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Z,, Halkasi Uzerinde Tanimli Nilpotent ve Total Cizgelerin Analoglari Uzerine
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Son 20 yildir, sifir-bélen gizge, nilpotent gizge ve total ¢izge gibi bir halka ile olusturulmus graflar tanitilmistir. Bu
yapilar lzerine yapilan g¢alismalar genellikle ¢izgenin ¢api, en kisa déngii sayisi vb. ¢izge degismezleri

calismalaridir. Bu ¢calismada tam sayilar halkasi lizerinde iki analog ¢izge tanitilmis ve komsuluk matrisine gére
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Introduction

Throughout the paper we consider only simple graphs.
Let G = (V,E) be a graph on vertex set V =
{vi,v2...,v} and edge set E = E(G) = {v;v;:
v;,v; € V }. Also let d; be the degree of vertex v; fori =
1,2,...,n. The minimum vertex degree is denoted by § =
6(G) and the maximum by A= A(G). Let N; be the
neighbour set of the vertex v; € V (G). If vertices v; and
v; are adjacent, we denote that by v;v; € E(G) or v; ~
v;j. The complete graph K, is a graph such that all degrees
of the verticesaren — 1. A complete bipartite graph K,,, ,
is a graph whose vertices can be partitioned into two
disjoint subsets U and W such that V. = U U W and for
everyu € Uand € W ,uwisanedgeinE. For the graphs
G and H,G + H is also a graph and called the union of G
and H.

The adjacency matrix A(G) of G is defined by its entries
a; =1 if vv; € E(G) and 0 otherwise. Let
A1, A3, ..., A denote the distinct eigenvalues of A(G). The
multiset of the eigenvalues is known as the spectrum and is
shown by Spec,(6) = {1, ™, ..., 2™} where m; is
the algebraic multiplicity of 4;.
In recent years, the graphs associated the rings have
become one of the interesting research topics. The main
questions arising in the studies are as ‘Can a graph be
defined on different elements of the group or ring from
commonly used algebraic structures?’ and 'Which graph
family does the obtained graph structure belong to?’. In
view of these questions, various graphs associated a ring
can be found in [Anderson and Livingston, 1999; Anderson,
Levy and Shapiro, 2003; Anderson and Badawi, 2008;
Anderson, Asir, Badawi and Chelvam, 2021; Li and Li, 2010;
Nikmehr and Khojasteh, 2013; Singh and Bhat, 2020]. In
addition to pure graph theory studies, there are also the
studies in terms of graph spectra (see also [Bajaj and
Panigrahi, 2022; Cantekin and Sorgun, 2017;
Chattopadhyay, Patra and Sahoo, 2020; Pirzada, Rather,
Aijaz and Chishti,2022; Pirzada, Rather, Sbahan and Chishti,
2023]). In this paper, we define analogues of total graph
and nilpotent graph and obtain the graph structure. We
also present the spectrum with respect to the adjacency
matrix.

Main Results

Lemma 2.1. [Brouwer and Haemers, 2012]
1. For the complete graph K,,, we have Spec,(K,,) =
{m — DY (D™
2. For the complete bipartite graph K, ,,
SPECA(Km,n) _ {(W)(l)’(_W)(l)’o(n‘wn—Z)}_
3. Let G and H be graphs. Then Spec,(G + H) =
Spec,(G) U Specy(H).

Lemma 2.2.

[Brouwer and Haemers, 2012] Let Q be a quotient
matrix of any square matrix A corresponding to an
equitable partition. Then the spectrum of A contains the
spectrum of Q.

Definition 2.3.

Let R be a commutative ring with unity such that the set
of zero- divisor elements and the set of the nilpotent
elements of R are Z(R) and N (R), respectively.

1. The nilpotent-divisor graph Iyp(R) is the graph such
that for any two distinct vertices x andy in Z(R) \
N (R) are adjacent if and only if xy is nilpotent.

2. Let R be a commutative ring with unity. The nilpotent-
total graph I'yr (R) is the graph such that for any two
distinct vertices x and y in Z(R) \ N (R) are adjacent if
andonly if x + y is nilpotent.

Lemma 2.4.

Let Z, be an integer ring such that n = Y'3_, p;™ (p;’s
prime numbers). Then the vertex of set Iy, (Z,) has six
pairwise disjoint zero divisor sets except the nilpotent
elements of it and the cardinalities of the sets as the
following:

1 = |P2bs \ PiP2bs| = p2™ 'ps" T O (py™)

¢z = |P1bz \ Pip2bs| = pa ™ Ip, M 0 (ps™s)

3 = |p1bs \ Pipzbs| = pa™  Tps T 0 (p,™2)

¢y = |P1 \ P12 U P1b3| = pi™ 1 0(p,"2) @ (p;™:)

¢s = |p3 \ P13 U P2p3| = ps™ 71 @ (p,™) @ (p,™2)

e = [Pz \ 1Pz U P2P3] = p."2 71 @ (p,™) @ (p3™2).

Proof. We have N (Z,) =
{P10203, 2(P1P2D3), -, (1™ 1,2 3™ ) (p10213)}

Also from the definition of nilpotent divisor graph the
vertices of the graph are form of p,, p,p,. For distinct i, j, k
all sets which include the zero-divisor elements of Z,, are

P = {p 204, -, (0™ 0™ ™ )i} (1
oo, = {pipj, 200, -, (0™ 0™ 0™ )pip} (2)
m =N (Zn) (3)
From the definition of the graph, we get p; ~ p;py and
piPj ~ PiPx for all distinct i, ], k. Hence since we have
P.p,Dx C D,P, C D,, the distinct set of the zero-divisors of
the ring and hence the cardinalities are
|Up.| = |7 \ (B, U B \ Upup, 1) | (4)
[Upip)| = [P, \ 2] (5)

Hence, from the sets in (1-3), we get
|Up,| = o™ p, ™™ — (p™ ;™ ™ p ™ +
pimi—lpjmjpkmk—l _ pimi—lpjmj—lpkmk—l)
=p"™ 7 (p,™p™ — ™ ™ = ™
+ pjmj—lpkmk—l)
=™ (9™ (™ — P

— ;™ (p ™k

- Pkmk_l))
= Pimi_lq’(ijj)‘D(Pkmk) (6)
and
|Up.p,| = p™ 1p,™p ™ — p,™itp; ™ py e

= p,™ T (p ™ — p ™)
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= p;™p, M D (p, ™) (7
Permuting i, j, k in the sets, the other cardinalities is
provided similarly.

Theorem 2.5.
Let Z,, be an integer ring such thatn = Y3_, p;™. Then
Pacrnp @ @) = x770(x® —ugx* — 2u,0° + uzx?

where o is the number of vertex of the graph and u; =
pd(M)(S + 3), U, = p*p(n), uz = p*p()*(S +
3), uy = p3dp(n)3 such that p is the number of nilpotent
elements and

mq—-1 mp-1 m3-—1

_ b1 | P3
T o(E™)  e(p™M2) | b(ps™3)
Proof. Let n = ?:1 p;™. From Lemma 2.4, we get
[V| = |p2p3 \ P102D3| + [P1D2 \ P1P2P3]
+ 1p1P3 \ P1P2Ps| + |1 \ 1Pz U P15
+1P3 \ P1P3 U P23l + |p2 \ 1Pz U P25l
Let's say |V | = o and |N(Z,)| = p. For every x €
P\ (pl_p] u m) andy € p, we get x~y. Also x~y forall
X €p,p,andy € p,pg. Hence the graph has six partitions
as seen Figure. The adjacency matrix of the graph can be
blocked as

A(FND(Zn))
[Ucixcy c1XCy ]clxc3 ]C1><C4 Oclxcs Oclxcs_
]czxcl Oczxcz ]czxc3 Oczxc4 ]czxcs Oczxc6
_ ]c3><c1 ]c3><c2 Oc3><c3 0c3><c4 Oc3><cs ]c3><c5
B ]c4><c1 0c4><c2 Oc4><c3 0c4><c4 Oc4><cs 0c4><c6
0c5><c1 ]cS><cz 0c5><c3 0c5><c4 Ocsxcs 0c5><06
_0C6><C1 0c6><02 ]c6xc3 0c6><c4 Ocﬁxcs Ocsxcs_

Since each ith block of the matrix has an identical
rows, hence x!V =6 is a factor of

the characteristic polynomial of A(Iyp (Z,,)).Also as
seen the blocks, A(Iyp(Z,)) has an equitable partition 6

classes. Let Q be the quotient matrix of the partition as
0 ¢ 3 ¢4 0 O

cg 0 ¢ 0 ¢ O
_ler ¢z 0 0 0 ¢
C=le, 0 0 00 o
0 ¢c;c 0 0 0 O

0 0 ¢ 0 0 O

From Lemma 2.2, the characteristic polynomial of Q is
a factor of the characteristic polynomial of A(Iyyp (Zy,)).
Hence we get

Py(x) = x® = (€165 + €103 + €104 + 503 + €205
+ c3c6)x* + 2¢1cp053x3

+ ((((C4 + €5 + C6)C3 + €4C5)Cy
+ c3c4c6) ¢+ c2c3cscé) x?

— C1C2C3C4C5Cq 9
by computation and hence subtituting the value of c;,
the desired result holds.

Corollary 2.6.

Ivp(Z,) ~= Kpa-10(g8),qf-1 o) forn = p%q¥.
Proof. It is easy to see the result from Lemma 2.1 and
Theorem 2.5.

Theorem 2.7.

Let Z,, be an integer ring such thatn = }3_, p;™. Then

V|- .
Tvr (Zn) = Ky + Y22 Ky, when if py = 2 Ty (Zy) =
%Kp,p, when p; # 2, where p is the number of nilpotent

elements of Z,,.

Proof. Assume that p; = 2. Recalling the disjoint zero
divisor setss in Lemma 2.4. For every distinct x,y € p,p3 \
D1D.D3 We get x~y since x + y € N(Z,). In fact, if x €
D.P3 \ P1D2P3, then there is an odd t; integer such that
X = p,pst;. Similarly if

Yy € p,p3 \ P1P2P3, thenthereisan odd t, integer such
that x = p,pst,. So we have x +y € p,p;(t; + t,) and
since t; +t, € 2Z, x + y must be the nilpotent element.
Hence x + y € N(Z,,). Provided this, there is exactly c; -
elements, hence this partition forms the complete graph
K., . Notice that ¢; = p since p; = 2. Hence the partition
forms K.

On the other hand, for every x€pip,\
P10, P (. k # 1), it is easy to say that x + (p;p,p3)t €
P1D; \ P1P,Dx since every elements have exactly one
additive inverse. Also —x + (p;p,p3)t € P1P, \ P1P,Dk
because 0 is a nilpotent element. Let U ={x+
(p1p2ps)t:t €Z} and V= {—x + (p1p2ps)t: t € Z}.
Then, we get x~y for every x € U and y € V. Hence it
forms a bipartite graph whose partitions are the sets U and.
By similar method, we get disjoint bipartite graph on the
distinct sets, given in Lemma 2.4. Therefore Iy, (Z,) =

[VI-cq
Kp + TKp’p.
Letp; # 2fori = 1,2,3.Inthis case, the all partitions

form the complete bipartite graph K, , by the method
which is similar to the proof of the first case.
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151/ (P12 Y B1P; / P1P2P3)|

|P3P3 / P1P:P3|

|Ef(p1p: Up,p, /P1P:P3)| @

o |55/ (PiFs ViR / 52|

[Pyp; / PyP2p5 |

PP, / P1P2p51

Figure 1: The nilpotent divisor graph of Z,,

Corollary 2.8.
Let Z,, be an integer ring such that n =

SPeCA( Inr (Zn)) = [(P -

21 pi™. Then

1), (=)D, (p)(lvlz;pcl)' (_p)(lvlz;pcl), (0)(“/'%”(;)—1))}
when p; = 2;

v v Wi
Speca( Ty (Zy)) = [(p)(%)' (_p)(lz—pl), (0)< G 1))}

, otherwise.
Proof. It is obvious from Theorem 2.7 and Lemma 2.1.
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ABSTRACT

Volcanoes that are currently lava or pyroclastic or that have the potential to erupt in the future and that have been active
during the Holocene (approximately the last 12,000 years) are defined as active volcanoes. The distribution of active
volcanoes shows that they are closely related to the plate boundaries, although active volcanoes are also observed within
the plate. The Mediterranean belt we live in is home to about 20% of all volcanoes in the world. Some of the volcanoes that
are still active today are: Etna (Sicily-Italy), Stromboli (Stromboli Island-Italy), Vesuvius (Naples-Italy), Fuji (Japan), Mauna
Loa (Hawaii), Kileuea (Hawaii), Tambora (Indonesia), Mayon (Philippines), Krakatao (Indonesia), Iceland and Santorini
(Aegean Sea-Greece) volcanoes.

Turkey is located on the Alpine-Himalayan collision belt, which is one of the two important belts in the world in terms of
seismic and active volcanic activity. In this belt, as a result of geodynamic events that started 65 million years ago and
continue today in the form of closure and collision, many geochemically different volcanisms have developed. Widespread
magmatic intrusions and volcanic eruptions in the crust at various stages from millions of years ago to historical times on
the Anatolian platelet, as a result of the subduction and collision of the northern branch of Neotethys to the north under the
Pontides and the southern branch to the north again under the Tauride/Anatolides. The areal size of the volcanic rocks
formed during the Cenozoic period covers approximately 16% of Turkey's surface area. With the neotectonic period that
started in the Late Miocene with the continent-continental collision of the Anatolian bloc and the Arabian platform, a
widespread volcanism period starting from the Neogene-Quaternary to historical times began in all of Turkey, especially in
the Eastern Anatolia region.

Kula volcano, located in the Aegean-Mediterranean volcanic belt, is one of these active volcanoes. According to the
geochronological age data obtained from the Kula volcanics, its last activity belongs to 4,700+700 years ago. Karapinar
volcano, which is one of the active volcanoes of Central Anatolia, was founded about 10,000 years ago, when the Hasandag
stratovolcano erupted in BC. 6.750-7.550, Erciyes volcano also BC. In 6,880, Acigdl volcano was also destroyed in BC. It was
determined that it was active between 4,300-11,000 years. It is stated that Nemrut stratovolcano, one of the active
volcanoes of Eastern Anatolia, last erupted on April 13, 1692, Tendiirek volcano in 1855, and Agridadi stratovolcano on July
2, 1840. When all these data are evaluated together, it is seen that there are many active volcanoes within the borders of
our country as well as in the world. These volcanoes, which are now extinct, and their inmediate surroundings are also areas
with high potential for geothermal energy.

Keywords: Volcanism, Active Volcanoes, Holocene, Turkey
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Halen lav veya piroklastik veya gelecekte pliskiirtme olasiligi olan ve Holosen déneminde (yaklasik son 12.000 yil) aktivite
gostermis volkanlar, aktif volkan olarak tanimlanmaktadir. Aktif volkanlarin dagilimi onlarin biiyiik él¢iide plaka sinirlari ile
yakin iliskili olduklarini géstermekle birlikte plaka iclerinde de aktif volkanlar gézlenmektedir. icerisinde bulundugumuz
Akdeniz kusadi ise Diinya’daki tiim volkanlarin yaklasik % 20’sine ev sahipligi yapmaktadir. Gliniimiizde halen aktif olan
volkanlardan bazilari sunlardir. Etna (Sicilya-italya), Stromboli (Stromboli adasi-italya), Veziiv (Napoli-italya), Fuji (Japonya),
Mauna Loa (Hawaii), Kileuea (Hawaii), Tambora (Endonezya), Mayon (Filipinler), Krakatao (Endonezya), izlanda ve Santorini
(Ege Denizi-Yunanistan) volkanlaridir.

Tirkiye, Diinya’da sismik ve aktif volkanik faaliyet agisindan énemli iki kusaktan birisi olan Alp-Himalaya ¢arpisma kusagi
tizerinde bulunmaktadir. Bu kusakta 65 milyon yil énce baslayan, kapanma ve ¢arpisma seklinde gliniimiizde de devam eden
Jjeodinamik olaylar sonucunda jeokimyasal olarak birbirinde farkli bir¢ok volkanizma gelismistir. Neotetis’in kuzey kolunun
kuzeye dogru Pontid’lerin, giiney kolunun ise yine kuzeye dogru Torid/Anatolid’lerin altina dalip batmasi ve ¢arpismasi
sonucunda yaygin bicimde Anadolu plakacidi iizerinde milyonlarca yil 6ncesinden baslayarak tarihsel zamanlara kadar gesitli
evrelerde kabuk icinde yaygin magmatik sokulumlar ve volkanik piskirmeler olmustur. Senozoyik déneminde olusan
volkanik kayaglarin alansal biiyiikliigi Tirkiye yizolgiimiiniin yaklasik %16’sini kaplamaktadir. Anadolu blogu ile Arap
platformunun kita-kita ¢carpismasi ile Ge¢ Miyosen’de baslayan neotektonik dénemle birlikte basta Dogu Anadolu bélgesi
olmak lizere tim Tiirkiye’de Neojen-Kuvaterner'den tarihsel zamanlara kadar uzanan yaygin bir volkanizma dénemi
baslamustir.

Ege-Akdeniz volkanik kusaginda bulunan Kula volkani bu aktif volkanlardan birisidir. Kula volkanitlerinden elde edilen
Jjeokronolojik yas verilerine gére en son faaliyeti 4.700+700 yil 6ncesine aittir. Orta Anadolu’nun aktif volkanlarindan
Karapinar volkani da yaklasik 10.000 yil 6ncesinde, Hasandad stratovolkaninin M.0. 6.750-7.550, Erciyes volkaninin da M. 0.
6.880 yilinda, Acigél volkaninin da M.O. 4.300-11.000 yillar1 arasinda aktivite gésterdidi saptanmistir. Dogu Anadolu’nun
aktif volkanlarindan Nemrut stratovolkanin en son 13 Nisan 1692 yilinda, Tendiirek volkaninin 1855 yilinda, Agridagi
stratovolkaninin ise en son 2 Temmuz 1840 yilinda piskiirdiigi belirtilmektedir. Tim bu veriler birlikte degerlendirildiginde
Diinya’da oldugu gibi tlkemiz sinirlari iginde de birgok aktif volkan oldugu gériilmektedir. Giiniimiizde sénmiis durumda
gobzlenen bu volkanlar ve yakin gevresi ayni zamanda 6nemli jeotermal enerji potansiyeli yiiksek olan alanlardir.

Anahtar Kelimeler: VVolkanizma, Aktif Volkanlar, Holosen, Tiirkiye
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Giris

Ginlmuzde insanlar tarafindan olusumu
onlenemeyen dogal afetlerden depremlerden baska bir
diger dogal afet de aktif volkanlardir. Ancak aktif
volkanlarin faaliyetleri sirasinda yakininda bulunan
bolgedeki insanlara ve yerlesim alanlarina zarar verme
riskini alinacak 6nlemlerle en aza indirebilmek olanakhdir.
Dinyada su anda kitalarda ve denizin Uzerinde adalar
halinde gozlenen yaklasik 600 dolayinda aktif volkan
vardir. Bu sayl sadece gozle gorilir sekilde kitasal
alanlarda ve okyanus seviyesinin lizerinde ada seklinde
gbzlenebilen son 12.000 yildan beri (Holosen) en az bir kez
plskirmus olan volkanlari icermektedir. Bunlardan baska
karada birka¢ bin sénmis volkanin daha var oldugu
onlarin bicimlerinden, yapilarindan veya karakteristik
kaya¢ tdrlerinden  bilinmektedir.  Aktif volkanlar
yerylziinde ¢ok iyi bilinen zonlar ve kusaklar {izerinde
gelismistir. Diinya Uzerindeki aktif volkanlarin %60’a varan
blylk ¢ogunlugu okyanus tabanlarinda yer almakta ve
“Ates Cemberi” olarak bilinen Pasifik kusagl Uzerinde
bulunmaktadir (Sekil 1).

Diinya’da bir yilda gergeklesen volkanizmanin %70-80’i
okyanus iclerinde meydana gelmektedir (Partfitt ve
Wilson, 2008). Okyanus iglerindeki aktif volkanlarin %90’1
daha ¢ok dalma-batma zonunun hemen Uizerinde ve/veya
cevresinde “ates ¢emberi” diye adlandirilan bu kusak
Uzerinde bulunmaktadir (Sekil 1). Geri kalanlar ise Dogu
Afrika’daki Etiyopya ve Kenya gibi Ulkelerde ve GB
Amerika’”da New Mexico eyaletindeki Rio Grande
bolgesinde gelisen kita ici acilma (rift) zonlari ile iliskilidir.
Digerleri ise plaka sinirlarindan bagimsiz olarak, sicak
derin kokenli mantonun (riinG olarak okyanusal ya da
kitasal alanlarda “sicak nokta” magmatizmasi ya da
“manto sorgucu” seklinde yikselmenin Urlini olarak
ortaya cikarlar. Buglin okyanus adasi olarak gozlenen ve

sicak nokta magmatizmasi ile iliskili aktif volkan
olusumlarina, en iyi 6rnek Hawaii adasi verilebilirken,
kitasal alanlarda manto sorgucu seklinde olusanlara ise
Yellowstone (ABD) ulusal parkinin bulundugu bolgedeki
volkanlar 6rnek verilebilir. Aktif volkanlarin ¢ogunlugu
okyanus ortasi sirtlarda veya onun kenarlarinda
bulunmaktadir. Bunlardan en uzunu Atlantik Ortasi
sirtidir.  Bu volkanlarin  ¢ogu denizalti volkanidir.
Giniimiizde de etkinligini sirdiiren izlanda adasini
olusturan volkanlar, Atlantik Okyanusu ortasindan gegen
iraksayan plaka sinirlarindaki okyanus ortasi sirti
volkanizmasinin deniz seviyesi lizerine ¢ikarak olusumunu
surdiren tek glincel 6rnegidir. Tim volkanlarin yaklasik
%20 si de Ulkemizin de icinde bulundugu Alp-Himalaya
carpisma kusagi tzerinde yer alan Akdeniz alt kusaginda
yer alir. Pasifik ve Akdeniz volkan kusagindaki volkanlarin
buyik cogunlugu kompozit/stratovolkan tirtndedir. Bu
kusagin Akdeniz alt kusagi tzerindeki, en aktif volkanlar
Etna, Stromboli, Vezliv, Santorini, Nisiros, Kos, Methana
ve Milos volkanlaridir. Bu aktif volkanlarin bir kismi deniz
icinde bir kismi ise ana kara tzerinde gelismistir. Turkiye
Gzerinden dogruya doguya devam eden aktif volkanlar
Ermenistan, Azerbaycan ve iran lizerinden doguya dogru
devam eder.

Hem gegmiste faaliyet gostermis hem de glinimizde
faal olan volkanlar, faaliyetlerinin blylklGgi ile dogru
orantili olarak bazen yerel bazen de kiiresel Olcekte
cikardiklari lav, kal ve gaz buhari gibi malzemeler
nedeniyle cevre felaketi olarak nitelenebilecek can ve mal
kaybina neden olmaktadir. En ¢ok can kaybina neden olan
son 200 vyilda meydana gelen 10 volkanik
patlama/plskiirme Tablo 1’de verilmistir (Kursky, 2008).
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Sekil 1. Aktif volkanlarin Dlinya haritasi Gzerindeki dagilimlari. (Monroe ve Wicander, 2005)
Figure 1. Distribution of active volcanoes on the world map. (Monroe and Wicander, 2005)
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Tablo 1. Son 200 yil igerisinde gerceklesmis ve en ¢ok insan kaybina neden olan volkanik patlamalar.
Table 1. VVolcanic eruptions that took place in the last 200 years and caused the most human loss.

Volkan, Ulke Patlama Yili Olii Sayisi
Tambora, Endonezya 1815 92.000
Krakatau, Endonezya 1883 36.500
Mount Pele, Martinik 1902 29.000

Nevada del Ruiz, Kolombiya 1985 24.000
Santa Maria, Guetemala 1902 6.000
Galunggung, Endonezya 1822 5.500

Awu, Endonezya 1826 3.000
Lamington, Papua Yeni Gine 1951 2.950
Agung, Endonezya 1963 1.900

El Chichon, Meksika 1982 1.700

Piskirme sirasinda ¢lkan volkanik kokenli gazlar
heterojen bir karisim olup, bu karisimda en bol
bulunan gaz su buharidir (H,0). Bunu karbondioksit (CO;)
ve kikart dioksit (SO,) takip eder. Diger gazlar hidrojen
sulfur (H,S), hidrojen klorir (HCI), hidrojen florlr (HF),
hidrojen (H,), karbon monoksit (CO) ve helyumdur (He).
Dogrudan atmosfere yayilan bu gazlarin insan sagligina
dogrudan c¢ok fazla bir etkisi olmadig belirtiimekle
beraber, 1782 de izlanda’da catlaklardan ¢ikan toksik
gazlardan dolayi ciftlik hayvanlarinin %75’i telef olmus,
tarimsal Urlnlerin azalmasina bagh kithk olusmus ve
nifusun  %24'nin  6limU gibi bazi felaketleri de
beraberinde getirmistir (Aydin, 2001). Atmosfere yayilan
ozellikle karbondioksit (CO,) gazinin sera etkisi yaratip
yaratmadigl konusunda da tartismalar olmakla beraber,
andropojenik (insan kaynakh) etkinin yaninda bunun
onemsiz oldugu, hatta kiresel isinmanin aksine kiresel
sogumaya neden oldugu belirtilmektedir (Gerlach, 2011).
Pinatubo volkani o6rneginde atmosfere yayilan silfat
pargaciklarinin gilines isinlarini engellemesi nedeniyle 15
ay boyunca kiiresel sicakhigin 0,6°C azaldig agiklanmistir
(Gerlach, 2011).

En son kiiresel olgekte etkili olan 2010’daki
Eyjafjallajokull (izlanda) yanardag patlamasi sonucunda
atmosfere yikselen kil, toz ve gaz bulutu nedeniyle
aylarca Avrupa uzerindeki hava ulasiminin durmasina
neden olmustur. Yakin tarihsel gegmiste kiiresel boyutta
yasami olumsuz yonde etkileyen biiylk can kayiplarina ve
kiiresel Olgekte mevsim degisimlerine ve buna bagh
kithklara neden olan bircok volkanik patlama yasanmistir.
Ornegin kiresel dlcekte etkili olan 1600 yilinda Peru’da
(Giney Amerika) meydana gelen Huaynaputina patlamasi
son 2000 yilda tarihteki en biyik volkanik patlamalardan
birisi olup, tarihsel kanitlar 1601'de hem Cin hem de Kore
Yarimadasi'nda ani bir soguma donemine ve salgin
hastaliklara neden olmustur (Fei ve dig., 2016). Akdeniz
havzasindaki Veziv yanardaginin M.S. 79’daki patlamasi
sonucunda Pompeii sehri tamamen kdllerle 6rtilmastir.
Yalnizca Pompeii'de, “nuee ardent” olarak bilinen,
patlamayla birlikte hizla hareket eden sicak akkor
halindeki kil akintisinin altinda kalan 16.000 kisi 6Ilmustar
(Kursky, 2008). Endoznezya’daki Tambora Yanardagi'nin
1815’deki faaliyeti sonucunda puskiirme merkezinden 75
km uzakta 1 m kalinlikta kil birikmis ve 11-12.000 kisi
hemen 60.000 kisi ise mahsul yetersizligi nedeniyle aglik
ve hastaliktan 6lmustir (Oppenheimer, 2003). Stothers

(1984), 1816 yilinda asir iklim anormalligi nedeniyle
ortalama kiiresel sicakligin 0.4-0.7°C azaldigini ve yazsiz bir
tarim yili felaketi yasandigini dogrudan ve dolayh etkilerle
can kaybinin 88.000 den fazla oldugunu belirtmektedir.
Benzer sekilde Akdeniz cografyasinda Ege Denizi’ndeki
Thera (giinimiizdeki adi Santorini) volkaninin M.0.
1613’de Minos patlamasi olarak adlandirilan plskirmesi
sonucunda Minos Uygarligi yok olmustur (Girsoy ve dig.,
2022). Minos patlamasi sonucunda Ege ve Akdeniz
kiyilarinda tsunami olusmus ve atmosfere yayilan blyuk
miktarlarda kil ve kikirt dioksitin neden oldugu
sicakliklardaki diislis, daha sonra bolgede birkag yil siiren
soguk ve vyagisl yazlara yol agarak bu cografyadaki
tarimsal hasadi olumsuz etkilemistir.

Tiirkiye’deki Aktif Volkanlar

Turkiye, Diinya’da sismik ve aktif volkanik faaliyet
acisindan onemli iki kusaktan birisi olan Alp-Himalaya
carpisma kusagl Uzerinde bulunmaktadir. Gilinlimuz
Tirkiye cografyasinda yiizeyleyen tim kayaglar, bitin
jeolojik zamanlar boyunca Pantalassa, Paleotetis ve
Neotetis okyanusunun kollarinin acilip kapanma sirecinde
gelisen bircok jeodinamik olaylara ait kanitlar
tasimaktadir. Avrasya ile Afrika kitalari arasinda yer alan
glinimiz Tirkiye’'sinin Senozoyik basindaki
paleocografyasinda varolan Neotetis okyanusunun kollari,
son 65 Milyon yildan bu yana Avrasya ile Afrika plakalar
arasindaki K-G yakinsama hareketine bagh olarak
kapanmaya baslamistir.  Bu kapanma sirecinde
Neotetis’in kuzey kolunun kuzeye dogru Pontid’lerin,
guney kolunun ise yine kuzeye Torid/Anatolid’lerin altina
dalip batmasi ve ¢arpismasi sonucunda yaygin bicimde
Anadolu plakacigl lizerinde milyonlarca yil &ncesinden
baglayarak tarihsel zamanlara kadar cesitli evrelerde
kabuk icinde yaygin magmatik sokulumlar ve volkanik
plskirmeler olmustur. Senozoyik doneminde olusan
volkanik  kayaclarin  alansal  buyukligt  Tarkiye
yUzolgcimunin yaklasik %16’sini kaplamaktadir (Tiirkecan,
2015). Paleosen’den glinimize kadar siren jeodinamik
olaylar sonucunda morfolojik, yapisal, jeokimyasal ve
petrografik/petrolojik 6zellikleri birbirinden farkli bircok
volkanizma gelismistir. Anadolu blogu ile Arap
platformunun kita-kita garpismasi ile Ge¢ Miyosen’de
baslayan neotektonik doénemle birlikte basta Dogu
Anadolu bolgesi olmak lzere tim Turkiye’de Neojen-
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Kuvaterner’den tarihsel doneme kadar uzanan yaygin bir
volkanizma dénemi baslamistir. Bu volkanizma Bati, Orta
ve Dogu Anadolu’da kéken agisindan farkh petrolojik ve
jeokimyasal karakterler tasidigi bilinmektedir. Bolgesel
olarak farkli jeokimyasal, petrolojik karakterleri ve tarihsel
donemlere kadar varan farkli yaslari ayni zamanda
Turkiye’nin jeomorfolojik yapisinin da sekillenmesinde
onemli rol oynamistir. Bu kitasal ¢arpisma sonucunda
Dogu Anadolu’da bir kabuksal kalinlasma (Dewey ve dig.,
1986) ile iliskilendirilen volkanizmanin aslinda bélgenin
altindaki manto litosferinin delaminasyonu sonucunda
(Pearce ve dig., 1990; Keskin ve dig., 1998; Keskin, 2003,
2007) olustugu gorusleri kabul gormektedir.

Tirkiye’de bilinen ve tarihsel donemlerde faaliyet
gostermis ve gosterme potansiyeli olan ¢ok sayida aktif
volkan bulunmaktadir (Sekil 2). Son 12.000 yillik zaman

dilimi icinde faaliyet gostermis olan 9 volkanik g¢ikis
merkezinin birincil morfolojik yapilari stratovolkan,
kaldera, kalkan, lav kubbesi, maar ve volkanik alan
seklinde gelismistir. Agr, Erciyes, Hasandag, Nemrut ve
Suphan Daglari stratovolkan morfolojileri ile karakteristik
bir gérliinime sahiptir. Bazilarinin izerinde ve ¢evresinde
ise kaldera ve kigik parazitik koniler gelismistir. Tendiirek
ve Karacadag (Diyarbakir) volkanlari ise kalkan sekilli bir
morfoloji gosterir. Bulunduklari bélgedeki vadiler igerisine
dogru akmustir. Kula (Manisa) bélgesi vadi iclerine akmis
gl buyik boyutta onlarca kiiglik koni ve birka¢ maardan
olusan bir volkanik alandir (Ercan, 1993; Richardson
Bunbury, 1996; Tlrkecan, 2015). Karapinar (Konya) ve
yakin dolayinda Meke maarinin yani sira degisik boyutta
birgok cliruf/kil konisi gelismistir.
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Sekil 2. Turkiye’de Holosen-Gliniimiiz arasinda faaliyet géstermis volkanlarin konumu.
Figure 2. The location of the volcanoes that were active between the Holocene and the present in Turkey

Sekil 3. Kula volkanik alaninin iig ana ve onlarca kiigiik kiil/ctiruf konilerinin vadi icine akan lavlarin SiD uydu gériintiisi.
Figure 3. SID satellite image of lava flowing into the valley of three main and dozens of small ash/slag cones of the Kula volcanic
field
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Kula Volkani

Holosen (son 12.000 yil) déneminde Ege-Akdeniz
volkanik kusaginda Anadolu yarimadasi tizerinde l¢i bytk
bir dizi kiglk volkanik ¢ikis merkezinden olusan volkanlar
toplulugu Kula (Manisa) volkani olarak bilinmektedir (Sekil
3). Unlii tarihgi Strabon’un “Geographica” eserinde Kula'yi
“Yanik Ulke” anlamina gelen “Katakekaumene” olarak
adlandirmistir (Pekman, 2000). Kula bolgesindeki geng
volkan konilerinin ve lav akintilarinin volkanolojik ve
jeomorfolojik 6zellikleri il kez Ering (1970) tarafindan ortaya
konulmustur. Korunmus morfolojisi ile dikkat ceken Kula
bolgesi volkanik alani ve kendine 6zgii yapi tarzina sahip
evleriyle birlikte 2013 yilinda UNESCO tarafindan kiiltiirel
jeopark agina alinmustir.

Kula volkanik alaninda 1969 yilinda Ciruf konisi
(Sinder) ¢evresinde bazalt lavi akintisi yakinindaki tif ara
tabakalar icinde fosil insan ayak izleri bulunmustur. Ciruf
konisi cevresindeki piroklastik malzemenin isletilmesi
sirasinda ortaya ¢ikan bu ayak izleri Tekkaya (1976), Ongiir
(1976) ve Kayan (1992) tarafindan bilim dinyasina
duyuran yazilar ve makaleler yazilmistir (Sekil 4). Ancak
Ulusoy ve digerleri (2019) calismasinda cakallar konisi

dolayindaki hidrovolkanik kil igindeki insan ayak izleri
Gzerine gelen ciruf birikintilerinden 4.700+700 yil yasini
saptamistir. Ayrica bu bdlgede kaya Uzerine volkani
andiran bicimde cizilen resimlerin de Tung Cagr'na (M.O.
3.000-1.200 arasi) ait olabilecegi seklinde yorumlanmistir.

Karapinar Volkani

Karapinar volkanik sahasi ¢ok sayida polijenetik volkan
ve monojenetik koni ve maarlardan olusan Neojen-
Kuvaterner yash Kapadokya Volkanik Bolgesinin en
guneybati kesiminde bulunmaktadir (Keller, 1974; Toprak,
1998). Karadag (Karaman) ile Karacadag volkanik
yizlekleri arasinda KD-GB yoniinde dizilmis olan bir dizi
koni ve hat lzerinde Blyik Meke, Kiigik Meke bazaltik
konileri ile Meke ve Acigél maari bulunmaktadir (Sekil 5)
(Kuzucuoglu, 2019). Bu koni ve maarlarin GB’dan KD’ya
dogru genclestigini belirtmekte ve Geg Pleyistosen (en st
sinirt - 11.700 yil) vyasini  6nermektedir. Karapinar
bolgesindeki bu volkanizma GVP (2013) “Global Volcanism
Programme, 2013” web sitesi veri tabaninda Tirkiye’de
Holosen déneminde yaklasik 10.000 yil dncesinde aktif
olmus volkanlar kategorisinde degerlendirilmektedir.

Sekil 4. Demirképrii Baraji bati kiyisinda agik renkli volkanik kiil tabakasi lizerinde ayak izleri. izler bazaltik ciiruf pargalari ile
ortuldugu icin glinimuze kadar bozulmadan kalabilmistir (Kayan, 1992’den alinmistir).
Figure 4. Footprints on the light colored volcanic ash layer on the west bank of Demirk6pri Dam. Since the traces were covered
with basaltic slag fragments, they remained intact until today (taken from Kayan, 1992).
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Sekil 5. Meke Krater Goliintn goérinimd.
Figure 5. View of Meke Crater Lake

Hasandag Stratovolkani

Hasandag stratovolkaninin 130 km glineybatisindaki
Catalhoyik’te vyapilan arkeolojik kazi galismalarinda
yerleskenin VII katindaki MO 6600-6400 (giiniimiizden
8.600-8.400 yil 6nce) oncesine tarihlendirilen bir evin
kalintilarinda bulunan ve Uzerinde noktalar bulunan bir
cizim bulunmustur. Bu c¢izimin altindaki bir yerlesim
krokisini (Sekil 6) andiran geometrik sekillerin volkani temsil
ettigi distncesi (Mellaart, 1967) uzun zamandan beri
tartisma konusu olmustur. Glinlimizde cift zirveli gbzlenen
Hasandag ile s6z konusu kroki resmin benzerliginden yola
cikilarak Schmitt ve digerleri, (2014) Bliylik Hasan Dagi’'nin
zirvesinden alinan pomza  Orneginden (zirkon
minerallerinden U/Th—He vyasi) 8.970#640 vyil vyas
saptanmistir. Kesin olmayan bazi verilere gére Hasandagi
stratovolkaninin M.0 6.750 ve M.O 7550 vyillarinda da
aktivite gosterdigi belirtiimektedir (GVP, 2013).

Son yillarda yapilan galismalarda (Aydar ve Gourgaud,
1998; Deniel ve digerleri, 1998; Kuzucuoglu ve digerleri,
2020) Buyuk Hasandag volkaninin sadece Geg Pleistosen’de
degil ayni zamanda Holosen’den yakin tarihsel ¢aglara
kadar aktif oldugunu kanitlamaktadir. Hasan Dagi'nin
zirvesinde K/Ar yaslandirmasi yapilmis ve elde edilen geng
yaslar volkanin Son Buzul Cagi'nda ve Holosen'de patladigini
gostermektedir (Kuzucuoglu vd.,1998). Kuzucuoglu ve
digerleri (1998)'nin ayrica Dikmen koyil yakininda bir lav
akintisindan elde ettigi “0” K/Ar yasinin gosterdigi gibi daha
guncel zamanlarda da volkanik faaliyet devam etmistir.

Volkanin zirve alaninda zayif fumerol faaliyetleri, kisin
yanardagdaki karlarin yerel olarak erimesi (koyluler
tarafindan bildirildigi Gzere) ve tarihsel zamanlarda (kuzey
kenarindaki bir lav kubbesinden <6000 yil, K/Ar yasi)
etkinligi, Hasan Dagi'nin potansiyel olarak tehlikeli bir
volkan oldugunu goéstermektedir (Aydar ve Gourgaud,
1998). Kuzucuoglu ve digerleri (2020) cevresinde yasayan
nifus ve sehirler igin, o©zellikle de son faaliyetlerin
yogunlastigl kuzeyden kuzeybatiya kadar olan bélgeler igin
tehlikeli oldugunu ve risk yonetimine ilk yanit olarak MTA
tarafindan 2015 yilindan bu yana Hasandag yanardaginin
olasi magmatik aktivitesinin izlendigini belirtmektedir.
Yanardagin hareketini izlemeye yonelik olarak 2017-2018
yillari arasinda ise GPS calismalari yapilmistir (Ulusoy ve
digerleri, 2019).

2021 yihinin sonlarinda Nigde ve civarinda meydana
gelen 5.1 blylkligindeki deprem sonucunda Hasandagi
civarinda Aksaray AFAD ekipleri tarafindan yaklasik 55°C’lik
sicak su cikislari tespit edilmistir. Bu durum AFAD tarafindan
Hasandag stratovolkaninin yeniden aktivite gostermeye
baslayabilecegi seklinde dislinusmis olmakla beraber
gecen bugline kadar herhangi bir aktivite yasanmamistir
(Donemin gazete haberleri). Ayrica 25 Subat 2023 tarihinde
Nigde’nin Bor ilcesinde meydana gelen 5.3 siddetindeki
deprem sonrasi boélge ve civarinda Hasandagi
stratovolkaninin hareket gecebilecegi seklinde bir korku
olusmus olsa da simdilik herhangi bir volkanik hareketlilik
gozlemlenmemistir (D6nemin gazete haberleri).

Sekil 6. Kazilardan gikarilan ve Hasandag stratovolkanini temsil ettigi diistiniilen temsili resmin gérinimu (Mellaart, 1967).
Figure 6. View of the representative image, which is thought to represent the Hasandag stratovolcano from the excavations
(Mellaart, 1967).
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ERCIYES VOLKANIK KOMPLEKSI - DEVELI DAG VI
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Sekil 7. Erciyes stratovolkanin uydu gérinum (Dirik, 2001).
Figure 7. Satellite view of Erciyes stratovolcano (Dirik, 2001).

Erciyes Volkani

Kapadokya Volkanik Kompleksinin en  biylk
yanardaglarindan birisi olan Erciyes stratovolkani 3917
metre yiiksekligiyle i¢c Anadolu’nun en yiiksek dagidir.
Bolgede Ge¢ Miyosen-Pliyosen’de (2.7-3.0 MY innocenti
ve digerleri, 1975; 2.5 MY Ercan ve digerleri, 1994)
baslayan yaygin volkanizmanin ilk c¢ikis merkezlerinden
olan Develidag ve Kogdag komplekslerinin bati yarilari
glnimiiz Erciyes volkanik kompleksinin ana govdesi
tarafindan ortilmis ya da Sultansazligl ¢okintlsinin
altinda kalmistir (Tirkecan ve digerleri, 1998) (Sekil 7).
Konumsal olarak Ecemis Fayi'nin en kuzeydogu kesimi ile
Deliler Fay Zonunun en GB uzantisini olusturan Erkilet-
Erciyes-Yesilhisar faylarinin kavustugu bolgede bulunan
Erciyes stratovolkani, her iki fay sisteminin bir miktar hem
dogrultusuna ve hem de hareket karakterindeki
degisimine bagli olarak genisleme bélgesinde gelismis bir
volkandir (Girsoy, 2023, so6zIi gorisme).

Erciyes stratovolkaninin Orta Anadolu Fay Zonu’nun
(Kogyigit ve Beyhan, 1988; Dirik, 2001) gelisimi ile
eszamanl baslamis ve kompleksin ana bacasi disinda
degisik kesimlerinden lav gikisi ve puskirmesi tarihsel
¢aglara kadar devam etmistir. Ana govdesi disinda
Uzerinde 1sinsal olarak dizilmis onlarca parazitik koni
olusumlari ile kendine 6zgii bir morfoloji olusturur.

Unli tarihgi Strabon (yaklasik M.O. 63 - M.S. 23)
Geographica adl eserinde Erciyes (Argaios) daginin
etegindeki Mazaka (Kayseri) ile ilgili anlatiminda “bditiin
cevredeki toprak diiz oldugu halde, ¢ok kiractir ve cift
stirmeye elverisli degildir, kumlu ve alti kayaliktir. Biraz
daha ilerleyince iginde ates g¢ukurlari bulunan birgok
stadion (177.4 m) uzunlugundaki volkanik araziye gelinir.”
diye tanimlama yapmistir. Bu bilgilere goére Erciyes
dagi’'nin 2000 yil 6ncesine kadar en azindan fimerol
safhasi seklinde aktif oldugu anlasilmaktadir. Ayrica bu
bolgeye iliskin eski Roma paralari (MS 253) Uzerinde
olasilikla Erciyes'i betimleyen bir yanardag resmi
bulunmaktadir (Feraud ve Ozkogak, 1993). Baykal ve Tatar
(1970), Kayseri yakinlarinda Kiiltepe'de arkeolojik kazilar
sirasinda bulunan volkanik bir clruf icinde insan eliyle

yapilmis seramik parcalarinin ksenolit olarak bulundugunu
belirterek, Erciyes volkanizmasinin ¢ok yakin zamanlarda
da etkin oldugunu 6ne stirmuslerdir. Bu veri arkeolojik sit
alaninin Tung ¢agl (M.0.3000-M.0.1000) déneminde bir
volkanizmadan etkilendigini gostermekte ancak Tung
Cagi’'nin hangi katinda bulunduguna dair heniiz somut bir
bilgi bulunmamaktadir. Devele ve dig (2009) Yammo(neh
paleo goélinden (Libnan) alinan karotlardaki Holosen
sedimanlarinda bir volkanik kil tabakasi tanimlamislardir.
Bu arastirmacilar Elektron mikroprob analizleriyle volkanik
kil icindeki volkan caminin temel element kimyasi
analizlerini Ege Bolgesindeki ve Dogu Anadolu’daki olasi
cikis merkezleriyle karsilastirdiktan sonra bu killin
Kapadokya Volkanik Bolgesi kokenli (Hasandag, Erciyes
dagi) oldugunu ve kil tabakasinda yer alan kirintih agag
parcalarinin  radyokarbon tarihlemesinin de yaklagik
olarak 8.600 yillik bir yas verdigini belirtmektedir.

Acigél Volkanik Kompleksi

Kapadokya Volkanik Kompleksi icerisinde Geg
Miyosen’de baslayip Holosen’de de etkin olmus dom,
maar, koni ve kaldera olusumu bigiminde birgok farkh
morfolojik yapilariyla birlikte tuf, obsidiyen, lav akintisi ve
piroklastik malzemeler gikarmis bir dizi volkanik gikis
merkezinden olusan bir topluluktur. Kuzucuoglu ve dig.
(1998) Orta Anadolu’nun Pleyistosen’deki ortamsal
evrimini arastirdigl calismada organik maddeleri, jipsleri
ve kabuklari yaslandirarak volkanlardan ¢ikan tefra
tabakalarinin kronostratigrafisini ortaya koymustur. Eski
Acig6l maarinin sediman dolgusunu inceleyerek Acigol ve
cevresinde Ge¢ Buzul ve Holosen sirasinda birkag
patlamanin varligini belirlemistir. GVP (2013) gore Geg
Pleyistosen Acigél maari’nin karot sedimanlarinda yaklasik
11.000 ile 4.300 yil 6nce yerel tefralardan puskiirmis 13
kil tabakasi bulunmustur. Bu volkanik gruptaki bir kil
tabakasi, MO 2.300-1.850 dénemindeki Roma-Kapadokya
¢agina ait insan eserlerini de 6rtmektedir.

Nemrut Stratovolkani
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Dogu Anadolu Bolgesi cok genis bir alanda kalin ve geng
bir volkanik orti ile kaphdir. Bu volkanik ortiiniin ylizeye
ulasmasinda Nemrut, Siiphan, Tendirek, Blylk ve Kiglk
Agr Daglari gibi buytk volkanik ¢ikis merkezleri 6nemli rol
oynamistir.  Jeokimyasal karakterleri disinda Dogu
Anadolu’da boyle birgok biyiik volkanik ¢ikis merkezlerinin
tekil jeomorfolojilerinin varligi kismen ig Anadolu kismen de
Bati Anadolu bolgesindeki Neojen-Kuvaterner dénemi
volkanizmasinin ¢ikis merkezlerinin tirl ve boyutlariyla
ayiran en 6nemli fiziksel 6zelliklerinden birisidir. Bu kalin ve
yaygin volkanik ortliniin olusumunun ayni zamanda ¢ok
geng (tarihsel ¢aglara kadar sirmis) olmasi, Dogu
Anadolu’'nun  glinimizdeki sarp  jeomorfolojisinin
olugmasinda etkili olmustur.

Dogu Anadolu bdlgesinde ¢ok genis alanlarda
yuzeyleyen Neojen-Kuvaterner yash volkanik kayaclarin
olusturdugu yiksek platolarin yani sira morfolojik goriinti
itibariyle cevresinden belirgin sekilde goze ¢arpan geng ve
blyik volkan konilerinden birisi de Nemrut
stratovolkanidir. Van goli ile Mus ovasini ayiran 2935 m
yuksekligindeki bu stratovolkan uzun ekseni 27 km kisa
ekseni 18 km boyutunda elips bicimli genis bir tabana
sahiptir (Yilmaz ve digerleri, 1998). Zirve kisminda ise
icinde bir krater g6l olan 6x9 km gapli ¢okmds bir kaldera
bulunur (Sekil 8).

2.5 MY once ilk evre volkanizmasiyla olusmaya
baslayan Nemrut stratovolkaninin faaliyeti degisik zaman
araliklarinda  tekrarlanarak tarihsel c¢aglara kadar
sirmistlr. MS 1441'de meydana gelen ve tarihsel olarak
kaydedilmis bir patlama yasayan Anadolu'nun tek
yanardagidir (Oswalt, 1912).Bu patlama ile ilgili
Karakhanian ve digerleri (2002) Ermeni tarihi kayitlarinda
yer alan belgelerde Nemrut volkani iliskili 3 volkanik
faaliyeti anlatan ifadeler soyledir.

1- “1441 yiinda Khlat (Ahlat) ve Baghesh (Bitlis)
kasabalari arasindaki Nemrut Dagi, korkung bir firtina gibi
aniden giirledi; Dagin genis bir ¢atlagin nasil yarildigini ve
catlaktan puslu duman ve kokusmus alev ¢iktigini gériince
tiim llke (rperdi. Cocuklar bu kokudan bikti ve yanan
alevden kaynayan taslar, bes kangoun agirligindaki devasa
taslar gékyiiziine firlatildi; yangin iki giinliik seyahat
mesafesinden gériildi. Khlat (Ahlat) kasabasi o g6k
gdriiltistinden titriyordu. Dag yarilarak koca bir ugurum
acmis, zirvedeki taslar kaynayip eriyip birbirine yapismis ve
bu yillarca béyle devam etmis.”

2- “13 Nisan 1692 yazinda (?) Baghesh (Bitlis) (Van Gélii)
kasabasinda, giines Isigi  sabahtan beri los ve
renkliydi; insanlar birbirini géremesin diye yeryiiziinii karanhk

kapladi. Aksama kadar kirmizi tozlar yere diistii ve deprem
oldu, birgok yerlesim yeri yikildi ve ¢ok sayida insan éldii.”

“M.S. 1111 yiinda Ermenistan'in Vaspurakan (Van)
eyaletinde, kisin gdkler gece acildi ve Van Golii'ne ates
yagdi. Dalgalar korkung bir giirtiltiiyle kiyiyi asti. Hem sular
hem de toprak korkung bir gk giriiltiisiyle titredi. G6l sulari
kirmiziya boyand.. Alev ugurumlarin kalesini yirtti. Sabah
olunca insanlar ¢ok sayida baligin telef oldugunu
gordiiler. Kokusmus koku etraftaki her seyi
doldurdu. Diinyanin birgok yerinde ¢ok derin yariklar olustu.”

3- “18 Mayis 1881'de Van'da siddetli bir deprem
oldu; Terzour Kéyii'nde hersey yerle bir oldu. Depremden bir
giin énce, kdéylilerden biri Nemrut Dagi'nda korkung bir
yeralti patlamasi duydu. Terzour kéyt, 400 yil énce Nemrut
kraterinden akan bir lavin lizerine kurulmus...”

1441’deki patlama sirasinda yore halki tarafindan
Kantasl olarak bilinen koyu, kirmizi lekeli, trakitik lavlar
olustugu ifade edilmistir (Yilmaz ve dig. 1998). GVP (2013)
kayitlarina gére Holosen déneminde hakkinda dogrulanmis
26 kayit ile de en ¢ok bilginin sahip olundugu bir volkandir.
Ancak Aydar ve dig., (2003) en son kaydedilen volkanik
aktivitenin 1441'de oldugu bilinmesine ragmen, Nemrut'un
son patlamasinin daha yakin bir zamanda, olasilikla
1597'den hemen 6nce meydana geldigini belirtmektedir.
Mevcut aktif tektonik rejim, tarihsel patlamalar, manto
kokenli magmatik gazlarin olusumu ve kaldera tabanindaki
fumerol ve kaplica faaliyetleri, Nemrut Volkani'ni gevresi
icin gercek bir tehlike haline getirdigi belirtiimektedir (Aydar
ve digerleri, 2003). Haroutiunian (2006), Milton (1985)
kronikleri kaynak gostererek 1.1.1650'de Van Goli'ndeki
sualti patlamasi hakkinda 27.10.1650'de go6zlemlenen
etkilerle ilgili carpici bir tarihsel kanittan bahsetmektedir.
Tirkiye’deki en aktif volkanlardan birisi olan Nemrut
Volkani tarihsel dénemler icerisinde 26 defa aktivite
gostermistir (GVP, 2013) (Tablo 2).

Tendiirek Volkani

Dogu Anadolu boélgesindeki ¢ok genis alanlarda
yuzeyleyen Neojen-Kuvaterner yasli volkanik kayaclarin
cikis merkezlerinden birisi de Tendirek volkanidir. Bu
volkan Dogu Anadolu’da koni seklinde gelisen devasa
boyutlu Nemrut, Agri, Suphan, Kirkor, Solhan daglan
olusturan stratovolkanlardan farkl bir morfolojik yapiya
sahiptir. Tendirek volkani dogrudan Dogu Anadolu Yigisim
Karmasigr kayaglarinin  (Sengoér ve Yilmaz, 1981)
olusturdugu temel Uzerinde birisi merkezde ve buyik,
digeri doguda ve daha kiiguk iki koni ¢ikis merkezinden
¢tkan lavlarin isinsal olarak akarak olusturdugu kalkan
bicimli bir volkandir.
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Sekil 8. Nemrut stratovolkaninin Google Earth ve jeolojik haritadaki konumlarinin gériintiimleri (Yilmaz ve digerleri, 1998'den
alinmistir).
Figure 8. Views of the location of the Nemrut stratovolcano on Google Earth and on the geological map (taken from Yilmaz et al.,
1998).

Tablo 2. Nemrut stratovolkaninin Holosen donemi igerisindeki patlama tarihleri (GVP, 2013).
Table 2. The eruption dates of the Nemrut stratovolcano in the Holocene period (GVP, 2013).

Volkan Adi Patlama Tarihi
Nemrut Volkani 13 Nisan 1692, 27 Ocak 1650,
1597, 1441, 1402, 1111
Nemrut Volkani M.0.531, M.0.657, M.0.787, M.0.1396, M.0.1662, M.0.4055, M.0.4321, M.0.4615, M.0.4849,

M.0.4938, M.0.5085, M.0.5152, M.0.5242, M.0.5320, M.0.5745, M.0.6213, M.0.6471,
M.0.7087, M.0.7579, M.0.7769, M.0.9950,

B CXPLANATION
Es[Fn
[HERE

Sekil 9. Tendiirek volkaninin Google Earth ve jeolojik haritadaki konumlarinin gériintimleri (Yilmaz ve digerleri, 1998’den
alinmistir).
Figure 9. Views of Tendlirek volcano's positions on Google Earth and on the geological map (taken from Yilmaz et al., 1998).

Tablo 3. Agridagi stratovolkaninin Holosen dénemi igerisindeki patlama tarihleri (GVP, 2013).
Table 3. The eruption dates of the Agridadi stratovolcano in the Holocene period (GVP, 2013).

Volkan Adi Patlama Tarihi
Agridagi Stratovolkani 2 Temmuz 1840, 1783, 1450
Agridagi Stratovolkani M.0.550, M.0.2450
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Bu temel Gzerinde oyulmus derin vadi iglerini trakitik ve
piroklastik malzemeler akarak doldurmustur (Yilmaz ve
digerleri 1998). Ana govde (izerinde yay bicimli bir dizi kirik
sistemi gelismis durumdadir (Sekil 9).

Halen krater ve yan taraflarindan fumerol safhasini
gosteren sicak su buhari ve H,S ve CO, gaz ¢ikisi devam
eden volkandan akan en genc lav 2500 yilliktir (Nagao ve
dig. 1989; Ercan ve dig., 1990; Yilmaz ve dig., 1998). GVP
(2013) Tendiirek volkaninin Holosen déneminde MO 550
ve 1855 yillarinda etkin oldugundan s6z etmektedir.

Agridagi Stratovolkani

Tirkiye’nin Ermenistan ve iran ile sinirinda yer alan
Agri dagi 5137 metre yiksekligi ile Glkemizin en ylksek
dagidir. Buyik Agri ve Kiicik Agri seklinde iki volkan konisi
yaklasik 17 km vyarigapli dairesel bir taban (zerinde
oturmaktadir (Karakhanian ve dig., 2002). Asidik ve ortag
karakterli bir jeokimyaya sahip olan Agri dagindan, K/Ar
yontemi ile genellikle 1.5 MY ile 20.000 yil arasinda
degisen farkli zaman araliklarinda bir¢ok kez
plskirdiguni gosteren jeokronolojik yaslar elde
edilmistir (Sanver, 1968; Innocenti ve digerleri, 1976;
Nagao ve digerleri, 1989; Pearce ve digerleri, 1990; Ercan
ve digerleri, 1990; Notsu ve digerleri, 1995; Yilmaz ve
digerleri, 1998).

Karakhanian ve digerleri, (2002) M.0. 2.500-700 yillari
arasinda volkanik kil felaketinin yasanmis olabilecegini,
Alman jeolog Wagner (1848)'in yorede yasanan 1840
deprem felaketi ile Agri Dagi’'nda meydana gelen
heyelanin  Agri  Dag volkanindan kaynaklandigini
disindugiana, konuyla ilgili ilgili olarak gorgi taniklarinin
ifadelerinden aktarmistir.

“Global Volcanism Programme, 2013” web sitesi veri
tabaninda tarihsel dénemlerde Agri daginda 2 Temmuz
1840, M.0 550 ve M.0 2450 yilinda patlamalar oldugunu
bunun yani sira her ne kadar dogrulanmamis olmakla
birlikte 1450 ve 1783 yillarinda patlamalar olmus
olabilecegini vurgulamaktadir (Tablo 3). Tarihsel
dénemlerde aktif olan Agri Dagi volkani Tiirkiye, iran ve
Ermenistan i¢cin dogal bir risk faktori olarak
gorilmektedir.
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ABSTRACT

One of the principal pests of safflower plants is Acanthiophilus helianthi, also known as the safflower fly. The
safflower plant (Carthamus tinctorius), one of its hosts, is a significant energy plant whose cultivation has
expanded recently in our nation. It is drought-resistant and highly adaptable. This study aims to investigate the
effect of A. helianthi on some physiological (sugar, mineral substance, chlorophyll, total phenol, and antioxidant
content) parameters in five different safflower cultivars, whose production has increased in the province of Van
in recent years. The findings showed that under stress conditions brought on by the development of the pest, A.
helianthi responded physiologically to the five different forms of safflower in a significant way. The mineral values
of iron and potassium increased under stress conditions brought on by A. helianthi damage, but the mineral
values of zinc, manganese, copper, phosphorus, and calcium decreased. According to the sugar content results,
only the fructose amounts of Ayaz and Goéktiirk varieties differed before and after the damage. Before the
damage, the antioxidant content of the cultivars Asol, Ayaz, Balci, and Dinger was found to be low, whereas the
antioxidant content of the Goktiirk cultivar was high, and the antioxidant content of the Géktiirk cultivar
significantly decreased after the damage. It was found that under stress, the chlorophyll content of the cultivars
of safflower used were reduced. As a result, it was concluded that the safflower fly has different effects on
safflower varieties before and after damage and that it can provide practical ideas to the producers who will
produce safflower as a solution to the drought and energy problem.
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Acanthiophilus Helianthi Rossi (Diptera: Tephritidae)'nin Farkli Aspir (Carthamus
tinctorius L.) Cesitlerinde Zarar Oncesi ve Sonrasi Bazi Fizyolojik Parametrelerinin
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oz

Aspir bitkilerinin baslica zararlilarindan biri, aspir sinegi olarak da bilinen Acanthiophilus helianthi'dir.
Konukgularindan biri olan aspir bitkisi (Carthamus tinctorius), tlkemizde yetistiriciligi son yillarda yayginlasan
oénemli bir enerji bitkisidir. Kurakliga dayanikli ve son derece uyumludur. Bu ¢alisma, Van ilinde son yillarda
uretimi artan bes farkli aspir ¢esidinde A. helianthi'nin bazi fizyolojik (seker, mineral madde, klorofil, toplam fenol
ve antioksidan igerik) parametreler lizerine etkisini arastirmayi amaglamaktadir. Bulgular, zararlinin gelisiminin
getirdigi stres kosullarinda A. helianthi'nin bes farkli aspir formuna fizyolojik olarak 6nemli éi¢iide tepki verdigini
gdostermistir. Acanthiophilus helianthi hasarinin getirdigi stres kosullarinda demir ve potasyum mineral degerleri
artarken, ¢cinko, manganez, bakir, fosfor ve kalsiyum mineral degerleri azalmistir. Seker igerikleri sonuglarina gére
sadece Ayaz ve Géktiirk gesitlerinin fruktoz miktarlari zarar éncesi ve sonrasi farklilik géstermistir. Hasat éncesi
Asol, Ayaz, Balci ve Dinger gesitlerinin antioksidan igerigi diisiik bulunurken, Goktiirk gesidinin antioksidan
iceriginin yiiksek oldugu, zarardan sonra Goktiirk ¢esidinin antioksidan igeriginin énemli 6l¢iide azaldigi tespit
edilmistir. Stres altinda kullanilan aspir gesitlerinin klorofil iceriklerinin azaldigi tespit edilmistir. Sonug¢ olarak
aspir sineginin aspir gesitleri tizerinde zarar éncesi ve sonrasi farkli etkilerinin oldugu, kuraklik ve enerji sorununa
¢oziim olarak aspir tretimi yapacak treticilere pratik fikirler saglayabilecegi kanisina varilmistir.

Anahtar Kelimeler: Acanthiophilus helianthi, Aspir, Aspir sinegi, Fizyolojik Parametreler
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Introduction

Safflower is one of the oldest crops known to man,
with usage records dating back more than 2200 years in
China. Safflower seeds were found in Egyptian tombs
more than 4000 years ago (Gyulai, 1996). Native to the
Middle East, the safflower plant is believed to have
originated in Iran (Knowles, 1989; Weiss, 1983;
McPherson et al., 2004; Zareie et al., 2013; Khalili et al.,
2014). Safflower (Carthamus tinctorius L.) is a member of
the Asteraceae family grown for its flowers, which are
used for many purposes (edible oil, food source for birds,
medicine and dye industry, biofuel) (Weiss, 1983).
Safflower has a significant role in human nutrition.
Flowers are drunk in China as herbal tea because they
contain some vitamins (such as B1, B2, B12, C, and E),
minerals, antioxidants, and amino acids. In some Middle
Eastern and Asian countries, its flowers are used in rice,
soup, sauce, bread, and pickles to create bright yellowish
and orange colors (Dajue and Mindel, 1996; Singh and
Nimbkar, 2006). Carotene, riboflavin, vitamins A and C,
calcium, phosphorus, iron, and riboflavin are all abundant
in safflower (Singh and Nimbkar, 2006).

Throughout their life, plants are generally exposed to
a variety of similar factors, such as salinity, drought,
pollution, diseases and pests, heat, and cold, which
adversely influence their natural growth and
development. Stress is defined as changes to these
conditions in plants (Korkmaz and Durmaz, 2017).
Reducing product losses due to stress has become very
important in our world where food shortages may occur
in the future due to increasing population density and
decreasing arable land (Korkmaz and Durmaz, 2017).

Safflower is generally grown as a rain-fed product
without the need for irrigation, this feature ensures that
the incidence of diseases and pests is lower than in other
agricultural products (Li and Miindel, 1996). However, it
has been discovered via research that the safflower plant
is susceptible to a few pests, including aphids, green
worms, thrips, safflower flies, and mites, which negatively
affect the quality and yield of the crop (Nimbkar, 2008).
The safflower fly (Acanthiophilus helianthi Rossi), which
belongs to the family Tephritidae from the order Diptera,
is one of the main pests that cause significant damage to
the safflower plant (Talpur et al., 1995). Acanthiophilus
helianthi Rossi, head yellowish green, antennae yellow,
wings hyaline, and they are gray spotted, 4-5 mm tall and
9-10 mm wide. The body is cylindrical and 4-5 mm long,
the wing veins are yellow, and the larvae are initially white
and eventually turn grayish-white as they age (Sengonca,
1983).

During the plant's reproductive period, A. helianthi is
heavily infested, and considerable losses in seed quantity
and quality have been documented as a result of larval
feeding (Riaz and Sarwar, 2014; Khuhro et al., 2021).

It has been observed that researches on safflower are
mostly seed and oil focused. It has been determined that

there is no study on the total phenol, antioxidant, sugar,
mineral substance, and chlorophyll content occurring in
the leaves of the plant, especially before and after the
safflower fly damage.

In this study, the safflower plant, which has the
potential to gain an important place in sustainable
agriculture methods used for both energy and
consumption purposes in recent vyears, has been
discussed. The degree of variation in the physiological
parameters of the safflower plant—including sugar,
mineral content, chlorophyll, total phenol, and
antioxidant amount—before and after the safflower fly
damage was evaluated.

Materials and Methods

Study area, location, and experimental design

Five safflower cultivars Asol, Ayaz, Balci, Dinger, and
Gokturk were used to assess each cultivar's level of
resistance to the safflower fly A.helianthi. Seeds of Asol
and Goktirk varieties used for sowing were obtained from
Van Yiziinct Yil University, Department of Field Crops,
Ayaz variety from Bahri Bagdas International Agricultural
Research Institute, Balci and Dinger varieties from
Eskisehir Gegit Kusagi Agricultural Research Institute.

The research was prepared according to random plots
and carried out with five replications in the experimental
areas of the Faculty of Agriculture of Van Yiziinci Yil
University in 2020. Five parcels of each category made up
a total of 25 that made up the study area. The parcels
were set up with a space of 2 metres between them and
measurements of 5 m x 5 m. The rows are formed at
intervals of 5 cm, with a row spacing of 25 cm. 12 rows
separate each plot. The study area was plowed between
25 March and 15 April 2020 with the help of a plow and
the clods formed in the soil were prepared by breaking up
with a disc harrow.

The plots received 480 gr/da of nitrogen fertilizer and
240 gr/da of phosphorus (TSP) fertilizer just before
planting. With the use of a marker, 12 rows were made in
each plot following the fertilizer application, and 2 kg/da
of seeds were planted. It is given time to grow after being
covered with 1-2 cm of dirt. Safflower seeds planted on
March 31, 2020, were released on April 20, 2020. In the
early stages of development, weed control was carried
out at regular intervals until the safflower plant reached a
certain height.

Plants planted in the field were followed up with daily
controls. Immediately after the plants started to form
flower heads, attacks and observations were made at
weekly intervals, and it was determined when the A.
helianthi started to damage the plant. To determine the
physiological changes in the mechanism of damage by A.
helianthi to the safflower plant, plant samples were taken
from a certain number of flower heads from each plot
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before and after the field was damaged and evaluated in
terms of necessary parameters. Temperature, humidity,

Table 2.1. VVan province climate values

and precipitation values of the region to be planted are
given in Table 2.1.

Months 1 2 3 4 5 6 7 8 9 10 11 12
Average temperature (C°) -20 -15 4.6 7.9 139 186 22.2 213 203 14.2 7.3 2.1
Average relative humidity (%) 69.6 720 703 659 56.2 496 509 480 4438 47.4 60.0 66.1
Total precipitation (mm/kg/m?) 50.3 799 443 518 278 13.7 176 10.0 5.6 1.8 12.8 27.7

Parameters and statistical analysis

Determination of total phenol content and antioxidant

activity

The Folin-Ciocalteu kalorimetric technique was used to
determine the total phenol content (Swain & Hillis, 1959).
In brief, 1 g of the 4th compound leaf from the top of each
fully developed plant was used for extraction. 400 pL of
distilled water and 150 pL of Folin-Ciocalteu solution were
added to 150 pl of the extract, followed by 300 uL of 20%
sodium carbonate (Na2CO) (Merck 1.06392.1000,
Germany) and let for 30 min in dark. A spectrophotometer
(VarianBio 100, Australia) was used to measure the
absorbance of the solutions at 725.0 and 700.0 nm. The
antioxidant activity of the same extracts was evaluated
using the FRAP (Ferric Reducing Antioxidant Power)
technique (Benzie & Strain, 1996) for which 150 pL of the
extract were combined with 2850 pL of the FRAP working
solution and stored at 25°C for 30 min in the dark. For FRAP
working solution, three preliminary solutions should be
prepared. In the first one 1.55 g of acetate buffer was mixed
with 0.25 L of distilled water followed by adding glacial
acetic acid up to 0.5 L. For second solution, 100 mL of of
diluted HCI (40 nM) was prepared followed by adding 50 mL
TPTZ (2,4,6 Tri (2-prdidyl)-s-triazine). In the third solution,
0.270 g of ferric chloride (2 nM) was added in 50 mL of
distilled water. In final working solution, 250 mL of the first
solution, 25 mL of the second and third solutions were
mixed and kept in a water bath at 37°C for 30 min. The total
antioxidant activity was measured at 593.0 nm using a
spectrophotometer (VarianBio 100, Australia).

Determining the amount of sugar

Safflower juice obtained from leaf samples taken from
the field with the help of a homogenizer was centrifuged at
12000 rpm for 2 minutes and passed through a SEP-PAK C18
cartridge. The filtered samples were read using a refractive
index detector and 85% acetonitrile liquid phase sugars
using a pbondapak-NH2 column in the Food Control
Laboratory HPLC device. The calculation of concentrations
was made according to externally supplied standards.

Determination of mineral substance content (Ca, K,

Mg, Cu, Fe, Mn) (mg/kg)

Mineral substance contents were prepared according to
the dry burning method, and K, Ca, Mg, Fe, Mn, and Cu
elements were determined with the help of an Atomic
Absorption Spectrophotometer (Kacar, 1984).

Determination of leaf chlorophyll content

The chlorophyll amount was determined by measuring
the leaves of the safflower plant from planting to the field
with a SPAD device. To determine the amount of chlorophyll,
measurements were made twice, before and after the
safflower fly harmed it. To be able to measure, four plants
were randomly separated from each plot, and each plant was
divided into three parts from 4 plants and measured three
times as upper, middle, and lower with a SPAD device.

Statistic analyses

The data obtained in the study were tested according to
a one-way analysis of variance (one-way ANOVA, Tukey),
and the differences between varieties were determined
(SPSS, 2019).

Results

Five different safflower cultivars were observed to
exhibit either a decrease in plant parameters or an increase
in them in response to stress conditions brought on by
Acanthiophilus helianthi damage.

Effect of Acanthiophilus helianthi on sugar content
before and after damage in five different safflower
cultivars.

The effect of Acanthiophilus helianthi on sugar content
before and after damage in five different safflower cultivars
is given in Table 1. According to this Table, the difference
between sucrose, glucose, and fructose sugar amounts
before and after the damage was found to be statistically
significant (p<0.05). The highest amount of sucrose before
damage was found in the Dinger variety with 1.75 g, while the
lowest value was observed in the Asol variety 1.21 (Table 1).
38% increase in the Ayaz variety and a 7% decline in the Asol
variety were seen following the damage (Table 1).

The fructose quantity metric recorded extremely low
values both before and after the damage. Asol 0.32 gr, Ayaz
0.22 gr, Balc1 0.31 Dinger 0.25, and Goktlirk 0.26 gr were the
weights before the damage. Although the Ayaz cultivar
(0.22 gr) had the lowest fructose value, the Asol cultivar had
the greatest value (0.32 gr). All cultivars except Asol showed
arise in fructose content after harvest (Table 1).

The difference in glucose amount between the treatment
groups both before and after damage was statistically
insignificant (p>0.05). While the highest value before
damage was 0.86 g in the Goktiirk variety, the lowest value
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after the damage was 0.58 g in Asol and Ayaz varieties. A
decrease of 33% was observed after damage in the Dinger
variety compared to pre-damage, and 37% in the Goktirk
variety (Table 1). Ayaz and Goktiirk cultivars only differed in

fructose amount before and after damage, and no difference
was found between other cultivars (Balci, Dinger and Asol),
according to the sugar content results of the three cultivars
(Sucrose, Fructose, Galactose) usually obtained in Table 1.

Table 1. Sugar content before and after damage in five different safflower cultivars of Acanthiophilus helianthi

(Mean+Standard deviation)

Sucrose

Fructose

Glucose

Safflower varieties

Before damage
xS.D

After damage
xS.D

Before damage
xxS.D

Asol 1.21+0.22 % 1.12+0.14 %2 0.32£0.09 A2
Ayaz 1.47 +0.30 " 2.04+0.19% 0.22 £0.02 A2
Balci 1.32+£0.154 1.37+0.284®  0.31+0.06 A
Dinger 1.75+0.3342 1.72£0.394%®  0.25+0.05 A
Goktirk 1.24+0.21% 1.44+0.11%%  0.26+0.04 "

After damage
xxS.D

0.32+ 0.04 A2

0.47 +0.07 B2
0.52 +0.05 A2
0.72+0.11%
0.38+0.16 B2

Before damage
X S.D

0.67 £ 0.08 A2
0.67 £ 0.08 Aab
0.44 + 0.05 A2b
0.72 +0.11 A%
0.86 +0.22 @b

After damage
xS.D

0.58 +0.10 A
0.58 +0.10 A2
0.52 +£0.09 A2
0.48 £0.13 A
0.54 £0.37 42

*The difference between the same uppercase letters in each row and the same lowercase letters in each column in the table is statistically insignificant (p>0.05).

Table 2. Total phenolic substance, and total antioxidant content before and after damage in five different safflower cultivars

of Acanthiophilus helianthi (Mean+Standard deviation)

Total phenolic substance

(mg GAE / 100 g) Before damage After damage
Safflower varieties xS.D XS.D
Asol 116.88 £2.22 A0 65.77 + 10.59 8
Ayaz 270.22 + 55.56 Ab 53.55 + 5.55 B
Balci 270.22 + 40.06 *° 103.55 + 14.69 Bb
Dinger 259.11+ 30.93 #° 70.22 £22.22 %
Goktirk 842.33+ 131.46* 320.22 +130.64 B2

Total antioxidant content
(Trolox umol TE /100g)
Asol

Ayaz

Balci

Dinger

Goktiirk

78.18 +10.00 B2
133.75 +32.04 B2
122.66 + 17.34 B2
328.22 +32.74 %
497.66 * 80.07 A°

631.00 £ 56.72 42
631.00 £ 56.70 4
219.87 £12.10 42
367.11 £ 24.68 A2
219.84 +12.10 %

*The difference between the same uppercase letters in each row and the same lowercase letters in each column in the table is statistically insignificant (p>0.05).

Effect of Acanthiophilus helianthi on total phenolic
substance, and total antioxidant content before and
after damage in five different safflower cultivars.

The effect of Acanthiophilus helianthi on total phenolic
substance, and total antioxidant content before and after
damage in five different safflower cultivars is given in Table
2. When the total phenol content values were examined, it
was determined that there were statistically significant
differences between the pre-damage and post-damage
varieties (p<0.05) (Table 2). Accordingly, a decrease was
observed in all varieties after damage, depending on
climate, stress, and environmental conditions. Before the
damage, the lowest total phenol content was in the Asol
variety. It is 116.88 mg before the injury and 65.77 mg after
the injury, with a 43% difference between them (Table 2).
The total amount of phenol before the highest damage was
measured as 842.33 mg in the Goktlrk cultivar. The
difference between the total phenol content of Goktiirk
before and after the damage is 62% (Table 2). Although the
total phenol level of the Ayaz and Balci cultivars was 270.22
mg prior to damage, it was found that the Balci cultivar's
total phenol content after the damage decreased less than
the Ayaz cultivar's total phenol content, falling to 103.55
mg. The lowest total phenol content after the damage was
observed in Asol variety (Table 2).

In total antioxidant parameter, it was observed that all
cultivars were statistically different before and after
damage (p<0.05) (Table 2). While the Asol variety had the
lowest antioxidant content with 78.18 pmol before
damage, it had the highest value with 631.00 umol after
damage (Table 2). While the Goktiirk variety had the
highest antioxidant content with 497.66 pmol before
damage, it had the lowest antioxidant content with 219.84
umol after damage (Table 2). While the Goktiirk variety had
the highest antioxidant content with 497.66 umol before
the damage, it had the lowest antioxidant content with
219.84 pmol after the damage, with a difference of 55%
between them (Table 2). The difference between
antioxidant amounts before and after damage (12%) was
observed at least in the Dinger cultivar (p<0.05) (Table 2).

Effect of Acanthiophilus helianthi on Chlorophyll
amount before and after damage in five different
safflower cultivars.

The effect of Acanthiophilus helianthi on amount of
chlorophyll before and after damage in five different
safflower cultivars is given in Table 3. According to this
table, the amount of chlorophyll decreased in all safflower
varieties after damage. Goktirk variety, which had the
highest chlorophyll content with 107.91 SPAD before the
damage, decreased by 65% after the damage. Dinger
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variety, which had the lowest chlorophyll content with
97.58 SPAD before the damage, had the highest chlorophyll
content with 39.29 SPAD after the damage, and decreased
by 60%. While it was measured as 100.31 SPAD before
damage in Balcl variety, the lowest value was found as
37.94 SPAD after damage and decreased by 62%.

Statistically significant differences were observed between
the amounts of chlorophyll before and after damage in
Asol, Ayaz, Balci, Dinger, and Goktirk cultivars (p<0.05)
(Table 3).

Table 3. Chlorophyll amount before and after damage in five different safflower cultivars of Acanthiophilus helianthi

(Mean+Standard Deviation)

Chlorophyll amount (SPAD)

Before damage After damage

Safflower varieties
Asol

Ayaz

Balci

Dinger

Gokturk

X+S.D
106.69 + 2.39 A2
101.27 £ 2.59 A
100.31 £ 2.42 A
97.58 +2.66"°
107.91+2.13 42

X+S.D
38.53 + 0.65 B2b
39.04 + 0.48 B2
37.94+0.30%
39.29+0.33 82
38.29 +0.28 Bab

*The difference between the same uppercase letters in each row and the same lowercase letters in each column in the table is statistically insignificant (p>0.05).

Effect of Acanthiophilus helianthi on the amount of
mineral substance before and after damage in five
different safflower cultivars.

The effect of Acanthiophilus helianthi on amount of
mineral substance before and after damage in five different
safflower cultivars is given in Table 4. When the five
safflower varieties used in the study were evaluated
together, it was observed that there were statistical
differences between the phosphorus amounts before and
after the damage (Table 4). According to this table, high
decreases (between 93-97%) were observed in P values of
all safflower cultivars after damage. The Goktirk variety
had the lowest value before and after the damage, with a
drop of 97%, as shown in Table 4. In line with the findings,
the reductions in Phosphorus are related to the harm to the
safflower fly.

All safflower cultivars' Ca values rose (between 26-51%)
following damage compared to before damage. When the
pre-damage and post-damage cultivars were examined, the
difference was found to be statistically insignificant
(p>0.05). The lowest pre-damage calcium value of 2.18%
was obtained from Asol and Goktirk cultivars (Table 4). The
highest value after the damage was found in the Balci
variety with 3.35% (Table 4).

The difference between the pre- and post-damage Cu
contents of the cultivars was statistically significant
(p<0.05). Cu values, on the other hand, did not show a
parallel course. In Table 4, it showed an improvement
between 18.74-25.78 mg/kg pre-damage, while it
decreased between 40-70% after the damage and was
determined as 5.61-10.74 mg/kg (Table 4). The lowest Cu
amount was determined in Goktirk with 18.74 mg/kg
before the damage and in Balci with 5.61 mg/kg after the
damage. The highest change in Cu amounts before and
after the damage was in the Balci variety with 79% (Table
4).

Considering the climatic conditions and soil structure of
the province of Van, where the study was conducted, it
generally has a high Fe content. Considering this situation,
when the Fe values obtained in the safflower plant are
examined, there is a value between 500-1200 mg/kg in all

safflower varieties. (Table 4). The lowest pre-damage iron
rate was 672.76 mg/kg and the highest was obtained from
the Balci variety with 909.92 mg/kg from the Ayaz variety.
Statistical differences before and after damage in five
cultivars were found only in Ayaz and Dinger cultivars
(p<0.05) (Table 4). The difference between Asol, Balci, and
Goktirk cultivars was statistically insignificant (p>0.05).

The K value (between 14 and 45%) after damage
increased in all safflower cultivars. The pre-damage value
was determined as 2.10% in the Asol variety, 2.42% in the
Ayaz variety, 2.59% in the Balci variety, 2.43% in the Dinger
variety and 2.23% in the Gokturk variety. After damage,
Asol 2.63%, Ayaz 3.45% Balci, 3.45% Dinger, 2.79%, and
Goktirk 2.78% values were obtained (Table 4).

One of the important structural elements of chlorophyll
is Mg. Considering magnesium, which plays a role in the
survival of the plant, it showed an increasing trend after the
damage compared to before the damage, and this
increased rate can be associated with the occurrence of the
damage (Table 4). When the magnesium values before and
after harvest were compared in general, it was seen that
there was no statistical difference between the cultivars
(except Asol and Balci) (P<0.05). The biggest difference
between before and after harvest is in the Balci variety with
an increase of 112%. The highest Mg value before damage
is 0.50% in the Dinger variety and 0.72% after damage in the
Balci variety (Table 4).

The difference between manganese values before and
after damage among the cultivars (except Asol and Balci
cultivars) was statistically insignificant (p>0.05). After
harvest, a 20-50% increase was observed in Asol, Ayaz, and
Balci cultivars, while decreases were observed in Dinger and
Goktark cultivars (Table 4).

When Table 4 was scrutinized, it became clear that the
sodium readings were quite high overall, with the highest
values coming from the damage. Statistically significant
differences were found in the pre-damage and post-
damage data of the cultivars (p<0.05). The Balci variety
sustained the maximum damage (1950,61%), and the
Goktirk variety sustained the lowest damage (1117,92%).
Examining the post-damage data revealed a trajectory
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between 3000-5500%. When this course was examined,
the Goktirk variety had the lowest score (3235.07%), while
the Ayaz variety had the best score (5269.52) (Table 4).
When the Zn value was examined, there was no
statistical difference between the cultivars (except for Balci
and Dinger) (p>0.05). While Ayaz had the highest Zn value

Table 4. Mineral substances before and after damage in five different safflower cultivars of Acanthiophilus helianthi

(Mean+Standard Deviation)

with 36.41% before the damage, it was the highest Zn value
with 41.88% after damage, with an increase of 15%
between them. The highest decrease in Zn value after the
damage was seen in the Dinger variety with 31%.

Before damage After damage
Safflower varieties Mineral substances xS.D xS.D
Asol P % 0.62 +0.14 A2 0.03 + 0.00 Bab
Ca % 2.18 +0.18 % 3.23+0.19%
Cu mg/kg 25.78 +3.76 %@ 9.52 +1.70 Bab
Fe mg/kg 760.90 + 115.78 A2 1018.74 + 122.57 @
K % 2.10 +0.08 42 2.63+0.24 %
Mg % 0.35 +0.03 B2 0.69 +0.10 #°
Mn % 87.66 + 8.80 B2 108.07 + 10.41 A2
Na % 1660.90 + 239.93 Ba 4405.60 + 1308.13 A2
Zn % 30.33+4.02 4 28.13 £ 3.79 A
Ayaz P % 0.66 +0.18 A2 0.04 + 0.00 B°
Ca % 2.50 +0.25 %2 3.22+0.27 %
Cu mg/kg 21.28+2.07 % 10.74 +1.73 B®
Fe mg/kg 909.92 + 95.19 A2 664.32 +198.02 B2
K % 2.42+0.36% 3.45+0.53 A
Mg % 0.45 + 0.04 A2 0.69 % 0.10 A2
Mn % 113.65 +13.70 A 101.17 + 25.62 A2
Na % 1699.90+ 286.20 B2 5269. 52 + 1907.42 A2
Zn % 36.41 +8.35 42 41.88 +7.017°
Balci P % 0.46 + 0.08 A2 0.03 +0.00 B2
Ca % 2.22+0.34% 3.35+0.20%
Cu mg/kg 26.84 +7.07 2 5.61 + 1.07 B2
Fe mg/kg 672.76 + 82.28 A2 978.40 + 155.89 A2
K % 2.59 +0.30 % 3.45+0.53 A
Mg % 0.34 +0.04 B2 0.72 £0.12 4
Mn % 76.34 +9.64 A2 113.83 +£7.92 82
Na % 1950.61 + 309.85 B2 3736.61 + 1052. 58 A2
Zn % 28.88 +3.84 A2 21.72 +4.44 B2
Dinger P % 0.51+0.1042 0.02 +0.00 B2
Ca % 2.63+0.29% 3.32+0.23%
Cu mg/kg 20.78 £1.22 42 6.05 + 1.51 Ba
Fe mg/kg 800.20 + 158.83 A2 1146.56 + 209.67 B2
K % 2.43+0.22% 2.79+0.354
Mg % 0.50 + 0.06 *° 0.64 +0.07 A2
Mn % 98.33+13.03 91.89+13.76 43
Na % 1737.97 + 235.94 Ba 5263.51+1212.13 A2
Zn % 30.85+5.13 A2 21.17 +3.50 72
Goktirk P % 0.38 +0.05 A2 0.01 +0.00 B2
Ca % 2.18+0.17 % 3.25+0.30%
Cu mg/kg 18.74 +2.98 A 6.38 £0.79 B2
Fe mg/kg 760.00 + 115.75 A2 468.82 + 209.66 ~°
K % 2.23+0.10% 2.78 £0.80 A°
Mg % 0.38 £ 0.02 A% 0.71 +£0.20 2
Mn % 90.31+16.9443 94.79+11.61
Na % 1117.92 +300.76 B2 3235.07 + 1304.85 A2
Zn % 24.17 +2.60 72 25.80 +4.71 72

*The difference between the same uppercase letters in each row and the same lowercase letters in each column in the table is statistically insignificant (p>0.05).

Discussion and Result

This study showed that the effects of Acanthiophilus
helianthi on chlorophyll, mineral substances, sugar
amounts, total phenol, and total antioxidant parameters
before and after damage were different in five different
safflower cultivars. No study was found on the changing

physiological parameters of the safflower fly, which is the
main pest of the safflower plant, before and after the
damage. Therefore, this study is the first report on the
subject in the world. Studies are generally focused on the
physiological changes of the plant in conditions such as
drought, salt and temperature (Hasanshahi et al., 2012;
Hasanshahi et al., 2013; Erdal et al., 2014; Gengmao et al.,
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2015; Hussain et al., 2016; Kumar et al., 2018; Ozkan, 2019;
Yeloojeh et al., 2020). Azizabadi et al. (2014), in their study
to investigate the effect of potassium and drought stress on
the number of plant nutrients in safflower, showed that
drought stress reduces plant height and leaf area,
decreases shoot dry weight and relative leaf moisture, but
increases leaf chlorophyll. Drought stress also decreased
zinc, manganese, copper, phosphorus, nitrogen, and
calcium concentrations and increased iron and potassium
concentrations in leaves. Compared to the results obtained
in our study, it was observed that zinc, manganese, copper,
phosphorus, and calcium values decreased, and iron and
potassium values increased under stress conditions caused
by A.helianthi damage.

The plant's defense mechanism is activated in response
to environmental stress or like insect infestation as well as
climatic conditions. It is expected that the number of
antioxidants will increase with the effect of the defense
mechanism or decrease with the use of existing
antioxidants (Yavas and ilker, 2020). In our study, while
total phenol values decreased in all cultivars after damage,
total antioxidant content increased in all safflower cultivars
except Goktirk.

In our study, chlorophyll value decreased in all safflower
varieties after damage. Some researchers have reported
that when the plant is exposed to any stress condition,
changes occur in its physiological structure. The amount of
chlorophyll, which is one of them, is expected to both
complete the maturation phase and reduce the amount of
chlorophyll due to the stress conditions it is exposed to
(Yavas and ilker, 2020).

Manganese is present in many primary and secondary
minerals. Its deficiency causes a deficiency of iron,
magnesium, and calcium elements (Bolat and Kara 2017).
As a result of our findings, it was determined that the
manganese value increased in Asol and Biger cultivars, and
the nutritional values differed according to the cultivars.

One of the stress causes in plants is the change brought
on by pest conditions. In the current world, where food
shortages may emerge in the future due to increased
population density and declining arable land, reducing
product losses due to stress has become crucial. In this
study, physiological parameter changes of safflower flies
before and after damage were investigated in five different
safflower cultivars. It was determined that all five cultivars
gave important physiological responses under stress
conditions due to the development of the pest. These
findings are believed to be a very significant step in lowering
product losses with more thorough biological research
findings, and will also supply farmers who will grow
safflower with useful ideas for how to deal with the drought
and energy issues that will be faced in the future.
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Aylik Toplam Giines Isiniminin Uzun-Kisa Siireli Bellek (LSTM) Yontemiyle Tahmini:
Sivas lli Ornegi

0z

Kiiresel giines isiniminin dogru tahmini, giines enerjisi déntisiim sistemleri (modelleme, tasarim ve isletme) ve
gelecekteki yatirim politikalari igin kritik bir 6neme sahiptir. Bu ¢alismada uzun-kisa stireli bellek (LSTM) yontemi
kullanilarak giinliik ortalama aylik giines isinimi tahmini yapilmistir. Bunun icin Tiirkiye’nin ic Anadolu Bélgesinde
bulunan Sivas ilinden elde edilen aylik giines isinimi verileri kullaniimistir. Tahmin dogrulugunun degerlendirmesi
icin ortalama mutlak yiizde hata (MAPE), kék ortalama kare hatasi (RMSE) ve korelasyon katsayisi (R) testleri

kullanilmistir. Sonuglar LSTM modelinin calisma alani icin giines isinimini %9.446 MAPE, 0.496 kWh/m?giin RMSE
ve 0.976 R degerleri ile etkin bir sekilde tahmin ettigini géstermektedir.
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Giris

Fosil kaynakli vyakitlarin sinirli olmasi, elde edilme
sirecinde ve tiketilmesi sonrasinda cevre, ekosistem ve
insan saghgina verdigi yikici zararlar ve bunlara ek olarak
artan eneriji tiketimi ve fiyatlari nedeniyle alternatif enerji
kaynaklarina olan ilgi her gegen giin artmaktadir. Glines
enerjisi dikkate alindiginda 2011 ile 2021 yillari arasinda
kurulu fotovoltaik (PV) gliciin yilhlk blyime orani diinya
genelinde %27,9, Turkiye'de ise %102,6 seviyesindedir (BP,
2022).

Glnes 1sinimi, gines enerji sistemleri basta olmak
Gzere; 1sil konfor, glines enerijisiyle I1sitma ve sogutma,
endistriyel i1sitma ve tarimsal (retim gibi birgok
mihendislik  uygulamasinin  tasarimi ve  ekonomik
degerlendirmesi igin zorunlu bir veridir. Bununla birlikte
daha ¢ok Ol¢im araglarinin kurulum ve bakimlarinin pahali
olmasi nedeniyle yaygin olarak elde edilememektedir.
Ornegin bu calismanin yapildigi Sivas ili icin 2010 yilindan
gliniimize kadar sadece bir 6lglim istasyonu igin tiim yillara
ait glines 1sinimi verileri bulunmaktadir. Bu nedenle giines
1sinimi; glineslenme siiresi, bagil nem, sicaklik, yagis miktari,
bulutluluk gibi daha yaygin olarak elde edilen meteorolojik
veriler ya da daha 6nceki yillara ait glines i1sinimi verileri
kullanilarak gesitli yontemlerle tahmin edilmektedir.

Giines 1sinimi tahmininde deneysel (ampirik) modeller,
yapay sinir aglan ve diger makine 6grenme yontemleri
yaygin olarak kullaniimaktadir. Deneysel yontemleri;
yalnizca glneslenme siresinin  kullanildigi  modeller,
glineslenme siresine sicaklik gibi diger meteorolojik
verilerin eklenmesiyle olusturulan modeller ve glineslenme
stresinin  kullanilmadigi  modeller olarak siniflamak
muimkindir. Makine 6grenme modelleri ise meteorolojik
verilerin farkli birlesimlerinden olusan girdiler, néron ve
katman sayilari, Ogrenme algoritmalari ve transfer
fonksiyonlari gibi bircok degiskenin kullanildigi ¢ok daha
karmasik modellerdir (Zhang ve ark., 2017). Turkiye’nin
farkh bolgeleri igin gesitli arastirmacilar tarafindan hem
deneysel hem de makine 6grenme modelleriyle giines

isinimi tahminleri gergeklestirilmistir (Akinoglu ve Ecevit,
1990; Sozen ve ark., 2004; Sen ve ark., 2004; S6zen ve
Arcaklioglu, 2005; Bakirci 2009; Senkal ve Kuleli, 2009;
Senkal 2010; Koca ve ark., 2011; Bilgili ve Ozgoren, 2011;
Ozgoren ve ark., 2012; Celik ve Muneer, 2013; Sahin ve ark.,
2013; Yildiz ve ark., 2013; Gl ve Celik, 2017; Gurlek ve
Sahin, 2018; Arslan ve ark., 2019; Ball, 2021). Bu
calismalarda makine ©6grenme modellerinin deneysel
modellere gore daha iyi sonuglar verdigi goriilmektedir.

Bu calismada Uzun-Kisa Sireli Bellek (LSTM) yontemi
aracihgiyla Sivas ili sinirlarinda bulunan bir meteorolojik
istasyondan elde edilen veriler kullanilarak giinlik ortalama
aylk gines 1sinimi verileri tahmin edilmistir. Gunlik
ortalama aylik glines i1sinim verilerinin tahmininde zaman
serisi yaklagimi kullanilmistir. Onerilen yéntem, karmasik
hesaplamalar gerektirmeden veya kapsaml cevresel,
topografik ve meteorolojik verilere sahip olmadan, gtinliik
ortalama aylik glines 1sinim verilerinin bir ay ilerisini tahmin
etmektedir. Zaman serisi yaklasimi, zaman serisi verilerinin
stokastik bilesenini yakalayabilir, ayrica makine 6grenme
araclari, zaman serisi verilerinin belirleyici kismini tahmin
edebilir. Bu nedenle bu ¢alismada, glinliik ortalama aylik
guines 1sinim verilerinin zaman serisi verileri icin makine
0grenmesi ve zaman serisi yontemlerinin birlikte kullanildig
bir tahmin yontemi ele alinmistir.

Yontem

Calisma Alani ve Veri

Bu ¢alismada, Meteoroloji Genel MudirlGgi’nin Sivas il
sinirlari igerisinde bulunan bir 6l¢lim istasyonundan elde
edilen on (g yillik (2010-2022) giinliik ortalama aylik toplam
gines 1sinimi verileri kullanilmistir. Rakimi 1121 m olan
Ol¢lim istasyonunun konum haritasi Sekil 1’de sunulmustur.
Konum haritasi  ArcGIS Pro vyazihmi  kullanilarak
olusturulmustur.
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Sekil 1. Olciim istasyonunun konum haritasi
Figure 1. Location map of the measuring station
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Sekil 2. Aylik toplam glines isinimi dagilimi
Figure 2. Distribution of the monthly global solar radiation
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Sekil 3. LSTM katman mimarisi
Figure 3. LSTM layer architecture

Olgiim istasyonunun 2010-2022 yillari arasindaki aylik
ortalama toplam glines 1sinimi, minimum sicaklik,
maksimum sicaklik, ortalama sicaklik, bagil nem ve yagis
miktari sirasiyla: 4,44 kWsaat/m?gin, 0,20 °C, 25,42 °C,
12,53 9C, %53,29 ve 28,42 mm dir. Sekil 2’de 2010-2022
yillari arasindaki aylk toplam giines isinimi dagilimi
gorilmektedir. LSTM analizlerinde 2010-2020 vyillari
arasindaki veriler egitim igin, 2021 ve 2022 yillarina ait
veriler ise test igin kullaniimigtir.

Uzun-Kisa Siireli Bellek Yontemi

LSTM aglari zaman serilerinin tahmini icin yaygin
olarak kullanilan oldukga gliclu ve etkili bir tiir gelistirilmis
tekrarlayan sinir agi (RNN) yapilaridir. LSTM ilk once
Hochreiter ve Schmidhuber (1997) tarafindan ortaya
konmus daha sonra Gers ve ark. (2000) tarafindan
gelistirilmistir. Genel olarak bir LSTM birimi (veya
katmani); bir hafiza hiicresi (memory cell), bir giris kapisi
(input gate), bir cikis kapisi (output gate) ve bir unutma
kapisindan (forget gate) olusur. Giris ve cikis kapilar
siraslyla birime giren ve birimden g¢ikan verileri dizenler.
Unutma kapisinin en énemli gérevi ise bir dnceki zaman
adimina ait hangi verilerinin saklanacagina veya
atilacagina (unutulacagina) karar vermektedir. Hafiza

hiicresi ise bilginin kullanilabilir (yararli) olup olmadigini
degerlendirir (Yu ve ark., 2019).

Tipik bir LSTM katman mimarisi Sekil 3'te sunulmustur.
Bu diyagram, S uzunlugundaki C oOzelliklerine sahip X
zaman serisinin  bir LSTM katmanindan akisini
gostermektedir. Diyagramda, h: ve c; sirasiyla gikisi (gizli
durum olarak da bilinir) ve t zaman adimindaki hiicre
durumunu gosterir.

ilk LSTM blogu, ilk cikisi ve giincellenmis hiicre
durumunu hesaplamak icin agin baslangi¢c durumunu ve
dizinin ilk zaman adimini kullanir. t zaman adiminda blok,
¢iktiyr ve glincellenmis hiicre durumunu c; hesaplamak icin
agin mevcut durumunu (c;, he1) ve dizinin bir sonraki
zaman adimini kullanir. Katmanin durumu, gizli durumdan
(ayn1 zamanda ¢ikis durumu olarak da bilinir) ve hiicre
durumundan olugur. t zaman adimindaki gizli durum, bu
zaman adimi igin LSTM katmaninin giktisini icerir. Hicre
durumu, 6nceki zaman adimlarindan 6grenilen bilgileri
icerir. Her zaman adiminda, katman hiicre durumuna bilgi
ekler veya hiicre durumundan bilgi cikarir. Katman,
kapilar kullanarak bu gilincellemeleri kontrol eder. Tablo
1, LSTM katman mimarisindeki bilesenleri ve bunlarin
amaglarini vermektedir. Bu bilesenler, katmanin hiicre
durumunu ve gizli durumunu kontrol eder.
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Sekil 4. t zaman adimindaki veri akisi
Figure 4. Data flow at time step t

Tablo 1. LSTM katman mimarisindeki bilesenler ve amaclari
Table 1. LSTM architecture components and their purposes

Bilesen Amag

Giris gegidi (i)
Unutma gegcidi (f)
Hucre gecidi (g)
Cikis gegidi (o)

Tablo 2. t zaman adimindaki bilesenleri agiklayan formller
Table 2. Formulas describing the components at time step t

Hiicre durumu glincellemesinin diizeyini kontrol eder

Hicre durumu sifirlamasinin diizeyini kontrol eder

Hicre durumuna bilgi ekler

Gizli duruma eklenen hiicre durumunun dizeyini kontrol eder

Bilesen Esitlik

Giris gecidi (/)
Unutma gegidi (f)
Hicre gecidi (g)
Cikis gecidi (o)

Sekil 4, t zaman adimindaki veri akisini gostermektedir.
Bu diyagram, kapilarin hiicreyi ve gizli durumlar nasil
unuttugunu, giincelledigini ve giktisini vurgular.

Bir LSTM katmaninin o6grenilebilir agirliklar, girdi
agirliklari W, yinelenen agirliklar R ve bias b'dir. W, R ve b
matrisleri, sirasiyla her bir bilesenin girdi agirliklarinin,
yinelenen agirliklarinin ve biasin birlesimidir. Bu matrisler
asagidaki gibi birlestirilir:

A

W = R = b=
I
Wo R, b,

Burada i, f, g ve o sirasiyla giris gecidini, unutma
gecidini, hiicre adayini ve ¢ikis gecidini gosterir. t zaman
adimindaki hiicre durumu asagidaki sekilde verilir:

¢ = [tOCc1 + 1 Og, (2)
Burada (©, vektorlerin eleman bazinda carpimini
belirtir. t zaman adimindaki gizli durum su sekilde verilir:

hy = 0,®0.(c;) (3)

Burada o, durum aktivasyon fonksiyonunu gosterir.
LSTM iglevi, durum etkinlestirme islevini hesaplamak igin
varsayllan olarak hiperbolik tanjant islevini (tanh) kullanir.
Tablo 2, t zaman adimindaki bilesenleri aciklayan
formalleri vermektedir.

iy = 0g(Wix; + Rihy_y + by) (4)
fe = ag(Wpx, + Rehy—y + bf) (5)
9¢ = 0.(Wyx; + Ryh,_1 + by) (6)
0y = ag(Wox; + Rohy—1 + b,) (7)

Bu hesaplamalarda g, gecit aktivasyon fonksiyonunu
ifade eder. LSTM islevi, varsayilan olarak, gegit aktivasyon
fonksiyonunu hesaplamak icin asagidaki gibi ifade edilen
sigmoid islevini kullanir. Detayli matematiksel arka plan
Hochreiter ve Schmidhuber (1997), ve Bilgili ve ark.,
(2022) calismalarinda bulunabilir.

o(x)=1+e™)7! (8)

istatistiksel Test Yontemleri

LSTM modelinin tahmin basarisini sinamak igin asagida
formilleri verilen {g¢ farkl istatistiksel degerlendirme
Olcuti: ortalama mutlak yiizde hata (MAPE), kok ortalama
kare hatasi (RMSE) ve korelasyon katsayisi (R)
kullanilmistir. MAPE ve RMSE degerlerinin olabildigince
kiicik ve sifira yakin olmasi istenir. MAPE degerleri icin;
MAPE <%10 yiksek tahmin dogrulugunu, %10 < MAPE
<%20 iyi tahmini, %20 < MAPE <%50 kabul edilebilir
tahmini ve MAPE> %50 hatali tahmini gostermektedir
(Rao ve ark., 2018).

Ortalama mutlak ylizde hata (MAPE):

n
1
MAPE = —Z
n

i=1

x100

0; — Tl-| (9)

i

Kok ortalama kare hatasi (RMSE):
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=10 — (10)
rusk = |2z 0= T)?
n
Korelasyon katsayisi (R):
R = 2(0: _6) (T;—T)
(11)

\/Z(Oz - 6)2 (T; — T)?

Bulgular ve Tartisma

Bu calismada aylik toplam giines isinimi tahmini igin
LSTM yontemi kullanilarak zaman serisi analizi yapilmistir.

Bu yéntemin en 6nemli avantaji giines isinimi tahmini igin;
glineslenme siresi, sicaklik, nem, bulutluluk, yagis miktari
gibi diger meteorolojik verilere ihtiyag duymamasidir.
LSTM aginin egitimi ve tahminleri icin gecmis yillara ait
ayhk glines 1sinimi verileri girdi olarak kullaniimistir.

LSTM yontemiyle elde edilen Ol¢im ve tahmin
degerlerinin dagilimi ve regresyon analiz grafikleri egitim
ve test icin sirasiyla Sekil 5 ve Sekil 6’da sunulmustur. Sekil
5 ve 6’dan LSTM aginin oldukca iyi egitildigi, 2021-2022
yillarindaki test doneminde tahmin verilerinin 6l¢im
verilerini iyi bir sekilde temsil ettigi acikca goriilmektedir.
Bununla birlikte test ddneminde 6lglim verilerinin daha az
tahmin edilme (underestimate) egiliminde oldugu dikkat
cekmektedir.

——Olgiim  ——LSTM tahmini
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Sekil 5. Egitim igin a) aylik toplam glines 1sinimi 6lgiim ve tahmin dagilimi, b) korelasyon grafigi
Figure 5. For training a) distributions of the measured and predicted monthly global solar radiation, b) correlation graph

——Olgiim = LSTM Tahmini
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Sekil 6. Test icin a) aylik toplam giines 1sinimi 6lglim ve tahmin dagilimi, b) korelasyon grafigi
Figure 6. For testing a) distributions of the measured and predicted monthly global solar radiation, b) correlation graph

Hands
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Sekil 7. Taylor diyagrami a) egitim b) test
Figure 7. Taylor diagram a) train b) test
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Sekil 8. Oniimiizdeki on yil igin aylik toplam giines i1sinimi dagilimi
Figure 8. Distribution of the monthly global solar radiation for the next ten years

Egitim verileri icin istatistiksel degerlendirme olglitleri;
MAPE, RMSE ve R degerleri sirasiyla %9,129, 0,407 ve
0,978 olarak elde edilmistir. Test verileri icin MAPE, RMSE
ve R degerleri sirasiyla %9,446, 0,496 ve 0,976 olarak elde
edilmistir. Hem egitim hem de test verileri icin MAPE
degerlerinin 10’dan kiicik oldugu gorulmektedir. Elde
edilen istatistiksel tahmin degerlendirme olgltlerine gore
LSTM'nin ilgili istasyon igin aylk toplam glnes isinimini
yuksek dogrulukta tahmin ettigi goriilmektedir. Ek olarak
bu bulgular; standart sapma, korelasyon katsayisi ve kok
ortalama kare hatasini ayni anda go6steren Taylor
diyagrami (Taylor, 2001) araciligiyla da dogrulanabilir.
Sekil 7’de Taylor diyagrami sunulmustur. Sekil 8'de ileriye
donik 10 yillik toplam giines 1sinimi tahminlerine ait
dagihim sunulmustur.

Sonug

Bu calismada Uzun-Kisa Sureli Bellek (LSTM) yontemi
araciligiyla ginliik ortalama aylik glines 1sinimi igin ileriye
donik tahminler yapilmistir. Tahminler igin Sivas il sinirlari
icerisinde bulunan bir dl¢lim istasyonundan elde edilen on
Ug yillik (2010-2022) giines isinimi verileri kullaniimigtir.
2010-2020 yillari arasindaki 132 aylik veri egitim i¢in, 2021
ve 2022 yillarina ait 24 aylik veri ise test icin kullaniimistir.
Tahminlerin dogrulugu MAPE, RMSE ve R istatistiksel
degerlendirme olgekleriyle sinanmistir. Egitim ve test igin
siraslyla MAPE degeri %9,129 ve %9,446, RMSE degeri
0,407 ve 0,496, R degeri ise 0,978 ve 0,976 olarak elde
edilmistir. LSTM’nin ginllik ortalama aylk toplam glines
isinimini yiksek dogrulukta tahmin ettigi gorGimdastar.
LSTM yonteminin incelenen bolgede daha 6nceki glines
isinimi verileri kullanilarak ileriye dénik gines isinimi
tahminlerinde etkin olarak kullanilabilecegi sonucuna
variimistir.

Tesekkiir

Verileri saglayan Meteoroloji Genel Mudirlagid’ne
tesekkir ederiz.
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ABSTRACT

The study area crops out around the town of Serefiye in the northeastern parts of the Sivas basin. The units in
the study area start with the Refahiye Complex, which consists of Upper Cretaceous aged ultramafic rocks from
bottom to top. Akincilar Formation consisting of Eocene aged sedimentary rocks overlies Refahiye Complex.
Middle-Upper Eocene Karatas volcanics and contemporaneous Késedag syenite, which has a warm contact
relationship with it, overlie this formation. Onari formation, which is composed of Lower Miocene aged
sedimentary rocks, also unconformably overlies these units. The Upper Miocene-Pliocene Serefiye volcanics,
which form the basis of this study, are overlain by the Onari Formation. The Kadikéy Formation, which consists
of carbonate and clastic sedimentary rocks, unconformably overlies the Serefiye volcanics. Quaternary alluvium
overlies all these units.

The Upper Miocene-Pliocene Serefiye volcanics, which consist of foyidites and tefrites, are generally gray-black
in color and contain abundant gas cavities in their upper levels, but are quite hard and compact. The Serefiye
volcanics show two different textural features. The first of these textures is a very fine grained hypocrystalline
porphyritic tissue containing plagioclase phenocrysts. The second textural feature is characteristic with its
coarser grained and rich phenocryst content compared to the first texture. These phenocrysts are augite, olivine,
nepheline and garnet minerals, especially plagioclase. The effects of fractional crystallization, partial melting and
crustal contamination are observed geochemically in the Serefiye volcanics, which show alkaline character.

In the Santonian-Campanian period, the oceanic crust forming the northern branch of the Neo-Tethys ocean
subducted briefly under the Pontides towards the bottom of the Eurasian plate. In the continuation of the
subduction event, a widespread crustal thickening occurred in the region and the [zmir-Ankara-Erzincan suture
zone was formed along this line. The Upper Miocene-Pliocene Serefiye volcanics are the product of a young
volcanism formed as a result of the fractures that developed in the region during the post-collisional phase.

Keywords: Neogene, Petrology, Central Anatolia, Volcanism
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inceleme alani Sivas havzasinin kuzeydogu kesimlerinde Serefiye beldesi civarinda yiizeylenmektedir. Calisma
alaninda bulunan birimler alttan iiste dogru Ust Kretase yash ultramafik kayagclardan olusan Refahiye Karmasigi
ile baslamaktadir. Refahiye Karmasigini Eosen yasl sedimanter kayaglardan olusan Akincilar Formasyonu
iizerlemektedir. Bu formasyonun iizerine de Orta-Ust Eosen Karatas volkanitleri ve onunla sicak dokanak iliskisine
sahip es yasl Késedag siyeniti gelmektedir. Bu birimlerin (zerine de yine uyumsuzlukla Alt Miyosen yasl
sedimanter kayaglardan olusan Onari Formasyonu gelir. Onari Formasyonu iizerine de isola volkanitleri bu
calismanin temelini olusturan Ust Miyosen-Pliyosen yasl Serefiye volkanitleri gelmektedir. Serefiye
volkanitlerinin lzerine de uyumsuzlukla karbonatli ve kirintili sedimanter kayaglardan olusan Kadikéy
Formasyonu lizerlerken, tiim bu birimlerin iizerine ise Kuvaterner yash aliivyonlar gelmektedir.

Foyidit ve tefritlerden olusan Ust Miyosen-Pliyosen yasli Serefiye volkanitleri genellikle gri-siyah renkli ve (st
seviyelerinde bol miktarda gaz bosluklari igerirken oldukga da sert ve tikizdir. Serefiye volkanitleri iki ayri dokusal
ozellik gostermektedir. Bu dokulardan birincisi oldukga ince taneli hipokristalin porfirik doku olup, yaygin olarak
plajiyoklaz fenokristalleri icermektedir. ikinci dokusal ézellik ise ilk dokuya gére daha iri taneli ve zengin
fenokristal igerigi ile karakteristiktir. Bu fenokristaller, plajiyoklaz basta olmak tizere ojit, olivin, nefelin ve granat
mineralleridir. Alkalin karakter gésteren Serefiye volkanitlerinde jeokimyasal olarak fraksiyonel kristallesme,
kismi ergime ve kabuksal kirlenmenin etkileri izlenmektedir.

Santoniyen-Kampaniyen déneminde, Neo-Tetis okyanusunun kuzey kolunu olusturan okyanusal kabuk, Avrasya
levhasinin altina dogru Pontidlerin altina dalmaktadir. Dalma-batma olayinin devaminda bélgede yaygin bir
kabuk kalinlasmasi gerceklesmis ve bu hat boyunca da izmir-Ankara-Erzincan siitur zonu olusmustur. Ust
Miyosen-Pliyosen yash Serefiye volkanitleri carpisma sonrasi evrede bélgede gelisen kiriklar neticesinde olusmus
geng bir volkanizmanin driinidir.
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Giris

Calisma alani Orta Anadolu’da Sivas ilinin dogusunda,
Zara ilgesinin Serefiye beldesi ve ¢evresini kapsamaktadir
(Sekil 1). Neo-Tetis okyanusunun kapanmasindan sonra
Turkiye’'nin onemli tektonik kusaklarindan birisi olan
izmir-Ankara-Erzincan siitur zonu meydana gelmistir. Bu
stitur zonunun olusmasiyla beraber Eosen sonrasinda gok
saylda c¢arpisma sonrasi volkanizma olusmustur. Bu
¢alismanin asil amaci da bdlgede ¢arpisma sonrasi olusan
geng volkaniklerden birisi olan Neojen yash Serefiye
volkanitlerinin  petrolojisinin  agiklanarak  bdlgenin
jeodinamik evrimine katki sunabilmektedir.

Calisma alaninda ¢ok sayida ¢alisma olmakla beraber
Yilmaz ve dig., (1985) tarafindan yapilan genel jeoloji
amagli calisma ile bolgedeki tim litostratigrafi birimleri
birbirinden ayirtlanmis ve vyaslandirilmislardir. Ayrica
Uysal ve dig., (1995) tarafindan yapilan galismada Orta
Eosen ve sonrasinda olusan volkanitlerin ¢arpisma sonrasi
volkanizmanin drinleri oldugu da belirtilmistir.

Calisma alaninda bulunan birimler alttan tiste dogru Ust
Kretase yasli peridotit ve serpantinitlerden meydana gelen
Refahiye Karmasigi ile baslamaktadir. Refahiye Karmasigini
Eosen yasli yesil-siyah renkli serpantinlesmis peridotite tlri
ultramafik kayaglar, sarimsi renkli dolomit ara katkili
kumtasi ve silttaslarindan olusan kirintili  sedimanter
kayaclar ile grimsi siyah renkli aglomeratik kayaglardan
olusan  Akincilar Formasyonu (izerlemektedir. Bu
formasyonun iizerine de Orta-Ust Eosen yash grimsi siyah
renkli bazaltik ve andezitik kayaglardan olusan Karatas
volkanitleri ve onunla sicak dokanak iligkisine sahip es yasli
siyenitik kayaglardan olusan Késedag siyeniti gelmektedir.
Bu birimlerin Uzerine de yine uyumsuizlukla Alt Miyosen
yash kirmizimsi renkli cakiltasi, sarimsi renkli orta-ince
tabakali kirectasi ve killi kirectasi tabakalari iceren beyaz

renki kiregtasi-dolomit-kiltasi ardalanmasindan olusan
Onari formasyonu gelmektedir. Onari formasyonunu da
andezit ve dasitlerden olusan isola volkanitleri ile siyah
renkli bol miktarda gaz bosluklari iceren Ust Miyosen-
Pliyosen yasli Serefiye volkanitleri Gizerlemektedir (Uysal ve

dig., 1995). Serefiye volkanitlerinin lzerine de
uyumsuzlukla golsel kokenli karbonath ve kirintih
sedimanter kayaglardan olusan Kadikdy formasyonu

gelmektedir. Tim bu birimlerin lzerine ise Kuvaterner yagli
altvyonlar gelmektedir (Yilmaz ve dig., 1985) (Sekil 2).

Analitik Yontemler

Yapilan arazi ¢alismalari ile alinan kayag¢ 6rneklerinin
petrografik inceleme amagl ince kesitleri Sivas
Cumbhuriyet Universitesi Jeoloji Muhendisligi
laboratuvarlarinda yapilmistir. ince kesitlerin mineralojik-
petrografik tanimlanmalari Nikon Eclipse 50i POL tipi
alttan aydinlatmali binokiler arastirma mikroskobunda
McKenzie ve Guilford (1980), Yardley (1990) ve Erkan
(2011) tarafindan belirlenmis olan optik mineralojik
tanimlama 6lgiitlerine gore yapilmistir.

Arazi ¢aligmalari ile alinan kayag 6rneklerinden ¢alisma
sahasini karakterize eden ve bozunmaya ugramamis
olanlarin temiz yizeylerinden secilen 15 adet 6rnek Sivas
Cumbhuriyet Universitesi Jeoloji Muhendisligi
laboratuvarlarinda  oncelikle  kirma-6giitme islemleri
Fritisch marka c¢eneli kiricida yapilmistir. Ceneli kiricida 0.5
cm’den daha kiiglik tane blytikligiine getirilmis olan kayag
ornekleri silikon-karbid havanl titresimli degirmen ile 200
mesh tane biyukligliinden daha kiiciik olacak sekilde
o6gutilmustir. Pudra kivamina kadar o6gutilmis kayag
orneklerinin ana, eser ve nadir toprak elementi analizleri de
Kanada’da ACME laboratuvarlarinda yaptiriimistir.

renkli jips, kumtasi ve cakiltasi ara katkilari iceren beyaz

SIMGELER
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Sekil 1. Calisma alaninin jeoloji haritasi (Kalkanci, 1974; Yilmaz ve dig., 1985; Uysal ve dig., 1995; Basiblyiik, 2006’dan
derlenmistir).
Figure 1. Geological map of the study area (Modified from Kalkanci, 1974; Yilmaz et al., 1985; Uysal et al., 1995; Basibliyiik,
2006).
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Sekil 2. Calisma alaninin genellestirilmis stratigrafik dikme kesiti (Kurtman, 1973; Kalkanci, 1974; Yilmaz ve dig., 1985; Uysal ve
dig., (1995).
Figure 2. Generalized stratigraphic column section of the study area (Kurtman, 1973; Kalkanci, 1974; Yilmaz et al., 1985; Uysal et
al., (1995).

Petrografi

Calisma alaninda sadece Serefiye beldesinin kuzey
kesiminde sinirli alanlarda yiizlekler sunan Ust Miyosen-
Pliyosen vyasl Serefiye volkanitleri genellikle gri-siyah
renkli ve Ust seviyelerinde bol miktarda gaz bosluklar
icerirken oldukca sert ve tikizdir. Bozunmaya ugramis olan
ornekler ise acik gri renklerde ve kolay kirilabilmektedir.

Petrografik amagh alttan aydinlatmali polarizan
mikroskopta yapilan incelemeler sonucunda Serefiye
volkanitlerinin iki farkh dokusal ozellik sergiledikleri
gdzlemlenmistir.  ilk  dokusal  &zellikte  Serefiye
volkaniklerinde  fenokristal fazinda bol miktarda
¢ubugumsu prizmatik bicimli, polisentetik ikizlenmeli,

bazen erime ¢6ziinme vyapilari da igeren plajiyoklaz
minerallerinin varhig ile karakteristiktir. ikinci dokusal
ozellikte ise fenokristal fazinda plajiyoklaz minerallerinin
yanisira ojit, olivin, nefelin ve granat minerallerinin
bulundugu gortlmistir. Bol miktarda fenokristalin
goraldigu dokusal o6zellikte fenokristallerin bir araya
gelerek kiimeler olusturdugu glomeroporfirik doku (Sekil
3a) saptanmistir. Serefiye volkanitleri icerinde gézlenen
mafik minerallerden ojit mineralleri g¢ogunlukla vyar
Ozsekilli/ozsekilli, yuksek optik engebeli, renksiz ve
sekizgen sekillidir (Sekil 3b). Olivin mineralleri ise hem
fenokristal hemde mikrofenokristaller ve hamurda
mikrolitler seklinde; renksiz, yiksek optik engebeli,
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catlakh-agsi dokuludur (Sekil 3c). Olivin minerallerinin
kenar kisimlarindan itibaren iddingsitlesme  tlri
bozunmalar da saptanmistir. Serefiye volkanitlerinde
feldispatoyid minerallerinden renksiz, disik optik

engebeli, altigen sekilli, 6zsekilli nefelin fenokristallerine
de rastlanmistir (Sekil 3d). Cok miktarda optik izotrop,
ozsekilli, soluk kahverengimsi melanit tlird granat
mineralleri de saptanmistir.

Sekil 3. Serefiye volkanitinin incekesit gériinimleri. a-Glomeroporfirik dokunun gériiniimii, b-Ozsekilli sekizgen ojit fenokristalinin
gdriiniimi, c-Olivin fenokristalinin gériiniimi, d-Ozsekilli altigen nefelin fenokirstalinin gériinimii
Figure 3. Thin section views of the Serefiye volcanics. a-Appearance of glomeroporphyric texture, b-Appearance of euhedral
octagonal augite phenocrystal, c-Appearance of olivine phenocrystal, d-Appearance of euhedral hexagonal nepheline
phenocrystal
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Sekil 4. Serefiye volkanitlerini olusturan kayag 6rneklerinin toplam alkali-silis diyagramindaki konumlari (A: Alkali, SA: Subalkali,
Le Maitre, 2002).
Figure 4. Total alkali-silica nomenclature diagram for Serefiye volcanics (A: Alkali, SA: Subalkali, Le Maitre, 2002).

Jeokimya

Ust Miyosen-Pliyosen yasl Serefiye volkanitleri toplam
alkali-silis (Le Maitre, 2002) adlandirma diyagraminda
foyidit ve tefritlerden olustugu gériilmektedir (Sekil 4). Ust
Miyosen-Pliyosen yasli Serefiye volkanitlerinin ana, eser

ve nadir toprak elementi analiz sonuglari Tablo 1'de
verilmistir.
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Fraksiyonel Kristallesme

Ust Miyosen-Pliyosen yasli Serefiye volkanitlerinin
olusumu esnasinda da fenokristal fazda gergeklesmis olan
sivi-kristal ~ fraksiyonel kristalizasyonu gorilmektedir.
Fraksiyonel kristalizasyonun izleri ana elementlerin

diyagraminda Serefiye volkanitlerini olusturan
Fonolit'lerin kendi igerisinde daha bazik Uyelerinden
itibaren zayif da olsa bir fraksiyonlanma egilimi
goriilmektedir. Ozellikle bu egilimler Al,0s, Fe,0s, Na,O,
MgO, TiO, ve P,0s igin negatif bir egilim seklinde
SiO,’ye karsi yapilmis olan degisim diyagraminda gelisirken, K,O ve CaO icin ise pozitif bir egilim
izlenmektedir (Sekil 5). Bu ana elementlerin degisim sergilemektedir.

Tablo 1. Serefiye Volkaniklerinin ana ve eser ve nadir toprak elementi analiz sonuglari (Ana elementler % agirlik ve
eser elementler ppm cinsinden verilmistir; AK: ateste kayip).

Table 1. Major and trace and rare earth element analysis results of the Serefiye volcanics (Main elements are given in
% by weight and trace elements are given in ppm; AK: loss in fire).

OmekNo §-12 §13  §15 §17 §18  §22  §-25 $-29 §-32 $-35 $-38 $-39 $-40 s-41

Si02 4057 4056 41.02 4089 4116 4091 4056 4107 4060  40.66 4130 4046 4069 4034
Tio; 290 290 288 290 288 287 281 2.83 2.89 2.85 2.81 2.84 2.77 2.80
Al,03 13.17 1315 1315 1328 1323 1333 1294 1321 13.14 13.17 12.94 13.21 13.16 12.86
Fe,0s 11.78 1163 11.62 1154 1157 1169 1140  11.53 11.58 11.58 11.26 11.40 11.34 11.29
MgO 1040 1023 1011 1039 1014 1028 1091  10.67 10.24 10.77 10.64 10.60 10.69 10.47
MnO 019 018 018 018 018 019 018 0.18 0.18 0.18 0.18 0.18 0.18 0.18
Ca0 1099 1090 10.80 1073 1080 1075 1072  10.68 10.92 11.09 11.09 11.32 10.94 10.84
Na;O 490 49 511 523 523 508 525 5.10 5.16 5.12 4.75 4.99 4.97 4.95
K0 234 224 242 251 248 242 256 2.58 2.55 2.55 2.45 2.54 2.51 2.67
P20s 118 119 116 118 119 119 116 1.15 1.19 1.15 1.13 1.15 1.12 1.15
AK 11 1.6 11 0.7 0.7 0.8 1.0 0.5 1.1 0.4 1.0 0.8 1.2 2.0
Toplam 99.55 99.58 99.58 99.56 99.59 99.55 99.53 99.54  99.37 9956  99.58 9953  99.60  99.58
Rb 486 509 460 448 460 436 440 44.5 429 44.6 406 428 40.8 421
Sr 1237 1207 1281 1224 1311 1295 1313 1309 1239 1245 1282 1236 1215 1220
Y 277 266 248 264 265 278 269 27.6 26.8 25.4 26.0 26.0 25.2 25.2
zZr 331 334 338 337 336 349 346 347 326 334 334 329 329 318
Nb 909 917 927 941 950 975 982 98.5 92.0 97.1 97.0 95.9 95.1 90.7
Ba 360 366 541 410 414 444 483 451 446 393 598 729 640 493
La 682 663 691 696 703 695 713 68.6 66.4 67.5 67.9 67.2 68.5 65.6
Ce 1331 1302 1376 1403 1375 1452 1382 1340 133.9 134.3 132.2 1336 136.9 126.5
Pr 1432 1435 1451 1441 1486 1499 1512 1473 14.23 14.34 14.19 14.15 13.95 13.71
Nd 573 568 567 549 584 572 553 57.5 55.8 55.0 54.2 54.1 53.8 50.3
Sm 10.10 1034 1075 1013 1063 1079 1028  10.40 10.53 10.35 10.15 9.83 10.21 9.63
Eu 318 337 334 323 327 346 339 3.37 3.38 3.27 3.25 3.28 3.19 3.13
Gd 9.04 914 89 933 939 962 9.63 9.51 9.35 9.23 8.67 9.03 9.02 8.62
Th 125 123 127 128 130 130 132 1.29 1.23 1.21 1.21 1.27 1.24 1.23
Dy 602 570 649 670 658 678 6.63 6.43 5.98 6.43 6.34 6.11 6.12 6.01
Ho 108 099 1.01 104 103 113 106 1.01 1.03 1.06 1.02 1.01 0.99 1.04
Er 251 265 259 252 267 257 281 2.52 2.33 2.79 2.79 2.66 2.59 2.47
m 032 033 037 034 031 035 032 0.35 0.30 0.31 0.35 0.32 0.32 0.31
Yb 182 185 195 178 195 198 201 1.88 1.83 1.97 2.07 2.02 1.89 1.89
Lu 026 024 028 028 026 030 027 0.26 0.24 0.29 0.28 0.26 0.26 0.26
Th 8.4 8.5 8.8 8.7 8.6 7.9 8.7 9.1 8.3 8.4 9.2 8.4 8.0 83
P 5148 5192 5061 5148 5192 5191 5061 5018 5192 5018 4930 5018 4887 5018
K 19425 18595 20089 20837 20588 20089 21252 21418 21169 21169 20338 21086 20837 22165
Ti 17383 17383 17263 17382 17263 17203 16844 16963 17232 17083 16843 17023 16603 16783

Benzer egilimler eser elementlerin SiO,’'ye olan  Serefiye volkanitlerininde kismi ergimeye ugramis olmasi

degisim diyagramlarinda da izlenmektedir. Bu egilimler
genellikle de pozitif artislar seklindedir (Sekil 6).

Kismi Ergime

Serefiye volkanitlerinin MgO icgeriklerine baktigimizda
10,11-10,91 (%) (Tablo 1) araliginda oldugu gorilmektedir.
Bazik-ultrabazik magmatik kayaglarda kismi ergime
oraninin  artis  gosterdigi  bilinmektedir.  Serefiye
volkanitlerinin de ultrabazik karakter gosterdigi (% SiOa;
40,34-41,30) bilindigi gercegi ile beraber irdelendiginde

beklenmektedir. Eser elementlerin birbirlerine gére yapilan
Harker diyagramlarina baktigimizda da La/Lu’nun La’a ve
Zr'un La’a olan degisim diyagramlarinda kismi erigmenin
varhgi belirgince izlenmektedir (Sekil 7).

Kabuksal Kirlenme

Serefiye volkanitlerinde eser elementlerin degisim
diyagramlari incelendiginde 6zellikle de Y/Nb’un Zr/Nb’a
olan ve La/Sm’un La/Ta’ olan degisim diyagramlarinda da
kabuksal kirlenme etkileri gorilmektedir (Sekil 8).
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Serefiye volkanitlerinin ilksel Manto ve Kondrite gére
normalize edilmis 6riimcek diyagramindaki iz element
dagihm desenleri degerlendirildiginde, hafif nadir toprak
elementleri agir nadir toprak elementlerine goére zenginlik
gostermistir. Hafif nadir toprak elementlerinin agir nadir
toprak elementlerine oranla daha zengin olmalari ise

iyon vyaricaph elementler pozitif bir dagihm deseni
gosterirken; bircok kalicihg yiksek elementler ise negatif
bir dagihm deseni gostermektedir (Sekil 9). Bilyiik iyon
yarigcapli elementlerde pozitif dagihm desenlerinin
gorilmesi bu elementlerin boélimsel ergime siregleri
esnasinda bolimsel ergimeye katildigini gosterirken;

kristallenme olaylari esnasinda kabuksal kokenli malzeme  kaliciligi  yiksek elementlerin ise bdlimsel ergime
katkisinin oldugunu gostermektedir (Sekil 9). slreglerine c¢ok fazla katilmadigini géstermektedir
Serefiye volkanitlerindeki Rb, Ba, Th ve Sr gibi biylk (Pearce, 1983; Wilson, 1989).
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Sekil 5. Serefiye volkanitlerinin bazi ana element igeriklerinin
SiO,’ye gore olan degisim diyagramindaki konumlari (FK:
Fraksiyonel kristalizasyon).

Figure 5. Variation of selected major elements versus SiO2 for
Serefiye volcanics (FK: Fractional crystallization).

Sekil 6. Serefiye volkanitlerinin bazi eser element iceriklerinin
SiO,’ye gore olan degisim diyagramindaki konumlari (FK:
Fraksiyonel kristalizasyon).

Figure 6. Variation of selected trace elements versus SiO2 for
Serefiye volcanics (FK: Fractional crystallization).
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Sekil 7. Serefiye volkanitlerinin a) La/Lu-La; b) Zr-La degisim diyagramindaki konumlari (Wilson, 1989).
Figure 7.a) La/Lu-La; b) Zr-La for the Serefiye volcanics (Wilson, 1989).

Sekil 8. Serefiye volkanitlerinin a) Y/Nb-Zr/Nb, b) La/Sm-La/Ta
degisim diyagramindaki konumlari (Wilson, 1989).
Figure 8. a) Y/Nb versus Zr/Nb, b) La/Sm versus La/Ta for the
Serefiye volcanics (Wilson, 1989).
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Sekil 9. Serefiye volkanitlerinin (a) nadir toprak elementi
konsantrasyonlarinin Kondrite (Boynton, 1984) ve (b) eser
element konsantrasyonlarinin ilksel manto’ya (Sun and
McDonough, 1989) gbre normalize edilmis 6riimcek
diyagramindaki konumlari.

Figure 9. (a) Chondrite (Boynton, 1984) normalized rare earth
element (REE) and (b) primitive mantle (Sun and McDonough,
1989) normalized multi element diagrams for the Serefiye
volcanics.
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Tartisma ve Sonuglar

ic-Dogu Anadolu alkalin provensi iceresinde bulunan
ve bélgenin jeodinamigi acisindan énemli olan Ust
Miyosen-Pliyosen yasli Serefiye volkanitleri foidit ve
tefritlerden olusmaktadir.

Mineralojik-petrografik olarak incelendiginde; Serefiye
volkanitleri iki ayri dokusal oOzellik gostermektedir. Bu
dokulardan birincisi oldukca ince taneli hipokristalin
porfirik doku olup, plajiyoklaz fenokristalleri icermektedir.
ikinci dokusal 6zellik ise ilk dokuya gére daha iri taneli ve
zengin fenokristal igerigi ile karakteristiktir. Bu
fenokristaller, plajiyoklaz basta olmak Uzere ojit, olivin,
nefelin ve granat mineralleridir.

Alkalin  karakter gosteren Serefiye volkanitleri
jeokimyasal olarak incelendiginde; fraksiyonel
kristallesmesinin (FC) kanitlari jeokimyasal diyagramlarda
belirgin olarak izlenmektedir. Bu fraksiyonlanmanin izleri
ana ve eser elementlerin SiO,’'ye ve MgQ’e karsi olan
degisim diyagramlarinda oldukga belirgindir. Serefiye
volkanitlerinde kismi ergime ve kabuksal kirlenmenin izleri
ana ve eser element degisim diyagramlarinda izlenmistir.

Santoniyen-Kampaniyen  déneminde, Neo-Tetis
okyanusunun kuzey kolunu olusturan okyanusal kabuk,
Avrasya levhasinin altina dogru kisaca Pontidlerin altina
dalmaktadir. Dalma-batma olayinin devaminda bolgede
yaygin bir kabuk kalinlasmasi gerceklesmis ve bu hat
boyunca da izmir-Ankara-Erzincan siitur zonu olusmustur
(Akin, 1979; Sengor ve Yilmaz, 1981; Harris ve dig., 1994;
Yilmaz ve Boztug, 1996; Okay ve Sahintirk, 1997; Yilmaz
ve dig., 1997; Okay ve dig., 2001; Sengor ve dig., 2003,
Canbaz ve dig., 2020). Ust Miyosen-Pliyosen yasl Serefiye
volkanitleri ¢arpisma sonrasi evrede bolgede gelisen
kiriklar neticesinde olusmus gen¢ bir volkanizmanin
GrGnaddar.
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height, stem diameter, number of heads per plant, number of seeds per tray, first flowering period and thousand
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mm, 12-13 pieces, 13-15 gr and 97 seeds on five cultivars, where plant height, stem diameter, number of heads
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Introduction

Carthamus tinctorius L., commonly referred to as
Safflower or (false saffron), is an arid climate herb
belonging to the Compositae or Asteraceae family and
typically growing in South Asia, China, India, Iran and Egypt,
resembling thistle (Shirwaikar et al., 2010). The seeds of the
safflower plant contain a large amount of oil and have a
very high nutritional value. Its oil consists of 70%
polyunsaturated fatty acids (i.e. linoleic acid), 10%
monounsaturated oleic acid and a small amount of stearic
acid (Knowles, 1969). It is a plant variety that has the
potential to produce completely high yields in the areas
where cereals are produced in our country and in all
climatic conditions (grown only with rainfall without the
need for any irrigation in dry conditions) and important
grain products (such as barley, wheat) similar breeding
techniques (Arioglu ve ark., 2010). Safflower is an important
oilseed plant whose potential has not yet been realized and
has not been adapted to world agriculture for this reason.
Although it is cultivated in limited areas and its production
is low, it has an important role in agricultural systems
(Gilbert 2008). Another sector of oilseed plants that has
become important in recent times is the biodiesel sector.
Oilseed plants are the main raw material sources of the
sector (ilkdogan, 2012). Factors such as the security and
continuity of energy supply, the fact that fossil-based fuel
reserves such as (oil-natural gas and coal) will be consumed
in the future, the environmental factor of increasing

importance and the realization of rural development have
brought biodiesel as an alternative energy source to the
world agenda (ilkdogan, 2012). The cultivation of crops
such as rapeseed and safflower, which are frequently on
the agenda with biodiesel, has had a positive effect on the
solution of problems such as migration and employment in
the countryside, as well as the chance to increase the
income of the farmers (Berk ve Yasar, 2008). In this studyj, it
was aimed to determine some morphological parameters
of five different safflower cultivars in Van province
conditions. As a result, it can be a very important step to
provide practical ideas for producers who will produce
safflower as a solution to the drought and energy problem
to be experienced in the future, especially for producers
who will ensures sustainability in agriculture, and also to
minimize product losses with more detailed biological
research results.

Material and Method

In this study, some morphological parameters of five
different safflower plants (Asol, Ayaz, Balci, Dinger and
Goktark) in field conditions (plant height (cm), stem
diameter (mm), number of heads per plant (pieces),
number of seeds per tray (pieces), 1000 grain weight (gr)
was investigated. The field experiment was prepared
according to the randomized plots trial design in Van
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Ylziincd Yil University Faculty of Agriculture trial design and
carried out for one year. Temperature, humidity and
precipitation values of the sowing region are given in Table
1. The study area consists of a total of 25 plots, 5 for each
variety. The plots were prepared 5 m x 5 m in length and 2
m gaps were left between the plots (Figure 1). The row
spacing was 25 cm on rows and 5 cm intervals. Each parcel
was arranged to have 12 rows. The area was prepared by
ploughing with the help of a plow and breaking the clods
formed on the soil with a disc harrow between 25 March
and 15 April. Just before, 240 gr/da phosphorus (TSP)
fertilizer and 480 gr/da Nitrogen fertilizer were applied.
After the fertilizer application, with the help of a marker, 12
rows were created in each plot and 2 kg/da of seeds were
planted. It is covered with 1-2 cm of soil and left to develop.

Soil analysis

Before the collected soil samples were used in the
study, PH, EC, Moisture and Lime values were checked and
analyzed according to the evaluations. According to the
analysis results, the pH value was 8.17 (slightly alkaline), the
EC value was 0.161 dS/M (without salt), the lime was 18%
(high lime) and the humidity was 8.12.

Features of varieties

Asol variety was developed by Trakya Agricultural
Research Institute by crossing. It is the first variety
developed by hybridization in our country. Production
permit was obtained on 30.01.2015. Its flowers are orange
(it first blooms in yellow, then turns orange) with thorny

seeds, the color of the seeds is white and the plant height
is between 70-80 cm (Arslan et al., 2019). Ayaz variety was
developed by Bahri Bagdas International Agricultural
Research Institute. Safflower populations obtained from
local and US gene centers were selected in terms of
resistance to cold by planting in October under Konya
conditions between 2007-2012. Among the developed
Winter safflower lines, the one with the highest seed yield
was submitted to the registration, and while the
registration trials were continuing, a production permit
was obtained under the name Ayaz (Anonymous, 2021).
The plant variety has red flowers and has less thorns. The
seeds are cream colored. Balcli variety was bred by
selection method by Eskisehir Transition Zone Agricultural
Research Institute. This variety was registered in 2011.
The plant height is between 55-70 cm. It has yellow
flowers has a spiny structure, and its seeds are cream-
colored (Arslan et al., 2019). Dinger variety was registered
in 1983 by Eskisehir Transition Zone Agricultural Research
Institute. When examined in terms of morphological
characteristics, the plant height varies between 90-110
cm. This variety, which shows good branching, has
medium-sized leaves. The flower color of this variety,
which has a thornless structure, is orange/red and the
seeds are white (Arslan et al., 2019). Gokturk variety was
developed by Bahri Dagdas International Agricultural
Research Institute. This variety was registered in 2016.
Plant height varies between 90-100 cm. It has a vertical
structure. As a flower color, it first turns yellow and turns
into orange over time. Seed color is white (Arslan et al.,
2019).

Table 1. Climate values of Van province for 2019-2020 years

Months 1 2 3 4 5 6 7 8 9 10 11 12
2020
Average temperature (C°) 20 -15 4.6 7.9 13.9 186 222 213 203 14.2 7.3 2.1
Average relative humidity (%) 69.6 720 703 659 56.2 496 509 48.0 4438 47.4 60.0 66.1
Total rain (mm/kg/m2) 50.3 799 443 518 27.8 13.7 17.6 10.0 5.6 1.8 128 27.7
15 m 2m

Figure 1. Formal view of parcels
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Determination of morphological parameters

Plant height (cm): By making daily observations of the
safflower plant, when the harvest time is approached, the
distance from the soil level to the top of the plant was
found by measuring 10 plants from each plot in cm and 50
plants of each variety in total.

Handle diameter (mm): When the plants matured, 10
randomly selected plants from each sub-plot were
measured from the root collar and the parts where the
lowest branch was separated from the trunk with a
caliper, and the stem diameter was determined by taking
the average.

First Flowering Time (days): In each subplot, the time
from sowing to the first flower appearance was
determined and recorded as days.

Number of Tables per Plant (piece): The number of
trays found in all branches of 10 random plants of each
variety was written in units.

Number of seeds per tray (pcs): From the safflower
plants reaching the maturity stage, 20 pieces of 500 flower
heads were cut from each plot and the seeds inside were
counted and noted.

Thousand grain weight (gr): The flower trays collected
from the plots of the safflower plants reaching the
maturity stage were passed through the threshing
machine and separated from their seeds. From the seeds
obtained, 400 seeds were selected for each variety and
weighed on precision scales. Weighed seeds were
multiplied by ten and weights were obtained.

Statistic analyses: The data obtained in the study were
tested according to a one-way analysis of variance (one-
way ANOVA, Tukey), and the differences between
varieties were determined (SPSS, 2019).

Kina and Ozgokce / Journal of Science and Technology, 25(3):39-43, 2023

Results

When the study was examined, no difference was
observed in the morphological parameters of five
different safflower cultivars. It was observed that the
difference was only the stem diameter and the number of
seeds per head. Measurements were made from all plots
of the safflower plant and calculated in cm and the data
obtained are shown in Table 2. When the results were
examined, it was seen that the plant heights of Asol, Ayaz,
Balci, Dinger cultivars were close to each other. Other
(28.04, 29.16, 29.00, 29.44 cm) and above (30.00) Goktiirk
varieties. No statistical difference was found (P>0.05). The
stem diameters of Asol, Balci, Dinger cultivars were close
to each other (6.68, 7.50, 7.91 mm), while the stem
diameters of Ayaz and Goktirk cultivars were higher
(8.32, 8.59 mm) and there was a statistical difference
between cultivars (P<0.05). It is seen that the number of
heads per plant of Asol, Ayaz, Balci, Dinger, Goktirk
cultivars varies between 12-13 pieces on average (Table 2)
(P>0.05). The seeds in the flower trays taken from the
safflower plants were counted and noted. Looking at the
results (Table 2), it was observed that there were
statistical differences between the five cultivars (P<0.05),
the lowest Ayaz (21.76) seeds, and the highest number of
seeds (29.54) in Asol cultivar. Looking at Table 2, the
thousand-grain weight of Balci variety was found to be
(13.66) g higher among Asol, Ayaz, Balci, Dinger and
Goktirk varieties (P>0.05) (Table 2). In each subplot, the
time from sowing to the first flower appearance was
determined and recorded as days. It was observed that
the first flower heads started to form on 1 June. When we
look at Table 3 as a result of the observations, it was
observed that the number of first flowering days in Asol,
Ayaz, Balci, Dinger and Goktirk cultivars were very close
to each other (97-99), with only 1-2 days of difference.

Table 2. Determination of morphological parameters of five different safflower cultivars under field conditions (Mean * S.E)

Plant Height Handle Diameter Number of Tables Per Number of Seeds Per Thousand Grain

(cm) (mm) Plant. (piece) Tray. (piece) Weight (gr)
Varieties n Mean £ S.E Mean £ S.E Mean £ S.E Mean £ S.E Mean £ S.E
Asol 50 28.04+0.50a 6.6810.19b 13.0440.39a 29.54+1.02c 14.55 a
Ayaz 50 29.16x0.58a 8.3210.26a 12.1240.25a 21.7610.83a 14.28 a
Balci 50 29.00+0.52a 7.50+0.32ab 12.44+0.35a 26.34+0.80bc 15.77 a
Dinger 50 29.44+0.53a 7.91+0.31a 12.82+0.36a 23.28+0.76ab 15.43 a
Gokturk 50 30.00+0.46a 8.59+2.51a 12.84+0.35a 25.12+0.94ab 13.68a

* The difference between the same letters in each row in the table is statistically insignificant (P>0.05).

Table 3. Determination of the first flowering days of five different safflower cultivars (days)

Varieties Number of First Flowering Days (days)
ASOL 98
AYAZ 99
BALCI 97
DINCER 98
GOKTURK 99
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Discussion and Conclusion

When the results of the research were evaluated as a
whole, it was seen that there were differences in
parameters such as plant height, stem diameter, seed,
depending on the climatic conditions (temperature,
precipitation amount, soil yield) of Van province, and the
yield of the safflower plant was not at the desired level.
Arslan et al. (2003) Yield characteristics of GW-9003,
GW_9025, Yenice, 5-154 and Dinger cultivars were
determined under the climatic conditions of Van province.
The plant height of Dinger cultivar was 69.03 cm, the
number of spikes per plant was 12.70 and the weight of
1000 grains was 37.83 g. When compared, it was seen that
plant height (29.44 cm) values were close to Dinger variety
and the number of heads was the same (12.82) in our study.
Thousand grain weights varied. Coskun (2014) conducted a
study on the effect of summer and winter planting times on
yield in different safflower cultivars. When the data is
evaluated that it was (123.67 cm, 16.50 and 39.33 g in the
variety of Dinger), while it was 108.80 cm in plant height,
12.83 in the number of heads per plant, and 35.33 g in
1000-grain weight. When compared with our study, it was
observed that the plant heights obtained differed in both
cultivars and the number of trays (12.44) was almost similar
in the same Dinger cultivar (12.82) in Balci cultivar. Gok et
al. (2014) A study was conducted on the yield and quality of
3 different safflower varieties (Dinger, Remzibey, Linas) in
dry conditions in Glnyaz Village of Semdinli district of
Hakkari province. The data of Dinger cultivar were
determined as 64.6 cm, 8.9, 37.7, and a thousand grain
weight of 40.6 g, respectively. Compared to the Dinger
variety in our study, it was designated that the plant height
differences and the number of heads per plant were higher.
Different results were obtained from the number of seeds
and the weight of one thousand seeds. Gursoy et al. (2018)
conducted a study to examine the effect of three different
row spacings (20, 30, 40 cm) and three row spacings on
yield of two different safflower varieties (Ayaz and Lina) in
the experimental area of Ankara University in 2015. The
plant height of the Ayaz variety was 111.1 cm, the number
of spikes per plant was 20.33 and the number of seeds per
tray was 18.57. Unsal et al., (2020) determined the
morphological parameters of different safflower cultivars in
their studies. It has been understood that the studies
carried out are generally aimed at determining the
morphological parameters of plants. When evaluated as a
whole, it was observed that the results obtained from the
cultivars used differed and there was variability in their
morphological parameters. It is thought that factors such as
climatic variability in the planting regions, adaptation of
varieties to the environmental and precipitation may play
an active role. Looking at all the varieties used differences
were found according to the Goktiirk and Asol cultivars we
used in our study. When looked at, it can be concluded that
the soil structure of the planted area, climate factor, rainfall
frequency affect the yield of the safflower plant. It is
foreseen that safflower plant can make important

contributions to the cities with arid climate such as Van, in
terms of providing an alternative culture, increasing the
welfare level and eliminating the energy that will create
serious problems in the future. It is thought that it may be
a pioneer for future studies.
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Giris

Ist degistiriciler, gaz tlrbinleri, elektronik cihazlar,
niikleer santraller, glines kolektorleri gibi bircok
mihendislik uygulamasi icin yizeylerden olan s
transferinin aritilmasi 6nemlidir. Bu amagla, ylzeyleri
cesitli geometrilere sahip oluklu kanallar veya ylzeylerine
yine cesitli geometrilerde ve dizilimlerde engellerin
(¢ikintilarin, kiriglerin) yerlestirildigi kanallar pasif s
transferi artirma yontemi olarak kullanilmaktadir. Temel
ilke ylUzey geometrisi araciligiyla akis boyunca
calkantilarin, cevrintilerin olusturulmasi ve akisin kararsiz
hale getirilmesiyle karisimin, dolayisiyla isi transferinin
artirilmasina dayanmaktadir (Mirzaei ve ark., 2013).

Uygulama alanlarinin 6énemi, 1si transferinde yaptigi
iyilestirme ve baslica oluk/engel geometrisi olmak (izere;
oluklar/engeller arasi mesafe-oluk/engel yiikseklik orani,
oluk/engel yuksekligi-kanal yuksekligi orani, engellerin akis
yoniine goére yerlestirme acilari, akis rejimi, v.b. bircok
parametreyi icerdigi icin bu yontem literatiirde yaygin
olarak kullanilmaktadir (Han ve Park, 1988; Lorenz ve ark.,
1995; Ahn, 2001; Casarsa ve Arts, 2005; Wang ve Sundén,
2007; Promvonge ve Thianpong, 2008; Eimsa-ard ve
Promvonge, 2009; Wongcharee ve ark., 2011; Gururatana,
2012; Ramadhan ve ark., 2013; Chung ve ark., 2014;
Selimefendigil ve Oztop, 2017; Ajeel ve ark., 2019; Hilo ve
ark., 2020; He ve ark., 2021; Hamad ve Ajeel, 2022). Yapilan
sayisal ve deneysel calismalarda basing disuslerindeki
artisa ragmen yuzeyleri oluklu/engelli kanallarin s
transferinin artirilmasina olan katkisi agik¢a gorilmektedir.

Bu calismada alt ylzeyi akisa gore farkli agilarda
engellerle donatilmis oluklu bir kanal igerisindeki
tirbdlansh akis yapisi ve isi transferi karakteristikleri
sayisal olarak incelenmistir. Sayisal sonuclar Reynolds
sayisinin (Re) 5000-20000 degerleri araliginda engel
acisinin akisa gére 45°, 90° ve 135° oldugu durumlar igin
elde edilmistir.

Yontem

Sekil 1’de oluklu kanal yapisi ve farkh engel acilariyla
olusturulan modeller sematik olarak sunulmustur. Temel
kanal boyutlari Hamad ve Ajell'in (2022) ¢alismasinda
kullanilan kanal 6lgilerine benzer olarak segilmistir.

Kanal ylzeyleri arasindaki mesafe, H=10 mm, kanalin
uzunlugu, L=500 mm'dir. Oluklu test kisminin uzunlugu
L,=200 mm, test kismindan dnceki ve sonraki bolimlerinin
uzunluklari sirasiyla L;=200 ve L3=100 mm'dir. Eliptik oluk
geometrisinin yatay ve dikey yaricap degerleri sirasiyla,
ri=5 mm ve r;=2,5 mm dir. Yiksekligi, h=5 mm olan
engeller kanal alt yiizeyindeki oluklar arasina f=45° 90° ve
135° olmak tzere 3 farkli aci ile yerlestirilerek 3 farkh
model olusturulmustur. Oluklar ve engeller arasindaki
mesafe sirasiyla, p=10 mm ve /=20 mm’dir.

Sayisal analizler sonlu hacimler yaklasimini kullanan
ANSYS-Fluent yazilimi araciligiyla k- tlrbilans modeli
kullanilarak gerceklestirilmistir. Akis alanina ait temel
denklemler ikinci dereceden ayriklastirma ve SIMPLEC
algoritmalari kullanilarak ¢dzilmistir. ilgili sureklilik,
momentum ve enerji denklemleri asagida sunulmustur:

Sireklilik denklemi:
ou 4 v —0 1)
ox 9y

Momentum denklemi:
x yoniindeki momentum denklemi:

au a(u )2] l a(uv)

__la_p (aza aza> 2)

vox T\ oz T2

y yoniindeki momentum denklemi:

l_av 0(17’)2] lav 6(1717')]
u
ox

_ 10p+ 0%*v 7 3
T pady 6x2 ay

Enerji denklemi:

oT oT| o@'T) a(@'T")
U—+7—|+ +
0x Oy 0x dy ()
_k . a°T + 62_ 4
a pCy dx? ¢

Akiskan olarak kullanilan suyun o6zellikleri sabit ve
kanala giris sicakhgi 300 K olarak alinmistir. Kanalin Gst ve
alt oluklu ytzeylerden olusan test kismi T,= 365 °C sabit
sicaklikta, giris ve ¢ikis ylUzeyleri ise yalitiimis (adyabatik)
kabul edilmistir. Giris ve gikista sirasiyla hiz giris ve basing
¢ikis kosullari, kanal ylzeylerinde ise kaymama sinir kosulu
uygulanmistir. Sayisal ¢ozumler akiskan giris hizi ve
hidrolik ¢apa bagl olarak hesaplanan 4 farkli Reynolds
sayisi, Re=5000, 10000, 15000 ve 20000 igin
gerceklestirilmistir.

VD
Re = Pl=Tn (5)
M

Burada, p akiskan yogunlugunu, V,, akiskanin kanala
giris hizini, Dy, hidrolik ¢api (w=50mm), p ise akigkanin
viskozitesini temsil etmektedir.

Kanal modellerinin 1s1 transferi karakteristiklerini
kiyaslamak igin kullanin Nusselt sayisi, Nu, slrtinme
faktord, f, basing diislsi, AP ve performans degerlendirme
kriteri (PEC) denklemleri asagida sunulmustur:

Nu = = 6
u=— (6)
2D,
=A
P Loz (7)
Ap = Pin — Pout
Nu/Nu,
PEC = 8)
15,47
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Sekil 1. Oluklu kanal ve farkli engel modelleri
Figure 1. Corrugated channel and different obstacle models

Tablo 1. Ag elemani sayisina gore ortalama Nusselt sayisi degisimi
Table 1. Average Nusselt number variation with respect to the number of mesh elements

Ag Elemani Sayisi Ortalama Nusselt Sayisi (Nu)
10 88,15
2x10* 91,21
4x10* 94,83
8x10* 95,05
16x10* 95,18

Sayisal ¢ozlimlerin ag sayisindan olan bagimsizhigini
saglamak amaciyla farkh ag sayilarinda Re=10000 degeri
icin elde edilen Nu sayilan karsilastinlmistir (Tablo 1).
Buna gore ilgili kanal akisi icin 4x10* adet ag elemaninin
yeterli oldugu gortlmistir. Bu degerler Hamad ve Ajell’in
(2022) galismasi ile (Nu=95) uyum igerisindedir.

Bulgular ve Tartisma

Yiizeyleri oluklu kanallarda oluklar arasina yerlestirilen
engellerin 1s1 transferine olan etkisi sayisal olarak
incelenmistir. Farkli Reynolds sayilarindaki akis alanina ait
hiz ve tiirbllans kinetik enerji (TKE) konturlari ve ortalama
Nusselt sayisi, stirtinme faktéri, basing diislisti ve termal-
hidrolik performans faktori dagilimlari elde edilmistir.

Sekil 2 ve 3’de sirasiyla, Re=5000 ve 20000
sayllarindaki hiz konturlari sunulmustur. Re=5000 igin
oluklu kanalda (Sekil 2.a) hiz konturlari tim kanal boyunca
diizgiin (iiniform) olarak dagilmaktadir. Olii akis bdlgeleri
oluklara hapsolmus durumdadir. Oluklu-engelli kanallarda
(Sekil 2b, 2c ve 2d) ilk engellerden baslayarak olusan jet
akisinin kanal boyunca yayildigi goriilmektedir. Sekil 2b’de
B=45° icin jet akisi icerisinde, birinci ve ikinci engeller
arasinda, diger oluklu-engelli kanallara goére daha yliksek
degerlere sahip bir merkez hiz alani agik¢a gorilmektedir.
Bu alan B=90° i¢in daha diisiik hiz degerlerinde birinci ve
ikinci engel arasinda mevcutken, B=135° icin kanal
boyunca engel uglarindan baslayip bir sonraki engele
dogru uzamaktadir. Oluklu-engelli kanallarda engel agisina
bagh olarak engeller arasindaki akis alanlarinin yapisi
farklilk gostermektedir. Sekil 2b’de B=45° igin ikinci
engelden baslayarak engel ylzeyine carpan akis, engel
oncesi oluklara dogru yonlenerek oluklarin igerisinde,

diger tim kanallara gore, daha yiksek hizli akis alanlari
olusturmaktadir. Sekil 2c’de B=90° i¢in bu alan kiigiilerek
oluklarin sag yiizeyini kaplarken p=135° icin, oluklu kanala
benzer seklide, 6lu akis bolgesi tiim oluk alanlarini
kaplamaktadir. Sekil 3’de Re=20000 icin tim engel
acilarinda engeller arasindaki akis yapilari Re=5000 icin
elde edilen akis yapilariyla benzerlik gostermekle birlikte
cekirdek akislarinin degerlerinin artarak uzayip kanal
boyunca yayildigi gézlemlenmektedir. Ayrica, B=45° igin
jet akisinin kanal boyunca kalinhginin arttigi ve Re=5000"e
gore daha fazla alani kapladigi gériilmektedir.

Sekil 4 ve 5’de sirasiyla, Re=5000 ve 20000
sayilarindaki TKE konturlari sunulmustur. Oluklu-engelli
kanalarin, her iki Re sayisi icin de, oluklu kanala gére daha
yuksek TKE alanlarina sahip oldugu agiktir. Re sayisindaki
artisa bagh olarak TKE degerlerindeki artis acikca
gorilmekle birlikte kanal boyunca engeller arasindaki
kontur dagilimlarinin Re=5000 ve 20000 igin bezer
yapilarda oldugu gozlemlenmektedir. Maksimum TKE
degerleri kanal Ust ylzeyindeki oluklarin sag kdsesinde ve
engellerin Ust ylzeyi etrafinda olusmaktadir. Sekil 4c’de
B=135C%igin maksimum TKE kontur alaninin ikinci engelden
baslayarak sekizinci engele kadar biylylp yatay engel
ylzeyine vyayildigi daha sonra engel ucuna dogru
kiiculdugu goriilmektedir. Her ¢ oluklu-engelli kanal igin
de orta yogunluktaki TKE konturlari kanal list ylizeyindeki
oluklari hemen hemen kaplamaktadir. Kanal alt
ylzeylerdeki oluklarda ise p=45° i¢cin orta yogunluktaki
TKE konturlar B=90”ye goére daha buyik bir alani
kaplamaktadir. Bununla birlikte B=135° igin kanal alt
yuzeyindeki oluklarla birlikte engellerin arka yuzinu
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kapsayan buylk bir alani ¢ok disik yogunluklu TKE
konturlari kaplamaktadir.
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Sekil 2. Re=5000 icin hiz konturlari (a) oluklu kanal (b) B=45° (c) B=90° (d) B= 135°
Figure 2. Velocity contours at Re=5000 (a) corrugated channel (b) =45° (c) 5=90° (d) = 135°
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Sekil 3. Re=20000 icin hiz konturlari (a) oluklu kanal (b) (b) B=45° (c) B=90° (d) B= 135°
Figure 3. Velocity contours at Re=20000 (a) corrugated channel (b) =45° (c) f=90° (d) p= 135°
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Sekil 4. Re=5000 icin TKE konturlari (a) oluklu kanal (b) B=45° (c) B=90° (d) p= 135°
Figure 4. TKE contours at Re=5000 (a) corrugated channel (b) f=45° (c) =90° (d) 3= 135°
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Sekil 5. Re=20000 icin TKE konturlari (a) oluklu kanal (b) B=45° (c) B=90° (d) p= 135°
Figure 5. TKE contours at Re=20000 (a) corrugated channel (b) f=45° (c) f=90° (d) 3= 135°
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Sekil 6. Re sayisi ile (a) Nu sayisi (b) basing dislisu (c) strtiinme faktori (d) PEC sayisi degisimleri
Figure 6. The variations of (a) Nu number (b) pressure drop (c) friction factor, (d) PEC number with Reynolds number

Sekil 6'da Re sayisina bagli; Nu sayisi, basing disisd,
sirtinme faktori ve PEC sayisi degisimleri sunulmustur.
PEC sayisi esitliginde kullanilan (Denklem 8) Nugp ve fo
degerleri oluksuz ve engelsiz diiz kanal icin elde edilmistir.
Bu degerlerin 1si transferi etkinligi agisindan énemi yakin
zamanl, Koca, 2022 ile Koca ve Gilider, 2022
¢alismalarinda detayh olarak sunulmustur. Sekil 6a’da Nu
sayisindaki en biyik artisin B=45° oluklu-engelli kanalda
gerceklestigi goriilmekte olup bunu yakin degerlerle f=90°

ve B=135° oluklu-engelli kanallar takip etmektedir. Oluklu
kanal icin artan Re sayilariyla birlikte diger oluklu-engelli
kanallarla olan Nu sayisi farki da artmaktadir. En diisiik Nu
sayist dagilimi beklenildigi gibi diz kanal icin elde
edilmistir. Sekil 6b’ de basing dusisi dagilimi Nu sayisi
dagilimina benzemekle birlikte burada B=135° igin
B=90%ye gore daha yiiksek basing duslisi degerleri elde
edilmistir. Diz ve oluklu kanallarla diger oluklu-engelli
kanallar arasindaki Re sayisi artisina bagh basing distsi
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farki oldukga dikkat ¢ekicidir. En yliksek strtiinme faktoru
dagilimi sirasiyla, p=45°, B=90° PB=135° diiz ve oluklu
kanal icin elde edilmistir (Sekil 6c). Sirtinme faktori
degerleri B=45°, B=90° ve B=135° oluklu-engelli kanallar
icin birbirine yakin olmakla birlikte bu degerlerin diger diiz
ve oluklu kanallara ait slrtiinme faktort degerleriyle olan
farki belirgindir. Siirtinme faktorii degerleri Re=5000 ile
10000 arasinda ani olarak diismekte Re=10000’den sonra
bu degisim orani azalmaktadir. Benzer durum Sekil 6d’deki
PEC dagilimi icin de gecerlidir. Re=5000 icin birbirine ¢ok
yakin en yiiksek degerler B=45° oluklu-engelli ve oluklu
kanal i¢in elde edilmistir. Bu Re sayisinda en distk deger
B=135° oluklu-engelli kanala aittir. PEC degerinin goérece
sabit kaldig1 Re=1000-20000 araliginda en yiksek degerler
sirastyla, p=45°, B=90° B=135° oluklu-engelli kanallar ve
oluklu kanal icin elde edilmistir. Bu sonuglar isiginda diger
kanallara gore basing distisi daha yuksek olmakla birlikte
en iyi 1si transferi karakteristigine B=45° oluklu-engelli
kanalin sahip oldugu séylenebilir.

Sonug

Bu calismada alt ylzeylerine akisa gore farkli agilarda
engeller vyerlestirilmis oluklu kanallarin akis ve 1si
karakteristikleri  incelenmistir.  Engeller kanal alt
ylzeylerine (¢ farkh agiyla; PB=45° p=90°, B=135°
yerlestirilmistir. Reynolds sayisi; Re=5000-20000 araligi
icin hiz ve tirbilans kinetik enerji konturlari, ortalama
Nusselt sayisi, basing dislsl, slirtinme faktori ve PEC
degerleri elde edilmistir. Artan Reynolds sayilariyla birlikte
Nu sayisi, basing dusisi ve strtiinme faktorii degerlerinin
de arttig1 goriilmektedir. En yiiksek Nu sayisi ve PEC degeri
engel acisinin B=45°, oldugu oluklu-engelli kanal icin elde
edilmistir ve bunu p=90° ve B=135° oluklu-engelli kanallar
izlemistir. Engeller olmayan oluklu kanal i¢in diger oluklu-
engelli kanallara gore daha distik Nu sayisi ve PEC
degerleri (Re>10000) elde edilmistir.
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