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Abstract: Halophilic microorganisms are an extreme group of organisms that can spread at high salt concentrations, and a significant
part of them consists of halophilic bacteria. Salt mines are important sources where halophilic bacteria are detected. In this study,
Halobacillus trueperi CT7, a halophilic bacterium, was isolated from Cankir1 Salt Mine. It was determined that the obtained strain
showed 98.1% similarity with Halobacillus trueperi by DNA isolation and sequence analysis as well as biochemical analysis. In
addition, two-dimensional (scanning electron microscopy) and three-dimensional (atomic force microscopy) images of Halobacillus
trueperi were performed to reveal the cell morphology. In order to determine the industrial use potential of the microorganism, the
minimum and maximum salt concentrations, temperature and pH ranges in which the species can grow, as well as the enzyme
activities, where the species can grow, were determined qualitatively. The interest in halophilic organisms for their use in extreme
industrial processes is increasing day by day. It is thought that this study will contribute to future studies on halophilic bacteria.

Keywords: Halophilic bacteria, Halobacillus trueperi, Salt Mine

Oz: Halofilik mikroorganizmalar yiiksek tuz konsantrasyonunda yayilim gosterebilen ekstrem bir canli grubudur ve bunlarm énemli
bir boliimii halofilik bakterilerden olusmaktadir. Tuz madenleri halofilik bakterilerin tespit edildigi onemli kaynaklardandir. Bu
caligmada bir halofilik bakteri olan Halobacillus trueperi CT7, Cankir1 Tuz Madeni’nden izole edilmistir. Elde edilen bu strainin,
biyokimyasal analizlerin yanisira DNA izolasyonu ve sekans analiziyle Halobacillus trueperi’ye %98,1 benzerlik gosterdigi tespit
edilmistir. Ayrica Halobacillus trueperi’nin iki boyutlu (taramali elektron mikroskobu) ve {i¢ boyutlu (atomik kuvvet mikroskobu)
goriintiilemeleri gerceklestirilmistir. Mikroorganizmanin endiistriyel kullanim potansiyellerinin belirlenmesi amaciyla tiiriin gelisim
gosterebildigi minimum ve maksimum tuz konsantrasyonlari, sicaklik ve pH araliklarinin yanisira enzim aktiviteleri de kalitatif
olarak tespit edilmistir. Ekstrem endiistriyel proseslerde kullanimlari agisindan halofilik organizmalara olan ilgi her gecen giin
artmaktadir. Bu ¢alismanin da halofilik bakterilerle ilgili gelecek caligmalara katki saglayacag: diisiiniilmektedir.

Anahtar Kelimeler: Halofilik bakteri, Halobacillus trueperi, Tuz Madeni

1. Introduction

Extreme microorganisms are a very interesting group among all microorganisms. They are famous for being able to
adapt to harsh conditions in which the vast majority of organisms can not survive. Among the extreme microorganisms,
halophilic microorganisms are a different group of organisms as they can live in environments with high salt
concentrations. This group consists of organisms with various genetic characteristics, with members in both Bacteria,
Archaea and Eukarya domains. Halophilic bacteria are grown in salt-containing media to simulate their natural
environment. Since environments with high salt concentration are not suitable for the growth of microorganisms other
than halophilic group, the risk of contamination is also very low. Considering the reasons such as the easy and fast
production of microorganisms and the ease of genetic modification, the importance of these microorganisms for
industrial processes emerges.

Parameters such as oxidase, catalase, Gram stain, growth in a single carbon source, indole, nitrate production are quite
important parameters in terms of biochemical characteristics of microorganisms [1]. However, today's technological
developments enable us to detect species similarities with the data based on the base sequences of the species. After
DNA isolation of pure cultures, 16 S rRNA sequences amplified by polymerase chain reaction are sequenced with next
generation sequencing technologies. Following this, the obtained base sequences obtained are checked in databases and
species similarity rates are revealed.

One of the areas where halophilic bacteria have industrial potential is their wide range of pigmentation properties
[2,3,4]. These pigments, which can be yellow, orange, pink or red, play an important role in many fields such as
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cosmetics, food, textiles, pharmaceuticals. Pigment-rich extracts obtained from halophilic microorganisms are also
investigated for their antimicrobial, anticancer, antioxidant and cytotoxic properties [5,6,7]. In this context, it is thought
that the biochemical and phenotypic properties of Halobacillus trueperi, which is a halophilic bacterium, isolated from
the salt mine are very important in creating a study area for many medical and industrial processes.

2. Material and Method
Isolation of halophilic strain

Salt sample was obtained from salt mines in Cankir1 (Tirkiye). For enrichment, 1 gram of salt sample was dissolved in
90 ml of sterile 15% NaCl and incubated for several hours [8]. 1 mL of brine were mixed with 50 ml of MAM JCM 168
which contained (g/L): casamino acids (5), yeast extract (5), sodium glutamate (1), trisodium citrate (3), MgSO4x7H,0
(29.5), KCI (2), NaCl (175.5), FeClyx4H,0 (0.036), MnClx4H,0 (0.36 mg). The medium pH was 7.0-7.2 before
autoclaving. After that the samples were incubated at 37 °C for several weeks until the appearance of colorful colonies
was occurred. In order to obtain pure cultures, the culture medium was inoculated into petri dishes with the same
medium composition and added 20g/L agar. After 5 days of 37°C incubation, colonies with different pigmentation and
morphology were planted in different petri dishes and pure cultures were obtained.

Identification of halophilic strain
Biochemical tests

The isolated strain which has pale yellow colony pigmentation was coded as CT7 and analyzes were carried out to
reveal its biochemical characteristics. By adding 10% NaCl to the staining solutions, gram staining was carried out
according to the method by Dussault [9]. The ideal growing conditions were examined using a growth medium
containing varied NaCl concentrations (0-25%) and yeast concentrations (0-0.1%), as well as various incubation
temperatures (10-50 °C) and pH values (5-10). By incorporating 1% KNOjs into the growing medium, the conversion of
nitrate to nitrite and the production of gas from nitrate were examined.

The amount of gas produced by nitrate was measured using Durham tubes submerged in the broths. In the growing
medium that was supplemented with a 1% (w/v) substrate, glucose, lactose, maltose, fructose, mannitol, trehalose,
galactose, and sucrose were used as the sole carbon sources. By introducing Kovac's reagent to the growth medium
containing 1% tryptone, the synthesis of indole from tryptone was identified. Hydrolyses of starch, gelatin, casein, and
Tween 80 were evaluated for amylase, gelatinase, caseinase, and esterase activities in addition to the strains' oxidase
and catalase capabilities.

DNA isolation procedure and polimerase chain reaction conditions

The strains of halophilic bacteria were identified using phylogenetic analysis. The strains' DNA was isolated using the
technique described by Neumann et al. [10]. Strains grown on MAM JCM 168 agar medium were taken into 1 mL STE
buffer with loop, vortexed and homogenized. The cell suspension was centrifuged at 8 000 rpm for 2 minutes and the
supernatant was removed.

The cell pellet was washed twice with 400 pL of STE, and after the last supernatant was removed, the cell pellet was
resuspended with 200 puL of TE buffer and vortexed by adding 100 uL of tris-saturated phenol. The suspension, which
was centrifuged at 13 000 rpm for 5 min at 4 °C, was separated into two phases and transferred to a new 160 pL tube
from the upper phase. By adding 40 pL of TE buffer and 100 uL of chloroform, it was centrifuged at 13 000 rpm for 5
minutes at 4 °C, and the extraction process with chloroform continued until the color of the lysate became clear. 160 pL
of the upper phase was taken into a new tube, 40 uL of TE buffer and 5 pL of RNase enzyme (10 mg/mL) were added
and incubated at 37 °C for 10 minutes. At the end of the incubation, 100 uL of chloroform was added to the tubes and
centrifuged at 13 000 rpm for 5 minutes at 4 °C, the upper phase containing pure DNA was transferred to a clean tube
and stored at -20 °C for use in future studies. DNA purity was checked by running 1% agarose gel electrophoresis at 80
V, 100 mA for 60 minutes.

The PCR primers used to amplify the 16S TrRNA gene were bacterial forward primers 5'-
AGAGTTTGATCCTGGCTCAG-3', and reverse primers Bac 1493r' 5'-ACGGCTACCTTGTTACGACTT-3".

Table 1. The protocol of polimerase chain reaction

Content of reaction First concentration Volume in Reaction Last concentration
TagDNA polymerase 2x master mix 2X 25 uL 1X
Forward primer 1 uM 2.5uL 0.05 uM
Reverse primer 1 uM 2.5 uL 0.05 uM
DNA - 2.5l -
Sterile double distilled water - 17.5 uL -
Total reaction volume - 50 uL -
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Table 2. The protocol of thermalcycler

Temperature Time Cycle
98 °C 3 min 1
98 °C 10 sec 30
61°C 30 sec 30
72 °C 30 sec 30
72 °C 5 min 1
4°C - 0

The PCR products of the species were sequenced using the Sanger sequencing method and the base sequences were
submitted to the NCBI database.

Two and three dimensional imaging of strain

A previously described technique by Kesbi¢ and Giiltepe [11] was used to prepare the strains for scanning electron
microscope (SEM) and atomic force microscope (AFM) imaging. Fresh cultures of the halophilic bacteria strains were
transferred from the agar surface to the coverslip surface after being cultured at 37 °C for three days. The coverslips
were treated overnight in a 2% glutaraldehyde solution after being allowed to dry by air. After allowing the coverslips
to air dry, they were treated overnight in a 2% glutaraldehyde solution. To completely remove the water, the
preparations were taken from the solution and immersed in an acetone series of 30, 50, 70, and 90% for 10 minutes and
30 minutes, respectively. The preparations were coated with Au-Pd using the Cressington Sputter Coater at 40 mA for
60 seconds before being immediately placed on the FEI Quanta FEG 250 SEM (running at 10 kV). For three-
dimensional imaging, the same preparation procedure was employed in Bruker's Edge3 AFM.

Determination of pigment characteristic of strain

The cultures were cultivated at 37 °C for three days before being centrifuged at 9000 rpm for 10 minutes to yield cell
pellets. The pellets were treated with 2 mL of methanol before being sonicated in an ultrasonic bath for 60 minutes and
centrifuged. The extract was obtained using a two-stage extraction technique and scanned between 300 and 600 nm in a
UV-Vis spectrophotometer (BioTek-Epoch 2) [12].

3. Results

The biochemical characteristics of strain CT7 were listed in Table 1. The strain has rod shape and pale yellow
pigmentation. It has been determined that strain can grow in salt-free environment and also at high salt concentration up
to 20% salinity. In addition, it has been determined that the temperature tolerance is on a very wide scale. According to
the enzyme hydrolysis test results, it was observed that it has gelatinase enzyme but not caseinase, esterase and amylase
enzymes.

Table 3. Biochemical test results of H. trueperi CT7

Halobacillus trueperi CT7

Colony color Pale yellow
Gram stain +

NaCl tolerance (%) 0-20

pH tolerance 6-9
Temperature tolerance (°C) 10-40
Oxidase +

Catalase +

Indole -

Gas from Nitrate -
Nitrate to Nitrite
Nitrate

Glucose

Lactose

Maltose

Fructose

Mannitol

Trehalose

Galactose

Sucrose

Gelatin Hydrolysis
Starch Hydrolysis
Casein Hydrolysis
Tween 80 Hydrolysis

+ + + A+ A+
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The sequences of H. trueperi CT7 were analyzed by using NCBI Blast, aligned with other reported gene sequences and
was submitted to the NCBI database (GenBank) under accession number OR352511. A phylogenetic tree was
reconstructed by the neighbor-joining method with MEGAL1 software (Figure 1).

0Q626006.1 Halobacillus trueperi strain DSM 10404

Halobacillus trueperi strain CT7

[ NR 029304.1 Halobacillus litoralis strain SL-4

_1 Y NR 075035.2 Halobacillus halophilus strain 3

— NR 042054.1 Enterococcus faecium strain LMG 11423

NR 043480.1 Salicola marasensis strain 7Sm5

MW227318 Haloterrigena thermotolerans strain K15

0.050

Figure 1. Phylogenetic tree of Halobacillus trueperi strain CT7 and its close relatives. Haloterrigena thermotolerans
was used as an outgroup.

432.1 nm

-162.4 nm

134.8 nm
10 um

2.0 uym
Figure 2. AFM image of H. trueperi CT7
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Figure 3. SEM image of spore-forming cells of H. trueperi CT7

The spectral scanning of H. trueperi extract are presented in Figure 4. According to the spectrum, maximum
absorbances have been seen at 400, 425, 450, and 480 nm.

0,18
0,16
0,14
0,12
0,1
0,08
0,06
0,04
0,02
0

Absorbance

o O O O o
< W0 O N~ 0
<Y <

Wavelenght (nm)

380
390
400
410
420
430
490
500
510
520
530
540
550

Figure 4. The spectral scanning of H. trueperi extract.
4. Discussion and Conclusion

It is known that Halobacillus trueperi, a halophilic bacterium, was first isolated from the Great Salt Lake in Utah, USA,
and recorded as a new species. In the study, cells were observed with a phase contrast microscope and it was stated that
the species was an endospore-forming bacterium [13]. However, in our study, Halobacillus trueperi species was
examined for the first time with advanced technology microscopes such as SEM and AFM, and the endospore structure
was detected as a hole in the SEM image in Figure 2 and the AFM image in Figure 3. Although the endospore structure
is not seen in most bacteria, it is formed in some bacteria to provide resistance against adverse external conditions.
Considering that the salt tolerance of Halobacillus trueperi is between 0-20%, it can be said that endospore structures
were formed to protect itself from high salt concentrations. The nitrate production, starch hydrolysis, tween 80
hydrolysis and casein hydrolysis were determined as negative while the catalase, oxidase and gelatin hydrolysis test
results were determined as positive in our research and these findings were shown similarity with the results of the
research of Spring et. al. [13].

It was observed that the obtained bacterial extract obtained had a yellow-like color as well as the color of the colony. As
a result of UV-VIS spectrophotometric scanning, peaks at 400, 425, 450 and 480 nm wavelengths were remarkable. The
wavelengths of pigments of Staphylococcus aureus colonies, which were determined as yellow-orange or golden in a
previous study, are similar to these wavelengths: Neo-4,4'-diaponeurosporene C, 430, 405, 428, 456 nm wavelengths,
cis-4,4'-Diaponeurosporenoic acid at wavelengths of 453, 481 nm and Zeta carotene-like pigments at wavelengths of
400, 421, 452 nm [14]. It is thought that these wavelengths obtained in our study are similar to those of Staphylococcus
aureus. It is possible to make pigment characterization with advanced chromatographic methods in future studies.

Halophilic microorganisms are a newly discovered group compared to non-extreme ones. For this reason, they continue
to attract attention day by day thanks to their interesting features. There are already many patents on the use of
halophilic microorganisms in medical and industrial processes [15-20]. Their enzymes, pigments and many secondary
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metabolites that have not yet been identified are very promising. The wide temperature and salt tolerance range of
Halobacillus trueperi, which was isolated and identified in our study, shows its potential to be an important brandy for
industrial processes. In addition, the fact that the species has gelatinase enzyme indicates that it can be a source for
gelatinase enzyme used in medicine and photography sectors [21]. With further studies, quantitative analyzes and
enzyme purification of this enzyme can be performed. In addition, it is thought that it will be beneficial to shed light on
the secondary metabolites of the species with advanced chromatographic methods.
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Abstract: In this study, which is a preliminary assessment, afforestation studies established at different times with different oak species
(Quercus sp.) in the Thrace Region were examined. Accordingly, as a result of the variance analysis applied to the data of the percentage
of survival variable, which is important in terms of adaptation ability, it was determined that there was a statistically significant
difference at the P<0.05 confidence level in terms of afforestation areas. In this respect, as a result of Duncan test performed at P<0.05
confidence level to create homogeneous groups, Ulukonak oak plantation area established with Q. infectoria with a survival rate of
89% is in the first group, and this group is classified with a survival percentage of 78%. Celaliye plantation area established with Q.
cerris species followed. In the study, mean values were determined in terms of afforestation areas regarding the quantitative and
morphological characters determined in the trial areas taken from the oak afforestation areas. When these data are examined, the mean
diameter value varies between 2.3-5.1 cm in Q. petraea afforestation areas of different ages, 2.0-3.6 cm in Q. infectoria afforestation
areas, 3.5 cm in Q. frainetto and Q. cerris. It was determined to be 4.9 cm in. Mean height value varies between 2.36-5.58 m in Q.
petraea afforestation areas, 2.30-2.98 m in Q. infectoria afforestation areas, 3.62 m in Q. frainetto and 3.93m in Q. cerris. has been
found to be. The crown symmetry is generally asymmetrical in all afforestation areas, regardless of the oak species. Stem straightness,
on the other hand, was in the curve category for all afforestation areas. As a result of the variance analysis applied to the average
volume values determined in the sampling areas, a statistically significant difference was determined between the forestation areas at
the P<0.05 confidence level. In this context, afforestation area established with Q. petraea oak species formed the first group with an
average volume value of 0.00930 m?, as a result of Duncan Range Test performed at P<0.05 confidence level to create homogeneous
groups in terms of afforestation areas.

Keywords: Oak, Afforestation, Survival Percentage, Adaptation, Growth

Oz: On degerlendirme niteligindeki bu caligmada Trakya Yoresinde farkli mese tiirleri (Quercus sp.) ile degisik zamanlarda tesis
edilmis agaclandirma ¢alismalar1 incelenmistir. Buna gore, adaptasyon yetenegi agisindan 6nemli olan yasama yiizdesi degiskenine ait
verilere uygulanan varyans analizi sonucunda agaglandirma alanlari itibariyla P<0,05 giiven diizeyinde istatistiki agidan anlamli
farkliligin oldugu belirlenmistir. Bu itibarla homojen gruplari olusturmak i¢in P<0,05 giiven diizeyinde gergeklestirilen Duncan testi
sonucunda, %89’luk yasama ylizdesi ile Q. infectoria ile tesis edilen Ulukonak mese agaglandirma alani ilk grupta yer alirken bu grubu,
%78’1lik yasama yiizdesi degeri ile Q. cerris tiirii ile tesis edilen Celaliye agaglandirma alani izlemistir. Aragtirmada mese agaglandirma
alanlarindan alan 6rnek alanlarda tespit edilen kantitatif ve morfolojik karakterlere iliskin agaglandirma alanlar itibartyla ortalama
degerler saptanmistir. Bu veriler incelendiginde ortalama ¢ap degerinin farkli yaslardaki Q. petraea agaglandirma alanlarinda 2,3-

4,9cm oldugu belirlenmistir. Ortalama boy degerinin Q. petraea agaclandirma alanlarinda 2,36-5,58m arasinda degistigi, Q. infectoria
agaclandirma alanlarinda 2,30-2,98 m arasinda degistigi, Q. frainetto’da 3,62m ve Q. cerris’te 3,93m oldugu tespit edilmistir. Tepe
simetrisi ise tiim agag¢landirma alanlarinda mese tiirleri fark etmeksizin genel olarak asimetrik niteliktedir. Govde diizglinliigii ise yine
tiim agaglandirma alanlar1 icin genel olarak egri kategorisinde yer almustir. Ornekleme alanlarinda belirlenen ortalama hacim
degerlerine uygulanan varyans analizi sonucunda agaglandirma alanlart arasinda P<0,05 giiven diizeyinde istatistiki agidan anlamli
farklilik belirlenmistir. Bu kapsamda agaglandirma alanlart itibariyla homojen gruplari olusturmak ig¢in P<0,05 giiven diizeyinde
gergeklestirilen Duncan testi sonucunda 0,00930 m®’liikk ortalama hacim degeri ile Q. petraea mese tiirii ile tesis edilen agaglandirma

alan1 ilk grubu olugturmustur.

Anahtar Kelimeler: Mese, Agaglandirma, Yasama Yiizdesi, Adaptasyon, Biiylime

1. Introduction

Successful regeneration activities should be conducted in our oak (Quercus sp.) forests because the continuity of natural
forest resources consisting of this important species can be ensured and their productivity can be increased only through
successful natural and artificial regeneration efforts [1]. Regeneration is an urgent silvicultural problem in the majority of
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Tiirkiye's oak stands and, in a significant portion of these problems, it is necessary to make use of artificial means for
stand establishment or implement artificial regeneration as a complement or auxiliary to natural regeneration [2].

Oak forests, which were managed as coppices, have suffered from pressure and indiscriminate use resulting in ecological
imbalances, been deforested, and turned into erosion-prone areas and it is possible to restore their productivity by
converting the existing coppices into managed stands, where appropriate oak species, along with compatible coniferous
species, can be afforested using seedlings or seeds, with adaptation to the ecological conditions of oak forest openings
[3,4]. Saatcioglu [5], stated that converting degraded or coppice oak areas in the Belgrade forests into forests is a
silvicultural necessity for quickly making them productive and the oak species with the highest silvicultural and economic
value and capability should be prioritized during the establishment of forest stands.

Afforestation efforts were carried out with oak (Quercus sp.) species for various purposes in different forest habitats
(Northern Thrace, Inner Thrace, and Catalca) and management directorates (Kirklareli, Vize, Demirkdy, Istanbul) in the
Thrace Region. In the present study, the success performances of afforestation activities conducted with oak at 9 sample
sites in different periods in the Thrace Region were evaluated. Measurements, observations, and records were made on
400 m? sample plots regarding diameter-height, spacing-distance, volume, and some site characteristics to assess the
success of oak afforestation activities. Thus, initial evaluations were made regarding the oak afforestation practices
established at different times in the Thrace Region and some preliminary information for practitioners is provided here.

2. Material and Method
Material
Presentation of study area

As stated by [6, 7], the afforestation areas in Kirklareli, Vize Komiirkdy, Pmarhisar Evciler, Osmancik, and Demirkoy
Lafya Deresi are located within the "North Thrace Mountainous Habitat," whereas the afforestation areas in Yenikdy and
Ulukonak in Kirklareli and Celaliye in Liileburgaz are located within the "Inner Thrace Habitat" region. Furthermore, the
Istanbul Hasdal afforestation area, which was examined as part of the research, is located within the "Catalca Peninsula
Habitat" region (Figure 1).
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Figure 1. Study area [8]
Physiographical characteristics of the sample areas of 20 m x 20 m, which were selected by using the random block

experimental design from the oak afforestation areas to best represent the afforestation areas established in different years
and where the study was carried out are presented in Table 1.
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Table 1. Presentation of afforestation areas

Business . . Planting Slope . Slope Sample
Administration Location Species area (ha)  exposure Height (m) (%) area (m?)
Kirklareli - Pinarhisar Evciler Q. petraea 105 GB 512 40-45 400
Kirklareli — Liileburgaz Yenikoy Q. petraea 215 GD-D 145 10-20 400
Kirklareli — Pinarhisar Osmancik Q. petraea 58 B-KB 187 10-30 400
Kirklareli — Liileburgaz Celaliye Q. cerris 6 KB 164 0-20 400
Kirklareli — Merkez Ulukonak Q. infectoria 17 K-G 150 0-20 400
Demirkdy — Incesirt Incesirt Q. frainetto 215 GB 388 0-20 400
Vize — Kémiirkdy Kizilagag Q. petraea 10.1 K 180 30-40 400
Istanbul - Merkez Hasdal 1-2 Q. infectoria 13.3 GB 180 0-20 400

Moreover, the current status of the afforestation areas, which were established with different oak species in different years
and constitute the research area, and which also serve as a preliminary assessment, is presented in Figure 2.

e ke A v 5 ¥ - J

Figure 2. Kirklareli-Yenikdy, b-Vize-Komiirkoy-Kizilagag, c-Demirkdy-Lafyaderesi oak afforestation areas

Information regarding the edaphic characteristics specified in the implementation projects of the afforestation areas
established with different oak species in different years was utilized in order to determine the edaphic characteristics of
the oak afforestation areas where the study was carried out. Accordingly, except for the area in Demirkdy characterized
as "clay mud," the sample areas are generally characterized as "sandy mud" or "sandy-clay mud." Some soil properties of
the oak afforestation areas, as well as the land preparation operations performed, are presented in Table 2. Furthermore,
the climate types of the afforestation areas determined according to [9] are shown in Table 3.

Table 2. Some soil characteristics of oak afforestation areas by afforestation implementation projects

Locations Years Species Soil processing Bedrock Depth (cm) Soil species
Evciler 1997 Q. petraea DTM+Pal. TR+2’li rip. Gnays-Sist M 31-60/F 60 iz sandy loam
Yenikoy 2001 Q. petraea DTM+Pal. TR+2’1li rip.  Sediment M, F 60 iz Sandy-clay loam
Osmancik 1991 Q. petraea DTM+Pal. TR+2’1li rip.  Sediment M, F 60 iiz sandy loam
Celaliye 1994 Q. cerris DTI+Pal. TR+2’lirip. ~ Sediment M, F 60 iiz sandy loam
Ulukonak 2004 Q. infectoria DTM-+Pal. TR+2’lirip. Sediment M, F 60 iiz Sandy-clay loam
Demirkdy 1993 Q. frainetto  DTI + Pal TR+3’lirip. Effusive M, F 60 iz clay loam
Komiirkoy 1983-1984 Q. petraea DTM+Pal. TR+2’li rip. Metamorphic M 31-60/F 60 iiz sandy loam
Hasdal 1-2 2010-2011 Q. infectoria DTM-+ Pal. TR+3’liirip. Sediment M, F 60 iiz sandy loam

Table 3. Climate types of oak afforestation areas determined according to [9]

Locations Annual avg. precipitation (mm) Annual avg. load. temp (C) Climate type
Evciler 630.1 18.7 Semi-Moist
Yenikdy 575.8 18.4 Semi-Moist
Osmancik 575.8 18.4 Semi-Moist
Celaliye 575.8 184 Semi-Moist
Ulukonak 575.8 18.4 Semi-Moist
Demirkdy 818 17.3 Mosit
Komiirkoy 639.2 18.2 Semi-Moist
Hasdal 1-2 1088.8 17.4 Too Moist
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Digital transportation network to be used in the implementation of the analysis and the evaluation of the analysis result;
Data of the locations of Health Service Centers; border and population data of the neighborhoods within the study area;
The vector data of the houses in the study area were used. Digital road network data of the study area has been obtained,
and corrections have been made.

Method
Measurements and determinations made in afforestation areas

In this preliminary study carried out in order to determine the growth and adaptation capabilities of afforestation activities
conducted with different oak species in different years, quantitative characteristics such as diameter at breast height
(DBH) and total height were measured in sample plots taken randomly from afforestation areas by making use of the
systematic sampling method. In addition, quality parameters such as stem straightness and crown condition were
evaluated by using binary and ternary indices. The average values of DBH, height, and calculated volume per hectare
were calculated for afforestation areas and oak species. The average volumes of oak species were calculated by using the
yield table prepared by [10]. Furthermore, the survival percentage was calculated by utilizing the individual counts
determined and reported per hectare based on the planting spacing distances applied to determine the adaptation
performance of afforestation areas because the survival percentage (success rate) is an important variable used in order
to evaluate afforestation investments from the early years, especially from a technical and biological perspective [11].

Statistical Analyses

The data related to average volume and survival percentage variables were included in statistical analyses for growth
performance and adaptation ability due to age differences in afforestation areas, as well as the differences in planting
spacings. For this purpose, the Kolmogorov-Smirnov (K-S) normality test was first applied to the data related to average
volume and survival percentage variables. After determining that the data showed a normal distribution by using this test,
the One-Way Analysis of Variance (ANOVA) was conducted in order to determine if there was a statistically significant
difference between afforestation areas in terms of average volume and survival percentage variables. In case of a
statistically significant difference between afforestation areas in terms of average volume and survival percentage
variables found ANOVA, the Duncan test was used at a confidence level of P < 0.05 in order to determine the
homogeneous groups. The SPSS 22.0 statistical package program was used in all these statistical analyses. The data of
the survival percentage variable were subjected to Arc.Sin transformation before being subjected to statistical analyses.

3. Result

The number of trees per hectare and the survival percentage values determined in afforestation areas established with
different oak species in different years are presented in Table 4. As a result of the variance analysis applied to the survival
percentage data, a statistically significant difference at a confidence level of P < 0.05 was found between afforestation
areas. Therefore, based on the results of the Duncan test conducted at a confidence level of P < 0.05 to form homogeneous
groups, the Ulukonak oak afforestation area established with Q. infectoria with an 89% survival percentage was found to
be in the first group, followed by the Celaliye afforestation area established with Q. cerris with a 78% survival percentage
(Table 4).

Table 4. Duncan test results and individual count and survival percentage values by afforestation areas
Range x Distance Individual number Survival

Locaiton Species (m) (ha/piece) percentage (%)
Parhisar Q. petraea 2x1.5 2225 66bc

Yenikdy Q. petraea 2x1.5 1575 47d

Osmancik Q. petraea 2x1.5 1650 49d

Celaliye Q. cerris 3x1.25 2075 78b

Ulukonak Q. infectoria 3x1.25 2375 89a

Demirkdy Q. frainetto 2x1.0 3750 75b

Komiirkdy Q. petraea 1.0x1.0 5400 54c

Hasdal 1 Q. infectoria 1x1.5 3050 46d

Hasdal 2 Q. infectoria 2x1.5 1500 45d

The average values of quantitative and morphological characteristics determined in sample plots taken from oak
afforestation areas are given for each oak afforestation area in Table 5. Given these data, it was determined that the
average diameter ranged between 2.3 and 5.1 cm in different-aged Q. petraea afforestation areas, between 2.0 and 3.6 cm
in Q. infectoria afforestation areas, 3.5 cm in Q. frainetto, and 4.9 cm in Q. cerris (Table 5). The average height was
found to vary between 2.36 and 5.58 m in Q. petraea afforestation areas, between 2.30 and 2.98 m in Q. infectoria
afforestation areas, 3.62 m in Q. frainetto, and 3.93 min Q. cerris (Table 5). As a result of the variance analysis applied
to the average volume values found in the sample plots, a statistically significant difference was found between
afforestation areas at a confidence level of P < 0.05. In this context, the Duncan test conducted at a confidence level of P
< 0.05 resulted in the first group being formed by the oak afforestation area established with Q. petraea with an average
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volume of 0.00930 m3. The crown symmetry is generally "asymmetric" in all afforestation areas, regardless of oak species.
Stem straightness is categorized as "curved" for all afforestation areas (Table 5).

Table 5. Average values of quantitative and morphological characteristics of oak species in afforestation areas

Range x  Average Average

Locaiton Species Years Distance diameter A_verage volume Vertex Body

size (m) 3 symmetry  smoothness
(m) (cm) (m°)

Pnarhisar  Q.petraca 21 2x15 2.3 236  0.00246e Asymmetric C”é‘ﬁ;;oo

Yenikdy Q.petraca 17 2x15 43 333 000546c Asymmetric ~ CUTVe-

' ' ' ' ' Smooth

Osmancik Q. petraea 27 32:11 255 3.2 2.92 0.00338d  Asymmetric Curve

Celaliye Q. cerris 24 3x1.25 4.9 3.93 0.00741b  Asymmetric Curve
Ulukonak Q. infectoria 14 3x1.25 3.6 2.98 0.00416cd Asymmetric  Too Curve
Demirkéy Q. frainetto 25 2x1.0 35 3.62 0.00508c  Asymmetric  Too Curve

Komiirkdy Q. petraea 35 1.0x1.0 51 5.58 0.00930a  Symmetric Curve

Hasdal 1 Q. infectoria 8 1x1.5 16 2.47 0.00247e  Asymmetric Curve

Hasdal 2 Q. infectoria 9 2x1.5 2 2.3 0.00209e  Asymmetric Curve

In addition, the diameter and height performances of sessile oak and Hungarian oak were analyzed using the yield tables
prepared by Sahin [12] and Sahin et al. [13], respectively. It was determined that the average diameter and height values
were below the normal growth performances according to all yield tables (Table 6).

Table 6. Average diameter and height values of sessile oak and Hungarian oak in afforestation areas

Average diameter (cm) Average size (m)
Sahin Sahin
Order Locations Species Years Bonitet | Measurement Eraslan etal. | Measurement Eraslan etal.
[9] [9]

[13] [13]

1 Pinarhisar Q. 21 v 2.3 4.36 2.8 2.36 18.5 5.60
petraea

2 Yenikdy Q. 17 Il 43 3.24 3.6 3.33 225 6.00
petraea

3 Osmancik Q. 27 Il 3.2 6.95 5.9 2.92 225 8.27
petraea

6 Demirkdy _Q' 25 I 3.5 6.95 8.0 3.62 26.5 8.50
frainetto

7 Komiirkdy Q. 35 1n-1v 51 6.45 9.5 5.58 18.5 11.75
petraea

4. Discussion

Within the scope of the research, it was determined in the preliminary assessment process that the afforestation areas
established with different oak species in different years generally showed a development trend in the right direction in
terms of fulfilling the projected or planned forest functions. It can be said that the afforestation functions anticipated or
advocated by various researchers [14-16] Saatcioglu, [5] were observed in the oak afforestation areas, which constitute
the research material, in the Trakya Region. Considering the actual growing conditions, it is also of significant importance
in terms of maintaining the ecological balance in the region and ensuring the continuity of the forest ecosystem.

Phenotypic traits of all living organisms are shaped by genetic structure [17-19] and environmental conditions [20].
Environmental conditions consist primarily of climatic [21, 22] and edaphic [23] conditions. Indeed, when evaluated for
the current actual structure, it can be stated that the edaphic conditions, which are one of the important ecological factors
for the development of oak species from the early years, as in all plants, do not pose significant problems or create a
significant development and adaptation issue for oak afforestation areas. As [24] and [12] stated, the region where
afforestation was carried out exhibits a suitable structure in terms of all ecological factors and especially edaphic
characteristics regarding oak afforestation studies.

In light of the initial and preliminary assessments, although the initial values, especially in terms of the survival percentage
(success rate) that is the most important indicator of adaptability, had relatively low values for oak species used in
afforestation activities and afforestation areas (Table 4), it should be noted that it is still difficult to reach a definitive
judgment based on these evaluations. In terms of this variable, oak species, which have different varieties with a wide
geographic variation in different growing conditions, can occasionally have low survival percentage values due to their
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sensitive characteristics in terms of plant nutrition [25-28]. However, especially considering the negative effects of global
warming on all organism populations, this finding further emphasizes the importance of oaks and oak forests both for the
continuity of other organism groups in the forest ecosystem and for soil preservation characteristics [29, 30]. Actually,
previous studies emphasized that the most significant effects of global warming will manifest itself in the form of a general
increase in temperature and drought [31, 32]. In this process, oaks, which stand out with their drought tolerance and high
adaptability, have a special importance.

The oak afforestation carried out using different oak species, which constitute the research material, has not yet exhibited
very highperformance values in terms of quantitative and morphological characteristics that are quite important indicators
of growth performance, as given in Table 5. Especially considering the site differences in terms of breast height diameter,
height, and volume variables, it tends to show a performance below the expected level. However, it should be noted that
different conditions may arise in afforestation areas due to the changing effects of both biotic and abiotic factors each
year, and especially the influence of these factors on growth performance may vary [33]. Saat¢ioglu [2] stated that site
productivity can have a significant effect on the development of oak afforestation and the Site 1l areas in Belgrad Forest
are suitable conditions for oaks. Accordingly, it would be suitable to test the growth performance of oak varieties under
conditions suitable for the Site 11 in the Thrace Region.

5. Conclusion

Considering the results obtained from the present preliminary research, it can be stated that the afforestation activities
conducted with different oak varieties in the Thrace region are highly beneficial and significant in terms of preserving the
ecological balance, nature, and multidimensional forest ecosystems of the region. Therefore, it is crucial to ensure the
preservation and continuity of these afforestation projects, which will provide high benefits for the health of the local
community and soil preservation. Consequently, all necessary measures, especially maintenance works, should be
conducted in afforestation areas in accordance with the appropriate technical procedures. Oak afforestation areas, which
are not yet able to fully perform their ecological and technical functions due to social pressures and grazing damages,
must be particularly protected. In addition, aiming to enhance the contributions of this species to the national economy,
oak afforestation should be continued in suitable areas determined using multidimensional decision-making techniques
in order to meet the raw material needs of the local population and the country's forest industry. Furthermore, it should
always be kept in mind that the success of afforestation- efforts involving sensitive broad-leaved species like oak is
remarkably affected by the quality of seedlings. In this context, successful local origins to be used in such oak afforestation
should be identified, improved seed sources should be established from them, and high-quality and durable seedlings
raised from seeds collected from these sources should be used for afforestation and artificial regeneration practices in
open areas, both in our Thrace region and in different parts of our country.
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Abstract: Knowing the physical and mechanical properties of rocks is important for engineering studies. Because determining the
properties and type of rocks affects the safety of engineering structures. Therefore, this study is important in terms of minimizing
possible errors in engineering studies. Moreover, Automatic detection of rock types reduces the workload of engineers. In this study,
the types of rocks were determined by using some physical and mechanical properties of rocks measured in the laboratory. Rep tree
algorithm and ensemble learning algorithms were used in the study. The success of ensemble learning algorithms in classification was
compared. As a result, it was understood that ensemble learning algorithms increase success. When the logitboost algorithm was used
together with the rep tree algorithm, the Tp rate increased to 0.82. Precision Recall values were 0.80, MCC and AUC were 0.95, kappa
was 0.80. In addition, the FP rate decreased to 0.04. The most successful algorithm in rock classification was the Logistboost algorithm.
The highest performance metrics were obtained in the classification made with the Logistboost algorithm. In addition, 4 different metric
types were calculated to determine the error rates of the algorithms. Logistboost algorithm classified with the lowest error rate.

Keywords: Clasification, Ensemble learning algorithms, Machine learning, Rep tree, Rock

Oz: Kayalarin fiziksel ve mekanik 6zelliklerinin bilinmesi mithendislik ¢alismalari agisindan 6nemlidir. Ciinkii kayalarin 6zelliklerinin
ve tiiriiniin belirlenmesi mithendislik yapilarinin giivenligini etkilemektedir. Kaya tiirlerinin otomatik tespiti mithendislerin is yiikiini
azaltir. Bu ¢alismada kayaglarin laboratuvarda Slgiilen bazi fiziksel ve mekanik 6zellikleri kullanilarak kaya tiirleri belirlenmigtir.
Calismada rep agaci algoritmast ve topluluk Ogrenme algoritmalart kullanilmigtir. Topluluk 6grenme algoritmalarinin
smiflandirmadaki basaris1 karsilastirildi. Sonu¢ olarak topluluk O6grenme algoritmalarinin bagariyr arttirdigi anlasildi. Kaya
smiflandirmasinda en basarili algoritma Logistboost algoritmasi oldu. Logistboost algoritmasi ile yapilan siniflandirmada en yiiksek
performansh metrikler elde edildi. Ayrica algoritmalarin hata oranlarimi belirlemek i¢in 4 farkli metrik tiirii hesaplandi. Logistboost
algoritmasi en diisiik hata oranina ile siniflandirmay: gergeklestirdi.

Anahtar Kelimeler: Smiflandirma, Topluluk 6grenme algoritmalari, Makine 6grenimi, Rep agaci, Kaya
1. Introduction

The determination of the properties of the rocks is important in terms of determining the usage area of the rock. The usage
area is determined according to the type of rock. For example, basalt is often used as an insulation and durable building
material because it is resistant to heat and frost. Basalt as a storage material for high-temperature concentrated solar power
plants was investigated by experiments [1]. Fiber reinforced polymeric composite materials were examined [2]. To
determine the mechanical properties of basalt, uniaxial compressive strength (UCS) and Young's modulus were evaluated
[3]. The geological and mineralogical properties of basalt in Karakalpakstan were investigated [4]. Research has been
done on the use of various rocks in tunnel work. Rock tunnel performance under blast loading was investigated by finite
element analysis [5]. A three-dimensional finite element analysis of the tunnel was performed under static loading
condition and the effect of rock weathering was examined [6]. A simulation model of a rock tunnel with mudstone and
sandstone layers was made [7]. The dynamic stability of the subway tunnel in layered weathered sandstone was analyzed
[8]. Another name for shale is clay stone and it is generally used in the construction industry. It is used to ensure that the
paint is more permanent on the surfaces on which it will be applied. It is used in the manufacture of glass products and
materials. In addition, it is of great importance in the extraction and processing of oil, which is very important in the
energy sector. The complex conductivity of graphitic schists and sandstones was studied [9]. Granite is used in kitchen
counters, sinks in the bathroom, exterior cladding, table and coffee table production, garden stones, decoration
decorations. A study was conducted on the use of waste marble and granite dust in structural applications [10].
Experimental studies were carried out on the physical and mechanical changes of hot granite under different cooling
processes [11]. Geochemical controls of uranium release from neutral-pH rock drainage produced by the weathering of
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granite, gneiss and schist [12]. Sandstone is used in construction, paving of roads and pavements, limestone is used in
soda production, glass industry and sugar production.

Machine learning methods, which have a wide usage area, were also used in studies related to rocks. Artificial neural
network models were used to estimate the unconfined compressive strength of the rock [13]. Supervised machine learning
techniques were used to estimate the tunnel boring machine penetration rate [14]. Petrographic classification of sand and
sandstone was done [15]. Machine learning methods were used for lithology classification using geophysical data [16].
In this study, it was aimed to automatically detect different rock types using their mechanical and physical properties. and
7 different rock types were identified in the study. Ensemble learning algorithms were used to achieve the best
performance.

2. Material and Method

In this study, 7 different rock types collected in Kocaeli were collected [17]. Cylindrical samples with a length of 110
115 mm and a diameter of 54 mm [18,19,20] were prepared from the rock types collected. Ultrasonic pulse velocity,
ultrasonic pulse velocity (UPV), uniaxial compressive strength (UCS), resistivity (Ro), chargeability (M) and porosity (n)
values of the samples were measured [17]. To measure the UPV value, Proseq acoustic pulse velocity test device was
used in accordance with ISRM 1981 and ASTM 1978 standards [17]. The measurements were used to classify rocks. The
rocks used and their properties are given in Table 1.

Table 1. Rocks and their properties

Rocks The properties of the rocks

Lime stone It is a type of sedimentary rock with at least 90% calcium
carbonate (CaCOs) in its chemical composition and at least 90%
calcite mineral in its mineralogical composition.

Arkose It is a type of sandstone. They derive from granitoid igneous
rocks. It contains feldspar and mica fractures.

Sandstone It is a type of sedimentary rock. Contains feldspar and quartz.

Basalt It is a type of igneous rock. It contains high amounts of MgO and
CaO and low amounts of Na20 + Kz0.

Granite Granite is a hard, crystalline mineralized igneous rock. It
contains silicate, quartz and feldspar minerals.

Amphibolite It is a metamorphic rock containing amphibole hornblende and
actinolite.

Schist It is a metamorphic rock

Rep Tree

REP Tree algorithm is a fast algorithm and works with regression tree logic. The information gain criterion is used to
construct the regression tree. It creates multiple trees in iterations and then chooses the best one from the trees it creates.
The pruning method is used to minimize the error.

Bagging

Bagging algorithm is an ensemble learning method for creating a classifier ensemble by combining basic learning
algorithms trained on different samples of the training set [21]. The Bagging algorithm is based on the principle that each
basic learning algorithm that makes up the community is trained on different training sets. Thus, diversity increases. It is
aimed to create different training sets from the data set. Simple random substitution sampling method is generally used
to create the training set. Then, the outputs of the classification methods trained with the training sets are combined
through majority voting.

Adaboost

AdaBoost algorithm is one of the most basic Boosting methods. This algorithm focuses more on samples that are difficult
to classify. The purpose of the algorithm is to increase the classification success [22]. Weight values are changed with
iterations. In each iteration, the weight values of the correctly classified samples are decreased and the weight values of
the incorrectly classified samples are increased. This allows more iterations to be allocated to data samples that are
difficult to classify.
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Logitboost

AdaBoost algorithm can be affected by noises and overfitting problem may occur. It therefore recommends using
LogitBoost for noisy data [23]. Training errors can be reduced by using the Loogitboost algorithm.

3. Result

In this study, laboratory test results were used to determine the physical and mechanical properties of 7 different rock
types. Rep tree algorithm and ensemble learning algorithms from machine learning techniques were used to detect the
types of rocks. The tree structure created by the software for the rep tree algorithm is given in Figure 1. Accordingly, the
root node was chosen as M and the first branching was done. The first branching was done according to whether the M
value was less than 14.25 or greater than 14.25. If the M value is greater than or equal to 14.25, the Ro value was checked
and the rock type was determined. In the other part of the tree, if the n value is greater than or equal to 0.08, the upv value
was checked. If the UPV value was less than 4035 and Schist was larger, it was classified as Amphibolite. In other
branches, n and UCS values were checked and other samples were classified.

P
(m)
<1425 >= 1425
(n) ( Ro)
<008 >= 008 <1145 >= 1145
(\/\n\ ‘\/\UFKV:D ‘.7 Sandstone ‘ Arkose ‘
ol 7N
<002 >= 002 <40355 >=40355
7 o - N
| umestone ] CuesD | schist | Amphibolite
J L= J ey
7
<120 >= 120
) N
Basalt ‘ Granite ‘

Figure 1. Rep Tree

To improve the performance of the rep treee algorithm, 3 different ensemble learning algorithms were used and their
results were compared. For comparison, firstly, the individual confusion matrices of the algorithms are given in Table
2,3,4,5, respectively. It was seen in Confusion matrices that the number of correctly predicted instances increased when
ensemble learning algorithms were used with the Rep tree algorithm. The highest increase in the number of samples was
seen when the Logitboost algorithm was used.

Table 2. Confusion matrix of Rep tree

Predicted
Limestone Arkose Sandstone Basalt Granite Amphibolite Schist

Limestone 10 0 0 2 0 0 0
Arkose 0 10 8 0 0 0 0

S Sandstone 0 10 10 0 0 0 0

< Basalt 0 0 0 9 1 0 0
Granite 0 0 0 1 9 0 0
Amphibolite 0 0 0 0 0 13 1
Schist 0 0 0 0 0 0 12
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Table 3. Confusion matrix of Bagging+Rep Tree

Predicted
Limestone  Arkose Sandstone  Basalt Granite Amphibolite  Schist
Limestone 10 0 0 2 0 0 0
_ Arkose 0 6 12 0 0 0 0
S Sandstone 0 6 14 0 0 0 0
< Basalt 0 0 0 10 0 0 0
Granite 0 0 0 0 10 0 0
Amphibolite 0 0 0 0 0 13 1
Schist 0 0 0 0 0 0 12
Table 4. Confusion matrix of Adaboost+rep tree
Predicted
Limestone Arkose  Sandstone Basalt  Granite Amphibolite  Schist
Limestone 10 0 0 2 0 0 0
_ Arkose 0 11 7 0 0 0 0
S Sandstone 0 8 12 0 0 0 0
< Basalt 0 0 0 9 1 0 0
Granite 0 0 0 1 9 0 0
Amphibolite 0 0 0 0 0 13 1
Schist 12
Table 5. Confusion matrix of Logitboost+rep tree
Predicted
Limestone  Arkose Sandstone Basalt Granite Amphibolite  Schist
Limestone 12 0 0 0 0 0 0
_ Arkose 0 8 10 0 0 0 0
S Sandstone 0 9 11 0 0 0 0
< Basalt 0 0 0 10 0 0 0
Granite 0 0 0 0 10 0 0
Amphibolite 0 0 0 0 0 14 0
Schist 0 0 0 0 0 0 12

Other performance metrics of the algorithms were calculated and given in Table 6. The farther the metric values are from
0, the more successful the algorithm is. These values can be at most 1. The lowest metric values were obtained when
Ensemble learning algorithms were not used. Bagging, Adaboost and Logit boost algorithms increased all performance
metrics. The highest TP Rate was 0.82, the highest Precision, recall, F-Score was 0.80, and the highest AUC was 0.95
when Logitboost+Reptree algorithms were used. The accuracy rates obtained by the algorithms in classification are given
in Figure 2. According to the figure, the highest accuracy value is 80%. This value was obtained when the loogit boost
algorithm and the Reeptree algorithm were used together.

Table 6. Performance metrics of algorithms

TP Rate FP Rate  Precision Recall F-Score  MCC AUC Kappa
Rep Tree 0.76 0.05 0.76 0.76 0.76 0.71 0.91 0.71
Bagging+Rep Tree 0.78 0.05 0.78 0.78 0.77 0.73 0.94 0.74
Adaboost+Reptree 0.79 0.04 0.79 0.79 0.79 0.74 0.95 0.75
Logitboost+Reptree 0.82 0.04 0.80 0.80 0.75 0.95 0.95 0.76
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Accuracy (%)

Logitboost+Reptree
Adaboost+Reptree

Bagging+Rep Tree

Rep Tree
74 75 76 77 78 79 80
Rep Tree Bagging+Rep Tree = Adaboost+Reptree | Logitbhoost+Reptree
B Accuracy 76 78 79 80

Figure 2. The accuracy of the algorithms

Another metric used in performance evaluation is the error metric. There are many error metrics developed for this. In
the study, the error rates of the algorithms were calculated using 4 different metrics and are given in Table 7. It was seen
in the table that the lowest error value was obtained with the Loogit boost algorithm.

Table 7. Error metrics of algorithms

Mean absolute error Root mean squared Relative absolute Root relative squared
error error error
Rep Tree 0.0682 0.2186 28.1285 62.7637
Bagging+Rep Tree 0.0766 0.2053 31.5813 58.9681
Adaboost+Reptree 0.0625 0.2253 25.7863 64.707
Logitboost+Reptree 0.0527 0.183 21.7339 52.5597

4. Discussion and Conclusion

In this study, 7 different rock types were classified using machine learning techniques. Rep tree algorithm, a decision tree
algorithm, was used in classification. For classification, a data set containing ultrasonic pulse velocity, ultrasonic pulse
velocity, uniaxial compressive strength, resistivity, chargeability and porosity values, which are used to determine the
physical and mechanical properties of rocks, was used. As a result of the classification, various performance metrics were
calculated to determine the performance of the algorithm. TP rate, Precision Recall and F-Score values were found to be
0.76, MCC and Kappa values were 0.71, AUC value was 0.91 and FP Rate value was 0.05. Three different Ensemble
Learning Algorithms were then used to improve the performance of the algorithm. As a result, it was seen that the three
algorithms used increased the classification performance. logitboost algorithm was the best performing algorithm among
Ensemble Learning Algorithms. When the logit boost algorithm was used together with the rep tree algorithm, the Tp rate
increased to 0.82. Precision Recall values were 0.80, MCC and AUC were 0.95, kappa was 0.80. In addition, the FP rate
decreased to 0.04. For this reason, it is recommended to use the rep teree algorithm and logitboost algorithm together in
rock classification.
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Abstract: In this study, the effect of the amount of SisN4 on the microstructure and hardness properties of nickel (Ni) matrix silicon
nitride (SiaNa4) reinforced composite materials were investigated. SisN4 was added to Ni at 5%, 10% and 15% by volume. The samples
were produced using cold pressing and pressureless sintering technique. The sintering temperature was 1200 °C and the sintering time
was 1 hour. SEM-EDS and XRD analyzes were used for the microstructure and phase formation analysis of the composites. The
densities of the composites were measured according to the Archimedean principle. To determine the effect of SisN4 on hardness
properties, the microhardness of the samples was measured as Vickers. It was determined from XRD analysis that Ni, Bz (NisSi) and
e-NisSiz2 phases were formed in the microstructure. As the amount of SisN4 increased, both the experimental densities and relative
densities decreased, and the amount of pores partially increased. Due to the distribution strengthening effect of SisN4 in the Ni matrix,
there was an increase in the hardness values and the highest hardness was determined as 135 HV2 with the addition of 15% SiaNa.

Keywords: Ni, SisN4, composite, microstructure, hardness

Oz: Bu galismada, nikel (Ni) matrisli silisyum nitriir (SisN4) takviyeli kompozit malzemelerin mikroyap1 ve sertlik 6zellikleri iizerine
SisNs miktarmin etkisi aragtirilmigtir. Ni igerisine SisNs hacimce % 5, % 10 ve % 15 oraninda ilave edilmistir. Numuneler soguk
presleme ve basingsiz sinterleme teknigi kullanilarak iiretilmistir. Sinterleme sicakligi olarak 1200 °C ve sinterleme siiresi olarak 1 saat
secilmistir. Kompozitlerin mikroyapt ve faz olusumu analizi i¢cin SEM-EDS ve XRD analizleri kullanilmistir. Kompozitlerin
yogunluklart Arsiment prensibine gore dl¢iilmiistiir. SisNa4’iin sertlik 6zelliklerine etkisini belirlemek i¢in numunelerin mikrosertlikleri
Vickers olarak olgiilmiistiir. Mikroyapida Ni, B1 (NisSi) ve &-NisSiz fazlarinin olustugu XRD analizinden tespit edilmistir. SisNa4
miktarinin artmastyla hem deneysel yogunluklarda hem de bagil yogunluklarda azalma meydana gelmis olup, kismen gézenek miktar1
artmistir. SisN4’lin Ni matris igerisinde dagilim mukavemetlendirme etkisi gostermesinden dolayi sertlik degerlerinde artis olmus ve
en yiiksek sertlik %15 Si3Ng ilavesinde 135 HV2 olarak tespit edilmistir.

Anahtar Kelimeler: Ni, SisNs, kompozit, mikroyapi, sertlik
1. Introduction

Metal matrix composites (MMCs) are an engineering combination of a continuous metallic matrix and a reinforcement,
usually ceramic. While aluminum, titanium, copper, nickel, magnesium and their alloys are used as matrix, oxide, carbide,
nitride and borides are used as ceramic reinforcement [1-4]. Ni-based alloys are widely used in chemical plant, nuclear
power plant, oil field and some corrosive environments due to their superior corrosion resistance [5]. However, Ni has
poor mechanical properties for high temperature applications. This drawback can be overcome by producing Ni matrix
composites [6]. There are studies conducted by producing MMCs to improve mechanical properties. Jiang et al. [7]
produced Ni matrix graphene reinforced composites by in-situ method and stated that graphene in Ni increased the
strength. Islak et al. [8] by adding TiC to the Ni-based alloy powder, they produced the NiCrBSi matrix TiC reinforced
composite by hot pressing technique, one of the powder metallurgy methods, and stated that the friction coefficients
decreased and the hardnesses increased as the TiC ratio increased. Islak et al. in a different study [9], they produced hybrid
composites by powder metallurgy method by adding carbon nanofiber (CNF) and boron carbide (B4C) to the nickel
matrix. They reported that the hardness increased by 44% and the wear rate decreased by approximately 10 times in the
Ni-10B4C-2CNF composite compared to neat Ni.

Covalently bonded silicon nitride (SisN4) ceramics have been studied in recent years for shaping, sintering and
microstructure control in high temperature and wear resistant applications due to their attractive combination of
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mechanical and thermal properties [10]. Because of its superior properties and because it has never been added to the Ni
matrix in previous studies, we planned to produce Ni-SisN4 composite and examine some of its properties in this study.

2. Material and Method

In this study, Ni powder with 2 pm grain size and 99.5% purity and SizN4 powder with 10 pm grain size and 99.9% purity
were used to produce Ni-SisN4 composites. Ni powder was obtained from Nanokar Nanotechnology company, and SizNa
powder was obtained from Nanografi Nanotechnology company. The powders were mixed in the turbula for 1 hour in
the proportions given in Table 1, and were cold pressed in the hydraulic press at 600 MPa pressure in the form of pellets
with a diameter of 20 mm and a thickness of 5 mm. Then, the pellets were sintered in a tube furnace at 1200 °C for 1 hour
in an argon atmosphere.

Table 1. Powder composition rates in composite production

Sample group Composition (vol.%)
Ni SizN4
NOS 100 0
N5S 95 5
N10S 90 10
N15S 85 15

The samples were sanded using 320-2000 mesh grit sandpaper and polished with diamond solution. Then, it was etched
for microstructure imaging in 100 ml distilled water + 25 ml hydrochloric acid + 8 g iron (111) chloride solution. FEI
QUANTA 250 FEG brand scanning electron microscope, and X-ray diffraction (Bruker D8 Advance) analyzes were used
to examine the microstructure of samples and determine phase compound. The experimental densities of the samples
were measured according to the Archimedes principle, as specified in ASTM B 962 [11]. The hardness of the samples
was determined using the Shimadzu HMV-G21 model microhardness device according to the ASTM E92-17 standard
[12] at a load of 2 kg and a dwell time of 15 seconds. Measurements were made from 5 different points for each test and
average values presented in the study.

3. Result and Discussions

SEM-EDS analysis of the pure Ni matrix is given in Figure 1. It is clearly seen from the SEM photo in Figure 1a that very
little porosity occurs in the sample. Again, according to the SEM photo, it is understood that a compact structure has been
formed. However, scratches formed during metallographic sample preparation are also noticeable. In the EDS analysis of
the NOS sample, it is seen that the structure consists of 100% Ni and there is no oxygen in the structure. The absence of
oxygen caused the Ni powder particles to bond better with each other during the sintering process.
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Figure 1. For the NOS (Ni) sample: (a) SEM photograph, and (b) EDS analysis

Figure 2 shows general SEM, detailed SEM and EDS analysis of Ni-15%SisN4 composite. It is understood from SEM
photographs that a phase transformation microstructure is formed. The reason for this may be that there is partial melting
during the sintering process. It can be seen from Figure 2a that the microstructure has a dendritic morphology. €-NisSi>
precipitates were formed between the Ni+B1-NisSi phase dendritic arms (Figure 2b). It is clear from the EDS analysis of
point 1 and point 2 in Figure 2c that the mentioned structures are formed. The formation of these phases is given in the
XRD graph in Figure 3. When Si3N4 was added to Ni, the amount of Ni phase decreased and B1-NisSi and &-NisSi-> phases
became evident. Xie et al. [13] in their study, it was determined that dendritic structures were formed and the above-
mentioned phases were formed. Oxidation has occurred in the dendritic arms. The presence of oxygen in the EDS analysis
at point 3 also supports this. The oxide formation here may have occurred in the form of SiO,. Shen et al. [14] reported
that black mottled SiO; structure was formed by oxidation of silicon in their study.
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Figure 2. For the N15S (Ni;iS%Si§N4) sample: (é) general SEM photograph, (b) detailed SEM photograph of area A,
and (c) EDS analysis
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Figure 3. XRD analysis graph of NOS and N15S samples

Figure 4 gives a graph showing the effect of SisN4 addition on experimental density, relative density and porosity of Ni-
SisN4 composites. According to the graph, experimental density and relative density decreased and porosity increased
with increasing the addition of SisN4. While the experimental densities for NOS, N5S, N10S and N15S were 8.64 g/cm3,
7.95 glcm®, 7.55 g/cm? and 7.21 g/cm?®, respectively, the relative densities were calculated as 97.06%, 92.30%, 90.67%
and 89.68%, respectively. The reason for the decrease in density is that the density of the reinforcing element SisN4 (3.17
g/cm?®) is quite low compared to the density of the Ni matrix (8.9 g/cm?). Islak and Celik [15] added B4C to bronze and
produced bronze-B4C diamond sockets and reported that the densities decreased as the amount of B4C increased. Kriewah
and Islak [16] reported that reinforcement elements with low density compared to the matrix reduce the density of the
composite. The reason for the decrease in relative densities is based on two fundamentals. The first of these is that the
ceramic particles added to the metallic matrix negatively affect the sinterability and prevent the matrix particles from
necking. The other is the melting temperature difference between the matrix and the reinforcement elements [17]. The
porosity rates were calculated as 2.94%, 7.70%, 9.33% and 10.32% for NOS, N5S, N10S and N15S, respectively. The
increase in porosity can be associated with the reasons for the decrease in relative density.
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Figure 4. Experimental density, relative density, and amount of porosity of the samples.

Figure 5 shows the effect of SisN4 reinforcement on hardness values, which is the most basic mechanical property
determination test for Ni-SisN4 composites. While the hardness value measured for the pure NOS sample is 105 HV2, the
hardness values for N5S, N10S and N15S with the addition of SisN4 are 110 HV2, 123 HV2 and 134 HV2, respectively.
The increase in hardness is clearly seen with the addition of SisN4. With the addition of 15% SisNa4, the hardness increase
was 28% compared to the sample without additives. It can be said that this increase in hardness is caused by the
distribution of the SisN4 reinforcement element in the matrix [18]. In other words, the increase in hardness can be
explained by the mixing rule. Mixing rule for materials with high relative density (Equation 1):

H¢ = Hyyfm + He fr @)

Here, Hc is the hardness of the composite, Hy, is the hardness of the matrix, H; is the hardness of the reinforcement element,
and f, and f; are the volumetric ratio of the matrix and reinforcement element, respectively [19-21]. Buytoz et al. [22]
stated that TiC particles in Cu-TiC composites produced by hot pressing technique caused higher dislocation density in
the composite. This causes an increase in hardness. Additionally, ceramic particles added to composites cause an increase
in strength by preventing the movement of dislocations [23, 24].
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Figure 5. Hardness graph of Ni-SisN4 composites
4. Conclusion
The following results were obtained in the study on the properties of Ni matrix SisN4 reinforced composites produced by

powder metallurgy.

A compact and less porous microstructure was obtained in the pure Ni sample. With SisN4 addition, the microstructure
had a dendritic morphology.

According to XRD analysis, Ni, B1-NisSi and &-NisSi, phases were formed in the microstructure. Ni+B1-NizSi phase was
formed in the dendrite arms, and &-NisSi> phase was formed between the dendrite arms. The formation of these phases is
also supported by EDS analysis.
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With the increase of SisN4 contribution, there was a decrease in experimental and relative densities, an increase in
porosity, and a significant increase in hardness values. With the addition of 15% SisNa, there was a 28% increase in
hardness compared to the sample without additive.
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Abstract: Boron is one of the most important elements on the agenda in recent years, both because it is a micronutrient for plants and
because it is used in more than 250 fields in industry. Due to its intensive use and the continuous expansion of these areas of use, the
concentrations of boron, which is produced more and more, are constantly increasing in receiving environments. However, boron, one
of the important heavy metals, can cause significant health problems when inhaled from the air and taken into the human body.
Therefore, monitoring the changes in boron concentration in the air is of great importance. In this study, the change of boron
concentration in Pinus pinaster, Cupressus arizonica, Picea orientalis, Cedrus atlantica and Pseudotsuga menziesii species growing
in Diizce, which is among the 5 most polluted cities in Europe, was examined on the basis of species, organ, direction and period in
the last 40 years. The results of the study generally showed that boron concentrations did not change significantly on the basis of
direction and year interval. Similarly, boron concentration in wood did not change significantly by species, whereas the change in
boron concentration in bark was found to be statistically significant. According to the mean values, the lowest values were obtained in
P. menziesii and the highest values were obtained in C. arizonica.

Keywords: Heavy metal, boron, biomonitor

Oz: Bor, hem bitkiler igin mikro besin olmasi hem de sanayide 250'den fazla alanda kullanilmasi nedeniyle son yillarin giindemdeki
en onemli unsurlardan biridir. Yogun kullanimi ve bu kullanim alanlarinin siirekli genislemesi nedeniyle her gegen giin daha fazla
iiretilen borun, alic1 ortamlardaki konsantrasyonlar siirekli artmaktadir. Ancak 6nemli agir metallerden biri olan bor, havadan solunarak
insan viicuduna alindiginda 6nemli saglik sorunlarina yol agabilmektedir. Bu nedenle havadaki bor konsantrasyonundaki degisimlerin
izlenmesi biiyilk 6nem tagimaktadir. Bu ¢aligmada Avrupa'nin en kirli 5 sehri arasinda yer alan Diizce'de yetisen Pinus pinaster,
Cupressus arizonica, Picea orientalis, Cedrus atlantica ve Pseudotsuga menziesii tiirlerinde bor konsantrasyonunun degisimi tiir,
organ, son 40 yilin yonii ve dénemi incelenmistir. Caligma sonuglari genel olarak bor konsantrasyonlarinin yon ve yil araligina gére
o6nemli bir degisim olmadigini gostermistir. Benzer sekilde odundaki bor konsantrasyonu tiirlere gére dnemli bir degisim gostermezken,
agag¢ kabugundaki bor konsantrasyonunun degisimi istatistiksel olarak anlamli bulunmustur. Ortalama degerlere gore en diisiik degerler
P. menziesii'de, en yiiksek degerler ise C. arizonica'da elde edilmistir.

Anahtar Kelimeler: Agir metal, Bor, Biyomonitor
1. Introduction

Plants are the most important living groups that form the basis of life on earth due to their ability to photosynthesize [1-
3]. Plant growth is largely dependent on climatic and edaphic factors [4-6]. One of the most important factors shaping
plant growth is nutrients. Nutrients are classified as macro and micronutrients and are absolutely essential for plant growth
[7-9].

Boron (B) is the only nonmetal element among microelements. Boron enables the formation of cell walls and tissue
regeneration in plants, activates some dehydrogenase enzymes, and plays a role in carbohydrate biosynthesis. It is
effective on nucleic acid and protein metabolism. It plays a role in the replacement of sugars within the plant [10].
However, B is also a heavy metal [11]. Its high concentration in soil and water has a toxic effect on plants. In old leaves,
leaf tips turn yellow and necrosis occurs. Symptoms then spread to the leaf margins and midrib. Leaves take a burnt
appearance and fall off early [10]. Boron is used in more than 250 areas of industry, including construction, health,
ceramics, ceramics, glass, cleaning, metallurgy, metallurgy, aerospace and aeronautics, as it increases the physical,
chemical and technological properties of the materials it is a component of due to its ability to compound with organic
and inorganic materials [12]. Therefore, the concentration of boron in receiving environments such as air, water and soil
is constantly increasing.
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Studies have shown that heavy metals, even those necessary as nutrients for living organisms, are harmful to health at
high concentrations [13-15]. Especially heavy metals inhaled from the air can cause many health problems and even death
in humans [16-20]. Studies reveal that approximately 7 million human deaths and more than 4 million premature births
are associated with air pollution every year worldwide [17]. According to data from the European Environment Agency,
air pollution is the single biggest environmental problem in Europe [21]. Worldwide, environmental pollution is shown
as the most important global problem along with global warming [22-24] and urbanization [25-26]. Heavy metals are the
most dangerous and harmful components of air pollution [27]. Therefore, it is of great importance to monitor the changes
in heavy metal concentrations in the air and reduce the concentrations in polluted areas [28]. It is known that plants are
the most effective tool for monitoring and reducing heavy metal pollution [29-30]. Previous studies have shown that tree
annual rings can be used effectively in monitoring heavy metal pollution in air [31-32]. However, it is emphasized that
the plant species that can be used in monitoring the change of each heavy metal pollution and reducing pollution should
be determined separately [33]. In this study, it was aimed to determine the most suitable tree species for monitoring and
reducing the change of Boron pollution in the air over the years.

2. Material and Method

The study was conducted on Pinus pinaster (Pp), Cupressus arizonica (Cpa), Picea orientalis (Po), Cedrus atlantica
(Cda) and Pseudotsuga menziesii (Pm) species growing in Diizce city center. The species subject to the study are
frequently used in landscape studies, especially in Europe. Diizce, where the study was conducted, is among the 5 most
polluted cities in Europe according to the 2021 World Air Pollution report [34]. Previously, the changes of Cr [28], Bi
[35] and T1 [36] elements in the city center of Diizce province were determined using these tree species. Within the scope
of the study, the materials and methods used in these studies were used. At the end of the vegetation season in 2022, the
main trunks of the trees subject to the study were cut at a height of about 50 cm from the ground by marking the north
direction and trunk stump samples with a thickness of about ten cm were taken and Boron concentrations were determined
using ICP-OES after pre-treatment. This method is one of the most frequently used methods in recent years to determine
heavy metal concentrations in plant organs such as soil [37-40], leaves [41-42] and wood [43]. The values obtained as a
result of the study were evaluated with the help of SPSS package program, analysis of variance and Duncan test were
applied to the data. Thus, the variation of boron concentration (ppb) on the basis of species, organ, direction and year
range was determined.

3. Result

The variation of B concentration by species and direction is given in Table 1.

Table 1. Variation of B concentration by species and direction

Species North East South West Average
Pp 4204.9° 7329.7° 5988.8 2953.3¢ 5119.1%
Cpa 12246.0¢ 9395.7¢ 5179.3 5708.4° 8132.3°
Po 4053.62 6142.2% 3877.7 14808.4° 7277.2%
Cda 4035.9° 4864.6° 6014.1 5949.42 6716.0%¢
Pm 4794.02 4091.52 2893.3 6878.72 4694.52
F Value 25.1%** 8.8*** 2.0ns 2.8* 3.3*

According to results of Duncan's test, values followed by the different letters (a and b) refer significant differences among species
within each direction. ns = not significant; * = p<0.05; *** = p<0.001.

When the values in the table are examined, it was determined that the change in B concentration on species basis was
statistically significant in all directions except south. In the north direction, the highest value was obtained in Cpa, while
the lowest values were obtained in Pp, Po and Pm species. In the east direction, the highest value was observed in Cpa
while the lowest values were observed in Cda and Pm. In the west direction, the highest value was found in Po species.
According to the average values, the lowest value was obtained in Pm species. The variation of B concentration by species
and organ is given in Table 2.

According to the results of analysis of variance, it was determined that the change in B concentration was statistically
significant only in the barks on species basis. In the outer bark, the highest value was observed in Cpa, while the lowest
value was observed in Pp and Po. In the inner bark, the highest value was obtained in Cpa while the lowest value was
obtained in Pm. According to the average values, the lowest value was observed in the inner bark and wood, while the
highest value was obtained in the outer bark. The variation of B concentration by period and direction is given in Table
3.

74



Aricak & Kulag KUJES, 9(2):73-82, 2023

Table 2. Variation of B concentration by species and organ

Species Outer bark Inner bark Wood Average
Pp 7508.12 7191.3° 4561.5 4561.5
Cpa 18523.3¢ 10432.6¢ 56545.9 6545.9
Po 7056.5% 7668.9% 7254.4 72544
Cda 13612.4° 7682.5 5733.1 5733.1
Pm 11499.6b 2964.2a 4017.9 4017.9
F Value 24 1%** 8.3*** 1.9ns 1.9ns
Average 11640.08 7187.9A 5622.2A

According to results of Duncan’s test, values followed by the different letters (a and b) refer significant differences among species
within each direction. ns = not significant; *** = p<0.001. Capital letters indicate the difference between average values within organs.

Table 3. Variation of B concentration by period and direction

AGE North East South West F Value Average
2018-2022 6775.8% 4470.5% 3380.7% 4653.0° 1.8ns 4858.8?

2013-2017 4526.3? 3825.12 2997.0% 3999.22 1.0ns 3837.6°

2008-2012 5231.12 6392.23¢ 8601.8¢ 462252 1.1ns 6211.9%
2003-2007 5053.982 4868.982 2466.0A% 2768.94 4.7%* 3789.42

1998-2002 8663.1B2 7394.180¢ 1954742 3590.942 8.6%** 5400.72

1993-1997 4705.6%2 4891.6/% 3543.7A® 24183.47 3.7* 9331.1°

1988-1992 7685.8? 8010.8¢ 6253.3% 3782.22 1.9ns 6433.0%
1983-1987 5819.582 6059.3Babc 2672.3/® 5335.282 3.5* 4914.32

F Value 1.3ns 2.6* 3.3** 3.2%* 2.2*

According to results of Duncan’s test, values followed by the different letters (a and b) refer significant differences among species
within each direction. ns = not significant; * = p<0.05; ** = p<0.01; *** = p<0.001.

Considering the above values, the change in B concentration is statistically significant in all periods except 1988-1992,
2008-2012, 2013-2017 and 2018-2022. In all directions except the north, the change in B concentration on a period basis
is statistically significant. The highest value in the eastern direction was observed in the period 1988-1992, the highest
value in the southern direction in the period 2008-2012 and the highest value in the western direction in the period 1993-
1997. According to the mean values, the highest value was obtained in the period 1993-1997. Changes in B concentration
by organ and direction are given in Table 4.

Table 4. Variation of B concentration by organ and direction

ORGAN North East South West F Value
Outer bark 13094.3¢ 11162.7° 10415.9° 11887.12 0.6 ns
Inner bark 9113.2° 6243.52 5620.92 7773.92 2.5ns
Wood 6057.62 5853.8? 3983.78 6616.92 1.8ns
F Value 15.2%** 12.7%** 11.5%** 0.8 ns

Average 7066.9 6473.2 4790.7 7259.6 2.5ns

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ns = not significant; *** = p<0.001.

When the results are examined, the change in B concentration in all organs on the basis of direction is not statistically
significant. It is statistically significant on organ basis in all directions except west. For the north direction, it is possible
to rank wood<inner bark<outer bark. In the east and south directions, the highest value was seen in the outer bark, while
the lowest value was seen in the inner bark and wood. The variation of B concentration in P. pinaster by organ and
direction is given in Table 5.
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Table 5. Variation of B concentration by organ and direction in P. pinaster

ORGAN North East South West F Value Average
Outer bark 8315.2¢ 9367.7° 6084.6~ 6265.08¢ 1334.4*** 7508.1
Inner bark 10730.25¢ 8616.0¢ 4045.7A 5373.480 4767.7*** 7191.3
Wood 2875.4A2 6914.18 6219.78 2236.842 5.2%* 4561.5
F Value 111.6%** 0.8 ns 0.0ns 489.7%** 3.0ns
Average 4204.978 7329.7¢ 5988.88¢ 2953.3A 4.8**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ns = not significant; ** = p<0.01; *** = p<0.001. Capital letters indicate the difference between average values
within organs.

When the results in the table are examined, it is determined that the change in B concentration in P. pinaster is statistically
significant in all organs on the basis of direction. In all directions except north and west, the change in B concentration is
not statistically significant. For the outer bark, we can make the order south<west<north<east. For the inner bark, this
order is south<west<east<north. In wood, the highest values were observed in the east and south directions, while the
lowest values were obtained in the west and north directions. According to the mean values, the lowest value was observed
in the west and the highest value in the east. According to the mean values, there is no statistically significant difference
between the organs. The variation of B concentration in P. pinaster by period and direction is given in Table 6.

Table 6. Variation of B concentration in P. pinaster wood by period and direction

AGE North East South West F Value Average
2018-2022 2644.784 3191.5Pp 2891.2C¢ 2478.6AF 557.8*** 2801.5%
2013-2017 2499.1B¢ 2824.4Pa 2736.1% 1912.74 335.5%** 2493.12
2008-2012 2778.2%¢ 15313.78" 30022.2¢9 2669.349 73391.6%** 12695.8°
2003-2007 1523.87 8561.209 1998.685¢ 2255.2¢d 16490.6*** 3584.72
1998-2002 4007.6%9 6056.2°¢ 1853.67° 2273.08d 8690.3*** 3547.62
1993-1997 4361.85" 4934.9¢¢ 5650.7°f 1822.8%2 3721.4%** 419252
1988-1992 3859.6°F 7687.5°f 1748.172 2087.28¢ 1281.2*** 3845.62
1983-1987 1328.4%2 6743.5P¢ 2857.2¢¢ 2395.78¢ 7976.9%** 3331.22
F Value 2635.4*** 4185.3*** 78024.4*** 340.6*** 6.5***
Average 2875.4° 6914.18 6219.78 2236.8% 5.2%*

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ** = p<0.01; *** = p<0.001. Capital letters indicate the difference between average values within organs.

According to the results of analysis of variance, it was determined that the change of B concentration in all woods was
statistically significant in all periods on the basis of direction and in all directions on the basis of period. The highest value
in the north direction was obtained in the period 1993-1997, while the highest value in the west, east and south directions
was obtained in the period 2008-2012. According to the average values, the lowest value was observed in the north and
west directions, while the highest value was observed in the east and south directions. The variation of B concentration
in C. arizonica by organ and direction is given in Table 7.

Table 7. Variation of B concentration in C. arizonica by organ and direction

ORGAN North East South West F Value Average
Outer bark 16103.88 23256.9P° 19407.3¢¢ 15325.240 1038.8*** 18523.3¢
Inner bark 10879.28 7609.372 7344370 15897.4¢0 1502.7*** 10432.6°
Wood 11934.6° 7886.382 3130.272 3232.7Aa 31.8%** 6545.92
F Value 0.8ns 20.8*** 635.1%** 955.8*** 33.6%**
Average 12246.0¢ 9395.78 5179.3* 5708.44 11.3%**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences
among species within each direction. ns = not significant; *** = p<0.001. Capital letters indicate the difference between
average values within organs.
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Considering the results, it was determined that the change in B concentration in C. arizonica was statistically significant
in all directions except north, organ-wise and in all organs, direction-wise. For the outer bark, it is possible to make the
order of west<north<south<east. In the inner bark, the highest value was observed in the west direction, while the lowest
values were observed in the east and south directions. In wood, the lowest value was obtained in the south and west
directions, while the highest value was obtained in the north direction. According to the average values, we can sort
wood<inner bark<outer bark. In addition, when we look at the average values, the lowest values were obtained in the
south and west directions, while the highest value was obtained in the north direction. The variation of B concentration
in C. arizonica by period and direction is given in Table 8.

Table 8. Variation of B concentration in C. arizonica wood by period and direction

AGE North East South West F Value Average
2018-2022 19174.4P9 6615.8%¢ 3922.68¢ 2392.44a 78162.1%** 8026.3%
2013-2017 11638.7¢ 6754.0¢¢ 4208.6"9 4366.789 7505.4%** 6742.0%
2008-2012 5389.5P0 3002.782 4032.4°f 2481.67 14076.4*** 3726.6°
2003-2007 7801.7¢¢ 4270.2Bb 2155.52 3469.4A8¢ 22.2%** 4424 .2?
1998-2002 21696.9P" 9613.5%¢ 2387.14 4010.15f 35215.5%** 9426.9°
1993-1997 11994.0P¢ 9521,0%d 3420.48¢ 2750.24¢ 3634.2%** 6921.4%
1988-1992 13281.8¢f 17234.9P¢ 2487.17¢ 3212.78d 12200.8*** 9054.1°
1983-1987 4499.5¢2 6078.85¢ 2428.14¢ 3178.28d 7351.5%** 4046.12
F Value 9074.5*** 145.8*** 838.9*** 1172 .4%** 2.5*
Average 11934.6¢ 7886.38 3130.24 3232.7A 31.8%**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. * = p<0.05; *** = p<0.001. Capital letters indicate the difference between average values within organs.

When the values were examined, it was determined that the change of B concentration in C. arizonica wood was
statistically significant in all periods on the basis of direction and in all directions on the basis of period. The highest value
in the north direction was obtained in the period 1998-2002, the highest value in the east direction was obtained in the
period 1988-1992, and the highest value in the south and west directions was obtained in the period 2013-2017. According
to the average values, the highest value was observed in the period 1988-1992. According to the average values, the
lowest value was observed in the south and west directions, while the highest value was observed in the north direction.
The variation of B concentration in P. orientalis by organ and direction is given in Table 9.

Table 9. Variation of B concentration in P. orientalis by organ and direction

ORGAN North East South West F Value Average
Outer bark 9435.4"¢ 4709.2A 6599.080 7482.5¢ 503.8*** 7056.5
Inner bark 5303.44 6301.08 10245.5P¢ 8825.9¢ 10065.3*** 7668.9

Wood 3224672 6354.548 2741.5% 16472.08 2.9* 72544

F Value 27.9%** 0.9 ns 263.5*** 0.1ns 0.0ns

Average 4053.6» 6142.2A 3877.7A 14808.48 3.0*

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ns = not significant; * = p<0.05; *** = p<0.001. Capital letters indicate the difference between average values
within organs.

According to the results in the table, the change in B concentration in P. orientalis is statistically significant in all organs
on the basis of direction. In all directions except the north and south directions, the change in B concentration is not
statistically significant. For the north direction, we can make the order of wood<inner bark<outer bark. In the south
direction, this order is wood<outer bark<inner bark. The highest value in the outer bark was obtained in the north
direction, the highest value in the inner bark in the south direction and the highest value in the wood in the west direction.
According to the average values, the lowest values were observed in the north, south and east directions, while the highest
value was observed in the west direction. The variation of B concentration in P. orientalis by period and direction is given
in Table 10.
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Table 10. Variation of B concentration in P. orientalis wood by period and direction

AGE North East South West F Value Average
2018-2022 5481.0¢f UL 3121.48¢ 2330.9% 2757.1%** 3644.42
2013-2017 2355.08° UL 2298.94¢ 3900.5¢¢ 3234.0%** 2851.52
2008-2012 2671.28d 5701.5P0 1992 5A¢ 3137.0¢¢ 11658.6*** 3375.62
2003-2007 2369.540 6013.5P¢ 2715.0%d 2608.1B0 7782.1%** 3426.5?
1998-2002 2564.28¢ 6967.5P¢ 1780.1% 6204.9¢f 3507.1%** 4379.2%
1993-1997 1475.6% 5695.2¢° 3491.08¢ 106874.5P9 538800.5*** 29384.1°
1988-1992 3025.6%¢ 10392.5¢ 3132.68¢ 3117.98¢ 26494 4%*** 4917.22
1983-1987 5854.8C9 3356.742 3400.8Af 3602.08d 873.9%** 4053.6?

F Value 2802.1%** 3820.3*** 867.9%** 466546.0%** 3.2%*
Average 3224.64 6354.548 2741.54 16472.08 2.9*

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. UL = Undetectable limit; * = p<0.05; ** = p<0.01; *** = p<0.001. Capital letters indicate the difference between
average values within organs.

When the variance analysis results were examined, it was determined that the change of B concentration in P. orientalis
wood was statistically significant in all periods on the basis of direction and in all directions on the basis of period. The
highest value in the northern direction was observed in the period 1983-1987, the highest value in the eastern direction in
the period 1988-1992, and the highest value in the southern and western directions in the period 1993-1997. According
to the average values, the highest value was obtained in the period 1993-1997.

Again, according to the average values, the lowest value was observed in the north and south directions, while the highest
value was observed in the west direction. In addition, the change in B concentration in the eastern direction in the periods
2013-2017 and 2018-2022 was below the determinable limits. The variation of B concentration in C. atlantica by organ
and direction is given in Table 11. When the results are examined, it is seen that the change in B concentration is
statistically significant in all organs on the basis of direction. In all periods except north and west, the change in B
concentration is not statistically significant. For the outer bark, we can rank east<south<north<west. For the inner bark,
the order is south<east<west<north. In wood, the highest values were observed in the north direction, while the lowest
values were observed in the east, south and west directions.

According to the average values, the lowest values were obtained in the east, south and west directions, while the highest
value was obtained in the north direction. The variation of B concentration in C. atlantica by period and direction is given
in Table 12. When the values were examined, it was determined that the change of B concentration in C. atlantica wood
was statistically significant in all periods on the basis of direction and in all directions on the basis of period. The highest
value in the north and east directions was observed in the period 1998-2002, while the highest value in the south direction
was observed in the period 1988-1992. In the west direction, the highest value was obtained in the period 1988-1992,
while the lowest value was obtained in the period 2013-2017. According to the average values, the highest value was
observed in the 1988-1992 period and the lowest value was observed in the 2013-2017 period. Again, according to the
average values, the lowest value was obtained in the east, south and west directions, while the highest value was found in
the north direction. The variation of B concentration in P. menziesii by organ and direction is given in Table 13.

Table 11. Variation of B concentration in C. atlantica by organ and direction

ORGAN North East South West F Value Average
Outer bark 14789.9¢ 7685.9A 10627.68 21346.200 10228.1*** 13612.4°
Inner bark 16248.4P> 5121.68 4053.2A 5306.8%2 39509.0*** 7682.5°

Wood 8665.182 4479.7A 5682.6~ 4105.2%2 6.3** 5733.12

F Value 6.3** 2.7ns 1.3ns 127.3*** 16.4***

Average 10035.98 4864.64 6014.14 5949.4A 6.9%**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ns = not significant; ** = p<0.01; *** = p<0.001. Capital letters indicate the difference between average values
within organs.
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Table 12. Variation of B concentration in C. atlantica wood by period and direction

AGE North East South West F Value Average
2018-2022 2322.9% 3604.38¢ 3910.0¢ 4794.6°f 2813.5%** 3658.0%
2013-2017 2531.98° 3168.3¢¢ 3974.6P¢ 2367.742 T72.4%%* 3010.62
2008-2012 11044.2%4 3039.24 4861.5%f 4439.08¢ 16343.9*** 5846.0%
2003-2007 11602.70¢ 3181.78¢ 3485.7¢¢ 2587.34 26829.6*** 5214.4%®
1998-2002 13199.1P" 9009.8¢f 2050.542 3211.08¢ 5285.2%** 6867.6°
1993-1997 4003.0P¢ 3126.44¢ 3467.58¢ 3616.6% 195.3%** 3553.3%
1988-1992 12595.9%9 2650.0°2 20636.0P9 8607.989 13267.5*** 11122.4¢
1983-1987 12021.20f 8058.3¢¢ 3075.14 3217.28¢ 21018.9*** 6592.9°

F Value 5223.1%** 19455.8*** 110403.5*** 2397.0%** 5.9%**
Average 10035.98 4864.6" 6014.14 5949.4A 6.9%**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. *** = p<0.001. Capital letters indicate the difference between average values within organs.

Table 13. Variation of B concentration in P. menziesii by organ and direction

ORGAN North East South West F Value Average
Outer bark 16827.0P° 10793.8%® 9361.08° 9016.8~ 2056.3*** 11499.6°
Inner bark 2405.0%2 3569.482 2416.17 3466.28 152.4%*** 2964.28

Wood 3588.5% 3061.5% 2144 5% 7038.08 16.8*** 4017.92

F Value 123.3*** 38.9%** 211.5*** 14ns 35.1***

Average 4794.04 4091.54 2893.3A 6878.78 15.9%**

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. ns = not significant; *** = p<0.001. Capital letters indicate the difference between average values within organs.

Table 14. Variation of B concentration in P. menziesii wood by period and direction

AGE North East South West F Value Average
2018-2022 4256.08¢ UL 3058.2Af 11268.7¢¢ 4063.3*** 6194.3¢
2013-2017 3607.0% 2553.98¢ 1767.14¢ 7448.6"¢ 2596.5*** 3844.13%¢
2008-2012 4272.08¢ 4904.1¢d 2100.74¢ 10385.8Pf 5719.1*** 5415.60
2003-2007 1971.84¢ 2317.98° 1975.5Ad 2924.7¢¢ 3570.1*** 2297.5%
1998-2002 1847.68° 5323.4%¢ 1702.5Abc 2255.7¢b 11822.9*** 2782.32
1993-1997 1693.582 1180.742 1689.28° 5852.8¢d 667.7*** 2604.12
1988-1992 5666.1P9 2088.98° 3263.0%9 1885.14 5112.8*** 3225.8%®
1983-1987 5393.85f UL 1600.3%2 14282.6%" 32543.0*** 7092.24
F Value 3835.1*** 477.9%** 881.9*** 6798.8*** 4 .3***
Average 3588.5% 3061.5 214457 7038.0 16.8***

According to results of Duncan's test, numbers followed by the different letters (a and b) indicate significant differences among species
within each direction. UL = Undetectable limit; *** = p<0.001. Capital letters indicate the difference between average values within
organs.

According to the results of analysis of variance, the change in B concentration in P. menziesii was statistically significant
in all organs by direction and by organ in all directions except west. The highest values in the north and south directions
were observed in the outer bark and the lowest values in the inner bark and wood. In the east direction, the lowest value
was observed in the wood, while the highest value was obtained in the outer bark. For the outer bark, it is possible to
make the order of west<south<east<north. For the inner bark and wood, the lowest values were observed in the north and
south directions. According to the average values, the highest value was obtained in the outer bark. The variation of B
concentration in P. menziesii by period and direction is given in Table 14.
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When the values in the table are examined, it is determined that the change in B concentration is statistically significant
in all periods on the basis of direction and in all directions on the basis of period. The highest value in the north and south
directions was obtained in the period 1988-1992, the highest value in the east direction was obtained in the period 1998-
2002 and the highest value in the west direction was obtained in the period 1983-1987. According to the average values,
the highest value was observed in the 1983-1987 period. Apart from this, the change in B concentration in the eastern
direction in the periods 1983-1987 and 2018-2022 was below the determinable limits.

4, Discussion

The results of the study show that boron concentration varies significantly on the basis of species, organ, direction and
year range. The lowest values were obtained in P. menziesii and the highest values in C. arizonica. Especially in some
directions, differences close to five times between species were obtained. These results show that there is a great difference
between the boron utilization and accumulation capacities of the species. Previous studies have shown that heavy metal
accumulation potential varies greatly on species basis [27-32].

The results of the study show that the change in boron concentration in the wood is not statistically significant according
to the average values. However, the change in boron concentration in the bark differs on a species basis, and even
differences exceeding 3 times between species occur. This situation can be interpreted as the accumulation of boron in
the bark is mainly airborne. Heavy metals in the air adhere to particulate matter, contaminating particulate matter with
heavy metals, and these particulate matter settle on plant bark, increasing heavy metal concentrations [33-36].

The nutrient utilization and heavy metal accumulation potential of plants is the product of a complex mechanism shaped
by the interaction of many factors. The determining factors in this process are genetic structure and environmental factors
[37-41] Therefore, all factors related to these factors affect the nutrient utilization and accumulation potential of plants.
This is because plant habitus and development affect plant element uptake and accumulation. Therefore, all factors
affecting plant habitus also affect the uptake and accumulation of elements into the plant, and plant habitus is influenced
by genetic structure and environmental factors such as climatic and edaphic factors, stress factors such as drought, frost,
UV-B, radiation, heavy metals. Therefore, many of these factors directly and indirectly affect the elemental uptake and
accumulation potential of plants, and knowledge on this complex mechanism is still limited [42-44].

5. Conclusion

As a result of the study, no statistically significant difference was found between the directions in any organ. This can be
interpreted as the absence of a significant source of boron pollution in the study area. Similarly, when the change in the
process is examined, it is seen that the boron concentration varies within a narrow range. This result can be interpreted as
no significant boron pollution has occurred in the last 40 years.
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Abstract: One of the most essential factors in plant development is the nutrient content in the soil. Phosphorus (P) and potassium (K),
essential macronutrients in plant nutrition, are vital in plant growth and development. Therefore, although many studies have been
conducted on these elements in agricultural plants, the number of studies on forest trees could be much higher. In particular, there
needs to be more information about the accumulation and transfer of these elements in different plant tissues. This study examined the
change and transfer of P and K concentrations in the Corylus colurna tree's trunk parts. Within the scope of the study, the differences
in P and K concentrations in the Corylus colurna trunk were examined based on organ, direction, and period. As a result, the most
elevated concentrations of both elements were in the barks; the difference in direction was not evident in the wood, and both elements
could be transferred within the wood.

Keywords: Annual tree ring, Phosphorus, Potassium, Turkish Hazelnut

Oz: Bitki gelisiminde en 6nemli faktorlerden biri topraktaki besin igerigidir. Bitki beslenmesinde temel makro besin elementleri olan
fosfor (P) ve potasyum (K), bitki biiyiimesi ve gelisimi i¢in hayati dneme sahiptir. Bu nedenle, tarimsal bitkilerde bu elementler iizerine
birgok ¢alisma yapilmis olmasia ragmen, orman agaglari iizerine yapilan calismalarin sayis1 ok daha fazla olabilir. Ozellikle, bu
elementlerin farkl bitki dokularindaki birikimi ve transferi hakkinda daha fazla bilgiye ihtiyag vardir. Bu ¢alismada, Corylus colurna
agacinin gévde kisimlarindaki P ve K konsantrasyonlarinin degisimi ve transferi incelenmistir. Calisma kapsaminda, Corylus colurna
govdesindeki P ve K konsantrasyonlarindaki farkliliklar organ, yon ve dénem bazinda incelenmistir. Sonug olarak, her iki elementin
de en yiiksek konsantrasyonlarinin kabuklarda oldugu; yon farkliliginin odunda belirgin olmadigi ve her iki elementin de odun iginde
transfer edilebildigi goriilmiistiir.

Anahtar Kelimeler: Yillik aga¢ halkasi, Fosfor, Potasyum, Tiirk Findig1
1. Introduction

Since plants are living things that can produce food from COs in the air, all other living things on Earth are directly or
indirectly dependent on plants [1]. In addition to these essential and vital functions, plants also fulfill many ecological,
economic, and social functions [2-3]. Plants can fulfill these functions only if they grow and develop healthily. Plant
development is shaped by the interaction of genetic structure [4] and environmental factors [1, 5-7]. Among the
environmental factors, soil and especially the nutrient content in the soil are among the most critical factors that directly
affect plant development [8-10].

Nutrient elements needed by plants are classified as macro and micronutrients. Potassium (K), one of the elements plants
need most, has fundamental roles in stomatal opening, plant growth, and cell growth. It is also necessary for the
transportation of carbohydrates produced as a result of photosynthesis to the fruit or roots via the phloem. K, which is
effective in the transport of anions in the xylem and phloem, is critical for adaptation to various stress conditions,
photosynthesis, protein synthesis, energy transfer, osmoregulation, enzyme activation, stomatal movement, phloem
transfer and cation-anion balance, and plant water relations [11]. Phosphorus (P), another macronutrient, is one of the
essential plant nutrients needed by plants, especially for root development and flowering [12]. Various studies have
determined that P is essential, especially in developing agricultural plants, and that P fertilizers affect plant growth [13].

Nutrient elements are the basic building blocks of plants and are found at different levels in different organs of plants
after being taken from the soil. Speciation of nutrients within the plant after they are taken from the soil, determining their
contribution to plant development, and knowing their transfer between organs are of great importance in terms of fully
understanding the factors affecting plant development [14-16]. This study aims to contribute to eliminating the knowledge
gaps in this field. Within the scope of the study, it was tried to determine to what extent P and K concentrations of
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macronutrient elements accumulate in the trunk organs of Corylus colurna (Turkish Hazelnut) and to what extent they
are transferred within the wood.

2. Material and Method
Study area and sampling

This study used samples taken from the main trunk of a Corylus colurna tree growing within the borders of Miisellimler
Village of Agl District of Kastamonu province. The sample log was taken at the end of 2020, and the north direction was
marked before cutting. The approximately 10 cm thick log surface, which was cut from the trunk at a height of
approximately 50 cm from the ground, was smoothed in the laboratory. Annual rings were grouped into ten years, and
samples were taken from the outer bark, inner bark, and wood of all ages with the help of a steel drill.

Wood samples were turned into sawdust, labeled, and placed in glass petri dishes. They were left open for 15 days to air
dry, then dried in an oven at 45 °C for a week. 0.5 g of dried samples were taken, 6 mL of 65% HNO3 and 2 mL of 30%
H>0, were added and placed in the microwave oven designed for the analysis. The program of the microwave device was
set to rise to 200 °C in 15 minutes and remain at 200 °C for 15 minutes. After the samples were burned in the microwave,
the liquid solution samples were taken into flasks and diluted to 50 mL with ultrapure water. Heavy metal analyses were
performed with the ICP-OES device. This method has been frequently used for heavy metal analysis in recent years [17].
All analyses in the study were performed three times.

Statistical analyzes

Variance analysis was applied to the obtained data with the help of the SPSS package program. Homogeneous groups
were obtained by applying the Duncan test for the factors that were found to have statistically significant differences at
at least 95% confidence level (p<0.05), and the data were simplified and interpreted.

3. Findings

The results of the analysis of variance regarding the changes in K concentrations by organ and direction are given in Table
1.

Table 1. Difference of K (ppm) concentrations by organ, period and direction

Age Range South West North East F-value
2011-2020 753.3¢ 577.9°4 7435 661.18! 224.12%**
2001-2010 711.4¢h 503.479 697.48 757.0Pn 1604.41***
1991-2000 784.0% 623.04 639.9A 675.48m 123.86***
1981-1990 658.480 343.874 804.6¢ 655.68! 1442.21%**
1971-1980 764.801 391570 573.6% 527.48h 2926.69***
1961-1970 791.4% 396.88b¢ 392.982 325,172 847.81***
1951-1960 442.6% 419,18 392.14a 384.47 37.26***
1941-1950 363.274 394,580 413.8%° 448.6°¢ 131.97***
1931-1940 384.6A¢ 413.88¢ 866.8¢M 417.1B¢ 2176.45***
1921-1930 396.5%¢ 410.2A 503.5¢f 436.18d 65.01%**
1911-1920 376.4A® 442 488 447.68¢ 513.8%¢ 165.06***
1901-1910 379.1Aakc 464.0¢f 444.98¢ 557.30i 550.86***
1891-1900 393.9A¢ 452.68¢f 463,584 546.8C 337.57***
1881-1890 433.6”d 511.7¢ 484.48¢ 579.8P% 186.56***
1871-1880 433.9/d 581.0% 494.28¢f 538.7¢hi 98.16***
1861-1870 460.67¢ 533.28¢h 515.589 549.7€1 32.59%**
1851-1860 487.2AF 553.48i 482.08¢ 486.08f 38.33***
1841-1850 470.28¢f 561.2C1 451.3%¢ 481.98f 161.66***
F-value 743.664*** 232.579*** 1268.422*** 651.111%**
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Wood 526.982 476.372 545.18a 530.1B2 3.02*
Outer Bark 866.6° 1048.6% 1551.6°¢ 932.380 6382.67***
Inner Bark 1062.18° 1316.2P¢ 1264.8%° 897.24 1774.34%**

F-value 22.70*** 234.29%** 110.81*** 36.90***

According to the results of Duncan's test, values followed by the different letters (a, b, A, and B) refer to significant
differences among species within each direction. ***=p<0.001; **=p<0.01; *=p<0.05; ns = not significant. Capital letters
indicate the difference between horizontally, while lowercase letters indicate vertically. These explanations are also valid
for Table 2.

As a result, K concentrations differed significantly (p<0.001) between periods in all directions and between directions in
all periods. When the change of K concentration in wood was examined, two issues attracted attention. The first of these
is that the values remained in a narrow range. The second is that there was no significant K concentration difference in
direction and period. When the change on an organ basis is examined, it is seen that the lowest values were obtained in
wood. The highest values in the organs were obtained in the outer bark in the west direction and the inner bark in the
north direction. In other aspects, the values obtained on the barks were in the same group due to the Duncan test. Again,
there was no significant change in the direction of the barks. Variance analysis results regarding the differences in P
concentrations by organ and direction are given in Table 2.

Table 2. Difference of P (ppm) concentrations by organ, period and direction

Age Range South West North Dogu F-value
2011-2020 123.2bn 67.28m 86.0Cm 57.6An 10862.13***
2001-2010 60.1Ck 57.48k 80.5P! 56.5AM 2596.99%***
1991-2000 67.9Cm 59.28! 68.5Ck 5447 902.86***
1981-1990 54.9€ 13.74n 66.60) 49,38k 15785.71***
1971-1980 66.3"! 12.479 30.2B 38.9¢i 78604.56%**
1961-1970 60.30k 15.2¢ 9.9Af 11.48N 19784.01***
1951-1960 13.70 12.1°f 8.9Ad 10.58f 10109.71%**
1941-1950 9.5Af 10.8¢¢ 10.15f 12,10 881.57***
1931-1940 14,08 10.2Ad 20.3¢h 10.4A 2581.68***
1921-1930 13.0¢h 10.5%¢ 11.459 10.6A 337.05***
1911-1920 11.8P9 8.3A 9.48¢ 11.4°0 1378.59***
1901-1910 11.8% 9.98¢ 7.2°¢ 10.08¢ 2822.62***
1891-1900 8.2¢d 6.94a 7.4B¢ 10.8P9 792.57***
1881-1890 8.7¢® 8.08b 7.0A¢ 8.6¢¢ 154 .54***
1871-1880 6.85° 8.1¢b 6.2A 8.3b¢ 744 59***
1861-1870 7.3¢¢ 6.882 5.6%2 7.6P° 829.22%**
1851-1860 5.94a 7.0Pa 6.18%® 6.4¢2 214.57***
1841-1850 8.08¢ 15.601 5.6%2 8.9¢d 1891.48***

F-value 62828.562*** 33579.183*** 30203.655*** 53073.403***

Wood 30.62 18.92 24.82 21.32 2.164 ns
Outer Bark 65.942 245,0P¢ 90.08b 166.8%¢ 22082.21***
Inner Bark 153.8Bb 218.65° 168.6%¢ 125.240 4314.58***

F-value 22.96*** 351.22%** 46.17*** 126.43***

As a result, P concentrations in wood differed significantly (p<0.001) in all directions on a period basis and in all periods
on a direction basis. However, according to the average values, the directional change of P concentration was not
statistically significant. When the values are examined, the highest P concentration in wood was obtained in wood formed
in recent years, while it remained in a narrow range in the past years. Apart from this, it is noteworthy that the
concentrations obtained in bark are much higher than those obtained in wood.
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4. Discussion

In Corylus colurna, the change in the concentration of P and K elements, which are essential nutrients for plants, in the
outer bark, inner bark and wood, and annual rings of the 180-year-old plant, based on organ, period, and direction, was
determined in this study. As a result of the study, the elements subject to the study accumulated within determinable limits
in all directions of all organs. Many studies have shown that some species have different levels of potential to accumulate
some elements [18]. Therefore, it is necessary to determine which annual rings of trees are suitable for monitoring the
change of which elements in the process. To date, many studies have been conducted on the usability of annual rings,
especially in monitoring the change in the concentration of heavy metals in the air over time [19-20]. In the studies,
Corylus colurna woods also contain Tl [21], Pb, Cr, Zn [22], Co, Mn, Ni [23], Cd, Fe, Al [24] and Sr [25] elements were
used to determine the change in the process.

The elements evaluated within the study's scope are macronutrients and absolutely necessary for plants [12, 16].
Therefore, it is necessary to determine how the absorption and use of these elements by trees occur. With the development
and diversification of industry in the last century, air pollution threatens human health, especially in cities with high
population density [26-29]. Heavy metals have an important place among air pollutants. The elements subject to study
are not only nutrients but also heavy metals when they exceed their thresholds (become toxic) for plants. Heavy metals
are elements that can be highly harmful to humans, other living things, and the ecosystem [30-32]. It is known that heavy
metals, many of which can be toxic, carcinogenic, and fatal to humans even at low concentrations, are harmful at high
concentrations, even those required as nutritional elements [33-35]. Heavy metals can enter the plant body from the soil
through the roots, the air through the leaves, or the trunk parts [23]. However, in the region where the study was conducted,
no source would require a high concentration of the elements subject to study in the air. Therefore, almost all plant
elements are thought to be absorbed from the soil.

As a result, the highest concentrations were obtained in barks as organs in this study. In many studies, the highest heavy
metal concentrations are obtained in barks [20, 36]. This is related to the rough structure of the bark. After heavy metals
are separated from their source, they can be transported hundreds of kilometers away from their source with the help of
wind [37]. Particulate matter contaminated with heavy metals can be transported far away with the help of wind [18]. The
rough structure of the bark makes it easier for particulate matter contaminated with heavy metals to adhere to the bark
surface [38]. Many studies on this subject have determined that heavy metal concentrations in the outer bark are very
high, especially in areas with high levels of heavy metal pollution [39]. However, there were no sources of the elements
subject to study around the sample tree in this study. Therefore, it is thought that the high concentrations determined in
the barks are related to the structure of the organs.

As a result, the concentrations of both elements in the wood of Corylus colurna were in a narrow range, and there was no
significant change in direction. This result shows that the elements subject to the study can be transferred between tissues
within wood. The transport of elements within the wood part of plants is primarily related to the cell structure, particularly
the cell wall. The cell wall-plasma membrane (CWPM) interface illustrates an apoplastic mechanical barrier and a flexible
form involved in stress sensing, perception, and signaling for the metal/metalloid stress. The CWPs responding to various
abiotic strains have been extensively identified and represented among crop plants [23]. Valuable information has been
obtained in a few studies on this subject, and it has been determined that the movement of heavy metals within the plant
varies depending on the plant variety and heavy metal. In studies conducted on annual rings, while Zn and Pb elements
were replaced in Cedrus deodora, the Cu element was not displaced [40-42], the Ni element was limited [43, 44], and Co
was displaced in Cedrus atlantica [38], the Bi element is replaced in Cupressus arizonica, while the Cd and Ni elements
are not [39], and Cd, Fe, and Al were not replaced in Corylus colurna [24] were determined by several research [44-48].
As a result, the accumulation of P element in wood formed in recent years was at different levels in this study. Many
studies have determined that the concentrations of many elements vary depending on many factors, such as species,
organs, and environmental conditions [49-51].

5. Conclusion

The accumulation of elements in the plant depends on the effects of many factors. Most of these factors are factors that
shape plant development. Because plant development is shaped by the interaction of genetic structure and environmental
conditions. Therefore, all these factors affect plants' nutrient utilization and accumulation potential because plant habitus
and development affect the plant's element uptake and accumulation. In addition, all factors that affect plant habitus also
affect the entry and accumulation of elements into the plant, which can be shaped by the mutual interaction of many
factors such as genetic structure, environmental factors such as climatic and edaphic factors, and stress factors such as
drought, frost, UV-B and heavy metals. Therefore, many of these factors, directly and indirectly, affect plants' element
uptake and accumulation potential, and information about this complex mechanism is still limited. Therefore, studies such
as this study are important. As a result of this study, the most elevated concentrations of P and K elements were in the
barks; the difference in direction was not evident in the wood, and both elements could be transferred within the wood.
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Abstract: Heavy metals are pollutants that pose a great threat to humans, other living things, and the ecosystem. All barium (Ba)
compounds, one of the most dangerous and harmful heavy metals, are poisonous. Manganese (Mn) is a harmful heavy metal that can
cause hallucinations, fatigue, insomnia, weakness, forgetfulness, nerve damage, Parkinson's, and lung embolism. Therefore, observing
the changes in Ba and Mn concentrations in the air is essential. This study aimed to determine the change of Ba and Mn heavy metals
in the Cedrus atlantica tree based on direction, period, and organ. As a result, the annual rings of Cedrus atlantica show that the transfer
of both heavy metals into the wood of Cedrus atlantica was limited. Therefore, the species is a suitable biomonitor that can be used to
monitor the changes in Ba and Mn concentrations in the air. In addition, the study results revealed that the concentrations of both
elements in the outer barks are quite high, and Ba pollution is primarily caused by traffic.

Keywords: Atlas cedar, Annual ring, Biomonitor, Barium, Manganese

Oz: Agir metaller insanlar yaminda hem diger canhlar hem de ekosistem igin biiyiik tehdit olusturan kirleticilerdir. Agir metaller
icerisinde en tehlikeli ve zararlilarindan olan Ba’un biitiin bilesikleri zehirlidir. Mn ise halusinasyonlar, bitkinlik, uykusuzluk,
giigsiizliik, unutkanlik, sinir hasarlari, parkinson, akciger ambolisi gibi etkilere sebep olabilen zararli agir metallerden birisidir. Bundan
dolay1r havadaki Ba ve Mn konsantrasyonunun degisiminin izlenmesi biiyiik énem tagimaktadir. Bu ¢alismada Ba ve Mn agir
metallerinin Cedrus atlantica agacinda yon, donem ve organ bazinda degisiminin belirlenmesi amaglanmustir. Calisma sonucunda
Cedrus atlantica yillik halkalarmin her iki agir metalin, Cedrus atlantica’da odun igerisindeki transferinin siirli diizeyde oldugu,
dolayistyla tiiriin havadaki Ba ve Mn konsantrasyonlarmin degisiminin izlenmesi amaciyla kullanilabilecek uygun bir biyomonitor
oldugunu gostermektedir. Ayrica ¢aligma sonuglari her iki elementin disg kabuklardaki konsantrasyonlariin oldukga yiiksek oldugunu
ve Ba kirliliginin biiyiik oranda trafik kaynakli oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Atlas sediri, Yillik halka, Biyomonitor, Baryum, Mangan
1. Introduction

While the proportion of the population living in urban areas worldwide was 9% in the 1900s, it is around 50% today and
is estimated to reach 90% in 2030 [1, 2]. Urban areas have many problems, and the most critical problems in these areas
are environmental pollution, especially air pollution [3-6], which causes more than 7 million people to die worldwide
yearly [7].

Among the air pollution components, heavy metal pollution is the most harmful and dangerous to human health [8, 9].
Due to factors such as the high number of people living per unit area in urban areas, activities carried out to meet the
demands and needs of these people and traffic density, some heavy metal concentrations in the air increase significantly,
and this increase threatens human health [10].

While some of the heavy metals, many of which are the primary raw materials of industrial and agricultural activities,
can be toxic, carcinogenic, and fatal to living creatures even at low concentrations [11], it is stated that even some of
them, which are the basic building blocks of living organisms, are harmful at high concentrations [12, 13]. Heavy metals,
which do not easily deteriorate through natural processes after their release into nature, pose a great threat to living
organisms and the ecosystem [14, 15].

Barium (Ba) and manganese (Mn) are among the most dangerous and harmful heavy metals for living organisms and the
ecosystem, especially humans [16]. Ba, which plays a crucial role in the production of many products in the industry,
produces many products such as rubber, brake pads, ink, paint, radio vacuum tubes, medicine, machine oil, photo paper,
optical glass, plastic and textile products, detergents, batteries, and petroleum industry. Although it is used in production,
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it is one of the most dangerous heavy metals, and all Ba compounds are poisonous [17]. Mn, one of the heavy metals that
is dangerous and harmful to human health, affects mainly the respiratory system and brain when it reaches humans through
the food chain. Mn may cause effects such as hallucinations, fatigue, insomnia, weakness, nerve damage, bronchitis,
forgetfulness, lung embolism, Parkinson's, and impotence in men [18, 19]. Due to these dangers, it is of great importance
to observe the change in heavy metal pollution in urban centers where the population is dense [20].

Monitoring heavy metal pollution in the atmosphere can be done directly or indirectly. However, direct determination of
pollution is not preferred because it is pricy, and the direct effect of atmospheric contamination on the ecosystem cannot
be determined [21, 22]. The most effectively used method for monitoring the indirect effect of heavy metal contamination
is biomonitors. Plants, especially those used as biomonitors, accumulate heavy metals in different plant parts, and
determining the metal concentration in these organs provides essential evidence about heavy metals concentration in the
airborne [23]. In regions where trees enter dormancy, the development of plants varies depending on the season, and thus,
annual tree rings are made in the wood. By comparing the amounts of heavy metals accumulated in the annual rings of
trees over a long period, unequal environmental factors and genetic structure can be equalized, and the variation in the
long term can be evaluated. Though studies on the usability of annual rings of trees as biomonitors have been carried out
for a while, the amount of evidence on the speciation of heavy metals within the plant species and their alteration between
organs after their entry into the plant body is relatively restricted [24].

By evaluating the studies on using plants as biomonitors, deficiencies in the literature were identified, and this study was
planned. This study determined changes in Ba and Mn concentrations, two of the most hazardous heavy metals for human
and environmental health, in the annual rings of a Cedrus atlantica tree growing in Diizce, based on organ, period, and
direction.

2. Material and Method

The study was carried out on a Cedrus atlantica tree growing in Diizce. The log samples used in the study were obtained
by marking the north direction on the log and taking its coordinates during the cutting in a park in the center of Diizce
province in 2022. The log sample was examined and determined to be 40 years old. The upper surface of the log was
smoothed in the laboratory to make the annual rings more clearly visible. Considering the annual ring widths, they are
grouped between 1 and 8 age clusters, from outside to inside, for 5 years. After the wood surface was divided into groups
and age ranges were determined, samples of wood in each age range were taken with the help of a steel-tipped drill and
placed in glass petri dishes. The samples taken into glass containers were kept open in laboratory conditions until they
became room dry, and the samples that became room dry were taken to the oven and dried at 45 °C for two weeks. 0.5 g
of the dried samples was taken, 6 ml of 65% HNO3 and 2 mL of 30% H202 were added and placed in the microwave
oven. The program of the microwave device was set to rise to 200 °C for 15 minutes and remain at 200 °C for 15 minutes.
After the samples were burned in the microwave oven, the samples in solution were taken into scaled balloon test tubes
diluted to 50 mL with ultrapure water. Ba and Mn heavy metal analyses were performed with the ICP-OES device, and
the results were calculated by multiplying by the dilution factor. The raw data were evaluated with the help of variance
analysis (ANOVA) and the Duncan test using the SPSS 22.0 package program. This method has been frequently used in
studies on heavy metal analysis in recent years and is used in both soil [25, 26] and plant parts [27, 28] is frequently used
for analysis.

3. Result

The change of Ba concentration based on organ and direction is given in Table 1.

Table 1. Change of Ba concentration based on organ and direction

Organ North East South West Average
Outer bark 14232.4° 273.3 5472.9° 23015.0¢ 10748.4°
Inner bark 553.82 50.9 78.22 115.02 199.42

Wood 643.02 181.6 956.82 1509.4° 822.72

F value 2104.4*** 0.8 ns 65.4*** 976.0*** 66.1***

Average 1993.078 177.7A 1320.5% 3520.58 3.6%

According to the outcomes of Duncan's test, concentrations followed by the different letters (a, b, and A, B) refer to
significant differences among organs within each direction. ns = not significant; * = p<0.05; *** = p<0.001. Capital letters
indicate a horizontal direction, while lowercase letters refer to the vertical direction.

According to the results of ANOVA, the change in Ba concentration was statistically noteworthy on an organ basis in all
directions except the East. The highest Ba values were obtained in the outer bark. Considering the average values, the
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highest value was obtained in the West direction, while the lowest was in the East and South direction. The change of Ba
concentration based on period and direction is given in Table 2.

Table 2. Change of Ba concentration based on period and direction

Age cluster North East South West Average
2018-2022 589.4¢ 70.52 2354.49 1785.58 1199.9
2013-2017 772.4¢ 58.32 1635.6f 1506.8¢ 993.2
2008-2012 560.6¢ 4592 788.6% 2125.7° 880.2
2003-2007 659.5¢ 52.82 918.4¢ 1064.1° 673.7
1998-2002 543.8¢ 648.0¢ 17.6% 2679.79 972.3
1993-1997 1142.9f 41.7° 727.3¢ 1621.8¢ 883.4
1988-1992 396.42 33.92 1062.1¢ 549.02 510.3
1983-1987 479.4° 502.0° 150.4P 742.5° 468.5
F value 165.8*** 293.5*** 306.3*** 210.6*** 1.5ns

According to the outcomes of Duncan's test, concentrations followed by the different letters (a and b) refer to significant
differences among periods within each direction. ns = not significant; *** = p<0.001.

Ba concentration change was statistically significant in all directions on a period basis. There was no statistically
significant difference when evaluating the average Ba values according to the periods. The change of Mn concentration
based on organ and direction is given in Table 3.

Table 3. Change of Mn concentration (ppb) based on organ and direction

Organ North East South West Average
Outer bark 46820.5° 25772.6° 32826.0° 51295.9° 39178.7°
Inner bark 45325.2° 61515.3¢ 23162.9° 39837.4° 42460.2°

Wood 8637.0° 7158.0 7150.9° 8493.9° 7860.0°

F value 161.8*** 248.1%** 47.0*** 107.2*** 201.2%**

Average 16124.2 14455.2 11319.6 15908.4 0.6 ns

According to the outcomes of Duncan’s test, concentrations followed by the different letters (a and b) refer to significant
differences among organs within each direction. ns = not significant; *** = p<0.001.

When the Mn concentrations were examined, Mn concentration change was statistically significant in all directions on an
organ basis. When evaluating the average values, the highest values were observed in wood, while the lowest values were
obtained in barks. There was no statistically noteworthy alteration between directions when the directions were examined
according to the average values. The change of Mn concentration based on period and direction is given in Table 4.

Table 4. Change of Mn concentration (ppb) based on period and direction

Age cluster North East South West Average
2018-2022 5708.9¢ 4103.7° 12529.4¢ 6801.7° 7285.9%¢
2013-2017 16951.59 8213.8¢ 16401.9¢ 6657.4° 12056.1°f
2008-2012 13098.1f 14426.4 11483.4¢ 16451.7¢ 13864.9°
2003-2007 5474.4¢ 12387.0¢ 4939.7° 18283.3¢ 10271.1%
1998-2002 9429.3¢ 9064.5¢ 3752.6° 11268.9¢ 8378.8%
1993-1997 11484.5¢ 2812.5° 2853.12 2566.7° 4929.2%
1988-1992 4017.2° 2593.72 2594.72 2765.12 2992.78
1983-1987 2932.42 3662.7° 2652.42 3156.32 3100.9°
F value 304.1*** 370.1*** 226.0*** 555.0*** 16.2***

According to the outcomes of Duncan's test, concentrations followed by the different letters (a and b) refer to significant
differences among periods within each direction. *** = p<0.001.

Considering the results, it was found that the Mn concentration change was statistically significant in all directions on a
period basis. While the highest value in the North and South was observed in 2013-2017, the highest value in the East
and West was obtained in 2003-2007. According to the average values, it was seen that the Mn concentration is inversely
proportional to age, and the concentrations are higher in wood formed in recent years.

4. Discussion

This study examined the usability of Cedrus atlantica annual rings in observing the alterations in Ba and Mn
concentrations in the air. Since the effects of heavy metals on human and environmental health are known, many studies
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have been conducted on the usability of tree annual rings in monitoring the change in heavy metal concentrations in the
air over time [23, 28, 29]. These studies mainly examined elements such as Pb, Cr, Ni, Co, and Cd [30, 31]. However,
elements such as Sr, Pd, As, Be, Pu, Sb, Sr, Th, Tl, and V, which are not subject to much of these studies, are also included
in the list of ATSDR's priority pollutants due to their dangers to human and environmental health [15]. Mn and Ba are
among the priority pollutants in this list regarding human and environmental health, but the number of studies on these
elements is relatively low.

As a result of the study, the highest values were generally obtained in the barks, especially the outer bark. Studies have
determined that the maximum concentrations of many heavy metals are obtained in the outer barks. This situation is
generally due to the structure of the outer bark and the adhesion of particulate matter contaminated with heavy metals to
the outer bark. Particulate matter in the air is contaminated with heavy metals, and since the outer shell surface is rough
and cracked, these particles can adhere to the shell surface [11, 29]. As a result of the study, it was determined that Mn
concentrations in the inner bark were relatively high. This situation is related to the entry of heavy metals into the plant
body. Heavy metals enter the plant body mainly through roots, leaves, and stem parts [32]. It can be said that Mn in the
inner bark enters through the trunk parts, and therefore, the concentrations in the inner bark, which is not in contact with
air, are higher than in the wood.

The element concentrations subject to the study were quite variable, and there were significant alterations between their
concentrations in different directions in the same period or different periods in the same direction in this study. For
example, while the concentration of Mn in the western direction in 1993-1997 was 2566.7 ppb, the concentration obtained
in 1998-2002 was 11268.9 ppb. Similarly, the concentration obtained in the south direction in the same period was 3752.6
ppb. Similar results were obtained for Ba. These results show that the transfer of Ba and Mn into wood is limited. This
result is significant because it emphasizes that the essential need for more information about the usability of biomonitors
in monitoring heavy metal pollution is about the transfer of elements in wood. As a matter of fact, studies have shown
that the displacement potential of different elements in the wood of different species is at different levels [33-35].

The elements transport within the plants wood is mainly related to the cell structure, especially the cell wall (apoplastic
pathway) and stress factors [36]. Plants frequently face abiotic stress factors throughout their life cycle. Among the stress
factors that plants encounter most frequently are those related to climatic parameters such as drought [37] and frost [38].
Because plant development depends on the interaction of genetic structure [39] and environmental conditions [40]. Rigid
changes in the climate constitute the most important source of stress factors in plant development, and this effect may
even result in individual, species, and population losses in large areas [41]. Factors that cause significant and permanent
changes in climatic parameters, such as global climate change [42], trigger the stress mechanisms of plants [63]. In
addition, increasing UV-B stress due to climate change [43], anthropogenic radiation [27], and heavy metal pollution [18]
are important sources of stress for plants. These stress sources inevitably affect plant metabolism and, therefore, plants'
heavy metal accumulation potential [36].

The current study obtained the highest Ba concentrations in the western direction. There is a highway located on the west
side where the study was conducted. It is stated that Ba is spread into the atmosphere mainly due to anthropogenic sources
[69]. This situation is actual for many heavy metals. Studies show that the primary sources of heavy metals are human
activities such as traffic, urbanization, industry, and mining activities [44, 45].

5. Conclusion and Suggestions

The study examined the usability of Cedrus atlantica annual tree rings in observing the alterations in Ba and Mn
concentrations in the air. The study revealed that Cedrus atlantica is a suitable biomonitor that can monitor the change of
both elements. However, reducing heavy metal pollution in the air is as important as monitoring it, and the most suitable
instruments that can be used for this purpose are plants. In order to determine the plants that can be used to reduce Ba and
Mn concentrations in the air, studies comparing many plants should be carried out. Heavy metals are one of the most
critical environmental problems regarding human and environmental health. However, studies have been conducted to
monitor and reduce heavy metal pollution, focusing on specific elements. It is recommended that elements such as Be,
Sr, Th, Tl, and V should be included in studies on the subject, especially in addition to Ba.
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Abstract: This work employs a leap-frog Gm-C structure to design a sixth-order Butterworth and elliptic bandpass filter that the cutoff
frequency (Fo = 30MHz). A continuous-time differential Gm-C biquad and its corresponding voltage-mode version are elucidated,
utilizing F.C.S (Floating Current Source) circuits as fundamental components. The enhanced current source architecture exhibits a
streamlined configuration. It incorporates a reduced number of transistors, which facilitates optimal utilization of the chip's area and
introduces a streamlined approach to circuit design. The suggested filter topology lacks a crucial resistor component, vital in achieving
integration functionality. The suggested filter incorporates a grounding configuration for all capacitors, thereby mitigating the
detrimental impact of parasitic effects. The filter design has been effectively realized utilizing TSMC's 0.18um CMOS process. The
findings from simulations have been provided to validate the theoretical analysis.

Keywords: Continuous-Time, Gm-C Bandpass Filter, Floating Current Source (F.C.S), TSMC's 0.18um CMOS

Oz: Bu galisma, bir altinc1 derece Butterworth ve eliptik bant geciren filtre tasarlamak icin kesim frekansi (Fo = 30MHz) olacak sekilde
bir sigrama (leap-frog) Gm-C yapisini kullanir. Siirekli zamanli bir diferansiyel Gm-C biquad ve buna karsilik gelen voltaj modlu
versiyonu, temel bilesen olarak F.C.S (Floating Current Source - Yiizen Akim Kaynagi) devrelerini kullanarak agiklanmistir.
Gelistirilmis akim kaynag1 mimarisi, basitlestirilmis bir yapi sergiler. Bu, transistor sayisini azaltir ve ¢ip alaninm optimal kullanimini
kolaylastirarak devre tasarimina akici bir yaklasim getirir. Onerilen filtre topolojisi, entegrasyon islevini basarmada 6nemli olan bir
direng bilesenini icermez. Onerilen filtre, tiim kapasitdrler igin bir topraklama konfigiirasyonu igerir, bu da parazit etkilerin olumsuz
etkilerini azaltir. Filtre tasarimi, TSMC'nin 018 um CMOS siireci kullanilarak etkili bir sekilde gergeklestirilmistir. Simiilasyonlardan
elde edilen bulgular, teorik analizi dogrulamak i¢in sunulmustur.

Anahtar Kelimeler: Siirekli Zamanli, Gm-C Band Gegiren Filtre, Yiizen Akim Kaynagi (F.C.S), TSMC'nin 0.18um CMOS'u

1. Introduction

Gm-C filters have been widely utilized, from consumer products to computer peripherals, owing to their exceptional high-
frequency performance and straightforward design [1-5]. With a reduced power supply voltage, the significance of this
factor becomes more pronounced, particularly as the demand for portable systems continues to increase. The high-
frequency operation of Gm-C filters poses challenges due to the rapid degradation of F.C.S performance [1]. The
integrator serves as the primary constituent in the Gm-C filter topology, wherein it may be implemented through a
transconductor component coupled with a capacitor [2]. One of the various techniques employed in the design of active
filters [4]. It has the capability to instantiate low-voltage filters based on the trans conductor design methodology for the
purpose of designing low-voltage signal processing filters. A transconductor's configuration typically resembles an
operational amplifier, albeit with a distinct variation in output impedance. Novel techniques were devised and
implemented to enhance the performance of trans conductors.

2. Method
Improved Floating Current Source (F.C.S)

The schematic representation of the generic (F.C.S) and its corresponding electrical symbol are depicted in (Figure 1) [8].
The system primarily comprises two interconnected complementary Long-Tailed Pairs (LTPs) denoted as M7-M8 and
M5-M6. These LTPs generate tail currents supplied by the output stages of the two current mirrors, M3-M4 and M1-M2.
Assuming that the input terminals INP and INM are subjected to a relatively small differential signal, it can be observed
that the nodes ComoutP and ComoutM exhibit characteristics of small signal virtual grounds, which implies that the small
signal voltages at these nodes are effectively zero, and the currents delivered by M1-M2 and M3-M4 remain constant
despite finite output impedance. It can be deduced that the small signal output currents lou - = lou + are equivalent, and
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the floating current source (F.C.S) remains unaffected despite the presence of a standard mode (CM) DC offset between
them, given that | (M1, M2) is not equal to | (M3, M4). The (F.C.S) has demonstrated its versatility as a fundamental
component, well-suited for utilization as a standard cell, exhibiting a performance that surpasses the Long-Term
Potentiation (LTP) [3]. The (F.C.S) is designed to deliver two symmetrical output currents, as depicted in the block
diagram illustrated in Figure 1. The currents flowing through these two output terminals are determined by

2 2

vd=V,-V,

€]

O]

V2 and V1 refer to the applied voltages to Y2 and Y1, respectively. 2IB refers to the F.C.S bias current. Kp and Kn are
technology factors of the pMOS and nMOS transistors, respectively, and specified by:

— Wl
Kn= MCOXE 3)

Kp= ,upCOXV%

Where H, and H, are the PMOS and NMOS transistors mobility, respectively. Cox refers to the oxide capacitance/unit
W, W,
area. L_4 and : refer to the aspect proportions of transistors M4 and M1, respectively [4].

The enhanced (F.C.S) exhibits a highly streamlined architecture, as depicted in Figure 1. Utilizing two distinct
transconductance magnitudes, Gm, and its frequent application in contemporary research render the Field-Effect Current
Source (F.C.S) a valuable tool. The transconductance (Gm) of the system can be dynamically adjusted by utilizing bias
current in the operational transconductance amplifier (OTA) configurations. The operational principle of developmental
Field-Effect Transistor (FET) Current Source (F.C.S) bears resemblance to that of Operational Transconductance
Amplifier (OTA). However, it is essential to note that the operational transconductance amplifier (OTA) typically has a
single transconductance magnitude, denoted as Gm. On the other hand, in the case of the fully differential cascode stage
(F.C.S), there are two distinct transconductance magnitudes, referred to as Gm1 and Gm2. The Improved Floating Current
Source's output impedance exhibits a higher magnitude than the floating current source originally suggested by Arbel and
Goldminz [5]. The conventional Floating Current Source is enhanced by incorporating M5, M6, M7, and M8 transistors
to achieve elevated output resistance magnitudes. The presence of a high output resistance is imperative in voltage-mode
configurations, as depicted in the formula. Consequently, the conventional Enhanced Floating Current Source is favoured
per established electrical engineering principles. A high output resistance yields superior performance in the low-
frequency domain. The output current of the Enhanced Floating Current Source can be determined by performing the
multiplication operation between the voltage disparity across the P and N terminals and the transconductance (Gm). The
transconductance (Gm) for the P terminal can be expressed as the ratio of g3 to g4 divided by 2. On the other hand, the
transconductance for the n terminal can be calculated as the negative sum of g1 and g2 divided by 2. The capacitors are
electrically coupled to the structure to avoid including resistive elements [11-12]. In this research, a suggested Gm-C
filter application is presented. The output impedance of the system will be reduced as the circuit's output voltage is
enhanced, eventually leading to VDSsat oscillations. The output resistance is specified in Farads per Coulomb-second
(F.C.S) [6].

[ +=r _~|[_9mA4gds3gds8 ) ( gmlgds2gds6 @
| gm8(gm3+gm4) ) | gm6(gm2+ gmi)

The advantage of the structure of the F.C.S's simplicity and use for high-frequency applications, while being suitable for
connecting the four or eight transistors utilized in a row due to low supply voltage for buildings, constitutes the
disadvantage.
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Figure 1: Diagram showing the enhanced floating current source [7]

Table 1 provides the dimensions of the transistors, while Table 2 presents the circuit's direct current (DC) magnitudes
The operational characteristics of the suggested circuit are exemplified on a 6th-order bandpass ladder filter configuration,

as depicted in Figure 1.

Table 1: Transistor dimensions
Device W(um) L(pm)
M1,M2 18 0.18
M3, M4 72 0.18
Table 2: DC magnitudes of enhanced Floating Current Source
Parameters Magnitude
Vbp=-Vss 0.9v
lg1=lg2 300pA

A 6"-order bandpass ladder passive filter
A 6th-order leap-frog filter has been implemented utilizing the transconductor depicted in Figure 2. The filter is obtained

through the utilization of the passive LC ladder filter. [6].

s Ly
— i LI
[_c..’ nc’
T
R ® e | @ lm
;:I Il-ll + _Icl C, L Ic:___ hs s "
v, v, ']
L [ C, s 2L
- i - [ 4‘[‘ - o
(a)
Les
Hc
i DO|te_, : @ In
f’ Wy L+ Tiiec Lo+ Ay
LU U T 2 L, LaliLg
¥ =6 Sse N y énz
Ly e
i \uLlﬂ_,) ____-[ ]- = '(LB‘L‘)
(b)
Ri llC
A\ " i
L‘ il L.. I+C! c],._c” Lall L‘
Vl
L
V‘(_") 3 | (=—=]
Ll - aC c
o s I 1403 {C

Figure. 2. (a) Doubly terminated sixth-order elliptic bandpass LC ladder, (b) Inductor L, represented by a voltage-
controlled voltage source, (¢) Final Thevenin equivalent circuit of Figure 2(a) [4]
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As depicted in Figure 2, a doubly terminated sixth-order elliptic bandpass filter is illustrated. It has been needed to
determine the Final Thevenin equivalent circuit to transform this circuit into a Butterworth bandpass filter. By formulating
the nodal formula at node (1), it can derive the following expression.

IRl__l_ |c1_|2_ |c3
SL, SL,

V, vV, -V, _0 ()

Rewriting (4), to be;

V1:(IR1_|C1_|2_ICB) Shky +V, L (6)
L+l L+l

In a similar vein, formulating the nodal formula at node (4) will yield:

V4:(IC3+|2_IC4_IR2) SL3L4 +V1 L4 (7)
L+l L+l

Based on equations (5) and (6), it can be observed that the inductor L3 can be equivalently modelled utilizing two voltage-
controlled voltage sources, each associated with a specific alteration in the inductor characteristics, as depicted in Figure
2(b). Similarly, to eliminate capacitor Cs, it has been formulated the nodal formula at node (1) as depicted in the diagram.
2 (b) can be expressed as an electrical engineering notation.

IR1 - Ix - |2 _Vl(Scl)_(Vl _V4)SC3 =0 ®)
Or
V1:(|R1_|x_|2) ! V. C3 (9)

+V,
S(C,+C,) C,+C,

Likewise, for node (4)

! v G (10)
S(C,+C,) C,+C,

Vy=(,-1y = 1g,)

Equations (9) and (10) resulting in the final circuit shown in Figure. 2(c).
3. Result
Simulations

The simulations use the LTSPICE software, employing the TSMC CMOS 0.18 pm process variables. The block diagram
depicting the suggested 6th-order Elliptic and Butterworth Gm-C bandpass filters is illustrated in Figure 3 and Figure 4
correspondingly. The proposed filter block diagram represents the filter equivalent to the ladder filter depicted in [Figure
1a] and [Figure 1c]. The Butterworth and Elliptic ladder filter component magnitudes are provided in Table 3, showcasing
the crucial electrical engineering aspects of these filters, which comprise passive elements. The Gm-C filter component
magnitudes and performance variables are presented in Table 4, as per the electrical engineering specifications.

/ ' N\

D DR DD D D D

¥

Figure 3: Sixth-order elliptic differential Gm-C bandpass filter block diagram
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n ..1_

Figure 4: The sixth-order Butterworth differential Gm-C bandpass filfer block diagram

Table 3. Ladder filter component magnitudes

Component Magnitude Elliptic filter Magnitude Butterworth filter
Ri, R2 100Q 100Q
L1 125nH 125nH
L. 2.251uH 2.251uH
Ls 2.251uH 125nH
La 125nH -
Cs 225pF 225pF
Cz 12.5pF 12.5pF
Cs 12.5pF 225pF
Cs 225pF -
Table 4: Gm-c filter component magnitudes and performance parameters
Magf‘”%’de Magnitude Butterworth
Component Elliptic fi
. ilter
filter
Cu 0.4pF 0.4pF
C.2 12.3pF 12.3pF
C.3 0.4pF 0.4pF
C.|_4 12.2pF -
I 400pA 150pA
Ir 100pA 400pA
Gwm Parameter
Om1==Om3==0m4==0ms==0m6==0m7==0ms==0mog 2 817TMAN _
==0m10==0m11==0m12==0m14==0m15==0m16==0m17
Im1==0m3==0gm4==0ms==0me==0gm7==0mg==0m9==0m10==0m11==0m12 - 1.389mAN
Om2==0m13 0.98mA/V 2.816mA/NV

The current outputs at the n and p terminals of the enhanced Floating Current Source in response to the input voltage
(VY1-VY2) can be observed in Figure 5. The output currents exhibit a variation of + 300uA. Figure 6 demonstrates the
Gm (transconductance) performance of the enhanced Floating Current Source, showcasing its commendable operation in
the vicinity of 100 MHz frequencies. Furthermore, Figure 7 provides an insightful depiction of the alternating current
(AC) features of the Floating Current Source (F.C.S). The ladder circuit depicted in Figure 3 and the suggested design
illustrated in Figure 4 have been simulated utilizing the component magnitudes specified in (Table 3, 4). The outcome is
depicted in Figures 8 and 9.

1 T T T T T 1
-2 v ov w v
Veltage

Figure 5: The enhanced floating current source's DC transfer feature.
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Figure 6: The enhanced floating current source G AC transfer feature
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Figure 7: An enhanced floating current source with AC features
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Figure 8: Ideal and simulated Elliptic the sixth order differential Gm-C bandpass filter frequency responses.
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Figure 9: Ideal and simulated Butterworth the sixth order differential Gm-C bandpass filter frequency responses.

The simulation outcomes of the ideal and suggested sixth-order differential Gm-C bandpass filter are presented. The
simulated filter responses in LTSPICE exhibit a center frequency of 30MHz. The theoretical center frequency was
determined by evaluating ®0 = 2x X 30.05 MHz, utilizing the data provided in Table 4. The simulation findings obtained
from our experiments exhibit a satisfactory correspondence with the theoretical outcomes. Figures 8 and 9 exhibit the
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potential applicability of the suggested filters within contemporary RF communication circuits, given that the filters
function at intermediate frequencies within a superheterodyne (superhet) receiver. The suggested bandpass filter was
subjected to significant signal analysis, wherein a sinusoidal signal with varying amplitudes at a frequency of 10 MHz
was applied to the input. Simulations conducted on the filters have demonstrated a Total Harmonic Distortion (T.H.D)
below 4% at a frequency of 10MHz. The cumulative harmonic distortion gradually increases proportionately to the input
voltage, which remains below 400m Vpp [8-10].

4, Conclusion

This work describes a Gm-C filter implemented in a standard CMOS process, operating at high voltage and low power.
Utilizing (F.C.S) made it feasible to achieve high-frequency operation while maintaining a low supply voltage. The
(F.C.S) exhibits similarities to the Operational Transconductance Amplifier (OTA). However, the Fully Differential
Cascode Structure exhibits superior performance compared to the Operational Transconductance Amplifier (OTA) due
to its inclusion of two distinct transconductance (Gm). In contrast, OTA only possesses a single Gm. The (F.C.S) exhibits
a straightforward and uncomplicated architecture. The transconductance (Gm) of the device can be dynamically adjusted
by utilizing bias current control techniques. The center frequency of the filter is approximately 30 megahertz (MHz). The
simulation findings exhibit a favorable correspondence with the theoretical outcomes. The sixth-order bandpass filter
(BPF) was realized utilizing standard CMOS TSMC 0.18um technology, incorporating capacitors. Figure 10 exhibits a
die photograph of the filter, wherein the circuit's overall size, encompassing the pads, amounts to 2.4mm? for the elliptic
filter.

Figure 13: Die photograph of Butterworth BP Gm-c filter

Furthermore, Figure 12 portrays the layout of the receiver. The die, encompassing the pads, occupies a compact area
measuring 2.66mm x 2.22mm. Figure 11 illustrates the schematic representation of the (13 part) Gm and capacitor
Butterworth filter. The proposed filter functions at intermediate frequencies and applies to contemporary RF
communication circuits. The LTSPICE simulations demonstrate satisfactory circuit performance with minimal total
harmonic distortion. The enhanced current source architecture exhibits a streamlined configuration with fewer transistors.
Hence, it can achieve enhanced circuit design simplicity by effectively utilizing the chip area and mitigating investment
costs. The filter lacks the presence of a resistor, and all capacitors are effectively connected to the ground. Hence, it is
well-suited for seamless integration and exhibits reduced susceptibility to parasitic influences.
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Abstract: This study was conducted with three replicates using three different doses of Cladophora glomerata and Arthrospira
(Spirulina) platensis algae (C. glomerata dry weight dose 10 g, 25 g, and 50 g; A. platensis dry weight dose 5 g, 12.5g,and 25g) in
order to develop and determine the most suitable growing media for Agaricus bisporus species. Between 28.04.2021 and 10.07.2021,
research trials were conducted in a private mushroom production enterprise in Korkuteli District of Antalya Province. The composts
in which the seed mushroom mycelia of "Amycel Company" were planted and inoculated were obtained from "SMS Ersanlar Compost
Company" in this district. During the research, some distinguishing characteristics of mushroom quality such as mushroom yield,
average mushroom weight, mushroom cap and stem weights, mushroom cap diameter, and height, mushroom stem diameter and length,
total mushroom length, dry weight, ash weight, and pH were analyzed. It was observed that Algae treatments to composts generally
gave better results than the control group. Cld 250 and Spr 250 application doses increased the total mushroom yield by 7% and 15%,
respectively.

Keywords: Agaricus bisporus, Arthrospira (Spirulina) platensis., Cladophora glomerata, Culture mushroom cultivation , Edible
mushroom

Oz: Bu ¢alisma, Agaricus bisporus tiiriiniin en uygun yetistirme ortamlarmin gelistirilmesi ve belirlenmesi amaciyla, Cladophora
glomerata ve Arthrospira (Spirulina) platensis alglerinin ti¢ farkli dozu (C. glomerata kuru agirlik dozu 10 gr, 25 gr ve 50 gr; A.
platensis kuru agirlik dozu 5 gr, 12,5 gr ve 25 gr) kullanilarak ii¢ tekerriirlii olarak yapilmigtir. 28.04.2021 ile 10.07.2021 tarihleri
arasinda Antalya ili’nin Korkuteli ilcesi’nde 6zel bir mantar iiretim isletmesinde arastirma denemeleri yapilmustir. “Amycel
Firmas1”’nin tohumluk mantar miselleri i¢inde ekilmis ve asili olan kompostlar, “SMS Ersanlar Kompost Firmasin'dan yine bu ilge
i¢inden temin edilmistir. Aragtirmada sirasinda mantar kalitesinin baz1 ayirt edici 6zelliklerinden olan; mantar verimi, ortalama mantar
agirligl, mantar sapka ve sap agirliklari, mantar sapka ¢api ve yiiksekligi, mantar sap ¢ap1 ve uzunlugu, toplam mantar uzunlugu, kuru
agurlik, kil agirhigt ve pH gibi kistaslar incelenmistir. Mantar kompostlarina alg uygulamalarinin genelde kontrol grubuna gére daha
iyi sonuglar verdigi goriilmistiir. Cld 250 ve Spr 250 uygulama dozlarmin toplam mantar verimini sirastyla % 7 ve % 15 oranda
arttirdiklart tespit edilmistir.

Anahtar Kelimeler: Agaricus bisporus, Arthrospira (Spirulina) platensis, Cladophora glomerata, Kiiltiir mantar1 yetistiriciligi,
Yenilebilir mantar

1. Introduction

Since ancient times and due to their intriguing nature, fungi have attracted great interest from scientists. These researchers
are discovering new species of fungi, with a discovery rate reaching 1200 species per year in the last decade. Today, there
are more than 3000 species considered edible mushrooms, including economically and commercially cultivated species
and species produced on an industrial scale. However, the white button mushroom (Agaricus bisporus) is still one of the
world's most produced mushroom species and today is the fourth most cultivated mushroom species worldwide,
accounting for 15% of global mushroom production. By 2025, it is expected to dominate the global market [1]. World
mushroom production is 50 million tons and 80% of this production is met by Asian countries, 10% by European countries
and 5% by the USA. Turkey has a share of 0.0012% with a production value of 61460 tons [2]. According to the data of
Turkish Statistical Institute (TurkStat), mushroom cultivation area reached 895 decares and mushroom production reached
61460 tons in 2021 and Korkuteli district of Antalya ranked first with 280 decares of cultivated area and 28000 tons of
product and 45.55% on a national basis [3, 4].

It is especially preferred by consumers interested in vegan and 'clean’ diets due to its high nutritional value and many
health benefits. In addition to identifying the main growth directions and requirements, this fungus has gained a large
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share of scientific studies investigating methods to optimize each of the key steps of the mushroom production cycle, such
as composting, spawning, sheathing, pinning, trimming and harvesting, and to develop new species with higher yield
capacity and resistance to specific diseases [1].

Bacteria and algae in particular are the main component of culture beds, some of which have the ability to increase
mushroom yield and quality [5]. Not only in Agaricus bisporus, but also in other mushrooms such as Pleurotus ostreatus,
the addition of bacterial cultures to the mushroom growing medium has led to faster growth of mushroom mycelia [6].
These effective bacteria produce specific metabolites that can initiate sporophore formation. Phytohormones such as
indole 3-acetic acid are the most important factors proposed for the growth stimulating effect of these microorganisms.
Cyanobacteria and some other algae are a group of microorganisms that can influence the mycelial growth of fungi.
Cyanobacteria and some eukaryotic algae produce a wide range of secondary metabolites, including antibiotics, algicides,
toxins, pharmaceuticals and plant growth regulators. Among the growth regulators, giberellin, auxin, cytokinin, ethylene,
abscisic acid and jasmonic acid have been identified in cyanobacteria and some eukaryotic algae [7-11].

In this study, it was aimed to investigate the effects of the addition of Spirulina plantesis and Cladophora glomerata,
which are among the micro and macro algae with high nutritional values and content used in plant nutrition, animal feeds,
human food supplements, on the yield and quality of Agaricus bisporus mushroom cultivation in the mycelial
development stage.

2. Material and Method
Arthrospora (Spirulina) platensis

Arthrospora (Spirulina) platensis was obtained from Cukurova University, Faculty of Fisheries. The culture was produced
in 20 | plastic bottles in Harran University, Faculty of Arts and Sciences, Department of Biology, Department of
Hydrobiology - Algology Laboratory, at a constant temperature of 30 = 1 °C, pH 9.8-10.3, 24 hours of white LED lamp
illumination adjusted to 4000 + 100 lux light intensity and continuously mixed with fresh air by aquarium pump. The
culture reached maximum density every 8-9 days and was harvested by filtering through a 20 p plankton mesh. The
harvested Artrospora platensis was dried in the shade, pulverized with a 46 thousand speed blender (Tefal Ultra High
Speed Blender - shredder) and stored in a -20 °C deep freezer. A. platensis was cultured with "Spirulina medium" [12].

Cladophora glomerata

Cladophora glomerata required for the experiment was collected from Karkamig Dam in Birecik, Sanliurfa. The collected
algae were cleaned from stones, sand and invertebrates (mussels and snails), dried in the shade, pulverized with a 46
thousand speed blender (Tefal Ultra High Speed Blender - shredder) and stored in -20 oC deep freezer.

Table 1. The systematics of Agaricus bisporus, A. platensis ve C. glomerata are given in Table 1.

Empire Prokaryota Eukaryota Eukaryota

Kingdom Eubacteria Plantae Fungi

Subkingdom Negibacteria Viridiplantae

Phylum Cyanobacteria Chlorophyta Basidiomycota

Class Cyanophyceae Chlorophytina Homobasidiomycetes

Subclass Oscillatoriophycidae Ulvophyceae Homobasidiomycetidae

Order Oscillatoriales Cladophorales Agaricales

Family Microcoleaceae Cladophoraceae Agaricaceae

Genus Arthrospira platensis Gomont Cladophora glomerata (Linnaeus) Agaricus bisporus (J.E.Lange)
1892 Kiitzing 1843 Imbach

Mushroom compost

The experiment was carried out in a private mushroom production enterprise in Korkuteli District of Antalya Province.
The compost used in the experiment was obtained from "SMS Ersanlar Kompost" company operating in Antalya /
Korkuteli district. Seed mycelia were obtained from "Amycel Company" as planted in the compost. The peat used as
cover material of mushroom compost was obtained from "Keskin Torf Company" from Cebicli District of Burdur.

Establishment of the Experiment and Application Method
The compost to be used in the experiment was placed in the mushroom house warehouse where the experiment would be
carried out. After the internal temperature of the bag was determined, the necessary air conditioning conditions were

provided. The composts placed in the warehouse in the form of presses were placed in bags of 10 kilograms each, weighed
and placed on the bunks. The study setup was prepared according to factorial experimental design with 4 replications. In
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the experiment, 21 bags of 10 kg each were used. The total amount of compost used was 210 kg. The daily procedures
performed in the experiment are given in Table 2 and the changes in the temperature and humidity of the growing room
and compost are given in Table 2.
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Figure 1. Daily treatments in the experiment

Table 2. Variation of temperature and humidity of the growing room and compost

Process Periods Room Temperature Bag Internal Temperature In Room Humidity

Mycelial pre-growth period 18-22°C 20-25°C 75-80
Application of cover soil 20-22 °C 22-28 °C 80-85
Aeration after raking 15-17°C 17-19°C 75-80
Harvest time 15-17°C 15-17°C 70-75

Powdered Cladophora glomerata was diluted to 10%. The powdered Arthrospira (Spirulina) platensis used in the study
was diluted with water to 5%. After disinfection of the prepared mixtures, applications were made. After the completion
of the mycelial pre-development period, the printing process was carried out. After the printing process was completed,
labeling process representing the application doses and groups was performed in the test bags. Three groups were formed
as Spirulina, Cladophora and control group and each group was applied 100 ml, 250 ml and 500 ml mixture
homogeneously with 3 repeated injections. The depth of application was 3-4 cm in the compost. In the control group, 100
ml, 250 ml and 500 ml of water were applied. Table 3. shows the dry weight of algae applied to the experimental groups
in grams.

Table 3. Dry weights of algae applied to the experimental groups

Application Groups Cld 100 Cld 250 Cld 500 Spr 100 Spr 250 Spr 500 Cont
In dry weight 10 25 50 5 12,5 25 0
amounts of algae (gr)

Analysis and Measurements in the Experiment

The mushrooms were harvested daily from each trial bag and the necessary measurements were made to determine the
total yield during the one-month harvest period. In order to determine the characteristics of each group, 10 samples with
the characteristics that reflect the general characteristics of the group were separated. If there were not enough samples,
the necessary measurements were made on the samples obtained. At the same time, the samples required for analysis in
the groups were taken for freezing and drying.
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Physical measurements and analyses to determine mushroom quality were performed according to total carpophore
weight, average carpophore weight, total number of carpophores, cap diameter (mm), cap height (mm), cap weight (g),
stem length (mm), stem diameter (mm), stem weight (g), average carpophore height (mushroom full height), ash content,
dry matter percentage and pH [13, 14].

3. Conclusion and Discussion
Total number of carpophores (mushrooms)

The lowest and highest number of carpophores was 182 in the Spr 500 group and 246.33 in the Cld 250 group, which is
about 12% higher than the control groups. The data obtained are shown in Figure 4.1. It was found that the increased
activity of nitrifying bacteria was related to the high level of extractable nitrate in Agaricus compost, which increased
slowly before the completion of the cropping process, and that the total number of carpophores (fungi) could be increased
by adding cyanobacteria such as Nostoc sp. to the compost [15]. In a similar study conducted by various researchers, it
was observed that various bacteria, algae and organic matter added to the compost increased mushroom yield, quality and
total carpophore (mushroom) count compared to the control group [16-20].
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Figure 2. Effect of different dose applications on total carpophore number

Mushroom full length (mm)
The lowest and highest mushroom full length was 42.21 mm in Spr 100 group and 45.72 mm in Spr 500 group, 7% more

than the control group. The data obtained are shown in Figure 4.2. In similar studies, it was observed that various bacteria
and organic substances added to the mushroom compost increased the mushroom full length compared to the control

group [17, 19, 21].
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Figure 3. Effect of different dose applications on mushroom full length
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Mushroom cap diameter (mm)

The lowest and highest mean hat diameter was 38.11 mm in the Cld 250 group and 43.16 mm in the Spr 500 group, which
were 13% higher than the control group. The data obtained are shown in Figure 4.3. In the experiments carried out by
various researchers, it was observed that various bacteria and organic substances added to the compost increased the
mushroom cap diameter [17, 21-25].
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Figure 4. The effect of different dose applications on hat diameter

Height of mushroom cap (mm)

The lowest and highest average hat height was 18.53 mm in Spr 100 group and 32.14 mm in Spr 500 group, which were
70% higher than the control group. The data obtained are shown in Figure 4.4. In some studies, it was determined that
various bacteria and organic substances added to mushroom compost increased the height of mushroom cap compared to
the control group [17, 21].
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Figure 5. Effect of different dose applications on average hat height
Mushroom stem diameter (mm)
The lowest and highest mean stem diameter was 16.76 mm in the Cld 250 group and 18.72 mm in the Spr 500 group, 4%
more than the control group. The data obtained are shown in Figure 4.5. In similar studies, it was found that various

bacteria and organic substances added to the mushroom compost increased the mushroom stem diameter compared to the
control group [17, 21].
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Figure 6. Effect of different dosage treatments on stem diameter

Mushroom stem height (mm)

The lowest and highest mean stem height was 30.91 mm in Cld 100 group and 34.92 mm in Spr 500 group, which were
10% higher than the control group. The data obtained are shown in Figure 4.6. In a similar study, stem length values were
observed in the range of 14.45-17.21 cm, the highest value was observed in BM2 group with 17.21 cm and the lowest
value was observed in SR8 group with 14.45 cm [21]. In similar studies conducted by various researchers, it was observed
that various bacteria, algae and organic substances added to mushroom compost increased the stem length values
compared to the control group [17, 18, 22-27].
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Figure 7. Effect of different doses on stem height

Total carpophore (mushroom) weight

According to the application dose, the lowest total carpophore weight was 2744.93 g and the highest was 3572.89 g,
which was 15% more than the control group. The data obtained are given in Figure 4.7. In a study investigating the effect
of Scytalidium thermophilum inoculation of mushroom composts on yield, it was determined that mushroom yield was
twice higher in inoculated composts compared to pasteurised controls [28]. A large increase in the yield of A. bisporus
mushroom was observed by spraying the photosynthetic bacteria on the cover soil [29]. They observed that the application
of nitrogenobacters mixed into mushroom composts did not change the yield of A. bitorquis much, but Bacillus
thuringiensis, Bacillus circulans -1l and Alcaligenes feacalis significantly increased mushroom yield compared to non-
inoculated groups [30]. Streptomyces violaceorubidus, Microbacterium humi, Gordonia hydrophobica, Curtobacterium
citreum, Agaricicola taiwanensis, Advenella incenata and Actinomycetales bacterium isolates isolated from the cover soil
of Agaricus blazei increased fresh mushroom yield from 70% to 115% [31]. In another study, it was reported that isolates
containing Pseudomonas fluorescens, P. putida and Bacillus mycoides bacteria, which were isolated in A. bisporus
cultivation and had good interaction in the cover soil, provided yield increase in the range of 8-40% compared to the
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control, and P. putida bacteria provided the best result [32]. In a recent study, the highest mushroom yield values of two
different commercial microbial fertilisers named BM-MegaFIlu and SS-Super Root with different bacterial contents were
found in the range of 1063.3 - 2768.5 g, the highest value was found in BM8 with 2768.5 g and the lowest value was
found in BM8 application with 1063.3 [21]. In similar studies conducted by various researchers, it was determined that
various bacteria, algae and organic substances added to mushroom composts increased the total carpophore (mushroom)
weight values compared to the control group [15-17].
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Figure 8. Effect of different dose applications on total carpophore weight

Average carpophore (mushroom) weight

The lowest and highest average carpophore weight was 16.35 g in Cld 250 group and 19.89 g and 22.57 g in Spr 500 and
Cld 500 groups, respectively, which were 18% and 34% higher than the control group. The data obtained are shown in
Figure 4.8. In the study of application of photosynthetic bacteria to mushroom composts, it was observed that the average
mushroom weight varied between 10.71 - 11.20 g [29]. In similar studies conducted by various researchers, it was
determined that various bacteria, algae and organic substances added to the composts increased the average carpophore
(mushroom) weight values compared to the control group [17, 21]. It is thought that the differences observed in these
studies in terms of mushroom weights may be due to the genetic structure of fungi, differences in treatments and

environments.
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Figure 9. Effect of different dose applications on average carpophore weight

Mushroom hat weight

The lowest and highest average hat weight was found to be 10.63 g in Cld 250 group and 15.75 g in Spr 500 group, 43%
more than the control group. The data obtained are shown in Figure 4.9. In similar researches and studies carried out by
various researchers, it was determined that various bacteria, algae and organic substances added to mushroom composts
increased mushroom cap weight values compared to the control group [17, 21].
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Figure 10. The effect of different dose applications on hat weight

Mushroom stem weight

The lowest and highest average stem weight was 5.74 g in Cld 250 group and 7.14 g in Spr 500 group, which were 27%
higher than the control group. The data found are shown in Figure 4.10. In similar studies carried out by various
researchers, it was determined that bacteria, algae and organic substances added to mushroom composts increased
mushroom stem weight values compared to the control group [17, 21].
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Figure 11. Effect of different dosage treatments on mushroom stem weight
Mushroom wet weight
The lowest and highest mushroom wet weight values were 24.87 g in Cld 100 group and 36.00 g in Cld 500 group, which
were 77 % higher than the control group. The wet weights of the mushrooms in the experiments are given in Figure 4.

11. In similar studies carried out by various researchers, it was determined that bacteria, algae and organic materials added
to mushroom composts increased mushroom wet weight values compared to the control group [16, 17, 21].
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Figure 12. Effect of different dose applications on mushroom wet weight

Mushroom dry weight

Depending on the application dose, the values obtained from the experimental groups varied between 1.79 g. The lowest
and highest mushroom dry weight values were 0.91 g in Cld 100 group and 1.79 g in Cld 500 group, which were 112 %
higher than the control group. The data obtained are given in Figure 4.12. In a study, it was determined that 9 - 12 % of
100 g fresh mushroom was dry matter and the amount of dry matter of mushroom was influenced by the species and
varieties of mushrooms, cultural processes, nutrient content of the mushroom compost medium [33]. In another study,
the amount of dry matter was found to be 6.38% [27], and in another study, it was found to be in the range of 7.67 -
9.10%, however, it was also stated that the amount of dry matter decreased in the second and third harvest period
compared to the first harvest period [34]. In similar studies carried out by various researchers, it was found that bacteria,
algae and organic materials added to mushroom composts increased mushroom dry weight values compared to the control
group [15-17, 20, 21].
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Figure 13. Effect of different dose applications on mushroom dry weight

Mushroom ash weight

The lowest and highest values were 0.33 g in Cld 100 group and 0.70 g in Cld 500 group, which were 109 % higher than
the control group. The data obtained are shown in Figure 4.13. In a study, it was found that the amount of mushroom ash
was higher in compost formulas and recipes with bacteria and organic fertiliser, the highest was 12.33% ST+B and the
lowest was 11.26% ST [35]. In similar studies, it was found that bacteria, algae and organic materials added to mushroom
composts increased mushroom ash weight compared to the control group [15, 17, 20, 21].
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Figure 14. Effect of different doses on mushroom ash weight

Mushroom (%) moisture content

The lowest value was 94.82 % in Cld 500 group and the highest value was 96.35 % in Cld 100 group. The data obtained
are shown in Figure 4. 14.
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Figure 15. Effect of different dose applications on the moisture content of mushroom (%)
Mushroom pH values

The lowest value was found in Cld 500 group with 6.62 and the highest value was found in Spr 500 group with 7.31,
which was 5% higher than the control group. All of the Spirulina sp. treatments were slightly higher than the control
groups. It is thought that this may be due to the fact that Spirulina sp. grows in alkaline conditions with pH >10 and pH
values are high. The pH result data obtained are given in Figure 4. 15. In a study [21], the pH measurements of the
mushroom were measured between 6.76 (BM6) - 7.53 (BM3). These results are in parallel with the studies carried out by
different researchers and they stated that different environments and applications may be effective on the pH of mushroom
[17, 22, 26, 36].
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Figure 16. Effect of different dose applications on mushroom pH values

4. Conclusions and Recommendations

This study was conducted with three replicates using three different doses of Cladophora glomerata and Arthrospira
(Spirulina) platensis algae (C. glomerata dry weight dose 10 g, 25 g and 50 g; A. platensis dry weight dose 5 g, 12.5 g
and 25 g) in order to develop and determine the most suitable growing media for Agaricus bisporus species. Between
28.04.2021 and 10.07.2021, research trials were conducted in a private mushroom production enterprise in Korkuteli
District of Antalya Province. The composts planted and inoculated in the seed mushroom mycelia of "Amycel Company"
were obtained from "SMS Ersanlar Compost Company" in this district. During the research, some distinguishing
characteristics of mushroom quality such as mushroom yield, average mushroom weight, mushroom cap and stem
weights, mushroom cap diameter and height, mushroom stem diameter and length, total mushroom length, dry weight,
ash weight and pH were analysed. It was observed that algae treatments to mushroom composts generally gave better
results than the control group. Cld 250 and Spr 250 application doses increased the total mushroom yield by 7% and 15%,
respectively.

In recent years, the demand for organic agricultural products has increased due to the negative effects of conventional
agricultural techniques (pesticides, chemical fertilisers, antibiotics, hormones, etc.). These are biofertilisers of plant and
animal origin. In addition, in recent years, various bacteria and algae, which have the effects of increasing plant growth,
earliness and long harvest period, have started to be used. Many researchers are using macroalgae, which are abundant
and cheap in nature, and a large number of bacteria and algae species and varieties isolated from different sources,
inexpensively reproduced or cultivated with advanced techniques and used as biofertilisers at appropriate doses.

Soil microorganisms, especially bacteria, are the main component of mushroom compost, some of which have the ability
to increase mushroom yield and quality [1]. Not only in Agaricus bisporus, but also in other mushrooms such as Pleurotus
sp., the addition of bacterial culture to the mushroom growing medium made the mushroom mycelia work faster [1].
These effective bacteria produce specific metabolites that can initiate sporophore formation. Phytohormones such as
indole 3-acetic acid are the most important factors proposed for the growth-stimulating effect of these microorganisms.
Cyanobacteria or blue-green algae (BGA) are another group of soil microorganisms that can influence the mycelial growth
of fungi. Cyanobacteria produce a wide range of secondary metabolites, including antibiotics, algicides, toxins,
pharmaceuticals and plant growth regulators. Among the growth regulators, giberellin, auxin, cytokinin, ethylene, abscisic
acid and jasmonic acid have been identified in cyanobacteria [7- 11, 17].

In this study, the effects of macroalgae and microalgae which can be used as organic and biofertilisers on mushroom yield
and quality were investigated. It was found that mycelial growth in composts treated with organic fertiliser, bacteria and
algae occurred in a shorter time, covered the compost more quickly, harvesting could be done earlier and positive effects
in terms of yield increase were determined. Organic and biofertiliser added compost formulas and recipes can be easily
used by producers for mushroom cultivation due to these features.

In terms of the main characteristics and criteria used in the quality of mushrooms, very important effects of these
applications were observed. Positive effects of biofertilisers on compost formulas and recipes were determined in terms
of quality parameters such as hat, stem and whole weight of mushroom, whole length of mushroom, hat length, hat
diameter, and stem length weight.

In nature or in our environment, many algae and some bacterial groups (Plant Growth Promoting Rhizobacteria or PGPRs,
Cyanobacteria -are photosynthetic bacterias-, etc.) can be used as biofertilizers. In this study, only two algae species were
used. Considering that there may be algae and bacterial species that will have much more effects, we think that more
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research and studies should be carried out in this field and subject. Especially in the case that these biofertilisers to be
obtained may be expensive, and the properties of other cheap materials that can be found are not very good, the use of
these biofertilisers even at a very small rate and amount may give much better results. We think that more research, trials
and studies should be carried out on these issues and we propose them to all researchers.
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