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Abstract

In this study, an adsorbent for Congo red removal was made by combining Chitosan and Boron Nitride(BN)-
Fe20s. The chemical structures of this adsorbent (Ch-BN-Fe;Os) were confirmed by FT-IR analysis. In
adsorption studies, the effects of adsorbent amount, pH and contact time on Congo red removal were
investigated. Accordingly, the highest 99.58% removal was achieved under the conditions of 0.1 gram adsorbent
mass, pH 7, 60 minutes. In addition, thermodynamic, isotherm and kinetic studies were performed in the study.
In isotherm studies, the most suitable model was determined to be Langmuir and its gmax value was found to
be 86.95 mg/g. However, the pseudo second order kinetic model was found to be suitable.
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Kongo Kirmizisinin Kitosan-BN-Fe2O3 Uzerine Adsorpsiyon Yoluyla Sudan
Uzaklastirilmasi: Kinetik ve izoterm Calismalar

Oz

Bu c¢alismada Kongo red giderimi i¢in Kitosana Boron Nitride- Fe;O3 katkilanip adsorbent hazirlanmigtir. Bu
adsorbentin (Ch-BN-Fe;03) kimyasal yapilar1 FT-IR analizi ile dogrulanmistir. Adsorpsiyon ¢aligmalarinda
adsorbent kiitleleri, pH, temas siiresi congo red giderimi {izerine etkileri arastirilmistir. Buna gore 0,1 gram
adsorbent kiitlesi, pH 7, 60 dk siirede en yiiksek %99,58 giderim gergeklesmistir. Ayrica galigmada
termodinamik, izoterm ve kinetik ¢aligmalar gerceklesmistir. Izoterm calismalarinda en uygun modelin
langmuir oldugu belirlenmis ve qmax degeri de 86,95 mg/g bulunmustur. Bununla birlikte pseudo second order
kinetic modeli uygun oldugu tespit edilmistir.

Anahtar Kelimeler: Kitosan, bor nitrit, demir oksit, adsorpsiyon.
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1. Introduction

Growing industrial waste as a result of technology advancements has had detrimental effects
on the environment [1]. The rising usage of dyes and their discharge into environmental waters,
particularly in numerous industrial applications, causes significant environmental and human
health hazards[2,3]. Therefore, it is of great importance to treat these dyes before they are
disposed of directly[4]. When these dyes are mixed with the surrounding waters, they cause
many problems such as the increase of bacteria with sunlight and the prevention of
biodegradation[5]. Congo red is the sodium salt of an acid called benzidinediazo-bis-1-
naphthylamine-4-sulfonic acid. It is a secondary diazo (R-N=N-R bond) dye[6]. Congo red is
frequently used in the textile, paper, printing, and plastic sectors despite having cancer- and
mutagenic-causing qualities [7].

The removal of dyes from wastewater can be accomplished using a variety of physical/chemical
techniques, including flocculation/coagulation[8], ion exchange electrochemistry[9],
photochemical decomposition[10], reverse osmosis [11], ultrafiltration adsorption [12],
chemical oxidation[13], and biological treatment techniques[14]. It has been seen in many
studies that the most effective and economically most convenient of these methods is
adsorption[15]. However, the materials utilized or created as adsorbents must be natural, safe
for the environment, and capable of being easily separated from water[16].

The use of natural resources such as chitin and the biopolymer derived from it, chitosan, is
becoming more and more important. In adsorption studies, the most important parameter is that
the adsorbent is natural and harmless to the environment/human health. Chitosan was employed
in this investigation due to this reason [17]. A biological polymer known as chitosan
(CsH11NO4)n is derived from several natural sources[18]. In our investigation, boron nitride, an
additive that doesn't harm the environment, was also used[19]. It is well known that many
contaminants can be removed using boron nitride[20]. Because of its high surface area and
chemically inert structure, boron nitride has become an essential material in pollution
adsorption. In addition, Fe,O3 was added due to the active role of oxidized compounds in
adsorbents[21]. Until now, there is a study in the literature on dye removal using chitosan/BN
composite adsorbent. However, in this study, congo red was not removed and Fe>O3z was not
added. Therefore, this study is unique in the literatiire [22]. Investigated were the effects of this
produced adsorbent on congo red removal in various parameters.

2. Material and Methods
2.1. Preparation of BN-Fe203 doped chitosan adsorbent

Boron Nitride (Purity :%99.7, Nanography/Turkey), Chitosan (>%99), Fe.Os (>%96), and
Acetic acid (>%99) Sigma(St. Louis, Missouri, ABD) were purchased commercially. BN was
treated with sodium hydroxide (NaOH), Due to the limited number of functional groups on its
surface and chemical resistance [23]. For 24 hours at 120°C, 1 gram of BN was mixed in the
5M NaOH. It was then washed and filtered numerous times with distilled water until the pH
was restored. The resulting BNOH particles were dried at 60°C for 10 hours. Fe2O3 (2g) and
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prepared BNOH (0.5g) were mixed at 90°C for 24 hours. The resulting particles were washed
several times with distilled water and filtered. After that, it was dried for 10 hours at 60 °C.

In 100 mL of 2% acetic acid solution, chitosan was completely dissolved. This solution was
mixed for 24 hours with BN-Fe2O3 particles. Afterwards, the solution was kept at -80°C for 24
hours and lyophilized. The resulting adsorbent was stored in a desicator. Fourier Transform
Infrared Spectroscopy (FTIR) analysis was carried out using a Bruker VERTEX 70v model
instrument in the scanning range of 400-4000 cm™ in order to comprehend the chemical
structures and bonding of adsorbents.

2.2. Adsorption Studies

Using various parameters conditions, a number of batch tests were conducted to look into the
adsorption of Congo Red (CR) in produced adsorbents. These parameters are; dye concentration
(50, 100, 150, 200 mg /L), pH levels (2-12) and mass of adsorbent (Ch-BN-Fe»03) (0.01, 0.02,
0.03, 0.4, 0.05, 0.1, 0.15, 0.2 g/L) was determined. 1000 mg/L CR the stock solution was
prepared to be diluted to the determined concentrations. Adsorption process was carried out by
adding the determined amount of adsorbents into 50 ml of CR solution and running it at 150
rpm for the determined time in the IKA KS 3000i Control model shaker. The pH of the CR
solution was adjusted using solutions of 0.1 M NaOH and 0.1 M HCI. After centrifugation, the
adsorbents were removed from the solution. Using a colorimetric method, the remaining dye
concentration in solution was determined using a UV spectrophotometer (Shimadzu UV-3600
Plus) (max wavelength 497.4 nm). An absorbance-concentration profile was constructed by
drawing a calibration curve between dye solution absorbance and concentration. This graph is
presented inn Figure 1. The formulas below were used to calculate the % removal of CR and
the adsorption capacity of the adsorbent.
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Figure 1. Congo red absorbance-concentration calibration curve
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ge = (co — Co) X5 (1)
gc = (co— C) X 37 (2)

Removal, % = @ x 100 (3)

0
Where Cy is the initial concentration,Ce is equilibrium concentration and Ct is the concentration
at time, ge is equilibrium adsorption capacity and gt adsorption capacity at time, V is the volume
of CR solution, and W is the adsorbent mass [24].

2.3. Adsorption Thermodynamics, Isotherm and Kinetic Studies

Adsorption studies were carried out thermodynamically at 3 different temperatures (298, 308,
318 Kelvin). With the use of the findings from these investigations, the following equations
were used to derive Gibss, Enthalpy, and Entropy [25].

Ko =2 (4)

AS®  AHO
In KC = T - F (5)
AG® = AH? — TASO (6)

The adsorption isotherm is the most commonly used approach for representing an adsorption
system's equilibrium state. The adsorption isotherm is the relationship between the amount of
substance adsorbed by the adsorbent and the equilibrium concentration at constant
temperature[26].

Equilibrium isotherm experiments were carried out at 25°C with 0.1 g adsorbent at pH 7 and
different concentrations of CR (50-200 mg/L). The equilibrium adsorption values were
analyzed using the Langmuir and Freundlich isotherm models.

The first adsorption isotherm to be formulated theoretically is the Langmuir isotherm equation.
The majority of the later presented equations that successfully explain a variety of experimental
findings are either based on this equation or were created utilizing the Langmuir method. As a
result, both chemisorption and physical adsorption theories continue to benefit from the
Langmuir isotherm model. The Langmuir isotherm can be expressed mathematically as
follows[27].

L= — 4 ()

de Amax Kc Amax

Where gmax, ge and Ce are respectively; Maximum adsorption capacity (mg/g), adsorption
capacity at equilibrium (mg/g), equilibrium concentration (mg/L)
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The Freundlich isotherm, another popular experimental equation that uses two parameters and
is consisted with a wide range of experimental data, is similar to the Langmuir isotherm. The
following equation serves as a representation of the Freundlich isotherm [28].

Ing, =Ky + (3)InC, (9)

Kr and n are the Freundlich constants.

The effect of adsorbate-adsorbent contact time can be calculated using adsorption Kinetics.
There are steps in the analysis of adsorption kinetics that impact the rate of the adsorption
process. In order to investigate the CR adsorption mechanism on adsorbent surfaces, two
distinct kinetic models were applied. These two models are, respectively, pseudo-first-order
kinetic models (PFO-km) and pseudo-second-order kinetic models (PSO-km) [27,29].

Lagergren created the PFO-km (1898). Egn. 11 shows the PFO-km.

K
Log(q. — q;) = Ingq, — = (11)

The PSO-km is given in Eqgn. 12 [30].

t 1 t
— = — (12
a kzq§+qe( )

Ki (min-1) and k2 (g/mg min?) are the PFO-km constant and the PSO-km constant,
respectively.

3. Results and Disscussion
3.1. FT-IR analysis

The chemical structure of the adsorbent was confirmed by FT-IR analysis. The Figure 2 shows
the FT-IR spectrums of BN, Fe2Os, BN-Fe;03 and Ch-BN-Fe;0s. In BN spectrums, 1332 cm?
BN stretch vibration and 771 cm™ peak indicate B-N-B formation[31]. In the Fe,Os FTIR
analysis, the 698 and 546 peaks show the Fe,Os tension, and 420 cm™ shows the Fe,O3 bending
vibration[32]. Both BN and Fe,O3 have similar peaks in the BN-Fe>O3 analysis[33]. Ch-BN-
Fe>O3 adsorbent originates from the Fe-O group at 611 cm-1, the NH2 absorption of chitosan
at 1560 and 1654 cm™ and the C=0 amide group. In addition, the 3268 and 2917 cm™ peaks
originate from the OH- group[34,35]. In the FT-IR analysis of the adsorbent, the specific peaks
of BN and Fe>Oz are seen similarly, although there are small shifts.
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Figure 2. FT-IR spectra of the adsorbent

3.2. Effect of amount Ch-BN-Fe2Os3

Firstly, the impact of adsorbent masses was assessed in the adsorption studies. The adsorption
studies was performed in 120 min., at 25 °C, pH 7, and 100 mg/L CR concentration. According
to Figure 3, the maximum CR adsorption removal was determined to be 99.06%. As the
adsorbent amount is increased, the adsorption increased and remained constant after 0.1 gram.
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Figure 3. The effect of Ch-BN-Fe>O3 amount on adsorption.

3.3. Effect of pH on adsorption

The impact of pH on adsorption was investigated. The adsorption study was carried out for 120
min., at a temperature of 25 °C, using 0.1 grams of adsorbent and 100 mg/L of CR concentration.
As shown in the Figure 4 that percentage of CR removal remained steady until pH 7, but then
declined. According to the results, the highest CR removal was found to be 99.04% at pH 7[36].
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Figure 4. Effect of pH on CR removal

3.4. Effect of contact time and initial concentration

Figure 5 shows the effect of time and initial concentration on adsorption. These experiments
were performed under conditions that a temperature of 25°C, using 0.1 grams of adsorbent and
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pH 7. Accordingly, very fast adsorption took place up to 20 minutes and then remained stable.
This results from the active sites on the adsorbent surface being filled. The highest CR removal
was found to be 99.58% at 50 ppm initial concentration. The highest adsorption capacity was
determined as 85 mg/g at an initial concentration of 200 ppm.
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Figure 5. The effect of initial dye concentration and time on adsorption: (a) CR removal rate
and (b) the amount of CR adsorbed at equilibrium

3.5. Results of Thermodynamic, Isotherm and Kinetic studies

Experiments were conducted at 100 ppm CR concentration, for 60 minutes, at pH 7, and under
the circumstances of 0.1gram adsorbent amount in order to study the effect of temperature and
thermodynamic studies. It was observed that as the temperature increases, the adsorption
increased slightly. Thermodynamic parameters were calculated with the help of Figure 6 and 7.
Parameter results are presented in Table 1. At all temperatures, negative values of AG (-11.46,
-11.68, and -12.1 kJ/mol) show that the reaction is spontaneous. In general, physisorption is
represented by AG values of =20 < AG < 0 (kJ/mol). Additionally, it was shown that AG fell as
temperature rose, demonstrating the viability of adsorption at higher temperatures. Positive
enthalpy (AH= 1.257 kJ/mol) indicates endothermic adsorption. Positive entropy (AS = 0.042
kJ/mol) indicates increased randomness during adsorption at the solid-solution interface[37].
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Table 1. Thermodynamic parameters for CR adsorption

T (Kelvin) | AH (kJ/mol) | AS (kJ/mol) | AG (kJ/mol K)

298 1.257 0.042 -11.46
308 1.257 0.042 -11.68
318 1.257 0.042 -12.1

The values of the Langmuir and Freundlich model parameters for CR adsorption by the
produced adsorbent are shown in Table 2 and Figure 8. Comparison of these two models
showed that the Langmuir model with R?> 0.99 was a better match than the Freundlich model
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(R?=0.9289). This showed that adsorption mechanism is compatible with the Langmuir
isotherm. This demonstrates that CR is adsorbed as a single layer coating on the surface[38].
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Figure 8. (a) Langmuir Isotherm Plot, (b) Freunlich Isotherm Plot

Table 2. Isotherm models parameters results.

Isotherm Parameters | Value

Langmuir R? 0.9975
gmax(Mg/g) | 86.95
KL 1.01

Freundlich | R? 0.9289
Ke (L/mg) | 41.28
n 0.25

The experimentally collected data were used to apply the linear forms of the PFO and PSO
velocity models in order to examine the adsorption control mechanism. Table 3 and Figure 9
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contain the data and graphs for the Kinetic parameter results. Experimental findings are
compatible with PSO. The PSO fit was further demonstrated by the R? value of 0.999. As seen
in the Table 4, when the experimental results and the results in pso were compared, it was seen
that they were very close to each other. This showed that adsorption study is suitable for the
PSO model. Improved and experimental kinetic velocity profiles further supported this. As a
result, the rate-controlling step for this adsorbent is probably chemical adsorption[39].
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Figure 9. (a) PFO and (b) PSO kinetics plots of CR.

Table 4. The results of the kinetic parameters for CR adsorption

PFO-km PSO-km
Co
(mg/L) | Gee(M3/Q) | G (My/g) | K R? Ge (Mgfg) | Ko R?
50 24,89 2,56 0,134 | 0.9584 25,9 0.0238 | 0.9985
100 49,52 3,08 0,142 | 0.8755 52,08 0.0091 | 0.9935
150 70,6 2,18 0,122 | 0,8305 72,99 0.0102 | 0.9958
200 85 3,79 0,069 | 0,8407 88,15 0.0073 0.9996
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4. Conclusion

Chitosan doped with BN-Fe»O3 that was utilized to remove CR was created for the first time in
the literature. By using FT-IR analysis, the produced adsorbent's chemical structures were
verified. Adsorption studies have shown that 0.1 g of adsorbent, pH 7, and 60 minutes of
adsorption time are the best conditions. It was discovered that the Langmuir isotherm model
was appropriate for this adsorption. The gmax value was also discovered to be 85 mg/g. The
kinetic studies led to the conclusion that the PSO-km was appropriate..
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Abstract

The design of RISC processors, which are the key of digital signal processing applications, are increasing in
reconfigurable hardware. FPGAs are suitable reconfigurable hardware for RISC processor design, with
advantages such as parallel processing and low power consumption. In this study, the design of the 32-bit RISC
processor in a FPGA is presented. The designed RISC processor contains IEEE754 standard floating-point
number processing unit, which is executed in one clock cycle. The verification of the processor is performed
for the Zyng-7000 SoC Artix-7 FPGA chip in the Xilinx Vivado tool. Classification of an artificial neural
network using the iris dataset is carried out in this designed RISC processor. In order to compare the
performance, the same artificial neural network is executed in real time in the dual-core ARM Cortex-A9
processor in the operating system of the Zyng-7000 SoC. The results show that the RISC processor designed in
the FPGA executes at 20x less clock cycles and 3x higher speed compared to the ARM processor.

Keywords: FPGA, ARM, RISC, reconfigurable hardware

VHDL Kullanarak, Dijital Sinyal isleme Uygulamalar icin IEEE754 Standart Kayan
Noktah Komut Kiimesine Sahip RISC islemcinin FPGA’de Tasarim

Oz

Dijital sinyal isleme uygulamalarmin kalbi niteliginde olan RISC islemcilerin, yeniden yapilandirilabilir
donanimlardaki tasarimlar1 giderek artmaktadir. FPGA’ler, paralel ¢alisma, diisiik giic tiiketimi gibi avantajlara
sahip, RISC islemci tasarimi i¢in ideal yeniden yapilandirilabilir donanimlardir. Bu ¢alisma 32-bit RISC
islemcinin FPGA’de tasarimini sunmaktadir. Tasarlanan RISC islemci, tek saat darbesinde islem yapabilecek
paralellikte olan IEEE754 standartinda kayan noktali say1 islem birimini icermektedir. Islemcinin dogrulmasi,
Xilinx Vivado aracinda Zynq-7000 SoC Artix-7 FPGA ¢ipi i¢in yapilmustir. Iris dataseti kullanilarak bir yapay
sinir agmm smiflandirma islemleri, tasarlanan bu RISC islemci igerisinde gerceklestirilmistir. Performans
kiyaslamasi yapabilmek icin ayn1 yapay sinir ag1 Zyng-7000 SoC’nin isletim sistemi kisminda bulunan g¢ift
¢ekirdekli ARM Cortex-A9 islemcisinde de ger¢cek zamanli olarak caligtirilmigtir. Elde edilen sonuglar, FPGA
igerisinde tasarlanan RISC islemcinin, ARM iglemciye kiyasla 20 kat daha az saat darbesinde 3 kat daha yiiksek
hizda bu iglemi gergeklestirdigini gostermektedir.

Anahtar Kelimeler: FPGA, ARM, RISC, yeniden yapilandirilabilir donanim
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1. Introduction

With the development of technology, digital signal processing applications (DSP) are
increasing significantly in space and defense industry, medicine and various commercial areas.
The reduced instruction set computer (RISC) processor is at the heart of such DSP applications
[1]. All processors have an instruction set architecture that perform operations according to
instructions. Unlike other processors, the RISC processor architecture has a simple instruction
set and each instruction is executed in one clock cycle. [2]. Through these advantages, the RISC
processor offers a flexible and extensible architecture that provides maximum performance for
any processing technology. RISC architectures are used today in phones, tablets and personal
computers, as well as supercomputers such as Fugaku, Summit, Sierra, Sunway and TaihuLight
[3]. The RISC processor has also been used in DSP applications, video decoding and image
acquisition [4]-[5]. Such as applied mathematics and control systems, computations are other
usage area of the RISC processor [6]-[7]. In artificial intelligence, speech recognition and
motion estimation are examples of the use of the RISC processor [8]-[9].

Reconfigurable computing bridges the gap between software and hardware design using
hardware like field programmable gate arrays (FPGAs) [10]. The role of reconfigurable
processors in embedded system design has been increasing in recent years. Owing to
reconfigurable hardware such as FPGA, processor architectures can be changed by
programming [11]. Various RISC processor have been designed in the literature using FPGA.
FPGA-based 64-bit RISC processor with self-test verificated using VHDL was designed in the
Xilinx ISE tool [12]. [13] describes a 16-bit RISC processor designed using VHDL, in which
behavioral model is preferred to create components. The design is a four-stage pipelined
processor. According to [14] presented the design of a pipeline microprocessor without
interlocked pipeline stages (MIPS) RISC processor using VHDL. 32-bit RISC processor-based
MIPS was designed using VHDL [15]. Unlike the previous paper given above, it presents five-
stage, pipeline processor. A from top to down approach is preferred in the design. 16-bit RISC
processor design is presented using the VHDL language [16]. The design is simulated and
synthesized using Xilinx ISE 13.1. Pipelining is used to speed up to the processor. In pipelining,
the instruction cycle is seperated so that multiple processes can be executed in parallel. Designs
of subunits of processor are also among the studies in the literature. In the first of these studies,
the fetch and decode units of the RISC processor was designed [17]. The design is successfully
simulated in the Quartus Il tool of Intel. In [18], it is aimed to design the fetch unit and ALU,
which are subunits of the RISC processor. The Fetch unit is designed to read instructions stored
in memory. The ALU that performs all the computations such as arithmetic and logical
operations is at the execution stage of the pipeline. The Xilinx ISE 8.1 tool is used to simulate
the design with the VHDL.

When designing real-time digital systems using the RISC processor, there is usually a need to
operate with fractional or large numbers. To satisfy this need, various number representations
are used according to the performance and accuracy of the design. The floating-point number
representation is standardized by IEEE754 and used to represent real numbers in the binary
number system. The design of floating point processing units is quite important for system
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performance. In this study, RISC processor with IEEE754 standard floating-point unit (FPU) is
designed in FPGA. Due to FPU, unlike other RISC processor designs in the literature, the
designed processor can process with fractional numbers. Thus, it becomes suitable for real-time
signal processing applications. In addition, taking advantage of the parallel processing of the
FPGA, the FPU is designed to operate in one clock cycle. Thus, the processor reduces the
execution time of any application. This design is verificated in the Xilinx Zyng-7000 FPGA
chip. Then, classification of iris flower is done by using artificial neural network in the designed
processor. Finally, in order to compare the performance, the classification is executed in real
time on the ARM processor in the Zyng-7000 chip in the same artificial neural network. The
remainder of this article is organized as follows. In section 2, information about floating-point
number arithmetic is given and the architecture of the designed RISC processor is presented. In
section 3, simulation and synthesis studies of artificial neural network classifying iris flower
species in RISC processor are given to verify the behavioral function of the RISC processor.

2. Material and Methods

This section presents the floating-point number representation, the floating-point arithmetic and
the RISC processor designed in the FPGA, respectively.

2.1. IEEE754 Standart Floating-Point Number Representation

Floating-point number representation, which was made a standard by the IEEE in 1985, consists
of three formats: single precision, double precision and extended precision [19]. A number
represented as an IEEE754 floating point consists of sign, exponent and fraction bits. According
to the format used, the bit lengths of the exponent and fraction changes. In Table 1, information
about bit lengths for single precision, double precision and extended precision number formats
is given.

Table 1. Floating-point number formats

Format Sign Bits Exponent Bits Fraction Bits

Single 1 8 23
Double 1 11 52
Extended 1 15 112

2.2. Floating Point Arithmetic

Multiplication, division, addition, and subtraction are among floating-point number arithmetic
operations. All operation are executed in specially designed units. Floating-point addition and
subtraction is performed in only one unit given in Figure 1. This unit has the highest latency,
the longest design time and the most complex among floating-point operations.
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Figure 1. Adder/subtractor micro-architecture

Firstly, in the floating point addition/subtraction unit, first the exponents of the two numbers
are subtracted to determine the large and small number. The '1' bit is placed to the left of the
fraction bits for pre-normalization. The fraction of the smaller number is shifted to the right
according to subtraction of exponents. The fraction from the shift operation and the fraction of
the larger number are sent to the sub/add module. While the process is running in the sub/add
module, the estimation of the position of the most significant 1" bit required for normalization
is done by the leading one predictor module (LOP). Normalization is performed by shifting the
numbers to the left by the estimated amount from LOP if the signs are different, or by shifting
one bit to the left or right depending on the situation. The fraction obtained by normalization is
rounded. To determine the exponent of the result, the exponent of the large number is set and
the result is obtained.

Multiplication, another floating-point operation, is among the most used operations along with
addition in digital signal processing applications. Floating-point multiplication is executed
within the unit given in Figure 2.
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Figure 2. Multiplier micro architecture

Pre-normalization is performed by placing '1' to the left of the most significant bit of the fraction
of two numbers in the floating point multiplication unit. After the pre-normalization, the
fractions of the numbers are multiplied. As the multiplication continues, the exponents of the
numbers are added to get the exponent of the result. The most significant bit of the
multiplication result of the fractions is checked. If the corresponding bit is '1', the exponent
resulting from the sum is increased by 1. The obtained fraction is rounded so that the result is
found.

The floating-point division operation is similar to the multiplication. It is in the form of
subtracting two numbers and dividing fractions. The micro-architecture of the floating point
divider unit is given in Figure 3.

In the floating-point division operation, pre-normalization is performed by placing '1' to the left
of the most significant bit of the fractions of two numbers. The fractions got by pre-
normalization are divided. At this time, the exponents of the numbers are subtracted in parallel.
The fraction from the division operation is rounded to form the fraction of the result, thus the
result is obtained.
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Figure 3. Floating-point divider micro architecture

2.3. 32-bit RISC Processor Design

In this section of the study, information is given about the designed RISC processor, FPU unit,
CPU, registers, program counter, main memory and | / O ports.

Before any computer hardware can be designed, the instruction should be defined. Some
computer hardware has very few instructions to reduce the physical size of the circuit required
by the CPU. Such a design allows the CPU to execute instructions at a high frequency. This
architectural approach used when designing computer hardware is called RISC [2].

Ina RISC processor, one clock cycle is required to execute any instruction. It is easy to convert
a RISC processor into a pipelined design, because all instructions are processed in the same
time and the opcode and the operand take the same position in the number sequence. The RISC
processor to be designed in this study consists of AN FPU operating in IEEE754 single
precision floating-point number representation, a program memory, a data memory, a control
unit and registers. The micro-architecture of the designed RISC processor is given in Figure 4.
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Figure 4. RISC processor micro architecture.

2.3.1. Control Unit

All operations performed within the RISC processor are managed by the control unit. Therefore,
the design of the control unit is quite important so that the instruction to work properly in the
right order. In this study, the control unit is designed as a finite state machine (FSM) that
executes the Fetch, decode and execute stages. Two status signals, current state and next state,
in the control unit are shown in Figure 5.

Inputs >

clock
Mext o Current
Next State State =D Q State - Ouput | Outputs
Logic Logic
A
reset

Figure 5. Control unit FSM
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The current state is in a synchronous and sensitive to the clock and reset signal. Current state
changes its state according to next state. Next state is a combinational structure that runs
according to the current state and inputs. In addition, the output logic circuit, which is
responsible for producing the relevant output in any situation, which changes depending on the
current state, is also located in the control unit. The output logic circuit is only sensitive to the
current state. Thus, the signals produced by the control unit can be sent to the memory or data
bus asynchronously, without waiting for the next clock cycle. As can be seen in Figure 6, the
current state and the next state in the control unit are three stages: Fetch, Decode and Execute.

S_FETCH.O [—» S_FETCH_1 [— 3 S_FETCH_z [—» S DECODE 3 —

w7

BUS1 Sel = "00" PC_Inc ="1" BUSZ_Sel = "10"
BUS2 5el = 01t

M&R_Load = '1'

S_SR_A 4
S_BRA_4
5 _INCA_4
EXECUTE

Figure 6. Fetch, Decode and Execute stages

In Fetch, the instruction in the program memory is read and written to the instruction register
(IR). Fetch consists of three sub-branches. In S_FETCH_0, firstly BUS1_Sel signal is set to
"00" value and PC register value is sent to BUS1. Then, the BUS2_Sel signal is set to "01" and
the data in BUS1 is sent to BUS2. Finally, by making the MAR_Load signal '1', the address
going to the memory is updated. Thus, the data at the corresponding address in the memory can
be accessed.

The program counter is made ready by setting PC_Inc signal as '1' in S FETCH_1 and
increasing the value of PC register by 1. In S_FETCH_2, the BUS2_Sel signal is set to "10"
and the value read at the relevant address in the memory is transferred to BUS2. Then, the
IR_Load signal is set to '1' and the instruction in BUS2 is loaded into the IR register. In Decode,
the identity of the instruction is detected. Finally, the instruction detected in the execute state is
performed inside the processor. For this, the instructions given in Table 2 are used.

The instructions are executed sequentially in the program memory and the desired operation is
performed by the processor. These instructions actually create a software. By correctly writing
and sequencing the instructions, the software to be executed by the processor is built. Executing
the software and converting it to machine code is carried out by the processor.
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Table 2. Instruction Set of the Designed RISC Processor
Type Instruction

LDA_IMM, LDA DIR LDB_IMM, LDB_DIR STA DIR,
STB_DIR

Loads and Stores

Floating-Point Arithmetic FP_ADD_AB FP_SUB_AB FP_DIV_AB FP_MULT_AB

Logical AND_AB, OR_AB, XOR_AB, NOT A, INCA, INCB  DECA,
DECB SR A SL A SR B,SL B
Branches BRA, BMI, BPL, BEQ, BNE, BVS, BVC, BCS, BCC

The instructions for the software to be executed by the processor are written to the program
memory in order. The sequential reading of these instructions in the program memory is
realized by the PC register. In Figure 7, the PC register in the processor is given.

Branch address — =Q
— PC = PC_Out
PC Inc— 1 |
=Y

Branch

Adder | _FEIne

Figure 7. PC register structure

The PC register actually runs like a counter. The value of the PC register is zero in the first
stage for any software to be implemented. Then the value of the PC register is incremented by
1 in each time a read is made from the memory. With the branches instructions listed in Table
2, the PC register jumps to the address value in the operand with or without negative, zero,
overflow and carry flag conditions. This ensures that the instructions are executed correctly.

2.3.2. Program Memory

The program memory where the instructions are stored is located in the memory given in Figure
8 in the processor.
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Figure 8. Processor memory

Memory consists of program memory, data memory and input and output ports. The program
memory has a capacity of 512 bytes, and the data memory has a capacity of 384 bytes. Any
instruction or data from the memory is read and written with the MAR register. The counter
value in the PC register is sent to BUS2 in order to read or write. Then, the MAR_Load signal
is set 1" and the address value in BUS2 is sent to the MAR output and thus to the memory.

2.3.3. Floating-Point Unit (FPU)

In the FPU, logical operations and shift operations are carried out as well as floating-point
arithmetic operations. Figure 9 shows the FPU.

MEAVC  Hesuli

Figure 9. Floating-point unit

Which operation will be executed in the FPU is selected by FPU_Sel. The operations
corresponding to FPU-Sel bits are listed in Table 3.
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Table 3. FPU operations

FPU_Sel Operation
00000 A = A + B in floating-point
00001 A = A - B in floating-point
00010 A = A* B infloating-point
00011 A = A/ B in floating-point
00100 A=AandB
00101 A=AorB
00110 A=AxorB
00111 A=notA
01000 B=notB
01001 A = A + 1 in floating-point
01010 B =B + 1 in floating-point
01011 A = A - 1in floating-point
01100 B =B — 1 in floating-point
01101 Shifts A one bit to the right
01110 Shifts A one bit to the left
01111 Shifts B one bit to the right
10000 Shifts B one bit to the left

The 4-bit NZVC number got from the FPU output is used to store negative, zero, overflow,
carry exceptions. These exceptions are loaded into the CCR register and sent to the control unit.
The corresponding NZVC values for the exceptions are listed in Table 4.

Table 4. NZVC exceptions

ALU_Sel Operation
Negative Results 1000
Zero Result 0100
Overflow Result 0010
Carry Result 0001

3. Design Verification and Simulation Results

The processor is designed using the very high-speed integrated circuit hardware description
language (VHDL). Behavioral verification of the designed processor is done on Xilinx Zyng-
7000 using Vivado Design Suite. In order to perform the behavioral verification, the machine

709



Design of RISC Processor with IEEE754 Standard Floating-Point Instruction Set in FPGA using VHDL
for Digital Signal Processing Applications

code for the artificial neural network (ANN) given in Figure 10 is programmed and placed in
the program memory.

ANN structure is quite simple. Inputs and weights are dot multiplication within the processor,
and each product is summed. The result is calculated by adding bias to the summed value. The
result obtained is passed through a decision mechanism. Also, the activation function used is a
linear function.

Inputs Bias
X | /= W'1 — ,
\'\
R
b = W ™ .
2 2 —at - Species
i 4 - 1{} —_—
% P SE— A Activation
yd Function
Xy Wy A
weights

Figure 10. An artificial neural network architecture for Iris classification

100 data taken from the iris dataset, 67 are used for training the network and 33 are used for
testing. Some test data used as input are given in Table 5 [20].

Table 5. Test data for iris flower
Sepal Length  Sepal Width Petal Length  Petal Width

Species
(x1) (x2) (x3) (x4)
6 2.7 5.1 1.6 Versicolor
4.8 3 1.4 0.3 Setosa
55 2.3 4 1.3 Versicolor
59 3.2 4.8 1.8 Versicolor
5.1 3.8 1.9 0.4 Setosa
5.1 3.4 1.5 0.2 Setosa
4.6 3.6 1 1.1 Setosa

These features are sent as input to the network and the species of iris flower is obtained at the
output. ANN is simulated in Vivado Design Suite to verify the designed RISC processor. The
simulation results for the features in the first four rows given in Table 5 are as in Figure 11.
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Figure 11. Simulation results for iris classification

In order to compare performance, the software of the same artificial neural network is carried
out in real time in the dual-core ARM Cortex A9 processor in the same chip, the Zyng-7000,
and the results given in Table 6. Results are obtained by Xilinx Vivado tool.
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Table 6. Frequency, clock cycle and execution time for FPFGA and ARM

Frequency Clock Cycle Execution

(MH2) Time (us)
RISC Processor Designed in FPGA 16 456 14.11
Software in ARM Processor 100 9140 45.7

4. Conclusion

FPGAs are widely used in processor design due to their advantages such as parallel processing,
low power consumption and reconfiguration. This study focuses on the design of a RISC
processor in a FPGA. Unlike other RISC designs, the RISC processor in this study includes an
FPU. Through the FPU, various complex digital signal processing applications such as ANN,
image processing, object recognition and video decoders can be implemented simply by
software on this processor. Classification of Iris flower species is executed using ANN in the
designed processor. In this way, both hardware design and software programming of the RISC
processor in FPGA are included and its verification is also provided. The classification is
implemented using the same ANN on the ARM processor to compare the performance. The
results show that the processor designed in FPGA operates faster and with fewer clock cycles.
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Abstract

Subsea pipelines are such a crucial part of offshore oil and gas production, therefore their design and
construction should be as efficient and cost-effective as possible. Proper material selection is critical for a
successful operation and a longer pipeline lifespan. For the selection of a design material with the highest
reliability under a dynamic environment as the one obtained in the oil and gas industry, a three-stage hybrid
multi-criteria model has been proposed. The hybrid multi-criteria model, which is based on an integrated
Analytical Hierarchy Process (AHP) model and the VlseKriterijumskaOptimizacija | KompromisnoResenje
(VIKOR) model, is used for the evaluation and selection of a suitable and high reliability-based design material
for the subsea pipeline design by considering several operational and environmental scenario the pipes might
encounter in the field. With the vast amount of engineering materials available to the design engineer, selecting
a suitable and high reliability-based material for the subsea pipeline design is a tedious and demanding task,
especially in a dynamic environment and scenario. In this paper, ten subsea pipeline material alternatives of
different types, with seven criteria, have been critically examined under a three-case scenario. Results from the
evaluation show that for the first case study scenario -sour service hydrocarbon transport in deep waters-, 22%
Cr stainless steel is found to be the best choice material, for the second case study scenario, Carbon Fiber
Reinforced Polymer is selected as the best. While for the third case study scenario, carbons steel and polymers
material is found to be the most reliable material choice.

Keywords: Three-stage hybrid multi-criteria model, AHP model, VIKOR model, subsea pipelines

Denizalti Boru Hatt1 Tasariminda Malzeme Secimi icin U¢ Asamal Hibrit Cok
Kriterli Bir Model

Oz

Denizalt1 boru hatlari, agik deniz petrol ve gaz iiretiminin ¢ok 6nemli bir parg¢asidir, bu nedenle tasarimlari ve
ingaatlart miimkiin oldugunca verimli ve uygun maliyetli olmalhdir. Dogru malzeme segimi, basarili bir
operasyon ve daha uzun boru hatt1 6mrii i¢in kritik 6neme sahiptir. Petrol ve gaz endiistrisinde elde edilenden
daha dinamik bir ortamda en yiiksek giivenilirlige sahip bir tasarim malzemesinin segilmesi i¢in, lic agamali
hibrit ¢ok kriterli bir model onerilmistir. Entegre bir Analitik Hiyerarsi Siireci (AHP) modeline ve
VlseKriterijumskaOptimizacija I KompromisnoResenje (VIKOR) modeline dayanan hibrit ¢ok kriterli model,
borularin sahada karsilagabilecegi gesitli operasyonel ve g¢evresel senaryolar goz oOniinde bulundurularak
denizalti boru hatt1 tasarimi i¢in uygun ve yiksek giivenilirlige dayali bir tasarim malzemesinin
degerlendirilmesi ve secilmesi i¢in kullanilmaktadir. Tasarim miihendisi i¢cin mevcut olan ¢ok miktarda
miihendislik malzemesi ile, denizalt1 boru hatti tasarimi i¢in uygun ve yiiksek giivenilirlige dayali bir malzeme
secmek, 6zellikle dinamik bir ortamda ve senaryoda sikici ve zorlu bir istir. Bu yazida, yedi kritere sahip farkl
tipte on denizalt1 boru hatti malzemesi alternatifi, i¢ vakali bir senaryo altinda elestirel olarak incelenmistir.
Degerlendirmeden elde edilen sonuglar, ilk vaka calismasi senaryosu ic¢in - derin sularda eksi hizmet
hidrokarbon tagimaciligi - i¢in% 22 Cr paslanmaz ¢eligin en iyi se¢im malzemesi olarak bulundugunu, ikinci
vaka caligmasi senaryosu i¢in Karbon Fiber Takviyeli Polimerin en iyisi olarak secildigini gostermektedir.
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Ucgiincii vaka calismasi senaryosu icin, karbonlar ¢elik ve polimer malzemesinin en giivenilir malzeme se¢imi
oldugu bulunmustur.

Anahtar Kelimeler: U¢ asamali hibrit cok kriterli model; AHP modeli; VIKOR modeli; denizalt: boru hatlari.

1. Introduction

Subsea pipelines are one of the most important aspects of the offshore industry. Due to the rapid
growth of the oil and gas industry, exploration and production are tending into deeper waters
with harsher conditions. It is a well-known fact that corrosion is a common and costly issue in
the oil and gas industry and even more costly in the offshore sector. The use of metals such as
carbon steel has been the norm and the go-to for most offshore pipeline projects over the better
part of the century, this is mainly because of its excellent mechanical properties and high
pressure and thermal resistance. However, in harsher corrosion environments, carbon steel has
proven to be inadequate and resulted in billions of dollars in repair costs. According to a study
done by the National Association of Corrosion Engineers (NACE), the cost of corrosion had
reached more than US$ 600 billion in 2001, accounting for roughly 4%-6% of the country's
gross national product [20].

In corrosive environments, intensive corrosion control methods, such as inhibitors, cathodic
protection, and coating, are required to maintain the integrity of the pipes, insufficiency or
inadequate measures can even result in the need for early replacement [18]. A more corrosion-
resistant pipe technology, such as Corrosion-resistant alloys (CRA) and polymer composites,
should be chosen to reduce pipeline corrosion. CRA such as duplex stainless steel, and nickel-
based alloy have proven to be effective in harsher corrosion environments, however, they are
significantly more costly than carbon steel and are mostly used to clad or line carbon steel pipes
[9]. In the petroleum industry, the financial benefits from employing materials that are lighter,
stiffer, stronger, and more corrosion resistant than carbon steel are significant. In this category,
composite materials are a major contender. As exploration and production continue to extend
globally into deeper waters and harsher environments, the spotlight is shifting to lightweight
fiber-reinforced plastic (FRP) solutions as replacements for steel [10]. This is made possible
with the approval of new industry standards DNV OS C501. Fiber-reinforced thermoplastics
are ideal candidates for subsea applications across multiple sectors, including underwater
vehicles, marine construction, and offshore oil and gas, due to several desirable characteristics
including high specific strengths and moduli and excellent corrosion resistance [10].

Considering all these different materials, material selection is crucial to any engineering design.
In the area of material selection where there are numerous choices and various influencing
criteria, a more precise mathematical approach is required. It is observed that choosing the most
appropriate material for a specific product from a finite set of alternatives is an example of
multi-criteria decision-making (MCDM) problem [2, 14, 22]. To make the best decision on
MCDM problems, the analytical hierarchy process (AHP) model, which has widely been used
in literature is applied [1, 3, 8, 22]. This research addresses the problem of material selection of
subsea pipelines. Material failure is the leading issue in offshore pipelines leading to billions of
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dollars in loss. In the design and development of any structural elements, material selection is
one of the most challenging issues and it is also critical for success and to meet the demands of
cost reduction and better performance [5].

Designers should have a clear understanding of the functional requirements for each component
and detailed knowledge of the considered criteria for a specific engineering design when
choosing the most appropriate material from an ever-increasing array of viable alternatives,
each with its characteristics, applications, advantages, and limitations. Improper selection of
material may often lead to huge cost involvement and ultimately drive towards premature
component failure [12]. Variations in national standards, legislative requirements, operator
procedures, and risk tolerance also play a substantial role in the materials selection process.
These challenges require different approaches to pipeline materials selection, which may vary
strongly between different nations and operators. The most important factor to ensure the
integrity of subsea pipelines is an excellent material selection process. Corrosion-resistant
alloys, although known to be an excellent alternative to conventional carbon steel materials,
carry a limitation when the factor of the cost is put into play. In this sense, non-metallics are
gaining more and more appeal and attention, given their potential to minimize the cost of both
corrosion management and material [16].

With the innovation of new non-metal materials that are well suited for subsea pipelines and
the expensive limitations of current metal materials, the growing need for companies to re-
evaluate their material choices is inherent. Although metals can undergo processes to combat
the high requirements of corrosion environments, it is a costly and difficult process. Therefore,
a more cost-effective solution is required which lies with materials with inherent corrosion
resistance such as composite or polymers. Composite pipes are strong, durable, flexible,
lightweight, and have low installation and maintenance costs but they have a higher material
unit cost than carbon steel [17]. This is one of the reasons why it is attractive to use carbon
steel, because of the high cost of operating the lay barge, the installation of a submarine pipeline
accounts for the majority of the total cost. The faster the pipe can be welded, the faster it can
be installed, and the lay barge may be used for a shorter period. This cost can be reduced in the
case of Thermoplastic composite pipes (TCP), which are spool-able and are produced to be
several kilometers in length.

As earlier stated, the problem of material selection arises in subsea pipelines due to the vast
array of materials that can be used and the standards governing these materials. This research
is aimed to develop a novel approach using numerical methods to guide the selection process
based on the following criteria; corrosion resistance, thermal resistance, fatigue resistance, cost,
ease of installation and manufacture, density, and hardness under a three case scenario that has
been carefully examined for the material selection and evaluation [15, 23, 24]. These scenarios,
which are related to the fluid passing through the pipe and the environmental conditions of the
pipes, affect the weighting of the criteria used. The case study scenario includes sour service
hydrocarbons transport in CO, environments, aggressive chemicals in deep waters, and non-
corrosive fluids -industrial water lines- [7].
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To address the aim of the study, a three-stage hybrid fuzzy multi-criteria decision model has
been proposed for selecting suitable and reliable materials for the design of the subsea pipeline
by considering cost, efficiency, and reliability with the view to meet the full requirements of
the various international standards such as DNV-0S-F10, NORSOK M-001, ASME B36, and
API codes.

The hybrid multi-criteria model is based on an integrated Analytical Hierarchy Process (AHP)
model and the ViseKriterijumskaOptimizacija | KompromisnoResenje (VIKOR) model. The
study contributes to material selection literature, by providing a new model that allows various
material types such as metals, polymers, alloys, and composites to be selected depending on the
operational and environmental scenario considered. This is completely novel, as previous
researches and evaluation approaches presented in the literature are limited to the selection of
a single type of material. The combination of the two models is based on the following
advantages of the models. The AHP approach provides the weighting step of the criterion, as
well as the consistency test to determine if the weight gained is consistent. The weighting
process is only handed away by the experts without confirming the weighting consistency,
which is a flaw in the VIKOR approach. The AHP approach, on the other hand, suffers from a
flaw in the cracking process. If more and more options are added to the AHP cracking process,
it becomes more difficult. The VIKOR approach, on the other hand, offers advantages in the
cracking process due to its preference values for cracking and its ability to readily overcome
many alternatives.

The remaining section is organized as follows, in Section 2, the methodology that comprises
the three-stage hybrid multi-criteria model is introduced. This is followed by the application of
the model for a real-life case study in Section 3. Finally, in Section 4, some concluding remarks
are presented, as well as the limitations of the study.

2. Methodology

The proposed methodology consists of three basic stages; identification of criteria, AHP
computations, and ranking of the alternative materials using the VIKOR model. Figure 1 shows
the flow diagram of the proposed methodology. The proper criteria and materials are selected
and analyzed in the first stage, and the decision hierarchy is framed, this hierarchy is then
approved. After the approval, the criteria are assigned weight using the analytical hierarchy
process (AHP) in the second stage. The third stage will consist of using the VIKOR method to
rank the alternative materials. The result gives the best candidate material.

2.1.  Criteria Definition
The following criteria are created to meet the objective for the material selection of subsea
pipelines;
I.  Corrosion resistance (CR): the ability to withstand the destructive action
of corrosive mediums.
Il.  Thermal resistance (TR): the heat property and a measurement of a temperature
difference by which an object or material resists heat flow.
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1. Fatigue resistance (FR): the highest stress that a material can withstand for a given
number of cycles without breaking.
IV.  Cost (C): The value of money that has been used to purchase the material.
V.  Manufacture and installation (MI): The ease at which the material is manufactured and
installed, including time, and cost.
VI.  Density (D): a measurement of how much mass is in a given volume.
VIl.  Hardness (H): resistance to plastic deformation, penetration, indentation, and
scratching.
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Figure 1. Schematic Diagram for Proposed Model for Material Selection

2.2.  Alternative Materials

There is a wide range of engineering materials to choose from according to the certified codes
and standards. Among these materials, the primary materials used for pipelines include metallic
materials and non-metallic materials.
2.2.1. Metallic Materials
Traditionally, metals are the materials of choice in the offshore oil and gas sector because of
the following advantages;
I.  Their performances have been well documented over the years in various design
conditions.
I1.  Can be used over a wide range of temperatures and pressures to meet a variety of design
requirements.
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1. Adequate standards governing the use of the materials.

The most common metallic materials used in subsea pipeline applications are steels and
corrosion-resistant alloys (CRA). Amongst the steels, carbon steel has been used as the go-to
material for pipelines, but one of the limitations of carbon steel is the lack of inherent corrosion
resistance, which is vital in subsea pipelines. To combat the problem of corrosion, corrosion-
resistant alloys have been found adequate, although not without their limitations. Examples of
CRAs include stainless steels (e.g., austenitic, ferritic, martensitic, and duplex) and nickel-
based alloys.

2.2.2. Non-Metallic Materials

Non-metallic materials offer the most appropriate choice for fluid services and process
conditions that are very aggressive to commonly used metallic materials (such as steel), or as
an economically attractive option between the use of steel and the relatively more expensive
materials such as CRAs. Non-metallic materials used in offshore oil and gas applications are of
two types, Polymers, and composites.

The use of polymers and composites in subsea pipelines is due to their high resistance to
corrosion and also the economic advantages over CRAs. Polymers used in pipelines are of three
types; Thermoplastic, thermosets, and Elastomers. The two common types of composites used
in pipelines are Carbon fiber reinforced polymers (CFRP) and glass fiber reinforced polymers
(GFRP).

2.2.3. Materials Selected

In this study, ten alternative materials will be evaluated and selected for the three different case
study scenarios, the materials are as follows; Carbon steel (CS), 13% Cr martensitic stainless
steel, 22% Cr Duplex stainless steel, 25% Cr Super Duplex stainless steel, 316L austenitic
stainless steel, High-density Polyethylene (HDPE), ACETAL (Polyoxymethylene POM-C),
Polyamide 12 (PA12), Glass fiber reinforced epoxy (GRE), and Carbon Fiber-reinforced
polymer (CFRP). Table 1, highlights the materials, their type, capabilities, and limitations.
From research and analysis, the material properties used for the different case scenarios were
rated by a group of five (5) material engineering experts specially selected from the academia
to evaluate and give their opinion on the materials considered by using the criteria rating
(Likert) scale as presented in the Table. Finally, their evaluated results and opinions are then
aggregated based on the scale, and the results are shown in Table 2.
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Table 1. Material Capability

Material Type Capability Limitations
High ductility, toughness, machinability Low corrosion
Carbon Steel Steel and weldability, low cost resistance
0,
Mﬁtﬁngi:ic CRA good ductility and corrosion resistance, Costly, Requires
SS easily forged and machined PWHT
22 % Cr High corrosion resistance, temperature .
Duplex SS CRA ranges from -50°C to 300°C Expensive
25%Cr Super Higher Mechanical strength, corrosion .
Duplex CRA resistance, good temperature range Expensive
Good corrosion resistance is easily Moderate cost to
316L CRA machined and welded. high cost
. High impact resistance, resistance to C0> Low strength, max
HDPE Thermoplastic and HS, low cost temp of 90°C.
Good mechanical properties, good fatigue Not resistant to
Acetal Thermoplastic prop 9 g Hydrocarbons over
strength 80°C
. Good chemical and corrosion resistance, Maximum temp of
PAL2 Thermoplastic flexibility, and durability. 80°C.
GRE Composite Excellent corrosion (e5|stance, good High initial cost
thermal resistance
CFRP Composite Excel_lent chemical a_nd corrosion High initial cost
resistance, low maintenance.
Criteria rating (Likert) scale
Very Good Good Moderate Poor Very Poor
5 4 3 2 1
Table 2. Material Properties with Respect to the Criteria
] Criteria
Materials
CR TR FR C Mi D H
Carbon Steel (CS) 1 5 4 5 3 3 4
13% Cr Martensitic SS 4 4 4 3 2 3 5
22 % Cr Duplex SS 5 5 5 2 3 3 5
25% Cr Super Duplex SS 5 5 4 1 3 3 5
316L 4 4 5 3 3 3 5
HDPE 4 3 3 5 5 5 2
Acetal 4 3 3 4 5 5 2
PAl12 4 3 4 4 5 5 3
GRE 5 4 4 3 4 5 3
CFRP 5 3 4 3 5 5 3
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2.3.  Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is an MCDM method introduced by Thomas Saaty in
1980 [6]. This method is an Eigenvalue approach to pair-wise comparisons. The AHP method
can be applied to analyze qualitative data quantitatively. It is used to transform complex and
multi-criteria problems into a structural hierarchy [4].

Steps for implementing the AHP model

Step 1: Define the goal of the problem.

Step 2: Structure the problem in a hierarchy of different levels constituting goal, criteria, and
alternative as shown in Figure 2.

Step 3: Perform a pair-wise comparison using the predefined Saaty’s nine-point scale listed in
Table 3. The pair-wise comparison generated say Matrix A

Step 4: Normalize matrix A and transform it into matrix B. Each element of matrix B is
computed as,

ik
1
it ik @)
Then calculate eigenvector = w;, which is known as the criteria weight vector w, is built by
averaging the entries on each row of matrix B, i.e.
?—1 bij

n

by, =

Calculate the maximum eigenvalue according to the following equation on each row of matrix
B, i.e.
1 n (AW)L
Amax = —Z W 3
max n i=1 Wi ( )
Where A,,4,= maximum eigenvalue of the comparison matrix.
Step 5: Calculate consistency matrix Cl
}\max -n
n—1 4)
Step 6: Find the Consistency ratio CR, which can be calculated as the ratio of the consistency
index (CI) of the matrix to the consistency index of a random-like matrix (R1). The value of RI
is taken from the Consistency indices for the randomly generated matrix in Table 4.
Cl
CR = — 5
T (5)
Usually, a CR of 0.1 (10%) or less is considered acceptable.

Cl =
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Matenials Selection

CFEP

Figure 2. Decision Hierarchy for Material Selection for Subsea Pipelines.

Table 3. Saaty’s Nine-point Scale

Importance scale Definition
1 Equally important
3 Moderately more important
5 Strongly more important
7 Very strongly more important
9 Extremely important
2,4,6,8 Intermediate values

Table 4. Consistency Indices for the Randomly Generated Matrix of the seven criteria N=7

Random Index RI

Criteria
Number (N) 1 2 3 4 5 6 7
RI 0 0 0.58 0.9 1.12 1.24 1.32

2.4.  Vlse Kriterijumska Optimizacija kompromisno Resenje (VIKOR)

Vlise Kriterijumska Optimizacija kompromisno Resenje method was developed by Opricovic
in 1998 to solve complex multi-criteria decision-making problems [13]. It assumes that
compromise can be accepted for resolving the conflict and the feasible solution would be closest
to the ideal solution and the alternatives are evaluated based on all the considered criteria [11].
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Steps for implementing the VIKOR model are as follows:

Step 1: Identify the pivotal selection criteria and shortlist the alternatives depending on those
criteria.

Step 2: In the decision matrix, determine the best, (x;;) and the worst, (x;;) . values of

all the criteria.
Step 3: Determine utility values (S;) and regret values (R;).

i wil (xi) = xi)]

Si= Ly =
’ j=1 [( xij)max - (xij)min] (6)

wi | (%)) g = %o
[( xij)max N ( xij)min]
Step 4: Introduce v as the weight of the strategy for ‘the maximum group utility’. The value of
v ranges between 0 and 1, and usually, its value is taken as 0.5
Step 5: Calculate VIKOR index (Q;)

0, = V(Si — Simin) 4 (1 —v)(R; — Rimin) ()

(Si max — Simin ) (Ri max — R; min)
Step 6: Arrange the alternatives in ascending order, according to Q; values. The best alternative
is the one having the minimum Q; value.

R = Ly; = max™ of J =12, N @)

3. Results and Disscussion

In this paper, as previously stated, three different dynamic operating and environmental
conditions in which the subsea pipeline designs are expected to operate in are examined and
included in the evaluation model. The case study scenarios which include, sour service
hydrocarbons transport in CO> environments, aggressive chemicals in deep waters, and non-
corrosive fluids (industrial water lines) are studied in detail in the proceeding sub-sections.

3.1. Case Study Scenario 1

This case study describes the subsea pipeline material selection for sour service hydrocarbon
transport in CO2 environments. As stated earlier, the following criteria will be used for this
study that is the corrosion resistance (CR), thermal resistance (TR), fatigue resistance (FR), cost
(C), manufacture and installation (MI), density (D), and hardness (H). In applying the AHP
model, a questionnaire was designed for collecting data of pairwise comparisons, which is used
to determine the priority weight of each criterion. For each pair of criteria, the decision-maker
(Expert) is asked to respond to a question like 'How important is criterion A in relation to
criterion B?, and so on, then they rated using the Saaty’s nine-point scale in Table 3. A pairwise
comparison matrix for the seven criteria was formed according to step 3 of AHP as shown in
Table 5.
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Table 5. Pairwise Comparison Matrix for Criteria in Case Study Scenario 1

Criteria CR TR FR C MiI D H
CR 1.000 | 4.000 | 6.000 | 5.000 | 7.000 | 7.000 | 3.000
TR 0.250 | 1.000 | 3.000 | 2.000 | 6.000 | 5.000 | 0.500
FR 0.167 | 0.333 | 1.000 | 0.333 | 6.000 | 5.000 | 0.200

C 0.200 | 0.500 | 3.000 | 1.000 | 5.000 | 5.000 | 0.500
MI 0.143 | 0.167 | 0.167 | 0.200 | 1.000 | 0.333 | 0.143
D 0.143 | 0.200 | 0.200 | 0.200 | 3.000 | 1.000 | 0.167
H 0.333 | 2.000 | 5.000 | 2.000 | 7.000 | 6.000 | 1.000

The normalized matrix with criteria weights is solved using equation (1), then the criteria
weight is calculated by using equation (2) as illustrated in Table 6. According to the results
from Table 6, the most important criteria for sour service hydrocarbon transport (case study 1)
is corrosion resistance (CR), with a value of 0.387, and the Hardness (H) has a value of 0.205.
Hydrocarbons tend to be transported at high temperatures, so thermal resistance is also an
important criterion, which ranked third in the criteria weight list.

Table 6. Normalized Matrix for Criteria in Case Study Scenario 1

C”ate” CR| TR | FR | c | MI | D H Svg'lge; {‘;‘
CR | 0.447 | 0.488 | 0.327 | 0.466 | 0.200 | 0.239 | 0.544 0.387
TR | 0.112 | 0.122 | 0.163 | 0.186 | 0.171 | 0.170 | 0.001 0.145
FR | 0.075 | 0.041 | 0.054 | 0,031 | 0.171 | 0.170 | 0.036 0.083
c | 0089|0061 0163|0003 | 0143|0170 | 0.001 0.116
MI | 0.064 | 0.020 | 0.009 | 0.019 | 0.029 | 0.011 | 0.026 0.025

D | 0064|0024 | 0011|0019 | 0.086 | 0.034 | 0.030 0.038
H | 0.149 | 0.244 | 0.272 | 0.186 | 0.200 | 0.205 | 0.181 0.205

The next step in AHP analysis is to find the maximum eigenvalue A,,,,, using equation (3).
Table 7 shows the consistency calculations which are obtained according to equation (4) and
by using the random index (RI) value 1.32 as shown in Table 4 above. The consistency ratio
calculated is given as 0.08999 which is less than 0.1, therefore it falls within the acceptable
range. The consistency ratio result is presented in Table 8.

Table 7. Consistency Calculation for Case Study Scenario 1
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Criteri CR R FR C M1 D H Weighted
a Sum

CR 0.387 | 0.580 | 0.498 | 0.580 | 0.175 | 0.266 | 0.615 3.101
TR 0.097 | 0.145 | 0.249 | 0.232 | 0.150 | 0.190 | 0.103 1.165
FR 0.065 | 0.048 | 0.083 | 0.039 | 0.150 | 0.190 | 0.041 0.615

C 0.077 | 0.073 | 0.249 | 0.116 | 0.125 | 0.190 | 0.103 0.932
Ml 0.055 | 0.024 | 0.014 | 0.023 | 0.025 | 0.013 | 0.029 0.183
0.055 | 0.029 | 0.017 | 0.023 | 0.075 | 0.038 | 0.034 0.271
0.129 | 0.290 | 0.415 | 0.232 | 0.175 | 0.228 | 0.205 1.674

Table 8. Results obtained from AHP Analysis in Case Study Scenario 1

Criteria Weights Amax, C.1IL R Consistency Ratio
CR 0.387 N 27713
TR 0.145
FR 0.083 C.1=0.11879
C 0.116 0.08999
Ml 0.025 R.1=132
D 0.038
H 0.205

Similarly, the VIKOR model is applied to evaluate the materials presented in Table 3 above.
The values of the weights obtained from the AHP analysis are introduced into the matrix and
normalized using step 2 of VIKOR as shown in Table 9. The S; and R; values were determined
using equations (6) and (7) respectively. From the result, the value of Q; was calculated using
equation (8), and the obtained values are ranked and tabulated as shown in Table 10.

726



A Three-Stage Hybrid Multi-Criteria Model for Material Selection in Subsea Pipeline Design

Table 9. Normalized Decision Matrix of VIKOR Analysis in Case Study Scenario 1

Material Criteria and weights
CR TR FR C MI D H
Criteria weights 0.387 | 0.145 | 0.083 | 0.116 | 0.025 | 0.038 | 0.205
Carbon Steel 0.387 | 0.000 | 0.042 | 0.000 | 0.017 | 0.038 | 0.068
1% Crvortensitic | 0,007 | 0.073 | 0.042 | 0058 | 0025 | 0.038 | 0.000
22 % Cr DuplexSS | 0.000 | 0.000 | 0.000 | 0.087 | 0.017 | 0.038 | 0.000
25% Cr Super DUPIeX | 0,000 | 0.000 | 0.042 | 0116 | 0017 | 0.038 | 0.000
316L 0.097 | 0.073 | 0.000 | 0.058 | 0.017 | 0.038 | 0.000
HDPE 0.097 | 0.145 | 0.083 | 0.000 | 0.000 | 0.000 | 0.205
Acetal 0.097 | 0.145 | 0.083 | 0.029 | 0.000 | 0.000 | 0.205
PA12 0.097 | 0.145 | 0.042 | 0.029 | 0.000 | 0.000 | 0.137
GRE 0.000 | 0.073 | 0.042 | 0.058 | 0.008 | 0.000 | 0.137
CFRP 0.000 | 0.145 | 0.042 | 0.058 | 0.000 | 0.000 | 0.137
Table 10. Results Obtained from VIKOR Analysis in Case Study Scenario 1
Material Si Ri Qi Rank

Carbon Steel 0.552 0.387 0.991 10

13% Cr Martensitic SS 0.332 0.097 0.244 4

22 % Cr Duplex SS 0.142 0.087 0.000 1

25% Cr Super Duplex SS 0.212 0.116 0.133 2

316L 0.282 0.097 0.184 3

HDPE 0.530 0.205 0.662 8

Acetal 0.559 0.205 0.697 9

PA12 0.449 0.145 0.465 7

GRE 0.317 0.137 0.293 5

CFRP 0.381 0.145 0.384 6

In the sour service hydrocarbon transport pipe case scenario, the main criteria that affect the
material selection process are found to be the corrosion resistance, hardness, and thermal
resistance criteria as shown in the AHP results presented in Table 8. Similarly, with the VIKOR
computed results as presented in Table 10, it is not hard to see that, out of ten materials
evaluated, the 22 %Cr duplex stainless steel is selected as the most suitable material and with
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the highest reliability-based potential to be used for the subsea pipeline design. In Figure 3
below, the overall ranking results of the ten materials for Case Study Scenario | are presented.
Where the ranking order is given as; 22 %Cr duplex SS, 25 %Cr super duplex SS, 316L SS, 13
% Cr martensitic SS, Glass reinforced epoxy (GRE), Carbon fiber reinforced polymer (CFRP),
PA12, HDPE, Acetal, and Carbon steel.

This result shows that corrosion-resistant alloys (CRAS) are the materials of choice for sour
service hydrocarbon transport. Carbon steel is ranked last, although it can be lined or cladded
with CRAs for better performance. Composites also prove themselves as a contender for this
application. The advantage of composites is that they can be designed specifically for a
particular application. The results are consistent with the one presented by Sotoodeh (2018),
whom they analyzed the improvement of the material selection process for piping systems in
the offshore industry, the study concluded that 25% Cr super duplex SS is a good material of
choice material for applications where high corrosion resistance and high strength is needed.

12

S N &
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Figure 3. Material Rankings in Case Study Scenario 1

3.2. Case Study Scenario 2

This case study scenario describes the subsea pipeline design material selection for aggressive
chemicals in deep waters. Since aggressive chemicals are highly corrosive, it is important that
the materials used needs to have high corrosion and chemical resistance. In the following, the
same steps are used in Case Study Scenario 1 above. The AHP results for the determination of
the criteria weight have been presented in Table 11, where the corrosion resistance (CR)
criterion is found to be the most important criteria for the aggressive chemical transport in deep
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waters scenario with a weight value of 0.382, while the Cost (C) is found to be the closest most
important criteria with a weight value of 0.247. Aggressive chemicals tend to be transported at
normal temperatures, so thermal resistance isn’t an important criterion, which ranked last in the
criteria weight list. The consistency ratio was calculated to be 0.07882 which falls within the
acceptable range.

Table 11. Results obtained from AHP analysis in Case Study Scenario 2

Criteria Weights Anax: C.1L R Consistency Ratio
CR 0.382
Anax = 7.624
TR 0.031
FR 0.078 C.1 = 0.10405
C 0.247 0.07882
MI 0.052 R|=132
D 0.055
H 0.155

Similarly, the VIKOR model is applied to evaluate the design materials just as in the Case Study
Scenario 1. Here, the values of the weights obtained from the above AHP analysis in Table 11
are used for the matrix and normalization computation. The VIKOR model results for the S;
and R; values as well as that of the Q; value have been presented in Table 12. Ranking results
for the evaluation shows that Carbon fiber reinforced polymer (CFRP) is the most suitable and
highest reliability-based material for the subsea pipeline design when aggressive chemicals in
deep waters are considered.

Table 12. Results from the VIKOR model for Case Study Scenario 2

Material Si Ri Qi Rank
Carbon Steel 0.562 0.382 1.000 10
13% Cr Martensitic SS 0.381 0.124 0.220 6
22 % Cr Duplex SS 0.275 0.185 0.147 5
25% Cr Super Duplex SS 0.376 0.247 0.433 9
316L 0.324 0.124 0.122 4
HDPE 0.360 0.155 0.240 7
Acetal 0.421 0.155 0.347 8
PA12 0.331 0.103 0.097 3
GRE 0.299 0.124 0.078 2
CFRP 0.297 0.124 0.074 1
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In the subsea pipeline design for transporting aggressive chemicals in deep waters, the criteria
evaluation from the AHP model shows that corrosion resistance is the most important criterion.
This further confirms that the inherent corrosion resistance characteristic is of great value when
designing subsea pipes. Some deep-water pipes also need to have a low specific weight that as
in the case of risers. The results from the VIKOR computations also show that the ranking order
for the most suitable and highest reliability-based materials are the Carbon fiber reinforced
polymer (CFRP), Glass-reinforced epoxy (GRE), PA12, 316L SS, 22 %Cr duplex SS, 13 % Cr
martensitic SS, HDPE, Acetal, 25 %Cr super duplex SS and Carbon steel. The study can
therefore conclude that composite materials are the materials of choice for aggressive chemical
transport for deepwater applications. Some polymers such as PA12 are also equipped to handle
this condition. The overall ranking results of the ten materials evaluated for the Case Study
Scenario 2 have been presented in Figure 4.

12

10

[=5]

[#1]

N

]

s & & 2 &
& ™ £ & &“ <

Materials

Figure 4. Material Rankings in Case Study Scenario 2
3.3. Case Study Scenario 3

In this case study scenario 3, subsea pipeline design materials are selected for non-corrosive
fluid transport pipes such as those used in industrial water lines for transporting cooling water
in environments of little to no H2S content. Since corrosion wouldn't be a major problem in this
case study scenario, the major concern here however is shifted to deal with the price and 'ease
of use' criteria of the material. In the following, the same steps are used in the Case Study
Scenarios above. The AHP results for the determination of the criteria weight have been
presented in Table 13, where the cost (C) criteria with a weight value of 0.416 are found to be
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the most important criteria for the non-corrosive fluid transport pipes scenario. While hardness
(H), with a weight value of 0.181 is found to be the closest most important criterion. The
consistency ratio was calculated to be 0.04411 which falls within the acceptable range.

Table 13. Results obtained from AHP Analysis in Case Study Scenario 3

Criteria Weights Amax, C.1IL R Consistency Ratio
CR 0.036
Amax = 7.349

TR 0.029
FR 0.149 C.1 = 0.05822
C 0.416 0.04411
MI 0.096 RI1=132
D 0.093

0.181

Similarly, the VIKOR model is applied to evaluate the design materials just as in the other Case
Study Scenarios. Here, the values of the weights obtained from the above AHP analysis in Table
13 are used for the matrix and normalization computation. The VIKOR model results for the S;
and R; values as well as that of the Q; value have been presented in Table 14. The ranking
results for the evaluation shows that Carbon steel is the most suitable and highest reliability-
based material for the subsea pipeline design when non-corrosive fluid transport is considered.

Table 14. Results obtained from VIKOR Analysis in Case Study Scenario 3

Material Si Ri Qi Rank
Carbon Steel 0.328 0.093 0.000 1
13% Cr Martensitic SS 0.495 0.208 0.439 8
22 % Cr Duplex SS 0.469 0.312 0.560 9
25% Cr Super Duplex SS 0.648 0.416 1.000 10
316L 0.389 0.208 0.273 4
HDPE 0.368 0.181 0.199 3
Acetal 0.472 0.181 0.362 6
PA12 0.337 0.121 0.057 2
GRE 0.450 0.208 0.369 7
CFRP 0.432 0.208 0.341 5
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The subsea pipeline is designed for transporting non-corrosive fluids and is very common in
the oil and gas industry. The criteria evaluation approach using the AHP model shows that cost
is the most important criterion. While the results from the VIKOR computations as presented
in Table 14 shows the following ranking order; carbon steel, PA12, 316L, HDPE, CFRP, 13 %
Cr martensitic SS, GRE, Acetal, 22 %Cr duplex SS and 25 %Cr super duplex SS.

It can be concluded from the results that, carbon steel is the most suitable and highest reliability-
based design material for the subsea pipe design when non-corrosive fluids are considered.
Similarly, polymer materials like the PA12 and HDPE are close alternatives that can be used
for the design. If cost is a major factor in the material selection process, cheaper materials like
carbon steel and polymers should be considered as they are cheaper than CRAs and Composites.
The overall ranking results of the ten materials evaluated for the Case Study Scenario 3 have
been presented in Figure 5.
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Figure 5. Material Rankings in Case Study Scenario 3

4. Conclusion

Subsea pipelines are a very important aspect of offshore oil and gas production, therefore their
design and construction should be reliable and efficient as possible. Proper material selection
plays a vital role in an efficient operation and a longer lifespan for the pipelines. This study
presented a three-stage hybrid model that is based on an integrated Analytical Hierarchy
Process (AHP) model and the VlseKriterijumskaOptimizacija | KompromisnoResenje
(VIKOR) model for the evaluation and selection of a suitable and high reliability-based design
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material for the subsea pipeline design by considering three operational and environmental
scenario (three offshore application) that the pipes might encounter in the field.

Ten subsea pipeline design materials were examined critically with respect to seven criteria.
The AHP model was applied in the different case study scenarios to determine the weight values
of the different criteria. It was noticed for each case study scenario that the resulting weight
values calculated were different and can affect the entire application. The results of the VIKOR
analysis show that for sour service hydrocarbon transport in deep waters, 22% Cr Stainless steel
is the best, most suitable, and highest reliability-based material for the subsea pipe design, for
aggressive chemical transport, Carbon Fiber Reinforced Polymers are the best materials. While
for the non-corrosive fluids, carbons steel and polymers are the material of choice.

Although Carbon steel may need to undergo some processes for protection against saltwater
corrosion before use, the obtained results from the model, however, are in agreement with the
previous research study of non-corrosive fluids. For a more efficient and cost-effective pipeline
production, it is recommended that offshore oil-producing companies should adopt the use of
the best fit and the highest reliability-based material for the design and construction of subsea
pipes by considering the results obtained from a dedicated and a good research case study
scenario. This research was limited in scope to just ten common materials, but with the variety
of engineering materials that can be chosen, the research could be extended and further
developed to suit other applications not examined.
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Abstract

Here, a novel silver(l) complex including the non-steroidal anti-inflammatory drug niflumic acid and 3-picoline
was synthesized and characterized by FT-IR, 1H NMR, elemental and thermal analysis techniques. These
techniques demonstrated that the formula of the synthesized complex is [Ag(nif)(3-pic)]. The cytotoxic ability
of the complex, ligand (niflumic acid) and silver ions alone were tested against human breast adenocarcinoma
(MDA-MB-453), lung adenocarcinoma (A-549), colorectal adenocarcinoma (HT-29), and mouse fibroblast
(3T3-L1) cell lines. The XTT results indicated that although AgNO3 and niflumic acid alone exhibited modest
cytotoxicity on the cancer and healthy cell lines, the complex indicated strong cytotoxic activity on the cancer
cells in dose-dependent manner. The strongest cytotoxicity and the highest selectivity by the complex were
determined on HT-29 cells. These findings provide fundamental outputs for the evaluation of the novel silver(l)
complex in advanced anticancer studies.

Keywords: Silver(l) complex, niflumic acid, cytotoxicity, cell culture

Steroid Olmayan Anti-Inflamatuvar ila¢ Niflumik Asit ve 3-Pikolin Iceren Giimiis(I)
Kompleksinin insan Kaynakh Kanser Hiicre Hatlar1 Uzerinde In Vitro Sitotoksik
Degerlendirmesi

Oz

Burada, steroidal olmayan anti-enflamatuar ilag¢ niflumik asit ve 3-pikolin igeren yeni bir giimiis(I) kompleksi
sentezlendi ve FT-IR, 1H NMR, elemental ve termik analiz teknikleri ile karakterize edildi. Bu teknikler,
sentezlenen kompleksin formiiliiniin [Ag(nif)(3-pic)] oldugunu gosterdi. Kompleks, ligand (niflumik asit) ve
glimiis iyonlarmimn tek basina sitotoksik yetenegi, insan meme adenokarsinomu (MDA-MB-453), akciger
adenokarsinomu (A-549), kolorektal adenokarsinom (HT-29) ve fare fibroblast hiicre hatlarina (3T3-L1) kars1
test edildi. XTT sonuglari, AgNO3 ve niflumik asidin tek basina kanser ve saglikli hiicre hatlari {izerinde orta
diizeyde sitotoksisite sergilemesine ragmen, kompleksin kanser hiicreleri lizerinde doza bagl bir sekilde giiclii
sitotoksik aktivite sergiledi. Kompleksin en giiglii sitotoksisitesi ve en yiiksek segiciligi HT-29 hiicrelerinde
oldugu belirlendi. Bu bulgular, gelismis antikanser ¢aligmalarinda yeni giimiis(I) kompleksinin
degerlendirilmesi i¢in temel olusturmaktadir.

Anahtar Kelimeler: Giimiig(T) kompleks, niflumik asit, sitotoksisite, hiicre kiiltirii.
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In Vitro Cytotoxic Evaluation of a Silver(l) Complex Including Non-Steroidal Anti-Inflammatory Drug
Niflumic Acid and 3-Picoline on Human-Derived Cancer Cell Lines

1. Introduction

Cancer is a very common type of disease that starts with the uncontrollable growth of abnormal
cells and finally spreads to other parts of the body. World health organization (WHO) has
declared that cancer is the second leading reason of death [1]. Therefore, scientists are making
great efforts to develop new drugs and treatment methods to struggle with cancer. Especially,
with the exploration of the anti-proliferative effect of cisplatin in cancer treatment in 1844,
interest in medicinal inorganic chemistry has raised [2,3]. After that, a large number of metal-
including complexes such as platinum, palladium, gold, copper and ruthenium have been
designed and synthesized for using in preclinical and clinical trials [4-9]. Researches have also
demonstrated that coordination complexes indicate high biological activity than the starting
metal salts.

Silver compounds have been used in the treatment of burns, wounds infection, and especially
antimicrobial diseases for thousands of years [10,11]. Despite silver compounds for the cure of
infections have been utilized for a long time, the design of anticancer drugs on silver has been
a comparatively new area of medicinal chemistry. The studies of silver compounds are
increasing day by day due to their robust cytotoxic activity against cancer cells and low toxic
effect towards healthy cells when compared to cisplatin [12-14].

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most widely used drugs in
patient. They have been shown to display a variety of biological properties such as antipyretic,
analgesic, anti-inflammatory agents. Additionally, NSAIDs display good anti-proliferative
activity against various cancer cell lines [15-18]. NSAIDs compounds have been also utilized
as ligand because they contain a nitrogen atom and oxygen atoms of carboxyl group that can
form donor acceptor bonds with metal ions. Moreover, studies have demonstrated that
coordination complexes including NSAIDs can improve the biological activity than free
NSAIDs. The therapeutic effect of NSAIDs has encouraged researchers to synthesize new metal
complexes and investigate their pharmacological applications [19-21].

Therefore, in the current study, a novel silver(l) complex of niflumic acid with auxiliary ligand
3-picoline was synthesized and characterized by Fourier transform infrared spectroscopy (FT-
IR), proton nuclear magnetic resonance (*H NMR), elemental and thermal analysis techniques.
Afterwards, its potential cytotoxic ability and selectivity were determined over three different
cancer cell lines and one normal cell line.

2. Material and Methods
2.1. Physical measurements

AgNOs, niflumic acid, 3-picoline, methanol and acetonitrile were purchased from Sigma
Aldrich and used without further purification. The molecular structures of niflumic acid and 3-
picoline are shown in Fig. 1. The LECO CHNS-932 device was used for elemental analysis.
The FT-IR spectra were recorded with The Thermo Nicolet 6700 spectrophotometer (4000-400
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cm?). The PRIS Diamond device was utized for thermal analysis (TG/DTA/DTG) curves. The
Agilent-VNMRS-400 spectrometer (400 MHz) was used for *H NMR spectra.

- CHjy
: | 1
N
(@) (b)

Figure 1. The molecular structures of (a) niflumic acid (b) 3-picoline
2.2. Synthesis of [Ag(nif)(3-pic)]

Niflumic acid (Hnif, 1 mmol) and KOH (1 mmol) were dissolved in 10 mL of methanol under
stirring for 1 h at 50°C. Silver(I) nitrate (1 mmol) was dissolved in 10 mL of distilled water in
the other beaker. After stirring 1 h, 3-picoline (3-pic, 1 mmol) and niflumic acid solution were
added to silver(l) nitrate solution and white suspension occurred immediately. The addition of
10 mL of acetonitrile changed the suspension to colourless solution. The obtained clear solution
was kept in the dark at room temperature. After two months, colourless microcrystals of
complex were acquired. The molecular structure of [Ag(nif)(3-pic)] was given in Fig.2.

Colourless crystal product of [Ag(nif)(3-pic)] (81%): Analytical data for [C19H15N3O02F3AQ]
Found: C, 47.29; H, 3.12; N, 8.70%; calcd: C, 47.28; H, 3.11; N, 8.71%).

IH NMR (400 MHz, DMSO-ds) (s/ppm): 2.31 (3H, s, H5-3-pic), 6.85 (1H, dd, He-nif), 7.21
(1H, d, H5-nif), 7.34 (LH, dd, H3-3-pic), 7.49 (1H, t, H*nif), 7.64 (1H, d, H*-3-pic), 7.78 (1H,
d, H3-nif), 8.30-8.26 (2H, m, H2-nif and H-nif), 8.36 (1H, s, H-nif), 8.39 (1H, d, H2-3-pic),
8.44 (1H, s, H'-3-pic), 12.73 (1H, s, HC-nif).

O
\
/ N— Ag—O

—

N/
HNTN

H3C

CF,

Figure 2. The molecular structure of [Ag(nif)(3-pic)]
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2.3. Biological activity
2.3.1. Cell culture

Human breast adenocarcinoma (MDA-MB-453), lung carcinoma (A-549), colorectal
adenocarcinoma (HT-29), and normal mouse fibroblast (3T3-L1) cell lines were purchased
from the American Type Culture Collection (ATCC, USA). Passaging and culturing of the cells
were performed according to the company's instructions. Accordingly, culturing of MDA-MB-
453, A-549, HT-29, and 3T3-L1 cells were performed with the mediums of Leibovitz's L-15,
F-12K, McCoy's 5a, and Eagle’s Minimum Essential Medium, respectively. The studies were
done using biosafety cabinet (Bilser, Turkey) and incubations were performed using 5% CO:
incubator at 37°C (Nuve, Turkey).

2.3.2. Cell proliferation assay

2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H tetrazolium-5-carboxanilide (XTT) assay was
carried out to investigate the potential anti-proliferative activity of the test compounds [22,23].
Accordingly, 7500 cells were planted into 96-well plate and incubated for 24 h to obtain their
morphological shapes. After that, each cancer cell line was treated with varying concentrations
of the Ag(l) complex (1-100 uM) and also ligand (niflumic acid) and silver(I) nitrate alone. The
dose range applied for 3T3-L1 cells was from 1 to 250 uM. Following the exact incubation
time, the absorbance of each well was measured spectrophotometrically at 490 nm (BioTek,
USA). Carboplatin was evaluated as positive control. The 1Cso concentration of the compounds
was calculated by plotting the graph between the different concentration of the compounds and
the % inhibition of cell proliferation. Selectivity Index (SI) was calculated from the ratio of ICspo
concentration of the complex over the normal cell line (3T3-L1) to the ICso concentration over
the cancer cell line tested. The percent cell proliferation inhibition was calculated using the
following formula;

% Cell proliferation inhibition = 100-[ Abs(drug)/Abs(control)]x100.
2.3.3. Statistical analysis

Student's t-test was performed for statistical analysis using GraphPad Prism 6 (GraphPad, La
Jolla, CA) Software 7.0) and p < 0.05 was considered significant.

3. Results and Disscussion
3.1. FT-IR Spectra

The FT-IR spectra of niflumic acid and [Ag(nif)(3-pic)] complex are demonstrated in Figure 3
and Figure 4, respectively. Niflumic acid displayed band at 3315 cm™ which is attributed to
stretching vibration of v(NH) group and this peak is seen in almost the same region in the
spectrum of [Ag(nif)(3-pic)] complex. This position showed that there is no interplay between
the NH group and Ag(l) ion. This band at 1661 cm™ for niflumic acid is assigned to the
carboxylate group. The spectrum of the complex indicated that this band turn into asymmetric
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(COO) and symmetric (COO") stretching vibrations of carboxylate group of niflumato ligand
at 1601 and 1389 cm™. Av value (difference between vasym(COO") and veym(COQO") stretching
vibrations) is 212 cm, representing a monodentate coordination mode between the silver(1)
ion since the characteristic Av value for monodentate coordination mode is larger than for ionic
compounds of the ligand (Av(nifNa): 206 cm™). The bands between 3062 and 2936 cm™ are
related to the aromatic and aliphatic v(C-H) stretching vibrations. The characteristic C=N and
C=C stretching vibrations of benzene and pyridine rings are observed at 1605, 1597, 1514 and
1450 cm™. Also, the bands at 1330 and 775 cm™ probably correlate with CFs stretching
vibration and CFz deformation, respectively.
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Figure 3. FT-IR spectrum of niflumic acid
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Figure 3. FT-IR spectrum of [Ag(nif)(3-pic)]
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3.2. Thermal Analysis of [Ag(nif)(3-pic)]

[Ag(nif)(3-pic)] complex undergoes decomposition in two steps is showed in Fig. 5. The first
decomposition step was occurred in the temperature range between 30 and 205 °C, showing the
loss of 3-pic molecule. The percentage experimental mass loss (18.25%) is consistent with the
calculated mass loss (19.28%) (DTA: 119(+), 178(-) °C, DTG: 114, 151, 178 °C). The second
decomposition step was accompanied by weight loss (exper. mass loss of 60.22%; calc. mass
loss 58.31%), appointed to the loss of nif ligand. This step was appeared to compose of three
stages as indicated in DTG curve (at 213, 244 and 433 °C) whereas the DTA curve gave the
peaks at 231(-), 259(-) and 414(-) °C. The residual thermal product was described as metallic
silver according to experimental mass loss (21.53%) and calculated mass loss (22.36%).
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Figure 5. The TG/DTG/DTA curves of [Ag(nif)(3-pic)].
3.3. 'H NMR studies

H NMR technique is used to determine the presence and ratio of ligands in complexes. 'H
NMR spectrum of [Ag(nif)(3-pic)] complex is demonstrated in Fig. 6. In the synthesized
complex, all the expected signals of ligands were observed and also their multiplicities and
integrals were shown to compatible with the structures. The number of protons showed that the
ratio of nif: 3-pic is 1:1. All proton signals are observed to a little change binding to Ag(l) ion.
The *H NMR spectrum of [Ag(nif)(3-pic)] complex showed a singlet signal at 2.31 ppm, which
is ascribed to the methyl proton of 3-picoline ligands. The singlet peak at 12.73 ppm is
attirubuted to NH proton of nif ligand. The spectrum was determined to be multiple resonance
peaks for the aromatic protons at 6.85, 721, 7.49, 7.78, 8.26-8.30 and 8.36 ppm (niflumic acid)
[24] and 7.34, 7.64, 8.39 and 8.44 ppm (3-picoline) [25]. The vanished of carboxylate hydrogen
peak of the complex shows the connection of the nif ligand to Ag(l) ion via carboxylate group.
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Figure 6. 'H NMR spectrum of [Ag(nif)(3-pic)]

3.4. Cytotoxicity

The cytotoxic effects of the novel [Ag(nif)(3-pic)] complex and also ligand (niflumic acid) and
silver(l) nitrate alone were tested on three different cancer and one healthy cell line. XTT results
indicated that although niflumic acid and AgNOs alone showed very low cytotoxic activity
against the human breast adenocarcinoma (MDA-MB-453), lung adenocarcinoma (A-549),
colorectal adenocarcinoma (HT-29), and mouse fibroblast (3T3-L1) cell lines up to 100 uM,
the complex exhibited dose-dependent cytotoxicity against three cancer cell lines (Fig. 7A-D).
The half-maximum inhibitory concentrations (ICso) of the complex, ligand, and silver salts
were calculated from the standard curve using correlation—regression analysis and expressed
with their mean + standard deviations in Table 1. To investigate the anticancer feature of a new
chemical agent isolated from a natural source or synthesized by organic and inorganic ways and
also to determine its selectivity between normal and cancer cells is of a great importance.
Therefore, we determined the 1Cso values of the agents on the tested cell lines.

742



In Vitro Cytotoxic Evaluation of a Silver(l) Complex Including Non-Steroidal Anti-Inflammatory Drug
Niflumic Acid and 3-Picoline on Human-Derived Cancer Cell Lines

A) A-549 B) HT-29

1 ns n
X B8 Silver 9 B8 Niflumic acid
= £ Niflumic acid < 3 Silver
£ B3 Ag(nif)3-pic) £ B3 Ag(nif)(3-pic)]
g Carboplatin £ Carboplatin
3 E
Z =
3 S
A

5 f o © NIRRT S
Concentration (uM) Concentration (uM)
C) MDA-MB-453 D) 313-L1
n “ h h '“ﬁ‘ UH\ ﬁ 'Li ns ns
10079 " X m 100781 e e, nl . :
9 .- A B Silver T By BB rl . B Silver
< { £ Niflumic acid < 80 s Bl &4 Niflumic acid
s B Ag(nif)(3-pic)] g " B Ag(nif)3-pic)
= Carboplatin = 60 Carboplatin
g § s
- DN
B s 40 N
s s 30
5 5 20
o 1
- 0 T r T
DEERNIOSINEIR NEREERE

Concentration (uM) Concentration (uM)

Figure 7. Dose-dependent anti-proliferative effects of [Ag(nif)(3-pic)], silver, niflumic acid,
and carboplatin on human lung carcinoma (A-549), colorectal adenocarcinoma (HT-29) (B),

breast adenocarcinoma (MDA-MB-453) (C), and normal mouse fibroblast (3T3-L1) (D) cell
lines.

Table 1. The ICso values of the test compounds on cancer and fibroblast cells.

Cell lines 1Cso (uM)*

Test samples A-549 HT-29 MDA-MB-453 3T3-L1
[Ag(nif)(3-pic)] 66.45+1.52°  39.05+ 0.852 47.7141.342 182.62 + 2.40°
Sl(complex) Y 2.74 4.67 3.82

[Niflumic acid] >100° >100° >100° >250°
[Silver(l) nitrate] >100° >100° >100° >250°
[Carboplatin] 40.42+£1.5%  47.15+£2.02° 56,73+1.12° 43.16+1.452
Sl (carb)Y 1.06 0.91 0.76

*1Cs0 (uWM): a-c superscripts in the same column displays the differences at p < 0.05.
Y(SI): Selectivity index

As given in Table 1, the 1Cso concentrations of the ligands and silver(l) nitrate alone on the
cancer and normal cell lines were determined as greater than 100 uM and 250 pM, respectively.
These results were consistent with the literature. For instance, the cytotoxic activity of niflumic
acid against human osteosarcoma MG63 cells was reported to be between the range of 200 and
700 uM [26]. As for the silver salts, the 1Cso concentration of silver nanoparticles against human
breast cancer (MCF-7) cells was reported to be 463 uM [27]. In another study, the 1Cso value
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of AgNOs against human cervix adenocarcinoma (HeLa) was recorded as 158 uM [28]. These
data confirm that niflumic acid and AgNOgz alone exhibit a highly low cytotoxicity against
cancer cell lines and also their 1Cso concentration change depending on the cell line.

Considering the cytotoxic activity of the [Ag(nif)(3-pic)] complex formed by niflumic acid
belonging to NSAIDs, auxiliary ligand picolin, and silver salts against the cancer and normal
cell line, the complex showed a good dose-dependent cytotoxicity on all of the cancer cell lines
while exhibiting no considerable cytotoxicity on normal 3T3-L1 cells. As seen in Table 1, the
Ag(l) complex exhibited the highest cytotoxic effect on HT-29 cells with the lowest 1Cso value
(39.05 uM), followed by MDA-MB-453 (47.71 uM) and A549 (66.45 uM) cells, respectively.
Whereas, the complex showed a very low cytotoxicity against normal 3T3-L1 cells with a very
high 1Cso value (182.62 uM). Upon compared to carboplatin used as a chemotherapeutic drug,
the complex was determined to show statistically higher cytotoxic activity against MDA-MB-
453 and HT-29 cells, but comparable cytotoxicity on A-549 cells (Table 1). In the literature,
the various cytotoxic activities of the metal complexes formed by niflumic acid with different
metal ions against various cancer cells were examined. For instance, the cytotoxic activity of
[Co(bcp)(nif)2] was scrunized on various cancer cell types, namely HelLa, HT-29, PC-3 (human
prostate cancer), and MCF-7 cells, and the 1Cso values belonging these cell lines were reported
to be 38.75, 43.67, 27.06, and 41.53 uM, respectively [29]. In another study, the 1Cso value of
the [Zn(neo)(nif)2] complex on two endometrial ("TERT and 12Z) cell lines was reported to be
4.2 and 0.9 uM, respectively [30]. Moreover, in our previous study we tested the cytotoxicity
of AgH(nif)2 complex against MCF-7, HT-29, and human hepatoma cells (HepG2) cancer cell
lines, and the results indicated that the 1Csp values of this complex on each cell line was 39.24,
71.02, and 58.38 uM, respectively [31]. When HT-29 cells tested in both studies was
considered, the cytotoxic activity was observed to be much stronger upon 3-picoline was
introduced into the structure of the previous [AgH(nif)2] complex. These data show that the
type of NSAIDs, auxiliary ligand, and metal ion in the structure of the complex significantly
affect the cytotoxicity, and also the cytotoxic effect varies significantly according to the cell

type.

One of the necessary parameters to be considered in cytotoxicity studies is the selectivity of the
test agents between cancer and healthy cells [32-34]. In this context, as seen in Table 1, the
[Ag(nif)(3-pic)] complex displayed much higher selectivity on cancer cells when compared to
normal cells, and the highest selectivity was determined against HT-29 cells with an Sl value
of 4.67, followed by MDA-MB-453 (SI: 3.82) and A-549 (SI: 2.74) cells, respectively. Besides,
the complex exposed more selectivity against all the cancer cell lines compared to carboplatin.
Many studies have shown that the synergistic effect contributes greatly to the stronger
anticancer effect of various complexes of NSAIDs with transition metals compared to their
individual effects [35]. In the synergistic action, both transition metals and NSAIDs contribute
to cytotoxicity individually via exhibiting numerous characteristics including redox activity,
variable coordination modes, stability, and reactivity towards the targeted-organic substrates
involved in different anticancer mechanism pathways [36]. Herein, the findings in the present
study indicated that [Ag(nif)(3-pic)] formed by silver(l) nitrate with niflumic acid and picoline
ligand showed much higher cytotoxicity and selectivity against the aforementioned cancer cell
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lines with higher synergistic effect, which still needs to be clarified with further studies of
anticancer mechanisms of action.

4. Conclusion

This study defined the synthesis, characterization, and anti-proliferative potency of a new Ag(l)
complex of NSAIDs. The structure of the synthesized complex was identified by FT-IR,
elemental, 'H NMR, and thermal analysis techniques and subsequently subjected to the
cytotoxicity treatments by XTT assay. Biological activity studies revealed that the novel Ag(l)
complex exhibited the strongest cytotoxic activity against HT-29 cells with the lowest ICso
value and the weakest activity against A-549 cells with the highest 1Cso value. The results also
confirmed that the complex exhibited higher selectivity towards to the tested cancer cells
compared to normal cells. To conclude, these findings provide an important basis for the
evaluation of the [Ag(nif)(3-pic)] complex in in vivo anticancer activity studies.
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Abstract

The basis of this study, which was put forth in order to appropriate a special area in the hyperring theory, which
has recently been studied as a generalization of the ring theory, which uses the module theory as an application
field, is based on integrally closed Krasner hyperrings and (almost) integral dependence applications in Krasner
hyperrings.

Keywords: Krasner hyperring, hyperideal, integral dependence, almost integral dependence

Krasner Yiiksek Halkalarin Asal Yiiksek idealleri Uzerine

Oz
Modiil teorisini uygulama alani olarak kullanan, son zamanlarda halka teorisinin bir genellemesi olarak ¢aligilan
yiiksek halka teorisinde 6zel bir saha olusturmak iizere ortaya konulan bu ¢alismanin temelini, tam kapal

Krasner yiiksek halkalar ve Krasner yiiksek halkalarda (hemen hemen) tam bagimlilik uygulamalar
olusturmaktadir.

Anahtar Kelimeler: Krasner yiiksek halka, yiiksek halka, tam bagimlilik, hemen hemen tam bagimlilik.

1. Introduction

Hyperrings and hypermodules categories have significant roles in hyperstructure theory. We
refer to the reader having some elementary features of these theory in [1],[6] and [8]. In
addition, since our study is a generalization of [9]'s work, the integral dependence in rings can
be accessed from this source. Recall that some definitions and theorems from the above
references are necessary to improve this article.

For an arbitrary set A#@, let P*(A) = P(A)\@. The couple (4,0) is defined as hypergroupoid
if there is o: A X A — P*(A) is a function, namey hyperoperation. As can be understood from
this definition, hypergroupoids are a proper generalization of groupoids. For two nonempty

subsets X, Y < A, let X oY =Ujox. We write {s} o X := s o X and X o {s} := X o s whenever
yEY

s € A. If a hypergroupoid (A,0) satisfies the equality ao (boc)= (aeb)oc for every
a,b,c € A, then (4,0) is said to be a semi-hypergroup. A hypergroupoid (4,0) is called a
quasihypergroup in case secA=Aos=A for every element s in A. If (4,0) is a
quasihypergroup and a semi-hypergroup, then (4,°) is defined as a hypergroup. Let (4,0) be a
hypergroup and B (#0) be a subset of A. , B is said to be a subhypergroup of A if
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boB = B = B o b for every element b of B. In [5], a hypergroup (4,°) is called canonical (i)
if for every a,b € A, aob =boa, ie. (A,) is commutative; (ii) there is an elemente € A
such that {a} = (ace) N (eoa) foreach a € A; (iii) there is a unique a~! € A such that
e €aoalforeverya € 4; (iv) s € y o z provides that y € s o z71 for every element s of A.
In the second expression, the element e is said to be the identity element of the hypergroup
(4,°). Inthis paper, we consider some types of hyperrings and hypermodules. A triple (S, +,.)
is named a Krasner hyperring provided

1. (S, +) is hypergroup which is canonical;

2. (S,.) issemi-hypergroup with zero element x providing 0.x = x.0 = 0;

3. "."isdistributive with respect to " + ".

(S, +,.) isnamed a hyperring if
1. The canonical hypergroup (S, +) has scalar identity Og;
2. (S,.) isasemi-group;
3. "."isdistributive with respect to " + ".

In this place "." is a hyperoperation on S. Each hyperring (S,+,.) holds following two
statements: u.0 = 0.u = {0} and u.(—v) = {-z|z € u.yv} = (—u).v = —(u.v) for each
u,v € S. We denote a hyperring (S, +,.) with S for short. If S is commutative with respect to
its hyperoperation ".", then S is named commutative. If f € f.1 for every element f € S, 1 is
named identity element of a hyperring S. Assume that S is a hyperring including 1. Following
[11], a hypermodule M over the hyperring S means a triple (M, +,0) in the fact that a canonical
hypergroup (M, +) have a scalar identity 0,, and the operation o: S x M — P*(M) satisfies the
followings for every element f,g € S and a,b € M,

1. fo(a+b)=foa+ f ob;

2. (f+g)eca=foa+ge a

3. (f.g)eca=fo(gea)ya€ loa

For an S -hypermodule (M, +,0) and every u € S and a € M, we can write

uo0y ={0y}=0caand uo(—a) =(—u)oa =—(uca)={-b|b €uoa}. We denote
an S-hypermodule (M, +,0) with M for short. In [5], this notion is generalized as hypermodule
over a Krasner hyperring.

For a commutative hyperring S, let J (@) be a subset of S. J is named hyperideal if x —y € |
and a.x € ] foranyelementa € Sand x,y € J.If J;,], are hyperideals of S, the sum J; + J,
is also hyperideal of S. For Krasner hyperrings S and S’, a function f:S — S’ is named a
strong hyperring homomorphism if f(x +y) = f(x) + f(y) and f(x.y) = f(x).f(y) for
every element x, y € M. Assume that (S,+, .) is an arbitrary ring and H is a subset of S. H is
named a multiplicative subgroup of S if (H,.) is a group. If S = SH and sH = Hs for every
element s in S, then H is named a normal subgroup of S. We indicate that the rings including
identity elements known as normal subgroups. A normal subgroup H of S contains an
equivalence relation P in S and a part of S in equivalence classes, which inherits a hyperring
structure from S. The hyperrings obtained with this structure are named quotient hyperrings are
written by S/H. Let S be a hyperring. S is named integral hyperdomain if for each f,g € S,
0 € f.g impliesthat f = 0 or g = 0. S is named a hyperfield in which every nonzero element
has a inverse in S in [8]. A hyperring S including 1 is named a principal hyperideal
hyperdomain if S doesn’t contain zero divisors and every hyperideal of S is generated by a
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single element ([4]). Assume that S is a hyperring. S is named Noetherian if S satisfies the
condition (ACC) on hyperideals of S (see [3]).

Assume that Mis an S-hypermodule and N (#0) is a subset of M. N is named a
subhypermodule of M, denoted by N <M, if N is an S-hypermodule under the same
hyperoperations on M. It is shown in (Proposition 2.3, [10]) that if xca < Nanda—b € N
for every element x € S and a,b € N, thenby N < M. Let M be a canonical S-hypermodule.
If".":SXM— Mvia (s,m)+— s.m € M ands.0 = 0 is an externel operation, then M is
named a Krasner S-hypermodule. Let T be a nonempty subset of a hypermodule M. (T) is
defined as a subhypermodule of M generated by T if (T') is the smallest subhypermodule of M
containing T.

2. Main Theorems
2.1. Integral Dependence in Krasner Hyperring

Let R be a subhyperring of a hyperring R'and a,, a,, ..,a,, € R'. We denote with
R[a4, a, ..., a,,] that is a set of polynomial expressions in a4, a,, ..., a,, with coefficients in
R. Therefore, if X;, X,, ... X,, are indeterminates, then

Rlay, ay, ..., an] = {f(ay, az, ..., aq)|f (X1, X3, .. Xm) € R[Xy, X5, . X ]}

The mapping f (X, X3, ... X;n) — f(aq, ay, ..., ay,) IS @ strong hyperring homomorphism from
R[Xy,X,, ... X Into R', so its image R[aq, a,, ...,a,] IS to be a subhyperring of R'. Here
R C R[a4, ay, ..., Q]

2.1.1. Lemma Given a hyperring R, letbe d = det[a;;] where a;;, b; € R fori,j = 1,2, ..., m.
If X7Lia;.b;=0foralli=1,2,..,m,thend.b; = 0 where j = 1,2, ..., k.

Proof. Let d;; be the cofactor of a;; in the matrix [a;;]. Then X7, d;;. ay, = {Bl llj;]]z};l
Hence
m m
0 :Zdlh<z aih.bh)
i=1 h=1
m m
=Z< dih.aih).b.hzd.bj
h=1 \i=1
forj =1,2,...,m. |

Given an R-hypermodule M. M is named finitely generated provided that there is a finite
subset {m,, m,, ..., m;} of M generating M, that is,
M = {x|3ry, 1y, ...,7c € R,k € Nsuchthat x € Y}, rym; }

2.1.2. Proposition Assume that R’ is a hyperring and a is an element in R’. For a subhyperring
R, the followings are equivalent:

1. There are elements by, by, ...., b1 € R (m = 1) provided that
bo+by.a+-+b, a1 +a™=0.
2. Hypermodule R[a] over R is finitely generated.

3. There exists a subhyperring R of R" provided that a € R" and the hypermodule R"
over R is finitely generated.
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Proof. (1)= (2) Assume f(X)=co+c;. X+ +cyX* € R[X] is polynomial with
deg f(X) = d > m. Therefore we can write
fl@)=co+cr.a+t-+cg_1.a% 1+ c4.a™b

=c)+cy.a+-+cy_,.a®"1 for some element b € R

It is continued similar procedures until R-hypermodule generated by 1,aq, ....,a™ for f(a).
Therefore, as a R-hypermodule [a] = R1 + Ra + --- + Ra™ ; hence R[a] is finitely generated.
(2)=(3) If R is taken as R[a], the proof is provided.

(3=>() Suppose that a4, a,, ..,a,, Qgenerate R" over R. For i=12,..,m,
a.a; =Y bj.a; b €R, or Y(bj —6;.a).a;=0. If d=det|b;—&;.a] then
d.aj=0 forj=12,..,m byLemma2.1.1. Thus d.c = 0 forevery c € R”. Withc = 1 we
getd = 0. Since d is a polynomial in a with coefficients in R such that the coefficient of a™
is +1, this is also desired. ]

2.1.3. Definition Assume R’ is a hyperring, R is a subhyperring of R'and a is an element in R'".
ais named integral on R if the equal conditions in the above proposition are satisfied. Moreover,
R’ is named integral on R in case every element in R’ is integral on R. If the elements of R are
the only elements of R’ that are integral on R, R is named integral closed in R’ . If R is integral
closed in its total quotient hyperring, R is named integral closed.

2.1.4. Proposition Assume R is a subhyperring of a hyperring R’ and
R, = {ala € R' and a is integral on R}. Then R, is a subhyperring of R and R € R,,.
Proof. Clearly, R € R,,. Leta, b € R,. Then the R-hypermodule R[a] is finitely generated and
the R[a]-hypermodule R[a, b] = R[a][b] is finitely generated. Since a — b, a.b € R[a, b], we
obtain that a — b,a. b € R,. It means that R, is a subhyperring of R’. m

Mentioned in Proposition 2.1.4, R, is named the integral closure of R in R'. It follows from
the next proposition that R, is integrally closed in R’.

2.1.5. Proposition Let R < R' < R" be hyperrings. Suppose that R’ is integral on R and
a € R" isintegral on R'. Then a is integral on R.

Proof. Suppose by + b;.a+ . +by,_y.a™ 1 +a™ =0 where bgyby, .., by_1 € R'.
Therefore a is integral on R[by, by, ..., b,,_1]. It follows that the krasner R-hypermodule
R[by, by, ..., by_1, a] is finitely generated. This means that a is integral on R. |

For a Krasner hyperring R, let S be multiplicatively closed subset of R with 1 € S. Following

[7], the construction of S~1R is named hyperring of fractions if a hyperring structure is defined
as follows: % + ? = %tbs and % ? = % for every element % g of S™R. Here a relation “=”
ison R x S defined by (a,s) = (b,t) ifand only if 0 € (a.t — b.s).u for, where u € S. Then
obtained equivalence class of (a, s) with % and family of whole equivalence classes is denoted

by S7IR.
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2.1.6. Proposition Assume that R' is a hyperring, R is a subhyperring of R'and S is a
multiplicative system in R. Then S~1R is a subhyperring of S™1R’. Moreover, if R’ is integral
on R, then S~R’ is integral on S™IR.

Proof. Let 05 and 05’ be the S-components of 0 in R and R’, respectively. We certainly have
0 €0'NR. If a€ 05’ NR, then s.a =0 for some s €S. Since S € R, we obtain that

a € 04r. Thus Og = 04 N R. Hence the mapping taking% €S7IR onto% € S~R’ isan injective
strong hyperring homomorphism; if we identify% € SR withits image% € STIR', then SIR
can be considered as a subhyperring of S™1R’. Suppose that R’ is integral on R, % € STIR',
a € R and s € S. There exists elements b, by, ..., b,,—1 € R such that we have

bo + bl' a+ -+ bm_l.am_l + am = 0. Then

by by a | bpy _(g}m_l (gjm _ by +by-a+...+by, 4 -a™ L +a™ 0
m m-1 m
S S S S S S S
So % is integral on S~1R n

Assume that R is a hyperring. In [2] or [11], a proper hyperideal P of R is named a prime
hyperideal of R if whenever AB < P either A € P or B € P where A and B are hyperideals of
R. For aprime hyperideal P of R, weobtainthat S = R \ P is multiplicatively closed and denote
by S™'R = Rp. Let R’ be a hyperring, A be a hyperideal of R and A’ be a hyperideal of R’
suchthat A = A’ N R, then A" is named lie over A.

2.1.7. Theorem Assume R is a subhyperring of a hyperring R, R’ is integral over R and P is
a prime hyperideal of R. Then there is a prime hyperideal P’ of R’ that lies over P. Moreover,
if P" and P"" are prime hyperideals of R’ that lie over P and if P’ < P, then P’ = P".
Proof. The family of hyperideals A" of R’ such that A" n R € P is nonempty, and it follows
from Zorn’s lemma that this family contains a maximal element P'. Then P’ N R € P. Suppose
PPNRcPanda€P,a¢P'. Then P' c P'+ R'a and consequently, by our choice of P’,
(P"+R'a) NR & P. Therefore there is an element c € P’ and r € R’ suchthatc +ra =b ¢
Pbutb € R.Fordy,dy,..,dp_1 ER, dy+dy.7+ -+ dp_q. 7™ 1 +7r™ = 0. Then
b™+dy_q.a.b™ 1+ 4+d;.a™ b+ dy.a™
=(c+ra)™+d,_.a(c+r.a)™1+-+d.a™t(c+r.a)+dya™
=fle)+a™ (™ +dp_1. 7™+ -+di.7+dy) =f(c) EP'NRC P;

where f(c) is a polynomial in ¢ with coefficients in R'. Hence, since a € P, we have b™ € P,
S0 b € P, a contradiction. Thus PN R = P. Let S= R\ P. Therefore S is a multiplicative
system in R'. If P = R, then P" = R" which is prime, so we may assume P # R. Let A’ be a
hyperideal of R’ with P’ c A'. Then A" N R £ P so A’ N R meets S; hence A' NS # @ . Hence
P’ is a maximal in the set of hyperideals of R’ whose intersection with S is empty. Assume
P’ c P" areprime hyperideals of R’ that lie over P. Leta € P” witha & P’. Since a is integral
on R there exists at least positive integer m such that there are elements by, by, ..., b1 € R
for which a™ + b,,,_;.a™ *+ -+ b;.a+ by € P'. Therefore b, € P NR=P =P NR.
It  follows  that a(@ !+ b,_4.a™2+--+b)EP, but  a¢P, SO
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a™l+b,_,;.a™?+--+ b, € P'. This contradicts our choice of m. Thus, if P’ € P”,we
must have P’ = P". ]

2.1.8. Corollary For a hyperring R, let R' be as in the Theorem 2.1.7. Let Py € P, C ..C P,
be a chain of prime hyperideals of R. If the prime hyperideal P, of R’ lies over Py, then there
is a chain Py c P; c --- c P, of prime hyperideals of R’ such that P; lies over P; for
i=0,1,..,m.lf for agiven i, there is no prime hyperideal of R strictly between P; and P, ,
then there is no prime hyperideal of R’ strictly between P; and P, .

Proof. By the hypothesis, we have shown that there is Py c --- c B,, of prime hyperideals of

R’ such that P; lies over P; for i = 0,1, ...,m. Then Pi can be considered as a subhyperring of
k

i—: for 0 < k < m. Thus, by Theorem 2.1.7. there is a prime hyperideal P, , of R’ such that
k

Py P . : ;
’;jl lies over % So we have Py, lying over Py, . Suppose that P’ is a prime
k k

hyperideal of R’ and that P, ¢ P' c P;, ;. Again by Theorem 2.1.7, P cannot lie over either P;
or P;,,. Therefore the prime hyperideal P’ N R of R is strictly between P; and P;,; . m

P, c P, and

2.2. Almost Integral Dependence in Krasner Hyperring

Now we shall define notions of almost integral over a hyperring and complete integral closure
of a hyperring and give some properties of these subhyperrings.

2.2.1. Definition Assume that R is a subhyperring of a hyperring R’. An element a € R" is
named almost integral over R if there is a finitely generated subhypermodule of the R-
hypermodule R" which contains all powers of a.

It is clear seen that every element of R’ which is integral over R is also almost integral over R.
But the converse is not always true. Assume that R is an integrally closed hyperdomain with
quotient hyperfield K. LetT = R + XK|[X]. T is integrally closed and K[X] is the complete
integral closure of R in K[X]. If Krasner hyperring R is Noetherian, then the converse holds.

2.2.2. Definition Let R be a subhyperring of a hyperring R’. The set R, of all elements of R’
which are almost integral over R is the complete integral closure of R in R'. If R, = R, the R
is completely integrally closed in R.

It is immediately clear that the complete integral closure R, of R in R is a subhyperring of R’.
However, R, is not necessarily itself completely integrally closed; an example is given in the
Example 2.2.3.

2.2.3.Example The complete integral closure need not be completely integrally closed. Assume
that K is a hyperfield and X, Y are indeterminates. Let R = K[{X?"*1yn(n+D| n > o}].
Then the quotient hyperfield of the hyperfield R is K(X,Y). If R" = K[{XY"|n = 0}], then
R cR' <€ R" € R* < KI[X,Y], where R* is the complete integral closure of R. Since for any
element of R, the exponent of Y in any of the monomials of that element is less than or equal to
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the square of the exponent of X in the same monomial, Y is almost integral on R’, and hence is
almost integral on R*, butthat Y ¢ R*.

Furthermore, if R, T,and T' areringswithR € T < T’ thenanelement a € T may be almost
integral over R as an element of T', but not almost integral over R as an element of T; it is
given a counter example of this fact in Example 2.2.4.

2.2.4. Example Assume that R € T, € T, are hyperrings. For i = 1,2, let R; be the complete
integral closure of R in T;. It is clear that R, € R, N T;. If T is a subhypermodule of some Tj;-
hypermodule M such that T, is a direct summand of M, then R, = R, N T;. In addition, the
same conclusion holds if every finitely generated T;-module M with T, S M CT, is a
subhypermodule of a T;-hypermodule of which T, is direct summand. If T is a principal
hyperideal hyperdomain, then R, = R, N T;. Assume that K is a hyperfield and X, Y are

indeterminates over K. Let R = K[{XY"|n>1}], T, =R[Y] and T, = Tl[i]. It is continued

similar procedures until R,, and R, are as above, we have R, € R, N T;.

Even though the complete integral closure of one ring in another may not be completely
integrally closed, we have the following:

2.2.5. Proposition Let R be a subhyperring of a hyperring R’ and R, the complete integral
closure of R in R'. Then R, is integrally closed in R".

Proof. Let x €R’ be integral over Ry; x¥+ap_;.x*1+--+a,=0, where
Ao, ..., Ax_1 € Ry. Itfollows that x is integral over the hyperring R[ay, ..., a;_4]. a; is contained
in some finitely generated subhypermodule of the R-hypermodule R" fori =0, ...,k — 1, say
M; = Rx;; + -+~ + Rxy,, where each x;; € R". Then R[a,, ..., ax_1] & My ... M,_1, which is the
subhypermodule of the R-hypermodule R" generated by all products x, x4, - Xk—1,j,_, Where
each j; runs between 1 and m;. Hence x is contained in

R[x] € Rlay, ..., ay_4, x]

— V-1 h
= YrzoRlag, .., ar_1] x

k-1 k-1 $Mi h
C Yrzo2izo jie1 RX0jyX1j, e Xk—1,jp_, X"

which is finitely generated subhypermodule of the R-hypermodule R’. Thus x is almost integral
over R, and so x € R,. Therefore R, is integrally closed. |

2.2.5. Corollary Let R, R,, and R, be subhyperrings such that R € R, € R,. If each element of
R, is almost integral over R, and if R, is integral over R, then each element of R, is almost
integral over R.

3. Conclusion
In this paper, it is obtained integral dependence on krasner hyperring by using prime hyperideals

of the hyperring. In this way various properties is brought in theory of Krasner hyperring. In
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the second section, prime hyperideals of the hyperrings are classified. In the third section, it is
treated as a subject of almost integral dependence in the notion of hyperfields.
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Abstract

In this study, we propose four methods for the analytical solution of second order ordinary non-homogeneous
differential equations with variable coefficients. In the first case, the method directly gives the solution in
explicit or integral form. In the second method, the solution of the problem reduces to the solutions of adjoined
second order ordinary differential equation of homogeneous type. As long as the analytical solution of two
adjoined equations can be solved, the analytical solution can always be found. In the third method, the
differential equation is transformed into Riccati equation. Riccati equation is solved by means of a method
recently developed. In order to solve non-homogeneous differential equation, the fourth method is developed.
The strategy is different but the solution is again based on the solution of Riccati equation.

Keywords: Second order differential equations, analytical method, Riccati equation.

Ikinci Mertebeden Degisken Katsayih Diferansiyel Denklemlerin Analitik Coziimii
Uzerine Yeni Bir Yontem

Oz

Bu c¢alismada degisken katsayili ikinci mertebe non-homojen diferansiyel denklemlerin analitik ¢6ziimii igin
dort yontem gelistirilmektedir. Ik yontem ¢oziimii dogrudan acik ya da kapali formda vermektedir. ikinci
yontemde problemin ¢6ziimii homojen tipte ek ikinci mertebe denklemlerin ¢oziimiine indirgenmektedir. Ek
denklemler ¢oziildiigii siirece analitik ¢dziim daima bulunabilmektedir. Ugiincii yontemde diferansiyel denklem
Riccati denklemine doniistiiriilmektedir. Riccati denkleminin ¢dziimiinde en son gelistirilen bir ydntem
kullanilmaktadir. Dérdiincii yontem de strateji farkli olup, yontem yine Riccati denklemin ¢ozlimiine
indirgenmektedir.

Anahtar Kelimeler: Ikinci mertebe diferensiyel denklem, analitik yontem, Riccati denklemi.

1. Introduction

The second order non-homogeneous differential equations of general type are commonly
encountered in engineering, physics, biology, astrophysics, etc. Therefore, their analytical
solutions are extremely important for researchers in applied sciences. There have been many
studies on the analytical solution of second order ordinary differential equations with variable
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coefficients [2 - 6, 10, 11, 13 — 16]. When the solution methods developed are carefully checked,
it can be seen that most of the analytical methods can be classified into three groups. In the first
group, the equation is transformed into Riccati equation which is a first order nonlinear ordinary
differential equation. As long as the analytical solution of Riccati differential equation is
known, this method can be valid and logical. However, in the most general case, Riccati
equation cannot be solved. The methods available require one proper solution of the equation.
However, for an equation of general type, the proper solution cannot be found or proposed very
easily. Therefore, this approach mostly remains inconclusive [1, 8 - 10, 12]. Other methods are
of limited usage since they involve restrictions on the functions involved. To that end, Pala and
Ertas have recently developed a general method for solving Riccati equations of general type
[7]. However, in the second part of this work, Riccati equation is again transformed into a
second order ordinary equation of the simplest form. This simplest form reveals whether
Riccati equation leads to an analytical or an exact solution. In the second group, the differential
equation given is transformed into a solvable form or a second order differential equation with
constant coefficients. This approach is far away from being general since the method brings
several limitations on the functions involved in the differential equations. In the third group,
the method of operator factorization is used to solve the second order equations with variable
coefficients. Although this method seems to be more general compared to the other
conventional methods, this method also includes several limitations and depends on the
availability of the solution of Riccati equations [10]. Consequently, new analytical methods for
solving this type of equations are always welcome.

2. Material and Methods
2.1. First Method of Solution

As a first method, we start with a known relatively simple method. Let us consider the second
order non-homogeneous differential equation with variable coefficients

y" +P(x)y' + Q(x)y = R(x) (1)

where P(x), Q(x) and R(x) are arbitrary smooth functions of x. In order to solve Eg. (1), a
linear transformation in the following form is introduced:

y=y'+Px)y )
By differentiating Eq. (2), we have
y' =y"+Py' +Py ©)

The right hand side of Eq. (3) will be the same as the left hand side of Eq. (1) if we assume
P’ = Q. Thus, if we assume y' = R(x), then Eq. (3) becomes identical to Eq. (1). We take care
that this already known method brings a restriction of the form P’ = Q onthe analytical solution
of Eq. (1). This restriction will be removed later. The solution procedure after this point is as
follows. First, we solve the transformed equation ¥ = R(x). Second, we substitute the result
obtained into Eq. (2) to obtain y(x).
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Example 1. Let us consider the equation

y'—xy'—y=1 (4)

The condition P’ = Q is satisfied here. Thus, integrating the equation y' =1 yields
¥ = x + ¢4, where ¢, is a constant. Inserting this result into Eq. (2), we have

y —xy=x+c¢

This is a first order ordinary equation which can readily be solved. The solution has the form

2 2 x2

y(x) = czex? -1+ clefoe_7 dx (5)

Here, c, is a constant. Eqg. (5) is the general solution of Eq. (4). Recall here that the term

2 2 2

clex? | e"xT dx and czex? are two different solutions of the homogeneous part of Eq. (4).
Example 2. Let us consider the equation

y" — (cosx)y' + (sinx)y = —sinx (6)
Solving the equation y' = —sinx gives y = cosx + c¢; , where ¢; isaconstant. Eg. (2) reads
y' — (cosx)y = cosx + ¢; (7N
The Solution of Eq. (7) is obtained in the form

y(x) = e — 1 + ¢ S [ e7SInx dx

Recall that the term c,es™* — 1 satisfies Eq. (6).

Example 3. In order to show the effectiveness of the method, let us now consider a simple
second order equation with constant coefficient in the form

y" =5y’ =e* (8)
The solution of y' = e* yields ¥ = e* + ¢;. Inserting this result into Eq. (2) gives
y'—=Sy=ef+c¢ (©)
The solution of Eq. (9) is obtained as
5

y(x) = c,e>* —iex -4 (10)

Eqg. (10) is the analytical solution of Eg. (8).
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2.2. A More General Method of Solution

In the first section, the method of solution was valid provided that the condition P’ = Q is
satisfied. It is obvious that this condition is not satisfied every time. Therefore, we need to
develop a more general method for the solution of Eq. (1).

Now, we propose a new transformation of the form
y=Ny'+ My (12)

where N(x) and M(x) are unknown functions to be (hopefully) determined. We differentiate
Eq. (11):

3—11 — lel +Nyll +Mly+Myl

or, arranging

If we take

(0 (12a)
= Q) (120)
L= R@) (12¢)

we then obtain Eq. (1). Thus, if we can solve Egs. (12) for N(x) and M (x) by any means, then
we can obtain y(x) from Eq. (11). The first two equations in Egs. (12) can be combined in the
following way:

N" —PN' +(Q —P)N =0 (13)
or

" Q"\ s _
M —(P+3)M +QM =0 (14)

If Eq. (13) or Eq. (14) is a Euler-Cauchy type equation, they can readily be solved. However,
in the most general case, the analytical solutions of Egs. (13) and (14) are still not known.
Therefore, we consider various cases for which we can obtain the analytical solutions of Egs.
(13) and (14) to determine N(x) or M (x).

Although, Egs. (13) and (14) cannot be solved in the most general case, they can give analytical
solutions in some cases. In order to show this, we consider the equation proposed by Urdaletova
and Kydyraliev [14].
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y'" —4xy' + (4x% — 2)y = 6xe*”
Comparing this equation with Eq. (1), we find
P=—4x, Q=4x*—-2, R = 6xe*

If we take N = e™", then Eq. (13) is satisfied. Using Eq. (12a), we have M = —2xe™*".
Inserting these functions into Eq. (12c) yields

=1

2
Y - = b6xe”*
e—x

from which we obtain
y=3x2+¢,
Putting now this result into Eq. (11), we have

xZ

e’y — 2xe™*’y =3x2 + ¢, (15)

The solution of Eq. (15) yields
y(x) = e**(x3 + c1x + ¢y)
This result is the same as that given by Urdaletova and Kydyraliev [14].

For the solution of Eq. (13) or Eq. (14), we can consider the following cases for which we obtain
the analytical solution of the problem.

Case 1: Letus assume that P = (ax + b), Q = cx + d in Eq. (13). Here a, b, ¢, d are constants.
In this case, Eq. (13) reads

N'"—(ax+b)N'+(cx+d—a)N =0 (16)

In addition, we assume N = e** where s is a constant to be determined. Inserting this form into
Eq. (16) and equating mutual terms, we have

—as+c=0 (17a)
s2—bs+d—a=0 (17b)

We have five unknowns. However, we can choose a, b, ¢ and s. The constant d can be found
from Eq. (17b). As an example, we choosea = 1,c =3, b =1, s = 3. Eq. (17b) gives d =
—5. Thus, Eqg. (13) takes the form

N'—(x+1N'+(Bx—6)N=0

whose solution is given by N = e5* = ¢3*, From Eq. (12) we have
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M' = NQ = (3x —5)e3* >

M= (x-2)e¥*+c¢ (18)
After we determine M and N in this way, for example, we can solve the equation
y'+x+1)y +(Bx—-5y=5

Using Eq. (12c) gives

= R(x)

=~

y' =5e3 - y= 263" + ¢, (19)

<

Now, inserting Eq. (19) into Eq. (11), we have

e3%y' + (x — 2)e3*y = §e3x + ¢, (20)

Here, without loss of generality, we have omitted c; in Eq. (18). We simplify Eq. (20) as
Y+ =2y =2+ e 21)

The solution of Eq. (21) can readily be written as

y = cgezx_é + er—é ] eé_zx (z + cze‘3x) dx

Case 2: We assume that N = 1. Then, Eq. (13) yields

Q="

This case is identical to that in Section 1.

Case 3: We assume that N = e®*, where a is constant. Then, Eq. (13) yields
a’?—Pa+(Q—-P)=0 (22)
When P is arbitrarily chosen, then Q must be determined from Eq. (22).

Example 4: Let ustake a = 1, P = x2. Eq. (22) gives Q = 2x + x2 — 1. This means that we
can solve the equation

y'+x%y'+ Qx+x*—-1)y=x (23)
Taking N = e*, we find from Eq. (12b) that
M'=NQ=e*Qx+x%2—1) > M=e*(x*—-1)+¢,
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Eq. (12c) gives
y'=NR=xe* » y=e*(x—1)+¢
Thus, we can write Eq. (11) as

C1

F=Ny +My=y'+ - Dy=(-D+2 (24

ex
The solution of Eq. (24) is in the form

X

3 x3

y(x) = e(x_?> <cz + fe<?_x) [(x—1) + cle‘x]dx>
Case 4 : This time, we assume that M = e®* and use it in Eq. (14):

2 _ e _
a a(P+Q)+Q—O (25)
where a is an arbitrary constant. If P is given, Q can be determined from this equation.
Example 5 : Let usassume a = 1, P = 0. Then, Eq. (25) gives
Q' —Q*=¢Q
whose solution is given by

1

Q = Cle_x—l
Thus, taking
M=e* a=1, P=0, Nz%zcl—ex

we can solve the equation

v+ )y =R = e

ci1—e*

Here, R(x) = e~2* is arbitrarily chosen. Eq. (12c) gives

— e 2X y' = e,—Zx(c1 —e¥)

=z |~

c — —
=—?1e X te ¥+,

<A

Here, without loss of generality, we can assume ¢, = 0. Using Eq. (11), we have

C
7= Do e = (6 - Ny + ey
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or

v+ () =

ci—e*

c — -
—Le2X 4 p—X

c1—e*

The solution for y(x) is

2,—2x, 26" -x
cre “*+ —2In(1-c,e™)
(c1—€%)
=(c; —e¥)|c
y=(c ) [es + e

Case 5 : Let us consider the case when P(x) = 0 in Eq. (1). In this case, Eq. (1) reads

¥y +Q(x)y =R(x)

On the other hand, Eq. (13) takes the form

N"+QN =0 (26)

There are many situations for which we can obtain a proper solution of Eq. (26). In this case,
by obtaining N and M, we can solve the original equation given. For the present case, we have
prepared Table 1 so as to solve some problems readily.

Example 6. We try to solve the following non-homogeneous differential equation

y" —Qa+4a’x?)y =x (27)
where a is a constant. The homogeneous part of Eq. (27) is Weber equation in the form

y" —Q2a+4a*x?)y=0 or y"—Qy=0

where Q = 2a + 4a®x?. A proper solution to Eq. (27) is s = e’ (See, Table 1). We assume
a solution y = su for Eq. (27). Here, u is a function to be determined. Recalling that
y'=s'u+su', y" =s"u+2u's’ +su” and inserting these results into Eq. (27), after
arrangement, we have

n x

g . 2s' s _
u +Tu +(T—Q)u—; (28)
However, we can readily show that the last term (s” /s — Q) is zero. Then, Eq. (28) reads
u" + 4axu’ = xe~ %’ (29)

Putting u’ = v, the solution of Eq. (29) can be obtained as

_ 2 1 _ 2
v = e 2 + e

Reminding u’ = v and integrating this equation, we have
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_ 2 1 _ 2
u=c [e?* dx+—[e ™ dx +c

Thus, the general solution to Eq. (27) is given by
y = su = %’ [01 [ e 20 4y 4 if e~ dx + cz] (30)

It can be verified that Eq. (30) is the solution of Eq. (27). The form given by Eq. (30) is perhaps
the most suitable form to be used in initial or boundary value problems.

Using this approach, the general solutions of the non-homogeneous second order differential
equations, whose proper solutions of their homogeneous parts are given in Table 1, can readily
be obtained.

2.3. Third method of Solution

In the previous method, except for some special cases, Eq. (13) or Eq. (14) cannot be solved
for arbitrary forms of P(x) and Q(x). Therefore, different new methods that can solve the
equation for which the second method doesn’t become successful. However, it is already known
that a second order ordinary homogeneous differential equation with variable coefficients can
be transformed into a Riccati equation. This method was not quite meaningful since the general
solution to Riccati equation could not be found in most cases. However, when we follow the
recently published paper by Pala and Ertas [7], this method can now be applied to the analytical
solution of second order homogeneous equations. In this way, many equations that cannot be
solved by means of the second method can be solved.

Under the transformation y = e/ ¥9% | the second order equation
y'+Px)y" +Q(x)y=0 (31)
is transformed into a non-linear Riccati equation of the form

v+ P(x)v+v?=-0Q(x) (32)

In [7], by utilizing the transformation ¥ = fe/9¥9%  Riccati equation of the form
y'+P(x)y+Qy? =R(x) (33)
is transformed into

T T L 2 4 I _ 1 S, [gyax
y+[f+g]y+gy t =7 e (34)

Here, f, gand ¥ are functions to be determined. We take care that the left hand side of Eq. (34)
has the form of Riccati equation. Comparing Eq. (33) and Eqg. (34), we have
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- +2] = P, (352)
g(x) =QX), (35b)
s(x) — ;—; = R(x) (35c¢)

Here, s(x) is a function to be determined later. If we wish to solve an equation of the form

n

vy [2 g 2 f" _
v+ L+ L]y +gyr+ L =0,

then, by Egs. (35), in the first place, we can assume

y'=0-y=ax+b

The functions f and g are to be found such that Egs. (35) are satisfied. Using the inverse
transform, we obtain

y = é:—x [ln ?] (36)

as the solution of Eq. (33). As an illustration of the method, we consider the following example.

Example 7. We try to solve the equation

y" + 5xy’ + (stz + g)y =0 (37)

N
The transformation y = e/ 7%* reduces Eq. (37) into
v’ + 5xv + v? +(§x2+é)= 0 (38)
4 2

Eqg. (38) is a Riccati equation that can solved by the new general method presented in (Pala and
Ertas, 2017). Egs. (35) give

2f' | g'] _

[7 + Z] = 5x, (39)
glx) =1, (39b)
(25,25

= (4 X2+ 2) (39c)

5
Simultaneous solution of Egs. (39a) and (39b) gives f = cOerz, where c, is a constant. Now,
using Eq. (36), we obtain

1 5
v = (— - —x), ¢ = constant
xX+c 2
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Remembering the transformation y = e/ ¥%* we finally obtain

_5,2
y=c(x +c)e v, ¢, ¢, are contants

Example 8. We try to solve the equation

y" +8xy' + (16x%2+4)y =0 (40)
The transformation y = e/ 7% reduces Eq. (40) into

v +8xv+v? + (16x2+4) =0 (41)

Comparing Eqg. (41) and Egs. (35), we have

[ZTf’ + g;’] = 8x, (422)
glx) =1, (42b)
’;—; = (16x2 + 4) (420)

The first one of Egs. (42) gives f = clezxz, where c;is a constant. Eg. (42c) is also satisfied.
Thus, Using Eq. (36), we have

V= (— - 4x), ¢ = constant

Remembering the transformation y = e/?4* | we finally obtain
y = c,(x + c)e 2, ¢, c, are contants (43)

Example 9. Inthe buckling theory of tapered beams, we encounter the second order equations.
Let us consider a beam as in Fig. (1). The equilibrium equation for the beam is given by
2 dz_y Faz

+—y=0, y(@) =y (L+a)=0

X
dx? EI

Here, E is the modulus of elasticity and | is the moment of inertia. Under the transformation
y = el 74 Eq. (32) can be written as

P2 K _ Fa?
v+4+uv +x2—0, k—EI (44)

The solution of (44) can be shown to be

2cq
1-4k -1
)

2x

v(x)=1-
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Thus, we have for y(x) that

C1

V1-4k
X 2

y(x) = cvx| 1+

v
LSS LSS L S SL S AL S SL A

Figure 1 Buckling model of a tapered column.

Table 1. Proper solutions of some second order ordinary differential equations

Differential Equation Proper Solution
y'—Qa+4a*x*)y=0 s=e%"  aisaconstant
y" —(6a+ 4a*x?)y =0 s = xe®™’
y" —(2x7?+10a + 4a’*x?)y =0 s = x2e®’
y" —(12ax? + 16a*x%)y =0 s = eax*
y" —Ra+ (2ax +b)*)y =0 s = e +bx+c g b ¢ are constants
y"' = [n(n—1x"? +2an + 2a(n + 1) s = x"e%” a nare constants
+ 4a%x?]y =0
y - d4xaixe 4 oa 4+ 4a2x2] y=0 s = (dx + e)e®’, a,de are constants
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Table 1. Continued

. [Z(Zax + b)d

2 2 2]
Ixto + 2a + (2ax + b)?*|y

s = (dx + e)eax2+bx+c

=0 a,b,c,d,e are constants
y" = [an(n — 1)x™2% + a?n?x? D]y =0 s =e"
y" —2axy' —2ay =0 s = e’

y" —Qax+b)y' —2ay =0

y" —3ax?y’ — 6axy =0

s=e
y" —4ax3y' —12ax?y = 0 s = eax!
y" —anx™ 1y’ —an(n — D)x" %2y =0 s = e®"

dm(m —1)x™ 2 + es(s — 1)x572
dx™ + ex$

2dmx™ ! + esx$71

dx™ + exs

+na(n — 1)x""2 + n2q2x2n-1) ]y =0

n

n-1

(na)x

s = (dx™ + ex®)e®™"

d,e,a,m,n are constants

y"'—ax"?(ax"+n+1)y=0

y"+ay +b(—bx?*+ax+1)y=0 <= o7
y'+ (& =b¥)y —(x+b)y=0 s=x—b
y" + (ax? + bx)y' + c(ax?+ bx —c)y =0 s=e™
y" + (ax™ + bx™)y' — (ax™ ' + x™ 1)y S=X
=0
y" + (ax? + 2b)y' + (abx? — ax + b*)y =0 s = xe™

2.4. Alternative method of Solution

Now, as a new method, we propose the transformation y = ae*/ 24% where k is a constant while
a(x) and b(x) are functions to be determined. Taking derivatives y’,y"', and substituting into

Eg. (1), one obtains
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a"ekIbdx 4 (2kb + P)a’ek /P9 4 (kab' + k%ab? + Pkab + Qa)e* /3% = R(x) (45)
Now, we choose b(x) such that

b +Pb+kb? +%=0 (46)
EqQ. (46) is a Riccati equation. Under this assumption, Eq. (45) can be written in the form of
a’ +Aa’ =R (47)
where R = Re */b% and A = 2kb + P. Putting a’ = u in Eq. (47) one obtains

u +Au=R (48)
It is already known that the solution of Eq. (48) is given by

u=e T4%[c, + [ R(x)el 49¥dx]

Example 10. The non-homogeneous equation of the form

y" 4+ 5xy’ + (%xz + g)y = R(x) (49)
Here, R(x) is an arbitrary function. After taking k = 1, Eq. (46) takes the form of

b+ 5xb+ b2 + (£x2 +2) = 0

The solution of the equation above is

Inserting b(x) into Eq. (48) yields

_ 5,2
u + Lu — e[ ln(x+c)+4x ]R(x)
x+c

As an example, let us assume that R(x) = e~5%/4 In this case, u is obtained as

—_ % 1
u= (x+c)? T 2

Remembering that a’ = u and y = ae/ 7% we find
a=-—-2+Z+4¢

xX+c 2

and
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x(x+c 5,2
y:[—c2+ (+)+c3(x+c)]( ) (50)
Eq. (50) can be written as follow

G

y = I 1+ —=2== +C3(x+c)l __x)

Since Eq. (49) is linear, it can be taken ¢, = 1. Thus, the solution of Eq. (49) is obtained as
5

y = [—1+x(x+c)+cg(x+c)]( 2)

Example 11. Let us consider the equation

y" +8xy’ + (16x? — 12)y = R(x)

Here, R(x) is a function that will be chosen arbitrarily later. Taking k = 4 and using the
transformation equation y = ae*/ 9% one finds

b’ + 8xb + 4b* + 4x> —3 =0 (51)
and
a’ +Aa =R

where R = Re~*/%4* and A = 2kb + P(x) = 8b + 8x. To solve Eg. (51), the method
proposed by Pala and Ertas [7] is used. Egs. (35) are applied to this example as follows

g= 4 (528.)
[£+2] = 8x (525)
s(x) = ’;—g — (4x2—3) (52¢)

Eq. (52a) and Eq. (52b) give f(x) = ce?*”. Substituting f(x) into Eq. (52c) gives s(x) = 4
Then, the transformation equation ¥’ — gs(x)y = 0 yields

¥ =16y = 0

whose solution is given by

y=ce*™ +ce™™

Now, using Eg. (36), we obtain

4x

_1d V) _ ae*f-ce ™
b(.X') —Ea(ln—) = —X

f cie**+cye=4x

771



New Analytical Method For Solution of Second Order Ordinary Differential Equations With Variable
Coefficients

where ¢ = ¢, /c,. Putting a’ = u yields

u' +Au =R (53)
The solution of Eq. (53) is expressed as
u=e~T4d[c, + [ el 49*R dx]|

Remembering A = 8b + 8x and putting into the equation above, we finally obtain

e8x

a' =u=———[c, + [(T+e®)2e R (x)dx]

(C+e8%)2
e = 8x)2,-8xp
a =] amleat [(@+e®) e ™ R(x)dx]dx + cs

and
e8x _
y= (f Greo) [04 + f(E + esx)ze‘sxR(x)dx] dx> (C + e8%)e2x(x+2)

3. Conclusion

In this study, we have proposed new approaches for the analytical solution of second order
ordinary differential equations of general type. Four methods have been given. The first one is
limited in that it requires P’ = Q while the second method is general. However, the second
method requires the solution of adjoined equations (13) or (14) of second order homogeneous
type. Different cases have been considered for the solution of Egs. (13) and (14). In order that
the analytical solution of either Eq. (13) or (14) be obtained, we have included a table in which
proper solutions of some important equations are given. The method of transforming into
Riccati equation has also been studied and a different method has been proposed based on a
new method developed in [7]. According to this method, the transformed equation takes the
simplest form whatever the original equation is. The transformed equation reveals whether the
problem is solved in terms of standard or special mathematical functions. In the fourth method,
the approach is different, but the solution is also based on the solution of Riccati equation.
Therefore, the last two methods utilize the recently developed method for Riccati equation.
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Abstract

In this study, the dynamical behaviors of a prey—predator model with strong Allee effect are investigated.
Existence of the fixed points of the model are examined and topological classification of the coexistence
fixed point is obtained. By selecting bifurcation parameter as a [, it is demonstrated that the model
can experience a Neimark-Sacker bifurcation at the coexistence fixed point. Bifurcation theory is used
to present the Neimark-Sacker bifurcation conditions of existence and the direction of the bifurcation.
Additionally, some numerical simulations are provided to back up the analytical result. OGY feedback
control method is implemented to control chaos in presented model due to emergence of Neimark-Sacker
bifurcation. Following that, the model’s bifurcation diagram, maximum Lyapunov exponents and the

triangle-shaped stability zone are provided.

Keywords: Prey-predator model, strong Allee effect, Neimark-Sacker bifurcation analysis

Giiclii Allee Etkili Av-Avclr Modelinin Kararliligi, Neimark-Sacker

Catallanma Analizi ve Kaos Kontrol
Oz

Bu calismada, giiclii Allee etkisi igeren bir av-avcr modelinin dinamik davramglar: arastirilmigtir. Mode-
lin sabit noktalarimin varligi incelenmistir ve her iki tiirtin bir arada oldugu denge noktasinin topolo-
jik simiflandirmasi elde edilmistir. S catallanma parametresi olarak secildiginde, modelin her iki tiirtin
bir arada oldugu denge noktasinda bir Neimark-Sacker ¢atallanmas: olacagl gosterilmistir. Catallanma
teorisi, Neimark-Sacker catallanma varolug kogullarini ve gatallanmanin yoniinii sunmak icin kullanihr.
Ek olarak, bazi sayisal simiilasyonlar, analitik sonucu desteklemek igin sunulmustur. Sunulan modelde
Neimark-Sacker gatallanmasinin ortaya ¢ikmasi nedeniyle olugan kaosu kontrol etmek igin OGY geri
besleme kontrol yontemi uygulanmaktadir. Bunu takiben, modelin catallanma diyagrami, maksimum

Lyapunov iistelleri ve tiggen seklindeki kararlilik bolgesi verilmigtir.
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Stability, Neimark-Sacker bifurcation analysis of a prey-predator model with strong Allee
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1. Introduction

In the literature on bio-mathematics, the study of prey-predator systems that demonstrate interactions
between two prey-predator species has been a significant topic. Many researchers have recently inves-
tigated the intricate dynamics of prey-predator systems [II, 2] [3] 4 [5] [6l [7]. The Lotka-Volterra model,
created by Lotka and Volterra, is the original and most basic prey-predator model. Many researchers
have altered this model because it ignored a number of real situations.

Ecological aspects like emigration and immigration, functional responses, diffusion, time delays, etc. have
been introduced. Allee effect is one of the key ecological variables that can significantly alter the prey-
predator system [7, [8]. When simulating the interactions between predators and prey, it is crucial to
take into account the increase of the prey population to its carrying capacity in the absence of predators.
Consider the development of logistics. The per capita growth rate of prey achieves its maximum while
their population density is low and starts to decrease as prey density increases, according to this logistic
growth. However, such growth rates are not always advantageous for lower densities [9, [I0]. There are
various biological causes for this.

The Allee term derives from an experimental research conducted by renowned ecologist Warder Clyde
Allee. Allee discovered in the 1930s that many natural populations, including those of plants, birds,
marine invertebrates, insects and mammals, frequently experience individual fitness losses at lower critical
densities. It describes an association between any metric of species fitness and population size that is
favorable. Allee effect can be split into two groups: strong effects and weak effects. For the strong Allee
effect, there is a population threshold below which the species becomes extinct. On the other hand, the
weak Allee effect appears when the growth rate slows down while still being positive at low population
density [111 [12] [13] [14]. Many researchers have been interested in the dynamics of predator-prey models
that incorporate the Allee effect in prey development rate [I5] 16} 17, 18] [19] 20 211 22] 23].

It is not well recognized that two or more Allee effects can occur simultaneously in the same population.
For the management of endangered or exploited populations, it is crucial to consider the presence and
interplay of various Allee effects. This work presents a mathematical investigation of the stability of a
prey-predator system with strong Allee effect.

The following discrete-time predator-prey model has been considered by the author in [24]:

Nit1 = BN(1—Ny) — NP, (1)

1
Py = —NiP
o

where N; and P; represent the numbers of prey and predator, respectively. The «, 3 parameters are
positive real numbers.

The current work looks at a discrete-time prey-predator model where the predator population outnumbers
the prey population and the prey population is susceptible to a strong Allee effect. The stability and
bifurcation analysis of the the prey-predator model with weak Allee effect will be examined in another

study.
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2. Preliminaries

The Model and Its Fixed Points
Modification of the model (1) is taken into consideration in this study,
Nn B C
No +1

Npy1 = BN, (1-N,) ( > —~ N, P, (2)

1
PnJrl - aNnPn

where N,, and P, represent the densities of prey and predator, respectively, a and S are the intrinsic
growth rates of the predator and prey, 7 is the non-fertile prey population, ¢ is the Allee coefficient.

By biological setting, we have 0 <n < land —n < <1,80(+n>0. If 0 < (<1, the Allee effect is
called strong, while if —n < ¢ < 0, it is called weak Allee effect.

The %Z_f] term represents the multiple Allee effect which means two or more Allee effects act simulta-
neously on the single population.

We now explore the discrete-time prey-predator model’s stability and the existence of fixed points, in-
cluding the Allee effect on prey.

If we write

Nn = n+1:N*a Pn = n+1:P* (3)
in system , the following system can be obtained as follows:

N* —¢

N*
N*+n

BN*(1 - N*)(2e—s) = N*P* (4)

P*

1

—N*P*

a

A simple calculation reveals that the system has the following three fixed points:

D, =(0,0)

2p

o= o0 (35) )

3. Main Theorem and Proof

Dby <BC+B—1+\//3242—262C+62—2BC—4ﬁn—2ﬁ+1 0)

Lemma 3.1 For the system @, the following statements hold true:

i) The system always has an azial fized point D1 = (0,0).

BCHB—14+/B2C2—262C+B2—26¢—4Bn—26+1 :
23 ’ 0 Zf

4t) The system has an azxial fized point Dy =

B2(C—1)?—28(¢+1) +1
Ap

n<

i) The system (@) has an coexistence fized point D3 = (a, B(1— a)(j—;f}) - 1) if the following condition
holds:

0<a<l B><(1(Zé)t07§)> (5)
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3.1. Local Stability Analysis

As Dj is biologically significant, stability and bifurcation analysis has been studied for this fixed point
only. The Jacobian matrix of the system evaluated at the fixed point D3 is as following;:

, (atm)?
_ Ba®—Bal—Ba+pBl+a+n 1
(atn)a

—B0” +(=28n+ 1) H(2+(C+DBn+Bat+n®
J(Ds) =

Moreover, the characteristic polynomial of J(Dj3) is given by:

F(\) = A2 <—ﬁa3 + (=261 +2)a +(a<<;4:)§<+1)6)n+/3§)a+2n2) ) (©)
B(=2a° + (( = 3n + D)a® + 2n(¢ + Do — ()
+
(a+n)?
Then, by simple computations it follows that
F(l):7ﬁa2—ﬁaf—aﬁf+ﬁﬁ+a+n’ )
n
oy 380 + 3+ (¢ =5+ 1)B)a + (8¢ +3)n + OB + 6m)a — BCn + 3n°
F(-1) = 5 : (8)
(a+n)
and
F(0) = B (=203 + (¢ =3n+1)a? +2n(¢ + 1)a — (n) (©)

(o +n)?

The following lemma will be used to discuss the dynamics of coexistence fixed point of system.

Lemma 3.2 F(\) = A2 + B\ + C, where B and C are two real constants and let F(1) > 0. Suppose A\
and Ay are two roots of F(\) = 0. Then the following statements hold.

(i) |M\1| <1 and |X2| <1 if and only if F(—1) > 0 and F(0) < 1.
(ii) |A1| > 1 and |X2| > 1 if and only if F(—=1) > 0 and F(0) > 1.
(i11) |A1] <1 and || > 1, or |A1] > 1 and |A2| < 1, if and only if F(—1) < 0.

(iv) A1 and Xy are a pair of conjugate complex roots and |A\i| = |X2| = 1 if and only if B> —4C < 0 and
F(0)=1.

(v) M1 =—1 and |2 # 1 if and only if F(—1) =0 and B #0,2.

Assume that A\; and Ay are the roots of the characteristic polynomial at the coexistence fixed point
(N, P). Then, the point (N, P) is called sink if |A;] < 1 and |A2] < 1 and it is locally asymptotically
stable. (N, P) is called source if |A;] > 1 and |Az] > 1 and it is locally unstable. The point (N, P) is
called saddle if [A;] < 1 and |Az] > 1, or |A1| > 1 and |A2| < 1. And, (N, P) is called non-hyperbolic if
either |A\1| =1 or [Ag| = 1.

Theorem 3.3 For coexistence fixzed point D3 of system (@ the following holds true:
(i) D3 is a sink if and only if

3Ba® + 5nBa’ 4+ B¢n < (34 (B + B)a* + (3¢nB + 3nB + (B + 6n)a + 3n°
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and

B¢+ Da(a+2n) < (a+n)* +2Ba® + 3nBa’ + B¢n
(i1) D3 is a source if and only if
36a” +5n8a” + B¢ < (3+ (B + B)a® + (3¢nB + 30 + (B + 6n)a + 31°
and
B¢+ Dala +2n) > (a+n)* + 280 + 3n8a® + B(n
(iii) D3 is a saddle if and only if
360’ + 5nBa’ + B¢ > (3+ (B + B)a® + (3¢nB + 308 + (5 + 6n)8 + 3n*

(iv) The roots of Eq.@ are complex with modulus one if and only if

Ba® + (267 — 2)a” + (=4 + (=¢ — 1)B)n — fO)a — 2n° < 4B(26° — a®¢C + 3a’n — 2a¢n — o — 2an + ¢n)(a + n)*
and
B¢+ Dala+2n) = (a+n)* +28a° + 3nBa’® + B¢y

(v) Assume that Ay and Ay be roots of Eq.@, then Ay = —1 and |X\2| # 1 if and only if
3Ba’ +5nBa® + BCn = (3 + CB + B)a® + (3¢S + 30 + ¢B + 6n)a + 3n*

Ba® + (281 — 2)a® + (44 (¢ = 1)B)n — BOa — 2> # 0
and
Ba + (280 — 4)a” + (=8 + (=¢ — 1)B)n — Ba — 4n° # 0

3.2. Neimark—Sacker Bifurcation Analysis

We examine the Neimark-Sacker bifurcation conditions for the system at coexistence fixed point
(a, B(1— oz)(;%g) - 1) in this section. In addition, the direction of the Neimark-Sacker bifurcation is
analyzed. From Eq.@ it follows that F'(A) = 0 has two complex conjugate roots with modulus one, if

the following conditions are satisfied:

A = (Ba®+ (287 —2)a® + (—4+ (—¢ — 1)B)n — B)a — 2)”
—4B(a +n)? (2a3 +(=C+3n—1)a® + (=2(n—2n)a + CT]) <0

a—+n)2 a(2a2 +3an —a — 2
b= = ot g oo a 2 (10)
—20% + (¢ =3+ 1)a® + 2(¢ + Da —n¢ a” +2amn =1
Assume that
_ i _ (atm)’ a(20” +3om — a — 2n)
QNS_{w’a’C’")ER+‘A<O’ 5_—2a3+(C—3n+1)a2+2n(cj+1)a—nc’ 4 a? +2an =1

The coexistence fixed point of system undergoes Neimark-Sacker bifurcation as a result of parameter
(a+n)?
=203 + (¢ =30+ 1)a? + 29(¢ + o — ¢

change in the small neighborhood of the set Qxng. Set 82 =
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a(2a? + 3an — a — 2n)
a? +2an —n
expressed by following two-dimensional map:

such that ¢ #

and assume that (82,a,(,n) € Qng, then system can be

() - BN (1= N) () = NP

1
P —NP
o

(11)

Let B denotes the bifurcation parameter, then corresponding perturbed mapping of is given as

follows: N
;C) _ NP
N +n (12)

(];) . (B2 + B)N(1 ;1]\:](3

where ||3|| < 1 denotes the small bifurcation parameter. Next, the transformations ¢ = N — a and

s=P— (1 —a)(2=5) —1 are considered, then from the map we have

() = (e sy (4 + (o) "

where
fi(t,s) = mist® + mygt® + mysts + O(|t] + |s])*
fa(t,s) = masts + O(|t] + |s])*
S P a(=2a(Bs + B) + (C+ D)(B2 + B) +2)n + a(=(B2 + B)a® + a + (B2 + B)() _
11 = 3 y M2 = -«
(a+n)
BB Q i@ty
a(ar+1n)
o= B4 B+ D +n) (a4 3a’n+3an? — O — Cn —1*)(B2 + B)
v (a+mn)? o (o + )3
mis = —1 mos = 1
a

The characteristic equation of Jacobian matrix of linearized system of evaluated at the fixed (0, 0)

can be written as follows:

A2 — A(B)A+ B(B) =0, (14)
where =/ 3 5

= o (B2t B)(a® +20%) — aln — ol — an)
and

(B2 +B) (—20° + (¢ = 3n + 1)a® + 2n(C + 1)a — ()
(a+m)?
Since (B2, ,(,n) € Qng, therefore the complex conjugate roots of Eq. are given by:

B(B) =

_AB)+i1B() - (AG)
1,2 = 9

Then, we obtain that

oy B2+ B) (=207 + (¢ =30+ 1)a? + 29(¢ + 1) — ()
A1l = [Aa] = 5
(a+mn)
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a(2a? + 3an — a — 2n)
a? +2an —n

Moreover, in order to obtain the non-degeneracy conditions, we assume that ¢ #

then it follows that

(W) :(d|)\2|> 208 — (¢~ 30+ Do? — 2(C + Do+ ¢y
g B=0 g B=0 2(a+n)?

Moreover, we have —2 < A(0) < 2 because (82, «,(,n) € Qns. On the other hand, we have
a(@® +2an—(n—<C—n) a(20? + 3an — a — 2n)
A(0) = 2 . A that
© T 207+ (30— D)o+ (20— 2mjat¢p” e e <7 a? +2am — 1
A(0) # 0 and A(0) # —1, that is,

£0

a(a® +2an — ¢n— ¢ —n)
20° + (=C+3n — 1)a? + (=2¢n — 2n)a +(n
Conditions in Eq. and with (82, ,(,n) € Qng make sure that A(0) # £2,0,—1, and in a result we
have A", A\J # 1 for all m = 1,2,3,4 at 8 = 0. Hence roots of Eq. do not lie in the intersection of
the unit circle with the coordinate axes when 8 = 0. In order to obtain the normal form of Eq. at

_ A0) 4B(0) — (A(0))?
2

42,3 (15)

B = 0, assuming that £ = T = 5 . Furthermore, let us consider the following

(D%QTﬁlg>@> (16)

Under transformation Eq.7 the normal form of Eq. can be written as:

G)-C )6+ Gen) an

transformation:

where
— m m m
Fla,y) = =65+ —242 + —2ts+ O((Jz] + |y])*),
mi2 mi2 mi2
—mi1)m ma: —mi1)m m —mi1)m m
9 y) = ((f 11)miz 23) t3+<(§ 1)mig 24) t2+<(£ 1)mis 25) ts+O (|41,
12T T mi2T T 12T T

t = mizx and s = (£ — my1)z — 7y. Next, we consider the following real number:

1—2X\1)A3 1
L = ([—Re <(1)2l€20,‘€11> — §|K311‘2 — ‘H02|2 + Re()\gligl):|)

1-X B3=0

where

1 - L _ -

Koo =
8

1 — —= L _
K11 = Z [fx:r: +fyy +7’(gzz +gyy)]

1 — _ L _ —
Ko2 = g Exw - fyy - 2gwy + Z(gzm - gyy + 2fmy)}

1 — _ _ . L _ _

Moreover, the partial derivatives of f and § evaluated at 3 = 0 are given by:

K21 =

Fow = 2magmiz +2(§ —ma)mus,  fuy =Gy, =0 Guy = —(& — mar)mas + mosmaz

_ (€ — ma1)maz(maig — maz) — maam?y + (€ — m11)*mas - - 2
9pa = 2 < T ) fmy = —TMis, fxm:c = 6m12m13’

g -6 ((f - m11)m13m%2 — mzsmi’z
TTT T

- > Gyyy = Tayy = Fyyy = Fawy =0

Arguing as in [B [6l, 25] 26}, 27] we have the following result which gives parametric conditions for existence

and direction of Neimark-Sacker bifurcation for coexistence fixed point of system Eq..

781



Stability, Neimark-Sacker bifurcation analysis of a prey-predator model with strong Allee
effect and chaos control

Theorem 3.4 Suppose that Eq. holds true and L # 0, then system endures Neimark-Sacker

bifurcation at its unique positive steady-state (045(1 — 0‘)(37;5) — 1) when the bifurcation parameter 3

(a+n)?
—2a3 4+ ((—=3n+1)a?+2n(¢C+ a—n¢

. Furthermore, if L < 0, then an attracting invariant closed curve bifurcates

varies in a small neighborhood of By = such that

a(20? +3an — a —2n

g i )
a® +2an—n

from the fized point for B > B2, and if L > 0, then a repelling invariant closed curve bifurcates from the

fized point for B < fPo.

3.3. Chaos Control

Population models, particularly those that deal with the biological reproduction of species, are thought
to be critically dependent on the ability to control chaos and bifurcation. Discrete-time models often
exhibit more complex behavior than continuous ones. To safeguard the public from unforeseen events, it
is essential to put chaos control mechanisms into place. In this section, we will look at a feedback control
strategy for reorienting the unstable trajectory toward the stable one. To accomplish this, we first use the
OGY approach to run system Ott et al.[28], proposed this strategy. See also [29] for further details
on the OGY strategy. To apply the OGY method, we rewrite system as follows:

ané
Nn = Nn 1 *Nn *ann = Nnypna 18
no= AN NG F (N P ) (13)
1
P = aNnPn:g(Nnapnaﬂ)

where the necessary chaos control is achieved by using only very small disturbances and the regulating
parameter 3. To do this, the parameter (3 is restricted to lie inside the range § € (8p — ¥, By + V), where
¥ > 0 and By denote the nominal value associated with the chaotic region, respectively. We employ
the stabilizing feedback control strategy to direct the trajectory toward the desired orbit. Assuming
that the unstable fixed point of system is (N*, P*) = (oz,ﬂ(l — a)(g—;f]) — 1). System can be

approximated concerning the unstable residual point in the chaotic zone brought on by the appearance

of Neimark-Sacker bifurcation:

]\/anrl_N“k ~ * % Ny — N* _
|:Pn+1—P*:|NJ($’y’BO) |:Pn_P*:|+H[ﬁ BO]’ (19)
where
af(N;}f;*,ﬁo) 3f(N;£*750) —Boo+(=2B0nt1)0” H(2HCHDBo)ntBoQartn”
v . _ (a+n)
JINTP5Bo) = | ag(N* 7, By)  dg(N*,P*B0) | = [ —foa*+foal+Bya—fol=a=n
N 2P (a+n)a
and
Of(N*, P*, Bo)
_JAN 0 YT a27acfoz3+a2c
B= *aﬂ * =| ot
9g(N*, P*, o) 0
B

Moreover, system is controllable provided that the following matrix

a?—al—a’+a?¢  (—a+Q)(—Boa’+(—2Bon+1)a’+((2+(¢+1)Bo)n+BoQ)a+n?) (—14+a)a

_ . _ a+n (atn)?
C= [B ' JB] B 0 (—1+a)(—OH-C)(—50022+(—);+(C+1)50)0¢—,@0C—U) (20)
a—+n
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. . N, — N*
is of rank 2. Moreover, taking [8 — fo] = - K |:Pn B P*] where K = [pl pg], then system can be
written as
Npy1 = N*| o N, — N*
Furthermore, the corresponding controlled system of Eq. is given by
Nos1 = (Bo—p1(Nop = N¥) = p2(Pn — P*))Np(1 — Ny) Noin) N Py (22)

1
Pn+1 = aNnPn

Furthermore, if and only if both of the eigenvalues of the matrix J—BK are contained within an open unit

disk, fixed point (N*, P*) = (a,ﬂ(l —a) (%) - 1) is locally asymptotically stable. The controlled

system ’s Jacobian matrix J — BK may be expressed as follows:

—Boa®+(=2B8on+1)a®+((2+(¢+1) Bo)n+Bo) a+n” 4 ale=D@=Qp _, 4 ale=D)(@=Cp
J— BK = (atn)* atn atn
—Boa”+Boal+Boa—Bol—a—n 1
(atn)a

Let A\; and Ay are the eigenvalues of the characteristic equation of Jacobian matrix J — BK, then we

have
A Ay = —Boa® 4+ (—=2Bon + 1)a® + ((2 +2(C +1)B0)n + Bo¢)a + 12 i ala—1)(a— C)Pl’ (23)
(a+mn) a+n
_ala—1)(a—() (—a+ e = 1)(=Boa® + (Bo€ + Bo — 1)a — Bo{ — 1)
A1Ag = ot p1+ (@+1n)? P2 (24)
Bo(—2a” + (€ = 3n +1)a® + 2n(¢ + )a — (n)
_|_ .
(a+m)?

Next, in order to determine the lines of marginal stability for the corresponding controlled system, we
choose \; = £1 and A1 Ay = 1. Additionally, these limitations guarantee that the open unit disk contains

A1 and Ag. Inferring from Eq. that Ay Ao = 1, it is implied that:

L at 4 (=¢+n -1’ + ((=¢ = D+ ¢a® + aln
1= P1

(e +m)?
4 Boa + (=280 = 280 + 1)o® + (B¢ + 4BoC + fo = C+n — Da® + (=¢ = D)n = 280¢ +¢ = 260¢M)a + (0 + BoC®
(a+m)? -
L =2600 + (Bo¢ = 380m + Bo — Da? + (2B0¢ + 260 — 2)na = fo¢n —n* _

(c+m)?

Moreover, we assume that A\; = 1, then Eq. and Eq. yield that:

Lyow  Boo (=280 = 280 + a® + (BoC® + (480 = V¢ + fo 1 — Do + (=260¢* + (1 = 260 = )¢ —matCn + Bo®

(e +m)?
L =Boa® + (Bo¢ = Bon + Bo = Do + ((Bon = Bo)¢ + Bon = 2ma = Botn —n* _
(e +m)?
Finally taking Ay = —1, then from Eq. and Eq. we get
Lo _2ala=1¢=2a®  (ca+Q)(a=1)(=Boa® + (B¢ + Bo = Da = o¢ =)
3= atn P1 (04+77)2 P2
L =3B0a® + 3+ (¢ = 5n + DBo)a® + (B¢ + 3)n + O)Bo + 6ma = BoCn + 31 _

(o +m)?

The triangular area in the pjpe-plane bounded by the straight lines Li, Lo, Ls then contains stable

eigenvalues for a given parametric value.
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3.4. Numerical Simulations

Using the Maple 2021 and Matlab R2022b programs, numerical simulations are utilized to demonstrate
the correctness of the theoretical research included in this section. Different parameter values were utilized
during these simulations, and unique graphs were created for each.

Example 3.4.1: For the parameter values o = 0.2, = 0.001,7 = 0.05 and with initial condition
(No, Py) = (0.24,0.08), the coexistence fixed point of the system (2] is obtained as D3 = (0.2, 0.04709287).
The critical value of Neimark-Sacker bifurcation point is obtained as 8 = 1.644304130. The characteristic
equation of the Jacobian matrix evaluated at (0.2,0.04709287) is given by:

A2 —1.952907130\ + 1 = 0.

The roots of this characteristic equation are Ay = 0.976453565040.21572768817 and Ao = 0.9764535650 —
0.2157276881i. And also, |\1| = [A2] = 1. Therefore (5, ,{,n) = (1.644304130,0.2,0.001,0.05) € Qns.
The bifurcation diagrams and corresponding maximum Lyapunov exponents (MLE) are plotted in Figure

1.

-0.005

N(t),P(t)
Masximum Lyapunov Expanents

-0.010}

beta

(a) Bifurcation diagram for N,,P, (b) Maximum Lyapunov exponents.

Figure 1: Bifurcation diagrams and MLE for system with « = 0.2,¢ = 0.001,n = 0.05 and (Ny, Py) =
(0.24,0.08)

Next, we implement OGY control strategy in order to control chaos due to emergence of Neimark-Sacker
bifurcation. For this, we take Sy = 1.725,a = 0.2,¢ = 0.001,7 = 0.05 and D3 = (0.2,0.09848), then

corresponding controlled system is given by:

N,, —0.001

Nps1 = (1725 — p1(N, — 0.2) — pa( P, — 0.09848))N,, (1 — N,,) ( N 005

) — N,P, (25

1
Pn+1 - @ann

Then, characteristic polynomial of the Jacobian matrix of the controlled system evaluated at
(0.2,0.09848) is given by:

F(\) = A% — (1.950596 — 0.12736p1 )\ + 1.049076 — 0.12736p; + 0.062712064p2 (26)
Additionally, the marginal stability lines are provided by for the controlled system
Ly :=0.049076 — 0.12736p1 + 0.062712064p2 = 0

Ly :=0.09848 4- 0.062712064p2 = 0
L3 :=3.999672 — 0.25472p; + 0.062712064p2 = 0

Figure 2 depicts the triangle-shaped stability zone enclosed by these marginal stability lines L1, Lo, and
Ls.
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Figure 2: Triangular stability region bounded by L1, Lo and L3 for the controlled system

4. Conclusion

The stability and bifurcation analysis of a discrete-time predator-prey model with strong Allee effect
are examined in this article. The system has three fixed points, identified as Dy, Dy and D3, as
we proved. Topological classifications of these fixed locations were given. We showed using bifurcation
theory that the system will experience Neimark-Sacker bifurcation at a specific coexistence fixed
point if a varies around the set Qyg. The parametric conditions for coexistence fixed point D3’s direction
Neimark-Sacker bifurcation were given. Finally, Neimark-Sacker bifurcation, chaos control and maximum
Lyapunov exponent of the coexistence fixed point are verified with the help of numerical simulations. To
support the theoretical conclusions, we also provided further numerical simulations using Maple 2021 and

Matlab R2022b.
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Abstract

The catalytic a—alkylation reaction is one of the methods commonly used to form C-C bonds. In this study the
zinc (1) and cadmium (I1)-salphen catalyzed a-alkylation of ketones with primary alcohols is reported. Various
a-alkylated ketones were obtained in good yields through a borrowing hydrogen strategy by using 1 % of
catalysts and a catalytic amount of NaOH (10 mol%) as the base under air atmosphere. All synthesized
compounds were characteized by *H and **C NMR. The highest conversion was obtained using the complex 1a.

Keywords: Zinc, cadmium, salphen, alkylation, ketone

a-Alkillenmis Ketonlar Olusturmak icin Cinko(IT) ve Kadmiyum(II) Salfen Katalizli
Alkilasyon Reaksiyonlari

Oz

Katalitik o—alkilasyon reaksiyonu, C-C baglari olugturmak i¢in yaygin olarak kullanilan yontemlerden biridir.
Bu c¢aligmada, ketonlarin birincil alkollerle ¢inko (IT) ve kadmiyum (II)-salfen katalizli a-alkilasyonu rapor
edilmistir. Hava atmosferi altinda %1 katalizor ve baz olarak katalitik miktarda (%10 mol) NaOH kullanilarak
bir 6diing hidrojen stratejisi yoluyla ¢esitli a-alkillenmis ketonlar iyi verimlerle elde edilmistir. Sentezlenen tim
bilesikler, *H ve ®C NMR ile karakterize edilmistir. En yiiksek doniisiim kompleks 1a kullanilarak elde
edilmistir.

Anahtar Kelimeler: Cinko, kadmiyum, salfen, alkilasyon, keton
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Zinc(11) and Cadmium(ll) Salphen Catalyzed Alkylation Reactions to Form a-Alkylated Ketones

1. Introduction

Condensation of salicylaldehyde derivatives with 1,2-diamines leads to the formation of an
important class of ligand known as " Salens and Salphens ". Many different salen ligands can
be synthesized using of numerous differently substituted salicylic aldehydes or diamine
derivatives. The variety of metal-salen complexes can be expressed by numerous references to
these complexes available in chemical databases. The most prominent metals examined are
cobalt [1], manganese[2], copper[3], nickel[4], iron[5] and chromium[6]. Metal-salen
complexes of these elements are extensively used in catalysis. Due to the multifunctionality of
the Salen complexes, they have been shown by Jacobsen as "privileged ligands for catalysis™.[7]

Catalysts are highly important in the development of sustainable chemical processes. The
catalytic o—alkylation reaction is one of the methods commonly used to form C-C bonds.
Transition-metal catalysts based on ruthenium([8], rhodium[9], iridium[10] and gold[11] have
confirmed to be highly efficient for this reaction. Although used in low catalyst loading, the
attention in the use of more sustainable alternatives has increased as these metals bear inherent
disadvantages such as limited availability, high price, and toxicity. In this regard, there has
been increased interest in the use of earth-abundant first-row transition metals such as iron[12],
manganese[13], cobalt[14], or nickel. [15]

The aim of the present work is to design an inexpensive catalyst that can be easily prepared for
the o—alkylation reaction of ketones, utilizing the coordination between Schiff base. Herein, the
synthesis and structure of Zn(I1)- and Cd(Il)-Salphen complexes (1a-b) incorporating N,N'-
Bis(salicylidene)-1,2-phenylenediamine (L) ligand have been described. The complexes have
been characterized via NMR spectroscopy techniques and screened to examine the catalytic
activity for the a—alkylation of ketones. From the promising results, Zn(Il)-salphen complex
has been found to be potentially useful for this purpose. Zinc is a cheaper and more abundant
metal, however, to the best of our knowledge, the activities of salphen ligands with zinc for the
a—alkylation of ketones have not been reported in the literature.

2. Material and Methods

Scheme 1 describes the method used for the synthesis of the ligand (L) and complexes (1a-b).
The four-coordinate Zn (11)- and Cd(l1)-salphen complexes (1a-b) were synthesized by reaction
of M(OAC)2.xH20 (M = Zn, Cd) with L at 78 °C in ethanol. The Zn (I1) and Cd (I1) complexes
were synthesized according to a modified literature procedure in good yield. All complexes are
stable in air, insoluble in H>O and soluble in DMSO, DMF, moderately soluble in chlorinated
solvents, partly soluble in ethanol. Synthesized compounds were characterized by NMR
spectra. The physical properties and spectroscopic data of the obtained compounds are in
accordance with previous reports. [16]
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Scheme 1. Preparation of Zn(I1)- and Cd(lI1)-Salphen Complexes 1a-b.

Experimental Details. Unless otherwise specified, all reagents were obtained commercially
and used without further purification. NMR spectra were recorded on Varian AS 400 Mercury
NMR spectrometer and reported in units of parts per million (ppm) relative to tetramethyl
silane (8 = 0 ppm), CDCl3 (8 = 7.26 ppm for *H and § = 77.0 ppm for *C NMR) or DMSO-ds
(6 =2.48 ppm for *H and & = 39.97 ppm for 13C NMR).

Synthesis of ligand (L). A solution of salicylaldehyde (4.0 mmol) in ethanol (2 mL) was added
dropwise to a solution of o-Phenylenediamine (2.0 mmol) in the same solvent (2 mL). The
mixture was stirred at room temperature 3h, during which time a precipitate was formed. The
product was filtered out, washed with ethanol (2x2 mL) and dried under reduced pressure.

Ligand L. Yield: 83%, yellow solid. *H NMR (400 MHz, DMSO-ds,): § = 12.95 (bs, 2 H, OH,
[H19, H20]), 8.91 (s, 2 H, N=CH, [H5, H6]), 7.65 (dd, J1 =8.0 Hz, J> = 1.6 Hz, 2 H, [H9, H18]),
7.45-7.37 (m, 6H, [H11, H16, H21, H22, H23, H24]), 6.97-6.94 (m, 4H, [H10, H12, H15,
H17]). *C NMR (100.6 MHz, DMSO-ds, TMS): & = 164.5 (C=N, [C5, C6]), 160.8 [C13, C14],
142.7 [C1, C2], 133.9 [C11, C16], 132.9 [C9, C18], 128.2 [C22, C23], 120.2 [C21, C24], 119.9
[C7,C8], 119.5 [C10, C17], 117.1 [C12, C15].

General procedures for the synthesis of complexes la-b. To hot 5 mL ethanol solution
containing 1.0 mmol of the ligand, 5 mL of ethanol solution containing 1.0 mmol of
M(OAC)2.xH20 (M = Zn, Cd) was added dropwise. After stirring for 2 h at 78°C the formed red
complexes were filtered, collected, and then washed with ethanol. The complexes were dried
under reduced pressure.

Complex 1a. Yield: 86%, yellow solid. *H NMR (400 MHz, DMSO-ds, TMS, 25°C, ppm):
8.99 (s, 2H, N=CH, [H5, H6]), 7.88-7.85 (m, 2H, [H9, H18]), 7.41 (dd, 2H, J1 = 7.6 Hz, J> =
2.0 Hz, [H11, H16]), 7.37-7.33 (m, 2H, [H22, H25]), 7.23 (td, 2H, J1 = 7.4 Hz, J> = 2.0 Hz,
[H23, H24], 6.71 (d, 2H, J = 8.4 Hz, [H10, H17]), 6.50 (td, 2H, J1 = 7.4 Hz, J> = 2.0 Hz, [H12,
H15]). 3C NMR (100.6 MHz, DMSO-ds, TMS): § = 172.7 (C=N, [C5, C6]), 163.3 [C13, C14],
139.8 [C1, C2], 136.7 [C11, C16], 134.8 [C9, C18], 127.7 [C23, C24], 123.5 [C22, C25], 119.9
[C7, C8], 116.9 [C10, C17], 113.5 [C12, C15].
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Complex 1b. Yield: 84%, yellow solid. *H NMR (400 MHz, DMSO-ds, TMS, 25°C, ppm):
8.61 (s, 2H, N=CH, [H5, H6]), 7.55-7.53 (m, 2H, [H9, H18]), 7.33-7.28 (m, 4H, [H11, H16,
H22, H25]), 7.14-7.10 (m, 2H, [H23, H24]), 6.62 (d, J = 8.4 Hz, 2 H, [H10, H17]), 6.40 (t, J =
7.4 Hz, 2H, [H12, H15]). 13C NMR (100.6 MHz, DMSO-ds, TMS): 5 = 173.5 (C=N, [C5, C6]),
165.3 [C13, C14], 141.7 [C1, C2], 137.5[C11, C16], 133.7 [C9, C18], 127.3 [C23, C24], 124.4
[C22, C25], 121.3 [C7, C8], 118.1 [C10, C17], 112.7 [C12, C15].

In TH-NMR spectra of the Schiff base, the -OH proton was observed at around & 12.95 ppm.
The proton of -N=CH ligand appear around & 8.91 ppm. Upon coordination of Zn (II) (1a) and
Cd (I1) (1b), the *H-NMR spectra of complexes showed some differences from the ligand (L).
The 'H-NMR spectra of the metal complexes display lack of phenolic —OH, confirming
involvement of the —OH proton in complexation. In 3C-NMR spectra of the ligands, -N=CH
carbons appeared at about 164.5 ppm. This azomethine carbon in the spectra of metal
complexes shifted upfield compared to the free ligand. These results agree with the literature
datal®. NMR spectral data for free ligand and the complexes (1a, 1b) together with their
assignments are presented in Table 1.

Table 1. NMR comparison between ligand and complexes.

IH-NMR 13C-NMR
N=CH C=N
L la 1b L la 1b
8.91 8.99 8.61 164.5 172.7 173.5
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Figure 1. 'H and 3C NMR (DMSO-dg) of L.
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Figure 3. *H and *C NMR (DMSO-ds) of 1b.

3. Results and Disscussion

To explore the effect of the catalysts on the alpha- alkylation of ketones with alcohols, the
reaction of acetophenone (2a) with benzyl alcohol (3a) was chosen as a model reaction to
evaluate the influence of catalysts (1a-b). The progress of the reaction was monitored by 'H
NMR spectroscopy, and the yields are based on 1,3,5-trimethoxybenzene as the internal
standard (Table 2).
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Table 2. Optimization of reaction conditions?
o)

ph)J\"' o~ OH 1a-bBa1$: mol%) )J\A )\A
2a 3a PhMe /135°C 4aa 4aa
entry cat. base solvent (01;:) time (h) yield((;:‘)4aab yield((o)/z)4’aab
1 la NaOH Toluene 135 16 63 20
2 1b NaOH Toluene 135 16 54 16
3 la KOH  Toluene 135 16 41 18
4 la KO'Bu Toluene 135 16 37 16
5 la NaO'Bu Toluene 135 16 53 21
6 la Na,CO3 Toluene 135 16 - -
7 la NaHCOs Toluene 135 16 - -
8 la NaOH DMSO 135 16 - -
9 la NaOH Toluene 100 16 18 06
10 la - Toluene 135 16 - -
11 - NaOH Toluene 135 16 38 12
12 Zn(OAc)2 NaOH Toluene 135 16 - -
13° la NaOH Toluene 135 16 61 21
14¢ la NaOH Toluene 135 16 59 23

“Reaction Conditions: 2a (1.0 mmol), 3a (1.0 mmol), 1a-c (1 mol%), base (10 mol%), toluene
(2.0 mL), 135 °C, under air. *Yields were determined by '"H NMR analyses. ‘Reaction was
performed under an argon atmosphere. “Reaction was performed under closed system.

The reaction was performed in the presence of catalysts (1a-b) (1 mol %) and NaOH (10 mol
%) in toluene (2 ml) at 135 °C (bath temp.) under air atmosphere for 16h (entries 1-2). Among
all catalysts tested, the best conversion was obtained with catalyst 1a (entry 1). Replacing
NaOH with KOH decreased the yield of the reaction to 41% (entry 3), Replacing NaOH with
KO'Bu and NaO'Bu decreased the yield of the reaction to 37 and 53 % respectively (entry 4 and
5), NaxCO3z and NaHCO3 were inactive under same conditions (entries 6 and 7). No conversion
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was observed when DMSO was used as the solvent (entry 8). When the temperature was 100
degrees, the yield decreased to 18% (entry 9). Additional experiments were performed without
NaOH, no product formation was observed (entry 10). In the experiment with NaOH without
catalyst, 38% conversion was observed (entry 11). Moreover, no conversion was observed when
Zn-acetate was used in the same reaction conditions instead of Zn (II) —salphen, which indicates
the critical role of the salphen ligands (entry 12). Using the closed systems or inert reaction
conditions did not improve the yield of the reaction significantly and the rest of the reactions
were performed open to air (entries 13 and 14).

To study the scope of the reaction, various ketones and primary alcohols were reacted under
optimized conditions (Scheme 2). All reactions resulted in conversion of starting materials
affording selective formation of the corresponding ketone 4.

(o} (e}

1c (1 mol%)
RJk + ROH———— R1JJ\/\R2
NaOH (5 mol%)
PhMe /135°C /16 h

2 3 4
(e} (e} (o}
Me Meo
4aa: 63% yield 4ba: 72% yield 4ca: 79% yield
0] (o} [0}
4da: 71% yield 4ea: 80% yield 4ab: 73% yield
o o o
4ad: 79% yield 4ae: 83% yield

4ac: 81% yield

Scheme 2. Scope of o—Alkylation of Ketones with Primary Alcohols Catalyzed by Complex
1a“

“Reaction Conditions: Ketone (1.0 mmol), primary alcohol (1.0 mmol), 1a (1 mol%), base (10.0
mol%), toluene (2.0 mL), 135 °C, under air.

Various electron—rich or electron—deficient 1-arylketones (2a—e) were transformed into the
corresponding ketones (4aa—4ea) in good yields by using 1c (1 mol%) as the catalyst. The
reaction of ketones bearing electron-donating -Me and -OMe substituents and electron-
withdrawing —Br and -Cl substituents with benzyl alcohol gave desired products 4aa—4ea with
72—80% isolated yields. Then the scope of the a-alkylation reaction compared to primary
alcohols (3) were studied. For benzyl alcohol with electron-donating or electron with-drawing
groups the reactions produced a-alkylated ketones with good yields. The reactions of
acetophenone with 4-Me, 4-OMe, 4-Br, and 4-Cl benzyl alcohols, were afforded the desired
ketone products (4ab-4ae) in good yields (73-83%).
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General procedure for the a-alkylation of ketones with primary alcohols to give a-
alkylated ketones. In a 20 mL reaction tube (1 cm % 20 cm) with a condenser were added
NaOH (2.0 mg, 0.05 mmol) ketone (1.0 mmol), primary alcohol (1.0 mmol) and complex 1
(0.01 mmol, 1 mol%) in toluene (2.0 mL) under air atmosphere. The reaction mixture was
vigorously stirred (1400 rpm) under reflux in a preheated oil bath at 135 °C for 3-24 h. Then
the reaction mixture was cooled to ambient temperature and a 10 pL solution was syringed out
for GC analysis. The solvent was evaporated, and the crude product was submitted for NMR
analysis to calculate the conversion. All the crude products were combined after analysis and
purified by silica gel column chromatography using hexane and ethyl acetate (9:1) mixture as
eluent to afford the desired ketone.

1,3-Diphenylpropan-1-one (4aa). Yield: 66%, white solid. *H NMR (CDCls, 400 MHz) &
(ppm): 7.98 (d, J = 7.6 Hz, 2H), 7.57 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.6 Hz, 2H), 7.34-7.21 (m,
5H), 3.32 (t, J = 7.6 Hz, 2H), 3.10 (t, J = 7.6 Hz, 2H); 3C NMR (CDCls, 100 MHz) & (ppm):
199.1, 141.3, 136.9, 133.0, 128.6, 128.6, 128.5, 128.0, 126.1, 40.4, 30.2.

3-Phenyl-1-(p-tolyl)propan-1-one (4ba). Yield: 77%, white solid. *H NMR (CDCls, 400
MHz) 3 (ppm): 7.89 (d, J = 8.0 Hz, 2H), 7.34-7.23 (m, 7H), 3.29 (t, J = 7.4 Hz, 2H), 3.09 (t, J
=7.6 Hz, 2H), 2.42 (s, 3H); 13C NMR (CDCls, 100 MHz) & (ppm): 198.8, 143.8, 141.4, 134.5,
129.3, 128.5, 128.4, 128.2, 126.1, 40.3, 30.3, 21.6.

1-(4-Methoxyphenyl)-3-phenylpropan-1-one (4ca). Yield: 81% white solid. *H NMR
(CDCls, 400 MHz) 6 (ppm): 7.95 (d, J = 8.8 Hz, 2H), 7.32-7.19 (m, 5H), 6.93 (d, J = 8.8 Hz,
2H), 3.86 (s, 3H), 3.25 (t, J = 7.8 Hz, 2H), 3.07 (t, J = 7.6 Hz, 2H); 3C NMR (CDCls, 100
MHz) é (ppm): 197.8, 163.4, 141.5, 130.3, 130.0, 128.5, 128.4, 126.1, 113.7, 55.4, 40.1, 30.3.

1-(4-Bromophenyl)-3-phenylpropan-1-one (4da). Yield: 74% white solid. *H NMR (CDCls,
400 MHz) 6 (ppm): 7.81 (d, J = 8.8 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 7.32-7.21 (m, 5H), 3.26
(t,J=7.6 Hz, 2H), 3.06 (t, J = 7.6 Hz, 2H); *.C NMR (CDCls, 100 MHz) § (ppm): 198.1, 141.0,
135.6, 131.9, 129.6, 128.6, 128.4, 128.2, 126.2, 40.4, 30.1.

1-(4-Chlorophenyl)-3-phenylpropan-1-one (4ea). Yield: 80%, white solid. *H NMR (CDCls,
400 MHz) & (ppm): 7.89 (d, J = 8.8 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.32-7.19 (m, 5H), 3.27
(t, J = 7.4 Hz, 2H), 3.06 (t, J = 7.6 Hz, 2H); 1*C NMR (CDCls, 100 MHz) 6 (ppm): 197.9, 141.1,
139.5, 135.2, 129.4, 129.0, 128.9, 128.6, 128.5, 128.4, 126.2, 40.4, 30.1.

1-Phenyl-3-(p-tolyl)propan-1-one (4ab). Yield: 76%, white solid. *H NMR (CDCls, 400
MHz) & (ppm): 7.99 (d, J = 8.0 Hz, 2H), 7.56 (tt, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 7.49-7.45 (m,
2H), 7.19-7.13 (m, 4H), 3.30 (t, J = 7.6 Hz, 2H), 3.07 (t, J = 8.0 Hz, 2H), 2.36 (s, 3H); °C NMR
(CDCls, 100 MHz) 6 (ppm): 199.3, 138.2, 137.0, 135.6, 133.0, 129.2, 128.6, 128.3, 128.1, 40.6,
29.8, 21.0.

3-(4-Methoxyphenyl)-1-phenylpropan-1-one (4ac). Yield: 87%, white solid. 'H NMR
(CDCls, 400 MHz) & (ppm): 7.97 (d, J = 8.0 Hz, 2H), 7.56 (tt, J1 = 7.2 Hz, J, = 2.8 Hz, 1H),
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7.45 (t, J=7.6 Hz, 2H), 7.18 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 9.2 Hz, 2H), 3.79 (s, 3H), 3.28 (t,
J=7.2 Hz, 2H), 3.03 (t, J = 8.0 Hz, 2H); *C NMR (CDCls, 100 MHz) & (ppm): 199.3, 158.0,
136.9, 133.3, 132.9, 129.3, 128.6, 128.0, 113.9, 55.3, 40.7, 29.3.

3-(4-Bromophenyl)-1-phenylpropan-1-one (4ad). Yield: 79%, white solid. *H NMR (CDCls,
400 MHz) & (ppm): 7.95 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.0 Hz, 1H), 7.45 (t, J = 7.4 Hz, 2H),
7.41 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 3.28 (t, J = 7.4 Hz, 2H), 3.03 (t, J = 7.4 Hz,
2H); 3C NMR (CDCls, 100 MHz) & (ppm): 198.7, 140.2, 136.7, 133.1, 131.5, 130.2, 128.6,
127.9, 119.8, 40.0, 29.4.

3-(4-Chlorophenyl)-1-phenylpropan-1-one (4ae). Yield: 89%, white solid. *H NMR (CDCls,
400 MHz) 6 (ppm): 7.95 (d, J = 7.6 Hz, 2H), 7.56 (t, J = 7.2 Hz, 1H), 7.45 (t, J = 8.0 Hz, 2H),
7.26 (d, J = 8.4 Hz, 2H), 7.18 (d, J = 8.4 Hz, 2H), 3.28 (t, J = 7.6 Hz, 2H), 3.05 (t, J = 7.4 Hz,
2H); 3C NMR (CDCls, 100 MHz) & (ppm): 198.7, 139.7, 136.7, 133.1, 131.8, 129.8, 128.6,
128.5, 127.9, 40.1, 29.4.

!H-NMR (CDCls, 400 MHz) 13C-NMR (CDClIs, 100 MHz)
4aa I“ II 1 Illh 1 IJ
12 10 8 6 4 2 0 " 200 150 100 50 O
f1 (ppm) f1 (ppm)
sab M LJ . .1| C L
12 10 8 6 4 2 0 " 200 150 100 50 O
f1 (ppm) f1 (ppm)
4ac ‘“_I “ 1 A IIL\ A I I I
12 10 8 6 4 2 0 " 200 150 100 50 0
f1 (ppm) f1 (ppm)
4ad l“l t 1 Aln A U
12 10 8 6 4 2 0 | 200 150 100 50 0
f1 (ppm) f1 (ppm)
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Figure 4. 'H-NMR spectra of the catalytic products.

4. Conclusions

In this study, the preparation and characterization of Zn (11) and Cd (I1) complexes (1a-b) were
reported. Their catalytic activities were investigated for the o—alkylation of ketones. The zinc
complex demonstrated higher catalytic activity compared to the cadmium complex under air
atmosphere. Catalytic activity varies depending on the groups in the phenyl ring of
acetophenone and benzyl alcohol. The best result was obtained using 4-chloro acetophenone
and 4-chloro benzyl alcohol for 16 hours reaction time, and when 1a was used as a catalyst, a
yield of 83% was achieved. Based on these results, it is thought that the complexes obtained
with Zn (1), which are quite cheap and abundant in nature, may be a good alternative to other
metals frequently used in the o—alkylation reaction.
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Abstract

In this study, in vitro leishmanicidal activities of different chalcone compounds (5-8), phthalonitrile derivatives
(5a-8a), and zinc phthalocyanine (5b-8b) complexes bearing chalcone compound in peripheral positions were
investigated. Phthalonitrile derivatives were obtained in the reaction of 4-nitrophthalonitrile with chalcone
compound obtained by the reaction of acetophenone and various aldehydes. Zinc phthalocyanine complexes
containing chalcone in the peripheral position were obtained as a result of the reaction of the synthesized
phthalonitrile derivative with Zn(CHsCOO). metal salt. The characterization of the synthesized original
compounds (8, 8a and 8b) was performed by various spectroscopic methods (IR, *H and **C NMR, MALDI-
TOF-MS and UV-Vis). Leishmaniasis is a disease lead to by parasites of the genus Leishmania, which can result
in death as well as various clinical syndromes, generally in developing countries. New drug studies are needed
because the drugs used in the treatment are toxic and resistance develops against them. In this study, the
leishmaniacidal activities of synthesized chalcone, phthalonitrile and phthalocyanine series substances against
Leishmania infantum and Leishmania major parasites were evaluated for the first time.

Keywords: Chalcone, phthalocyanine, leishmania promastigotes, anti-lesichmania

Farkh Kalkon, Ftalonitril ve Periferal Tetra Cinko Ftalosiyanin Tiirevlerinin In Vitro
Laysmanyasidal Aktivitesi

Oz

Bu ¢alismada, farkli kalkon bilesikleri (5-8), ftalonitril tiirevleri (5a-8a) ve periferik pozisyonlarda kalkon bilesigi
tastyan ¢inko ftalosiyanin (5b-8b) komplekslerinin in vitro laysmanisidal aktiviteleri arastirildi. Asetofenon ve
cesitli aldehitlerin reaksiyonu ile elde edilen kalkon bilesikleri ile 4-nitroftalonitrilin reaksiyonundan ftalonitril
tirevleri elde edilmistir. Sentezlenen ftalonitril tiirevinin Zn(CHsCOO). metal tuzu ile reaksiyonu sonucunda
periferal pozisyonda kalkon igeren ¢inko ftalosiyanin kompleksleri elde edilmistir. Sentezlenen orijinal
bilesiklerin (8, 8a ve 8b) karakterizasyonu cesitli spektroskopik yontemlerle (IR, *H ve *C NMR, MALDI-TOF-
MS ve UV-Vis) gerceklestirilmistir. Laysmaniasis, genellikle gelismekte olan iilkelerde, Laysmania cinsi
parazitlerinin neden oldugu, 6liime ve ¢esitli klinik sendromlara neden olabilen bir hastaliktir. Tedavide
kullanilan ilaglarin toksik olmasi ve bunlara karsi diren¢ gelismesi nedeniyle yeni ilag ¢aligmalarina ihtiyag
duyulmaktadir. Bu ¢aligmada, sentezlenen kalkon, ftalonitril ve ftalosiyanin serisi maddelerin Laysmania
infantum ve Laysmania major parazitlerine karsi laysmaniasidal aktiviteleri ilk kez degerlendirilmistir.
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In Vitro Leishmanicidal Activity of Different Chalcone, Phthalonitrile and Their Peripheral
Tetra Zinc Phthalocyanine Derivatives

1. Introduction

Leishmaniasis is an overlooked tropical parasitic disease found worldwide in tropical,
subtropical and some countries of southern Europe. The disease still maintains its importance
in developing countries. The disease is passed on humans by the bite of phlebotoma sand flies
and has several different clinical forms [1]. The first form is visceral leishmaniasis (VL) can be
fateful if left untreated. VL is diagnosed with weight loss, bouts of fever, anemia and spleen
and liver enlargement. Most cases are detected in Brazil, India and East African countries. The
most prevalent form of leishmaniasis is the cutaneous form, which causes skin lesions,
primarily ulcers, on exposed parts of the body. The other form is mucocutaneous leishmaniasis,
which usually affects the mucous membranes of the nose, mouth and throat in countries such
as Bolivia, Brazil, Ethiopia and Peru (WHO). This disease is endemic in 98 countries and more
than 350 million people are at risk of infection. It also causes 20000-40000 deaths worldwide
each year [2]. There is no effective vaccine to prevent the disease. Pentavalent antimony
compounds (SbV) are the first-choice drugs for the treatment of all types of leishmaniasis. In
the treatment of the disease, drugs such as liposomal amphotericin B, azole groups, miltefosine
and paromomycin are preferred as the second choice. Due to the high toxicity, cost and clinical
resistance of existing drugs, new drug development against Leishmaniasis is needed [3]. In
recent years, many studies have been carried out to develop drugs that are safe, inexpensive and
have few side effects. For this purpose, antileishmanial tests were carried out on various
synthetic and natural compounds [4,5]. In this work, it was aimed to researched the
leishmanicidal activity of chalcone compounds against Leishmania infantum and Leishmania
major promastigotes by microdilution broth method containing alamar blue.

Chalcone is an aromatic ketone possessing an a,B-unsaturated carbonyl group consisting of two
aromatic rings. Chalcone derivative compounds have recently attracted the attention of
researchers, especially in the departments of synthetic organic and pharmaceutical chemistry.
Medicinal chemists interest in chalcone compounds because of their biological activity, which
include anti-bacterial [6], antiobesity [7,8], anticancer [9], antioxidant [10,11], antileishmanial
[12,13], anti-diabetic [14], antifungal [15], antiulcer [16], antitubercular [17], anti-
inflammatory [18], antimalarial [19] and antiviral [20].

Phthalocyanines (Pcs), which have planar macrocyclic molecules and contain nitrogen atoms
in the inner loop, contain a class of highly robust and versatile chemical compounds [21].
Phthalocyanines, which are still of great technological importance for the production of green
and blue pigments, have applications such as such as DNA-binding and enzyme inhibition [22],
catalysts [23,24], metal sensors [25], electrochemistry [26,27], solar cells [28], Langmuir-
Blodgett films [29], fluorometric properties [25], liquid crystals [30], photodynamic therapy
(PDT) [31], electrophotography [32], antimicrobial agent [33], optical disks [34],
electrochromic displays [35], antioxidant [36] and modified supports in recent years. The
leismania activity studies of phthalocyanines, which have been studied in many application
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areas, have not been found in the literature before. Since phthalocyanines (especially zinc
phthalocyanines) show activity especially in the biological field [22, 33, 36, 31], this study was
designed due to it is a question of how they will show activity against Leishmania parasites.

For the purpose of the study, first of all, we synthesized different chalcone compounds (5, 6, 7
and 8) by thinking that chalcone compounds may be an active in biological studies because of
the their medical applications in literature. In the second step, phthalonitrile derivatives (5a-8a),
which are the starting compound for the synthesis of zinc phthalocyanine compounds were
obtained the reaction of chalcone compounds with 4-nitrophthalonitrile. In the last part of the
synthesis stage, the synthesis of peripheral tetra zinc phthalocyanine complexes (5b-8b) take
place as a result of the reaction of the synthesized phthalonitrile derivatives with the zinc salt.
The synthesized original compounds (8, 8a and 8b) were characterized by FT-IR, *H NMR, 3C
NMR, UV-Vis (for zinc pthalocyanine 8b) and mass spectrometry. In the last part of the study,
leishmanicidal activity of the synthesized chalcone (5, 6, 7 and 8), phthalonitrile (5a-8a) and
zinc phthalocyanine (5b-8b) compounds were investigated.

2. Methods and Material
The used materials were supplied as Supplementary Information.

2.1. Synthesis

2.1.1. (2E)-3-(5-ethylthiophen-2-yl)-1-(3-hydroxyphenyl)prop-2-en-1-one (8)

The new chalcone compound (8) was synthesized using the method in the literature [37,38,39].
You can find detailed information in Supplementary Information. The obtained red product was
cleansed by column chromatography (SiO2) method using mobile phase CHCIs (chloroform)
solvent. The structure of the pure compound was characterized by spectroscopic methods.
Yield: 1.61 g (44 %). IR (ATR) (v, cm™): 3333 (O-H), 3068 (Ar-H), 2969-2873 (Aliph.—H),
1643 (C=0), 1558-1446 (C=C). 'H NMR (400 MHz, CDCls, ppm): § = 7.94-7.90 (d, J=15Hz,
1H, =CH); = 7.65 (s, 1H, Ar-H); & = 7.57-7.55 (d, J=8Hz, 1H, Ar-H); & = 7.40-7.36 (t, J=15,
1H, =CH); 6 = 7.23-7.19 (m, 2H, Ar-H); 8 = 7.14-7.12 (d, J=6Hz, 1H, Ar-H); 6 = 6.81-6.78
(m, 1H, Ar-H), 6 = 6.57 (s, |H, O-H), 8 = 2.90-2.88 (k, 2H, -CH>), 5 = 1.35 (t, 3H,~CHa).
13C NMR (400 MHz, CDCls, (8) ppm): 190.20 (C=0), 156.46 (C—OH), 152.68, 139.67, 138.35,
137.94, 133.15, 129.83, 125.12, 120.76, 120.24, 119.36, 115.09, 23.99 (-CH2), 15.56 (—CHa).
MALDI-TOF-MS (m/z) Found: 258.81 [M]".

2.1.2. 5-{3-[(2E)-3-(5-ethyl-2-thienyl)prop-2-enoyl]phenoxy}phthalonitrile (8a)

The new chalcone bearing phthalonitrile compound (8a) was synthesized using the method in
the literature [37,38,39]. You can find detailed information in Supplementary Information. The
dried product was cleansed by column chromatography using alumina (Al2O3) as column
material and a CHCI3:EtOH (5:1) solvent system as mobile phase. An oily brown pure product
was obtained. Yield: 0.72 g (30 %). IR (ATR) (v, cm™): 3071 (Ar-H), 2965-2855 (Aliph.—H),
2232 (C=N), 1664 (C=0), 1578-1436 (C=C), 1385-1246 (Ar-O-Ar). *H NMR (400 MHz,
CDCls, ppm): 6=8.03 (s, 1H, Ar—H); 6 =7.92 (d, J= 8Hz, 1H, Ar-H); 6= 7.78 (d, J= 8Hz, 2H,
Ar-H); 8= 7.69 (s, 2H, Ar—H); 8= 7.63 (t, 2H, Ar-H); 8 = 7.33 (m, 3H, =CH and CDCls); & =
2.65 (s, 2H, —CHy); & = 1.27 (s, 3H, —CH3). 3C NMR (400 MHz, CDCls, (5)ppm): 196.52
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(C=0), 162.55 (ArC-0), 161.20 157.14, 154.14, 139.71, 135.55, 131.04, 126.20, 125.17,
125.12, 121.74, 121.68, 121.64, 119.92, 117.86 (-C=N), 115.20 (-C=N), 114.78, 109.60,
108.93, 108.50, 31.44, 26.71. MALDI-TOF-MS (m/z) Found: 381.13 [M-3]" .

2.1.3. Zinc(ll) phthalocyanine (8b)

The new chalcone substituted zinc phthalocyanine (8b) was synthesized using the method in
the literature [37,38,39]. You can find detailed information in Supplementary Information. The
resulting crude product was cleaned by column chromatography on alumina (Al203) by using
CHCI3:CH3OH as the eluent system. Yield: 7 mg (14%). mp: >300 °C. IR (ATR) (v, cm™):
3061 (Ar-H), 2.924-2854 (Aliph.—H), 1644 (C=0), 1599-1435 (C=C), 1359-1260 (Ar—O—Ar).
IH NMR (400 MHz, DMSO-ds ppm) & = 8.32 (s, 44 H, Ar-H), 3.39 (s, 8H, —CHz), 1.62 (m,
12H, —CHz). UV-Vis (DMF): Amax, Nm (log ¢€): 681 (5.02), 613 (4.56), 352 (5.16).

2.2. Determination of in vitro Leishmanicidal Activities

The antiparasitic properties of chalcone, phthalonitrile and their zinc phthalocyanine derivatives
were defined by testing their leishmanicidal activities against Leishmania infantum and
Leishmania major promastigotes. The studies were achieved in vitro using microdilution broth
method containing the alamar blue. The used method and materials were given as
Supplementary Information.

3. Results and Disscussion
3.1. Synthesis and Characterization

The compounds in the study and the original synthesized compounds were summarized in
Figures 1 and 2. Chalcone derivatives bearing different groups (5, 6 and 7), phthalonitriles (5a,
6a and 7a) and their zinc phthalocyanine complexes (5b, 6b and 7b) were mentioned in our
previous studies (Figure 3) [37-39].

The original chalcone compound bearing the thiophene group (8) was obtained by the Claisen-
Schmidt reaction of 5-ethylthiophene-2-carbaldehyde (a) and 1-(3-hydroxyphenyl) ethanone
(4) (aromatic ketone) (Figure 1).

The synthesis of the chalcone-based phthalonitrile derivative (8a) was accomplished by the
nucleophilic substitution reaction between the chalcone compound (2E)-3-(5-ethylthiophen-2-
yl)-1-(3-hydroxyphenyl)prop-2-en-1-one (8) and 4-nitrophthalonitrile (Figure 2). Synthesized
phthalonitrile compound (8a) containing thiophene-chalcone group was used to synthesize zinc
phthalocyanine compound (8b). The Zn(Il)Pc (8b) was achieved from the reactions of 5-{3-
[(2E)-3-(5-ethyl-2-thienyl)prop-2-enoyl]phenoxy}phthalonitrile  (8a) with the metal salt
Zn(CH3COO) in n-pentanol and DBU as the catalyst. After purification, spectroscopy
techniques (IR, NMR and mass) were used to identify of the structure of chalcone (8),
phthalonitrile (8a) and zinc phthalocyanine compound (8b) (Figures 4-7).
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Figure 2. The synthetic route to the original phthalonitrile compound (8a) and zinc
phthalocyanine (8b)

In the IR spectrum of chalcone compound (2E)-3-(5-ethylthiophen-2-yl)-1-(3-
hydroxyphenyl)prop-2-en-1-one (8) , the bands were observed at 3333 cm™ (OH stretching),
3068 cm™ (aromatic CH stretching vibration), 2969-2873 cm™ (aliphatic CH stretching
vibration), 1643 cm™ (C=0 stretching) and 1558 cm™ (Ar—C=C stretching vibrations). In the
IR spectrum of (8a), the expected after nucleophilic substitution reaction, the nitrile strong

806



In Vitro Leishmanicidal Activity of Different Chalcone, Phthalonitrile and Their Peripheral Tetra Zinc
Phthalocyanine Derivatives

characteristic strecthing band at 2232 cm™ (C=N) was clearly observed. The band belonging to
the OH group (hydroxyl) at 3333 cm™ on the chalcone compound 8 was disappeared. Other
characteristic vibration peaks for phthalonitrile derivative (8a) were observed aromatic C—H
stretching at 3071 cm™, aliphatic C—H stretching at 2965-2855; carbony!l groups (C=0) at 1664
cm™, Ar—-C=C group stretching at 1578-1436 cm-1 and ether group (Ar-O—-Ar) stretching at
1385-1246 cm™.

1 NC F
° F F . B
e ‘ N O | *
s]
|
o H (7a)
Zn{(Ac), (6a)
DBU n-pentanol In(PAc)
Zn{0A0), _ n-pentanol
n-pentanol DBU
DB
E

Figure 3. The synthetic route to the phthalonitrile compounds (5a [37], 6a [39], 7a [38]) and
zinc phthalocyanine (5b [37], 6b [39], 7b [38])

In the IR spectrum of zinc phthalocyanine (ZnPc), no nitrile (C=N) vibration band at 2232 cm’
1is considered as a clue of the formation of ZnPc (8b). The remaning IR stretching vibrations
of (8b) were akin to the phthalonitrile compound (8a) (Figure 4).
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Figure 4. FT-IR spectra of original chalcone (8), phthalonitrile (8a) and zinc phthalocyanine

(8b) compounds

In TH NMR spectrum of chalcone compound (8), phenolic OH signal was observed at 6.57 ppm
together with the aromatic and aliphatic CH signals (Figure 5a). The C=0 group was detected
in the 3C NMR spectrum, at 190.20 ppm, is evidence of the formation of the target structure
(8) (Figure 5b). In the *H NMR spectrum of the phthalonitrile compound (8a), the peak for OH
group at 6.57 ppm was disappeared and that for aromatic and aliphatic protons were observed
at around 8.03-7.33 ppm and 2.65-1.27 ppm, respectively. 3C NMR spectrum of 8a exhibited
carbonyl carbon atom (C=0) at 196.52 ppm, nitrile carbon atoms (C=N) at 117.86 and 115.20
ppm, aromatic carbon atoms between at 162.55 ppm and 108.50 ppm, and aliphatic carbon
atoms (—CH2 and —CH3) 31.44 ppm and 26.71 ppm (SI Figure 1 in Supplementary Information).
In the *H NMR spectrum of zinc(l1) phthalocyanine complex (8b) exhibited aromatic protons
at 8.32 (s, 44H, Ar—H) and aliphatic protons at 3.39 (s, 8H, —CH2), 1.62 (m, 12H, —CH3s).

808



In Vitro Leishmanicidal Activity of Different Chalcone, Phthalonitrile and Their Peripheral Tetra Zinc
Phthalocyanine Derivatives

o — 5000¢
o — 4000

[ T . oH L

Ll -
T 7 " e 3000(

S

) | -

(4] -

®) §
2000C

A L
— 1000¢C

- L | S | q
w oy L r
== o2 = o F
= - e o w
(=] o o - " =
‘ T T T | T T T T ‘
10.0 50 0.0

ppm (t1)

Figure 5a. *H NMR spectrum of original chalcone compound (8)
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Figure 5b. *C NMR spectrum of original chalcone compound (8).

809



In Vitro Leishmanicidal Activity of Different Chalcone, Phthalonitrile and Their Peripheral Tetra Zinc

Phthalocyanine Derivatives

In the MALDI-TOF-MS spectra (Figure 6a and 6b), the molecular ion peaks of chalcone (8)
and phthalonitrile (8a) were observed at 258.81 [M]" and 381.13 [M-3]", respectively. But the

molecular ion peak of ZnPc (8b) was not detected due to non-ionisation.
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Figure 6a. MALDI-TOF-MS spectra of the chalcone compound (8)

As seen in our previous study [11,37,38,39], many fragmentation products peak are seen in the

mass spectrum of phthalonitrile compounds containing chalcone (Figure 6b).
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Figure 6b. MALDI-TOF-MS spectra of the phthalonitrile derivative bearing chalcone group

(8a).
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3.2.  UV-Vis absorption spectra and aggregation properties of ZnPc (8b)

Since phthalocyanines are rich in m electrons, they give characteristic absorption bands
corresponding to n-n* or n-n* electronic transitions in the ultraviolet and visible region [25].
The UV-vis spectra of phthalocyanines in solution display two strong characteristic absorption
bands in the UV-visible (UV-Vis) region. The first is the Soret Band ( m-n*) at 300-500 nm in
the near UV, while the second is the Q Band (n-n*) at 600-700 nm in the red region of the
spectrum [33]. It is important to investigate the absorption properties of phthalocyanines to
determine their usability in many applications.

The aggregation depends on the type of solvent, metal ions in the core, pH of the solution,
concentration, temperature and the structures of the substituents [25]. In this study, the
aggregation behavior of ZnPc (8b) was investigated in different solvents in the UV-Vis
spectroscopy (Figure 7) (Table 1).

Table 1. Electronic spectral data for the ZnPc (8b) in various solvents at 1x10° M.

Zinc Phthalocyanine (8b)

Solvents Q band , Amax (Nm) (log €)
CHCl; 685 /616 (4.97) /(4.62)
DCM 683 /615 (5.02) /(4.61)
DMF 681 /613 (5.05) /(4.69)
DMSO 683 /615 (5.05) /(4.78)

The absorption intensities of Q band vary markedly by the solvent. Therefore, it is important to
examine the aggregation behavior of the ZnPc (8b) in assorted solvents such as DMSO, DMF,
chloroform (CHCI3) and dichloromethane (DCM). The effects of these solvents on the
aggregation of ZnPc (8b) were shown in Figure 7. ZnPc (8b) demonstrated the highest
absorbance value in CHClzand the lowest absorbance value in DMF.
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Figure 7. UV-Vis spectrum of zinc phthalocyanine compound (8b)
3.3.  Leishmanicidal Activity Results

Leishmanicidal activities of compounds (5-8; 5a-8a; 5b-8b except 7b) against Leishmania
infantum and Leishmania major promastigotes were ascertained in vitro by microdilution broth
assay with alamar blue. Chalcone compounds (5-8) were found to be efficient at different
concentrations (LC: 156-312 pg/ml). While the chalcone-derived phthalonitrile compounds
except 7a and 8a showed activity at high concentrations, zinc phthalocyanine compounds (5b,
6b and 8b) bearing different chalcone group did show no activity at the concentrations studied
(Figures 8- 9, and Table 2).

= (=3 =4 v o el o0 O
= g 8 d 5 8 8B N8 Z =
Compound 5 D/ AT/
Compound 6 8
Compound 7
Compound 8

Compound Sa
Compound 6a
Compound 7a

Compound 8a
Compound 5b
Compound 6b

Compound 8b

Amphotericin B

It is seen in the literature that chalcone compounds with different chemical structures have been
studied at different concentrations and with different Leishmania species by different methods
[40,41]. It would not be correct to compare the Leishmania activity results of this study with
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literature. While ICso was studied in most articles [40,41], in our study the full leishmanicidal
activity was studied (it can be called 1C100). There should be no living parasites. In addition, the
concentrations of the compounds were calculated as microgram/milliliter (ug/mL) and dilution
was made accordingly. Among the lesimania activity studies in the literature conducted with
the same method, it was observed that the lesimania activities of the chalcone derivatives
synthesized were active compared to other chemical structures [42,43].

Table 2. The Leishmanicidal Concentration (LC) values

Compounds LC value for Leishmania infantum LC value for Leishmania
(ng/mL) major (ug/mL)

(5) 312 156
(6) 156 156
(7 156 156
(8) 156 312
(5a) 5000 5000
(6a) 2500 2500
(7a) >5000 >5000
(8a) >5000 >5000
(5b) >5000 >5000
(6b) >5000 >5000
(8b) >5000 >5000

Amphotericin B <9 <9

It was found that amphotericin B drug used as a standard has leishmanicidal activity against
Leishmania infantum and Leishmania major at all concentrations (LC: <9 pg/ml). It was
determined that there was a perfect agreement between the color change of the indicator dye
alamar blue in the wells and the microscopy results. In the evaluation of leishmanicial activity,
the color of alamar blue remained unchanged in the negative control. In the positive control,
the blue color turned pink as the vitality continued. The LC values obtained from the tests were
given in Table 2 (Figures 8 and 9).
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Compound 6
Compound 7
Compound 8

Compound 5a
Compound 6a
Compound 7a
Compound 8a
Compound 5b
Compound 6b

Compound 8b

Amphotericin B

Figure 9. In vitro leishmanicidal activity results

In order for chalcone series compounds to be good drug nominee, in vivo toxicity tests and
control studies should be performed in experimental animal models [44].

4. Conclusion

In this study, it was aimed to study the in vitro leishmanicidal activity of different chalcone
derivatives and their phthalonitrile and phthalocyanine compounds. In accordance with this
purpose, we synthesized different chalcone (5, 6, 7 and 8), phthalonitrile (5a, 6a, 7a and 8a) and
zinc(Il) (5b, 6b, 7b and 8b) phthalocyanine compounds substituted with chalcone compound.
The synthesized novel chalcone compound (8), phthalonitrile (8a) and zinc phthalocyanine
derivative (8b) were characterized by merger of the IR, *H and *3C NMR, UV-Vis and MALDI-
TOF-MS spectroscopies. Antiparasitic activities of the compounds (5-8, 5a-8a, 5b, 6b and 8b)
were tested as in vitro against Leishmania infantum and Leishmania major promastigotes by
Microdilution broth method. The leishmanicidal activities of the compounds were assessed by
considering their LC values and the results obtained were contrasted with the results of the
standard control drug Amphotericin B. In conclusion, the antiparasitic activity results of the
chalcone compounds (5-8) synthesized in the study are promising, and due to their in vitro
leishmanicidal activities, especially chalcone series compounds can be evaluated in
pharmacological studies and the diversity of compounds may increase. In order for chalcone
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series compounds to be good drug nominee, in vivo toxicity tests and control studies should be
performed in experimental animal models. It is essential to multiply such studies in terms of
combating this disease for which there is no effective vaccine.
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Abstract

It has been reported in many researches that natural compounds synthesized by plants as secondary metabolites
has protective effects against oxidative stress caused by free radicals and genetic damage mediated by them.
Among these natural compounds, polyphenols are known to have particularly strong antioxidant activities.
Corilagin, a tannin found in many plant species such as Euphorbiaceae, Geraniaceae and Lythracea families
has various pharmacological effects. In this study, the geno/antigenotoxic effects of corilagin was investigated
in in vitro human peripheral blood lymphocyte cultures using micronucleus (MN) and chromosomal aberrations
(CA) tests to determine the safe concentrations of corilagin. 10-100 pg/ml corilagin were applied to the cells
alone and simultaneously with 0.2 pg/ml MMC and all analyzes were performed in 3 repititions. According to
the results of the analyzes, it was assessed that corilagin did not cause a statistically significant increase in the
formation of MN and CA at 10, 25, 50 pg/ml concentrations, and it even provided a statistically significant
decrease in the increased MN frequency and CA caused by MMC. On the other hand, it was determined that
this effect was concentartion dependent and increased DNA damage at the highest concentration of 100 pg/ml.
This is thought to be due to the concentration-dependent prooxidant activity seen in many potent antioxidants.
As a review of the study low concentrations of corilagin have an antigenotoxic effect against genetic damage
caused by genotoxic agents such as MMC and shows that it can be used against the side effects of chemotherapy.

Keywords: Corilagin, Antioxidant, Antigenotoxicity, Micronucleus, Chromosome Aberration

Korilaginin In Vitro insan Lenfosit Kiiltiirlerindeki Genotoksik ve Antigenotoksik Etkileri

Oz

Bitkiler tarafindan ikincil metabolitler olarak sentezlenen dogal bilesiklerin, serbest radikallerin neden oldugu
oksidatif strese ve bunlarin aracilik ettigi genetik hasara kars1 koruyucu etkilerinin oldugu birgok arastirmada
bildirilmistir. Euphorbiaceae, Geraniaceae ve Lythracea familyalar: gibi bir¢ok bitki tiiriinde bulunan bir tanen
olan korilagin, ¢ok ¢esitli farmakolojik etkilere sahiptir. Bu ¢aligmada, korilaginin giivenli konsantrasyonlarini
belirlemek igin in vitro insan periferik kan lenfosit kiiltiirlerinde mikrogekirdek (MC) ve kromozom
anormallikleri (KA) testleri kullanilarak genotoksik/antigenotoksik etkileri arastirildi. 10-100 pg/ml korilagin
hiicrelere tek basina ve 0.2 pg/ml MMC ile es zamanli olarak uygulandi ve tiim analizler 3 tekrarli olarak
gergeklestirildi. Analizlerin sonuglarina gore korilaginin 10, 25, 50 pg/ml uygulama konsantrasyonlarinda MC
ve KA olusumunda istatistiksel olarak anlamli bir artisa neden olmadig1 hatta MMC uygulamasi ile artan MC
frekansinda ve kromozom anormalliklerde istatistiksel olarak 6nemli oranda azalma sagladigi belirlenmistir.
Diger yandan bu etkinin konsantrasyona bagl oldugu ve 100 pg/ml’de DNA hasarimi artici etki gosterdigi
belirlenmistir. Bu durumun birgok giiglii antioksidanda goriilen konsantrasyona bagli prooksidan aktivite
nedeniyle oldugu diisliniilmektedir. Calisma sonuglar1 korilaginin diisiik konsantrasyonlarinin MMC gibi
genotoksik ajanlar tarafindan olusan genetik hasara kars1 antigenotoksik etkisinin oldugunu, kemoterapinin yan
etkilerine kars1 kullanilabilecegini gdstermektedir.
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*Corresponding Author: gokce.taner@btu.edu.tr 819
Elif TURAN, https://orcid.org/0000-0003-1836-6636
Gokece TANER, https://orcid.org/0000-0002-0290-1166


mailto:gokce.taner@btu.edu.tr
https://orcid.org/0000-0003-1836-6636
https://orcid.org/0000-0002-0290-1166

Genotoxic And Antigenotoxic Effects of Corilagin In In Vitro Human Lymphocyte Cultures

1. Introduction

Many studies have been conducted for many years to identify compounds that can protect
humans from DNA damage and its consequences. In order to find the most effective
antigenotoxic substances, especially natural products, medicinal plants and edible plants are
studied. Phenolic compounds isolated from plants are mostly used in studies to determine the
antigenotoxic effects of antioxidants. An important group of these compounds is tannins, which
are an important part of the human diet and are widely found in nature, especially in herbal
products. Tannins are phenolic compounds that can be found in various organs of plants such
as fruits, seeds, leaves and roots and have a role in plant development. Tannins have anti-
inflammatory, anticarcinogen, antiviral, antibacterial and antiparasitic effects based on their
antioxidant and anti-radical activities [1, 2, 3]. Ellagitannins are hydrolyzable tannins with
numerous biological properties that can be found in berries, muscadine grapes, walnuts,
pomegranates, and tea. Ellagitannins have significant effects on human health and nutrition [3,
4].Corilagin, a member of the ellajitannin family, is a natural product containing glucose and
has been found in various medicinal plants such as Phyllanthus urinaria L., Lumnitzera
racemose, Canarium album L., Phyllanthus reticulatus [5]. Studies have shown that corilagin
has many biological effects such as antioxidative, anti-inflammatory, antitumor, antimicrobial,
and antiviral [5-8]. Studies have shown that corilagin inhibits the formation of proinflammatory
cytokines, also reduces ROS production, free radical formation and lipid peroxidation in vitro.
The first bioactivity of corilagin to be found is its inbitory effct on reverse transcriptase activity
of RNA tumor viruses. In later studies, it was observed that corilagin has various
pharmacological properties including antihypertensive, antiatherogenic, antiviral,
hepatoprotective, neuroprotective effects and it is effective in controlling type Il diabetes
mellitus [9, 10]. In vivo drug metabolism of corilagin leads to poor pharmacokinetic models,
greatly contributes to the effectiveness and safety of the compounds. In addition, the metabolite
profile is important in explaining the effectiveness, safety and further development of drugs
[11,12].

Mitomycin-C (MMC) is a natural product of an Actinobacteria species, Streptomyces
caespitosus, which is found in soil. MMC shows strong bioreductive alkylation and inhibits
DNA synthesis under hypoxic conditions. Therefore it is highly activated in oxygen-poor cells.
MMC has shown efficacy in a wide variety of cancers as an antitumor agent but it has a large
side effect profile so its widespread use is prohibited. MMC has a large variety of genotoxic
effects including the inhibition of DNA synthesis, clastogenesis and mutagenesis [13-15].

Although there are studies on the biological activity of corilagin in the literature, there are no
studies on its genotoxic and/or antigenotoxic activity to our knowledge. In line with all these
data, in this study the potential genotoxic effects of corilagin and also its antigenotoxic effects
against genetic damage induced by mitomycin-C (MMC), a crosslinking chemotherapeutic
agent, were investigated. Both genotoxic and antigenotoxic effects of corilagin were tested in
human peripheral blood lymphocytes using cytokinesis-blocked micronucleus (CBMN) assay
and chromosome aberration tests as widely used genotoxicity tests to determine clastogenic and
aneugenic activities.
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2. Materials and Methods
2.1 Chemical Substances

As the chemicals used in the experiments, corilagin (CAS number: 23094-69-1), mitomycin-C
(CAS number 50-07-7), disodium hydrogen phosphate dihydrate (Na2HPO4.2H20), acetic
acid (Glacial, 99%), potassium dihydrogen phosphate (KH2PO4), ethyl alcohol (ethanol),
methyl alcohol (methanol) (99%), cytochalasin B, and colchicine were purchased from Sigma,
formaldehyde from Tekkim, dimethyl sulfoxide (DMSO), giemsa, chromosome medium from
Merck, nitric acid (HNO3) from VWR and potassium chloride (KCI) from Isolab.

Corilagin

Corilagin (B-1-O-galoyl-3,6-(R)-hexahydroxydiphenoyl-D-glucose) is a gallotannin, an off-
white crystalline powder which is easily soluble in water, methanol, acetone, ethanol, and
dimethyl sulfoxide (DMSO) [10]. It was isolated for the first time from the plant Caesalpinia
coriaria in 1951 by Schmidt et al [16]. The chemical formula of corilagin is C27H2001g and its
molecular weight is 634.45 g/mol. The structure of corilagin is given in Figure 1.

OH

OH
OH

Figurel. Structure of corilagin [10]

Corilagin has been found in 16 plant families and a total of 50 species. There are 20 species in
the Euphorbiaceae family, 10 species in the Geraniaceae family and 7 species in the
Combretaceae family. Apart from these, studies have shown that corilagin is also present in
Phyllanthus niruri L., Phyllanthus emblica L., Phyllanthus urinaria L., Geranium sibiricum L.
and Terminalia catappa L. species. It has been observed that it is easier to isolate plants from
above-ground parts, including leaves, flowers, fruits, and seeds [10].

In this study, we purchased and used 99% pure commercial form of corilagin as active
ingredient. Test concentrations of corilagin were chosen on the basis of literature data [17-19]
and preliminary tests. In line with the data in the literature, it has been determined that it is
appropriate to use corilagin at increasing concentrations up to 100 pg/ml in cell culture in terms
of cell viability and biological activity. MN test and CA test protocols were followed to examine
both genotoxic and antigenotoxic effects against MMC by applying 10, 25, 50, 100 pg/ml
corilagin concentrations to human lymphocyte cultures prepared in ethanol-sterile distilled
water (1:4) mixture.
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2.2 Cell cultures and treatments

Human peripheral blood lymphocyte cultures were prepared for both micronucleus (MN) and
chromosome aberration (CA) methods. Blood samples was obtained from 3 healty female
donors (aged 20-25 years) who do not smoke, do not use alcohol or drugs, and did not have any
health problems and no history of exposure to genotoxic agents. Blood samples were used to
obtain biological material from healthy volunteers and there is no interventional clinical
practice. While the study project was being prepared for this stage, an approval from the Uludag
University Faculty of Medicine Ethics Committee (2019-11/17) was obtained. Blood samples
were taken into heparin tubes then 0.25 ml of heparinized peripheral blood was added into tubes
with 2.5 ml of chromosome medium including fetal bovine serum, heparin, antibiotics and
phytohaemagglutinin (PHA) under sterile conditions. Then, the total incubation time of the cells
in the culture was followed for 72 hours (3 cell divisions). Corilagin concentrations (10, 25, 50,
100 pg/ml) and MMC (0,2 pg/ml) were added to the medium 24 hours after the beginning of
the culture, allowing it to remain in the culture medium for 48 hours. During the culture, the
tubes were gently inverted and shaken 2-3 times a day.

2.3 Cytokinesis-blocked micronucleus (CBMN) Assay

For CBMN assay, at the 44th hour of culture, cytochalasin-B (6 ug/ml) was added to all tubes
to block cytokinesis. Then, the tubes were wrapped with foil to prevent light exposure. At the
end of 72 hours, the culture was terminated and the tubes were centrifuged at 1000 rpm for 10
minutes, and the supernatant was discarded with a pasteur pipette, being careful not to remove
the cells at the bottom. The 0.5-0.7 ml remaining in the tubes was homogenized by using vortex
and then 5 ml of the cold 0.075 M KCI hypotonic solution, was appended slowly, drop by drop,
then kept at 4°C for 5 minutes. The tubes were centrifuged at 1000 rpm for 10 minutes, and
after the supernatant was discarded, 5 ml of cold fixative prepared from 3:1 methanol: acetic
acid was added to the tubes and kept at 4°C for 15 minutes. The fixation process was applied 3
times. After the first fixative, the same procedure was applied two more times and the tubes
were kept in the refrigerator for 5 minutes after each fixative. 1% formaldehyde was included
into the third fixative. After the last centrifugation, the supernatant in the tubes was removed,
and the remaining cell solution was slowly homogenized with a pipette. The prepared slides
were left in a dust-free place at room temperature for 24 hours to dry. Air-dried slides were
stained for 15 minutes with 5% Giemsa (pH=6.8) prepared with Sorensen buffer. Micronuclei
were scored in 1,000 binucleated cells per donor (totally 3,000 binucleated cells per
concentration). Only binuclear cells are counted during MN examination because these cells
are the cells that divide after adding the chemical substances whose effects are examined. The
micronuclei observed in mononuclear cells were micronuclei that were originally present in
those cells, not due to the addition of test substance. In each treatment group, 1000 binuclear
cells (total 3000 cells from 3 donors) are examined for the presence or absence of micronuclei
(Figure 1). MN frequency was determined as MN number per cell (MN/cell) using the formula
IX(LIMN)+2x(2MN)+3x(3MN+4MN)/N (N total number of cells examined).

822



Genotoxic And Antigenotoxic Effects of Corilagin In In Vitro Human Lymphocyte Cultures

Binucleated cell Binucleated cell with Binucleated cell with Binucleated cell with
one micronucleus two micronucleus three micronucleus

o® . - 0. & “,

Figure 1 Micrograhs of giemsa stained binucletaed cells without and with different number of
micronuclei

2.4 Chromosome aberrations (CA) test

For CA test, at the 70th hour of the culture, colchicine (0.06 pg/ml) was added to the tubes. The
cells were then kept in an incubator at 37°C for 2 hours. At the end of the culture period, the
tubes were centrifuged at 1200 rpm for 10 minutes and the supernatant was discarded. The 0.5-
0.7 ml portion at the bottom of the tube was mixed in a vortex, and the remaining liquid was
homogenized. Afterwards, 5 ml of 0.075M KCl hypotonic solution at 37°C was added to tubes
drop by drop using a vortex. The tubes were kept at 37°C for 30 minutes. Then, the tubes were
centrifuged at 1200 rpm for 10 minutes and after the supernatant was removed, 5 ml of cold
fixative (3:1 methanol:acetic acid) was slowly added to the tubes in a vortex. After adding the
first fixative, the tubes were kept at +4°C for 1 hour. The fixative process was repeated two
more times to ensure complete clarification of the remaining contents in the tube. After each
fixative process, the tubes were centrifuged, and the supernatant was removed, leaving 0.5-0.7
ml at the bottom after the last fixative application. After discarding the supernatant, the
remaining content in the tube was homogenized by pipetting. Then, the cell suspension was
dropped from a height of 15-20 cm on cold glass slides that were previously cleaned in 1N
HNO3 and taken into 70% alchol. Then air-dried slides were stained with 5% Giemsa dye
prepared in Sorensen buffer (pH 6.8) for 15-20 min. For each treatment group at least 100
metaphases were analyzed per donor (totally 300 metaphases per concentration).

2.5 Statistical analysis

z test was performed for statistical analysis of the results of the percentage of MN, abnormal
cells, CA/cell. All data was expressed as mean+SE.
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3. Results and Discussion

The total number of micronuclei (MN) and MN frequency values obtained from 3 replicate
studies in human lymphocyte cultures in which corilagin was administered alone or in
combination with MMC are shown in Table 1. When the groups treated with corilagin
concentrations were compared with the untreated negative control group, it was determined that
corilagin (10-100 pg/ml) did not cause a statistically significant increase in the formation of
MN. On the other hand in all groups treated with 0.2 pg/ml MMC, the MN% frequency
increased significantly (p<0.05) compared to the control. When the groups in which corilagin
was administered simultaneously with MMC were examined, a statistically significant decrease
in MN frequency was observed in the groups in which 10, 25, 50 pug/ml concentrations of
corilagin were applied compared to the group in which MMC was administered alone. In the
group in which the highest concentration of corilagin (100 pg/ml) was applied with MMC, it
was observed that the MN frequency did not decrease, even increased, compared to the MMC

group.

Table 1. Micronucleus frequencies in human lymphocyte cultures treated with corilagin and
MMC with corilagin.

Distrubition of BN
Cells Cellsaccordingto T4¢g

Treatment groups scored _the number of MN - MN% +SE
“m @ 6

Negative Control 3000 11 - - 11 0,37+0,11
MMC (0,2 pg/ml) 3000 201 7 - 215 7,17+047 a
10 pg/ml Corilagin 3000 7 1 - 9 0,30 £0,10b
25 pg/ml Corilagin 3000 12 - - 12 0,40+0,11b
50 pug/ml Corilagin 3000 14 - - 14 0,47+0,12b
100 pg/ml Corilagin 3000 17 - - 17 0,57+0,14b
10 pg/ml Corilagint 0,2 pg/ml MMC 3000 127 6 - 139 4,63+0,38 a,b
25 pg/ml Corilagin+ 0,2 pg/ml MMC 3000 150 6 - 162 5,40+ 0,41 a,b
50 pg/ml Corilagint 0,2 pg/ml MMC 3000 163 2 2 173 5,77+0,43 a,b

100 pg/ml Corilagin+ 0,2 pg/ml MMC 3000 186 21 1 231 7,70+ 0,49 a

a Significantly different at p<0.05 when compared with negative control (z test), b Significantly different at p<0.05
when compared with MMC group (z test). MMC Mitomycin-C, BN Binucleat, MN micronucleus, SE standard
error

It is thought that this may be due to the prooxidant activities and additive effects at high
concentrations observed in many of the potent antioxidant substances. Many studies have
shown that corilagin is more effective at lower concentrations. However, in the literature, it is
seen that most of the studies on corilagin are based on in vivo experiments carried out in
experimental animals.The results of the CA test indicated as structural and numerical
abnormalities, total abnormality number and total abnormal cells in human lymphocyte cultures
in which 10, 25, 50, 100 pg/ml corilagin alone and in combination with 0.2 pg/ml MMC are
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applied, are shown in Table 2 and 3. When the corilagin treated groups were compared with the
negative control group, it was determined that it did not cause a statistically significant increase
in the formation of chromosomal abnormalities at the concentrations (10-100 pg/ml) applied
alone, that shows it did not have a clastogenic effect at studied concentrations. When the groups
in which corilagin was administered simultaneously with MMC were examined, a statistically
significant decrease in abnormal cell frequency and CA/cell values was observed at 10, 25, 50
pg/ml corilagin concentrations compared to the group in which MMC was administered alone.
In the group in which the highest concentration of corilagin (100 pg/ml) was applied with
MMLC, it was observed that there was no decrease in DNA damage compared to the MMC
group, even increased. It is seen that the results of micronuclei and chromosomal abnormality
test applied at the same time are compatible with each other and cause similar results.

Table 2. Chromosomal abnormality types and abnormal cell numbers in human peripheral
lymphocytes treated with corilagin and MMC

Chromosomal abnormalities

£
T T
o g [
© 8 o E (%)
| wm o 2 3 L 2 += ==
Treatment Groups R G 8 T 8 5 S = S 28
9
<
Negative control 300 8 - 1 - - - - 9 9
MMC (0,2 pg/ml) 300 45 9 4 4 3 20 - 85 81
10 pg/ml Corilagin 300 7 - - - - - 1 8 8
25 pg/ml Corilagin 300 9 - - - - - - 9 9
50 pg/ml Corilagin 300 8 2 1 - - - - 11 11
100 pg/ml Corilagin 300 9 3 - - - - 1 13 13
10 pg/ml Corilagint MMC 300 42 7 2 1 1 18 - 71 69
25 ng/ml Corilagin+ MMC 300 38 9 1 - - 12 - 60 58
50 pg/ml Corilagint MMC 300 33 11 1 1 - 9 1 56 56
100 pg/ml Corilagin+ MMC 300 55 13 2 - 1 22 - 93 89

MMC Mitomycin-C, ctb chromatid break, csb chromosome break, f fragment, scu sister chromatid union, dic
dicentric, cte chromatid exchange, p polyploidy, CA/cell Chromosome aberrations/cell, SE Standard Error

The ellajitannins found in pomegranate fruit are very potent antioxidants, and pomegranate
juice has a stronger in vitro antioxidant effect than other common commercial juices [20].
Corilagin is an elajitanen found in different organs and tissues in many plant species, including
pomegranate, and numerous studies have been conducted on its antigenotoxic and
anticarcinogen activity. Prakash et al. [21] conducted in vitro and in vivo studies using the
extract they isolated from the leaves of the Punica granatum L. plant and examined the effects
of its components on oxidative stress and genomic damage. As a result of their studies, they
reported that Punica granatum L. plant is an important chemoprotective agent thanks to the
antioxidant effects of apigenin, luteolin, gallitanins and ellagitannins such as punicalin,
punikalagin, corilagin and punicafolin.
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Table 3. Frequency of abnormal cells and number of abnormalities per cell in human peripheral
lymphocytes treated with corilagin and MMC.

Tretment Group Cells Scored Abnormal cells + SE (%) CA/ cells = SE
Negative control 300 3,00+ 0,985b 0,030+ 0,010 b
MMC (0,2 pg/ml) 300 27,00 £2,563 a 0,283 £ 0,026 a
10 pg/ml Corilagin 300 2,67+0,93b 0,027 £ 0,009 b
25 ng/ml Corilagin 300 3,00£0,985b 0,030+0,010b
50 pg/ml Corilagin 300 3,67+ 1,086 b 0,037 +0,011b
100 pg/ml Corilagin 300 433+1,175b 0,043 £ 0,012 b
10 pg/ml Corilagint MMC 300 23,00 +2,429 a,b 0,237+ 0,025 a,b
25 png/ml Corilagin+ MMC 300 19,33 +£2,279 a,b 0,200+ 0,023 a, b
50 pg/ml Corilagint MMC 300 18,67 £2,250 a,b 0,187+0,023 a,b
100 pg/ml Corilagint MMC 300 29,67 £2,637 a 0,310 £ 0,027 a

a Significantly different at p<0.05 when compared with negative control (z test), b Significantly different at p<0.05
when compared with positive control (z test). MMC Mitomycin-C, CA Chromosome Aberrations SE standard
error

Tong et al. [22] used tumor-free breast epithelium and breast cancer cell lines (MCF-7, SK-BR
3 and MDA-MB-231) and applied 40, 60, 80 umol/L corilagin. They observed that corilagin
inhibited breast cancer growth through reactive oxygen species-dependent apoptosis and
autophagy. Renciizogullar et al. (2019) reported that 5, 10, 25 and 50 uM corilagin had an
antitumoral effect on A549 lung cancer cells [23]. In a study, 30 male Balb/c mice, 6-8 weeks
old and 19-25 g, and the RAW264.7 cell line, they determined that corilagin exerts anti-
inflammatory effects by regulating TLR4 signaling molecules to ameliorate the excessive
inflammatory state in sepsis [24]. When corilagin isolated from the plant Phyllanthus emblica
L. was applied to esophageal cancer cell lines (ECA109, KYSE150) and normal esophageal
epidermis cell line (HEEPIC) at doses of 0, 5, 10, 20, 40 and 60 uM, it was observed that it
exerted an antitumor effect by activating mitochondrial apoptosis and endoplasmic reticulum
stress signaling pathways [25]. Tong et al. (2018) showed that corilagin inhibited cancer growth
in breast cancer cell lines via reactive oxygen species-dependent apoptosis and autophagy [26].
Guo et al. (2017) reported that corilagin reduced lung injury by suppressing oxidative stress
and anti-apoptotic activity in their in vivo study [27]. Tan et al. (2022) reported that corilagin
inhibited intracellular oxidative stress and decreased the inflammatory bone defect caused by
LPS [28]. It was reported by Zhang et al. (2022) that corilagin induced apoptosis and inhibited
HMBG1/PI3K/AKT signaling pathways in gastric cancer in vivo [29]. Huang et al. (2022)
reported that corilagin improved doxorubicin induced cardiac function by reducing injury,
inflammation and promoting apoptosis in rats [30]. Liu et al. (2021) reported that corilagin
reduced NRF2 expression and induced apoptosis and autophagy [4]. In the literature, there are
many in vivo and in vitro studies to examine the biological effects of corilagin on genotoxic
molecules and cancer cells. Up to date, Yang et al. (2021) showed that corilagin could be a safe
antiviral agent against COVID-19 and could be used in anti-virus hygienic products [9].
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4. Conclusion

Studies with natural compounds to prevent or eliminate the genotoxic effect give positive
results to a large extent. For this purpose, researches are carried out on secondary metabolites
found in different organs of plants and especially polyphenolic compounds. Various antioxidant
and anticarcinogenic effects of polyphenols found in plants have been investigated in studies
carried out to date. In this study, the possible genotoxic and antigenotoxic effects of corilagin,
which is one of the phenolic compounds of many plant species including pomegranate and
accepted as a natural antioxidant, were investigated on human peripheral lymphocyte cells. As
a result it was determined that corilagin had a reducing effect on the damage caused by MMC,
when used at low concentrations, similiar with the in vitro and in vivo studies in the literature.
Treatment concentrations of corilagin showed no genotoxic effects on healthy human peripheral
lymphocyte cells even showed antigenotoxic effects against damage caused by MMC. These
results suggest that it has the potential to be used as a therapeutic agent in reversing the damage
caused by mutagens and chemotherapy drugs.

In this study, MN and CA tests were carried out in cell culture under in vitro conditions for the
detection of DNA damage. Compared to in vivo studies, in vitro methods that both eliminate
ethical problems and also provide cheap, easy, fast evaluation present important data as
preliminary indicator studies. However, according to many researchers, data obtained from cell
cultures and animal models may not fully reveal the effect in humans. For this purpose, it is
recommended to carry out in vivo studies and epidemiological studies as a continuation of these
studies, which are considered as the first step. In this respect, the genomic approach, which
reveals the effects of different components, can be presented as a powerful tool to describe and
predict the pharmaco-toxicological activities of medicinal plants.
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Abstract

In this paper, we have investigated the magnetization and the magnetic susceptibility of a quantum dot
superlattice system in the presence of a magnetic field parallel to the superlattice axis and confined in a lateral
parabolic quantum well. We took the effect of the Rashba spin-orbit interaction and Zeeman term on the
specific heat into account. We have calculated the energy spectrum of the electron in the quantum dot
superlattice system. Moreover, we have calculated the magnetization and the magnetic susceptibility
dependence on the magnetic field and temperature of a quantum dot superlattice system.

Keywords: Superlattice, Rashba spin-orbit interaction, Quantum dot.

Rashba Spin-Yériinge Etkilesimli Kuantum Nokta Siiper Orgii Sisteminin

Manyetizasyonu
Oz
Bu makalede, siiper orgii eksenine paralel manyetik alan varliginda ve parabolik kuantum kuyusunda
siirlandirilmig kuantum nokta siiper orgii sisteminin manyetizasyonunu ve manyetik duyarliligimni aragtirdik.
Rashba spin-yoriinge etkilesiminin ve Zeeman teriminin 6zgiil 1s1 izerindeki etkisini dikkate aldik. Kuantum

nokta siiper orgii sistemindeki elektronun enerji spektrumunu hesapladik. Ayrica, kuantum nokta siiper orgii
sisteminin manyetizasyon ve manyetik duyarliliginin manyetik alana ve sicakliga bagimliligini hesapladik.

Anahtar Kelimeler: Siiperorgii, Rashba spin-yoriinge etkilesimi, Kauntum Nokta

1. Introduction

Low-dimensional systems based on semiconductors have been the object of great interest for
many years since then there have been numerous applications based on these systems.
Recently, a great deal of attention is being given to the study of transport phenomena in low-
dimensional systems. In such systems, transport phenomena are sharply different from
transport phenomena in macrosystems. The Landau diamagnetism of an electron gas in
superlattices was presented in the paper [1], and it was found that the magnetization of a
strongly degenerate electron gas changes its sign depending on the degree of band filling and
magnetic field magnitude. In Ref.[2] the influence of interband and intraband transitions on
vertical conductance oscillations in superlattices in a strong longitudinal magnetic field is
considered. The thermal properties of a system, comprising spinless noninteracting charged
particles in the presence of a constant external magnetic field and confined in a parabolic
quantum well were studied in Ref.[3].
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The thermodynamic properties of an InSb quantum dot have been investigated in paper [4] in
the presence of Rashba spin-orbit interaction and a static magnetic field.

In Ref. [5] the heat capacity used for the electronic system in the quantum dot superlattices,
including the Zeeman effect of GaAs, InAs, and InSb was investigated, respectively, by using
an isotropic parabolic potential under a magnetic field based on canonical ensemble statistics.

Voskoboynikov et. al. [6] presented a theoretical study of the effect of spin-orbit interaction
on the electron magnetization and magnetic susceptibility of quantum dots at the weak
magnetic field for degenerate electron gas.

B. Boyacioglu et. all [7] studied the heat capacity and entropy in GaAs quantum wire taking
Gaussian potential as confinement in the presence of a magnetic field using the canonical
ensemble approach. They found that at high temperatures, entropy is a monotonic increasing
function of temperature but decreases with an increase in the magnetic field at a sufficiently
low temperature.

In this paper, we have investigated the magnetization of a quantum dot superlattice system in
the presence of external magnetic fields and Rashba spin-orbit interaction in the case non-
degenerate electron gas.

We consider the thermal properties of an electron system in a quantum dot superlattice
structure with a periodic potential of a period along the z-direction by using a cosine shape

under the tight-binding approximation V(z)=¢,(1-cosak,). Here &,-is the miniband half-
width of the superlattice, k; is the wave vector.

2. Material and Methods

The electron gas in the quantum dot superlattice structure is assumed to be confined in
parabolic lateral potential [6]:

1
V. (p) = > map? ®

Where hw, is the characteristic confinement energy, and p is the radius vector. A static
magnetic field B is applied parallel to the superlattice z-axis.

. . L . .. — Bp—
In an axial magnetic field of the symmetric gauge for the vector potential A= Tpe¢ (where

¢ —is the azimuthal angle) the Rashba spin-orbital term in the cylindrical coordinates is given
by
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o eP) 10 e
Vso(p,¢)—0'20£ dp [Ip8¢+2h8pj (2)

« is the Rashba spin-orbit coupling parameter, o, -is the Pauli z matrix. By including the
Zeeman term Hamiltonian can be written as:

(10 o0 10 ) .ho 0 1_ ,,
—— Pt |- —+-—Mo.p° +
pop  Op p°0¢ 2 0¢p 8 3)

where B-is the applied magnetic field, @, :%is the cyclotron frequency, g -is the Bohr

magneton, m-is the electron effective mass, and g -is the spin decoupling. The eigenfunctions
and eigenenergies of the Hamiltonian are given by

¥ (p.0.k,)= ﬁeikz¢+il¢R(P)}(a (4)
where
U}
ofE g e
P, [ n+]l 2p; )\ P; o

£
2

o

Where p_ = % and L'n(
m

o

] the generalized Laguerre polynomial and y,is the spin

wave function, L is the z directional normalization lengths

&

nlok,

= Q) (2n+|l|+1)+lzha)c +0(% 0B+ Imaw§j+go (1-cosak, ) (6)

It is convenient to reparametrize these quantum numbers in terms of a pair of integers n,,n_,
defined as

n

2n+|1|+1 2n+1|-1

+ 2 s -n_=I (7)

2 T

With n, = 0,1,2, ... co. The energy spectrum can be rewritten as
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En.n ok, :hwf(n_ +%j+ha}f(n+ +%)+%gy88+50 (1-cosak, ) (8)
where
2 2
wf:QU+&+M;wf=Qg_ﬂ_maa’o : ©)
2 i 2 fi

where o = +1 refers to the electron-spin polarization along the z-axis.

2 2
Q = \/ f + %C +oaaw, m;oo (10)

The grand thermodynamic potential of a nondegenerate electron system is given as:

Q= _l e‘ﬁ(”‘gmwkz) (11)
,B n,n_ok,

where ¢, , . -is the energy spectrum of the considered system,ﬁ:ﬁ with kg being the
B

Boltzmann constant, and u is the chemical potential of the electron gas. We pass from the
summation concerning kz to the integration over k, and after summation for n., n. equation
(11) takes the form

Hg HB
L1 (0, Hlu-eo) 7 e
o L0 fs)e ° - ° —_(12)
pa 4sinh(ﬁh§+j5inh(ﬂhz)‘j 4sinh[ﬂh§+Jsinh(ﬂh?j

where 1(0, f€,) is the modified Bessel function zero-order, and L is the length along the z-
direction. We can find the total number of particles N of the system as

Hp
3—=gB
/29

N _[ag] _LI(0, Bey)e" ) ) e (13)

The chemical potential of a non-degenerate electron gas in a magnetic field from (13), we
obtain
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=In| — + — —
Bo| L0 fe) 4sinh[,8h§+Jsinh(ﬂh?‘j 4sinh[ﬁh§+]sinh(ﬂh?‘J

/u:

The magnetization of an electron gas M can be found in the form of the grand thermodynamic
potential as follows [9]:

M = _£(8_9j (15)
V3B ),
The magnetic susceptibility
_om
=5 (16)

3. Results and Discussion

We introduce dimensionless parameters x = & the quantity of the magnetic field strength,
Wy
2 -
represents the temperature measured, z = %0 19 represent the miniband
@, ha,
mawo

half-width, and A = a—

consider the parameter corresponding to InSb materials:m = 0.014m,, where m,, is the free
electron mass, and ¢,= 1meV[8],g = 3.2 ,a = 500A%, hw, = 0.025eV are taken from the

which &=

to represent the Rashba spin-orbit coupling. For our calculation we

literature [8].

In Fig.1 we plot the reduced magnetization and the reduced magnetic susceptibility as a
function of the reduced magnetic field x for the fixed value of the dimensionless parameter
&=0.5, and the dimensionless Rashba parameter A=0;0.022. As seen from Fig. 1 in InSb type
quantum dot superlattice, the magnetization and the magnetic susceptibility change from a
negative value (diamagnetic) to a positive value (paramagnetic) with magnetic field value
2=0.022. For parameter A=0 the magnetic susceptibility and magnetization take a negative
value. These results are consistent with the results in the literature [1].
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-
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Fig.1.The reduced magnetization and the reduced magnetic susceptibility as a function of the

reduced magnetic field x for a fixed value of the dimensionless parameter £&=0.5, and the
dimensionless Rashba parameter A=0;0.022.L = xl' Xo = NB#.
0

Fig.2 shows the behavior of reduced magnetic susceptibility and reduced magnetization
versus the temperature for two values of Rashba parameters, at fixed reduced magnetic field
x=0.5. It is seen from the figure that the system has diamagnetic behavior at the dimensionless
Rashba parameter A=0. For the dimensionless Rashba parameter A=0.022, but with increasing
the temperature the susceptibility shows a transition from a negative value (diamagnetic) to a

positive value (paramagnetic) at a fixed magnetic field.
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Fig.2. The reduced magnetic susceptibility and reduced magnetization versus the temperature

for two values of Rashba parameters A=0;0.022, at fixed reduced magnetic field x=0.5. L =
X _ Nup

E'XO BT
4. Conclusions

We have calculated the magnetic susceptibility and magnetization of the quantum dot
superlattice with Rashba spin-orbit coupling in the magnetic field for non-degenerate electron
gas. Canonical formalism is used to calculate magnetization. We have investigated the
dependence of the magnetic susceptibility and magnetization on the magnetic field and the
temperature in quantum dots superlattice. As a function of temperature, magnetic
susceptibility, and magnetization change signs.
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Abstract

In this study, digital low-pass Finite Pulse Response (FIR) filter is designed using Hybrid Particle Swarm —
Grey Wolf Optimization Algorithm (HPSGWO). The purpose of digital FIR filter design with HPSGWO is to
optimized filter coefficients that are closest to the characteristics of the ideal filter. The obtained results are
compared with PSO, and GWO algorithms which were previously used for FIR filters design in the literature.
According to the obtained results, HPSGWO has better filter response and less stop band ripple than other
methods.

Keywords: finite impulse response (FIR), particle swarm optimization (PSO), grey wolf optimizer(GWO),
hybrid particle swarm — grey wolf optimization (HPSGWO).

Hibrit Parcacik Siirii Gri Kurt Optimizasyon Algoritmasi Kullanilarak Dijital Alcak
Gegiren FIR Filtresinin Tasarim
Oz
Bu ¢alismada, Hibrit Parcacik Siirii — Gri Kurt Optimizasyon Algoritmasi (HPSGKO) kullanilarak sayisal algak
gegiren sonlu diirtii yanith filtre (FIR) tasarlanmigtir. HPSGKO ile dijital FIR filtre tasariminin amaci, ideal
filtrenin 6zelliklerine en yakin filtre katsayilarini optimize etmektir. Elde edilen sonuglar, literatiirde daha dnce

FIR filtre tasarimi igin kullanilan PSO ve GKO ile karsilagtirilmistir. Elde edilen sonuglara gore, HPSGKO
diger yontemlere gore daha iyi filtre yanitina ve daha az maksimum durdurma bandi dalgalanmasina sahiptir.

Anahtar Kelimeler: sonlu diirtii yaniti (FIR), parcacik siiriisii optimizasyonu (PSO), gri kurt optimizasyonu
(GKO), hibrit parcacik siiriisii — gri kurt optimizasyonu (HPSGKO)..
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1. Introduction

Filtering is widely used in signal processing to convert the frequency spectrum of the input
signal to the desired characteristic. Digital filters have an important role in the communication
systems, image processing, and processing of biomedical signals [1]. Two types of digital filter
design are possible, Infinite Pulse Response (IIR) and Finite Pulse Response (FIR) [1].
Although IR filters have less memory and less filter coefficient than FIR filters, FIR filters are
linear and stable [2]. The characteristic of a designed digital filter is expected to be closest to
the ideal filter characteristic. That is, it is expected to converge rapidly to the cutoff frequency,
with the minimal ripple in the pass-band and the maximum stop-band attenuation. Stop-band
attenuation gives information about the maximum ripple amount in decibel in the stop-band
region and it is infinite for the ideal filter. Windowing types such as rectangular, Kaiser,
Hamming, Hanning, Blackman are used as classical methods in filter design [1], [3]. Although
the rectangular windowing method converges to the cutoff frequency faster than other classical
methods, the ripples in the pass and stop bands are higher. In windowing methods such as
Kaiser, Hamming, Hanning, and Blackman, the ripple in the pass and stop bands are low, but
convergence to the cutoff frequency is too slow. Avci design exponential -hamming FIR filter
to increase stop-band attenuation [4]. Although this filter has more stop-band attenuation than
the hamming, kaiser, and hamming filter, has less stop-band attenuation than the Equiripple
FIR filter.

In recent years, FIR filters have been designed with optimization algorithms in order to reduce
both the rapid convergence and the ripples in the pass and stop bands in the literature.
Gravitational Search Algorithm (GSA) [5], Cat Swarm Optimization (CSO) [6], Particle Swarm
Optimization (PSO) [7-8], Genetic Algorithm (GA) [9-10], Cuckoo Search Algorithm (CSA)
[11], Artificial Bee Colony (ABC) [12-13], Grey Wolf Optimizer (GWO) [3], and Moth Flame
Optimization (MFO) [2] are implemented to design digital FIR filters.

When the magnitude characteristics of the digital FIR filter made with the above-mentioned
optimization algorithm are examined, it is seen that there is high ripple in the pass and stop
band. In this study, digital low-pass FIR filter design is carried out using the hybrid Particle
Swarm — Grey Wolf Optimization Algorithm (HPSGWO) to minimize the ripples in the pass
and stop bands. The obtained results are compared with PSO and GWO algorithms, and it is
shown that the HPSGWO algorithm has less ripple in the stop band and better suppresses the
frequency components above the cutoff frequency.

2. Low Pass FIR Filter Problem Statement

The mathematical representation of the FIR filter is shown in equation 1.
N-1
H(z)= hinjz”" 1)
n=0

In Equation 1, N-1 represents the order of the filter, and h[n] represents the impulse response
of N filter coefficients.
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In the literature, the filter is classified into four types according to its length and property of
symmetry. In this study, the filter design is carried out by considering the odd length and even
symmetric defined as Type 1. With the advantage of the symmetry feature, 1+(N-1)/2 filter
coefficients of filter are estimated, then all the filter coefficients of h[n] are obtained. The
mathematical expression of magnitude response of the filter for the Type 1 is shown in Equation
2.

N

( 2 —
H, (o) = h[NT_l] +2 > hn] cos((NTl— nw) (2)

n=0
The magnitude response of the ideal low-pass FIR filter is shown in Equation 3.

1, O<w<o,

0, otherwise

Hi<w>:{ ©

where, o, represents the cut off frequency.

In this study, the objective function defined in the literature as the absolute magnitude response
error between the ideal and the designed filter shown in Equation 4 is minimized using the

HPSGWO algorithm. In the equation 4, 6, and ¢, are the passhand and stopband ripples,
respectively.

() = 3. |[Ha (@]~ H, (@) -5, + 3[[H, (@)~ H, (@), @

=0 w,+1

3. Hybrid PSO-GWO (HPSGWO)

PSO and GWO are popular meta-heuristic algorithms preferred for many problems in the
literature. Senel developed the hybrid PSGWO algorithm by combining the GWO algorithm
with the PSO algorithm in order to reduce the probability of the PSO algorithm catching a local
minimum [14]. Thus, instead of randomly assigning the particles in the solution space in PSO,
it is aimed to obtain more optimum results by directing them to the positions determined by the
GWO algorithm. The flow diagram and the pseudocode of the HPSGWO algorithm is shown
in Figure 1 [14].

In Figure 1, X, X ,and X represent the best three wolves in each iteration. In addition, A and

C in Figure 1 are the coefficient vectors of the GWO, and their mathematical expressions are
shown in Equations 5 and 6.

A=a(2r,-1) ®)

C=2r, (6)
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where a is the coefficient that decreases linearly from 2 to 0 as the number of iterations
increases, and ry and r» are random numbers that change between 0 and 1.

Create initial

population randomly

Replace with the
current particle

A

Set values: a,A, C

Run PSO

: Evaluate the fitness Update values:

of all wolves a,A,C

Evaluate the fitness

of all particles 4—|
s y S

Merorize the begt A particié*a Yes Calculate the values: Update the position
i < p—— Xa, X5, X5 of grey wolves
values of particles ~If rand(0,1)<prob_- @<
and swarm ) —17 —
_~Ifthe maximum ™ -~ No Update the velocity ;
< number of iterations is > and position of If the small N No

' reached? particles <_ number of iterations is >
) 4 reached?

Yes k p
Yes Export mean of the positions
of three best wolves

Pseudocode of HPSGWO Algorithm
Initialize particles
fori=1:1: 1000
forj=1:1:200 do
Run PSO
Update the velocity and the position of current particle
if rand(0. 1) < prob
Set a, A, C parameters
fork=1:1:10 do
form=1:1:10do

Run GWO
Update the a. fand S wolves and a, 4, C parameters
end for
end for
position of current particle = mean of the positions of three best wolves
end if
end for
end for

Figure 1. Flow chart of HPSGWO algorithm [14].
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4. Simulation Results

The simulation results are performed with the help of MATLAB based on the values given in
Table 1 which are frequently used in the literature. The order of the low-pass FIR filter is chosen
as 20 and because of the symmetry, 11 coefficients are estimated by the HPSGWO algorithm.
In order to obtain the best filter coefficients, the algorithm is run 50 times and the obtained best
filter coefficients are shown in Table 2.

Table 1. FIR filter design parameters

Parameters Value
Particular Size 200
Iteration Number 1000
Filter Order 20
Number of Frequency Samples | 128
Pass-band Ripples (J,) 0.01
Stop-band Ripples (J;) 0.01
W, 0.57

Table 2. HPSOGWO low pass FIR filter coefficients of order 20

h(N) HPSGWO
h(1)=h(21) | 0.0024
h(2)=h(20) | 0.0176
h(3)=h(19) | -0.0009
h(4)=h(18) | -0.0324
h(5)=h(17) | 0.0033
h(6)=h(16) | 0.0523
h(7)=h(15) | -0.0032
h(8)=h(14) | -0.1008
h(9)=h(13) | 0.0040
h(10)=h(12) | 0.3152
h(11) 0.4971

Figure 2 shows the magnitude responses of low-pass FIR filters performed with HPSWGO,
PSO and GWO algorithms. As seen in Figure 2, filter response of HPSGWO algorithm is better
than PSO and GWO algorithms. Also, the FIR filter obtained with the HPSGWO algorithm has
less ripple in the stopband. Table 3 shows the stop-band attenuation of the filters obtained by
HPSGWO, PSO and GWO algorithms. When Table 3 is examined, it is clearly seen that the
designed filter obtained with the HPSGWO algorithm has a higher stop-band attenuation. Thus,
the characteristic of the low-pass FIR filter designed with the HPSGWO algorithm is closer to
the characteristic of the ideal low-pass filter.
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Figure 2. Magnitude response of low pass FIR filter of order 20
Table 3. Stop-band attenuation of HPSGWO, GWO and PSO algorithms
Algorithm HPSGWO GWO PSO
Stop-Band Attenuation | 28.8 26.2 25.8

5. Conclusion

The purpose of the digital FIR filter design is to obtain the filter coefficients of the filter
response that are closest to the ideal filter response. In this study, a digital low-pass filter is
designed with the HPSGWO algorithm, and it is shown that the filter response has less
oscillation and is closer to the ideal real filter response than the filters realized with PSO and
GWO algorithms. As a further study, it is planned to use the FIR filter designed with the
HPSGWO algorithm in real system applications.
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Abstract

In this work, a novel 0.9nW low pass filter is proposed using 0.18um TSMC technology in Cadence
environment to reject unwanted signals of biomedical applications. Active RC filter is designed with a new
capacitor multiplier implementation providing high multiplication factor along with low power consumption.
The designed circuit operates with £0.3V supply voltages with DTMOS technique. At the same time, the power
consumption of the proposed circuit is very low that can be implemented in implantable devices. The bandwidth
of the designed filter is adjustable between 500mHz and 65Hz. In terms of Figure of Merit, the proposed filter
outperforms the recommended circuits in the literature.

Keywords: Biomedical Applications, Low Pass Filter, Operational Transconductance Amplifier (OTA),
Dynamic Threshold MOS (DTMOS)

Biyomedikal Uygulamalar icin Kapasite Carpici Kullanan Elektronik Olarak
Ayarlanabilen Diisiik Giiglii Alcak Gegiren Siizgec

Oz

Bu ¢aligmada, biyomedikal uygulamalarin istenmeyen isaretleri siizmek i¢in Cadence ortaminda 0.18pum TSMC
teknolojisi kullanilarak yeni bir 0.9nW diisiik gecis filtresi onerilmistir. Aktif RC filtresi, diisiik gii¢ tiiketimi ile
birlikte yiiksek carpma faktorii saglayan ve {i¢ katmali OTA yapisindan olusan yeni bir kapasite ¢arpici devresi
ile tasarlanmigtir. Tasarlanan filtrenin bant genisligi 500mHz ile 65Hz arasinda ayarlanabilmektedir. Ayni
zamanda onerilen devrenin gii¢ tiikketimi tagmabilir cihazlarda uygulanabilecek kadar diisiiktiir. Onerilen

kapasite ¢arpici devresi 6zellikle gii¢ tiiketimi ve ¢aligma gerilimi agisindan literatiirde 6nerilen devrelerden
daha yiiksek performans gostermektedir.

Anahtar Kelimeler: Biyomedikal Uygulamalar, Al¢ak Gegiren Siizgeg, OTA, DTMOS
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1. Introduction

Today, the demand for wireless devices such as portable biomedical devices, smartphones,
laptops, tablet computers, and various wireless devices is constantly increasing. Integration of
system plays a role as important as power dissipation for portable devices. Industry 4.0
applications will further expand the use of mobile devices [1]. The portability of digital circuits
is increased by the CMOS technology produced in small dimensions. However, the fact that
CMOS transistors produced in small sizes cannot be used effectively in analog circuit design
has led to the search for new methods to design analog circuits [1,2].

CMOS technology is ideal in terms of the circuit, which needs to be designed with low power
consumption. The minimized supply voltage is functional to reduce the power consumption of
the circuits. The threshold voltage cannot be downscaled by the same extent as the supply
voltage in modern small size CMOS technologies gets smaller. The high V1w is required to
obtain a low current when the transistor is switched off. The current injection of MOSFETS is
generally in several nano amper ranges in the weak inversion region that will be functional due
to a minimized supply voltage [3,4]. Also, the circuit topology must be suitable for the
minimized supply voltage. The above requirements encourage the innovative design strategies
in CMOS analog circuit design [5-8]. For example, the Dynamic Threshold MOS (DTMOS)
technique is an example of new design strategies proposed for CMOS technology [9,10].
Particularly, low power consumption has increased the importance for the circuits used in the
Internet of Things applications that are becoming widespread in our lives [11,12].

In biomedical signal acquisition systems, low frequency filters are used to reject unwanted
signals and extract low frequency bio-potential signals. The rejection of out-of-band noise and
interference suppression is realized by using these low frequency filters [13,14]. Bio-potential
signals are weak analog signals. The amplitude of bio-potential signals extends between 1V
to 10mV while the frequency of bio-potential signals ranges from less than 1Hz to 10kHz [15].
In the integration of low pass filters operated at low frequencies, the filter topology of RLC and
RC are not practical due to the high costs [16]. Switched capacitor filters are not preferred to
collect bio-potential signals because they are affected by leakage currents in the switching [17].
In biomedical systems, to catch the low frequency operation, Gm - C filters are widely used
[18]. In Gm —C filters, the cut-off frequency is determined by the G / C ratio, where G is
defined as the transconductance of the operational trans-conductance amplifier (OTA) and C is
integrated capacitor. To implement the filter at low cut-off frequencies, large valued C and
pretty small G are preferred. In this respect, various design techniques have been proposed in
the literature to obtain low Gm to OTAs [19,20].

However, capacitance multiplier circuits are commonly used for applications described in the
literature as sub-hertz [21-23]. In an RC network, circuits operating at low frequencies are
designed by increasing the time constant with a huge value of resistance or capacitance. To
improve the time constant of RC network, the multiplied capacitance can be implemented
instead of conventional capacitor.

In this study, a low pass filter is designed to meet the wireless features of biomedical
applications, with a wide range of settings based on capacitor multiplier. The design consumes
very low power, suitable for bio-potential signal acquisition systems used in the applications of
Internet of Things. The presented circuit is implemented with DTMOS transistors in sub-
threshold region. Meanwhile, supply voltages of the design are +£0.3V. Overall simulations are
realized in Cadence environment. Also, the performance of the circuit is verified using 0.18um
TSMC technology.

This paper is organized as follows. In the second section, circuit design of the capacitance
multiplier is given. In the third section, the CMOS realization of capacitor multiplier is given
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while second order Butterworth filter structure and its layout are given in forth section.
Transient and AC analysis of the designed filter are given in forth section with noise analysis.
Additionally, the performance of the designed filter is justified by comparing conventional
designs in terms of Figure of Merit. Section V gives some conclusions.

2. Circuit Design of Proposed Capacitance Multiplier

One of the most limiting problems in the design of integrated circuits is the large area
occupation on the integration of passive circuit elements such as resistance, inductance and
capacitance. Continuous time applications in which the use of component (R, L and C)
multipliers is inevitable have to deal with the problem of integration of high-value passive
circuit elements. There is widespread research in the literature on this critical issue. In this
respect, the design of capacitance multiplier circuits is of greater importance than others.
Although it is used in RF designs with the general acceptance of inductance, capacitor is an
indispensable circuit element in most of circuits such as capacitive low frequency filters, analog
to digital converters, and digital to analog converter. In particular, G,, — C filters including
multiplier structures have been widely used in the literature. Such capacitance multiplier
circuits have attractive properties of temperature insensitive C-values with good stability [24—
27].

The categorization of capacitor multipliers designed in the literature can be divided to two parts
as voltage and current-mode. The voltage-mode capacitor multiplier circuits are generally used
for frequency compensation. In this regard, capacitor multipliers designed with operational
amplifiers can be given as an example of voltage mode multipliers. The current mode
multipliers can be designed with CCII, OTA and etc. The second generation current conveyor
(CCII) has also been used to realize C-multiplier circuits due to its attractive characteristics
[22,28]. Even though CCII are suitable for the multiplier design with high multiplication factor,
OTAs are more attractive building blocks for the reconfigurable design of multiplication factor.
A large number of OTA-based C-multiplier circuits using bias adjustment have been reported
in literature [27,29].
ki

ip=i(k+1) C _:
|
[

—

Geg=C(1+k) |4

v

Figure 1. OTA based capacitor multiplier.

The simplest OTA based capacitor multiplier reported as current mode is shown in Figurel,
while the proposed circuit is given in Figure 2. The first and second OTAs used in the
implementation of the multiplier have multiple current outputs. In this topology, “i”” on C is
sensed with the low value of G,,;. Multiplication of the sensed current by multiplication factor
denoted as k, is obtained with higher gain of G,,;. G- Gz Ro1- Ro2 Where R, denotes the
output impedances of the each OTA. In this respect, i, is equal to "i" times (1 + k), while C,,
is equal to the C. (1 + k). As a result, output current shown as i, in the Figure 2, gives k times
higher value of the current in (1) approximately. It should be noted that this simple scheme
based on traditional topology provides good accuracy in spite of limited multiplication factor
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and allows only single-ended applications, whereas the current multiplication inside single
OTA with current mirror or other methods increases the consumption of power and the
occupation area on the silicon [30].

ki
% ﬁ
il,:[(k+1) C l
e
Vin R Vout |
[

—

Vin R Vou |—>
wvw% G :> Ceq= C(1+K)

Figure 2. Proposed filter with capacitor multiplier.

/

G2

\

This proposed topology is developed version of OTA based multipliers reported in literature
[27], [31]. In this topology, the multiplied current k.i is obtained with three cascaded OTA.
The non-inverting output of the first cell gives V,, while V,; is the non-inverting output of third
cell. The third OTA is driven with the fully differential output of second OTA, while the fully
differential output of first OTA drives the second OTA. The multiplication factor of k is
maximized by selecting the conductivity of the second and third cell as high as possible. The
equation of i is givenin (1). G,, defines the transconductance of OTA, where Vp is non-inverting
input of OTA and Vy is inverting input of OTA as well.

[ =Gm(Vp—Vy) (D

In this respect, taking into consideration output impedances of the OTAs, impedance seen from
V,.+ Node can be given in the following form:

7= sC + Gy
SC(Gml + 4'RolROZGmlamZG

) //Ro3 2)
m3

In the subthreshold operation, very high output impedances of OTAs can be obtained. Hence,
for the simplicity of calculations, third OTA’s output impedance can be ignored. Furthermore,
in the low operating currents with the help of DTMOS technique, G, can be easily tuned from
a few nS up to a couple of 10 nS. For the base capacitance (C) values in the range of a couple
of 10pFs, (2) can be easily simplified as follows for the biomedical applications with the
operating frequency up to around 100Hz:

Gm1

Z
SC(Gml + 4'RolRoZ GmleZGm3)

IR

3)

Moreover, if G,,; is increased up to 10nS, (3) keeps capacitance multiplier behavior up to
10kHz approximately. In this point of view, “k” multiplication factor can be approximated as
follows:

k = 4Ry1Ry3GmsGoms (4)
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wcut—off = W (5)

In this view, (4) brings a large amount of capacitance value at the V,,,; node to attain very low
operating frequency region in the biomedical applications. According to (4) and (5), cut-off
frequency of the proposed first order low pass filter can be safely adjusted by output impedances
and transconductance values of the three cascaded OTA stages. Hence, bias currents of the
OTAs play an important role in determining the cut-off frequency of the proposed filter with
capacitance multiplier. In the next sections, DTMOS technique is given with the CMOS
implementation of the OTAs, whereas the operating mechanism of the filter is justified with the
post layout simulations with regard to different bias currents of each OTAs.

3. CMOS Implementation of Low Pass Filter

Biomedical applications such as implantable and portable devices must be provided with low
power operation. MOS transistors operating in deep sub-threshold region consume very low
power. Generally, the designed circuits in sub-threshold region designed with MOS transistors
have low supply voltage. For example, when the supply voltage of designed circuit with
saturated MOS transistors for the 0.18um technology is 1.8V, the supply voltage of this circuit
with MOS transistors in weak inversion region for the 0.18um technology can be lower than
0.7V.

Moreover, to improve the performance of the MOS transistors with the same power dissipation,
different techniques such as Dynamic Threshold Metal Oxide Semiconductor (DTMOS) are
investigated in literature [9], [32]-[36]. DTMOS can support high current gain and with low
threshold characteristics and its leakage current is minimized. Because of its ultra-low voltage
capability, DTMOS is very practical to design ultra-low voltage analog circuits [37], [38]. The
idea of DTMOS is established by connecting the transistor gate and body to each other. This
connection changes the threshold voltage. The threshold voltage of DTMOS is given in (6).
The proposed CMOS circuit is implemented with DTMOS transistors as given in Figure 4,
whereas DTMOS realization symbol is illustrated in Figure 3.

; N
G B G%%
D D
(a) (b)

Figure 3. (a) The realization of DTMOS with standard MOS (b) The
representation of DTMOS
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ki
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1
Ceq=C(1+K)
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first cell- Gy second cell - Gy third cell - Gz
Figure 4. CMOS implementation of proposed filter.
WVenp|= Wenop| + ¥o (VI2®eT + Vg — J1281) (6)

The implementation of the proposed circuit is suitable to obtain high multiplication factor. The
implementation of designed structure is advanced version of recently recommended cell-based
variable transconductance amplifier [39], [40]. Three cascaded symmetric OTAs compose the
structure. The first OTA is called “first cell” while the second OTA is “second cell” and the
third one is “third cell”. Table 1 gives the size of the transistors. In the proposed structure, the
fully differential output is easily implemented by symmetrical OTA to drive the second and the
third cells. In this respect, (7) gives the gain of each OTA in the sub-threshold region.

Table 1. The size of transistors.

Transistors First Cell Transistors Second Cell Transistors Third Cell
WI/L WI/L WI/L
Mg, Mz2g, Msg,
2um/360nm 6um/360nm | Myc, M 6pum/360nm
Mia, M2a, Msa, Mea, # Meg, H 26 THIse H
Mog, M1os, M118,
Moa, M1oa, M11a, 2um/360nm % N}OB ue 6pum/360nm | Mioc, M1uic | 6pm/360nm
Muoa 12B
360nm/360nm M7g, Mgg Sum/360nm | My, Mgc | Spm/360nm
M7a, Mga
4um/220nm Mzg, Msg 2um/220nm | Mac, Mac | 2pm/220nm
Maza, Maa
Misa, Mia, Misa, 2um/360nm - - - -
Misa
w
Ll
Z]
e ] (7
Ll

Kyo = ————2%
"0 Gass + Gasia

9m and r, of MOS transistor are shown in (8) for the sub-threshold region. g,, defines the
transconductance of transistor, while 7, is the output impedance of transistor. k denotes the
subthreshold gate efficiency, whereas A is the parameter of channel length modulation. V; =
k.T / qisthe thermal voltage (k - Boltzmann constant, T - absolute temperature, g - elementary
charge).
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_k.q.lp 1
gm = kT 4 7"O - /11D (8)

In the proposed circuit, V, is obtained from the first cell with the transistors of Miza, Musa,
Misa, Miea, Moa, Msa, Mioa, M11a, Whereas V,,,, comes from the third cell to increase the
multiplication factor by passing through the first and second cells. The gain of (k + 1) is
maximized to be as large as possible by this way. (6), (7) and (8) are used to determine the
dimensions of the transistors in Figure 4.

4. Layout and Post-Layout Simulations

Minimum power consumption of the designed circuit is 0.98nW under the minimum biasing
current. The simulated results for the transconductance of the cells in the proposed topology are
illustrated in Figure 5 (a). In this respect, transconductance of the first cell can be observed
around 2.37nS for Ig1=0.1nA current. Also, transconductance of the second cell is given as
4.7nS for Ig2=0.1nA, while transconductance of the third cell is found as 6.8nS for Igz =0.1nA.
Furthermore, multiplication factor for 10pF base capacitance is simulated as shown in Figure 5
(b). Multiplied capacitance is around 60nF, while the multiplication factor is 6000 with 90°
phase response. According to Figure 5 (a) and (b), there is a good agreement between simulation
results and equations of (2), (3), and (4) presented in the previous section.

%x107°

6.5 7

6 G _.=6.8nS J
m3 G_.=4.7nS
m2

55 B
5 F .

45 4

Amplitude (S)

35 B
G _.=2.37nS
m1

3t ]
25+ e
1073 1072 107" 10° 10" 102
frequency (Hz)

@
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Figure 5. (a) Transconductance of first, second and third cell, (b) multiplication factor for 10pF base
capacitance.

Figure 6 gives the layout of the designed filter. The occupied area on chip without electrostatic
discharge (ESD) protection of the designed circuit is 71.99umx115.05um; 0.0083mm?. The
post-layout simulation of the second-order low pass filter is shown in Figure 7. The cut-off
frequency of the designed filter is 500mHz for 100kQ resistance with 10pF base capacitance.

Figure 6. Layout of the proposed circuit (occupies 0.0083mm? area).
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fc=500mHz for R=100K, C=10p
with 0.96nW power consumption
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frequency (Hz)

10°
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Figure 7. Post-layout simulation of designed filter for R=100kQ and C=10pF (base capacitor).

THD performance of the filter for peak-to-peak input signal at 1mHz frequency is given in
Figure 8. The total harmonic distortion is 0.12% for 100mV peak-to-peak input signal at 1ImHz,
while output signal of the proposed filter is given in Figure 9 for the same input voltage signal.
Furthermore, input referred noise is 9.09uV/sqrt(Hz) as given in Figure 10. Spurious Free
Dynamic Range (SFDR) of the designed filter is around -78.2dBc. The analysis of SFDR is
given in Figure 11 at 1mHz input frequency for 100mV peak to peak input signal.

051

0
0.1

0.11

012 013 0.14 0.15 0.16
Vin V)
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Figure 8. Linearity check of the designed filter (THD = 0.12% for 100mV of peak input signal at ImHz).
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Figure 9. Transient response of the designed filter (THD = 0.12%).
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Figure 10. Input referred noise of the designed filter.
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Figure 11. Spurious Free Dynamic Range.

The cut-off frequency of the designed filter can be adjustable with the biasing current as given
in Figure 12. Table 2 gives the biasing current of each cell versus f(-3dB) as well. The
configurability of the designed filter can be realized by changing Gm2 and Gmsz with different
Is2 and Ig3, respectively. Also, output impedances of the first and second OTAs in the proposed
filter structure in Figure 2 play an important role for the cut-off frequency. In this point of view,
Figure 12 and Table 2 are in good agreement with equations of (3), (4), (5), (7) and (8) presented
in the previous sections. Corner analysis of the designed filter including variations of process
(ss, tt, ff, sf, fs), temperature (-40°C, 85°C), and power supplies of AVDD and AVSS (0.33V,
0.27,-0.33V and -0.27V) is realized to check resilience of the performance. It can be said that
the filter performance remains in acceptable limits. The low pass function of the designed filter
is preserved under the worst cases. In addition, Figure 13 gives the Monte Carlo analysis. To
investigate resilience of proposed filter, cut-off frequency of the filter is analyzed under the
Monte-Carlo seeds. The Monte-Carlo simulation runs including distinct process corners (ss, sf,
fs, ff) also transistor mismatches by changing transistors' channel lengths and/or width
independently. In the end of this process, it should be noted that standard deviation of the cut-
off frequency is lower than 10%, where cut-off frequency of the designed filter is around 24Hz
while standard deviation is 1.47Hz. In the Monte Carlo analysis, all process variations and
mismatches are taken into consideration for 100 independent runs. Standard deviation of the
designed filter for 1.47Hz while cut-off frequency is 24Hz. Table 3 gives the detailed
comparison of the proposed circuit with other studies in the literature. The design is considered
to give promising results when compared to the defined Figure of Merit given in (9).

FoM — power
o= dynamic range x order ©)
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Table 2. Biasing current versus f_s4g

I1 I2 I3 f_34p
0.1nA 0.1nA 0.1nA 500mHz
0.1nA 0.1nA 1nA 3Hz
0.1nA 1nA 0.1nA 9Hz

1nA 1nA 1nA 24Hz

1nA 1nA 10nA 65Hz
5 T T T T
0 i
| BT

f,=500mHz, with 0.96nW \
f2=3HZ, with 4nW

f3=9HZ, with 8nW

f4=24Hz, with 12nW

f5=65Hz, with 36nW

Amplitude (dB)

-20

25 ! ! !
10 10 102 100
frequency (Hz)

10%

Figure 12. The reconfigurable output of the designed filter for different bias currents of three cascaded cells.
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Figure 13. Monte Carlo analysis for f_; 45 = 24Hz.

Table 3. Comparison between conventional designs and the proposed work.

Parameters [5] [16] | [41] | [42] [43] [44] [45] This Work
Vpp, V 1 1.8 1.8 1 3 +0.8 0.9 +0.3
Technology, pm 0.18 | 0.18 | 0.18 | 0.18 | 0.35 0.25 0.13 0.18
Power, pW 0.35 | 0.57 | 200 | 0.453 | 0.75 30 2.8 0.9nW
DC gain, dB -8 0 -6 -9.5 -6 -5 59 0
Filter order 5 4 5 5 4 5 4 2
THD, dB -499 | -40 | -44 | -486 | -59 -40 -40 -43
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Dynamic range, dB | 49.8 | 56.06 | 52 50 54 65 43.22 78.2
Bandwidth, Hz 50 50 250 | 250 40 253 52 50
IRN, pVrms 97 109 | 266 | 340 500 36 24.4 9.09
FoM 0.226 | 0.224 | 100 | 0.286 | 0.374 3.3 4.83 0.00575

5. Conclusions

In this work, a new implementation for low-pass filter of biomedical data acquisition system
developed with DTMOS technique is proposed. The active RC filter is designed with OTA
based capacitor multiplier. The cascaded cell-based implementation is performed with the
design of capacitor multiplier, which is very appropriate for the low power and low frequency
applications where high multiplication factor is required. The proposed structure works with a
supply voltage of + 0.3V and dissipates 0.98nW, whilst the occupation area of core circuit on
chip is 0.0083mm?. The input referred noise of the designed filter is presented around
9.09uV/sqrt(Hz). All simulations are performed in Cadence environment with 0.18um TSMC
technology.
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Abstract

In this paper, the effect of high school students on mathematics achievement by taking active participation and
absent of high school students was investigated by using fuzzy logic modeling. The questionnaire prepared by
the researcher is applied to the students to determine the active participation of the students. These written exam
scores are used in order to evaluate the absences and achievements of the students until the end of the 1st
semester written exam. In this study, inputs are active participation and absent, and output is mathematics
achievement. These data were tabulated, graded and transferred to Matlab and the model is obtained by using
fuzzy logic toolbox. The actual results obtained from this model with the output values R? review by making
the similarity rate is found to be 80%.

Keywords: Mathematics Achievement, Fuzzy Logic, Education

Bulanik Mantik Modellemesi ile Matematik Basarisi

Oz

Lise 6grencilerinin derse aktif katilimlar1 ve yapmis olduklart devamsizliklar ele alinarak matematik basarisina
olan etkisi modern optimizasyon tekniklerinden bulanik mantik modellemesi kullanilarak incelenmistir.
Ogrencilerin derse aktif katilimlarmi saptamak igin arastirmaci tarafindan hazirlanan anket Ogrencilere
uygulanmistir. Ogrencilerin 2018-2019 dgretim yili 1. donem 1. matematik yazili sinav tarihine kadar olan
devamsizliklar1 ve basarilarinin degerlendirilebilmesi i¢in bu yazili sinav puanlari kullanilmigtir. Bu ¢alismada
girdiler aktif katilim ve devamsizlik, ¢ikti ise matematik basarisidir. Elde edilen degerler ile veriler
olusturulmustur. Bu veriler tablolagtirilip derecelendirilmistir ve matlab programina aktarilarak fuzzy logic
arag kutusu kullanilarak model elde edilmistir. Bu modelden elde edilen ¢iktt degerleriyle var olan gergek sonug
degerleri R? incelemesi yapilarak benzerlik oran1 %80 olarak bulunmustur.
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Mathematical Success with Fuzzy Logic Modeling

1. Introduction

Mathematical modeling is the process of considering and interpreting a real-life problem
mathematically. The problem is defined, the data is collected and analyzed, then mathematically
formulated and a mathematical model is created. The found result is adapted to real life and
interpreted [1]. In this study, using the fuzzy toolbox in the Matlab program on the computer,
one of the mathematical models, the input variables are the active participation and absent of
the students, and the output variable is the mathematical success, then fuzzy logic modeling
method is applied. The concept of fuzzy logic was introduced by Zadeh [2]. In fuzzy logic, it is
desired to measure the degree of accuracy by determining how much the expressions are
realized by creating membership degrees to the expressions used in daily life [3]. Today, fuzzy
logic is used in economics, health, engineering, education, etc. It is preferred in many fields
such as In the fuzzy logic system, the input variables are blurred and the data obtained within
the rules are defuzzified and converted into numerical output values [4-7]. In this study, a
surface is obtained depending on the input and output variables in the fuzzy logic system and
the correlation percentages are calculated by comparing the system output data with the existing
data.

2. Material and Methods

The importance active participation of students in the lesson and the effects of their absence
from school on their mathematics achievement are discussed. The 'Active Participation
Questionnaire in Mathematics Lesson' was created by the researcher to determine the active
participation of the students. Absent was determined by evaluating the attendance documents
of student until the 1st Term 1st Mathematics written exam date. The study was carried out by
considering the scores they received in the 1st Term 1st Mathematics written exam applied to
the students with mathematics achieve obtained from the data,

It was transferred to the excel program, tabulated and evaluated.

The membership degree, n(x), is specified for each value in the range of the variable X, which
has lower and upper bounds such as X, and X,. Membership rating is between 0 and 1. As seen
in the graph, this curve, which changes with the values of the cluster members, is called the
membership function [8].
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Figure 1. Fuzzy Set

Fuzzy systems are systems in which fuzzy set principles are used in order to reach output
variables thanks to existing data and input variables. In the fuzzy model, the logical relations

between input and output take place by applying if-then rules.
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Figure 2. General Fuzzy System

Fuzzifier: It is the processor that enables to obtain fuzzy data by converting numerical input
values into linguistic variables, that is, verbal expressions.

Fuzzy Rule Base Unit: It contains rules with if-then commands that enable to examine the
logical relationships between input and output variables in the database.

Fuzzy Inference Engine Unit: It provides the inferences of the rules between the input and
output fuzzy sets to determine what kind of output the system will give depending on its inputs.
Clarifier: It transforms the fuzzy results found as a result of fuzzy processes into clear digital

output values [9-11].

3. Results and Disscussion

The data obtained for the research are as follows.
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Active Discontinuity | Success
Participation

89 5,5 46
100 2,5 77
100 1 91
88 1 92
55 15 66
93 2 92
26 1 73
54 3 47
92 2 85
74 8,5 10
61 5 27
38 0.5 52
71 2 30
96 4 42
68 2.5 10
74 8,5 15
69 2 14
58 7,5 20
76 4,5 36
66 1 70
87 15 62
80 4,5 68
67 1 81
72 3,5 50

72 3,5 64
84 1,5 78
86 2,5 84
63 6,5 24
85 3,5 52
80 5,5 64
90 1,5 97
53 15 55
94 3 77
72 3,5 50
72 15 58
88 5 50
71 2 22
98 15 100
86 0,5 86
86 0,5 100
78 0,5 85
75 1 81
57 2,5 28
82 0,5 92
81 8 26
69 6,5 50
67 12 43
95 15 100
80 1 91
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84 15 100 82 0 98
94 2 90 85 3 82
80 0 90 82 3 44
89 0,5 85
96 0 90
85 1 87

Obtained values are modeled by fuzzy logic method. In this study, while active participation
and absent constitute the input variables of the study, success also constitutes the output

variable. Thus, a two-input and output model was obtained.

Bl

APL (5) FLS
(mamdani)
15 rules
!g ? * Achievement (6)
Absentence (5)

System FLS: 2 inputs, 1 outputs, 15 rules

Figure 3. Main Diagram of Fuzzy Logic System

Thus, in the fuzzy logic model, a surface was obtained that determines the relationship between
active participation of students in the lesson and their absent from school and their mathematics

achievement.
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Figure 4. Surface obtained from the model

In the model obtained, output values were found in the fuzzy logic system for each input
variables. In the table below, the success values obtained by the fuzzy logic method are

compared with the success values available.

Current Values Fuzzy Logic 30 29,4
System Values

42 50
46 52,1

10 29
77 74,6

15 21,6
91 92

14 33
92 91,1

20 44,8
66 55,2

36 47,8
92 78,3

70 62,5
73 45,2

62 86,6
47 44,7

68 51,9
85 78,5

81 63,4
10 21,6

50 45,2
27 43,6

64 45,2
52 45,2

867



Mathematical Success with Fuzzy Logic Modeling

78 85,9
84 744
24 442
52 62,2
64 485
97 843
55 53,6
77 744
50 452
58 41,7
50 62,8
22 294
100 84,4
86 942
100 94,2
85 88,2
81 69,6

28 44,1
92 92

26 27,6
50 33,1
43 36,2
100 84,4
91 74

100 85,9
90 783
90 BN

85 93,6
90 94,5
87 92,1
98 92

82 74,4
44 31,4

The correlation coefficient R? was calculated by comparing the existing success values with

the success values obtained from the model. When these values were compared in the study, it

is determined that the similarity rate was 80%.
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Figure 5. Comparison of Values

4. Conclusion

In this study, the effect of' active participation of students in the lesson and their absence from
school on their mathematics achievement is examined by fuzzy logic method. The active
participation scores of the students are obtained by adding the scores of the marked situations
in the survey study applied to the students. Student’s absent from school is determined for the
period until the 1st semester 1st mathematics written exam date, and their mathematics
achievement is considered as the scores they got from the 1st semester 1st mathematics exam.
In this study, while active participation and absent constitute the input variables, mathematics
achievement constitutes the output variable. After determining the rules for the relationships
between the inputs and the output, the model is obtained. On the surface obtained from the
model created with the fuzzy logic method, while active participation has a positive effect on
success, absent has a negative effect. High success is achieved in cases where active
participation is high and absent is low. It has been determined that there is low success in cases
where active participation is low and absent is high. In the study, the values obtained from the
fuzzy logic system are compared with the actual values, and the similarity rate is found to be
80%.

If this study is to be investigated later by another researcher to investigate the active
participation of the students in the lesson and their absent at school, which affects the
mathematics achievement, thanks to the model we have obtained with the fuzzy logic method,

we can enter our own data and obtain the results of mathematics achievement. In addition,
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research can be conducted by adding other factors that affect the success besides the active

participation of the students in the lesson and their absent from the school.
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Appendices

App. A. Active Participation Questionnaire in Mathematics Lesson
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@ 8| 8| @ 8 itati

@ S| 8| 5| & hesitation.

1. I like to have a say in
the mathematics lesson
and participate in the
lesson.

8.The participation of
my friends in the
mathematics lesson in
he class allows me to

2.My math teacher
encourages me to ask
questions in the lesson.

pe more active in the
esson.

D.The use of different

3.My teacher's
feedback and hints in
the mathematics lesson
allow me to participate
in the lesson.

eaching methods in the
mathematics lesson
ncreases my interest
and active participation
n the lesson.

4.Getting a high grade
in the math exam
increases active
participation in the
lesson.

10.Feeling comfortable
n the classroom
environment  increases
my participation in the
esson.

5.When | understand
the purpose and
contribution of the
mathematics  course,
my desire to participate
in the course increases.

11. When | actively
participate  in  the
mathematics lesson, my
pelief that | can succeed
n the lesson increases.

12.My active

6.The use of materials
(visual tools, videos,
etc.) in the mathematics

participation in  the
mathematics lesson is
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effective in my self-
confidence.

not understand in the
math class.

13.When | speak, my
math teacher's careful
listening to me
increases my
participation in the
lesson.

17. | hesitate to stand up
at the blackboard in
math class.

18.Even though | know
he answer to the
question my teacher

14.My math teacher's
good communication
with the class increases
my participation in the
lesson.

asks in the math class, |
jon't want to take the
floor.

19.Getting a low grade
bn the math test reduces

15.Using mathematics
in daily life increases
my interest and
participation in the
lesson.

active participation in
he lesson.

0.The fact that my
classmates do  not
attend the mathematics

16. | do not hesitate to
ask about the things | do

esson reduces my
participation in  the

lesson.
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Abstract

The purpose of this study was to investigate the tribological properties of NiTi shape-memory alloy that was
borided and coated with Al,O3 using the electrophoretic deposition (EPD) method. For the study, the sample
surface was borided for 1 and 4 h at 800°C with the method of pack boriding, and the surface of the sample that
was borided was coated with Al,Os3 using the EPD method. The tribocorrosion properties of the untreated samples,
borided samples, and borided and (duplex) Al.Os-coated samples were investigated and characterized using XRD
and SEM devices. Accordingly, following the boriding treatment on the NiTi material, Al.Os; coating was
successfully carried out with the EPD method. In comparison to the untreated samples, the tribocorrosion
resistance of the surface-treated samples under a load of 3 N in a 3.5% NaCl solution increased. Additionally,
among all samples, those that were subjected to the duplex surface treatment had the best tribocorrosion properties.

Keywords: NiTi, Boriding, EPD, Tribocorrosion

Borlanmis ve AL203 Kaph NiTi Malzemenin Tribokorozyon Ozellikleri
Ozet

Bu ¢alismanin amaci, borlanmis ve Elektroforetik biriktirme yontemi (EPD) ile AloO3 kaplanmis sekil hafizali
NiTi alagimin tribolojik 6zelliklerini aragtirmaktir. Arastirma i¢in numune yiizeyi kutu borlama yontemi ile 800
°C sicaklikta 1ve 4 h borlama yapilmis ardindan borlanmis numunelerin yiizeyi EPD yontemi ile AlOs
kaplanmigtir. Daha sonra iglemsiz, borlanmis ve borlanarak ardindan Al;O3 (dublex) kaplanmig numunelerin
tribokorozyon ozellikleri arastirilmig, XRD ve SEM cihazi ile karakterize edilmistir. NiTi malzeme tizerine yapilan
borlama isleminden sonra EPD yontemi ile Al,Os; kaplama basarili bir sekilde gerceklestirilmistir. Islemsiz
numuneye gore ylizey islemi uygulanmis numunelerin %3,5 NaCl ¢ozeltisi igerisinde 3 N yiik altinda
Tribokorozyon direnci artmistir. Ayrica dublex ylizey islemi uygulanmis numunenin diger numunelere gore en iyi
Tribokorozyon 6zellikler gosterdigi sonucuna varilmistir.
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Tribocorrosion Properties of Borided and AL20s-Coated NITI Material

1. Introduction

NiTi shape-memory alloys (SMAs) are preferred in various industrial fields thanks to their
shape-memory effects, excellent elasticity, and mechanical properties [1]. SMAs are a group
of multifunctional metals that have shape memory and superelasticity properties. These
properties come from the solid-state phase transition between the phases without diffusion [2].
Due to their properties such as biocompatibility and good compatibility with computed
tomography and magnetic resonance applications, NiTi alloys are preferred in biomedical
processes. These alloys are also used in several fields from aviation to communication and from
automotive to microelectromechanical systems [3-6]. Despite their favorable elasticity
properties, NiTi alloys suffer from wear occurring during their usage, as well as their inadequate
bending and fatigue strength. To eliminate these shortcomings, surface treatments are applied
to the material. While boriding can provide many advantages for the surfaces of materials such
as resistance to wear, oxidation, and corrosion, it can also allow the preservation of hardness at
high temperatures. The procedure of boriding, which can be applied to iron and non-iron metals,
is based on the diffusion of boron atoms on the material’s surface. Boriding is a thermochemical
surface hardening method. While it can be applied to the material’s surface using non-
thermochemical methods including ion implantation, DVD, CVD, or plasma spraying, it can
also be applied using thermochemical methods such as solid, liquid, gas, and plasma boriding
[7-8].

In the colloidal process known as electrophoretic deposition (EPD), charged particles in a
suspension are electrophoresed on a working electrode that is negatively charged. EPD has two
steps. The first step involves the migration of charged particles suspended in a liquid towards
the oppositely charged electrode (electrophoresis). The second step involves the formation of
coating by the particles accumulating on the counter electrode (deposition). This method is fast
and very cost-effective. Additionally, it is scalable, and intensive coating can be achieved with
high purity at room temperature and on objects with complicated geometries. In this method,
aqueous or organic suspensions can be used [9-13]. In this study, to improve the tribological
properties of a NiTi shape-memory alloy, boriding was applied for 1 and 4 h at a temperature
of 800°C using the pack boriding method, and the samples were then coated with Al>O3 using
the EPD method. Next, the tribocorrosion properties of the untreated samples, borided samples,
and borided and (duplex) Al.Oz-coated samples were investigated and characterized using XRD
and SEM devices.

2. Material and Methods

The material of this study consisted of NiTi alloy samples containing 50.6% Ni whose physical
and mechanical properties are shown in Table 1. The samples were cut in dimensions of 15 x
15 x 5 mm. After that, they were progressively polished using sandpaper of 80-1200 grit. They
were then polished even more using alumina powders having 0.3 to 0.5 pm particle diameters.
To eliminate debris, ethanol was used to clean the produced samples.
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Table 1. Comparison between physical and mechanical properties of NiTi alloy and
stainless steel

Material ~ Density Modulus of elasticity = Hardness Ultimate Recovered

(g cm™) (GPa) (GPa) tensile stress  elongation
(MPa) (a.u.)
NiTialloy  6.45 6543 4.15+0.5 1240 8%

2.1. Boriding Procedure

The samples that were created were placed into ceramic containers loaded with commercial
EKABOR Il (Bortech) powders and spaced equally from the walls and other objects in the
container. Ekrit powder (Bortech) was applied to the tops of the containers to avoid oxidation
at high temperatures, and the lid of the programmable box furnace was tightly closed. The
samples were borided in the furnace at a temperature of 800 °C for 1 and 4 hours. As soon as
the boriding procedure was over, the furnace was opened, and the samples were allowed to cool
down to room temperature. To get rid of any powder residue that may have been collected, the
sample surfaces were cleaned mechanically.

2.2. Electrophoretic deposition

Dilute solutions containing 1% acetic acid and 99% water were prepared by magnetic stirring
at room temperature for 24 h. The suspension containing Al.Oz powder at a concentration of
0.6 g/L was prepared by dispersion using a sonicator. Before each deposition process, the
suspension was magnetically stirred to prevent particle precipitation and flocculation. The EPD
coating was deposited onto the borided NiTi surfaces. This process was carried out using a
container and sheet steel electrodes at thicknesses of 0.2 mm. The spacing between the
electrodes was kept constant at 10 mm. The potential difference was set at 20 V, and the time
was set at 20 min. After the deposition process, the samples were removed from the suspension,
rinsed under distilled water, and dried at room temperature for 24 h before characterization.
By using the necessary instruments simultaneously, corrosion and wear tests were performed
on the materials to ascertain their tribocorrosion capabilities. Figure 3 depicts the tribocorrosion
test apparatus, and Table 2 lists the values of the parameters that were employed throughout the
test. Tribocorrosion tests were conducted using a sample holder, using samples with already
known surface areas. This area measured 2.54 cm? in this holder and in contact with the
solution. First, the samples were put through 3600 seconds of Open Circuit Potential (OCP)
testing while being loaded. Alumina (Al203) balls with a 6 mm diameter were employed for the
wear tests. The worn track length was changed to 8 mm, and the cycle frequency was set to 1
Hz. A ball-on-disk tribometer (UMT-2, Bruker) instrument linked to a chemical cell with three
electrodes submerged in a saltwater solution was used to conduct the tribocorrosion tests at
ambient temperature. The tests were carried out using the experimental parameters shown in
Table 2 and based on the ASTM G119-09 procedure. The wear and potentiodynamic
polarization tests were started simultaneously, and a scan was performed between -1 and 1.5 V.
The scanning procedure and the wear testing procedure were ended at the same time.
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The data were examined using the Gamry Echem Analyst software package following
tribocorrosion testing. At least three more instances of each test and measurement were
performed.

Table 2. Tribocorrosion parameters.

Normal load 3N
Relative wear distance40 40m
Stroke length 8 mm
Sliding velocity 16 mm/s
Alumina ball diameter 6 mm
Electrolyte 3.5% NaCl
solution
Temperature 22°C
Reference electrode Ag/AgCl
Counter electrode Graphite

Utilizing XRD-GNR-Explorer X-Ray diffractometer with a Co-Ko. (A = 1.7903 A) source and
a 20 scale between 10° and 100°, the samples' phases were determined at 40 kV and 30 mA.
Using a scanning electron microscope (SEM FEI-Quanta 250), the samples' cross-sections and
wear surfaces were examined. For the SEM photos of the surface, the surface was cleaned with
methanol in a magnetic stirrer for 15 min and subsequently dried to remove contaminations that
developed after coating. The samples’ roughness and their wear track morphology (width and
depth of tracks) after the tribocorrosion tests were examined with the 3-dimensional surface
profilometry method (Bruker Contour GT-K1).

3. Results and Discussion
3.1. Characterization of samples

Figure 1 shows the XRD plots of the untreated samples and the samples that were borided for
4 h at 800°C and then coated with Al>O3 (duplex). The SEM images of the a) 800°C 4 h, b)
800°C 4 h + Al>Os3, ) untreated samples are given in Figure 2. According to the XRD plots, on
the surface of the material that was borided at 800°C for 4 h and then coated with Al,O3, NiB>,
TiB2, and Al,O3 phases were formed. This result meant that the phases that are likely to occur
in the structure could be dispersed homogeneously. This way, stable conditions could be
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achieved with the phases that were homogeneously distributed in the microstructure. Moreover,
Al>03 coating was successfully achieved with the boriding procedure and the EPD method.
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Figure 1. XRD plots of untreated NiTi samples and NiTi samples borided at 800°C for 4 h
and coated with Al2O3
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Figure 2. SEM images of a) 800°C 4 h, b) duplex (800°C 4 h + Al>O3), ) untreated
3.2. Tribocorrosion properties

Figure 3 presents The SEM images of the untreated samples’ worn surfaces and the samples
that were borided for 4 h at 800°C and then coated with Al2O3 (duplex) after the tribocorrosion
tests. Because the structure of the base material contains Ni, and boron has a higher affinity
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than Ni in borided samples, B atoms force Ni atoms to move inwards, and this results in a thin
boride layer on the surface [14]. The boride layer increases the surface hardness of the NiTi
alloy. Additionally, another cause of this increased hardness on the surface is the boride phases
created on the surface by the boron with Ni and Ti found in the base metal. The compressive
stress that is created with the help of these phases that are likely to be formed plays an effective
role in the improvement of the mechanical and wear characteristics of the material [8].
Therefore, the mechanical and tribological properties of the material are enhanced with the help
of this layer.

At the start of the wear process in the untreated NiTi sample, a two-body mechanism brings the
sample surface and the Al,O3 ball into direct contact. The Ti and Ni that form as a result of
friction adhere firmly to the ball. As the wear process continues, this adhesion leads to the
formation of new wear products, and the surface of the untreated NiTi material transfers
material to the surface of the hard abrasive ball. Consequently, the untreated sample's wear
behavior persists across the testing period as a mix of the abrasion and plastic deformation
mechanisms together with significant adhesive wear.

Treated samples can provide many advantages with the boriding process such as higher wear,
oxidation, and corrosion resistance on the surface and the preservation of hardness at high
temperatures [15] .Therefore, the Al.Oz that is deposited onto the surface with the coating
process carried out after boriding leads to an increase in microhardness by increasing the
cathodic duty cycle [16-17]. In their study on SiC particles, Luo et al. reported that increasing
the concentration of Al2Os initially provides superior mechanical properties including bending
strength, fracture toughness, and Vickers hardness [18]. Additionally, uniform Al>Os coating
improves mechanical properties and prevents grain growth. However, the hardness and
Young’s modulus of the coating are strongly affected by the thickness of the coating, its
composition, porosity, and microcracks [17] .As seen in the images of the wear surfaces, in this
study, it was observed that the untreated samples and the duplex-coated samples showed
different wear behaviors due to the aforementioned effects of the surface treatments.
Throughout this analysis, wear mechanism damage was far more significant than corrosive
damage.

The tribocorrosion behaviors of the untreated samples, the samples that were borided for 1-4 h
at 800°C, and the samples that were coated with Al>Oz after boriding (duplex) during the sliding
test were examined. For this purpose, open circuit potential (OCP) and potentiodynamic
polarization tests were conducted. OCP provides information about the state of surface
electrochemistry. The polarization curve shows changes in the specimens' ability to withstand
corrosion while sliding [19].

Figure 4 presents the friction coefficients of different samples under 3 N load in a 3.5% wt.
NaCl solution. As seen in Figure 4, the mean coefficients of friction (COF) for the untreated
samples, 800°C 1 h borided samples, 800°C 4 h borided samples, 800°C 1 h borided + Al,Os-
coated samples, and 800°C 4 h borided + Al>Os-coated samples were 0.2, 0.3, 0.4, 0.5, and
0.65, respectively The fluctuation of COF under a load of 3 N indicates the displacement of the
opposing ball along the coating interface [20].Therefore, this situation shows that the sample
has experienced wear. Additionally, as seen in the plot of the 800°C 4 h borided + Al,O3-coated
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samples, these samples did not show noticeable fluctuations, especially compared to the
untreated samples. Hence, the duplex-treated samples did not show much wear under a load of
3 N. This situation is related to the higher density and hardness of the sample surface. Wear on
such a sample surface results in minimal loss of volume. High surface hardness values usually
go through the phases of high resistance to adhesion, oxidation, and fatigue [21]. As seen in
this study, during the sliding test against the Al>Os ball inside the 3.5% NaCl solution, due to
the high tendency of the surfaces of the untreated samples to wear, COF values with substantial
fluctuations were observed on the surface of this alloy. This indicated the weak tribological
behavior of the untreated samples. Among all samples, the course of fluctuations showed a
relatively decreasing trend with the thickness of the boriding layer and the coating, and the
lowest degree of fluctuations was observed on the duplex-treated surfaces. As seen here, the
800°C 4 h borided + Al>O3-coated surface not only significantly increased the wear resistance
of the samples but also affected the COF values during the two-body tribocorrosion test.
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Figure 4. Variation of OCP with time recorded during sliding with the COF values of untreated,
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Figure 5. Wear analysis during tribocorrosion of a) Untreated, b) 800°C 4 h + Al1,03

Figure 5 displays the cross-sections of the untreated (Figure 5a) and the 800°C 4 h + Al,O3
samples, ss well as the wear tracks' three-dimensional surface profiles (Figure 5b), respectively
(the best and worst experimental conditions are given). It can be observed that the wear depth
of the untreated sample was much higher than that of the 800°C 4 h + Al.O3 sample due to the
lower tribocorrosion resistance of the former. A substantial improvement was seen in the wear
behavior of the NiTi alloy during sliding under a load of 3 N in room conditions with the duplex
coating treatment. The wear process that started in an adhesive form in the untreated samples
gained a micro-abrasive characteristic with the effects of the particles that were released from
the material. In the duplex-treated samples, the form of wear was usually adhesive. The surface
hardness that increased with the duplex surface treatment led to a decrease in wear by making
plastic deformation more difficult. The thicker boron layer that is formed with the prolongation
of the boriding time increases the wear rate, although the wear does not reach the base material.
For all samples that were examined in terms of COF, Figure 6 shows the potentiodynamic
polarization curves during the 3 N sliding test, and Figure 7 displays the voltage-current density
curves during the same test. Tribocorrosion causes a mixed potential in OCP. As a result, it
demonstrates that the active wear areas and passive wear regions are in a rather steady state
[22] .The mechanically passivated portions (anode) and the surrounding passive areas create a
galvanic bond as a result of sliding (cathode). As a result, OCP undergoes a severe negative
change. After then, the wear track's depassivation and repassivation rates are in balance with
one another. This equilibrium brings OCP to a new stable state [19]. In this study, the sliding
procedure may have accelerated the corrosion rate of the untreated layer of the NiTi alloy
subjected to the corrosive medium inside the 3.5% wt. NaCl solution. This, in turn, may have
resulted in a higher icorr value under the 3 N load in the duplex-treated samples compared to the
specimens that are untreated.

The OCP data that were obtained in this study showed that the duplex-coated samples had a
more positive potential trend compared to the untreated samples. Respectively from the
untreated samples to the borided samples, and finally, to the duplex-coated samples, it was seen
that the corrosion rates decreased, and accordingly, the corrosion resistance values increased.
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As the thickness of the coating on the surface decreased, due to mechanical wear, the potential
changes in the negative direction. Additionally, potential is associated with the passive film on
the surface [23]. A passive film can be formed during corrosion, it breaks very easily from the
worn surface with the effect of mechanical wear, and it separates, which leads to a negative
shift in the corrosion potential. As seen in Figure 6, considering that the duplex-treated samples
had more positive values and less wear compared to the others, it may be stated that it showed
better tribocorrosion properties. As a result, in comparison to the untreated samples, the
tribocorrosion resistance values of the surface-treated samples inside the 3.5% NaCl solution
under the load of 3 N increased. Furthermore, the samples to which duplex surface treatment
was applied showed the best tribocorrosion-related properties among all samples.
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4. Conclusions

In this study, the tribocorrosion properties of a borided and Al>Oz-coated NiTi material were
investigated, and the results were as follows.

On the surface of the material that was borided at 800°C for 4 h and then coated with Al2Og,
NiB2, TiB2, and Al.O3 phases were formed. With the boriding treatment and the EPD method,
the Al>Oz coating process was successfully implemented. For all samples, the degree of COF
fluctuations relatively decreased depending on the increased thickness of the boriding layer and
the coating on it, and the lowest degree of fluctuations was found in the duplex-treated samples.
In comparison to the untreated samples, the tribocorrosion resistance of the surface-treated
samples under the load of 3 N in the 3.5% NaCl solution increased. The duplex-treated samples
showed the best tribocorrosion-related characteristics among all samples.
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Abstract

The results of the research carried out in the field of basic sciences and the achievements obtained in these
studies mediate effective and beneficial results not only for basic sciences, but also in many various fields from
medicine to engineering. In this context, the theoretical investigation of the production routes of various
radioisotopes, that can be used in many fields, ensures that physics and other related fields meet on a common
denominator. Considering this fact as motivation, the aim of this study is to investigate how various deuteron
and alpha optical models affect the cross-section calculations of 2224Na radioisotopes, which are known to be
used in medical applications. The TALYS (v1.95) code was utilized in the calculations, which allows for the
use of five different deuteron and eight different alpha optical model alternatives. The obtained results were not
only visually compared to the existing experimental data in the literature, but also quantitatively by performing
mean weighted deviation and relative variance analyses.

Keywords: cross—section, radioisotope, theoretical model, TALYS

Baz (d,x) ve (a,x) Reaksiyonlariyla 22*Na Radyoizotoplarimin Uretim Tesir Kesiti

Hesaplamalarina Optik Modellerin Etkilerinin incelenmesi

Oz

Temel bilimler alaninda yiiriitiilen arastirmalarin sonuglar1 ve bu ¢aligmalarda elde edilen kazanimlar sadece
temel bilimler i¢in degil, ayn1 zamanda tiptan miihendislige kadar pek ¢ok ¢esitli alanda da etkili ve faydah
sonuglara aracilik etmektedir. Bu baglamda, birgok alanda kullanilabilecek cesitli radyoizotoplarin iiretim
yollarinin teorik olarak arastirilmasi, fizik ve diger ilgili alanlarin ortak bir paydada bulusmasini saglamaktadir.
Motivasyon olarak bu gercek goz oniinde bulundurularak bu ¢alisgmanin amaci, ¢esitli déteron ve alfa optik
modellerin tibbi uygulamalarda kullanildig1 bilinen ?224Na radyoizotoplarmin tesir kesiti hesaplamalarini nasil
etkiledigini arastirmak olarak belirlenmistir. Hesaplamalarda bes farkli déteron ve sekiz farkli alfa optik model
alternatifinin kullanimma olanak saglayan TALYS (v1.95) kodu kullanilmigtir. Elde edilen sonuglar
literatiirdeki mevcut deneysel verilerle sadece gorsel olarak degil, ortalama agirlikli sapma ve bagil varyans
analizleri yapilarak nicel olarak da kargilastirilmistir.

Anahtar Kelimeler: tesir kesiti, radyoizotop, teorik model, TALYS
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Investigation of the Effects of Optical Models on the Production Cross—Section Calculations of ?22*Na
Radioisotopes with some (d,x) and (a,x) Reactions

1. Introduction

Not only the results of scientific research, but also the various gains obtained during the
realization of these researches provide valuable inferences that can guide both the literature and
subsequent studies. Indeed, theoretical studies, particularly in natural sciences, are as significant
and valuable as experimental ones. Furthermore, this circumstance motivates the development
of interdisciplinary research studies oriented on common bases, which can influence and benefit
one another by using the obtained results [1-3]. Theoretical studies are undoubtedly significant
in physics, as they are in many other disciplines, particularly in related fields of research that
might be included into nuclear physics. Many factors, which may differ depending on the
investigated topic, such as technological and physical infrastructure, financial capacity, and
trained manpower, are critical to the effective completion of experimental research. In the event
that an experimental study, which have to be designed by combining these and many other
possible factors in a functional way, cannot be realized, the way for researchers to have a
foresight on the subject they are examining can be obtained from theoretical studies and
computer-aided simulations [4-13]. An essential consideration here is that the involvement of
a theoretical basis is required in both circumstances, whether an experimental research or
computer-aided modeling study. In this context, it is evident from the studies in the previously
shown literature that many models have been developed to comprehensively examine and
analyze nuclear reaction mechanisms and processes. There are multiple values that can be
examined in nuclear reaction processes, which are known to exist in a wide range from the
formation of the universe to the applications that affect our daily lives. The cross—section
quantity, which may be defined as the likelihood of a nuclear reaction take place, is one of the
most remarkable among them. This value can be measured by experimental studies as well as
calculated theoretically, and its presence is very important in interpreting the process and details
of a nuclear reaction [14-16]. It is a known fact that nuclear models and the varied parameters
of these models affect the calculation outcomes of the cross—section values, and there are also
models called optical models among these models. As a consequence, investigations on the
influences of optical models on the cross—section calculations will undoubtedly contribute to
the literature. The cross—section calculations include complicated mathematical procedures and
operations that make use of theoretical models and parameters. When the hand-made aspect
comes into effect, repeating these steps several times for varying values of a parameter creates
a very high chance of inaccuracy and mistake. As a response, several computer-aided
calculation tools have been developed to address situations where the cross—section values are
theoretically tried to be acquired. Some of these can be shown as ALICE/ASH [17], CEM95
[18, 19], PCROSS [20], and most commonly employed codes EMPIRE [21] and TALYSS [22,
23].

In this study, the 1.95 version of the TALYS code, which has a high utilization rate in the
literature, was chosen. The goal of this study using the TALY'S code is to look at the impact of
five distinct deuteron and eight different alpha optical model potentials on the production
cross—section calculations of 222*Na radioisotopes that are known to be employed in medical
applications. Even a brief review of the literature will reveal numerous clinical studies on the
use of several radioisotopes in medical applications. Similarly, various theoretical
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investigations on these radioisotopes can be seen in the literature. In these studies, it is generally
aimed to investigate the effects of including different models and parameters in the calculations,
and it is seen that they contribute to both the development of theoretical models and the research
of existing and new production routes of significant radioisotopes [24-27]. The reactions
investigated in this study for the production of 222*Na radioisotopes are some (d,x) and (a.,X)
reactions on "Mg which are; "Mg(d,x)?Na, "*Mg(d,x)**Na, "*Mg(a,x)??Na and
"tMg(a,X)?*Na. For these reactions, graphical representations were presented in which the
theoretical data obtained from the results of the calculations performed by using different
models and the experimental data obtained from the literature are given jointly so the outcomes
could be analyzed visually. In addition to the graphical representations, the mean weighted
deviation [28] and relative variance analyses [28] were performed in order to analyze the
outcomes quantitatively.

2. Material and Methods

The radioisotopes ?>?*Na included in this study are among the several radioisotopes that are
widely used in medicinal applications. Sodium has twenty known isotopes, of which only *Na
is stable, and two isomers. Half-lives of isotopes other than 22Na and 2*Na have been reported
to be less than one minute, and often less than one second [29, 30]. Sodium, an alkali metal, is
the seventh most prevalent element in the earth's crust, accounting for around 2.27 % of the
total, and is critical for life [31]. The half-life of 22Na (decay modes: ec(electron capture)
B*(emission of an anti-electron and a neutrino) 100 %, Qp’(energy available for
B- decay):-4781.41 + 0.16 keV, Q. (energy available for a decay): -8479.4 + 0.5 keV,
Qec (energy available for EC decay): 2843.33 £ 0.13 keV) is 2.6019 years, while the half-
life of 2*Na (decay modes: p- (emission of an electron and an anti-neutrino) 100 %,
Qp’(energy available for B- decay): 5515.677 + 0.021 keV, Q. (energy available for
a decay): -10825.35 + 0.03 keV, Qec (energy available for EC decay): -2466.3 + 0.5
keV) is 14.9560 hours [32]. Given the characteristic properties of ?2Na, its usage for a number
of applications and differ purposes, such as calibration in positron emission tomography (PET)
imaging systems, has emerged [33-36]. On the other side, >*Na has been demonstrated to be
useful in studies on bone blood flow, postmastectomy lymphedema, intramuscular clinical
trials, and noradrenaline sensitivity in hypertension [37-41]. Apart from these studies, it is
possible to encounter examples of studies on the use of both radioisotopes for different purposes
in the literature [42-45].

In this study, 222*Na isotopes were prioritized since their values could be easily realized when
current and potential usage areas and the benefits they provide are considered together. In this
context, production cross—section calculations were made for 222*Na radioisotopes in reactions
with deuteron and alpha incident particles onto "*Mg. The factor that constitutes the remarkable
point of this study is directly related to how these calculations are made. In this process,
different optical model potentials were imposed on the calculations and how the outcomes differ
as a result of this situation was examined. As mentioned in the previous section, it is a known
situation that there are many programs and tools that can be used to calculate the cross—section
value. It can be easily seen from the literature that TALYS code is preferred more frequently
than others among these mentioned tools. Some of the examples for this situation could be given
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as follows; free and open source code distribution, there is no special training required to use
the code at the beginner level, the ability to automatically or optionally adjust various
parameters according to the user's level of knowledge and code mastery, diversity and choice
to allow the investigations of various nuclear reaction models and the effects of many
parameters on different calculations, etc. In this study, TALYS code was preferred due to its
competencies and the availability of multiple optical model potentials offered to the users in
order to examine the effects of deuteron and alpha optical model potentials on the calculation
results.

Before describing the deuteron and alpha optical model potentials that can be utilized in the
TALYS code, it will be appropriate to address the optical model expression first. This
expression denotes an inherently complex interaction between a particle arriving at a nucleus
with a complex mean field potential. The complex mean field potential present in the interaction
causes the flux of the reaction formed to split into two parts, one for generating elastic
scatterings and the other for all other channels. In the TALYS code, a subprogram called
ECIS-06 [46] is used for these complex optical model calculations, and all optical model
calculations are first performed for all potential outgoing particle paths and energies and
recorded. In the next step, the corresponding conduction coefficients can be used in the
calculations for pre-equilibrium and compound nucleus. Finally, calculations are made for each
incoming energy value given by the user. The study that Koning and Rochman brought to the
literature can be examined for more detailed information on this subject [47].

The models and parameters available to the users in the TALYS code version 1.95, which is
the utilized version in this study, are actually used by replacing the pre-defined, or other words
default-assigned, models and parameters with specific keywords. There are five different
options in the TALYS code for the deuteron optical model potential examined in this study.
The Normal deuteron potential is the TALYS code's standard deuteron optical model, which is
generated by simplifying Watanabe's folding technique [48]. Apart from this, users can choose
the deuteron optical models that have been brought to the literature as a result of the studies of
Daehnick et al. [49], Bojowald et al. [50], Han et al. [51] and An and Cai’s [52]. In this study,
the impacts of all of these models on computations are investigated, and they will be denoted
as DOMP1, DOMP2, DOMP3, DOMP4, and DOMPS in the rest of the article, in the sequence
provided above.

After mentioning the deuteron optical models, now it is the place to move on to the alpha optical
models that are available in the TALYS code. The TALYS code allows users to select from
eight alternative alpha optical model potentials. One of these possibilities has been adopted as
the default model by TALYS for the alpha optical model potential, the one imposed by
Avrigeanu et al.'s [53] study. Other than the default option, one other option is named as Normal
Alpha Potential and is listed as the first option in the TALYS code [48, 54]. Even though it may
appear to be a bit outdated, another model that can still be favored in certain situations,
depending on the content and character of research, is presented as the second alternative, and
this model is taken from McFadden and Satchler's study [55]. The TALYS code presents three
possible choices for Demetriou et al.’s [56] double folding potential. The distinction among
these three options is that the first two alternatives employ tables, but the third uses the

888



Investigation of the Effects of Optical Models on the Production Cross—Section Calculations of ?22*Na
Radioisotopes with some (d,x) and (a,x) Reactions

dispersion model. Another possibility is based on Nolte et al.’s work [57], which developed a
set of parameters for the global optical potential of alpha particles with energy of more than 80
MeV. In another study carried out by Avrigeanu et al. [58], the definition of spherical optical
potential defined for alpha particles with energies above 80 MeV was extended to lower
energies. The remaining alpha optical model potential in the TALY'S code, which has not been
mentioned so far, is developed on the basis of this study. The abbreviations of the alpha optical
models used in this study are shown with the prefix AOMP and the model names are given
between AOMP1-AOMP8 since there are eight options in total.

The evaluation of the calculation results obtained for the reactions examined within the scope
of the study and the analysis of their compatibility with the experimental data was made both
visually and numerically. Both the computation findings and the accessible experimental data
from Experimental Nuclear Reaction Data (EXFOR) [59, 60] are shown together for visual
interpretation. For numerical analysis, mean weighted deviation (F) and relative variance (D)
calculations were made using the equations given in Equations 1 and 2, respectively [28].

/
F = [E5m (oot = o) noe ] ®

1 l
D = [Eilofe — o™ | /o] @

As can be seen, both equations have o€ and a;*" expressions. Of these, 0%/ represents the
calculated values, while o;*"" is the experimental data. Apart from these, N is used to represent
the number of experimental data, and Aa;"" expression is used to represent the amount of
error in each experimental data. It may be questionable by some readers why two values, both
F and D, are used for numerical analysis, but there is a very logical explanation for this. Of
these values, D only compares the calculation results with the experimental data, while F also
considers the experimental error margins as a parameter in the calculations.

3. Results and Discussion

In this section, the outcomes of the calculations obtained as a result of separately triggering five
different deuteron optical models, each of which is available in the TALYS code, for the
natvig(d,x)??Na, "'Mg(d,x)**Na, "*Mg(a,x)?*Na and "*Mg(a,x)**Na reactions examined within
the scope of the study are interpreted. In this context, the visual analyses of the results obtained
are presented in the illustrations given in Figures 1-4, while the results of the F and D values
used in the numerical analyses are given in Tables 1 and 2.

Figure 1 shows the calculation results obtained for the "™'Mg(d,x)?Na reaction and the
experimental data of Hermanne et al. [61] and Vlasov et al. [62] available in the literature. As
can be seen from the figure, the calculation results obtained by using the models were able to
relatively form a structure similar to the distribution formed by the experimental data. However,
it should be taken into account that the experimental data of Vlasov et al. [62] up to about
15 MeV are higher than the other experimental data and calculations made with all models,
especially in the peak region of the hump. In the figure where it is seen that the experimental
data of Hermanne et al. [61] continue up to about 50 MeV, the calculation results obtained with
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the models also show a similar distribution, but especially after 40 MeV, the results were
obtained with higher values than the experimental data. Considering the whole energy range, it
can be seen that DOMP2, DOMP 3, DOMP 4 and DOMP5 models produce results that are
more discrete than DOMP1 and closer to each other. As a result, it can be easily interpreted
from the visual that DOMP1 is the model that produces the most compatible results with the
experimental data in the entire energy range, and from the F and D values in Table 1, where the
numerical calculation results are presented.

Table 1. The values of the statistical parameters calculated for deuteron optical model potentials
Reaction Parameters DOMP1  DOMP2 DOMP3 DOMP4 DOMPS

ra\g(d x)2Na F 10.3703  14.2388  16.4356  14.9810  14.9040
gtd, D 0.7313 0.7856 0.8488 0.8234 0.8120
F 3.5882 4.9305 5.2074 47788 4.8806

nat 24
Mg(d.x)**Na D 0.2959 0.4589 0.4967 0.4280 0.4570

Table 2. The values of the statistical parameters calculated for alpha optical model potentials

Reaction Parameters _AOMPL __AOMP2 _ AOMP3 _ AOMP4 _ AOMP5 _ AOMP6__ AOMP7 __ AOMPS
T F 36999  3.9956 58199  3.7642  3.8376 35740  3.7833  3.6498
g D 02080 02332 03746 02130  0.2006 02021  0.2083  0.2012
Mo Na F 6.6553  6.8679 69307 66411 66353 63836 65399  6.5086
: D 03679 04214 04137 03662  0.3743 03645  0.4075  0.3738
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Figure 1. Calculation results and experimental data for the "Mg(d,x)??Na reaction
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Figure 2. Calculation results and experimental data for the "Mg(d,x)?*Na reaction

The calculation results of "*Mg(d,x)?*Na, other deuteron input reaction investigated in this
study, are depicted in Figure 2 together with the experimental data of Hermanne et al. [61] and
Wilson et al. [63]. Although the incident particle energy shown on the x-axis is up to
approximately 50 MeV in both ™Mg(d,x)?’Na and "*Mg(d,x)**Na reactions, the difference
between the order of the cross—section values shown on the y-axis is quite clear. On the other
hand, similar to the "Mg(d,x)?’Na reaction, the DOMP2, DOMP3, DOMP 4 and DOMP 5
models were very close to each other and produced different results from DOMP1 in this
reaction, just as they did in "Mg(d,x)?*Na reaction. It can also be seen from the visual that the
difference between the results produced by the DOMP2, DOMP3, DOMP 4 and DOMP 5
models becomes relatively more visible with the increase in the incoming particle energy.
Although it is seen that all models exhibit a distribution similar to that of the experimental data
in general, it is understood from both Figure 2 and the numerical values available in Table 1
that DOMPL1 produces more consistent results compared to other models when the whole
energy range is considered.

In this study, the first reaction in which the effects of using different alpha optical model
potentials on the calculations were examined is the "Mg(a,x)??Na reaction. The results of the
calculations obtained by triggering a total of eight different models separately are visualized in
Figure 3 together. Figure 3 also shows the experimental data of this reaction that Lange et al.
[64] brought to the literature with their work. It can be easily seen from Figure 3 that the model
developed according to Table 1 in Demetriou et al.’s [56] study, represented by AOMP3 in this
work, among the eight models employed in the calculations, provides cross—section results at
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lower values than the other models in the entire examined experimental energy range. In
addition, it can be said that AOMP7 around the top of the first hump and AOMP?2 after the
incoming particle energy region of about 75 MeV produce higher cross—section values
compared to other models. Models that can be said to produce results with very close values
are also noticeable in Figure 3. Since it would be more appropriate to use numerical analysis
instead of visual analysis in such cases, the results of the calculations made for this purpose are
presented in Table 2. As it can be understood from the presented values, the model that produces
more consistent results with the experimental data for the "'Mg(a,x)*’Na reaction is AOMP6
according to the F parameter, while it is AOMP5 according to the D parameter. It will be
necessary to emphasize that F also takes into account the error in the experimental data, while
D does not, recalling the section of this work where the difference between the F and D
parameters is described.

175 "“'Mg(at,x)*Na
e |lange, H.-J.etal.,, 1995
TALYS 1.95 (AOMP1)
150 - -~ TALYS 1.95 (AOMP2)
----- TALYS 1.95 (AOMP3)
—-—--TALYS 1.95 (AOMP4)
= 1254 - TALYS 1.95 (AOMPS5)
c | ANy e TALYS 1.95 (AOMP6)
s | ayo e TALYS 1.95 (AOMP7)
S S NS S TALYS 1.95 (AOMPS)
- . SRR A N Y5
Q
S 1 s N R
" 754 %
“ LIS
@ 1 @ T
S S 7
o 50 = ‘
25
0 T T T T ' ! ' ! ' I ) I
25 50 75 100 125 150 175

Alpha Energy (MeV)

Figure 3. Calculation results and experimental data for the "*Mg(,X)??Na reaction

The results of the "*Mg(o,x)**Na reaction, the last reaction examined within the scope of the
study, are depicted together with the experimental data of Nozaki et al. [65] and Lange et al.
[64] in Figure 4. In this reaction, the experimental data of Nozaki et al. [65] were limited in the
region shown with the incoming particle energy range of 35-50 MeV in Figure 4, while the
experimental data of Lange et al. [64] showed a distribution in a wider energy area and higher
energy value. As a result of the evaluation of the experimental data as a whole, it can be easily
said from Figure 4 that while the calculation results showed a relatively consistent but quite
similar hump structure among themselves, this was not valid after approximately 65 MeV of
the experimental data. It can be seen that in the top region of the hump structure AOMP2
produced higher cross—section values than the others from all the utilized models. On the other
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hand, the model that produced the lowest cross—section value in the same area was AOMP3.
The numerical results of the F and D values given in Table 2 are higher than the results obtained
for "*Mg(a,X)??Na due to the fact that the calculation results are not in clear agreement with the
experimental data in general. As a result of the comparisons made according to the energy range
of the experimental data, the model, which managed to produce more compatible results with
the experimental data in the whole energy range according to the F and D values compared to
the other options, is highlighted as AOMP6 as can be seen from the numerical values available
in Table 2.
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Figure 4. Calculation results and experimental data for the "*Mg(,X)?*Na reaction

4. Conclusion

This section presents a holistic evaluation of all outputs by evaluating all findings obtained in
accordance with the steps taken while adhering to the motivation of this study, which is
explained in the preceding sections. The first remarkable result is the differences in cross-
section calculation values depending on the incoming particle type and energy, which has been
observed by considering all the reactions studied. Although the incoming particle energies in
the deuteron induced "Mg(d,x)?’Na and "*Mg(d,x)**Na reactions are in the range of 0-50 MeV,
as can be seen from the figures, it is clearly seen that the limits of the cross—section values
obtained and shown on the y—axis are different. This situation is also clearly seen in the alpha
induced "*Mg(o,x)?*Na and "*Mg(a,x)**Na reactions with incoming particle energies of 25-175
MeV and 0-170 MeV, respectively. Of course, the fact that the reaction processes are different
by their nature is a factor in the formation of this situation, and there are different physical
processes that has been experienced during the formation of the reaction routes investigated.
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Another important point to be mentioned is how the use of models and parameters in theoretical
calculations in which they are employed affects the results. It is clear from both the graphs and
the numerical calculations performed with the calculation results obtained that the
differentiation of the model or parameters used even in the same reaction can cause easily
understandable differences in the results. The use of different models in the reactions examined
in this study, in which deuteron and alpha optical model potentials were utilized, directly
affected the cross—section results.

Among the reactions examined in this study, it can be easily seen from the figures and tables
that the calculation results of both the deuteron induced "*Mg(d,x)??Na and "*Mg(d,x)**Na
reactions exhibit harmony with the experimental data. For both reactions, both F and D values
highlights the model abbreviated as DOMP1, which is the one used as the default model by
TALYS, as the model that produces the most compatible results with the experimental data. In
the alpha induced reactions, a harmony was observed between the experimental data and the
calculation results for the "*Mg(a,x)?*Na reaction, while a similar agreement could not be seen
in the entire energy range for the "Mg(a,x)?*Na reaction, unfortunately. The F value, which
includes the margins of error in the experimental data, revealed the AOMP6 model as the model
that produced more compatible results with the experimental data in both "*Mg(o,x)?’Na and
"atMg(a,X)?*Na reactions. On the other hand, according to D values, AOMP5 was pointed in the
"at\ig(a,x)*?Na reaction, while AOMP6 was highlighted in the "Mg(a,x)**Na reaction. Here,
it will be useful to consider the differences between the numerical data, as well as the
differences in the calculation methods of the F and D values, as explained earlier.

In the absence of experimental data, it is very important to choose the model or parameter that
will provide more compatible results with the experimental data in the theoretical calculations
that lead to very useful results for researchers. For this reason, with this and similar studies, a
more detailed analysis of models and parameters can be made and various improvements can
be achieved. From this point of view, it is necessary to contribute to the literature by conducting
similar studies for different reactions too.
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Abstract

In this study, the effects of cattle and sheep manure applications at different doses on soil physical properties,
and in parallel with, the effects on rooting and shoot development of vine cuttings were investigated. In this
study, 10%, 20% and 30% cattle and sheep manure was mixed into the soil as rooting medium, and the rooting
and shooting performances of Karaerik and Narince grape varieties were evaluated in greenhouse conditions.
During the experiment, the bud burst rates of the cuttings were recorded, and at the end of the experiment, the
aggregate stability values, water permeability, bulk density, total porosity of the soil and plant parameters such
as the root length, the root number, shoot length and the leaf number of the 1-year-old cuttings were determined.
The highest root length values of Karaerik and Narince grape varieties were determined as 7.2 and 7.43 cm,
respectively, in 20% sheep manure application. While the highest shoot length value (15.66 cm) in Karaerik
grape cultivar was determined in 30% cattle manure application, the highest value (25.66 cm) in Narince grape
cultivar was determined in 20% sheep manure application. As a result of the study, it was determined that sheep
manure was more effective in root development and cattle manure in shoot development of Karaerik grape
cultivar. It has been revealed that sheep manure gives more positive results on both root and shoot development
than cattle manure in Narince grape cultivar.

Keywords: Grapevine cuttings, rooting and shooting, soil physics, farm manure

Sigir ve Koyun Giibresi Uygulamalarimin Toprak Fiziksel Ozellikleri ile Asma
Celiklerinin Koklenme ve Siirgiin Gelisimi Uzerine Etkileri

Oz
Bu caligmada, farkli dozlarda sigir ve koyun giibresi uygulamalarinin topragin fiziksel ézelliklerine ve buna
paralel olarak asma ¢eliklerinin kdklenme ve siirgiin gelisimine etkileri arastirilmistir. Calismada koklendirme
ortami olarak topraga %10, %20 ve %30 sigir ve koyun giibresi karistirilarak Karaerik ve Narince {iziim
cesitlerinin sera kosullarinda koklenme ve siirglin performanslari degerlendirilmistir. Deneme sirasinda
celiklerin tomurcuk patlama oranlari kaydedilmis ve deneme sonunda topragin agregat stabilitesi, su
gecirgenligi, kiitle yogunlugu, toplam porozitesi ve bitki parametrelerinden bir yaslt ¢eliklerin kdk sayisi, kok
uzunlugu, siirgiin uzunlugu ve siirglindeki yaprak sayis1 belirlenmistir. Karaerik ve Narince iiziim ¢esitlerinde
en yiiksek kok uzunlugu degerleri sirasiyla 7.2 ve 7.43 c¢cm olarak 20% koyun giibresi uygulamasinda tespit
edilmistir. Karaerik tiziim cesidinde en yiiksek siirgiin uzunlugu degeri (15.66 cm) 30% sigir giibresi
uygulamasinda belirlenirken, Narince liziim g¢esidinde ise en yiiksek deger (25.66 cm) 20% koyun giibresi
uygulamasinda tespit edilmistir. Calisma sonucunda Karaerik {iziim ¢esidinin kok gelisiminde koyun
giibresinin, siirglin gelisiminde ise sigir giibresinin daha etkili oldugu belirlenmistir. Narince {iziim ¢esidinde
koyun giibresinin hem kdk hem de siirgiin gelisimi lizerinde s181r giibresine kiyasla daha olumlu sonuglar verdigi
ortaya koyulmustur.
Anahtar Kelimeler: Asma geligi, koklenme ve siirme, toprak fizigi, ¢iftlik giibresi
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The Effects of Cattle and Sheep Manure Applications on Soil Physical Properties and
Rooting and Shoot Development of Grapevines Cuttings

1. Introduction

Sustainability in successful agriculture is inseparable with a fertile soil. Intensive agriculture
and the use of various chemicals endanger the sustainability of agricultural activities. The
decrease in the amount of organic matter due to increasing agricultural activities leads to the
deterioration of the physico-mechanical structure of the soil after a while. Many studies have
shown that organic fertilization is an effective method to increase soil organic matter content,
soil fertility and organic carbon accumulation [1-9]. In agricultural production activities, the
ability of the plant to develop well in the soil is related to the physical and chemical properties
of the soil environment. The most used method to improve the physical properties of the soil
and to ensure its sustainability is to add organic-based materials to the soil [10, 11].

Various materials such as farm manure, peat, compost are applied to keep the amount of organic
matter in the soil at a certain level [12]. Soil organic matter plays a critical role in maintaining
soil fertility and productivity [13, 14]. Studies in different parts of the world have shown that
organic manures improve soil properties and increase the yield of crops [15]. In a 25-year study
conducted by [16], farm manure was applied to the soil and it was reported that a significant
increase in the amount of organic carbon and total nitrogen of the soil occurred due to this
applications. [17], stated that if there is enough decomposed organic matter residues in the
surface soil, it has a significant effect on the physical and chemical properties of the mineral
soil. [18], reported that when a fertile soil is mentioned, it comes to mind that the soil has a high
level of organic matter and biological activity, stable aggregates, an environment in which plant
roots can easily move, and water can easily infiltrate from the surface. However, trying to keep
organic matter in the soil at a high level is both impractical and very expensive. On the other
hand, manure applications made by animal breeders on agricultural lands are an easy and low-
cost way to provide organic fertilization. Farm animals provide the transport of plant nutrients
from animal grazing areas to crop production areas as manure [19]. This situation increases the
nutrient cycle and reduces the costs of industrial manures.

[20], stated that different types of manures of animal origin (goat, sheep, cow, poultry manure,
etc.) have significant differences in macro and micronutrient content and therefore significantly
affect the nutrition of the grown plant. [21] in a study investigating the effectiveness of livestock
manure, found that goat manure has higher N, P and K concentrations (2.77% N, 1.78% P20s
and 2.88% K>0O) compared to other animal manures. He also stated that sheep manure is a good
source of K (1% K20). On the other hand, he stated that cow manure contains only 0.55% N,
0.10% P05 and 0.50% K>0O, while the Fe concentrations in different types of manures vary
between 40 and 460 mg kg, while the Mn and Zn contents vary between 5 and 90 mg kg™.

In the coming years, the use of organic manures to meet nutrient needs will become more
common to develop sustainable agriculture. This is related to the improvement of organic
manures in various Yyield parameters of the soil. Organic fertilization increases plant
productivity by maintaining the quality of the produced crop [22] and positively affecting soil
microbial biomass and activity [23]. Nutrient deficiency is one of the most important factors
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affecting yield and quality in agricultural production. Animal fertilization is effective in
increasing the nutrient content of the soil over the years, depending on this, in the generative
and vegetative development of the plant [24]. Animal manures such as cattle, sheep and horses
are used as a food source for annual and perennial crops in horticulture. The effect of animal
fertilization on fruit quality and nutritional value depends on several factors, including the
properties of organic matter, pedoclimatic conditions, application time and plant species. [24].
As with other plant species, organic manures are of great importance on the nutrition of the
vine. [25], stated that there is a significant relationship between soil quality indices and
vegetative growth of grapevines. It has been stated in many studies that soils have both direct
and indirect effects on root growth, photosynthesis and shoot growth of vines; various soil types
were also found to have a measurable effect on vine vigor and fruit characteristics [26-28].

Ensuring of soil fertility is one of the most important goals for sustainable viticulture [29, 30].
[23], reported in a study that organic soil management is necessary for healthy plant growth and
quality product in viticulture. Internal and external factors affect rooting in cuttings. Internal
factors; Genetic structure, storage materials and hormones in the plant are shown as examples,
while external factors; such as irrigation, pruning, fertilization, cutting time, rooting
environment, temperature and humidity can be given as examples [31,32].

Vine nutrition is also important in rooting cuttings. Related to this, there are opinions that
inorganic carbon compounds can stimulate adventitious root formation in grapevine cuttings.
Macro and micro nutrients are also important in adventitious root formation. Especially
nitrogen, magnesium, zinc and boron affect the adventitious root formation significantly [33].

In this study, the effect of cattle and sheep manures applied to the soils in different doses, on
the aggregate stability, water permeability, bulk density and total porosity values of the soils,
and in parallel with this, the bud burst rate and the rooting and shooting performances of 1 year
old cuttings of Karaerik and Narince grape varieties were evaluated.

2. Material and Methods

The study was carried out in Atatiirk University Faculty of Agriculture application greenhouse
(humidity rate: 80-85%, temperature: 27-30 °C) in 2022. Since it is known that the rooting
abilities of cuttings vary greatly between species and varieties [34, 35], two different grape
varieties with different rooting abilities were preferred in this study.

In the research, one-year-old cuttings belonging to Karaerik and Narince cultivars were used as
plant material. In this study, coarse textured soil with high permeability was used. The study
soil was sampled as degraded from a 20 cm topsoil depth of a field in the Karagam village of
Caykara district, Trabzon province [36]. In the research, at least 1 year old burnt cattle and
sheep manure taken from Atatiirk University Food and Livestock Application Center farm land
was used.
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Physical and chemical soil analyses

For fundamental analysis and trial studies, soil samples were air-dried in laboratory conditions
and sieved through 4 and 2 mm mesh.

Soil texture was determined by Bouyoucos hydrometer method [37], soil reaction (pH) by glass
electrode pH meter [38], lime content by Scheibler calcimeter (Nelson, 1982), organic matter
content by Smith Weldon method [39], electrical conductivity (EC) value with electrical
conductivity instrument [40], aggregate stability (AS) using Yoder type wet sieving device [41],
particle density by pycnometer method [42], field capacity and permanent wilting point were
determined by the pressure extractor method [43]. On the other hand, Soil bulk density was
determined by the cylinder method [42], and total porosity was calculated from bulk weight
and particle density.

Plant phenological observations and fertilization application

In this research, one-year-old cuttings belonging to Narince and Karaerik varieties, which are
important table grape varieties, were taken from 6-year-old vines grown on their own roots in
the unheated greenhouses of Atatlirk University Plant Production Research Directorate.
Samples were taken on April 1 in the form of 10-node rods, 10-12 cm long and 1-node cuttings
were prepared.

Manures were mixed into potting soils at rates of 10% - 20% and 30% on a weight basis. On
the 40th day of the experiment, the shooting performances (bud brust) were recorded, and at
the end of the 60th day, the study was terminated and the root lengths, root numbers, shoot
lengths and the number of leaves in the shoot were determined [44].

In the study, two different manures (cattle and sheep) were applied in 4 different doses (DO:
0%, D1: 10%, D2: 20%, D3: 30%). The research carried out on two different cultivars was
planned with 3 replications and a total of 48 pots (2x2x4x3) were used. Statistical analysis was
performed by ANOVA, and differences between means were tested using Duncan’s multiple
range test [45, 46].

3. Results and Discussion

In this study, the texture class of the soils was determined as coarse textured in the sandy clay
loam texture class (58% sand, 20% silt, 22% clay). Soil organic matter content (3.77%) is in
the well class, pH level; It was found to be 7.5 level and neutral, the EC level of the working
soils is 0.14 dS/m without salt, the CaCOz3 level was determined as 5.1% in the medium
calcareous [47], class. According to the available phosphorus contents, the class of the soils
was determined as medium (P20s: 8 kg/da) [47], Ca++, Mg++, Na+, K+ contents were
determined as 11.2, 5.04, 0.36, 2.17 me/100gr, respectively. Particle density were determined
as 2.68 (g/cmq). Field capacity and permanent wilting point moisture content of the working
soil were determined to be 25% and 13%, respectively (Table 1).
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Table 1. Basic physical and chemical analysis results of the researched soils

Soil properties

Sand (%) 58
Silt (%) 20
Clay (%) 22

Texture class Sandy clay loam
Particle density (g/cm?®) 2.68

Organic matter (%) 3.77

pH 7.5

EC (dS/m) 0.14

CaCOsz (%) 5.1

Ca, Mg, Na, K (me/100gr) | 11.2; 5.04; 0.36; 2.17
Field capacity (%) 25

Wilting point (%) 13

Soil physical properties

At the end of the 60-day plant development period of the soils applied with different doses of
cattle and sheep manures; Aggregate stability, water permeability, bulk density and porosity
values are given in Table 2.

Table 2. Effects of applications on the physical properties of soils

Applications AS (%) WP (cm/h) BD (gr/cm?) Porosity (%)
DO (Control) 46.219+£3.35" |4.69+0.87 1.243 +0.02 53.4°+ 0.75
M1-D1 56.48° +2.41 |7.73°+0.58 1.16° £ 0.02 56.1° £ 0.61
M1-D2 57.43°+1.66 |14.63°+3.97 [0.98°+0.01 63.12+ 0.35
M1-D3 69.54°+ 1.74 |14.43°+0.72 [0.97°+0.01 63.32+0.17
M2-D1 52.63°+2.85 |5.33%+0.15 0.99°+ 0.01 62.58 + (.23
M2-D2 59.18°+2.84 |5.43% +0.68 0.98°+ 0.02 62.92+0.55
M2-D3 60.38°+0.85 [19.132+0.66 [0.97°+0.01 63.42+0.17

*: Standart deviation, AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep
manure; DO: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose

Aggregate stability, water permeability, bulk density and porosity values of the soils used in
the research are given in Table 2. According to the results, it was found that different doses of
cattle (M1) and sheep (M2) manure applications caused a statistical difference in all physical
soil parameters examined (p<0.05).

When the effects of cattle and sheep manure applications on the aggregate stability values of
the soil were examined, it was determined that all doses of both manures caused a statistical
difference (p<0.05) in AS values compared to the control group (Table2). While the lowest
value was determined to be 46.2% in the control group, it was revealed that the aggregate
stability value increased linearly depending on the applications and the highest value was 69.5%
in the D3 cattle manure application. When Table 2 was examined, it was determined that the
different doses of sheep manure also increased the AS value, but cattle manure was more
effective. When the effect of manure applications on the water permeability values of the soils
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was examined, it was determined that there was a statistical difference in the water permeability
value compared to the control group (p<0.05). Considering all manure applications together,
the highest water permeability value was 19.1 cm/h in the third dose application of sheep
manure (M2-D3), and this value was followed by the 2nd (M1-D2) and 3rd (M1-D3) doses of
cattle manure. It was determined that these applications increased the WP value by 315%, 218%
and 213%, respectively (Table 2). When the bulk density values of the soils were examined, it
was determined that manure applications showed a statistically significant difference (p<0.05)
on the BD value compared to the control group. When Table 2 was examined, it was determined
that the BD value decreased due to the increase in the application dose of cattle and sheep
fertlizers, and the lowest values caused a decrease of 22% in the D3 application of both manures
compared to the control group. The total porosity of the applied soils was statistically different
compared to the control group (p<0.05). The lowest porosity value was determined to be 53.4%
in the control group, while the highest value was 63.4% in the third dose application of sheep
manure (M2-D3). This value was found to be 63.3% in the third dose application of cattle
manure (M1-D3) and 62.9% in the second dose application of sheep manure (M2-D2) (Table
2).

The effects of the applications on the rooting and shooting performance of the cuttings

It was observed that there were differences between the bud burst rate of the cuttings of Karaerik
and Narince grape varieties depending on the manure applications (Tablo 3). Root lengths, root
numbers, shoot lengths and leaf numbers in the shoot of the cuttings used in the research are
given in Tables 4 and 5. Rooting and shooting performances of Karaerik and Narince grape
varieties of different manure applications are given in Figures 1 and 3. The relationship graphs
between rooting and shooting performances and soil physical properties, depending on manure
applications, are presented in Figures 2 and 4. According to the results, it was found that
different doses of Cattle (M1) and Sheep (M2) manure applications caused a statistical
difference on all rooting and shooting performances examined (p<0.05). On the 40th day of the
experiment, the bud burst rates of the cuttings were examined. It was determined that 100% (all
cuttings on three replication) burst was achieved in the 2nd and 3rd dose applications of cattle
manure in Karaerik grape cultivar and in the 1st and 3rd dose applications in Narince grape
cultivar. While there was no 100% bud burst (first shooting) at the end of the 40th day in sheep
manure applied in Karaerik grape cultivar, 100% burst was observed in the second dose
application of Narince grape cultivar in sheep manure (Table 3).

Table 3. Bud burst rates of grapevine cuttings at the end of the 40th day

Cultivars | M0 M1-D1 | M1-D2 | M1-D3 | M2-DO | M2-D1 | M2-D2 | M2-D3
(%0) (%0) (%) | (%) (%) | (%) (%) | (%)

Karaerik | 66 66 100 100 |66 66 33 33

Narince 33 100 66 100 33 66 100 66

M1: cattle manure; M2: sheep manure; D0O: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose

When the effects of manure applications at different doses on root lengths of Karaerik and
Narince grape varieties were evaluated, it was revealed that all doses of cattle and sheep
manures were statistically different (p<0.05) compared to the control group (Table 4, 5). The
most effective results on the root length of cuttings in Karaerik grape cultivar were determined
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in the 1st (M2-D1) and 2nd dose (M2-D2) applications of sheep manure and the 3rd dose (M1-
D3) applications of cattle manure, respectively (Table 4). In Narince grape cultivar, the most
effective results on the root length of cuttings were determined in the second dose of sheep
manure (M2-D2) and 3 doses (M2-D3), respectively, and in the second dose of cattle manure
(M1-D2) (Table 5). A statistical difference was found between the applications in terms of root
numbers depending on the different doses of manure applications of Karaerik and Narince grape
varieties (p<0.05). It was revealed that sheep manure was more effective than cattle manure on
the root number of cuttings in Karaerik grape cultivar. The most effective results in terms of
root numbers were determined in the first dose (M2-D1), second dose (M2-D2) and third dose
(M2-D3) sheep manure applications, respectively (Table 4). It was determined that the most
effective results in terms of root number of cuttings in Narince grape cultivar were in the second
dose of sheep manure (M2-D2), the second dose of cattle manure (M1-D2) and the third dose
of sheep manure (M2-D3) (Table 5). It was determined that manure applications at different
doses caused a statistical difference (p<0.05) on shoot lengths of Karaerik and Narince grape
varieties (Table 4, 5). It was determined that the highest value of shoot length in Karaerik grape
cultivar was in the 3rd dose (M1-D3), 2nd dose (M1-D2) and 1st dose (M1-D1) applications of
cattle manure, respectively (Table 4). When the shoot length of the cuttings of Narince grape
cultivar was examined, it was determined that the highest values were observed in the 2nd dose
(M2-D2), 3rd dose (M2-D3) and 1st dose (M2-D1) applications of sheep manure, respectively
(Table 5). It was determined that all doses of applied cattle and sheep manures caused a
statistically significant difference (p<0.05) on the number of leaves in the shoot. The highest
number of leaves in Karaerik grape cultivar was determined in the 3rd dose application of cattle
manure (M1-D3). This was followed by 2 doses (M1-D2) and 1st dose (M1-D1) applications
of cattle manure, respectively (Table 4). In Narince grape cultivar, it was determined that the
2nd dose of sheep manure (M2-D2) had the highest effect, followed by the 1st (M2-D1) and
3rd (M2-D3) doses of sheep manure (Table 5).

Table 4. Rooting and shooting performances of Karaerik grape cultivar

Karaerik Root Length Root Numbers Shoot Length Leaf Numbers
cultivar (cm) (item) (cm) (item)
M1-DO0 1.169+ 0.28" 1.33¢+ 0,57 6% + 1 2.339+0.57
M1-D1 2.33°+0.28 7.339+ 1,52 123¢ + 2 64 7%+ ]
M1-D2 5.76° + 0.68 12.33¢+ 1,52 13.66% + 4.5 7.66® +1.52
M1-D3 6.66% £ 0.87 11.33¢+ 0,57 15.66% + 3.51 8.332+£1.52

M1-Mean 4.91 10.3 13.8 7.66
M2-D0 1.39+0.36 1.66¢+ 0,57 4,66+ 2.08 29+ 1
M2-D1 7.12+0.1 342+ 2,64 11.33%¢+ 5,03 5.66%° + 3.21
M2-D2 7.22+0.2 18°+ 1 8.33d + 2 5] 3.33%¢+1.52
M2-D3 5.26°+ 0.64 14°+ 2,64 9.334 + 305 5bed 1 )

M2-Mean 6.52 22 9.66 4.66

M1.: cattle manure; M2: sheep manure; D0O: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose
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Karaerik Cultivar

Root Length (cm) Root Numbers (item) Shoot Length (cm) Leaf Numbers (item)

B i A —

D1 D2 D1 D2

Figure 1. Rooting and shooting performance graph of cuttings of Karaerik grape cultivar

Karaerik Cultivar

DO (Control) M1-D1 M1-D2 M1-D3 M2-D1 M2-D2

w— S (%) s \N/P (cn/h) e BD (gr/cm3) === Porosity (%)

C1-RL e C1-RN C1-SL C1-LN

Figure 2. The relationship between rooting and shooting performances of Karaerik grape
cultivar and soil physical properties.

AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep manure; V1:Karaerik

cultivar, RL:Root length, RN: Root numbers, SL: Shoot length, LN: Leaf numbers, DO: 0% Control, D1: 10% dose, D2: 20%

dose, D3: 30% dose
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Table 5. Rooting and shooting performances of Narince grape cultivar

Nari . Root Length [ Root Numbers Shoot Length Leaf Numbers
arince cultivar . .
(cm) (item) (cm) (item)
M1-D0 0.76°+ 0.25 2°+ 1 1.66% + 0.57 1.33¢+0.57
M1-D1 1.23¢+0.25 3+ 6.66° + 1.52 3¢+ ]
M1-D2 5.96°+0.15 13.33°+ (.57 8+ 3.6 3.66°+2.08
M1-D3 3.869+ 0.30 100+ 1 7.66°+1.52 3%+
M1-Mean 3.68 8.76 7.44 3.22
M2-D0 1.23¢+£0.15 K 8.66°+1.15 8.33"+1.52
M2-D1 3.56%+ 0.20 10.66° + 0.57 9.66°+1.15 8.66°+ 1.15
M2-D2 7.432+0.51 30.66%*+ 6.11 25.66%+ 1.52 16.332 + 0.57
M2-D3 6.56° + 0.51 12.66° + 0.57 15.33°+ 1.15 8.66° + 0.57
M2-Mean 5.85 18 16.9 11.2

M1.: cattle manure; M2: sheep manure; DO: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30%

Narince Cultivar

Root Length (cm) Root Numbers (item) Shoot Length (cm) Leaf Numbers (item)

/N

Figure 3. Rooting and shooting performance graph of cuttings of Narince grape cultivar

Narince Cultivar

DO (Control) M1-D1 M1-D2 M1-D3 M2-D1

w— AS (%)

s \\/P (cm/h) = BD (gr/cm3) == Porosity (%)

C2-RL e C2-RN C2-SL C2-LN

Figure 4. The relationship between rooting and shooting performances of Narince grape

cultivar and soil physical properties.

AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep manure; V2: Narince
cultivar, RL: Root length, RN: Root numbers, SL: Shoot length, LN: Leaf numbers, D0: 0% Control, D1: 10% dose, D2: 20%
dose, D3: 30% dose
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When Figure 2 and Figure 4 are examined, it is understood that there is a relationship between
the physical properties of soils and the vegetative development of plants. While manure
applications improve the physical properties of the soil, they also affect the rooting and shoot
performance of the plants. It was determined that there was a linear increase in AS, WP and
porosity values depending on the increase in the application doses of both manures added to the
soil. In parallel with the improvement in the physical properties of the soils, it was observed
that the rooting and shooting performances of the cuttings also changed. While this
development in soils was in direct parallel with the development of cuttings in cattle manure
applied soils, it showed a partial parallelism in cuttings in sheep manure applied soils.

Fine textured heavy and impermeable soils limit root formation in plants and can cause root rot
by holding excessive water. There is a significant relationship between root and shoot
development in vines and soil fertility and water holding capacity [25]. The application of sheep
and cattle manure to the soil increases the amount of organic matter in the soil, and accordingly,
it provides a more suitable environment for plant growth by providing a positive effect on the
soil's aggregate stability, water permeability, air-water balance, and uptake of plant nutrients in
the soil.

For a good root formation, suitable soil air, soil water and enough oxygen must be present. It is
known that organic matter affects plant vegetative and generative development positively by
increasing aggregate stability, and reducing bulk density [48], It has been revealed in many
studies that there is a direct relationship between soil carbon (C) content and soil aggregation,
and that organic manures added to soil improve the structural properties by increasing the
aggregate stability of the soil [6, 49-55]. Parallel to the improvement in soil physical properties,
the increase in the water and nutrient holding capacity of the soil has come to the fore as
important factors that can affect the yield of vines [27, 56, 57]. As a matter of fact, in this study,
similar to other studies, it was determined that cattle and sheep manure applications improved
the physical properties of the soils, increased the water permeability and aggregate stability
values, decreased the bulk density values, and in parallel increased the rooting and shooting
performance of the cuttings.

[58], stated that organic materials create a more suitable environment for plants and
microorganisms by increasing the aeration capacity of soils, and this situation positively affects
water and nutrient availability. It is known that root and shoot development in vines is strongly
affected by soil conditions, shoot development is more in places where the soil is more fertile
and can hold more water [27, 56]. It is known that the level of organic matter in the soil has a
significant effect on the rooting performance of grapevine cuttings [59]. In this study, it was
determined that fertilizations had a positive effect on average root length and root number
depending on the manure in both Karaerik and Narince grape varieties, but sheep manure was
more effective than cattle manure. In addition, it was determined that different doses of cattle
and sheep manure increased shoot growth in grapevine cuttings. In the study, it was found that
cattle manure in Karaerik grape cultivar and sheep manure in Narince grape cultivar were more
effective on average shoot growth and average leaf number. Similar to the data we obtained in
this study, [60], determined that the addition of organic manures at different doses to fig
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seedlings had a significant effect on the shoot length of the plants. In addition, [61], in a study
investigating the effects of farm manure on the soil, emphasized that the applications provided
significant increases in crop yield by promoting vegetative growth of plants. Parallel to
previous similar studies, the findings obtained in this study revealed that organic farm manures
have significant effects on soil and plant growth.

4. Conclusion

Since organic manures generally improve the physical, chemical and biological properties of
the soil, their use in sustainable agriculture is becoming more common every day to meet the
nutritional needs. For this purpose, the effects on the rooting and shooting performances of
Karaerik and Narince grape varieties were evaluated by applying different doses of organic
farm manures from different origins to the soil. In the study, it was revealed that there was a
linear development in the root length, root number, shoot length and number of leaves on shoot
of both Karaerik and Narince grape varieties, depending on the improvements in the physical
properties of the soils due to different manure applications. It was determined that sheep manure
was more effective than cattle manure on root length and root number in Karaerik grape
cultivar, while cattle manure gave more positive results on shoot length and number of leaves
in shoot. Although all doses of cattle manure applied on Narince grape cultivar had positive
effects on root length, root number, shoot length and number of leaves shoot, it was determined
that sheep manure was more effective than cattle manure in all parameters. As a result, it has
been determined that organic farm manures have been very successful in rootting and shoot
development of vine cuttings, and it has been found to cause different results in species and
varieties according to the origin of the manure.

According to the findings obtained in this study, it is thought that organic farm manures can
come to the fore as a successful alternative for rooting vine cuttings in terms of soil health and
sustainable agriculture.
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Abstract

In this study, the effects of cattle and sheep manure applications at different doses on soil physical properties,
and in parallel with, the effects on rooting and shoot development of vine cuttings were investigated. In this
study, 10%, 20% and 30% cattle and sheep manure was mixed into the soil as rooting medium, and the rooting
and shooting performances of Karaerik and Narince grape varieties were evaluated in greenhouse conditions.
During the experiment, the bud burst rates of the cuttings were recorded, and at the end of the experiment, the
aggregate stability values, water permeability, bulk density, total porosity of the soil and plant parameters such
as the root length, the root number, shoot length and the leaf number of the 1 year old cuttings were determined.
The highest root length values of Karaerik and Narince grape varieties were determined as 7.2 and 7.43 cm,
respectively, in 20% sheep manure application. While the highest shoot length value (15.66 cm) in Karaerik
grape cultivar was determined in 30% cattle manure application, the highest value (25.66 cm) in Narince grape
cultivar was determined in 20% sheep manure application. As a result of the study, it was determined that sheep
manure was more effective in root development and cattle manure in shoot development of Karaerik grape
cultivar. It has been revealed that sheep manure gives more positive results on both root and shoot development
than cattle manure in Narince grape cultivar.

Keywords: Grapevine cuttings, rooting and shooting, soil physics, farm manure

Sigir ve Koyun Giibresi Uygulamalarimin Toprak Fiziksel Ozellikleri ile Asma
Celiklerinin Koklenme ve Siirgiin Gelisimi Uzerine Etkileri

Oz
Bu caligmada, farkli dozlarda sigir ve koyun giibresi uygulamalarinin topragin fiziksel ézelliklerine ve buna
paralel olarak asma ¢eliklerinin kdklenme ve siirgiin gelisimine etkileri arastirilmistir. Calismada koklendirme
ortami olarak topraga %10, %20 ve %30 sigir ve koyun giibresi karistirilarak Karaerik ve Narince {iziim
cesitlerinin sera kosullarinda koklenme ve siirglin performanslari degerlendirilmistir. Deneme sirasinda
celiklerin tomurcuk patlama oranlari kaydedilmis ve deneme sonunda topragin agregat stabilitesi, su
gecirgenligi, kiitle yogunlugu, toplam porozitesi ve bitki parametrelerinden bir yaslt ¢eliklerin kdk sayisi, kok
uzunlugu, siirgiin uzunlugu ve siirglindeki yaprak sayis1 belirlenmistir. Karaerik ve Narince iiziim ¢esitlerinde
en yiiksek kok uzunlugu degerleri sirasiyla 7.2 ve 7.43 c¢cm olarak 20% koyun giibresi uygulamasinda tespit
edilmistir. Karaerik tiziim cesidinde en yiiksek siirgiin uzunlugu degeri (15.66 cm) 30% sigir giibresi
uygulamasinda belirlenirken, Narince liziim g¢esidinde ise en yiiksek deger (25.66 cm) 20% koyun giibresi
uygulamasinda tespit edilmistir. Calisma sonucunda Karaerik {iziim ¢esidinin kok gelisiminde koyun
giibresinin, siirglin gelisiminde ise sigir giibresinin daha etkili oldugu belirlenmistir. Narince {iziim ¢esidinde
koyun giibresinin hem kdk hem de siirgiin gelisimi lizerinde s181r giibresine kiyasla daha olumlu sonuglar verdigi
ortaya koyulmustur.
Anahtar Kelimeler: Asma geligi, koklenme ve siirme, toprak fizigi, ¢iftlik giibresi
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The Effects of Cattle and Sheep Manure Applications on Soil Physical Properties and
Rooting and Shoot Development of Grapevines Cuttings

1. Introduction

Sustainability in successful agriculture is inseparable with a fertile soil. Intensive agriculture
and the use of various chemicals endanger the sustainability of agricultural activities. The
decrease in the amount of organic matter due to increasing agricultural activities leads to the
deterioration of the physico-mechanical structure of the soil after a while. Many studies have
shown that organic fertilization is an effective method to increase soil organic matter content,
soil fertility and organic carbon accumulation [1-9]. In agricultural production activities, the
ability of the plant to develop well in the soil is related to the physical and chemical properties
of the soil environment. The most used method to improve the physical properties of the soil
and to ensure its sustainability is to add organic-based materials to the soil [10, 11].

Various materials such as farm manure, peat, compost are applied to keep the amount of organic
matter in the soil at a certain level [12]. Soil organic matter plays a critical role in maintaining
soil fertility and productivity [13, 14]. Studies in different parts of the world have shown that
organic manures improve soil properties and increase the yield of crops [15]. In a 25-year study
conducted by [16], farm manure was applied to the soil and it was reported that a significant
increase in the amount of organic carbon and total nitrogen of the soil occurred due to this
applications. [17], stated that if there is enough decomposed organic matter residues in the
surface soil, it has a significant effect on the physical and chemical properties of the mineral
soil. [18], reported that when a fertile soil is mentioned, it comes to mind that the soil has a high
level of organic matter and biological activity, stable aggregates, an environment in which plant
roots can easily move, and water can easily infiltrate from the surface. However, trying to keep
organic matter in the soil at a high level is both impractical and very expensive. On the other
hand, manure applications made by animal breeders on agricultural lands are an easy and low-
cost way to provide organic fertilization. Farm animals provide the transport of plant nutrients
from animal grazing areas to crop production areas as manure [19]. This situation increases the
nutrient cycle and reduces the costs of industrial manures.

[20], stated that different types of manures of animal origin (goat, sheep, cow, poultry manure,
etc.) have significant differences in macro and micronutrient content and therefore significantly
affect the nutrition of the grown plant. [21] in a study investigating the effectiveness of livestock
manure, found that goat manure has higher N, P and K concentrations (2.77% N, 1.78% P20s
and 2.88% K>0O) compared to other animal manures. He also stated that sheep manure is a good
source of K (1% K20). On the other hand, he stated that cow manure contains only 0.55% N,
0.10% P05 and 0.50% K>0O, while the Fe concentrations in different types of manures vary
between 40 and 460 mg kg, while the Mn and Zn contents vary between 5 and 90 mg kg™.

In the coming years, the use of organic manures to meet nutrient needs will become more
common to develop sustainable agriculture. This is related to the improvement of organic
manures in various Yyield parameters of the soil. Organic fertilization increases plant
productivity by maintaining the quality of the produced crop [22] and positively affecting soil
microbial biomass and activity [23]. Nutrient deficiency is one of the most important factors
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affecting yield and quality in agricultural production. Animal fertilization is effective in
increasing the nutrient content of the soil over the years, depending on this, in the generative
and vegetative development of the plant [24]. Animal manures such as cattle, sheep and horses
are used as a food source for annual and perennial crops in horticulture. The effect of animal
fertilization on fruit quality and nutritional value depends on several factors, including the
properties of organic matter, pedoclimatic conditions, application time and plant species. [24].
As with other plant species, organic manures are of great importance on the nutrition of the
vine. [25], stated that there is a significant relationship between soil quality indices and
vegetative growth of grapevines. It has been stated in many studies that soils have both direct
and indirect effects on root growth, photosynthesis and shoot growth of vines; various soil types
were also found to have a measurable effect on vine vigor and fruit characteristics [26-28].

Ensuring of soil fertility is one of the most important goals for sustainable viticulture [29, 30].
[23], reported in a study that organic soil management is necessary for healthy plant growth and
quality product in viticulture. Internal and external factors affect rooting in cuttings. Internal
factors; Genetic structure, storage materials and hormones in the plant are shown as examples,
while external factors; such as irrigation, pruning, fertilization, cutting time, rooting
environment, temperature and humidity can be given as examples [31,32].

Vine nutrition is also important in rooting cuttings. Related to this, there are opinions that
inorganic carbon compounds can stimulate adventitious root formation in grapevine cuttings.
Macro and micro nutrients are also important in adventitious root formation. Especially
nitrogen, magnesium, zinc and boron affect the adventitious root formation significantly [33].

In this study, the effect of cattle and sheep manures applied to the soils in different doses, on
the aggregate stability, water permeability, bulk density and total porosity values of the soils,
and in parallel with this, the bud burst rate and the rooting and shooting performances of 1 year
old cuttings of Karaerik and Narince grape varieties were evaluated.

2. Material and Methods

The study was carried out in Atatiirk University Faculty of Agriculture application greenhouse
(humidity rate: 80-85%, temperature: 27-30 °C) in 2022. Since it is known that the rooting
abilities of cuttings vary greatly between species and varieties [34, 35], two different grape
varieties with different rooting abilities were preferred in this study.

In the research, one-year-old cuttings belonging to Karaerik and Narince cultivars were used as
plant material. In this study, coarse textured soil with high permeability was used. The study
soil was sampled as degraded from a 20 cm topsoil depth of a field in the Karagam village of
Caykara district, Trabzon province [36]. In the research, at least 1 year old burnt cattle and
sheep manure taken from Atatiirk University Food and Livestock Application Center farm land
was used.
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Physical and chemical soil analyses

For fundamental analysis and trial studies, soil samples were air-dried in laboratory conditions
and sieved through 4 and 2 mm mesh.

Soil texture was determined by Bouyoucos hydrometer method [37], soil reaction (pH) by glass
electrode pH meter [38], lime content by Scheibler calcimeter (Nelson, 1982), organic matter
content by Smith Weldon method [39], electrical conductivity (EC) value with electrical
conductivity instrument [40], aggregate stability (AS) using Yoder type wet sieving device [41],
particle density by pycnometer method [42], field capacity and permanent wilting point were
determined by the pressure extractor method [43]. On the other hand, Soil bulk density was
determined by the cylinder method [42], and total porosity was calculated from bulk weight
and particle density.

Plant phenological observations and fertilization application

In this research, one-year-old cuttings belonging to Narince and Karaerik varieties, which are
important table grape varieties, were taken from 6-year-old vines grown on their own roots in
the unheated greenhouses of Atatlirk University Plant Production Research Directorate.
Samples were taken on April 1 in the form of 10-node rods, 10-12 cm long and 1-node cuttings
were prepared.

Manures were mixed into potting soils at rates of 10% - 20% and 30% on a weight basis. On
the 40th day of the experiment, the shooting performances (bud brust) were recorded, and at
the end of the 60th day, the study was terminated and the root lengths, root numbers, shoot
lengths and the number of leaves in the shoot were determined [44].

In the study, two different manures (cattle and sheep) were applied in 4 different doses (DO:
0%, D1: 10%, D2: 20%, D3: 30%). The research carried out on two different cultivars was
planned with 3 replications and a total of 48 pots (2x2x4x3) were used. Statistical analysis was
performed by ANOVA, and differences between means were tested using Duncan’s multiple
range test [45, 46].

3. Results and Disscussion

In this study, the texture class of the soils was determined as coarse textured in the sandy clay
loam texture class (58% sand, 20% silt, 22% clay). Soil organic matter content (3.77%) is in
the well class, pH level; It was found to be 7.5 level and neutral, the EC level of the working
soils is 0.14 dS/m without salt, the CaCOz3 level was determined as 5.1% in the medium
calcareous [47], class. According to the available phosphorus contents, the class of the soils
was determined as medium (P20s: 8 kg/da) [47], Ca++, Mg++, Na+, K+ contents were
determined as 11.2, 5.04, 0.36, 2.17 me/100gr, respectively. Particle density were determined
as 2.68 (g/cm?®).Field capacity and permanent wilting point moisture content of the working soil
were determined to be 25% and 13%, respectively (Table 1).
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Table 1. Basic physical and chemical analysis results of the researched soils

Soil properties

Sand (%) 58
Silt (%) 20
Clay (%) 22

Texture class Sandy clay loam
Particle density (g/cm?®) 2.68

Organic matter (%) 3.77

pH 7.5

EC (dS/m) 0.14

CaCOz (%) 5.1

Ca, Mg, Na, K (me/100gr) | 11.2; 5.04; 0.36; 2.17
Field capacity (%) 25

Wilting point (%) 13

Soil physical properties

At the end of the 60-day plant development period of the soils applied with different doses of
cattle and sheep manures; Aggregate stability, water permeability, bulk density and porosity
values are given in Table 2.

Tablo 2. Effects of applications on the physical properties of soils

Applications AS (%) WP (cm/h) BD (gr/cm3) Porosity (%0)
DO (Control) 46.219+3.35" |4.69+0.87 1.243 +0.02 53.4°+0.75
M1-D1 56.48° +2.41 |7.73°+0.58 1.16° £ 0.02 56.1° £ 0.61
M1-D2 57.43°+166 |14.63°+3.97 [0.98+0.01 63.12+ 0.35
M1-D3 69.542+ 1.74 |14.43°+0.72 [0.97°+0.01 63.32+0.17
M2-D1 52.63°+2.85 |5.33%+0.15 0.99°+0.01 62.52 + 0.23
M2-D2 59.18°+2.84 |5.43% + (.68 0.98°+0.02 62.92+ 0.55
M2-D3 60.38°+0.85 [19.132+£0.66 |0.97°+0.01 63.42+0.17

*: Standart deviation, AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep
manure; DO: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose

Aggregate stability, water permeability, bulk density and porosity values of the soils used in
the research are given in Table 2. According to the results, it was found that different doses of
cattle (M1) and sheep (M2) manure applications caused a statistical difference in all physical
soil parameters examined (p<0.05).

When the effects of cattle and sheep manure applications on the aggregate stability values of
the soil were examined, it was determined that all doses of both manures caused a statistical
difference (p<0.05) in AS values compared to the control group (Table2). While the lowest
value was determined to be 46.2% in the control group, it was revealed that the aggregate
stability value increased linearly depending on the applications and the highest value was 69.5%
in the D3 cattle manure application. When Table 2 was examined, it was determined that the
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different doses of sheep manure also increased the AS value, but cattle manure was more
effective. When the effect of manure applications on the water permeability values of the soils
was examined, it was determined that there was a statistical difference in the water permeability
value compared to the control group (p<0.05). Considering all manure applications together,
the highest water permeability value was 19.1 cm/h in the third dose application of sheep
manure (M2-D3), and this value was followed by the 2nd (M1-D2) and 3rd (M1-D3) doses of
cattle manure. It was determined that these applications increased the WP value by 315%, 218%
and 213%, respectively (Table 2). When the bulk density values of the soils were examined, it
was determined that manure applications showed a statistically significant difference (p<0.05)
on the BD value compared to the control group. When Table 2 was examined, it was determined
that the BD value decreased due to the increase in the application dose of cattle and sheep
fertlizers, and the lowest values caused a decrease of 22% in the D3 application of both manures
compared to the control group. The total porosity of the applied soils was statistically different
compared to the control group (p<0.05). The lowest porosity value was determined to be 53.4%
in the control group, while the highest value was 63.4% in the third dose application of sheep
manure (M2-D3). This value was found to be 63.3% in the third dose application of cattle
manure (M1-D3) and 62.9% in the second dose application of sheep manure (M2-D2) (Table
2).

The effects of the applications on the rooting and shooting performance of the cuttings

It was observed that there were differences between the bud burst rate of the cuttings of Karaerik
and Narince grape varieties depending on the manure applications (Tablo 3). Root lengths, root
numbers, shoot lengths and leaf numbers in the shoot of the cuttings used in the research are
given in Tables 4 and 5. Rooting and shooting performances of Karaerik and Narince grape
varieties of different manure applications are given in Figures 1 and 3. The relationship graphs
between rooting and shooting performances and soil physical properties, depending on manure
applications, are presented in Figures 2 and 4. According to the results, it was found that
different doses of Cattle (M1) and Sheep (M2) manure applications caused a statistical
difference on all rooting and shooting performances examined (p<0.05). On the 40th day of the
experiment, the bud burst rates of the cuttings were examined. It was determined that 100% (all
cuttings on three replication) burst was achieved in the 2nd and 3rd dose applications of cattle
manure in Karaerik grape cultivar and in the 1st and 3rd dose applications in Narince grape
cultivar. While there was no 100% bud burst (first shooting) at the end of the 40th day in sheep
manure applied in Karaerik grape cultivar, 100% burst was observed in the second dose
application of Narince grape cultivar in sheep manure (Table 3).

Tablo 3. Bud burst rates of grapevine cuttings at the end of the 40th day

Cultivars | M1-D0 M1-D1 | M1-D2 | M1-D3 | M2-DO | M2-D1 | M2-D2 | M2-D3
(%0) (%0) (%) | (%) (%) | (%) (%) | (%)

Karaerik | 66 66 100 100 |66 66 33 33

Narince 33 100 66 100 |33 66 100 66
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M1: cattle manure; M2: sheep manure; D0O: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose

When the effects of manure applications at different doses on root lengths of Karaerik and
Narince grape varieties were evaluated, it was revealed that all doses of cattle and sheep
manures were statistically different (p<0.05) compared to the control group (Table 4, 5). The
most effective results on the root length of cuttings in Karaerik grape cultivar were determined
in the 1st (M2-D1) and 2nd dose (M2-D2) applications of sheep manure and the 3rd dose (M1-
D3) applications of cattle manure, respectively (Table 4). In Narince grape cultivar, the most
effective results on the root length of cuttings were determined in the second dose of sheep
manure (M2-D2) and 3 doses (M2-D3), respectively, and in the second dose of cattle manure
(M1-D2) (Table 5). A statistical difference was found between the applications in terms of root
numbers depending on the different doses of manure applications of Karaerik and Narince grape
varieties (p<0.05). It was revealed that sheep manure was more effective than cattle manure on
the root number of cuttings in Karaerik grape cultivar. The most effective results in terms of
root numbers were determined in the first dose (M2-D1), second dose (M2-D2) and third dose
(M2-D3) sheep manure applications, respectively (Table 4). It was determined that the most
effective results in terms of root number of cuttings in Narince grape cultivar were in the second
dose of sheep manure (M2-D2), the second dose of cattle manure (M1-D2) and the third dose
of sheep manure (M2-D3) (Table 5). It was determined that manure applications at different
doses caused a statistical difference (p<0.05) on shoot lengths of Karaerik and Narince grape
varieties (Table 4, 5). It was determined that the highest value of shoot length in Karaerik grape
cultivar was in the 3rd dose (M1-D3), 2nd dose (M1-D2) and 1st dose (M1-D1) applications of
cattle manure, respectively (Table 4). When the shoot length of the cuttings of Narince grape
cultivar was examined, it was determined that the highest values were observed in the 2nd dose
(M2-D2), 3rd dose (M2-D3) and 1st dose (M2-D1) applications of sheep manure, respectively
(Table 5). It was determined that all doses of applied cattle and sheep manures caused a
statistically significant difference (p<0.05) on the number of leaves in the shoot. The highest
number of leaves in Karaerik grape cultivar was determined in the 3rd dose application of cattle
manure (M1-D3). This was followed by 2 doses (M1-D2) and 1st dose (M1-D1) applications
of cattle manure, respectively (Table 4). In Narince grape cultivar, it was determined that the
2nd dose of sheep manure (M2-D2) had the highest effect, followed by the 1st (M2-D1) and
3rd (M2-D3) doses of sheep manure (Table 5).

Tablo 4. Rooting and shooting performances of Karaerik grape cultivar

Karaerik Root Length Root Numbers Shoot Length Leaf Numbers
cultivar (cm) (item) (cm) (item)
M1-DO0 1.16%+ 0.28" 1.33¢°+ 0,57 6%+ 1 2.339+0.57
M1-D1 2.33°+ (.28 7.330+ 1,52 123 + 2 .64 70+ ]
M1-D2 5.76° £ 0.68 12.33°+ 1,52 13.66% £ 4.5 7.66%° +£1.52
M1-D3 6.66° + 0.87 11.33°+ 0,57 15.66°+ 3.51 8.332+ 1.52

M1-Mean 4.91 10.3 13.8 7.66
M2-D0 1.39+0.36 1.66°+ 0,57 4,66 + 2.08 20+ 1
M2-D1 7.1°+£0.1 342 £ 2 64 11.33%° + 5.03 5.66% + 321
M2-D2 7.2°+0.2 18°+ 1 8.33¢ + 251 3.33%+1.52
M2-D3 5.26°+ 0.64 14° + 2,64 9.33>+ 3.05 5bcd + 2

906




The Effects of Cattle and Sheep Manure Applications on Soil Physical Properties and
Rooting and Shoot Development of Grapevines Cuttings

| M2-Mean | 6.52 | 22 | 9.66 | 4.66

M1: cattle manure; M2: sheep manure; D0O: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30% dose

Karaerik Cultivar

Root Length (cm) Root Numbers (item) Shoot Length (cm) Leaf Numbers (item)

Figure 1. Rooting and shooting performance graph of cuttings of Karaerik grape cultivar

Karaerik Cultivar

DO (Control) M1-D1 M1-D2 M1-D3 M2-D1 M2-D2

w— AS (%) s \N/P (cn/h) e BD (gr/cm3) === Porosity (%)
C1-RL @ C1-RN C1-SL C1-LN

Figure 2. The relationship between rooting and shooting performances of Karaerik grape
cultivar and soil physical properties.

AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep manure; V1:Karaerik
cultivar, RL:Root length, RN: Root numbers, SL: Shoot length, LN: Leaf numbers, DO: 0% Control, D1: 10% dose, D2: 20%
dose, D3: 30% dose

Tablo 5. Rooting and shooting performances of Narince grape cultivar

. . Root Length | Root Numbers Shoot Length Leaf Numbers
Narince cultivar . .
(cm) (item) (cm) (item)
M1-D0 0.76°+ 0.25 2°+ 1 1.66% + 0.57 1.339+0.57
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M1-D1 1.23°+ (.25 3F+£1 6.66°+ 1.52 3941
M1-D2 5.96°+0.15 13.33°+0.57 8°+3.6 3.66°+2.08
M1-D3 3.86¢+0.30 10° + 1 7.66°+ 1.52 3¢+ ]
M1-Mean 3.68 8.76 7.44 3.22
M2-DO 1.23°+0.15 3F+1 8.66°+ 1.15 8.33"+1.52
M2-D1 3.56¢ £ 0.20 10.66° + 0.57 9.66°+ 1.15 8.66° = 1.15
M2-D2 7.43*+0.51 30.66%+ 6.11 25.66% = 1.52 16.33*+ 0.57
M2-D3 6.56° £ 0.51 12.66° + 0.57 15.33° £ 1.15 8.66° £ 0.57
M2-Mean 5.85 18 16.9 11.2

M1: cattle manure; M2: sheep manure; D0O: 0% Control, D1: 10% dose, D2: 20% dose, D3: 30%

Narince Cultivar

Root Length (cm) Root Numbers (item) Shoot Length (cm) Leaf Numbers (item)

Figure 3. Rooting and shooting performance graph of cuttings of Narince grape cultivar

Narince Cultivar

. w4 1% 14 % 2t %4 %+ W o4 v A

DO (Control) M1-D1 M1-D2 M1-D3 M2-D1

w— AS (%)

wer \N/P (cm/h) === BD (gr/cm3) === Porosity (%)

C2-RL e C2-RN C2-SL C2-LN

Figure 4. The relationship between rooting and shooting performances of Narince grape
cultivar and soil physical properties.
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AS: Aggregate stability, WP: Water permeability, BD: Bulk density; M1: cattle manure; M2: sheep manure; V2:Narince
cultivar, RL: Root length, RN: Root numbers, SL: Shoot length, LN: Leaf numbers, DO: 0% Control, D1: 10% dose, D2: 20%
dose, D3: 30% dose

When Figure 2 and Figure 4 are examined, it is understood that there is a relationship between
the physical properties of soils and the vegetative development of plants. While manure
applications improve the physical properties of the soil, they also affect the rooting and shoot
performance of the plants. It was determined that there was a linear increase in AS, WP and
porosity values depending on the increase in the application doses of both manures added to the
soil. In parallel with the improvement in the physical properties of the soils, it was observed
that the rooting and shooting performances of the cuttings also changed. While this
development in soils was in direct parallel with the development of cuttings in cattle manure
applied soils, it showed a partial parallelism in cuttings in sheep manure applied soils.

Fine textured heavy and impermeable soils limit root formation in plants and can cause root rot
by holding excessive water. There is a significant relationship between root and shoot
development in vines and soil fertility and water holding capacity [25]. The application of sheep
and cattle manure to the soil increases the amount of organic matter in the soil, and accordingly,
it provides a more suitable environment for plant growth by providing a positive effect on the
soil's aggregate stability, water permeability, air-water balance, and uptake of plant nutrients in
the soil.

For a good root formation, suitable soil air, soil water and enough oxygen must be present. It is
known that organic matter affects plant vegetative and generative development positively by
increasing aggregate stability, and reducing bulk density [48], It has been revealed in many
studies that there is a direct relationship between soil carbon (C) content and soil aggregation,
and that organic manures added to soil improve the structural properties by increasing the
aggregate stability of the soil [6, 49-55]. Parallel to the improvement in soil physical properties,
the increase in the water and nutrient holding capacity of the soil has come to the fore as
important factors that can affect the yield of vines [27, 56, 57]. As a matter of fact, in this study,
similar to other studies, it was determined that cattle and sheep manure applications improved
the physical properties of the soils, increased the water permeability and aggregate stability
values, decreased the bulk density values, and in parallel increased the rooting and shooting
performance of the cuttings.

[58], stated that organic materials create a more suitable environment for plants and
microorganisms by increasing the aeration capacity of soils, and this situation positively affects
water and nutrient availability. It is known that root and shoot development in vines is strongly
affected by soil conditions, shoot development is more in places where the soil is more fertile
and can hold more water [27, 56]. It is known that the level of organic matter in the soil has a
significant effect on the rooting performance of grapevine cuttings [59]. In this study, it was
determined that fertilizations had a positive effect on average root length and root number
depending on the manure in both Karaerik and Narince grape varieties, but sheep manure was
more effective than cattle manure. In addition, it was determined that different doses of cattle
and sheep manure increased shoot growth in grapevine cuttings. In the study, it was found that
cattle manure in Karaerik grape cultivar and sheep manure in Narince grape cultivar were more
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effective on average shoot growth and average leaf number. Similar to the data we obtained in
this study, [60], determined that the addition of organic manures at different doses to fig
seedlings had a significant effect on the shoot length of the plants. In addition, [61], in a study
investigating the effects of farm manure on the soil, emphasized that the applications provided
significant increases in crop yield by promoting vegetative growth of plants. Parallel to
previous similar studies, the findings obtained in this study revealed that organic farm manures
have significant effects on soil and plant growth.

4. Conclusion

Since organic manures generally improve the physical, chemical and biological properties of
the soil, their use in sustainable agriculture is becoming more common every day to meet the
nutritional needs. For this purpose, the effects on the rooting and shooting performances of
Karaerik and Narince grape varieties were evaluated by applying different doses of organic
farm manures from different origins to the soil. In the study, it was revealed that there was a
linear development in the root length, root number, shoot length and number of leaves on shoot
of both Karaerik and Narince grape varieties, depending on the improvements in the physical
properties of the soils due to different manure applications. It was determined that sheep manure
was more effective than cattle manure on root length and root number in Karaerik grape
cultivar, while cattle manure gave more positive results on shoot length and number of leaves
in shoot. Although all doses of cattle manure applied on Narince grape cultivar had positive
effects on root length, root number, shoot length and number of leaves shoot, it was determined
that sheep manure was more effective than cattle manure in all parameters. As a result, it has
been determined that organic farm manures have been very successful in rootting and shoot
development of vine cuttings, and it has been found to cause different results in species and
varieties according to the origin of the manure.

According to the findings obtained in this study, it is thought that organic farm manures can
come to the fore as a successful alternative for rooting vine cuttings in terms of soil health and
sustainable agriculture.
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Abstract

It produces lights of different qualities with different lighting elements used in agricultural practice. This
situation creates different effects on living things. In this study, the effect of incandescence, electric discharge
and electroluminescence light, which is the most used light production method in lighting applications, on
Triticum aestivum L. (Wheat) and Hordeum vulgare L. (Barley) was investigated. For this purpose, different
lighting environments where sources of light with LED, incandescence, sodium vapor, mercury vapor and metal
halide discharge were used were created, and all variables except for the sources of light were kept the same.
Wheat and barley plants were grown in these environments, and harvested after 15 days. After the harvesting
processes had been completed, wet weight, height, amounts of electrolyte leakage, chlorophyll and carotene
amounts, SOD (superoxide dismutase) and (CAT) Catalase enzyme activities were determined. Differences
between the plants grown under the light parameters were determined by evaluating the data with SPSS. There
were statistically significant differences between the data obtained from wheat and barley grown under different
lamps.

Keywords: Artificial light sources, agriculture, Triticum aestivum L., Hordeum vulgare L.

Farkh Sekillerde Uretilen Isigin Triticum aestivum L. (Bugday) ve Hordeum vulgare L.
(Arpa) Uzerindeki Etkileri

Oz

Tarimsal uygulamada kullanilan farkli aydinlatma elemanlar1 ile farkli niteliklerde isiklar {iretmektedir. Bu
durum canlilar tizerinde farkl etkiler olusturmaktadir. Bu galismada, aydinlatma uygulamalarinda 1sik iretim
yontemlerinden en fazla kullanilan termik, desarja dayanan ve elektroliiminesans yol ile iiretilen 15181 Triticum
aestivum L. (Bugday) ve Hordeum vulgare L. (Arpa) iizerindeki etkisi incelenmistir. Bu amagla, LED,
enkandesan, sodyum buharli, civa buharli ve metal halojenli desarj 1sik kaynaklarmin kullanildigi farkli
aydinlatma ortamlar1 olusturulmus ve 151k kaynagi haricinde diger tiim degigkenlerin ayni olmasi saglanmustir.
Sonrasinda bu ortamlarda bugday ve arpa bitkileri yetistirilmis ve 15 giin sonunda hasat edilmistir. Hasat
islemleri tamamlandiktan sonra bitkilerin yas agirliklari, boylari, elektrolit sizinti, klorofil ile karoten miktarlari,
Siiperoksit dismutaz (SOD) ve Katalaz (CAT) enzim aktiviteleri belirlenmistir. Elde edilen veriler SPSS
Istatistik Paket Programi’nda degerlendirilerek calisilan 151k parametreleri altinda yetistirilen bitkiler arasindaki
farkliliklar belirlenmistir. Farkli lambalar altinda yetistirilen bugday ve arpalarda elde edilen veriler arasinda
istatistiksel olarak anlamli farkliliklar oldugu gézlenmistir.

Anahtar Kelimeler: Yapay 151k kaynaklari, tarim, Triticum aestivum L., Hordeum vulgare L..
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The Effects of Light Produced in Different Ways on Triticum aestivum L. (Wheat) and Hordeum vulgare
L. (Barley)

1. Introduction

Light has been an irreplaceable source of energy since the existence of humanity, and the need
for light increases daily. In order to provide sustainable light sources when the sun was not
enough for lighting, people invented artificial sources of light [1]. Artificial light sources are
used for many purposes. Venue design, environmental luminance, plant growth rooms, among
others are examples of intended uses with different purposes and functions [2]. Artificial light
is generally produced via three different light production methods. These are produced via
incandescence, an electrical discharge [3] and electroluminescence [4]. The foundation for light
production methods is based on the principle of conversion of electric energy to light. Since
each of these light production methods differs from one another, each source of light has
different physical and structural properties [5].

Producing light via the incandescence method is the oldest known method. Electrical current is
conducted through a metal wire in the lamp and light is obtained when the metal wire becomes
incandescent in this method of production [6]. The first incandescent lamp was researched by
H. Goebel in 1854, and T. Edison invented lightbulbs in 1879, which have been technologically
improved until the present day [7].

In the method based on electrical discharge, the gas between the two plates in the lamp starts to
ionise by interacting, and light is produced. Radiation for this production method occurs in two
ways: in the visible wavelength zone or in the ultraviolet radiation zone. Discharge lamps are
described as low-pressure lamps or high-pressure lamps in accordance with the pressure of the
gas in the tube. Discharge lamps need auxiliary sources during operation. Therefore, they are
operated with ballast and ignitor [8]. The purpose of the ballasts used in discharge lamps is to
prevent the current from short-circuiting by limiting ionization, in other words, discharge
current [9]. It is quite important for a discharge lamp to be suitable for the ballast and it is
preferred for ballasts to be electronic and electromagnetic [10]. If the current provided by the
ballast is less than it should be, it causes inefficient current to be conveyed to the lamp. This
leads the lamp to illuminate inefficient luminous flux and causes it not to reach the necessary
brightness [11]. Therefore, it is important to pay attention to the compatibility of lamps and
ballast. These blasters, called starters or ignitors, are electronic devices, which provide suitable
voltage and energy to start and maintain luminescence discharge [12].

Light production with the electroluminescence method was developed in recent years as solid-
state semiconductor-based devices. This method is where electric energy is converted into
direct luminous energy [13]. LEDs, which produce light through this method, are small and

durable. LED, which means light-emitting diode, is a semiconductor-based lighting equipment
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consisting of semiconductor equipment, called n-types or p-types, which have undergone some
processes. The property that distinguishes LEDs from other diodes is that they emit light
through photons in p-n joint parts [14].

In addition to other environmental parameters, plants need substantial amounts of light. Light
affects the physiological development of plants as well as the formation of blooming and floral
organs and the morphology of organs. Briefly stated, plants need light for growth, development
and various metabolic purposes. Applying insufficient light has some negative impacts on
plants as does having excess light [15]. The sources of light that are needed for plant
development can be the sun or artificial lights [16].

The beams emitted by the sun to the earth have various wavelengths. The light spectrum
contains a wide range of wavelengths including infrared, visible light and ultraviolet [17]. The
range that plants use for photosynthesis includes the 390-760 nm wavelengths [18]. Besides
being a source of energy for plants used for photosynthesis, light is a factor that affects various
developmental processes [19]. Photosynthesis, a photochemical process, is a function of
wavelength of the light source. The speed of photosynthesis depends on both wavelengths and
the addition of light sources with different wavelengths can cause photosynthesis speed to
increase. Consequently, this situation is an important aspect when it comes to artificial lighting
[20].

The lives of all living creatures depend on green plants that photosynthesise. Therefore, plants
form the basic level of most food chains. Leaves are the main organ of plants that have an
effective part in photosynthesis [21]. The most important pigment of plants that is used in
photosynthesis is chlorophyll [22]. Chlorophyll generates the carbohydrates, which have the
most significant role in the growth and development of plants using sunlight [23]. There are
eight different chlorophylls in plants, and the most important ones are chlorophyll a and
chlorophyll b. Light is a basic need for these coloured pigments to function. Chlorophylls
absorb photons at certain wavelengths of 430 nm (blue) and 662 nm (red) while the green color
is reflected strongly [24].

In this study, the effects of the placement of artificial sources of light and light production
methods on agricultural production and the effects of light on plants were analysed. The lengths,
wet weights, electrolyte leakage, chlorophyll and the activities of CAT and SOD enzyme plants
were investigated and analysed.
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2. Material and Methods

Fertile soil mixed with manure from the fields where agriculture activities have been performed
and seeds of wheat (T. aestivum L.) and barley (H. vulgare L.) that can be easily grown in a
laboratory environment were used in the study. Soil, consisting of 25% of pearlite, and 25% of
manure, was prepared. Then 750 g of this mixture was put into 1kg plastic pots. Three pots each
were prepared with seeds of barley and wheat for each source of light application. After the
seeds to be planted had been weighed, 7 g of wheat or 5 g of barley were planted in each pot.
Next, the seeds were covered with 100 g of soil. The pots were placed under incandescent
lamps, LEDs, metal halide discharge lamps, sodium vapour lamps or mercury vapour discharge
lamps (Table 1). Since wheat and barley are long-day plants, they were subjected to 13-14
hours of light exposure [25]. After germination, the plants were grown and harvested, barley
after 11 days and wheat after 15 days, by being cut at the soil surface. The lengths of the plants,
which had been grown under five different lighting mechanisms, were determined and their wet
weight values were measured. Then, samples were collected from harvested plants, and
amounts of electrolyte leakage, chlorophyll, carotene, CAT and SOD enzyme activities values

were determined.

Table 1. Lamp Parameters

Lamp Types Lamp Power Color correlated IHlumination level
(W) temperature - CCT (°K) (Lux)
SodiumVapor 70 2003 1548
Incandescent 42 2759 279
Metal Halogen 400 5767 6082
LED 18 6729 475
Mercury Vapor 125 3985 3076

Determination of Electrolyte Leakage

First, each of the 12 test tubes received 0.1 g of fresh plant material taken from plant leaves.
The tubes were then filled with 4 mL of distilled water and stored at 4 °C for 1 day. An electrical
conductivity meter was then used to quantify the levels of ions in distilled water from the
samples collected to determine cell damage [26].

Determination of Chlorophyll and Carotenoid

First, 0.5 g of harvested leaves was placed in a porcelain mortar and ground in the porcelain

mortar to homogenize in 20 mL of 80% acetone. The mixture was filtered through filter paper
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and placed in a centrifuge tube that was filled up to 10 mL. The solution was then centrifuged
for 10 minutes. Finally, the absorbance values of the resulting combination at 663, 646, and 440
nm were determined individually using a spectrophotometer.

The following formulas were used to calculate the amount of chlorophyll:

Chla=12.25 Assz — 2.55 Aeas

Chly =20.31 Agss — 4.91 Ases

Chla + Chlp = 17.76 Asss + 7.34 Ass3

Carotenoid (Car) = 4.69 Ass0 — 0.267 Chla+n

The results were obtained as mg mL™ [27, 28].

Antioxidant Activity

After weighing 0.5 g of tissue and placing it in the porcelain mortar, 5 mL of cold homogenate
buffer (0.1 M KH2POgsat pH 7.0 with 1% PVP and 1 mM EDTA) was added. The mixture was
transferred to a centrifuge tube and centrifuged for 15 minutes at 15000 g and 4 °C. The
supernatant antioxidant produced from centrifugation was employed as a source for enzyme
activity deaths [29]. Whether the plants were under stress physiologically was assessed by
measuring antioxidant enzyme (superoxide dismutase, catalase, and peroxidase) activities in
response to increases in reactive oxygen species during watering and soil stress conditions.
Each antioxidant enzyme had its own set of substances and methodologies [30].

Catalase Enzyme Activity

The method was used to determine the activity of Catalase (CAT). This method of measuring
activity is based on the premise of seeing a drop in absorbance in a CAT activity measurement
setting when H»O: is transformed into Oz and H20 at 240 nm [31]. A 5 mM H:O: solution was
used to assess catalase activity in the extraction solution derived from plant samples. Following
the addition of 103.5 mM of KH2PO4 buffer and 40 mM of H20> substrate solution to 3 mL
quartz vials, 20 L of enzyme extract from leaves and 50 L of enzyme extract from roots were
added. The absorbance of the vial against a blank was observed at 240 nm for 3 minutes at 1
minute intervals after it was placed in the spectrophotometer. The absorbance per minute was
estimated from the point where the absorbance dropped linearly. A standard curve was used to
convert these average absorbance values into mol H,.O. One enzyme unit was identified as the
amount of enzyme that reduced absorbance by 1 mol at 25 °C in 1 minute, and the results are
provided as enzyme units per gram of tissue (EU g tissue) [31, 32].

Superoxide Dismutase Enzyme Activity

The inhibition of the photochemical reduction of nitro blue tetrazolium (NBT) by superoxide

dismutase (SOD) activity was determined spectrophotometrically [33]. 3.84 mL
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spectrophotometer vials were filled with a reduction mixture containing 50 mM of KH2PO4 (pH
7.8), 13 mM of methionine, 75 M of NBT, 2 M of riboflavin, and 0.1 mM of EDTA or 2.84 mL
of a comparable reduction mixture that did not contain riboflavin. The mixture was then
pipetted with 100 mL of enzyme extract. After pipetting and mixing 60 mL of 100 m of
riboflavin solution into the tube, the reaction was begun by placing the tube under a white light
source. The color fading density of NBT was measured in 15 minutes against a blank at 560
nm. The blank was an enzyme-free sample that went through the same procedure. The amount
of enzyme producing 50% inhibition of NBT reduction detected at 560 nm was recognized as
one enzyme unit in this analysis, and values were determined as EU g tissue [32].

Statistical evaluations were then performed using data obtained from this study. Average values
of data and standard errors were calculated using SPSS 22 at a 95% confidence interval.

3. Result and Discussion

Significant data was obtained for wheat and barley are grown under five different lighting
mechanisms. When the data were evaluated, the average weight measurement was 13.5-19 g
in barley, and 13-18 g in wheat. The weight was at its lowest under the metal halide lamp for
both of the plants (Fig. 1). When length data was evaluated, it was 12.2-13.7 cm in barley, and
13-18 cm in wheat (Fig. 1). Plant length was also at its shortest under the metal halide lamp for
both of the plants. Electrolyte leakage from barley was 63.63 £ 6.5 uS cm™! to 115 = 7.7 pS
cm™!. This value was 53.33 £ 3.1 uS cm ™! to 82.27 +3.65 uS cm ™! in wheat (Fig. 1).
Chlorophyll a values of barley were 7.68 + 0.21 mg mL™ to 13.54 + 0.06 mg mL™, and the
values of wheat were 9.73 £ 0.24 mg mL™ to 14.49 + 0.4 mg mL"* (Fig. 2). Chlorophyll b values
of barley were 4.56 + 0.44 mg mL™ to 6.28 + 0.12 mg mL™?, and the values for wheat were 4.41
+0.13 mgmL™ to 6.41 = 0.26 mg mL* (Fig. 2). When chlorophyll a + b values were evaluated,
these values were 12.25 + 0.64 mg mL™ to 19.83 + 0.18 mg mL™ for barley and 14.06 + 0.50
mg mL? to 20.75 + 0.86 mg mL* for wheat (Fig. 2). Regarding carotene values, they were 8.40
+0.99 mg mL? to 19.8 + 0.45 mg mL™ for barley and 10.12 + 0.87 mg mL*and 20.22 + 0.82
mg mL for wheat (Fig. 3).
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sources (*p<0,05; **p<0,01; ***p<0,001 significant).
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Catalase data for the barley was 1960-3945 EU g and 40286583 EU g for wheat. SOD
enzyme activity for the barley was 58.62—67.73 EU g, and for wheat 85.6675-103.3397 EU
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g for wheat (Fig. 3). When the length and weight data of the plants grown under the lamps
were compared, the values for plants grown under metal halide lamps were lower than those of
plants grown under other light sources. The amounts of chlorophyll a and b and carotene were
at their highest under metal halide lamps and they were at their lowest under incandescent
lamps.

The amount of electrolyte leakage was lower under incandescent lamps compared to other
sources of light. CAT and SOD enzyme activities were higher in barley and wheat that were
grown under metal halide lamps. In conclusion, since the light intensity of metal halide lamps
was higher, the amount of chlorophyll in plants was also higher. In addition, the increase in the
temperature of the environment due to the intensity of the light caused negative impacts on the
development of plants. Therefore, it is necessary to consider the distance of lighting while using
artificial lights for growing plants.

Unlike other studies in the literature that were based on different production methods of light,
this study has examined the effects of the light produced by various methods, on barley and
wheat. Aydinsakir (2005) [34] analysed the development of goldenrod under incandescent and
sodium vapour lamps and determined that the use of sodium vapour lamps led to the best results
in yield, length of the stalk and bunch, stem diameter, flower offshoot and wet weight values
of the plants. Demirsoy et al. (2016) [35] analysed proportional leaf weight, proportional stem
weight, proportional root weight, leaf zone, leaf thickness, specific leaf zone and proportional
leaf zone parameters of eggplant (Solanum melongena L.) seedlings during two different
periods (autumn and spring) with three different sources of light (high-pressure sodium vapour
lamp (HPS), incandescence lamp (IL) and light-emitting diode (LED). They determined that
artificial lighting applications increased the proportional stem weights and proportional leaf
weights of eggplant seedlings. When lengths of eggplant seedlings were compared, those grown
under incandescent lamps had the shortest length for both periods. Uzun (1996) [36] stated that
change in eggplant plant length increased linearly with heat and curvilinearly with light.
Kandemir (2005) [37] confirmed that when the intensity of the light increased, the plants
became shorter and stem diameter increased, and they determined that the formation of plants
with thin stems occurred in low light. Islam et al. (2012) [38] compared LED and traditional
high-pressure sodium vapour lamps while growing Euphorbia pulcherrima. Plants grown both
in greenhouses and in plant growth rooms were compared in terms of both high-pressure sodium
vapour lamp and LEDs; plants grown under LEDs were 20-34% shorter. Mitchell et al. (2015)
[39] analysed a number of characteristics and effects related to incandescence lamps, metal

halide lamps, fluorescent lamps, high-pressure sodium vapour discharge lamps and LED
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sources of light that are commonly used on garden plants, on plants under separate titles in his
collection. They concluded that high-pressure sodium vapour lamp increased the yield and
quality of tomatoes and increased the numbers and zones of leaves per seedling of tomatoes,
pepper, cucumber and eggplant. Sumarni et al. (2022) [40] investigated the effects of red-blue
LED and white fluorescent lamps on the growth and yield of aroponic potato seeds grown in
the highlands. Artificial lighting was applied to on the plant at 110 cm, 120 cm and 130 cm
distances. As a result of the experiments, it was observed that the red-blue LED lamp
combination with a height of 110 cm had the highest efficiency. Yeh and Chung (2009) [41]
mentioned that fluorescent, high-pressure sodium vapor, metal halogen lamps and incandescent
lamps have long been used in tissue culture and growth chambers. And with that, they examined
the potential of LEDs in indoor plant growing. As a result, they suggested that LEDs, which
provide higher energy efficiency, are the primary light source. Koksal (2013) [42] used
artificial lighting with red-orange LED light and determined that there were statistical
differences in terms of plant height, biomass weight, number of flowers and leaves.

With the help of technology currently under development, the technological progress in
artificial lights has enabled more opportunities for studies in the field of plant biology. Applying
lower light intensity to plants has a limiting impact on photosynthesis as does apply applying
high amounts of light above critical value. A suitable lighting source should be provided
through artificial lighting for plant growth. In this way, the technical properties of light sources
are quite important. In order to utilise productivity in agricultural production ideally, studies
need to be continued to understand the interaction of the quality of light and other
environmental parameters.

4. Conclusion

In this study, the effects of three commonly used sources of light on wheat and barley were
analysed, and the data obtained corresponded with previous literature. The following results
can be withdrawn from this study:

The effect of lower intensity light on plants has a limiting impact on photosynthesis as does
apply high amounts of light above a critical light intensity value. Suitable lighting source should
be provided through artificial lighting methods for improved growth in wheat and barley plants.
For the maximum weight and length of wheat and barley plants, sodium vapour, incandescent
lamps and LEDs perform better than those of other sources of lighting, respectively. Carotenoid
levels and SOD activity in both plants are mainly improved with sodium vapour lamps whereas

CAT activity was dominantly influenced by metal halogen lights especially effective on wheat

926



The Effects of Light Produced in Different Ways on Triticum aestivum L. (Wheat) and Hordeum vulgare

L. (Barley)

plant. Chlorophyll levels (i.e. a, b and a+b) improve mainly with sodium vapour and metal

halogen lamps irrespective of the type of plant.
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Abstract

In this study, ZnO thin films were deposited on (1 1 1) oriented n-type and (1 0 0) oriented p-type Si substrates
using SILAR and spin-coating methods, respectively. The XRD, SEM, and PL measurements of the samples
were performed. The XRD results showed the presence of ZnO peaks. The SEM results showed that the surfaces
were homogeneous in both methods. The PL results showed that the samples emitted light at different
wavelengths. The PL results under different powers were interpreted from the samples, and it was determined
that this sample reached a higher emission intensity with increasing excitation power.

Keywords: ZnO, SILAR, spin-coating, thin-film

SILAR ve Diénel Kaplama Yontemleri Kullanilarak Biiyiitiilen ZnO ince Filmlerin
Yapisal, Yiizeysel ve Optik Karakterizasyonu
Oz
Bu ¢alismada, ZnO ince filmler sirasiyla (1 1 1) yonelimli n-tipi ve (1 0 0) yonelimli p-tipi Si altliklar {izerine
SILAR ve donel kaplama (spin-coating) yontemleri kullanilarak bilyiitiilmiistiir. Numunelerin XRD, SEM ve
PL 6l¢iimleri alinmistir. XRD sonuglari, ZnO piklerinin varligint géstermistir. SEM sonuglari, yiizeylerin her
iki yontemde de homojen oldugunu gostermistir. PL sonuglari, numunelerin farkli dalga boylarinda 151k

yaydigim gostermistir. Orneklerden farkli giicler altinda PL 6lgiimleri alinmis ve yorumlanmis ve bir drnegin
artan uyartim giicii ile daha yiiksek bir emisyon yogunluguna ulastig tespit edilmistir.

Anahtar Kelimeler: ZnO, SILAR, donel kaplama, ince film
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Structural, Surface and Optical Characterization of ZnO Thin Films Deposited by SILAR and Spin-Coating
Methods

1. Introduction

Zinc oxide (ZnO) is a 11-VI group compound and is a direct band semiconductor with high
electrical conductivity and a bandgap of approximately 3.2-3.3 eV at room temperature [1-2].
One of the most significant advantages of ZnO is its high exciton binding energy (60 meV) [3].
In addition, it is a significant advantage that it is a material resistant to particle radiation damage
[4]. Owing to these properties, ZnO has been used in solar cells, transparent conductive films,
chemical sensors, varistors, LEDs, ultraviolet photodetectors, laser diodes, and gas sensors [5].
Various methods have been developed such as chemical vapor deposition (CVD) [6], RF
magnetron sputtering [7], pulsed laser deposition [8], spray pyrolysis [9], metal oxide chemical
vapor deposition (MOCVD) [10], electrochemical deposition [11], chemical bath deposition
(CBD) [12], spin-coating [13-15] and successive ionic layer adsorption and reaction (SILAR)
[16-18]. In this study, the spin-coating and SILAR methods were preferred for the deposition
of ZnO thin films because these methods are simple, economical and more easily accessible
than other methods. The remainder of this paper is organized as follows. In Section 2, the stages
of the SILAR and spin-coating methods are described in detail. The structural, surface and
optical characterizations and obtained results are discussed in Section 3. Finally, Section 4
concludes the paper.

2. Materials and Methods
2.1 Deposition of ZnO thin films

In this study, ZnO thin films were deposited using SILAR and spin-coating methods. In the
SILAR method, 682 mg of zinc chloride (ZnCl;) was added to 50 ml of deionized water to
obtain a 0.1 M precursor cationic solution. The pH of the solution was adjusted to 10 by adding
6 ml ammonia (NHs). The resulting solution was mixed for 5 min and then transferred to a
beaker. A SILAR round was completed by keeping the substrates in a zinc chloride solution for
30 s, in air for 15 s and deionized water at 90°C for 10 s. This process was repeated for 100
cycles. Figure 1 shows a schematic of the SILAR cycle used to produce ZnO thin films. The
chemical reactions that occur during the deposition of ZnO structures using the SILAR method
are shown in Equation 1 to Equation 4 [17].

2ZnCly + 4NH; — 2Zn[(NH3),)*" + 2Cl~ (1)
[Zn(NH3),]** + H,0 - Zn?*" + NH** + OH~ (2)
Zn?*t + 20H™ - Zn(0H), (3
Zn(OH), - Zn0O(s) + H,0 4)
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Figure 1. Schematic diagram of SILAR method.

The spin coating method starts with preparation of a 0.5M precursor solution. It was obtained
by adding 5.48775¢g of zinc acetate dihydrate (Zn(CH3COO).2H,0) to 50ml of 2-methoxy
ethanol (CsHgO2). To obtain a 0.5M secondary solution, 1.512ml of monoethanolamine
(C2H7NO) was mixed with 50ml of 2-methoxy ethanol (C3HsO2). A homogeneous solution was
formed by combining the two solutions in a beaker and mixing at 60°C for 2 h. The prepared
solution was dripped onto a silicon substrate, and the substrate was spun at 3000 rpm for 30 s.
The samples were then baked at 250°C for 10 min. These processes were repeated ten times,
and the samples were annealed at 450°C for 30 min as the final step. Figure 2 shows the stages
of the spin-coating method.

Soluti . .
W Dou N ) Rotating mmm)  Evaporation

\ripping
0
- =
Figure 2. Schematic diagram of spin-coating method.

2.2 Characterization

A Laurell WS-650MZ-23NPPBO0 spinner was used for film deposition via the spin-coating
method. XRD, SEM, and PL were used for the structural, surface, and optical characterization
of the ZnO thin films. For structural analysis, a GNR-Explorer X-ray diffractometer with Cu
Ka (k=1.5405 A) radiation for 2h at 10-60° was used. The surface morphology was studied
using a Quanta FEG 250 SEM model. For the PL measurements, the ‘MAPLE-II low-
temperature macro photoluminescence system was used with laser excitation at 650 nm.

933



Structural, Surface and Optical Characterization of ZnO Thin Films Deposited by SILAR and Spin-Coating
Methods

3. Results and discussion

Figure 3 shows the XRD measurement results of samples deposited on (1 1 1) oriented n-type
and (1 0 0) oriented p-type Si by SILAR and spin-coating methods, respectively. When the
figures are examined, it is understood that the marked peaks are compatible with the ZnO peaks
reported in the literature [19], and the ZnO thin films grow in wurtzite structure.
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Figure 3. XRD measurement results of ZnO deposited by (a) SILAR method on n-type, (b)
SILAR method on p-type Si, (c) spin coating method on n-type Si, (d) spin coating method on
p-type Si.

Table 1 shows the micro strain values (g), dislocation density (8) datas, and crystal sizes (D)
obtained from the XRD data.

Table 1. Crystal size calculation results from XRD results

Miller 20 FWHM € 0 D
indices (©) (©) (lin-m*)x10*  (lin/m?)*10% (nm)
100 32,88574 0,03440 1,439600 0,157860 251,69023
SILARonn- 002 34,34439 0,30026 12,51728 11,93454 28,946580
type Si 101  38,10436 0,20674 8,526590 5,537790 42,494390
203  44,36986 0,24618 9,946430 7,535630 36,428400
002 34,45766 0,34117 14,21839 15,39879 25,483362
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SILARonp- 101 38,16712 0,20866  8,604151 5,638995 42,111347
type Si 203  44,42552 0,24520  9,904867 7,472793 36,581249
100 32,89336 0,03465  1,450030 0,160155 249,87918

Spincoating 002  34,37999 0,26614  11,09382 9,374487 32,660756
onn-typeSi 101  38,16711 0,20832  8,590132 5,620634 42,180076
203 44,42561 0,24836  10,03251 7,666640 36,115820

Spin coating 101  38,10701 0,20490  8,450639 5,439572 42,876330
onp-typeSi 203  44,37243 0,25862  10,44894 8,316306 34,676461

As can be seen from Table 1, similar micro strain values, dislocation densities and crystal sizes
were obtained for the dominant (1 0 1) and (2 0 3) peaks for all samples. Figure 4 shows SEM
images of the samples coated by using the SILAR method on (1 1 1) oriented n-type and (1 0
0) oriented p-type Si, respectively. When SEM images are examined, it is seen that the surfaces
are completely covered with ZnO.

Figure 4. SEM images of deposited by SILAR method on n-type and p-type Si with (a)
5000x, (b) 20000x, (c) 40000x magnification ratios.

Figure 5 shows SEM images of the samples coated by using the spin coating method on (11 1)
oriented n-type and (1 0 0) oriented p-type Si, respectively. When the SEM images of the
samples are examined, it is seen that the homogeneity of the samples deposited with spin
coating is better than the samples deposited with SILAR method. However, difference of the
SEM images for SILAR and spin coating deposed samples cannot be explained with XRD data
since sizes of the formed crystals are very small compared to the resolution of the obtained
SEM images.
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(b) (c)

Figure 5. SEM photos of deposited by spin-coating method on n-type and p-type Si with (a)
20000x, (b) 40000%, (c) 60000% magnification ratios.

Figure 6 shows Tauc plots used to determine band gap of the ZnO thin films deposited by
SILAR and spin coating methods. As can be seen from Figure 6, the band gap of the sample
deposited by the SILAR method is 3.98 eV and the band gap of the sample deposited by spin
coating is 3.88 eV.

0 L n
25 3 35 4 45 25 3 35

Photon energy (eV) Photon energy (eV)

(a) (b)
Figure 6. Tauc plots of the ZnO thin films deposited by (a) SILAR, (b) spin coating method

on the n-type Si substrates

Figure 7, 8 and 9 show the photoluminescence spectra graphs under different laser excitation
intensities of the samples deposited on n-type, p-type Si by the SILAR method and on n-type
Si by the spin-coating method, respectively. The PL system used in the measurements gives at
what percent of the maximum power of the excitation laser is operated with, instead of giving
exact output power of the laser. Considering that the stimulated emission is dominant due to
the nature of the laser and output of the laser is linear in this situation, it is thought that this will
not pose any problem in the evaluation of the PL spectrum.
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All spectra exhibited similar PL features. Upon examination of the graphs, it was observed that
the PL density increased. ZnO thin films luminesce in the visible and UV regions [20]. The
emission in the visible region is due to the intrinsic defects of ZnO, and the emission in the UV
region is due to excitonic recombination. The peak at approximately 750 nm is more
controversial. Some scientists attribute this to defects in the ZnO structure, whereas others have
argued that such emission is a quadratic feature of UV emission [21]. In addition, the regions
with maximum PL intensity (especially between 500-670 nm) in the graphs draw attention. This
was due to the saturation of the detector in the PL system.
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Figure 7. PL densities of deposited by SILAR method on n-type Si at the laser powers of (a)
0.5%, (b) 1.5%, (c) 7%.
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Figure 10 shows the photoluminescence spectra graphs under different laser excitation
intensities of the samples deposited on n-type Si coated by the spincoating method. Notably as
the laser intensity increased, the emission intensity in the UV and visible regions also increased.
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Figure 10. PL densities of deposited by spin-coating method on p-type Si at the laser powers
of (a) 0.5%, (b) 1.5%, (c) 7%, (d)15%.

When focusing on PL emissions around 380 nm, it is seen that the samples have the potential
for random lasing, given the increased PL emissions due to the increasing excitation intensity.
Figure 11 shows the photoluminescence for laser powers of 0.5%, 1.5%, 7% and 15% at 377.25
nm. As mentioned before, higher-power measurements could not be obtained because of the
measurement system.

In these measurements, despite the saturation of the detector used in the PL system, an increase
in photoluminescence at 377.25 nm was observed. In addition, in the PL figures, the FWHM of
the peaks at 377.25 nm decreased with increasing excitation power. These results indicate the
well-known random lasing phenomena in ZnO thin films. The direct bandgap nature of ZnO
and the random nature of ZnO thin films enable these films to generate high optical gain and
high levels of scattering [22]. Owing to these properties, ZnO thin films can exhibit random
lasing.
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4. Conclusion

In summary, SILAR and spin-coating methods were used to synthesize ZnO thin films on Si
substrates at room temperature. The structural, morphological, and optical properties of the ZnO
thin films were investigated. The XRD measurements showed that the ZnO thin films had a
polycrystalline structure. The SEM images showed that the surfaces were homogeneously
coated. PL measurements showed that the samples gave light output in the UV region, visible
region and around 750 nm. When all the measurement results were examined, it was determined
that the samples coated using the spin-coating method gave better results than the samples
coated using the SILAR method. During the PL measurements, the power could not be
increased as desired because the detector in the system was saturated. Despite this problem, PL
measurements were performed at four different power levels, and an increase in
photoluminescence at 377.25 nm was observed. Moreover, the FWHM of the peaks at 377.25
nm decreased with increasing excitation power. This can indicate well-known random lasing
phenomena.
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Abstract

Pumpkin (Cucurbita pepo L.) is one of the important vegetables in the Cucurbita genus of the Cucurbitaceae
family. DNA markers can be used in the selection studies carried out on vegetables. Microsatellite DNA
sequences, which are a very good source of polymorphisms for eukaryotic genomes, are used in the investigation
of genetic diversity, the creation of genetic maps and variety determination. In this study, molecular genetic
characterization determined by using 16 SSR markers in 47 pumpkin genotypes. A similarity coefficient
between 0.68-1.0 was determined between genotypes. It was determined that three genotypes clustered
separately from the others. It was concluded that SSR (Simple Sequence Repeats) markers are a good choice
for assessment of genetic diversity and differentiation between genotypes. As a result of this study genetic
structures of the pumpkin genotypes, and important data were obtained that can shorten the duration of breeding
studies.

Keywords: Cucurbita pepo, SSR, Molecular characterization

Baz1 Kabak Genotiplerinde Genetik Cesitliligin SSR Markor Teknigi Kullanilarak
Belirlenmesi

Oz

Kabak (Cucurbita pepo L.), Cucurbitaceae familyasinin Cucurbita cinsi igerisinde yer alan 6nemli sebzelerden
biridir. Sebzelerde gerceklestirilen seleksiyon caligmalarinda DNA markorlerinden yararlanilabilmektedir.
Okaryotik genomlar igin ¢ok iyi bir polimorfizm kaynagi olan mikrosatellit DNA dizileri, genetik ¢esitliligin
arastirtlmasinda, genetik haritalarin olusturulmasinda ve ¢esit tayininde kullanilmaktadir. Bu c¢alismada 47
kabak genotipinde 16 SSR markorii kullanilarak genetik karakterizasyon belirlenmistir. Genotipler arasinda
0.68-1.0 arasinda benzerlik katsayisi tespit edilmistir. Ug genotipin digerlerinden ayr1 olarak kiimelendigi
belirlenmistir. SSR markorlerinin (Basit Dizi Tekrarlari) genetik ¢esitlilik ve genotipler arasi varyasyonun
degerlendirilmesi icin iyi bir se¢gim araci oldugu sonucuna varilmistir. Bu ¢aligma sonucunda bazi kabak
genotiplerinin genetik yapilarn belirlenerek 1slah ¢alismalarinin siiresini kisaltabilecek onemli veriler elde
edilmistir.
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Determination of Genetic Diversity in Some Pumpkin Genotypes Using SSR Marker Technique

1. Introduction

There are about 30 species in humans that provide the majority of food sources [1]. On the other
hand, thousands of species that are potential food sources are not used. This situation has
revealed the necessity of determining the characteristics of other plant species and their
consumption in different ways. The Cucurbitaceae family includes 118 genera and 825 species
[2]. Cucurbita genus constitutes the plant group with the highest morphological variation in the
plant kingdom [3]. In this genus, there are three species (Cucurbita pepo L., Cucurbita maxima
Duchesne and Cucurbita moschata Duchesne) that are cultivated economically [4]. C. pepo is
a type of vegetable that is highly cultivated and whose fruits, seeds and flowers can be
consumed. In Turkey, both edible and snack pumpkin belonging to the C. pepo type are grown.
In the world, 27.962.742 tons of pumpkin is produced on an area of 2.019.564 hectares. While
China ranks first in world pumpkin production with 7.433.743 tons, this order is followed by
India (5.113.692 tons), Ukraine (1.268.270), Russia (1.143.127) and America (1.050.713 tons).
Due to its favorable conditions, Turkey ranks seventh in the world with 698.051 tons of
pumpkin production value in terms of pumpkin cultivation [5]. The production of pupmkin for
snacks in Turkey was realized as 64.861 ton in 2021 [6].

Unripe and ripe fruits of pumpkin are used in human nutrition because they contain important
bioactive components (polysaccharides, proteins, peptides, vitamins and sterols) [7,8].
Consumption of these fruits provides relief from constipation, cleanses the blood and is good
for digestion [9]. Pumpkin seeds are also evaluated in the food and pharmaceutical industry
[10] and are used in many cultures of the world as a snack in raw or roasted form due to their
high nutritional value. In addition, these seeds are used as flavor enhancer in meals or in minced
meat formulations [11]. Pumpkin seeds are beneficial for health due to important nutrients
(phenotic compounds, phytosterol, polyunsaturated fatty acid) contained in them [12]. Pumpkin
seeds are rich in unsaturated fatty acids, oleic and linoleic acids, and contain squalene, which
has a cholesterol-lowering effect [13]. At the same time, pumpkin seeds are also important in
terms of the high amount of essential amino acids [14]. For these reasons, it can be considered
that pumpkin seeds are beneficial for human health.

Pumpkin is one of the most polymorphic species in terms of fruit characters. Studies on the
genetic characterization of pumpkin species and genotypes with high morphological differences
are scarce. The most important biomarkers used for genetic characterization are DNA markers.
Genetic studies in horticultural crops have been successfully carried out with many DNA
marker techniques developed [15-20]. Different marker techniques such as SSR, RAPD, SRAP,
ISSR and AFLP were used to determine genetic diversity among Cucurbita species [17,21-24].
One of the molecular markers, SSR (Simple Sequence Repeat), is called "microsatellite™ and
has been widely used in genetic characterization studies in recent years. SSR is an important
marker technique that can be used in genetic analyzes due to its codominant, easy use, high
polymorphism, and ubiquitous advantages in the eukaryotic genome [25]. The use of molecular
data in the identification of pumpkin lines can play an active role in revealing true genetic
relationships. In this study, it was aimed to determine the genetic diversity among different
pumpkin genotypes by using the SSR marker technique.

943



Determination of Genetic Diversity in Some Pumpkin Genotypes Using SSR Marker Technique

2. Material and Methods

In the study, a total of 47 pumpkin genotypes selected from Kayseri and Nevsehir province (in
Turkey) were used as plant material, considering their plant and fruit characteristics (Table 1).
In the study, CTAB total DNA extraction protocol was applied and 30 mg of plant tissue was
used for each genotype. After isolation, the DNA concentration was adjusted to 10 ng/l by
measuring with a 1% agarose gel. For SSR analysis, Danin -Poleg, [26], Watchawongpoiboon
and Chungwongse, [27] and Jarret et al., [28] developed 16 of the SSR primers were used. In
this study, the best optimized primer pairs determined by Coskun et al., [29] were used.
Polymerase chain reaction optimized 15 L reactions contained 50 ng template DNA, 10 nmol
dNTPs, 10 nmol SSR primers, 5 U Taq DNA polymerase, 1.5 mL of 10X polymerase chain
reaction (PCR) buffer (50 mM KCI, 10 mM Tris-HCI, 2.5 mM MgClI2, pH 8.3). Typical
amplification parameters were used and PCR products (5 mL) were resolved on 6.5%
polyacrylamide gels at 50 W for 2.5 h.

For PCR, DNA samples were denaturated for 5 minutes at 95 °C, and then kept for 45 cycles at
95 °C for 1 minute, at 55 °C for 30 seconds, and at 72 °C for 1 minute. Finally, the marker was
amplified by keeping the PCR mixture at 72 °C for 6 minutes. PCR products were visualized
by running on acrylamide gel. For this purpose, M13 forward and reverse primers were added
to synthetically prepared SSR primers. In this way, PCR products labeled at 700 or 800 nm
wavelengths could be observed in the Li-Cor gel system.

Genotypes were scored as 1, 0 and 9 (for missing data). These data were analyzed using NTSYS
(Numerical Taxonomy Multivariate Analysis System, NTSYS-pc version 2.1, Exeter Software,
Setauket, N.Y., USA) package program [30]. Similarity indexes between individuals were
determined. A dendrogram was created using the UPGMA method by using similarity indices.
With the analyzes made, the variation and similarity levels between the pumpkin genotypes
used in the study were determined and the characteristics of the genetic structure were revealed.

Table 1. The test materials of Cucurbita pepo (C. pepo) (n=47).

No | Origin Pumpkin | No | Origin Pumpkin N | Origin Pumpkin
taxon taxon 0 taxon
1 Kayseri-Tomarza | C. pepo 17 Kayseri-Develi | C. pepo 33 | Kayseri-Develi C. pepo
2 Kayseri-Tomarza | C. pepo 18 Kayseri-Develi | C. pepo 34 | Kayseri-Develi C. pepo
3 Kayseri-Tomarza | C. pepo 19 Kayseri-Develi | C. pepo 35 | Kayseri-Develi C. pepo
4 Kayseri-Tomarza | C. pepo 20 Kayseri-Develi | C. pepo 36 | Kayseri-Develi C. pepo
5 Kayseri-Tomarza | C. pepo 21 Kayseri-Develi | C. pepo 37 | Kayseri-Yesilhisar | C. pepo
6 Kayseri-Tomarza | C. pepo 22 Kayseri-Develi | C. pepo 38 | Kayseri-Yesilhisar | C. pepo
7 Kayseri-Tomarza | C. pepo 23 Kayseri-Develi | C. pepo 39 | Kayseri-Yesilhisar | C. pepo
8 Kayseri-Tomarza | C. pepo 24 Kayseri-Develi | C. pepo 40 | Kayseri-Yesilhisar | C. pepo
9 Kayseri-Tomarza | C. pepo 25 Kayseri-Develi | C. pepo 41 | Nevsehir-Urgiip C. pepo
10 | Kayseri-Tomarza | C. pepo 26 Kayseri-Develi | C. pepo 42 | Nevsehir-Urgiip C. pepo
11 | Kayseri-Develi C. pepo 27 Kayseri-Develi | C. pepo 43 | Nevsehir-Urgiip C. pepo
12 | Kayseri-Develi C. pepo 28 Kayseri-Develi | C. pepo 44 | Nevsehir-Acigol C. pepo
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13 | Kayseri-Develi C. pepo 29 Kayseri-Develi | C. pepo 45 | Nevsehir-Kozakli C. pepo
14 | Kayseri-Develi C. pepo 30 Kayseri-Develi | C. pepo 46 | Nevsehir-Kozakli C. pepo
15 | Kayseri-Develi C. pepo 31 Kayseri-Develi | C. pepo 47 | Nevsehir-Kozakli C. pepo
16 | Kayseri-Develi C. pepo 32 Kayseri-Develi | C. pepo

3. Results and Discussion

Within the scope of this study, the genetic analysis of 47 different pumpkin genotypes was
investigated using the SSR marker technique. In some studies, it was stated that SSR was
successful in detecting polymorphism in species belonging to the genus Cucurbita [31,32].
Katzir et al., [33] also determined in their study that the SSR technique was much better in
revealing the kinship relationships of C. pepo. They determined that SSR primers developed in
different cucurbit species could yield successful results in C. pepo genotypes.

In this study, PCR studies were carried out on 47 pumpkin genotypes selected with a total of
16 SSR primers (Table 2). Twenty-nine of the 49 bants obtained were determined as
polymorphic. The total number of alleles per primer ranged from 2 to 5 (mean 4.7). The number
of polymorphic alleles is again between 2 and 7 (mean 3.1). In terms of the total number of
alleles obtained, CSTCC813 loci produced the most alleles (5). Paris et al., [32] identified 2-5
alleles in 45 C. pepo genotypes. In the study conducted by Paris et al., [34], 16-30 scoreable
bands and 15-23 polymorphic bands were obtained from 6 SSR primer pairs. Stift et al., [25]
determined an average of 4.4 alleles per locus using 22 primer pairs on 48 genotypes. In a study,
a total of 56 bands were obtained by using 10 SSR markers among C. pepo genotypes [35]. In
another study, a total of 43 bands varying between 123 bp and 285 bp were obtained with nine
primers [36]. Kayak et al., [37] determined the number of bands per primer to be 3.9 using SSR
markers in the pumpkin genotypes in their study. Meru et al., [38] obtained an average of 3.92
alleles per locus in their study with SSR primer on 29 pumpkin genotypes. In a study on C.
pepo genotypes, an average of 4.12 bands was obtained from SSR primers [39]. In the genetic
diversity study among genotypes including 47 C. pepo and 1 C. foetidissima, 85 (mean 3.2) of
271 primers were polymorphic [40]. Findings from these studies are consistent with this study
(mean number of bands 4.7). Aslan et al., [17] obtained 52 scoreable bands with 18 SSR primers
in their study. In this study, more scoreable bands and more bands per primer were obtained. It
is expected that the number of alleles at similar rates will be detected in different studies with
similar sample groups. Small differences may be due to the use of natural populations in this
study or to the large number of repetitions of different primers used.

The total polymorphism rate obtained from primer pairs was found to be 59% (Table 2). In the
study, the rate of polymorphism was found 59% in the pumpkin collection, which includes
genotypes with geographical origins in and around Kayseri. Paris et al., [34] tried to determine
the genetic relationships of 45 C. pepo genotypes and it was determined that 280 (63%) of a
total of 448 easily scored bands were polymorphic. Mujaju et al., [36] obtained an average of
67.86% polymorphism in watermelon genotypes using the SSR technique. Kayak et al., [37]
determined the polymorphism rate as 87.7% and the mean dissimilarity value as 0.28 by using
SSR markers in the pumpkin genotypes in their study. The results from the present study are
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consistent with results from previous molecular studies. Martins et al., [41] used SSR markers
to determine genetic diversity using 54 C. pepo, 32 C. maxima and 21 C. moschata populations,
and it was stated that a 100% polymorphism was observed. The obtained polymorphism value
is higher than this study findings. This may be due to the presence of genotypes of different
species in the gene pool. The polymorphism values obtained from this study revealed that SSR
markers can be used successfully in determining genetic relationships in pumpkin.

Table 2. Informations of primer sequence, total number of alleles (TNA), number of
polymorphic alleles (PAN) and polymorphism rate (PR-%).

Primer Primer Sequence References | TNA | NPA | PR

CSTCC813 F:GTTGTGCTCCCCAATAGTTG [26] 5 5 100
R:CACCACTTCTTCCACCGAA

CSJCT14 F-TTCCACGTTACATTGGACGA [27] 4 4 100
R:AGAATTCATGGCCTGCAGAT

CSCCT571 F: CCTTTCTGCTGTTTCTTCTTC [26] 2 2 100
R: CCTTTCTGCTGTTTCTTCTTC

CSJCT 191 F:ACAATGGCAGGTCAATTAGC [27] 2 0 0
R:CCTTGGGTTGTATCGAAGAC

CSTAO050 F: GAATTATGCAGATGGGTCTT [26] 4 2 50
R:CAAGAAGATCAAATGATAGC

CSJCT 216 F:CAGTAGGAGGAAGTGGGTTC [27] 2 0 0
R: CTTACTCCAACCAACCCAAC

CMCTT144 F:CAAAAGGTTTCGATTGGTGGG [26] 2 0 0
R:AAATGGTGGGGGTTGAATAGG

CMTC51 F: ATTGGGGTTTCTTTGAGGTGA [26] 4 2 50
R:CCATGTCTAAAAACTCATGTGG

CSJICT 71 F:AATTCCATGGACATCCAGCCGAG [27] 2 2 100
R:CAGTGAAAGGCACTAAAGCGGAG

CSJCT 252 F:GATGGTGGAGATGGAATTGGGAT [27] 4 2 50
R: TTAGAGCTGGAACTCTCCGCAAC

Cl.1-06 F: CACCCTCCTCCAGTTGTCATTCG [28] 4 2 50
R: AAGGTCAGCAAAGCGGCATAGG

Cl.1-120 F: CGCGCGTGAGGACCCTATA [28] 2 0 0
R: AGCAATTGATTGAGGCGGTTCT

CSJCT 656 F: TCCTACAACTCAAAGGGCCAAC [27] 2 2 100
R: GAAGTGGAGTGGAGTGGAGTGA

Cl.2-23 F: GAGGCGGAGGAGTTGAGAG [28] 2 0 0
R: ACAAAACAACGAAACCCATAGC

CSJCT 662 F: ACGTCGTAAAACCATCGGAGTC [27] 4 2 50
R: GCTTCCAAGCGTCAAAGGTATC
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CSJCT 664 F: AAGTGGGCTCGATTGGAAGA [27] 4 4 100
R: CCGTCGCCTTTCTCAAGTTC
Total 49 29

According to the UPGMA dendrogram obtained using the scoring data, the similarity index
between the pumpkin genotypes varied between 0.68 and 1.00. Barzegar et al., [42] used 14
SSR primer pairs to detect genetic diversity among 26 local cultivars of C. pepo. The percentage
of polymorphic loci estimated using the genetic diversity index and the information index
revealed moderate or high genetic diversity. Yunli et al., [39] determined the similarity
coefficient in pumpkin genotypes between 0.73 and 1.0 in their study using SSR primers. The
results from the present study are consistent with results from previous molecular studies. The
similarity coefficient values (0.68-1.0) obtained in this study were found to be in a similar range
(0.64-0.93) with the values determined by Aslan et al., [17]. Inan et al., [24] with the aim of
determining genetic relationships between C. pepo samples, the genetic similarity coefficients
were found between 0.07 and 0.96 in ISSR analysis. The wider variation may be due to the
wider frequency of genotypes or the use of different marker techniques. Meru et al., [38]
determined the genetic distance in pupmkin genotypes between 0.08 and 0.76 in their study. A
wider variation was detected in this study. This may be due to the use of different pumpkin
subspecies as genetic resources. In this study, genetic diversity among C. pepo populations was
found to be narrower than in some studies [24,38]. This may be because these populations
congregate from a narrow location. This is probably on a small scale to show high genetic
diversity. It may also be due to material ingestion or gene flow from a single Cucurbita species.

Among some of the pumpkin genotypes (2 and 26; 3, 4, 6, 8, 16, 27 and 39; 10, 12, 13, 15, 17,
38, 18, 32 and 21; 19 and 20; 5, 11, 22 and 28; 9, 36, 39, 37, 29 and 30; 24 and 25) no genetic
variation was detected. In this case, it was determined that a total of 35 genotypes could be
collected in 8 different groups among themselves, the other 12 genotypes were determined with
different genetic structures, and as a result, it was determined that 47 different genotypes could
show 20 different genetic structures. According to the UPGMA dendrogram, it was determined
that the pumpkin genotypes formed 6 different clusters. No polymorphism was determined
among genotypes 45, 46 and 47 in the first cluster, and these three genotypes were clustered
separately from other genotypes. There is one genotype (43) in the second cluster, two
genotypes (23 and 41) in the third cluster, three genotypes (2, 26 and 34) in the fifth cluster,
one genotype (1) in the sixth cluster, and the remaining 37 genotypes in the fourth cluster has
received (Fig 1). The similarity between the thirty-seven genotypes in the fourth cluster is high.
In the dendrogram obtained by Kayak et al., [37] using SSR markers in the pumpkin genotypes,
the majority of the genotypes were clustered together, similar to this study findings. The
pumpkin plant has a monoic plant structure and is open to foreign pollination. This may have
caused some genotypes to be located outside of the clusters.
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Figure 1. Dendrogram of resulting from a UPGMA cluster analysis based on SSR markers.
The accessions correspond with the designations listed in Table 2.

Conclusion

Turkey is rich in genetic material, but the number of developed varieties is not high. Since
market demands cannot be met, foreign varieties enter the country. This situation may cause a
risky situation such as the extinction of native varieties. Although it is an important sector in
Turkey, molecular studies have been carried out in a limited number of pumpkin. It is important
to focus on variety development studies and to carry out genetic characterization studies for this
purpose. It has been determined that SSR primers are suitable for pumpkin research. Successful
primer pairs can be used in association mapping, purity testing and new marker development
studies. Successful primers can be recommended for use in breeding programs. This study
provided genetic information about C. pepo genotypes. These genotypes are an important
source of diversity that can be used in breeding programs in the future. Determining the genetic
diversity among Cucurbita species in Turkey, which is rich in plant diversity, may be useful in
selecting and developing the most suitable genotype for use in genetic studies and breeding
programs.
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Abstract

This study aimed to investigate the genetic diversity and population structure of 32 local maize genotypes
collected from the Black Sea Region of Turkey using SSR markers. 14 most polymorphic primers yielded a
total of 42 bands. An average of 3 alleles per SSR primer was detected, and the number of alleles varied from
1 (phi022) to 6 (umc1571). The unweighted pair-group method with arithmetic means (UPGMA) clustering
divided maize accessions into three main populations. According to Nei's genetic distances, DZ-M-145 (Corum)
and DZ-M-20 (Trabzon) genotypes were the closest (0.03) genetically related populations, while DZ-M-68
(Artvin) and DZ-M-55 (Rize) were the most genetically distant (0.63) populations. The study identified
molecular genetic diversity not mentioned for maize plants from the Black Sea.
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Tiirkiye Karadeniz Bolgesi Masir (Zea mays L.) Germplazminin Genetik Cesitliliginin

ve Popiilasyon Yapisimin SSR Markoérleri Kullanilarak Arastirilmasi

Oz

Bu caligma, Tirkiye'nin Karadeniz Bdlgesi'nden toplanan 32 yerel misir genotipinin SSR belirtegleri
kullanilarak genetik gesitliligini ve popiilasyon yapisini aragtirmayi amaglamistir. Molekiiler karakterizasyon
caligmasinda toplamda 42 bant veren en polimorfik 14 primer kullanilmig, SSR primeri bagina ortalama 3 alel
saptanmis ve alel sayis1 1 (phi022) ile 6 (umc1571) arasinda degisim gostermistir. UPGMA (Unweighted Pair
Group Method with Arithmetic Mean) yontemi, misir aksesyonlarini i¢ ana popiilasyona bolmistiir. Nei'nin
genetik mesafelerine gore, DZ-M-145 (Corum) ve DZ-M-20 (Trabzon) genotipleri genetik olarak en yakin
(0.03) popiilasyonlar iken, DZ-M-68 (Artvin) ve DZ-M-55 (Rize) genetik olarak en uzak (0.63) popiilasyonlar
olarak tespit edilmistir. Calisma, Karadeniz'deki misir bitkileri i¢in daha dnce bahsedilmeyen molekiiler genetik
cesitliligi tanimustir.

Anahtar Kelimeler: SSR, misir, genetik, yerel misir popiilasyonlar1, molekiiler karakterizasyon
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Exploring Genetic Diversity and Population Structure of Turkish Black Sea Region Maize (Zea mays
L.) Germplasm using SSR Markers

1. Introduction

Maize (Zea mays L.) is the most important crop in the cereals after wheat and rice. According
to genetic data, the maize plant was domesticated from its wild relative, Balsas teosinte (Zea
mays subspecies parviglumis), in Mexico [1]. Annual production of maize exceeds 1 billion
tons worldwide [2] and increases day by day. Maize is used as food and feed. It is estimated to
be the most produced grain crop in the world by 2025. Its current demand is expected to be
double by 2050 [3-4].

Landraces are very important as there is a vast amount of genetic material utilized in crop
improvement and development methods [5]. Landraces of maize plants, which are frequently
used in breeding programs, are essential genetic resources [6]. To understand the genetic
structure of maize, researching genetic diversity is very important. Future breeding programs
need parental genotypes with desired characteristics [7]. Therefore, the crop gene pool should
be evaluated according to the degree of genetic diversity [8] and the diverse genotypes must be
utilized in different breeding programs.

Molecular markers, which offer an effective way of combining genotypic and phenotypic
variation, have recently been used in the agricultural sector to determine genetic diversity [9].
Molecular markers play crucial roles in the in-depth detection of genetic diversity modeling in
maize and in determining gene flow from the center of origin to migration pathways [10-11-
12-13-14-8]. SSR technique or microsatellite polymorphism, which is one of the PCR-based
techniques, can be defined as PCR amplification of tandemly repeated sequences [15-16]. In
this co-dominant and multi-allelic technique, the number of repeating units determines the
polymorphism for fragment lengths, while heterozygous can be distinguished for different
fragments in diploid genomes [17] In the SSR technique, which contains locus-specific side
primers that produce a high level of polymorphic banding, genetic variation is quite good due
to the differences in the number of consecutively repeated SSR units in a locus. SSR or
microsatellites are preferred for genetic analysis because they are very strong, polymorphic,
and common in plant genomes [16].

Detecting genetic diversity is a crucial step in plant breeding programs that helps in the
development of more productive and desired varieties. This study aimed to investigate the
molecular diversity of 32 local maize genotypes collected from the Black Sea region of turkey
with SSR markers.

2. Material and Methods

2.1. Plant materials and DNA Extraction

In this study, 32 local maize genotypes collected from 26 Turkish provinces in the Black Sea
region were used as plant material (Supp Table 1, Fig. 1). From the young leaves of the plants
representing each genotype, 0.8 grams of sample was taken and crushed in liquid nitrogen with
the help of mortar and pestle. The crushed samples in powdered form were kept at —80 °C until
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the DNA isolation started. Genomic DNA was extracted from the stored samples according to
the CTAB protocol [18] with slight modifications [19].

Fig. 1. Locations of 32 maize genotypes used in the study.

2.2. SSR Analysis

A total of 22 SSR markers were tested with 8 randomly isolated DNA samples. Band images
of 14 SSR markers were selected as they showed a polymorphic feature. The names, sequences,
and annealing temperatures of these markers are shown in Table 1. The electrophoresis
procedure was performed by capillary electrophoresis method using ABI 3130xI automatic
genetic analyzer device. Amplification of SSR was performed with 12.5ul reaction mixture
containing 10-20 ng DNA, 2.0 mM MgClz, 20 mM (NH4)2 SO4, 75 mM Tris-HCI, %0.01
Tween 20, 200M dNTP, 20 nM 5’ M13 universal primer (average base: 40), 200 nM reverse
primer (average base: 20), M13 universal primer marked with 200 nM PET, NED, VIC or FAM
and 0.7 units Tag DNA polymerase.

Reactions consisted of 5 min pre-denaturation at 94 °C, 45 seconds of 28 denaturation cycles at
94 °C, 45 seconds of annealing temperature at 50-54 °C, 1.5 min of extension step at 72 °C, and
denaturation stage (45 seconds at 94°C, 45 seconds at 52°C, 1.5 min at 72°C) in 8 cycles, and
5 min final extension at 72°C in one cycle.

PCR products were run on 1.8% (w/v) agarose gel using 0.5 X TBE (Tris-Boric Acid-EDTA)
buffer for 2 hours. Gel taken from the electrophoresis system was visualized in UV Imager Gel
Doc XR + system (Bio-Rad, USA) after immersion in ethidium bromide solution. A 100 bp
ladder was used for observing the DNA polymorphism of maize genotypes.
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Table 1. SSR primer names, sequences, and annealing temperatures used in this study

Primer name Sequence Annealing temp (°C)
Umcl675 ATCGCGACGAGTTAATTCAAACAT 52
Phi022 GTTCTTCCTCTTCCCCATCAGTCT 52
Umc2084 ACGAGCGAGTGGAGAATAGG 52
bnlg1839 AGCAGACGGAGGAAACAAGA 52
umcl743 TGGACTTCGAAAATTCTCTTCAGC 52
umc1993 CTTTTCTGCTACTCCTGCCTGC 52
phi 032 CTCCAGCAAGTGATGCTGGAC 52
umcl571 GCACTTCATAACCTCTCTGCAGGT 52
umc1450 ACAGCTCTTCTTGGCATCGT 52
umc1893 TCCAGTGCCACCCCTAGATAGTAA 54
umcl432 GGCCATGATACAGCAAGAAATGAT 54
umcl279 CAATCCAATCCGTTGCAGGTC 50
umcl1129 GAGAGTATGCTACTCGCCGC 50
umc2016 AGAGACGACATGTCTATCCTTGCC 50

2.3. Data Analysis

SSRs were scored as either present or absent according to the presence of bands as 1 and
absence as 0, respectively. A matrix was created by determining genetic distances, according
to [20]. PIC (Polymorphism Information Content) was determined, according to [21]. At the
same time, the effective number of alleles, gene diversity, Shannon's information index, and
unbiased heterozygosity were calculated in PopGene ver 1.32 [2]. Analysis of molecular
variance (AMOVA) and UPGMA (Cluster analysis) was performed using R software [20].
STRUCTURE software was used for the Bayesian clustering model. The cluster numbers (K)
were detected by the protocol of [23].

3. Results and Disscussion

3.1. SSR Genetic Diversity

Bands were detected and selected in 14 of 22 SSR primers obtained from the website
MaizeGDB.org and 42 alleles were obtained from these bands. All primers used were 100%
polymorphic. An average of 3 alleles per SSR primer was determined (Table 2). Most alleles
were detected at the umc1571 locus (6), and the least alleles were seen at the phi022 (1) locus.
The PIC value varied between 0.43-0.95, and the mean PIC value was 0.65 (Table 2).
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Table 2. Primer names, allele numbers, PIC values and Polymorphism rates obtained from this
study.

Primer v o Allele PIC Polymorphism
Names DNA sequences (5° - 3) Numbers Values (%)

F-ATCGCGACGAGTTAATTCAAACAT
umc1675 R-TACGATGTCTTCAGTGTGACACCA 2 043 100

F-GTTCTTCCTCTTCCCCATCAGTCT

phi022 R-ATAGCTGCGCGTAAAGCAACC 1 0.53 100
F- ACGAGCGAGTGGAGAATAGG

umc1526 R-AGCCCAGTACGTGGGGTC 3 0.61 100

brlgl839 F-AGCAGACGGAGGAAACAAGA 5 051 100

R-TCTCCCTCTCCCTCTTGACA

F-TGGACTTCGAAAATTCTCTTCAGC
umc1743 R-GAGAGGAGGAGCTTCACGAGC 4 0.67 100

F-CTTTTCTGCTACTCCTGCCTGC
umc1993 R-CTAGCTGATGGAGGCTGTAGCG 2 0.59 100

. F-CTCCAGCAAGTGATGCTGGAC
phi032 R-GACACCCGGATCAATGATGGAAC 2 0.44 100

F-GCACTTCATAACCTCTCTGCAGGT
umc1571 R-CACCGAGGAGCACGACAGTATTAT 6 0.81 100

F-ACAGCTCTTCTTGGCATCGT
umcl450 g G ACTTTGCTGGTCAGCTGGT 4 0.95 100

F-TCCAGTGCCACCCCTAGATAGTAA
umc1893 R-ACCCCAGAGTATCTCATCACCCTT 3 0.62 100

F-GGCCATGATACAGCAAGAAATGAT
umc1432 R-TACTAGATGATGACTGACCCAGCG 5 0.79 100

F-CAATCCAATCCGTTGCAGGTC
umc1279 R-GATGAGCTTGACGACGCCTG 2 0.69 100

F-GAGAGTATGCTACTCGCCGC
umc1129 R-GACGAGTTTGGAGTGCCATT 3 0.74 100

F-AGAGACGACATGTCTATCCTTGCC

umcz016 R-ATTGCATTGCATTCAGCTGTTGT 3 0.65 100

Mean 3 0.65 100

PIC. Polymorphism information content

The lowest Shannon’s information index, genetic diversity, and unbiased heterozygosity were
detected in Izmit province. The lowest effective alleles number (Ne) was detected in Corum
province. The highest gene diversity parameters were seen in the Trabzon province (Table 3).
The value of polymorphic alleles number was found higher than [8] and [24]. The PIC value
determines the effectiveness of the discriminant power between polymorphic loci [25] and
genotypes [26] mean PIC value of 0.65 was calculated during this study and was found higher
than [27-7-28-29-8] and [24]. The mean number of effective alleles was 1.25 during is the
investigation and in agreement with [17]. The mean gene diversity (He) value was 0.18 and was
found lower than [31] and [28]. Obtaining higher values for various diversity indices during the
current investigation proposed the presence of higher genetic diversity in the studied maize
germplasm.
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Table 3. Genetic diversity indices computed among 32 maize genotypes using 14 SSR primers.

Provinces Ne | He uHe
A
masya 1.314 0.250 0.173 0.207
Artvin
1.369 0.338 0.221 0.235
Corum 1.01 0.15 0.12 0.13
Duzce 1.12 0.17 0.14 0.12
Izmit 1.09 0.13 0.11 0.09
Karabuk 1.15 0.18 0.19 0.14
Rize 1.371 0.335 0.221 0.245
Sakarya
1.264 0.244 0.161 0.194
.
rabzon 1.442 0.380 0.257 0.293
Zonguldak
ongulda 1.321 0.285 0.190 0.211
1.245 0.246 0178 0.187
Mean

NE: Effective alleles number, He: Gene diversity, I: Shannon's information index, uHe: Unbiased heterozygosity

The mean genetic distance between all genotypes was 0.28. The lowest genetic distance (0.03)
was present between DZM-68 (Artvin) and DZM-55 (Rize). The highest genetic distance (0.63)
was observed between DZM-145 (Corum) and DZM-20 (Trabzon) (Supp Fig. 1). Identification
of genetically diverse genotypes is critical in breeding programs and can be observed with
distant genetic distances between genotypes. With this determination, the possibility of
heterosis or heterobeltiosis increases in crosses. Therefore, it can be said that DZM-20 and
DZM-145 genotypes are the most distant genotypes and can be recommended as parents for
maize breeding activities.

Analysis of molecular variance (AMOVA) reflected major variation within population (96%)
as compared to among populations (4%) (Table 4). The presence of higher variation within the
population as compared to among the population may be due to gene flow, genetic drift, foreign
pollination, ecotype variation, adaptation [32], human activities, and environmental
transformation [33].

Table 4. Analysis of molecular variance to determine the genetic diversity of 32 Maize genotypes.

Source Df SS MS Est. Var. %
Among Pops 9 10.727 2.145 0.069 4%
Within Pops 22 40.298 1.832 1.832 96%
Total 31 51.025 1.901 100%

Est. VVar: Estimated variance, MS: Mean square, SS: Sum of squares, Df: Degrees of freedom
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The Unweighted Pair Group Method with Arithmetic Mean (UPGMA) method separated the
32 maize genotypes into three main groups as A, B, and C (Supp Fig. 2). Maize genotypes
observing a higher level of genetic similarity were clustered very close to each other and vice
versa. Group A comprised of 15 genotypes and was divided into two subgroups as Al and A2.
Group B clustered 14 genotypes and was divided into two subgroups as B1 and B2. Group C
revealed 3 genotypes and was divided into two subgroups as C1 and C2.

The principal component analysis divided 32 maize genotypes into three populations (Fig. 2).
The results obtained were compatible with UPGMA.
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Fig. 2. Principle component analysis of 32 maize genotypes.

The number of groups (K) ranged from 1 to 10, according to STRUCTURE analyses. The most
suitable goodness of fit was observed at the value of K = 3 (Fig. 3). The Bayesian clustering
model constructed in STRUCTURE software separated the 32 maize genotypes into three
clusters observing consistency with the UPGMA and principal component analyses (Supp Fig.
3). As a result, it can be said that the obtained genetic diversity findings contain beneficial
information for maize breeders.
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Fig. 3. Structure-based clustering of 32 maize genotypes using 14 SSR markers.
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4, Conclusion

A sufficient amount of genetic diversity at the molecular level was reported among the studied
32 maize genotypes. The average of 3 alleles per SSR primer was detected, and the number of
alleles varied from 1 (phi022) to 6 (umc1571). Clustering algorithms i.e., Bayesian-based
clustering, UPGMA, and PCA separated the 32 maize genotypes into three groups. Analysis of
molecular variance (AMOVA) reflected major variation within the population (96%) as
compared to among populations (4%). Nei's genetic distances resulted in DZ-M-68 (Artvin)
and DZ-M-55 (Rize) as the most genetically distant genotypes and can be implemented in future
maize breeding programs.
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Abstract

The logistics center is a logistics region that is connected to all kinds of transportation networks, have low-cost,
fast, and safe transfer equipment between different transportation modes, and have a direct impact on the
country's economy and operational efficiency. Since Turkey is geographically located on logistics routes, the
establishment of logistics centers are important in terms of economic development. However, the establishment
of logistics centers requires serious costs, and the return of costs takes a long time. In this respect, it is necessary
to determine the investment priority of the regions that are candidates for establishing a logistics center.
Considering the costs of establishing a logistics center, it is significant to research which logistics center
investment priority will be given. In this study, the fuzzy entropy-based COPRAS method was used to determine
the order of investment priority, considering 5 logistics centers in the survey and planning stage of Turkish State
Railways, and 17 criteria. According to the results, the first four most important criteria in logistics center
investment priority are proximity to the port, foreign trade potential, number of transport modes, and proximity
to the railway. The investment priority order of logistics centers in Istanbul/Yesilbayir, izmir/Candarli, Mardin,
Zonguldak/Filyos, and Sirnak/Habur.

Keywords: Logistic center, fuzzy entropy, COPRAS, investment priorities, sensitivity analysis

Tiirkiye’de Etiit ve Planlama Asamasindaki Lojistik Merkezlerin Yatirim

Onceliklerinin Belirlenmesinde Bulanik Entropi Temelli COPRAS yontemi

Oz

Lojistik merkez, her tiirlii ulasim agma bagli, farkli ulasim modlar arasinda diisiik maliyetli, hizli ve giivenli
transfer ekipmanlarina sahip, iilke ekonomisine ve operasyonel verimlilige dogrudan etki eden lojistik
bolgelerdir. Tiirkiye cografik olarak lojistik giizergahlar iizerinde yer aldigindan lojistik merkezlerin kurulmast
ekonomik kalkinma agisindan 6nemlidir. Ancak lojistik merkezlerin kurulmasi ciddi maliyetler gerektirmekte
ve maliyetlerin geri doniisii uzun zaman almaktadir. Bu dogrultuda lojistik merkez kurmaya aday bolgelerin
yatirim Onceliginin belirlenmesi gerekmektedir. Lojistik merkez kurmanin maliyetleri diisliniildiigiinde hangi
lojistik merkeze yatirim 6nceliginin verileceginin arastirtlmasi 6nemlidir. Bu ¢aligmada, Tiirkiye Cumhuriyeti
Devlet Demiryollari’nin etiit ve planlama agamasinda yer alan 5 lojistik merkez ve 17 kriter dikkate alinarak
yatirim Oncelik sirasinin belirlenmesi i¢in bulanik entropi tabanlt COPRAS yontemi kullanilmistir. Elde edilen
sonuglara gore, lojistik merkez yatirim Onceliginde en onemli ilk dort kriter limana yakinlik, dig ticaret
potansiyeli, tastma modlarinin sayis1 ve demiryoluna yakinliktir. Lojistik merkezlerin yatirim 6ncelik siralamasi
Istanbul/Yesilbayir, izmir/Candarh, Mardin, Zonguldak/Filyos ve Sirnak/Habur'dur.

Anahtar Kelimeler: Lojistik merkez, bulanik entropi, COPRAS, yatirim 6ncelikleri, duyarhlik analizi
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Fuzzy Entropy Based COPRAS Method in Determining the Investment Priorities of Logistics Centers in
Survey and Planning Stage in Turkey

1. Introduction

The increase in the level of international trade throughout the world, the globalization of
production, the timely delivery of products to the user, and the requirements for good
management of transportation, storage, and distribution centers have increased the interest in
the logistics sector. Providing goods to reach all over the world with globalization has led to an
increase in logistics movements and the emergence of fields such as intermodal transportation,
combined transportation, multi-type transportation, warehouse, and stock management, 3PL
logistics enterprises, customs, and insurance management. It has revealed that all these services
should be provided with quality, fast, integrated, and at the least cost by making use of
economies of scale. All these logistics activities and service areas that have emerged to realize
this led to the emergence of logistics centers [1].

A logistics center is an area where all activities related to national and international
transportation, logistics, and distribution of goods are carried out by various operators. These
are the centers where many integrated logistics activities such as transportation, distribution,
warehousing, handling, consolidation, separation, customs clearance, export, import and transit
operations, infrastructure services, insurance and banking, consultancy, and production, have
effective connections to all modes of transportation, are carried out by businesses in a certain
area on a commercial basis [1-2]. Logistics centers make a significant contribution to the
country’s economy by enabling transportation modes to be used more efficiently and by
ensuring that the transportation modes are used at the points where they are most economical.
By increasing the interaction between logistics centers, highways, and railways, the use of the
railway for long-distance transport and the use of the railway for short-distance transportation,
and by intensifying the traffic on the railways, reduce noise and environmental pollution and
providing relief in terms of freight traffic on the highways. Thus, logistics centers provide an
effective competitive advantage in the growth of the region where they are established, increase
business volume, reduce carbon emissions, etc. [3-5].

The concept of a logistics center is very popular today and its definitions in some countries are
as follows; FreightVillage (England), Transport Center (Denmark), Kombiterminal (Hungary),
Interporto (Italy), Terminal Multimodal (Portugal), Giiterverkehrzentrum (Germany),
Platesforme Logistique, Centres Logistiques de FRET, (France), Inland port, Disicenters,
Global Freight Villages (United States), Rail Service Center (RSC) and Tradesports
(Netherlands), Dry port (Northern European countries), Centrolntegrado de Mercancias, Zona
Activitades Logistica (Spain). In Turkey, the concepts of a logistics village, logistics center,
logistics base, freight village, and logistics specialized organized industrial zone are preferred
[6], [7]. In this study, the nomenclature “Logistics Center” was used.

Logistics centers first came to the fore in Europe as a “freight village” phenomenon in the late
1960s. Turkish State Railways (TSR) “Logistics Centers” project was initiated in line with the
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understanding of the importance of railway transportation in freight transportation in the
transportation system and the plan to gradually shift the weight from highways to railroads [8].
Later, a logistics center was established by the private sector. The total project amount of the
logistics centers built by TSR between 2007 and 2023 is 1 785 038 Turkish liras [9]. Logistics
centers were established primarily in Istanbul (Halkali), izmit (Kosekdy), Eskisehir
(Hasanbey), Balikesir (Gokkdy), Samsun (Gelemen), Denizli (Kaklik), Mersin (Yenice),
Erzurum (Palanddken), Usak, Konya (Kayacik), Kahramanmaras (Tiirkoglu) ve Kars’, where
the load carrying potential is intense, in connection with the organized industrial zones. There
are 3 ongoing constructions in Sivas, Rize (lyidere), and Izmir (Kemelpasa); there are logistics
centers with 3 completed projects in Bilecik (Boziiyiik), Kayseri (Bogazkoprii) and Tekirdag
(Cerkezkdy). Five surveys and logistics centers with ongoing planning stages have been
planned in Istanbul (Yesilbayir), Izmir (Candarli), Zonguldak (Filyos), Mardin, Sirnak (Habur).
In this case, it is aimed to reach a total of 23 logistics centers.

There are many different criteria in the selection of the logistics center locations that are
functional, environmentally friendly, and in compliance with the legislation. The main factors
when choosing the location of the logistics center are the intense logistics flow in the region
and the proximity of the region to a wide variety of dense transportation networks. In addition,
the suitability of the land and infrastructure, the suitability of its geographical location, the
natural structure and current use of the land, its geological structure, the availability of quality
transportation, intermodal transportation opportunities, social structure, cultural, historical, and
natural assets, current urbanization situation and prospective planning, the economic
development of the immediate environment, the annual development of the population, the
diversity and number of industries in the region, and demographic factors [10].

The selection of logistics center locations is a decision-making problem that includes many
criteria. By using Multi-Criteria Decision-Making Methods (MCDM), the investment priorities
of logistics centers can be determined for which the location of the logistics center and the
location of the organization are determined. The purpose of using MCDM methods is to keep
the decision-making mechanism under control and to obtain the decision result as easily and
quickly as possible in case of many situations and alternatives containing both qualitative and
quantitative criteria.

The establishment of logistics center locations in Turkey is carried out by both the public and
private sectors. Good planning of the logistics centers established in Turkey (functional, size,
location, etc.), the establishment of some of them as logistics centers and the establishment of
some of them at the scale of the transfer terminal, and the establishment of them without
considering the current and future potential needs of the region cause inefficient investments
[11]. Considering the input costs of logistics centers, it is seen that they consist of expropriation,
excavation, coating, infrastructure, road construction, environment and security area, and
superstructure costs. These costs are approximately 181 257 657 US$ for a logistics center of 1
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500 000 m? [12]. Due to the high input costs, it is important to determine the investment priority
of the places determined for the logistics center establishment. In addition, since logistics
centers are long-term investments, it is not attractive to invest in the private sector in this area
in the first place [7]. In this respect, the decision to establish a logistics center is mostly made
by using public capital. When using public capital, it is necessary to decide in which region this
capital will be allocated for the logistics center first. In the study, in Turkey, the survey and
planning stage are ongoing in Istanbul/Yesilbayir, izmir/Candarli, Zonguldak/Filyos, Mardin,
and Sirnak/Habur logistics centers were evaluated with the fuzzy entropy based COPRAS
(COmplex PRoportional ASsessment) method to determine investment priorities under 17
criteria.

Most of the studies for Turkey are on the logistics center installation location selection. This
study, it is aimed to determine the investment priority ranking of the logistics centers whose
establishment locations have been determined by TSR and which are in the survey and planning
stage. The COPRAS method, which has never been used in the literature, was used for the first
time in this study in order the alternatives to determine the investment priority. In the following
parts of the study, some of the literature review, the explanation of the method, the application,
and the conclusion are included.

2. Literature Review

Ballis and Mavrotas (2007) used the PROMETHEE method, which is one of the MCDM
methods, to determine the order of preference for three alternative locations nominated for a
logistics center to be established in the Thrasio region near Athens [13]. Wang and Lui (2007)
used fuzzy AHP and TOPSIS methods to determine the most suitable logistic center using fuzzy
triangle numbers [14]. Baohua and Shiwei (2009), focus on the logistics center location and
allocation problem under an uncertain environment. To solve the problem in the study, a genetic
algorithm has been developed for the stochastic optimization model [15]. Kayik¢1 (2010)
developed a conceptual model from the combination of AHP and artificial neural networks
(ANN) methods to determine the most appropriate logistics center location [16]. Turskis and
Zavadskas (2010) developed the ARAS-F method for the selection of the logistics center
location [17]. Boile et al., (2011) used a different methodology in the valuation of logistics
centers by making use of the Delphi method, which includes both qualitative and quantitative
evaluations [18]. Karadeniz and Akpinar (2011) determined the position of Trabzon in national
and international transportation, and a new proposal was developed for the establishment of a
logistics center in Trabzon [19]. Hong and Xiaohua (2011) used AHP, one of the MCDM
methods, to select the logistics center location and conducted a simulation study in Matlab to
measure the effectiveness of the model [20]. Notteboom (2011) used MCA (multi-criteria
analysis) method for the select three container hub port locations in South Africa [21]. Elgiin
and Elitas (2011) applied the model used by Boile et al (2010) to determine the establishment
locations of logistics centers in Turkey. Candidates and potential candidates in Turkey's North-
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South logistics line were compared with the model they proposed. Ranking of places to be
nominated; Mersin, Konya, Bilecik, and Eskisehir [22]. Erkayman et al (2011), using the Fuzzy
TOPSIS method, selected the logistics center location of Erzurum, Diyarbakir, and Malatya
provinces. Erzurum, Diyarbakir, and Malatya came out as the most suitable ranking [23].
Bayraktutan and Ozbilgin (2014), with classical and fuzzy logic methods, evaluated the basis
of foreign trade volume, transportation infrastructure, and freight traffic parameters of
provinces in Turkey and compared the results [24]. Tomic¢ et al., (2014) used the Greedy
Heuristics Algorithm and AHP, one of the MCDM methods, for the selection of the most
suitable logistics center located in the Balkan Peninsula [25]. Hamzagebi et al., (2016) used the
MOORA method, one of the MCDM methods, for the selection of the most suitable logistics
center located in the Black Sea region [26]. Aydin (2016) compared the performance of three
logistic center locations by applying negative fuzzy numbers to the AHP method [11]. Elgiin
and Asikoglu (2016) used TOPSIS, one of the MCDM methods, to determine the suitability of
candidate places to establish logistics centers. They aimed to determine the most suitable center
or centers to become a logistics center in Turkey. As the most suitable places to establish
logistics centers in Turkey; are found in Mersin, Konya, and Bilecik (Boziiyiik) [10]. Karasan
(2016) used the intuitive fuzzy DEMATEL, fuzzy ANP, and fuzzy TOPSIS methods in his
study and chose the most suitable logistics center location for Istanbul. He found that the most
suitable location was the Pendik-Orhanli location [27]. Pham et al., (2017) used Fuzzy Delphi
TOPSIS to locate a logistics center to be established in Vietnam [28]. Yazdani et al., (2020)
used Data Envelopment Analysis (DEA), FUCOM, and CoCoSo methods to determine the
priority order of five candidate locations for the logistics center in Spain [29]. Ozdemir et al.,
(2020) evaluated 6 logistics center locations determined by the Turkish state railways with AHP
and TOPSIS methods from MCDM methods in line with the criteria determined in the Logistics
Master Plan [9]. Shahparvari et al., (2020), to determine the location of a logistics center to be
established in the Northwest region of Iran, firstly used GIS to identify potential regions and
applied VIKOR and PROMETHEE methods to prioritize these potential regions [30].
Demirkiran and Oztiirkoglu (2020) used the PROMETHEE 1I method, one of the MCDM
methods, in terms of establishing Logistics Centers for 26 regions in Turkey in NUTS-Level 2.
Istanbul has emerged as the most suitable region for the logistics center located in all scenarios
[31]. Dumlu and Wolff (2021) used the MOORA method, one of the MCDM methods, to
determine the efficiency of 11 logistics centers whose construction was completed by the
Turkish state railways [32]. Cakmak et al., (2021) proposed a method by combining the Binary
Particle Swarm Optimization algorithm and GIS to determine the location of a logistics center
to be established in Istanbul [33]. Nong (2021) used ANP and TOPSIS methods to determine
the most suitable logistics center located in Dong Nai, Vietnam [34]. Tirkmen (2021), using
AHP and TOPSIS, tried to determine which of the provinces of Izmir, Samsun, Kocaeli,
Istanbul, and Balikesir would be the most appropriate logistics center. Respectively, Istanbul,
Kocaeli, Samsun, Izmir, and Balikesir came out [35]. Tumenbatur (2021), using AHP and
Center Gravity Method, aimed to evaluate which railway line to carry to Europe over Turkey
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in freight transportation by the Baku-Thilisi-Kars railway line and to determine a logistics
center location to be created on the line. Erzincan and Osmaniye were determined as the most
suitable location for the logistics center [36].

Most of the studies for Turkey are on the logistics center installation location selection. This
study, it is aimed to determine the investment priority ranking of the logistics centers whose
establishment locations have been determined by TSR and which are in the survey and planning
stage. The intensity of the input costs of logistics centers; expropriation, excavation, coating,
infrastructure, road construction, environmental and safety belt, superstructure, etc. It is
predicted that for a logistics center of 1,500,000 m?, including costs, it will be approximately
181 257 657 US$ [12]. Since the Turkish economy has the status of a developing country, it is
not possible to establish all the logistics village centers that are in the survey and planning stage
at the same time. In this respect, the main subject of this study is which center should be given
investment priority. When the 2nd Revised investment plan of TSR for 2022 is examined, the
project amount of 2,662,295,127 TL should be used from 2007 to 2025 under the title of
“establishment of logistics and load centers™. It is seen that 205.012.000 TL of this amount is
distributed in different amounts to 9 cities (Kars, Sivas, Istanbul, Mardin, Kayseri, Bilecik,
Erzurum, Kahramanmaras, Nigde) [37]. As can be seen in the 2022 investment plan, it has not
been possible to allocate a budget to all the logistics centers planned to be built. In this respect,
it is important to determine the investment priorities of logistics centers, whose survey and
planning work has been completed, to use the limited budget most efficiently.

In studies conducted in this area, the criteria to be considered in determining the investment
priority of logistics centers are also important. When the studies in this field are examined, it
has been observed that the criteria have been chosen by considering the expert opinion or the
criteria used in previous studies. However, in this study, the criteria obtained by Pekkaya and
Keles (2021) [38] by conducting qualitative research were used to determine the criteria
considered in the selection of logistics locations, since they were more inclusive and were found
because of research. Expert opinion is needed to determine the weights of the criteria discussed.
Expert opinions are usually expressed verbally. In the study, Fuzzy Logic was used for the
analysis of verbal expressions. The COPRAS method, which has never been used in the
literature, was used for the first time in this study in order the alternatives to determine the
investment priority. The reasons for the use of the COPRAS method in this study are that it was
used first in this field, it is easy to apply and understand compared to other MCDM techniques,
and it can evaluate both minimize and maximize criteria. It also compares the decision options
with each other and gives a percentage of how good or bad it is from other alternatives [39].

As given in the literature review above, it has been observed that 8 studies are using MCDM
techniques related to the determination of logistics center locations in Turkey. These articles
are summarized in Table 1.

969



Fuzzy Entropy Based COPRAS Method in Determining the Investment Priorities of Logistics Centers in
Survey and Planning Stage in Turkey

Table 1. MCDM techniques related to the determination of logistics center locations in Turkey

Author/year MCDM method The purpose of the article Findings

Erkayman et al (2011),[23] Fuzzy TOPSIS Erzurum, Diyarbakir, and Malatya According to the authors, the
provinces are ranked for logistics  logistics center establishment
village location selection. location is Erzurum,

Diyarbakir, and Malatya,
respectively.

Elgiin and Elitag (2011), Model proposal Candidates and potential candidates According to the authors, the
[22] in Turkey's North-South logistics ~ most suitable places for the
line were compared with their logistics center are Mersin,
proposed model. Konya, Bilecik, and Eskisehir.
Karagan (2016), [27] Intuitionistic fuzzy The most suitable logistics center ~ According to the author, the
DEMATEL, Fuzzy location in Istanbul has been most suitable location for the
ANP, and Fuzzy determined. logistics center is the Pendik-
TOPSIS Orhanli location.
Elgiin and Asikoglu (2016), TOPSIS Determining the most suitable According to the authors, the
[10] center or centers to be a logistics ~ most suitable places for the
center in Turkey logistics center are Mersin,
Konya, and Bilecik
(Boziiyiik).
Ozdemir et al (2020), [9]  AHS and TOPSIS Six logistics center investments According to the authors, the
were evaluated. most suitable logistics center

locations for investments were
Istanbul (Yesilbayir), Bilecik
(Boziiyiik), Kayseri
(Bogazkdprii), Karaman,
Mardin, Bitlis (Tatvan).
Demirkiran and Oztiirkoglu Promethee |1 NUTS 2 levels in Turkey According to the authors,
(2020), [30] 26 regions were compared for Istanbul was the most suitable
logistics center location selection.  region for the logistics center
located in all scenarios.

Tirkmen (2021), [34] AHP and TOPSIS It has been tried to determine According to the authors, the
which of the provinces of 1zmir, most suitable places for the
Samsun, Kocaeli, Istanbul, and logistics center are Istanbul,
Balikesir can be the most suitable  Kocaeli, Samsun, {zmir, and
logistics center. Balikesir.

Tiimenbatur (2021), [35]  AHP and Centre Gravity With the Baku-Thilisi-Kars railway Erzincan and Osmaniye were

Method line, freight transport to Europe via determined as the most

Turkey suitable location for the

It was evaluated which railway line logistics center.
would be good to transport. In

addition, it is aimed to determine a

logistics center to be created on the

line.

3. Methodology

Multi-Criteria Decision Methods began to be used in the 1960s to help solve decision-making
problems. More than one criterion is considered when making a decision. In multi-criteria
decision-making, the criteria are primarily weighted, and the priority order of the alternatives
is determined according to the weighted criteria. Many methods have been developed in the
literature to solve multi-criteria decision-making problems. In this study, COmplex
PRoportional ASsessment (COPRAS) method, which was developed in 1996, will be used to
determine the investment priority of logistics centers. In the COPRAS method, no method is
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given to determine the criterion weights. In the study, the fuzzy entropy method was used to
determine the criterion weights. The COPRAS method has been used in the literature in the
performance ranking of construction companies using financial ratios, in the performance
evaluation of Turkish Coal enterprises between 2008-2012, in the performance ranking of the
Mechanical Chemistry Institute between 2008-2012, in the evaluation of different learning
management systems, in material selection problems, in hotels’ performance rankings and in
many areas such as evaluating the environmental sustainability of construction projects [39].

3.1. Fuzzy Shanon’s entropy based on alpha-level sets

Zadeh (1965) developed the theory of fuzzy sets to be able to express linguistic terms in the
decision-making process and eliminate the uncertainty and subjectivity in human decisions and
be precise. In the concept of a fuzzy set, membership degrees ranging from 0 to 1 are
mentioned. In a fuzzy set, the number 0 indicates that the relevant object is not a member of the
set, the number 1 indicates that the relevant object is a full member of the set, and any number
between these two values indicates the degree of membership or partial membership of the
related object to the set [40-43].

The fuzzy number is expressed as a fuzzy set describing a fuzzy range in the real number R.
The range is also a fuzzy set because the boundaries of this range are indefinite. Among the
various fuzzy numbers, the most popular is the triangular fuzzy numbers (TFNs) [44].
Generally, the triangular fuzzy number A is the number with the starting point I, the ending
point u, and the vertex m and is shown as [l, m, u] [41].

xX—

ﬁ a<lx< b
HA’(X) =qux b <x<c (1)
u-m
0 other

For the fuzzy number equivalent of linguistic expressions, the values given in Table 2 will be
used.
Table 2. Linguistic expressions and triangle fuzzy number value [45]

Linguistic Expressions Triangle Fuzzy number value
very little important (0.0,0.1,0.3)
less important (0.1,0.3,0.5)
moderately important (0.3,0.5,0.7)
too important (0.5,0.7,0.9)
too much important (0.7,0.9,1)

The entropy concept, which was firstly proposed by Shanon in 1948 [46], was developed by
Wang and Lee as a weighting method in 2009. For « cut sets covering interval data, Lotfi and
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Fallahnejad (2010) extended Shannon's application of entropy. The solution of Shannon's fuzzy
Entropy based on a-level clusters is calculated with the following steps [47].

Step 1) Fuzzy data x; comprising the decision matrix which is shown as Equation (2) is
transformed into interval data according to different a-level sets.

X11 X12 e X1n

~ %y #m . %

P ©)
Xm1 Xm2 o Xmnlpen

The a-level set of fuzzy variables X;; can be expressed in the following interval form:

= \L /o \R .
[(xij)o(, (xij)o(] = [I’I}}ll]l’l {xl-j ER yfij(xij) ZOC},I’I;ian{Xij ER ,ufl.j(xl-j) ZOC}:I, 0<x<'1 (3)
Fuzzy data are transformed into different a-level sets by setting different levels of confidence,
namely 1-o. Then the matrix composed of interval data is obtained as follows:

[xfp xf1] [xfzi xfz] [xfn: xfn]
B = [x%bxgl] [x52:x§2] [x%n' x§n] 4)
[ema Xl [z Xmal o [Xns X mxn

Step 2) The normalized values piLj and p{} are calculated as follows:

L
| j=12mm i=12,.n (5)
i R 2, ., M, 2,
j=171j
L
x..
Pl =5 :Jx-R- j=12,...m i=12..n (6)
J=17"y
Step 3) The lower bound e} and upper bound e of interval entropy are calculated as follows:
m m
el = min {—eoz, 1PilenPiLj B eoz. 1p{}lnp{}},i =12,..,n (7)
= =
m m
ek = max {—eoz_ 1p{“jlnp{“j — e Z 1p5-lnp5-},i =12, ..,n (8)
]: ]:

Where e, is equal to (Inm)~" and pf;. Inpf; or pfs. Inpf isequal to 0 if pf; = 0 or pfS = 0.

Step 4) The lower bound d¥ and upper bound df of interval diversification are computed as
follows:

dl=1-¢f i=12..,n 9)

di=1-¢ i=12,..,n (10)
Step 5) The lower bound w} and upper bound wf of interval weight of criterion i are
calculated as follows:
di

n L
s=1ds

L _
w; =

i=12..,n (11)
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dR
R i .
w; =<Sn R L= 1,2,...,7’1 (12)
s=1 dS
Step 6) To calculate the average criterion weight, the arithmetic mean of the lower and upper
values is taken.

3.2. COPRAS (COmplex PRoportional ASsessment) Method

The “Complex Proportional Assessment” or COPRAS method was introduced by Zavadskas
and Kaklauskas. This method can be applied to maximize or minimize criteria in an assessment
where more than one criterion should be considered. The steps of the COPRAS method are as
follows [48].

Step 1) Decision matrix F = [xij]mxnis normalized using Eq. (13).

The normalized decision matrix is denoted by G = [gij]mxn' The purpose of normalization is
to obtain different dimensionless values to compare all criteria.

9ij m i=12,...m; j=12,..,n (13)
i=1Xij

Step 2) The weighted normalized decision matrix Y = [yij]nxm was determined using Eqg. (14).

_ %ij

yij = W]gl] i = 1121"';m; ] = 1,2,-..,71 (14)
Where g;; is the normalized value of i th alternative according to j th criterion.

Step 3) The sums of the weighted normalized values were calculated for both the beneficial
and non-benefical criteria. These sums were calculated using Eq. (15) and (16).

n

Kii= ) Y+ (15)
i=
n

Ki=) y (16)

=1
where y,;; and y_;; are the weighted normalised values of the beneficial and non-beneficial

criteria, respectively. The larger the K, ; value and the lower the K_; value, the better the
alternative. The values of K, ; and K_; indicate the degree of goals reached by each alternative.

Step 4) The significance of the alternatives is determined by defining the characteristics of the
positive alternatives K. ; and negative alternatives K_;.

Step 5) The relative significance or priorities of the alternativeswere determined. The relative
significance value of the jth alternative, C;j, was calcu-lated using Eq. (17).

C; =Ky ((K—min Z K—i>/<K—i Z(K—min/K—i)>> i=12,..,m 17)

i=1
where K_,;, is the minimum value of K_;. C; is ordered from largest to smallest. The higher
the C;, the greater its relative importance.
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Step 6) The degree of utility of an alternative, determining the rank of the alternative, is
determined by comparing the priorities of all alternatives for efficiency. It is calculated using
Eqg. (18).

C;

U; = [ ]xlOO (18)
Cmax

where C,,4 1S the maximum relative significance value.

4. Application and Findings

In the study, 5 logistics centers in the survey and planning stage of TSR; istanbul/Yesilbayir,
Izmir/Candarli, Zonguldak/Filyos, Mardin, Sirnak/Habur are discussed. These five logistics
centers were taken as alternatives and the criteria considered to determine the investment
priority of these alternatives were taken from the criteria determined by the benchmarking
approach, to be used in the selection of logistics center locations, discussed by Pekkaya and
Keles (2021) [38]. These criteria are shown in Table 3.

Table 3. Criteria considered in determining the investment priority of the logistics center

location
Short Criteria name Description
name
C1l  Foreign trade potential Total import and export amount in the province (thousand $) max
C2  Number of companies operating Number of corporate taxpayers in the province max
C3  Number of transport modes Number of transport modes used in the province (Modes: max
Road, sea, air, rail, oil pipeline)
C4  Proximity to the port Average proximity of the place to the port (km) min
C5  Proximity to the airway Average proximity of the place to the port (km) min
C6  Proximity to the railway Average proximity of the location to the railway (km) min
C7  The possibility of expansion of the Expansion status of the land in the future (valued from 1to 5 max
land and weighted for this criterion)
C8 Land cost Land prices per square meter in the province/region (/m2)  min
C9 Rivalry Distance to the nearest logistics village (km) max
C10 Government incentive Provincial incentive level max
Cl1 Traffic Traffic density of the province (number of cars/thousand min
people)
C12 Solid waste disposal The ratio of municipality population to total municipal max
population (%)
C13 Education Enrollment rate at the secondary level of the province (%)  max
C14 Population density Number of people per square kilometer in the province max
C15 Business climate The unemployment rate in the province (%) min
C17 Life Quality GDP per capita ($) max
C17 Presence of experienced workers  Labor force participation rate (%) max

Fuzzy entropy was used to determine criterion weights. For the data to be considered in
determining the criterion weights with Fuzzy Entropy, 5 experts working in private and public,
who are experts in the field of logistics, were consulted. The scale given in Table 1 was used to
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evaluate the opinions of the experts. In Table 4, the triangular fuzzy number equivalent of expert

(Expert, Exp.) opinions are given.

Table 4. Fuzzy evaluation matrix

Expl Exp2 Exp3 Exp4 Exp5
C1l (0.7,0.9,1) (0.7,09,1) (0.7,09,1) (0.7,09,1) (0.7,0.9,1)
Cc2 (0,01,03) (0.1,0.3,0.5) (0,0.1,0.3) (0.5,0.7,0.9) (0.3,0.5,0.7)
C3 (0.7,09,1) (05,0.7,09) (0.7,09,1) (05,0.7,0.9) (0.7,0.9,1)
C4 (0.7,0.9,1) (0.7,09,1) (0.7,09,1) (0.7,09,1) (0.7,09,1)
C5 (0.1,0.3,0.5) (0.3,0.5,0.7) (0.5,0.7,0.9) (0.3,0.5,0.7) (0.3,0.5,0.7)
C6 (0.7,0.9,1) (0.7,09,1) (0.3,05,0.7) (0.7,09,1) (0.7,0.9,1)
C7 (0.7,0.9,1) (0.7,0.9,1) (0.5,0.7,0.9) (0.1,0.3,0.5) (0.3,0.5,0.7)
C8 (0.3,05,0.7) (0.7,09,1) (0.5,0.7,0.9) (0.5,0.7,0.9) (0.3,0.5,0.7)
C9 (0.5,0.7,09) (0.5,0.7,09) (0.1,0.3,05) (0,0.1,0.3) (0,0.1,0.3)
C10 (0.5,0.7,09) (0.5,0.7,09) (0,0.1,03) (0.7,09,1) (0,0.1,0.3)
Ci1 (0.1,0.3,05) (0.7,09,1) (0.1,0.3,0.5) (0.5,0.7,0.9) (0.1,0.3,0.5)
C12  (0.1,0.3,05) (0.1,0.3,0.5) (0,0.1,0.3) (0.3,0.5,0.7) (0.1,0.3,0.5)
C13 (0,01,0.3) (0.3,05,0.7) (0.3,0.5,0.7) (0.1,0.3,0.5) (0.3,0.5,0.7)
C14 (0,0.1,03) (05,0.7,09) (0.3,0.50.7) (0,0.1,0.3) (0.3,0.5,0.7)
Ci5 (0.3,05,0.7) (0.5,0.7,09) (0.3,0.50.7) (0.3,0.5,0.7) (0.1,0.3,0.5)
Ci6 (0.1,0.3,05) (0.7,09,1) (0.3,0.50.7) (0.1,0.3,0.5) (0.1,0.3,0.5)
C17 (0.5,0.7,09) (0.3,05,0.7) (0.3,0.50.7) (0.1,0.3,0.5) (0.7,0.9,1)

After the fuzzy decision matrix was created, the normalized interval decision matrix given in
Table 4 was obtained by using Equations (3), (4), and (5). The segment set a, A, consists of
members whose memberships are not less than . o is an arbitrary value and is expressed by
Equation (19).
Ay = {x € Elpa(x) = o} (19)

o is a probability value, for example, if a=0.3, it means a set containing 0.3 and higher
probability values [49]. In the order of the criteria, the value of o takes a value between 0-1. In
studies conducted in the literature, o = 0.5 was generally taken. In the study, the a cutoff value
for weighting the criteria/alternatives was handled at three different levels (0=0.1;0.5;0.9) and
sensitivity analysis was performed. The lower and upper bound of interval entrophy
(el and e}}!) and interval diversification (d-and dF) values are computed and shown in Table
5.
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Table 5. The values ef, e, dFand dFf
o=0,1 0=0,5 0=0,9
ef,ef di,df el ef di,df ef,ef di,dff
C1 [0.871,1.00] [0.078,0.17] [0.932,1.00] [0.00,0.068] [0.987,1.00] [0.00,0.013]
C2 [0.475,0.938] [0.042,0.16] [0.655,0.910] [0.090,0.345] [0.813,0.870] [0.13,0.187]
C3 [0.836,0.999] [0.074,0.17] [0.911,1.00] [0.00,0.089] [0.979,1.00] [0.00,0.021]
ca [0.871,1.00] [0.078,0.17] [0.932,1.00] [0.00,0.068] [0.987,1.00] [0.00,0.013]
C5 [0.666,0.989] [0.059,0.17] [0.812,0.990] [0.010,0.187] [0.948,0.980] [0.020,0.052]
C6 [0.833,0.994] [0.074,0.17] [0.906,0.990] [0.010,0.094] [0.971,0.990] [0.010,0.029]
c7 [0.737,0.980] [0.066,0.17] [0.842,0.970] [0.030,0.158] [0.936,0.960] [0.040,0.064]
Cs [0.762,0.993] [0.068,0.17] [0.866,0.990] [0.010,0.134] [0.962,0.990] [0.010,0.038]
C9 [0.497,0.926] [0.044,0.16] [0.660,0.90] [0.10,0.340] [0.800,0.850] [0.150,0.200]
C10  [0.589,.0922] [0.052,0.16] [0.708,.0890] [0.110,0.292] [0.809,.0850] [0.150,0.191]
Cll  [0.647,0900] [0.058,0.16] [0.881,.0880] [0.120,0.119] [0.918,.0920] [0.080,0.082]
Cl2  [0.460,0.978] [0.041,0.17] [0.687,0.970] [0.030,0.314] [0.894,0.950] [0.050,0.106]
C13  [0.558,.0972] [0.050,0.17] [0.735,.0960] [0.040,0.265] [0.896,.0940] [0.060,0.104]
Cl4  [0.527,0.939] [0.047,0.16] [0.629,0.940] [0.060,0.371] [0.715,0.940] [0.060,0.285]
C15  [0.666,0.989] [0.059,0.17] [0.813,0.990] [0.010,0.187] [0.948,0.990] [0.020,0.052]
C16  [0.541,0.948] [0.048,0.16] [0.703,0.930] [0.070,0.298] [0.843,0.890] [0.110,0.157]
Cl7  [0.70,0.982] [0.062,0.17] [0.824,0.970] [0.030,0.176] [0.936,0.960] [0.040,0.064]

In the last stage, the arithmetic average of the lower and upper entropy values was taken to
determine the criterion weights and it is shown in Table 6.

Table 6. Weights of criteria

Proximity to the port
Foreign trade potential
Number of transport modes
Proximity to the railway

Land cost

The possibility of expansion of the 0.6934

land

Presence of experienced workers 0.6599

Proximity to the airway

Business climate

Traffic

Government incentive

Education
Life Quality

Population density

Rivalry

Number of companies operating

Solid waste disposal

Weights
a=0,1 a=0,5 0=0,9
0.7997 Foreign trade potential 0.6520 Foreign trade potential 0.5267
0.7997 Proximity to the port 0.6510 Proximity to the port 0.5267
0.7726 Number of transport modes 0.6420 Number of transport modes0.5265
0.7702 Proximity to the railway 0.6420 Proximity to the airway  0.5258
0.7104 Traffic 0.6360 Business climate 0.5258
Land cost 0.6190 Proximity to the railway 0.5213
The possibility of expansion of  0.6040 Land cost 0.5210
the land
0.6340 Presence of experienced workers 0.5910 The possibility of expansion 0.5156
of the land
0.6340 Proximity to the airway 0.5880 Presence of experienced 0.5156
workers
0.6163 Business climate 0.5600 Traffic 0.5102
0.5692 Education 0.5500 Education 0.5097
0.5462 Government incentive 0.5240 Solid waste disposal 0.5095
0.5305 Life Quality 0.5220 Life Quality 0.4784
0.5180 Solid waste disposal 0.5200 Population density 0.4732
0.4959 Population density 0.5150 Number of companies 0.4678
operating
0.4756 Number of companies operating 0.5000 Rivalry 0.4625
0.4623 Rivalry 0.5000 Government incentive 0.4578

976



Fuzzy Entropy Based COPRAS Method in Determining the Investment Priorities of Logistics Centers in
Survey and Planning Stage in Turkey

In the study, the weights of criteria according to three different cut-off levels, at a=0.1, were
the first four most important criteria, proximity to the port, foreign trade potential, number of
transport modes, and proximity to the railway. The first four most important criteria at a=0.5
were foreign trade potential, proximity to the port, number of transport modes, and proximity
to the railway. At a=0.9, the first four most important criteria were foreign trade potential,
proximity to the port, number of transport modes, and proximity to the railway. The first four
criteria at all three alpha cut levels were proximity to the port, foreign trade potential, number
of transport modes, and proximity to the railway. When we look at the literature, Pekkaya, and
Keles (2021) [38], in their study to determine the criteria weights in determining the logistics
center location, according to the opinion of 46 experts, "foreign trade potential™, "proximity to
the port”, "market opportunities™ and "proximity to the" railway” was found to be the most
important criteria. Therefore, it has been seen that the criterion importance order determined in
the study is in harmony with the literature. When looking at the distribution of import-export
values in Turkey in 2021 by transport modes, the values in Figure 1 are observed.

Turkey Export-Import values in 2021 (Billion US$)
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Figure 1. Column chart of Turkey's import-export values in 2021 according to transport
modes [50]

As can be seen in Figure 1, Turkey’s import and export values are made by using the seaway,
which is one of the transportation modes most frequently. In this case, proximity to the port of
the logistics center will increase its efficiency. Logistics centers are places where intermodal
transportation is carried out intensively. In Turkey, which is surrounded by seas on four sides,
intermodal transportation by using the maritime route and the railroad in the terrestrial part will
reduce costs and increase the efficiency of logistics centers. When looking at the importance
level of the criteria, the proximity of the logistics center to be established to the sea and railway
is important. When looking at the weights of the criteria, the first criterion is the proximity to
the port, the second is the foreign trade potential, and then the number of transport modes and
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proximity to the railway. The criteria in order of weight are different a cutting levels, with little
change in the rankings; land cost, the possibility of expansion of the land, presence of
experienced workers, proximity to the airway, business climate, traffic, government incentive,
education, life quality, population density, rivalry, number of companies operating and solid
waste disposal. After determining the criteria weights, the values of 17 criteria for logistics
center locations were determined (a decision matrix was created) and given in Table 7, to
determine the investment priority of logistics center locations.

Table 7. Values of logistics center locations according to criteria

Criteria Criteria  Istanbul/Yesilbaywr Zonguldak/Filyos (A2) Tzmir /Candarli  Sirnak/Habur  Mardin
Shortname (AL) (A3) (A4) (A5)
C1 Foreign 236.185.264 2.708.000 22.183.510 764.845 1.608.477
trade
potential
Cc2 Number of 950.836 13.564 208.471 7.597 16.581
companies
operating
C3 Number of 4 4 4 3 4
transport
modes
C4 Proximity 20 5 50 670 480
to the port
C5 Proximity 27 10 100 50 15
to the
airway
C6 Proximity 20 5 50 180 10
to the
railway
C7 The 1 1 2 5 5
possibility
of
expansion
of the land
Cs8 Land cost 450 1.000 130 50 50
C9 Rivalry 30 280 100 610 420
C10 Government 1 3 1 6 6
incentive
C11 Traffic 200 168 195 10 28
C12 Solid waste 100 100 100 97 91
disposal
C13 Education 91,26 94,20 91,53 72,52 75,23
C14 Population 3.048,67 178,48 368,45 76,42 97,97
density
C15 Business 14,70 9,30 17,10 33,50 33,50
climate
C17 Life Quality 15.285 Quality 10.663 5.083 4.804
C17 Presence of 52,60 47,20 51,70 39,10 39,10

experienced
workers
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The data in Table 6 are taken from the websites of TSI (Turkish Statistical Institute), BOTAS,
TSR, and National Consultancy.

A normalized decision matrix was created by using the created decision matrix Eq. 13. The
normalized decision matrix is given in Table 8.

Table 8. The normalized decision matrix

Al
A2
A3
Ad
A5

Cl C2 C3 C4 C5 Ce Cr C8 C9 C10 Ci1 C12 C13 Cl14 Ci5 Ci6 C17

0,897 0,794 0,211 0,016 0,134 0,075 0,071 0,268 0,021 0,059 0,333 0,205 0,215 0,809 0,136 0,361 0,229
0,010 0,011 0,211 0,004 0,050 0,019 0,071 0,595 0,194 0,176 0,280 0,205 0,222 0,047 0,086 0,153 0,205
0,084 0,174 0,211 0,041 0,495 0,189 0,143 0,077 0,069 0,059 0,324 0,205 0,215 0,098 0,158 0,252 0,225
0,003 0,006 0,158 0,547 0,248 0,679 0,357 0,030 0,424 0,353 0,017 0,199 0,171 0,020 0,310 0,120 0,170
0,006 0,014 0,211 0,392 0,074 0,038 0,357 0,030 0,292 0,353 0,047 0,186 0,177 0,026 0,310 0,114 0,170

According to equation 14, the weighted normalized decision matrix is obtained for 0=0.1,
a=0.5, and 0=0.9 levels. It is given in Table 9.

Table 9. The weighted normalized decision matrix

a=0,1
MAX MAX MAX MIN MIN MIN MAX  MIN MAX MIN  MIN MAX MAX MAX MiIN MAX  MAX
C1 Cc2 C3 C4 C5 C6 c7 C8 Cc9 C10 Cl1 C12 C13 Cl4 C15 Cc17 Cc17
Al 0,7169 0,3777 0,1626 0,0131 0,0847 0,0581 0,0495 0,1903 0,0103 0,0335 0,2051 0,0947 0,1174 0,4189 0,0862 0,1917 0,1511
A2  0,0082 0,0054 0,1626 0,0033 0,0314 0,0145 0,0495 0,4229 0,0964 0,1004 0,1723 0,0947 0,1211 0,0245 0,0545 0,0810 0,1356
A3  0,0673 0,0828 0,1626 0,0326 0,3139 0,1453 0,0991 0,0550 0,0344 0,0335 0,2000 0,0947 0,1177 0,0506 0,1003 0,1337 0,1485
A4  0,0023 0,0030 0,1220 0,4374 0,1569 0,5232 0,2477 0,0211 0,2101 0,2009 0,0103 0,0919 0,0933 0,0105 0,1965 0,0637 0,1123
A5  0,0049 0,0066 0,1626 0,3134 0,0471 0,0291 0,2477 0,0211 0,1446 0,2009 0,0287 0,0862 0,0967 0,0135 0,1965 0,0602 0,1123
a=0,5
A1 05846 0,3969 0,1351 0,0106 0,0786 0,0484 0,0431 0,1659 0,0104 0,0308 0,2117 0,1066 0,1181 0,4167 0,0762 0,1887 0,1351
A2 0,0067 0,0057 0,1351 0,0027 0,0291 0,0121 0,0431 0,3687 0,0972 0,0925 0,1778 0,1066 0,1219 0,0244 0,0482 0,0798 0,1212
A3  0,0549 0,0870 0,1351 0,0266 0,2911 0,1211 0,0862 0,0479 0,0347 0,0308 0,2064 0,1066 0,1185 0,0504 0,0887 0,1317 0,1328
A4 0,0019 0,0032 0,1014 0,3559 0,1455 0,4360 0,2156 0,0184 0,2117 0,1850 0,0106 0,1034 0,0939 0,0104 0,1737 0,0628 0,1004
A5 0,0040 0,0069 0,1351 0,2550 0,0437 0,0242 0,2156 0,0184 0,1457 0,1850 0,0296 0,0970 0,0974 0,0134 0,1737 0,0593 0,1004
a=0,9
AL 0,4722 0,3715 0,1108 0,0086 0,0703 0,0393 0,0368 0,1396 0,0096 0,0269 0,1698 0,1044 0,1095 0,3827 0,0715 0,1729 0,1181
0,0054 0,0053 0,1108 0,0021 0,0260 0,0098 0,0368 0,3101 0,0899 0,0808 0,1426 0,1044 0,1130 0,0224 0,0452 0,0731 0,1059
A2
A3 0,0444 10,0815 0,1108 0,0215 0,2603 0,0984 0,0737 0,0403 0,0321 0,0269 0,1655 0,1044 0,1098 0,0462 0,0832 0,1206 0,1161
A4 00015 0,0030 0,0831 0,2881 0,1302 0,3541 0,1841 0,0155 0,1959 0,1616 0,0085 0,1013 0,0870 0,0096 0,1630 0,0575 0,0878
0,0032 0,0065 0,1108 0,2064 0,0390 0,0197 0,1841 0,0155 0,1349 0,1616 0,0238 0,0950 0,0903 0,0123 0,1630 0,0543 0,0878

A5

Using equations 15, 16, and 17, the performance levels of the alternatives (logistics centers)
were determined for the three alpha levels.

Table 10. Performance values of alternatives

a=0,1
K-min/K-i
K+i K-i K-min K-i-Sum K-min/K-i Sum Ci Ui
Istanbul/Yesilbayir 2.291 0.671 0.671 4.734 1.000 3.837 3.525 1.000 1
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Zonguldak/Filyos 0.779  0.799 0.839 1.815 0.515 4
[zmir /Candarli 0.992 0.881 0.762 1932 0.548 2
Sirnak/Habur 0.957  1.546 0.434 1.492 0.423 5
Mardin 0.935  0.837 0.802 1.925 0.546 3
0=0.5
Istanbul/Yesilbayir 2372 0.622 0.622 4.221 1.000 3.940 3.443  1.000 1
Zonguldak/Filyos 0986 0.731 0.851 1.898 0.551 4
[zmir /Candarl: 1175 0.813 0.766 1.995 0.580 2
Sirnak/Habur 1.092 1.325 0.470 1595 0.463 5
Mardin 1.070  0.730 0.853 1983 0.576 3
a=0.9
Istanbul/Yesilbayir 2.108 0.526 0.526 3.589 1.000 3.914 3.024  1.000 1
Zonguldak/Filyos 0.893  0.617 0.853 1.675 0.554 4
[zmir /Candarl: 1.059  0.696 0.756 1.752 0.579 2
Sirnak/Habur 0.985 1.121 0.469 1.415 0.468 5
Mardin 0.960 0.629 0.836 1.727 0.571 3

The order of investment priority for the 5 logistics center locations, which are in the survey and
planning stage, is the same at all three o levels (Table 10). According to the results, the order
of investment priority for logistics center locations was Istanbul/Yesilbayir, izmir/Candarls,
Mardin, Zonguldak/Filyos, and Sirnak/Habur. Istanbul/Yesilbay1r logistics center, which is one
of these logistics centers in the survey and planning stage, is planned to have an area of 1 million
m? and a carrying capacity of 6 million tons. The logistics center to be built in Zonguldak/Filyos
is planned to be established with a capacity of 1 million tons of cargo and 25 million tons of
cargo [7]. Information about the capacities of the logistics centers to be established in
[zmir/Candarli and Sirnak/Habur could not be obtained from the literature.

5. Results and Discussion

Turkey is a bridge between Asia and Europe, the Black Sea, and the Mediterranean, and is at
the intersection of three continents. Turkey is the distribution and collection (transfer) center
for European, Balkans, Black Sea, Caucasus, Caspian, Central Asian, Middle Eastern, and
North African countries. Turkey established the first public-owned Samsun/Gelemen logistics
center in 2006 to gain the advantage of being on the logistics routes. In addition, logistics
centers are planned to be built in 25 different places, and when all of them are opened, it is
aimed to gain 12.8 million m? open area, stock area, container stock, and handling area with
35.6 million tons of additional transportation [7]. The establishment of these logistics centers
IS a necessity for Turkey’s economic development in the short, medium, and long term. While
determining the priority order of establishment from the logistics centers to be established, it is
important to obtain the targeted benefit as soon as possible. The establishment of logistics
centers requires serious costs and investment costs are expected to return in a short time.
Because, in a feasibility report prepared for the establishment of a logistics center, the payback
period of the investment was calculated as 18 years, considering the economic life of 55 years
[12]. On the other hand, when the gross domestic product in Turkey is evaluated according to
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the economic activity codes (A21) at current prices, as the transport and storage logistics sector
data, the share of the logistics sector in GDP is 7.9% for 2020. The logistics sector constitutes
10%-12% of the GDP in developed countries [51]. In this respect, a value of 7.9% is a low
value for a country that aims to be a logistics epicenter. The establishment of effective logistics
centers that will recycle the investment costs in a short time is important for the production and
commercial development of the country. According to the research on the subject of logistics,
no matter what the job is, logistics costs constitute 10% of the cost of that job [52]. International
competition is increasing in the logistics sector as well as in all areas.

In this study, investment priority rankings were determined under 17 criteria determined from
the literature in 5 logistics centers that are in the survey and planning stage. The problem of
determining the investment priority of the Logistics Center location is in the structure of the
decision problem. Such problems with criteria and alternatives can be solved by multi-criteria
decision analysis methods. In the study, fuzzy entropy was used to determine the criterion
weights, namely the order of importance, and the COPRAS method was used for the investment
priority ranking of the alternatives, namely the logistics center locations.

Considering the priority order of 17 criteria, when expert opinions are analyzed according to
the fuzzy entropy method, the first four criteria for three alpha levels (a=0.1; 0.5; 0.9) are
proximity to the port, foreign trade potential, number of transport modes, proximity to the
railway. It is important to establish logistics centers in places close to railways, where foreign
trade potential is high, close to the port, where all types of transportation modes are available
and accessible, and since railways are more economical than other land transportation modes
in terms of transportation costs. Turkey's import and export values are made by using the most
common maritime transport modes. In this case, the proximity of the logistics center to the port
will increase its efficiency. Logistics centers are places where intermodal transportation is
carried out intensively. The realization of intermodal transportation by using the maritime route
and the railroad on the land side in Turkey, which is surrounded by seas on all four sides, will
provide development in a way that reduces costs and increases the efficiency of logistics
centers. When we look at the importance level of the criteria, the proximity of the logistics
center to be established to the sea and railway is important. In the ranking of the criteria, the
first criterion was the proximity to the port, the second was the foreign trade potential, and then
the number of transport modes and proximity to the railway. According to the criteria weights,
the criteria in the last four of the 17 criteria are population density, rivalry, number of companies
operating, solid waste disposal, and government incentive. When these criteria are examined,
it is noteworthy that there are criteria that are mostly related to the environment.

6. Conclusion

It is important to establish logistics centers in places close to railways, where foreign trade
potential is high, close to the port, where all types of transportation modes are available and
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accessible, and since railways are more economical than other land transportation modes in
terms of transportation costs. In the ranking of the criteria, the first criterion was the proximity
to the port, the second was the foreign trade potential, and then the number of transport modes
and proximity to the railway. According to the criteria weights, the criteria in the last four of
the 17 criteria are population density, rivalry, number of companies operating, solid waste
disposal, and government incentive. When these criteria are examined, it is noteworthy that
there are criteria that are mostly related to the environment.

In the selection of the logistics center location, the variables that have a direct relationship with
the logistics activities came to the fore, and the weight of the variables that had an indirect
relationship was relatively low. When the criteria weights are used to rank the investment
priorities of the logistics center locations according to the COPRAS method, in the performance
ranking of the three alpha levels of the five logistics centers that have been studied and planned,
Istanbul/Yesilbayur is in the first place, followed by Izmir/Candarli, Mardin, Zonguldak/Filyos,
Sirnak/Habur. Considering the weights of the criteria, foreign trade potential took place in the
first place. According to the result of this evaluation under 17 criteria, Istanbul/Yesilbayir and
Izmir/Candarli, which have a considerably higher foreign trade potential compared to other
regions and yet are close to the port, took the first two places. Although the main objective is
to make all these 5 logistics center locations, whose survey and planning stages have been
completed, operational as soon as possible, this is not possible. According to the results of the
study in 2023 investment planning of TSR, it is recommended to focus on logistics center
locations in Istanbul/Yesilbayir and Izmir/Candarli regions.

The result obtained in the study is a recommendation. The weights of the criteria were
determined by taking the opinions of 5 experts in the study. Expert opinions are personal
judgments. Suggestions can be developed by increasing the number of expert opinions,
consulting different experts, considering different criteria, and using different MCDM methods.
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Abstract

This study was conducted to examine the effect of distress on health practices in pregnant women at 12 weeks
and over of pregnancy. The universe of this descriptive study consisted of women at 12 weeks and over of
pregnancy who were admitted to the Obstetrics and Gynecology Department of a City Hospital. To calculate
the minimum sample size to be included in the study, the sample selection formula was used in cases where the
number of elements in the universe was unknown, and it was completed with 353 pregnant women. The data of
the study were collected between November 2016 and April 2017, using the "Pregnancy Info Form", "Tilburg
Pregnancy Distress Scale (TPDS)" and "Health Practices in Pregnancy Questionnaire” (HPPQ). In evaluating
the data, the following were used: percentage distributions, averaging, t-test, Kruskall Wallis Variance Analysis,
Mann-Whitney U-test, and Correlation Analysis. There is a statistically significant, negative, and low-level
correlation between the total HPPQ score, the Spousal Involvement sub-dimension, and the total TPDS score
(p <0.05). It was found that increased distress of pregnant women decreases health practices. It is required to
identify pregnant women under distress and reduce or eliminate the distress, contributing to mother-child health
by increasing health practices accordingly.

Keywords: Pregnancy, health practices, distress

Gebelerdeki Distresin Saghk Uygulamalar1 Uzerine Etkisinin incelenmesi

Oz

Bu aragtirma 12 hafta ve iizeri gebelerde distresin gebelikteki saglik uygulamalari lizerine etkisinin incelenmesi
amaci ile yapilmigtir. Tanimlayici tiirde olan bu aragtirmanin evrenini bir Sehir Hastanesine baglt dogum ve
kadin hastaliklar1 poliklinige bagvuran 12 hafta {izeri gebelerden olusmustur. Calismaya alinmasi gereken
minimum Orneklem biiyiikliigiinii hesaplamak i¢in evrendeki eleman sayisinin bilinmedigi durumlarda
orneklem se¢me formiilii kullanilmis ve 353 gebe ile tamamlanmistir. Arastirmanin verileri Kasim 2016-Nisan
2017 arasinda, “Gebe Bilgi Formu”, “Tilburg Gebelikte Distres Olgegi (TGDO)” ve “Gebelikte Saglik
Uygulamalar1 Olgegi”(GSUO) ile toplanmustir. Verilerin degerlendirilmesinde; yiizdelik dagilimlar, ortalama,
t testi, Kruskall Wallis Varyans analizi, Mann-Whitney U testi ve Korelasyon Analizi kullanilmistir. GSUO
toplam puani ile Es Katilimi alt boyutu ve TGDO toplam puani arasinda istatistiksel olarak anlamli, negatif
yonlii ve diisiik diizeyli iliski vardir (p<0.05). Gebelerin distresin artmasi saglik uygulamalarimni azalttig
bulunmustur. Distres altinda olan gebeler tespit edilerek distresi azaltmak veya ortadan kaldirmak ve buna bagh
saglik uygulamalarimi artirarak ana ¢ocuk sagligina katkida bulunulmalidir.

Anahtar Kelimeler: Gebelik, saglik uygulamalari, distres
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Investigation of the Effects of Distress on Health Practices in Pregnant Women

1.Introduction

Pregnancy is a natural event that lasts 280 days starting from the first day of the last
menstruation [1]. In addition to its joy and excitement, the physiological burden of pregnancy
also brings along negative emotions such as an intense sense of responsibility and anxious
anticipation [2]. This period can be considered as a crisis period that requires changes in
women's lives and adaptation to new roles [3].

Pregnancy can be considered as a stress period in women's lives and is often concomitant with
stress and depression [4]. In pregnant women, occasions such as delivering a stillborn baby,
difficult birth, birth pain, fear of death, fear of not being a good mother, the mother having to
leave her job or take a break after birth, and finally the family being under an economic burden
can cause anxiety and stress [5]. Health practices during pregnancy include pregnant, fetus,
and newborn health, and affect the course of pregnancy and its outcome [6]. As a result of
stress, depression and anxiety experienced in pregnant women, norepinephrine and cortisol
levels increase and blood flow to this uterus decreases. In this case, serious obstetric and
neonatal consequences occur on both the fetus and the mother [7]. Diego et al. in their study
found that women having depression had 13% preterm birth, 15% low birth weight babies,
compared to the non-depressed women, and those with a diagnosis of pregnancy depression
had a smaller fetus for their current week of gestation and a slower fetal growth rate and finally,
the rate of low birth weight babies was higher [8]. The distress experienced during pregnancy
IS nausea-vomiting, fear of childbirth, cesarean delivery rate, bacterial vaginosis incidence and
birth greater need for epidural anesthesia is indicated [9]. It has been reported that the increase
in anxiety and depression levels of pregnant women is associated with obstetric complications,
preterm labor, and increased need for analgesics during delivery [10]. In the study conducted
by Cicek and Mete, stress, anxiety and depression during pregnancy are shown among the
causes of fear of childbirth [11]. We can say that this situation causes anxiety birth smell. In the
study conducted by Oznas in 2019, the rate of cesarean section preference was found to be high
in those who lived through birth protection [12]. In addition, the intense stress experienced
during pregnancy causes an increase in the usual discomforts (hausea, vomiting, bacterial
vaginosis, etc.) [13]. Depressed pregnant women receive less care from the healthcare personnel
and care less for their own self-care, and as a result of this inadequate care, pregnant women
experience more discomfort. In pregnant women with depression, nausea and vomiting,
stomach pain, respiratory problems, GI complaints, heart palpitations and dizziness are more
common than in pregnant women without depression [4]. In addition to the biological effects
of increased stress during pregnancy, unhealthy behaviors such as not going to prenatal controls
may occur in mothers [5]. There are studies showing that as a result of distress during
pregnancy, changes in sleep, loss of appetite, deterioration in nutrition, decrease in energy,
decrease in self-confidence, increase in alcohol and cigarette use, and lack of self-care lead to
negative health behaviors [3,14]. In addition, it is stated that the intense stress experienced
during pregnancy causes an increase in the usual discomforts (such as nausea, vomiting,
gastrointestinal complaints, heartburn, reflux, constipation) [13].
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Prevention of problems caused by distress during pregnancy is very crucial for the health of
women and children. The occasion of distress in pregnant in Turkey and its preventability make
the health practices during pregnancy and the factors influencing them significant. Nurses'
awareness of distress should be elevated. Also, it is an important factor in terms of mother and
child health for nurses to identify pregnant women at risk of distress and reduce it, facilitating
physical and psychological adaptation to these periods.

This study was conducted to determine the effect of distress in pregnant women on health
practices.

Research Questions

e Does distress in pregnant women affect health practices?

2. Materials and Methods
Research Type, Place-Time and Universe-Sample

This descriptive study was conducted with pregnant women who were admitted to the
Gynecology and Obstetrics Department of the Gynecology and Pediatrics Supplementary
Service Building affiliated to a City Hospital between November 2016 and April 2017.

The universe of the study consisted of pregnant of 12 weeks and more who applied to the
hospital clinic within the specified time frame. To calculate the sample size, the number of
participants was calculated as 384 people using the sample formula used in cases where the
number of elements in the universe is unknown, but when the research data reached 353 people,
the power of the study was calculated as 0.99. Sampling criteria: Pregnancy of over 12 weeks,
availability to communication and cooperation, being primiparous or multiparous, not having a
risky pregnancy, and having no diagnosed psychiatric disorder.

Data Collection: The data of the research were collected using face to face interview method.
Filling out the forms took an average of 20-25 minutes.

Data Collection Tools: Pregnant Info Form, Tilburg Distress Scale (TPDS) and Pregnancy
Health Practices Scale were used.

Pregnant Info Form

This form, prepared in line with the literature [15], consists of questions that can determine the
socio-demographic characteristics of pregnant women.

Pregnancy Health Practices Scale

The Health Practices in Pregnancy Scale (GSSS) was developed by Lindgren in 2005 and
adapted into Turkish by Er in 2006.

There are 34 items in the original form of the questionnaire. However, since one item was
removed in the adaptation study, the Turkey form consists of 33 items. Items 1 to 16 in the
questionnaire include 5-point Likert-type responses ranging from “always” to “never”. Never
option starts from 1 point. However, items 6, 7, 21, 22, 23, 24, 25, 26, 32 and 33 of the scale
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are reverse coded starting from 5 points towards 1. A minimum of 33 and a maximum of 165
points are obtained from the scale, and an increase in the score indicates an increase in health
practices. [16]. The internal consistency coefficient of the study was 0.66.

Tilburg Pregnancy Distress Scale (TPDS)

This scale was developed by Pop et al. It was developed by Capik in 2011 and its Turkish
adaptation was made by Capik in 2013[17]. The scale is in 4-point Likert type, and the "very
often™ option starts with zero (0) points and the "never" option ends with three (3) points.
However, items 3, 5, 6, 7, 9, 10, 11, 12, 13, 14 and 16 are reverse scored. t is the cut-off point
of the total score that can be obtained from the scale, and a cut-off point of 28 and above
determines the pregnant women at risk for distress. The cut-off points for the sub-dimensions
are 10 and more for the spousal involvement sub-dimension, and 22 and more for the negative
affect sub-dimension. In the validity and reliability study conducted by Capik (2013), the
internal consistency coefficient was found to be 0.83, and in this study, the internal consistency
coefficient was found to be 0.70 for the TPDS, 0.78 for the negative affect sub-dimension, and
0.76 for the spousal involvement sub-dimension.

Negative Affect Sub-Dimension: It consists of 11 items and includes items
3,5,6,7,9,10,11,12,13,14 and 16. The minimum 0 maximum score that can be obtained from the
sub-dimension is 33.

Spouse Participation Sub-Dimension: Consists of 5 items and includes items 1,2,4,8 and 15.
The minimum 0 maximum score that can be obtained from the sub-dimension is 15.

A minimum of 0 and a maximum of 48 points are taken from the total of the scale.

Analysis of Data: The data were analyzed in the SPSS information package, and percentages,
numbers, spearman correlation analysis, mean and standard deviations were used in the
analysis.

3. Results and Discussion

Table 1. Distribution of Demographic Characteristics of the Pregnants (N=353)

Demographic Characteristics

n %
lliterate 3 0.8
Literate 6 1.7
Education Level Primary Education 231 65.4
High School 85 24.1
University 28 7.9
Province 44 125
Place of Residence District 257 72.8
Village-Town 52 14.7
Employment Status ves 26 74
No 327 92.6
Existent 305 86.4
Health Insurance Nonexistent 48 13.6
Family Type Nuclear 241 68.3

990



Investigation of the Effects of Distress on Health Practices in Pregnant Women

Extended 112 31.7
Low 13 3.7
Income status Moderate 281 79.6
High 59 16.7
lliterate 2 0.6
. Literate 2 0.6
izszfe Education Pr_imary Education 163 46.2
High School 140 39.7
University 46 13.0
Spouse’s Employed 332 94.1
Employment Status Unemployed 21 5.9
n Min. Max. Avg. SS.
Age 353 17 40 26.19 4.96
Spouse's Age 353 19 57 31.17 5.61

As seen in Table 1, the mean age of the pregnant women was 26.19+4.96, and the mean
age of the spouses was 31.17£5.61. 65.4% of the pregnant women were primary school
graduates, 72.8% lived in the district, 92.6% did not use to work, and 86.4% had health
insurance. 68.3% of the pregnant lived in a nuclear family, 79.6% of them had a moderate
income. The spouses of 46.2% of the pregnant women were primary school graduates, and the
spouses of 94.1% were actively working.

Table 2. Distribution of Pregnant Women's Scores from PHPS and TPDS Sub-dimensions
(N=353)

SCALES n Min. Max. Avg. SS.
Negative Affect Sub-dimension 353 0 23 5.12 4.42
Spousal Involvement Sub-dimension 353 0 13 5.25 2.59
TPDS 353 0 36 10.37 491
HPPQ 353 94 146 121.04 10.32
Distress Yes Distress No
TPDS Based on Cutoff Points
N % N %
Spousal Involvement Subdimension 16 4.5 337 95.5
Negative Affect Sub-dimension 1 0.3 352 99.7
TPDS 2 0.6 351 994

As seen in Table 2, pregnant women scored 5.12+4.42 from the Negative Affect sub-
dimension, 5.2542.59 from the Spousal Involvement sub-dimension, and 10.374+4.91 from the
total of TPDS. 0.3% of the pregnant women scored from the Negative Affect sub-dimension
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above the cutoff points, and 4.5% from the Spousal Involvement sub-dimension and 0.6% from
the total TPDS did so. Pregnant women had 121.04+10.32 points from the total of PHPS.

Table 3 The Correlation Between Total HPPQ Scores and TPDS and its Sub-dimensions (N = 353)

SCALES HPPQ Total Score
i r 0.082
Negative Affect 0 0126
Spousal Involvement r -0.377
P p 0.000
r -0.138
TPDS Total Score 0 0,000

As seen in Table 3, there is no statistically significant correlation between the total HPPQ scores
and Negative Affect sub-dimension scores of the pregnant (p> 0.05). There is a statistically
significant, negative, and low-level correlation between the total HPPQ score, the Spousal
Involvement sub-dimension, and the total TPDS score (p <0.05). As the HPPQ total score
increases, the spousal involvement sub-dimension and the TPDS total score decrease. It was
found that increasing distress in pregnant women decreases health practices during pregnancy.

In this study, the research conducted with the aim of examining the effects of distress on health
practices in pregnant women has been discussed according to the literature.

In this study, the pregnant women scored above the cutoff point from the total TPDS,
and 0.6% were found to be distressed. In the study conducted by Bacaci et al. in 2018, it was
found that 13.1% of the pregnant women were distressed [18], in the study by Capik, this rate
was 11.9% [19], and in the study by Ciltas and Kdse, 33% were found to be at risk of distress
[20]. In the study by Pottinger et al., they determined the rate of depressive disorder during the
whole pregnancy as 25% [21]. In the study by Daglar et al. (2015), it was determined that
50.7% of the pregnant women were at risk of depression [22]. Other studies have also found
distress in pregnant women, and we can state that the risk of depression is too high to be
underestimated. According to the results of the research, pregnant women with depression and
distress risk should be diagnosed early and the risk should be reduced, thus contributing to the
improvement of mother-child health.

In the study, no statistically significant correlation was found between HPPQ total score and
the TPDS negative affect sub-dimension score, while a statistically significant, negative, and
low-level correlation was found between the HPPQ total score, the TPDS spousal involvement
sub-dimension, and TPDS total score. As the HPPQ total score increases, the spousal
involvement sub-dimension and the TPDS total score decrease. Increasing distress in pregnant
women decreases health practices during pregnancy (Table 3). Bacaci et al. (2018) found that
as pregnant women felt inadequate in physically and in terms of health, the level of distress
increased [18]. In the study conducted by Goodwin in the USA between 2005 and 2014, the
smoking in pregnant women with depression was found to be four times higher than in the non-
depressed [23]. In a study conducted by Smedberg among European countries, a strong
relationship was found between depression and continuation of smoking during pregnancy, and
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low education level and inability to attend birth preparation courses were identified as risk
factors [24]. De Jesus Silva et al. (2016) found that depression during pregnancy was associated
with the number of births, the number of children, the number of pregnancies, family support,
the number of cigarettes smoked per day, alcohol consumption, daily drug use, a history of
mental disorders, and the presence of remarkable events and the risk was higher for the
pregnants in the depression group [25]. Habashneh et al. found a significant relationship
between health practices and receiving dental care during pregnancy, and it was found that
pregnant women with higher health practices had a higher rate of dental care [26]. Miyake et
al. (2015), in their study in Japan, vitamin D intake and depressive symptoms during pregnancy
were investigated and vitamin D intake was associated with a lower prevalence of depressive
symptoms during pregnancy [27]. Ormsby et al. (2018), In their study with 8 depressed
pregnant women in Sydney, Australia who wanted to get acupuncture treatment, they found
that acupuncture allowed them to adapt better to the changes brought by pregnancy [28]. Our
study is in parallel with other study findings, and it can be concluded that there is a relationship
between distress and health practices, and as the level of distress in pregnant women increases,
health practices during pregnancy decrease.

4. Conclusion

According to the results of the research, as the distress increases in pregnant women, health
practices during pregnancy decrease. In line with this result, prenatal education programs
should be made widespread, reducing the stress of pregnant women and spouses and preparing
them for the role of parenting. In addition, it is recommended to increase the health practices
during pregnancy by determining the factors that may play a role in women experiencing
distress during pregnancy and thus to contribute to the overall health of the mother and child.
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Abstract

In this work, some properties of r-small submodules are investigated. It is proved that the finite sum of
r-small submodules is r-small. It is also proved that every homomorphic image of an r-small submodule is r-
small. Let M be an R-module and N,K<M. If K«:M and (N+K)/K<«M/K, then N<«;M. Let f : M—N be an R-
module epimorphism and Kerf «M. If T«N, then f }(T)«M. Let M be an R-module. Then
Rad(RadM)=%.,« u L.

Keywords: Small Submodules, Maximal Submodules, Radical, Supplemented Modules.

r-Kiiciik Alt Modiillerinin Baz1 Ozellikleri

Oz

Bu calismada r-kiigiik alt modiillerle ilgili birtakim 6zellikler incelendi. r-kiiciik alt modiillerin sonlu
toplamlarmin r-kii¢iik oldugu gosterildi. Ayrica r-kiigiik alt modiillerin homomorfik goriintiilerinin de r-kiiglik
oldugu gosterildi. M bir R-modiil ve N,K<M olsun. Eger K<M ve (N+K)/K<:M/K ise N<«M olur. f : M—N bir

R-modiil epimorfizmasi ve Kerf<M olsun. Eger T<«N ise bu durumda f “}(T) «M olur. M bir R-modiil olsun.
Bu durumda Rad(RadM)=3;; .y L olur.
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Some Properties of r-Small Submodules

1. Introduction

Throughout this paper all rings are associative with identity and all modules are unital left
modules.

Let R be aring and M be an R-module. We denote a submodule N of M by N<M. Let M
be an R-module and N<M. If L=M for every submodule L of M such that M=N+L, then N is
called a small (or superfluous) submodule of M and denoted by N<«M. Let M be an R-module
and U,V<M. If M=U+V and V is minimal with respect to this property, or equivalently, M=U+V
and UNV«KYV, then V is called a supplement of U in M. M is said to be supplemented if every
submodule of M has a supplement in M. The intersection of maximal submodules of an R-
module M is called the radical of M and denoted by RadM. If M have no maximal submodules,
then we denote RadM=M. Let M be an R-module and U,V<M. If M=U+V and UnV<RadV, then
V is called a generalized (Radical) supplement (briefly, Rad-supplement) of U in M. M is said
to be generalized (Radical) supplemented (briefly, Rad-supplemented) if every submodule of
M has a Rad-supplement in M. Let M be an R-module and K<V<M. We say V lies above K in
M if VIKKM/K.

More details about supplemented modules are in Clark et al. (2006), Nebiyev and Pancar
(2013), Wisbauer (1991) and (Zoschinger, 1974). More details about generalized (Radical)
supplemented modules are in Xue (1996) and (Wang and Ding, 2006).

2. Preliminaries

Lemma 2.1. Let M be an R-module. The following assertions are hold.

(1) If K<L<M, then L&KM if and only if K&KM and L/IK<KM/K.

(2) Let N be an R-module and f : M—N be an R-module homomorphism. If K<«M, then f(K) <«N.
The converse is true if f is an R-module epimorphism and Kerf<M.

(3) If L<M and K<L, then K&K M.

(4) If Ki,Ko,...,KnkM, then Ki1+Ko+.. . +Kp<KM.

(5) Let KgKo,... KnlLylo,...,LoisM.  If  KikLi for every i=1,2,....,n, then
Ki+Kot. . . +Kh<&Li+Llot.. . +Ln.

Proof. See Clark et al. (2006), 2.2 and (Wisbauer, 1991, 19.3).

Lemma 2.2. Let M be an R-module. The following assertions are hold.

(1) RadM = Y «m L.

(2) Let N be an R-module and f : M—N be an R-module homomorphism. Then f(RadM)<RadN.
If Kerf<RadM, then f(RadM)=Radf(M).

(3) If N<M, then RadN<RadM.

(4) For K,L<M, RadK+RadL<Rad(K+L).

(5) Rx«<M for every xeRadM.

Proof. See (Wisbauer, 1991, 21.5 and 21.6).
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3- Theorems and Proofs

r-Small Submodules

Definition 3.1. Let M be an R-module and N<M. If N«<RadM, then N is called a radical small
(or briefly r-small) submodule of M and denoted by N< M (See (Nebiyev and Okten, 2020)).

Clearly we can see that if M is a radical module (RadM=M) and N<M, then N<«M if
and only if N«M.

Proposition 3.2. Let M be an R-module and N<M. If N&:M, then N«M.
Proof. Since N«M, N<RadM. Then by Lemma 2.1(3), N&M.

Lemma 3.3. Let N<M. If N«M and RadM is a supplement submodule in M, then N<(M.
Proof. Since N«<M and RadM is a supplement submodule in M, by Wisbauer (1991) 41.1(5),
N=NnRadM<«RadM. Hence N<«M, as desired.

Corollary 3.4. Let N<M. If N<M and RadM is a direct summand of M, then N< M.
Proof. Clear from Lemma 3.3.

Corollary 3.5. Let M be an R-module and RadM be a supplement submodule in M. Then
Rx<«M for every xeRadM.

Proof. Let xeRadM. Then by Lemma 2.2(5), Rx<<M. Since RadM is a supplement submodule
in M, by Lemma 3.3, Rx<<M.

Corollary 3.6. Let M be an R-module and RadM be a direct summand of M. Then Rx<«M for
every xeRadM.
Proof. Clear from Corollary 3.5.

Lemma 3.7. Let M be an R-module with Rad(RadM)=RadM. If Rx<M for xeM, then Rx«M.
Proof. Since Rx<M, by Lemma 1.2(1), Rx<RadM and xeRadM=Rad(RadM). Then by Lemma
2.2(5), Rx«<RadM and Rx<«M.

Corollary 3.8. Let M be an R-module and RadM be a Rad-supplement submodule in M. If
Rx<«M for xeM, then Rx<M.
Proof. Clear from Lemma 3.7, since Rad(RadM)=RadM.

Corollary 3.9. Let M be an R-module with Rad(RadM)=RadM. Then Rx<«:M for every
xeRadM.
Proof. Let xeRadM. By Lemma 2.2(5), Rx<<M. Then by Lemma 3.7, Rx<M.

Corollary 3.10. Let M be an R-module and RadM be a Rad-supplement submodule in M. Then

Rx<«M for every xeRadM.
Proof. Clear from Corollary 3.9, since Rad(RadM)=RadM.
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Proposition 3.11. If N«M, then N«K for every maximal submodule K of M.
Proof. Since N«M, N<«RadM and since RadM<K for every maximal submodule K of M, by
Lemma 2.1(3), N<K.

Let M be an R-module. It is defined the relation * on the set of submodules of an R-
module M by XB*Y if and only if Y+K=M for every K<M such that X+K=M and X+T=M for
every T<M such that Y+T=M (See (Birkenmeier et al., 2010)).

Lemma 3.12. Let N&M and L<RadM. If NB*L in RadM, then L<M.
Proof. Clear from Birkenmeier et al. (2010) Theorem 2.6(i).

Corollary 3.13. Let N«M and L<RadM. If L lies above N in RadM, then L« M.
Proof. Since L lies above N in RadM, NB*L in RadM. Then by Lemma 3.12, L<M holds.

Lemma 3.14. Let M be an R-module and N<K<M. If N&K, then N«;M.
Proof. Since N«K, N«RadK. By Lemma 2.2(3), RadK<RadM. Then by Lemma 2.1(3),
N<«RadM and N<«M.

Lemma 3.15. Let M be an R-module and N<K<M. If K«M, then N«(M.
Proof. Since K«rM, K«RadM. Then by Lemma 2.1(1), N<«RadM. Hence N<«M, as desired.

Lemma 3.16. Let M be an R-module and N,K<M. If N&M, then (N+K)/K<M/K.

Proof. Since N«M, N«RadM. By Lemma 2.1, (N+K)/K«(RadM+K)/K. By Lemma 2.2,
(RadM+K)/K<Rad(M/K). Then by Lemma 2.1(3), (N+K)/K«Rad(M/K). Hence
(N+K)/K«M/K, as desired.

Lemma 3.17. Let M be an R-module and N,K<M. If K«M and (N+K)/K<«<:M/K, then N&M.
Proof. Since K<RadM, Rad(M/K)=(RadM)/K. Since (N+K)/K<Rad(M/K)=(RadM)/K,
N<RadM. Let N+T=RadM for T<RadM. Then (N+K)/K+(T+K)/K=(N+T)/K=(RadM)/K and
since (N+K)/K«Rad(M/K)=(RadM)/K, (T+K)/K=(RadM)/K and T+K=RadM. Since K«RadM,
T=RadM. Hence N«RadM and N<«:M, as required.

Corollary 3.18. Let M be an R-module, N<M and K<«M. Then N«M if and only if
(N+K)/K<«<M/K.
Proof. Clear from Lemma 3.16 and Lemma 3.17.

Lemma 3.19. Let f : M—N be an R-module homomorphism. If KM, then f(K) «f(M).
Proof. Since K«M, K«RadM. By Lemma 21(2) and Lemma 2.2(2),
f(K) «f(RadM)<Radf(M). Hence f(K) «f(M), as desired.

Corollary 3.20. Let f : M—N be an R-module homomorphism. If K«M, then f(K) <«N.
Proof. Clear from Lemma 3.19 and Lemma 3.14.
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Lemma 3.21. Let f: M—N be an R-module epimorphism and Kerf«M. If TN, then
f1(T) <M.

Proof. By Lemma 1.2(2), f(RadM)=Radf(M)=RadN. Let xef (T). Then f(x)eT<RadN=
f(RadM). Since f(x) ef(RadM), there exists acRadM with f(x)=f(a). Since f(x)=f(a), f(x-a)=0 and
x-acKerf<RadM. Then x=x-a+acRadM and f "}(T)<RadM. Let f (T)+K=RadM with K<RadM.
Then T+f(K)=f(RadM)=RadN and since T<«RadN, f(K)=RadN. Since f(K)=RadN, we can see
that K+Kerf=RadM and since Kerf«RadM, K=RadM. Hence f "(T) «M, as required.

Corollary 3.22. Let f : M—N be an R-module homomorphism and Kerf<M. If T<f(M), then
f1(T) <M.
Proof. Clear from Lemma 3.21.

Corollary 3.23. Let f : M—N be an R-module homomorphism and K<RadM. If Kerf«M and
f(K) «f(M), then K«M.
Proof. By Corollary 3.22, K+Kerf=f }(f(K))<M. Then by Lemma 3.15, KM, as desired.

Corollary 3.24. Let f : M—N be an R-module epimorphism and K<RadM. If Kerf«M and
f(K) <N, then K<M.
Proof. Clear from Corollary 3.23.

Corollary 3.25. Let f : M—N be an R-module epimorphism and K<RadM. If Kerf«M, then
K«M if and only if f(K) <«N.
Proof. Clear from Lemma 3.19 and Corollary 3.24.

Lemma 3.26. Let M be an R-module and K,L<M. If N«K and T<L, then N+T<<K+L.,
Proof. Since N«K and T«L, N«RadK and T<«RadL. By Lemma 2.1(5) and Lemma 2.2(4),
T+N«RadK+RadL<Rad(K+L). Hence N+T<K+L, as desired.

Corollary 3.27. Let My,Mo,...MicM. If Ni&iMi, NokiMz, ..., Nk<rMy, then

N1+No+. . . +Nk<M1+Mo+. . . +Mk.
Proof. Clear from Lemma 3.26.

Corollary 3.28. Let M be an R-module and Ki<M for i=1,2,...,n. Then K1+Kz+...+Kn<& M.
Proof. Clear from Corollary 3.27.

Corollary 3.29. Let M be an R-module. Then Rad(RadM)= Y.« um L.
Proof. Clear from Lemma 2.2(1).

Remark 3.30. The converse of the Proposition 3.2 is not true in general. Consider an R-module
M with 0£RadM<«M. Since RadM is not small in RadM, RadM is not r-small in M.
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Example 3.31. Consider the Z-module Zs. Here RadZg=27<Zs. But 2Zsg is not r-small in Zs.
Here also Rad(RadZs)=4Zs+RadZs.
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