(u)+ vb(u) is any non-developable ruled surface

in E° and a(u) is the striction line of X (u,v) under the condition a'= Ax(u)+ uy(u).

. . A -
a(u) is a helix if and only if A constant and k, = bl

,(CER).
U A+cu (CER)

By the definition of slant helix, ‘“Eq. 3.”” should be constant. From ‘“Eq. 10.”” and ‘‘Eq.

. A
11.”’, if we choose — = constant, we have

u
K:A—@u
A+’
and
T:ﬂkg+,u.
AT+t

Then, we obtain

1+k;
At

KP+7t =

] b e s
K

Akt (A—kou)

(zj’:kg’(zzwz)

K (ﬂ’_kg'u)z

(17)

(18)

(19)

(20)

21)

(22)

(23)
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2

(}b —ku )

12 + 2 k ! /12 + 2 k '
s K E) o

1+k2 ) (A_kgﬂ) (1+k2)2

AT+l

Here, if we choose —=— = ¢ and solve this differential equation, we obtain
(1+47)
k
£ =cu+d,(c,dconstant) . (25)

.

2
1+£k,
Therefore, we can say the following theorem:
Theorem 3.2. Suppose that X(u,v) = a(u)+vbh(u) is a non-developable ruled surface in

E’ and a(u) is the striction line of X(u,v) under the condition

a'(u)=x1x(u)+,uy(u). a(u) 1is a slant helix if and only if i=constant and
U

k
£ - =cu+d, where k, (), A(u) and p(u) are structure functions of X (u,v) and
1+k
g

.

c,d are constants.

It is know that a space curve is a Bertrand curve under the condition that

Atk —")=17', (26)
where A is nonzero a real number. From ‘‘Eq. 26.””, we can write
(Ej KPA=1", @7
K
: . . o) . A
Here, if we use value in ‘‘Eq. 23.”” instead of (—j and consider — = constant, we get
K H
’ 2
k(A + 1) (A - pik,) (28)

(ot )2 (/12+,u2)2 A=k, + 2k, +u
¢

Cilt / Volume: 8, Say1/ Issue: 1,2018 225



Ali CAKMAK

2

! 2 2 _
kg (/1 +,Ll )(i ﬂkg)zA:A'kg'f‘/lkg,'f'ﬂ'

(k) (7 e

Ak, +u
A:l+é’—ﬂ’

’
4

where u is the arc length parameter of a(u) . Since

A is a non-zero constant, A and Y are constants.

In this case, we can write the following theorem:

Theorem 3.3. Suppose that X (u,v) = a(u) + vb(u)
isany non-developableruled surfacein £° and a(u)
is the striction line of X (u,v) under the condition
a'(u)z}\ x(u )+ wy (u ) a(u) is a Bertrand curve
if and only if A and | are constants, where u is

arc length parameter of a(u) .

K:C(K'2 +T2)

1+k2  A—k,u
C =
/124_/12 2«2"'/«12
A—k u

g
2 b
1+kg

where c#0, ceIR.

Hence, we can give the following theorem:

Theorem 3.4.Supposethat X (u,v) = a(u) + vb(u)

is a non-developable ruled surface in E’ and

226

(29)

Corollary 3.1. The striction line a(u) of X(u,v)

is a Bertrand curve if and only if 4 =M.

Proof: If A and W are considered constants in
“Eq.29.”, it can be easily obtained 4=\

It is just known that a space curve in E’ is a

Mannheim curve if “Eq. 5.” is provided. If we

suppose that 4 s constant and use “Eq. 19.7,

U
“Eq.20.” and “Eq. 21.”, we obtain

(30)

(1)

(32)

a(u) is the striction line of X(u,v) under the

condition
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a'(u)=/1x(u)+,uy(u). a(u) 1s a Mannheim curve if and only if A constant and

A-k

M

y7i

c=——-"—, where k, (), ﬂ(u) and ,u(u) are structure functions of X(u,v) and cis a

1+k2 7

g

non-zero constant.

CONCLUSION

In this paper, firstly, we gave definitions
of helix, slant helix, Bertrand and Mannheim
curves. Then, non-developable ruled surfaces

and striction lines of non-developable ruled
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Curvatures of Implicit Hypersurfaces in Euclidean 4-space

Bahar UYAR DULDUL!

ABSTRACT: In this paper, we study the Gaussian and the mean curvatures of a hypersurface in Euclidean 4-space.
We obtain the formulas of these curvatures by using the Riemannian connection of Euclidean 4-space. As an appli-
cation of the obtained formulas, we give the Gaussian and mean curvatures of an implicit hypersurface. Also, the
Gaussian curvatures of some quadric hypersurfaces are given.

Keywords: Gaussian curvature, hypersurface, mean curvature
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4-boyutlu Oklid Uzayinda Kapah Hiperyiizeylerin Egrilikleri

FBED

OZET: Bu calismada, 4-boyutlu Oklid uzaymnda bir hiperyiizeyin Gauss ve ortalama egrilikleri ¢alisilmistir.
4-boyutlu Oklid uzaymnda Riemann konneksiyonu kullanilarak bu egriliklerin formiilleri elde edilmistir. Elde
edilen formiillerin bir uygulamasi olarak bir kapali hiperyiizeyin Gauss ve ortalama egrilikleri verilmistir. Ayrica,
bazi kuadrik hiperyiizeylerin Gauss egrilikleri elde edilmisgtir.
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INTRODUCTION

The Gaussian and the mean curvatures are the
most important curvatures of a surface in Euclidean
3-space. The formulas for these curvatures are well-

known not only for parametric surfaces but also for

MATERIALS AND METHODS

implicit surfaces (see e.g. (Gray et al., 2006)). These
curvatures are defined by the shape operator of the
surface and they are independent of the chosen basis
of the tangent space. In this paper, we study these
curvatures for implicit hypersurfaces in Euclidean

4-space.

i

4 4 4
Definition 1. The ternary product of the vectors a = z ae;, b= Z be,,and c= Z c.e
i=1

i=l1 i=l1

is defined by, (Hollasch, 1991; Williams and Stein, 1964),

a®b®c=|1 2 % a4’
b b b b,

where {ee,,e;.e,} isthe standard basis of R*.

The ternary product has the following properties (Williams and Stein, 1964):

) a®b®c=-b®a®c=b&®c®a,

2) (a,b®c®d)=det{a,b,c,d},
3)(a,b®c®d)=—(a®b®c,d),

4) (a+b)®c®d=a®c®d+b®c®d.

Definition 2. Let M be a regular hypersurface
in Euclidean 4-space E*, D be the Riemannian

connection of E*, U be the unit normal vector field

of M, and P € M be a point. Then, for a tangent
vector v, to M at P the shape operator of M is

defined by S (v, ) =-D, U (Lee, 1997).

230

(1)

Definition 3. Let M be a regular hypersurface in

Euclidean 4-space E*. The Gaussian curvature

K and the mean curvature H of M at a point

PEM are defined by K(P)=det(S,) and

1
H(P) = gtrace(SP) where S, is the matrix of the

shape operator S of M (Lee, 1997).
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RESULTS AND DISCUSSION linearly independent tangent vectors to M at P.
Theorem 1. Let P be a point on a regular  Lhen the Gaussian and the mean curvatures of M at

hypersurface M < E*, and let v,, w,, r, be P satisfy the following equations:

S(v,)®S(w,)®S(r,)=K(P).v,®W, r,, 2)
S(v,)®W,®r,+v,®S(W,)®r,+v,®W,®S(r,)=3H(P).v,®W,®r,. (3)
Proof. Since v,, w,, and r, are linearly independent, they constitute a basis of the

tangent space T, (P) Then we can write

S(Vp) =ayv,+bw, +cr,,
S(wp):azvp+b2wp+c2rp, 4)
S(rp): av,+bw +cr,.
where a;, b;,c; ER,1<i < 3.
al aZ a3
Thus, the matrix at P of the shape operator is givenby S, =|b b, b, |.
G 6 G

Using Eq. (4), we obtain

S(vp)®S(w,)®S(r,)=(aby; +abe, +abe, —abe, —abe; —ab,c,).v, ®w, ®r,
=det(S,).v, ®w, ®r,

=K(P).v,®w,®r,
and
S(v,)®W,®r,+v,®S(W,)®r, +v,®W,®S(r,)=(a,+b,+¢;).v,®W, ®r,
=trace(S,).v, ®w, ®r,

=3H(P).v,®w,®r,.
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Theorem 2. Let Z be a nonvanishing normal vector field on a regular hypersurface

McE*. Let V, W, and R be the tangent vector fields of M satisfying

V®W®R =Z. Then the Gaussian and the mean curvatures of M can be given by

K= ”Z1” det{D,Z, D\Z, D, Z,Z} (5)
and

3”Z” —(det{Z,V,R,D,Z} —det {Z, W,R, D, Z} —det {Z,V,W,D,Z}), (6)
respectively.

Proof. Let us denote the unit normal vector field of the hypersurface with U. Then we

may write U= ” i Then we have S(V)=-D,U=-V| 4|z Iz ||D +Z. Therefore,
we obtain

S(V)@S(W)@S(R)—” P ! p,z®D,20D,Z+0,

where

W[Z]D 28D, Z®Z- V[” ]D WZODZ®Z - R[” ]D Z®D,ZOZ

is a tangent vector field of A . Then, by using Eq. (2), we have

K.V®W®R:K.Z— D Z®D,Z®D,Z+Q. (7)

Taking the scalar product of both sides of Eq. (7) with Z yields

K(Z,Z)=

= ——(D,Z®DZR®D,Z,Z).
|z
Then, using Eq. (1) we get

K =——=det{D,Z, DZ, D, Z,Z}.
IIZII
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Similarly, from Eq. (3) we have

3BHVOWRR=S(V)®WRR+VRS(W)®@R+VOWRS(R)

and

3HZ = (D ZOWRXR+VRIDWZIR+VIOIWRKXD Z)

]
—V[ﬁ]Z@W@R—W[ﬁ]V@Z@R—R[ﬁ]V@W@Z. (8)

Taking the scalar product of both sides of Eq. (8) with Z and using Eq. (1) yield

S (det{Z,V,R, Dy Z} —det{Z, W,R, D, Z} —det {Z,V,W, D, Z}).

As an application of Theorem 2, we may give the following:

Example 1. Let M be the hypersurface given by
(%2, x0.3,) € E* | fixf + foxh + fixd + fix) =1},
where f,, f,, f;, f, are constants being not all zero, k is a nonzero real number, and

X,, X,, X;, x, are the natural coordinate functions of E*.

19
Now, by using Theorem 2, let us obtain the Gaussian curvature and the mean curvature of

M.

Let g(x,x,,x,X,)=fix; + f,x, + fix; + f,x;.Thus, we have M:{PeE4 |g(P):1}.

4
Then Z =Vg is anonvanishing normal vector field of M ,ie. Z= kz fixi 2

Xi
i=1

4
Let V= Z Vi z lﬁx , and Z aL be three linearly independent

i=1

tangent vector fields on M . Since f,, 1<i<4, are constants, we have

D,Z= kZV[f,xf‘] 2=k (k- IZf,le, EE

i=1

Cilt / Volume: 8, Say1 / Issue: 1,2018
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D, Z= kZW[f,x,’”] & =k(k- Iwax =,

i=l1

D, Z= kZR[flel]xi (k- IZf,r,x, &

i=1

Therefore, det{D,Z, DyZ, D,Z,Z} is equal to

k(k —l)flle,"’2

k(k - l)flwlxl"—2

k(k - l)flrlxl"—2
Kt

k(k - l)fzvzxg—2 k(k - l)f3v3x3k—2 k(k - 1)f4v4xj§—2

k(k - 1)f2w2x§—2 k(k - 1)f3w3x§—2 k(k - 1)f4w4xf§—2

k(k - l)fzrzxg—2 k(k - 1)f3r3x§—2 k(k - 1)f4r4x§—2
Kt k! Kfxi!

=k* (k=1 £ fofofs (xx,x, ) det{V,W,R, X},

4
where X=>x Z.

i=1

We choose V, W and R suchthat VOIW®R =Z. Using Eq. (5), we obtain

(k-1)° ST, (x1x2x3x4) B <Z’ X>'

4
Since Zflxlk =1, we get

—%(k - 1)3 N1t (x1x2x3x4 )kiz

Now let us compute the mean curvature of M . We have

k- _ _ -
kfix™ kf Kf ! Kf i
v, V. V. \%
det{Z,V,R,DZ} = 1 ’ ' )
h r £ Ty
k(k - l)flwlxl’f—2 k(k - 1)f2w2x§—2 k(k - 1)f3w3x§—2 k(k - 1)f4w4xj§
234 Igdir Uni. Fen Bilimleri Enst. Der. / Igdir Univ. J. Inst. Sci. & Tech.
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=k’ (k —1){f1f2 (x,x, )k72 (x,w, —wix, ) (vsry —13vy ) + £/ (0, )k72 (xywy —wixy ) (v, —vyry )
+/h/a (x1x4 )k_2 (x1W4 - W1x4)(vzr3 —hYs ) + /31, (x2x4 )k—2 (x2W4 _sz4)(rlv3 _V173)
+1,/s (xzxs )kiz (X2W3 WX )(v1r4 —NhVy ) +f3/4 (x3x4 )kiz (x3W4 — WXy )(Vlrz —hVs )} .

Similarly, we obtain
det{Z, W,R, Dy Z} =& (k=1){ £, (xx,)" (xivy =vix, ) (wary =13, )
S VACES )H (v =y ) (rw, —wor )+ £y (3, )H (v, =wxy ) (wars —r5ms )
i () (v —ax ) (s —win )+ o fs (305 ) (v v ) (wiry =)
+fsfa(X32,) 2 (304 — V3x4) (Wi, — TyW,)}
and
det {Z,V, W, D, Z} =k (k=1){ £, (%) (73 =73, ) (vowy =wyvy )
+hifs (0, )H (x5 =7y ) (wavy —vyw, )+ £s (%, )H (27 =7, ) (Vs —wyvs )
+ /i (%%, )H (37 =10, ) (wivs —vws )+ £ f; (0,5 )H (273 =75 ) (s =i, )
+fsfa(x3x,) 2 (20314 — T3x4) (VW — Wy 1,)}

Therefore, det{Z,V,R,DyZ}—det{Z, W,R,D,Z} —det{Z,V,W,D.Z} is equal to

K (k-1)3 £f (vx,) det{X,, W, V.R}, ©)

l=i<j

where X, =x Z+x 2, 1=i<j<4. Since VOW®R=Z, substituting

7o

det{X, W,V,R}:—<XU,Z> into Eq. (9), and using Eq. (6), we obtain the mean

y’)

curvature of M as

H P 3 o ) (410,
3(Zfi2xizk—z} I=i<j

Cilt / Volume: 8, Say1 / Issue: 1,2018
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Corollary 1. The Gaussian curvatures of the quadric hypersurfaces

N Xy ozZw S
i) —+—+—+—=1, (Ellipsoid
@) —s+iz+=+-z=1 (Ellipsoid)

I, (Ellipsoidal hyperboloid with one sheet)

@ b d -
2 2 2 2
(i) =+ Z—z - Z—z - % =1, (Troidal hyperboloid )
xZ 2 2 W2
(iv) pra Z—z I =1, (Ellipsoidal hyperboloid with two sheets)

are given in each case by K =F—1

24212 407) " \where the minus sign appears
(abed)* \ a* ~ b* & at ?

in (1) and (iii). The lines of curvature on above quadric hypersurfaces are studied in

(Sotomayor and Garcia, 2016).

CONCLUSION

In this paper, the Gaussian and the mean curvatures

of a hypersurface are studied in 4-dimensional
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Fark Denklem Sistemleriyle Olusturulmus Ot-Otcul Modelinin
Catallanma Analizi

Senol KARTAL

OZET: Bu ¢alismada, fark denklem sistemiyle olusturulmus bir ot-ot¢ul matematiksel modeli g6z oniine alinmuistir.
Center Manifold teoremi kullanilarak sistemde Neimark Sacker ¢atallanmasinin olugmasi i¢in gerekli olan 6zdeger
esligi, transversality ve nonresonance kosullar1 analiz edilmis ve teorik olarak bu kosullarin saglandig: gosterilmistir.
Elde edilen bu teorik kosullarin dogrulugunu gostermek icin bazi parametre degerleri belirlenmis ve bu parametre
degerleri i¢in sistemin ¢atallanma diagrami, faz diyagramlar: elde edilmistir.

Anahtar Kelimeler: Fark denklem sistemi, kararlilik, Neimark-Sacker catallanma, ot-otgul model
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ABSTRACT: In this study, a plant-herbivore mathematical model constructed with the system of difference
equation is considered. Using Center Manifold theorem, the eigenvalue assignment, transversality and nonresonance
conditions that required for the existence of Neimark Sacker bifurcation in the system are analyzed and it has been
theoretically shown that these conditions are satisfied. In order to show the accuracy of these theoretical conditions,
some parameter values have been determined and the bifurcation diagram and phase diagrams of the system have
been obtained for these parameter values.
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GIRIS

Temelde ot (bitki)-otcul etkilesimine matematiksel
olarak av-avct modeli olarak yaklagilmistir (Caughley,
1981; May, 2001). Literatiirde bu etkilesimi tanimlamak
icin bir¢ok yazar kesikli ve siirekli dinamik sistemleri
kullanmuglardir (Li, 2011; Chattopadhayay et al., 2001;
Mukherjee et al., 2011; Danca et al., 1997; Agiza et al.,

d
= (1- %) — ax(D)y(®),
dy

prie —sy(t) + Bx(t)y(t),

Burada x(t) ve y(t) sirasiyla ot ve otgul

popii-lasyonunu temsil etmektedir. r, K ve «
parametreleri sirastyla bitki biiylime orani, bitki tagima
kapasitesi ve bitkinin otcul tarafindan avlanma oranidir.
s otgulun 6liim orani ve 3 otgulun doniisiim oranidir

(Chattopadhayay et al., 2001).

Deneysel veriler gostermistir ki bitki ya da otgul
non-overlapping nesillere sahip olduklar1 icin bu
etkilesim siirekli zamanlt dinamik sistemlerden ziyade
kesikli zamanli dinamik sistemlerle modellenmelidir.
Dolayisiyla birgok yazar bu biyolojik gercekten
hareketle ot-otcul etkilesimi igin fark denklem
sistemlerini kullanmay1 tercih etmiglerdir (Mukherjee

etal.,2011; Dancaet al., 1997; Agiza et al., 2009; Sui et

d

2 = (1-29) — oy,
d

d_f = —sy(t) + Bx([tD)y(0),

(2) tam deger fonksiyonlu diferansiyel denklem
sistemi hem siirekli zamant hem de kesikli zamani

2009; Sui et al., 2007; Sun et al., 2014; Das and Sarkar,
2001; Cejas et al., 2004; Kartal, 2016). Li (Li, 2011)
herbivore iizerindeki plant toksin etkisini incelemek
icin Holling type II fonksiyonu igeren diferansiyel
denklem sistemi kullanmigtir. Chattopadhayay ve
arkadaglar1 (Chattopadhayay et al., 2001) ise asagidaki

stirekli zamanli modeli 6nermislerdir.

)]

al., 2007). Ot-Otgul modellemesine diger bir yaklagim
gecikmeli diferansiyel denklemlerin kullanilmasidir
(Sun et al., 2014; Das and Sarkar, 2001; Cejas et al.,
2004). Bu denklemlerin ot-otcul modellemesinde
kullanilmasi1 otculun bitki {izerinde olusturdugu
zarar ve bitkinin bu zarar karsilik gerceklestirdigi
savunma mekanizmasindan kaynaklanmaktadir. Sun ve
arkadaglart (Sun et al., 2014) gecikme zamani igeren
reaksiyon-difiizyon kismi diferansiyel denklemlerini

kullanarak ot-otgul etkilesimini incelemiglerdir.

Kartal (Kartal, 2016) ise (1) denklemine tam deger
fonksiyonu katarak hem siirekli zamanli hem de kesikli

zamanl agagidaki modeli olusturmusgtur.

2

t&[n,n+1) alt araliklarinda

coziimiinden agafidaki fark denklem sistemi elde

denklem sisteminin

birlikte icerir ve gecikmeli diferansiyel denklemlerle  edilmisgtir.
yakindan iligkilidir. Calisma (Kartal, 2016) de (2)
xXn)|r —ayn
1) (I ~ ay()] |
[r — ay(n) — rkx(n)]e~lr—ayM] + rkx(n) 3)

y(n+ 1) = y(n)efx®=s,
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Manifold
kullanilarak (3) sisteminin Neimark-Sacker catallanma

Bu caligmada ise Center teorisi

analizi yapilacaktir.

B > ks

kosulu altinda

S Tr
E* = (X'*,y*) = (E,E<1

-5)

MATERYAL VE YONTEM

(3) sisteminin ¢atallanma analizine gegmeden dnce
yerel kararlilik analizi sonuglarii bilmek gereklidir. (3)
sisteminin pozitif denge noktasi

olarak elde edilebilir. E* denge noktasinda (3) sisteminin /* jakobyen matrisi ise

/ _krs
_krs —14e B a\
@ B ( ) e—er*

= | =

e 1)

By”

(=14 e NHa

kr
1

olarak hesaplanir. (6) Jakobyen matrisinin karakteristik denklemi ise

pA) =2 +A(-1—e ) +e > +

2016). (7) karakteristik

denklemindenelde edilecek olan . ,i=1,2 6zdegerlerinin

olarak bulunur (Kartal,

1 den kii¢iik olmasini saglayan kosullar ya da diger bir
deyisle (3) matematiksel modelinin E* denge noktasinin

yerel asimptotik kararli olmasint saglayan kogullar
ks <P<k+ks ise.

BULGULAR VE TARTISMA

Bu boliimde (3)
catallanma

sisteminin Neimark-Sacker

analizi yapilacaktir. Neimark-Sacker
catallanmasi, kesikli zamanli dinamik modellerde
ortaya c¢ikan bir catallanmadir. Bu catallanma tipi
icin linerlestirilmis sistemin jakobyen matrisinin
karakteristik denklemi birim dairenin iizerinde olan bir
cift eslenik kompleks 6zdegere sahiptir ve karakteristik
denklemin diger biitiin 6zdegerleri birim dairenin

icindedir. (3) fark denklem sisteminin Neimark-Sacker

Cilt / Volume: 8, Say1 / Issue: 1,2018

(1 _ (e—er*)aﬁy* _ 0 (7)

Schur-Cohn kriterlerinin kullanilmasiyla agagidaki gibi
elde edilmistir.

Teorem 1 (Kartal, 2016):
modelinin denge noktasi yerel asimptotik kararlidir

(3) matematiksel

ancak ve ancak

catallanma analizini yapabilmek icin Kuznetsov’un
(Kuznetsov, 1998) ortaya koydugu ve bir ¢ok yazarin
kullandig81 ¢atallanma teorisi kullanilacaktir (Kuznetsov,
1998; Xin et al., 2009; Wen, 2005; Peng, 2005; He
and Li, 2014; Sohel Rana, 2015). Asagidaki teorem
iki boyutlu kesikli zamanli dinamik sistemler igin

Neimark-Sacker Catallanma kriterlerini vermektedir.

Teorem 2 (Xin et al., 2009): (iki boyutlu kesikli

zamanli dinamik sistemler icin Neimark-Sacker

Catallanma Kriterleri)
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Iki boyutlu
Xk+1 = f O, 1)

kesikli dinamik sistemini gz Oniine alalm. Burada x;, 1, x;, € R? vektorler ve i de bir parametredir.

(A1) (8) sisteminin x* denge noktasindaki J,, f(x*, i) jakobyen matrisinin karakteristik
denklemi p(1) = 22 + p;A +p, =0,
(A2) (8) sisteminin normallestirilmis denklemleri

. 1 1 5, 1 _
7 =elz+ Egzozz + g112Z + Egozzz + 5921222,
(A3) Birinci Lyapunov katsayisi

e—i@ _zeiH())e—ZiH()

a(0) = Re [%] — Re [Wgzogn] =5 lgul? - Z|902|2
olmak iizere

(B1) Ozdeger esligi : p = pu* noktasinda 1 +p; +py >0, 1 —p; +py >0, 1+py >

0, 1—py =0,

(B2) Transversality Kosulu: ‘m;—i#)l

p=u
(B3) Bir cift eslenik kompleks 6zdegerler A; ve 1, icin resonance kosulu A, (u*) = 1

ya da nonresonance kosulu A, (u*) # 1,m = 3,4,5, ... ....
kosullar1 saglansin.

Bu durumda u = u* noktasinda Neimark-Sacker catallanmasi olusur. Nonresonance
kosulu altinda eger a(0) < 0 ise supercritical Neimark-Sacker ¢atallanmasi, diger

durumda subcritical Neimark-Sacker ¢atallanmasi olusur.
Teorem 3: Eger

ks <pB*=k+ks

®)
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ise bu durumda (3) sistemi icin denge noktasinda
Neimark-Sacker catallanmasi olusur. Ustelik o(0)
< 0 ise bu durumda olusan catallanma supercritical

Neimark-Sacker catallanmasi, diger durumda ise

subcritical Neimark-Sacker ¢atallanmasidir.

Ispat. Oncelikle (B1) 6zdeger

esligininin

kosullarin1 g6z Oniline alalim. (7) karakteristik

denkleminden

(1- e )apy

P = -1 - @—er ve py = @_er + -
T

dir.

14+p1+py>0 1—p;+py>0vel+py> 0 dan sirasiyla

1— —krx* =
(- )apy

0,
kr
. (A—e* " )apy”
2+2e_k”‘+( )ﬁy>o
kr
ve
. (A= )apy”

1+@“x+( )ﬁy>0

kr

€)

(10)

(11)

elde edilir ki bu esitsizlikler (4) esitsizliginin varligi altinda her zaman mevcuttur.

1 —po = 0 denklemi B ya gore ¢oziiliirse B* = k + ks elde edilir.

Ote yandan (6) matrisinin 6zdegerleri

A1,2(B)

e krx’ <k +emk F ﬁ'\/(—l + @) k(k(1— e (1 + 4s)) + 4eer*ﬁ))

- 12
2k (12)
seklinde hesaplanir ve 8 = " i¢in bu kompleks 6zdegerler
1 _rs s s 2rs
L12(B7) =5 e 15 | 14 el+s F iy —1 = 2€T+ + 3elis (13)

olur. Buradan kolayca goriilebilir ki |7h1'2 BH
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A1,2(B)

e ke’ <k +ekF ﬁ\/(—l + @k (k(1— e (14 4s)) + 4@"”*3))

- 12
2k (12)
seklinde hesaplanir ve f = [* i¢in bu kompleks 6zdegerler
1 _rs s s 2rs
L2(B) =5 € Trs | 1+ elts F iy —1 — 2€T+s + 3elss (13)

olur. Buradan kolayca goriilebilir ki |7\.1'2 (B")| = 1 dir. Diger taraftan (B2) kosulundan

d|4;(B)I e 2 (<ks + @7 s(ks = B))

d - : :
P lp=s \/Eﬁ\/1+@—2k” +2$—%+@"‘” (—2s+%)

#0 (14)

elde edilir ki bu bize Transversality kosulunun saglandigini gosterir. Diger taraftan

trJ(r,) = —p; # 0, —1, nonresonance kosulundan

1+e™* +0,-1, (15)
elde edilir ki bu da

A.(BH#1, k=1234.

olmasi demektir. Sonu¢ olarak (3) sistemi i¢in ks < " =k + ks kosulu altinda
Neimark-sacker ¢atallanmasi mevcuttur.

Simdi ise ¢atallanmaninin tiiriinii belirlemek i¢in a(0) degerini hesaplayalim.

q € R?, J(B*)q = e'%q olacak sekilde J(B*) Jakobyen matrisinin 1;(8*) dzdegerine
karsihk gelen Ozvektorii ve p € R? de JT(B*)p = e %p olacak sekilde JT(B%)
matrisinin 1; (8*) 6zdegerine karsilik gelen 6zvektorii olsun. Bu durumda

T

s s 2rs
—(—1+ el+s)kr — i\|—1 — 2el+s + 3el+skr
qa~1 1 TS (16)
2(—=1+ el+s)a /
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Ve

2rs

rs rs
(—=1+ el+s)kr + ﬁ\/—l — 2el+s + 3el+skr

p~ , 1 (17)

ﬁ
2(—1 + el+s)a

dir. Buradan < p,q >= 1 olmasin1 saglayan normallestirilmis vektorler

T
s s 2rs
—(—1+ el+s)kr — i\|—1 — 2el+s + 3el+skr
2(—1+ el+s)a
ve
T
s s 2rs rs
I— iel+s + \/—1 — 2el+s 4+ 3el+s i(—1+ eT+)a \
p= , - (19)
s 2rs TS s
2\/—1 — 2@l+s + 3el+s (—1+et+s)(1 + 3(6’1+S)k7‘/

olarak secilebilir.

N

dontsimii ile E* = (x%,y") = (ﬁ

,2(1 —];—S)) denge noktasi orjine taginilabilir. Bu

durumda (3) sistemi

( &7 (s + fxy(n)) (krs — afx,(n))
[x1(n+1) =
I; (@er*kr(s + Bx, (n)) _ eaxz(n)ﬁ(erl (n) + ax, (n))) 20)
x1(n) _
sz e 1) = 20 ks:ﬁﬂ )+ abr(m)

halini alir. Simdi

X =2zq+ zq

olacak sekilde
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H(z,2) =<p,F(zq + zq,B") > (21)

fonksiyonunu olusturalim. Bu fonksiyonun (z, Z) = (0,0) noktasindaki Taylor serisi

1 .
HGD = ) ogud 74 +00z2Y (22)
zsj'+k§]' '

seklindedir ve gj;, taylor katsayilari hesaplandiktan sonra gatallanmanin yonii

e—i90g21] e [(1 _ Zeieo)e—Zieo

1 1 2
5 2(1 — eifo) 920911 —§|g11| —Z|goz| (23)

a(0) = Re I

formuliinden belirlenir.

Simdi yukarida elde edilen teorik sonuglar1 dogrulugunu niimerik olarak goéstermeye

calisalim.

1.8 T T T T T T T T

1.6T i

1471 ° ® 7]

1.2T1 i

0.6[

041

0.2

Sekil 1. 3" = 0.8 degeri i¢in sistemin Neimark-Sacker catallanmasi.
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Ornek 1. r=12,s =06, a = 1.1, k = 0.5, B* = 0.8 parametre degerleri icin (20)

sisteminin Jakobyen matrisi

~ _ (0.637628 —0.664348
J(B )_(0.545454 1 )

olarak hesaplanir ve bu matrisin 6zdegerleri
A1, = 0.818814 F 0.574059 i = e*i%, 6y = 0.611454

seklindedir. Burada |/11,2| = 1 oldugu agiktir. Ote yandan J(*) matrisinin dzvektorleri

(16) ve (17) esitliklerinden
q~(1, —0.272727 —0.864093 i)"

p~(0.272727 + 0.864093 i, 1)T

seklinde belirlenebilir ve < p,q >= 1 olmasini saglayan normallestirilmis vektorler ise

(18) ve (19) dan

q=(1, —0.272727 —0.864093 i)"

p=(05 —0.157811i, —0.578641)"

olarak hesaplanabilir. (21) ve (22) den ise H(z, Z) fonksiyonunun gy taylor katsayilari
920 = 0.286335 + 0.374542 i, g11 = 0.0142984 + 0.00451291i

921 = 0.647223 — 0.171596 i, 9oz = —1.00559 — 0.601554 i,

olarak bulunur. (23) esitliginden ise a(0) = —0.132963 olarak hesaplanir ki buda bize
B* = 0.8 noktasinda supercritical Neimark-Sacker catallanmasinin olustugunu gosterir.

(Sekil 1, Sekil 2, Sekil 3)
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Sekil 2 B € [0,3] ve x(1) = 2, y(1) = 2 baslangi¢ kosullar1 igin B ya kars1 ¢izilmis (3) sisteminin x(n)
popiilasyonunun catallanmasi.

450 T T T T T
400 ° 1
L]
350 1
300 1
250 7
<
= ¢
2001 7
150 i
e
100 _
° L]
] | 4
50| s & |
™ i o’ *
0
0 0.5 1 1.5 2 2.5 3

Sekil 3 B € [0,3] ve x(1) = 2, y(1) = 2 baslangi¢c kosullar1 i¢in B ya kars1 ¢izilmis (3) sisteminin y(n)
popiilasyonunun catallanmasi.
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SONUC

Bucalismada (2) tam deger fonksiyonlu diferansiyel

denklem sisteminin (€[n,n+1) alt araliklarinda

coziimiinden (3) fark denklem sistemi elde edilmistir.

(3) fark denklem sisteminin pozitif denge noktasinin
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Ames Testi Kullanilarak Dentis Pestisitinin Mutajenitesinin
Belirlenmesi

Dilek AKYIL!

OZET: Bu ¢alismada, tarim sektériinde oldukga yaygin olarak kullanilan Dentis pestisitinin mutajenik etkisi, kisa
zamanli bakteriyel mutajenite test sistemlerinden biri olan Salmonella/mikrozom test sistemi ile arastirilmigtir.
Calismada Salmonella typhimurium’un iki susu olan TA98 ve TA100 suslar1 kullanilmigtir. Bunun i¢in her iki sus
mikrozomal enzimler iceren metabolik aktivasyon (S9) varliginda ve yoklugunda, Dentis’in 250, 25, 2.5, 0.25,
0.025 ng/plak konsantrasyonlarinda iki bagimsiz paralel deneyde test edilmistir. Her test susu i¢in pozitif kontroller
de kullanilmistir. Elde edilen veriler Dunnett-t testi ile istatistiksel olarak degerlendirilmistir. Sonug olarak; Dentis
pestisiti TA98 ve TA100 suslarimin her ikisinde de S9 varliginda ve yoklugunda 250 pg/plak konsantrasyonunda
mutajenik aktivite gostermistir.
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GIRIS

Teknolojideki hizli gelisim ve batili yasam
tarzinin benimsenmesi ile birlikte kimyasallarin
insan hayatinda daha fazla yer almasi ve her alanda
¢ok yaygin olarak kullanilmasi sonucu bu maddelerin
insan saglig1 ve dogal kaynaklar iizerinde olumsuz
etkilerinin oldugu bilinmektedir (Kim et al., 2010).
Endiistrinin gelismesiyle birlikte mesleki olarak
kimyasal maddelere maruziyet durumu da artmis
olup kullanilan bu kimyasal maddeler i¢in tehlike
degerlendirilmesi gerekliligi de artmistir (Alzuet et
al., 1996; Oguz, 2011). Mesleki olarak en sik maruz
kalinan kimyasal maddelerden biri de pestisitlerdir.
Bu maddeler tarimda verimi artirmak i¢in siklikla
kullanilan kimyasal maddeler arasindadir ve
pestisitler i¢cerisinde en yaygin kullanilan gruplardan
biri de pretriodlerdir. Piretroidler, diinyada 30 yili
agskin bir siiredir tarimda, kiigiikbas hayvanlarda
ektoparazitlere karsi yaygin olarak kullanilan
insektisitlerdir. Diigiik memeli toksisiteleri nedeniyle
piretroid bilegiklerin kullanimi son zamanlarda
artts gostermistir ve 1990’larin ortalarinda diinya
insektisit piyasasinin %23’iinii piretroid maddeler
olusturmustur (Soderlund et al., 2002; Piner, 2009).

Giinliik yasantimizda siklikla dogal ya da
kimyasal maddelerle yiiz yiize geldigimiz igin
arastirmacilar,
karsinojenik risklerini belirlemek icin in vivo test
sistemleri yerine daha hizli ve giivenilir sonug alinan

kimyasal maddelerin mutajenik/

in vitro test sistemlerini tercih etmektedirler. Bu
testler kimyasal maddelerin mutajenik etkilerinin
belirlenmesi amact ile
metodlar arasinda en yaygin olarak kullanilanlar
kisa zamanda sonuclanan bakteriyel testlerdir
(Fuse et al., 2011; Oguz, 2011). Ames (Salmonella/

Mikrozomal) testi,

kullanilmakta olup bu

gecmisten giinlimiize kadar
yaygin kullanim alam1 bulan bakteriyel bir test

farkli
aktivitelerinin

sistemi olup, arastirmacilar tarafindan

kimyasal maddelerin mutajenik
degerlendirilmesinde siklikla kullanilmistir (Healy
et al., 20035 Coral et al., 2009; Akyil, 2013; Eren,
2016). Bu c¢alismada piretroid grubu bir pestisit
olan Dentis’in ticari formunun kisa zamanli bir
bakteriyel test sistemi olan Ames testi ile mutajenik

aktivitesinin degerlendirilmesi amaglanmistir.

250

MATERYAL VE METOD
Materyal

Deneyde, Salmonella typhimurium LT2 atasal
susundan in vitro mutasyonlarla gelistirilmis TA98
ve TA100 suslar1 kullanilmigtir (Maron and Ames,
1983). TA 98 susu cergeve kaymasma yol agan
mutajenlerin, TA 100 susu ise baz ¢ifti degisimine
yol acan mutajenlerin belirlenmesi i¢in kullanilmigtir.
Calismada piretroid grubuna ait olan bir insektisit olan
Dentis kullanilmis ve ticari formu Koruma Klor Alkali
Sanayi ve Ticaret Anonim Sirketi (Kocaeli)’nden temin
edilmistir. S9’lu deneyin gerceklestirilebilmesi icin
gerekli olan S9 fraksiyonu ticari olarak hazir bir sekilde
temin edilmistir (Sigma-Aldrich -S2067).

Dentis pestisitinin  deneyde kullanilan test
konsantrasyonlar steril distile su ile deney sirasinda
taze olarak hazirlandi ve c¢alismada bu maddeye ait
bes farkli konsantrasyon kullanildi. Sitotoksik dozun
belirlenebilmesi i¢in bir 6n ¢alisgma yapildi ve bu
on caligma sonunda elde edilen konsantrasyonlar
calismada kullanildi. Bu konsantrasyonlar Dean et
al., (1985) yontemine uygun olarak belirlendi ve
sitotoksik olmayan dozlarla calisildi. Test suslarinin
genetik isaretlerinin dogrulanmasi ¢aligmada kullanilan
S. typhimurium TA98 ve TA100 suslarmin genetik
isaretlerinin  kontrolii, —mikrozomal fraksiyonun
hazirlanmasive Ames testi Maron ve Ames’in yontemine
uygun yapildi. Deneyler S9 fraksiyonu varliginda ve
yoklugunda olmak {iizere iki grup halinde ¢alisildi. Her
doz paralel 3 plak halinde denendi ve farkli zamanlarda
iki bagimsiz deney yapildi. Ayrica deneyde pozitif ve
negatif kontrollerde kullanildi. Pozitif kontrol olarak
TA98 susu S9’lu deney icin 2-aminofluorene, S9’suz
deney i¢in 4-nitro-o-phenylenediamine kullanilirken,
TA100 susu i¢in S9’lu deneyde 2-aminoanthracene,
S9’suz deney i¢in ise sodyum azide kullanildi.

Bakterilerin genotiplerinin kontrol edilmesi

Testin gilivenilirligi agisindan test suslarinin
orijinal mutasyonlara sahip olup olmadiklari Histidin
gereksinimi, Rfa mutasyonu, UvrB mutasyonu, R
faktorii testlerle kontrol edildi.

Histidin gereksinimi kontrolii i¢in niitrient brothda
(NB) bir gece iiretilen bakterilerden sabah minimal
glukoz agar ve histidin/biyotin (HB) plaklarina ¢izgi
ekim yapildi. 37 °C’de 48-72 saat inkiibasyondan sonra
HB plaklarinda tireme gozlenirken minimal glukoz
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agar (MGA) plaklarinda iireme gozlenmedi. wvrB
mutasyonu kontrolii i¢in NB’da bir gece biiyiitiilen
bakteri kiiltiiriinden 1 6ze dolusu alinip nutrient agar
(NA) plaginin tamamia paralel ekim yapildi. Plakin
yarist plastik bir plaka ile kapatilip 15 watt giiciinde
bir UV lambasi ile 33 cm. yiiksekten 8 sn. siire ile
1sinlandi. Isinlanmadan sonra petri kapaklart kapatilip
37 °C’de 24 saat inkiibe edildi. Bu siirecin sonunda
UV’ye maruz kalan kisimda {ireme olmazken, plastik
kapakla kapatilan kisimda normal bir tireme gdzlendi.
Rfa mutasyonu kontrolii i¢in NB’da bir gece biiyiitiilen
bakteri kiltiirinden 0.1 ml siv1 kiltiir alinarak, 45 °C
su banyosunda tutulan 2 ml top agar tizerine ilave edilip
daha sonra NA plaklarina dokiilerek plaklara 8 igareti
yapildi. 10 dk. donmasi beklendikten sonra plagin
ortasina 0.5 cm ¢apli steril filtre kagidi diski yerlestirilip
diskin ortasina %0.1’lik kristal viyole karisimindan 10
ul damlatildi. Sonra plaklar 37 °C’de 24 saat inkiibe
edildi. Inkiibasyon sonunda disk ¢evresinde 14 mm’lik
iireme olmayan zon gozlendi. R-faktor varlig: kontrolii
icin, NB i¢inde bakteri kiiltiirii (%0.8 Ampisilin/0.02
M NaOH) ampisilin igeren histidin/biyotin/ampisilin
(HBA) plaklarina ¢izgi ekim yapilarak, 37 °C’de 24
saat inkiibasyonu sonunda, plazmid igeren mutant
bakterilerin ampisilinli ortamda biiytidiikleri gozlendi.

Test maddelerinin sitotoksik etkilerinin
saptanmasi

Sitotoksik dozlarin belirlenebilmesi igin 45 °C’lik
su banyosunda bekletilen 2 ml’lik top agar igeren
deney tiipleri igerisine 100 pl bakteri ve 100 pl steril
distile su igerisinde ¢oziilmiis test bilesiklerinin degisik
konsantrasyonlarindan ilave edilerek niitrient agar
plaklarma ekimi gergeklestirildi. Deneye paralel olarak
pozitif kontrol plaklarinin ekimi de yapildi. Plaklar
37 °C’de 24 saat inkiibe edildi, inkiibasyondan sonra
plaklardaki ortalama koloni sayis1 belirlendi ve kontrol
plaklar ile karsilagtirilarak toksik ve toksik olmayan
dozlar belirlendi. Deney sonunda sitotoksik doz 250
mg/plak olarak belirlendi ve c¢alismada bu dozun
altindaki 5 farkli konsantrasyon kullanild.

Ames mutajenite testinin yapilisi

S9’suz deneyde 45 °C’lik su banyosunda bekletilen
2 ml’lik top agar iceren deney tiipleri icerisine 100 pl
bakteri ve 100 pl test maddesi kiiltiirii eklenmistir.
Tiipler vortekslenerek minimal glukoz agar plaklarina
dokiilmiis, plaklar 8 cizilerek homojen olarak top agarin
plak iizerine dagilmasi saglanmigtir. S9 fraksiyonu
varliginda yapilan deneylerde ise bu karigim igerisine
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500 pl S9 karigimi ilave edilmis deney sonunda top
agarlar petri ylizeyinde donduktan sonra 37°C’de 48-
72 saat inkiibasyona birakilmistir. Inkiibasyon siiresi
sonunda petrilerdeki koloniler sayilmistir. Deneyde her
bir dozigin 3 ayr1 plak ¢alisilmis ve birbirinden bagimsiz
iki deney yapilmistir. Sonuglarin degerlendirilebilmesi
icin deneylerde spontan kontrol ve pozitif kontrol grubu
da kullanilmstir.

Verilerin istatistiksel analizleri

Ames testinde Dentis’in mutajenik aktivitesi
Salmonella typhimurium’un TA98 ve TA100 mutant
suslari ile aragtirilmig ve istatistiksel analiz agamasinda
sonuglarin degerlendirilmesi SPSS 18.0 for Windows
paket programinda Dunnet-t testi (2 yonlii) kullanilarak
yapilmistir ve verilerin ortalamalar1 arasindaki p<0.05
diizeyindeki farkliliklar g6z oOniinde bulundurularak
belirlenmistir.

BULGULAR VE TARTISMA
Pestisitlerin fazla miktarlarda ve sik kullanimm
tarimsal iirlin  kayiplarin1 azaltirken, bir yandan

da insanlar igin giderek artan bir saglik riski
olusturmaktadir. Pestisitler ve bunlarin kalintilari
zamanla biyolojik besin zincirine katilarak ¢evreyi ve
icinde yasayan tiim canlilar1 dogrudan ya da dolayl
olarak etkilemektedir.

Piretroidlerin genis bir kullanim alanina sahip
olmalari, memelilerde zehirlilik derecelerinin ihmal
edilebilir diizeyde diisiik olmas1 ve dogal kosullarda
kisa siirede parcalanmalari en Onemli avantajlaridir
(Colak, 2009). Ancak bu kimyasallarin giiniimiizde
yaygin bir sekilde kullanilmasi canlilarda mutajenik
etki gosterip gostermedigi sorusunu akla getirmistir.
Konuyla ilgili olarak farkli deney sistemleri ile yapilan
caligmalar pestisitlerin hiicrelerde cesitli bozukluklara
yol agtigin1 gostermistir. Yaygin olarak kullanilan
pestisitlerin hedef olmayan canli organizmalar {izerinde
istenmeyen etkilere neden oldugu bilinmektedir ve bu
olumsuz etkileri izerine pek ¢ok ¢alisma yapilmaktadir.

Bu c¢alismada Dentis pestisitine Ames testi
uygulanmig olup deneyde Salmonella typhimurium
LT2 atasal susundan in vitro mutasyonlar ile elde
edilmis S. typhimurium TA98 ve TA100 mutant suslar
kullanilmigtir. Calismaya ait S9 fraksiyonu varliginda
ve yoklugunda plak inkorporasyon testi sonuglari
Cizelge 1°de verilmistir.
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Cizelge 1. Salmonella typhimurium TA98 ve TA100 suslar1 ile Dentis pestisitinin S9 fraksiyonu varliginda ve yoklugunda plak inkorporasyon
testi sonuglari

Revertant Sayisi
Aritmetik Ortalama+ Standart Sapma

Madde (ﬂg]?;lz " TA9S TA100
-89 +59 - 59 +S9
250 59,867 6% 110.78:+4.62% 22101426* 389.2013.61%
25 5025415 9923424 194,402 48 3572121248
Dentis 25 48774312 102.82+1.12 175,007 74 364.1249.75
025 37.88+3.98 89.14x2.23 118 443 85 302.1428.14
0.025 35424375 79,1543 64 97424373 245 4547 45
NK 100 27.12:44.11 47204627 9421712 164.17:6.25
SA 10 2772.1045.15%
2AA 5 222801245 24%
2AF 200 1012.1414.05%
NPD 200 1290.32422.75%

*Kontrole gore revertant sayist p< 0,05 diizeyinde anlamli (Dunnett-t test) NK: Negatif Kontrol, SA: Sodyum azid, 2AA: 2-aminoanthracene, 2AF:

2-aminofluorene, NPD: 4-nitro-o-fenilendiamine. *:mutajen

histidin
genlerde farkli mutasyonlara sahiptir; bu

Salmonella  suslari,

cesitli

operonundaki

mutasyonlarin her biri farkli mekanizmalar ile etki
gosteren mutajenlere karsi cevap olusturmak igin
dizayn edilmistir (Ames and Maron, 1983; Healy et
al., 2003). Bu mutant suslar histidin iiretemeyen 6zel
suslardir. Caligsma sonunda histidin iiretebilir hale gelen
bakterilerin koloni sayimlarinin gerceklestirilmesi ile
mutajeniteden bahsedilmektedir. Degerlendirmeye gore
Ames testinde negatif kontrol grubunun koloni sayisini
iki katina ¢ikaran konsantrasyon degeri mutajenik
Koloni
sayisinda doza bagl bir artis olma durumunda ise bu
maddenin, zayif mutajenik etkiye sahip oldugu kabul
edilmektedir (Mortelmans and Zeiger, 2000).

konsantrasyon olarak kabul edilmektedir.

Bu c¢alismada deney Oncesinde tiim suslar
icin spontan geri doniisiim sayist bulunarak test
bakterilerinin deneyler i¢in uygunlugu dogrulanmustir.
Bununla beraber mutant olan bu bakteriler, genetik
ozelliklerini ¢ok c¢abuk degistirebildikleri igin her
deneyden Once mutlaka genetik kontrolleri yapilarak
deney i¢in uygun olup olmadiklarmin saglamasi
yapilmistir. Genetik kontrollerin yani sira kullandigimiz
pestisitlerin uygulanacak dozlarin1 belirlemek igin

denemeler kurulmus ve her pestisit i¢in sitotoksik dozlar
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belirlenmistir. Deney sonunda elde edilen sonuglar,
standart sapmalari ile birlikte ortalamalari alinarak,
istatistiksel agidan Dunnett-t testi (2 yonlii) kullanilarak,
negatif kontrol ile karsilastirilip degerlendirilmistir.

Dentis pestisiti piretroid ester grubuna giren ve
tarimda yaygin olarak kullanilan bir insektisit olup
yaptigimiz calismada TA98 ve TA100 suslarinin S9
fraksiyonu varliginda ve yoklugundaki uygulamalarda,
kullanilan konsantrasyonlar arasinda 250 pg/plak
dozlarinda her iki susta da koloni sayilari kontrol
grubunun iki katin1 agmigtir. Bu sebeple kullanilan
konsantrasyonlardan sadece bu dozda mutajenik
aktiviteye rastlanmistir. Bu ¢aligma disinda pek ¢ok
farkli piretroid grubu pestisitler de farkli arastiricilar
tarafindan cesitli test sistemlerinde degerlendirilmeye
almmugtir (Villarini et al., 1998; Romero et al., 2012;
Song et al., 2015; Verma et al., 2016).

Mutajenitenin belirlenmesi i¢in yaygin olarak
kullanilan test sistemlerinden biri de Ames testidir.
1984 yilinda piretroid
grubuna dahil olan alt1 farkli pestisiti (Biyoresmetrin,

Pluijmen ve arkadaglan

Deltametrin, Permetrin, Sipermetrin, Sismetrin ve
Fenvalerat) Ames testi ile TA98 ve TA100 suslari
iizerinde S9 varliginda ve yoklugunda degerlendirmis
ve ¢aligma sonunda herhangi bir mutajenik aktiviteye
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rastlamamislardir. Yine Herrera ve Laborda (1988)
yaptiklar1 bir ¢alismada piretroid grubuna ait Aletrin,
Fenvalerat, Resmetrin ve Permetrin pestisitlerini Ames
testi ile Salmonella tyhimurium’un TA97, TA98, TA100,
TA104, TA1535, TA1537 ve TA1538 suslari {izerinde
mutajenitesini aragtirmiglar ve sonug olarak Resmetrin,
Permetrin ve Fenvalerat’in S9 fraksiyonu varliginda
ve yoklugunda mutajen olmadigini belirlemislerdir.
Aletrin ise TA97, TA100 ve TA104 suslari iizerinde S9
varliginda mutajenik olarak bulunmustur.

Yaptigimiz ¢alismada Dentis pestisitinin ticari
formunun farkli dozlar1 degerlendirilmeye galigilmig
ve bes farkli konsantrasyondan sadece en yiiksek
doz olan 250 pg/plak uygulamasinda her iki test
susunda da S9 varliginda ve yoklugunda mutajenik
aktiviteye rastlanmistir. Diger konsantrasyonlarda
ise koloni sayilarinda degisiklikler olmasina ragmen
kontrol grubunun iki katin1 agan degerlere ulagsmadigi
icin herhangi bir mutajenik aktivite goriilmemistir.
Glinimiize kadar yapilan ¢alismalarda pek c¢ok
farkli sonu¢ elde edilmistir. Bunun sebebinin ayni
gruba dahil pestisitler olmasina ragmen pestisitlerin
yan zincirlerinde yer alan farkli grup ve yapilardan
kaynaklandig1 sdylenebilir.

Ayrica  test  bilesenlerinin  bakteri  hiicre
duvarindan ge¢mis olmast direkt olarak DNA ile
etkilesecegini gostermemektedir. Bilesigin sitoplazmik
konsantrasyonu yiiksek olsa dahi, sitoplazmik
alanda bakteriyel genomda bulunan 6zgiil baglanma
bolgeleriyle kompleks olusturmayabilir. Bu sebeple,
kimyasal maddenin DNA ile etkilesimi goriilmeyebilir
(Kayaalp, 1995). Buna bagli olarak da, calisilan
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kimyasallarin mutajenik olmasi1 ya da herhangi bir
mutajenik aktivite gdstermemesi bahsedilen etkenlere
bagli olarak farklilik gdsterebilmektedir. Bu caligma
ve yapilan diger calismalar gosteriyor ki, uygulanan
maddelerin kimyasal yapisi ve ortaya ¢ikan biyolojik
aktivite arasinda onemli bir iliski vardir. Kimyasal
grup
konumlarinin,

maddelerin  yapisinda bulunan halkalarin;

sayilarin, niteliginin, baglanma
pozisyonlarinin bu yapi-etki iliskisindeki yeri oldukca
onemlidir (Oztas, 2005). Ayn1 zamanda pestisitlerin
toksik etkilerini gostermeleri asamasinda maddelerin
almig sekli, temasin siiresi, yagdaki ¢ozinlrligi ve
maddenin viicutta hidroliz olma 06zelligi, toksinin
dogrudan etki etmesi veya 6nce metabolize olup aktif
hale gectikten sonra etki etmesi gibi bazi sebepler
o6nemli rol oynamaktadir (Namba et al., 1972; Scharf et

al., 1992; Vural, 1996).

SONUC

Yapilan bu ¢alisma sonucunda piretroid ester
grubuna giren bir insektisit olan Dentis pestisitinin
mutajenitesi TA98 ve TA100 suslar1i kullanilarak
Ames testi ile denenmis ve uygulanilan dozlardan
sadece 250 pg/plak dozunda her iki test susunda da S9
varlig1 ve yoklugunda mutajenik aktivitesinin oldugu
saptanmistir. Bu baglamda pestisit kullanimi sirasinda
doz asmmiin biiyiik problemler dogurabilecegi goz
onilinde bulundurulmali ve pestisitin yiiksek dozlarinin
kullaniminin is¢i ve halk sagligi agisindan zararl etkiler
meydana getirebilecegi diisiiniilerek bilingli bir tiikketim
saglanmalidir.
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The Effects of Iron (Fe*?) on The Expression Levels of Heat Stress
Protein Genes in Rat Liver (Rattus norvegicus) Tissue

Atena GHOSIGHAREHAGHAJI!, Hamid CEYLAN!, Orhan ERDOGAN!

ABSTRACT: Iron, one of the most common metals in the world, is important for organisms. It is known that at
high concentrations, it damages especially organs such as liver, pancreas, heart. In our study, the effect of iron
ion on the expression of the 70 kDa HSP gene family which small stress proteins was investigated in Rattus
norvegicus. In this study, iron ion Fe3 + (0,87ppm, 3ppm, 30ppm, 300ppm) was given to 5 different application
groups at different concentrations. At the end of this application period, a cDNA library was formed from the liver
tissues taken from the living body. Using these libraries, changes in expression levels occurring in the HSP70
(Hspala, Hspa4, Hspa5) HSP90 (Hsp90aal) genes were determined by Real-Time PCR method.

Key words: Gene expression, hsp, iron ion, Rattus norvegicus, real-time PCR.
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Demir iyonunun (Fe3*) Sican (Rattus norvegicus) Karaciger
Dokusundaki Isi Stres Proteini (Hsp) Genlerinin Ekspresyon
Seviyeleri Uzerine EtKisi

IGDIR ONIVERSITESI

OZET: Diinyada en fazla bulunan metallerden birisi olan demir, organizmalar icin onemlidir. Yiiksek
konsantrasyonlarda o&zellikle karacier, pankreas, kalp gibi organlarda hasar olusturdugu bilinmektedir.
Calismamizda Rattus norvegicus’da demir iyonunun kiiciik stress proteinleri olan 70 kDa HSP gen ailesinin
ekspresyonu iizerine olan etkisi aragtirildi. Bu caligma kapsaminda 5 farkli uygulama grubuna farkli
konsantrasyonlarda demir iyonu Fe* (0,87ppm, 3ppm, 30ppm, 300 ppm) verildi. Bu uygulama siireci sonunda
canlidan alinan karaciger dokularindan cDNA kiitiipanesi olusturuldu. Yapilan bu kiitiipaneler kullanilarak HSP70
(Hspala, Hspa4, HspaS) HSP90 (Hsp90aal) genlerinde meydana gelen ekspresyon seviyelerindeki degisimler
Real-Time PCR metodu ile tespit edildi.
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Atena GHOSIGHAREHAGHAII et al.

INTRODUCTION

In life, “stress factors™ are the internal and external
factors that cause physiological balance impairment and
the “cell stress response” is the response of the cells to
the stress factors (Jolly and Morimoto , 2000). When
confronted with stressful situations such as temperature
shocks, cells increase the synthesis of a group of proteins
which called heat shock or stress proteins. The stress
response seen in all living things is shaped by a special gene
group that is highly conserved in development (Mezquita
etal.,2001). Apart from its hot application, it is known that
stress factors such as heavy metals, free oxygen radicals,
amino acid analogues stimulate temperature shock
protein synthesis in the cell (Lindquist and Craig, 1988).
In conditions where there is no stress effect, temperature
shock proteins are present in the cells, and these proteins,
which are continuously expressed, are called temperature
shock cognates and function in the folding, transporting
and regulating mechanisms of proteins within the cell
(Mathew and Morimoto, 1998;Yegenoglu, 2007). During
temperature stress, DNA synthesis, transcription, RNA
processing, translational events, and stops of cell cycle
progression. At the same time, denaturation occurs
in proteins, lysosomal degradation events increase,
membrane permeability changes, and there are increases
in extracellular ion transport. As a result, transcription
and translation of heat-shock protein genes begin. In
such cases the function of heat-shock proteins, such
as Heat Stress Protein 70 (Hsp70), is to prevent the
precipitation of denatured proteins by the function of
molecular chaperones, to re-fold these proteins properly
and to improve the obtained stress tolerance. Oxidative
stress is an important signal for the apoptotic process.
Changes in the cellular redox state are an effective way
to regulate different apoptotic pathways. HSF-1 transgenic
mice were found to be more susceptible to oxidative
stress (Yan et al., 2002). HSPs act as antioxidants in the
protection of the cellular redox state. Oxygenase is an
HSP responsible for the production of antioxidants from
bilirubin and biliverdin. It is known that Hsp70 enhances
peptide complex stability and peptide binding ability
under oxidative stress conditions. Redox status in the cell
affects Hsp70 synthesis. Thus, reduced GSH levels may
lead to direct activation of HSF-1 (Marius and Robert,
1996). On the contrary, strong oxidizing agents inhibit
the trimerization of HSF-1 by inhibiting its ability to bind
to DNA. As a result, a moderate change in redox
homeostasis leads to the activation of HSF-1, while large
changes in redox homeostasis inhibit HSF-1 (Sreedhar
and Csermely, 2004).
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The physiological functions of stress proteins become
more important when the cell exposed heat shock. Stress
proteins prevent cleavage of oligomeric complexes and
opening of polypeptides under heat shrinkage. If re-
folding becomes impossible, it accelerates the removal
of denatured proteins. On the other hand, the presence of
denatured proteins in the cell stimulates the production
of stress proteins. Microbial pathogens accelerate the
synthesis of stress proteins to protect the host staphylococci
produced by host phagocytes. If the intracellular pathogen
Salmonella is previously treated with hydrogen peroxide,
the synthesis of stress proteins increases and this protects
it from the effect of hydrogen peroxide in the higher lethal
dose. In general, it has been found that mutants producing
high-dose stress proteins are resistant to heat and oxidant
agents at an advanced level, while mutants with defects in
their stress protein genes are highly sensitive to the killing
effect of active macrophages (Zuhal, 2009).

MATERIALS AND METHOD

Experimental Animal

Application

and Experimental

Male Rattus norvegicus strain Sprague-Dawley rats
were obtained at the Experimental Medical Application
and Research Center of Atatiirk University (Erzurum,
Turkey). The rats used in this experiment were housed
in a controlled room (22 + 2 °C) and humidity (40-60%)
and in a room which was regularly lighted for 12 hours
in the dark and 12 hours in the desired amount of food
and water. The rats were left for at least one week in the
period of adaptation with deionized water before starting
the experiment. Animals were exposed to a daily mixture
of deionized water and metal for 100 days. During the first
week to the next week, the ion concentration of the water
was increased incrementally until each group was brought
to its own nutrient concentration. In this experiment, 5
group of rats were used. The first group used as control
was given only deionized water for 12 weeks. Iron
concentration (FeCl,.6H,0) was given in the basic dose
group (1 group; 3 ppm). The first week of deionized
water, at week 2 and after, 0.87 ppm (in concentrations
equivalent to the maximum limits determined by WHO)
iron ion concentration was applied. The third group was
treated with deionized water for the first week, 0.87 ppm
for the second week, and 3 ppm for the third week and
thereafter. Group 4 was treated with deionized water for 1
week, 0.87 ppm for 2 weeks, 3 ppm for 3 weeks, 30 ppm
concentration for 4 weeks and later. Group 5 was treated
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with deionized water at week 1, 0.87 ppm at week 2, 3
ppm at week 3, 30 ppm at week 4, 300 ppm concentration
at week 5 and later. No animals died and none of the toxic
signs that could be seen were seen.

Nucleic Acid Preparation

Liver mRNA expressions of HSP70 (Hspala, Hspa4,
Hspa5), Hsp90 (Hsp90aal) were evaluated using real-
time RT-PCR analyses. Liver samples were collected from
15 rat at the end of day 100 .Total RNA was extracted
from the liver using trisol, chloroform, isopropyl alcohol,
70% ethanol, DPEC (Diethyl pyrocarbonate) according
to the manufacturer’s protocol. The concentration and
quality of total RNA were estimated by spectrophotometry
(absorbance at 260 nm). RNA was reverse transcribed
to cDNA in a reaction mixture using Transcriptor First
Strand cDNA Synthesis Kit - Roche. The cDNA was
then used for Semi-quantitative real-time RT-PCR using
Applied Biosystems® 7500 Real-Time PCR Systems.

Table.1. Primer and prob sequence.

Semi-quantitative real-time RT-PCR was performed using
the TagMan Prob.

Primer Design and Synthesis

All the primers used in this study were synthesized
by Shanghai Invitrogen Biotech Co Ltd. (Invitrogen,
Shanghai) and these are listed in Table 1. According to the
conserved sequences from known testes-specific Hsp70s
and used to amplify target fragments of the testes-specific
Hsp70 genes. RNA was used as the gene material and
Hspala, Hspa4, HspaS, Hsp90aal were used as primers.
The nucleotide sequences of the mRNA data of NM
031971, NM 153629, NM 013083, and NM 17576102
were obtained from the gene bank of the internet
(Anonym, 2012). By the rat Hsp70 and Hsp90 genes
(Anonym, 2012). Were used to generate primers specific
for the maximum of 1000 bp of the genes. The generated
primers were checked using specific site specificities
(Anonym, 2012).

Hspala / Forward Primer

5'-ACGCTGGCTGAGAAAGAGG-3'

Hspala/ Reverse Primer

5'-’ATCCACCTCCTCGATGGTG -3'

Hspala/ TagMan

FAM-TGCACAAGCGGGAGGAGCTG ™MRA

Hspad / Forward Primer

5'-TGCTTGGAAAGGCTGAGTGG-3'

Hspad/ Reverse Primer

5-TGGGAATAGAGGGCAATGAG-3'

Hspa4/ TagMan

FAM-TGGGACTGTGGGGCTGGTGC ™MRrA

Hspa5/ Forward Primer

5-ATTCCTGCGTCGGTGTATTC-3'

Hspa5 /Reverse Primer

5’TGGACGTGAGTTGGTTCTTG-3'

Hspa$S/ TagMan

FAM-ACGATCAGGGCAACCGCATC ™MRA

Hsp90aal/Forward Primer

5'-CGAGAGCTTGACCGACCCTAG-3'

Hsp90aal/ Reverse Primer

5'-ATTCCAATGCCAGTATCCAC-3'

Hsp90aal/ TagMan

FAM-TGGACTCGGGGAAGGAGCTGC TAMRA

Organ distribution of Hsp70 and Real-time
RT-gqPCR Analysis

The organ-dependent Hsp70 mRNA expression was
measured real-time RT-qPCR as the following method.
Briefly, first-strand ¢cDNA was prepared as described
above. Gene-specific primers (Q-F and Q-R; Table 1) were
designed based upon the cloned Hsp70 cDNA to produce
amplicons in different sizes. All RT-qPCR reactions were
performed in triplicate using extracted RNA (pooled) of the
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same concentration. Real-time RT-qPCR was performed in
a C1000™ Thermal Cycler (Applied Biosystems® 7500
Real-Time PCR Systems) according to the manufacturer’s
instructions. The final volume of each RT-qPCR reaction
was 25 pL, which contained 12.5 pL. TagMan prob master
mix , 2.5 puL of diluted cDNA template, 8.7 pL. of PCR-
grade water, and 0.25 pL. of each 10 pM primer. PCR
conditions were as follows: 95 °C for 30 s, followed by 40
cycles of 95 °C for 5 s and a 0.5 °C/5 s incremental increase
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from 60 °C to 95 °C that lasted 30 cycles. Hsp70 expression
levels were calculated by the 224 comparative Ct method
(Livak and Schmittgen, 2001). Mean and standard
deviations were calculated from triplicate experiments, and
presented as the n-fold differences in expression relative to
18S rRNA.

Statistics

All statistics were analyzed by ANOVA method
and variance analysis in SPSS 170 package program.
Duncan multiple comparison test was used to determine
the difference between significant group means as a result
of ANOVA test and variance analysis. A p value of less
than 0.05 was considered statistically significant. All values
are shown as Mean + SDM (Mean = Standard Deviation)
(n=3).

RESULTS AND DISCUSSION
Gene Expression Results

Hsp90aal gene expression in the liver tissue of rats
exposed to different doses of heavy iron metal was found

Hsp 3 GGene
- o

1 LR
5
[ ik i
&3 |
a e A
w Pttt
=1 ot
? Ekk ns l‘ﬁ
L i i ]
rj o

]
o
L4 T T T L]
IQ\. ol ol o o™
& & & &
& - % i i i
v of f - «ﬁa
Fe =¥ ion concentration
- a -
Hspd Gene
3l pres

i

f%

Gene expression level
=
1

e

0.0

T T T

> &
)
& @ DR

Fe =+ wan concentration

-Cc-

to be statistically higher at 300 ppm than at the control at
0.87 ppm, 3 ppm, 30 ppm and 300 ppm treatment groups
(Figure 1.a). There were statistically significant differences
between the levels of Hspala mRNA of liver tissues exposed
to subletal doses of iron heavy metals in rats. In the 0.87
ppm, 3 ppm, 30 ppm and 300 ppm groups, p<0.001 = *¥*,
control and 0.87 ppm were compared and 0.8 ppm and 3
ppm p<0.01 were found to be significant (Figure 1.b). When
the gene expression of Hspa4 in liver tissue was examined,
it is seen that the differences between 0.87ppm and 30 ppm
control are significant (0.87 ppm and 3 ppm: p<0.05 = *,
30 ppm and 300 ppm: p>0.05 = ns) (Figure 1.c). When
group comparisons in liver tissue of Ratfus norvegicus
were examined in general, the differences between gene
expressions of all groups in relation to the control group were
found to be significant 0.87 ppm and 3 ppm comparative
and 0.87ppm and 30ppm comparative p>0.05=ns, 3ppm
and 30ppm compared p<0.05=* with other groups except
these, the change between the gene expression Fe** ion
concentration was found statistically significant compared
to the control. p<0.001=*** (Figure 1.d)
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Figure 1. Gene expression levels of Hsp90, Hspala, Hsp4, Hspa5 in the liver are expressed as red stars, which are the p values obtained from
Tukey’s Multiple Comparison Test analysis. The number of stars varies from 1 to 3 in proportion according to the degree of importance. *p<0.05=%*,

p<0.01=%%, p<0.001 ="+
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While many studies have been done on HSP,
these studies are mostly the effects of heavy metals,
temperature, saltiness, stock intensity, competition or
even calorie restriction on the expression of viable HSP
genes. The effects of environmentally important heavy
metals and organochlorines on the transcriptional
profiling of genes encoding heat shock cognate 70
(Hsc70) and inducible heat shock protein 70 (Hsp70)
in the tubercle fibroblast cell line were investigated.
Specific reverse transcriptase polymerase chain reaction
(RT-PCR) was used to test the effects of heavy metals
(Cd **,Cu ** and Ni *?) and organochlorines (aroclor
1254, hexachlorobenzene and 2-4-dichloroaniline) on
the cell stress response. Hsp70 expression was induced
in fibroblasts when exposed to concentrations of heavy
metals as low as 0.01 uM, whereas expression of Hsc70
expression was induced when exposed to concentrations
as low as 0.001 pM organochlorine. These studies show
that gene members of the Hsp70 family are sensitive to
environmental considerations (Deane et al., 2006). The
distribution of heavy metals in various tissues of Chanos
chanos collected from dirty regions and the associated
oxidative stress have been studied comparatively to
the fish collected from the less polluted regions of
Kaattuppalli Island. Concentrations of copper, lead,
zinc, cadmium, manganese and iron were measured in
gills and liver. It is a highly injured work to prevent
the detection of Hsp70 biomarkers for heavy metal
induced oxidative stress and the heavy metal pollution
that may accumulate in the future (Sivakumar et al.,
2013). In our study, we tried to determine the effect of
HSP gene expression in S. dawley rabbits exposed to
Fe *3 ion. It has been reported that HSP gene expression
changes in response to heat shock depending on age
and season (Murtha et at., 2003). As a matter of fact,
in summer and winter the level of Hsp70 is high in
the liver and in the spring (May) this level has fallen
and the water has been exposed to various pollutants
(Kohler et al. 2001). In a study conducted on oysters,
it was reported that Hsp70 was more expressed in the
autumn months (Encomio et al., 2005). The effects of
heat shock and heavy metals have been extensively
studied in all studies with this gene. Due to the various
metabolic functions of different organs under the
influence of heat stress, the level of Hsp 70 mRNA
expression varies significantly in different tissues. Hsp
70 mRNA expression is higher in tissues such as heart
and liver. Because these tissues have high metabolic
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activity, oxidative stress produces free radicals.
Oxidative stress increases the expression of Hsp 70 due
to damage of liver cells. There are cases where heavy
metal application reduces Hsp 70 level. For example,
in a study of broiler chickens, the supplementation of
the organic form of Se, Cr and Zn resulted in low Hsp
70 mRNA expression levels (Yahav 2009).Different
temperatures were applied to different fish species, and
in general, an increase in the exoplasmicity of this HSP
family was recorded (Krone et al., 1997;Palmisano et
al., 2000;Mesa et al., 2002;Murtha et al., 2003;Bowen
et al., 2006). Another criterion applied to investigate
the expression of the HSP group is heavy metals and
various pollutants, and various concentrations were
examined by applying to fish groups (Ait-Aissa et al.,
2000;Boone and Vijayan 2002;Feng et al.,2003) and
the increase in HSP expression was recorded in all of
the applied doses.

In a study with mature zebrafish, the fish were
exposed to 37 ° C temperature and RNA was isolated
from different tissues and compared with Hsp expression
using RT-PCR. Although Hsp70 expression showed
a steady increase in brain, liver, and muscle, Hsp47
increased only in the brain, Hsp90 a-f3 and heat shock
factor 1 (Hsfla) were prominent in all three tissues, but
the temperature did not increase in response to stress.
In comparison with HSP expression, they observed an
increase in basal Hsp70 and Hsfla levels compared
with younger adults. They also noted that there may be
age differences in response to heat shock and mature
zebrafish are suitable models for the aging process for
Hsp studies (Murtha et al., 2003)

In our study, iron ions (0.87 ppm, 3 ppm, 30
ppm, 300 ppm) were given to Sprague-Dawley male
rats of the male Rattus norvegicus strain and the HSP
gene was monitored for exoplasm and an increase in
HSP expression of iron ion was observed at different
concentrations. Densities of the resulting bands were
measured and an increase in HSP expression was
observed due to the increase in iron concentration.
According to the obtained results, changes in the
expression levels of the Hsp70 (Hspala, Hspa4,
Hspa5) and Hsp90 (Hsp90aal) genes were detected
by Real Time PCR method. HSP90aal and Hspala
expression levels of HSP at 30 ppm and 300 ppm in the
gene expression levels were significantly increased
compared to the control (p<0.001=***), There was
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an increase in Hspa5 and Hspa4 gene expression
levels when 3 ppm iron concentration was applied.
When group comparisons in liver tissue of Rattus
norvegicus were examined in general, differences
between gene expressions of all groups were found
to be significant according to the control group. The
changes in Hspa5 and Hsp90aal gene expression
levels between 0.87ppm and 3ppm iron ion exposure
groups were compared between 0.87ppm and 30ppm
iron ion exposure groups (p>0.05 = ns). A significant
correlation was found between the results of 3ppm
and 30ppm concentration application (p<0.05 =%).
The other groups were statistically significant
(p<0.001 = ***) compared to the control group
between the 30 ppm and 300 ppm iron ion-treated
Hspa4 gene expression levels compared to the other
groups. Expression of these stress proteins can vary
with many psychological, pathological, and age
factors (Murtha et al., 2003). The work done by these
stress potholes, which are molecular protectors in all
organisms, is not limited to fish only, but has been
tested in all organisms from man to mouse.

Mice exposed 4-7 and 22-28 month old mice
to temperature stress at 42.5 °© C for 30 minutes and
HSP70 expression was found to be 40-50% less than
in young mice in the elderly. In another study with
mice, temperature exposure observed increases in HSP
and protein expression with age in neurons (Pardue et
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al., 1992), liver and heart (Locke and Tanguay, 1996).
Considering the physical and chemical conditions
that are effective in HSP expression, it is necessary
to better adjust the ambient conditions to remove the
stress factors of the fish from the single environment.
We studied how iron stress applied on mice affected
the expression of heat shock proteins. As a result, we
have examined comparatively which iron concentration
influences which of the HSP genes we work most.

CONCLUSION

As aresult, we observed that among the genes that
we examined expression change, the highest increase
and change in the mice exposed to 300 ppm iron iodine
occurred in the expression of Hspala gene. This study
is an important study in determining the effect of stress
on the expression of HSP genes in living organisms.
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Use of Green Spaces for Liveable and Sustainable Cities; Urban
Allotment Gardens

Neslihan DEMIRCAN', Isik SEZEN?

ABSTRACT: Urban green spaces contributing to sustainable development of cities are of the characteristics of
increasing human quality of life. It is a requirement for more comfortable physical and psychological life to predict
the needs in a place resulting from its physical, physiological, psychological and social structures and to shape such
environment consisting of open spaces according to such needs. Today’s cities have turned out to be the clusters of
concrete structures due to rapid human population and distorted and dense urbanisation. Urban human quality of
life is also negatively affected by environmental problems such as air, water, soil and noise pollution and the use
of arable lands out of their main aims. Excessive building density in cities due to various reasons increases rants
on lands and confines the ratio of public areas like green spaces. Main material of the study is urban small gardens,
a type of community gardens which can be evaluated to be alternative green space sources in urban design works,
several examples of which can be seen abroad from old days to present. Such garden types are known in Turkey in
the names of small gardens, public gardens, urban gardens, hobby gardens and urban allotment gardens. As study
method, related literature review was performed from Turkey and abroad and required etude, analysis and synthesis
methods were used. As a conclusion, large cities lack of green spaces and recreation areas. In the present study, the
role and importance of urban gardens, a type of allotment gardens seen for a long time in the world, in liveable and
sustainable urban design is focused by considering that in urban design studies, urban gardens can be evaluated as
an alternative green space use. Positive contributions of urban small gardens were put forward on humans and the
increase of green area rate.
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Siirdiiriilebilir ve Yasanabilir Kentler Icin Yesil Alanlarin
Kullanimlari; Kisiye Tahsisli Kent Bahceleri

FBED

OZET: Kentsel alanlarim siirdiiriilebilir gelismesine katkida bulunan kentin yesil alanlar1 kentsel yasam kalitesini
arttirmada 6nem tasimaktadir. Hayati fiziksel ve psikolojik olarak daha yasanabilir kilmak ve ihtiyaglara daha
uygun ortamlar olusturmak i¢in, kullanicilarin fiziksel, fizyolojik, psikolojik ve sosyal yapisindan kaynaklanan
ihtiyaclarini 6nceden kestirmek ve agik mekanlardan olusan ¢evreyi bu ihtiyaglara gore sekillendirmek gereklidir.
Giliniimiiz kentleri hizli niifus artisi, ¢arpik kentlesme, yogun yapilagma ile beton yigimi durumuna gelmistir.
Hava, su, giirtiltii, toprak kirligi, tarim arazilerinin amag dis1 kullanimi gibi g¢evre sorunlar1 da kentlerdeki yasam
kalitesini olumsuz etkilemektedir. Kent yakinindaki verimli arazilere sanayi ve yerlesim alanlar1 kurulmaktadir.
Gecekondu ve ¢okiintii alanlari kent imajint degistirmektedir. Kentlerimizin ¢esitli nedenlerle asir1 yogunlagmast,
arsa rantlarini artirarak, yesil alan gibi kamusal alanlara ayrilmasi gereken bdlgeleri sinirlamaktadir. Calismanin
ana materyali, kentsel tasarim ¢aligmalarinda alternatif yesil alan kaynaklari olarak degerlendirilebilen, bir takim
topluluk bahgeleri olan kentsel kiigiik bahgelerdir. Bu bahgelerin birgok 6rnegi ge¢misten giiniimiize yurtdisinda
goriilebilmektedir. Tiirkiye’de ise bu bahgeler; kiiciik bahgeler, halk (topluluk) bahgeleri, kent bahgeleri, hobi
bahgeleri ve kisiye tahsisli kent bahgeleri olarak bilinmektedir. Calisma metodu olarak, yurti¢i ve yurtdigindan ilgili
literatiir taramas1 yapilmis ve gerekli etiit, analiz ve sentez yontemleri kullanilmistir. Sonugta biiyiik kentlerimiz
yesil alan ve rekreaktif alanlardan yoksun kalmaktadir. Calismada; Kentsel tasarim c¢aligmalarinda, yurt disinda
tarih boyunca var olan giiniimiizde de Ornekleri olan toplum bahgelerinin bir tiirii olan kisiye tahsisli kent
bahgelerinin alternatif yesil alan kullanimi olarak degerlendirilebilecegi diisiiniilerek yasanabilir ve siirdiirtilebilir
kent tasarimlarinda kisiye tahsisli kent bahgelerinin rolii ve 6nemi vurgulanmaya ¢aligilmistir.
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INTRODUCTION

Sustainable cities are also liveable cities targeting
the conservation of socioeconomic interests and natural
resources in ecological design approaches in order to
sustain change and development.

The report Our Common Future, prepared by
World Commission on Environment and Development
in 1987 defines sustainable development to be “the
development that meets the needs of the present
without compromising the ability of future generations
to meet their own needs”. Such a definition is expected
to have played an effective role in the redefinition
of the functional identities and spatial qualities of
urban land uses (Anonymous, 1987). In the scope
of the debates of creation of ecologically sensitive
sustainable cities, this role involves the wvarious
spatial — functional qualities from the completion of
urban green system infrastructure, definition of urban
density zones, effectiveness of different age groups on
social — psychological behaviour shapes, democratic
participation and negotiation process, increase in urban
ecological quality of life and conditions to setting up
liveable urban sites (Thompson, 2002; Chiesura, 2004;
Antrop, 2004; Yenice, 2012)

Green spaces bear great importance in urban areas
for human life and needs. Such areas have the various
physical and ecological functions like the provision of
circulation between various urban uses and physical
comfort, giving city aesthetical value and recreational
possibilities. Green spaces may filter air, remove
pollution, attenuate noise, cool temperatures, infiltrate
storm water, and replenish groundwater; moreover, it
can provide food (Escobedo et al, 2011; Groenewegen
etal, 2006). In order to complete such functions exactly,
these areas should be planned by considering urban
planning principles and standards in a definite system
(Manavoglu ve Ortagesme, 2007).

As it does all over the world, in Turkey,
urbanisation continues very fast. Even though urban
areas are living areas which human beings created for
themselves, they gradually turned out to be unhealthy,
problematic and hard — to - live areas remaining away
from nature. As the settlements develop and their
population densities increase, environmental pollution
increases, ratio of green spaces decreases and the urban
balance between functional and natural areas of cities
can be spoiled (Giil ve ark., 2007). As the result of
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such a negative development, distorted urbanisation
develops incessantly with its surrounding in the lack
of infrastructure, without landscape design, planned
and unplanned concrete flocks. Based on this rapid
urbanisation, environment pollution increases, green
area per capita decreases in and around city centres,
physical and physiological health of people is affected
negatively. Rapid physical growth in cities due to
different reasons increases rant from lands and limits the
rate of green and public areas needed for common use.
Therefore, beginning from the grand cities settlement
areas remain to be in the lack of green and recreational
areas (Sandal ve Karademir, 2013).

In addition, urban green spaces are attractive
parts of cities with their recreational potentials and
regulatory effects on urban ecology (Doygun ve Ok,
2006) and offering more liveable environmental
conditions to urban dwellers regardless of the sex, age
and socioeconomic conditions of the users (Grahn and
Stigsdotter, 2003). Green areas enable people to develop
healthily through recreation and sportive activities
(Aksoy ve Akpinar, 2011; Ersoy, 2015; Kabisch et al.,
2016).

General characteristics of a city is defined by
architectural structures, open — green spaces and entire
of the relationship between them. Green areas have
important roles in the improvement of urban living
conditions and balancing spoilt relationship between
humans and nature. In this respect, it is crucially
important for today’s people to benefit from nature and
its parts, green areas. Therefore, in developed countries,
quality and quantity of green areas are accepted to be
the indicator of civilisation and quality of life. In this
scope, several of these countries are in challenges to
plan and create urban areas and ecology suitable for
human life considering physical and mental needs of
humans (Giil and Kiigiik, 2001; Sandal and Karademir,
2013).

Legal framework of green area planning is based
on development laws in Turkey. In this framework,
approaches to green areas consider the amount of green
areas per capita (m?). In Code 3194 acted in 1985 and is
in still force, per capita green area rate is 7m?. This rate
increased to 10 m? with a regulation declared in official
paper 23 804 on 2" September 1999 related to the
principles of preparation and changes of development
plans. Beyond these figures, there is no forecast to
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direct green area planning.

Among the active open and green spaces which
society benefits from directly and where urban people
can spend their time out of work by performing
different and joyful activities (Ozgii¢, 2011) meet their
recreational needs in their daily life are parks (pocket
parks, neighbourhood parks, district parks, city parks
etc.), sports and play grounds; school and public
institution yards, roads, squares and pedestrian zones;
urban forests, graveyards and house gardens (Ozkan
ve ark., 1996) zoos and botanical gardens (Aydemir,
2004). Quantity and quality of these areas should be
increased and they should offer larger recreational areas
and possibilities.

City small gardens are important areas for urban
people with different open green area recreation
possibilities and their examples can be seen in the last
years.

The aim of present study is to give information
about the appearance and development (place and time)
of small city garden (SCG) parks in addition, define the
quality and efficiency of these areas and make larger
scientific groups discuss the matter. Additionally, it was
aimed to make a research platform and movement for
Urban Allotment Gardens (UAGs) understanding in
Europe related to sustainable urban development and
contributing urban planning from social and ecological
aspects.

MATERIAL AND METHOD

Main material of the study is small city garden
which will be evaluated in urban design works as
alternative green area source, is a type of community
gardens frequently seen in many countries from past to
present. Method of the study is composed of review of
the previous national and international studies related
to the topics, data collection, observation, analysis and
assessment stages.

RESULTS AND DISCUSSION

Urban Allotment Garden Concept and Its
Historical Development

SCGs were first called different names depending
on the countries and periods and which were introduced

Cilt / Volume: 8, Say1 / Issue: 1,2018

100 years ago for the first time in Germany (Groning and
Schmitt, 1975). At first in Germany, they were called
Armen garten (gardens of the poor), Schreber garten,
Arbeiter garten (worker gardens) and today Kleingarten
(Richter, 1981). In UK, they are called Guinea Garden,
Allotment Garden (gardens allotted to a person) and
Hobby Garden while in the US Street Garden and
Community Garden (Alaimo et al, 2008; Oguz, 2000;
Ozkan, 1994; Ozkan ve ark., 1996). However, the
concepts of community gardens and allotment gardens
need to be clarified. Community gardens can use even
a very small part of a city for cultivating purpose in a
collective understanding with the combination of more
than one user while allotment gardens are delivered
to users by dividing larger areas into plots. Examples
in Turkey resemble much allotment gardens which
are called urban allotment gardens, public gardens,
urban gardens and hobby gardens. Urban allotment
gardens and modern forms of urban gardens (such as
community gardens) are confronted with challenges
arising from the processes of societal transformation.
The demographic change, a pluralisation of lifestyles
and changing values lead to consideration of how urban
gardens have capacities to adapt to new needs of users
and new forms of use (Steffenhagen and Sondermann,
2017)

Characteristics of Urban Allotment Gardens

UAGs are seen to be the green area use of worker
and poor families (Szumilas, 2014) who challenge to
survive coming from rural to industrialising cities in
Europe. These gardens are land parts given by central
or local governments to people to make agricultural
production and meet their food needs. Allotment
period covers very long periods. The areas bordered in
different ways can also contain parking lots. A single —
storey small building is allowable in the plots, annual
or perennial grassy or woody plants can be produced,
and some landscape design can be allowed in them.
Allotment conditions can be cancelled when they are
used out of aims (Ozkan ve ark., 1996).

Allotment gardens are characterized by a
concentration in one place of a few or up to several
hundreds of land parcels that are assigned to individual
families. In allotment gardens, the parcels are cultivated
individually, contrary to other community garden types
where the entire area is tended collectively by a group
of people (Macnair, 2002). The individual size of a
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parcel ranges between 200 and 400 m?, and often the
plots include a shed for tools and shelter. The individual
gardeners are organized in an allotment association
which leases the land from the owner who may be a
public, private or ecclesiastical entity, provided that
it is only used for gardening (i.e. growing vegetables,
fruits and flowers), but not for residential purposes. The
gardeners have to pay a small membership fee to the
association, and have to abide with the corresponding
constitution and by-laws. On the other hand, the
membership entitles them to certain democratic rights
(Drescher, 2001; Drescher et al., 2006).

Functions of Urban Allotment Gardens in
Sustainable Cities

UAGs (SCGs, Hobby gardens etc.) constitute one
ofthe ecology based sources of structure — plant balance
in urban open green space system while at the same
time they are important to meet the recreational needs
of urban dwellers. Need for these areas enlivening
nature in city has rapidly increased in recent years.
An important reflection of this increase is seen in the
interest of people in plant production as hobby and their
sought for ways of meeting this need.

Users of hobby gardens escaping from density and
complexity of cities through the occupations related to
soil and plant can perform sowing, planting, pruning
and hoeing works and also recreational activities
(Erduran, 2008).

Through these gardens, surface area of urban active
green areas increases and urban lung expands with the
multi — facet plant cover they contain and urban climate
is affected positively. In addition, urban view turns out
to be flexible and aesthetic (Kilig, 1995)

Masashi et al., (2017), First, allotments, along with
other types of urban greenspace, provide people with
an opportunity to interact directly with nature. Indeed,
exposure to nature benefits psychological health through
mechanistic pathways that are now well established,
namely attention restoration theory (Kaplan, 1995) and
stress reduction theory (Ulrich, 1991).

Wood et al., (2015) indicated by conducting t-test
on 136 urban allotment garden users and 133 allotment
garden nonusers that one session of allotment gardening
can result in significant improvements in self-esteem
and mood via reductions in tension, depression, anger
and confusion. These findings are supported by previous
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research demonstrating the health and well-being
benefits of participating in green exercise activities.
With an increasing number of people residing in urban
areas, a decline in the number of homes with gardens,
and the increased risk for mental ill health associated
with urban living; these findings are particularly
important and suggest that allotment gardening might
play an important role in promoting mental well-being
in people residing in urban areas.

Camps Calvet et al.,, (2016) assess ecosystem
services provided by urban gardens in Barcelona,
Spain, to urban resilience and the results showed
that ecosystem services from garden are releated to a
number of policy challenges in the city, such as lacking
awareness and stewardship of urban ecosystem and
biodiversity, lacking opportunities for recreation and
the need for social integration and environmental justice
in cities. Urban allotment gardens as part of the urban
green infrastructure network can play a significant role
(Breuste, 2010; Matos and Batista, 2013) in tackling
these challenges when acknowledged in urban policies.
The natural conservation in cities which have benefits
for humans have a combination of systemic approach
and allotments to fit intensively into the urban green
infrastructure (Carrus et al, 2015).

Urban gardens (Camps Calvet et al., 2016) and
roadside vegetation (Saumel et al., 2016) are discussed
as green network elements to provide ecosystem
services and to counteract challenges from ongoing
urbanization.

Urban allotment and community gardens provide
important ecosystem services to city (Wolch et al, 2014)
dwellers sustaining human well-being and providing
habitats for plants and animals. They also promote the
conservation of soil-water plant systems and improve
resilience to weather extreme events. Thus, the concept
of an environmentally-friendly garden integrates
sustainability with multifunctionality, from ecological
to socio-economic activities (Voigt and Leitao, 2016)

Community gardens paved the ways of evaluating
abandoned urban and industrial areas, avoiding
population losses and effective use of extended urban
open spaces and were produced as a solution tool for
problems caused by migration and unsuccessful urban
reformation (Vitiello and Nairn, 2009). These gardens
play important roles in the reduction of the extent of
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urban environmental problems. Mainly European
countries and other developed ones try to implement
projects today to transfer the gardens as a part of urban
culture from past to present and future.

Urban green areas can give organic characteristics
to cities by mitigating solid structure acquired by
formal buildings (Tankut ve ark., 1988; Sahin ve Barig
1988; Emiir ve Onsekiz, 2007). These areas also can
contribute with their ecological functions to air cleaning
by removing dust and harmful gases released from
motor — vehicles and industrial plants and producing
oxygen causing air pollution (Ersoy, 2015).

AG make significant contributions to urban
greening and life. These areas offer the opportunities
for people living in apartments away from natural
environment to be together with nature and recreate

(DeSilvey, 2003; Dus, 2014) themselves. These gardens
can contribute positively human health by allow people
to relax psychologically as well as physically through
the activities they perform in the gardens. UAGs are also
taken into consideration in urban agriculture practices.

For especially the elderly, these gardens have
several social, cultural and economic functions. In
addition to being an occupation for the elderly in
pensioner periods, these gardens enable them to
consume cheaper vegetables (Tei et al., 2009).

Examples of UAGs from The World and Turkey

Community garden, modern form of UAGs,
has been used since 19" century in several European
countries, especially Germany, and in 1970s, in USA,
New York City, some of which are given in Figure 1.

Munich

Switzerland

Russia

Philippines

Malta Sweden

Figure 1. Examples of UAGs

In Turkey, UAG samples are seen to be hobby
gardens, the first examples of which were seen in Bursa
in 1986 and then in Izmir in 1999 followed by 15 such
gardens in 10 new cities (Balkan, 2004). Bursa Kiigiik
Gardens were constituted in an area of totally 26 500 m?.
The number of gardens, 24 at the beginning, increased
to 86 by adding new ones. Izmir Urban Gardens were
constituted in an area of totally 13 950 m?. The number
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of plots in the area is 44 and their sizes are between 140
and 160 m?. Plots do not contain garden houses. These
plots are rent to only pensioners for a year (Kilig, 1995).
In Ankara, in 2000, Atatiirk Forest Farm hobby gardens
were constituted. Surface area of the gardens is 60 000
m?and contain 520 plots with a size of 200 m*. They are
rent for four years (Erduran, 2006). Atatiirk University
Hobby Garden was constructed by the rectorate of the
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university in 2011, in the west part of Ata Botanical
Garden containing 96 plots with the size of 88 m?. In
addition, there are some other similar examples in the
cities of Istanbul, Ankara, Gaziantep, Kayseri, Manisa,
Eskisehir, Tekirdag and others (Figure 2).

In addition, in Turkey, there are some other
uses with the function of UAG in the scope of urban
agriculture. The first example of which is Yedikule

Gardens from Ottoman and Byzantine periods, 1500 —
year urban agriculture land (Anonim 2013; Koca 2014)
(Figure 2).

The area, just adjacent to the conservation line
of Istanbul City Walls in UNESCO World Heritage
List was rescued from demolition through a court
decision on 06" July 2013 by 2" Administrative Court
(Anonymous, 2016a).

Bursa

|

Atatiirk Orman Ciftligi (Forest

Kuzguncuk Bostani (garden)

Kayseri

Tarsus

Diyarbakir Hevsel Gardens

Figure 2. Examples of UAGs in Turkey

Bogazkdy Kuzguncuk Bostani (garden) has a 700-
year- old history in Istanbul and been evaluated for
year as urban garden site (Figure 2). This site has been
under the pressure of housing since 1990s and desired
to be opened to housing in every 10 — year period. The
site first entered the agenda in 2011 through a private
school project. Dwellers in Kuzguncuk rejected the
project since the site is agriculture area, green space,
meeting and sharing point, playground for kids,
recreational and social area for the elders. Ministry of
Environment and Urbanism Board for the Conservation
of Nature declared that project was abandoned since it
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is not suitable with the characteristics and architecture
of built structure in Kuzguncuk (Koca, 2014).

Another important example having been used
for ages in Turkey as UAG is Diyarbakir Fortress
and Hevsel Gardens, declared to be included in 2015
in UNESCO World Heritage List (Figure 2). These
gardens, which were once the topics of legends and
folk songs lie extensively between Diyarbakir walls
and the river Tigris. It is likely to be the oldest grain
store of Mesopotamia, home of agriculture. Hevsel
gardens exhibit unique value as an example of civil
gardens always open to public use along a geography
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where garden culture is very important. Since the
area has been functioning as garden for more than an
eight — year period in a region, bearing the traces of
more than 30 civilisations, it has a unique historical
and cultural place away from its agricultural value
(Anonim, 2016 b).

CONCLUSION

As the result of the study, practice of UAGs is
suggested in also Turkey, which existed in any countries
ages ago for the purposes of meeting food at the
beginning and then recreational needs of poor people
especially as vegetables, increase green space rate,
harbour organic agriculture practices and the examples
of which are seen today.

It is thought that with the rapid increase in the
amount of distorted and irregular housing areas in cities
due to urban population increase, amount of green space
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Mersin Ilinde Ciftcilerin Tarimsal Kredi Kullamim Kararlarm
Etkileyen Faktorler

Seyit HAYRAN!, Aykut GUL!

OZET: Bu arastirmanin amaci1 Mersin ili’nde ciftgilerin tarimsal kredi kullamim kararlarina etki eden faktorleri
belirlemektir. Arastirma verileri ¢cok agamali rastgele 6rnekleme teknigi ile belirlenen 239 ciftciden toplanmustir.
Aragtirma verileri tanimlayici istatistikler ve ikili lojistik regresyon analizi ile degerlendirilmigtir. Bu aragtirmada
ciftcilerin baz1 sosyoekonomik 6zelliklerinin ve bilgi arama davramiglarinin kredi kullanma kararlarim etkiledigi
belirlenmigtir. Aile geniglifi, islenen arazi miktari, kooperatif ortaklif1 ve yazili materyal okuma degiskenleri
ciftcilerin tarimsal kredi kullanimlarim pozitif; ¢iftcinin yasi, serbest tarim danmigmanligi hizmeti alip almama ve
son bir yilda katildig: tarimsal egitim programi sayis1 degiskenleri ise negatif yonde etkilemektedir.

Anahtar Kelimeler: ikili lojistik regresyon, kredi, Mersin, tarim.
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Factors Affecting Farmers’ Decisions on Agricultural Credit
Usage in Mersin Province

FBED

ABSTRACT: The purpose of this study was to determine the factors affecting farmers’ decisions on the use of
agricultural credit in Mersin Province. The research data were collected from 239 farmers selected by multistage
random sampling technique. The research data were evaluated by descriptive statistics and binary logistic regression
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Seyit HAYRAN ve Aykut GUL

GIRIS

Sahip oldugu tarimsal arazinin hem miktar hem
de toplam yiizol¢iimiine orant bakimindan Tiirkiye,
diinyanin en genis lilkelerinden birisidir. Ulke
topraklarimin yaklagik %35.50’si iglenebilir arazilerden
olugurken, yaklasik %15.00’i de orman arazilerinden
olusmaktadir. Tiirkiye sahip oldugu toplam 23.630.000
ha tarla ve bahge arazisi ile bu alanda diinyanin en
genis 14. iilkesidir (Izmir Ticaret Borsasi, 2014).
Yaklasik 24 milyon hektar tarim arazisine sahip olan
Tiirkiye, 2016 yili itibariyle toplam gayrisafi yurt ici
hasilasinin yaklagik %8.00’ini tarimdan elde etmis ve
toplam ihracatinin da yaklasik %11.50’sini tarimdan
gerceklestirmistir. Tiirkiye’de istihdamin yaklasik %20
00°’si de tarim sektorii tarafindan olusturulmaktadir
(Engiiriilii, 2017). Tarimsal potansiyeli oldukc¢a yiiksek
olan Tiirkiye, basta kiiciik ve pagali igletmeler, egitim
seviyesi diislik ciftci yapisi ve modern tarimsal girdi,
alet ve ekipmanlara ulasmada yetersiz kalan finansman
gibi karg1 karsiya kaldig1 cesitli sorunlar nedeniyle bu
potansiyelini tam olarak kullanamamaktadir (Dogan ve
ark.,2015).

Tirkiye tariminin en 6nemli sorunlarindan birisi
ciftcilerin gerekli zamanda ve ihtiyac duyduklari
miktarda krediye erisim imkanlarinin zayif olmasidir
(Ozcelik ve ark.,2005). Tarimda kredi kullanimi iiretim
miktarinin, verimliligin, girdi kullanim etkinliginin ve
nihayetinde tarimsal gelirin artirilmast i¢in oldukga
onemlidir (Bozoglu and Ceyhan, 2007; Terin ve ark.,
2014). Her ne kadar iyi motive edilmis ve egitimli
olursa olsun, yeterli finans kaynagindan yoksun olan
bir ¢ift¢inin modern tarim yapma imkani yoktur. Ciinkii
modern tarim verimli tohum/tohumluk, giibre, tarimsal
ilag, kesif hayvan yemi, belli konularda uzman isgiicii
gibi girdilerin kullanimin1 gerektirmektedir. Bunlarin
uygun zaman ve yeterli miktarda temin edilebilmesi ise
stirekli bir nakit ¢ikisina yol agmaktadir. Ancak tarimin
yapisi nedeniyle, ciftciler siirekli bir nakit ¢ikigi ile karsi
karsiya olmalarina ragmen, hasat donemine bagli olarak
yilda bir ya da birkac kez gelir elde edebilmektedirler
(Ozgelik ve ark., 2005). Bu durum giftcilerin tarimsal
destekler, siibvansiyonlar ve kredi gibi ¢esitli yollarla
finanse edilmelerini zorunlu kilmaktadir. Ciftgilerin
gerekli zaman ve yeterli miktarda krediye erisebilmeleri
tarimsal aktivitelerini gelistirebilmelerine ve modern
teknolojileri uygulayabilmelerine yardimci olabilir
(Biilbiil, 2006).
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Bu denli 6nemli olmasina ragmen Tiirkiye’de
tarimsal kredilerin Oncelikli olarak, tarimsal iiretimin
gelistirilmesi, uygun toprak hazirlhigi, diger isglemler
icin modern girdi ve makine/ekipman temini igin
ihtiyac duyan ve bu konularda hassas ciftcilere
yonlendirilmesi i¢in uygulamalar olduk¢a yetersizdir.
Bu nedenle ciftcilerin tarimsal kredi kullanimlarimi
etkileyen faktorlerin belirlenmesi hem kredi politikalari
ile ilgili uygulayicilar hem de kredi tedarikgileri
icin 6nemlidir. Ancak Tiirkiye’de cift¢gilerin tarimsal
kredi kullanimlarini etkileyen faktorlerin incelendigi
literatiir oldukca yetersizdir (Kizilaslan and Adiguzel,
2007; Aksoy ve ark., 2010; Gunes et al., 2016;
and Movassaghi, 2017). Bu calismayla
Mersin Ilinde ciftcilerin sosyoekonomik 6zellikleri
ve bilgi arama davramiglarini da tamimlayarak, kredi
kullanim kararlarina etki eden faktorleri belirlemek
amaclanmistir.

Gunes

MATERYAL VE YONTEM
Materyal

Aragtirmada kullanilan birincil veriler Mersin
[li’nin Akdeniz, Anamur, Giilnar, Mezitli, Mut, Silifke,
Tarsus, Toroslar ve Yenigehir ilgelerinden ¢ok agamali
rastgele 6rnekleme teknigi ile belirlenen 239 iireticiden
anket yontemi ile 2017 Yilmin Haziran ayinda
toplanmistir. Aragtirma toplam 40 kdyde yiiriitiilmiistiir.
Toplam koy sayist ilgelere oransal olarak (Her ilcedeki
koy sayisinin toplam kdy sayisina orani baz alinarak)
dagitilmig ve her kdyde 6’sar anket yapilarak toplam
240 iireticiye ulagilmigtir. Ancak bir ankette elde edilen
cevaplarin eksikligi nedeniyle degerlendirmeler toplam
239 iiretici lizerinden yapilmigtir. Ayrica aragtirmada
daha once konu ile ilgili yapilmig bilimsel eserlerden
de yararlanilmigtir.

Yontem

Bagiml degiskenin yalnizca iki deger (1 — O gibi)
aldig1 durumlarda kullanilacak olan modeller sinirlidir.
Bu aragtirmada istatistik yontem olarak ikili lojistik
regresyon analizi kullanilmistir. Lojistik regresyon
analizinin temel amaci en az degiskeni kullanarak,
bagimli ve bagimsiz degiskenler arasindaki iligkiyi
belirlemektir. Analizde bagimli degisken kesikli bir
deger almakta ve bu analiz ile bagimh degiskenin
alabilecegi degerlerden birinin gerceklesme olasiligi
tahmin edilmektedir. Ayrica lojistik regresyon analizi
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cok degiskenli normal dagilim sart1 da aramamaktadir
(Hair et al., 1994; Kalayci, 2008; Alpar, 2011).

Ureticilerin tarimsal kredi kullanim kararlarina
etki eden faktorleri belirlemek icin kurulan modele
dahil edilen degiskenler, bunlarin tanimlari, dl¢iim
diizeyleri ve tanimlayici istatistikleri cizelge 1°de
gosterilmistir. Arastirmada iireticilerin 2016-2017

degisken olarak alinmistir. Bagimsiz degiskenler
olarak ise ireticinin yasi, egitimi, hane genisligi,
islenen arazi miktari, kooperatif ortakligi, tarim
sigortast yaptirma durumu, serbest tarimsal
danismanlik hizmeti alip almamasi, son bir yilda
katildig1 tarimsal egitim sayis1, son bir ayda tarimsal

kitap, broslir gibi yazili materyal okuyup okumamasi

iiretim doneminde kredi kullanim durumlar1 bagimli  alinmigtir.
Cizelge 1. Lojistik regresyon analizinde kullanilan degiskenler
< o - - En En Std.
Degisken Degisken Tanim ve Ol¢iim Diizeyi Diisiik Yiiksek Ortalama Sapma
Kredi Tarimsal kredi kullanim 0 | 031 047
(1 evet; 0 hayir)
Yas Ciftcinin yagt (y1l) 18 81 47.77 13.35
Egitim Ciftcinin egitim siiresi (y1l) 0 17 7.85 3.39
Birey Hane genisligi (kisi) 1 10 425 1.49
Arazi Islenen toplam arazi miktari (da) 05 620 3592 61.69
. Kooperatif ortaklig1
K f 1 2 4
ooperati (1 evet: 0 hayrr) 0 0.27 0.45
. Tarim sigortasi yaptirma
Sigort 0 1 0.23 042
leorta (1 evet; 0 hayr)
Danigman Serbest tarimsal danigmanlik hizmeti alma (1 evet; O 0 | 0.10 030
hayir)
Ea;iltrillﬁal Son bir yilda katildig1 tarimsal egitim sayis1 (adet) 0 5 032 0.82
Yazili Son bir ayda tarimsal kitap, brosiir gibi yazili materyal 0 1 046 0.50
Materyal okuma durumu (1 evet; 0 hayir) ) '
BULGULAR VE TARTISMA ortalama cift¢i ailesi genisligi 4.25 kisi olup, 1 kisi

Ureticilerin Sosyoekonomik Ozellikleri ve Bilgi
Arama Davranislari

Anket yapilan ciftcilerin erkektir.
Aragtirma anketlerinin igletme yoneticisi ile yapilmig
olmasi ve igletme yonetici konumunda bulunan az
sayida kadin ciftcinin de ankete katilmak istememesi
nedeniyle sadece erkek liireticilerle anket yapilmis ve
bunun neticesinde cinsiyet degigskeni arastirmanin
bir sonraki boliimiinde lojistik regresyon modeline
dahil edilememistir. Ciftcilerin yas ortalamalar1 47.77
yil olup, 18 yil ile 81 yil arasinda degismektedir.
Ciftcilerin egitim seviyeleri orta diizeydedir. Ciftgilerin
ortalama egitim siireleri 7.85 y1l olup, 0 yil ile 17 yil
arasinda degisiklik gostermektedir. Arastirmada ciftci
ailesi genisligi de incelenmistir. Arastirma bolgesinde

tamami1
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ile 10 kisi arasindadir. Anket yapilan igletmelerin
arazi varliklar1 0.5 da ile 620 da arasinda degismekte
olup, ortalama 35.92 da’dir. Ciftgilerin %?27.20’si
(n = 65) herhangi bir kooperatife ortaktir. Geri kalan
%72.80’inin ise herhangi bir kooperatif ortaklig1
yoktur. Ciftcilerin %31.40’1 (n = 75) son iretim
doneminde kredi kullanmig, %68.60’1 ise (n = 164)
kullanmamigtir. Ciftgilerin tarim sigortas: yaptirma
durumlan incelendiginde, iireticilerin %23.00’iiniin (n
= 55) tarim sigortasi yaptirdigi, %77.00’sinin (n = 184)
ise yaptirmadig1 goriilmektedir.

Ureticilerin %10.00’u (n = 24) serbest tarimsal
danismanlik hizmeti almakta, %90.00’1 ise (n = 215)
almamaktadirlar. Ureticilerin son bir yilda katildiklar
tarrmsal egitim sayis1 da incelenmistir. Ureticilerin
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%82.80’1 (n = 198) son bir yilda hicbir tarimsal egitime
katilmamigken, %17.20’si ise (n = 41) 1 adet ile 5
adet arasinda degisen sayida egitime katilmiglardir.
Ciftcilerin %46.00°s1 (n = 110) son bir ayda en az bir
adet tarimsal kitap, brogiir gibi yazili materyal okumus,
%54.00’s1 ise (n = 129) okumamustir.

Ciftcilerin Kredi Kullanimlarmma Etki Eden
Faktorler

Aragtirma verilerine yonelik yapilan analiz sonucu
elde edilen sonuclarin yorumlanmasina ge¢ilmeden
once, sonuglarin yorumlanmasina etki edebileceginden
lojistik regresyon ile coklu regresyon arasindaki
baz1 farkliliklara deginmek faydali olacaktir. Coklu
regresyonda model kestiriminde en kiiciik kareler
yontemi (ordinary least square) kullanirken, lojistik
regresyonda en cok olabilirlik (maximum likelihood)
yontemi kullanilmaktadir. Ayrica model uyumu igin
kullanilan gostergelerde de farklilik bulunmaktadir.

Lojistik regresyonda R? degeri bulunmazken, bu
degere karsilik gelebilecek gostergeler bulunmaktadir.
Bunun yerine bir model uyumu katsayist olan
LoglLikehood - olabilirlik degeri, ¢oklu regresyondaki
R? degeri gibi diisiiniilebilmektedir. Ayrica modele
yonelik Cox&Snell R* ve Nagelkerke R? degerleri,

Cizelge 2. Lojistik regresyon analizi sonuglar1

model tarafindan bagimhi degiskende agiklanan
varyansin iki farkli yoldan kestirilmesini temsil etmesi
acisindan Onemli olup, deger karsilifi olmamakla
birlikle yorumlama agisindan ¢oklu regresyondaki R?
ile benzer sekilde yorumlanabilir (Hair et al., 1994;

Alpar, 2011).

Coziimlenen modele iliskin sonuglara gore ki-
kare degeri 111.580 olarak saptanmistir ve elde edilen
lojistik regresyon modeli istatistiki olarak anlamlidir
(p < 0.000). Modelin Loglikehood degeri 185.790,
Cox&Snell R? degeri 0.373 ve Nagelkerke R? degeri ise
0.523 olarak hesaplanmustir.

Ciftcilerin tarimsal kredi kullanim kararlarina
etki eden faktorlerin analiz edilmesi i¢in kurulan ikili
lojistik regresyon modelinin ¢6zlimlenmesi sonucu
sabit terim bagsta olmak {izere, cift¢inin yasi, hane
genisligi, islenen arazi miktari, kooperatif ortakligi,
serbest tarim danigmanligi alip almama, son bir ayda
tarimsal kitap, brosiir gibi yazili materyal okuma, son
bir yilda katildig1 tarimsal egitim programi sayisi ve
sigorta yaptirma degiskenleri istatistiksel olarak anlamli
bulunmustur. Ciftcilerin egitim seviyeleri ise tarimsal
kredi kullanimlariyla dogru orantili ancak istatistiksel
olarak anlamsizdir (Cizelge 2).

Degisken B S.E. Wald df Sig. Exp(B)
Yas -0.035 0.016 4.520 1 0.033 0.966
Birey 0.364 0.136 7.195 1 0.007 1.440
Arazi 0.024 0.006 16.184 1 0.000 1.025
Kooperatif 1.108 0.416 7.100 1 0.008 3.027
Danigman -1.331 0.684 3.784 1 0.052 0.264
Yazili Materyal 0.860 0418 4234 1 0.040 2.363
Tarimsal Egitim -0.435 0.241 3.274 1 0.070 0.647
Egitim 0.100 0.061 2.651 1 0.104 1.105
Sigorta 2.754 0.475 33.674 1 0.000 15.711
Sabit -3.594 1.228 8.566 1 0.003 0.027
274 Igdir Uni. Fen Bilimleri Enst. Der. / Igdwr Univ. J. Inst. Sci. & Tech.
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Ciftcilerin yas1 ile kredi kullanimlari arasinda
istatistiksel olarak anlamli ve negatif bir iligki
mevcuttur. Yas degiskenine ait katsayr -0.035 olarak
hesaplanmistir. Buna gore ciftcilerin yasi arttikca
kredi kullanma olasiliklart azalmaktadir. Diger bir
degisle geng ciftcilerin kredi kullanma olasiliklar
daha yiiksektir. Bunun baglica sebebi aragtirma
bolgesinde yash ciftcilerin belli bir sermaye birikimine
sahip olmalarindan dolayi, isletmesi icin
gerekli masraflar1 6z sermayeleri ile karsilayabiliyor
olmalaridir. Buna karsilik tarimsal iiretime heniiz
yeni baslamig olan geng ciftciler bir yandan tarim
isletmesinin masraflarint karsilamak, bir yandan da
heniiz yeni bir aile kurmalarindan dolay1 aile giderlerini
karsilamak durumundadirlar. Ayrica geng ciftciler daha
yenilik¢i olma egilimindedirler (Sezgin ve ark., 2010).
Yeni teknolojilerin takip edilerek, bunlarin uygulamaya
gecirilmesi de belli bir yatirim gerektirmektedir.
Heniiz yeterli sermaye birikimine sahip olmayan bu
geng ciftciler, tarim igletmeleri icin gerekli yatirimlari
yapmak ve isletme masraflarim1 karsilamak amaciyla
tarimsal krediye bagvurmaktadirlar. Bu sonu¢ Agbo
et al. (2015) tarafindan desteklenmektedir. Ancak
daha Once yapilan bazi ¢aligmalarda farkli sonuglar da
bildirilmigtir. Aksoy ve ark. (2010) aragtirmalarinda
ciftcilerin kredi kullanimlari ile yaslari arasinda anlamli
bir iligki bulunmadigini, Filli et al. (2015) ise balik
ireticilerinin yaglar1 ile kredi kullanimlar1 arasinda
pozitif bir iligki bulundugunu bildirmiglerdir.

tarim

Aragtirma sonuglarina gore c¢iftci ailesi genisligi ile
tarimsal kredi kullanimi arasinda pozitif ve istatistiksel
olarak anlamli bir iligki vardir. Islenen araziden
yararlanan ciftci ailesinin genisligi arttikga, ciftcilerin
aile ihtiyaglarini karsilamak amaciyla daha fazla tiretim
yapmasi i¢in tarimsal kredi kullanimi da artmaktadir.
Diger bir deyisle birey sayisi az olan kiiciik aileler,
finansal ihtiyag¢larini kendi tarimsal gelirleri ve sermaye
birikimleriyle karsilayabilmektedirler. Ciftci
genisligi ile kredi kullanim1 arasindaki pozitif iligkinin
bir diger sebebi de, ¢iftci ailesi genisledik¢e tarimsal
aktiviteler de genislemekte ve cesitlenmektedir.
Birey sayis1 artan aile hayvansal iliretim, meyve ve
sebze iiretimi ile difer tarimsal faaliyetlere de daha
fazla yonelebilmektedir. Bu durum ise birey sayisi
artan ailenin sermaye ihtiyacini ve dolayisiyla kredi
kullanimin1 artirmaktadir. Bu arastirma bulgusu daha
once ¢iftci ailesinin genigligi ile tarimsal kredi kullanimi
arasindaki iligkinin incelenmesi amaciyla yapilan bazi

ailesi
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arastirma sonuglari ile ortiismektedir (Aksoy ve ark.,
2010; Agbo et al., 2015; Saqip et al., 2017). Ancak
Hananu et al (2015) ciftci ailesi genisligi ile tarimsal
kredi kullanimi arasinda negatif bir iliski bildirmistir.

Bir diger onemli arastirma bulgusu islenen arazi
miktart ile kredi kullanimimin pozitif ve istatistiksel
olarak anlamli bir iligki igerisinde oldugudur. Arazi
Tiirk toplumunda bir sosyal statii unsuru olarak
goriilmektedir (Demirci ve ark., 2007). Islenen arazi
miktarina bagli olarak cift¢inin iiretim masraflar1 da
artmaktadir. Ayrica igledigi arazi miktar1 artan ciftci,
yeni ve ileri teknolojileri de uygulamaya gecirmek
imkanina sahip olmaktadir. Daha ileri teknolojileri ve
tarimsal yontemleri uygulama sansi olan ciftcilerin,
masraflarinda da artig egilimi goriilmekte ve bu durum
ciftcinin finansal ihtiyaclarini da artirmaktadir. Bunun
sonucu olarak da arazi miktar1 artan ciftcilerin kredi
kullanma olasiliklar1 da artmaktadir. Literatiirde bu
bulguyu destekleyen ¢alismalar mevcuttur (Baffoe and
Matsuda, 2015; Gunes et al., 2016; Saqip et al., 2017).
Ancak literatiirde bu ¢calismada bulunan sonucla ¢elisen
bildirimler de vardir (Dzadze et al., 2012).

Ciftcilerin tarimsal kredi kullanimini belirleyen
bir diger faktor de c¢iftcilerin kooperatif ortakligidir.
Arastirma bulgularina gore herhangi bir kooperatife
ortak olan ciftcilerin kredi kullanma olasiliklari, diger
ciftcilere gore daha yiiksektir. Bu durumun birinci sebebi
tireticilerin kooperatif ortakligi ile sagladiklar1 teknik
bilgi ve becerileri uygulamaya gecirme istekleri sonucu
sermaye ihtiyaclarinin artmasi olarak goriilmektedir.
Ayrica bazi ciftcilerin ortak olduklar1 kooperatif, hali
hazirda kredi ihtiyaclarini da karsiladiklar: tarim kredi
kooperatifleridir. Bu arastirma bulgusu Hananu et al.
(2015) tarafindan desteklenmektedir.

Serbest tarimsal damigmanlik hizmeti Tiirkiye
icin heniiz yeni bir uygulamadir ve halen ciftciler
tarafindan yeterince taninmamaktadir. Bundan dolay1
zaten yeterli sermaye birikimine sahip olmayan
ciftciler serbest tarimsal danigmanlik hizmetine sicak
yaklagsmamaktadirlar. Arastirma bolgesinde serbest
tarimsal danigsmanlik hizmeti alan cift¢ilerin sermaye
birikimi olarak kendine yeter bir diizeyde bulunmasi
nedeniyle, bu ciftciler kredi ihtiyac1 duymamaktadirlar.
Buna bagh olarak da yapilan analiz sonucunda
ciftcilerin serbest tarimsal danigmanlik hizmeti almalari
ile tarimsal kredi kullanimlari arasinda negatif ve
istatistiksel olarak anlamli bir iligki tespit edilmistir. Bu
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bulguya gore Mersin’de serbest tarimsal danigmanlik
hizmeti alan ciftcilerin, diger ciftcilere gore tarimsal
kredi kullanma ihtimalleri daha diistiktiir.

Ciftcilerin son bir ay igerisinde tarimsal kitap,
brosiir gibi yazili materyal okumalari ile tarimsal kredi
kullanimlart arasinda pozitif ve istatistiksel olarak
anlamli bir iligki vardir. Yani son bir ay igerisinde
tarimsal konularda yazili materyal okuyan ciftcilerin,
diger ciftcilere gore kredi kullanma olasiliklari
daha yiiksektir. Aragtirmada ¢iftcilerin son bir yilda
katildiklar1 tarimsal egitim programi sayisi ile kredi
kullanimlar1 arasinda ters yonlii ve istatistiksel olarak
anlamli bir iligki tespit edilmistir. Buna goére arastirma
bolgesinde ciftcilerin son bir yilda katildiklari tarimsal
egitim programi sayisi arttik¢a tarimsal kredi kullanma
olasiliklart azalmaktadir.

Aragtirma sonuglarina gore ¢iftcilerin  egitim
seviyeleri ile tarimsal kredi kullanimlar1 arasinda
istatistiksel olarak anlamli bir iligki tespit edilememistir
(p = 0.104). Ancak egitim seviyesi ile tarimsal kredi
kullanim1 arasindaki iligkiye dair katsay1 pozitif
bulunmustur. Bu durum c¢iftcilerin egitim seviyeleri
arttikca kredi kullanma olasiliklarinin  da artma
egiliminde olacag1 seklinde yorumlanabilir. Konu ile
ilgili daha ©Once gerceklestirilen bazi aragtirmalarda
ciftcilerin egitim seviyesi ile tarimsal kredi kullanimlari
arasinda pozitif bir iligki bildirilmistir (Hananu et al.,
2015).

Ciftcilerin sigorta yaptirmalar: ile tarimsal kredi
kullanimlar1 arasinda pozitif ve istatistiksel olarak
anlamli bir iligki vardir. Buna gore tarim sigortasi
yaptiran ¢iftcilerin tarimsal kredi kullanma olasiliklari,
tarim sigortast yaptirmayan ciftcilere gore daha
yiiksektir. Bunun sebebi kredi kuruslarinin kredilerinin
geri doniisiinii garanti altina almak icin tarimsal kredi
sagladiklar1 ciftciden ({irlinlerini tarim sigortalari
kapsamina aldirmalarin1 istemeleridir. Bu sonug Filli et
al. (2015) tarafindan da desteklenmektedir.
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SONUC

Kredi {iretim, pazarlama ve diger tarimsal
faaliyetlerin gelistirilebilmesi i¢in 6nemli bir unsurdur.
Bu arastirmada ¢iftcilerin  bazi
ozelliklerinin ve bilgi arama davraniglarinin kredi
etkiledigi  belirlenmistir.
Aragtirma sonuclarina gore aile genigligi, iglenen arazi
miktari, kooperatif ortaklig1 ve yazili materyal okuma
degiskenleri ciftcilerin tarimsal kredi kullanimlarini
pozitif; c¢ift¢inin yasi, serbest tarim danigmanlig
hizmeti alip almama ve son bir yilda katildig1 tarimsal
egitim programi sayist degiskenleri ise negatif yonde
etkilemektedir. Ciftcilerin egitim seviyeleri ile kredi
kullanim kararlar1 arasinda ise anlamli bir iligki
bulunamamustir.

sosyoekonomik

kullanma kararlarini

Aragtirma sonuglarina gore ciftgilerin kooperatif
ortaklig1 ve yazili materyal okuma durumlar ile kredi
kullanimlar1 arasinda pozitif bir iligki vardir. Bu sebeple
kredi kullanimin gelistirilmesi ve kredinin uygun
alanlara yonlendirilebilmesi i¢in arastirma bolgesinde
tarimsal kooperatif ve ciftcilerin tarimsal kitap, brogiir
gibi yazili materyal okumalar1 tegvik edilmelidir. Ayrica
kooperatifler aracilifiyla yiiriitiilecek programlarla
tarimsal kredilerin en uygun alanlara yonlendirilmesi
de saglanabilir.

Calismada ¢iftgilerin isledikleri arazi miktar
arttikca kredi kullanma olasiliklarinin da artacagi
tespit edilmistir. Bu kapsamda arazi toplulagtirmasi
calismalar1 ve arazi boliinmesinin Oniine gegebilmek
icin alman Onlemler, tarimsal kredi piyasalarinin da
hareketlenmesine katki saglayabilir.

Benzer  aragtirmalarin
bolgelerinde de yapilmasi
sonuglarinin gecerliligi artirilabilir ve bu durum mevcut
arastirma sonuglari ile birlikte 6zel ve kamu bankalari
gibi kredi kuruluglarinin hedef kitlelerini belirlemede
yardimct olabilir.
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Farkh Sulama Suyu Tuzluluk Seviyelerinin Baz Silajiik Sorgum
(Sorgum sp.) Cesitleri Uzerine Etkileri*

Ibrahim ARAS!, Bilal KESKIN?

OZET: Aragtirma 2015 yilinda Igdir Universitesi Tarimsal Arastirma ve Uygulama Merkezi denem alanlarinda
faktoriyel deneme desenine gore 4 tekerriirlii olarak kurulmugtur. Aragtirma seralarda saksilarda yetistirilen 3
Sorgum (Rox, Early Sumac, Leoti), 2 sorgum-sudan otu melezi (Nutri Honey, Hayday) ve 1 Sudan otu (Gézde 80)
cesitlerinin bitki boyu, bitki yas agirlig1, bitki kuru orani, bitki kuru agirligi, tuza tolerans yiizdesi, yaprak orani, sap
orant, salkim oranina 7 farkli sulama suyu tuzluluk oranlarimin (0, 3,6, 9, 12, 15, 18 dS m™) etkilerini belirlemek
amactyla kurulmustur. Sulama suyu tuzlulugu arttik¢a, bitki boyu, bitki yas agirligi, bitki kuru agirlifi, tuza tolerans
yiizdesi ve salkim orani diigmiis, bitki kuru orani, yaprak orani ve gdvde orani ise artmigtir. En yiiksek tuzlu su
uygulamasina en dayanikli sorgum cesitlerinin sirasiyla Early sumac, Rox ve Nutri honey, en hassas ¢esitlerin ise
sirasiyla Leoti, Gozde-80 ve Hayday oldugu goriilmiistiir.

Anahtar Kelimeler: Sorgum, tuzlu su, verim, tuza tolerans yiizdesi
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The Effects of Different Irrigation Water Salinity Levels on Some
Silage Sorghum (Sorghum sp.) Varieties
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ABSTRACT: The research was established with 4 replications according to the factorial experiment design in the
research areas of the Agricultural Research and Application Center of Igdir University in 2015 year. The study was
set up to determine the effects of plant height, plant fresh weight, plant dry rate, plant dry weight, salt tolerance
percentage, leaf ratio, stem ratio and bunch rate of sorghum of 7 different irrigation water salinity (0, 3, 6,9, 12,
15, 18 dS m") on 3 sorghum (Rox, Early Sumac, Leoti) 2 sorghum-sudangrass hybrids (Nutri Honey, Hayday)
and 1 Sudangrass (Gozde-80) grown in pots in greenhouses. As the irrigation water salinity increased, the plant
height, plant fresh weight, plant dry weight, salt tolerance percentage and bunch rate decreased, plant dry ratio, leaf
ratio and stem ratio increased. The most resistant varieties of sorghum to the highest saline application were Early
Sumac, Rox and Nutri Honey, respectively and the most sensitive varieties were Leoti, Gozde-80 and Hayday,
respectively.
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GIRIS

Kaba yem agiginin karsilanmasi amaciyla,
son yillarda gerek su istegi gerekse toprak yapisi
bakimindan kisitli imkénlar1 daha iyi bir sekilde
kullanarak daha tatmin edici iiretime olanak taniyan
bitkiler giindeme gelmektedir. Bu anlamda hayvan
besleme ve endiistri alanindaki oneminin her gecen
glin artmasi, yiiksek verimli ve daha kaliteli melez
cesitlerin gelistirilmesi ve adaptasyon sinirlarinin
genigligi nedeniyle diger iilkelerde 6nem kazanmaya
baslayan sorgumlar bu noktada yazlik olarak
yetigtirilebilecek diger bir kaba yem kaynagi olarak
on plana ¢cikmaktadir. Bir¢ok serin ve 1lik mevsim
yem bitkilerinin yiiksek sicakliklar ve yetersiz
yagislar nedeniyle dormant oldugu ve sararip
kurudugu yaz aylarinda kaliteli ve besleme degeri
yliksek yemler tiretmektedirler (Fribourgetal., 1976).
Sorgum x sudan otu melezleri hayvancilig1 geligsmis
tilkelerde siit s1g1r1 igletmelerinin en dnde gelen yem
bitkilerinden biridir (Skerman and Riveros, 1990;

Saglamtimur ve ark, 1998).

Ozellikle kurak ve yar1 kurak iklim bolgelerinde,
sulu tarim icin dogal kaynaklarin azalmasi veya
kirlenmesi, diisiik kaliteli sulama suyu ile sulama
yapmak zorunda kalinmasi, genellikle iiretim yapilan
bolgelerin tuzlanmasina ve liretim disi kalmasina
neden olmustur. Diinyada tuzlu sular kullanilarak
toprakta ve bitkide zarar meydana getirmeden
yetigtiriciligin yapilmasi amaciyla arastirmalar tiim
hiziyla devam etmektedir. Sulama suyu ve toprak
tuzlulugu bitkilerde biiyiime ve gelismeyi, olumsuz
yonde etkiledigi gibi iirliniin kalitesini de Onemli
Olciide diistirmektedir (Parlak ve Parlak, 2005).

Tuzluluk, 6zellikle kurak ve yari-kurak alanlarda
tarimsal iiretimi kisitlayan en énemli problemlerden
birisidir. Diinya’da 831 milyon hektar alanda tuzluluk
problemi s0z konusuyken (Beltran and Manzur,
2005), Tiirkiye’de 1.5 milyon hektar alanda hem
tuzluluk hem de alkalilik problem olusturmaktadir
(Giingor ve Erozel, 1994).

Tuzlu topraklarin iyilestirilmesi icin uygulanan
1slah yontemleri zaman alic1 ve oldukca pahali
oldugundan; bu alanlarda yetisebilen, tuzluluga
toleransli, ekonomik olarak yetigtirilebilecek bitki tiir
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veyacesitlerinin gelistirilmesi ve kullanimi 6nemli bir
strateji olarak dikkate alinmaktadir (Shannon, 1978;
Epstein, 1985; Ashraf, 1994; Temel et al., 2015).
Sorgum (Sorghum bicolor L. Moench) tuzlulugun
yogun sekilde yasandig1 kurak ve yari-kurak alanlara
adapte olmus, tuzluluga orta derecede toleransl
bir C4 bitkisidir (Francois et al., 1984; Maas et al.,
1986; Nawaz et al., 2010). Sorgum ayni zamanda
kurakliga ve yiiksek sicakliga toleranslidir (Pholsen
et al., 1998; Berenguer and Faci, 2001; Khalili et al.,
2008). Sorgumun bu ozelligi, 6zellikle tuzlulugun
potansiyel bir problem oldugu kurak ve yari-kurak
alanlarda ekim potansiyeli oldugunu gostermekte ve
bu alanlarda yetistirilebilecek sorgum c¢esitlerinin
tuzluluga tepkilerinin bilinmesinin gerekliligini
ortaya koymaktadir.

Bu ¢alismada, yedi farkli sulama suyu tuzlulugu
0, 3,6,9,12, 15, 18 dS m')’nun ii¢ ¢esit Sorgum
(Rox, Early sumac, Leoti), 2 ¢esit Sorgum x Sudan
otu melezi (Nutri honey, Hayday) ve bir ¢esit Sudan
otu (G6zde 80)’nun verim ve verim komponentlerine
etkileri aragtirtlmigtir.

MATERYAL VE YONTEM
Arastirma 2015 yilinda Igdir Universitesi
Tarimsal  Arastirma ve Uygulama Merkezi

Miidiirligiine bagl ciftlik arazisindeki seralarda
yliriitiilmiistiir. Aragtirmada Rox, Early sumac ve
Leoti (Silajlik sorgum (Sorghum bicolor L.)), Nutri
honey ve Hayday (Silajlik sorgum x Sudan otu
melezi (Sorghum bicolor x Sorghum sudanense) ve
Gozde 80 (Sudan otu (Sorghum sudanense)) cesitleri
kullanilmasgtir.

Arastirma Tesadiif parsellerinde faktoriyel
deneme desenine gore 4 tekerriirlii olarak kurulmustur.
Arastirmada 35 cm c¢apinda ve 30 cm derinliginde
plastik ve siyah renkte saksilar kullanilmistir.
Drenaji saglamak icin saksilarin dip kisimlarina
ortalama 3-5 cm olacak sekilde kum konulmus ve
saksmin list kisminda 5 cm bogluk kalacak sekilde
killi tinli biinyeye sahip toprakla doldurulmustur.
Her saksiya 3 adet tohum gelecek sekilde toplam

168 saksiya tohum ekimleri 09.07.2015 tarihinde
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gerceklestirilmigtir.  Bitki cikislar1  16.07.2015
tarihinden itibaren baglamistir. Bitkiler 01.08.2015
tarihinde belirgin hale geldikten sonra yabanci ot
miicadelesi ve daha sonra seyreltme islemi yapilarak
her saksida sadece 1 adet bitki birakilmistir.

Saksilara konulan topraklar Igdir Universitesi
Ziraat Fakiiltesi Laboratuvarlarinda analiz edilmisgtir.
Saks1 topragi killi-tinlt tekstiire sahip olup, pH 8.71,
EC degeri 1.10 (dS m')’dir. Kire¢ %18.64, organik
madde %1.04, kalsiyum 3254.67 ppm, potasyum
255.00 ppm, magnezyum 495.00 ppm, sodyum
259.33 ppm, azot %0.05, fosfor 34.67 ppm, tarla
kapasitesi %29.13, solma noktas1 %12.82, faydali su
%16.31 olarak tespit edilmistir.

Saksilardaki tohumlar ¢imlenip 5-6 cm boyuna
ulasana kadar normal kuyu suyuyla sulanmugtir.
Daha sonraki sulamalar NaCl (sodyum kloriir),
CaCl, (Kalsiyum kloriir) ve MgSO, (Magnezyum
siilfat) tuzlar1 birlikte kullanilarak 7 farkli sulama
suyu tuzlulugu (0, 3, 6,9, 12, 15, ve 18 dS m™') elde
edilmistir. Tuzlu sularin hazirlanmasi asamasinda,
topragin fiziksel ozellikleri iizerine olan etkilerinin
benzer olmasindan otirii Ca/Mg 1/1 oraninda
1979).
suyunun EC degerleri Igdir Universitesi Ziraat

kullanilmigtir (Poonia and Pal, Sulama

Fakiiltesi Laboratuvarlarinda olctilmiistiir.

Saksilarin sulamalari Tarimsal Uygulama ve
Aragtirma Merkezi biinyesinde yer alan kuyulardan
saglanan suyla sulama yapilmistir. Kuyu suyunun
tuzluluk degeri Ziraat Fakiiltesi Laboratuvarlarinda
EC degeri olarak 1.043 (dS m') olctilmustiir.
Bitkilerin sulama zamanlar1 “Toprak su potansiyeli
belirlenmigtir. ~ Topraktaki
%50°ye  diistiiglinde
sulamaya baslanilmistir. Ekimle birlikte her bir
saksiya dekara 8 kg azot (N) ve 8 kg P,O, (fosfor)
gelecek sekilde giibre uygulanmistir. Ayrica bitkiler

O0lcme  cihaziyla”

kullanilabilir su diizeyi

30 giinliik gelisme donemlerinin sonunda dekara 8 kg
azot (N) gelecek sekilde saksilara ilave azot giibresi
uygulanmistir. Giibre olarak amonyum nitrat ve triple
siiper fosfat kullanilmistir. Saksilardaki bitkiler 90
(doksan) giinliik gelismelerinin ardindan 06.10.2015
tarihinde hasat iglemlerine baslanilmistir. Bitki boyu
toprak yiizeyinden salkim ucuna kadar olan mesafesi
cm olarak Ol¢iilmiigtiir. Bitki yas agirligi toprak
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seviyesinden 5 cm yiikseklikte bicilerek yas olarak
tartilmistir. Bitki kuru ot oran1 70 °C ayarl kurutma
dolabinda agirliklar1 sabitlesinceye kadar kurutulmus
ve bitki yas agirliina oranlanarak belirlenmigtir.
Bitki kuru ot agirlig bitki yas agirligi ile bitki kuru ot
orani ¢arpilarak belirlenmistir. Tuza tolerans yiizdesi
(%)= Tuz uygulamasindaki bitki kuru agirligi/Kontrol
uygulamasindaki bitki kuru agirligi x 100 formiiliiyle
belirlenmigtir (Alsabbagh ve ark.,2016). Yaprak, sap
ve salkim oranlar1 hasat edilen bitkilerin yaprak, sap
ve salkimlarina ayrildiktan sonra tartilmisg ve bitki
yas agirli§ina oranlanarak belirlenmigtir.

Denemede elde edilen veriler SPSS paket
programina gore varyans analizleri yapilmig ve
ortalamalar Duncan ¢oklu karsilagtirma testine gore
kargilastiriimigtir.

BULGULAR VE TARTISMA

Cizelge 1 ve 2 incelendiginde farkli sulama suyu
tuzluluklarinin ortalamasi olarak bitki boyu, bitki
yas agirligi, bitki kuru orani, bitki kuru agirligi, tuza
tolerans yiizdeleri, yaprak orani, sap orani ve salkim
oraninin sorgum cesitleri arasinda onemli derecede
farkliliklar oldugu gériilmektedir.

Buna gore; en yiiksek bitki boyu 156.51 cm
ile Gozde 80 cesidinde, bitki yas agirligi 265.39 g
ile Hayday cesidinde, bitki kuru oran1t % 32.46 ve
% 30.99 ile sirasiyla Gozde-80 ve Nutri Honey
cesitlerinde, bitki kuru agirligs 73.92, 73.67, 70.37
ve 70.09 g ile sirasiyla Rox, Hayday, Leoti ve Early
Sumac cesitlerinde, tuza tolerans yiizdeleri % 61.69,
% 61.03, % 59.54 ve % 59.26 ile sirasiyla Rox,
Early sumac, G6zde-80 ve Nutri honey ¢esitlerinde,
yaprak oran1 % 24.23 ve % 24.11 ile sirasiyla Nutri
honey ve Hayday cesitlerinde, sap orani % 79.99
ile Early sumac cesidinde, salkim oran1 % 10.51
ile Rox c¢esidinde elde edilmigtir. Nitekim yapilan
calismalarda sorgum c¢esitlerinin verim ve verim
O0geleri yoOniinden birbirlerinden O6nemli derecede
farklillk gosterdigi ortaya konulmustur (iptas,
1993; Baytekin ve ark., 1995; Giil ve Bagbag, 1999;
Akdeniz et al., 2002; Keskin et al, 2005a; Keskin ve
ark., 2005b; Parlak ve Parlak, 2005; Carpict et al.,
2009; Atis, 2011).
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Cizelge 1. Farkli sulama suyu tuzlulugunun sorgum gesitleri iizerine etkileri

Cesit Kontrol 3 6 9 12 15 18 Cesit ort.
Bitki Boyu (cm)
Rox 154.60 133.20 140.80 119.40 106.00 93.00 67.40 11634 cd
Early sumac 158.00 171.20 141.20 135.60 107.20 91.20 122.00 132.34b
Leoti 165.75 153.72 124.15 90.02 87.10 86.77 62.40 10998 d
Nutri Honey 183.05 141.75 160.65 113.75 103.25 90.30 94.15 126.70 be
Hayday 178.87 164.62 148.12 138.75 110.62 80.25 77.25 128.30 b
Go6zde-80 213.90 181.80 193.20 161.10 141.00 121.50 83.10 156.51 a
EC ort. 175.69a 157.7b 151.3b 126.3c 109.2d 9383e¢ 84.38 ¢
Bitki Yas Agirligr (gr bitki™)
Rox 407.49 351.09 308.67 257.76 192.24 149.15 97.42 25197b
Early sumac 436.40 385.92 291.60 219.45 159.92 118.45 101.32 24472 b
Leoti 481.25 410.30 283.65 213.00 158.35 115.45 81.97 249.13 b
Nutri Honey 381.01 326.92 282.10 213.36 13743 93.37 77.62 21597 ¢
Hayday 51042 417.53 316.46 269.08 162.36 108.10 72.79 265.39 a
Gozde-80 34222 292.08 254.38 209.12 150.88 112.58 66.60 20398 d
EC ort. 42646a  3639b  289.6¢c 230.2d 160.19¢ 116.18f 8295¢
Bitki Kuru Orani (%)
Rox 3042 27.04 30.24 2942 29.96 28.05 31.11 29.46bc
Early sumac 27.25 27.38 24.72 30.61 29.53 36.76 34.63 30.13b
Leoti 27.25 28.70 29.32 29.06 29.05 27.96 24.19 2793 c
Nutri Honey 28.94 24 .86 31.03 33.72 31.08 34.13 33.18 3099 ab
Hayday 28.28 24.63 26.35 27.90 2791 32.92 40.09 2972bc
Gozde-80 33.42 30.04 33.24 3242 32.96 31.05 34.11 3246 a
EC ort. 2926cd  27.11d  29.15cd 30.52 be 30.08 be 31.81ab 32.89a
Bitki Kuru Agirhig: (gr bitki")
Rox 124.03 95.01 93.35 75.80 57.22 41.63 3041 7392 a
Early sumac 119.05 105.68 72.28 67.29 4743 4393 35.00 70.09 ab
Leoti 130.96 117.50 82.99 62.28 46.37 32.19 20.31 70.37 ab
Nutri Honey 110.09 81.25 87.34 71.90 42.67 31.82 25.87 6442 c
Hayday 144 .31 103.18 83.67 75.12 45.13 35.16 29.19 73.67 a
Gozde-80 11443 87.81 84.56 67.76 49.39 34.77 22.81 65.93 bc
EC ort. 123.81a  98.40b 84.03 c 70.02d 48.03e 36.58f 27.26g
Tuza Tolerans Yiizdesi (%)
Rox 100.00 76.96 76.61 71.63 4744 34.49 24.70 61.69 a
Early sumac 100.00 89.71 61.51 69.18 39.62 3747 29.71 61.03 a
Leoti 100.00 90.09 63.20 52.10 35.78 24 .82 15.80 5454 b
Nutri Honey 100.00 7441 79.23 69.40 39.19 29.16 23.44 59.26 a
Hayday 100.00 72.19 58.57 66.02 32.07 24.65 20.47 5342b
Gozde-80 100.00 77.11 74.94 69.51 4426 31.02 19.99 5954 a
EC ort. 100.00a  80.08b 69.01 c 66.30 ¢ 39.73d 3027 e 22.37f

Ayni harflerle gosterilen degerlen arasindaki fark istatistiksel olarak 6énemli degildir.
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Sulama suyundaki tuzluluk miktarinin artmastyla
sorgum cesitlerinin bitki boyu, bitki yas agirligi, bitki
kuru agirlig1, tuza tolerans yiizdeleri ve salkim oraninda

azalmalar olurken, bitki kuru orani, yaprak orani ve sap
oraninda ise artmalar goriilmiistiir (Cizelge 1, 2; Sekil
1,2,3,4,5,6,7).

Cizelge 2. Farkli sulama suyu tuzlulugunun sorgum gesitleri tizerine etkileri

Cesit Kontrol 3 6 9 12 15 18 Cesit ort.

Yaprak Orani (%)
Rox 20.20 20.16 16.08 20.50 19.37 18.75 29.95 20.57b
Early sumac 18.97 12.05 18.33 14.71 16.19 13.62 13.75 1537d
Leoti 16.31 13.94 14.90 16.58 15.62 18.12 16.67 16.02cd
Nutri Honey 17.10 20.36 2391 25.68 2553 28.20 28.83 2423 a
Hayday 1741 14.99 22.40 24.79 27.74 30.13 31.34 2411 a
Gozde-80 16.28 16.23 12.67 16.19 15.55 15.18 23.93 1657 c
EC ort. 1771 ¢ 1629d 1805¢ 19.7b 20.00 b 20.66b 23.9a

Sap Orani (%)

Rox 67.86 67.22 69.19 65.77 72.36 7448 65.41 68.90 e
Early sumac 72.67 78.84 78.90 81.85 79.96 84.09 83.61 79.99 a
Leoti 74.83 74.84 77.27 78.75 79.74 80.00 80.06 7793 b
Nutri Honey 73.77 73.42 71.65 72.20 73.82 69.43 68.76 71.86d
Hayday 70.66 71.39 69.51 69.91 69.23 67.13 66.28 69.16 ¢
Gozde-80 72.80 72.08 73.33 70.36 77.56 79.86 72.07 7401 c
EC ort. 72.10b  7296b  7331Db 73.14b 7545 a 7583 a 72.70b

Salkim Orani (%)
Rox 11.92 12.61 14.72 13.72 8.25 6.75 5.63 1051 a
Early sumac 8.35 9.11 2.76 343 3.84 229 2.64 4.63d
Leoti 8.84 11.21 7.83 4.67 4.62 1.87 327 6.04c
Nutri Honey 9.12 6.20 443 2.11 0.64 2.36 2.39 3.89d
Hayday 11.92 13.61 8.08 529 301 2.73 2.37 6.71c
Gozde-80 1091 11.67 13.99 13.44 6.88 4.96 3.99 941b
EC ort. 10.18 a 10732 8.63b 7.11c 4.54d 349 3.38e

Aym harflerle gosterilen degerlen arasindaki fark istatistiksel olarak onemli degildir.

En uzun boya ulagan gesitlerin kontrol grubunda
213.90 cmile Gozde-80 ve 193.20 cm’lik bitki boyuile 6
EC degerinde tuzlu su uygulanan Nutri honey ¢esidinde
oldugu goriilmektedir. Boyu en kisa olan bitkilerin ise
18 EC degerinde 62.40 cm ile Leoti ve 67.40 cm’lik
bitki boyu ile Rox ¢esidi olmustur (Sekil 1). En ¢ok bitki
yas agirligt tuzlu su uygulanmayan kontrol grubunda
51042 g ile Hayday c¢esidinde oldugu gériilmektedir.
En az bitki yag agirlig1 ise 18 EC degerinde 66.60 g ile

Cilt / Volume: 8, Say1 / Issue: 1,2018

Gozde-80 cesidi olmustur (Sekil 2). En ¢ok bitki kuru
orani 18 EC degerinde % 40.09 ile Hayday cesidinde,
en az bitki kuru orani ise 3 EC degerinde % 24.63 ile
Hayday cesidinde olmustur (Sekil 3). En yiiksek bitki
kuru agirligi 144 .43 g/bitki ile tuzlu su uygulanmayan
Hayday cesidinde olmustur. En diisiik bitki kuru agirligi
ise 20.31 gbitki ile 18 EC degerinde tuzlu su uygulanan
Leoti ¢esidinde gergeklesmigtir (Sekil 4). Kontrol
uygulamasi hari¢ olmak iizere en yiiksek tuza tolerans

283



Ibrahim ARAS ve Bilal KESKIN

yiizdesi %90.09 ile Leoti ¢esidinde ve 3 EC degerinde
tuzlu su uygulanan saksilarda elde edilirken, en diisiik
tuza tolerans ytizdeleri ise %15.80 ile 18 EC degerinde
tuzlu su uygulanan Leoti cesidinde gdzlemlenmistir
(Sekil 5). En yiiksek yaprak oranm1 % 31.34 ile 18 EC
degerinde tuzlu su uygulanan Hayday cesidinde elde
edilirken, en diisiik yaprak orami %12.05 ile 3 EC
degerinde tuzlu su uygulanan Early sumac cesidinde
elde edilmistir (Sekil 6). En yliksek sap oran1 %84.09
ile 15 EC degerinde tuzlu su uygulanan Early sumac
cesidinde elde edilirken, en diisiik sap oran1 %65 .41 ile
18 EC degerinde tuzlu uygulanan Rox cesidinde elde
edilmistir (Sekil 7). En yiiksek salkim orant %14.72
ile 6 EC degerinde tuzlu su uygulanan Rox cesidinde
goriilmiistiir En diisiik salkim oran1 ise %0.64 ile 12 EC
degerinde tuzlu su uygulanan Nutri honey ¢esidinden
elde edilmistir (Sekil 8). Sulama suyundaki tuz
yogunlugunun artmasiyla aragtirmada kullanilan tiim

sorgum cesitlerinin bitki boylarinda kisalmalar oldugu
goriilmektedir. Ayrica bu durum bitki yas agirligi,
bitki kuru agirlig1 ve sorgum cesitlerinin tuza tolerans
yiizdelerinde de azalmalara neden olmustur (Sekil 1, 2,
4 ve 5). Sulama suyu tuz diizeyinin artmasi bitkilerde
bodur biiylimeye, yapraklarin kiigiik kalmasina ve kok
biiyiimesinde gerilemeye neden oldugundan dolay1
bitkinin boyu ile yas ve kuru otunda azalmalara neden
olmaktadir. Ayrica artan tuz yogunlugu bitkinin tuza
direncini kirmakta ve tuza toleranslarin diistirmektedir.
Nitekim yapilan aragtirmalarda da artan miktarda tuzlu
su uygulamasinin bitkide verim diisiislerine neden
oldugu belirlenmistir (Francois et al., 1984; Maas et
al., 1986; Rivelli et al., 2002; Yurtseven ve ark., 2002;
Abid et al., 2003; Parlak ve Parlak, 2005; Mensah et al.,
2006; Carpici et al, 2009; Kokten et al., 2010; Nawaz et
al., 2010; Atig, 2011).

Elektriksel iletkenlik (dS/m

Rox = Early sumac = Leoti

# Nutri Honey ™ Hayday # Gozde-80

Sekil 1. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin bitki boylar iizerine etkileri
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Sekil 2. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin bitki yas agirlig1 tizerine etkileri
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Sekil 3. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin bitki kuru orani iizerine etkileri
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Sekil 4. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin bitki kuru agirlig1 tizerine etkileri

100 -
90 -+
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

ENEEEN
o happrRiTerT

#

Tuza tolerans yiizdesi (%)

Kontrol
Elektriksel iletkenlik (dS m™)

Rox =Early sumac " Leoti = Nutri Honey ©Hayday #Gdzde-80

Sekil 5. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin tuza tolerans yiizdesi iizerine etkileri
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Sekil 6. Farkl: sulama suyu tuzlulugunun sorgum ¢esitlerinin yaprak orant iizerine etkileri
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Sekil 7. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin sap oramni iizerine etkileri
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Sekil 8. Farkli sulama suyu tuzlulugunun sorgum ¢esitlerinin salkim orani iizerine etkileri

Sulama suyundaki tuz yogunlugunun artmasiyla
bazi sorgum cesitlerinin kuru oranlarinda bir miktar
yiikselme olurken, bazi sorgum cesitlerinde ise
azalmalar olmustur. Kuru oranda en belirgin yiikselme
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Hayday cesidinde, en belirgin azalma ise Leoti ¢cesidinde
gerceklesmistir (Sekil 3). Sulama suyundaki tuzlulugun
artmasiyla Rox (18 EC hari¢), Leoti, Gozde-80 (18 EC
haric) sorgum cesitlerinin yaprak oranlarinda herhangi

Igdir Uni. Fen Bilimleri Enst. Der. / Igdir Univ. J. Inst. Sci. & Tech.



Farkli Sulama Suyu Tuzluluk Seviyelerinin Baz1 Silajlik Sorgum (Sorgum sp.) Cesitleri Uzerine Etkileri

bir 6nemli degisiklik olmamistir. Diger taraftan sulama
suyundaki artan tuzluluk oran1 Early Sumac sorgum
cesidinin yaprak oranini diigliriirken, Nutri Honey ve
Hayday sorgum cesitlerinin yaprak oranint ise artirmigtir
(Sekil 6). Tuzlulugun artmasiyla sorgum ¢esitlerinin sap
oranlarindaki degisimler farkli olmustur. Ornegin Early
Sumac, Leoti ve Go6zde-80 sorgum cesitlerinde sap
orani artmig, Nutri Honey ve Hayday cesitlerinde sap
orani diismiis, Rox sorgum cesidinde ise sap oraninda
onemli bir degisiklik olmamigstir (Sekil 7). Sorgum
cesitlerinin salkim oranlarinda tuzlulugun artmasina
paralel olarak bir azalma gerceklesmistir (Sekil 8).

SONUC

Sulama suyu tuzlulugunun artmasiyla bitki boyu,
bitki yas ot agirligi, kuru ot agirligi, tuza tolerans
yiizdeleri ve salkim oranlar1 azalma olurken, kuru ot
orani, yaprak orani, sap orant degerlerinde ise artiglar
olmustur. Sorgum cesitlerine uygulanan yedi farkli
tuzlu su uygulamasinin ortalamasina gore incelenen
verim ve verim OZeleri yoniinden cesitler arasinda
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Bingol Kosullarinda Baz1 Adi Fig Hat ve Cesitlerinin
(Vicia sativa L..) Tohum Verimi, Kes Verimi ve Kes Kalitesi
Acisindan Degerlendirilmesi

Erdal CACAN', Mahmut KAPLAN?, Kagan KOKTEN?, Halit TUTAR?

OZET: Bu calisma, Bingol kosullarinda bazi adi fig hat ve cesitlerinin tohum verimi, kes verimi ve kes kalitesini
belirlemek amacryla 2014-2015 yillar1 arasinda iki y1l siireyle yiiriitiilmiigtiir. Caligmada materyal olarak 21 adet
adi fig hat ve cesidi kullanilmigtir. Tesadiif bloklar1 deneme desenine gore kurulan aragtirmada; tohum verimi, kes
verimi, bin tane agirlig1, ham kiil, ham protein orani, ham protein verimi, asit deterjanda ¢éziinmeyen lif (ADF),
notral deterjanda ¢oziinmeyen lif (NDF), sindirilebilir kuru madde (SKM), kuru madde tiikketimi (KMT) ve nispi
yem degerlerine (NYD) iligkin veriler ele alinmigtir. Aragtirma sonucunda; tohum verimi 38.8-94.8 kg da’', kes
verimi 105.7-289.8 kg da’', bin tane agirhigr 37.9-56.3 g, ham kiil %9.4-15.3, ham protein oran1 %8.1-12.4, ham
protein verimi 12.1-31.1 kg da', ADF %29.5-37.3, NDF %42.0-51.4, SKM %59.8-65.9, KMT %2.37-2.89 ve
NYD 111.2-147.1 arasinda degigmigtir. Bu parametreler acisindan; Hat-1, GAP-2604, GAP-61721, Soner ve Alper
genotiplerinin Bingol ekolojik kosullarinda iistiin 6zellikler gostererek one ¢iktig: tespit edilmisgtir.

Anahtar kelimeler: Adi fig, kes verimi, kes kalitesi, korelasyon

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Evaluation of Some Common Vetch (Vicia sativa L.) Line and
Cultivars in Terms of Seed Yield, Straw Yield and Straw Quality in
Bingol Conditions

IGDIR ONIVERSITESI

ABSTRACT: This study was conducted to determine the seed yield, straw yield and quality of common vetch
lines and cultivars for two years between 2014 and 2015 in Bing6l conditions. In the research; 21 different common
vetch lines and cultivars were used as material. The study was carried out according to the randomized block
design. In the study; seed yield, straw yield, thousand grain weight, crude ash, crude protein, crude protein yield,
acid detergent fiber (ADF), neutral detergent fiber (NDF), digestible dry matter (DDM), dry matter intake (DMI)
and relative feed value (RFV) characteristics were investigated. In the results of research; seed yield, straw yield,
thousand grain weight, crude ash, crude protein, crude protein yield, ADF, NDF, DDM, DMI and RFV values
ranged from 38.8-94.8 kg da’!, 105.7-289.8 kg da, 37.9-56.3 g, 9.4-15.3%, 8.1-12.4%, 12.1-31.1 kg da’!, 29.5-
37.3%,42.0-51.4%, 59.8-65.9%, 2.37-2.89% and 111.2-147.1 respectively. In terms of the examined parameters;
the Hat-1, GAP-2604, GAP-61721, Soner and Alper genotypes were found to be superior over the others in Bingol
ecological conditions.

Keywords: Common vetch, straw yield, straw quality, correlation
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GIRIS

Genel olarak, ot ve tohum elde etmek amaciyla
yetistirilen figler, besin iceriklerinin ¢ok yiliksek
olmasi sebebiyle hayvan besleme ag¢isindan yem
degeri yiiksek olan kiymetli bitkilerdir (Kurt,
2012). Fig (Vicia) cinsine ait diinyanin iliman
bolgelerine yayilmigs 150 kadar tiir bulunmakta
olup, bunlardan bir tanesi de adi fig (Vicia sativa)
tiriidiir (Er ve ark., 2011; Ekiz ve ark., 2011; Kurt,
2012).

Adi fig otu cok lezzetli ve besleyicidir. Her
tlirli hayvanin beslenmesinde basari ile kullanilir
(Ac¢ikgdz, 2011). Yurdumuzda en fazla yetistirilen
fig tiri adi figdir. Otu besleyici bir hayvan
yemidir. Fig tanesi kirilmak suretiyle kesif yem
olarak hayvanlara yedirilir. Fig tek yillik bir yem
bitkisi oldugu i¢cin ekim ndébeti bitkisi, yesil giibre
bitkisi, ortii bitkisi ve silo yemi olarak da yaygin
bir sekilde kullanilir (Ekiz ve ark., 2011).

2016 y1l1 verilerine gore iilkemizde adi figden
dane amacli olarak 391 560 dekarlik alanda 49 001
ton liretim elde edilmektedir. Dekar basina dane
verimi ise 125 kg’dir. Bingdl iline ait istatistiki
bir veri bulunmamaktadir. Bing6l iline en yakin il
olan Elaz1g ilinde ise adi fig icin ortalama dane
veriminin ise 96 kg da' oldugu bildirilmektedir
(Anonim, 2017). Tane iiretimi icin hasat edilen
figden, harman sonunda elde edilen fig samani
da (kes) hayvanlar tarafindan sevilerek yenen bir
yemdir (Ac¢ikgdz, 2001; Ekiz ve ark., 2011).

Ulkemizde adi figlerin ot verimi, tohum verimi
ve ot (kuru ot) kalitesi ile ilgili olarak (Karadag ve
Biiyiikburg, 2004; Cil ve ark., 2006; Erdurmus ve
ark., 2010; Babat ve Anlarsal, 2011; Kokten, 2011;
Seydosoglu, 2014; Temel ve ark., 2015) bir ¢ok
arastirma yiriitiilmustiir. Ancak adi figlerde tohum
verimi elde edildikten sonra geriye kalan samanin
(kes) yem degeri acisindan sahip oldugu kalitenin
tespitine yonelik olarak yiiriitiilen ¢caligmalar, yok
denecek kadar az sayidadir.
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Bundan hareketle, Bingol ekolojik kosullarinda
21 adet adi fig hat ve cesidinin tohum ve kes
verimininin tespit edilmesi, tohumu alindiktan
sonra geriye kalan keslere ait kalite 6zelliklerinin

ortaya c¢ikarilmast bu calismanin amacini
olusturmustur.
MATERYAL VE YONTEM

Bu arastirma, Bingol Universitesine ait
uygulama ve arastirma alaninda, kuru sartlarda
ve iki yil siireyle (2014-2015) yiriitiilmisgtiir.
Arastirmada; 10 adet adi fig hatt1 ve 11 adet adi fig
cesidi olmak iizere toplam 21 adet adi fig genotipi
kullanilmigtir. Caligmada kullanilan genotipler
ile temin edildikleri kuruluglar Cizelge 1’de

verilmistir.

Bingdl iline ait baz1 iklim verileri Meteoroloji
Miidiirliigiinden temin edilmistir. Bingdl ilinin
uzun yillar ilk alt1 aylik ortalama sicakligi 8.4 °C
(2014 yil1icin 8.2 °C, 2015 yil1 i¢in 8.5 °C), toplam
yagis miktar1 612.6 mm (2014 y1l1 icin 620.3 mm,
2015 yili i¢in 604.8 mm) ve ortalama nispi nem
degeri ise %61.9 (2014 yil1 i¢in %62.2, 2015 yih
icin %61.5)’dur. Cizelge 2’de verilen 2014 ve
2015 yillarina ait ilk alti aylik iklim verilerine
bakildiginda; uzun yillar ortalamasinin iizerinde
sicaklik, uzun yillar ortalamasina yakin nispi nem
degeri ve uzun yillar ortalamasinin altinda bir
yagis miktarinin alindig1 goriilmektedir.

Aragtirma alanindan alinan toprak ornekleri
Bing6l Universitesi Ziraat Fakiiltesi Toprak-
Bitki Analiz Laboratuvarinda analiz ettirilmistir.
Analiz sonuglar1 daha o6nce belirlenen sinirlar
kapsaminda degerlendirilmistir (Sezen, 1995;
Karaman, 2012). Bu degerlendirme neticesinde;
toprak yapisinin tinli, pH’sinin hafif asidik (6.37),
tuzsuz (%0.0066), organik madde (%1.26), kireg
(%0.15) ve potasyum oraninin az (24.45 kg/da)
ve fosfor oraninin orta (7.91 kg/da) oldugu tespit
edilmisgtir.
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Kes Verimi ve Kes Kalitesi A¢isindan Degerlendirilmesi

Cizelge 1. Aragtirmada Kullanilan Adi Fig Hat ve Cesitleri ve Saglandigi Kuruluglar

No Cesitler Saglandig1 Kurulus Hatlar Saglandig1 Kurulus
1 Dicle GAP Ulus.Tar.Ars. Egt. Mrk Miid. Hat-1 GAP Ulus.Tar.Ars.Egt. Mrk.Miid.
2 Soner GAP Ulus.Tar.Ars. Egt. Mrk.Miid. Hat-2 GAP Ulus.Tar.Ars.Egt. Mrk Miid.
3 Gorkem Dicle Universitesi Ziraat Fak. Hat-7 GAP Ulus.Tar.Ars.Egt. Mrk .Miid.
4  Kralkizi Dicle Universitesi Ziraat Fak. Hat-8 GAP Ulus.Tar.Ars.Egt. Mrk .Miid.
5 Alper Tarim Isletmeleri Genel Miid. Hat-13 GAP Ulus.Tar.Ars Egt. Mrk.Miid.
6 Selcuk-99 Tarim Isletmeleri Genel Miid. Hat-17 GAP Ulus.Tar.Ars.Egt. Mrk .Miid.
7  Cumbhuriyet-99 Tarim Igletmeleri Genel Miid. GAP 61721  GAP Ulus.Tar.Ars. Egt. Mrk .Miid.
8 Kubilay-82 Ege Tarimsal Aragtirma Enst. Miid. GAP 2604 GAP Ulus.Tar.Ars.Egt. Mrk .Miid.
9 Uludag Uludag Universitesi Ziraat Fak. GAP 2490 GAP Ulus.Tar.Arg Egt. Mrk .Miid.
10 Ozveren Dogu Akdeniz Tar. Ars.Enst.Miid. GAP 59998  GAP Ulus.Tar.Ars. Egt.Mrk.Miid.
11 Alinoglu-2001 Tarla Bitkileri Mrk.Ars.Enst.Miid.
Cizelge 2. Bingol iline Ait Bazi Iklim Verileri
Ortalama Sicaklik (°C) Toplam Yagis (mm) Ortalama Nispi Nem (%)
AYLAR
2014 2015 2014 2015 2014 2015
Ocak -0.4 1.8 143.1 1472 713 75.1
Subat 20 19 82.3 119.8 57.7 74 4
Mart 8.6 55 83.5 155.3 62.9 66.9
Nisan 13.2 10.7 41.6 66.7 533 60.1
Mayis 17.2 164 63.2 21.2 52.1 539
Haziran 223 22.6 259 8.1 369 384
Toplam/Ortalama 10.5 9.8 439.6 5183 55.7 61.5

Tarla denemesi, her iki yilda da Nisan ayimnin
ilk haftasinda 6nce pulluk, sonra kiiltivator ve tapan
cekilen arazide tesadiif bloklar1 deneme desenine
gore ii¢ tekerriirlii olacak sgekilde kurulmustur.
Denemede parsel boylart 5 m, sira aras1 mesafe 20
cm ve her parselde 6 sira olacak sekilde el markori
yardimiyla ekim yapilmistir. Ekimde dekara 8 kg
tohumluk kullanilmigtir. Ekim ile birlikte dekara saf
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madde iizerinden 4 kg azot (N) ve 10 kg fosfor (P,0,)

giibresi verilmistir.

Alt1 sira olarak ekimi yapilan her parselin 3
sirast tohum elde etmek amaciyla birakilmistir.
Tohum amagli hasat, her iki yilda da bitkilerin en
alt baklalarin tamamen olgunlasti§1 Temmuz ayinin

ilk haftasinda yapilmistir. Tohum amacli hasat
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edilen parseller harman edilerek tane verimi ve kes
verimi elde edilmistir.

Her cesitten 400 adet tohum tartilarak bin tane
agirliklar1 elde edilmistir. Her cesidin, tohumu
alindiktan sonra geriye kalan kesi 1 mm elek
capmna sahip degirmende Ogiitiilerek analizlerde
igerigi 550
°C’de 8 saat kiil firininda yakilarak saptanmistir.

kullanilmigtir. Yemlerin ham kiil
Orneklerin, azot (N) iceriginin saptanmasinda
Kjeldahl metodundan yararlanilmisgtir.

Azot oranit 6.25 ile carpilarak ham protein
(AOAC, 1990). Nbotral
deterjanda ¢éziinmeyen lif (NDF) ve asit deterjanda
c¢oziinmyen lif (ADF) oranlari, ANKOM 200 Fiber
Analyzer (ANKOM Technology Corp. Fairport,
NY, USA) cihazi kullanilarak tespit edilmistir (Van
Soest et al., 1991).

orant hesaplanmigtir

Sindirilebilir kuru madde (SKM=88.9 - (0.779
X %ADF)), kuru madde tiiketimi (KMT=120 /
9%NDF) ve nispi yem degerleri (NYD=(SKM x
KMT) / 1.29) ise hesaplanarak elde edilmistir
(Morrison, 2003).

Aragtirma sonuclari, JUMP istatistik paket
programi kullanilarak tesadiif bloklar1 deneme
desenine gore varyans analizine tabi tutulmustur.
Istatistiksel olarak o©nemli cikan sonuglar %1
seviyesinde Tukey testi ile karsilastirilmisgtir.

Arastirmada incelenen Ozellikler arasindaki
iliskileri belirlemek i¢in korelasyon katsayilari
hesaplanmistir (Kalayci, 2005).

BULGULAR VE TARTISMA

Adi fig hat ve ¢esitlerinin tohum verimi, kes
verimi, ham kiil, ham protein orani, asit deterjanda
coziinmen lif, notral deterjanda ¢odziinmeyen lif,
sindirilebilir kuru madde, kuru madde tiiketimi
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ve nispi yem degeri acisindan genotipler ve yillar
olarak %1
seviyesinde onemli oldugu, bin tane agirlig1 ve

arasindaki farklilifin istatistiksel
ham protein verimi acisindan ise yillar arasindaki
farkliligin istatistiksel olarak oOnemli olmadigi
sadece genotipler arasindaki farkliligin ise %1

seviyesinde 6nemli oldugu goriilmektedir.

Tohum ve Kes Verimleri (kg da!)

Adi fig hat ve cesitlerinde tespit edilen
tohum ve kes verimlerine ait ortalamalar Cizelge
3’te verilmigtir. Cizelge 3’te goriildiigii gibi; en
yiiksek tohum verimi 94.8 kg da' ile GAP-2604
genotipinden elde edilmistir. Bu genotipi 75.4 kg
da'ile Soner ¢esidi izlemistir.

En yiiksek kes verimi de 289.8 kg da! ile Soner
cesidinden elde edilmis ve bu cesidi istatistiksel
olarak ayni grupta olan Kubilay-82 ve Uludag
cesitleri izlemisgtir.

Yillara gore bakildiginda, en yiiksek tohum
verimi ortalamasi (60.9 kg da!) ile en yiiksek kes
verimi ortalamasinin (216.8 kg da') 2014 yilinda
elde edildigi goriilmektedir.

Her genotipin ¢evre kosullarina gosterecegi

tepki farklt oldugundan, genotipler arasinda
istatistiksel farkliliklarin olmas1 beklenen bir
durumdur.

Ancak 2014 yilinda alinan toplam yagigin 2015
yilina gore daha diisiik olmasi ve 2014 yilinda
daha yiiksek tohum ve kes verimi alinmig olmasi
bir celiski olarak goriilebilir. Her ne kadar 2014
yilinin ilk alti ayinda daha yiiksek yagis alinmis
olsa da ozellikle bitkilerin ¢iceklenme ve meyve
tutma donemi olan Mayis ve Haziran aylarinda
bolgenin 2015 yilina nazaran daha fazla yagis
aldig1 goriilmektedir (Cizelge 2).

Bu durum 2014 yilinda daha yiiksek tohum ve
kes verimi elde edilmesine sebebiyet vermistir.
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Cizelge 3. Adi fig genotiplerinde saptanan tohum verimi ve kes verimi

Kes Verimi ve Kes Kalitesi A¢isindan Degerlendirilmesi

Tohum Verimi (kg da™) Kes Verimi (kg da™)
No Cesitler 2014 2015 Ortalama 2014 2015 Ortalama
1 HAT-1 67.5 62.7 65.1 b-d** 161.3 157.1 159.2 gh**
2 HAT-2 42.7 382 404 i 142.7 138.7 140.7 h
3 HAT-7 56.0 49.8 529e-g 197.6 187.1 1923 f
4 HAT-8 64.3 58.2 613 c-e 198.9 184.0 1914 f
S HAT-13 415 36.0 3881 152.1 143.9 148.0 h
6 HAT-17 70.2 557 629 c-e 194.1 180.2 1872 fg
7 Dicle 46.5 455 46.0 f-i 2413 2124 226.9 de
8 Gorkem 552 50.2 52.7e-h 2719 2409 256.4 b-d
9 Kralkizi 46.8 37.8 42.3 hi 106.8 104.7 105.7 i
10 Alper 53.0 553 542 ef 207.7 1942 2009 ef
11 Soner 76.7 742 7540 315.8 263.8 289.8 a
12 Selguk-99 447 41.2 429 g-i 257.7 2384 248.1 cd
13 Cumhuriyet-99 64.2 585 613 c-e 2714 2333 2524 b-d
14 Kubilay-82 66.0 54.8 60.4 c-e 288.8 270.7 279.7 ab
15 GAP61721 62.3 552 58.8 de 2124 188.2 200.3 ef
16  GAP 2604 101.0 88.7 94.8a 194.7 190.9 1928 f
17 GAP 2490 60.7 57.0 58.8 de 191.8 176.9 184.3 fg
18  GAP 59998 493 417 455 f-i 2234 184.4 203.9 ef
19 Uludag 74.8 66.2 70.5 be 279.2 2442 261.7 a-c
20 Ogzveren 61.0 57.3 59.2 de 211.1 1929 202.0 ef
21 Almoglu-2001 742 64.2 69.2 b-d 2320 180.0 206.0 ef
Ortalama 60.9 A** 547B 57.8 216.8 A** 195.6B 206.2

**) %1 Seviyesinde 6nemli, CV :%8.53, CV(KM:%7.13

(Tohum)®

Yapilan benzer calismalarda tohum verimi;
Temel ve Tan (2002) tarafindan 69.0 kg da’l,
Karadag ve Biiylikbur¢ (2004) tarafindan 57.7-80.1
kg da’!, Cil ve ark. (2006) tarafindan 212-384 kg da-
', Erdurmug ve ark. (2010) tarafindan 203.1-315.3
kg da!', Kokten (2011) tarafindan 78.0 kg da’', Babat
ve Anlarsal (2011) tarafindan 40.28-170.8 kg da’!,
Seydosoglu (2014) tarafindan 92.2-293.7 kg da™! ve
Giil ve ark. (2015) tarafindan 151.7 kg da' olarak
tespit edilmigtir.

Kes verimi ise Temel ve Tan (2002) tarafindan
317.6 kg da!, Karadag ve Biiyiikbur¢ (2004)
tarafindan 188.4-309.2 kg da’', Kokten (2011)
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tarafindan 242.7 kg da’!, Babat ve Anlarsal (2011)
tarafindan 170.0-405.0 kg da’!, Giil ve ark. (2015)
tarafindan ise 314.8 kg da' olarak elde edildigi
bildirilmigtir.

Tohum ve kes verimi ile ilgili olarak elde edilen
bulgularin, soguk ekolojilerden elde edilen (Temel
ve Tan, 2002; Karadag ve Biiyiikburg, 2004; Kokten,
2011) bulgular ile benzerlik gosterirken, iklimi sicak
gecen ekolojilerden elde edilen bulgulardan daha
diisiik oldugu (Cil ve ark., 2006; Erdurmus ve ark.,
2010; Babat ve Anlarsal, 2011; Seydosoglu, 2014;
Giil ve ark., 2015) goriilmektedir.
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Bin tane agirhgi (g) ve ham kiil oram (%)

Adi fig hat ve ¢esitlerinde tespit edilen bin tane
agirligi ve ham kiil oranlarina ait ortalamalar Cizelge
4’te verilmistir. Cizelge 4’te goriildiigii gibi; en yliksek
bin tane agirlig1 56.3 g ile GAP-2490 genotipinden elde
edilmistir. Bunu istatistiksel olarak ayni grupta olan
GAP-59998, Alinoglu-2001, Ozveren, Cumhuriyet-99,
Hat-8 ve Hat-17 genotipleri izlemistir. En diisiik ham
kil oram1 da %9.4 ile Hat-13 ve %9.5 ile Sel¢uk-99
genotiplerinden elde edilmistir. Bin tane agirligi
acisindan yillar arasinda istatistiksel bir farklilik
goriilmemis olup, en diigiik ham kiil oraninin da (%10.8)
2014 yilinda edildigi goriilmektedir. Bin tane agirlhigi ile
tohum verimi arasinda pozitif bir iligki bulunmaktadir
(Cizelge 9). Dolaysiyla tohum veriminin yiiksek olarak

elde edildigi calismalarda bin tane agirlig1 da yiiksek
cikmaktadir. Ham kiil orani ile kes verimi arasinda ise
negatif bir iliski bulunmaktadir (Cizelge 9). Ornegin kes
veriminin diisiik oldugu 2015 yilinda ham kiil oraninin
en yiiksek degerini verdigi goriilmektedir.

Yapilan benzer caligmalarda bin tane agirlhig;
Karadag ve Biiyiikbur¢ (2004) tarafindan 56.9-69.7 g,
Cil ve ark. (2006) tarafindan 36.7-88.6 g, Erdurmus
ve ark. (2010) tarafindan 57.9-83.1 g, Kokten (2011)
tarafindan 55.1 g, Babat ve Anlarsal (2011) tarafindan
49.30-62.67 kg da!, Seydosoglu (2014) tarafindan
46.5-84.5 kg da! ve Giil ve ark. (2015) tarafindan
50.59 g olarak bildirilmistir. Fi§ samaninda ham kiil
orani, Bayram (1997) tarafindan %8.84 ve Sehu ve ark.
(1998) tarafindan ise %9.55 olarak bildirilmistir.

Cizelge 4. Adi fig genotiplerinde saptanan bin tane agirlig1 ve ham kiil oranlari

Bin Tane Agirhig (g) Ham Kiil (%)

No Cesitler 2014 2015 Ortalama 2014 2015 Ortalama
1 HAT-1 48.9 48.7 48.8 d-f** 12.2 12.5 12.4 b-e**
2 HAT-2 40.0 399 399 hi 14.2 120 13.1 a-c
3 HAT-7 45.8 454 456 e-g 15.3 153 153a
4 HAT-8 53.7 53.5 53.6 a-d 13.9 144 14.1 ab
5 HAT-13 37.6 38.2 3791 8.5 103 94 f
6 HAT-17 53.6 535 53.6 a-d 10.6 14.9 12.8 a-d
7 Dicle 46.1 458 46.0 e-g 9.8 13.8 11.8 b-f
8 Gorkem 421 420 42.1 g-i 9.9 100 9.9 ef
9 Kralkizi 46.4 44.6 455e-g 10.3 11.3 10.8 c-f
10  Alper 49.5 494 494 c-e 9.5 12.8 112 c-f
11  Soner 43.8 433 43.6 f-h 99 9.5 9.7 ef
12 Selguk-99 42.5 42.6 425 g-i 8.8 10.1 95f
13 Cumbhuriyet-99 524 52.0 52.2 a-d 9.1 11.3 10.2 d-f
14  Kubilay-82 498 49.2 495 c-e 11.8 8.1 9.9 ef
15 GAP61721 50.4 50.2 50.3 b-e 9.6 10.0 9.8 ef
16 GAP2604 45.6 459 457 e-g 112 10.0 10.6 c-f
17 GAP 2490 56.4 56.2 563 a 10.0 12.7 11.3 b-f
18 GAP 59998 550 54.8 549 ab 103 139 12.1 b-f
19 Uludag 45.8 450 454 e-g 10.1 10.8 104 c-f
20 Ozveren 53.8 54.0 539 a-d 104 12.1 112 c-f
21  Alinoglu-2001 53.7 54.6 542 a-c 104 11.1 10.8 c-f

Ortalama 48.2 0P 48.0 48.1 10.8 B** 11.8A 113
#¥) %1 Seviyesinde 6nemli, OD: Onemli degil, CV ,, :%5.12,CV :%11.75

(BDA)"
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Ham Protein Orani (%) ve Ham Protein Verimi
(kg da™)

Adi fig cesitlerinde tespit edilen ham protein
oranlar1 ve ham protein verimlerine ait ortalamalar
Cizelge 5’te verilmistir. Cizelge 5’te goriildiigii gibi;
en yiiksek ham protein oran1 %124 ile GAP-61721
genotipinden elde edilmistir. En yiiksek ham protein
verimi de 31.1 kg da! ile Kubilay-82 genotipinden
elde edilirken, bu genotipi istatistiksel olarak ayni
grupta yer alan Gorkem, Uludag, Soner, Selguk-99
ve Cumhuriyet-99 genotipleri izlemigtir. Yillara gore
bakildiginda, ham protein verimi ag¢isindan yillar
arasinda istatistiksel bir farklilik goriilmemis olup, en
yiiksek ham protein oran1 ortalamasi da %10.9 ile 2015
yilinda elde edildigi goriilmektedir.

Kes Verimi ve Kes Kalitesi A¢isindan Degerlendirilmesi

Ham protein orami ile tohum verimi arasinda
negatif bir iligki bulunmaktadir. Dolaysiyla tohum
veriminin yliksek elde edildigi 2014 yilinda daha diigiik
ham protein orani elde edilmistir. Genotiplerin ham
protein verimi arasindaki farklilig1 dogrudan kes verimi
ve ham protein orani ile ilgilidir (Cizelge 9). Ciinkii
ham protein verimi, kes verimi ile ham protein oraninin
carpilmasi ile elde edilen bir degerdir.

Fig samaninda ham protein orani ile ilgili olarak
elde edilen bulgularin Bayram (1997) tarafindan
%10.44 ve Sehu ve ark. (1998) tarafindan %9.34
olarak elde edilen bulgular ile benzerlik gosterdigi
goriilmektedir.

Cizelge 5. Adi fig genotiplerinde saptanan ham protein oran1 ve ham protein verimi

Ham Protein Oram (%)

Ham Protein Verimi (kg da™)

No Cesitler 2014 2015 Ortalama 2014 2015 Ortalama
1 HAT-1 93 11.8 10.6 a-d** 150 18.6 16.8 ef**
2 HAT-2 11.3 11.1 11.2 a-d 16.1 155 15.8 ef
3 HAT-7 9.1 12.8 10.9 a-d 17.9 240 209 de
4 HAT-8 89 72 8.le 17.8 132 155 ef
5 HAT-13 109 93 10.1 a-e 16.7 133 150 ef
6 HAT-17 99 12.5 112 ad 193 225 209 de
7 Dicle 7.0 11.1 9.1c-e 16.9 23.7 20.3 de
8 Gorkem 12.5 11.1 11.8 ab 34.1 26.7 304 ab
9 Kralkizi 10.6 12.3 114 a-c 11.3 12.9 12.1f
10  Alper 94 11.0 10.2 a-e 19.5 213 204 de
11 Soner 89 9.5 92c-e 28.1 250 26.5 a-d
12 Sel¢uk-99 104 10.1 10.3 a-e 26.8 242 25.5ad
13 Cumhuriyet-99 10.1 99 100 a-e 27.5 230 253 ad
14  Kubilay-82 10.8 11.5 11.1 a-d 31.1 310 31.1a
15 GAP61721 10.6 142 124 a 225 26.6 24.6 b-d
16  GAP 2604 6.6 11.0 8.8 de 12.8 210 16.9 ef
17  GAP 2490 8.4 10.1 92c-e 16.2 17.8 17.0 ef
18  GAP 59998 11.3 8.9 10.1 a-e 253 164 209 de
19  Uludag 104 12.1 11.2 a-d 289 295 292 a-c
20  Ozveren 119 11.6 11.8 ab 25.1 224 23.8cd
21  Almoglu-2001 10.2 94 9.8 b-e 23.6 16.9 20.2 de

Ortalama 9.9 B** 109 A 104 21.59P 212 214
#¥) %] Seviyesinde 6nemli, OD: Onemli degil, CV ,,:%11.29,CV .. :%14.12
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Asit deterjanda ve notral deterjanda c¢oziin-
meyen lif oranlari (%)

Adi fig genotiplerinde tespit edilen ADF ve
NDF ortalamalar1 Cizelge 6’da verilmigtir. Cizelge
6’da goriildiigii gibi; en diisiik ADF orant %29.5
Alper cesidinden ve en diigiik NDF orani ise %42.0
ile Hat-1 genotipinden elde edilmigtir. Yillara gore

Cizelge 6. Adi fig genotiplerinde saptanan ADF ve NDF oranlari

bakildiginda en diisiik ADF orani (%28.2) ve en
diisiik NDF oraninin (%42.7) 2014 yilinda elde
edildigi goriilmektedir. ADF ve NDF ile ham protein
orani arasinda pozitif bir iliski bulunmaktadir
(Cizelge 9). Ham protein oraninin en yiiksek degerini
verdigi 2015 yilinda ADF ve NDF’nin de en yiiksek

degerini verdigi goriilmektedir.

ADF (%) NDF (%)

No Cegsitler 2014 2015 Ortalama 2014 2015 Ortalama
1 HAT-1 253 358 30.5 be** 37.6 46 4 420 e **
2 HAT-2 28.1 425 353 ab 40.5 533 469 a-e
3 HAT-7 26.0 399 329 a-c 38.6 49.0 43.8 de
4 HAT-8 324 358 34.1 ac 48.6 470 478 a-e
5 HAT-13 27.7 432 354 ab 424 58.2 503 a-c
6 HAT-17 28.7 38.5 336a-c 41.5 49.7 45.6 a-e
7 Dicle 26.6 379 322a-c 43.7 50.8 473 a-e
8 Gorkem 310 429 369 a 46 .4 540 502 a-c
9 Kralkizi 273 37.1 322a-c 432 47.7 454 b-e
10  Alper 272 31.8 295¢ 429 49.5 46.2 a-e
11  Soner 26.9 449 359 ab 448 58.0 514a
12 Sel¢uk-99 330 40.1 365a 464 514 48.9 a-d
13 Cumbhuriyet-99 28.1 36.6 324 a-c 442 49.1 46.7 a-e
14  Kubilay-82 30.3 443 373a 45.7 56.6 51.1ab
15 GAP61721 28.1 40.1 34.1 a-c 433 545 48.9 a-d
16 GAP2604 28.0 43.6 358 ab 415 555 48.5 a-d
17 GAP 2490 32.8 399 363a 45.7 51.8 48.7 a-d
18 GAP 59998 253 389 32.1a-c 389 50.9 449 c-e
19  Uludag 270 41.5 343 a-c 420 50.3 46.1 a-e
20  Ozveren 26.3 404 333 a-c 389 499 444 c-e
21  Almoglu-2001 26.3 394 328 a-c 40.2 522 46.2 a-e

Ortalama 28.2 B¥* 39.8A 340 427 B** 517A 472
#¥) %1 Seviyesinde onemli, CV , :%7.60, CV %5 86

Bayram (1997) tarafindan fi§ samaninda NDF
orant %62.63, Sehu ve ark. (1998) tarafindan fig
samaninda ADF oram1 %43.35, NDF orami %65 .44
olarak elde edildigi bildirilmisti. ADF ve NDF
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oranlarindaki farkliliklar dogrudan bicim zaman
ile ilgilidir. Erken yapilan bi¢imlerde ADF ve NDF
oranlar1 daha diisiik, ge¢ yapilan bicimlerde ise ADF
ve NDF oranlar1 daha yiiksek ¢ikmaktadir. Ayrica ADF
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ve NDF tespitinde kullanilan yontemlerin farklili§i da
ADF ve NDF sonuglarimin farkli ¢ikmasina sebebiyet
verebilmektedir.

Sindirilebilir kuru madde ve Kkuru madde
tilkketimi (%)

Adi fig genotiplerinde tespit edilen sindirilebilir
kuru madde ve kuru madde tiiketimine ait ortalamalar

Cizelge 7. Adi fig genotiplerinde saptanan SKM ve KMT oranlari

Kes Verimi ve Kes Kalitesi A¢isindan Degerlendirilmesi

Cizelge 7°de verilmistir. Cizelge 7’de goriildiigii gibi;
en yiiksek SKM oran1 %65.9 ile Alper ¢esidinden elde
edilirken, en diisiik SKM oran1 Gorkem, Selguk-99,
Kubilay-82 ve GAP 2490 genotiplerinden elde
edilmistir.

En yiiksek SKM oran1 ortalamas1 %66.9 ile 2014
yilinda elde edilirken, genotiplerin iki yillik SKM orani
ortalamasi da %62 .4 olarak tespit edilmistir.

Sindirilebilir Kuru Madde (%)

Kuru Madde Tiiketimi (%)

No Cegsitler 2014 2015 Ortalama 2014 2015 Ortalama
1 HAT-1 69.2 61.0 65.1 ab** 3.20 2.59 2.89 a**
2 HAT-2 67.0 55.8 61.4 bc 301 2.25 2.63 a-e
3 HAT-7 68.7 579 63.3 a-c 3.11 2.45 2.78 ab
4 HAT-8 63.7 61.0 62.3 a-c 247 2.55 2.51 b-e
5 HAT-13 67.3 552 61.3 bc 2.84 2.06 2.45 b-e
6 HAT-17 66.5 58.9 62.7 a-c 2.90 241 2.66 a-e
7 Dicle 68.2 594 63.8 a-c 2.75 2.36 2.56 a-e
8 Gorkem 64.8 55.5 60.1 ¢ 2.58 222 240 c-e
9 Kralkizi 67.7 60.0 63.8 a-c 2.79 2.52 2.65 a-e
10 Alper 67.7 64.1 659 a 2.80 243 2.62 a-e
11 Soner 679 54.0 61.0 bc 2.68 2.07 2.38 de
12 Selguk-99 63.2 57.7 604 c 2.59 2.33 2.46 b-e
13 Cumhuriyet-99 67.0 60.4 63.7 a-c 2.72 244 2.58 a-e
14 Kubilay-82 65.3 54.4 59.8 ¢ 2.63 2.12 237e
15  GAP61721 67.0 57.6 62.3 a-c 2.78 2.20 2.49 b-e
16  GAP2604 67.1 55.0 61.0 bc 2.89 2.16 2.53 b-e
17 GAP 2490 63.4 57.8 60.6 ¢ 2.62 2.32 2.47 b-e
18  GAP 59998 69.2 58.6 63.9 a-c 3.09 2.36 2.72 a-d
19  Uludag 67.8 56.6 62.2 a-c 2.86 2.39 2.63 a-¢
20 Ozveren 68.4 574 62.9 a-c 3.08 240 2.74 a-c
21 Almoglu-2001 68.4 58.2 63.3 a-c 2.99 2.30 2.64 a-e

Ortalama 66.9 A** 579 B 62.4 2.83 A** 233B 2.58
#%) %1 Seviyesinde dnemli, CV %322, CV o1 :%6.34

Enyiiksek KMT oran1 %2.89 ile Hat-1 genotipinden
elde edilirken, en diisik KMT oran1 %2.37 ile
Kubilay-82 genotipinden elde edilmistir. En yiiksek

Cilt / Volume: 8, Say1 / Issue: 1,2018

KMT oranmi ortalamast %2.83 ile 2014 yilinda elde
edilirken, genotiplerin iki yillik KMT oran1 ortalamasi
%?2.58 olarak tespit edilmistir.
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Nispi yem degeri

Adi fig genotiplerinde tespit edilen nispi yem
degerine ait ortalamalar Cizelge 8’de verilmigtir.
Cizelge 8’de gortildugii gibi; en yiikksek NYD 147.1
ile Hat-1 genotipinden elde edilirken, en diisiik NYD

Cizelge 8. Adi fig genotiplerinde saptanan nispi yem degeri

111.2 ile Kubilay-82 genotipinden elde edilmistir.
Yillara gore bakildigindan en yiiksek NYD 147.0 ile
2014 yilinda elde edilirken, en diisik NYD 104.9 ile
2015 yilinda elde edilmistir. Genotiplerin iki yillik
NYD ortalamas1 126.0 olarak tespit edilmisgtir.

Nispi Yem Degeri

No Cegsitler 2014 2015 Ortalama
1 HAT-1 171.8 122.5 147.1 a**
2 HAT-2 157.0 97.3 127.1 a-d
3 HAT-7 165.6 110.0 137.8 ab

4 HAT-8 122.0 120.7 1214 b-d
5 HAT-13 148.7 88.4 118.5b-d
6 HAT-17 149.6 110.3 1299 a-d
7 Dicle 1453 108.8 127.0 a-d
8 Gorkem 129.8 95.7 112.7 cd

9 Kralkiz1 146.5 117.1 131.8 a-d
10 Alper 147.2 120.5 1339 a-d
11 Soner 141.3 86.6 1139 b-d
12 Sel¢uk-99 126.7 104 4 115.6 b-d
13 Cumburiyet-99 141.6 1144 128.0 a-d
14 Kubilay-82 133.0 89.3 111.2d

15 GAP 61721 1443 983 121.3 b-d
16 GAP 2604 150.3 92.1 121.2 b-d
17 GAP 2490 128.9 104.0 116.5 b-d
18 GAP 59998 165.5 107.2 136.4 a-c
19 Uludag 150.6 104.7 127.6 a-d
20 Ozveren 163.4 107.1 1352 a-d
21 Alinoglu-2001 158.7 103.7 131.2 a-d

Ortalama 147.0 A** 1049 B 126.0

**) %1 Seviyesinde onemli, CV:%9.17

ADF ve NDF oranlar1 ile SKM, KMT ve NYD
arasinda negatif bir iligki bulunmaktadir (Cizelge 9).
ADF ve NDF oranlarinin en yiiksek degerlerini verdigi

Ozellikler aras: iliskiler

Adi fig genotiplerinde incelenen ozellikler
arasinda saptanan korelasyon katsayilar1 Cizelge
9’da verilmistir. Cizelge 9°da goriildiigii gibi, tohum
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2015 yilinda, SKM, KMT ve NYD’nin en diisiik
degerlerini verdigi goriilmektedir.

veriminin kes verimi ile arasinda ¢cok énemli ve olumlu,
bin tane agirlig: ile arasinda 6nemli ve olumlu ancak
ham protein orani ile arasinda ¢ok énemli ve negatif bir
iliskinin oldugu goriilmektedir.
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Kes veriminin ham protein verimi ile arasinda
cok 6nemli ve olumlu, ham kiil orani ile arasinda ¢cok
onemli ve negatif bir iligki oldugu goériilmektedir. Ham
protein oraninin ham protein verimi ve ADF ile arasinda
cok onemli ve olumlu, NDF ile arasinda 6nemli ve

Kes Verimi ve Kes Kalitesi A¢isindan Degerlendirilmesi

olumlu, SKM ile arasinda ¢cok énemli ve negatif, KMT
ve NYD ile arasinda ise 6nemli ve negatif bir iligkinin
oldugu goriilmektedir. Ham protein verimi ile ham kiil
orani arasinda ¢ok onemli ve negatif bir iliski oldugu
goriilmektedir.

Cizelge 9. Arastirmada incelenen ozellikler arasinda bulunan korelasyon katsayilart

KV BDA HPO HPV HK ADF  NDF SKM  KMT NYD
0,263
TV 0346+ 0200% O 0.163  -0.08 0173  -0.152 0.173 0.155 0.168
. 0351
KV 0047 0079 0832%x UL 9503 0004 0.103 0015 0.031
BDA 0083 0007 0137 0099  0.157 0.099 0.132 0.113
HPO 0477%% 0026 0264%F  0.189%  -0264%  0.182% 0217
HPV 0318 9065 0.114 10,065 0.117 0,098
HK 0096  -0.051 0.096 0.033 0.027
0918
ADF 1000 #0904 0958 ¥
skk

NDF 0918 0991 #0981
SKM 0904 %% 0958 *
KMT 0.987 **

*)%5 diizeyinde 6nemli, **)%1 diizeyinde 6nemli; TV=Tohum verimi, KV=Kes verimi, BDA=Bin tane agirlhigt HP=Ham protein, HPV= Ham protein verimi,

HK=Ham kiil

ADF ile NDF arasinda ¢ok énemli ve olumlu bir
iligki bulunmaktadir. Ancak hem ADF hem de NDF’nin
SKM, KMT ve NYD ile aralarinda ¢ok énemli ve
negatif bir iligki oldugu goriilmektedir. SKM’nin KMT

SONUC

Caligsmada; en yiiksek tohum verimi GAP-2604,
en yiiksek kes verimi Soner, en yliksek bin tane
agirhigt GAP-2490, en diisiik ham kiil oram1 Hat-13
ve Selcuk-99, en yiiksek ham protein orant GAP-
61721, en yiiksek ham protein verimi Kubilay-82, en
diisitk ADF oran1 Alper, en diigiik NDF oran1 Hat-1, en
yiiksek SKM orant Alper, en yiiksek KMT orani Hat-
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ve NYD ile arasinda ve KMT’ nin de NYD ile arasinda
cok Onemli ve olumlu bir iligkinin oldugu tespit
edilmistir.

1 ve yine en yiiksek NYD oran1 Hat-1 genotiplerinden
elde edilmistir. Bu bilgiler 1s1ginda dekara elde edilen
tohum ve kes veriminin fazlaligindan dolay1 GAP-2604
ve Soner, ham protein oraninin yiiksekliginden dolay1
GAP-61721 ve ADF ve NDF oranlarinin diistikliigii
NYD’nin yiiksekliginden dolayr Hat-1 ve Alper
genotiplerinin {istiin ozellikler gostererek one ¢iktig
tespit edilmisgtir.
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Impact of Different Sowing Rates and Cutting Times on Quality
Properties of Kentucky Bluegrass (Poa pratensis L. cv. Geronimo)®

Hakki AKDENIZ!, ibrahim HOSAFLIOGLU?, Bilal KESKIN!

ABSTRACT: The current study was conducted to investigate the influence of different seed sowing rates 5, 10,
15, 20 and 25 g m?and five cutting times (T1:15 June, T2: 15 July, T3:15 August, T4: 15 September and T5:15
October 2013) on yield and the quality characteristics of Kentucky bluegrass (Poa pratensis L. cv. Geronimo). The
experiment was carried out in a Completely Randomised Block Design with three replications. The experiment
was conducted at the Agricultural Application and Research Centre of Igdir University in 2013. The investigated
characters were measured, the covering rate, green grass yield, the plant height, colour, leaf width and turfgrass
quality in the trial. The results indicated that 5, 10, 15, 20 and 25 of seed density per m? produced covering rate
8.5,22.7,49.6,51.8 and 57.0 (%); green grass yield 83.3,218.7,415.3,457.3 and 514.0 g m; plant height 7.9,7.9,
8.4,8.6 and 8.3 cm; color 5.6,5.6,5.9,5.9 and 6.0 (1-9 scala); leaf size 1.13,1.19, 1.12, 1.14 and 1.14 mm; turf
grass quality ranged from 1.19, 3.07,4.93, 5.42 and 5.50 (1-9 scala). Under the environment conditions of Igdir,
the highest green yield of grass, coverage ratio, colour and turfgrass quality were achieved by the application of
25 g seeds per m™. In respect of cutting times, the highest green yield and coverage rate were produced at T5 time,
as well as the highest colour at T5, T1 and T2 times, respectively and turf grass quality was obtained at T5 and T4
times in the application of 25 g seeds per m*during the establishing year. Accordingly, it can be concluded that the
rates of seed to be recommended in 25 g per square, when all the features examined are taken into account of Poa
grown in landscape establishment under the Igdir ecological conditions.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Keywords: Cutting time, Poa pratensis L., seed quantity, turfgrass quality

Farkh Tohum Oranlar ve Bicim Zamanlarmm Cayir salkim otunun
(Poa pratensis L. Geronimo) Kalite Ozellikleri Uzerine Etkileri

IGDIR ONIVERSITESI

OZET: Bu calisma, farkli tohum orani (5, 10, 15, 20 ve 25 g m?) ve yil igerisinde bes ayr1 bicim zamaninda (T1:15
Haziran, T2:15 Temmuz, T3:15 Agustos, T4:15 Eyliil ve T5:15 Ekim 2013) bi¢ilen ¢ayir salkim otu (Poa pratensis
L. Cv. Geronimo) nun verim ve kalite ozelliklerini incelemek amaciyla yapilmistir. Deneme, 2013 yilinda, [gdir
Universitesi’nin Tasimsal Uygulama ve Arastirma Merkezinde, Sansa Bagli Bloklar Deneme desenine gore ii¢
tekrarlamali olarak yiiriitiilmiistiir. Caligmada, bitki boyu, yas ot verimi, yaprak eni, kaplama orani, renk ve kalite
ozellikleri incelenmistir. Cayir salkim otu (Poa pratensis L. cv. Geronimo) ¢esidinden m?’ye 5, 10, 15,20 ve 25 g
tohum siralamasina gore, bitki boyu 7.9, 7.9, 8.4, 8.6 ve 8.3 cm, yas ot verimi 83.3,218.7,415.3,457.3 ve 514.0
g m2, yaprak eni (doku) 1.13, 1.19, 1.12, 1.14 ve 1.14 mm, kaplama oram % 8.7, 22.7, 49.6, 51.8 ve 57.0, renk
5.6,5.6,59,59 ve 6.0 (1-9 skala), ¢im kalitesi 1.19, 3.07, 4.93, 5.42 ve 5.50 (1-9 skala), arasinda degismistir.
Igdir ekolojik kosullarinda, m?’ye 25 g tohum ekilen uygulamalarda cayir salkim otundan en yiiksek yas ot verimi,
kaplama orani, ¢cim rengi ve ¢im kalitesi elde edilmistir. En yiiksek yags ot verimi ve kaplama oran1 T5 zamaninda
bi¢ilen cay1r salkim otunda elde edilirken, en yiiksek ¢im rengi sirasiyla T5, T1 ve T2 zamanlarinda, ¢im kalitesi ise
TS5 ve T4 zamanlarinda elde edilmistir. Igdir ekolojik kosullarinda peyzaj alan tesisinde, ¢ayir salkimotu Geronimo
varyetesinin biitiin 6zellikleri dikkate alindiginda m=2ye 25 g tohum kullanilmasinin daha iyi oldugu sonucuna
varimustir.
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INTRODUCTION

Green fields consist of plants or plant groups
covering surface of soil and creating a uniform view.
For this purpose, short-height species,which are from
Poaceae family, an essential one of landscaping
components, cover surface of soil, possess content
texture, are homogenous, and can be mown regularly,
are used. Grass species to be used in the parks,
gardens, play grounds, caravan sites, sports, and play
areas should have a content and strong structure being
resistant to stepping on and regenerating itself in a short
time. In studies revealed, that it is crucial for seed to
be cheap (Avcioglu and Giil, 1997; Acartiirk, 2001;
Kyoung, 2013). Dubel (2004) stated that Kentucky
bluegrass which is a cool climate plant from Poaceae
family is considerably resistant to winter since it has
an intense root layer on 8 cm upper part of soil. Diirr et
al., (2005) reported that in northern Canada, the number
of shoots in Poa pratensis was 6440 m?, which was
higher than meadow foxtail (number of shoots: 3040
m?2) and Poa pratensis is an important plant as a green
field plant in terms of both conservation of soil and
covering soil. Celebi et al., (2010) reported that Poa
pratensis in multi mixtures gave good results between
10-20% under Van ecological conditions; Oztekin and
Var (2006) suggested the Geronimo cultivar of Poa
pratensis up to 30% for grass mixtures under Trabzon
conditions ; Giil (2015) recommended Baron and
Geronimo cultivars of the same plant for conditions
of Diyarbakir; on the other hand, Varoglu et al., (2015)
recorded that Geronimo was the weakest one in terms
of covering rate among cultivars of Kentucky bluegrass
and likewise Kir et al., (2010) observed that numerous
species develops well in Mediterranean climate
zone but they did not recommend Poa pratensis; and
Yilmaz and Avcioglu, (2002) found that seed yields
and qualities of other cultivars from some gramineae,
except for Poa species, to be used in landscape
establishment under conditions of Tokat with a different
ecology, were substantially high and they were worth
to cultivate. Drought stress was reported to decrease
turfgrass quality by reducing shoot development and
chlorophyll content of the plant. Bizhani and Salehi
(2014), who investigated Poa pratensis compared
with Cynodon dactylon in terms of salinity tolerance,
revealed that while visual quality of Poa pratensis
started to reduce in 2.5 dS m'salt concentration, the
quality of Cynodon dactylon remained the same in
5.0 dS m salt concentration; wet and dry weights of
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surface and root parts, leaf area, photosynthesis rate,
and total chlorophyll and starch rates decreased in both
plants at increasing salinity rates. Akbari at al., (2011)
determined that Poa pratensis and Cynodon dactylon
species gave the optimum ratio respectively at 60% and
40% for bare species and mixtures, single plantation
of Poa pratensis yielded the highest seedling rate, root
wet weight, and total wet weight. According to Geren
and Yonter (2007) found that the different covering
rates decreased the surface flow at the rate of 69% in
A. stolonifera, 65% in L. perenne, 53% in P. pratensis,
44% in F. rubra rubra, and 25% in F. arundinacea on
average as well as soil loss at the rate of 98, 96, 95, 94,
and 92%, respectively. According to Qui et al., (2009)
the maximum quality from cutting Poa pratensis was
reported at 8 cm high and 7-day intervals. Zurek and
Proficzuk (2007) found that there was a significant
correlation between seed yield and all characteristics of
plant in 27 cultivars and lines of Kentucky bluegrass
(Poa pratensis L.), while, there was no significant
correlation between view, shoot density, leaf thinness,
colour in turfgrass quality. Walker et al., (2007) found
that Poa pratensis generally achieved the maximum
green covering in all nitrogen programs under field
conditions and Poa pratensis was superior in active
development period even though it was lower than
Festuca arundinacea in terms of turfgrass quality. Elci
(2005) stated that Kentucky bluegrass is widely used in
parks, entertainment and playing fields and areas such
as golf ranges. Ecological regions are required to be
studied in term of both cultivar and seed ratio because
of certain difficulties for establishing landscape lead
due to the fact that its seeds are small and germinate
lately (A¢ikgoz, 1994; Avcioglu, 1997; Oztekin and
Var, 2006). With keeping the above points in view,
the aim of the present study was to reveal the effects
of different seed rates of Kentucky bluegrass, which
has never been studied under ecological conditions
of Igdir, on turfgrass quality and to reveal some plant
characteristics.

MATERIAL AND METHOD
Plant Material, Growing Conditions and
Materials

The trial was carried out in three replications with
respect to randomized blocks experiment design in
Research, Practice, and Experimental Fields of Igdir
University in 2013. Covering rate, plant height, green
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grass yield, leaf width, colour, and turfgrass quality of
Kentucky bluegrass (Poa pratensis L. cv. Geronimo)
were examined in different seed rates (5, 10, 15, 20,
and 25 g m?) and 5 different cutting times (T1: June 15,
T2: July 15, T3: August 15, T4: September 15, and T5:
October 15). Geronimo cultivar of Poa pratensis was
used as plant material.

Each parcel was 2x1=2 m?, 0.5 m was left between
parcels and 1 m was left between blocks. Following

the preparation of soil, seeds were dispersed by hand
within 2x1m frame in early October, covered with soil
and pressed with cylinder, then irrigated with small
nozzles. Soil fertility and pH influence development
and quality of grass plants. According to analysis
results of soil samples taken from 30 cm depth in trial
soil, mean lime ratewas 6.53, pH was 7.98, electrical
conductivity was 1.8 dS m!, potassium was 0.3 t ha!,
phosphorus was 0.008 t ha!, and organic matter (1.6%)
was considerably low and soil had clay characteristics.

Table 1. Some climatic values belonging to experiment months in 2013*

Months 1 2 3 4 5 6 7 8 9 10 11 12 | Mean
Min. Temp. °C -158 | 46 | -60 | 3.7 9.6 116 | 158 | 146 | 76 0.5 2.1 -20 1.24
Max.Temp. °C 9.6 157 | 22.1 | 29.7 | 302 | 362 | 360 | 339 | 364 | 288 | 202 | 8.8 25.6
Mean Temp. °C 22| 43 9.3 154 | 189 | 233 | 265 | 254 | 214 | 123 | 10.1 82 14.4
Total Rainfal, mm | 19.6 | 152 | 148 | 346 | 589 | 383 | 106 | 83 9.9 154 | 13.1 | 303 | 224
Humudity, % 719 | 643 | 443 | 46.1 | 52.6 | 437 | 39.7 | 41.7 | 432 | 538 | 646 | 733 | 533

*:Anonim, 2013. Provincial Directorate of Meteorology-Igdir

Experimental Site and the Experimental Setup

The soil was fertilized with 8 kg da”' pure P,O,
before sowing and with 5 kg da™' pure nitrogen after
every cutting. Weeds growing partially were eliminated
by hand. Table 1 shows temperature, precipitation,
and humidity values of months when the trial was
conducted. The highest temperature was above 30 °C
from May to October, the highest mean temperature
was 26.5 °C in July, and the minimum relative humidity
was 39.7% in July. The lowest precipitation occurred in
July, August, and September (Anonymous, 2013).

Data Collection, Measurement and Data

Analysis

The first cutting height was about 8-10 cm, cuttings
from 4-6 cm height were included into assessment
for measurement and evaluation (Ac¢ikgoz, 1994).
Plant height was measured from 10 plants randomly
were chosen from every parcel, green grass yields of
every parcel were weighed just after cutting with lawn
mower, covering rate was measured with the help of 50
x 50 cm quadrat (Avcioglu, 1983), and shade of colour
was evaluated with respect to 1-9 scale, 1: yellow, 9
dark green. Data obtained from the of research were
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subjected to a variance analysis with SPSS packet
program and Duncan’s multiple comparison test was
used for demonstrate differences between each other
subjects (SPSS, 1991).

RESULTS AND DISCUSSION
Covering Rate (%)

The obtained results are presented in (Table 2)
showed the effects of different seed rates on covering
rate of Kentucky bluegrass in this study. Covering
ratios of parcels planted using 5, 10, 15, 20, and 25 g
seed at T1 time were 4.7, 16.7,44.7,44.0, and 52.3%,
respectively, were increased gradually and the highest
covering rate was obtained from the parcel planted with
25 g seeds. It was observed that there was no significant
difference between parcels planted with 15 and 20 g
seeds per m? in terms of covering rate (Table 2). The
lowest covering rate (4.7%), was obtained from
parcel planted with minimum quantity of seeds (5g).
Covering rate of the same parcel increased over time,
that is T2, T3, and T4 were produced 6.7, 10.3, 12.3%
respectively, and relatively 8.7% for T5. Tthe highest
covering rate (45.5%) occurred at TS time, the lowest
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covering rate was 32.5% at T1 time and covering rates
at T1, T2, and T3 times (32.5, 33.5, and 35.5%) were
very close to each other and were insignificant, and it
was found the covering rate of the plant was very slow.
Varoglu et al., (2015) stated that Geronimo cultivar was
the weakest one among Poa pratensis cultivars in terms
of covering rate, which was compatible with the results
of present study. Giil (2015) found that covering rates of
Poa pratensis cultivars under conditions of Diyarbakir
environment were between 91.9-95.0% which were
higher than the results of the present study, and also the
factor of years, seasons, and season-cultivar interaction
were significant. Depending on different seed quantities
as mean ofthe times, covering rate was increased.Mean
covering rates of parcels in which 5, 10, 15, 20 and 25
g seed per m*> were used in the experiment were 8.5%,
22.7%,49.6%, 51.8%,and 57.0%, and it were observed
a significant. While the lowest covering rate of the plant
was obtained from parcel planted with 5 g m? seeds,
the highest covering rate was obtained from the one

planted with 25 g m?seeds. The results showed that
there is no statistically significant difference between
parcels planted with 10 and 15 g seeds per m?(Table 2).

Arslan and Cakmake1 (2004) emphasized that the
first development of Poa pratensis L. cultivars which
are sensitive to fungal diseases was substantially well
and they had a good view, but got worse in terms of
both view and bottom covering as from September.
Russi et al., (2004) reported that Poa pratensis which is
also used as a meadow plant is known to be adapted to
cold climates and to spread via its short rthizomes. After
reaching the fastest spread and covering rate using the
minimum quantity of seeds, it is economically desired
for plant to have slow development in terms of care,
restore, and process in landscaping areas. Johnson et al.,
(2010) explained that turfgrass quality was negatively
associated with the number of plants per unit area,
however it was not continuously associated with other
components of yield.

Table 2. The effects of different seed quantities on covering rate, % of Kentucky bluegrass

(Sge‘;‘li_z‘;ates T1 T2 T3 T4 T5 Means
5 474 6.7¢ 103 d 1234 8.7 ¢ 8.5d
10 167 ¢ 193 b 20¢ 247¢ 3106 27¢
15 44.7 ab 46.0 a 44.0b 53.0b 60.3 2 49.6 b
20 440b 46.0 a 48.0 ab 5932 6172 51.8b
25 523a 493 a 530a 647 a 657 a 570a
Mean Times 32.5d 335cd 355¢ 42.8b 455a

*: There were not significant differences in p<0.05 level among averages shown with same letter.

Green Grass Yield (g m?)

The data belonging to dry or green herbage
weight increased as an indicator of plant growth and
development which is considered to be an important
criterion. As in covering rate of Kentucky bluegrass,
the lowest green grass yield at almost all times was
obtained from the parcel in which the lowest amount
of seed (5 g) was used per m?, the highest green grass
yield was obtained from the parcel with the highest
amount of seed (25 g) per m?. The range of times were
compared, the highest green grass yield was obtained
from T5 time with 422.0 g, which was followed by T4
with 378.0 g, T3 with 331.0 g, T2 with 312.0 g and T1
with 245.3 g (Table 3).

Parcels planted with 5, 10, 15, 20, and 25 g m?
seeds on average were produced 83.3 g, 218.7,415.3,
457.3 and 514.0 g green grass yield, respectively. For
example the lowest green grass yield was obtained from
the parcel with the lowest quantity of seeds; whereas,
the highest green grass yield was obtained from the
parcel with the highest quantity of seeds planted. It
varies depending on species of plants and course of
plants can also vary depending on different ecologies
and care conditions. Green grass yield were varied
between 312.96 and 361.89 g m?and it was found the
maximum green grass yield from Geronimo cultivar
in all seasons according to results of 3-year study on
different cultivars of Poa pratensis (Giil, 2015).
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Table 3. The effects of different seed quantities on green grass yield of Kentucky bluegrass

(Sge‘l’:li_f)ates T1 T2 T3 T4 TS Means
5 4334 500 d 1000 d 1067 ¢ 116.7d 833 ¢

10 1500 ¢ 1933 ¢ 206.7 ¢ 2433d 3000 ¢ 21874

15 336.7 ab 4233b 4133 b 246.6 ¢ 476.7b 4153 ¢

20 3133b 4234 446.7 ab 5133b 590.0 a 4573 b

25 38342 4700 a 490.0 a 600.0 a 6263 a 5140a
Mean Times 2453 ¢ 3120e 3313c¢ 3780b 4220a

*: There were not significant differences in p<0.05 level among averages shown with same letter.

Plant Height (cm)

Heights of plants in parcels planted with 5 g
seed per m?at T1 time after plantation were found to
be statistically lower compared to the plants in the
parcel with 25 g/m? seeds. Although T2 and T3 times
had partially similar, plant height at TS time was not
significant by reaching an almost stabilized condition
without depending on increased seed rates. As the
mean of seed quantities, plant heights were found to
be different and significant as 7.8, 6.6, 8.0, 9.8, and
8.9 cm at T1, T2, T3, T4 and T5 times (Table 4). Even
though plant height varied partially, it did not increase
depending on time; this could be due tothe increase
ofdensity in unit area forced plant to grow vertically
because of competition after spreading and horizontal

growth. It was recorded that the heights of plants in
parcels planted with 15, 20, and 25 g seeds per unit
were 8.4, 8.6, and 8.3 cm respectively and this was
associated with the fact that there was no significant
difference between them. According to Yazgan et al.,
(1992) reported that plant height of Poa pratensis
“Geronimo” among 11 cultivars from 7 species was
6.55 cm which was lower than our findings, Tamkog et
al., (2007) determined that leaf length was between 9.0-
11.6 cm and leaf width was 0.43-0.50 cm in genotypes
of Kentucky bluegrass (Poa pratensis L.) they chose
from natural meadow under conditions of Konya. Poa
pratensis is considered as an important species in terms
of worker and time wasting because the number of
cuttings in unit time would be lesser than other species
due to it is not a species growing much tall.

Table 4. The effects of different seed quantities on plant height of Kentucky bluegrass

(Sge‘r’l‘li_{)ates T1 v T3 T4 5 Means
5 6.7d 5.8b 73c 10.2 ab 9.7 79b
10 7.6cd 6.3 ab 73c¢ 90b 92 790
15 7.7 bc 7.1a 87a 105 a 8.7 84a
20 8.6ab 69a 86a 10.2 ab 8.6 8.6a
25 90a 72a 80b 62b 8.7 83a
Mean Times 78¢ 6.6d 80c 1.8 a 8.1b

*: There were not significant differences in p<0.05 level among averages shown with same letter.

Grass Colour

Colour of plants depends on their genetic structure
but sometimes it may partially change based on different
conditions such as fertilization, irrigation, cutting, etc.
There was no remarkable significant variation between
plant colour when colour of Kentucky bluegrass was
assessed in terms of both times and average of the
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times (Table 5). However, the plant colour were 6.2,
6.1 and 6.4 at T1, T2, and T5 times, respectively and
it was observed to be higher than plant colour at T3
and T4 times (5.0 and 5.5). Jiang and Huang (2001)
indicated that two critical factors limiting development
of cool climate grass during summer season were high

temperature and drought, colour values in Kentucky
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bluegrass could change based on seasons; Oral and
Acikgoz (1999) reported that cool climate plants such
as perennial ryegrass and Kentucky bluegrass did not
lose their green colour unless mean temperature did
not fall below 0 °C for a long time; Giil (2015) stated
that Poa pratensis cultivars varied in terms of colour
depending on years and seasons, Baron cultivar had the

highest quality level and mean colour varied between
6.89-7.19, and remained the same in other seasons
except for winter months.

Varologlu et al. (2015) found that mean colour
value in cultivars of Kentucky bluegrass species was
6.8. This value was compatible with results of grass
colour in the present study.

Table 5. The effects of different seed quantities on grass colour of Kentucky bluegrass

(Sge‘:g_z’;ates T1 T2 T3 T4 T5 Means
5 6.0 57 50 53 6.3 56

10 6.7 5.7 50 53 63 56

15 63 63 407 53 6.7 59

20 63 6.0 47 53 63 59

25 6.0 6.7 57 6.0 63 6.0
Mean Times 62a 6.1a 50b 55b 64a

*:There were not significant differences in p<0.05 level among averages shown with same letter.

Texture

The current research indicated that both seed
sowing rate and times did not have a significant effect
on leaf width (texture). Nonetheless, width of texture
increased as times progressed. Depending on seed
average, the highest leaf width occurred in T4 with
1.70 mm and T5 time with 1.66 mm (Table 6). This
was followed in descending order by T3 with 1.21 mm
and T2 with 0.63 mm, and the lowest leaf width was
produced in T1 time. The obtained texture width (0.48-
1.75 mm) was found to be lower than texture values
(2.61-2.98 mm) of Giil (2015) studying on 4 different

Poa pratensis. It was emphasized that texture could
not change under normal care conditions and it was
due to rather genetic. Tamkog et al., (2007) determined
that leaf width of Kentucky bluegrass (Poa pratensis
L.) genotypes chosen from natural meadow under
conditions of Konya were between 0.43-0.50 cm. On
the contrary of intended use in meadow, it is considered
that the narrower leaf blade of lawn plants is the more
favourable it is (Kroon and Knops, 1991). Johnston et
al., (1997) underlined that there might be differences
between species and cultivars of Poa bluegrass in terms
of colour, texture, plant density, vitality, resistance to
disease, drought and frequent cutting.

Table 6.The effects of different seed quantities on texture (leaf width) of Kentucky bluegrass

(Sgefl‘li_z';ates T1 T2 T3 T4 5 Means
5 0.48 0.62 120 174 1.60 113
10 0.49 0.62 134 175 170 1.19
15 0.51 0.57 121 171 161 112
20 0.55 0.57 127 165 168 114
25 0.46 0.77 107 165 172 114
Mean Times 0.50d 0.63 ¢ 121b 1.70 a 1.66 a

*:There were not significant differences in p<0.05 level among averages shown with same letter.

Turfgrass Quality

In a study examining the effect of seed quantities
on turfgrass quality, turfgrass quality is resultant of
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other plant characteristics and varied depending on
time are preented in (Table 7). Turfgrass quality
also increased could be due to the increase of seed
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quantitiesat T1 time. No significant difference was
observed between seed rates of 15, 20, and 25 g m?
at almost all times. However, the highest quality
(4.9) occurredat T5 time.

The lowest quality (2.9) produced at T1 time
when the plant was not exactly developed. As
average of times, the lowest quality (1.19) was
obtained from the parcel with 5 g m?seed while,the
highest quality (5.42 and 5.50) was obtained from
parcels with 20 and 25 g/m? respectively. It was
found that turfgrassquality results in a range of 5.1-
7.1 between different species of Poa pratensis L. by
Johnston et al., (1997) were partially similar with
results of the present study, but mean quality values
(7.69-7.87) of Kentucky bluegrass in 3-year study
by Giil (2015) were higher than results of the present
study. Quality is a complex character with basic
importance in assessment of grass plants (Russietal.,

2004). It was emphasized that colour might change
depending on aesthetic, functional appearance,
character of individual plants, uniformity, density,
structure, growth characteristics and time. Popovici
at al., (2008) emphasized that turfgrass quality
could not be measured qualitatively in green fields
and might change depending on seasonal and
developmental periods of species and cultivars in
different ecological regions.

Merewitz et al., (2010) highlighted that turfgrass
quality of cool climate plants might decrease based
on drought. In a study conducted by Zurak and
Proficzuk (2007) with poa pratensis cultivars and
lines, it was emphasized that there was a significant
correlation between turfgrass quality, leaf ratio,
colour, texture of cultivars and lines and all plant
characteristics, but no significant correlation
between seed yield and turfgrass quality.

Table 7. The effects of different seed quantities on quality of Kentucky bluegrass

Seed rates

(g m?) T1 T2 T3 T4 TS Means
5 10c 13¢ 20c 2.3d 2.3d 1.19d
10 23b 27D 30b 33c¢ 60c 307 ¢
15 37a 47a 50a 53b 5.7 ab 493b
20 40a 43a 53a 60a 5.7 ab 542a
25 37a 47a 57a 70a 6.7a 550a
Mean Times 29d 35¢ 42Db 48a 49a

*: There were not significant differences in p<0.05 level among averages shown with same letter.

CONCLUSION

The current research indicated that
pratensisis a plant that lasts long, resistant to cold,
is short, dense, resistant to stepping on, responds
fertilization quickly, the highest green grass yield,
covering rate, turfgrass quality, and grass colour

Poa

under ecological conditions of Igdir were achieved
from applications planted with 25 g seed per m2. As
well as, the highest green grass yield and covering
rate were obtained from Kentucky bluegrass cut at
TS5 time (in fall, 15 October 2013), the highest grass
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Allelopathic Effects of Flower Extract of Oleander
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ABSTRACT: An experiment on the allelopathic effects of Nerium oleander on germination and growth of Italian
ryegrass (Lolium multiflorum Lam) was conducted at the Kahramanmaras Sutcu Imam University, Faculty of
Agriculture, Department of Field Crops Laboratory during January 2017. The experiment was laid out in completely
randomized design (CRD) with three replications. Four concentrations of oleander flower extract i.e control, 10,
20 & 40 g L' were used in this experiment. The experiment was performed in climatic cabinet having 20 °C
temperature. The seeds were kept for 14 days and then different attributes were studied such as germination %,
seedling length, radicle length, plumule length, seedling fresh and dry weight and seed vigor index. All the studied
parameters were significantly affected by oleander flower extract concentrations. Results showed that maximum
germination %, seedling length, radicle length, plumule length, seedling fresh and dry weight and highest seed
vigor index was recorded in control treatment. While minimum values for all the above mentioned parameters were
observed at 40 g L'! of extract concentration. It indicated that Nerium oleander flower extract suppress growth of
Italian ryegrass and thus can be used for the control of Italian ryegrass in the crops. However, all other factors need
to be studied for sustainability.
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Zakkum (Nerium oleander) Cicek Ekstraktinin Lolium
multiflorum’un Tohum Cimlenmesi ve Fide Gelisimi Uzerine
Allelopatik Etkileri

IGDIR ONIVERSITESI

OZET: Tek yillik ¢imin (Lolium multifliorum Lam.) ¢imlenme ve gelisimi iizerine zakkum (Nerium oleander)
cigeklerinin allelopatik etkisini belirlemek iizere yapilan bu ¢aligma, Kahramanmaras Siitgii Imam Universitesi,
Ziraat Fakiiltesi, Tarla Bitkileri Boliimii Laboratuvarinda 2017 Ocak ayinda yiiriitiilmiigtiir. Deneme tesadiif parselleri
deneme desenine gore 3 tekerriirlii olarak kurulmustur. Caligsmada 4 farkli zakkum ¢icegi ekstrakti (kontrol, 10, 20
ve 40 g/It) kullanilmigtir. Arastirma iklimlendirme kabininde 20 °C’de gergeklestirilmigtir. Tohumlar 14 giin siire
ile cimlendirmeye tabi tutulmug daha sonra; ¢cimlenme orani, fide uzunlugu, radikula uzunlugu, plumula uzunlugu,
fide yas ve kuru agirlig1 ve vigor indeks gibi temel belirleyici ¢cimlenme ve fide gelisimi unsurlar1 6l¢iilmiistiir.
Incelenen tiim ozellikler farkli konsantrasyonlardaki zakkum cicek ekstraktlarindan énemli derecede etkilenmistir.
En yiiksek ¢cimlenme orani, fide uzunlugu, radikula uzunlugu, plumula uzunlugu, fide yas ve kuru agirligi ve en
yiiksek vigor indeks degerleri kontrol uygulamasinda elde edilmigtir. Yine ayni 6zellikler i¢in en diisiik degerler
40 g/It konsantrasyonunda elde edilmistir. Zakkum cicek ekstraktinin tek yillik ¢imin gelisimini baski altina aldig:
buna bagh olarak tarim alanlarinda tek yillik ¢imin kontrol altina alinmasinda kullanilabilecegi goriilmektedir.
Ayrica siirdiiriilebilirlik agisindan bu alanda diger tiim faktorlerle ilgili caligsmalar da yapilmalidir.

Anahtar Kelimeler: Allelopati, cimlenme, Lolium multiflorum, Nerium oleander ekstrakti.

' Omer Suha USLU (0000-0003-0858-0305), Osman GEDIK (0000-0002-4816-3154), Ali Rahmi KAYA (0000-0003-0318-6034),
Adem EROL (0000-0002-4816-3154), Siit¢ii Imam Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Kahramanmaras, Turkey

' Muhammad Azim KHAN (0000-0002-4816-3154), Khyber Pakhtunkhwa Agricultural University, Department of Weed Science,
Peshawar, Pakistan

3 Mustafa Nur TASSEVER (0000-0002-4816-3154), Etem TURKKAYA (0000-0002-4816-3154), Kahramanmaras Sutcu Imam
University, Graduate School of Natural and Applied Sciences, Kahramanmaras, Turkey
Sorumlu yazar/Corresponding Author: Omer Suha USLU, suhauslu@ksu.edu.tr

Cilt/Volume: 8, SayVIssue: 1, Sayfa/pp: 309-317, 2018
ISSN: 2146-0574, e-ISSN: 2536-4618 DOI: 10.21597]jist.407890

Gelis tarihi / Received: 04.10.2017
Kabul tarihi / Accepted: 14.11.2017



Omer Siiha USLU et al.

INTRODUCTION

The term allelopathy refers to the interaction
among plant species and or with microorganisms. This
interaction among plant species may be negative or
positive. Rice (1974) defined that the harmful effect
of plants on each other either directly or indirectly
through release of chemical compounds are called
allelopathy. Even though plant not always affect each
other negatively but negative response can easily
be observed (An et al., 1998). Dakshini et al. (1999)
used the word allelochemical for the compounds that
are released by the plants in the environment. The
phenomenon present in the nature from very long time
but significant work on allelopathy was started in the
past few decades (Weston, 2005). Thus, exploring the
allelopathy of different plants in all the regions of the
word is necessary to explore the possible uses of plant
based chemicals. Almost half of the population lives
in rural area of turkey and most of them employed in
agriculture. So, that’s way agriculture has its importance
in Turkish community and have a good impact on
human life of rural people of turkey economically
and socially. Agriculture contributes more than 15%
of gross national products. However processed crops
are not included in it (TKIB, 1997). In the early 19®
century, control of pests and weeds were started
through chemicals instead of using biological methods
of pest control. Although integrated pest management
techniques were also introduced in 1970. But still there
is a large number of cultivated areas, where herbicides
are used for weed control (Uludag et al., 2006). Use
of herbicides for weed control create various problems
such as increase resistance of weed against particular
herbicide, chemical residue of the herbicide remains
in the soil and it also have hazardous effects on the
environment. So, to avoid all the concerns related to
the use of herbicide an alternative farming system is
necessary which is based on the utilization of natural
substances for weed control (Waller, 2004; Khan et
al., 2016). Allelopathy can be used is a tool for weed
control. It may reduce the use of synthetic herbicides.
It can help in reduction of soil and environmental
pollution (Chon et al., 2002; Afridi and Khan, 2015).
Various scientists used different plants to suppress the
growth of weeds such as number of shoots and tuber
formation of Cyprus esculantus can be reduced by the
application of shoot residues of Chenpodium album
(Alam et al., 2001). Nerium oleander is an evergreen
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shrub. It is cultivated in the subtropical region of the
world. It can grow on marginal land having poor soil
and has the ability to tolerate drought conditions. It
is used as an ornamental plant in various landscape
designs in Turkey. Therefore, it can be found in
various parts of the country in abundant. It is known
to have allelopathic effect on various weeds such as
Lolium multiflorum, Alopecurus myosuroides, Arundo
donax and Lactuca sativa (Uygur and Iskenderoglu,
1997). The present study was designed to investigate
the allelopathic effects of flower extract of oleander
(Nerium oleander) on Lolium multiflorum for possible
use in field conditions. Such studies might be helpful
for formulating plant based chemicals for control of
other weeds in natural ecosystems.

MATERIAL AND METHODS

The experiment was conducted in the climatic
cabinet of the Kahramanmaras Sutcu Imam University,
Faculty of Agriculture, Department of Field Crops
Laboratory during January 2017. The experiment was
laid out in completely randomized design (CRD) with
three replications. Two types (red and white) of fresh
flowers were collected from Nerium oleander. These
flowers were dried under room temperature. The dried
flowers were then weighed 10,20 and 40 g, respectively.
While for control treatment distilled water was used.
These weighed dry flowers were put in the water and the
final volume was adjusted to one liter for each 10, 20,
40 g. All the solutions were kept at room temperature
for 24 hours and then filtered with Whatman 1 filter
paper. The resulted extracts were stored under room
condition in the lab. Then 100 seeds of L. multiflorum
were collected and sterilized with 5% bleach (NaClO)
for 5 minutes before sowing. 25 seeds were allocated
to each treatment including a control. Petri dishes were
prepared according to the treatments contain seeds,
were placed in the air conditioning cabinet at 20 °C
in light environment and it was leaved to germinate.
It was kept for 14 days, irrigated accordingly and then
the following attributes were studied: Germination
rate, radicle length, plumula length, seedling length,
seedling fresh weight, and seedling dry weight and seed
vigor index. Germination percentage was recorded by
counting number of germinated seeds and then it was
divided by total number of seeds multiply by 100. For
recording seedling length, seedlings were measured
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with measuring tape. Similarly, for radicle and plumula
length, both were separated and then measured with
measuring tape. Then both the parts were weighed
to determine fresh biomass. These plant parts were
then kept at 78 °C for 24 hours and then seedling dry
biomass was obtained. For vigor index, seedling length
was multiply with germination percentage. The data
regarding in the study were subjected to analysis of
variance using the SAS 9.3 statistical program (SAS
9.3). Averages compared to Duncan’s Multiple Range
(DMR) test (Steel and Torrie, 1980).

RESULT AND DISCUSSION

According to the statistical analysis all the study
parameters were significantly affected by various
concentrations of Nerium oleander.

Germination %

In this study, while the highest germination rate
(93.33%) were obtained in control treatment. However,
with increase in concentration of flower extract,

Seed and Seedling Growth of Lolium multiflorum

a decrease in germination percentage was noted.
Minimum germination was recorded in 40 g L' extract
of Nerium, applied to ryegrass seeds (Fig. 1). This
decrease in germination may be due to the inhibitory
effect of high concentration of Nerium extract. Uludag
et al. (2005) used various brassica species to find out its
allelopathic effects.

They concluded from their studies that it is effective
against Johnson grass and can be used for reducing its
population. Our results are in line with those reported
by Iskenderoglu (1995) who also stated that Nerium
extract can be used to reduce the germination percentage
of Lolium multiflorum. Similarly Ashrafi et al., (2008)
also concluded that shoot extract of Neem (Azadirachta
indica) significantly reduced germination of various
weed species. It can be concluded that flower extracts
of Nerium oleander can be used against L. multiflorum.

This inhibitory effect might be true for other weed
species as well. Therefore in light of the present studies,
itcan be concluded that the presence of Nerium oleander
in area can affect the germination of surrounding plant
species.
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Figure 1: Allelopathic effects of flower extract of Oleander (Nerium oleander) on the germination % of Lolium multiflorum.

Radicle length (cm)

Radicle length of ryegrass was also significantly
decreased withincrease in Neriumextractconcentration
(Fig. 2). Maximum radicle length was recorded in
control treatments which was decreased with increase

Cilt / Volume: 8, Say1 / Issue: 1,2018

in concentration. This decrease in radicle length
might be due to inhibitory effect of flower extract of
Nerium on the growth of Italian ryegrass. Karaaltin
et al. (2004) reported that Nerium oleander extract
significantly reduced radicle length. They further
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stated that this decrease in the radicle growth is due
to the allelopathic effect of Nerium extract. Another
study suggested that essential oil extracted from the
flower and leaves of various plants such as Salvia
officinalis, Artemisia vulgaris and Ocimum basilicum
caused phytotoxicity. These extract inversely affected
germination of seed and seedling growth of Lolium
perenne (Onen, 2003). Radicle length of Medicago
polymorpha L. was negatively affected by by the
application of various plant extract used for its
allelopathic effects (Algandaby and El-Darier 2016).
They also reported that radicle is more effected then

plumule. Similarly Ashrafi et al., 2008 found that
radicle growth is more sensitive to allelochemical
application then plumule. Radicle is an important
growth related variable and can significantly affect
the overall growth of the plants. In the present studies,
it was observed that radicle length of ryegrass was
negatively affected. Therefore the N. oleander extract
can be successfully used for the suppression of L.
multiflorum. In addition to flower, it is suggested that
all other parts of N. oleander may be used against all
weeds for possible management. This may decrease
the total herbicide use in an agro-ecosystem.

AI

o
o

8,73

Radicle Length (cm)
O H N W H VO N B W

L}
=
I

g/it

—Control—Red-10g/lt—White-10—Red-20 g/it—White-20—Red-40 g/it—White 40—

g/it g/lit

Nerium oleander flower extract

Figure 2: Allelopathic effects of flower extract of Oleander (Nerium oleander) on radicle length of Lolium multiflorum.

Plumule Length (cm)

According to the results of the experiment, plumule
length also negatively affected by the application of
Nerium flower extract (Fig. 3). It is clear from the data
shown in figure 3 that increase in extract concentration
decreased the length of plumule. This decrease in plumule
length is attributed to the inhibitory effect of Nerium
flower extract at higher concentration. This shows that
N. oleander flowers contain certain phytochemicals
that retard the growth of ryegrass. Therefore, bioassay
techniques are suggested to identify those chemicals
and isolate for practical application for weed control. In
a similar studies, Karaaltin et al. (2004) tested Nerium
oleander extracts taken from various parts of the plant
such as stem, bud, root and leaf extracts for its allelopathic
effects on wheat and beans. They suggested that seeds
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of both plant species were negatively affected by the
extract of Nerium. However, the growth of plumule
and radicle were more prominently affected. Ashrafi et
al., (2008) also reported decrease in the plumule length
in wild barley due to application of sunflower extract.
Reduction in plumule length of Medicago polymorpha
L. was found when treated with plant extracts of Achillea
santolina, Artemisia monosperma, Pituranthus tortuosus
and Thymus capitatus which is due to the allelopathic
effects of these plant extracts on it (Algandaby and El-
Darier (2016). In light of these studies, it is suggested
that presence of N. oleander in an area can result in
the reduction of growth of ryegrass and plant species.
Therefore exploration of this plant for their allelopathic
effects is needed to be used for the welfare of human
beings.
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Seed and Seedling Growth of Lolium multiflorum
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Figure 3: Allelopathic effects of flower extract of Oleander (Nerium oleander) on plumule length of Lolium multiflorum.
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Figure 4: Allelopathic effects of flower extract of Oleander (Nerium oleander) on seedling length of Lolium multiflorum.

Seedling length of ryegrass was studied under
various flower extract concentrations of N. oleander
and was significantly decreased. Results (Fig. 4) shows
that increase in the extract concentration of N. oleander
negatively affected seedling growth of ryegrass. Study
of Macias et al., (2004) suggested that allelochemicals
that contain phenolic compounds stimulate seedling
growth and development at low concentrations. While
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increase in its concentration inhibits its growth. This
decrease in the seedling growth may be due to the
presence of Rutin and Querecetin which play a vital
role in suppressing growth of seedling and act as
allelochemicals (Kuamr et al., 2011). Reduction in
seedling growth of wild barley was reported by Ashrafi
et al., 2008 when treated with leaf extract of sun flower.
These results depicted that N. oleander flower extracts
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can be used for suppressing ryegrass and other weeds.
Therefore more studies are needed to use different
concentrations of N. oleander against all other weeds.
Such studies will be of great interest for the ecologists,
agriculturists and plant scientists. Because the presence
of phytochemicals can cause ecological changes in an
agro-ecosystems of an area. As seedling length is an
important variable for the growth of plants therefore
any decrease in seedling length will greatly affect the
overall production of that plant.

Seedling Fresh Biomass (g)

Fresh biomass of seedling shows the overall
growth of any plant species. Seedling fresh biomass
of Italian ryegrass subjected to various

concentrations of Nerium oleander extracts and the

was

effect was found significant (Fig. 5). A negative
correlation was noted in fresh biomass of seedling

with N. oleander extract concentration. With increase
in concentration of N. oleander, fresh biomass
was decreased. This decrease might be due to the
inhibitory effect of Nerium extract on the growth of
Italian ryegrass.

Decreased in growth and development of plant
morphological attributes affect fresh and dry biomass.
Similar results were recorded by Algandaby and El-
Darier (2016), who concluded that decrease in fresh
biomass was found in Medicago polymorpha L. seedling
when treated with plant extracts of Achillea santolina,
Artemisia monosperma, Pituranthus tortuosus and
Thymus capitatus which have allelopathic effects on it.
A significant decrease in seedling weight was recorded
in the cucumber seedling which was treated with high
concentrations of plant extract having allelopathic
effect (Terzi et al., 2003).
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Figure 5: Allelopathic effects of flower extract of Oleander (Nerium oleander) on seedling fresh weight of Lolium multiflorum.

Seedling dry Biomass (g)

Dry biomass of any plant is an indicator of its
photosynthesis and competitive ability. The plants that
attain bigger vegetative growth can outcompete other
plants. Figure 6 shows that dry biomass of seedling as
also significantly affected by different concentrations
of both type of oleander flowers used in the experiment.
Decrease in dry biomass was recorded with increase
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in concentrations of the extract. This decrease is
attributed to the inhibitory effect of oleander extract
on growth parameters of Italian ray grass. Decrease
in morphogenetic potential due to restricted growth
may lead to reduce dry biomass accumulation. Similar
results were recorded by Algandaby and El-Darier
(2016). They suggested that dry biomass of Medicago
polymorpha L. seedling was significantly decreased
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when treated with plant extracts of Achillea santolina,
Artemisia monosperma, Pituranthus tortuosus and
Thymus capitatus which have allelopathic effects on
it. In light of the present studies, it is suggested that
N. oleander flowers contain certain chemicals that are
harmful for the other plants. Therefore, the water extracts

Seed and Seedling Growth of Lolium multiflorum

of the flowers can be used to suppress the ryegrass.
However, more studies are needed to investigate the
effect of various concentrations of N. oleander against
ryegrass at various stages. Because it has been noted
that behaviour of the allelochemicals is changed with
the change in different environmental factors.
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Figure 6: Allelopathic Effects of Flower Extract of Oleander (Nerium oleander) on seedling dry weight of Lolium multiflorum.

Vigor Index

Seed vigor index is an important variable that
determine the competitive ability of a plant species.
It was found significant for ryegrass under various
concentrations of flower extracts of N. oleander. Seed
vigor index of Italian ryegrass was reduced in extract
concentration of N. oleander as shown in figure 7.
Overall flower extract of N. oleander at a concentration
of 40 g L' was found more effective against Italian
ryegrass. In analogous studies, Ashrafi et al., 2008
observed decrease in various attributes of wild barley
when treated with extract of plant having allelopathic
properties. In addition, Algandaby and El-Darier (2016)
also found significant reduction in the population of
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Medicago polymorpha L. when treated with various
allelopathic plants. Onen, (2003) also conducted a study
on the allelopathic effect of Salvia officinalis, Artemisia
vulgaris and Ocimum basilicum on Lolium perenne. He
observed that all the extracts significantly reduced the
morphological attributes. Overall our studies showed
that flower extracts of N. oleander has allelopathic
effects against Italian ryegrass. All germination and
seedling growth related variables of Italian ryegrass
is negatively affected. Therefore this plant needs to be
explored for further investigations to be used against

other weed species.
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Figure 7: Allelopathic Effects of Flower Extract of Oleander (Nerium oleander) on the seed vigour index of Lolium multiflorum.

CONCLUSION

Overall application of flower extracts of Nerium
oleander at various concentrations suppress germination
and growth related parameters of Italian ryegrass. So,
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Tokat Ilin’deki Uzun Yillar Yagis Parametrelerinin CLIGEN Yags
Modeli ile Degerlendirilmesi

Saniye DEMIR!, irfan OGUZ?2, Omer Faruk CIBA3

OZET: Bu ¢alismada, Tokat meteoroloji istasyonundan 2005-2015 yillarina ait giinliik yagis verileri,
CLIGEN yagis modeli kullanilarak tahmin edilmistir. G6zlenen ve tahmin edilen giinliik, aylik ve yillik
yagislarin istatistiksel analizleri (ortalama, standart sapma, ve carpiklik) karsilagtirilmistir. Elde edilen
sonuglardan, gozlenen ve tahmin edilen yagis verileri arasindaki iligkinin istatistiksel olarak 6nemsiz
oldugu goriilmiistiir. CLIGEN o6zellikle ilkbahar ve kis aylarinda giinliik yagis verilerini g6zlenen
degerin hafif altinda tahmin etme egilimdedir. Yillik toplam ortalama ve aylik ortalama yagislart ise
tahmin etmede oldukga yiiksek bir performans gostermistir.
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GIRIS

Hidrolojik, tarimsal ve ekolojik pek cok model
uzun siireli giinliik yagis verilerini kullanmak suretiyle
toprak kayiplarini ve yiizey akigi tahmin etmektedir.
Ancak, bu modellerin ¢aligmasi icin gerekli gézlenen
yagis veri setlerini olusturmak cogu zaman biiyiik bir
problem olarak karsimiza ¢ikmaktadir. Ciinkii, bircok
bolgede yagis istasyonu bulunmamaktadir (Jones
et al., 2003). Bundan dolay1, bu veriler ya eksik ya
da hatali olmaktadir. Yetersiz ya da hatali verilerin
bulundugu bolgelerde yagis simiilasyonu yapmak
icin, gozlenen verilerin istatistiksel degerleri g6z
Oniinde tutulmaktadir (Zhang, 2007). Giinlimiizde
simiilasyon yapan modeller kullanmak suretiyle, benzer
iklim kosullarina sahip alanlarda yagis verilerinin
simiilasyonu yapilabilmektedir. (Fan et al,.2013).

The Water Erosion Prediction Project (WEPP)
modelinin bir ara yiizii olarak gelistirilen CLIGEN,
yagis karakteristiklerinin simiilasyonunda oldukc¢a
yaygin olarak kullanilan bir iklim modelidir (Nearing
et al., 1989). CLIGEN ile hazirlanan iklim ara yiiz
dosyas: ile yiizey akis ve toprak kayiplari tahmin
edilmektedir. Ozellikle CLIGEN’ de simiile edilen yagis
siddetinin pik degeri, WEPP modelde yiizey akisin ve
toprak kayiplarinin hesaplanmasinda ¢ok onemli yer
tutmaktadir (Elliot and Arnold, 2001).

CLIGEN ile iki grup yagis parametresi simiile
edilmektedir. Ik grupta yagisin olup veya olmamasi
dikkate alinmadan giinliik yagis miktari, sicaklik ve solar
radyasyon yer alirken; ikinci grupta ise yagish giinlere
ait parametreler bulunmaktadir. Bu parametreler yagis,
maksimum ve minumum sicaklik, solar radyasyon,
riizgarin siddeti ve yonii ile ¢iglenme noktasidir.

CLIGEN iklim modeli diinyada yaygin olarak
kullanilmaktadir. Johnson et al. (1996) Amerika
Birlesik Devletlerinde alti farkli iklim kosullarinda
modeli degerlendirirken; Headrick and Wilson (1997)
ise Minnesota eyaletinde beg farkli noktada benzer bir
calisma yapmistir. Yapilan her iki calismada giinliik
yagiglara gore, maksimum ve minumum sicaklik ile
solar radyasyon degerlerinin standart sapmalarinin
ayarlanmasi ic¢in bir yagis olma ihtimali faktoriiniin
kullanilmas1 gerektigi ortaya ¢cikmistir. Bu kalibrasyon
ayar1 ile sicaklik ve solar radyasyon degerindeki

degisimin azalacagi kabul edilmistir. Tiirkiye’de,
yagis verilerinin degerlendirilmesinde CLIGEN
320

yaygin olarak kullanilmamaktadir. Tiirkiye ’nin her bir
bolgesinde goriilen iklim karakteristikleri birbirinden
farklidir ve bu bolgelerin bir¢ogu cografik ozellikleri
bakimindan erozyona olduk¢a sik maruz kalmaktadir.
Toprak-su koruma acisindan her bir bolgenin iklim
ozelliklerinin degerlendirilip, toprak ve yiizey akis
ile iligkilendirilmesi gelecekte yapilacak caligmalar
icin 6nem tagimaktadir. Bu c¢alismada, Tokat iline
ait 2005-2015 yillar1 arasindaki iklim verilerinin
CLIGEN ile simiilasyonu yapilmak suretiyle, elde
edilen ve gozlenen giinliik, aylik ve yillik yagis verileri
kargilagtirilarak modelin Tokat iklim kogullar1 altinda
performansinin degerlendirilmesi amag¢lanmaktadir.

MATERYAL VE YONTEM
Calisma Alam

CLIGEN’in  performansinin  degerlendirildigi
Tokat ili, Orta Karadeniz boliimiiniin i¢ kisimlarinda
yer almakta olup, Karadeniz iklim ozellikleriyle I¢
Anadolu’daki step (kara) iklimin etkisi altindadir.
2005-2015  yillar Tokat Meteoroloji
istasyonu kayitlart esas alindiginda yillik ortalama
sicaklik 14 °C, yillik yagislar 479 mm ile 241.50 mm
arasinda degismekte olup, en fazla yagis ilkbahar ve
en az yagis ise yaz mevsiminde goriilmektedir (DMI,
2015). Bu degerlere gore toprak sicaklik rejimi Mesic
ve nem rejimi ise Ustic olarak smiflandirilmaktadir
(Soil Survey Staff, 2009).

arasindaki

Yontem

Tokat iline ait 2005-2015 yillar1 arasindaki giinliik,
aylik ve yillik yagis verilerinin simiilasyonu icin
CLIGEN iklim modeli kullanilmigtir. Giinliik veriler 11
yillik zaman dilimindeki bireysel yagis olaylarindan;
aylik veriler, bu zaman dilimine ait her bir ay icindeki
yagis verilerinden ve yillik veriler ise bir yil icinde
goriilen yagis olaylarindan olusturulmustur.

CLIGEN iklim modeli

The Water Erosion Prediction Project (WEPP)
modelinin ara yiiziinii olusturan CLIGEN erozyon,
hidroloji, giinliik su dengesi, bitki biiyiimesi ve atiklarin
ayrigmasi gibi pek cok parametreyi hesaplamak igin
yagis karakteristiklerini simiile etmektedir (Nicks
et al., 1995). Bu yagis karakteristikleri giinliik yagis,
maksimum ve minumum sicaklik, ¢iglenme noktasi,
solar radyasyon, riizgar siddeti ve hizidir.
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Bu calismada verilerin simiilasyonunun ilk
basamagini iki durumlu Markov Zinciri olugturmaktadir.
Bu yontem ile 1slak ve kuru giinlerin tayini
yapilmaktadir. Yagisl bir giinii yagish bir giiniin izleme

P(W/W) = —2% e

Naw+Noww P(W/D =
Formiilleri kullanilmaktadir. Burada;

Nww: Islak bir giinden sonra 1slak olma ihtimali
Nwd: Islak bir giinden sonra kuru olma ihtimali
Ndw:Kuru bir giinden sonra 1slak olma ihtimali
Ndd: Kuru bir giinden sonra kuru olma ihtimali

Ekstrem yagis olaylarini tantmlamak icin, bireysel
yagislara ait esik deger kullanmak suretiyle yiiksek ve

_ 1/3
x:é<<(g*X_u)+1> _1>*£
g 2 N 6

x: Random degisken

u: Aylik ortalama yagis degeri

s: Aylik yagislarin standart sapma degeri
g: Aylik yagislarin ¢arpiklik degeri

X: Simiile edilen yagis

Istatistiksel analizler

Calismada, CLIGEN’e girilen 11 yillik her bir
iklim veri setinin basit istatistiksel analizleri yapilmustir.
Ortalama, standart sapma ve carpiklik katsayilar

belirlenmistir. Ancak, Zhang et al. (2008) yapmis oldugu

BULGULAR VE TARTISMA
Giinliik Yagis Verilerinin Degerlendirilmesi

Tokat iline ait 11 yillik gbzlenen ve simiile edilen
bireysel yagis olaylar1 karsilastirilmis ve sonuglar
Sekil 1 ve Sekil 2°de gosterilmistir. CLIGEN iklim
modeline 2005-2015 yillar1 arasinda 561 bireysel
yagis olay1 girilmistir. Gozlenen ve simiile edilen
bireysel yagis olaylar1 arasindaki iligkiyi gosteren

Cilt / Volume: 8, Say1 / Issue: 1,2018

Ndw
Nwd+Ndd

ihtimali P(W/W) ve yagisl bir giinii kuru giiniin izleme
ihtimali ise P(W/D) olarak ifade edilmektedir. Bu her
iki olay doniisiim ihtimali olarak isimlendirilmektedir.
Doniisiim ihtimallerinin belirlenmesinde;

1.

diisiik yagislar hesaplanmigtir. Yiiksek yagislar igin
%75 ve diisiik yagislar igin ise %25 degeri alinmigtir.
CLIGEN yagis verilerinin simiilasyonunda, her aya ait
giinliik yagis verilerinin ortalama, standart sapma ve
carpiklik degerlerini kullanmaktadir. Bir giiniin yagish
ya da kuru oldugu Markov Zincirine gore belirlendikten
sonra random degiskenler belirlenmektedir. Bir 1slak
giine ait yagis miktar1 ise normal (¢arpik) dagilima
donustiiriilerek, Esitlik 2. ile yagis hesaplamasi
yapilmaktadir.

Q).

calismada belirttigi gibi, yagis parametreleri normal
dagilim gostermemektedir. Bundan dolay: aralarindaki
iligkiyi belirlemek icin Kolmogorov-Smirnov (K-S
testi) ve Mann-Whitney (M-W testi) (Mann, 1945)

nonparametrik istatistiksel analizler yapilmigtir.

grafik incelendiginde (Sekil 2), aralarinda yiiksek bir
iliskinin bulunmadig1 ve verilerin biiyiik bir kisminin
1:1 hattina yakin ve altinda dagilim gosterdigi
goriilmektedir (R%:0.67). CLIGEN, 6zellikle yiiksek
degerli bireysel yagis olaylarini gozlenen degerin
altinda tahmin etmigtir. Caligma yoresine ait CLIGEN
ile bulunan bu sonuglar, yiiksek yagis miktarlarina
bagl bireysel toprak kayiplarini hesaplamada goz
Oniinde bulundurulmasi bolgede yapilacak toprak-su
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koruma agisindan yararli olacagi diisiiniilmektedir.
Min et al. (2011), Kore’de 8 farkli eyalette 55
yillik iklim verilerinin CLIGEN ile simiilasyonunu
yapmiglardir. Eyaletlerin dérdiinde modelin bireysel
yagiglar1 tahmin etmede cok basarili olmadifi ve
gozlenen degerlerin altinda tahminlerde bulundugu

gdzlenmistir. Zhang and Garbrecht (2003) bireysel
yagis olaylarim1 goézlenen degerin altinda tahmin
etmiglerdir. Wilk’s (1999), yagis verilerinin olduk¢a
yiliksek degiskenlik gostermesinden dolayi, modelin
altinda tahminlerde bulunabilecegini yapmis oldugu
caligmada ifade etmistir
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Sekil 2. Bireysel Yagis Olaylar1 Arasindaki Iliski

Giinliik bireysel yagis olaylarinin tanimlayici
istatistikleri yapilmig ve bulunan sonuglar Cizelge
1’de verilmistir. Gozlenen ve simiile edilen bireysel
yagis olaylarini aritmetik ortalamasi sirasiyla 7.45 ve
7.22 mm olarak belirlenmigtir. Aritmetik ortalamalarin
ayni olmasina ragmen veriler, ayni yayginlikta
dagilim gostermemektedir. Bu durum verilerin
ortalamaya yakin ya da uzak dagilim gostermeleri
ile iligkilidir. Calisma déneminde CLIGEN’e girilen
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131 giinliik bireysel yagis olayr 11-33 mm arasinda
degismekte olup; bu degerler ortalamadan uzak bir
dagilim gostermektedir. Gozlenen ve simiile edilen
bireysel yagis verilerinin standart sapma degerleri ise
494 ve 429°dur (Cizelge 1). Genel olarak standart
sapma degeri, verilerin aritmetik ortalama etrafindaki
dagilimin gostergesidir. Kiiciik degerler ortalamalardan
sapmalarin ve riskin az oldugunu, biiyiik degerler ise
ortalamalardan sapmalarin ve riskin yiiksek oldugunu
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ifade etmektedir. Bulunan standart sapma degerleri
yiiksek olup, ortalamalardan sapma ve risk yiiksektir.
Gerek gozlenen ve gerekse simiile edilen giinliik

yagis degerlerine ait ortalama yagis ve standart sapma
degerleri dikkate alindiginda giinliik yagislar icin
yliksek varyasyon soz konusudur.

Cizelge 1. Gozlenen ve simiile edilen bireysel yagislara ait tanimlayici istatistiksel analizler

Yagis

Istatistiksel Ortalama Varyasyon Yagis
. - Standart M-W K-S
Analizler Yagis (mm) Sapma Katsayisi Carpikhk
Gozlenen 7.45 4.94 66,30 1.57
Yagislar
P : 0.073 0.139
Simiile Edilen 7.22 429 59.42 254

Yagislar

Calismada kullanilan veri setine ait carpiklik
degerleri sirasiyla 1.57 ve 2.54°diir (Cizelge 1).
Veriler saga carpik bir dagilim gostermektedir ki bu
degerler; modelin tahmin etmede ki performansinin
cok iyi olmadigin1 gostermektedir.

Aralarindaki  farklilign  belirlemek  ig¢in
nonparametrik istatistiksel analizler yapilmistir. Bu
analizlerden Kolmogorov-Smirnov (K-S testi) ve
Mann-Whitney (M-W testi) testine gore bulunan
sonuclar verilmigtir (Cizelge 1). K-S testinde
0.073 ve M-W testinde ise 0.139 olarak bulunmug
olup, gozlenen ve simiile edilen bireysel yagis
verileri arasinda p=0.05 diizeyinde 6nemli bir fark
olmadig1 ve ayni popiilasyondan geldigi goriilmiistiir
(Cizelge 1).
Aylik Yagis Verilerinin Degerlendirilmesi

Aylik yagis verilerinin degerlendirilmesinde,
2005-2015 yillarr arasindaki 11 yilin her bir ayina ait
gozlenen ve tahmin edilen yagis verileri kullanilmis
ve sonuglar Sekil 3’te grafiksel olarak gosterilmistir.
Calisma alaninda kullanilan zaman dilimi icinde
agustos ayinda hi¢ yagis gozlenmemistir. En fazla
yagis ilkbahar mevsiminde (mart, nisan, mayis)
ve en az yagis ise yaz (haziran, temmuz, agustos)
aylarinda gozlenmisgtir (Sekil 3). En fazla yagislar
ekim ve mayis ayinda meydana gelmistir. Tokat ili,
Orta Karadeniz Gecit Kusaginda yer almaktadir.
Ozellikle, sonbahar aylarinda Karadeniz’de goriilen
firtinalardan oldukg¢a etkilenmektedir. Mayis ay1

Cilt / Volume: 8, Say1 / Issue: 1,2018

ise, ki mevsiminden yaz mevsimine ge¢isin oldugu
zaman araligindadir. Bu ay icinde kar erimeleri,
ekstrem yagislar ¢cok sik goriilmektedir. Temmuz
ayl yaz mevsiminde olmasindan dolay1 yagislarin
nadiren oldugu bir aydir. Bu ayda extrem yagislar
goriilmektedir. Bu yagislar, ay icerisinde meydana
gelen yagislarin siddetini dogrudan etkilemektedir
ve yagis olaylarin kargilagtirilmasinda sapmalara
yol agmaktadir. Min et al. (2011) yapmis oldugu
calismada, olarak benzer

yaz aylanyla ilgili

sonuclart bulmugtur. Ocak ve kasim ayindaki
yagiglar1 gozlenen degerin altinda tahmin ederken,
eyliil ayindaki yagislar1 yiiksek tahmin etmistir.
Bu aylarda goriilen eksterm yagislardan dolayi,
standart sapma yiikselmekte ve modelin tahmin
etme bagarist diismektedir. Kou et al. (2007), Cin’de
30 yillik iklim verilerini kullanarak yapmis oldugu
calismada, modelin yaz ayina gore kig ve sonbahar
aylarindaki performansinin daha yiiksek oldugunu,
modelin aylik toplam yagis ve 1slak giinleri,
gozlenen degerlere ¢cok yakin tahmin ettigini ifade
etmiglerdir. Diger aylar icin CLIGEN ile simiile
edilen aylik yagislar, gozlenen degerlere yakin
bulunmustur (Sekil 3). Yagis verilerinin dagilimi
birbirine oldukca yakindir ve veriler ortalamaya
yakin bir dagilim gostermektedir. Bundan dolayi,
modelin aylik yagislar1 tahmin etme performansi

daha yiiksek olmaktadir.
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Sekil 3. Aylik Toplam Yagislarin Grafiksel Olarak Kargilastirilmasi

Gozlenen aylik yagis verileri X eksenine ve simiile
edilen aylik yagislar ise Y eksenine yerlestirilerek
aralarindaki korelasyon iligkisi belirlenmistir (Sekil 3).
Sekil 3 incelendiginde, veriler 1:1 hatti boyunca dagilim
gostermekte, model aylik toplam yagislari gbzlenen
degerlere yakin tahmin etmekte, aralarindaki iligki ise
oldukga yiiksek (R*:0.97) oldugu goriilmektedir.

Aylik yagiglara ait veri setindeki yagislarin
ortalama, standart sapma ve carpiklik katsayilari
belirlenmis ve bulunan sonuclar Cizelge 2’de
verilmistir. simiile edilen yagis
verilerinin ortalamast 6 mm civarindadir. Ancak
temmuz ayinda bu deger 12.23-14.74 mm olarak
belirlenmistir. Eyliil, ekim, kasim ve aralik ay1 icin
ortalama deger yiikselmigtir (Cizelge 2). Ciinkii bu
aylarda ekstrem yagiglar ¢ok sik araliklarla meydana
gelmektedir. Yagis verilerinin standart sapmasi 3 ila

Gozlenen ve
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6 arasinda degigmektedir. Veriler ortalamaya yakin
bir yayilim gostermektedir. Ozellikle tahmin edilen
verilerin standart sapmalar1 gézlenen degerden daha
diigiiktiir. Bunun nedeni, model simiilasyon yaparken
normallestirilmis  veri kullanmasidir. Carpiklik
katsayilar1 ise O ile 1 yakin degerler arasinda
degismektedir. Bulunan bu degerler, verilerin normal
bir dagilim gosterdigini ve modelin tahmin etmedeki
basarisinin oldukcga yiiksek oldugunu gostermektedir
(Cizelge 2).

Aylik yagis veri setinin normal dagilim gosterip
gostermedikleri Kolmogorov-Smirnov (K-S  testi)
ve aralarindaki farklilik olup olmadig1 ise Mann-
Whitney (M-W testi) istatistiksel analizler kullanilarak
belirlenmistir (Cizelge 3). Cizelge 3°de goriildiigii iizere
veriler normal dagilim gostermekte ve aralarindaki
iliski dnemsizdir (p:0.005 diizeyinde).
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Cizelge 2. Gozlenen ve simiile edilen aylik yagislara ait tanimlayici istatistiksel analizler

Aylar Tammlayici Istatistikler Gozlenen Yagis (mm) Simiile Edilen Yagis (mm)

Ortalama 6.00 5.71

OCAK Standart Sapma 4.11 3.18
Carpiklik 1.02 0.61

Ortalama 6.63 6.95

SUBAT Standart Sapma 540 433
Carpiklik 1.74 1.25

Ortalama 6.54 6.63

MART Standart Sapma 5.48 3.35
Carpiklik 1.61 1.14

Ortalama 6.46 6.52

NISAN Standart Sapma 3.93 3.09
Carpiklik 1.21 1.14

Ortalama 691 6.85

MAYIS Standart Sapma 3.83 2.35
Carpiklik 1.40 0.47

Ortalama 6.95 6.98

HAZIRAN Standart Sapma 393 2.80
Carpiklik 1.08 0.36
Ortalama 12.23 14.74

TEMMUZ Standart Sapma 8.71 8.78
Carpiklik -1.38 -1.72

Ortalama 9.52 11.13
EYLUL Standart Sapma 9.54 12.64
Carpiklik 1.85 1.96

Ortalama 8.99 9.05

EKIiM Standart Sapma 491 424
Carpiklik 0.03 -0.18

Ortalama 7.86 7.40

KASIM Standart Sapma 6.13 5.02
Carpiklik 1.46 1.05

Ortalama 7.39 7.44

ARALIK Standart Sapma 482 423
Carpiklik 141 0.78
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Cizelge 3. Aylik yagis verilerinin normalite analizleri
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Sekil 4.Y1llik Toplam Yagislarin Grafiksel Olarak Kargilastirilmasi

Yillik Yagis Verilerinin Degerlendirilmesi

Gozlenen ve simiile edilen yillik toplam yagislara
ait iligki Sekil 4’de verilmistir. Model, aylik yagislarda
oldugu iizere yillik toplam yagiglar1 simiile etmede
oldukga basarilidir. 2005-2015 yillari arasindaki zaman
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diliminde, model 2005 yilindaki yagislar diisiik, 2014
yilindaki yagislari ise gbzlenen degerden yiiksek tahmin
ederken; diger yillar icin hemen hemen gozlenen degere
yakin veya cok az iizerinde tahminde bulunmusgtur. En
fazla toplam yagis 2010 yilinda meydana gelirken,
en diisiik yagis ise 2015 yilinda goriilmiistiir. Tokat
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ilinde, 2007-2009 yillar1 arasinda gbzlenen ve tahmin
edilen yagislarin 400 mm’ye yakin oldugu gézlenirken,
2010-2012 ve 2014 yillarinda bu deger 400 mm’nin
tizerine ¢cikmustir (Sekil 4). Gozlenen ve simiile edilen
yillik toplam yagis verileri arasindaki iligki Sekil 4’de
grafiksel olarak gosterilmistir. Sekil 4 incelendiginde
verilerin 1:1 hattinin biraz iizerinde ve 1:1 hattina
yakin dagildigi, aralarindaki iligkinin yiiksek oldugu
(R*0.94) oldugu goriilmektedir. Gozlenen ve simiile
edilen yillik toplam yagiglara ait tanimlayici istatistiksel
analizler Cizelge 4’de verilmistir. Yiulik toplam
yagislarin ortalamasi, aylik yagislarda oldugu gibi 6-7
mm civarinda bir dagilim gostermektedir. Ancak, yillik
yagis verilerinin standart sapma ve carpiklik katsayisi
aylik yagis verilerinden daha yiliksek bulunmugtur
(Cizelge 4). Bu duruma, y1l icerisinde 6zellikle ilkbahar
aylarinda goriilen ekstrem yagislar neden olmaktadir.
Verilerin standart sapma ve carpiklik katsayisinin

yiiksek olmasindan dolayi, log transformasyon
yapilmak suretiyle yagis verileri normale yakin bir
yayilim araliginda dagilim gostermisgtir (Cizelge 4).

2009 yili hari¢, model diger 10 yilin standart
sapmalarint gdzlenen degerin altinda tahmin ederken;
bu yila ait standart sapma degerini yiiksek tahmin
etmistir. Kou et al. (2007) Cin’in bes farkli eyaletinde,
CLIGEN modelinin validasyonu icin caligsma
yapmistir. Calismada kullanilan yagis verilerinin
standart sapma degerinin yiiksek olmasindan dolayi log
transformasyon yapilmistir. Calismanin sonucunda, bes
eyaletinde dordiinde model yagis verilerinin standart
sapma degerini gozlenen degerin altinda tahmin
ettigi goriilmiigtiir. Yagis verileri arasindaki iligkinin
onemli olup olmadigr M-W testiyle istatistiksel olarak
degerlendirilmis (Cizelge 5) ve aralarindaki iligkinin
onemsiz oldugu belirlenmistir (p<0.05).

Cizelge 4. Gozlenen ve simiile edilen yillik yagislara ait tanimlayici istatistiksel analizler

Yillar Tammlayici Istatistikler Gozlenen Yagis (mm) Simiile Edilen Yagis (mm)
Ortalama 7.77 8.21
2005 Standart Sapma 432 3.72
Carpiklik 0.95 0.80
Ortalama 7.77 8.21
2006 Standart Sapma 432 3.72
Carpiklik 0.95 0.80
Ortalama 7.52 7.80
2007 Standart Sapma 5.90 6
Carpiklik 2.00 3.66
Ortalama 7.00 6.45
2008 Standart Sapma 3.71 3.98
Carpiklik 0.29 1
Ortalama 7.45 7.64
2009 Standart Sapma 5.84 6.18
Carpiklik 2.10 3.72
Ortalama 6.82 6.81
2010 Standart Sapma 4.46 3.77
Carpiklik 1.13 042
Ortalama 6.77 7.35
2011 Standart Sapma 5.32 4.19
Carpiklik 1.48 141
Ortalama 7.42 7.27
2013 Standart Sapma 5.33 3.77
Carpiklik 5.01 1.99
Ortalama 7.77 8.21
2014 Standart Sapma 432 3.72
Carpiklik 0.95 0.80
Ortalama 6.53 6.79
2015 Standart Sapma 3.95 3.23
Carpiklik 1.07 0.93
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Cizelge 5. Yillik yagis verilerinin normalite analizleri

Yillar 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

M-W 0.900 0.086 0.994 0.737 0.952 0491 0.720 0.136 0.600 0.123 0.381

K-S 0.876 0.884 0476 0.535 0.189 0.400 0.151 0.053 0.396 0.160 0.734
SONUC

Tokat ili 2005-2016 yillart arasindaki yagis
verilerinin CLIGEN iklim modeli ile simiile edildigi
calismada modelin performans: degerlendirilmigtir.
Bunun icin yagislar giinliik, aylik ve yillik olarak
gruplandirilmigtir.

Model giinliik yagislari, aylik ve yillik yagislara
gore daha diisiik bir performans ile tahmin etmigtir.
Caligma performansi miikemmel olmamakla beraber
kabul edilebilir diizeydedir.
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OZET: Bu arastirmada, Erciyes Universitesinde egitim géren 6grencilerin siit tiiketim aliskanliklar arastirilmistir.
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GIRIS

Beslenme, insanin biiyiimesi ve gelismesi, saglikli
ve liretken olarak uzun siire yagamasi i¢in gerekli olan
enerji ve besin 6gelerini (karbonhidrat, protein, yag,
vitamin ve mineralleri) ihtiya¢ duyulan miktarda giin
icerisinde diizenli olarak alinmasidir. Belirlenen besin
0gesi gereksinimlerin karsilanmasinda, siit en énemli
besin gruplarinin basinda gelmektedir. Siit protein,
vitaminler ve kalsiyum olmak iizere mineraller gibi

beslenmede ¢ok 6nemli olan besin 6gelerini biinyesinde
tasimaktadir (Altun ve ark., 2002).

Yeterli ve dengeli beslenme i¢in bir insanin giinde
almasi gereken protein miktari; kilogram bagia
1 gramdir. Protein ihtiyacinin minimum {icte biri,
hayvansal gidalardan saglanmalidir. Bu ise giinliik
ortalama 35 gram hayvansal kaynakli protein tiiketilmesi
demektir. Bunun i¢in; siit, yaumurta, beyaz et ve kirmizi
etin giinliik olarak diizenli sekilde tiiketilmesi dnemlidir
(Ayar ve Sert, 2005).

Universite ogrencileri eriskin doéneme ge¢me
asamasinda olan ¢ocukluk ¢ag1 sonrast ilk gruptur. Bu
Ogrencilerin iiniversite egitiminin baglamasi ile birlikte
o zamana kadar aligtiklar1 aile ortamlar1 igerisinden
ayrilmalari, dig etkilere daha acgik hale gelmeleri ve
kendi 6zgiir secimlerini daha belirgin sekilde yapmaya
bagliyor olmalar1 nedeniyle beslenmelerinde yeni bir
donem baglamaktadir. Bu donemin belirleyici 6zelligi
ekonomik problemler ve yeni kurulacak bir diizene
uyum saglama cabalaridir. Beslenme aligkanliklarinda
ortaya cikabilecek yeni formlar iiniversite O6grenimi
sonrasina taginacaktir (Mazicioglu ve Oztiirk, 2003).

Toplumun farkli kesimlerinin siit tiiketim
aligkanliklarinin belirlenmesi konusunda farkli hedef
kitleler tizerinde daha 6nceden yapilan anket ¢calismalari
mevcuttur (Sel¢uk ve ark., 2003; Tarake1 ve ark., 2003;
Simsek ve Acikgoz, 2011; Onurlubas ve ark., 2015).
Bu caligmada ise; siit tiiketim aligkanliklari konusunda
tilketici tercihlerinin zamanla degisip degismedigine
dair giincel verilerin elde edilebilmesi ve siitiin insan
beslenmesindeki Onemine binaen ilgili bakanliklar,
kamu kurum ve kuruluslar1 ve sivil toplum orgiitleri
tarafindan yiiriitiilen bilin¢glendirme ¢aligmalarinin
hedef kitle iizerindeki etkilerinin tespit edilebilmesi
amactyla, Erciyes Universitesi’nde grenim gormekte
olan Ogrencilerin siit tiiketim aligkanliklari, tiiketim

diizeyleri ve tercihlerinin belirlenmesi hedeflenmistir.
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MATERYAL VE YONTEM

Arastirma materyalini, Erciyes Universitesi’nde
O0grenim gormekte olan dgrencilerden anket yoluyla
elde edilmis veriler olusturmaktadir. Anket yapilacak
olan o©grenci sayist belirlenirken konu ile ilgili
yapilmis olan anket caligmalarindan yararlanilmigtir
(Selcuk ve ark., 2003; Tarak¢i ve ark., 2003; Simgsek
ve Ac¢ikgoz, 2011; Onurlubas ve ark., 2015). Anket
caligmasi, aragtirmaya goniilli olan 240 6grenci
ile gerceklestirilmistir. Arastirmaya katilan 240
Ogrencinin 147’sini bayan 6grenciler, 93’iinii erkek
ogrenciler olusturmustur. Ankete katilan 6grencilerin
egitim gordiikleri branglar homojen olacak sekilde
dikkate alinarak tiim popiilasyonu temsil edecek
sekilde ayarlanmistir. Katilimeilarin % 35’1 sosyal
bilimler, % 34’ii saghk bilimleri ve % 31’i fen
bilimlerinde egitim goren Ogrenciler olusturmustur.
Anketler 2017 yili Mayis-Haziran aylarinda
yapilmigtir.

Anket sorular1 literatiirden yararlanilarak daha
once yapilmigs benzer caligmalardan derlenmistir.
Anket toplam 21
sorulari, Ogrencilerin sosyo-demografik ozellikleri
ve siit tiiketim aligkanliklari ile ilgili sorulardan

sorudan olugsmaktadir. Anket

olusmustur. Anketteki sorularin bazilar1 tek cevap
secenekli olurken; bazilarini ise birden fazla cevap
secenegine sahip sorular olusturmaktadir. Hazirlanan
anketlerrastgele secilen 6grencilerle egitim gordiikleri
fakiiltelerde ve kantinlerinde 6n aciklama yapilarak
yliz yiize goriisme teknigi ile soru cevap seklinde
gerceklestirilmistir. Elde edilen veriler, Microsoft
Office Excel 2013 programi kullanilarak sayilar ve
oranlar seklinde degerlendirilmistir.

BULGULAR VE TARTISMA

Calisma  verilerine gore, ankete katilan
ogrencilerin %61.3’1linii bayan 6grenciler, %38.8’inii
ise erkek Ogrenciler olusturmaktadir (Cizelge 1).
Ankete katilanlarin yas ortalamast 21.4’°tiir. Ankete
katilan 6grencilerin egitim gordiikleri branglara gore
dagiliminin; %35.3’linii sosyal bilimler, %31.1’ini
fen bilimleri ve % 33.6’sin1 da saglik bilimleri
olusturmaktadir. Ogrencilerin ikamet ettikleri yerlere
gore dagilimi incelenecek olursa; %62.7’si ev,

%27 4l yurt, %9.5’1 ise rezidansta ikamet etmektedir.
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Cizelge 1. Ankete katilan 6grencilerin sosyo-demografik 6zellikleri

Ozellik Say1 Oran, %
Cinsiyet

Erkek 93 38.8
Kiz 147 61.2
Toplam 240 100.0
Yas Arahg

18-20 101 42.1
21-23 108 450
24-26 23 9.6
27 ve lizeri 8 33
Toplam 240 100.0
Egitim Bransi

Sosyal Bilimler 84 35.0
Fen Bilimleri 75 313
Saglik Bilimleri 81 33.7
Toplam 240 100.0
Ikamet Edilen Yer

Ev 150 62.5
Yurt 66 27.5
Rezidans 23 9.6
Diger 1 04
Toplam 240 100.0

Ogrencilerin Siit Tiiketim Aliskanlig1 ve Giinliik Tiikettikleri icme Siitii Miktar1

Ogrencilerin siit tiiketim sikligi Cizelge 2’de
goriilmektedir. K1z 6grencilerin %25.9’u haftada bir kez
tiikkettiklerini, %19.7°si her giin mutlaka tiikettiklerini,
%17.7°s1 hig¢ tiiketmediklerini, %15.6’s1 giin asir1
tiikettiklerini, %13.6’s1 ayda bir veya daha seyrek
tiikkettiklerini, %7.5’1 on bes giinde bir siit tiikettiklerini
belirtmiglerdir.

Erkek 6grencilerinise %30.1 1 hig tiikketmediklerini,
%20.4’1 haftada bir kez tiikettiklerini, %16.1°i giin
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agir1 tiikettiklerini, %12.9’u ayda bir veya daha seyrek
tiikkettiklerini, %10.8’i her giin mutlaka tiikettiklerini
ve %9.7’si on bes gilinde bir siit tiikettiklerini
belirtmislerdir. Kiz ve erkek ogrenciler arasinda siit
tilketimi durumundan farklilik gozlemlenmis ve kiz
ogrencilerde siit tiiketiminin daha fazla oldugu tespit
edilmistir.  Buda kiz &grencilerin siit tliketimine
erkek Ogrencilere oranla daha fazla 6nem verdiklerini

gostermektedir.
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Cizelge 2. Ogrencilerin siit tiiketim siklig1

A B C D E F Toplam
Cinsiyet Say1 %0 Say1 % Say1 %0 Say1 %  Say Y% Say1 % Say1 Y%
Kiz 29 19.7 23 15.7 38 259 11 7.5 20 13.6 26 177 147 100
Erkek 10 10.8 15 16.1 19 204 9 9.7 12 12.9 28 30.1 93 100
Toplam 39 16.3 38 15.8 57 23.8 20 8.3 32 13.3 54 225 240 100

A: Her giin mutlaka; B:Giin agir1; C:Haftada bir kez; D: On bes giinde bir; E: Ayda bir veya daha seyrek; F: Hig tiiketmiyorum.

Siit tiikketmeyen Ogrencilerin siitii tiilketmeme
nedenleri soruldugunda ise alinan cevaplar Cizelge
3’de goriilmektedir. Ogrencilerin biiyiik cogunlugu
siitii neden tiiketmedigini bilmedigini belirtmislerdir.
Bu oran kiz o&grencilerde %45.7 iken erkek
ogrencilerde %72.2 olarak tespit edilmistir. Tarakci ve
ark. (2003) yaptiklar1 caligmada, kokusundan dolay1
siit icmeyenlerin oraninin %?23.60, tadindan dolay1
tilketmeyenlerin oraninin %33.71, alerjik rahatsizligi
olanlarin oraninin %13.48 ve diger nedenlerden dolay1

etmiglerdir. Yapilan iki c¢aligmadan alinan veriler
arasinda farklilik gozlemlenmekte ve bizim yaptigimiz
calismada oOgrencilerin siitii neden tiiketmediklerini
bilmedikleri gbze ¢carpmaktadir.

Ogrencilerin beslenme aligkanlig ile siit tiiketimi
arasinda dogrudan bir iligki oldugu ve c¢ocukluktan
gelen siit tiiketim aligkanliginin ilerleyen yaslarda da
devam ettigi bilinmektedir. Siit tiiketiminin arttiritlmasi
icin ailelerle ortak caligmalar yiiriitiilmeli ve siitiin
cocuklarin gelisimi i¢in hayati oneme sahip oldugu

tiiketmeyenlerin oraninin ise %29.21 oldugunu ifade  vurgulanmalidir.
Cizelge 3. Ogrencilerin siitii tiilketmeme nedenleri
A B C D E Toplam
Cinsiyet Say1 % Say1 %0 Say1 % Say1 Y% Say1 % Say1 %
Kiz 9 25.7 5 143 4 114 1 2.9 16 45.7 35 100
Erkek 4 11.1 2 5.6 3 8.3 1 2.8 26 722 36 100
Toplam 13 18.3 7 99 7 9.9 2 2.8 42 592 71 100

A: Tadi; B:Kokusu; C:Rahatsizlik veriyor; D: Alerjik rahatsizlik; E: Diger.

Ankete katilan 6grencilere siitii hangi 6giinlerde
tiikettikleri soruldugunda alinan cevaplar ile oranlari
Cizelge 4’de goriilmektedir. Siitli, kiz 6grencilerin
%28.6’s1 aksam, %22.2’si sabah, %22.2’si 6giin
arasinda, %19.0’1 yatmadan Once, %7.9’u 0glen
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tikettiklerini belirtirken; erkek Ogrencilerin %41.5’1
aksam, %18.5°’i sabah, %169’u yatmadan Oonce,
%12.3’1 6giin arasinda ve %10.8’1 6glen tiikettiklerini
belirtmiglerdir. Almman sonuclardan &grencilerin siit
tiiketiminin diizensiz oldugu goriilmektedir.
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Cizelge 4. Ogrencilerin siitii tiikettigi 6giinler

A B C D E Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 % Say1 % Say1 %
Kiz 28 222 10 79 36 28.6 24 19.0 28 222 126 100
Erkek 12 18.5 7 10.8 27 41.5 11 16.9 8 12.3 65 100
Toplam 40 209 17 8.9 63 33.0 35 18.3 36 189 191 100

A: Sabah; B: (")glen; C: Aksam; D: Yatmadan 6nce; E: Ogﬁn arasi.

Ogrencilere giinliik tiikettigi icme siitii miktar:
soruldugunda alman cevaplarin orani Cizelge 5°de
goriilmektedir. Ogrencilerin biiyiik ¢ogunlugu giinliik
100-250 ml arasinda siit tiikettiklerini bildirmislerdir.
Bu oran kiz 6grencilerde %84.9 iken erkek dgrencilerde

Cizelge 5. Giinliik tiiketilen i¢me siitii miktar1

%61.5 olarak tespit edilmistir. Elde edilen sonuglar
g0z Oniinde tutularak; insan beslenmesinde ¢ok biiyiik
oneme sahip olan i¢me siitiiniin tiiketimini arttirmak
icin caligmalar diizenlenmeli ve besin degeri hakkinda
gerekli bilgilendirme ¢aligmalar1 yapilmalidir.

100-250 ml 250-500 ml >500 ml Hic Toplam
Cinsiyet Say1 %0 Say1 %o Say1 Y% Say1 Y% Say1 %o
Kiz 101 84.9 15 12.6 3 25 0 0 119 100
Erkek 40 61.5 19 29.2 6 9.2 0 0 65 100
Toplam 141 76.6 34 18.5 9 49 0 0 184 100

Ogrencilerin Siitii Tercih Etme Nedenleri ve Tercih Ettikleri icme Siitii Cesitleri

Ogrencilere “Siitii neden tercih ediyorsunuz?”
sorusu soruldugunda alinan cevaplarin orani Cizelge

6’da goriilmektedir.

Kiz 6grencilerin %42.1’1 besleyici 6zelliginden
dolay1 tiikettigini, %28.9’u bir nedeni olmadigini,
%24 .81 aligkanliktan dolay: tiikettigini ve %4.1°1
de rahatsizlig1 oldugu i¢in tercih ettigini belirtirken;
erkek 6grencilerin %46.2°si besleyici 6zelliginden
dolay1 tiikettigini, %29.2°si bir nedeni olmadigini,
%23.1°1 aligkanliktan dolay: tiikettigini ve %1.5°i
rahatsizlig1 tilkettiklerini  ifade

oldugu i¢in

etmiglerdir.
Cetinkaya (2010) yaptig1
%46’s1n1n

caligmada, siitii

Ogrencilerin besleyici oldugundan,
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%25 .3’liniin vitamin, kalsiyum ve protein ihtiyacini
karsiladigindan dolayi tercih ettiklerini bildirmigtir.
Kahraman (2016) yaptigi benzer bir calismada;
katilimcilarin i¢me siitii tilketme nedenlerinin,
“katiliyorum” ve “kesinlikle katiliyorum” cevap
secenekleri bir kabul edilerek toplam %81.9’unun
saglik acisindan tiikettigini, %74 .4 iinlin siit icmeyi

sevdikleri i¢in tiikettiklerini ve %60.6’s1nin kokusu/

tadi hoslarina gittigi icin tiikettiklerini tespit
etmistir.
Gerek bizim yaptigimiz calisma gerekse

diger yapilan calismalardan goriildiigii iizere; siit
tiiketenlerin siit tiiketme nedeni olarak “besleyicilik”

ve “saglik” 6n plana ¢ikmaktadir.
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Cizelge 6.0grencilerin siitii tercih etme nedenleri

Besleyicilik Ahskanhk Rahatsizhk Hicbiri Toplam
Cinsiyet Say1 %0 Say1 %0 Say1 %0 Say1 %0 Say1 %
Kiz 51 42.1 30 24.8 5 4.1 35 289 121 100
Erkek 30 46.2 15 23.1 1 1.5 19 292 65 100
Toplam 81 43.6 45 242 6 32 54 29.0 186 100

Ankete katilan 6grencilerin tiikettikleri igme siitii
cesitleri soruldugunda alinan cevaplarin oran1 Cizelge
7’de verilmigtir. Alinan cevaplardan 6ne ¢ikan sonuglar,
ogrencilerin siitli en ¢cok soguk (%37.6) ve sicak (%20

ogrencilerin %27.42’sinin siitii sicak olarak tiikettigini
ve %22.65’inin gekerli siitii sevdigini belirtmislerdir.
Yapilan iki ¢caligmada da alinan sonuclara bakildiginda
Ogrencilerin siitii farkli sekilde tiiketmeyi sevdikleri

.1) olarak tiiketmeyi sevdikleri seklindedir. Tarak¢1 ve  goriilmektedir.

ark. (2003) yilinda yaptiklar1 benzer bir ¢aligmada;

Cizelge 7. Ogrencilerin tiikettikleri degisik 6zellikteki siit tiirleri

Sicak Soguk Sekerli Sekersiz Kakaolu Meyveli Kahveli Diger Toplam
Cinsiyet " X
Ogrenci Sayisi
Kiz 30 53 13 27 5 2 149
Erkek 16 33 10 9 2 80
Toplam 46 86 23 36 6 4 229
%

Kiz 20.1 356 10.1 8.7 18.1 34 2.7 1.3 100
Erkek 20.0 413 8.8 12.5 113 13 25 25 100
Toplam 20.1 37.6 9.6 10.0 15.7 2.6 26 1.8 100

Ogrencilerin Siitii Temin Ettikleri Yere Gore Dagilimu ve Tercih Ettikleri Siit Cesitleri

Ogrencilerin siit {iriinlerini temin ettikleri
yerler soruldugunda sirasiyla kiz &grencilerde
%83.3 marketten, %I11.7 sokak siitciisiinden,
%2.5’1 bakkaldan ve %2.5’i pazardan aldi81; erkek
ogrencilerin %77.6’s1 marketten, %13.4’li sokak
siit¢iistinden, %7.5’1 bakkaldan ve %1.5’1 pazardan
aldig1 tespit edilmistir (Cizelge 8). Sel¢uk ve ark.
(2003) yaptiklar1 caligmada, Ogrencilerin biiyiik

Cizelge 8. Ogrencilerin siit iiriinlerini temin ettikleri yerler

kisminin (%66.23) siit {irlinlerini marketten temin
ettigini  bildirmislerdir. Marketin 0grencilerin
tercihinde 6n plana ¢ikmasinin sebebi; marketlerin
sehir merkezinde istenen her noktada bulunabilmesi,
cesit zenginligi ve dolayisiyla istenilen her iiriine
ulagabilme ve bundan dolayr zaman kaybindan
tasarruf etme olabilir.

Market Bakkal Pazar Diger Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 % Say1 %
Kiz 100 83.3 3 2.5 3 2.5 14 11.7 120 100
Erkek 52 77.6 5 7.5 1 1.5 9 134 67 100
Toplam 152 81.3 8 43 4 2.1 23 12.3 187 100
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Ogrencilere siit ¢esidi tercihi soruldugunda; kiz
ogrencilerin  %59.2°sinin pastdrize siitii, %27.5’i
sterilize siitli ve %13.3’li de sokak siitiinii tercih
ettigi goriiliirken; erkek Ogrencilerin ise %53.7’si
pastorize siitii, %26.9’u sterilize siitii ve %19.4°1
sokak siitiinli tercih ettigi tespit edilmistir (Cizelge

Cizelge 9. Ogrencilerin tercih ettigi siit cesidi

9). Karagozlii ve ark. (2005) yaptiklar1 caligmada,
ogrencilerin %50.4’linilin pastorize siitii, %40.7 sinin
UHT siiti ve %5.3’linlin  sokak siitiinii tercih
ettiklerini bildirmislerdir. Yapilan iki ¢alismadan da
O0grencilerin ¢ogunlugu pastorize siitii tercih ettigi
goriilmektedir.

Pastorize Siit Sterilize Siit Sokak Siitii Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 %o
Kiz 71 592 33 275 16 13.3 120 100
Erkek 36 53.7 18 269 13 194 67 100
Toplam 107 572 51 273 29 15.5 187 100

Ogrencilere “I¢me siitii ambalaji olarak neleri
tercih ediyorsunuz?” sorusu soruldugunda alinan
cevaplarin oran1 Cizelge 10°da goriilmektedir. Kiz
ogrencilerin %57.1°1 karton kutuyu, %35.3’ii cam
siseyi, %4.2’si plastik kutuyu ve %3.4’1li de ambalajin
siit satin almada bir tercih nedenleri olmadigini

kutuyu, %41.5’1 cam siseyi, %6.2’si ambalajin siit
satin almada bir tercih nedenleri olmadigini ve %3.1°1
plastik kutuyu tercih ettigini belirtmiglerdir. Ankete
katilan 68rencilerin biiyiik bir kismi cam sisede siit
icmeyi tercih ettiklerini fakat maliyetinden dolay1
karton kutuyu tercih etmek zorunda kaldiklarini da

bildirirken; erkek Ogrencilerin %49.2’si karton  bildirmislerdir.
Cizelge 10. Ogrencilerin tercih ettigi icme siitii ambalaji
Cam Sise Karton Kutu Plastik Fikrim Yok Toplam
Cinsiyet Say1 % Say1 %0 Say1 %0 Say1 % Say1 %
Kiz 42 353 68 57.1 5 42 4 34 119 100
Erkek 27 41.5 32 49.2 2 3.1 4 6.2 65 100
Toplam 69 375 100 544 7 38 8 44 184 100

Ogrencilerin Siit ve Siit Uriinlerini Tiiketirken Dikkat Ettigi Unsurlar

Ogrencilerin siit ve siit iiriinlerini tiiketirken
dikkat ettigi unsurlar sirasiyla; kiz 6grencilerin
9%32.3’1i son kullanma tarihine, %24.2°si markaya,
%21.1’1 hijyene, %14.3’ii yag oranina, %5.0’1
drliniin igerigine ve %3.1°1 genel goriiniimiine;
erkek Ogrencilerin de %32.1’i markaya, %?25.6’s1
%20.5°1
%19.2°si hijyene ve %?2.6’simin lriiniin icerigine
dikkat ettigi tespit edilmistir (Cizelge 11). Selcuk
ve ark. (2003) yaptig1 calismada, Ogrencilerin

son kullanma tarihine, yag oranina,

%47.80’inin siit iiriinleri alirken son kullanma

tarihine dikkat ettigini bildirmiglerdir. Uzundz ve
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Giilsen (2007) yaptiklari calismada, 68rencilerin siit
satin alirken %73.67’sinin hijyene, %85.00’1nin son
kullanma tarihine, %70.33’{iniin iiriiniin markasina,
%22.33’ilinlin genel goriinlimiine ve %19.66’s1in
yag oranina dikkat ettigini bildirmigslerdir. Andi¢
ve ark. (2002) yaptiklar1 caligmada, siit tiikketen
ailelerin %52.9’unun siitiin tazeligine dikkat ettigini,
%29.5’inin hijyene, %13.7’sinin fiyatina, %3.1 inin
bulunabilmesine ve %1’inin de markasina dikkat
ettiklerini bildirmislerdir. Yapilan iki calismadan
da alinan sonuglara gore; katilimcilarin siit alirken
degisik kriterlere dikkat ettigi goriilmektedir.
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Cizelge 11. Ogrencilerin siit ve siit iiriinlerini tiiketirken dikkat ettigi unsurlar

A B C D E F Toplam
Cinsiyet  Say1 %0 Say1 % Say1 % Say1 %o Say1 % Say1 % Say1 %
Kiz 34 211 52 323 39 242 23 143 5 3.1 8 50 161 100
Erkek 15 192 20 256 25 32.1 16 205 0 0.0 2 2.6 78 100
Toplam 49 205 72 30.1 64 268 39 16.3 5 2.1 10 42 239 100

A: Hijyen; B: Son kullanma tarihi; C: Marka; D: Yag orani; E: Genel goriiniim; F: Uriiniin icerigi.

Ogrencilere “I¢cme siitii aliminda iiretim ve son
kullanma tarihine dikkat ediyor musunuz?”’ sorusu
soruldugunda alinan cevaplarin oranmi Cizelge 12’de
goriilmektedir. Ankete katilan oOgrencilerin biiyiik
cogunlugu (kiz %97.5, erkek %86.2) iiretim ve son
kullanma tarihine dikkat ettiklerini belirtmislerdir.

Selcuk ve ark. (2003) yaptiklart benzer bir ¢alismada,
ogrencilerin %47.80’inin siit iirlinlerini alirken tercih
ettikleri
ettiklerini tespit etmislerdir. Yapilan iki caligmadan da

markanin son kullanma tarihine dikkat

goriildiigii iizere; 6grencilerin igme siitii aliminda son
kullanma tarihine dikkat ettikleri goriilmektedir.

Cizelge 12. icme siitii aliminda iiretim ve son kullanma tarihine dikkat etme durumlari

Evet Hayir Toplam
Cinsiyet Say1 % Say1 % Say1 %
Kiz 116 975 3 25 119 100
Erkek 56 86.2 9 13.8 65 100
Toplam 172 93.5 12 6.5 184 100
Ogrencilerin igme Siitii Hakkindaki Genel Bilgileri
Ankete katilan Ogrencilere icme  siitiiniin @ (Cizelge 13). Tarak¢i ve ark. (2003) yaptiklar

besin degeri hakkindaki fikirleri soruldugunda; kiz
ogrencilerin %40.6’sinin protein kaynagi oldugunu,
%37.5°1 bilgi sahibi olmadigini, %14.8’inin vitamin-
mineral kaynagi oldugunu, %4.7’sinin ihtiya¢c duyulan
besin Ogelerini igerdigini ve %2.3’linlin de enerji
verdigini belirtirken; erkek oOgrencilerin %40.3’iiniin
protein kaynagi oldugunu, %40.3’i bilgi sahibi
olmadigini, %11.9’unun vitamin-mineral kaynagi
oldugunu, %4.5’inin enerji verdigini ve %3.0’1sinin da
ihtiya¢ duyulan besin 6gelerini icerdigini belirtmistir

Cizelge 13. Igme siitiiniin besin degeri hakkindaki goriigler

calismada, benzer bir soruya Ogrencilerin %19.11°1
siitlin protein icerdigi, %3.867s1 seker icerdigi, %9.85’1
yag icerdigi, %16.02’si vitamin icerdigi, %8.30’u enerji
sagladigi, %2.32°si bagisiklik kazandirdigi, %35.33’1
hepsini sagladig1 seklinde cevaplar almiglardir.

Bizim yaptigimiz calismada da &grencilerin
siitiin besleme degeri hakkinda yetersiz bilgiye sahip
oldugu ve bu konuda daha kapsamli bilin¢lendirme
caligmalarinin yapilmasi gerektigi sonucuna ulagildi.

A B C D E Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 % Say1 % Say1 %
Kiz 52 40.6 3 2.3 19 14.8 6 47 48 375 128 100
Erkek 27 40.3 3 45 8 119 2 30 27 403 67 100
Toplam 79 40.5 6 3.1 27 139 8 4.1 75 385 195 100

A: Protein kaynag; B: Enerji verir; C: Vitamin-mineral kaynagi; D: Thtiya¢ duyulan besin &gelerini igerir; E: Hig biri.
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Ankete katilan Ogrencilere siit fiyatlart ile ilgili
“Siit fiyatlart hakkindaki fikriniz nedir?”

soruldugunda; kiz ogrencilerin %72.3’linlin uygun

sorusu

oldugunu, %19.3’linlin pahali oldugunu ve %8 .4’{inlin
ise ucuz oldugunu belirtirken; erkek 6grencilerin
%56.1’inin  uygun oldugunu, %37.9’unun pahali

oldugunu ve %6.1 inin de ucuz oldugunu belirtmislerdir

calismada, Ogrencilerin yarisinin siit fiyatlarini diger
gidalara oranla pahali buldugunu bildirmislerdir.

Simsek ve Acikgoz (2011) yaptiklari calismada,
ogrencilerin yarisindan fazlasinin (%68.3) siit fiyatlarini
normal buldugunu tespit etmiglerdir. Yapilan ¢aligmalar
ile bizim ¢aligma arasinda farklilik g6zlemlenmekte ve

stit fiyatlart hakkindaki diislincenin zamanla degistigi

(Cizelge 14). Tarak¢ct ve ark. (2003) yaptiklart  goriilmektedir.
Cizelge 14. Ogrencilerin siit fiyatlar1 hakkindaki diisiinceleri
Ucuz Uygun Pahal Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 %
Kiz 10 84 86 723 23 193 119 100
Erkek 4 6.1 37 56.1 25 379 66 100
Toplam 14 7.6 123 66.5 48 259 185 100
Ankete katilan 0Ogrencilere sterilize kutu lizere; 68rencilerin sterilize kutu siitlerinin uzun siire
siitlerinin  uzun siire dayanmasinin nedeni dayanmasi icin uygulanan yontemler hakkinda bir
soruldugunda verilen cevaplarin orant Cizelge hayli eksik bilgiye sahip oldugunu gostermektedir.

15°de goriillmektedir. Kiz 6grencilerin %45.1’inin
koruyucu katki maddesi icerdigini, %34.4’iiniin
1s1l islem uygulandigini ve %20.5’inin fikir sahibi
olmadigini belirtirken; erkek dgrencilerin %48.5’1
koruyucu katki maddesi icerdigini, %30.3’iiniin
ve %21.2°sinin fikir

belirtmiglerdir.

1s1l  islem uygulandigini
sahibi
Acikgdz (2011) yaptiklar: calismada, 6grencilerin

olmadigini Simgek ve
uzun Omiirli siitlerin uzun siire dayanmasinin
nedeni olarak %41.6’s1 koruyucu katki maddesi
icermesi, %36.8°1 1s1l iglem gormesi ve %21.6’s1
konu hakkinda bilgi sahibi olmadiklarini tespit
etmiglerdir. Yapilan iki caligmadan da goriildiigii

katki
kullanildigr diigiincesi dogru degildir, aksine bu

Uzun  Omiirli  siitlerde maddesi
siitlere sadece 1s1l islem uygulanmakta ve siitlerin
daha uzun siire dayanmasi saglanmaktadir. Tiirk
gida kodeksi 1s1l iglem gdrmiis uzun omiirlii (UHT)
icme siitlinii su sekilde tanimlamaktadir; ¢ig siitiin
kimyasal, fiziksel ve duyusal ozelliklerinde en
az degisiklige yol acarak bozulma yapabilen tiim
mikroorganizmalarin ve bunlarin sporlarinin UHT
(Ultra High Temperature) islemi ile yok edilerek
opak ambalaj veya paketleme ile opak hale getirilen
ambalajlara aseptik kosullarda dolum yapilmasi ile

elde edilen i¢gme siitiidiir (Anonim 2000).

Cizelge 15. Sterilize kutu siitlerin uzun siire dayanmasinin nedenleri hakkindaki fikirleri

Koruyucu Katki Maddesi igermesi Isil islem Uygulanmasi Bilmiyorum Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 %
Kiz 55 45.1 42 344 25 20.5 122 100
Erkek 32 48.5 20 303 14 212 66 100
Toplam 87 46.3 62 330 39 20.7 188 100
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Ankete katilan Ogrencilerin biiyiik ¢cogunlugu
(%82.1) toplumun siit icme konusunda yeterince
tesvik edilmedigini belirtmiglerdir (Cizelge 16).
Cetin (2003) yapti§1 arastirmada, toplumun siit
igme konusunda tegvik edilip edilmedigi hakkindaki
sordugu soruya katilimcilarin %7.33’i yeterli,

%73.83’1 yetersiz ve %18.84’1i de fikir sahibi
olmadiklarini bildirmiglerdir. Yapilan iki ¢calismadan
da goriildiigii gibi, toplumun siit icme konusunda
yeterince  tesvik  edilmedigi  goriilmektedir.
Bu konuda caligsmalarin daha kapsamli devam
ettirilmesi gerekmektedir.

Cizelge 16. Ogrencilerin, toplumun siit icme konusunda yeterince tesvik edilip edilmedigine yonelik goriisleri

Yeterli Yetersiz Bilgim Yok Toplam
Cinsiyet Say1 %0 Say1 %0 Say1 %o Say1 %
Kiz 21 143 123 83.7 3 20 147 100
Erkek 17 18.3 74 79.6 2 22 93 100
Toplam 38 15.8 197 82.1 5 2.1 240 100

Ankete katilan 6grencilere “Toplumu siit icmeye
tesvik etmede en etkili yol sizce nedir?”
kiz %64.7°si  radyo-
televizyon, %25.7°si diger, %7.5’1 seminer ve %2.1°1

sorusu

soruldugunda; Ogrencilerin

gazete-dergi cevabini verirken; erkek Ogrencilerin
%81.7°si radyo-televizyon, %11.8’1 diger, %4.3’i
seminer ve %2.2°si de gazete-derginin daha etkili
olacagin belirtmiglerdir (Cizelge 17).

Cizelge 17. Ogrencilerin, toplumu siit icmeye tesvik etmede en etkili yolun hangisi olduguna yonelik diisiinceleri

Gazete-Dergi Seminer Radyo-Tv Diger Toplam
Cinsiyet Say1 % Say1 % Say1 % Say1 % Say1 %
Kiz 4 2.1 14 75 121 64.7 48 257 187 100
Erkek 2 22 4 43 76 81.7 11 11.8 93 100
Toplam 6 2.1 18 6.4 197 704 59 21.1 280 100

Ankete katilan kiz Ogrencilerin %87’si siitiin
sismanlatmadigini, %13’ siitiin sigmanlattigini; erkek
Ogrencilerin ise %81.7’si siitiin sismanlatmadigini,
%18.3’t ise siitlin sismanlattigini  belirtmislerdir
(Cizelge 18). Akbay ve Tiryaki (2007) yaptiklar
calismada, katilimcilarin 9%19’unun siitlin
sismanlattigini, %50,36’simin ise sismanlatmadigina
inandiklarii tespit etmiglerdir. Erdal ve Tokgoz
(2011) yaptiklar1 ¢alismada, katilimcilarin % 33’{iniin

siitlin sismanlattigini, %54 iiniin ise bdyle bir yargiy1

tasimadigin1  bildirmislerdir. Yapilan calismalarda

alinan sonuglara gore kiiciimsenemeyecek bir katilimci
oraninin siitiin sismanlattigini soyledigi tespit edilmistir.

Bu diislincenin yanlis oldugunu ve siitiin

sismanlatmadigin1 aksine insan sagli§1 acisindan

faydali oldugunu daha anlagilir bir yontemle anlatilmasi
gerektigi goriilmektedir.

Cizelge 18. Ogrencilerin siitiin sismanlatip sismanlatmadig1 hakkindaki diisiinceleri

Evet Hayir Toplam
Cinsiyet Say1 Y% Say1 Y% Say1 %
Kiz 19 13.0 127 87.0 146 100
Erkek 17 18.3 76 81.7 93 100
Toplam 36 151 203 84.9 239 100
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Erciyes Universitesi Ogrencilerinin Siit Tiiketim Aligkanliklarinin Belirlenmesi Uzerine Bir Aragtirma

SONUC

Erciyes iiniversitesi 6grencilerinin siit tilkketim aligkanliklarinin belirlenmesi iizerine yapilan bu ¢alismada;

#  Ogrencilerin haftada bir kez siit tiikettigi,

*  Siit tiiketmeyen 6grencilerin siit tiiketmeme nedenlerini bilmedikleri,

#  Ogrencilerin siitii genellikle aksam ogiiniinde tiikettikleri,

*  Gilinliik tiikettikleri icme siitii tiiketim miktarlarinin 100-250 ml arasinda oldugu,

% Siitli tercih etme nedenlerinin besleyicilik 6zelligi oldugu,

# Icme siitii ¢esidi olarak en ¢ok soguk siitii tercih ettikleri,

#  Ogrencilerin biiyiik cogunlugunun siit iiriinlerini marketten temin ettikleri,

% I¢me siitii ambalaji olarak karton kutuyu tercih ettikleri,

*  Siit Girtinlerini alirken dikkat ettikleri unsurun son kullanma tarihi oldugu,

% I¢me siitiiniin besin igeriginin protein agirlikli oldugunu diisiindiikleri,

+  Qgrencilerin siit fiyatlarin1 uygun buldugu,

* Toplum siit igcme konusunda yeterince tesvik edilmedigini diisiindiikleri,

* Toplumu siit icmeye tesvik etmede en etkili yolun radyo-televizyon oldugu tespit edilmistir.

Elde edilen sonuglar incelendiginde; oOgrencilerin
siit tiiketiminin diizensiz oldugu ve bu alanda tedbirlerin
alinmasi gerektigi goriilmektedir. Saglikli ve dengeli
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Erzurum Ili Narman TIlcesi Sigir Yetistiricilerinin Sigir
Besleme Tercihleri

Abdulkerim DILER', Ridvan KOCYIGIT?, Mete YANAR?, Recep AYDIN?, Olcay GULER?

OZET: Bu arastirma, sigir yetistiricilerinin sigir besleme ve yemleme aligkanliklarini ortaya koymak amaciyla
Erzurum Ili Narman Ilgesi’nde yapilmistir. Bu amagla Narman ilge ve koylerinde 208 isletme sahibiyle anket
caligmas1 yapilarak veriler elde edilmistir. Arastirmada elde edilen bulgulara goére yetistiricilerin % 80.8’inin
yem bitkisi iiretimi yaptig1 saptanmistir. Bu igletmelerde ¢cogunlukla yonca (% 61.5) ve arpa (% 60.1) iiretimi
yapildig1 belirlenmigtir. Ancak 6nemli kaba yem kaynai olan silajlik misir iiretimi diisiik diizeyde (% 7.7)
yapilmaktadir. Mera kullanim orani % 96.2 olup genellikle May1s (% 47.5) veya Haziran (% 37) aylarinda meraya
cikis gerceklesmektedir. Meradan yararlanma siireleri ise 3 ay (% 31) veya 4 ay (% 68) olarak belirlenmistir.
Isletmelerin % 41’inin yaylaya ¢ikma imkéan1 oldugu, Mayis-Haziran aylarinda yaylalara ciktiklari ve ¢ogunlukla
4 ay (% 43) kaldiklar tespit edilmistir. Isletmelerde kullanilan kaba yem kaynaklarinda bugday-arpa samani
(% 27) ilk s1ray1 alir iken bunu kuru yonca (% 21) ve kuru gayir otu (%16) takip etmektedir. Silaj ise diisiik diizeyde
(% 7) kullanilmaktadir. Isletmelerde kesif yem olarak genellikle arpa kirmasi (% 34), besi yemi (% 23) ve siit yemi
(% 22) kullanilmaktadir. {lgede meranin 1slah edilerek, aktif kullanimi1, yem bitkileri tiretimi ve 6zellikle misir silaji
iiretiminin arttirilmasi gerekli goriilmektedir. Ayrica tarimsal yayim hizmetlerinin kirsal alanlarda yogunlagtirilmasi
yetistiriciler i¢in faydali olacaktir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdwr University Journal of the Institute of Science and Technology

Anahtar kelimeler: Besleme aligkanligt, Erzurum, Narman, sig1r, yem bitkileri

Cattle Feeding Habits of Cattle Enterprises in Narman County of
Erzurum Province

IGDIR ONIVERSITESI

ABSTRACT: This study was carried out in order to reveal cattle nutrition and feeding habits of cattle enterprises
in Narman country of Erzurum province. For this purpose, some data were obtained by conducting face to face
survey study with 208 producers in Narman and it’s villages. According to the findings obtained in the survey,
it was determined that 80.8% of the enterprises produced forage crops. In these enterprises, alfalfa (61.5%) and
barley (60.1%) were mainly planted, but production of corn silage which is a major roughage feed was at low level
(%7.7). Pasture utilization ratio was 96.2% and cattle herds generally moved into the pasture in May (47.5%) or
June (37%). Time interval that herds are grazed in pasture as determined as 3 months (31%) or 4 months (68%). It
was also found out that 41% of the cattle breeder had a chance to move to the upland, they mostly went there in May
or June and stayed in the upland for 4 months (43%). While wheat and barley straws (27%) take the first order as
roughage in the enterprises, they were followed by alfaalfa hay (21%) and grass hay (16%). Silage (7%) was used at
alow level. In enterprises crushed barley (34%), feed for fattening (23%) and feed for milk production (22%) were
mostly used as concentrated feed. Excessive pasture usage in the country makes it necessary to improve the quality
of pasture and to increase the production of forage crops, especially corn silage. Also concentration of agricultural
extension services in rural areas will be beneficial for ranchers.

Key words: Cattle, Erzurum, Narman, feeding habits, forage crops,
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GIRIS

Siit sigir1 igletmelerinde yemleme uygulamalari
acisindan  ¢ok  onemlidir.  Istenilen
verim diizeyine ulasabilmek icin diger faktorlerin
iyilestirilmesinin yani sira Onemli Olg¢iide rasyonel
besleme uygulamalarimin da diizenli bir gekilde
yapilmasi gerekmektedir. Kaliteli kaba yem ve karma
yem kaynaklarinin ve nitelikli ¢ayir-mera alanlarinin

kullanilmasi 6zellikle siit sigirciliginda verimliligin 6n
kosullarindandir (Diler ve ark., 2016).

verimlilik

Bolgede dogal ve ekonomik kosullardan
dolay1 niifusun temel gecim kaynagini tarim ve
hayvancilik olusturmaktadir. Hayvancilik faaliyeti
icerisinde de hem arazinin daglik ve engebeli olmasi
hem de cayir-mera arazilerinin genisligi meraya
dayali hayvancilifi 6n plana ¢ikarmaktadir. Nitekim
Tiirkiye’de mera arazilerinin % 37’si Dogu Anadolu
Bolgesinde bulunmaktadir (Anonim, 2017a). Cayir ve
meralarda bol miktarda bulunan onemli yem bitkileri
siit sigirlar1 igin ucuz ve zengin protein kaynagi
durumundadir. Ancak ¢ayir ve meralarin asir1 sekilde
otlatilmasi sonucu dogal yem kaynaklarinin verimliligi
azalmakta dolayisiyla hem biyolojik cesitliligin
azalmasma hem de hayvanlarda yetersiz beslenmeye
neden olmaktadir (Diler ve ark., 2016)

Siit sigir1 igletmelerinde karli bir yetistiricilik
icin yetigtiricilerin kullanacaklar1 kaba yemleri kendi
isletmelerinde iiretmeleri esastir. Sigirlarin seliilozca
zengin kaba yemleri degerlendirme yetenekleri, kaliteli
ve ucuz kaba yem saglayan yem bitkileri kiiltiiriiniin
onemini artirmigtir. Nitelikli yem bitkilerinin kullanimi
isletmelerde yogun yemlerin kullanimini azaltmakta ve
ekonomik kazang¢ saglamaktadir.

Yonca, silajlik misir, fi§ ve korunga Tiirkiye’de en
fazla yetistiriciligi yapilan yem bitkileri arasinda yer
almaktadir (Anonim, 2017b). Erzurum ili ve Narman
Ilgesi’nde ise cogunlukla yonca ve korunga yetistiriciligi
yapilmaktadir. Yonca ve korunga yetistiriciligi
bakimindan Narman Il¢esi’nin Erzurum ilindeki pay1
sirast ile % 8.7 ve % 11’ini olusturmaktadir (Anonim,
2017b).

Bu calisma, Erzurum ili Narman Ilgesi’nde
sigircilik igletmelerinde yaygin olarak yapilan hayvan
besleme ve yemleme aligkanliklarinin belirlenmesi, bu
konuda var olan sorunlar1 ve ¢dziim onerilerini ortaya
koymak amaciyla yiiriitiilmiistiir.
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MATERYAL VE YONTEM

Aragtirma materyalini Erzurum ili Narman Ilgesi ve
koylerinde bulunan 2033 adet sigircilik isletmesinden
tesadiifen secilmis 208 sigircilik isletmesi ile yapilan
anketler olusturmustur.

Anket calismalarinda 6rnek hacminin en az %
3’1 (Yamane, 2006) veya % 10’unun (Cochran, 1977)
alinmasmin yeterli olacagi bildirilmistir. Narman
ilgesinde isletmelerin % 10.23’linii olusturan 208
sigircilik isletme sahibiyle yiiz ylize goriisiilerek anket
calismast yapilmustir.

Elde edilen veriler isletmenin yapisal durumunu
etkileyen mevcut hayvan sayisi [5 grup ( 1-10, 11-
20, 21-30, 31-40 ve 41+ BBHB)] dikkate alinarak
SPSS (20.0) paket programinda analiz edilmisgtir.
Degiskenler arasindaki iligkilerin belirlenmesinde ki-
kare bagimsizlik testi uygulanmigtir (Y1ldiz ve Bircan,
2006).

BULGULAR VE TARTISMA
Yem bitkisi iiretimi

Erzurum Ili Narman ilcesi’nde arastirma konusu
isletmelerden % 80.8’inde yem bitkisi ekimi yapildig:
saptanmigtir. Nitekim Demir ve ark. (2013) Kars
[li’nde yetistiricilerin % 88.7’sinin yem bitkisi ekimi
yaptiklarimi ifade etmislerdir. Ote yandan Tiirkiye’de
yapilan diger calismalarda yem bitkisi liretim orani
daha diisiik rapor edilmistir. Yem bitkisi yetistirme
oranini Diler ve ark. (2016) % 16 (Erzurum), Bakir ve
Han (2014) % 61.2 (Yalova), Han ve Bakir (2009) %
9 (Ergani) ve Uzal ve Ugurlu (2006) % 47.22 (Konya)
olarak bildirmiglerdir.

Hayvan sayisi ile yem bitkileri yetistirme orani
arasinda anlamh bir iligki bulunmustur (P<0.05).
Hayvan sayis1 artigsina bagh olarak yem bitkisi yetistiren
isletmelerin oraninda artig goriilmiistiir (Sekil 1).
Hayvan sayis1 1-10 arasi olan isletmelerde yem bitkisi
yetistiren igletmelerin orami en diisiik iken hayvan
sayis1 21-30 olan igletmelerde bu oran en yiiksek degeri
almustur.

Benzer sekilde Diler ve ark. (2016) ve Bakir ve
Han (2014) yaptiklar1 ¢alismada hayvan sayisinin
yem bitkisi yetistiren igletme sayisin1 énemli diizeyde
etkiledigini saptamiglardir.
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Erzurum ili Narman Ilcesi Sigir Yetistiricilerinin S1gir Besleme Tercihleri

(=2
(=]
i

L
=

EEwvet
mHayr

&
N ox N ek

=

Yem Bitkileni Yetistrme Oram (%)
= &

=]
i

1-10 11-20

11-30
Hayvan sayis

31-40 41+

Sekil 1. Yem bitkileri yetistirme oranlariin hayvan sayisina gore degisimi (%)

Calismada yer alan isletmelerin % 61.5’inin
yonca, % 60.1’inin arpa, % 45.7’sinin fig, %
37.5’inin korunga, % 17.8’inin ¢avdar, % 7.7’sinin
silajlik misir ve % 1.9’unun ise diger yem bitkilerini
yetistirdikleri tespit edilmigtir. Yapilan diger
calismalarda Diler ve ark. (2016) ekimi yapilan
yem bitkilerini Erzurum ili Hinis ilgesinde % 80
korunga, % 8 arpa, % 4 yonca ve % 4 fig, Tugay
ve Bakir (2008) ise Giresun yoresinde sirasiyla
misir (% 73.2), yonca (% 20.6), arpa (% 20.4), fig
(%17.7), korunga (% 4.6) ve cavdar (% 2.1) olarak

bildirmislerdir.

Iicede yem bitkileri yetistiriciliginin yiiksek
diizeyde (% 80.8) olmasi isletmelerin karlilig:
acisindan 6nemlidir.

Ancak siit verimi artiginda dnemli bir yeri olan
silajlik misir (% 7.7) iiretiminin de arttirilmasi
gerekmektedir. Bolgede vejetasyon siiresinin kisa
olmasi ikinci {irlin misir {iretimini kisitlamaktadir.

Bu sebeple silaj liretimi diigiiktiir. Silajlik misir
diretimini arttirabilmek i¢in yoreye uygun, yiiksek
verimli ve erkenci cesitler gelistirilmeli ve tarimi
yayginlagtirilmalidir.

Cilt / Volume: 8, Say1/ Issue: 1,2018

Mera ve yaylaya cikma ve yararlanma

durumu

Erzurum bolgesindeki cografik kosullar ve mera
arazilerinin ekonomik olusu hayvanciligin meraya
dayali olmasinda 6nemli rol oynamigtir. Narman
ilcesinde Isletmelerin % 96.2°si hayvanlarini
meraya c¢ikarmaktadir (Sekil 2a). Diisiik oranda
meraya cikmayan igletmelerde (%3.8) ise hayvan
sayilarinin fazla oldugu veya entansif yetistiricilik
yapildig1 goriilmiistiir.

Benzer sekilde Diler ve ark. (2016) Erzurum
ili Hinis ilgesinde ve Kaygisiz ve Tiimer (2009)
Kahramanmaras ilinde isletmelerin meraya ¢ikma
oranini % 99 olarak belirtmislerdir.

Yapilan diger ¢alismalarda meraya ¢cikma orani
Kars ilinde % 87.6 (Demir ve ark. 2013), Giresun
yoresinde % 86.3 (Tugay ve Bakir, 2008) ve Bingol
ilinde ise % 67.5 (Das ve ark., 2014) olarak tespit
edilmistir. Isletme sahiplerinin Mart ayinda (% 0.5)
hayvanlarint meraya ¢ikarmaya basladiklari, Mayis
(% 47.5) ve Haziran (% 37) aylarinda yogunlastigi
gOriilmiistiir. Meradan yararlanma siireleri ise 1 ay
(% 0.5),2 ay (% 0.5), 3 ay (% 31) ve 4 ay (% 68)
olarak belirlenmigtir. (Sekil 2b).
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Sekil 2. Isletmelerin meraya ¢ikma oram (a) ve otlatma siireleri (b) (%)

Yapilan diger ¢aligmalarda Diler ve ark. (2016)
yetigtiricilerin % 1’inin (Erzurum), Kaygisiz ve
Timer (2009) % 43’iiniin (Kahramanmarag), Han
ve Bakir (2009) % 68.2’sinin (Ergani) Mart ayinda,
Demir ve ark. (2013) (Kars) ve Tugay ve Bakir
(2008) (Giresun) ise Nisan ayinda meraya ¢ikarmaya
basladiklarini bildirmiglerdir. Diler ve ark. (2016)
meraya ¢ikisin Mayis (% 37) ve Haziran aylarinda
(%37), Tugay ve Bakir (2008) ise Mayis ayinda
yogunlastigini (% 78.8) bildirmistir. Merada kalma
siiresi genellikle 5 ay (%30,3) (Tugay ve Bakir,

Hayir Fvet
s 59 o5 41

2008) ve 6 ay (% 41) (Kaygisiz ve Tiimer, 2009)
olarak ifade edilmistir. Caligmalar arasinda meraya
cikis ve merada kalma siirelerinde ortaya c¢ikan
farkliliklar bolgelerin mevsimsel o©zelliklerinden

kaynaklanmaktadir.

Erzurum bolgesinde kig mevsiminin uzun
olmasi mera vejetasyonunun ge¢ gelismesine neden
olmaktadir. Ancak igletmecilerin bu durumu dikkate
almayarak meranin hazir olmadig1 erken donemde

meraya ¢ikmaya bagladiklar1 goriilmektedir.

4 Ay

3 Ay [2AY|
b 86 14 86

Sekil 3. Isletmelerin yaylaya cikma (a) ve yaylada kalma (b) siireleri (%)

Aragtirmaya konu olan igletmelerin % 41’1 yaylaya
ctkma imkani oldugunu ifade etmislerdir (Sekil 3a).
Yaylada kalma siiresi cogunlukla 4 -5 ay (% 43-
28) arasinda degismektedir (Sekil 3b). Isletmecilerin
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cogunlukla Mayis-Haziran aylarinda  (%36-35)
yaylalara ciktiklar1 tespit edilmistir. Yapilan diger
calismalarda yaylaya ¢ikma imkéan1 ve kalma siireleri
stras1 ile Erzurum ili Hinis ilcesinde % 20 ve 2-3 ay
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(Diler ve ark., 2016), Giresun yéresinde % 33.2 ve 3-4
ay (Tugay ve Bakir, 2008), Kahramanmarag ilinde ise
% 8 ve cogunlukla 3-5 ay (Kaygisiz ve Tiimer, 2009)
olarak bildirilmisgtir.

Kaba ve Kesif yem temini

Isletmelerin biiyiik ¢ogunlugu kaba yemi kendi
iiretiyor yetmedigi zaman ise disardan tedarik
ediyor (% 53) iken tamamini kendi igletmelerinden
saglayanlar % 19, disaridan satin alanlar % 18, kiralik
araziden temin edenler ise % 10 olarak belirlenmigtir

Satin alivorm
9% LB

Kendim tretivonzm
veimedigini drzardan alivonim
% 53

Kiraltk arazi
%% 10

Kendi tsletmenden
95 19
|

(Sekil 4a). Benzer sekilde Demir ve ark. (2013)
Kars ilinde, Bogdanovi¢ et al. (2012) Sirbistan’da
ve Dou et al. (2001) ABD’de isletmelerin kaba
yemin biiyilk oranda kendi iiretimleri olduklarini
bildirmiglerdir. Bunun aksine Diler ve ark. (2016)
Erzurum 1li Hinis Ilge’sinde (% 63), Das ve ark.
(2014) Bingol ili’nde (% 88.7), Kaygisiz ve Tiimer
(2009) ise Kahramanmaras Ilinde (% 61) isletmelerin
biiylik bir cogunlugunun kaba yemi satin aldigini
belirtmislerdir.

Kendi isletmemden
4 10

Yem fabrikasindan

32

Kendiny Gretivonm
vetmediging desardan alivorum

%% 35 l}

Tarim kredi koog.
%a 3

Sekil 4. Isletmelerin Kaba (a) ve kesif (b) yem temin etme kaynaklari (%)

Kaba yem temin kaynaklarini isletmelerdeki
hayvan sayis1 onemli (P<0.05) derecede etkilemistir.
Isletmelerdeki hayvan sayisi kaba yem iiretimini kendi
isletmesinde yapma ve yetmediginde satin alma oranini

arttirmigtir (Sekil 5). Benzer sekilde Diler ve ark. (2016)
hayvan sayisinin kaba yem temin kaynaklarimi 6nemli
(P<0.01) derecede etkiledigini ifade etmistir.

w1

517 y
{@ O Eemdi 5 lemeim den
o b7
g 23 |~ pErmhkann
a 20 + O Satm alry onzn
g5+ o
" o Eendim dredyonm
B 10 L vemedZnl
ﬂ dgardan abyoram

g

1} 4

1-1d 11-20 21-30 31-40 41+
Hayvan sayist

Sekil 5. Isletmelerin hayvan sayisina gore kaba yem temini oranlar1 (%)
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Kesif yem temini isletmelerde c¢ogunlukla yem
fabrikasindan satin alma (% 52) yolu ile yapilmaktadir.
Kendi iiretip yetmedigini disardan satin alanlar %
35, Kendi igletmelerinden temin edenler % 10, Tarim
Kredi Kooperatiflerini tercih edenler ise % 3 olarak
belirlenmigtir (Sekil 4b). Diler ve ark. (2016), Das ve
ark. (2014) ve Kaygisiz ve Tiimer (2009) kesif yemin
biiyiik oranda digaridan satin alindiini belirtmiglerdir.
Diger taraftan Dou et al. (2001), Onal ve Ozder
(2008), Bogdanovi¢ et al. (2012) ve Tilki ve ark.
(2013) kesif yemin c¢ogunlukla isletmelerin kendi
iiretimleri oldugunu ifade etmislerdir. Isletmelerde
yem fabrikalarini tercih edenlerin oranim1 Tugay ve
Bakar (2008) % 83 .4, Diler ve ark. (2016) % 64 olarak
bildirmigtir. Diger taraftan Soyak ve ark. (2007) % 65
oraninda yem bayilerinin, Demir ve ark. (2013) ise %
42.5 oraninda Tarim Kooperatiflerinin tercih edildigini
ifade etmislerdir.

Arpa kinmas Kullamam yorum
%5 34 953

Yetigtiricilerin ¢ogunlukla satin aldiklar1 kesif
yemden memnun (% 77.4) olduklari belirlenmistir.
Diler ve ark. (2016) kesif yem memnuniyetini %
73, Kaygisiz ve Tiimer (2009) ise % 48 olarak rapor
etmislerdir.

Isletmeciler satin alman fabrika yemlerini %
54.8 oraninda kapali bir depoda muhafaza ederken,
% 43.3 oraninda digarida iistii kapali, % 1.9 oraninda
ise digarida iistli agik depolamaktadir. Bunun aksine
Bingol’de Das ve ark. (2014) % 88 oraninda fabrika
yemlerinin ahir diginda depolandigini, Diler ve ark.
(2016) ise % 64 oraninda disarida iistii kapali muhafaza
edildigini bildirmislerdir.

Isletmelerin kesif yem tercih oranlari; arpa kirmasi
% 34, besi yemi % 23, siit yemi % 22, kepek % 18 ve
kullanmayanlarin orani ise % 3 olarak tespit edilmistir
(Sekil 6a).

Bugday-Arpa Kuru cavir o Kur yonea otu
samani % 27 o 16 %% 21

% I8 Silt vemi

Besi yemi

r %
a %13 id

Kuru fig vs baklagil Kur Korunga ot
b | yem bithilesi % 14 5418

Sekil 6. isletmelerde kullanilan kesif yem (a) ve kaba yem (b) gesitlerinin oranlar1 (%)

Benzer sekilde Diler ve ark. (2016) ve Bakir ve
Demirel (2001) isletmelerinde yogun yem olarak siit
yemi, besi yemi, kepek ve arpa kirigr kullanildigini
bildirmiglerdir. Ancak Diler ve ark. (2016) Erzurum
Ili Hinis ilgesinde arpa kirmasi (%6) ve kepek (%3)
kullaniminin ¢ok diisiik diizeyde oldugunu ifade
etmislerdir.

Narman Ilgesi’nde kaba yem olarak ilk siray1
bugday veya arpa samani (% 27) almaktadir. Bunu
kuru yonca (% 21), kuru ¢ay1r otu (% 16), kuru korunga
(% 15) ve diger baklagil yem bitkileri (% 14) takip
etmektedir. Silaj kullanimi ise % 7 oraninda kalmigtir
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(Sekil 6b). Tiirkiye’de yapilan diger calismalar da saman
kullaniminin yaygin oldugu ve genellikle ilk siray1
aldig1 bildirilmistir (Ozyiirek ve ark., 2014; Budag ve
Kececi, 2013; Bakir ve Demirel, 2001). Bunun aksine
Bogdanovi¢ et al. (2012) Sirbistan’da siit sigircilig
yapan isletmelerin kaba yem olarak kuru ¢ayir otu, kuru
yonca ve musir silaji kullandiklarini bildirmislerdir. Bu
aragtirmada elde edilen saman kullanim orani diger
yapilan ¢alismalardan daha diisiik oranda bulunmustur.

Kuru cayir otu yetistiriciligi yapan isletmelerden %
60’1 kendi tiretimleri olan kuru ¢ayir otunu hayvanlarini
beslemede kullandiklarini, % 28’i bir kismini hayvan
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beslemede kullandigimi bir kisminit da sattigini, %
12°si ise tamamint satip yerine bugday-arpa samani
aldigmmi belirtmigstir. Benzer sekilde Diler ve ark.
(2016) Erzurum Ili Hims ilcesinde kuru ¢ayir otunu
kendi isletmesinde kullananlarin oranin1 % 66, ihtiyaci
kadarini isletmesinde kullandig1 geri kalanini satanlarin
oranint % 21, kuru c¢ayir otunu satip disaridan saman
alanlarin oranini ise %13 olarak tespit etmislerdir.

Sulu kaba yem kaynagi olan ve siit sifirn
yetistiriciliginde ©nemli bir yeri olan musir silaji
ilcede % 7 oraninda kullanilmaktadir (Sekil 6b). Silaj
kullanim oranmi Diler ve ark. (2016) cok diisiik (%
0,25) diizeyde oldugunu bildirirken, Ozyiirek ve ark.
(2014) % 13, Bakir ve Han (2014) % 21.4, Ozdemir
ve Karaman (2008) % 30, Onal ve Ozder (2008) ise %
96.5 olarak bildirmislerdir.

Sigir yemleme yontemleri

Isletmecilerin hayvanlarin1 giinde bir defa (%
0.5), iki defa (% 58.2) ve ii¢c defa (% 41.3) yemleme
yaptiklar: tespit edilmistir. Benzer sekilde Kaygisiz
ve Tilimer (2009) 2 ve 3 defa yemleme yapan isletme
sayisim sirastyla % 50 ve % 49 olarak bildirmiglerdir.
Diler ve ark. (2016) ise Erzurum Ili Hims ilcesinde
giinde bir defa yemleme yapan igletmelerin daha fazla
(% 64) oldugunu ifade etmiglerdir. Isletmeler yemleme
yontemi olarak genellikle karisik yem verme yontemini

Buzagl basglatma vemi

%o 24

Kullanmyonm:

Arpa kinnasi

%11 %21

(% 65.9) izlemektedir. Once kaba sonra kesif yem
verme oran1 % 18.3, dnce kesif sonra kaba yem verme
orani ise % 15.9 olarak tespit edilmigtir. Siit verimleri
farkli olsa da biitiin ineklere ayn: yemi veren igletme
orani % 64 olarak saptanmusgtir.

Yetistiriciler yemlemeyi % 55 oraninda kendi
bilgilerine gore yapmaktadir. Bunu sirasiyla %
17 oraninda Veteriner hekim, % 10 oraninda yem
fabrikalar1, % 10 oraninda birlik ve kooperatifler ve
% 8 oraninda da Ziraat Miihendislerinin tavsiyeleri
(Zooteknist), dogrultusunda yemleme yaptiklarin
belirtmislerdir.

Buzag beslemesi

Aragtirma konusu igletmelerin buzagilara kaba
yem olarak % 29.5 oraninda kuru ot, % 47.3
oraninda saman, % 23.2 oraninda ise hem kuru ot
hem de saman verildigi tespit edilmistir. Buzagi
beslemede kesif yem kullaniminin ise % 88.8
oraninda oldugu tespit edilmigtir. Buzagilarda
kullanilan kesif yem cesitleri Sekil 7°de verilmigtir.
Buzagilara baslatma yeminin % 24, biiylitme yeminin
% 23, arpa kirmasinin ise % 21 oraninda verildigi
goriilmektedir. Caligmadaki bulgularin aksine Tugay
ve Bakir (2008) isletmelerin % 98.9’unun, Diler
ve ark. (2016) ise % 60’1nin buzagilara kesif yem
vermediklerini ifade etmiglerdir.

Buzaf) bilyiime vemi
%23

Silt vernd
Besi yemi 17
%4

Sekil 7. Buzagilara verilen kesif yem ¢esitleri (%)

Narman’da buzagilara isletmecilerin % 32’si
1. haftada, % 36’s1 2. haftada, % 21’1 3. haftada, %
11’1 ise 3. haftadan sonra kaba ve kesif yem vermeye
basladiklar1 belirlenmistir. Isletmecilerin % 48.1°i 1-3
giinliik, % 44.7°si 4-7 giinliik, % 7.2’si ise bir haftadan
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sonra buzagilara su vermeye basladiklar1 tespit
edilmistir. Diler ve ark. (2016) yetistiricilerin genellikle
4. haftada (% 52) veya 4. haftadan sonra (% 30) kaba
ve kesif yem, 1-2 haftalikken (% 77) ise su vermeye
bagladiklarini bildirmislerdir.
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Yurt disinda yapilan ¢aligmalarda Vasseur ve ark.
(2009) ortalama 7 giinliik yasta kesif yem; 3 giinliik
yasta kuru ot ve 2.5 giinliik yasta temiz su, Heinrichs
ve ark. (1987) ise 1. haftada kesif yem (% 97.9), 2.
haftada kaba yem (% 78.7) ve su (% 75.1) verildigini
ifade etmiglerdir.

Erken donemde buzagilara verilen iyi Kkaliteli
kaba yem rumen gelisimini desteklemekte ve agirlik
artisginin - daha ekonomik olmasini saglamaktadir.
Genellikle buzagilara 1-2 haftalik yasta kaba yem,
yaklasik 10. giinden sonra kesif yem (buzagi baglatma
yemi) verilmelidir. Su ihtiyaclarini sivi yemlerle
karsilayabilseler de yine de 1. veya 2. haftadan itibaren
devaml temiz su verilmelidir. Yetigtiricilerin buzagi
beslemede saman kullanimi disinda diger kriterlere
uyduklari goriilmektedir.

SONUC

Genel olarak Tiirkiye’de ve Erzurum ilinde
meraya dayali hayvancilik yapilmaktadir. Narman
ilcesinde de igletmecilerin % 96.2 oraninda meray1
kullanmasi, mevcut meralarin erken ve yogun bir
sekilde otlatilmasi, biyolojik ¢esitliligin ve verimliligin
azalmasina dolayisiyla dogal yem kaynaklarmin yok
olmasina neden olmaktadir. Mera amenajmant otlatma
vejetasyonu, toprak ve diger dogal kaynaklara zarar
vermeden en fazla hayvansal iiriinii liretebilecek sekilde
planlanmalidir.  Yetistiricilerin meralarda otlatma
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