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ABSTRACT

This study aims to point out a strong strategy between the fundamental characteristic features as regards such as chemical reactivity, stable,
electronic acceptor ability, bioactivity, kinetic stability, polarizability and intramolecular charge transfer regions, and the potential application
fields of the diammonium hydrogen citrate compound by means of theoretical findings founded on density functional theory (DFT) method at
the standard B3LYP/6-31G(d,p) calculation level for the first time. In this respect, we determine the optimized molecular structures, total
energies, atomic charges, thermodynamic constants, lowest unoccupied molecular orbital (LUMO), highest occupied molecular orbital
(HOMO), electrostatic potential surface map (MEP), molecular electrostatic potential (ESP) contour map and evaluated data (band-gap energy,

chemical hardness, global softness, electronegativity, chemical potential and electrophilicity index parameters) for the diammonium hydrogen

citrate molecule. According to the results obtained, non-uniform charge distribution is observed on the various atoms, leading to both the
electrophilic (electronegative) and nucleophilic (electronic donor ability) regions in the structure. Hence, the molecule can be not only bonded
metallically but interacted intermolecularly. Moreover, it is found that the atomic position in the skeleton of compound plays an important role
on the electron engagements, conjugative effects, strong intra-molecular charge transfer regions, valence electron cloud effects and c-bonds

between the atoms in the diammonium hydrogen citrate.

Keywords: Diammonium hydrogen citrate; B3LYP/6-31G(d,p) Calculation level; Electrophilic; Nucleophilic region; MEP; ESP.

Diamonyum Hidrojen Sitrat Bilesiginin B3lyp / 6-31g (D, P) Teorisi Diizeyinde Yogunluk Fonksiyonel Teori Yontemiyle incelenmesi

OZET

Bu c¢alismada kimyasal reaktivite, kararli, elektronik alic1 yetenegi, biyoaktivite, kinetik stabilite, polarize edilebilirlik ve intramolekiiler yiik

aktarma bolgeleri ve diamonyum hidrojen sitrat bilesiginin potansiyel uygulama alanlar1 gibi temel karakteristik 6zellikler arasinda giiglii bir

stratejiye isaret etmeyi amaglamakta ve standart B3LYP / 6-31G (d, p) hesaplama diizeyinde yogunluk fonksiyonel teorisi (DFT) yontemi iizerine

kurulan teorik bulgular vasitasiyla incelenmistir. Bu baglamda, optimize edilmis molekiiler yapilari, toplam enerjileri, atom yiiklerini, termodinamik

sabitleri, en diisiik bos molekiiler orbital (LUMO), en yiiksek isgal edilmis molekiiler orbital (HOMO), elektrostatik potansiyel yiizey haritasi

(MEP), molekiiler elektrostatik potansiyelleri (ESP), diamonyum hidrojen sitrat molekiilii i¢in dagilim haritas: ve degerlendirilmis verileri (bant

aralig1 enerjisi, kimyasal sertlik, kiiresel yumusaklik, elektronegatiflik, kimyasal potansiyel ve elektrofiliklik indeksi parametreleri) belirlendi. Elde

edilen sonuglara gére, yapidaki hem elektrofilik (elektronegatif) hem de niikleofilik (elektronik dondr yetenegi) bolgelere yol agan ¢esitli atomlarda

diizgiin olmayan yiik dagilimi gézlenmistir. Dolayistyla, molekiiller arasi etkilesime girebiliyor olsada molekiil sadece metalik olarak baglanabilir,

yinede bilesigin iskeletindeki atom pozisyonunun, elektron baglari, konjuge etkiler, gii¢lii molekiiler i¢i yiik transfer bolgeleri, degerlik elektron

bulutu etkileri ve diamonyum hidrojen sitrattaki atomlar arasindaki c-baglari tizerinde dnemli bir rol oynadigi bulunmustur.

Anahtar Kelimeler: Diamonyum hidrojen sitrat, BSLYP / 6-31G, Niikleofilik bolge, MEP ve ESP.
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1. INTRODUCTION

As well-known that citrate is the derivative of a weak organic acid (called as citric acid with the chemical
formula of C¢HgO7) and is a white (but generally colorless), odourless and crystalline solid. The citric acid occurs
naturally in citrus fruits and takes place into stronger edible acid parents. Thus, the acid (presenting the antioxidant
characteristics) can easily be used in the application fields of culinary, cosmetics, pharmaceuticals, dietary
supplements, flavoring and preservative in foods and beverages as regards soft drinks and candies (Frank, 2005).
Furthermore, when adding into the ice cream the compound behaves as the emulsifying agent to prevent the
sucrose crystallization. It enables the basic dyes to balance the pH level so that the citric acid can be used in food
coloring applications.

Besides, with the excellent chelating agent the compound is preferred to use in the technology for the
effectiveness of soaps and laundry detergents in the bathroom and kitchen cleaning solutions. In fact, one can see
the compound or its derivatives in the industrial application for the dissolve of rust from steel and passivation
of stainless steels. Moreover, the citrate is produced by the deprotonation process of three carboxy groups (known
as tricarboxylic acid trianion) in the citric acid. Citrate and its derivatives take several important places in the
potential application fields due to its valuable characteristic properties. In more detail, the citrates (salts of citric
acid) can be used as anticoagulants in the potential application areas. For example, the citrates with the quality
buffering features can control the level of pH in the household cleaners and pharmaceuticals due to the acidulant
performances. The compound maintaining the stability of active ingredients is used as a preservative, antimicrobial
agent, fundamental metabolite and food acidity regulator. Similarly, the compound takes several places in medicine

areas as a result of its intrinsic characteristic anticoagulant properties by chelating calcium in blood.

As for the derivatives of citrate, the disodium citrate is one of the most abundant materials used in the
potential application fields. The compound helps the adjacent materials to develop the positive effects of other
antioxidants, and thus is used as an acidity regulator, sequestrant and antioxidant in the food products such as the
carbonated beverages, processed cheeses, gelatin, sweets, wines, jams, ice creams and milk powders. Additionally,
these kinds of materials can be observed to use in the medicines (in the fields of urinary acidosis, urinary tract
infections, burning micturition, kidney stones and in adjunctive therapy with sulphonamides) as a urinary alkalizer.
The other compound, diammonium hydrogen citrate, is a derivative of citrate commonly used in the industry.
Especially, the compound of diammonium hydrogen citrate (with the chemical formula of CsH14N205) is preferred
to use as the carbon source in especially the technological application arenas over the worldwide. For example,
Zhang et al used to the diammonium hydrogen citrate compound to rapidly produce the qualified N-doped
photoluminescent carbon nanodots (exhibiting the superior optical performances) by means of one-step microwave
irradiation method (Srivastava, 2017). Moreover, Nair et al (from Department of Chemistry, Indian Institute of
Space Science and Technology in India) proposed that the diammonium hydrogen citrate obtained the positive
effect on the calcination temperature of MgO materials in the year of 2019 (Nair et al., 2019).

Another scientific study published by Khan et al synthesized the green-emitting carbon dots with the high
ratio of luminescence using a starting material of diammonium hydrogen citrate (Khan et al., 2017). A scientific
paper entitled “Optimization of d-lactic acid production using unutilized biomass as substrates by multiple parallel
fermentation” presented that the diammonium hydrogen citrate was used to identify the optimal concentration for
D-lactic acid production (Mufidah and Wakayama, 2016). Also, the diammonium hydrogen citrate is used as

dispersant to point out the quality factors (founded on the deflocculation and stabilization) of ceramics after
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sintering in colloidal processing of Ti3SiC2 compounds (Idzkowska et al., 2015). Similarly, Dunn et al displayed
that the usage of diammonium hydrogen citrate with the matrix 2',4',6'-trihydroxyacetophenone led to enhance
remarkably the detection of phosphorylated peptides from digests of beta-casein and ovalbumin (Dunn et al.,
2006). According to the scientific study performed in China, the diammonium hydrogen citrate plays an important
role on the formation of Three-dimensional hierarchical silver nanomaterials prepared by a simple surfactant-free
wet-chemical method at room temperature (Huang and Zhu, 2014). In the literature, it is also possible encounter
the diammonium hydrogen citrate compound as the effective ionization-assisting reagent (such as the adjacent of
iron oxide nanoparticles) in the mass spectrometry (Taira et al., 2006). One can see the diammonium hydrogen
citrate and derivatives in several application fields (Berlinger et al., 2009; Dunn and Allison, 2007; Zhang et al.,
2006). In this regard, whereas there are a number of experimental studies and theoretical approaches focused on
the diammonium hydrogen citrate compounds as mentioned above.

Nowadays, the researchers are especially interested in the theoretical-based studies so that they predict the
fundamental characteristics (namely; structural, spectral, optical and electrochemical) of compound economically
and explain some experiment phenomena insightfully (Soykan et al., 2013; Durig et al., 2009; Sun et al., 2010).
In particularly, the researchers prefer to calculate the fundamental characteristics by means of Density functional
theory (DFT) based on the Becke's three parameter hybrid exchange functional combined with the Lee-Yang-Parr
non-local correlation function level of theory (Breda et al., 2008; Foresman and Frisch, 1996). This is because, the
electron correlation recovers the self-consistent Kohn-Sham along with the electron density functions (Scott and
Radom, 1996; Durig et al., 2011), and the DFT level of theory displays much more effective and reliable results.

In the current work, the fundamental properties including the optimized molecular structures, total energies,
atomic charges, thermodynamic constants and molecular frontier orbital energies (lowest unoccupied molecular
orbital, highest occupied molecular orbital, electrostatic potential surface, molecular electrostatic potential contour
maps, surface maps and related findings such as the chemical hardness, softness, electronegativity, chemical
potential and electrophilicity index) of diammonium hydrogen citrate molecule are thoroughly computed by the
DFT method at the B3LYP/6-31G(d,p) level of theory in detail for the first time. It is found that all the calculated
results are found to be in good agreement with the available experimental data. On this basis, the B3LYP/6-
31G(d,p) calculation level in the study plays an important role in understanding of dynamics of diammonium

hydrogen citrate molecule.

2. CALCULATION METHODS FOR DIAMMONIUM HYDROGEN CITRATE MOLECULE

In this paper, we perform all the calculations including the optimized molecular structures, total energies,
atomic charges, thermodynamic constants, lowest unoccupied molecular orbital, highest occupied molecular
orbital, electrostatic potential surface, molecular electrostatic potential contour maps, surface maps and related
findings such as the optical band-gap energy, chemical hardness, softness, electronegativity, chemical potential
and electrophilicity index) of diammonium hydrogen citrate molecule with the assistant of the density functional
theory (abbreviated as DFT) with the Becke’s hybrid functional three-parameter for the exchange part and
correlation function proposed by Lee-Yang-Parr (LYP) at 6-31G(d,p) level of theory (Miehlich et al., 1989;
Palafox et al., 2007; Handy et al., 1992; Frisch et al., 2010; Kohn and Sham, 1965; Becke, 1993; Lee et al., 1988).
Before the characterization studies of diammonium hydrogen citrate compound, we calculate the minimum

stationary points of low-energy structures by means of the detailed potential energy surface scans between some
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groups and some dihedral angles at the B3LYP/6-31G(d,p) basis set so that we define the most steady-state of
diammonium hydrogen citrate compound. Namely, we describe the hydrogen bonding interaction, hydrogen atom
transferring, and long-range electrostatic interactions founded on the hydrogen atom positions and orientations
throughout the compound (Jaronczyk and Dobrowolski, 2008). This is well-known that the most steady-state of a
molecule maximizes the attractive intra-molecular interactions whereas the repulsive intra-molecular interactions
are minimized. One can see the energetically most stable (optimum) crystal structure of diammonium hydrogen
citrate molecule in Fig. 1. Thus, we compute the fundamental characteristic features provided above for the most
steady-state form of molecule to get much more reliable results. It is to be mentioned here that the theoretical force
constants are determined from the optimized-geometry structure under C; point group. In the current work, the
zero-point vibrational energy values obtained are also scaled by 0.9804 given in Ref. (Merrick et al., 2007;
Foresman and Frisch, 1995; Keresztury et al., 1993; Keresztury, 2002) to gather a good agreement between the

available experimental data and theoretical calculations.

Figure 1. Optimized molecular structure of diammonium hydrogen citrate molecule.

As for the electrostatic potential V(r) induced, we use the formula founded on the charge distributions at any point
(r) in the space around a compound (Politzer and Truhlar, 1981; Arjunan etal., 2013). At the same time, GaussView
5.0.9 is used to visualize both the optimized molecular structures and HOMO, LUMO orbitals and ESP/MESP

surfaces.

3. RESULTS AND DISCUSSION

3.1 Total energy and dipole moment parameters for diammonium hydrogen citrate compound

In this part of paper, some critical energy values (zero-point vibrational energy, total energy, thermal
energy, enthalpy, heat capacity and related rotational constants) and dipole moment parameters belonging to the
title compound of diammonium hydrogen citrate are determined by using the B3LYP/6-31G(d,p) level of theory

for the first time so that we learn about the intermolecular interactions (Van der Waals, hydrogen bonding, dipole—
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dipole forces and London dispersion forces) in the compound studied. One can see all the parameters in Table 1.
According to the results embedded in the table, the zero-point vibrational energy value for the diammonium
hydrogen citrate within the most optimized form is predicted to be about 603887.9 Joules mol™! when the total
energy value is obtained to be about —873.062440 a.u. Here, the former value is scaled with a correction factor
discussed above.

The heat capacity parameter is also determined by dividing in three parts (translational, rotational and
vibrational). In this regard, the total heat capacity parameter is found to be about 66.364 GHz at the room
temperature conditions whereas the translational, rotational and vibrational heat capacity parameters of the
compound studied are computed to be about 2.981 GHz, 2.981 GHz and 60.402 GHz, respectively. As for the
entropy parameters of the molecule studied, the total entropy value is found to be about 146.559 cal mol ! K™!
when the translational, rotational and vibrational entropies are obtained to be about 42.150 cal mol™' K™!, 32.716
cal mol™' K™ and 71.693 cal mol ! K'!, respectively. Moreover, the total thermal energy value is observed to be
about 156.416 kcal mol! while the diammonium hydrogen citrate compound presents the values of 0.889 kcal
mol ™!, 0.889 kcal mol™! and 154.638 kcal mol ! for the translational, rotational and vibrational thermal energy
values, respectively. As for the other crucial parameter of dipole moment belonging to the diammonium hydrogen
citrate molecule, the total dipole moment is observed to be about 2.9067 Debye, whereas the moment values
throughout the x, y and z directions are obtained to be about 1.8573 Debye, 1.1498 Debye and -1.9176 Debye,
respectively.

Table 1. Some critical energy values (zero-point vibrational energy, total energy, thermal energy, heat capacity
and related rotational constants) and dipole moment parameters belonging to the title compound of diammonium
hydrogen citrate

Quantitites Energy Values
Zero-point vibrational energy 603887.9 (Joules/Mol)
Zero-point correction 0.230009 (Hartree/Particle)
Thermal correction to Energy 0.249264 (Hartree/Particle)
Thermal correction to Enthalpy 0.250208 (Hartree/Particle)
Thermal correction to Gibbs Free Energy 0.180573 (Hartree/Particle)
Sum of electronic and zero-point Energies -873.013005 (Hartree/Particle)
Sum of electronic and thermal Energies -872.993750 (Hartree/Particle)
Sum of electronic and thermal Enthalpies -872.992805 (Hartree/Particle)
Sum of electronic and thermal Free Energies -873.062440 (Hartree/Particle)
0.23473 (GHz)
Rotational constant 0.24312 (GHz)
1.32878 (GHz)
Entropy (Total) 146.559 (cal mol ' K1)
Translational 42.150 (cal mol™' K™)
Rotational 32.716 (cal mol™' K1)
Vibrational 71.693 (cal mol™' K1)
Heat capacity (Total) 66.364 (cal mol™' K1)
Translational 2.981 (cal mol ' K1)
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Rotational 2.981 (cal mol' K1)
Vibrational 60.402 (cal mol™' K1)
Thermal energy (Total) 156.416 (kcal mol ™)
Translational 0.889 (kcal mol™)
Rotational 0.889 (kcal mol ™)
Vibrational 154.638 (kcal mol™")
Dipole moment (& 7orar) 2.9067 (Debye)

Hx 1.8573 (Debye)

uwy 1.1498 (Debye)

uz -1.9176 (Debye)

Based on the theoretical calculation values related to the electronic property and uniform or non-uniform of
atomic charge distributions on the atoms along with the compound, the diammonium hydrogen citrate molecule
exhibits non-uniform distribution of charges on the various atoms. Namely, the molecule is noted to be polar

enough to interact intermolecularly with other molecules (Dennington et al., 2008; Prasad et al., 2010).

3.2. Optimized molecular geometric structure of diammonium hydrogen citrate

The most steady-state of title compound is given in Fig. 1 where all the atoms are labeled, symbolized and
numbered in detail. One can see the selected geometric properties such as bond lengths, bond angles and dihedral
angles related compound in Tables 2-4 clearly. It is apparent from the table that the carbon—carbon bond lengths

are found to be different from each other (deviated from the symmetric form) due to the migration or orientation

of oxygen and hydrogen atoms for the molecule (meaning the dominant character of intra-molecular charge
transfer). It is to be mentioned here that the deviation in the bond distances of the title compound remarkably
affects the corresponding bond angles and especially dihedral angles. As for the numerical bond distance
parameters, the bond distances between carbon and carbon atoms (C—C) in the diammonium hydrogen citrate
compound are computed to be about 1.5173 A (smallest) and 1.5493 A (largest) for the bonds of C2—C15 and C1—
C2. This slight difference stems from the combination of electron engagement for the C—C bond lengths and
conjugative effect in the title compound (Subashchandrabose et al., 2012; Dhas et al., 2011). Regardless, it is to
be emphasized here that despite the different position of substituents the C—C bond lengths are noted to be not
deviated significantly through the molecule studied. Thus, we can talk about the mean bond distance. In this
respect, the mean C—C bond length calculated is found to be about 1.53396 A.

Moreover, the bond distance between the carbon—oxygen atoms (C—O and C=0) are examined in detail.
Namely, there are two C—O bond distances and three C=O bond lengths in the diammonium hydrogen citrate
molecule. Among the C—O bond distances, the maximum value is obtained to be about 1.4083 A for the bond of
C1-03 whereas the lowest value of 1.2236 A is calculated for the C14-O18 bond length. As for the double bond
between oxygen and carbon atoms in the molecule, it is assumed that the double bonding length is rather smaller
as compared to the single bonding distance (Tezer and Karakus, 2009). The C6=08 bond length is calculated to
be about 1.2141 A whereas the C14=016 bond space is determined to be about 1.3285 A. This is attributed to the
fact that the strong intra-molecular regions regarding the charge transfer appear in the diammonium hydrogen
citrate molecule (Peng et al., 2005; Qian et al., 2009).

Table 2. Bond Length parameters calculated at B3LYP/6-31G(d,p) level of theory in the gas. phase for
diammonium hydrogen citrate molecule.
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Parameters Bond Lengths (A) Parameters Bond Lengths (A)
C1-C2 1.5493 C14=016 1.3285
C1-03 1.4083 C14-018 1.2236
C1-C5 1.5384 C15=017 1.3222
C1-Cé6 1.5457 C15-019 1.2310
C2-H12 1.0928 O18-N24 2.9625
C2-H13 1.0965 O19-N20 2.9987
C2-C15 1.5173 N20-H21 1.6826
03-H4 0.9734 N20-H22 1.0197
C5-H11 1.0953 N20-H23 1.0165
C5-Cl14 1.5191 N24-H25 1.7112
C6-07 1.3431 N24-H26 1.0163
C6=08 1.2141 N24-H27 1.0208
O7-H9 0.972 N24-H29 1.0164

The bond distances between carbon and hydrogen atoms (C—H) for the diammonium hydrogen citrate
molecule are computed to be interval 1.0928 A -1.0953 A. The maximum value of 1.0953 A is attributed to the
C5-H bond length whereas the minimum value of 1.0928 A is found for the bond length between C2 and H12
atoms. The similar scientific discussion can be remained for the O—N bond length. Numerically, the O18-N24
bond length is computed to be about 2.9625A when the other single bond between oxygen and nitrogen atoms is
determined to be about 2.9987 A.

At the same time, the bond distances between nitrogen and hydrogen atoms (N-H) are found to be in a
range of about 1.0163A -1.7112 A. The maximum N—H bond length is noted to be about 1.7112 A for the N24—
H25 bond space whereas the minimum value of 1.0163 A ascribes to the N24-H26 bond distance. This is in
relation to the presence of strong intra-molecular charge transfer regions in the molecule.

Furthermore, the bond lengths between the oxygen and hydrogen atoms are found to be about 0.972 A for
the O7-H9 and 0.9734 A for the O3—H4 bond spaces, respectively. The main difference between the bond lengths
is due to the crucial variations of charge distributions on the carbon, hydrogen, nitrogen and oxygen atoms,
attraction on the valence electron clouds and especially 6-bonds between the atoms (Prasad et al., 1989; Ahmed
and Henry, 1986).

Table 3. Bond Angle parameters for diammonium hydrogen citrate molecule.
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Parameters Bond angles (°) Parameters Bond angles (°)
C2-C1-03 111.3121 H10-C5-H11 108.6619
C2-C1-C5 108.7923 H10-C5-C14 109.506
C2-C1-C6 107.3835 H11-C5-C14 107.5681
03-C1-C5 106.8925 C1-C6-07 113.8297
03-C1-C6 113.3654 C1-C6-08 122.7281
C5-C1-C6 109.0093 07-C6-08 123.3583
C1-C2-H12 110.8494 C6-07-H9 105.5514
C1-C2-H13 108.8592 C5-C14-016 112.6908
C1-C2-C15 113.5326 019-N20-H23 124.6597
H12-C2-H13 107.4531 019-N20-H28 124.607
H12-C2-C15 108.5872 H21-N20-H23 118.3538
H13-C2-C15 107.3285 H21-N20-H28 119.1691
C1-0O3-H4 105.6028 H22-N20-H23 108.1374
C5-C14-018 122.8653 H22-N20-H28 108.1644
016-C14-018 124.405 H23-N20-H28 107.7249
C2-C15-017 112.8224 O18-N24-H25 52.0264
C2-C15-019 123.4117 O18-N24-H26 124.2404
017-C15-019 123.7593 O18-N24-H27 38.2122
C14-018-N24 89.6575 H25-N24-H26 120.9346
C15-019-N20 88.7758 H25-N24-H27 90.2377
C15-019-H21 50.8076 H25-N24-H29 118.7843
019-N20-H22 42.6291 H26-N24-H27 108.3159
C1-C5-Hl11 109.014 H26-N24-H29 107.7984
C1-C5-C14 112.9539 H27-N24-H29 108.1635

The changes in the bond lengths between the atoms of diammonium hydrogen citrate molecule lead
sensitively to vary the bond angles and dihedral angles. One can see the selected bond angles in Table 3, also. It is
clear from the table that the bond angles of C-C-C atoms are found to be in the range from 108.7923° (minimum
value for the C2-C1-C5) to 113.5326° (maximum value for the C1-C2-C15). The remarkable variations of the
angles are noted to depended upon the charge distributions on the atoms, being favored by the atomic charge

analysis part. C-C-O bond angles are found to be about 106.8925° for the angle of C5-C1-O3 and 119.32° for the

angle of C2-C1-03, respectively.
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Table 4. Bond dihedral angles for diammonium hydrogen citrate compound.
Parameters Bond dihedrals (°) Parameters Bond dihedrals (°)
03-C1-C2-H12 178.7196 03-C1-C6-08 -178.6316
03-C1-C2-H13 -63.2954 C5-C1-C6-07 -120.7841
03-C1-C2-C15 56.1802 C5-C1-C6-08 62.4457
C5-C1-C2-H12 -63.7498 C1-C2-C15-017 168.2167
C5-C1-C2-H13 54.2351 C1-C2-C15-019 -12.6883
C5-C1-C2-C15 173.7108 H12-C2-C15-017 44.4363
C6-C1-C2-H12 54.0938 H12-C2-C15-019 -136.4687
C6-C1-C2-H13 172.0787 C14-C2-C15-017 -71.4382
C6-C1-C2-C15 -68.4456 H13-C2-C15-019 107.6568
C2-C1-03-H4 -59.4952 C1-C5-C14-016 138.2972
C5-C1-03-H4 -178.171 C1-C5-C14-018 -43.8804
C6-C1-03-H4 61.6955 H10-C5-C14-016 16.562
C2-C1-C5-H10 -58.7883 H10-C5-C14-018 -165.6156
C2-C1-C5-H11 59.7023 H11-C5-C14-016 -101.3572
C2-C1-C5-Cl14 179.2178 H11-C5-C14-018 76.4652
03-C1-C5-H10 61.5139 C1-C6-07-H9 179.6316
03-C1-C5-H11 -179.9954 08-C6-0O7-H9 -3.6214
03-C1-C5-C14 -60.48 C5-C14-018-N24 -179.1598 —
C6-C1-C5-H10 -175.5975 016-C14-018-N24 -1.595 ]
C6-C1-C5-H11 -57.1069 C2-C15-019-N20 -178.9578
C6-C1-C5-Cl14 62.4085 017-C15-019-N20 0.0389
C2-C1-C6-07 121.5134 C14-018-N24-H25 1.6092
C2-C1-C6-08 -55.2568 C14-O18-N24-H26 106.5352
03-C1-C6-07 -1.8614 C14-018-N24-H27 -177.9429
C15-019-N20-H21 0.3046 C15-019-N20-H23 -100.1372
C15-019-N20-H22 -179.0499 C15-019-N20-H28 101.925

Moreover, C-O-H bond angles are calculated to change from 105.6028 ° (minimum value for the C1-O3-H4)

to 50.8076° (maximum value for the C15-O19-H21). Similarly, the different values are also found for the carbon

and hydrogen atoms. Namely, the maximum C-H-H bond angle is observed to be about 107.4531° for the angle
of H12-C2-H13 while the minimum value of 108.6619° is noticed for the H10-C5-H11 bond angle. As for the

bond angles including the nitrogen and oxygens atoms together, the maximum angle of 89.6575° ascribes to the

C14-018-N24 bond angle whereas the minimum value of 88.7758 © imputes to the C15-O19-N20 bond angle. The

variation observed is associated with the strong intramolecular charge transfer among the atoms in the molecule

and the presence of electronic donor ability.

Lastly, the bond angles between the nitrogen and hydrogen atoms are calculated to vary from the value of

90.2377° (minimum value for the H25-N24-H27) to 120.9346° (maximum value for the H25-N24-H26). One can

see other probable bond angles related to the carbon, hydrogen, nitrogen and oxygen atoms in Table 4 where we
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also depict the dihedral angles. According to the table, there several different dihedral angles in the diammonium
hydrogen citrate molecule due to the varied charge distribution regions, electron engagements, conjugative effects,
strong intra-molecular charge transfer regions, valence electron cloud effects and especially the presence of o-

bonds between the atoms.

3.3. Effective atomic charges based on Mulliken quantum mechanical computation method

Charge distributions due to the asymmetric distribution of electrons on the atoms of a molecule plays an
important role in understanding the strong intra-molecular charge transfer regions, hyperpolarizability and
vibrational frequency spectra of the molecule studied (Wade, 2006; Dhas et al., 2010). In the current work, we
analyze the effective atomic charges by means of Mulliken quantum mechanical computation method at the
B3LYP/6-31G(d,p) level of calculation for the most steady-state of diammonium hydrogen citrate compound. All
the calculated effective atomic charges (deduced from Mulliken population analysis) are gathered in Table 5. It is
visible from the table that the magnitudes of carbon atomic charges are calculated to be both the positive (x bonds
at the region of lower charge distribution) and negative (¢ bonds at the region of lower charge distribution) values
as a result of different intra-molecular charge transfer regions and valence electron cloud effects (Arjunana et al.,
2011). In more detail, the net Mulliken charges (partial charges) are found to be positive on the Ci, C¢, C14 and Cys
atoms. This is attributed to the existence of slight high electronegative (negatively charged) regions related to the
oxygen and nitrogen atoms.

Table 5. Mulliken and atomic polar tensor partial atomic charges for optimized geometry of diammonium
hydrogen citrate molecule.

10

Atom number Mulliken partial atomic charges Atomic polar tensor charges
Ci 0.218386 0.432805
C, -0.258855 -0.074608
03 -0.573226 -0.660870
H,4 0.331097 0.370007
Cs -0.242878 -0.048505
Cs 0.613956 0.976859
0O -0.476180 -0.634087
O3 -0.494484 -0.700139
Ho 0.319108 0.279403
Hio 0.129429 -0.001999
Hi 0.145348 0.026932
Hi, 0.152662 0.032563
Hi; 0.140906 0.003954
Cus 0.594045 1.124170
Cis 0.587732 1.106465
(0T -0.524021 -0.947673
Oy7 -0.519356 -0.970461
(O -0.508111 -0.781858
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O19 -0.529912 -0.789868
Nao -0.762272 -0.545682
Hz, 0.383474 0.625726
Ha, 0.295297 0.248495
Hos 0.270784 0.157239
No4 -0.763077 -0.546519
Hos 0.375347 0.598087
Has 0.263571 0.149158
Ha; 0.295674 0.262388
Has 0.269981 0.156522
Hao 0.265575 0.151492

On this basis, the highest magnitude among the carbon atomic charge values is obtained to be about
0.613956 for the Cs atom between two oxygen atoms. On the other hand, the most negative magnitude of -0.258855
is calculated for the C, atom.

The other carbon atomic charges are observed to be the intermediate positive magnitudes between -
0.242878 (for the Cs atom) and 0.594045 (for the Ci4 atom). As for the oxygen atoms, all the Mulliken partial
charges are found to be negative due to the excess electron density in the diammonium hydrogen citrate molecule
as anticipated (acceptor property). The numerical values are obtained to be in a range between -0.573226 and -

0.476180. The former (minimum) value is attributed to the O3 atom, being the oxygen atom of the hydroxyl group

and the presence of high positive charges at the vicinity of the atom in the diammonium hydrogen citrate
compound. Besides, the Mulliken partial atomic charge regarding the O; atom double-bonded with the Cs and Ho
atoms is computed to be the highest value. The other oxygen atoms exhibit the intermediate negative levels. In this
regard, the Og and O3 atoms present the values of -0.494484 and -0.508111 when the others (O16, O17and Oy9)
show the Mulliken partial atomic charges of -0.524021, -0.519356 and -0.529912.

At the same time, we define the net Mulliken partial atomic charges for the nitrogen atoms. It is expected
that the nitrogen atoms have the negative atomic charges of -0.762272 for the Ny atom and -0.763077 for the No4
atom. It is to be concluded that the charge distribution at the vicinity of nitrogen atoms exhibits the similar trend.
In the diammonium hydrogen citrate molecule, the nitrogen atoms accept electrons due to their inherent donor
features.

Moreover, all the hydrogen atomic charges are computed to be positive (due to their intrinsic acceptor
characteristics) in a range of 0.129429 (for the Hio atom)- and 0.383474 (for the H»; atom). Namely, in the
diammonium hydrogen citrate compound all the hydrogen atoms lose electrons. All in all, the charge transfer is
carried out from the hydrogen atoms to the carbon, nitrogen and oxygen atoms. Shortly, the atomic position
(leading to the different resonance magnitude) in the skeleton of compound plays the most crucial role on the
Mulliken atomic charge magnitudes (Stephens et al., 1990).

One can also see the atomic polar tensor (APT) charges derived from electrostatic potential in Table 5. It
is observed from the table that generally the APT atomic charge magnitudes are calculated to be greater than those
of net Mulliken atomic charge magnitudes. This is due to the fact that the dipole derivative charges are obtained

to be much more susceptible to the variation of asymmetric distribution of electrons on the atoms. Thus, the

11
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Mulliken atomic charge magnitudes seem tot much more reliable as compared to those of APT atomic charge
magnitudes.
3.4. Highest occupied molecular orbital for diammonium hydrogen citrate compound

Highest occupied molecular orbital (abbreviated as HOMO in the literature and called as the frontier
orbital) enables the researchers to examine whether a compound interacts with other species or not. Namely, the
physical quantity determines the fundamental characteristics (acceptor or donor) of a molecule. HOMO with the
free electrons at the outermost orbital presents highly electronic donor ability and have an electron donating
capacity (Gece, 2008). Accordingly, the energy level of HOMO is in relation to directly the ionization potential of
a molecule. We depict the 3D plot for the HOMO of diammonium hydrogen citrate compound in Fig. 2 where the
dark red regions display the regions of positive phase while the green blobs demonstrate the negative phase regions.
It can easily be seen from the figure that the HOMO is mainly localized on the molecule except for the ammonium
groups (no translation appears) in the title compound. In fact, the most electron transfer regions with the dark red
and green blobs are found to be denser on the O3 and O8 atoms. That is to say, in case of the absorption of light

much more electrons are excited to delocalize.

Figure 2. 3D plot for the HOMO of diammonium hydrogen citrate compound.

3.5. Lowest unoccupied molecular orbital for diammonium hydrogen citrate molecule

Lowest unoccupied molecular orbitals (LUMO) are the other frontier orbitals and play a crucial role to
understand that the molecule studied exhibits high or low chemical reactivity, stability, bioactivity, kinetic
stability, polarizability and intramolecular charge transfer. LUMO with the free places to accept electrons displays
remarkably electronic acceptor ability and have an electron accepting capacity (Gece, 2008). Therefore, the LUMO
energy of a molecule ascribes directly to the electron affinity. The 3D LUMO plot for the diammonium hydrogen
citrate molecule is given in Fig. 3. It is visible from the figure that the LUMO is noted to localize mainly on the
skeleton of compound, but slight blubs are observed on Cs-Hjo and Hi; atoms. In fact, there is no translation on
the ammonium groups in the diammonium hydrogen citrate compound. Besides, the remarkable intramolecular

charge transfers are carried out between C;5-017-O19 and Cs-O7-Os groups.
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Figure 3. 3D plot for the LUMO of diammonium hydrogen citrate molecule.

As for the optical energy band gap of the diammonium hydrogen citrate molecule, as well known that the
interaction between HOMO and LUMO orbital level is defined by the transition state of m-n* type in the molecular
orbital theory (Fukui, 1975). Namely, the determination of energy band gap enables the researchers to develop a
strong relationship between the fundamental characteristics such as chemical reactivity, stable, electronic acceptor
ability, bioactivity, kinetic stability, polarizability and intramolecular charge transfer of molecule, and the potential

application fields of the compound. In more detail, the small band gap energy means that the compound studied

shows much more polarizability, electronic acceptor ability (soft electrophilic), antioxidant activity, chemical
reactivity and lower kinetic stability. On this basis, the less band gap energy a compound has, the softer
characteristics it exhibits (Fleming, 1976). In our research for this paper, the electronic energy band gap value is
found to be about 0.25455 au (6.92666 V). This is attributed to the fact that the diammonium hydrogen citrate

compound exhibits rather hard electrophilic (nucleophilic) character with higher electronic donor ability.

We also define some electronic properties (ionization potential (IP=— Enomo), electron affinity (EA=— —

Erumo), electronegativity, chemical potential, chemical hardness, softness and electrophilicity index) belonging to
the diammonium hydrogen citrate with the aid of HOMO and LUMO energies (Chattaraj and Sarkar, 2006).
Chemical hardness and electronegativity values for the title compound are deduced from the following equations
founded on the total energies and Koopman's theorem (Koopmans, 1933).

Chemical hardness (n)= [IP-EA]/2

Electronegativity (y)= [[P+EA]/2
where the parameters of IP (ionization potential = -Enomo) and EA (electron affinity = -Erumo) are inferred from
the HOMO and LUMO orbital energies. Besides, the chemical potential (¢) is gathered for the maximal electron
flow between donor and acceptor and can be calculated by the relation given below (Parr et al., 1999):

Chemical potential (@)= - y = -[IP+EA]/2
At the same time, the electrophilicity index (y) can be obtained from the chemical potential parameter as follows
(Parr, 1854):

Electrophilicity index (y)= ¢*2n

The global softness () related to the chemical reactivity can be formulized based on the global hardness. That is

13
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Global Softness ()= 1/2n
All the computations are numerically depicted in Table 6 to make full characterization of diammonium hydrogen

citrate compound. It is apparent from the table that the molecule exhibits the moderate electronic properties.

Table 6. Calculated energy values related to electronic properties of diammonium hydrogen citrate compound in
its ground state at B3LYP/6-31G(d,p) calculation level.

Quantity Value
Lowest MO Eigen value (a.u.) -19,18054
Highest MO Eigen value (a.u.) 4.95944
HOMO (a.u.) -0.24045
LUMO (a.u.) 0.01410
HOMO-LUMO gap (a.u.), [AE] 0.25455
Ionization potential, IP 0.24045
Electron affinity, EA -0.01410
¥ (Electronegativity) (a.u.) 0.113178
¢ (Chemical potential) (a.u.) -0.11318
N (Chemical hardness) (a.u.) 0.127275
{ (Global Softness) (a.u.)™! 3.92850
v (Electrophilicity index) (a.u.) 0.05032
The virial (—V/T) 2.00880

3.6. Molecular electrostatic potential map of diammonium hydrogen citrate compound

Asymmetric distribution of electrons on the atoms in the molecule and related parameters (electron
engagements, strong intra-molecular charge transfer regions, conjugative and valence electron cloud effects) can
also be pointed out by the crucial quantities as regards molecular electrostatic potential and electrostatic potential.
The former (molecular electrostatic potential=MEP) quantity is related to the interaction energy between electrical
charge of a molecule (due to the molecule electrons and nuclei) and a positive test charge at a point defined as
1(x,y,z) in the space (Politzer and Murray, 2002). We depict the MEP map in Fig. 4 where the red color shows the
negative (electrophilic reactivity) regions, while the blue color illustrates the positive regions related to the

nucleophilic reactivity.
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v —— O

Figure 4. 3D plot for molecular electrostatic potential map of diammonium hydrogen citrate molecule.
According to the figure, the red regions are generally localized on the vicinity of oxygen atoms in the

compound studied. This is in coincide with the fact that the red regions exhibit the most electronegative region
due to the presence of excess negative atomic charges. Conversely, the nucleophilic reactivity regions are mainly
localized on the ammonium groups in the diammonium hydrogen citrate compound. Namely, the regions present
the most electronic donor ability due to the presence of excess positive atomic charges. The practical consequence™ 15
deduced from the findings is that the diammonium hydrogen citrate molecule with rich electrophilic and

nucleophilic reactivity regions is useful to bond metallically and interact intermolecularly.

3.7. Electrostatic potential map of diammonium hydrogen citrate molecule
We provide electrostatic potential (ESP) map belonging to the diammonium hydrogen citrate compound in
Fig. 5 to favor all the findings evaluated from the other parts of the paper. It is obvious from the figure that the

most negative regions in the ESP map is spread over the vicinity of oxygen atoms (electrophilic reactivity regions).
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Figure 5. 3D plot for electrostatic potential map of diammonium hydrogen citrate molecule.

This is attributed to the fact that the n-electrons delocalize over the oxygen atoms. On the other hand, the figure
guarantees that the ammonium groups take places in the nucleophilic reactivity regions. In the same figure, one
can also see the total charge density contours. Based on the figure, the blue colors (positive charge distribution)
indicating the nucleophilic reactivity regions are observed to be the predominance at especially the vicinity of
ammonium groups.
4. CONCLUSION

In this current work, we make full characterization of diammonium hydrogen citrate molecule with the
assistant of the density functional theory method at the standard B3LYP/6-31G(d,p) calculation level for the first
time. In this regard, we examine the optimized molecular structures, total energies, atomic charges, thermodynamic
constants, lowest unoccupied molecular orbital, highest occupied molecular orbital, electrostatic potential surface
and molecular electrostatic potential contour maps. Besides, the calculation data enable us to determine the crucial
(optical band-gap energy, chemical hardness, softness, electronegativity, chemical potential and electrophilicity
index parameters) results related to the potential application fields of the compound. It is found that the
diammonium hydrogen citrate molecule exhibiting non-uniform distribution of charges on the various atoms is
useful to bond metallically and interact intermolecularly due to its rich electrophilic (electronegative) and
especially nucleophilic (electronic donor ability) regions. It is to be declared here that there is, of course, no
translation regions on the ammonium groups in the diammonium hydrogen citrate compound. At the same time,
this study becomes a leader for understanding the remarkable dependence of electron engagements, conjugative
effects, strong intra-molecular charge transfer regions, valence electron cloud effects and especially the presence
of 6-bonds between the atoms on the charge distribution regions in the diammonium hydrogen citrate. To conclude,
this study developing a strong strategy on the fundamental characteristics; namely, chemical reactivity, stable,
electronic acceptor ability, bioactivity, kinetic stability, polarizability and intramolecular charge transfer of
molecule seriously enables to the researchers for the usage of potential application fields of diammonium hydrogen

citrate molecule.
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OZET

Camiler islam Dininin ibadet mekanlar1 ve ok sayida insanin bir arada ibadet ettigi binalardir. Bu sebeple i¢ mekanlarinda olusan sesin, ortam
igerisinde dagilimi ile dinleyiciler tarafindan optimum sekilde algilanmasi mimari akustik agisindan 6nem tagimaktadir. Bundan dolay:
¢alismada, Trabzon’da yer alan Yavuz Sultan Selim Camii’ne ait akustik 6zellikler incelenmis, Bilgisayar Simiilasyon Yontemi ile Sesin
Nesnel Parametreleri agisindan degerlendirilmistir. Degerlendirme Cinlama Siiresi (RT), Erken Gecikme Siiresi (EDT), Belirginlik (D50),
Netlik (C80) ve Konugma Iletim Endeksi (STI) nesnel parametreleri ile gergeklestirilmistir. Caligmada; caminin bos, %50 dolu ve %100 dolu
oldugu durumlar i¢in, alicilarin oturma ve ayakta durma pozisyonlarinda, ses kaynagi olan imamin namaz kildirdig: ve hutbede vaaz verdigi
iki konum dikkate alinmistir. Simiilasyon neticesi elde edilen nesnel parametre degerleri ile caminin akustik performansi tespit edilmistir.
Calismada kisi bagma diisen i¢ mekan hacminin diisiik oldugu ve buna bagh olarak ¢inlamanin optimum diizeylerden diisiik oldugu,

konugmalarin ise anlagilabilir oldugu sonucuna varilmistir.
Anahtar Kelimeler: cami akustigi; akustik performans; sesin nesnel parametreleri; simiilasyon

Investigation of Acoustic characteristic of Yavuz Sultan Selim Mosque in Trabzon by Computer Simulation Program
ABSTRACT

Mosques are places of worship of Islam and buildings where many people worship together. For this reason, distribution within the environment
and optimally perception by the audience of the sound generated in the interior is important for the architectural acoustics.Therefore, in this
study, acoustic properties of Yavuz Sultan Selim Mosque in Trabzon were examined and evaluated in terms of Objective Parameters of Sound
by Computer Simulation Method. The evaluation was performed with objective parameters Reverberation Time (RT), Early Decay Time
(EDT), Clarity (D50), Clarity (C80) and Speech Transmission Index (STI).In the Study, for the cases where the mosque is empty, 50% full
and 100% full; the two positions in the sitting and standing positions of the receivers; where the imam, the source of sound, prayed and
preached in the sermon were considered. The acoustic performance of the mosque was determined by the objective parameter values obtained
as a result of the simulation. In the work was concluded that because of low volume of the interior space per person, the reverberance was

lower than optimum values and the speech were understandable.

Keywords: mosque; acoustic; objective parameters of sound; simulation
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1. GiRiS

Hacim akustigi konusunda modern calismalarin gerceklestirilmesiyle birlikte birgok bilim adami
tarafindan yapilan farkli arastirmalarda agirlikli olarak konser salonlari, konferans salonlari, tiyatro salonlar1 gibi
sahne yapilar1 incelenmistir. Bu salonlarda ulasilan akustik kalitenin ibadet mekanlarinda da elde edilmesi igin
ozellikle kiliseler ve camiler iizerinde de birgok arastirmalar yapilmis, yapi niteligine 6zgii konfor kosullar:
belirlenmeye calisilmustir.

Abdou (2003) “Suudi Arabistan’daki Camilerin Akustik Karakterlerinin Olgiilmesi” (Measurements of
Acoustical Characteristics of Mosques in Saudi Arabia) isimli ¢aligmasinda Suudi Arabistan’daki farkli boyut ve
mimari 6zellikteki 21 adet camiyi akustik nitelikleri bakimindan incelemistir. Hacimlerine gore camileri 5 farkli
gruba ayirmustir. Camilerin bog durumlar i¢in Slglimler fan ve klima sistemlerinin ¢alistigt ve calismadigt
durumlarda ayr1 ayr1 gergeklestirilmistir. Carvalho ve Freitas (2011) “Acoustical Characterization of the Central
Mosque of Lisbon” adli calismalarinda Lizbon Merkez Camii’nin akustik 6zelliklerini cami bos durumdayken ses
giiglendirme sistemlerinin ¢alistig1 ve ¢alismadigr durumlarda yerinde 6lgiimler yaparak incelemislerdir. Sii ve
Yilmazer (2008) “The Acoustical Characteristics of the Kocatepe Mosque in Ankara, Turkey” isimli
calismalarinda ODEON programi kullanarak Kocatepe Camii’nin akustik 6zelliklerini bilgisayar simiilasyonu
yontemiyle incelemislerdir. Kavraz (2014) “The Acoustic Characterstics of the Cargt Mosque in Trabzon, Turkey”
adli ¢aligmasinda Trabzon’daki Carsi Camii’nin akustik ozelliklerini Bilgisayar Simiilasyonu Yontemi ile
incelemistir. Camide mevcut durum ve duvarlariin ahgap kapli oldugu iki farkli durumda inceleme yapilmustir.
Suarez vd. (2005) yaptiklar1 calismada bugiin katedral olarak kullanilan Cordoba Camii’nin akustik 6zelliklerini

incelemislerdir. Yapinin cami olarak kullanildigr dénemdeki duruma, 15. yy’daki katedral olarak kullanilmaya
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basladigi duruma ve 16. yy’da yapilan eklemelerden sonraki duruma ait ¢inlama siireleri bilgisayar simiilasyonu
ile, giiniimiizdeki durumu ise yerinde yapilan 6l¢timlerle tespit edilip karsilastirilmistir. Giil ve Caligkan (2013),
Dogramacizade Ali Pasa Camii lizerine yaptiklari ¢alismada caminin akustik 6zelliklerini yerinde 6l¢lim ve

bilgisayar simiilasyonu yontemleriyle incelenmistir.

Bu ¢alisma kapsaminda, Trabzon’da bulunan Yavuz Sultan Selim Camii’nin ibadet boliimiiniin mevcut
durum igin akustik 6zellikleri bilgisayar simiilasyon programi araciliiyla incelenmistir.

2. MATERYALLER VE METOTLAR

Trabzon’un inénii Mahallesi’nde yer alan ve ingasina 1988 yilinda baslanan Yavuz Sultan Selim Camii
Klasik Osmanli mimarisinden farkli, modern ¢izgiler tastyan oval bir plan tipine sahiptir. I¢ bdliimii ana ibadet
salonu (harim) ile iizerinde yer alan mahfil katindan olusmaktadir. Ana ibadet salonu ve balkon katiyla beraber
toplam 390 m? kullanim alanina sahip olan cami betonarme konstriiksiyon ile insa edilmistir. 406 kisi kapasiteli
caminin toplam i¢ hacmi 2460 m?*’tiir. Camide kisi basina diisen hacim yaklasik 6 m? olup ana kubbenin tepe
noktasinin zeminden yiiksekligi 17,80 m’dir (Sekil 1).
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Sekil 1. Yavuz Sultan Selim Camii’nin sekilsel ifadeleri: (a) Caminin plan1 (YSSCKD, 2014) (b) Caminin kesiti
(YSSCKD, 2014) (c) Caminin dis goriiniimii (d) Caminin i¢ gériiniimii (ilban, 2016).

2.1. Caminin 3D Modelinin Hazirlanmasi

Temin edilen réloveler ve mimari projeler (YSSCKD, 2014) ile yerinde gézlem ve 6l¢iim sonucu elde
edilen verilere gore caminin Sketchup 8 programinda ii¢ boyutlu modeli hazirlanmistir (Sekil 2). Model
hazirlanirken ODEON Version 10.1 programimin kullanim kilavuzunda yer alan tavsiyeler dikkate alinmistir
(Christensen, 2009).

2.2. Malzemeler ile Ilgili Yapilan Kabuller

Yapilan ii¢ boyutlu modeller ODEON Version 10.1 programina aktarildiktan sonra yiizeyler igin ODEON
Version 10.1 malzeme kiitiiphanesindeki malzemelerden en uygunlart se¢ilmistir. Yavuz Sultan Selim Camii
modelini olusturan yiizeyler, yiizeyleri olusturan malzemeler ve bu malzemelere ait oktav bantlardaki ses yutma
katsayilar1 Tablo 1’de yer almaktadir. Malzemelerin ses dagitma katsayilart ise, ODEON 10.1 programinin
kullanim kilavuzunda verilen tablodaki dnerilere uygun olarak tanimlanmigtir (Christensen, 2009).
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Tablo 1. Yavuz Sultan Selim Camii ylizey malzemeleri ve malzemelere ait ses yutma katsayilart

Ses Yutma Katsayilari

No Yiizey Malzeme I(;E);EON 125 250 500 1 2 4
u Hz Hz Hz kHz kHz kHz
, | Lemin 7005 0,08 024 057 069 0,71 0,73
Zemin dosemesi
lzeyleri i .
yuzeylert ,  Ilbadet fnsan 11050 0,15 023 056 078 0,88 0.89
edenler
3  Duvarlar  Swva 4002 0,02 0,02 0,02 002 0,02 002
4 Mihrap Mermer 2001 0,01 001 0,01 001 0,02 002
5 Pencereler Cam 10001 0,18 0,06 0,04 0,03 0,02 0,02
Duvar = = Pencere o0 2001 0,01 0,01 001 001 002 0,02
ylizeyleri denizlikleri
Kapilar ve
7 duvar dibi  Ahsap * 0,1 0,1 0,1 0,08 0,08 0,09
kaplama
Tavan- ¢ gipbeler  Siwva 4002 0,02 0,02 0,02 0,02 0,02 0,02
kubbe
yuzeyleri 9  Tavanlar  Siva 4002 0,02 0,02 0,02 0,02 0,02 0,02
Diger jo Minber, g o 4002 0,02 002 0,02 002 0,02 002
ylizeyler kiirsii

* (Abdiilrahimov, 2005)
2.3. Doluluk Oranlarina Gore Olusturulan Senaryolar

Camilerde ses kaynagi olarak imamin yer aldigi iki konum bulunmaktadir. Bunlar namaz esnasinda
ibadet edenlerin en oniinde durarak namazi yonettigi mihrap ve vaaz esnasinda iizerine ¢ikip cami cemaatine
konusma yaptig1 minberdir. “namaz modu” ve “vaaz modu” olarak adlandirilacak bu iki durumu temsil etmek igin
iki konuma, iizerinde bulunduklar1 zeminlerden 150 cm yiikseklige (ISO, 2009) birer adet ses kaynagi
tanimlanmustir.

Cami; cuma namazi, teravih namazi, bayram namazi gibi camilerde yogunlugun fazla oldugu ibadetler
icin cami %100 dolulukta, vakit namazlar1 gibi yogunlugun diisiik oldugu ibadetler i¢in camiler %50 dolulukta
kabul edilmistir (Kavraz, 2014). Bu doluluk oranlari, namazin kiyam ve son oturus (Ka’de-i ahire) olarak
adlandirilan, ayakta durma ve oturma pozisyonlarina gore de diizenlenmistir. Kurgulanan her durumun namaz
modunda (mihraptaki ses kaynagi noktasinin aktif olmasi-1) ve vaaz modunda (minberdeki ses kaynaginin aktif
olmasi-2) olarak adlandirilmis olan iki farkli faaliyet modu ile kombinasyonlari sonucu olusan on farkli durumdan
sekizi arastirmada esas aliacak senaryolar olarak kabul edilmistir (vaaz modunda, ibadet edenlerin ayakta durma
pozisyonunda olduklart %50 ve %100 doluluktaki iki durum, camideki ibadet faaliyetleri siireclerinde karsiliklari
bulunmadig i¢in arastirma kapsamina alinmamustir). Kabul edilen bu sekiz senaryo;

e Senaryo 1: Caminin bos oldugu namaz modu, 1(bos)
e Senaryo 2: Caminin bos oldugu vaaz modu, 2(bos)
e Senaryo 3: Caminin %50 dolu, ibadet edenlerin oturma pozisyonunda oldugu namaz modu, 1(0)(%50)

® Senaryo 4: Caminin %50 dolu, ibadet edenlerin oturma pozisyonunda oldugu vaaz modu, 2(0)(%50)
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® Senaryo 5: Caminin %50 dolu, ibadet edenlerin ayakta oldugu namaz modu, 1(A)(%50)

e Senaryo 6: Caminin %100 dolu, ibadet edenlerin oturma pozisyonunda oldugu namaz modu, 1(0)(%100)
® Senaryo 7: Caminin %100 dolu, ibadet edenlerin oturma pozisyonunda oldugu vaaz modu, 2(0)(%100)

e Senaryo 8: Caminin %100 dolu, ibadet edenlerin ayakta oldugu namaz modu, 1(A)(%100)

seklindedir.

2.4. Alicilar ve Ses kaynaklart

ODEON Simiilasyon programi ile camide ibadet edenler i¢in belirlenen alan “Grid Definition”
boliimiinde tanimlanmistir. Doluluk ve yari doluluk durumlarinda ibadet edenleri temsilen olusturulan dikdortgen
prizmalarin st yilizeyleri 50 cm x 50 cm boyutunda grid yiizeyleri halinde tanimlanmis ve alict konumlari
belirlenmistir. Bos durumda alict konumlarinin yiiksekliklerinin belirlenmesi i¢in ise tam doluluk durumunda
ibadet edenlerin bulunduklart zemin grid yiizeyi olarak tanimlanip 160 cm yiikseltilmistir.

Ses kaynagi noktalari; imamin namaz esnasinda bulundugu mihrap (Kaynak 1) ve vaaz sirasinda ¢iktig1
minber (Kaynak 2) olmak iizere iki noktada tanimlanmustir. Her iki konumda da, ses kaynagi bulunduklari zemin
diizleminin 150 c¢m iizerine (ISO, 2009) yerlestirilmistir.

2.5. Progranmun Caligtirllmasi Siireci

Calisma kapsaminda caminin doluluk oranlart ve cami igerisinde gergeklesen faaliyetlere gore
olusturulan senaryolar dogrultusunda Sketchup 8 programinda hazirlanan modeller .dxf dosya formatinda
kaydedilerek ODEON version 10.1 programina aktarilmustir. Ilk olarak, modellerin olusturulmasi ve farkli dosya
formatlarina doniistiiriilmeleri sirasinda olusabilecek geometrik hatalara karsi “3D Geometry Debugger” komutu
ile modeller kontrol edilmis ve modellerin hatasiz olduklari belirlenmistir. Daha sonra yiizeylerde modelleme
sirasinda yapilan veya format doniisiimii sirasinda olusabilen, simiilasyon iglemi sirasinda igmnlarin mekan
icerisinden kagmasina sebep olabilecek bosluklarin simiilasyon sonuglarini etkileyebilecek miktarda olup olmadigt
“3D Investigate Rays” komutu ile kontrol edilmistir. Kontroller tamamlanip modellerin simiilasyona uygun
olduklar1 belirlendikten sonra kurgulanan senaryolar dogrultusunda ses kaynagi ve alici noktalar1 tanimlanmus,
grid konumlari belirlenip yiizeylere ilgili malzemeler atanmistir

“Global Estimation” komutu ile yaklasik ¢inlama siiresi tespit edilen cami igin gerekli “Number of Rays
ve “Impulse Response Length” degerleri atandiktan sonra her faaliyet modunda simiilasyon iglemi baslatilmistir.
Sekil 2’de camiye ait simiilasyon modeli yer almaktadir.

4

' N

(a) (b)
Sekil 2. (a) Yavuz Sultan Selim Camii’nin Sketchup 8 programinda hazirlanan ii¢ boyutlu modeli (b)
Simiilasyon modeli (Ilban, 2016).
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3. BULGULAR VE TARTISMA

Camiye ait modellerin ODEON version 10.1 programinda akustik simiilasyonlarinin gerceklestirilmesi
sonucu sesin nesnel parametre degerleri elde edilmistir. Caligma kapsaminda sesin nesnel parametrelerinden;
Cmlama Siiresi (RT), Erken Gecikme Siiresi (EDT), Belirginlik (D50), Netlik (C80) ve Konusma [letim
Endeksi’'ne (STI) ait sonuglar degerlendirilmistir. Caminin akustik agidan degerlendirilmesinde kullanilan ses,n
nesnel parametrelerine ait optimum degerler Tablo 2’de verilmektedir.

Tablo 1. Camilerin akustik agidan degerlendirilmesinde kullanilan sesin nesnel parametrelerine ait optimum
deger araliklari

T30 (sn) EDT (sn) D50 (%) C80 (dB) STI

1,74-2,12 1,89-2,31 30-70 -4 +4 >0,45

Kay1lr’nin (2005) 6nerdigi grafige gore tespit edilen optimum degerler Abdulrahimov’un (2005) 6nerdigi
+ %10 tolerans araligina gore hesaplanip optimum deger araliklarinin alt ve {ist sinirlari belirlenmistir. EDT igin
optimum deger araligi, Gade’nin (1989) 6nerdigi Cinlama siiresi-EDT iligkisine gore hesaplanarak belirlenmistir
(Gade, 1989)

Belirginlik parametresi igin optimum deger olarak ISO 3382’de dnerilen %30-%70 araligi esas alinmigtir
(ISO, 2009). Netlik parametresi i¢in optimum deger olarak Beranek’in (1996) onerdigi -4dB +4 dB aralig1 esas
alinmistir (Beranek, 1996), (Tablo 2). STI parametresi igin, 0-1 arasindaki STI degerler araliklariin
siniflandirildigi tabloda “yeterli” ve daha {ist kategorilerdeki (0.45 ve iizeri) degerler optimum olarak kabul
edilmistir (Tablo 3).

Tablo 3. STI Deger araliklarinin siniflandirilmasi1 (Houtgast ve Steeneken, 2002).

Nitelik STI degeri
Koti 0-0,32
Zayif 0,32 -0,45

Yeterli 0,45 - 0,60

Iyi 0,60 - 0,75

Miikemmel 0,75-1
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3.1. Elde Edilen T30 Degerlerinin Analizleri

Yavuz Sultan Selim Camii i¢in elde edilen ortalama T30 degerlerinin doluluk oranlarina gore grafikler
Sekil 3°te yer almaktadir. Yavuz Sultan Selim Camii’nin hacmi i¢in 6nerilen optimum T30, 1,74sn — 2,12 sn deger
araligindadir (Tablo 2). Orta frekanslarda her durum i¢in elde edilen T30 degerleri optimum degerlerin altinda
kalmistir. Kisi basina diisen hacmin diisiik degerde olmasi T30 degerlerinin orta frekanslarda gok diisiik olmasina
neden olmustur.

Hali ve kumas yiizeylerde oktav bant frekans araliklarindaki ses yutma katsay1 degerlerinin degisim
farklarmin yiiksek olmasindan dolayi, algak frekanslarda yiiksek olan T30 degerleri orta ve yiiksek frekanslarda
¢ok diisiik diizeyde elde edilmistir. Doluluk orani azaldik¢a T30 degerlerindeki artig 6zellikle algak frekanslarda
gozlenmekteyken orta ve yliksek frekanslarda daha sinirli diizeyde kalmistir. Orta frekanslarda en yiiksek T30
degeri 1,12 sn ile caminin bos oldugu namaz modunda, en diisiik T30 degeri ise 0,86 sn ile caminin %100 dolulukta
ve ibadet edenlerin oturma pozisyonunda oldugu vaaz modunda elde edilmistir (Sekil 3).

4'2 (@A) —1(boy) 4'3 (b) 1A (%50)
35 -#-1 (0) (%50) 5 -1 (A) (%100)
| 1(0) (%100) ~"
3
g,. g
=2,5 Z35
2 2 S 2
=15 =15
1 1
0,5 0,5
0 - 0
125Hz 250 Hz 500 Hz 1kHz 2 kHz 4 kHz 125Hz 250 Hz 500Hz 1kHz 2 kHz 4 kHz
Frekans (Hz) Frekans (Hz)
4': (C) ~+-2 (bos)
35 -#-2 (0) (%50)
B _\ 2 (0) (%100)
=
825 — &
=9 AN
e
=13 \‘o_.\_'
1
0,5
0

125Hz 250 Hz 500Hz 1kHz 2 kHz 4 kHz
Frekans (Hz)

Sekil 3. Yavuz Sultan Selim Camii doluluk oranina gére ortalama T30 degerleri
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3.2. Elde Edilen EDT Degerlerinin Analizleri

Yavuz Sultan Selim Camii igin elde edilen ortalama EDT sonuglarinin doluluk oranlarina gore grafikleri
Sekil 4’te yer almaktadir. Caminin hacmi i¢in Onerilen optimum EDT parametresi 1,89sn — 2,12 sn deger
araligindadir (Tablo 2). EDT degerleri genel olarak T30 degerlerinden daha diisiik diizeylerde elde edilmistir.
Doluluk orani arttikga EDT degerlerinde de, T30 degerlerinde oldugu gibi algak frekanslarda daha belirgin olmak
lizere azalma meydana gelmistir. Orta frekanslarda hicbir durumda optimum degerler elde edilememis, tiim
durumlarda mevcut degerler optimum degerlerin altinda kalmistir. Orta frekanslarda en yiiksek EDT degeri 1,06
sn ile caminin bos oldugu vaaz modunda, en diisiik EDT degeri ise 0,70 sn ile caminin %100 dolulukta ve ibadet
edenlerin ayakta durma pozisyonunda oldugu namaz modunda elde edilmistir (Sekil 4).

4'2 - (a)  ——1(bos) 4’2 (b)  ——1(a) (%50)
ik N —=-1(0) (%50) 5 -=-1 (A) (%100)
g = O\ 1 (0O) (%100) g 3
2,5 X ~.5 ~
= =
a 2 - a 2
=15 \ =15 -\-\
1 - 1
0,5 ——y 0,5 S———
0 0
125Hz 250 Hz 500Hz 1kHz 2 kHz 4 kHz 125Hz 250 Hz 500 Hz 1kHz 2 kHz 4 kHz
Frekans (Hz) Frekans (Hz)
= () —2(boy
35 -#-2 (0) (%50)

X
3 N 2 (0) (%100)
2,5 \
x =
N\

1,5
L —
0,5
0

EDT (sn)

125Hz 250 Hz 500Hz 1kHz 2 kHz 4 kHz
Frekans (Hz)

Sekil 4. Doluluk oranlarina gére Yavuz Sultan Selim Camii ortalama EDT degerleri

3.3. Elde Edilen D50 Degerlerinin Analizleri

Yavuz Sultan Selim Camii i¢in elde edilen ortalama D50 degerlerinin doluluk oranlarina gore grafikleri
Sekil 5’te yer almaktadir. Optimum D50 parametresi %30 - %70 deger araligindadir (Tablo 2). D50 degerleri
doluluk oranlarina gore incelendiginde, orta frekanslarda biitiin durumlarda degerler optimum aralikta, optimum
iist sinirina yakin olarak elde edilmistir. Doluluk oraninin artigtyla D50 degerleri de yilikselmistir. Orta frekanslarda
en yiiksek D50 degerleri %62,5 ile caminin %100 dolulukta ve ibadet edenlerin ayakta durma pozisyonunda
oldugu namaz modunda, en diisiik EDT degerleri ise %52 ile caminin bos oldugu namaz modunda elde edilmistir
(Sekil 5).
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Sekil 5. Doluluk oranlarina gére Yavuz Sultan Selim Camii ortalama D50 degerleri
3.4. Elde Edilen C80 Degerlerinin Analizleri

Yavuz Sultan Selim Camii i¢in elde edilen ortalama C80 degerlerinin doluluk oranlarina gore grafikleri
Sekil 6’da yer almaktadir. Optimum C80, -4dB +4dB deger araligindadir (Tablo 2). Grafikler incelendiginde; C80
degerlerinin orta frekanslarda optimum st sinirina yakin olarak, yiiksek frekanslarda ise optimum st sinirmin
iizerine diizeylerde elde edildigi goriilmektedir. Diigiik ¢inlama siiresi sebebiyle C80 degerleri yliksek diizeylerde
elde edilmistir. Doluluk oraninin artisiyla C80 degerleri de yiikselmistir. Orta frekanslarda en yiiksek C80 degerleri
6dB ile caminin %100 dolulukta ve ibadet edenlerin ayakta durma pozisyonunda oldugu namaz modunda, en diisiik

C80 degerleri ise 3,4 dB ile caminin bos oldugu namaz modunda elde edilmistir (Sekil 6).
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Sekil 6. Doluluk oranlarina gére Yavuz Sultan Selim Camii ortalama C80 degerleri
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3.5. Yavuz Sultan Selim Camii I¢in Elde Edilen STI Degerlerinin Analizleri

Yavuz Sultan Selim Camii igin elde edilen STI parametresine ait degerler Tablo 4’te yer almaktadir.
Degerlendirmede 0,45 ve iizeri degerler yeterli kabul edilmistir (Tablo 2). Camide T30 degeri diisiik oldugundan
konusmanin anlagilabilirliginde bir sorun meydana gelmemistir. Biitiin doluluk ve ses kaynagi noktasi aktifligi
durumlarinda STI degerleri optimum diizeylerde elde edilmistir (Tablo 3).

Tablo 4. Yavuz Sultan Selim Camii STI degerleri

Faaliyet modu STI
1 (bos) 0.65

1 (0) (%50) 0.58

1 (O) (%100) 0.61
1 (A) (%50) 0.6

1 (A) (%100) 0.65
2 (bos) 0.56

2 (0) (%50) 0.58
2 (0) (%100) 0.62

4. SONUCLAR

Yavuz Sultan Selim Camii’ne ait akustik 6zelliklerin incelendigi ve Bilgisayar Simiilasyon Yontemi ile
Sesin Nesnel Parametreleri agisindan degerlendirildigi caligma kapsaminda, orta frekanslarda; RT, EDT ve C80
degerleri genel olarak optimum diizey sinirlar1 diginda elde edilmistir. D50 ve STI degerleri ise optimum sinirlar
icinde elde edilmistir. Ozellikle, kisi bagina diisen hacmin diisiik degerde olmasi nedeniyle T30 ve EDT degerleri
orta frekanslarda diisiik diizeylerde elde edilmistir. Ayrica doluluk oraninin artmasiyla birlikte 6zellikle diisiik
frekanslarda bu degerlerde etkili diisiis elde edilmistir. Doluluk oraninin artistyla artig gdsteren D50 degerleri orta
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frekanslarda biitiin durumlarda optimum sinir araliginda elde edilmistir. Frekans artisiyla birlikte D50 degerlerinde
de artig elde edilmistir. Doluluk oraninin artisiyla artis gosteren C80 degerleri orta frekanslarda optimum iist sinir
diizeyine yakin veya iist sinirin {izerinde elde edilmistir. T30 degerlerinin diisiik olmasi nedeniyle STI degerleri
optimum araliklarda elde edilmistir. Kisi bagina diisen i¢ mekan hacminin yetersiz olmasi sebebiyle yeterli ¢inlama
siiresi elde edilememistir. Ideal akustik performans, yiizey malzemelerinde degisiklik yapilip daha yansitict
malzemelerin kullanilmasi ile de elde edilecek durumda degildir, yiiksek maliyetli geometri degisikliklerini
gerektirmektedir. Bu sonuglar, camilerin tasarimlari sirasinda kullanilan, kisi basina diisen i¢ mekan hacmi gibi
tasarim kriterlerinin dnemini gostermektedir.

NOT

Calisma, “Bilgisayar Simiilasyon Yontemi ile Camilerin Akustik A¢idan Degerlendirilmesi ve Diizenlenmesi:

=9

Trabzon ve Rize Ornegi” baslikl Yiiksek Lisans Tezinden iiretilmistir
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Abstract

In this study, energy supplies of Spain, solar and geothermal energy resource potential of Spain, energy needs of Spain in 2030, 110Mtoe,
based on population change, and how this energy demand can be supplied by renewable energy sources in order to achieve its target of reducing
domestic greenhouse gas emissions at least 40% by 2030 were examined. Building a photovoltaic power plant that has a capacity of 2000 MW
per year and a flash geothermal plant which is suitable for low temperature developments has a capacity of 683 MW per year were proposed
to meet energy need of the country in 2030. The estimated cost of the photovoltaic solar power plant, and the flash geothermal plant were
calculated. Furthermore, the greenhouse emission from the photovoltaic solar plant and the geothermal plant was presented and the results are
compared with the greenhouse emissions from a natural gas plant. The required land area for these two renewable energy plants are evaluated,
as well. Moreover, the obstacles, which are water footprint of the solar photovoltaic power plant and flash geothermal plant, monitoring and
track these new technologies, and required land area for these energy plants, of developing these new technologies are discussed and
suggestions that could assist with overcome these obstacles are given.

Keywords: Renewable Energy; Spain; Greenhouse Gas Emission; Solar Energy; Geothermal Energy

Yenilenebilir Enerji Teknolojilerine Yatirim Yaparak, Ispanya 2030 Yihndaki Enerji Thtiyacim Nasil Kargilayabilir Ve Sera Gazi
Emilsiyonunu Nasil Azaltir.

Ozet

Bu caligmada, Ispanya'nin enerji kaynaklari, Ispanya'min giines enerjisi ve jeotermal enerjisi potansiyeli, niifus degisimine bagl olarak,
Ispanya'nin 2030 daki enerji ihtiyag1 (11030 toe), Ispanya’nin sera gas emiyonunu 2030 yilna kadar en az %40 azaltmak igin hangi
yenilenebilir enerji kaynaklarindan yararlanarak bu enerji ihtiyacini karsilayabilecegi incelenmistir. Yilda 2000 MW enerji tiretme kapasiteye
sahip bir fotovoltaik santral ve diisiik sicakliklara uygun olan ve yilda 683 MW enerji liretme kapasiteye sahip flas jeotermal santralinin inga
edilmesinin 2030 yilinda iilkenin enerji ihtiyacini karsilayabilecegi one siiriildi. Caligmada, fotovoltaik giines enerjisi santrali ve flas jeotermal
santralinin tahmin edilen kurulum maliyeti hesaplandi. Ayrica, fotovoltaik giines enerjisi ve jeotermal santrallerinin kurulumundan dolay1
tahmini sera gas salinimi sonuglar1 hesaplandi ve bu sonuslar benzer kapasiteye sahip dogal gaz santralinden salinan sera gazi emisyonlariyla
karsilastirildi. Bu iki yenilenebilir enerji santralinin kaplayacag: arazi alani da hesaplandi. Daha da 6nemlisi, glines fotovoltaik santral ve flas
jeotermal santralinin su ihtiyacinin kargilanmasi, bu yeni teknolojilerinin izlenmesi ve takibi ve bu enerji santralleri igin gerekli arazi
konularinda yasanabilecek sorunlar tartigildi. Bu sorunlarmn ¢ziimiine yardimer olabilecek oneriler verildi.

Anahtar kelimeler: Yenilenebilir Enerji; Ispanya; Sera Gaz1 Emisyonu; Giines Enerjisi; Jeotermal Enerji

1. INTRODUCTION

The total primary energy supply (TPES) of Spain was 114 Mteo (million tonnes of oil equivalent) in 2014,
yielding a -2 percent annual energy growth since 2004 (International Energy Agency, Spain Overview, 2015).
Spain supplies its energy needs from oil, natural gas, nuclear, wind, solar, geothermal, biofuel, waste, and hydro
energy (International Energy Agency, Spain Overview, 2015). In 2014, Spain generated 41% of its total energy
needs from oil; 21% from natural gas; 13% from nuclear energy; 10% from coal; 6% from renewable sources such
as wind, solar, and geothermal; 5% from biofuels and other waste; and 4% from hydro sources (International
Energy Agency, Spain Overview, 2015). Spain decreased its energy production from fossil fuels and increased its
energy generation from renewable energy sources, waste, and nuclear energy from 2004 to 2009, and from 2009
to 2014, demonstrated in Figure 1 (International Energy Agency, Spain Overview, 2015).

According to the Latvian Presidency of the Council of the European Union, all European Union (EU)
Member States have agreed to reduce domestic greenhouse gas emissions (GHG) at least 40% by 2030 as outlined
by the United National Framework Convention on Climate Change (UNFCCC) (Climate Action; Committee on
Climate Change). As a member of the EU, Spain is fully dedicated to meeting this GHG target set by UNFCCC.
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The Latvian Presidency of the Council of the European Union asserts that the target of domestic decrease of GHG
will be beyond 20%, which is further than their obligation compared to 1990 (Climate Action; Committee on
Climate Change). Therefore, in order to reduce their greenhouse emissions, Spain has been improving energy

generation from renewable sources (Climate Action; Committee on Climate Change).

Mtoe

Wind, solar and

geothermal
M Hydro

Biofwels & waste
Nuclear

ma

m Gas

M (oal

2004 2009 2014

Figure 1- The percentage of energy sources Spain used to generate its energy needs (International Energy
Agency, Spain Overview, 2015).

Spain mainly utilizes the energy produced for transport, industry, residential, and commercial sectors. In
2013, 35% of the energy generated was consumed by the transport sector; 31% was consumed in industry; 18%
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was consumed by the residential sector; and the remaining 16% was consumed by the commercial sector
(International Energy Agency, Spain Overview, 2015). Spain’s electricity production was 274 terawatt hours in
2014. Out of the 274 terawatt hours of electricity generated in 2014, 38.4 % was generated from renewable sources:
19.1% was generated from wind energy; 14.3% was generated from hydro sources; and 5% was generated from
solar sources (International Energy Agency, Spain Overview, 2015). The remaining 61.6% of the electricity was
generated by other means: 20.9% was generated by nuclear sources; 17.2% was generated by natural gas; 16.3%
was generated by coal; 5.2% was generated by oil; and 2% was generated by biofuels and organic waste
(International Energy Agency, Spain Overview, 2015). According to the Central Intelligence Agency (CIA), Spain
imported 10.2 billion kilowatt hour (kWh) electricity and exported 16.94 billion kWh in 2013. CIA indicates that
Spain has very low domestic oil and gas production so the country heavily depends on imports. The country’s
current energy system is increasing the export of oil and natural gas in order to decrease the domestic demand.
The export of oil increased by 143% from 2004 to 2014 (International Energy Agency, Spain Overview, 2015).

2. RESOURCE POTENTIAL OF SPAIN
2.1. Solar Energy Potential

As stated previously, 38.4 % of Spain’s 274 terawatt hour electricity production was provided from
renewable sources in 2014, only 5% of which comes from solar sources (International Energy Agency, Spain
Overview, 2015). Even though Spain has not produced large amount of electricity from solar power, it is
considered one of the most attractive countries in Europe for investment in photovoltaics (PV) because of its high
solar irradiation potential. Spain’s installed capacity of solar power is 4.33 gigawatt (GW) (World Energy Council,
2013). When regarding fixed solar systems, the average radiation of solar power in Spain is 1,5004+300 kilowatt
hour per meter square (kWh/m?) with an average energy yield of between 1000 kilowatt hour per kilowatts peak
(kWh/kWp) in the north and 1500 kWh/kWp in the south (Maalen et al., 2011). According to World Energy
Council (2013), some regions in Spain receive 2000 kWh of solar radiation per square meter annually. Southern
regions of the country show the most promise for PV development (Maallen et al., 2011). The southern areas of
Murcia, Andalusia, Extremadura, Ceuta y Melilla, and Castilla de la Mancha each boast a potential amount of
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energy of greater than 1,900 kWh/m? and a potential output of around 1,400 kWh/kWp (MaaBen et al., 2011).
Solar irradiation and PV power for each autonomous region are shown in Figure 2. (Maaflen et al., 2011).

The areas of direct normal irradiation (DNI) in Spain is displayed in Map 1 (Maaflen et al., 2011). The
DNI indicates the amount of solar radiation that is normal to a surface (Maaflen et al., 2011). Areas with a high
DNI index can be considered ideal locations for solar panels (Maaflen et al., 2011). Areas of high DNI include

much of the southern part of Spain according to Map 1 (Maallen et al., 2011).
The global horizontal irradiation (GHI) hotspots in Spain is shown in Map 2 (Solargis, 2016). GHI is the

total amount of irradiation reaching a horizontal surface (Solargis, 2016). Much like the DNI map, GHI tends to
be the most prevalent in the southern part of the country (Solargis, 2016). Southern areas such as Murcia,
Andalusia, and Ceuta show great potential for solar energy harvesting based on their DNI and GHI data (Solargis,

2016).

Solar irradiation and PV power for each

autonomous region
(yearly average with optimal angle settings)

W Yearly global irradiation (kWh/m2) optimal average
= Yearly PV power (KkWh/I KkWp) optimal average

kWh per m2 or kWp

Autonomous Region

Figure 2: Solar irradiation and power for each autonomous region of Spain (Maaf3en et al., 2011).
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Map 1: The DNI map of Spain; the southern area around Murcia gives a high DNI value (Solargis, 2016).
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Map 2: The GHI map of Spain; the southern area around Murcia is a prime location for solar energy harvesting
(Solargis, 2016).

2.2. Geothermal Energy Potential

Spain has widely distributed low-enthalpy geothermal resources in the northern, southeast, northwest and
the center of the country (World Energy Council, 2013). There is a high temperature resource on Tenerife, and
Lanzarote and La Palma each have a high dynamic range resource (World Energy Council, 2013). 6 megawatts
thermal (MWt) amount of capacity has been installed for individual space heating, greenhouse heating, bathing
and swimming (World Energy Council, 2013). Limited rate of capacity is installed for direct purposes so
geothermal power is not a major energy resource in Spain (World Energy Council, 2013). The areas having
significant geothermal potential are located in the southeast (Granada, Almeria, and Murcia), northeast (Barcelona,

Gerona, and Tarragona), northwest (Orense, Pontevedra, and Lugo) and center (Madrid) of the Iberian Peninsula.
Additionally, Albacete, Lerida, Leon, Burgos and Mallorca all show lower geothermal potential: the temperatures
range from 50 to 90°C and are therefore considered to be low temperature geothermal resources (World Energy
Council, 2013). The volcanic archipelago of the Canary Islands is the only area where high-enthalpy fluid may
likely exist (World Energy Council, 2013).

Where low-temperature geothermal sources are located in Spain is shown in Map 3 (Arrizabalaga et al.,
2015). While there are a sufficient number of geothermal regions throughout the country, the bulk of these low-
temperature regions are concentrated in the northern and eastern areas of Spain (Arrizabalaga et al., 2015).

Medium and high temperature geothermal resources found in Spain is demonstrated in Map 4.
(Arrizabalaga et al., 2015). There are significantly fewer medium and high temperature geothermal resources
compared to the low temperature geothermal resources, and these areas tend to be primarily in the northern and
center areas of the country (Arrizabalaga et al., 2015).
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Map 3: Low-temperature of geothermal resources, 30-100 degree Celsius (°C), and zones with good potential
for resource exploitation (Arrizabalaga et al., 2015).
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Map 4: Medium and high temperature geothermal resources and possible enhanced geothermal systems
(Arrizabalaga et al., 2015).

3. ENERGY NEEDS OF SPAIN IN 2030

Spain’s energy consumption decreased from 122 Mtoe in 2000 to 116 Mtoe in 2015 (Global Energy
Statistical Yearbook, 2019). Although the energy consumption decreased, Spain’s population increased from
40,750,000 people in the year 2000 to 46,122,000 in the year 2015 (The United Nation, Population Division, 2019).
Therefore, while Spain has a decreasing trend in energy consumption, the population of Spain has an increasing
trend throughout 15 years. However, according to Department of Economic and Social Affairs, Spain’s population
is projected to drop to 45,920,000 in 2030 (The United Nation, Population Division, 2019). This is predicted to
complement Spain’s goal of reducing its total energy needs in 2030 because population decrease will contribute
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to reduction of energy needs of Spain. Assuming exponential decrease in energy consumption, the annual decrease
rate in energy consumption, i, is 0.34% which is calculated substituting 112 Mtoe and 116 Mtoe over a 15-year
period into the equation below:
122 =116 * (1 —)?® 1)

Therefore, Spain’s total energy need in 2030 can be predicted to be 110 Mtoe since there is 0.34 % decrease rate
in energy consumption.
The calculation of Spain’s total energy need by 2030, N:

116 = N * (1 — 0.0034)5; N = 110 Mtoe ()
Using the predicted total energy need, the predicted energy consumption per capita of Spain in 2030 can be
calculated:

10%kg oe
3
110 * 10°ktoe * ~toe 3)

45920 + 103 = 2395.5 kg oe (kilograms of oil equivalent)

Spain utilizes 38% of its annual production for transportation and the rest of it is for electricity
(International Energy Agency, Spain Overview, 2015). Therefore, it can be predicted that Spain’s energy need for
transportation and electricity could be 41.8 Mtoe and 68.2 Mtoe, respectively.

According to the prediction of U.S. Energy Information Administration (EIA) (2016), the world energy
consumption will increase 48% percent between 2012 and 2040. Despite the EIA’s prediction, Spain seems to not
follow this trend since Spain has improved the security of its energy supplies (The International Energy Agency,
2009). The International Energy Agency (IEA) (2009) recommends that Spain varies its energy resources,
including increasing energy efficiency.

3.1. Target Fraction

In 2014, the total energy consumption of Spain was 113 Mtoe with electricity consumption making up
62% of the total energy consumption (Global Energy Statistical Yearbook, 2019). Of this electricity consumption,
Spain produced 38% of its electricity from renewable energy sources (International Energy Agency, Spain
Overview, 2015). With one tonne of oil being equivalent (toe) to 0.01163 gigawatt hours (GWh), the electricity
production from renewable energy sources in 2014 was 70.60 Mtoe can be expressed as 309623.164 GWh.

The conversion of 113 Mtoe to GWh for electricity production from renewable energy sources is shown
below:

toe GWh 4
113Mtoe = 10° ioe 0.62 % 0.38 * 0.01163E = 309623.164 GWh

toe
These values from 2014 can be used to predict the total energy generated in 2030. The targeted fraction

of future energy demand that Spain hopes to provide from development of solar and geothermal energy can be
predicted as 42% of total energy need. This equates to 333129.75 GWh since the prediction of the total energy
need in 2030 is 110 Mtoe:
toe
Mtoe
The difference between the energy generated in 2030 and the energy generated in 2014 shows how much
energy generation will increase over the course of 16 years:
333129.72GWh — 309623.164 GWh = 23506.556 GWh (6)
Hence, 23506.556 GWh is predicted to be generated from investment of solar and geothermal energy.

5
110Mtoe * 10° )

GWh
* 0.62 % 042 x0.01163 oo = 333129.72 GWh

3.1.1.  Unit Cost Estimate and Comparison

In order to reach the objective of producing 42% electricity need from renewable sources, Spain would
have to build a photovoltaic power plant that has a capacity of 2000 MW per year and a flash geothermal plant
which is suitable for low temperature developments has a capacity of 683 MW per year.
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3.1.2.  The estimated cost of the PV solar power plant by the conversion calculation

Mw 101°%kWh (7
year year
The costs of producing solar energy is 4 cents per kWh ($0.04/kWh) (Energy Post, 2015). Therefore,
700.8 million US dollars would be invested for the PV solar power plant.

2000

MWh GWh
* 8760 hour = 17520000 —— = 17520 —— = 1.752 *
year year

3.1.3.  The estimated cost of the flash geothermal plant

By subtracting the total energy generated in 2030 by the energy generated by solar sources, the energy

generated by geothermal power can be found:
23506.556 — 17520 = 5986.556 GWh/year ®)

Therefore, 5986.556 GWh/year (683 MW per year) electricity could be provided from geothermal
sources in southern part of Spain.

Recent electric generation cost for flash geothermal plant is $ 0.07/kWh (International Energy Agency
Renewable Energy Essentials: Geothermal, 2010). The estimated cost is

10°kwW  $0.07

5986.556 GWh * ———

W * TR $419.06 million

)

Thus, 419.06 million US dollars would be invested for a flash geothermal plant that have a capacity of
5986.556 GWh.
The total amount of investment for these new technologies would be
$(700.8 + 419.06)million = $1119.86 million = $1.11986 billion. (10)
Spain supplies its major electricity generation production from oil and natural gas (International Energy
Agency, Spain Overview, 2015). The cost of natural gas per kWh is between 7 and 10 cents so the average cost of
it is 8.5 cents per kWh (Feldman, 2009). If Spain produces its 23506.556 GWh/year electricity need from natural
gas instead of the new solar and geothermal technologies, this amount of electricity would cost 1998 million US
dollars.
The calculation of electricity cost from natural gas:
10°kW  $0.085 (an

oW * X = 1.998 billion US dollar

Additionally, the cost of petroleum per kWh is 21.56 cents (The Institute for Energy Research, 2012) so
if Spain generates its 23506.556 GWh/year electricity from petroleum sources, this amount of electricity would
cost:

23506.556 GWh *

10°kW  $0.2156 (12)
*

23506.556 GWh * W T = $10.7 billion US dollar

4. ESTIMATION OF GREENHOUSE EMISSIONS AND COMPARISON

Electricity production from solar energy technologies is defined as carbon-free because their operations
do not emit greenhouse gases (Fthenakis and Kim, 2007). However, carbon dioxide and other gases are released
throughout the extraction, processing, and disposal of associated materials related to solar energy harvesting
(Fthenakis and Kim, 2007). Greenhouse gas emissions estimated to vary widely from 40 to 180 grams of carbon
dioxide equivalent per kilowatt-hour (gCO,-eq/kWh) for photovoltaics (Fthenakis and Kim, 2007). According to
European Commission, photovoltaic installations in Germany have emitted 180 gCO»-eq/kWh. Additionally,
another research shows supporting evidence that greenhouse gases from photovoltaic life cycle are 39-110 gCO»-
eq/kWh (Fthenakis et al., 2008). Therefore, the greenhouse gas emissions associated with solar energy and
photovoltaic panels are estimated in terms of its life cycle, including material production (e.g. mining, smelting,
refining, purification), solar cell and PV module production, balance of system (BOS) production (e.g. inverters,
transformers, wiring, structural supports), system operation and maintenance, system decommissioning and
disposal or recycling (Fthenakis and Kim, 2007). CO; emissions from the material production are assumed 15
2C0O,-eq/kWh (Fthenakis and Kim, 2007). The average radiation of solar power and resource potential in Spain
is 1,5004300 kWh/m?/year. Silicon ribbons with 11.5% efficiency for converting photons to electricity are
assumed to be manufactured as a solar module. The manufacturing has around 31 gCO»-eq/kWh emissions based
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on BOS production since this value is suitable for average solar radiation of 1700 kWh/m?/year, shown in Figure
3 (Fthenakis and Kim, 2007). The system operations and maintenance are estimated to be 0 gCO»-eq/kWh.

Thus, the estimation of greenhouse emissions associated with photovoltaic power plant having capacity
0f 2000 MW has 46 gCO,-eq/kWh.

The average greenhouse gas emissions from hydrothermal flash and dry steam plants is 91 gCO,-eq/kWh.
Methane (CHy) also contributes to greenhouse gas emissions and raises the average emissions up to 127 gCO»-
eq/kWh (106 g/kWh for CO; only) (Sullivan and Wang, 2013). Therefore, the estimation of the greenhouse gas
emissions associated with new technology, a flash geothermal plant, having capacity of 5986.556 GWh (683
MW/year) is 127 gCO,-eq/kWh. Thus, the greenhouse gas emissions from these two new technologies are
estimated to be 173 gCO»-eq/kWh.

40

Figure 3: GHG emissions of manufacturing frame and frameless solar modules for average solar radiation (1700
kWh/m?/year) (Fthenakis and Kim, 2007).

The estimated calculation of greenhouse gas emissions from the photovoltaic power plant:

(2000 MW L 108 W 8760 h * (46g €O, - i)) = 8.06 » 10''gCO, /year
year MW kWh ()
The estimated calculation of greenhouse gas emissions from the flash geothermal power plant:
(863 MW 103 g760 1« (127 gco, - i)) = 9.6 x 101gC0, /year
year MW kWh 1

Thus, the estimated total greenhouse gas emissions are 17.66E+11 gCO,/year (17.66E+8 kgCO,/year)
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Greenhouse gas emissions of a natural gas power plant ranges from 170 gCO»/year (0.17 kgCO,/year) to
870 gCOy/year (0.87 kgCO,/year) (Alavijeh et al., 2013) since natural gas is one of the major sources of electricity
production in Spain. Therefore, the average greenhouse gas emissions are estimated 520 gCO,/year based on Table
1 (Alavijeh et al., 2013).

The estimated calculation of greenhouse gas emission form a natural gas plant:

2863 W 103 KW e760 1« (520 6€0, — ) | = 1.3+ 10126C0, /year
MW 8% 7w/ ) T §xU2/Y (15)

year

Table 1: Natural gas power plants characteristics and detail information for 32 different power plants (Alavijeh

etal., 2013).

Power Fuel Full load Load Capacity COz (kgf/ NO.(g/
plant consumption (vMw) (MW factor kKW h) kW h)

(m3/h)
Number 1 7648.00 28.60 16.00 056 0.81 3.40
Number 2 7499.00 25.60 1500 059 0.85 3.94
Number 3 2300000 79.00 4900 062 030 1.06
Number 4 818000 28.60 1800 063 0.77 3.42
Number 5 “4900.00 15.00 950 063 0.87 4.06
Number 6 900000 28.60 1950 068 0.78 3.09
Number 7 200000 2920 2000 068 0.68 1.71
Number 8 500000 15.00 11.00 0.72 0.77 1.04
Number 9 720000 2430 1800 0.74 0.78 035
Number 10 8600.00 25.60 1900 0.74 0.77 274
Number 11 820000 2920 2250 0.77 0.71 1.63
Number 12 2780000 123 .40 9600 078 0.56 2.06
Number 13 2780000 123.40 9600 078 0.55 2.07
Number 14 2330000 79.00 6400 o081 068 2.75
Number 15 4000000 165.00 13400 0381 057 0.20
Number 16 4000000 165.00 136.00 082 0.56 035
Number 17 4130000 165.00 13600 082 0.58 034
Number 18 3000000 123.40 10200 083 0.56 1.81
Number 19 42597.00 165.00 14100 085 0.23 0.10
Number 20 4300000 165.00 14200 086 0.8 0.09
Number 21 28617.00 123 40 109.00 088 0.50 0.29
Number 22 4389900 165.00 146.00 088 023 0.20
Number 23 4300000 165.00 14600 0388 0.17 0.06
Number 24 2914300 123 40 111.00 090 0.50 1.66
Number 25 3242000 123.40 112.00 091 0.59 225
Number 26 4476700 165.00 151.00 092 0.56 0.25
Number 27 45418.00 165.00 15400 093 056 0.46
Number 28 30455.00 123 .40 116.00 094 0.50 1.57
Number 29 875000 2430 2400 099 0.70 1.76
Number 30 31506.00 123 .40 123.00 1.00 0.49 1.54
Number 31 3000000 123 40 12300 1.00 0.47 1.60
Number 32 930000 2430 26.70 1.10 0.65 0.89
Summation 790299 30519 26062

5. REQUIRED LAND AREA

A photovoltaic power plant having a capacity of 25 MW/year of 12% efficient PV modules requires a 1.3
MW PV installation on 2.7acres (Fthenakis and Kim, 2007). Therefore, it can be estimated that a photovoltaic
power plant that has a capacity of 2000 MW/year requires 104 MW PV installation and 216 acres land area.

The estimated calculation of land required for the PV power plant:

MW
[Zoooyear

1.3 MW
The largest geothermal plant in the world, The Geysers, has a capacity of around 1517 MW and has an

area of 13 acres (Union of Concerned Scientists, 2013). A flash geothermal plant having a capacity of 683 MW
could approximately require 5.85 acres.
[683 MW /year * 13 acres] 17
1517 MW Jyear = 5.853 acres
Thus, the total area required for these two new technologies is 4159.83 acres. However, a thermal power
plant that has a capacity of 5*660 MW requires 206.5 acres (Nath, 2007).

* 2.7 acres]
= 4154 acres (16)
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6. CONCLUSION AND DISCUSSION

With an energy production need predicted to be 110 Mtoe in 2030, Spain could theoretically reach the
goal of 42% electricity production from renewable energy sources by 2030 if Spain invested in the PV solar and
the flash geothermal plant having a capacity of 2000 MW and 683 MW, respectively. These new technologies
would be a good choice because their greenhouse gas emissions were much less than a natural gas power plant.
The greenhouse gas emissions from both of these new technologies are 17.66E+11 gCO,/year, and the emissions
from the natural gas plant are 1.3 * 1013gC02 /year. Additionally, Spain has a target of at least 40% domestic
reduction in greenhouse gas emissions by 2030 (Climate Action; Committee on Climate Change) so these new
technologies would help Spain reach this target as well as Nationally Determined Contributions’ (NDC) goals for
Spain. Producing electricity energy from the PV solar power plant and flash geothermal plant would be less
expensive than generating electricity from either natural gas or petroleum, which is another benefit of these new
technologies. If the 2683 MW energy demand was produced with natural gas and petroleum, it would cost 1.998
billion US dollars and 10.7 billion US dollars, respectively. However, the new solar and geothermal technologies
would cost 1.11986 billion US dollars to reach the 42% target by 2030.

The water consumption would be a problem for the PV solar power plant and the flash geothermal plant
because both technologies require water for operations. It is predicted that water consumption would be decreased
to unsustainable levels. A flash geothermal plant utilizing groundwater for cooling purposes might change the
level of the water or the chemical, physical and biological components of water, thereby impacting the water
quality (Héahnlein et al., 2013). The majority of habitants in Europe and approximately half of the world’s
population depend on groundwater in terms of drinking water source (Héhnlein et al., 2013). Furthermore, flora
and fauna form their habitats in aquifers that is also the main reservoir of fresh water for human consumption
(Héhnlein et al., 2013). Thus, the water footprint in a flash geothermal plant would be one reason opposing the

production of electricity from this technology. Water is also used for cooling purposes, mirror cleaning, and make-
up for the steam cycle in a PV solar power plant (Damerau et al., 2011). There is a water scarcity in south eastern
Spain, and the Segura Basin in Spain is considered one of the most water-stressed regions in Europe due to its high
irradiation potential (MaaBen et al., 2011; Soto-Garcia et al., 2013). Additionally, Spain has low, medium and high

temperature geothermal resources in south of Spain (Arrizabalaga et al., 2015). The water scarcity in south of
Spain might be a reason why Spain has not invested a lot into solar power plants and geothermal power plants.
This barrier could be overcome with using dry cooling technologies at increased cost and energy penalties. For
instance, direct dry cooling using air-cooled condensers, Heller systems, and hybrid technologies are alternative
technologies for dry cooling. Even though using these technologies significantly reduce the amount of water in a
solar power plant, they come with disadvantages: investment costs are around 2% higher, and for a hybrid cooling
system these investment costs can be as much as 3% higher, and the energy output of a dry-cooled plant is less
than that of a wet-cooled plant (Damerau et al., 2011). However, it can be assumed that if Spain used the dry
cooling technologies for the PV solar and the flash geothermal plant, the electricity production of these two
technologies would be less expensive than generating energy from a natural gas plant or a thermal power plant
utilizing petroleum.

Another obstacle of developing these new technologies would be monitoring and tracking them. Spain
has developed renewable energy sources rapidly and on a large scale, so it might be more difficult for officials to
monitor and track the development of renewable energy with the new technologies (The International Energy
Agency, 2009). Thus, the monitoring and tracking the new technologies would be expensive and difficult for
Spain.

Yet another barrier of investing the PV power plant and the flash geothermal plant would be allocating
the required land area. The required land are for these new technologies would be 4159.83 acres, while a thermal
power plant only requires 206.5 acres (Nath, 2007) and produces more electricity than the two new technologies
would produce. However, when we consider greenhouse gas emissions from the thermal power plant and Spain’s
NDC goals, the new technologies would appear to be the better investment.
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OZET

Afrika meneksesi (Saintpaulia Ionanthac Wendl.) en ¢ok tercih edilen ve ticari olarak ¢ok degerli cigekli i¢ mekan siis bitkileri
igerisinde yer almaktadir. Saintpaulia lonanthac Wendl. nin gelikle gogaltimi kolay olmasina ragmen gelik ile {iretimde sinirli say1da yeni bitki
olusturmaktadir. Bu ¢alismada MS ortamina ilave edilmis Meta-topolin, TDZ, BA ve 2-IP nin Saintpaulia fonanthac Wendl.in Siirgiin
gelisimi iizerine etkisi incelenmigtir. MS ortamma 0.01mg-L"' IBA ve 0,5mg L' Meta-topolin, Benzyladenine (BA), Thidiazuron (TDZ) ve
isopentenyl adenine (2-iP) bitki biiyiime diizenleyicileri ilave edilmis ve eksplant basina olusan mikrosiirgiinlerin gelisimi incelenmistir.
Yapilan ¢aligma sonucunda siirgiin gelisimi bakimindan eksplant bagina 22,4 adet mikrosiirgiin ile en ¢ok siirgiin Meta-topolin de kaydedilirken
en diisiik mikrosiirgiin say1s1 9 adet ile BA ilaveli ortamda elde edilmistir. 0.5mg-L"' IBA konsantrasyonunda koklendirmeye alinan mikro
¢ogaltilan siirgiinlerin %100 koklenmis ve koklenen mikro siirgiinler dis ortama basarili bir sekilde aktarilmistir. Dig ortama aktarilan mikro

stirgiinlerin %100 canli kalmis ve saglikli bir sekilde geligmistir.
Anahtar Kelimeler: Saintpaulia lonanthac Wendl; Meta-topolin; Benzyladenine; Thidiazuron; 2-iP

The Effect of Meta-Topolin and Different Cytokinin Derivatives on In Vitro Micropropagation of in Vitro Micropropagation and
Shoot Development of African Violet (Saintpaulia Ionanthac Wendl.)

ABSTRACT

African violet is one of the most preferred and commercially valuable flowering indoor ornamental plants. Although African violet
(Saintpaulia lonanthac Wendl.) is easy to propogate with leaf cuttings, it produces a limited number of new plants through the leaf cuttings. In
the study, the MS medium was supplemented with 0.01mg-L™ IBA and 0,5mg-L"' Meta-topolin, BA, TDZ ve 2-iP in order to determine the
effective cytokinin type for shoot formation. In this study among four plant growth regulators evaluated. In this study Among four plant growth
regulators evaluated, Meta-Topolin was the most effective for shoot induction overall. Although the higher shoot numbers were obtained with
Meta-Topolin (22.4 shoots perexplant), the lowest shoot numbers were obtained with BA (9 shoots perexplant). 100% of microshoots rooted

and rooted shoots were successfully acclimatized to natural conditions. 100% of the microshoots transferred to ex vitro conditions remained

alive and developed in a healthy.

Keywords: Saintpaulia lonanthac Wendl, Meta-topolin; Benzyladenine; Thidiazuron; 2-IP
1. GIiRIS

Yaygin olarak Saintpaulia lonanthac Wendl. olarak bilinen saintpaulia, Gesneriaceae familyasindaki ¢ok yillik
otsu c¢icekli bir bitki tiirlidiir. Gesneriaceae familyasindaki 2000 (Ghalecahi ve ark., 2018) den fazla tiirden
yaklagik 25 tiir (Silva ve ark., 2017) Tanzanya'nin kuzeyindeki ve giiney Kenya'daki vadilerdeki kaya yiizleri gibi
serin ve nemli ortamlarda dogal olarak yetisir (Anonymous, 2019). S. ionantha dahil olmak {izere sekiz Saintpaulia
tiirii [TUCN (2014) tehdit edilen bitkilerin kirmiz1 listesinde yer almaktadir. Bahge bitkilerinde Afrika menekseleri
olarak adlandirilan ve kiiltiiri yapilan gesitler S. ionantha ve S. confusa'dan gelistirilmistir (Eastwood ve ark.,

1998). Amerika Birlesik Devletleri'nde bahge bitkisi olarak ilk kiiltiire alimi II. Diinya Savasi Sonrast olmustur
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(Tsukamoto ve ark., 1982). Suan diinyanin bir¢ok bolgesinde ticari olarak ¢ok degerli bir i¢c mekan siis bitkisi
olarak kullanilmaktadir. 2014 yilinda Amerika Birlesik devletlerinde 788 milyon dolarlik saksili ¢igeklerin 4.07
milyon dolarim Saintpaulia Ionanthac Wendl olusturmustur (Web 1). Sahip olduklar 6zelliklerinden dolay (¢igek
biiyiikliigi, ¢icek rengi, yaprak sekilleri, yaprak biiyiikliikleri, tiniform ¢igeklenmeleri, karisik ¢igekleri ve bitki
boylar1) giiniimiize kadar binlerce Saintpaulia Tonanthac Wendl. gesidi gelistirilmistir. Saintpaulia Ionanthac
Wendl tohumdan ziyade celik ile ¢ogaltilmaktadir. Cilinkii Saintpaulia Ionanthac Wend[’nin tozlanmasi ar1 ile
olmakta (Martins, 2005) ve tohumun olgunlagmasi déllenmeden sonra sekiz ay veya daha fazla siirmekte (stork ve
stork, 2007). Dahas1 tohumun ¢imlenmesi birkag haftay1 bulabilmekte (Hill ve Goodship, 1998). Ticari Saintpaulia
Tonanthac Wendl. yaygin olarak yaprak celiklerinden vejetatif olarak ¢ogaltilmaktadir. Bu sekilde cogaltim
yiiksek miktarda damizlik materyal gerektirdigi gibi hem zaman almakta hem de kéklenme esnasinda yapraklarin

clirimesine ve fire vermesine sebebiyet vermekte.

In vitro ortamda az miktarda materyalden kisa siirede cok sayida yeni bitki olusturmak miimkiin olmakta
ve seri iiretime olanak saglamaktadir. Bu ¢alismanin amaci Meta —topolin, TDZ, BA ve 2-IP nin Saintpaulia

Tonanthac Wendl in vitro mikro ¢ogaltimi iizerine olan etkisine bakilmugtir.
2. MATERYAL VE YONTEM

Bu galisma 2019 yilinda Sirnak Universitesi Ziraat Fakiiltesi Biyoteknoloji Laboratuvarinda
yiiriitiilmiistiir. Calismada kullamlan bitki materyali (Saintpaulia Tonantha Wendl.) saks1 igerisinde biiyiitiilen
cicekli Saintpaulia lonanthac Wendl. den temin edilmistir. Mikrogogaltim materyali olarak Saintpaulia lonanthac
Wendl. nin yapraklari kullamlmistir. Saintpaulia Tonanthac Wendl. nin yapraklari ana bitkiden ayrildiktan sonra
musluk suyu altinda iyice yikanmistir. Kopartilan yapraklar 30sn %70 etil alkol ile muamele edilmis daha sonra
litreye 10 damla Tween—20 igeren %15 lik ticari camasir suyu (%5 NaOCl igeren) igerisinde ara-sira karigtirilarak
10 dakika bekletildikten sonra {i¢ kez steril saf su ile durulanmiglardir. Yiizeysel sterilizasyon isleminden sonra
menekse yapraklari kare (2.25cm?) seklinde parcalara ayristirilarak petriler igerisinde 1.0 mg-L!' Benzyladenine
(BA) + 0.01 mg-L™! Indole-3- butyric acid (IBA) + 30 g-L! sukroz igeren ve 5.5 g-L! agar (Sigma, A-1296) ile
jellestirilmis MS (Murashige and Skoog, 1962) ortamu iizerinde kiiltiire alinmuslardir. Ugiincii alt kiiltiiriin sonunda
stirgiin gelisimi {izerine farkli sitokininlerin (Thidiazuron, isopentenyl adenine, Meta-topolin ve Benzyladenine)
etkisini belirlemek amaciyla 0.5mg-L"! ve + 0.01 mg-L'IBA + 30 g-L*' sukroz igeren ve 5.5 g-L!' agar ile
jellestirilmis MS (Murashige and Skoog, 1962) ortamu iizerinde eksplantler kiiltiire alinmiglardir. Kiiltiir kabina
(Magenta kabi) dort eksplant konulmus ve 23 + 2 °C sicakliga sahip iklim odasinda 16/8 1s1k/karanlik fotoperiyot
ve soguk floresan lamba (80 pmolm?s') altinda gelismeye birakilmistir. Her deneme iki kez tekrarlanmigtir.
Deneme tesadiif parselleri deneme desenine gore kurulmus, her muamele igin 4 tekerriir (her biri 4 eksplant iceren
magenta kabi) kullanilmis ve biitiin deneme iki kez tekrar edilmigtir. Dort haftanin sonunda siirgiin sayisi
(cogalma) ve siirgiin uzunluklari ile canli kalan eksplant sayisi kaydedilmistir. Siirgiin gelisimi i¢in en iyi bitki
biiyiime diizenleyici belirlendikten sonra olusan mikro siirgiinlerin koklenmesi igin 0.5mgL'IBA igeren MS
ortami lizerinde koklenmeye alinmiglardir. Koklendirme denemesinin sonunda, in vitro’dan ¢ikartilan mikro
siirglinlerin kokleri akan ¢esme suyu altinda yikanarak ortam ve agardan temizlenmistir. Kok yikama isleminden
sonra mikro siirgiinler 1:1 oraninda torf ve perlit igeren kopiik bardaklara sasirtilmis ve seffaf pet bardak ile lizerleri
kapatilarak yiiksek nisbi nem saglanmugtir. Iklim odasina (23 2 °C, 16 /8 (1stk/karanlik)) konulan bitkiler yaklasik

20 giin sonra pet bardak tamamen kaldirilarak bitkinin oda kosullarinda biiyiimesi saglanmustir.
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Istatistiksel Analizler: Elde edilen veriler SPSS istatistiksel analiz paket programi (Standart versiyon 16.0)
kullanilarak varyans analizine tabi tutulmuslardir. Uygulamalar arasindaki farkliliklarin istatistiksel agidan

onemlilik derecesini ortaya koymak i¢in Duncan ¢oklu kargilastirma testi yapilmistir.
3. BULGULAR VE TARTISMA

Kiiltiire alman Saintpaulia Ionantha Wendl. siirgiin gelisimi icin genellikle sitokinin ve oksin gibi bitki
biiyiime diizenleyiciler gerektirir (Ghorbanzade ve Ahmabadi, 2014). lyi bir siirgiin rejenerasyonu icin bitki
biiyiime diizenleyici konsantrasyonlari ve kombinasyonlarmnin iyi yapilmasi gerekir. in vitro kiiltiire alman yaprak
eksplantlarinda mikrobiyal bulagmalar diisik olmus. Mikrobiyal bulagma (fungus, bakteri vs.) dan ari
mikrosiirgiinler elde edildikten sonra farkli biiyiime diizenleyiciler iceren MS ortami iizerinde kiiltiire

almmuiglardir.

Eksplant basina olusan siirgiin sayis1 bakimindan bitki biiyiime diizenleyici konsantrasyonlari arasindaki
fark P<0.05 énemli bulunmustur. Ozellikle siirgiin gelisimi ve olusan siirgiinlerin goriiniisii ve kalitesi bakimindan
Meta-topolinin etkisi kullanilan diger 3 bitki biiyiime diizenleyici ye gore ¢ok daha iyi sonu¢ vermistir. Bir
eksplantten meydana gelen ortalama siirgiin sayisi en fazla 22.4 ile Meta- topolin ortaminda kaydedilir iken en

diistik siirgiin sayis1 9 ile BA ilaveli ortamda elde edilmistir (Sekil 1).

B '“

Sekil 1. Farkli bitki biiytime diizenleyici ortaminda eksplant bagina meydana gelen ortalama siirgiin sayisi

TDZ (Mithila ve ark., 2003; Shukla ve ark., 2013) ve BA (Sunpui and Kanchanapoom, 2002; Daud ve
ark., 2008) uygulamasinin Saintpaulia Ionanthac Wend[’nin siirgiin gelisimi iizerine olumlu etki yaptig1
bildirilmistir. Ghorbanzade ve Ahmabadi (2014) yapmus olduklar1 galismada 1 mgL"' TDZ ortaminda en iyi
siirgiin rejenerasyonunu elde eder iken 6zellikle bizim ¢alismamizda 0,5 mgL-' TDZ ilaveli ortamda siirgiin ile
birlikte yiiksek oranda kallus elde edilmistir ve TDZ ile karsilagtirildiginda Meta-topolin bitki biiylime

diizenleyicinin daha etkili oldugu goriilmiistiir.

Eksplant basina olusan ortalama siirgiin uzunluklar1 bakimindan Bitki biiylime diizenleyiciler arasindaki
fark dnemli bulunmustur (P<0.05 ). Meta- topolin ilaveli ortam siirgiin sayisina etki ettigi gibi siirgiin uzunlugu

bakimindan en iyi sitokinin olarak kaydedilmistir. Bir eksplantten meydana gelen ortalama siirglin uzunlugu Meta-

47
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topolin varliginda 1.1 cm 2-IP ilaveli ortamda 0.9 cm, TDZ ve BA ilaveli ortamlarda 0.5 cm olarak kaydedilmistir
(Sekil 2.) Ancak TDZ ortamda fazla miktarda kaydedilen kallus olusumu siirgiin sayisi ve siirgiin uzunlugunu
etkilemistir. Hem siirglin sayis1 hemde siirglin uzunlugu bakimindan yapilan incelemede Meta topolinin

Saintpaulia Ionantha Wendl. mikro ¢ogaltiminda diger sitokininlere gore daha iyi sonug verdigi goriilmiistiir.

Sekil 2. Farkli bitki biiylime diizenleyici ortaminda eksplant bagina olusan ortalama siirgiin uzunluklari

Stirgiin gelisimi i¢in en iyi bitki biiylime diizenleyici g¢esidi belirlendikten sonra 0,5cm boyundaki
Saintpaulia Tonantha Wendl mikro siirgiinleri 0,5 mgL'IBA iceren MS ortami iizerinde koklendirmeye
almmuiglardir. 20 giiniin sonunda yapilan incelemede biitiin mikro siirgiinlerin koklendigi goriilmiistiir. Kéklenmis
olan mikro siirglinler tedrici olarak dis ortama alistirmak amaciyla pet bardaklara aktarildiktan sonra iklim

odasinda mini sera igerisinde aklimatize edildikten sonra basariyla dig ortama aktarilabilmistir (Sekil 3). Dis
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ortama aktarilan Saintpaulia Tonantha Wendl bitkicikleri saksi icerisinde basarili bir sekilde biiyiimeye

birakilmugtir.

Sekil 3. Saintpaulia ionantha WendLin Mikrogogaltim asamalari (a) yapraktan siiriign rgenerasonu (b) in
vitro mikrosiirgiinlerin ¢ogaltilmasi (c) koklendirilmis mikrosiirgiinler (d) tedrici olarak ex vitro ya
cikartilan mikrosiirgiinler (e) dis ortamda saksiya aktarilmis saghklh bitki

4. SONUC

Sonug olarak Afrika meneksesi (Saintpaulia Ionantha Wendl) iilkemizde genellikle yaprak celikleri ile ¢ogaltimi
yapilan ve piyasa degeri yiiksek olan bir siis bitkisidir. Ancak ¢elik ile cogaltimi sinirli sayida olmakta ve fazla
miktarda damizlik bitki gerekmektedir. Ancak doku kiiltiirii ile yapilacak olan ¢gogaltimda hem damizlik materyale
olan gereksinim azalacak hem de kisa siirede ¢ok sayida bitki iiretimi saglanacaktir. Yapilan bu ¢aligmada Afrika
meneksesi (Saintpaulia Ionantha Wendl) uygun ortam kullanildiginda kisa siirede cok sayida bitki
cogaltilabilecegi ve in vitro mikrogogaltim i¢in Meta-Topolinin 0,5 mgL™' kullaniminin diger TDZ, BA, 2-iP
bitki biiylime diizenleyiciler ile karsilastirildiginda daha iyi sonug verdigi ve ticari bir iiretim i¢in Meta - Topolinin

kullanilabilecegi kanaatine varilmustir.
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OZET

Bu calismada top-down kazi yontemi ve diyafram duvarlarin uygulamalari, avantajlar1 ve dezavantajlar1 arastirilmis, Atatiirk Kiiltiir Merkezi
(AKM)- Kizilay Metro Baglant1 Hatt1 Projesindeki uygulamalar incelenmistir. Caligmada; yapilasmanin, niifusun ve mevcut yeralti yapilarinin
yogunlukta oldugu kent merkezlerinde stabilize bir kazi1 gerceklestirmek igin gereken tasarim ve uygulama siiregleri arastirilmis, ekonomik ve

giivenli bir ingaat i¢in zemin arastirmalariyla beraber uygulamada ¢ok yonlii denetimin 6nemi vurgulanmistir.

Anahtar Kelimeler: Top-down Yontemi, Diyafram Duvarlar, Atatiirk Kiiltir Merkezi- Kizilay Metro

An Example of Diaphragm Walls and Top-Down Method: Atatiirk Cultural Center- Kizilay Subway Connection Line Project
ABSTRACT

In this study, the applications, advantages and disadvantages of the top-down excavation method and diaphragm walls were investigated and
the applications in the Ataturk Cultural Center (AKM) - Kizilay Metro Connection Line Project were examined. In the study; required processes
of design and application to realize a stabilized excavation in urban centers where constructions, population and existing underground
structures have been investigated and the importance of multidimensional supervision in practice has been emphasized along with soil

investigations for an economical and safe construction.

Keywords: Method of Top-down, Diaphragm Walls, Ataturk Culture Center- Kizilay Metro
1. GIRiS

Giiniimiizde kullanilabilir inga alanlarimin kisitli, yapilasmanin ise yogun oldugu kentsel alanlarda ihtiyag
duyulan metro istasyonlari, yeralti otoparklar1 ve ¢ok bodrumlu projelerde derin kazilar gergeklestirmek bir
zorunluluk haline gelmistir. Stabilize bir kaz1 i¢in, derin kazi1 yontemi ve derin kazi destek sistemlerinin se¢imi
biiyiikk 6nem tasir. AKM- Kizilay Metro Baglanti Hatti Projesi kapsaminda gergeklestirilen AKM istasyonu
ingaatinda top-down kazi yontemi tercih edilmis, kazi diyafram duvarlarla desteklenmistir.

Top-down yontemi Ozellikle sehir i¢i yapilasmanin yogun oldugu yerlerde, tarihi binalara ve 6nemli
binalara yakin olunmasi ve insanin hizli tamamlanmasi gereken durumlarda tercih edilmektedir (Arikoler, 2011).

Oztorun (2007), ¢alismasinda top-down yonteminin iilkemizde metro insaatlarinda ilk kez kullanildig
Ankara Metrosu Kizilay Istasyonunu incelemistir. Yéntemin, yogun olan Kizilay trafiginin aksamamasi ve kisa
stirede acilabilmesi i¢in tercih edildigini bildirmistir. Projedeki tasarim ve uygulama siirecleriyle alakali
¢ikarimlarini aktarmustir.

Arikoler (2011), ¢alismasinda top-down yontemini ele almis, top-down yonteminin hangi kosullarda tercih
edildigi, hangi destek yapilarinin kullanildigim1 arastirmis ve bu yapilarin tasarim ve uygulama asamalarini
irdelemistir. Yontemin, avantajlar1 ve dezavantajlariyla ilgili degerlendirmelerde bulunmus, 6rnek bir vaka
analizindeki top-down uygulamasi konusunda da ¢ikarimlar yapmustir.
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Durgunoglu ve ark. (2013), Istanbul Bogazi kiyisindaki iki tarihi yapinin restorasyon calismasinda
uygulanan, diyafram duvarlarla desteklenmis bir top-down kazisini incelemistir. Projede revize edilen destek
yapilarinin arasinda kalan kisith c¢alisma alaninda en uygun kazi yonteminin top-down yontemi oldugu
bildirilmistir. Projedeki uygulamalar ve analizler anlatilmistir. Top-down yontemi ve kazinin kalict diyaframlarla
desteklenmesinin giivenli, ekonomik ve ayni zamanda projeye zaman kazandirdig1 sonucuna ulagilmstir.

Li ve ark. (2014), ¢alismasinda yiiksek hizli demiryolu hatti altina insa edilen bir metro istasyonu
caligmasini arastirmistir. Geleneksel top-down yontemimin bu tiir alanlarda siklikla kullanilmasina ragmen projede
uzun zemin ¢ekme mesafesi ve yiiksek kazi deformasyonu riski olustugundan kanal tipi kazi sistemi onerilmis ve
uygulamasi anlatilmistir. Vaka analizinde, top-down kazisina alternatif olarak sunulan kanal tipi kazilarin hem
maliyeti hem de deformasyonu azalttig1 sonucuna ulasilmustir.

Gokalp, A.(2017), calismasinda iilkemizde gergeklestirilmis olan {i¢ farkli projenin diyafram duvar iksa
uygulamalari hakkinda bilgiler vermis, mithendislik uygulamalari1 hakkinda degerlendirmelerde bulunmustur.

Ding ve ark. (2018), tarafindan yapilan ¢alismada Cin’in Hangzhou sehrindeki bir metro projesinin temel
cukurunun gerilme-deformasyon davranisi incelenmistir. Diisey duvar yer degistirmeleri, eksenel kuvvetler ve
ylizey deformasyonlar1 l¢tilmiis, Hangzhou’da yumusak zeminlerde bulunan diger bir metronun derin temel
cukurlarindan elde edilen verilerle kiyaslanmistir. Teorik ve deneysel galismalar sonunda, yapilacak kazinin
kisimlar halinde yapilmasiyla, temel ¢ukurunun en/boy oraninin azaltilabilecegi ve boylece diyafram duvarlarin
yiizey zemin oturmalari ile yer degistirmelerin etkili sekilde kontrol edilebilecegi sonucuna ulasilmistir.

Bu ¢alismada ise, AKM-Kizilay giizergahinda gergeklestirilen bir metro baglanti hatti ingaati aragtirtlmistir.
Kullanilan kazi ve destek sistemlerinin tasarim siiregleri anlatilmis, uygulamalari incelenmis ve top-down yontemi

ile diyafram duvarlarin uygulama siire¢leri hakkinda degerlendirmeler yapilmistir.
2. MATERYALLER VE METOTLAR

2.1 Derin kazi yontemleri

Derin kazilar1 gergeklestirmek ic¢in birgok yontem bulunmaktadir; bu yontemlerden uygun olanin
sec¢ilmesinde; zemin kosullari, cevresel kosullar, insa siiresi, ekonomik kosullar ¢evredeki mevcut yapilar ve eldeki
ekipman ve malzeme gibi birgok unsur 6nemli rol oynar. Baglica kazi yontemleri, ag-kapa, ankrajli, zemin ¢ivili,

yatay destekli kazi, ada kazisi ve top-down yontemleridir. Bu yontemler arasindan yukarida bahsedilen faktorler
g6z Onilinde bulundurarak en uygun yontem segilir veya bu yontemlerin kombinasyonlar1 uygulanarak derin kazi
gerceklestirilir (Arikoler, 2011)

2.1.1 Top- down insaat yontemi

Bilinen tiim kazi yontemlerinin aksine top-down yonteminde, kazi agamalari {ist yapiya ait kat dosemeleri
olusturularak temel derinligine inilmektedir. Olusturulan kat dosemeleri destek eleman1 gorevi goriirler. Kazi
tamamlandiginda, yeralt1 yapisinin ingaati da tamamlanmis olur. (Karadiiz, 2019)

Top-down yontemi uygulamasinda 6ncelikle diisey iksa elemanlari olusturulup, birinci kademe kazisi yapilir.
Zemin kat dosemesi tamamlandiktan sonra iist yapi insa edilmeye baslanir ve daha sonra birinci bodrum
dosemesi olusturulur. Tasarlanan temel derinligine ulasilana kadar ayni islemler tekrarlanir. En son temel
dosemesi olusturulur ve boylece bodrum katlarin ingasi tamamlanmis olur.
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Sekil 1. Top-down kazi metodu (Ekici, 2011)

Top-down yontemi {ist yap1 insasi ve kazinin ayni anda yapiliyor olmasindan dolay1 daha kisa ingaat siiresi
saglar. Dosemeler, yatay destek elemanlar1 ve ankrajlara gore daha rijit oldugundan kazi giivenli ilerler. Tiim
avantajlar maliyet dezavantaji dogurur bu yiizden top-down yontemi 6zel projelerde uygulanir. Ayrica kazi
sirasinda havalandirma ve aydinlatma probleminin olmasi da bagka bir dezavantajidir.

2.2 Derin kaz destekleme yontemleri

artezyen durumu, kazi ¢ukurunun sekli ve boyutlari, diisey ve yatay deplasmanlar, g¢evre yapilarin surumu,
maliyet biiylik 6nem arz etmektedir (Gokalp, 2017) Kaz1 destek sistemleri diisey ve yatay olarak ikiye ayirilir.
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Ankrajlar, zemin ¢ivileri, boru destekler yatay, palplans perdeler, kazikli perdeler, mini kaziklar, kuyu tipi
betonarme perdeler ve diyafram duvarlar ise diisey desteklerdir.

2.2.1 Diyafram duvarlar

Diyafram duvarlar iksa sistemlerinde temel ¢ukurunun sinirlart boyunca zemin yiikiini tasir, hidrostatik basing
altinda zeminde kabarmay1 ve sizdirmazlig1 saglama amactyla kullanilir. Yiiksek yeralt1 su seviyesi altinda
yapilacak derin iksa kazilarinda ideal bir ¢6ziim teskil eder. Diyafram duvarlar gecici iksa yapisi olarak teskil
edilebilecegi gibi, kalic1 olarak da tasarlanabilir ve insa edilir. Yiiksek rijitlikte olmalar1 iksa kazis1 sirasinda
deformasyonlarin sinirlandirilmasina biiyiik avantaj saglar. Diyafram duvarlar top-down kaz1 yontemi, ankrajl
sistemler, destekli sistemler gibi bir¢ok derin kaz1 yonteminde kullanilmaktadir.

Metro insaatlarinin istasyon yapilari i¢in diyafram duvar ile top-down ingaat yontemi siklikla kullanilmaktadir.
Bu yontem yayin konusu olan AKM- Kizilay Metrosunda AKM istasyonu yapiminda kullanildigi gibi daha
once Ankara Metrosu Kizilay istasyonunda da uygulanmistir. Yontem, diyafram duvar imalatinin akabinde i¢
destek elemani olarak istasyon kat dosemesi imalati ve kazinin daha sonra yapilmasi prensibine dayanmaktadir.
Bu yontem zemin-yap etkilesimi problemlerine daha agiktir. Kazinin tamamlanmas: beklenmeden insaatin
zemin kotundan asagiya, gerekirse yukariya dogru da ilerleyebilmesinden dolay1 ingaat siiresinin kisalmast
yontemin en bilylik avantajidir. Top-down yodnteminde diyafram duvar imal edildikten sonra en iist kat
ddsemesi zemin tesviyesi yapilarak imal edilir. Déseme imalati i¢in kullanilacak betonarme donatilar1 diyafram
duvar panellerinin iist kisminda kalan filizlerle baglanarak yapinin monolitik ¢alismasi saglanir.

3. BULGULAR VE TARTISMA

3.1 AKM- Kizilay Hatt1 Baglant1 Projesi

Bu bdliimde, T.C. Ulastirma, Denizcilik ve Haberlesme Bakanlig1 Altyap1 Yatirimlar: Genel Miidiirliigii tarafindan
ihale edilen “AKM (Atatiirk Kiiltiir Merkezi) (M4)- Kizilay Hatt1 Yapim ve Elektromekanik Sistemleri Temin,
Montaj ve Isletmeye Alma” isi kapsaminda yapilan AKM- GAR baglant1 projesinde diyafram duvarlar ve top-
down insaat1 arastirilmistir. Arastirmada projenin yiiklenici firmas1 Duygu Miihendislik- Kolin Insaat AKM-
Kizilay Metro Hatti Yapim ortakligi destegiyle koordineli olarak calisilmistir. Proje gilizergahi Sekil-2’ de
goriilmektedir.
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Sekil 2. Akm- Kizilay Metro Baglant1 Hatt1 Projesi gilizergahi

3.1.1 AKM Istasyonu diyafram duvar imalati

[lk etapta perde duvarmn gelecegi yer topografik olarak isaretlendikten sonra kilavuz duvarlar yapilmistir.
Alan kil oldugu i¢in, calistik¢a kil zeminle sivanip bir siire sonra bos doneceginden hidro-freze grab tercih
edilmemistir. Grab hendegi 2-3 m kazdiktan sora bentonit-su siispansiyonu basilmistir. Bentonitin belli bir
yogunlukta (1,6 g/cm®) olmasi saglandi ki; diizlem bulamag ile sivansin ve olusturulan basingla siirsarj yiikleri
karsilansin. Grabler sabit bir buma bagli olmayip serbest atigla c¢alistiklarindan, ¢ukuru belirlenen uzunlukta
kazmamis olabilir. Buna karsi, donatilar hazirlandiktan sonra kuyuya stop-end borulari indirilerek betonlama
tamamlandiktan sonra stop-end borulari ¢ekilmistir. Santiyede bu asamalarin denetimi olduk¢a 6nem tasir, AKM
diyaframlar1 yapilirken, stop-end’ler zamaninda ¢ekilmedigi igin birka¢ kez kuyuda kalmistir ve bu maliyet
kayiplarina neden olmustur. Kuyulara indirilen donati1 kafeslerinin imalatlari santiyede gergeklestirilmistir. Kuyu
derinligi(35 m) fazla oldugundan, donatilar kaynakli birlestirmeyle eklenerek kullanilmistir. Beton dokiimiine
baglamadan once, kuyularin tabanina kadar (35 m) betonun ayrigmasint onlemek amaciyla tremi borular
indirilmistir. Tremiler beton dokiimii sirasinda doldukga ara verip hareket ettirilerek devam edilmistir.
Beton, daha 6nce kuyuya sivanan bentonit siispansiyonundan daha yogun oldugundan, bentoniti yukari ¢ikarmis,
buradan toplanan bulamag tanklara gonderilip igindeki taneler temizlenerek 2- 3 kez daha kullanim saglanmustir.
Dibe ¢oken malzeme vidanjorle ¢ekilerek kimyasal atik tesisine gonderilmistir. Beton dokiim iglemleri tamamlanip
stop-end borular1 ¢ekildikten sonra ikincil paneller i¢in priz siiresi beklenmistir. Perde duvar tamamlandiktan sonra
diisey elemanlarin donatilar1 hazirlanirken désemelerin baglantisi icin filizler birakilmig ve paslanmaya karsi
koruma altina alinmistir (Sekil-3).
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Sekil-3. Imalat: tamamlanan diyafram perdeler

Sondaj esnasinda goriilmemis, zeminle alakali lokal degisiklikler, bosluklar, dogalgaz, elektrik, su hatlar
ve su cephelerinin varligi zaman zaman kazilarda fark edilebilir. AKM insaatinda diyafram duvar kazilart
esnasinda yagmur suyu hatlarina rastlanmistir. Bu durum zaman ve yine maliyet kayiplarina neden olmustur ¢iinkii
hattin insa sahasina rastlayan kismi kapatilarak hattin yoni degistirilmistir (Sekil-4).

Sekil-4. Diyafram imalati esnasinda karsilasilan yer alt1 hatlart

Projede kalici diyafram kolon acikligi 33 metredir. A¢ik kazi yapilsayd: celik strutlar kullanarak desteklemek
gerekeceginden maliyet artacakti bundan kaginmak icin kazi top-down’a revize edilmistir. Diisey elemanlarin
monolitik calismast yalnizca doseme baglantilar1 vasitasiyla saglanmistir. Diyafram perdelerin ingsasi
tamamlandiktan sonra ilk déseme kotuna kadar diyaframin tizeri kirilmig ve donatilar diizeltilmistir. Top-down
kazis1 tamamlandiktan sonra yapinin monolitik ¢aligmasi i¢in ddsemeler kirise baglanmustir.

3.1.2 Atatiirk Kiiltiir Merkezi Istasyonu top- down ingaati

Daha 6nce bahsedildigi gibi maliyeti diisiirmek i¢in ve kazinin gevre yapilara ve kosullara zararini en aza
indirmek i¢in top-down kazist tercih edilmistir. Top-down uygulamasi yapilirken 6nce 10 cm grobeton dokiiliip,
iizerine naylon serilip {izerine donatilar dizilmis ve beton dokiilmiistiir. Beton dokiildiikten sonra alt kaziya
gecildiginde grobeton diisiip, kalip gérevi gormiistiir. Kazi, asag1 inen kazi makinesinin kovay1 doldurup, ving ile
c¢ikarilmasi ve bu islemin tekrarlanmasi prensibiyle yapilmistir. Kazi g¢evresinde diyafram duvarlar oldugundan,
gecirimsiz olan diyafram duvarlar igeri su almadig1 gibi kazi sirasinda ortaya ¢ikan su cephelerinin digar1 ¢ikmasini
da engellemistir. Kaz1 top-down kazisina revize edilirken, su problemi ongoriilemediginden ilk etapta kazi
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makinesi zemine saplanmis ve vingle ¢ikarilmistir. Problem deneyimlenerek asilmis ve dolayisiyla zaman kaybi
ve maliyet artisina neden olmustur (Sekil-5). Kazinin bundan sonraki asamalarinda kazi alaninda agiga ¢ikan
yeralt1 suyu kanallar yontemiyle drene edilmis ve oradan pompalar araciligiyla uzaklastirilmistir. (Sekil-6)

Sekil-5. Top- down insasinda meydana gelen yeralt1 suyu problemi

Doseme betonu dokiiliirken, pompanin hortumu rezervasyon bosluklarindan uzatilmistir. Alt déseme betonlart
dokiiliirken ise, yer pompalart kurulmustur. Diisey elemanlardaki filizlere ankrajli birlestirmeyle déseme donatisi
baglanmustir.

Baglanti detaylar1 ve doseme donatist yerlestirildikten sonra iist doseme plaginda oldugu gibi beton dokiilmiis
ve kazi iglemine ayni1 prensiple devam edilmistir. Son dosemenin kirisi atildiktan sonra 7,45 m daha kazi yapilip,
temel kotuna inilmis ve TBM (Tunnel boring machine) yapilari olusturulmaya baslanmstir (Sekil-5).

Sekil-6. Top- down kazis1 tamamlandiktan sonra TBM yapilariin olusturulmaya
baslanmasi
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4. SONUCLAR

Istinat yapis1 olarak kullanilan diyafram duvarlarin gecirimsiz yapilar1 top-down kazisinda kazi cukurunda
biriken suyun tahliye edilmesini zorlagtirdigindan ek maliyet dogurmustur. Bu gibi problemlerin tecriibeyle
astlmasi maliyeti artirdi§indan bu tip maliyetlerden kagmmmak i¢in projelendirme asamasinda gerekli 6nlemler
almmalidir.

Proje sahasi altinda bulunan kanalizasyon sistemi, yagmur suyu hatti, elektrik ve dogal gaz hatlar1 kaz1
uygulamasi esnasinda ortaya ¢ikarak zaman ve para kaybina neden olmustur. Biiro ve yiizey incelemeleri proje
asamasinda daha detayli yapilarak bu tip kayiplardan kaginilmalidir.

Atatiirk Kiiltir Merkezi (AKM)- Metro hattinin istasyon boliimlerinde kalici destek yapisi olarak diyafram
duvarlar projelendirilmis ve insa edilmistir. Diyafram duvar uygulamasiin yapildig1 projenin bazi kisimlarinda
acikligin fazla olmasindan dolayr diyafram duvar ¢ukurlarinin yanal yiizeylerinin desteklenmesinde bentonit
camuru yetersiz kalmis, ¢ukurlar gelik strut borulariyla desteklenmistir. Bu durum da projede iksa sistemini
ekonomik olmaktan uzaklastiran etkenlerden olmustur.

Tesekkiir: Proje sahasinda ¢alismama imkan saglayan Duygu Miihendislik- Kolin Ingaat Ortakhigina tesekiir
ederim.
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OZET

Kuraklik stresi, bitkilerin yasamlariin herhangi bir doneminde biiylimesini ve verimini etkileyen, bitkilerde degisik tepkilerin alinmasina yol
acabilen Ozellikleri birbirine benzeyen yeni bitkilerin olugsmasina yol agan degisik ¢evresel faktorlerin etkisindedir. Kalsiyum (Ca), bitkide
farkli fizyolojik ve biyokimyasal reaksiyonlarda stres direncini artirmak i¢in sinyal molekiilii olarak gorev yapan, dnemli bir makro besindir.
Bu ¢alismada, farkli abiyotik streslerin bitki bilyiimesi, gelisimi, fizyolojik 6zellikleri ve verimi iizerine etkileri verilmistir. Bitkilerin abiyotik
stresi slirdiirme ve tolerans mekanizmalart da degerlendirilmistir. Ayrica, kalsiyum kaynakli abiyotik stres toleransi bilyiime, fizyoloji ve verim
artig1 agisindan da degerlendirilmistir.

Anahtar Kelimeler; Kuraklik; Fizyoloji; Kalite; Stres; Verim

Effect of Calcium on Plants Under Drought Stress
ABSTRACT
Plants are environmental factors that affect growth and productivity at any time of their lives but that can lead to different reactions; in other
words, plants that do not resemble each other are environmental factors tha taffect properties differently. Calcium (Ca) is an essential macro
nutrient it acts as signaling molecule in different physiological and biochemical processes in plant to improve stres resistance. In this study,we
focused on the effects of different abiotic stress on plant growth,development,physiological properties and yield. Abiotic stress was evaluated
on the mechanism of maintaining and toleratingplants. Inaddition, calcium-based abiotic stres tolerance were reviewed in terms of growth,
physiology and yield improvement.
Keywords; Drought;Physiology; Quality; Stress; Yield

1. GIRIS

Bitkiler, degisik gevre faktorlerinin etkisiyle, farkli streslere maruz kalarak yasamlarimi siirdiirmeye
calismaktadirlar. Bu gevre faktorleri; toprak, iklim, dogal olmayan kirleticiler, hayvanlar ve diger bitkiler ile
rekabet seklinde siralanabilir. Abiyotik faktdrler olan kuraklik, yiiksek sicaklik, radyasyon, tuzluluk veya don vb.
ile biyotik faktorler olan patojen, diger organizmalarla rekabet vb. stresler, ekonomik &neme sahip bitkilerin
normal fizyolojik yapilarinda degisikliklere yol agmaktadirlar. Bu stresler, bitkilerin biyo sentetik kabiliyetini
azaltmakta, normal iglevlerini degistirmekte ve bitkinin 6liimiine yol agabilecek hasarlara sebep olabilmektedir
(Lichtenhaler, 1996).

Dogal olarak bitkiler, bu olumsuz cevresel kosullarda yasamlarina devam edebilmeleri ve gelecek
nesilleri siirdiirebilmeleri icin belirli bir seviyeye kadar kendilerini savunana bilecek mekanizmalar
gelistirebilmektedirler. Cevresel stresin tistesinden gelmek sadece gida liretiminin siirdiiriilebilir bir sekilde artmasi
icin degil, ayn1 zamanda g¢evresel dengenin korunmasi igin de gereklidir. Abiyotik strese bitkilerin toleranshligi,

cesitli faktorlere bagli olan heterojen bir 6zelliktir. Olumsuz ¢evre kosullari ¢ogunlukla farkli antropojenik

59



60

Strnak Universitesi Fen Bilimleri Dergisi | 1(2) 2019

faaliyetlerin dogrudan veya dolayli etkisinden kaynaklanmaktadir. Kuraklik, tuzluluk ve yiiksek sicaklik nedeniyle
bitkiler, dehidrasyon stresiyle karsi karsiya kalmakta ve bu stres etkisi ile bitki biiylime ve tiretimi sinirlanmaktadir
(Vorasoot ve ark.,2003). Bu durum, bitkilerin topraktaki normal kok biiylimesini, besin alimimi ve hareketliligini
engelleyerek,bitki dokularinda mineral elementlerin birikmesinide etkilemekte ve bu nedenlegesitli fizyolojik ve
anti-oksidatif bitki reaksiyonlarini olusturur(Luo ve ark., 2011).Kurakliktan etkilenme derecesi, genotipe bagh
olarak farkli siddetlerde olugsabilecegi gibio genotipin stres altinda gelistirdigi metabolik degisimlere, yani
fizyolojik ve biyokimyasal tepkilerede baghdir (Kayabasi, 2011). Bitkilerde baz1 fizyolojik ve biyokimyasal
ozelliklerdeki degisiklikler nedeniyle genomik ekspresyon meydana gelmektedir. Kalsiyum (Ca), stres direncini
artirmak i¢in bitkide farkl fizyolojik ve biyokimyasal siireglerde sinyal molekiilii olarak hareket ettigi i¢in, 6nemli
bir makro besindir ve ikinci haberci olarak da bilinir (White ve Broadley, 2003). Kalsiyum, abiyotik stresi azaltmak
icin hiicre zar1 stabilizasyonu, besin aliminin yani sira, enzimatik ve hormonal diizenlemelerde 6nemli 6lgiide rol
oynamaktadir (Ahmad ve ark., 2015).

Bu nedenle bu derlemede, farkli abiyotik streslerin bitki biiyiimesi, gelisimi, fizyolojik 6zellikleri ve
verimi iizerindeki etkileri ile bitkilerin abiyotik stresi siirdiirme ve tolere etme mekanizmalar {izerinde
durulacaktir.
2.ABIYOTIK STRESE BITKININ YANITI

Kiiresel iklim degistik¢e kurakligin siklig1 ve siddeti endise verici bir oranda artmaktadir (Walter ve ark.,
2011). Su veya nem eksikligi nedeniyle bitkiler, genellikle yasam dongiisiiniin herhangi bir biiylime ve gelisim
evresinde, kuraklik stresinden zarar goriirler. Yagis eksikligi, yeraltt suyu eksikligi ve daha yiiksek buharlasma,

kurakligin siddeti iizerinde etkilidir (Mishra ve Cherkauer, 2010).
2.1.Kurakhk

Cimlenme, biiyiime ve kuru madde birikimini engelleyerek bitki biiylimesini ve gelisimini direkt
etkilemektedir. Bu su sikintisi, turgor kaybina neden olmakta, enerji dengesini, enzimatik aktiviteyi azaltmakta,
bu da hiicre boliinmesini, uzamasini ve farklilagmasini bozmakta ve sonug olarak da bitkinin verimliligini azalttig1
bildirilmektedir (Kiani ve ark., 2007). Su eksikliginin erken etkilerinden birisi fotosentez oranindaki diigiis nedeni
ile vejetatif biiyiimedeki azalmadir. Su eksikligine, gdvde biiyiimesi ve oOzellikle yaprak biiylimesi kok
biiyiimesinden daha hassastir (Saglam, 2004). Kurakligin bitkinin vejetatif evresine etkisi daha diisiik ekonomik
zarar gosterirken, tireme evresindeki kuraklik stresi, verimi 6nemli diizeyde etkilemektedir (Reddy ve ark., 2003).
Kuraklik stresiyle azalan terleme, besin emilimini azaltir ve boylece bitkide de besin eksikligi zarar1 goriilebilir.
Kurakliga bagli olarak yetersiz besin elementi ve su aliminin bir baska etkisi ise membran biitiinligiiniin
bozulmasidir. Enzim aktivitelerinin degistirilmesi ve enerji dagilimmin olmamasi da kuraklik altinda besin
birikimini bozmaktadir (Baligar ve ark., 2001).Kuraklik stresi {izerine, stomatal kapanma, terleme ve CO>
asimilasyonunda azalmaya neden olmaktadir (Miyashita ve ark., 2005). Kurak kosullarin olustugu ilk dénemlerde,
bitki daha fazla suya ulasabilmek icin gdvde uzamasini yavaslatip kok gelisimini arttirir(Oztiirk,
2015).Ciceklenme asamasinda meydana gelebilecek kuraklik stresi, bitkilerde polen kisirligini arttirarak verimi
azaltmaktadir. Ornegin yapilan bir calismada, ciceklenme déneminde kuraklik stresine bagl olarak ayciceginde
(H. annuus) verimin azaldig1 gozlemlenmistir (Hussain ve ark., 2008). Cigeklenme doneminde kuraklik nedeniyle
su a¢181 olmasi durumunda tahil veriminin ortalama yaklasik %50 oraninda azaldigini gostermistir. Ayrica degisik

iriinler ile yapilan ¢aligmalarda ¢iceklenme doneminde kuraklik stresine baglh olarak 6nemli verim kayiplarini
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olustugu bildirilmistir (Shahryari ve ark.,2008). Kontrollu kosullar ve kuraklik stresinde geltik bitkisinde biiyiime
ve gelisme farkliligi gosterilmektedir (Sekil 1).

Sekil 1. Kuraklik stresinin ¢eltik bitkisinin biiylime ve gelisimine etkisi.

3. KALSIYUM KAYNAKLI BUYUMEVE FiZYOLOJIiSININDUZENLENMESI
3.1 Abiyotik Stres Altindaki Bitkiler

Kalsiyum (Ca)

Hiicre duvar stabilizasyonu, iyon tagimimini ve segiciligin diizenlenmesi, iyon degisim davraniginin
diizenlenmesi ve enzim aktivasyonunda yer alan, bitki zarinin yapisal ve fonksiyonel biitiinl{igii gibi bir¢ok siirecte
bitki biiyiimesi ve gelisimi i¢in gerekli makro besin maddelerinden biridir (Rengel, 1992). Bu nedenle Ca, sadece
bitki i¢in bir mineral besin elementi olmay1p, ayn1 zamanda hiicre ve bitki gelisim siireclerine ve birgok fizyolojik
ve hiicresel yonii diizenleyerek, farkli stres kosullarna bitki tepkisine aracilik etmektedir (White ve Broadley,
2003). Kalsiyum, tohumun ¢imlenmesi, biiylimesi ve gelismesi, su iligkileri, fotosentez ve daha pek ¢ok konuda
diizenleyici rol oynamaktadir, Ayrica Ca, tuzluluk, kuraklik, sel, 1s1, sogutma ve agir metal stresi gibi abiyotik
stresler altinda ¢esitli iiriinlerin verim iyilestirmesini diizenleyebilmektedir. Kalsiyum takviyesi, sadece bitkinin
morfolojik ve fizyolojik 6zelliklerini iyilestirmekle kalmaz, ayni zamanda verim 6zelliklerinin yani sira, tuzlu su
kosullarinda verimi de 6nemli dl¢iide artirmaktadir (Parvin ve ark., 2015). Kalsiyum takviyesi, kuraklik stres
kosullarinda ve kontrollii kosullarda daha fazla sayida ¢igek ve tatli biberin meyve agirligini artirmistir. Kalsiyum,
domates bitkisinin meyve verimini, meyveler tarafindan azot alim oranini arttirdig1 da bilinmektedir. Kalsiyum
karbonat siispansiyonunun, domates meyvelerinde giines yanikliginin hasarlarini azalttig bildirilmektedir (Patane

ve ark.2018).

3.2.Tohum Cimlenmesi
Bitki yasam dongisiinlin temel asamasi tohum ¢imlenmesidir; ayni zamanda bitkilerin meydana
gelmesini ve verimini etkileyen, biiyiime ve gelisimin hayati bir agamasidir. Tohum ¢imlenmesi, tohumun su almasi

ile metabolik aktiviteyi yeniden aktive eden ve kuru tohumdan fide radikula (kokg¢iik) ve plumulanin (gévde)
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ortaya ¢ikmasi ile baglar (Bewley ve Black, 1994). Dogal olarak tohumlar, ¢cimlenmeleri igin gerekli olan temel
besin maddelerini igerir, ancak bunlarin mevcudiyeti (tuzluluk, kuraklik, soguk vb) stresler tarafindan engellenir
(Knight ve Knight, 2001). Bu durumda Ca, bir¢ok fizyolojik ve hiicresel tepkiyi diizenleyerek stres kosullarina
kars1 koruma saglamaktadir (Zehra ve ark., 2012).

Toz kosullar altinda Ca, Na* girigini kisitlamakta ve bdylece NaCl'un tohum ¢imlenmesi iizerindeki olumsuz
etkisini azaltmaktadir(Marcar, 1986). Tohum astarlama maddesi olarak 50 mM Ca>" (CaCl,) konsantrasyonunun
kullanilmast, kuraklik stresi altinda arpada (Hordeumvulgare) genotiplerinden bagimsiz olarak tohum ¢imlenmesi
icin en faydali oldugunu gostermistir (Kaczmarek ve ark,. 2017). Tohum ozmopriming olarakCa kullaniminda
celtik (Oryzasativa) gibi diger alan ve tahil bitkileri i¢in olumlu tepki gostermistir (Basra ve ark., 2004).
Ozmopriming, tohumlarin diisiik su potansiyeline sahip bir ozmotik solusyon igerisinde belirli bir siire birakilarak
kontrollii su aliminin saglanmasi, ancak kok ¢ikisinin engellenmesi esasina dayanmaktadir (Heydecker ve Gibbins,
1978).Ekmeklik bugday (Triticumaestivum) ve aygiceginin (Helianthusannuus) ¢imlenme oranini, fide
olusumunu ve fide biiyiimesi iizerinde gelisme gostermistir (Nayyar ve ark., 1995). Giiney kandili agaci
(Koelreuteriapaniculata) orta veya diisiik dozda Ca?" gelistirilmis tohum ¢imlenme 6zelliklerini ortaya konmustur

(Cai ve ark., 2013).

3.3 Biiyiime

Kalsiyum, bitkilerin biiylimesini ve gelisimini gelistirerek bitkilerin abiyotik streslere toleransini arttirmaktadir.
Ek olarak Ca, bitki kokiini arttirarak, bitki kuru maddesini artirabilir ve domateste (Solanum lycopersicum) tuzlu
su kosullarinda kuru agirligini azaltabilir (Tuna ve ark., 2007). Kalsiyum uygulamasinda, bitki boyu, yaprak ve

dal sayisi, domateste (S. Lycopersicum) artarken, tuz stres altinda yaprak alaninda negatif etkisi goriilmiistiir
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(Parvin ve ark., 2015). Bitkilerde ozmotik, farkli streslere karsi (kuraklik, tozluluk, sicaklik) ve yasamsal hayatin
devam etmek agisindan 6nemli rol oynamaktadir. Bu 6nemli yasamsal aktivite igerisinde, stomal ve fotosentez
mekanizmalarinda bitki ve hiicre gelisimine 6nemli derecede etkisi goriilmektedir (Perassakli1987). Kalsiyum,
epidermal hiicre duvarlarmin kuvvete ve kalinliga onemli katkida bulunur. Kalsiyum ayrica pektinin
birikmesindede yardimci olur, bdylece meyvelerin catlamaya karst daha iyi dayanmasi saglanir (Choi ve
ark.,2010). Kuraklik stresinde farkli kalsiyum seviyelerinin etkileri, canli bitkilerin hiicrelerinde, sitoplazma oram
artigin1 goriilmektedir (Knight, 2000).

3.4 Su Iliskileri

Prolin icerigi, bitkinin su durumu ile ilgilidir ve birikimi farkli abiyotik stres kosullarinda arttig1 tespit edilmistir
(Hasanuzzaman ve ark., 2018). Ayrica, eksojen Ca dengeli bir Prolin igerigi diizenleyerek, bitki su durumunu
iyilestirdigi goriilmiistiir(Rahman ve ark., 2016). Kalsiyum ayrica tuz stresli mas fasulyesinde (Vigna. radiata) Pro
birikimini azalttigr gézlemlenmistir (Manivannan ve ark., 2007). Kuraklik gerilmis bitki {izerinde eksojen Ca
uygulamasi, artan Pro asagilayict enzim nedeniyle daha diigiik Pro icerigi gostermistir (Jaleel ve ark., 2007). Buna
ek olarak, Ca, sitoplazmanin ozmotik mukavemetini diizenleyerek hiicresel dehidrasyondan tuz kaynakli hasar
onlemistir. Kalsiyum karbonatla piiskiirtiilen domates bitkilerinde, kalsiyum karbonatla piiskiirtiilmeyen domates
bitkilere gore solunum aktivitelerini ve yaprak transpirasyonu azaltma neden olur. Buna gore hiicre turgorunda

azalma olmadan bitkinin gelisimini devem etmektedir (Patane ve ark., 2018).
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4. KALSIiYUM KAYNAKLI OKSIDATIF HASAR AZALTMA

4.1 Antioksidan Savunma Diizenlenmesi

Cesitli abiyotik stresler iizerine, bitki oksidatif strese bakarak oksidatif hasardan gecer. Makro besin
maddesi olan Ca, bitki hiicre metabolizmasinin sinyal iletim mekanizmasinda 6nemli bir rol oynamaktadir.
Dogrudan veya dolayli olarak Ca, hedef proteinleri, protein kinazlarini ve enzimatik antioksidanlar da dahil olmak
tizere diger proteinleri aktive etmek i¢in Ca-baglayict proteinler yoluyla diizenler (Lwalaba ve ark., 2017).
Kalsiyum membrani daha entegre tutar ve azaltilmis lipidperoksidasyonu onler ve bdylece bitkinin abiyotik

streslere toleransini gliglendirmistir (Antosiewicz ve Hennig, 2004).

Farkli abiyotik stres durumu altinda, sitosolik Ca?" iceriginde, farkli antioksidan savunma
mekanizmalarini diizenleyerek ve membran lipid peroksidasyonunun azalmasiyla bitkinin olumsuz ¢evreye uyum
saglamasina neden olan c¢esitli biyolojik yukar1 ve asagi tepkileri uyarmak i¢in net bir artis gostermistir (Nayyar
ve Kaushal., 2002). Diger bazi aragtirmacilar, Ca'nin ¢eltikdeki ROS iiretimini kontrol ederek Cd kaynakli
oksidatif hasar1 etkili bir sekilde azaltabilecegini belirtmislerdir (Srivastava ve ark., 2014). Kalsiyum aritilmis
soguk gerilmis ekmeklik bugdayda lipid peroksidasyonu ve membran hasarinda azalma goriilmiis ve bu da

bitkilerin soguk strese bagli oksidatif hasara karsi toleransini1 gostermistir (Nayyar ve kaushal, 2002).
4.2 Abiyotik Stres Kosullarinda Ca tarafindan mineral besin aliminin diizenlemesi

Kalsiyum, bitkilerde membran biitiinliigii ve iyon tasima diizenlemelerinin dengelenmesinde rol oynayan

cok dnemli bitki besin maddesidir (Sivasankara Moorthy, 2013).
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Kalsiyum, hiicre hasar1 durumunda kaybedilen besinleri geri pompalamayi gerektiren plazma membranin
diizenleyerek kurakliga bagli hasardan kurtulmak i¢in de gereklidir (Palta, 2000). Kalsiyum uygulamasi, hem Ni-
stresli hem de kontrollii kosullar altinda L. esculentum bitkilerinin bitki siirgiinlerinde ve koklerinde K alimi gibi

mineral besin aliminin artmasina neden olmustur (Mozafari ve ark., 2013).

5. SONUCLAR

Kuraklik, Diinya gida iiretimini tehdit etmektedir. Bu olumsuz ¢evre kosullari, ¢ogunlukla farkli
antropojenik faaliyetlerin dogrudan veya dolayli etkisinden kaynaklanmaktadir. Bitkilerin farkli stres kosullarina
daha toleransli olmasini saglayarak, Diinya gida iiretimini arttirmak esastir. Bu nedenle, kimyasal yaklasimlarin

kullanim1 da dahil olmak {izere bazi tedbirler alinmasi gerekmektedir.

Bitkilerin toleransini arttirmak i¢in bitki besin maddelerinin kullaniminin olumlu sonuglart ¢ok umut
vericidir. Bununla birlikte, fizyolojik siirecleri arttirarak eksojen Ca ile stres hafifletme mekanizmalari, Ca'un diger
sinyal molekiilleri ve fito hormonlarla etkilesimlerini odaklanmayla, daha fazla aragtirma gerektirmektedir. Bu

nedenle, Ca, ¢evresel sapmalar altinda hiicre i¢i yanitlart uyarmada da etkili olan ¢ok dnemli bir besin elementidir.
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1. YAZI TURLERINE GORE YAZIM KURALLARI

Dergilere yayimlanmak iizere gonderilecek yazilarin tiirlerine goére yazim kurallari asagida
tanimlanmistir.  Dergiye  sunulacak  makaleler = yazim  kurallarinda  belirtilen
esaslara, sufbd_taslak ve sufbd_template'e uygun bir sekilde hazirlanmalidir.

1.1. ORJINAL ARASTIRMA MAKALESI

- Makaleler Tiirkge veya ingilizce ve/veya Tiirk¢e-Ingilizce dillerinde yazilabilir.

- Yaymlar, Microsoft Office Word uyumlu programlarda, Times New Roman yazi
karakterinde, tiim kenarlardan 2.5 cm bosluk olacak sekilde, iki yana yasli, 1.5 satir
aralikli olarak  hazirlanmali  ve sayfa numarasi sayfanin ortasina gelecek  sekilde
ayarlanmalidir.

- Arastirma makalelerinde; metin, kaynaklar, sekiller ve tablolar dahil 15 sayfadan daha
uzun olmamalidir. Sekiller ve tablolar metnin sonunda verilmelidir.

- Makale Tiirkge ise: Tiirkce Baslik, Yazar isim ve adresleri, Ozet ve Anahtar Kelimeler,
Ingilizce Baslik (titel), 5zet (abstract), Anahtar Kelimeler (Keywords), Giris, Materyal ve
Yontem, Sonug ve Tartisma, Tesekkiir (gerekirse) ve Kaynaklar olarak siralanmalidir.

- Makale Ingilizce ise: Ingilizce Baglik, Yazar isim ve adresleri, Abstract, Keywords,
Tiirkce Baslik, Ozet, Anahtar Kelimeler, Introduction, Material and Methods, Result and
Discussion, Acknowledgments (gerekliyse) ve References sirasi i¢inde diizenlenmelidir.

Bashk: Baslik eserin icerigine uygun, olabildigince kisa ve agik olmalidir. Kelimelerin ilk
harfleri biiylik olacak sekilde, kiiciik harflerle, 13 punto,koyu (bold) yazilmali ve sayfaya
ortalanmalidir.

Yazar Adlari: Yazar(lar)in adi soyadi (adlar kii¢iik, soy adlar biiyiik harf), 12 punto ve normal

olarak yazilmalidir. Yazar adresleri yazar adlarinin altina ve 10 punto ile numaralandirilarak
yazilmalidir. Yazarlara ait adresler (eger farkl ise) ilgili yazarin isminin sonuna {ist simge
biciminde rakam verilerek belirtilmelidir Sorumlu yazar, yildiz isareti (*) ile dipnot olarak ilk
sayfanin sonunda e-posta adresi verilmelidir.

Ozet: Calismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine yazar(lar)mn yaptig:
degerlendirmeleri igermeli, 300 kelimeyi asmamali ve 10 punto ile yazilmalidir.

Anahtar Kelimeler: En az 3 en fazla 6 adet olmalidir. Ozetin altina “Anahtar kelimeler”,
Abstract’in  altina “Keywords” verilmelidir. “Anahtar  kelimeler” ve “Keywords” alt
basliklar1 sola dayali, 10 punto, koyu yazilmali ve kelimeler birbirinden noktali virgiil (;) ile
ayrilmalidir.(Ornegin, Kelime 1; kelime 2; kelime 3 gibi). Bu kisimda kisaltma olmamalidir.

Ingilizce Bashk: ingilizce bashk, ortali, 13 punto, koyu ve kelimelerin ilk harfleri biiyiik
olmak {izere kiigiik harflerle yazilmalidir.

Abstract: Abstract, 300 kelimeyi gecmeyecek sekilde 10 punto ile Ingilizce olarak
yazilmalidir.

Ana boliim bashklari: Biiyilik harf ile koyu (12 p), Birinci alt boliim bagliklart: Kiiciik harf
koyu (12 p), Ikinci alt boliim basliklar: Kiiciik harf koyu ve italik olmalidir (12 p).

1. Giris: Calismanin 6nemini, amacini ve konu ile ilgili daha 6nce yapilmis temel arastirmalari
kapsamalidir. Literatiir 6zeti ve ¢alismanin amaci ve dnemi bu kisimda verilmelidir ve 12 punto
ile yazilmalidir.
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2. Materyal ve Yontem: Arastirma materyali ve yontemi ayrintili olarak bu kisimda
belirtilmeli ve 12 punto ile yazilmahdir. Gerekliyse yontemle ilgili alt baghik kullanilabilir.

Calismada istatistik degerlendirmeler yapilmis ise Materyal ve Yontem boliimiiniin son alt
baslig1 asagidaki gibi yazilmalidir.

Istatistiksel analiz: Verilerin degerlendirmesinde kullanilan istatistik yontemler, paket
program vb. bilgiler yazilmalidir.

3. Bulgular ve Tartisma: Arastirma bulgular1 ve tartisma ve bu kisimda verilmeli
Arastirmada elde edilen sonuglarin 6nemi vurgulanarak daha once yapilan g¢aligmalarla
karsilastirilmalidir ve 12 punto ile yazilmalidir.

4. Sonug: Arastirmadan elde edilen sonuglar ve oneriler 12 punto ile bu kisimda verilmelidir.

Tablo ve Sekiller: Sayisal degerler “Tablo x.”; Grafik, harita, fotograf, resim vb., ise “Sekil
x.” olarak adlandirilmalidir. Tablo ve sekiller, yazi icine (Tablo 1) veya (Sekil 1) seklinde
yerlestirilmemeli ve ilgili ciimle sonunda belirtilmelidir. Tablo basliklar1 ilgili tablonun
iistiinde, sekil agiklamalar ise ilgili seklin altinda sekme kullanmadan, ilk kelimenin ilk harfi
bliyiik, diger sozciiklerin tiim harfleri kiigiik harfle ve 11 punto olarak yazilmalidir. Tablo i¢i
yazilar tercihe gore 9-11 punto olabilir. Tablo ile ilgili agiklamalar y1ldiz isareti (*) ile tablonun
altinda verilmelidir. Tablo ve sekiller sayfaya ortali yerlestirilmeli ve sayfanin en sonunda
verilmelidir.

Sayisal ifadelerde: Genel goriiniim bakimindan ondalik ayra¢ olarak nokta kullanilmali
(Ornek: 25.17 °C; 4.25 kg; %12.5 vb.), okumanin kolaylastirilmas1 amaciyla binlik ayrag olarak
zorlanmis bir bosluk (nonbroken/forcedspace) birakilmali, (Ornek: 15 000; 45 564 123; 45
123.25 wvb.), sayilarin bulundugu c¢izelgelerde rakamlar ortaya yerlestirilmeli, ondalik
ayraglardan sonra gelen rakam sayilar1 esit olmali (6rnek: 25.12; 45.36; % 12.10; % 45.80 vb.),
ardisik iki rakam verilmesi gerektiginde iki rakam arasina tire isareti ( - ) konulmalidir (6rnek;
14.2-17.3; % 12-47 vb.).

Eser icerisinde kaynak gosterme: “Yazar ve Y1l” esasina gore asagidaki sekilde yapilmalidir;

Tek isimli kaynaklar; (Ozbek, 1982),....iki isimli kaynaklar; (Couch ve Metz, 1977),....1kiden
fazla isimli kaynaklar; (Couch ve ark., 1999),....Tiirkce ve yabanci dilde yazari belirtilmeyen
kurum yayinlar1 ve internetten alinan bilgiler; (Anonim, 2006),... - (Webl, 2003),...seklinde
verilmelidir. Ayrica, metin iginde bir konu agilanirken ya da bilgi verilirken, bilginin alindig1
kaynak(lar) ciimle arasinda ya da ciimle sonunda verilmek istendiginde, kaynaktaki isim
sayisina gore (Oztiirk ve Selli, 2013; Géncii, 2014; Cetin ve ark., 2015) érnegine uygun olacak
sekilde kaynak gosterilmelidir.Metin iginde, ele gegcmemis bir eserdeki bir konudan, baska bir
yaymdan yapilacak aktarmalar su sekilde gosterilebilir; “Akin ve arkadaslarinin (1950)
bildirdigine gore, Taner (1945),........ olarak belirlemiglerdir” veya “.......tanimlanmistir
(Ozkiitiik, 1945: Akin ve ark. 1950'den)”. Metin iginde yer alan ancak ele gegmeyip baska bir
kaynaktan alinti yapilan eserlere (Ozkiitik ve ark., 1950) “Kaynaklar” béliimiinde
yer verilmemelidir.

Tesekkiir: Varsa ilgili kurum veya kisilere tesekkiir bu boliime yazilmalidir.

Kaynaklar: Makalenin sonunda bulunmali ve yararlanilan kaynaklar yazar soyadina gore
alfabetik ve ayni yazar iginse kronolojik olarak siralanmali ve 12 punto ile yazilmalidir.
Referanslar APA formatina uygun sekilde listelenmelidir. Alt satirlar 1 cm igeriden ve tabsiz
olarak yapilmali ve kaynaklar arasinda bosluk birakilmamalidir. Kitap isimleri ile periyodik
yayinlar italik yazilmalidir.
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Kaynaklarin yazim asagidaki orneklere gore yapilmahdir.
a) Dergi Makalesi

Yiicel, D. O., Anlarsal, A. E., & Yiicel, C. (2006). Genetic variability, correlation and path
analysis of yield, and yield components in chickpea (Cicer arietinum L.). Turkish Journal of
Agriculture and Forestry, 30(3), 183-188.

b) Kitap

Tiikel, T., & Hatipoglu, R. (1997). Cayir Mera Amenajmani. Cukurova Universitesi. Ziraat.
Fak. Ofset Atolyesi, (s 152).

¢) Kitap boliimii

Firath, C. (1993) An yetistirme: Hayvan Yetistirme. M. Ertugrul (Ed.), 239-270, Bilgi
Yayinevi, Ankara.

d) Kongre/sempozyum/konferans kitabi

Yiicel, C., Yucel, D., Ortas, L., Islam K.R. (2013). iklim Degisikliklerinin Tarim Uzerine Olas1
Etkileri, Alimmasi Diisiiniilen Tarimsal Onlemler. Tiirkiye X. Tarla Bitkileri Kongresi, 10-13
Eyliil, Konya, S: 418-424

e) Online Belge

Cartwright,  J. (2007)  Big  stars have  weather  too./OP  Publishing
Physics Web: http://physicsweb.org/articles/news/11/6/16/1, Accessed 26 June 2007.

f) Tezler

Trent, J. W. (1975) Experimental Acuterenal Failure. Doktora Tezi (Yiiksek Lisans Tezi),
University of California.

g) Yazar ve/ veya tarihi bilinmeyen bir kaynak

Anonim, (2004) T.C. Basbakanlik Devlet Meteoroloji Isleri Genel Miidiirliigii, Elaz1g 11 Md.
Kayitlar.

- Makale Yaziminda “Uluslararasi Birim Sistemine” (SI) uyulmalidir.
1.2. DERLEME TURU YAZILAR

Yeterli sayida bilimsel makalenin taranip, giincel bilgi ve teknoloji diizeyinde ozetlenen,
degerlendirme yapan ve bulgular karsilastirarak yorumlayan yazilar Derleme Tiirii Yazilar
kapsaminda degerlendirilir. Orijinal aragtirma yazilari i¢in yukarida tanimlanan yazim kurallar
derleme tiirli yazilar i¢in de gecerlidir ve 4 sayfadan daha uzun olmamalidir.

1.3. TEKNIK NOT

Pratikte degeri olan bir yenilik getiren ve var olan yontemlere iistiinliigii olan bir ilerleme veya
kolaylik saglayan calismalar Teknik Not kapsaminda degerlendirilir ve orijinal arastirma
yazilar1 i¢in yukarida tanimlanan yazim kurallar1 Teknik Not tiirii yazilar i¢in de gecerlidir ve 3
sayfadan daha uzun olmamalidir.

1.4.EDITORE MEKTUP

Dergide yazilmig arastirma makalesi i¢in editore yazilan ek bilimsel katki, yorum ve elestiri
getiren ¢alismalar Editore Mektup kapsaminda degerlendirilir. Orijinal arastirma yazilar1 i¢in
yukarida tanimlanan yazim kurallar1 editore mektup tiirii yazilar i¢in de gecerlidir ve 3 sayfadan
daha uzun olmamalidir.



