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ABSTRACT

In this study, biofunctionalized globular or oval shaped silver
nanoparticles were obtained by using aqueous extract of lemon peel
(Citrus limon) via microwave-accelerated heating system. While
UV-visible spectroscopy, FTIR and XRD analyses were applied to
recognize the formation of nano-silver, TEM and Zeta analysis were
employed to reveal their morphological features. UV—vis spectrum of
fabricated AgNPs indicated its characteristic maximum absorbance at
445 nm. Phytosynthesized silver nanoparticles were poly-dispersed
with Z-average value of 41.86 nm, and showed excellent stability for
several months with no aggregation and agglomeration. The non-toxic
nature of the developed Ag nanoparticles was further confirmed by
applying on healthy mouse fibroblast 1929 cell line, which may
expand their potentials for further studies related to medical science
and other biological applications.

OZET
Bu calismada, mikrodalga hizlandirmali 1sitma sistemi yontemi ile
limon kabuk (Citrus Iimon)  ekstraktsiyonu kullanarak

biyofonksiyonel kiire seklinde veya oval sekilli gimiis nanopartikiiller
elde edilmigtir. Calismada giimiis nanopartikiillerin olusumunu
tanimak igin UV-—vis absorpsiyon spektroskopi, FTIR ve XRD
analizleri uygulanirken, nanopartikiillerin morfolojik 6zelliklerini
ortaya cikarmak icin TEM ve Zeta analizi uygulanilmigtir. Uretilmis
AgNP’lerin UV-vis spektrumu, 445 nm’de karakteristik maksimum
absorbansini gostermistir. Fitosentezlenmis giimiis nanopartikiller,
Z-ortalama degeri 41,86 nm olan poli-dispersiyon haline getirilmesi
ile birlikte herhangi bir agregasyon ve agglomerasyon olmadan birkag
ay boyunca miikkemmel stabilite sergilemistir. Daha sonra, saglkl
fare fibroblast hiicreleri (1929 hiicre ¢izgisi) {izerindeki
biyosentezlenmis bu Ag NP’lerin non-toksik 6zelligi dogrulanmistir.
Bu durum, tip bilimlerin yani sira cesitli biyolojik uygulamalarda da
bu nanopartikillerin potansiyellerini géstermektedir.
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INTRODUCTION NPs, nano-silver (AgNPs) is one of the most attractive

Nanotechnology based researches are generating an
emergent sense of great enthusiasm in every aspect of
science and technology in today’s world (Mohanpuria
et al, 2008). Due to improved magnetic, optical,
catalytic, and electrical properties as well as precise
and unique morphological features, noble metallic
nanoparticles and their nano oxides are being utilized
in multidisciplinary processes for producing diverse
merchandises (Tsuji et al., 2005). Among all metallic

nanomaterials which have different types of profitable
applications. They have particularly been exploited for
many antimicrobial purposes as well as the
applications of anti-inflammatory and antiseptic
treatments (Ahamed et al., 2010). Besides, several
studies also observed the in vitro anti-carcinogenic
effects of nano silver (Ahamed et al., 2010). They
further are being used as a valuable product of
electronic manufacturing, for optical devices and


https://doi.org/10.1109/5.771073
https://doi.org/10.1109/5.771073

KSU Tarim ve Doga Derg 24 (1): 1-10, 2021
KSU J. Agric Nat 24 (1): 1-10, 2021

Arastirma Makalesi
Research Article

various kinds of sensors as well as in the purpose of
food packaging and storing, in textile sectors during
coating process (Furno et al., 2004; Murphy et al.,
2008; Zhang et al., 2016). Referring the production of
silver and other metallic nanoparticles, most
conventional physical schemes are costly and demand
enormous consumption of energy, whereas chemical
approaches sometime require toxic solvents such as
sodium borohydride, dimethylformamide (DMF),
paraffin wax, polyvinylpyrrolidone (PVP) etc., which
might cause serious damage to the surrounding
environment (Lee et al., 2007; Iravani et al., 2014).
Hence, exploitation of green, non-hazardous,
biocompatible, and environmentally benign biological
synthesis methods using lower organisms and plant
materials for nanoparticle production earns
advantages over other established approaches.
However, plant-mediated synthesis of nanoparticles
could be the best choice since the use of lower group of
organisms for NP production is very complex and time
consuming due to the fact that isolation and
maintenance of microbes requires multiple steps,
which might also increase the cost of whole process
(Lin et al, 2010). Besides, a wide range of
microorganisms are pathogenic or harmful to human
being that limits their feasibility (Silver, 2003; Ahmed
et al., 2003). On the other hand, vast quantities of
plants and plant parts boasted with various primary
and secondary metabolites are easily accessible and
abundant naturally, and therefore, plant extracts can
provide an inexpensive, fast and competent synthesis
scheme for the production of crystalline metallic
nanoparticles with desirable shapes and sizes
(Thakkar et al., 2010; Rai and Yadav, 2013).

This study utilized lemon (Citrus Iimon) peel extract
as reducing and stabilizing agents for the production
of silver nanoparticles. This is due to the fact that
citrus fruits are one of the prominent fruit crops, and
globally, their production is increasing day by day.
Commercially, 34% of annually produced oranges and
lemons are being consumed for juice production,
resulting approximately 44% peel as waste product (Li
et al., 2006). Lemon and other citrus peel is a rich
source of various active phytochemicals such as
polyphenols, carotenoids, essential oils, amino
acids, dietary fibers, minerals and vitamins, with very
high functional properties (Bocco et al., 1998).

For increasing reaction rate within a short period of
time, microwave heating was adjusted during the
synthesis based on temperature and time which was
very facile and affordable. For nanoparticle synthesis,
microwave-assisted heating system has become an
effective and fruitful practice, lately. This is due to the
fact that the microwave system supplies rapid initial
heating which facilitates immediate utilization of
reactants by amplifying reaction kinetics. It also offers
standardized nucleation and homogenous growth

conditions in the synthesis medium, which accelerate
rapid reducing and capping rates, and thus, helps to
yield higher production of NPs within a short period of
time (Jahan et al., 2019). Moreover, it was observed
that microwave heating-based synthesis reduced the
aggregation rate of NPs compared to synthesizing at
room temperature (Kudle et al., 2013).

Succeeding the biosynthesis of AgNPs, detail
characterization was conducted through different
techniques to reveal their shape, size and other
morphological features. Moreover, cytotoxic effect of
phytosynthesized silver nanoparticles was also
investigated to measure their biocompatibility.

MATERIALS and METHODS

Plant Extract Preparation and Fabrication of Ag-
Nanoparticles

In this study, silver nitrate (AgNOs) and other
required chemicals were analytical grade, which were
collected from Sigma-Aldrich (St. Louis, MO, USA).
Properly dried and autoclaved instruments were used
in every step of this experiment. Fresh lemon fruits
were washed thoroughly with ultra-purified deionized
water. Afterwards, yellow colored fruit peel was cut off
and chopped into small pieces using a sterilized
kitchen paring knife.

Around 5 g of the sliced peel were put into 50 ml of
ultra-purified deionized water (1:10 ratio), and placed
into the laboratory-grade microwave closed vessel
(Milestone Microsynth microwave labstation) system
for approximately 2 minutes at the irradiation level of
700 W. Afterwards, Whatman No. 1 filter paper (pore
size: 11 pym) was employed for removing debris from
the extract solution was then filtered using and kept at
4°C. The ratio of plant material and water taken in this
study, and selection of the shortest extraction time
with highest irradiation wavelength (700 W) were due
to increase the extraction yield with minimal
evaporation of reagents, which also prevented the
degradation of phenolic and other biocompounds
(M’hiri et al., 2014).

Fabrication of silver nanoparticles was started
combining 10 ml extract, 90ml ultra-purified water
and 0.017 g of silver nitrate (ImM), which was placed
in a laboratory-grade microwave for 25 minutes at
90°C by the highest heating level of 300 W with
continuous stirring.

Following the color changing, Whatman Grade No.5
filter paper with 2.5 um pore size was used to eliminate
large discarded particles from the sample solutions;
then centrifuged 3-4 times at 5000 rpm for 15 minutes
at 4°C. Lastly, the purified precipitate was dried under
vacuum condition; and powdered AgNPs stocked in a
dark colored vial and stocked up at 4°C for further
experimentation. Following the color changing, the
solution was filtered using Whatman Grade No.5 filter
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paper with 2.5 pm pore size to eliminate large
discarded particles from the sample solutions and then
centrifuged 3-4 times at 5000 rpm for 15 minutes at
4°C for further purification. Lastly, to avoid the photo-
oxidation (Grillet et al., 2013), the purified precipitate
was dried under vacuum condition, and using a dark
colored vial, the powdered AgNPs was stocked at 4°C.

Characterization of Synthesized AgNPs

Optical property of developed NPs was investigated by
UV-vis spectroscopy (UV-1700 spectrophotometer,
Shimadzu, Europe) in which ultra-purified water was
taken as blank and spectral peaks were collected in the
range of 200 - 800 nm. Shimadzu IR Prestige-21 FTIR-
ATR instrument was used to read IR spectroscopic
graph. XRD patterns with a step size of 0.02 was taken
at the range of 2h from 10° to 80° via X-ray diffraction
(PANalytical Empyrean model) plan for recognizing
crystalline nature of synthesized NPs; XRD graph was
regenerated by the Origin 8.5 software. Transmission
Electron Microscopy (TEM 1400, JEOL, Tokyo, Japan)
at increased speed voltage of 120 kV was used for
imaging to reveal morphological features of AgNPs.
Finally, particle average size distribution, and
potential value of developed NPs were determined
using Zeta sizer (model name: Zetasizer nano ZS,
Malvern Instruments Ltd., UK).

Cytotoxicity Study of silver nanoparticles

The cytotoxic activity of biosynthesized AgNPs was
evaluated on 1929 mouse fibroblast cell lines. Using
XTT assay [2, 3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-
2H-tetrazolium-5-carboxanilide] the percentage of
viable cells in culture media was determined by
observing optical intensity of these viable cells. For
maintaining the culture of cell line, DMEM-F12
medium was utilized supplemented with 10% fetal
bovine serum and penicillium-streptomycin, which

was incubated at 37°C with 5% COz air flow. After
incubation, completely affluent cells were detached
from the upper layers of the cell containing vessels
using Trypsin. Afterward, by staining with Trypan
blue, the viable cells were identified, and counted from
the detached cultured cells. Prior to applying silver
nanoparticles into cell medium, 1 mL. medium was
used to adjust the density of obtained viable cells to
106. Aiming this adjustment, 100 pL of cell suspension
was plated in every well of sterile 96-well flat bottom
microplate (BD, Biosciences) within a short period of
time. Before incubating at 37°C, the biosynthesized
AgNPs was added to cultured cells with an increasing
concentration (0, 0.1, 0.25, 0.5, 1, 2.5 and 5 pg/mL).
After 24 hours of incubation, old medium was removed,
and 100 pL XTT solution (with 0.5 mg/ml DMEM,
which was adjusted to Phenazine methosulfate (7.5
pg/mL)) containing 100ml fresh medium was added,
and again incubated for 4 hours at the same
temperature. Later on, a multiplate reader (model:
Lab-Line Instruments, Melrose Park, IL, USA) at 450
nm was employed for measuring optical density (OD)
of active viable cells from the suspension. Lastly, the
cell viability was calculated in percentage (%) following
this equation (Sahu et al., 2016):

T __ OD of specimen
Cell viability (%) = ob ofeomma % 100
RESULTS and DISCUSSION

The main objective of this study was to synthesize
silver nanoparticles by lemon peel extract using the
lowest concentration of AgNO3 solution within a
significantly shortest period of time. For optimizing
the synthesis protocol, different synthesis cycles were
designed according to the variation of the ratio of plant
extract and salt solution as well as temperature at
different wavelengths and time durations. The color
change in the synthesis media was used as the
indication of the completion of reaction (Figure 1).

Figure)l. ‘Silver nitrate solution (A), aqueous extract of lemon peel (B) and color changed after the synthesis of silver

nanoparticles (C).

Sekil 1. Giimiis nitrat ¢ozeltisi (A), limon kabugu (B) nin sulu ekstrakti ve giimiis nanopartikiillerin (C) sentezinden sonra

renk degisikligi
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Since metallic nanoparticles show their characteristic
and distinctive absorbance peak due to surface
plasmon resonance (Iravani, 2011), the formation of
AgNPs in the reaction medium was confirmed shortly
after the synthesis through UV-vis spectroscopy. The
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UV-vis spectrum of fabricated AgNPs in aqueous
colloidal solution revealed its maximum absorbance at
445 nm (Figure 2), which is expected characteristic
surface plasmon of nano-silver (Yin et al., 2002; Kaviya
et al., 2011).
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Figure 2. UV-Vis spectra of biosynthesized silver nanoparticles using lemon peel extract.
Sekil 2. Limon kabugu ekstrakti kullanilarak biyosentezlenmis gilimiis nanopartikiillerinin UV-Vis spektrumliari.

Furthermore, X-ray diffraction (XRD) study of
synthesized silver NPs corroborated the presence of
crystalline metallic silver as shown in Figure 3. XRD
graph revealed four significant reflections at 38.11°,
44.30°, 64.54° and 77.50° which matched respectively
with the characteristic Bragg’s diffraction plans i.e.
(111), (200), (220) and (311) for face-centered cubic
crystalline structures of metallic silver, based on the
database of the JCPDS file no: 04—0783 (Hamedi et al.,
2017). Moreover, it is noticeable and striking that the
matching of these significant peaks with standard data
was found for their relevant peak positions and
relative intensities (Roy et al., 2014). In addition, the
existence of only distinctive peaks devoid of any
additional reflections 1is convincing in term of
confirming the presence of pure nano-silver,
phytosynthesized by lemon peel extract.

Figure 4 demonstrates a TEM image that has been
traced from the drop-coated specimen layer of silver
nanoparticles accomplished from lemon peel extract.
The AgNPs in the TEM image are dispersed as roughly
globular, spherical and oval in shape with the size

ranged from 7.5 nm to 69.83 nm. Besides, Figure 5
revealed particle size distribution and zeta potential
measurement of biosynthesized AgNPs using lemon
peel extract. Particle dimension distribution in term of
Z-average value was measured as 41.86 nm, which was
consistent with TEM outcomes. On the other hand,
average zeta potential value that refers the surface
charge of nano-silver in colloidal solution was
determined as -18.70 mV. In a suspension, high
negative or positive potential value confirmed
excellent physical consistency of  colloidal
nanoparticles as a result of electrostatic repulsion of
individual particles (Kumar and Dixit, 2017). Besides,
z-values larger than +£30 mV indicate monodisperse
nature of colloidal nano-suspension, whereas lower
potentials, less +5 mV signify the presence of
aggregation and agglomeration (Gumustas et al.,
2017). Based on TEM and Zeta analyses, it can be
concluded that AgNPs biosynthesized using lemon peel
extract showed their polydisperse nature, which were
distributed with the absence of aggregation and
agglomeration.
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Figure 3. XRD graph of phytosynthesized silver nanoparticles.
Sekil 3. Fitosentezlenmis giimlis nanoparcaciklarin XRD grafigi

T s & - i g [ .

Figure 4. TEM image of biosynthesized silver nanoparticles at 50 nm scale.

Sekil 4. 50 nm dl¢eginde biyosentezlenmis giimiis nanopargaciklarin TEM goriintiisti

There are some previous studies synthesized AgNPs by
using Citrus spp. extracts (Basavegowda and Lee,
2013; Kahrilas et al., 2014; Nisha et al., 2014; Ayinde
et al., 2019). Among them, so far one study has been
conducted by lemon peel extract revealing spherical
and irregular shaped AgNPs with the size range
between 17.3 and 61.2 nm, by keeping the synthesis
medium at room temperature for 5 hours (Nisha et al.,

2014). However, this study has been so far the first
attempt of microwave-assisted green synthesis using
lemon peel extract which is comparatively very new
and faster method yielding significantly smaller
AgNPs in roughly globular, spherical and oval shape;
which are more functional in their application due to
their high surface area.
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Figure 5. Particle size distribution (A) and zeta potential value (B) of fabricated silver nanoparticles.
Sekil 5. Fabrikasyon giimiis nanopargaciklarin pargacik boyutu dagilimi (A) ve zeta potansiyel degeri (B).

Fourier transform infrared (FTIR) analysis was
applied to identify different functional groups of
biomolecules available in lemon peel extract which
played as reducer and stabilized by creating a coating
layer on the surface of the NPs (Usha et al., 2017). The
FTIR spectrum of AgNPs (Figure 6) showed the band
at 3392.79 cm’! corresponds to carboxylic acid and
other intermolecular bonded strong O-H stretching.
Peaks were observed mainly at 2926.01 cm! 1is
responsible for saturated alkane (-C-H) medium
stretching and the spectrum at 1641.42 cml is

110 -

responsible for strong alkene monosubstituted (C=C)
stretching. A strong C-O stretching of primary alcohol
bond represents at the peak of 1058.92 cm'l; the
spectrum at 974.05 cm’! represents a strong alkene
disubstituted (trans) bonds and finally, the peak at
786.96 cm! demonstrated medium alkene (C=C)
trisubstituted bond. FTIR spectra therefore suggested
that fabricated AgNPs were attached by various active
phytochemicals of lemon peel extract, which created
coating layer encapsulating the NPs to stabilize them
and thereby, prevent aggregation, and agglomeration
(Hind et al., 2001; Faraji et al., 2010).
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Figure 6. Graphical presentation of IR spectra of biosynthesized silver nanoparticles.
Sekil 6. Biyosentezlenmis giimiis nanopartikiillerin IR spektrumlarinin grafik sunumu
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Finding the level of biocompatibility is very significant
for NPs to estimation their suitability for any kind of
biological  application. Green  synthesis  of
nanomaterials can offer the privilege of producing non-
hazardous and biocompatible NPs since no toxic
chemicals are required in this process. However,
different nanomaterials especially the metallic NPs
themselves can be toxic to human body or other
mammal cells because of their remarkable and
significant actions against diverse microbial strains
attributable to their remarkable chemical, physical
and biochemical properties (Dizaj et al., 2014; Seil and
Webster, 2012). Aiming this, cytotoxic effect of
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biosynthesized AgNPs with different concentration (0,
0.1, 0.25, 0.5, 1, 2.5 and 5 pg/mL) were measured in
this study by using healthy regular mouse fibroblasts
cell line (L929). After treated with silver nanoparticles,
pigmentation rate of functional mitochondrial enzymes
of viable cells was observed by using XTT reagent. Cell
viability in terms of mitochondrial enzyme activities
was measured as the absorbance of optical density,
which is directly proportional to the cell viability.
Following the cell viability (%) formula, the percentage
of cell viability was more than 90% in each
concentration of nanoparticles (Figure 7), which is
considered as non-toxic (Lépez-Garcia et al. 2014).

1 25 5

Concentration of AgNPs (ug/ml)

Figure 7. Graph showing the non-toxic nature of biosynthesized silver nanoparticles on healthy regular mouse
fibroblasts cell line (L929) via the absorbance of viable cells.

Sekil 7. Canli hiicrelerin absorbansi yoluyla saghkli diizenli fare fibroblast hiicre hatt1 (L929) tizerinde
biyosentezlenmis giimiis nanoparcaciklarin toksik olmayan dogasini gosteren grafik.

The concentration-dependent cytotoxicity of silver
nanoparticles can be influenced by the size and shape
of the particles as well as the synthesizing method (Liu
et al., 2010). For instance, in Ab549 cells silver
nanowires showed more adverse effects on cytotoxic
parameters than spherical and different other shaped
silver nanoparticles (Stoehr et al., 2011). On the other
hand, particle size was reported to be directly
proportional to the cell viability; among 5 nm, 25 nm,
50 nm, and 110 nm AgNPs, 5 nm sized particles were
the most toxic whereas 110 nm showed the least
cytotoxicity on cochlear cells (HaCaT and HEI-OC1 cell
lines) at the concentration below 3 pg / ml (Perde-
Schrepler et al, 2019), which is even lower

concentration presented in this study. Additionally,
aggregated AgNPs could form hydrodynamic diameter
larger than macro or bulk particles, which lead them
to show fewer effects on the cellular level; and
therefore, high concentration is required to confirm
their cytotoxicity (Lankoff et al., 2012). Here, it is
important that the obtained NPs in this study did not
show any aggregation which might be one of the
possible reasons for supporting its non-toxic nature at
such lower concentration.

The exposure time of the NPs to the cell is also a vital
factor for showing their dose-dependent toxicity. For

example, the toxicity threshold (TT) of AgNPs in U937
cell line was found at 2.0 ppm after 4 hours of



KSU Tarim ve Doga Derg 24 (1): 1-10, 2021
KSU J. Agric Nat 24 (1): 1-10, 2021

Arastirma Makalesi
Research Article

treatment, but the percentage of cell viability started
to decline significantly at 0.05 ppm after 24 hours of
treatment (Kaba and Egorova, 2015). Since the mouse
fibroblasts cell line (L929) was treated over 24 hours
with different concentration (0, 0.1, 0.25, 0.5, 1, 2.5 and
5 ng/mL) and none of them showed any toxicity in this
study, it could be the strong indication for non-toxic
nature of the obtained AgNPs.

Considerable number of other studies also reported the
toxic effect of silver nanoparticles at 5 ppm or lower
concentration on different mammalian cell lines
including mouse spermatogonial, mouse macrophages
(RAW 264.7), healthy lung epithelial (L132), human
liver cancer (HepG2), human ovarian cancer (A2780),
human breast cancer (MCF-7 and MDA-MB 231) cell
lines (Braydich-Stolle et al., 2005; Park et al., 2010;
Faedmaleki et al., 2014; Akter et al., 2018).

CONCLUSION

This study developed a rapid, simple, inexpensive, and
environment friendly approach of microwave-assisted
fabrication of silver nanoparticles using lemon (Citrus
limon) peel extract. The reduction of ionic silver to
their nanoparticles and succeeding capping for
stabilizing nano-silvers was suggested to happen
throughout the participation of various active
phytochemicals of this extract. The biosynthesized
AgNPs produced in this study showed their
polydisperse nature, and confirmed excellent stability
for several months with the absence of aggregation and
agglomeration. Besides, the non-toxic nature of this
AgNPs at the given concentration may expand their
relevance for further studies related to medical
science, healthcare, veterinary medicine, cosmetics,
food industry, nanobiotechnology etc.
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OZET Aragtirma Makalesi

Bu arastirmada, Parkinson hastaligi ile iligkilendirilen apha-

synuclein (AS)’ in PreNAC(46-56) fibril boliitii Molekiiler Dinamik Makale Tarihgesi
Simtulasyon yontemi kullanilarak incelenmistir. Calismadaki, ilk Gelig Tarihi  : 14.05.2020
amag PreNAC tizerine gelecekte yapilmasi muhtemel ¢aligmalar i¢in Kabul Tarihi :03.07.2020

en uygun kuvvet alaminmin  belirlenmesidir. Literatiirde
biyomolekiillerin simiilasyonlarinda siklikla kullanilan yedi kuvvet
alanm1 tzerinden yapilan degerlendirmede, basta CHARMMZ27 ve
GROMOS53A6 olmak tzere AMBER99SB ve AMBER99SB-ILDN
kuvvet alanlarinin ileriki ¢caligmalarda ele alinmasinin uygun olacag:
tespit edilmigtir. Calismanin diger amaci ise PreNAC araytz icin
konformasyonel 6zelliklerin molekiiler seviyede aydinlatilmasidir. Bu
kapsamda gézlemlenen 6nemli bulgulardan biri His50 amino asidinin
en fazla konformasyonel degisim gosteren amino asit olmasidir.
Ayrica literatiirde birden fazla ailesel mutasyon igerdigi tespit edilen
53. konumdaki Thr amino asidinin yiuksek konformasyonel kararliliga
sahip oldugu gozlemlenmistir. Bunlara ilaveten, ele alinan PreNAC
araylz i¢in tabakalar arasi elektrostatik etkilesimlerin ara ylzin
kararliligi i¢in baglica etkilesim tipleri oldugu tespit edilmistir. Sonug
olarak, elde edilen bulgularin AS’ nin PreNAC ve benzeri fibril
bolutlerinin gelecek ¢alismalarina 1sik tutmasi beklenilmektedir.

ABSTRACT

In this study, the PreNAC (46-56) fibril segment of Alpha-Synuclein
(AS) associated with Parkinson's disease was examined using the
molecular dynamic simulation method. The first goal of the study was
to determine the most suitable force field for future studies on
PreNAC. In this regard, we covered seven force fields that were widely
used in biomolecule simulations, and it was determined that it is
appropriate to treat the AMBER99SB and AMBER99SB-ILDN force
fields, mainly CHARMMZ27 and GROMOS53A6, for future studies.
Another goal of the study was to illuminate the conformational
properties of the PreNAC interface at the molecular level. One of the
most important discoveries observed in this context was that His50
was the most unstable amino acid. In addition, it was observed that
amino acid 53, which is known to contain more than one family
mutation, sustained high conformational stability. In addition, inter-
sheet electrostatic interactions were the dominant interaction type for
the stability of PreNAC interface. As a result, the findings in this
study are expected to shed light on future studies of PreNAC of AS
and its similar fibril segments.
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GIRIS
Amiloid fibril agregalarinin hiicre i¢i ve hiicre
digindaki varlhigi birgok dejeneratif hastalik ile

iligkilendirilmektedir (Glenner ve ark., 1984; Lang ve
Lozano, 1998). Alzheimer hastaligindan (AD) sonra en
sik rastlanilan dejeneratif hastalik olan Parkinson
hastaliginin (PD) gelisim asamasinda, insan beyninde
anormal sgekilde biriken alpha-synuclein (AS)
agregalari ¢cok énemli rol oynamaktadir (Cinar ve ark.,
2019; De Lau ve Breteler, 2006). Bu baglamda AS fibril
agregalari, PD hastaliginin teghisindeki baglica
patolojik isaretlerden biri olarak kabul edilirler
(Goedert ve ark., 2013; Spillantini ve ark., 1997).

AS proteinin tek bir amino asit zinciri 140 amino asit
icermektedir (Ulmer ve ark., 2005) ve cok sayida AS
proteinin diizenli bir sekilde istiflenerek
olusturduklari AS fibril agregalarini
disindigimizde ise fibril yapinin sahip oldugu
amino asit sayisinin on binlere hatta yiz binlere
ulagilabilecegi hayal edilmesi zor bir durum degildir.
AS fibrillerinin sahip oldugu bu yiiksek molekiler
agirhiklary, onlarin tam bir {ic boyutlu (3-B)
konformasyonel yapisinin deneysel olarak ortaya
konulmasini zorlagtiran baghca faktorlerden biridir.
Bundan dolay1 literatiirdeki AS konformasyonun
tespiti icin mevcut deneysel calismalarda, AS'nin tam
amino asit zinciri yerine ¢ogunlukla kuciuk AS fibril
bolutlerini tespit etmeye odaklanilmigtir. Ayrica bu
kiiclik amiloid fibril agregalar en muhtemel sitotoksik
biyolojik yapilar olarak kabul edilmektedir (Berhanu
ve Hansmann, 2012). Son zamanlarda Rodriguez ve
arkadaslar1 tarafindan ASnin PreNAC(47-56) olarak
adlandirilan kii¢ik bir fibril bélitintn 3-B kristal
yapisi rapor edilmistir (Rodriguez ve ark., 2015).
PreNAC(47-56) toplam on adet amino asitten
olusmaktadir ve tu¢ harfli kodlamayla amino asit
dizilimi Gly47-Val48-Val49-His50-Gly51-Val52-
Thr53-Thr54-Val55-Ala56 seklindedir. Ayrica,
PreNAC bolitiinin kapsadigi bu amino asit bolgesi,
PD hastaliginin su ana kadar bilinen yedi ailesel
mutasyondan besinin (H50Q (Appel-Cresswell ve ark.,
2013), G51D (Lesage ve ark., 2013), A53T
(Polymeropoulos ve ark., 1997), A53E (Pasanen ve
ark., 2014) and A53V (Yoshino ve ark., 2017)) amino
asit konumlarim tizerinde barindirmaktadir. Hatta bu
bolut dogrudan A53T mutasyonu igin tespit edilmigtir.
Sahip oldugu bu kritik 6zellikler bu béliitin énemini
daha da artirmaktadir.

Diger taraftan, yapilan bir¢cok c¢alismaya ragmen
karsilagilan deneysel zorluklar AS fibril agregasyon
strecinin ve AS fibril agregalari arasi etkilesme
mekanizmasinin yeterince anlagilamamasina neden
olmustur. Bu yiizden, PD igin gelistirilmis tam
anlamiyla engelleyici ya da tedavi edici bir terapotik
uygulama yoktur. Bu noktada, AS fibril agregalarinin
konformasyonel dinamiklerinin  6zellikle teorik
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yontemlerle molekiiler diizeyde incelenmesi buytk
onem arz etmektedir. Ayrica iyi bilindigi tzere, MD
simiilasyon (MD) yénteminin proteinlerin
termodinamik ve katlanma 6zelliklerini incelemek i¢in
kullanilan baglica teorik araglardan biridir.

Bu calismada PreNAC fibril arayiiz yapis1 (ki
protofibril aras: karsilikl etkilesim iceren fibril yapis1)
ele alinmis ve farkli kuvvet alanlar: (force field; enerji
fonksiyonlar1) icin karsilastirmali MD simiilasyonlar:
gergeklegtirilmigtir. Sunulan ¢alismanin  baslica
amaglarindan biri, gelecekte yapilmasi muhtemel ilag
ve fibril boliitiinden (ilgilenilen PreNAC ve ya benzeri
AS fibril béliitleri olabilir) olusan protein kompleks
sistemleri ile ilgili MD simiilasyon ¢aligmalari i¢in en
uygun kuvvet alanlarinin belirlenmesidir. Boylece PD
ve ailesel mutasyonlar1 uzerine yeni ila¢ geligtirme
calismalarinda o6nemli bir arastirma ilerlemesi
saglanabilir. Ayrica diger temel amacglarindan birisi de
ilgilenilen PreNAC ara yiiz yapisimin konformasyonel
ozellikleri ve arayiiz etkilesmelerini arastirarak, PD
ve diger dejeneratif hastaliklarin fibril etkilesme
mekanizmasinin anlagilmasina yardimci olmaktir.
Sonuc olarak, calismada elde edilen énemli bulgularin,
PD hastaliginin tedavisinde kullanilmasi muhtemel
rasyonel terapotik uygulamalar icin yeni firsatlar
saglamasi umut edilmektedir.

MATERYAL ve METOD
Simiilasyon Detaylar:

Ele alinan AS’ nin PreNAC(47-56) fibril ara yiizii igin,
Rodriguez ve arkadaglar: tarafindan belirlenip Protein
Data Bank (PDB)’ a 4ZNN kodu ile depo edilen fibril
bolitiniin kristal yapist kullamildi (Rodriguez vd.
2015). Daha sonra PyMOL programi (DeLano 2002) ile
birbirine anti paralel olarak olugturulan bu ara ytziin
¢ boyutlu (3-D) yapist sgekil 1 de sergilendi.
Tlgilendigimiz bu ara yuz sekilden de goriilecegi tizere
cift yaprakli (sheet) bir formda olup, her bir yaprak
basina bes iplik (strand) olmak {izere toplamda on tane
(10-mer) birbirinin aynisi olan iplikten olusan yapisal
bir motife sahiptir.

Bu calismada, PreNAC fibril arayiz yapis1 lizerine
gelecekte yapilmasi muhtemel simiilasyon ¢aligsmalari
icin  uygunlugunu test etmek lizere MD
simiilasyonlarinda siklikla tercih edilen yedi popiiler
kuvvet alani ele alindi. Segilen kuvvet alanlari ve onlar
i¢in 6nerilen su modeli kombinasyonlari; AMBERO3
(Duan ve ark., 2003)/TIP3P, AMBER99SB (Hornak ve
ark., 2006)/TIP3P, AMBER99SB-ILDN (Lindorff-
Larsen ve ark., 2010)/TIP3P, CHARMMZ27 (Best ve

ark., 2012; MacKerell Jr ve ark., 1998)/TIP3P,
GROMOS53A6 (Oostenbrink ve ark., 2004)/SPC,
GROMOS54A7  (Schmid ve ark., 2011)/SPC

(Berendsen ve ark., 1981) ve OPLS-AAL(Kaminski ve
ark., 2001)/TIP3P (Jorgensen ve ark., 1983) dir.
Ayrica, sunulan c¢alismadaki MD simiilasyonlarin
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timi GROMACS 4.6.5 (Pronk ve ark., 2013) programi
kullanilarak gerceklestirildi. MD simiilasyonlarda
integrasyon algoritmasi olarak Verlet algoritmasi

kullanildi ve molekiiler dinamik zaman adimi tim
simiilasyonlarda 2 fs olarak secildi (Verlet 1967).

Sekil 1. PreNAC(47-56) fibril arayiiziiniin 3-B gérseli

Figure 1. 3-D visualization of PreNAC(47-56) fibril interface

Simulasyonlara baglamadan o6nce ilk olarak
olusturulan 10-mer PreNAC Dbasglangic yapisi
6.3x6.3x6.3 nm boyutlarinda kiibik bir similasyon
kutusunun merkezine yerlestirildi. Bu yerlestirmede
10-mer yapinin herhangi bir atomu ile simiilasyon
kutusu arasindaki minimum uzaklhik 1 nm olarak
alindi. Daha sonra simiilasyon kutusunun igerisine,
kullanilan kuvvet alanina uygun su modelleri
kullanilarak sistemlere su molekilleri eklendi.
Icerisine su molekiilleri eklenmis bu sistemlerdeki,
kot temaslart ve uygun olmayan geometrileri yok
etmek i¢in iki asamali enerji minimizasyonlari
uygulandi. Bu iglem 50 kJ mol'lnm™ enerji gradiyenti
elde etmek icin 6nce “Steepest Descent” ardindan
“Conjuge Gradient” metodlar: ile 2000 zaman adim1
kullanilarak yapildi. Minimizasyon asamalarindan
sonra, enerjisi minimize olmus yapilar, 2 asamal
dengeleme similasyonlarina tabi tutuldu. Bilindigi
gibi, ilgilenilen sistemlerin baslangi¢c yoriinge ve
kogullari, iiriin simiilasyonuna baglamadan énce faz
uzayinda beklenen yoriinge konumu civarinda
bulunamayabilir. Sistemlerin faz uzay1 {zerinde
istenilen yoriingelere yerlesmesi ve duragan
durumlarini elde etmek i¢in dengeleme similasyonlar
yapilmaktadir. Bu dogrultuda gergeklestirilen
dengeleme simiilasyonlarimin ilk agamasi NVT
kiimede 1 ns simiilasyon stiresince gerceklestirildi. Bu
asamada sicaklhigi sabit tutmak i¢in v-rescale
termostat1 kullanildi (Bussi ve ark., 2007) ve ciftlenim
parametresi 0.1 ps olarak se¢ildi. Bu asama yapilirken
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konum

sisteme simirlamas1  getirildi. Konum
sinirlamas1  (position restrain), sabit pozisyonda
tutulan ozellesmis atomlarin harmonik
etkilesimleridir. Coziici eklenen sistemde konum
simirlamasi ile, su molekiillerinin simiilasyon kutusu

icerisinde serbestge dolagmasina imkan verilirken,

atom pozisyonlar: da siirlandirilarak,
makromolekiillerin i¢inin su ile kaplanmasi saglanda.
Her bir kuvvet alaninin NVT dengeleme

simiilasyonlarinda gergeklestirilen en 6nemli husus
ise, bu simiilasyonlarin basinda rastgele hiz
dagilimlarindan ¢ bagimsiz yoringe dosyasi
(trajectory) iiretilmesidir. Boylece, her bir kuvvet alam
sistem i¢in birbirinden bagimsiz gerceklestirilen
similasyonlar ile hem simiulasyonlarin givenilirligi
garanti altina alinmak istendi hem de her bir kuvvet
alam1 i¢in U¢ adet analiz seti elde edildi. NVT
dengeleme simiulasyonlar1 asmalarindan sonra,
dengeleme simiilasyonlarinin ikinci agamasi ise NPT
kiimede yine 1 ns similasyon siiresince
gerceklestirildi. Bu asamada sicaklik yine v-rescale
termostat1 ile 310 K’ de, basing Parrinello-Rahman
barostat: (Parrinello ve Rahman, 1981) ile 1 bar da
sabit tutuldu. Bu termostat ve barostat i¢in ¢iftlenim
sabitleri sirasiyla 0.1 ps ve 1 ps olarak secildi. Bu
asamada kullanilan simiilasyon protokollerinin
aynilari kullanilarak {iriin simiilasyonlarina gecildi ve
NPT kimede her bir kuvvet alami i¢in 100 ns
simiilasyon zamamnm uzunlugunda Ug¢ adet birbirinden
bagimsiz Uriin simiilasyonlar1 gerceklestirildi. Bagka
bir deyigle ele alinan her bir kuvvet alam sistemi igin
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3x100 ns lik similasyonlar yapildi. Boylece her bir
sistemin analizi i¢in birbirinden bagimsiz li¢ adet
yoriunge dosyasi elde edildi.

Bunlara ilaveten, dengeleme ve tlrin similasyon
asamalarinda uzun erimli (long-range ) etkilesimleri
betimlemek icin Particle Mesh Ewald (PME) (Darden
ve ark., 1993) metodu kullanildi ve kesim mesafeleri
(cut-off), coulomb etkilesmelerinde 0.9 nm ve van der
Walls etkilegsmelerinde ise 1.0 nm olarak secildi.
Ayrica, sistemlerdeki hidrojenler P-LINCS (Hess ve
ark., 1997) algoritmas: ile su molekiilleri SETTLE
(Miyamoto ve Kollman 1992) algoritmasi kullanilarak
siirlandirildi. Simitilasyonlardaki MD yo6riungeleri,
daha detaylh analizler yapabilmek i¢in 4 ps araliklarla
kaydedildi.

Veri Analizleri

Kaydedilen veriler GROMACS program paketi
icerigindeki analiz araglar1 kullanilarak analiz edildi.
Yapilan analizlerden simiilasyon zamanina bagh
olarak kare ortalama karekdk yer degistirme (RMSD,

root mean square deviation) hesab1 Esitlik 1.
kullanilarak yapailir.

21/2
RMSD(E) = [2 5, mi|ry(®) — 17 |'] Q)
Burada r;(t) 1. atomun ilgili simiilasyon zamanindaki,

riref ise 1. atomun referans yapisindaki konumunu
gosterir. Ayrica M yapinin toplam kitlesini, m; 1.
atomun kiitlesidir. Tim analizler i¢in referans yapisi
olarak enerjisi minimize olmus yap1 kullanildi. Diger
bir analiz kare ortalama karekok dalgalanma (RMSF,
root mean square fluctations) hesaplamalari ise Esitlik

2. kullanilarak hesaplanir.

(2)

Burada T toplam similasyon stiresi, ri(tj) 1. atomun j.
ref

211/2
RMSF, = [£¥]ln(t) =]

simiilasyon zamanindaki konumu ve r; ' i. atomun
referans yapisindaki konumudur. Yapilan
analizlerden bir digeri ise sistemlerin jirasyon yaricap
(Rg, Radius of gyration) degerleridir. Bu degerler
asagida verilen Egitlik 3. ile elde edilir ve esitlikteki m;
i. atomun kiitlesine ve r; i. atomun konumuna karsilik
gelir.

Timrf
R, = ’—‘
9 imy

Ayrica her bir residiinlin ¢ézeltiye maruz kalan ylizey
alanm (SASA, solvent accessible surface area) hesabi
Gromacs programinin g_sas modulia kullanilarak
yapildi. Bunlara ilaveten, PreNAC’ 1n fibril tabakalar
arasindaki baglanma serbest enerjisi, Rashmi Kumari
ve arkadaslari (Kumari ve ark., 2014) tarafindan
gelistirilen MM-PBSA (Molecular mechanics Poisson—
Boltzmann  surface area) yaklasim yéntemi
kullanilarak hesaplandi.

3

Grafiklerde sergilenen metrik analizlerin sonuglari,
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her bir kuvvet alam sistemi icin tUretilen t¢ farkh
yoringenin ortalamasi alinarak sunuldu. Ayrica, tg
boyutlu (3B) yapilarin goruntileme ve
gorsellestirilmesi PyMOL programi yardima ile yapildi
(DeLano 2002).

BULGULAR ve TARTISMA

Bu calismada, hem ilgilenilen popller kuvvet
alanlarinin ele alinan PreNAC araylz yapisinin
kararlihgr tzerine etkisini incelemek hem de bu
araylizin konformasyonel o6zellikleri hakkinda bilgi
sahibi olabilmek i¢in ilk olarak RMSD analizi yapilmis
ve sonuglar Sekil 2’ de sergilenmigtir. Protein
atomlarinin simiilasyon boyunca dogal
konformasyonel yapilarindaki konumlarindan ne
kadar wuzaklastigi hakkinda bilgi veren RMSD
sonuclari,  biyolojik  yapilarin = konformasyonel
kararlihk calismalar: i¢in kullanilan baglica analiz
araclarindan biridir (Berhanu ve Hansmann, 2012; Xi
ve ark. 2018). Sekil incelendiginde, simiilasyon
boyunca en istikrarli (en az dalgalanan) ve en diisiik
ortalama RMSD degerleri CHARMMZ27 kuvvet alani
icin elde edilirken, bu kuvvet alanina en yakin
sonuglar sirasiyla GROMOS53A6, AMBER99SB ve
AMBER99SB-ILDN icin elde edilmistir. Diger
taraftan, bu kuvvet alanlarindan yaklasik 6 kat ile en
yuksek ortalama RMSD degerleri GROMOS54A7
kuvvet alam i¢in elde edilirken, GROMOS54A7 den
sonra en ylksek degerler sirasi ile AMBERO03 ve
OPLSAA kuvvet alani i¢in elde edilmistir. Bu haliyle
RMSD sonuglari bagsta GROMOS54A7 olmak tizere
AMBERO03 ve OPLSAA kuvvet alanlarinin ilgilenilen
fibril araylz yapist i¢in kararli konformasyonel
ozelliklere sahip sistemler tretmedigini goésterirken,
kararli sistemler Urettigini varsayabilecegimiz diger
kuvvet alanlarindan CHARMMZ27 nin bir miktar daha
one ciktig soylenebilir. Literatiirdeki AS’ nin (68-78)
ve (69-77) fibril boliitii bélgeleri icin gerceklestirilen
bir ¢alismada, bizim ¢alismamizdakine benzer gsekilde
en disuk ortalama RMSD degeri CHARMMZ27 i¢in
elde edilmigtir. Ek olarak, bizim c¢alismamizda en
yiksek RMSD degerlerine sahip oldugunu tespit
edilen GROMOS54A7 kuvvet alanimin bahsi gegen
calismada en yiiksek degere sahip iki kuvvet
alanindan bir tanesi olmas:1 da dikkat cekicidir (Alica
2020). Ayrica, Alzheimer ile iligkilendirilen Amiloid-
Beta (AB) 16-22 fibril béliitii icin yapilan diger bir
calismada ise iki yaprakli araytizler i¢gin en disuk
degerler genellikle AMBER kuvvet alanlari igin elde
edilirken, CHARMMZ27 nin ise GROMOS ve OPLSAA
kuvvet alanlarina kiyasla daha makul degerler
sagladig1l rapor edilmistir (Berhanu ve Hansmann,
2012). Ozetle, dejeneratif hastaliklarin fibril boliitleri
i¢in ortalama RMSD degerleri tizerinden yapilan tiim
bu c¢ikarimlar dikkate alindiginda, yapilarinin
konformasyonel kararhilign bakimindan CHARMM27
nin genel anlamda 6n plana ¢iktig1 gézlemlenmistir.
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Sekil 2. PreNAC arayiz igin ortalama RMSD degerlerinin simiilasyon zamanina baglh olarak degigimi
Figure 2. Time evolution of the average RMSD for PreNAC interface
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Sekil 3. PreNAC arayiiz i¢in ortalama Rg degerlerinin simiilasyon zamanina bagh olarak degisimi.
Figure 3. Time evolution of the average Rg for PreNAC interface

15



KSU Tarim ve Doga Derg 24 (1): 11-21, 2021

Arastirma Makalesi

KSU J. Agric Nat 24 (1): 11-21, 2021 Research Article
Tim  bunlara ilaveten AB nin katlanma ihtimalindfen d‘olayl gelecekteki ‘ yapllmam
ozelliklerinden yola cikilarak yapilan bir diger dustntlebilecek similasyon c¢aligmalari igin uygun
calismada ise, CHARMMZ27 (CHARMMZ22*) nin olmayabilecekleri diiguntlebilir. Diger taraftan,
deneysel NMR parametrelerini tretme konusunda CHARMM27 simulasyonlar ~sonunda en karah
diger kuvvet alanlarina gore daha basarili oldugu konformasyonlara savh1p ols.a. da, tipki RMSD
rapor edilmistir (Carballo-Pacheco ve Strodel, 2017). bulgularinda oldugu gibi GROMOS53A6,

AMBER99SB ve AMBER99SB-ILDN  kuvvet

Sunulan ¢alismada daha sonra ise ilgilenilen fibril
yapisin kompakliginin simiilasyon boyunca
degisiminin bir 6l¢lisii olarak sistemlerin Rg degerleri
incelenmigtir. Jirasyon yaricapr degerleri protein
sistemindeki her bir atomun, protein sistemin
geometrik merkezine olan uzakliklarinin kare
ortalama karekok degerlerini veren ve boylelikle
protein konformasyonunun boyutlar1 hakkinda bilgi
sahibi olunmasimi1 saglayan bir analiz yontemidir
(Lobanov ve ark., 2008). Ele alinan fibril ara yiiziiniin
dogal Rg degeri 1.22 nm dir. Buna gére dogal degerle
kiyaslandiginda, sistemlerdeki Rg degerlerindeki
artig, ya 10 iplikli yapidaki ipliklerin bir veya daha
fazlasinin sistemin kiitle merkezinden uzaklasarak
10-mer yapinin dagilmasina ya da her bir ipligin
diizenli  istif  dizilimlerindeki  siralanmiglarinin
bozuldugu ve yapidaki ipliklerin i¢ i¢e girerek diizenli
istif yapinin yok olmasina atfedilebilir. Kisacasi, her
iki durumda da yapmin diizenli istiflenmis 10-mer
butiinliginin bozulmasi s6z konusu olmalidir. Clinki
AS’ nin farkhi fibril bolutleri ig¢in rapor edilen
calismada, AMBER99SB-ILDN kuvvet alanin diger
kuvvet alanlarina gére énemli 6lgtide yiiksek degerlere

sahip oldugu ve bu duruma konformasyonel
bitinligin bozulmasinin eglik ettigi gézlemlenmigtir
(Alic1  2020).  Sekil incelendiginde,  &zellikle

CHARMM27 ve GROMOS53A6 dogal degere en yakin
sonucglar treten ve simiilasyonlar boyunca en az
dalgalanan yani PreNAC arayiiz i¢in en kararh
konformasyonel davraniglar tireten kuvvet alanlaridir.
Burada GROMOS54A7 ve AMBERO03 igin, dogal
degere kiyasla yiiksek ve oldukca fazla dalgalanan
degerler, ele alinan fibril ara yilizlinin 10-mer
bitinliginin bu kuvvet alanlari i¢gin bozuldugunun
acik gostergesidir. Hem bu durumun daha 1iy1
anlagilabilmesi hem de PreNAC ara yizun 10-mer
yapisinin butinligi hakkinda daha detayli bilgi
gorsel izlenim edinebilmek i¢in her bir kuvvet alanmi
sistemi i¢in yapilan tlcer adet simiilasyon setine ait
PreNAC arayiz i¢in similasyon sonundaki anlhik
goriintiiler (snapshots) Sekil 4 de sergilenmistir. Bu
anlik goruntiler incelendiginde, PreNAC’ in duzenli
istiflenmis 10-mer konformasyonun GROMOS54A7,
AMBERO3 ve OPLSAA kuvvet alanlarinin her bir
simiillasyonunda  6nemli  derecede  bozuldugu
gozlemlenmektedir. Bundan dolay1r bu kuvvet
alanlarinin muhtemel ila¢-arayiiz simiilasyonlarin da,

ila¢ hedef Dbolgeleri tzerinde ele alinan ilag
molekiillerinden kaynaklanmayan olumsuz
konformasyonel  etkilere sebebiyet  verebilme
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alanlarinin da makul kararl konformasyonel sonuclar
urettigi gozlemlenmektedir.

Aragtirma tizerine daha da detayli ve derinlemesine
bilgiler edinebilmek i¢in RMSF analizi yapilmis ve
Sekil 5 de sergilenmigtir. Bu analiz simiilasyonlar
boyunca protein yapilarinin her bir amino asidinin
ayr1 ayr1 dogal konformasyona gore konumlarindaki
degisimlerinin bir olgiisudiir, baska bir deyisle bu
analizle proteinlerin amino asit zincirlerindeki
konformasyonel degisimleri bolgesel olarak
degerlendirebilmek miimkiindiir (Yu ve ark., 2017;
Demir ve ark., 2018). Sekil incelendiginde
GROMOS54A7, AMBERO3 ve OPLSAA kuvvet
alanlari i¢in diger kuvvet alanlarina goére elde edilen
yuksek degerler o6nceki analizlerde oldugu gibi bu
kuvvet alanlarinin ele alinan PreNAC ara yuz
yapisinin konformasyonlarinmi istikrarsizlagtirdigini
gostermektedir. Ote yandan diger kuvvet alanlar icin
PreNAC ara ytiziin her bir amino asidi i¢in elde edilen
degerler benzerlik gostermektedir. Ayrica, bu turden
fibril yapilar1 i¢in u¢ bolgelerdeki amino asitlerin
merkezi bolgelerdeki amino asitlere gore daha yuksek
degerlere sahip olmasi beklenen bir durum olup, bu
davranmis genellikle ug¢ bolgelerdeki amino asitlerin
merkezi bélgelerdeki amino asitlere kiyasla daha fazla
cozeltiye maruz kalmasina atfedilmektedir (Zheng ve
ark., 2006). Burada, simiilasyonlarda kullanilan tim
kuvvet alanlar: i¢in ele alinan PreNAC ara yuziiniin
u¢ bolgelerinde konumlanan Gly47, Val48, Val55 ve
Ala56 amino asitleri i¢in elde edilen degerler bu genel
davranis egilimini destekleyen tutum sergilemektedir.
Bu analizde dikkat ¢eken diger bir nokta ise His50’ nin
tim kuvvet alanlari ig¢in, merkezi amino asit
bélgesindeki en yiliksek degerlere sahip amino asid
olmasidir. Bu uzun radikal gruba sahip ve hidrofilik
amino asitin ele alinan PreNAC fibril ara ylz lizerinde
su molekiilleriyle kolay etkilesebilecek bir konumda
bulunmas1 gergegi, ki bu durum Sekil 1’ den de agikga
goriilmektedir, bu amino asitin hidrofobik etkilesim
kaynakli konformasyonel degisime ugradiginin bir
igareti olabilir. Ayrica His50 i¢in elde edilen bu bulgu,
ele alinan PreNAC fibril ara ylziinin omurga yapisi
uzerindeki ilk bolgesel bozulmalarin bu amino asit
kaynakli olabileceginin bir gostergesi olabilir.

Ayrica yukarida bahsedilen ¢6zeltiye maruz
kalinmasindan kaynakli konformasyonel degisimlere
acikhik getirebilmek igin ¢6zeltiye maruz kalan yiizey
alan1 (SASA, solvent accessible surface area) analizi
gergeklestirilmis ve Sekil 6 da sergilenmigtir. Sekil
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incelendiginde, yukarida bahsedilen ug¢ bélge amino
asitlerinin yuksek SASA degerlerine sahip olmasi
hemen goze carpmaktadir. Ayrica His50 amino asidi
tim kuvvet alanlari icin PreNAC’ 1n en ylksek SASA
degerine sahip amino asidi olup, buradaki sonuclar bir
onceki RMSF analizinde ki sezgisel beklentimizi ¢ok
giclii bir gsekilde desteklemektedir. Burada 53 nolu
ailesel mutasyon amino asidi igin elde edilen yiksek

simiilasyon 1

simiilasyon 2

m

SASA degerleri ise dikkat c¢ekici diger bir nokta
olmakla birlikte, bu bulgu bu amino asitin RMSF
degerleri 1ile Dbirlikte degerlendirildiginde ¢o6zelti
etkisinin bu amino asit Uzerinde Onemli bir
konformasyonel degisim yaratmadigini
gostermektedir. Bu sonug, belki de bu amino asit
uzerinde birden fazla ailesel mutasyonun olusmasinin
nedenin bir igareti olabilir.

simiilasyon 3

Sekil 4. Tlgilenilen kuvvet alanlarinin her bir simiilasyonu i¢in simiilasyon sonundaki (100 ns) PreNAC ara yiizlerinin anlk
gériintiileri. Burada; (A) AMBERO3, (B) AMBER99SB, (C) AMBER99SB-ILN, (D) CHARMMZ27, (E) GROMOS53A6

(F) GROMOS54A7 ve (G) OPLSAA kuvvet alanlaridir

Figure 4. Final configurations for the PreNAC interface at the end of the (100 ns) MD simulations. In here; (A) AMBEROS, (B)
AMBER99SB, (C) AMBER99SB-ILN, (D) CHARMMZ27, (E) GROMOS53A6 (F) GROMOS54A7 and (G) OPLSAA

force fields
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Sekil 5. PreNAC’ in her bir amino asidi igin simiilasyonlar boyunca RMSF degerlerinin ortalama degisimleri
Figure 5. Average RMSF values per amino acid for PreNAC
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Sekil 6. PreNAC’ in her bir amino asidinin simiilasyonlar boyunca SASA degerlerinin ortalama degisimleri
Figure 5. Average SASA values per amino acid for PreNAC
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Son olarak, ele alinan PreNAC ara yuizlun iki yaprak
tabakasinin birbirine baglanma serbest enerji
degerleri hesaplanmigstir ve bu sayede hem ara ytiziin
konformasyonel kararliligi hem de bu kararlhiliktaki
baskin etkilesim tipleri hakkinda bilgi edinilmesi
amaclanmistir. Hesaplamalar MM-PBSA yaklasimi
kullanilarak yapilmigtir. Bu yaklasim, genellikle
deneysel verilerle iyi bir korelasyon sergiler ve hizl bir
sekilde baglanma serbest enerjisini hesaplamaya izin
verir. Bundan dolayi, bu yaklagim fibril yapilarinin
molekiiller aras: etkilesimleri arastirmak i¢in siklikla
tercih edilen bir yontemdir (Berhanu ve Masunov,
2012). Hesaplamalar sonucunda elde edilen PreNAC
ara ylUzun yapraklar1 arasindaki baglanma enerjisi
degerleri ve bu degerlere enerji tiplerinin katkilar:
Cizelge 1 de listelenmistir. Buradaki negatif degerler
baglanma enerjisine olumlu katkilara karsihik
gelirken pozitif degerler olumsuz enerji katkilarina
karsilik gelmektedir. Buna gore tiim hesaplamalar i¢in

AEps ile gosterilen polar solvasyon enerji katkilar
disinda, diger tim enerji tipi katkilar1 tabakalarin
birbirine baglanmasina olumlu enerji katkisinda
bulundugu gézlemlenmektedir. Burada AEVdW (van der
Waals) ve AEele (elektrostatik) etkilesimlerin enerji
katkilar1 toplam molekiler mekanik enerjiyi
olusturmaktadir. Molekiiler mekanik enerji
terimlerinden tiim hesaplamalar i¢in elektrostatik
etkilesimlerin oldukg¢a baskin oldugu tablodan acikg¢a
gozlemlenmektedir. Ayrica hesaplamalardaki AEsasa
polar olmayan solvasyon enerji katkilari olup,
molekiiler mekanik enerji tipleri kadar olmasa da
arayiz kararliligi i¢in olumlu katkilar sagladi
gozlemlenmektedir. Ayrica, literatiirdeki farkll fibril
béliitleri igin gerceklestirilen ¢calismalar i¢in de benzer
baglanma enerjisi katki dagilimlar1 gézlemlenmigtir
(Alic1 2020; Berhanu ve Hansmann, 2012; Berhanu ve
Masunov, 2012).

Cizelge 1. PreNAC ara yuzun yapraklar: arasindaki serbest baglanma enerjisi degerleri ve bu degerlere enerji

tiplerinin katkilar:

Table 1. The binding free energy values and its components (kJ/mol) between sheets for PreNAC interface

Enerji (kJ moll) (Energy (kJ mol?))

Sistem Simiilasyon AEvdW AEelek AEPps AEsasa Ebaglanma
System Simulation [FPinding
AMBERO03 1 -375.0+1.4 -3000.3+9.7 2356.71£9.6 -51.4+0.1 -1068.9+2.9
2 -368.6+1.2 -3505.4+9.6 2730.8+9.5 -51.4+0.1 -1194.3+2.9

3 -380.9+1.1 -3391.1+8.7 2713.3+8.0 -56.0+0.1 -1114.7+3.9

ortalama -374.8 -3298.9 2600.3 -52.9 -1126.0

AMBER99SB 1 -422.8+1.1 -3654.6+5.8 2941.0+6.2 -54.0+0.1 -1190.2+2.4
2 -431.1+1.1 -3701.2+5.2 2975.8+5.6 -55.1+0.1 -1211.7+2.2

3 -423.7+1.1 -3702.0+£5.2 2995.5+5.0 -54.6+0.1 -1184.6+2.6

ortalama -425.9 -3685.9 2970.8 -54.6.7 -1195.5

AMBER99SB-ILDN 1 -420.9£1.0 -3743.8+4.9 3001.7+5.4 -55.1+0.1 -1217.9+£2.2
2 -432.7+1.1 -3661.5+6.0 2970.7+5.6 -55.6+0.1 -1178.7+2.9

3 -421.1+1.1 -3620.9+7.9 2895.1+7.3 -53.9+0.1 -1201.3+3.0

ortalama -424.9 -3675.4 2955.9 -54.9 -1199.3

CHARMM27 1 -220.1+1.2 -4369.1+4.9 3525.56+5.1 -52.1+0.1 -1115.7+2.2
2 -220.2+1.2 -4397.7+4.9 3540.2+5.0 -52.1+0.1 -1130.0+2.2

3 -219.2+1.2 -4396.1+4.8 3533.1+4.9 -51.2+0.1 -1133.1+2.2

ortalama -219.8 -4387.6 3533.0 -51.8 -1126.3

GROMOS53A6 1 -342.4+1.1 -3915.6+6.2 3000.2+6.6 -53.2+0.1 -1311.3+2.9
2 -353.1+1.2 -3889.4+7.9 2996.7+6.9 -53.4+0.1 -1289.943.5

3 -367.7+1.2 -3963.6+4.8 3019.8+4.9 -53.9+0.1 -1365.4+2.2

ortalama -354.4 -3922.9 3005.6 -53.5 -1325.2

GROMOS54A7 1 -388.2+1.2 -1656.6+9.3 1375.0+8.6 -53.6+0.1 -723.7+5.8
2 -441.3+1.7 -2025.6+9.6 1597.4+8.9 -60.6+£0.2 -930.3+£5.0

3 -419.1+2.0 -1697.6+9.9 1430.8+9.0 -56.7+0.2 -741.6+£8.8

ortalama -416.2 -1793.3 1467.7 -57.0 -798.5

OPLSA 1 -406.5+1.6 -2560.4+9.6 2021.7+8.6 -62.1+0.1 -1006.9+£7.0
2 -434.2+1.4 -2940.3+9.4 2158.4+8.2 -61.7+£0.1 -1277.7+£3.4

3 -407.7+1.7 -2995.44+9.9 2259.5+8.9 -62.7+0.2 -1260.2+6.1

ortalama -416.1 -2832.0 2146.6 -62.1 -1163.6

Evdw; van der Waals enerji, Eele; elektrostatik enerji, Ers; polar solvasyon enerji, Es2s2; polar olmayan solvasyon enerji katkilar

ve Ebaglanma; gerhest baglanma serbest enerjisi.
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SONUC

Aragtirma sonuglarina gore; ele alinan PreNAC arayuz
tizerine yapilmasi muhtemel gelecek MD simiilasyon
calismalari i¢cin basta CHARMMZ27 ve GROMOS53A6
olmak tlizere AMBER99SB ve AMBER99SB-ILDN
kuvvet alanlarinin ele alinmasinin uygun olacag:
tespit edilmigtir. Ayrica ele alinan PreNAC araytiz igin
elde edilen konformasyonel o6zellikler hakkindaki
6nemli bulgular sunlardir. i) His50 amino asidi
bulundugu konum nedeniyle ¢6zeltiye daha fazla
maruz kalmasindan kaynakli olarak en fazla
konformasyonel degisim gosteren amino asittir. ii) 53
nolu konumdaki amino asidin ¢ézeltiye fazlaca maruz
kalmasina ragmen yuksek konformasyonel kararlilik
sergilemesi, bu amino asit pozisyonunda birden fazla
ailesel mutasyonun meydana gelmesinin nedeni
olabilir. iii)) Hesaplanan tabakalar arasi serbest
baglanma enerjisi analizine goére, tabakalar arasi
arayliz kararlhigi i¢in baskin etkilesim tipinin
elektrostatik etkilesimler oldugu gézlemlenmigtir.
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ABSTRACT
Probiotics play important roles in many crucial functions for
maintaining the homeostasis of the host, such as protection against
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pathogens, immunity and metabolism of dietary compounds. Received 1 25.05.2020
Resistant starch (RS) is the starch or the starch products which cannot Accepted 109.07.2020
be digested through the body, but can be digested by the gut

microbiota, producing a variety of metabolites which can provide a Keywords

range of physiological benefits to the host. An RS can be classified as ATR-FTIR

a prebiotic if it can selectively stimulate the growth and/or activity of Probiotic

the beneficial bacteria. To investigate the bacteria driven structural Prebiotic

changes in the prebiotic tapioca starch, we used Attenuated Total Resistant starch
Reflectance-Fourier Transform Infrared (ATR-FTIR) spectroscopy. Tapioca

Principal Component Analysis (PCA) and intensity analyses of
individual spectral bands exhibited comprehensive alterations in the
polysaccharide composition of the tapioca starch incubated with the
probiotic bacteria; the starch samples incubated with the bacteria
gained a more amorphous structure with a decrease in the ordered
structure. The results suggest that as a fast, cheap, and non-laborious
method, FTIR spectroscopy coupled with PCA has a potential to be
applied in the research area as well as in the food industry for the
analysis of the potential prebiotic activity of starch-based substrates
or the investigation of the probiotic potential of a bacterial strain
through the examination of its RS hydrolyzing capacity.

Nigasta Bazli Potansiyel Prebiyotiklerin Belirlenmesi i¢in Fourier-Transform Kizil6tesi
Spektroskopisinin Kullanimi
OZET Aragtirma Makalesi
Probiyotikler, konagin homeostazini korumak i¢in patojenlere karsi
koruma, bagisiklik ve diyet bilesiklerinin metabolizmasi gibi birgok Makale Tarihgesi
kritik islevde 6nemli roller oynar. Direncli nigsasta (DN), viicutta Gelig Tarihi  :25.05.2020
sindirilemeyen  ancak  bagirsak  mikrobiyotasi  tarafindan Kabul Tarihi :09.07.2020

sindirilebilerek, konakgiya gesitli fizyolojik faydalar saglayabilen bir
grup metabolit Gireten nisasta veya nigasta turtintudur. Bir DN, faydah

Anahtar Kelimeler

bakterilerin  biiyimesini ve/veya aktivitesini segici olarak ATR_,FTI,R
uyarabiliyorsa prebiyotik olarak smiflandirilabilir. Prebiyotik Prob}yo‘qk
tapyoka nigastasindaki bakteri kaynakli yapisal degisiklikleri P]‘reblyo.t lk,
arastirmak icin Zayiflatilmig Toplam Yansima-Fourier Dontisimi ?;];e;(;lgmsasta

Kizilotesi (ATR-FTIR) spektroskopisini kullandik. Tekil spektral
bantlarin Temel Bilesen Analizi (PCA) ve yogunluk analizleri,
probiotik bakteri ile inkiibe edilen tapyoka nisastasinin polisakkarit
bilesiminde kapsamh degisiklikler meydana geldigini géstermistir;
bakteriler ile inkiibe edilen nisasta numuneleri, diizenli yapida bir
azalma ile birlikte daha amorf bir yap1 kazanmigtir. Bu sonuglar hizl,
ucuz ve zahmetsiz bir yontem olarak, PCA ile birlestirilmis FTIR
spektroskopisinin, nigsasta bazli substratlarin potansiyel prebiyotik
aktivitesinin analizi veya bir bakteri susunun probiyotik
potansiyelinin RS hidrolizleme kapasitesine bakilarak incelenmesi
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amaci ile arastirma alaninda ve gida endistrisinde uygulama

potansiyeline sahip oldugunu énermektedir.

To Cite : Gurbanov R, Tuncger S, 2021. The Use of Fourier-Transform Infrared Spectroscopy to Determine Potential Starch-
based Prebiotics. KSU J. Agric Nat 24 (1): 22-30. https://doi.org/10.18016/ksutarimdoga.vi.742250.

INTRODUCTION

Carbohydrates can be roughly categorized into three
large classes based on the number of structural units.
Those are monosaccharides, oligosaccharides, and
polysaccharides. Polysaccharides containing a single
type of monosaccharide units are called
homopolysaccharides. Some homopolysaccharides, like
cellulose and chitin, have structural functions and
some of them, such as starch and glycogen, are used
mainly for energy storage (Li et al. 2018).

Starch, contains two types of D-glucose polymers
amylose and amylopectin, is one of the most abundant
carbohydrates in nature. In plants, starch is stored in
leaves, tubers, seeds, stems, roots and some fruits, and
it constitutes the principal carbohydrate in the human
diet (Cummings and Stephen 2007; Navarro et al.
2019). Resistant starch (RS) is attributed to dietary
starch and starch degradation products which cannot
be digested in the small intestine but digested through
microbial fermentation in the large intestine (Giuberti
and Gallo 2020). RS is classified into five subtypes,
RS1 to RS5 (Birt et al. 2013). RS1 type starch is
physically inaccessible to digestion since it is locked
within cell walls and food matrixes. RS2 represents
native or uncooked starch which cannot be digested
because of the ungelatinized crystalline structure of
the granule. RS3, also called retrograded starch or
crystalline non-granular starch, resists digestion
because it is rapidly cooled after gelatinization by
heating (Birt et al. 2013; Kasote et al. 2018; Ma and
Boye 2018; Navarro et al. 2019). As a consequence of
retrogradation, more thermostable structures are
formed by amylose rather than amylopectin (Ogbo and
Okafor 2015). RS3 is found in cooked and cooled
starchy foods (Birt et al. 2013). RS4 refers to
chemically modified or repolymerized RS in which the
digestibility reduced by chemical modifications
(Stewart and Zimmer 2017). RS5 forms when amylose
and long branch chains of amylopectin make single-
helical complexes with fatty acids and fatty alcohols;
therefore, cleavage of starch by amylase is prevented
and swelling of starch granules and enzyme hydrolysis
is restricted since the amylose-lipid complex entangles
amylopectin molecules (Birt et al. 2013). Among these
RS types, RS3 collects particular interest in the food
industry because it can preserve its nutritional
functionality and thermal stability during cooking
(Ratnayake and Jackson 2008).

Prebiotics are defined as “non-digestible food
ingredients that beneficially affect the host by
selectively stimulating the growth and/or activity of
one or a limited number of bacteria that can improve
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the host health.” Both probiotics and prebiotics have
been included as bioactive and functional ingredients
in foods because of their health benefits (Saulnier et al.
2009). RS has been gaining attention as a prebiotic
(Zaman and Sarbini 2016). Several potential health
benefits attributed to RS including but not limited to
attenuation of blood glucose and insulin levels in both
healthy and diabetic individuals, positive effects on
large bowel health along with anti-cancer properties
(Al'Tamimi et al. 2010; Alfa et al. 2017; Giuberti and
Gallo 2020). RS has been also reported to stimulate the
growth of probiotic bacterial species in the gut and
modulate gut immune function and microbiota activity
by decreasing the concentration of secondary bile
acids, ammonia and phenol content, and enhancing the
production of short-chain fatty acids (SCFAs) that can
provide a range of physiological benefits. Additionally,
RS was shown to promote the absorption of zinc,
calcium, and magnesium ions and reduce the
intestinal pH (Ma and Boye 2018).

Conventional probiotics mostly have intestinal origin
such as lactobacilli and bifidobacteria offering relief for
gastrointestinal tract related maladies. On the other
hand, oral microbiota appears as an important concept
since some of the human diseases can be linked either
directly or indirectly to the composition of oral
microbiota (Hale et al. 2012). For instance, oral
bacteria have been implicated in cystic fibrosis,

ventilator-assisted pneumonia, hepatic or brain
abscesses, endocarditis, and digestive cancers
including primary pancreatic adenocarcinoma.
Besides, dementia and other mentally impaired

diseases were found to be linked with periodontitis
that is caused by oral pathogen bacteria. Recently,
dysbiosis of colonic microbiota was also suggested to be
affected by oral bacteria (Koliarakis et al. 2019)
pointing out that oral-colon interaction should be
studied in detail, especially for the evaluation of oral
bacteria-mediated systemic inflammatory responses.
Therefore, the development of functional products
capable of fostering a healthy oral microbiota is a
special area of interest (Wescombe et al. 2012;
Gurbanov and Yildiz 2017). S. salivarius M18, also
known as Mia or DSM 14685 (Burton et al. 2013), is a
bacterial probiotic derived from the oral cavity and
designed to be used for oral and dental health (Hale et
al. 2012). In 2019, the U.S. Food and Drug
Administration (FDA) granted S. salivarius M18 as
Generally Recognized as Safe (GRAS; Notice No. 807)
to be used in foods. Being a Gram-positive, facultative
anaerobic bacteria, S. salivarius colonizes oral cavity,
paranasal sinuses, as well as gastrointestinal and
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genitourinary tracts (Cebeci et al. 2015). Several types
of nose, mouth, and throat pathogens have been shown
to be inhibited by the probiotic S. salivarius M18
(Wescombe et al. 2012; Burton et al. 2013; Di Pierro et
al. 2015; Poorni et al. 2019). We have also shown that
S. salivarius M18 was capable of impairing the
pathogenic activities of Pseudomonas aeruginosa and
Klebsiella pneumonia (Tuncer and Karacam 2020),
two common species causing major health-care-
associated infections, particularly pneumonia and
sepsis (Riquelme et al. 2018). In this manuscript,
taking advantage of spectroscopic analysis techniques,
we aimed to establish a novel approach and a new
method to determine the RS utilization property of the
probiotic bacteria S. salivarius M18, through
monitoring the structural changes that occurred in the
tapioca, a prebiotic starch (Wronkowska et al. 2008;
Arshad et al. 2018) extracted from the roots of the
cassava plant (Manihot esculenta Crantz) (Pereira and
Leonel 2014). For this purpose, the changes in the
amount of ordered/crystalline to amorphous domains
in tapioca starch (TS) via the analysis of infrared (IR)
spectral bands before and after incubation with
Streptococcus salivarius M18 were evaluated.

For the determination of the prebiotic property of a
substrate, several in vitro and in vivo methods were
reported (Parkar et al. 2010; Rodriguez-Cabezas et al.
2010; Erickson et al. 2018). The quantitative analysis
of prebiotic fermentation products such as SCFAs and
monitoring the quantitative changes in the bacterial
species are the most commonly used approaches for the
evaluation of the prebiotic potential of a novel
substrate (Vulevic et al. 2004; Mandalari et al. 2007).
Even though these analysis methods can offer detailed
information about the host’s biological response to the
prebiotics, the required methodologies aiming to
investigate the biological changes are laborious,
expensive, and time-consuming. Here we suggest that
Fourier Transform Infrared spectroscopy (FTIR),
which is a rapid, non-laborious, and low-cost
technique, has a potential to be wused for the
examination of the prebiotic property of a starch and
quick screening of the RS sources for prebiotic
activities by monitoring the bacteria driven changes in
main-spectral bands associated with the characteristic
functional groups in polysaccharides.

MATERIALS and METHOD
Materials

Streptococcus salivarius M18 (Blis Technologies, New
Zealand) was cultured in reformulated Tryptic Soy
Broth (TSB) medium composed of 17 g L casein
peptone (Merck, Germany), 2.5 g L'1 KzHPO4 (Merck),
2.5 g L' D-glucose (Sigma-Aldrich, St. Louis, Missouri,
USA), 5 g L't NaCl (Sigma-Aldrich) and 3 g L! yeast
extract (Condalab, Spain).
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Culturing the Bacteria with Tapioca Starch

Bacterial growth medium was supplemented with
0.5% (w/v) or 1.0% (w/v) TS before autoclaving at 121°C
for 20 min. For inoculation, optical density (OD) of an
overnight culture of S. salivarius M18 at 600 nm was
adjusted to 0.1. Since S. salivarius is a facultative
anaerobe (Cebeci et al. 2015), the bacteria (8x108
colony forming unit-CFU mL1) inoculated into screw
cap conical bottom falcon tubes (15 mL volume) filled
(95%) with the bacterial growth medium containing TS
and sealed with paraffin film to support fermentation,
as described before (Gurbanov et al. 2020). The
bacteria were grown for 24 h at 37°C using a shaking
incubator (160 rpm). The bacterial growth medium
containing 0.5% or 1.0% TS, which has not been
inoculated with bacteria, but prepared and incubated
under the same conditions, was used as a control to
assess the structural changes in the starch in the
presence of the probiotic bacteria S. salivarius M18.

Determination of Colony Forming Units (CFUs)

Representing the number of live S. salivarius M18
incubated with or without 1.0% TS, CFUs were
counted. For this, the bacteria were grown in the
presence or absence of 1.0% TS for 24 h as described
above. Followed by 24 h of incubation, 100 ul of the
bacterial culture was diluted in the growth medium
(101-107) and spread on the modified Tryptic Soy Agar
(TSA) plates composed of 17 g Lt! casein peptone
(Merck), 5 g Lt NaCl (Sigma-Aldrich), 3 g Lt! yeast
extract (Condalab) and 1.5% (w/v) agar (Liofilchem,
Italy). The Petri dishes were incubated at 37°C for 24
hours and CFUs (on a plate having 30-300 colonies)
were counted (Thomas et al. 2015). Three independent
replicates were used to obtain mean CFU mL.

Sample Collection for ATR-FTIR Spectroscopy Studies

At the end of 24 h incubation, the bacteria cultured in
the bacterial growth medium containing TS (0.5% or
1.0%) and the growth medium containing TS (0.5% or
1.0%) without bacteria (control groups) were
centrifuged at 100xg to precipitate the starch gels. The
gelatinized starch was washed in Phosphate Buffered
Saline (PBS; Biological Industries, Israel) and the PBS
was removed through centrifugation at 100xg.

ATR-FTIR Spectroscopy

The spectra of all TS samples were collected using a
universal ATR Miracle accessory equipped Frontier
FTIR Spectrometer (PerkinElmer, US). The spectrum
of air was used as a reference. During the data
collection, equal amounts of samples were applied on a
ZnSe crystal plate (PerkinElmer, US). The samples
were scanned with a resolution of 4 cm™!, in the
spectral range between 4000 to 650 cm™ at room
temperature. The spectra were collected as an average
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of 32 scans. PBS spectrum was also collected ensuring
equivalent circumstances and then were excluded from
each sample’s spectrum. The taken difference (D)
spectra (sample spectrum minus PBS) was used in
every single analysis (Gurbanov et al. 2018).

Spectral Data Pre-processing and Analysis

The spectral data were further preprocessed by first
taking 1its second derivative followed by vector-
normalization with 9 smoothing points in the
polysaccharide (1200-800 cm™) (C’erna” et al. 2003)
region using OPUS 5.5 software (Bruker, US).
Subsequently, the absolute intensities of spectral
bands were quantified from these spectra by peak
picking method via OPUS 5.5 software (Bruker, US) as
previously described (Gurbanov et al. 2019).

Principal Component Analysis (PCA)

Initially, the spectral data matrix was transformed
using Gaussian filter with 19 segment sizes.
Subsequently, PCA was performed to the mean-
centered matrix in the polysaccharide (1200-800 cm~1)
region via The Unscrambler X 10.4 (Camo, NO)
software. Full Cross Validation method, Singular
Value Decomposition (SVD) algorithm, and Hotelling’s
T2 statistics were applied to the model, and the results
were shown as scores and loadings plots (Gurbanov et
al. 2019; Tuncer and Gurbanov, 2020).

Statistical Analysis

The results were presented as mean + standard error
of the mean (meantSEM). t-test was applied to
compare two groups (*p < 0.05, **p <0.01,***p < 0.001,
**k%kp < 0.0001) using GraphPad Prism 6.01
(GraphPad, La Jolla, California, USA).

RESULTS and DISCUSSION

Tapioca Starch Exerts a Prebiotic Effect on the M18
Strain of S. salivarius

It is known that the food processing steps influence the
proportion of RS in a starch. For instance, cooking or
ripening decreases the quantity of RS in raw or
immature fruits or vegetables such as green bananas
and potatoes (DeVries 2004). RS amount in cassava
was also presented to vary depending on the applied
processes for obtaining products of cassava (Pereira
and Leonel 2014). Kasote et al. were showed that
autoclaving increases the RS3 content of the tapioca
pearls (Kasote et al. 2018). Therefore, as a part of the
experimental design of this study, TS was autoclaved
for 20 min at 121°C not only for sterilization but also
for enhancing the RS proportion before using it as an
RS source for the investigation of the prebiotic activity.

Since the beneficial doses of probiotics are measured
based on the live cell counts (Hill et al. 2014; Dinkci et
al. 2019), the property of enhancing the growth of a
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probiotic bacteria is an important phenomenon to
evaluate the prebiotic activity of a substrate (Arshad
et al. 2018; Onal Darilmaz et al. 2019). We found that
after 24 h incubation, the live cell counts for S
salivarius M18 grown in the growth medium which has
not been supplemented with TS were 0.12 x 106 CFU
mL1 while incubation with 1.0% TS enhanced the
count to 1.32 x 106 CFU mL1. Therefore, in agreement
with the previous findings and our recent wet-lab
studies emphasizing the prebiotic potential of TS
(Gurbanov et al. 2020), these results show that TS has
a growth-promoting effect on the probiotic bacteria S.
salivarius M18.

IR Spectroscopy Indicates Notable Changes in the
Structure of the Tapioca Starch Incubated with S.
salivarius M18

To unveil the consumption of RS by S. salivarius M18,
we focused on the analysis of polysaccharide marker
bands at 1200-800 cm spectral region reflecting the
structural properties of sugars. Figure 1 provides a
PCA model developed on a dataset of 1200-800 cm'!
(fingerprint, polysaccharide) IR spectral region. PCA is
an unsupervised multivariate data analysis method
which displays the similarities within the spectra by
taking all the wavenumbers into account. The spectral
patterns give information about the characteristic
absorption bands based on the molecular similarities
of the samples (Capron et al. 2007). To summarize, the
PCA scores plot is usually utilized to categorize the
samples. For instance, the samples having close scores
along with the same PC (Principal Component), which
is the eigenvector of the data matrix, are defined as
“similar” for common characteristics (Escuderos et al.
2010). As can be seen in Figure 1, the relative scores
plot for PC-1 and PC-2 showed clear discrimination of
the samples according to the structural properties of
sugars along with the first largest component (PC-1).
The “only TS” groups (0.5% TS and 1.0% TS) in which
TS has not been incubated with the bacteria and the
TS groups (0.5% TS+SsM18 and 1.0% TS+SsM18) in
which TS has been incubated with the probiotic
bacteria S. salivarius M18 clearly discriminated from
each other along with the 74% variance for PC-1 and
16% variance for PC-2. The “only TS” groups were
completely clustered in the positive-bottom side of the
plot while TS samples incubated with the probiotic
bacteria were chiefly found in negative-top scores. The
data shows that FTIR spectroscopy, coupled with the
unsupervised pattern recognition technique PCA was
able to distinguish TS samples incubated with the
probiotic bacteria from the TS samples which have not
been incubated with the bacteria (only TS groups as
control) with very high PC scores as PC-1+PC-2=90%.
This result indicates that significant changes occur in
the structure of the TS incubated with the probiotic
bacteria S. salivarius M18. Of note, “only bacteria”
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group SsM18 (S. salivarius M18) was also analyzed to found to be located in negative-bottom scores of the
evaluate if there was any bacterial contamination in PCA model excluding the bacterial cell contamination

the starch samples. Apparently, the SsM18 group was in the analyzed samples.
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W0.5% TS ®1.0% TS vSsM18

M0.5% TS+SsM18 @1.0% TS+SsM18

Figure 1. PCA scores plot of the TS samples. In the particular polysaccharide region (1200-800 cm?), PCAs were applied
to the mean-centered and Gaussian filter-transformed spectra obtained from the T'S samples either incubated
with the probiotic bacteria S. salivarius M18 (0.5% TS+SsM18 and 1.0% TS+SsM18) or not (0.5% TS and 1.0%
TS). The spectrum of bacteria alone (SsM18) was used for comparison.

Sekil 1. TS orneklerine ait PCA skor grafigi. PCA'lar bir probiyotik bakteri olan S. salivarius M18 ile inkiibe edilmis
(0.5% TS+SsM18 and 1.0% TS+SsM18) ya da edilmemis (0.5% TS and 1.0% TS) TS érnekleri iin 1200-800 cm
1 polisakkarit bolgesinde, ortalama merkezIi ve Gauss filtresi ile transforme edilmis absorbans spektrumlarina
uygulanmigstir. Bakteri (SsM18) spektrumu karsilastirma i¢in kullanilmistir.

In this study, we have obtained the main approximately at 1110 cm™, 1080 cm'1, 1047 cm'1, 1032
interpretation of RS wutilization by the probiotic cml, 995 cml, 980 cml, and 960 cm! along PC-1

bacteria from the discriminators of the loadings plot (Figure 2B). For these discriminators, we considered
(Figure 2A). On a particular PC, if the score of a sample the correlation between the signs of scores and the
and the loading of a variable signs of discriminators. For all TS groups where TS has
(wavelength/wavenumber) have the same sign, this not been incubated with the Dbacteria, the
refers that the sample has higher than the average discriminators were found higher than the average
value for that variable and vice-versa. The larger the (positive-to-positive pattern) while these
scores and loadings, the stronger that relation (Martin discriminators were negatively correlated with
et al. 2014). For the analyzed samples, loadings plot bacteria-incubated TS groups (positive-to-negative
revealed 7  positive discriminators  detected pattern).
A Loadings B Loadings
0.1

011

0.
-0,1 s ———

1200 1162 1124 1086 1048 1010 977 947 917 887 857 827 1125 1108 1091 1074 1058 1041 1024 1007 992 979 966 953

X-variables (PC-1) (74%) X-variables (PC-1) (74%)
Wavenumber (cm™) Wavenumber (cm)

Figure 2. Loadings plot of PC-1 from the PCA model. (A) PC-1 loadings plot in 1200-800 cm™! spectral region. (B)
PC-1 loading plot in the 1125-953 cm! spectral region.

Sekil 2. PCA modelinden PC-1 yiikleme grafigi. 1200-800 cm™ spektral bélgede (A) PC-1 yiikleme grafigi. (B) 1125~
953 em™ spektral bolgedeki PC-1 ylikleme grafigl.
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IR Band Intensity Variations Suggest for the
Metabolization of Starch by S. salivarius M18

Since the loadings of the PC-1 indicated the
spectroscopic origin of the discrimination, we analyzed
the second derivative spectra at 1200-800 cm! region

for more precise quantification of the changes in the
RS content of TS either incubated with bacteria (0.5%
TS+SsM18 and 1.0% TS+SsM18) or not (0.5% TS and
1.0% TS). The spectra given in Figure 3 show the
unique patterns for all the analyzed samples.

0.5% TS

1000

1150 1100 1050

| 10-5% TS+SsM18

E |
% T - T T T
o 1200 1150 1100 1050 1000 800
(-8
® L W\/\\AM\ M u\
\/ \/\ /\/ 1.0% TS
1200 1150 1100 1050 1000 950 900 850 800
i f\ |I f no f nu q II|
AN N M S Iu AN A MAACANANANN M ,r\ I AW,
AN W I'.;' v I'.u." Vi~ I'U'I I'I | II‘. .'I AV I-_,'I A o J vV "\;‘ \/ I. || Iul \ U,I I || “J vJ 1.0% TS+SsM18
\f ) I
J |LII
T T T T T T T
1200 1150 1100 1050 1000 950 900 850 800

Wavenumber (cm-1)

Figure 3. The representative second derivative and vector-normalized IR spectra of TS samples. The IR spectra of
the TS samples were shown in the 1200-800 cm'! spectral region.

Sekil 3. TS numunelerinin temsili ikinci tiirevi ve vektor normalize edilmis IR spektrumliari. TS numunelerinin
IR spektrumlar: 1200-800 cm™ spektral bolgesinde gosterilmigtir.

The IR spectral band at 1047 cm is known to be
sensitive to the amount of ordered/crystalline starch
while amorphous starch is characterized by a band
around 1022 cm. Therefore, the 1047 ¢cm'1/1022 cm'!
intensity ratio displays the amount of ordered starch
to amorphous starch (van Soest et al. 1995; Capron et
al. 2007). Though the higher ratio of 1047 cm™/1022
cm’! has been defined to indicate the higher relative
crystallinity, the lower ratio of 1022 cm'/995 cm! has
been assigned to the higher molecular order of double
helices of starch granules where the band at 995 cm!
is associated with the ordered structure of starch
(Zhang et al. 2014; Wang et al. 2015). Although we
could not detect the band at 1022 cm? from the
loadings plot, we were able to obtain the band at 1022
cm'! along with 1047 cm™! and 995 cm™ bands from the
second derivative spectra since the second derivative
permits a more specific identification of small and

neighboring bands (Sanden et al. 2019). Table 1 shows
the 1047 ecm¥/1022 cm?! and 1022 c¢m'/995 cm'!
intensity ratios given as fold changes respect to
corresponding control groups (0.5% TS or 1.0% TS). In
the starch samples incubated with S. salivarius M18
(0.5% TS+SsM18 and 1.0% TS+SsM18), the decreased
intensity ratio of 1047 cm™to 1022 cm™! together with
the increased intensity ratio of 1022 cm™ to 995 cm'!
were found. In other words, the starch samples
incubated with the bacteria gained a more amorphous
structure with respect to the control counterparts
which were not incubated with the probiotic bacteria.
Thus, these results indicate that RS utilization ability
of a probiotic bacteria can be detected through
monitoring the changes in the starch structure by
analyzing the variations in the specific IR band
intensities.

Table 1. IR band intensity ratios (mean+SEM; sample size N=4) 1047 cm'/1022 cm™! and 1022 cm'/995 cm'™.
Cizelge 1. 1047 cm-1/1022 cm™ and 1022 cm/995 cm™ IR bant yogunluk oranlar: (mean+SEM; érnek sayis1 N=4).

TS sample Intensity ratio 1047/1022 (cm~1) Intensity ratio 1022/995 (cm~1)
0.5% TS 1.0 1.0

0.5% TS + SsM18 0.7229 £+ 0.03966 *** 1.343 £ 0.06677 **

1.0% TS 1.0 1.0

1.0% TS + SsM18 0.6371 £ 0.06595 ***

1.863 + 0.4089 *
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CONCLUSION

Depending on the growing demand for supplements
along with rising consumer perception regarding the
health benefits of the prebiotics, the market of RS from
various starch sources is growing. Thus, investigation,
screening, and characterization of novel RS sources
from a variety of starch are important for the
development of the prebiotic industry (Zaman and
Sarbini 2016). Although there are several different
approaches to assess the prebiotic potential of a starch,
such as 1n vitro analysis of the bacterial growth rate in
the presence of the potential prebiotic starch,
stimulation of growth, metabolism, and activities of
the certain probiotic bacteria species, and the using of
animal models to study changes in the gut microbiota
composition and pH, feces humidity, and SCFAs
production. However, these methods are costly, time-
consuming, and labor-intensive especially for RS
source screening purposes (Aquino et al. 2017).

Not only in the research area, but also for the industry,
the development of fast and cheap techniques that
provide a large amount of information is of big interest.
The data presented here suggest that as a novel
approach, FTIR spectroscopy has a potential to be
applied in the research area as well as in the food
industry for the in wvitro analysis of the potential
prebiotic activity of starch-based substrates or for the
In vitro investigation of the probiotic potential of a
bacterial strain through the examination of its RS
hydrolyzing capacity.
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ABSTRACT
In this study, it was aimed to investigate the effects of salinity, which
is an important environmental problem, in the cultivation of
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ornamental plants (such as zinnia) and irrigation with high salt Received : 26.05.2020
water, especially on the antioxidant defense mechanism. For this Accepted 109.07.2020
purpose, the two Zinnia species were irrigated by different

concentrations of saline water (50, 100, 150, 200 mM NaCl); effects of Keywords

salinity on superoxide dismutase (SOD), catalase (CAT), glutathione Ornamental plants
reductase (GR) lipid peroxidation (MDA) and hydrogen peroxide Salt stress

(H202) in the leaves were determined. The results showed that salinity Antioxidant defense
conspicuously increased SOD, CAT, GR, H202 and MDA content at MDA

two Zinnia species compared to the control groups. It was found that
SOD and CAT enzyme activities increased remarkably with 150 mM

NaCl in both Zinnia species, but decreased with 200 mM

NaCl.The highest GR enzyme activity was observed in 200mM salt
concentration at Zinnia marylandica Double Zahara Fire Improved’.
MDA and H20: levels were observed higher in Zinnia elegans Zinnita
Scarlet’.To conclude; it may be said that these two Zinnia varieties can
tolerate salt concentration up to 150 mM.

Iki Zinnia Tirlintin Yapraklarinda Tuzlulugun Antioksidan Enzim Aktiviteleri, Lipid Peroksidasyonu
ve H202 Diizeyleri Uzerine Etkilerinin Kargilagtirilmasi

OZET Aragtirma Makalesi

Bu calismada, onemli bir cevresel sorun olan tuzlulugun, sis

bitkilerinin (zinnia gibi) yetistirilmesinde ve yiiksek tuzlu su ile Makale Tarihgesi

sulamada, o6zellikle antioksidan savunma mekanizmasi uzerindeki Gelis Tarihi  :26.05.2020
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etkilerinin arastirilmasi amacglanmigtir. Bu amagla, iki Zinnia tura
farkli konsantrasyonlarda tuzlu su (50, 100, 150, 200 mM NaCl) ile
sulanmigtir; tuzlulugun yapraklardaki siiperoksit dismutaz (SOD),

Anahtar Kelimeler

katalaz (CAT), glutatyon rediiktaz (GR) lipit peroksidasyonu (MDA) ‘; ls bitkileri
ve hidrojen peroksit (H202) {izerindeki etkileri belirlenmistir. AUZ,SZG,SI
Sonuglar, tuzlulugun iki Zinnia tiiriinde SOD, CAT, GR, H202 ve MDA JI;DtZ sidan savunma

icerigini kontrol gruplarina kiyasla belirgin sekilde arttirdigim
gostermigtir. SOD ve CAT enzim aktivitelerinin her iki Zinnia
tirinde 150 mM NaCl ile 6nemli 6lgiide arttigi, ancak 200 mM NaCl
ile azaldigi bulunmustur. En yiikksek GR enzim aktivitesi, Zinnia
marylandica "Double Zahara Fire Improved" da 200mM tuz
konsantrasyonunda gozlenmisgtir. MDA ve H20: seviyeleri Zinnia
elegans 'Zinnita Scarlet' da daha yiiksek olarak gozlemlenmistir.
Sonug¢ olarak, bu iki Zinnia ¢esidinin 150 mM'a kadar tuz
konsantrasyonunu tolere edebildigi s6ylenebilir.
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Activities, Lipid Peroxidation and H202 Levels in the Leaves of Two Zinnia Species. KSU J. Agric Nat 24 (1): 31-39.
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INTRODUCTION

Quality water resources are used especially in the
cultivation of agricultural products consumed as
human food and these resources are decreasing daily.
Therefore, it is necessary to irrigate ornamental and
landscape plants with lower quality waters. Salinity in
soil or water diminish the water uptake of the plants,
so negatively affect the plant growth (Cassaniti et al.,
2012). Salinity is one of the important abiotic stress
factors that affect vital parameters such as growth,
development, reproduction and crop yield in many
plants (Lauchli and Grattan 2007; Waqas et al., 2019).
Also, salinity affects the visual quality of ornamental
plants that are as well of commercial value (Cassaniti
et al. 2009; Koksal et al., 2016; Yasemin et al., 2017).
In addition, it was reported that growth parameters
were negatively affected in the case of salt stress in
ornamental plants (Yasemin et al.,, 2017). So, it is
important to determine salt tolerance mechanisms in
ornamental plants. Zinnia, Asteraceae family, is
cultivated worldwide for use as annual bedding plants
and some of Zinnia could be used as cut flowers. Flower
and leaf morphology, ray floret colors differ from each
other. For this reason, these plants have a big interest
for being used in gardens or landscaping (Stimart and
Boyle, 2007). In particular, the determination of
salinity defenses in such ornamental plants can be an
important step for selection and use in these areas.

There are two basic questions to understand the
impact of salt stress and how to deal with it. Firstly,
which changes does the plant experience when it is
exposed to salt stress? Second, what kinds of defense
responses are given to these changes? Salinity is first
detected by the root system and many signal paths are
actived. Salinity primarily causes cell dehydration and
a decrease in water potential in plants. Under salinity,
nutrient imbalance and reduced water availability
cause osmotic and ionic stress. After these effects, as
in water shortage; it continues by reduced cellular and
metabolic effects, closure of stomata, inhibition of
photosynthesis, leaf fall, change in carbon distribution,
production of reactive oxygen species (ROS) and cell
death. Salinity stress also causes protein denaturation
and the membranes to become unstable. As a result of
all these, growth and development in plants decline
(Munns 2005; Pang and Wang 2008; Acosta-Motos et
al., 2017; Isayenkov and Maathuis, 2019).

Plants activate several complex mechanisms in the
control of genes to deal with salt stress. And so,
stomatal control, ion secretion, osmotic adjustment
and antioxidant systems come into play (Munns 2005;
Abogadallah, 2010). Abiotic stresses induce the
formation of ROS (O2~, H202, ‘OH) in plants and
oxidative damage occurs. Antioxidant enzymes and
nonenzymatic compounds, which are antioxidant
metabolism components, have an important role in
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detoxifying ROS caused by salt stress (Hasanuzzaman
et al., 2012; Gill et al., 2013; Gupta and Huang 2014;
Parvin et al., 2019).

Increasing in the activities of the antioxidant defense
system under environmental stresses is generally
correlated with the stress tolerance of plants
(Zandalinas et al., 2017; Laxa et al., 2019). SOD, CAT,
ascorbate peroxidase (APX), monodehydroascorbate
reductase (MDHAR), dehydroascorbate reductase
(DHAR), GR, glutathione peroxidase (GPX), and
glutathione S-transferase (GST) are key enzymes in
the enzymatic system that regulate the content of
ROS, such as H202, Oz~ and OH radicals (Asada, 1999;
Liang et al., 2018; Parvin et al., 2019). Also lipid
peroxidation, identified as MDA concentration is one of
the remarkable markers of oxidative damage during
salinity stress (Hernandez et al., 2000; Khan and
Panda, 2008).

Salt stress can reduce growth and biomass as a result
of a nutritional imbalance in ornamental plants as in
many other plant groups. Salinity conditions can alter
water relationships and photosynthetic capacity in
these plants. Antioxidant mechanisms as well can use
counteract these negative effects (Garcia-Caparrés and
Lao, 2018). Since the salinity problem affects both soil
and water, ornamental plant research one of the main
objectives 1s thought to be to determining tolerant
plants (Cassaniti et al., 2013).

This article focuses on analyzing antioxidant defense
in plant stress tolerance by watering ornamental
plants with salty water (mimic low quality water),
especially considering limited water resources. For this
purpose, antioxidant enzyme activities (SOD, CAT and
GR), lipid peroxidation (MDA) and H2Os contents were
measured in two different Zinnia species under saline
conditions.

MATERIALS and METHODS
Plant Growth Condition and Salt Stress Treatment

This study was conducted in the greenhouse at the
Department of Horticulture, Cukurova University in
Adana/Turkey (32.9/19.7°C  day/night, relative
humidity 54 %). In this study seeds of Zinnia elegans
“Zinnita Scarlet’ and Zinnia marylandica ‘Double
Zahara Fire Improved species (Tasaco Farm,Turkey)
were used as plant material. These two cultivars were
determined to be relatively sensitive (Zinnita Scarlet)
and tolerant (‘Double Zahara Fire Improved) to salt
stress in a screening study conducted among twenty
Zinnia cultivars (Yasemin, 2020). Seeds of Zinnia
cultivars were germinated in tray plugs containing
peat. After germination, plantlets were transferred
into 2 L plastic pots which included peat: perlite (2:1).
5 days after the transfer, the plants were irrigated
with solution included 0, 50, 100, 150 and 200 mM
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NaCl concentrations one-day interval. Salinity
treatments were continued for three weeks. Treatment
was terminated, as soon as the first visual symptoms
were seen on the plants.

Extraction for Antioxidant Enzyme Assays
SOD, CAT, GR extractions

Fresh leaves of two Zinnia species (1g) were
homogenized with 5 mL of potassium phosphate buffer
(0.1 M, pH 6.8) including 100 mg of PVP and EDTA
(0.1 mM). The homogenate was centrifuged at +4 °C 16
000 g for 5 min and the supernatant was collected for
enzyme analysis (Beyer and Fridowich, 1987).

Measurement of Antioxidant Enzyme Activity
Superoxide dismutase (SOD) activity

SOD activity (EC 1.15.1.1) was determined according
to the modified method of Beyer and Fridowich, 1987.
Reaction mixtures composed 200 pL of enzyme extract,
100 pL of 5 mM nitro blue tetrazolium (NBT), 150 pL
of 0.1 mM riboflavin, 200 pL of 0.25 M methionine, and
1 mL of 200 mM sodium carbonate. These reagents
except for riboflavin wasprepared with 0.1 M
potassium phosphate buffer (pH 7.5). SOD activity was
determined as the amount of enzyme causing 50%
inhibition of NBT measured at 560 nm
spectrophotometer.

Catalase (CAT) activity

CAT activity (EC 1.11.1.6) was detected by measuring
the rate of decomposition of H202 at 240 nm, according
to Aebi, (1974). The reaction mixture contained 120 pL
of enzyme extract, 2.8 mL of 50 mM potassium
phosphate buffer (pH 7 without EDTA), and 80 pL of
0.5 M H20:2.

Glutathione reductase (GR) Activity

GR (EC 1.6.4.2) activity was determined as described
by Carlberg and Mannervik (1985). The reaction
mixture consisted of 1.5 mL 0.1 M phosphate buffer,
150 pL of 200 mM oxidized glutathione, 150 pL of 2
mM NADPH, 1 mL pure water, 200 pL: enzyme extract.
The oxidation of NADPH at 340 nm was defined as GR
activity.

Measurement of Soluble Protein Content

The amount of soluble protein was carried out using
the working solution according to the Bradford
method. Bovine serum albumin was used to generate a
standard curve; samples were read and recorded on the
Elisa instrument at 595 nm (Bradford, 1976). The
datum of soluble protein content was used to estimate
specific activities of SOD, CAT, and GR.
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Malonyldialdehyde (MDA) assay

Lipid peroxidation was detected by measuring the
MDA level. Fresh leaf tissue (0.5 g) of Zinnia plants
was homogenized in 1 mL (5%) trichloroacetic acid
(TCA) solution. The homogenate was centrifuged at
room temperature for 15 min at 16.000g. The
supernatant was transferred to the tubes by taking
equal volumes of 0.5% thiobarbituric acid (TBA) and
20% TCA solutions. The tubes were incubated at 96°C
for 25 min. Then, the tubes were transferred to an ice
bath and centrifuged at 12.000 g for 5 min. The
supernatant was measured at 532 and 600 nm. 0.5%
TBA in 20% TCA solution was used as a blank sample.
The MDA content was calculated using the extinction
coefficient (Ohkawa et al., 1979).

Hydrogen peroxide (H202) assay

H20: level was determined according to Loreto and
Velikova, (2001) with some modifications. Firstly, 0.5g
leaf tissue was homogenized in the ice bath with 5 mL,
1% (viv) TCA, the homogenate was centrifuged at
12.000 g and 0.75 mL supernatant was added to
0.75 mL phosphate buffer and 1.5 ml KI. H20: level
was evaluated by comparing its absorbance at 390 nm
to a standard calibration.

Statistical Analysis

Stress treatment was carried out completely
randomized experimental design with two factors.
Treatments had five replications with five plants each.
Data were subjected to ANOVA and the means were
separated using the LSD multiple range test at P<0.05.
Student-T analysis test was used to compare the
groups. All the statistical analyses were performed
using the JMPS8 Software package.

RESULTS and DISCUSSION

In this study, the effects of salt stress on the
antioxidant enzymes activities (SOD, CAT, GR), H202
and MDA levels in the leaves of two Zinnia species
grown under different salt (0, 50, 100, 150, 200 mM)
concentrations were comparatively investigated. It
was determined that salinity notably caused increases
the SOD, CAT, GR, H202 and MDA content at two
Zinnia species compared to the control groups(Table 1).

Cultivar effects in terms of activities of three
antioxidant enzymes, lipid peroxidation and H20:2
levels were statistically significant, except of SOD
(Table 2). MDA and H20:2, stress indicators, were
higher level in Z elegans (Zi.S). was identified as a
sensitive cultivar to salinity in previous studies
(Yasemin, 2020; Yasemin et al., 2020 in press). When
considering antioxidant enzyme activity, GR and CAT
activities were higher in Z marylandica (D.Za.F.I)
relatively tolerant cultivar than in Z elegans (Zi.S)
sensitive cultivar.
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Table 1. Treatment effect on SOD, CAT, GR, MDA and H20:2 levels.
Tablo 1. SOD, CAT, GR, MDA ve H20: seviyeleri tizerine uygulamalarin etkisi.
NaCl (mM) SOD CAT GR H.0s MDA
0 8.354d 10.339e 0.094c¢ 0.676d 1.961d
50 10.117c¢ 14.278d 0.139b 0.840c¢ 2.386¢
100 11.267bc 20.690b 0.150ab 0.956b 2.424c¢
150 14.203a 27.940a 0.163ab 0.978b 2.833b
200 11.764b 17.656¢ 0.170a 1.372a 3.086a
LSD 1.435%%* 2.466*** 0.026*** 0.106*** 0.234***
(***p<0.001)
Table 2. Cultivars effect on SOD, CAT, GR, MDA and H20: levels.
Tablo 2. Cesitlerin SOD, CAT, GR, MDA ve H20:seviyeleri lizerine etkisi.
Parameters Z. elegans Z1.5 Z. marylandica D.Za.F.1 t test
Parametreler
SOD 11.436 10.847 0.1908NS
GR 0.127 0.159 0.0006*
CAT 16.389 19.972 0.0001*
H202 1.100 0.828 <0001*
MDA 2.712 2.363 <0001*

According to results, the effects of salinity on SOD
activity were found important, statistically (Figure 1).
The highest SOD activity was observed at 150 mM salt
concentration in both species. As shown in Figure 1,
SOD activity decreased in 200 mM salinity partly,
compared with 150 mM salinity, in both species. In the
study, we detected similar increasing trends in both
species in terms of SOD activity which has an
important role in defense mechanisms of cells against
ROS and is one of the ubiquitous enzymes in aerobic
organisms (Bowler et al., 1992). It is well known that
low concentration ROS act as signal molecules, while
higher levels of ROS damage cellular components
(Choudhury et al., 2013; Liu et al., 2019). In various
studies, many researchers have been reported that
increases in SOD enzyme activities occur in plants
exposed to salt stress, similar to obtain the results
(Mittova et al. 2002; Bor et al., 2003; Ahmad, 2010;
Ozkoku et al., 2019). It was stated, SOD activity
increased importantly in the leaves of Olea europaea
L. which exposed to 200 mM NaCl (Valderrama et al.,
2006), in this study similar result observed on 150 mM
salt concentration. Manivannan et al. (2015) also
reported that 50 mM NaCl treatment increases SOD
enzyme activity in Z. elegans ‘Dreamland Yellow’. This
means that SOD enzyme activity varies depending on
plant species and salt concentration.

GR enzyme showed high activity from the lowest NaCl
concentration (50 mM) to highest one (200 mM) in Z.
marylandica D.Za.F.I which is a relatively tolerant
cultivar. The highest GR activity in Z. elegans Zi.S was
determined at salt level > 100 mM (Figure 1). Omari
and Nhiri, (2015) reported that GR enzyme activity in
the leaves increased by approximately 90% with 150
mM salt application. Similarly, Sa1 Kachout et al.,
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(2013) reported that GR activity increased steadily
with NaCl concentration and it nearly doubled in
response to 90 mM NaCl in Atriplex hortensis var.
rubra (red). GR is an important enzyme that plays a
role in protecting against various abiotic stresses such
as salinity (Romero-Puertas et al., 2006; Sa1 Kachout
et al. 2013). Moradi and Ismail, (2007) reported that
increasing salt stress in salt-tolerant rice line (IR651)
caused GR activity increased in leaves of the tolerant
lines. However, salinity did not affect GR activity in
leaves of in salt-intolerant rice line (IR29). In light of
this information, it can be concluded that the GR level
may vary according to the tolerance degree of genotype
and salt concentration (Moradi and Ismail 2007; Cekic
and Unyayar, 2006). Many researchers showed that
increases in GR activity could mean tolerance to salt
stress. Owing to increasing of GR activity in salt
tolerant genotypes, it could be thought that, salt
tolerant genotypes were more active in reducing H202
compared to salt sensitive genotypes (Kusvuran et al.,
2007; Li, 2009; Sevengor et al., 2011).

CAT activity was affected important from salinity,
statistically (Figure 1). CAT activity increased with
stress in both species. While the highest enzyme
activity was found in 150 mM NaCl level, CAT activity
decreased at 200 mM NaCl in both species. The CAT
decreased at 200mM NaCl might be resulted from the
prevention of new enzyme synthesis or catalase photo-
inactivation (Basu et al., 2010; Cevik et al.,2015). The
highest value of enzyme (CAT) activity was obtained
from 150 mM NaCl concentration in the Z
marylandicaD.Za.F.I plants. Manivannan et al. (2015)
reported that CAT activity did not differ significantly
between control and 50mM NaCl treatments in Z
elegans ‘Dreamland Yellow’, similar to this result.
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Figure 1. SOD, GR, CAT enzyme activities in two Zinnia species exposed to salinity. The data followed by the same
letters in the figure show that there is no significant difference between groups (*p <0.05, **p

<0.01,***p <0.001).
Sekil 1. Tuzluluga maruz kalan iki Zinnia tiirtindeki SOD, GR, CAT enzim aktiviteleri. Sekilde ayni harflerin
izledigi veriler, gruplar arasinda anlaml bir fark olmadigini géstermektedir (*p <0.05, **p <0.01,  ***p

<0.001).
Sevengor et al., (2011) reported that salt treatment and salt sensitive), when compared to their control
increased CAT activity in all genotypes (salt tolerant groups in local Turkish pumpkin varieties. However,

they determined that these increases were higher in
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salt tolerant species than that of salt sensitive ones.
Valderrama et al. (2006) were reported that the leaves
of olive (Olea europea L.) treated with 200 mM NaCl
increased CAT activities, significantly. Findings in this
study support the report of Bor et al., (2003) who also
found high CAT and GR activity intolerant beet under
salt stress. Also, CAT is the most effective antioxidant
enzyme in preventing cellular damage by H202. Yagar
and Ellialtioglu, (2013) declared that significant
differences in CAT enzyme activities at 150 mM salt
concentration in a study on eggplant genotypes.

While there was a systematic increase in SOD and
CAT enzyme activities up to 150 mM salt
concentration, there was a sudden decrease in the 200
mM salt concentration in both species (Figure 1, Table
1). According to these results, the question of whether
the 200 mM salt concentration can be an overdose or
not for these species comes to mind!

As salinity increased, H202 and MDA content in the
leaves of two cultivars increased, in parallel (Figure 2).
These increases were found important, statistically.
The highest H2O2 and MDA content in both species

were observed at 200mM salt concentration.
1,8 1LSD, ¢: 0.177"
1,6 - LSDpz,pr 0.139™
’§ 1,4
= 12
o
g 1
= 0,8
o: 0,6
T 04 .
[@71.S
0,2
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0
0 50 100 150 200
NaCl (mM)

MDA (umol g1 FW)

Manivannan et al., (2015) reported that 50mM NaCl
treatment significantly increased the H2O2z and MDA
content in Z. elegans ‘Dreamland Yellow’. A significant
increase in the level of H20:z (3.6-fold) and MDA (2.2
fold) was seen in cumin seedlings subjected to 100 mM
salt stress for 7 days concerning 0 mM NaCl (Pandey
et al., 2015). Also, it was reported that MDA content
increased significantly under salt stress in rice
(Shobbar et al., 2012). Similar to findings results in
this study, Sevengor et al., (2011) found an increase in
MDA content in four pumpkin genotypes at 100mM
salt concentration, this increase was found higher in
sensitive genotypes. Lipid peroxidation increased in
salt stressed leaves of the salt-sensitive maize
genotypes, whereas salt-tolerant plants were better
protected from oxidative damage under salt stress
(Neto et al., 2006). In these results, a significant
difference was observed in the MDA content between
two species at 200mM salt concentration. It is known
that abiotic stresses, especially salinity and drought,
cause a significant increase in H202 content that
causes lipid peroxidation of cell membranes. (Mpller et
al.,2007).

| LSDy 5: 0.326™*
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Figure 2. H202 and MDA content in two Zinnia species exposed to salinity. The data followed by the same letters
in the figure show that there is no significant difference between groups (**p <0.01, ***p <0.001).

Sekil 2. Tuzluluga maruz kalan iki Zinnia tiiriinde H202 ve MDA icerigi. Sekilde ayni harflerin izledigi veriler,
gruplar arasinda anlaml bir fark olmadigini géstermektedir (*p <0.05, **p <0.01, ***p <0.001).

When plants are exposed to salt stress, it activates the
antioxidant defense system to eliminate the damaging
effect of increased reactive oxygen (Ahmad, 2010;
Acosta-Motos et al., 2017; Garcia-Caparrés and Lao,
2018; Parvin et al., 2019; Ozkoku et al., 2019). In
various studies, 1t was shown that antioxidative
defense responses differ in the plants under salt or
other abiotic stress conditions (Acosta-Motos et al.,
2017; Garcia-Caparrés and Lao, 2018). The increase of
SOD enzyme activity under salinity conditions
indicates that SOD is good oxidative stress scavenge
enzyme (Panda and Khan, 2004). It was found that 100
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mM NaCl application in corn increased SOD, APX,
GPX and GR activities compared to control and was
more pronounced in tolerant genotypes (Neto et al.,
2006). Moreover, the intracellular H2Os concentration
also determines the activity of antioxidant enzymes
(Mittler, 2002). In several plants, salinity increased
the peroxidation of lipids, implying that in the cellular
membranes damages as the result of oxidative damage
(Gong et al., 2005). These results indicated that the
ability of plants defense against oxidative damage
caused by salt stress may change (Ashraf, 2009).
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CONCLUSION

Scientists who work on ornamental and landscape
plants, try to understand how plants perceive and get
used to stressful conditions and find out resistance
mechanisms. In various studies, it has been shown by
many researchers that tolerant and sensitive
genotypes respond differently under salinity.
Antioxidative enzyme activities play a protective role
against salinity. Antioxidative defense mechanisms
are effective in providing resistance to stress in Zinnia
plants. It has been shown in the current study that
there may be differences between Zinnia species.
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ABSTRACT Research Article
This study was carried out to determine tea (Camellia sinensis L. O. i i
Kuntze) genotypes with high antioxidant activity and also high total ~ Article History

phenolic content (TPC) in Rize/Turkey conditions in 2017. In the Received :29.05.2020
research, the seeds collected from tea plantations located at different Accepted 09.07.2020
five locations of Rize were used. Plants were grown under controlled

conditions in pots in greenhouse at first and then transferred to field Keywords

conditions. Harvest of fresh leaves was realized for 3.5 leaves (three Tea

leaves and bud) in August. Ferric-Reducing Antioxidant Power Genotype

(FRAP) and total phenol content of young leaves of selected 103 gg‘é‘P

genotypes were determined. As a result, FRAP values varied
between 638.4 and 1093.0 mg FeSOs4 g-1 dw while total phenol
content varied from 210.9 to 450.6 mg GAE g-1 dw depending on the
genotypes. FRAP values belonging each genotype group representing
locations were very close to each other. On the other hand, 87 of a
total of 103 genotypes had high antioxidant values. The fact that the
genotypes showed a high level of antioxidant activity and total
phenol content reveals the presence of evaluable tea genotypes to be
used in tea breeding in Rize.

Cay (Camellia sinensis L. O. Kuntze) Genotiplerinde Antioksidan Aktivite ve Toplam Fenolik
Igerigindeki Varyasyon

OZET Aragtirma Makalesi

Bu c¢alisma toplam fenolik icerigi (TPC) ve antioksidan aktivitesi

yilksek cay (Camellia sinensis (L.) O. Kuntze) genotiplerinin Makale Tarihgesi
belirlenmesi amaciyla Rize/Tiurkiye kogullarinda 2017 yilinda Gelig Tarihi @ 29.05.2020
yurttulmustir. Arastirmada, Rizenin farkli lokasyonlarinda yer Kabul Tarihi :09.07.2020
alan cay plantasyonlarindan toplanmis tohumlar kullanilmigtir.

Saksilarda kontrollii kosullarda yetistirilen bitkiler daha sonra agik Anahtar Kelimeler

hava kosullarina taginmistir. Geng yapraklarin hasadi, Agustos ay1 Cay
icinde 3.5 yaprak lzerinden yapilmigtir. Liyofilizatérde kurutulan Genotip
toplam 103 genotipe ait taze yapraklarin antioksidan degerleri ve FRAP
toplam fenol igerikleri tespit edilmisgtir. Sonug olarak, incelenen TPC

genotipler i¢cinde elde edilen ortalama FRAP degerleri 638.4-1093.0
mg FeSO4 gt kuru agirlik; toplam fenol igerigi ise 210.9-450.6 mg
GAE g1 kuru agirhik arasinda degisim gostermistir. Lokasyonlar:
temsil eden her bir genotip grubuna ait ortalama FRAP degerleri
birbirine ¢ok yakin ¢ikmistir. Diger taraftan, toplam 103 genotip
icinden 87 tanesi yiksek antioksidan degerlere sahip olmustur.
Genotiplerin yiksek diizeyde antioksidan aktivite ve toplam fenol
igerigi gostermesi, Rize'de c¢ay yetistiriciliginde kullanilabilecek
degerli cay genotiplerinin varligini ortaya koymaktadir.

To Cite : Savsatli Y, Ozcan A, Civelekoglu O 2021. Variation of Antioxidant Activity and Total Phenolic Content of Tea
(Camellia sinensis L. O. Kuntze) Genotypes. KSU J. Agric Nat 24 (1): 40-48. https://doi.org/10.18016/ksutarimdoga.
v1.744662.

INTRODUCTION (Weisburger, 1997) and three different types of tea
Tea is a valuable plant of the family Z7heaceae grown widely in the world. Camellia sinensis var.
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L.O. Kuntze is a species of tea grown in Turkey
(Taylor, 2003). The young leaves of this species,
particularly suitable for green tea production and
contain useful antioxidant components (Tariq and
Reyaz, 2013; Nibir et al., 2017). Natural antioxidants
are important components that strengthen the
defense system in body and have beneficial effects on
health (Ogiit, 2014). Therefore, nutritional values and
benefits of fruits are closely followed by consumers
(Scalzo et al., 2005). This tendency of consumers has
led to the fact that breeding studies are concentrating
on increasing efficiency of the products which are
consumed intensively on health nowadays. The
amounts of bioactive components, total phenolic
content and antioxidant effects of the harvested
products vary according to plant species. Sirisa-Ard et
al. (2017) reported that total phenolic content of
fermented Miang varried between 147.48+0.006 and
438.51+0.018 mg GAE g-! dw while the antioxidant
activity values (TEAC) of that varried between
5,578.34+0.019 mg g1 dw and 18,315.21+0.022 mg g1
dw. Especially green tea is known as a source of
beneficial antioxidants (Graham, 1992). Since green
tea is obtained by processing fresh leaves without
fermenting, the closest results to the content of this
tea type can undoubtedly be obtained by analysis of
fresh tea leaves. It is reported that antioxidant
activity in green tea is similar to that of white tea
because of the high levels of EGCG (Epigallocatechin
Gallate) and ECG (Epicatechin Gallate), which are
the strongest antioxidants in young tea leaves (Karori
et al., 2007). There are many studies showing that the
high amounts of antioxidant components in tea leaves
are anticancergenic (Wang and Bachrach, 2002;
Hayakawa et al., 2016; Vishnoi et al., 2018; Mir et al.,
2019). In the production of tea products with high
antioxidant capacity, cultivation of genotypes with
high potential of polyphenols in appropriate ecologies
and under suitable conditions can be significantly
effective.

Liu et al. (2008) reported that the highest FRAP
value among the 68 plant materials in China was
Chinese White Olive with 15.853 mmol Fell gt dw. In
another study, antioxidant values in parts of 33
medicinal and edible plants grown in China varied
between 2.1 pmol FeSO4 g! dw and 4790.1 pmol
FeSO4 gt dw (Jiang et al., 2011). The highest FRAP
value was obtained from floral buds of Flos
Caryophylli and followed by leaves of Camellia
sinensis L. with 2433.9 pmol FeSO4 g1 dw.

In recent years, focused on studies to increase the
specific bioactive components of various plants. As a
matter of fact, Capocasa et al. (2008) have shown that
nutrient characteristics and quality of strawberries
can be increased by crossing. Likewise, antioxidant
properties of varieties are taken into consideration in
potato (Stushnoff et al., 2008), Peach and Nectarine
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(Cantin et al., 2009) in breeding programs while
bioactive components in many medical and aromatic
plants are overemphasized.

Rich in flavonol glycosides, which are related to
antioxidant potential, are reported to be used
effectively in breeding programs (Jeganathan et al.,
2016). Green tea and black tea are rich in
antioxidants (Shannon et al., 2018) and are widely
consumed in almost all populations (Van et al., 1997).
Therefore, it can be seen as a great chance to make
the most of tea consumed extensively in the world.

Tea plant is highly allogamous nature due to self-
sterility. This makes progeny from seed possible to
produce a wide variation in productivity and other
characters and to be used this variation (Waheed et
al., 2001). As a matter of fact, there are many
improved cultivars either by crossing (Benihikari,
Okuhikari, Okumidori, Tsuyuhikari, Saemidori ect.)
or via  selection (Yabukita, Yutakamidori,
Utakamidori, Benihomare ect.) from tea plantations
in the world (Yagi et al., 2010).

This study was conducted to determine antioxidant
activity and total phenolic content of young leaves of
the genotypes multiplicated from seeds collected from
different locations in Rize/Turkey and to reveal
present variation which is important for breeders.

MATERIAL and METHODS

In this study, seeds (5 seeds per each plant and total
of 515 seeds) were collected in total of 103 different
plants from tea fields located on five different places
in Rize province where has the most tea plantation in
Turkey. Locations (L) from where the tea seeds were
collected are given in Table 1.

Table 1. Genotype groups belonging to tea seeds
collected according to different locations
(L)

Cizelge 1. Farkli lokasyonlara gore toplanan c¢ay
tohumlarina ait genotip gruplar

Genotype group Location Number of material

L1 Location-1 41
L2 Location-2 20
L3 Location-3 17
L4 Location-4 15
L5 Location-5 10
Total 103

L1 and L3 are adjacent to each other as well as 1.2
and L4. On the other hand, average distance from L5
to L1-L3 1s 7.1 km, and distance to L2-L.4 is 32.3 km
(Figure 1).

The seeds taken from each plant were sown in the
same pot in March 2017 and grown in greenhouse
conditions. One of the best growing seedlings was left
in every pot and others removed from pods. Thus,
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80% of total 515 tea plants were initially eliminated
in the seedling stage.

The plants were kept in the greenhouse until they
were strengthened and then taken out of the

August. Overall, 3.5 leaves (three leaf and bud) were
harvested from each plant. The harvested fresh
leaves were kept in lyophilizer until dry, and
antioxidant activities and total phenolic content of

greenhouse. Plants growing in pots when reached leaf sgmples were determined after methanol
sufficient growth were harvested once by hand in extraction.
ey . e Ardesen
;"h il O ‘Azerbaycan Pazar
s / Azerbaljen X 2
/
e GUneykdy
[0010]
Black Sea
Asiklar Dikkaya
¥ Hemsin Camlihemsin
Rize
5/
3 Senyuva
L1 Glneysu
Caykent
Kibledag

Figure 1. Locations containing genotype groups
Sekil 1. Genotip gruplari igeren lokasyonlar

Extraction of Samples

The fresh tea leaves were dried in a lyophilizer with
Labconco brand and powdered in a porcelain mortar.
Then, 0.1 g of each powdered sample was extracted in
10 ml methanol (80%) at 40 °C using an orbital
shaking for 1 hour. The sample-solvent mixture was
centrifuged at 4000 rpm minute-! for 20 minutes. The
supernatants were separated from the mixture and
analyzed for the determination of antioxidant activity
and total phenol content.

Ferric-Reducing Antioxidant Power (FRAP)

The method of Benzie and Strain (1996) was used by
modifying in the analysis of the samples. Buffer
solution prepared by mixing 200 ml of acetate buffer
(pH 3.6), 20 ml of 2,4,6-tripyridyl-s-triazine (TPTZ)
solution and 20 ml of ferric chloride (FeCls.6H20)
solution in a ratio of 10:1:1 as FRAP (Iron reduction
antioxidant capacity) reagent. HCl was used to
dissolve these chemicals while the buffer solution was
preparing. Overaall, 20 pl sample (supernant) was
added to a total of 1980 pul FRAP reagent and value
was read using UV Spectrophotometer (Shimadzu
UV-1800 brand) at 593 nm wavelength. A standard
curve was obtained from known Fe (II) (FeSO4)
concentrations (5 pl, 10 pl, 15 nl and 20 ul). FRAP
values of the samples were determined according to
standard curve. The results were expressed as mg of
iron (II) sulfate (FeSO4) equivalents per gram dried
weight (dw) of the sample.

Total of Phenolic Content (TPC)

Total phenolic content of samples was determined
using the Folin-Ciocalteau method (Waterhouse,
2002). 20 ul of the supernant and 100 pl of Folin-

Ciocalteau reagent were added to 1580 ul of distilled
water. Subsequently, 300 pl of Na2:COs (Sodium
carbonate solution) was added into the mixture. The
final solution was incubated at 50 °C for 15 minute
and values of absorbance were measured at 765 nm
using the Spectrophotometer. Values of gallic acid of
the samples were determined according to standard
curve. The results were expressed as mg of gallic acid
equivalents (GAE) per gram dried weight (dw) of the
samples.

Statistical Analysis

Values for each genotype group (L1, L2, L3, L4 and
L5) were analyzed separately as completely
randomized design with 3 replications using JMP
statistical program. The means were separated by the
Tukey HSD (Honestly Significant Difference) test.

RESULTS and DISCUSSION

In the study, fresh leaves of genotypes obtained from
seeds collected from different locations were
compared in terms of antioxidant activity and total
phenolic content (Table 2 and Table 3). The
antioxidant values were between 638.4 and 1093.0 mg
FeSO4 gt dw while the total phenolic content varied
from 210.9 to 450.6 mg GAE g1 dw depending on the
genotypes (Figure 2, 3, 4).

On the other hand, when considering the average of
each genotype group, this variation ranged from 900.4
to 950.3 mg FeSOs g! dw in terms of average
antioxidant activity and from 285.1 to 321.2 mg GAE
g1 dw for total phenolic content.

In the research, there was a significant (P<0.01)
positive correlation (r=0.342) between antioxidant
activity and total phenolic content (Figure 5). Similar
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to these results, many investigators reported that
there was a significant correlation between these
traits (Anesini et al., 2008; Liu et al., 2008; Rusak et
al., 2008; Jayasekera et al., 2011; Jiang et al., 2011).
Therefore, the content of phenolic compounds could be
used as an important indicator of its antioxidant
capacity. The antioxidant wvalues in 27 of 103
genotypes grown in Rize exceeded 1000 mg FeSO4 g1
dw. The lowest FRAP value among the genotypes
which was statistically in the group "a" belonged to
genotype number 88 with 857.2 mg FeSO4 g1 dw.
Total number of genotypes with FRAP values above
this value was 87. This result shows that 84.5% of the
genotypes used are primarily antioxidant-rich and
only 15.5% of the existing genotypes should be
eliminated.

Tea Research Foundation, in Africa, reported that
number of the material was reduced from 5000
genotypes to 350 genotypes by plant selection on
rooting ability and nursery performance in the first
years of the breeding program for new cultivars
(Apostolides et al., 2006). In this breeding program, it
is seen that a large number of genotypes were
eliminated at the beginning and 7% of total number of
genotypes was selected as important material. But in
present study, a total of 515 genotypes collected from
different locations were reduced to 103 genotypes in
terms of seedling vigour at first. A large parts of this
genotypes (87 genotypes), which was 16.9% of the
initial number, showed high antioxidant activity.

The genotypes within each group were considered
separately and the numerical ratios of those in terms
of rich in antioxidant activity were calculated. 93.3%
of the genotypes in the L4 genotype group had high
antioxidant activity. This rate was followed by L5
with 90.0%, L1 with 85.4%, L2 with 80.0% and L3
genotype group with 76.5% respectively. These
differences among the genotype groups are entirely
due to genetic factors.

In a research on antioxidant activites of different
green teas, FRAP values were found to vary between
0.554-2.876 mmol Fell g! (Hajimahmoodi et al.,
2008). Rusak et al. (2008) determined FRAP values
generally between 4.02-17.9 mmol L Fe2+ in white
tea and 2.45-19.0 mmol L1! Fe2+ in green tea
depending on the methods. Ercisli et al. (2008)
reported that total phenolic content of fresh tea leaves
of Derepazari-7 tea clone growing in Rize conditions
varied with harvest periods (July>May=September)
and that the highest value was obtained in the July
15 harvest. Erturk et al. (2010) showed that the
values obtained from 2.5 leaves (consisting of fresh
tea shoots) were changed according to tea clones and
the highest value was found at the 3rd harvest period
(September) in Pazar 20 clone with a mean of 291.8
mg GAE g?! dw. In another study conducted in Rize,
Yazici and Goksu (2017) found that FRAP values of
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fresh tea leaves varied between 5.00+0.90 and
5.9340.45 mmol FeSO4 g?! dw, and total phenolic
content varied between 112.88+4.19 and 131.64+4.52
mg GAE gt dw.

In a study conducted by Nor Qhairul Izzreen and
Mohd Fadzelly (2013) in Malaysia, antioxidant
activity and total phenolic content in green tea and
black tea produced by processing tea leaves according
to the maturity level (shoots, young and mature
leaves) were compared. In the study, the highest
FRAP value was achieved in green tea (from shoots)
with 14.83+0.21 pmol Fe2S04.7H20 ml 1. In the same
study, the values obtained for TPC ranged from 56.63
(green tea from shoots) to 80.27 mg GAE g'! dw (black
tea from mature). Oh et al. (2013) reported that total
phenolic content in green tea was 144.52+5.36 mg
GAE g1 dw.

There are differences in the units of FRAP values
calculated in some studies carried out before. When a
comparison is made by unit conversions, the values
obtained in the present study are between the values
determined by Rusak et al. (2008) and above reported
by Hajimahmoodi et al., (2008) and Yazici and Goksu
(2017). Similarly, the data obtained in the present
study with respect to the total phenolic content are
above the values stated by Ercisli et al. (2008), Erturk
et al. (2010), Nor Qhairul Izzreen and Mohd Fadzelly
(2013), Oh et al. (2013) and Yazici and Goksu (2017).
In another study conducted in Malaysia, total
phenolic content of Iran-100 tea clone was limited to
8.44+1.03 mg gallic acid equivalents (Gonbad et al.,
2015). This value is too below the values obtained in
present study.

Differences in the values obtained from different
studies for antioxidant activity and total phenolic
content may be due to the phenolic composition and
quality of tea, and several other factors including pre-
harvest and post-harvest conditions (Tounekti et al.,
2013). These important factors also include genetic
differences (Erturk et al, 2010), different
environmental conditions (Hajiboland et al., 2011;
Kaur et al., 2014), harvest season (Jayasekea et al.,
2011), pruning age (Savsatli et al., 2018), harvest
standards and frequency (Kaur et al., 2014), analysis
methods (Rusak et al., 2008), manufacturing process
(Carloni et al., 2013, Benzie and Szeto, 1999), type of
tea (Karori et al., 2007; Tounekti et al., 2013).

CONCLUSION

Tea genotypes multiplicated from seeds collected from
different locations of Rize produced leaves were rich
in antioxidant activity and total phenolic content. The
fact that the genotypes investigated in the study
showed naturally high levels of antioxidant activity
and total phenolic content. These results clearly prove
that it is possible that these genotypes reached to
high quality for tea breeding.
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Table 2. Ferricreducing antioxidant power (FRAP) (mg FeSO+ g dw) in genotypes belonging to different locations (L)
Cizelge 2. Farkli lokasyonlara (L) ait genotiplerin demir indirgenme antioksidan kapasitesi (FRAP) (mg FeSO4 g dw)
L1 L2 L3 14 L5

No FRAP Sx No FRAP Sx No FRAP Sx No FRAP Sx No FRAP Sx No FRAP Sx
1. 1042.7 £3.5 ad 22. 906.9 £106.9 af | 42, 1015.7 £11.7 ac 62. 812.7 +£30.1 ce 79. 999.9£80.8 2 94. 908.8 £46.2 a<
2. 910.6 £11.3 af | 23, 881.7 £57.2 af 43. 871.8£17.3 be 63. 932.5 +£22.9 ac 80. 894.0 £35.6 ab 95. 974.8 £4.0 ab
3. 1030.3 £2.7 ad 24. 1063.3 +£24.5 ac 44, 1067.3 £4.8 ab 64. 869.1 £15.2 bd 81. 866.5 £10.6 ab 96. 974.9 £29.4 ab
4, 815.6 +£8.0 df 25. 933.9 £42.2af 45. 1047.3 £8.8 ab 65. 745.8 £26.2 4t 82. 964.0 £13.0 ab 97. 954.2 £12.0 ac
5. 912.7 +8.4 af 26. 934.9 £24.1 af | 46. 1019.4 +20.1 a< 66. 1046.7+15.0= 83. 912.2 £9.2 ab 98. 828.2+15.0¢
6. 859.9 +4.4 af 27. 1001.2 £16.2 >4 | 47, 929.9 £46.8 2 67. 908.0 £30.7 a 84. 937.3 £46.7 ab 99. 922.6 +1.8 ac
7. 719.3+8.0f 28. 1043.5 £13.3 ad | 48. 855.7 £35.2 ce 68. 685.9 £46.2 f 85. 970.6 +51.8 ab 100. 971.0 £32.6 ab
8. 1007.8 £13.2 d | 29, 938.5 £6.3 af 49, 894.5 +£12.0 ae 69. 990.6 £32.3 ab 86. 974.9+£75.2 2 101. 1038.6+24.2a
9. 1028.4 +8.8 ad 30. 1047.6 £15.4=d | 50. 951.6 £23.8 ae 70. 978.5 +27.3 ab 87. 958.9 +57.3 ab 102. 1022.4+37.8 ab
10. 878.6 £6.4 af 31. 962.3 £19.3 ae 51. 904.8 £12.4 a¢ 71. 924.1 £52.1 ac 88. 857.2 £28.6 ab 103. 907.4 £17.3 be
11. 1078.1 £5.8 ab 32. 873.1 £24.5 af 52. 960.7 £54.6 a4 72. 998.8 £18.0 ab 89. 986.7 £25.7 2
12. 950.5 £8.0 af 33. 841.8 £9.3 bt 53. 752.9+£72.2¢ 73. 952.94+9.0 a< 90. 1089.6+14.32
13. 925.5£10.5af | 34, 979.2 £22.6 a4 | 54, 883.9 £34.4 a¢ 74. 935.7 £50.9 ac 91. 956.7 £61.9 ab
14. 723.0£1.9 ef 35. 1080.5 +28.6 ab 55. 796.5 £59.6 de 75. 955.6 £2.1 a< 92. 730.8£49.0 b
15. 1004.5+£12.5 24 | 36. 977.4 £27.1 a4 | 56. 1067.3 £25.2 ab 76. 638.4 £23.8 ¢ 93. 977.4+43.52
16. 898.5 +3.7 af 37. 1091.7 £7.52 57. 745.0 £88.4 ¢ 77. 1034.9+16.32
17. 825.4 £5.9 cf 38. 970.8 £29.9 ad | 58, 906.1 £16.9 a¢ 78. 897.3 £16.1 ad
18. 832.7 £5.0 cf 39. 961.2 £28.6 ae 59. 1029.7 £23.3 a«c
19. 891.5+5.7 af 40. 1092.8 +30.62 60. 1085.8 £32.3 2
20. 1093.0+10.2 2 41. 904.4 +£38.5 af 61. 905.6 £38.0 ae
21. 1044.8 £17.6 ad

% CV=7.6 Fcal=5.3**

% CV=7.2 Fcal=7.0**

%CV=5.6 Fcai=16.4**

% CV=8.5 Fea=3.1**

% CV=4.7 Fea=5.6**

**Level of significance: Means with the same letter are not statistically significant (P<0.01). CV: Coefficient of Variation. Fea: Calculated F Value.
Sx: Standard Error
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Table 3. Total phenolic content (TPC) (mg GAE g dw) in genotypes belonging to different locations (L)
Cizelge 3. Farkli lokasyonlara (L) ait genotiplerin toplam fenolik icerigi (TPC) (mg GAE g1 dw)
L1 L2 L3 L4 L5
No TPC Sx No TPC Sx No TPC Sx No TPC Sx No TPC Sx No TPC Sx
1. 292.2 £3.5 ip 22. 371.9+4.8 ce 42, 295.5 +8.6 ac 62. 253.8+11.3¢ 79. 306.9 £2.1ab 94, 257.5+£6.1 de
2. 290.6 £11.3r | 23. 312.2+£8.0 fn 43. 288.7 +£8.4 bd 63. 284.2 £2.4 be 80. 274.5 £4.8 ¢f 95. 286.0 £4.3 cd
3. 270.7 £2.7 I» 24, 343.6 £5.3 ¢i 44, 276.1 £4.8 <d 64. 286.6 11.0 be 81. 303.1 £9.7 a¢ 96. 307.7 £2.9 be
4, 259.6 £8.0 op 25. 298.6 £2.9 bp 45, 310.6 £2.3 ab 65. 292.6 £5.9 be 82. 255.7+9.9¢ 97. 280.2 £6.2 ce
5. 391.7 +8.4 be 26. 274.9+9.1 kp 46. 312.9+6.2 ab 66. 314.5+£6.9 ac 83. 292.8 +6.4 ad 98. 243.5+3.4 ¢
6. 324.0 +4.4 ¢k | 27. 319.5+£16.5 1 | 47. 295.1 £5.4 ac 67. 301.5 +3.1 ad 84. 305.4 +1.2 ab 99. 272.0£9.4 ce
7. 272.0 £8.0 I» 28. 343.6 £13.5¢1 | 48, 235.9+£3.4 ¢f 68. 283.3 £14.0 be 85. 310.4 +£2.5 ab 100. 260.6 £6.1 de
8. 383.3+£13.2¢d | 29, 345.9£10.5¢h | 49, 289.1 £4.4 bd 69. 277.8 £13.7 be 86. 317.8+5.3 2 101. 337.2+5.9b
9. 324.4 £8.8 ek 30. 346.1 +5.1 ¢h 50. 316.0 +£2.4 ab 70. 342.0 £10.6 2 87. 286.8 £6.1 be 102. 396.1 £10.6 2
10. 318.2 +6.4 fm | 31, 298.2 £7.7 bp 51. 302.1 £3.9 ac 71. 268.9 £9.0 de 88. 305.8 +4.8 ab 103. 306.5 +£14.7 be
11. 435.1 £5.8 ab 32. 262.7+14.1»p | B2, 295.3 £4.0 ac 72. 271.4+£12.1 ce 89. 272.6 £3.1 df
12. 306.0 £8.0 g° 33. 288.9+11.4ir | 53. 261.0 £7.5 de 73. 322.6 £6.2 ab 90. 260.0 £9.5 ef
13. 333.5 £10.5 ¢ | 34, 304.0 1£3.9 s© | 54, 279.2 £5.0 <d 74. 298.8 +6.2 ae 91. 296.5 £2.6 ad
14. 248.7+1.9p 35. 295.9 £4.3 bp 55. 215.6+£5.5¢ 75. 319.1 £3.3 ab 92. 272.6 £4.8 df
15. 380.6 £12.5<d | 36. 313.7+1.8fn 56. 278.8 £8.4 «d 76. 300.3 +£8.4 ad 93. 266.6 £3.4 4f
16. 353.5£3.7 ¢ 37. 291.6 £5.8ip 57. 304.4 £5.0 ac 7. 318.8 £4.2 ab
17. 350.8£5.9 ¢ 38. 271.0+5.81p 58. 296.1 £5.4 a< 78. 311.6 +4.7 ad
18. 360.1 +5.0 ¢t 39. 295.9 £8.4 hp 59. 315.5+1.8 ab
19. 332.3 £5.7 41 40. 283.5 +6.1 1P 60. 323.4+8.12
20. 450.6 £10.2 2 41. 267.9 £14.4 mp | 61. 210.9+6.8¢
21. 363.4+17.6 ¢f
% CV=4.9 Fca= 26.3** % CV=3.5 Fca= 30.8** % CV=5.0 Fea=7.0*%* % CV=3.5 Fea=12.1%* % CV=4.6 Fca=33.8**

**Level of significance: Means with the same letter are not statistically significant (P<0.01). CV: Coefficient of Variation. Fea: Calculated F Value.
Sx: Standard Error
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Figure 4. FRAP and TPC values of tea genotype groups

Sekil 4. Genotiplere ait FRAP ve TPC degerleri

Considering the importance of consumption of tea
rich in antioxidant on human health. It could be
appropriate for breeders to focus on improving
genotypes showing higher antioxidant activity than
approximate value of 1000 mg FeSO4 g1 dw.
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ABSTRACT
Ethyl pyruvate (EP) is a simple aliphatic ester derived from pyruvic
acid which is an endogenous metabolite. Although various studies
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have investigated the antioxidant and anti-inflammatory properties Received $23.03.2020
of EP, there has been only limited research into the cytotoxic effect of Accepted 129.05.2020
EP on cancer cells. The aim of this study was to determine the

cytotoxic effects of EP on cells representing common cancer types. EP Keywords
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human melanoma (VMM917), cervix (HeLa), breast (MCF-7), lung Cytotoxicity

(A549), liver (HepG2), colon (WiDr) cancer and normal fibroblast (BJ) Ethyl pyruvate

cells was determined using the MTT assay. Cisplatin was used as a
positive control in cytotoxicity experiments. The results showed that
EP exhibits selective cytotoxic effect on VMM917 (10.1-fold) and HeLa
(3.04-fold) cells compared to BJ cells. This study shows for the first
time that EP has a highly selective cytotoxic effect, especially on
melanoma and cervix cancer cells. The mechanism of this effect needs
to be elucidated by more extensive studies.

Etil Piruvatin Cesitli Kanser Hiicre Hatlar:1 Uzerindeki Sitotoksik Etkisinin Incelenmesi

OZET Aragtirma Makalesi

Etil piruvat (EP), endojen bir metabolit olan piriivik asitten tiiretilen

basit bir alifatik esterdir. Cesitli ¢calismalar EP'nin antioksidan ve Makale Tarihgesi
anti-inflamatuar oOzelliklerini ortaya koymus olmasina ragmen, Received ©23.03.2020
EP'nin kanser hiicreleri tizerindeki sitotoksik etkisi hakkinda sinirh Accepted ©29.05.2020

sayida arastirma bulunmaktadir. Bu ¢galismanin amaci, EP'nin yaygin
kanser turlerini temsil eden hiicreler tizerindeki sitotoksik etkilerini
belirlemektir. Calismada kullanilan EP ticari olarak satin alinmig ve
ara stok cozeltiler fosfat tamponu ile hazirlanmistir. EP'nin insan
melanoma (VMM917), serviks (HeLa), meme (MCF-7), akciger (A549),
karaciger (HepG2), kolon (WiDr) kanseri ve normal fibroblast (BJ)
hiicreleri tizerindeki sitotoksik etkisi MTT testi kullanilarak
belirlenmigtir. Sitotoksisite deneylerinde pozitif kontrol olarak
sisplatin kullanilmigtir. Sonuglar EPmin BJ hiicrelerine kiyasla
VMM917 (10.1 kat) ve HeLa (3.04 kat) hiicreleri {izerinde segcici
sitotoksik etki gosterdigini ortaya koymustur. Bu calisma, EP’nin
ozellikle melanoma ve serviks kanseri hiicreleri tizerinde oldukga
secici bir sitotoksik etkiye sahip oldugunu ilk kez géstermektedir. Bu
etkinin mekanizmasinin daha kapsamlh c¢alismalarla agiklanmasi
gerekmektedir.

Anahtar Kelimeler
Etil pirtivat

Hicre kultira
Kanser
Sitotoksisite

To Cite : Ayazoglu Demir E, Demir S, Turan I 2020. Investigation of the Cytotoxic Effect of Ethyl Pyruvate on Various Cancer
Cell Lines. KSU J. Agric Nat 24 (1): 49-56. https://doi.org/10.18016/ksutarimdoga.vi.707661.

INTRODUCTION

Cancer is a term that generally refers to more than 277
types of diseases, and is the second leading cause of
death worldwide (Hassanpour and Dehghani, 2017).
Overall, the prevalence of cancer has been increasing

steadily on a yearly basis and it is estimated that 18.1
million people were diagnosed with cancer and 9.1
million cancer-related deaths occurred in 2018 in the
world (Bray et al., 2018). The formation of cancer is
explained with the theory that cancer formation
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develops as a result of mutations and that
physiological cells are transformed into cancer cells
programmed for continuous reproduction (Sever and
Brugge, 2015). In general, the process of cancer
formation occurs as a result of disruption of cellular
signaling, which creates a negative effect on the
control of the cell cycle (Hassanpour and Dehghani,
2017). Proto-oncogenes are responsible for cell division
under normal conditions, but their becoming oncogene
as a result of genetic mutations causes tumor
formation. In addition, the ineffectiveness of tumor
suppressor genes further triggers this uncontrolled cell
division (Wang et al., 2018). Today, various methods,
such as chemotherapy, radiotherapy, surgical
resection and immunotherapy are used in the cancer
treatment. Although chemotherapy is one of the widely
used treatment method against cancer, the emergence
of side effects and drug resistance over time decreases
the percentage of success (Demir et al., 2018a). To
overcome these problems, scientists have stepped up
new chemotherapeutic discovery studies (Kilinc et al.,
2020).

Pyruvate, an important metabolite in cellular energy
metabolism, is produced as a result of glycolysis. The
pyruvate is used as a substrate for the tricarboxylic
acid cycle, and as a result of this cycle, ATP and
electron-rich compounds (NADH and FADH.) are
produced (Liang et al.,, 2009; Demir et al., 2020a).
Pyruvate is not only an end product of the glycolysis
metabolic pathway in cells, but also an endogenous
antioxidant and free radical scavenger. The
determination that pyruvate is an effective reactive
oxygen species (ROS) scavenger encouraged many
researchers to try using it as a therapeutic agent for
the treatment of various pathological conditions that
are thought to mediate redox-dependent phenomena
(Sappington et al., 2003). Despite the promising
findings from further studies, the utility of pyruvate as
a therapeutic agent was found to be limited by its poor
stability in solution. When pyruvate dissolves in water,
it can undergo condensation and cyclization reactions
spontaneously, and some intermediates formed may
exhibit toxic effects. Due to these disadvantages of
pyruvate, different analogs, such as sodium pyruvate
(SP), methyl pyruvate (MP) and ethyl pyruvate (EP)
have been produced in time (Sappington et al., 2003;
Vyawahare et al., 2012). EP is a simple aliphatic ester
derived from pyruvic acid which is the endogenous
metabolite (Vyawahare et al., 2012). The effective ROS
scavenger, anti-inflammatory, cardioprotective and
neuroprotective properties of EP have Dbeen
determined through in vitro and in vivo studies
(Vyawahare et al., 2012; Turkmen et al., 2016a;
Turkmen et al., 2016b). Although these studies have
described the protective roles of EP in cells, tissues and
organs, its cytotoxic effect has so far been
demonstrated only in some cancer models, such as
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lung, pancreas and malignant mesothelioma (Park et
al.,, 2011; Li et al., 2012a; Pellegrini et al., 2017).
Recently, Zhou and Sakamoto (2019) reported that EP
inhibits the proliferation of mouse melanoma (B16F10)
cells through inhibiting tyrosinase activity and
modulating ROS-ERK signaling pathway. Human
melanoma (VMM917), cervix (HeLa), breast (MCF-7)
and colon (WiDr) cancer cell lines are frequently used
In in vitro experiments as melanoma, cervix, breast
and colon cancer models, respectively (Narisawa-Saito
et al.,, 2008; Berg et al.,, 2017; Liu et al., 2017;
Montagner and Sahai, 2020). However, there is no
study that determines the cytotoxic effect of EP on
these four cell lines. The aim of this study was to
determine the cytotoxic effects of EP on these cell lines
for the first time.

MATERIALS and METHOD
Chemicals

Ethyl pyruvate (CH3COCOOC:Hs, purity: 98%, Cat
No: E47808) was purchased from Sigma-Aldrich (St.
Louis, MO, USA) and serial dilutions were prepared
with phosphate buffer saline (PBS). All other
chemicals used in cytotoxicity studies were purchased
from Lonza (Verviers, Belgium), Biological Industries
(Kibbutz Beit Haemek, Israel) and Sigma-Aldrich (St.
Louis, MO, USA).

Cell Culture
Human melanoma (VMM917), cervix adenocarcinoma
(HeLa), breast adenocarcinoma (MCF-7), lung

carcinoma (A549), hepatocellular carcinoma (HepG2),
colon adenocarcinoma (WiDr) and normal foreskin
fibroblast (BJ) cells were supplied by the American
Type Culture Collection (Manassas, VA, USA). All cells
were cultured in Eagle's minimum essential medium
(EMEM) supplemented with 10% heat inactivated
fetal bovine serum and 1% gentamicin solution and the
cells were incubated at 37°C with 5% CO2 supply
(Demir et al., 2018a).

Cytotoxicity Experiments

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide (MTT) assay was employed to determine the
cytotoxic effect of EP on various cell lines as described
earlier with slight modifications (Mosmann, 1983;
Turan et al., 2017). All cancer cells were seeded into
96-well microplates with 10.000 cells per well, while
BJ cells were seeded with 2.500 cells per well (Demir
et al., 2019a; Demir et al., 2019b). All cells were then
incubated with varying concentrations of EP (0.025,
0.05, 0.1, 0.25, 0.5, 1, 2.5 and 5 mM) for 72-h (Park et
al., 2011; Cheng et al., 2014). Cisplatin (CDDP) was
used as a positive control in cytotoxicity experiments
to show that the experimental setup was working
correctly (Demir et al., 2018b). At the end of the period,
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the plate contents were removed and 10 puLi of MTT
(0.25 mg mL1) dye was added to the wells and the cells
were incubated with this dye for 3 h (Turan et al.,
2018). The formazan crystals formed at the end of the
incubation were dissolved with dimethyl sufoxide
(DMSO) and the resulting optic density was measured
using a microplate reader (Molecular Devices
Versamax, California, USA) at 570 nm. Cell viability
values corresponding to each concentration were
calculated according to the negative control using the
obtained absorbance values. Dose-response curves
were drawn using %logarithmic concentrations
against cell viability and the ICso value of EP and
CDDP were calculated for each cell line (Aliyazicioglu
et al., 2019; Demir et al., 2020b). ICso values calculated
for EP and CDDP in all cell lines were used to
determine the selectivity index value with the
following formula (Turan et al., 2019):

Selectivity index = Bd cells ICs0 / Cancer cells ICso

Statistical Analysis

All cytotoxicity experiments were performed four
times. The distribution of the data was examined with
the Kolmogorov-Smirnov test. Data showing normal
distribution = were  expressed as  arithmetic
meantstandard  deviation. Statistical analyzes
between the groups were revealed by ANOVA and
post-hoc Tukey tests. p<0.01 was regarded as

120
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significant.

RESULTS and DISCUSSION

Ethyl pyruvate is a stable and lipophilic ester derived
from the endogenous metabolite pyruvic acid
(Pellegrini et al., 2017) and it has been reported that it
has many beneficial biological properties, such as
antioxidant, anti-inflammatory, cardioprotective and
neuroprotective (Vyawahare et al., 2012; Turkmen et
al., 2016b; Turkmen et al., 2016b). However, the
cytotoxic effect of EP has so far been demonstrated
only in some cancer models, such as lung, pancreas,
malignant mesothelioma (Park et al., 2011; Li et al.,
2012a; Pellegrini et al., 2017). Therefore, this study
aimed to determine the cytotoxic effect of EP on cell
lines, including VMM917, A549, HepG2, HeLia, WiDr
and MCF-7, representing common cancers in the
world. The cytotoxic effect of EP on these cell lines was
determined using the MTT assay and the the growth
curves of the cells are shown in Figure 1. When all cells
are evaluated together (except on A549 cell line),
statistically significant cytotoxic effect of EP was
emerged starting at a concentration of 0.1 mM.
Although, the growth curves showed that EP exhibited
cytotoxic effect in all studied cancer cells in a dose-
dependent manner, the most strong cytotoxic effect
was determined in VMMO0917 and HeLa cells.

0|| |"I'||I|h||l

A549

HepG2 WiDr

0,1 m0,25 |05 ml m25 m5

Sekil 1. EP'nin kanser ve BJ hiicre hatlar: tizerindeki sitotoksik etkisi. *Kontrol ile kiyaslandiginda istatistiksel

olarak anlaml fark: belirtir (p<0.01).

Figure 1. The cytotoxic of EP on cancer and BlJ cell lines. *Denotes statically significant differences in comparison

with control (p<0.01).

Cisplatin is a metallic (platinum) coordination
compound with square planar geometry (Dasari and
Tchounwou, 2014). It was approved by the U.S. Food
and Drug Administration (FDA) in 1978 for use in
cancer chemotherapy (Makovec, 2019). CDDP is used
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in the clinical treatment of different types of cancer,
such as lung, ovarian, breast, brain, head and neck
(Dasari and Tchounwou, 2014). The main target
molecule of CDDP in eukaryotic cells is DNA. It binds
to the N7 reactive sides of purine residues which
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causes DNA damage in cancer cells, blocks cell division
and causes apoptotic cell death (Makovec, 2019). The
other mechanisms of cytotoxic effect of CDDP are
described with its ability to induce oxidative stress,
modulate the intracellular calcium level and
proliferation signaling pathways (Dasari and
Tchounwou, 2014). Chemotherapeutic drugs, such as
120
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CDDP and paclitaxel are used in vitro cytotoxicity
studies to demonstrate that the experimental setup is
working properly (Demir et al., 2020b; Misir et al.,
2020). CDDP was therefore employed as a positive
control in cytotoxicity experiments and the
concentration dependent cytotoxic effect of CDDP was

shown in Figure 2.
* *
* I*
* I
]: *

125 ®25 ®5 ®m10 E20 W40

A549 HepG2

Sekil 2. CDDPnin kanser ve BJ hiicre hatlar1 tzerindeki sitotoksik etkisi. *Kontrol ile kiyaslandiginda
istatistiksel olarak anlaml fark: belirtir (p<0.01).
Figure 2. The cytotoxic of CDDP on cancer and BJ cell lines. *Denotes statically significant differences in

comparison with control (p<0.01).

In order to make the results more understandable, the
ICs0 values of EP and CDDP in all studied cell lines
were calculated and presented in Table 1. When Table
1 is examined, it is seen that ICso values for EP ranged
from 0.34 to 3.79 mM. The concentration range of
0.025-5 mM prepared by serial dilution for ethyl
pyruvate was used in the study. ICs0 values could not
be calculated for A549 and HepG2 cells since 50%
growth inhibition was not also observed even in the
highest concentration of EP (5 mM).

Cizelge 1. Farkli hiicre hatlarinda EP ve CDDP i¢in
hesaplanan ICso degerleri (n=4)

Table 1. 1Cs5o values calculated for EP and CDDP on
different cell Iines (n=4)

Hiicre Serileri EP (mM) CDDP (uM)
(Cell Lines)

VMM917 0.3440.01 2.344+0.05
HeLa 1.13+0.01 2.06+0.14
MCF-7 3.51+0.53 3.73+0.27
A549 >5 2.13+0.12
HepG2 >5 9.14+0.16
WiDr 3.79+0.26 2.76+0.22
BJ 3.44+0.24 12.07+0.34

In consistent with these results, Cheng et al (2014)
reported that EP inhibits the proliferation of liver
cancer cell lines (SMMC-7721, HepG2, and HCC-LM3)
in a dose-dependent manner and the ICso values were
24.7, 29.7, and 20.4 mM, respectively. Michel et al
(2019) demonstrated that the concentrations of 1, 5, 10,
15 and 20 mM EP exhibits dose dependent
antiproliferative effect on HepG2 cells. Lim et al
(2007) demonstrated that EP inhibits high mobility
group box protein 1 (HMGB1) release through
inducing the necrosis-to-apoptosis switch in A549 lung
adenocarcinoma cells, while Liu et al (2019) reported
that the concentration of 30 mM EP inhibits the
growth of A549 cells through HMGB1/receptor for
advanced glycation end products (RAGE) axis and the
nuclear factor kappa-B (NF-kB)/signal transducer and
activator of transcription 3 (STAT3) pathway. No
literature comparison has been made since there is no
study showing the cytotoxic effect of EP on VMM917,
WiDr, HeLLa and MCF-7 cell lines. However, cytotoxic
effects of EP have been also reported in different cell
lines, such as colon adenocarcinoma (MC38) (Liang et
al., 2009), gallbladder carcinoma (GBC-SD and SGC-
996) (Li et al., 2012b), gastric carcinoma (SGC-7901)
(Zhang et al., 2012), leukemia (THP-1 and K562)
(Birkenmeier et al. 2016), prostate adenocarcinoma
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(PC-3 and CWR22RV1) (Huang et al. 2018) and diffuse
large B-cell lymphoma (Su-DHL-4, Su-DHL-8, and Su-
DHL-10) (Zhang et al., 2019). The mechanism of this
cytotoxic effect of EP is explained by its property to
increase the rate of apoptosis and autophagy (Liang et
al., 2009), to arrest the cell cycle (Birkenmeier et al.
2016; Huang et al. 2018; Zhang et al., 2019) and to
decrease the expression of some proteins related the
formation of tumor microenvironment, such as
HMGBI, RAGE, vascular endothelial growth factor
(VEGF) and matrix metalloproteinases (MMPs)
proteins (Li et al., 2012b; Zhang et al., 2012).

When all cells are evaluated together, statistically
significant cytotoxic effect of CDDP was emerged
starting at a concentration of 0.3125 pM. In order to
make the results more understandable, the ICso values
(uM) of CDDP in all studied cell lines were calculated
and presented in Table 1. When Table 1 is examined,
it is seen that ICso values for CDDP ranged from 2.06
to 9.14 uM in cancer cell lines. Consistent with these
results, it is reported that the ICs0 values of CDDP on
HeLa and A549 cell lines vary between 0.75 to 8.6 uM
(Gumus et al., 2009; Casagrande et al., 2013; Singh et
al., 2015) and 1.12 to 7 pM (Adach et al., 2016; Jin et
al., 2019; Zhang et al., 2020), respectively. Similarly,
it is reported that the ICs0 values of CDDP on MCF-7
and HepG2 cell lines vary between 3.09 to 12.5 uM
(Aung et al., 2007; Gumus et al., 2009; Mansouri-
Torshizi et al., 2016) and 7.75 to 24.1 uM (Sakinah et
al., 2007; Adach et al., 2016; Hashiesh et al., 2018),
respectively. In parallel with these results, it is
reported that the ICso0 values of CDDP on WiDr and BdJ
cell lines vary between 1.2 to 6 pM (Temmink et al.,
2007; Turan et al., 2018; van Zweeden et al., 2018) and
13 to 20 uM, (Adach et al., 2016; Col Ayvaz et al., 2017;
Varbanov et al., 2019), respectively. Since there is no
study in the literature investigating the cytotoxic effect
of CDDP on the VMM917 cell line, no direct
comparison could been made.

Selectivity is one of the most important criteria for a
compound to be evaluated as a chemotherapeutic
(Demir et al., 2019b). For this reason, one normal BJ
cell line was used along with six cancer cells in the
study. The selectivity index of the EP and CDDP for all
studied cancer cells were calculated using the formula
described in the "Materials and Method Section" of the
ICs0 values obtained for each cell and results were
presented in Table 2. Since the ICso value cannot be
calculated in the A549 and HepG2 cells for EP, the
selectivity index value could not be calculated in these
two cell lines. Other results showed that EP exhibited
a highly selective cytotoxic effect, especially in the
VMMO917 and HeLa cell lines. In fact, the selectivity
index value of EP obtained for VMM917 is higher than
the CDDP which was used as positive control. Malign
cervical tumors are one of the most common
malignancies in the female population. More than half
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a million women are diagnosed with cervical cancer
each year, and approximately 300.000 cervical cancer-
related deaths occur each year (Cohen et al., 2019).
Melanoma represents the most aggressive and
deadliest form of skin cancer and according to WHO
data, about 132.000 new cases of melanoma are
diagnosed globally each year. (Domingues et al., 2018).
Although chemotherapy is one of the most used
treatment method of melanoma and cervical cancer,
the development of drug resistance over time and the
occurrence of side effects negatively affect the
continuity and success percentage of the treatment.
For this reason, studies are continuing to discover
chemotherapeutics with selective cytotoxic effects
(Demir et al., 2018b; Domingues et al., 2018). In this
regard, we think that the results of this study, which
demonstrated the selective cytotoxic effect of EP on
VMM917 and HeLa cells for the first time, are
important. The mechanism of the selective cytotoxic
effect of EP, especially on these two cell lines, should
be determined and the results should be supported by
in vivo studies.

Cizelge 2. EP ve CDDP’nin segicilik indeks degerleri
Table 2. Selectivity index values of EP and CDDP

Hiicre Serileri Test Bilesikleri
(Cell Lines) (Test Compounds)
EP CDDP
VMM917 10.1 5.16
HeLa 3.04 5.86
MCF-7 0.98 3.24
A549 Not determined 5.67
HepG2 Not determined 1.32
WiDr 0.91 4.38
CONCLUSION

This 1s the first study to determine the cytotoxic effect
of EP on VMM917, HeLa MCF-7 and WiDr cell lines.
It was determined that the extract had selective
cytotoxic effect especially against VMM917 and HelLa
cells. The determination of the mechanism of this
cytotoxic effect through more extensive studies is
thought to contribute to the usability of EP as a
potential therapeutic agent in melanoma and cervix
cancer.
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OZET Aragtirma Makalesi
Embriyo kulturt islah ¢alismalarina entegre edilerek ¢alismalarin

etkinligini  arttiran ve kombinasyonlar {lzerinde olusan Makale Tarihgesi
olumsuzluklar1 agsmaya yarayan bir doku kiultira teknigidir. Bu Gelig Tarithi  : 06.03.2020
teknik, asma 1slahi ¢aligmalarinda cekirdeksizlik, erkencilik, tirler Kabul Tarihi :09.07.2020
aras1 melezlemeler ile farklh ploidi seviyesinde bitkiler elde etmeye

yonelik olarak kullamilmaktadir. Uziimde erkencilik 6zellikle sofralik Anahtar Kelimeler

uretim amaclandiginda aranan karakterlerden biridir. Ancak islah Asma Islahi
calismalarinda  ¢ekirdeklerindeki disiik ¢imlenme oranlari Embriyo Kaltira
dolayisiyla erkenci gesitler etkin bir sekilde kullanilamamaktadirlar. Erkencilik

Bu kisit1 agsmak adina kullanilan embriyo kiltiirii ¢alismalar: ile

Vitis vinifera L.

embriyolarin dejenere olmasi engellenerek yeni gesit adaylarinin
ortaya cikmasi saglanmaktadir. Bu ¢alismada erkenci ¢esitler ana
ebeveyn olarak kullanilmas, olusturulan melezleme
kombinasyonlarindan elde edilen cekirdeklerin bir kismi in vivoda
¢imlendirilmistir. Kalan cekirdekler ise son tozlamadan sonraki
haftalara dikkat edilerek in vitroda E20A besi ortamina alinmistir.
Uzerinde calisilan Yalova Incisi, Trakya Ilkeren, Tekirdag Sultani,
Cardinal, Velika ve Bozcaada Cavusu cesitlerinin son tozlamadan
sonra optimum kiiltiire alinma stireleri tespit edilmistir. Ozellikle
Trakya Ilkeren, Cardinal ve Velika cesitlerinde in vivoda ¢ok diisiik
olan ¢imlenme oranlarina karsin embriyo kiltiri calismalarinda
yiksek embriyo canhiliklarina ulagilmigtir. Calisma sonucunda
Trakya Ilkeren ve Velika i¢in 6., Cardinal i¢in 7. hafta
izolasyonlarinin optimum kiiltiire alma streleri oldugu tespit
edilmigtir.

Studies on Embryo Culture and Embryo Viability in Early Ripening Cultivars (Vitis vinifera L.)
ABSTRACT

Embryo culture is a tissue culture technique that is integrated into
breeding studies to increase the effectiveness of the breeding studies

Research Article

Article History

and to help eliminating the negativities occurring on combinations. Received - 06.03.2020
This technique is being used for seedlessness, earliness, interspecies Accepted ©09.07.2020
hybridization and obtaining plants at different ploidy levels in

Keywords

grapevine breeding studies. Earliness in grape is one of the desired
characters, especially when it is intended for table grape production.
However, due to the low germination rates in the seeds, early varieties
cannot be used effectively. With the embryo culture studies used
eliminating this constraint, the degeneration of embryos is prevented
and new variety candidates can be obtained. Here, early ripening
grape varieties were used as maternal parent and some of the seeds
obtained from the hybridization combinations were germinated in in
vivo techniques. The remaining seeds were taken into the E20A
medium in in vitro, paying attention to the weeks after the last
pollination. For embryo culture, optimum sampling time of Yalova
Incisi, Trakya Ilkeren, Tekirdag Sultani, Cardinal, Velika and
Bozcaada Cavusu varieties were determined. Despite the very low

Grape Breeding
Embryo Culture
Earliness

Vitis vinifera L.
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germination rates in in vivomethod in cv. Trakya Ilkeren, cv. Cardinal
and cv. Velika, high embryo viability was obtained in embryo culture
studies. As a result of the study, it was determined that 6t weeks for
Trakya Ilkeren and Velika, 7th weeks for Cardinal variety were

optimum sampling times.
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GIRIS

Asma 1slah arastirmalar:; verim, kalite,
cekirdeksizlik, dayaniklilik ve erkencilik amaciyla
seleksiyon, melezleme, gen aktarimi ve mutasyon
yontemleriyle yapilmaktadir (Sabir ve ark. 2006).
Gintumiizde, molekiiler teknikler ve doku kiltiri gibi
biyoteknolojik yaklagimlar klasik i1slah ¢aligmalarina
entegre edilerek yapilmakta, bu sekilde etkinligi
artirilmaktadir. Embriyo kiiltiirii (embriyo kurtarma)
klasik 1slah calismalariyla melez bitki elde etme
sansinin  bulunmadigi durumlarda kullanilan bir
tekniktir. Asma 1slahinda ¢ogunlukla ¢ekirdeksizligin
6n planda tutuldugu calismalarda, ¢ekirdeksiz birey
elde etme sansini artirmaya yonelik olarak bu teknigin

kullanildig: gorilmektedir. Klasik 1slah
calismalarinda cekirdekli X cekirdeksiz
melezlemelerinde en yliksek % 49 oraninda

cekirdeksiz birey elde etme sansi varken, embriyo
kultirinin kullamilmasiyla yapilan c¢ekirdeksiz x

cekirdeksiz melezlemelerinde bu oran % 92’lere
cikabilmektedir. Ayrica erkenci cesitlerin
embriyolarinda zayif c¢imlenme orani goérilmesi

nedeniyle bu teknik kullanilmaktadir. Bu sekilde,
1slah calismalarinda erkenci cesitler baba ebeveyn
olarak kullanilmalarinin yani sira ana ebeveyn olarak
ta kullanilabilmekte ve erkenci birey elde etme sansi
arttirilabilmektedir (Ramming ve Emershad 1990).

Bazi durumlarda tozlanma sonrasi dollenme
gerceklesir fakat (1) zigot béliinemez, (2) zigot birkac
hiicreli embriyo olusturmak tlizere bélinir ve daha
ileri gelisme gosteremez veya 6liir, (3) endosperm
embriyonun gelisimini destekleyecek yapida degildir,
embriyo gelismesinde kigciik kalir ve olgunlasamaz.
Boyle durumlarda belirli bir fizyolojik olgunluga sahip
embriyonun bulundugu tohum veya kapsiiller sterilize
edildikten sonra, embriyolar steril kogullarda
kendilerini gevreleyen dokulardan izole edilir. Kiigiik
embriyolu bitkilerde izolasyon sirasinda embriyolarin
zarar gormemesine dikkat edilmelidir. Binokiiler
mikroskop altinda izole edilen embriyolar, uygun besi
ortami1 ve fiziksel kogullarda kultire alimirlar ve
embriyolar c¢imlenerek yeni bitkicikleri olusturur
(Bajaj 1990).

Embriyo kiltlri, asma 1slahinda g¢ekirdeksizlik ve
erkencilik c¢aligmalar1 disinda haploid, triploid ve
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tetraploid bitki eldesine yonelik calismalarda da 1slaha
entegre edilerek kullanilmaktadir. Ayrica Vitis tirleri
arasinda melezlemelerin yapilmasi, ¢ekirdeksizlik ile
diger  ozelliklerin  (soguga  dayanim, fungal
hastaliklara dayanim vb.) kombine edilmesi amaciyla
yiiritiilen calismalarda da kullanilmaktadir (Ji ve
Wang 2013, Li ve ark. 2015). Embriyo kiiltiiriinde
basariy1 genotip, izole edilen ¢ekirdek veya ovuliin
fizyolojik gelisim doénemi, kiltir ortami ve diger
degiskenler etkilemektedir (Li ve ark. 2015).

Tum bunlara ek olarak, embriyo kiiltirii pahali, yogun
is gicu gerektiren ve oldukea fazla tecriibe isteyen bir
calismadar.

Bu arastirmada, erkenci olarak bilinen,
cekirdeklerinde c¢imlenme sorunu olabilecek Uzim
cesitleri ile bos ¢ekirdekli olan Bozcaada Cavusu tiziim
¢esidinin farkli melezleme kombinasyonlarindan elde

edilen  ¢ekirdekleri, embriyo canhliklarindaki
degisimleri incelenmigtir.
MATERYAL ve METOD
Bu c¢alismanin  bulgulart TAGEM tarafindan
desteklenen ve Tekirdag Bagcilhik Arastirma

Enstitiisii'nde “Melezleme Yoluyla Erkenci ve Geggi
Uziim Cesitlerinin Elde Edilmesi” ismiyle (Proje No:
TAGEM/BBAD/15/A08/P-04/04)  yiiriitilen  proje
materyallerinden elde edilmigtir. Calismalar Tekirdag
Bagcilik Arastirma Enstitiisi Mudurligi binyesinde
bulunan Doku Kaltara Laboratuvarinda
yuritilmustir. Deneme icin; Trakya Ilkeren,
Cardinal, Velika, Yalova Incisi, Tekirdag Sultani,
Bozcaada Cavusu, Tekirdag Misketi, Barig, Tekirdag
Cekirdeksizi ve Beauty Seedless olmak tzere sofralik
10 tizim ¢esidi ve melezleme ¢alismalari sonucu elde
edilmis Yalova Incisi x Barig melezi olan bir adet gesit
aday1; 44 x D-40 secilmistir (Cizelge 1). Bu cesitler
ozellikle erkenci olarak bilinen ve tohum ¢imlenme
kabiliyeti ¢ok diisiik olan cesitler arasindan tercih
edilmigtir. Bunun yam sira bos cekirdekli olarak
bilinen Bozcaada Cavusu tizim cesidi de calismalarda
degerlendirilmigtir. Erkenci tzim cgegitleri 1ile
Bozcaada Cavusu tuzum cesitleri calismada ana
ebeveyn olarak, diger ¢ekirdeksiz cesitler ise sadece
baba ebeveyn olarak kullanilmistir.

Cekirdeksiz c¢esitlerde oldugu gibi erkenci cesitlerin
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birgopgunda da embriyolar gelismenin  belirli
asamalarinda  dejenere  olmaktadir. Embriyo

dejenerasyonunu 6nlemek i¢in emaskiilasyon ve yapay

Cizelge 1. Calisilan ¢esit bilgileri
Table 1. Informations about the subjected varieties

tozlama islemlerinden sonra asagida agsamalari verilen
embriyo kiltiirta tekniginden yararlanilmigtir.

Cesitler Tane Rengi Cekirdeksizlik Durumu  Olgunlagma Dénemi
(Varieties) (Berry Color) (Seedlessness) (Maturation time)
_ Trakya Ilkeren Mavi siyah Cekirdekli Cok erken
E} *2 Cardinal Kirmiza Cekirdekli Erken
QE; % Velika Mavi siyah Cekirdekli Orta erken
_GZ E Yalova Incisi Yesil sar1 Cekirdekli Cok erken
Lg g Tekirdag Sultam Yesil sar1 Cekirdekli Orta erken
é é Bozcaada Cavusu Yesil sar1 Bos ¢ekirdekli Orta erken
= Tekirdag Misketi Yesil sar1 Cekirdeksiz Orta erken
5 E; Baris Yesil sar1 Cekirdeksiz Orta
E & Tekirdag Cekirdeksizi Gri Cekirdeksiz Orta
= % 2 Beauty Seedless Mavi siyah Cekirdeksiz Cok erken
=) 44 x D-40 Yesil sar1 Cekirdeksiz Cok erken

Yiizey Sterilizasyonu

Melezlenmig salkimlarin hasadi son tozlama
tarihinden itibaren alt1 ve yedinci haftalarda
gerceklestirilmistir. Yalnizca Velika ¢esidinde daha
once herhangi bir ¢alisma bulunmadig: i¢in optimum
kiltire alma siiresinin belirlenmesi amaciyla 6. ile 10.
haftalar arasi degerlendirmeye alinmistir. Embriyo
aborsiyonu icin fizyolojk gelisim dénemleri cesitler
bazinda farklihk gosterebileceginden, hasat ve
dolayisiyla kiltiire alma iglemi birkag degisik tarihte
yapilabilmektedir. Hasattan sonra salkimlardan
ayrilan taneler %70’lik etil alkolde 3 dakika, %0.1’1ik
Tween 20 1igeren ¢ozeltide 10 dakika ylizey
sterilizasyonuna tabi tutulmuglardir (Calkan Saglam
2006). Her defasinda 5 dakika olmak iizere 3 kez steril
saf su ile c¢alkalanarak durulanip, dikim isleminde

kullanilmak  tizere hazir hale  getirilmigtir.
Sterilizasyon islemleri steril kabinde
gergeklestirilmigtir.

Embriyolarin Izolasyonu ve Dikim

Embriyo kiiltiri teknigi ¢alismalarinda kullanilan
besin ortamlari, diger mikrogogaltim yontemlerinde
kullanilanlara goére daha kompleks yapidadar.
Calismalarda degisik besin ortamlari
kullanilabilmekle birlikte E20A ortaminin 6n plana
cikmasi nedeniyle (Tangolar ve ark. 1998, Tangolar ve
ark. 1999, Kebeli ve ark. 2001, Boz ve ark. 2002,
Elidemir ve Uzun 2002, Calkan Saglam 2006, Ulag ve
ark. 2015) sterilizasyon isleminden sonra ovuller izole
edilerek E20A Dbesin ortamina dikilmistir. Ilk
dikimden 8 hafta sonra ovullerde geligimini siirdiiren
zigotik embriyolar c¢ekirdeklerinden izole edilerek
tekrar E20A besin ortamina dikilmislerdir (Sekil 1).
E20A ortamina 102 mgL1 TAA eklenerek pH 5.9 olacak
sekilde ayarlanmigtir.
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In vitro Yetigtirme Kogullar:

Ovul ve embriyolarin gelisimleri, sicakligi 25+1°C de
kontrol edilen iklim odasinda 8 saat karanlik 16 saat
aydinhik fotoperiyotta, 4000 lux aydinlatma siddetine
sahip iklim odasinda gergeklestirilmigtir

Sekil 1. Cimlenmis embriyo
Figure 1. Germinating embryo

BULGULAR ve TARTISMA

Trakya Ilkeren cesidi cekirdeklerinde normal
cimlendirme ile % 2.6 ¢imlenme oram elde edilmistir.
Bu ¢esidin in vivo ¢ekirdek ¢imlenme oranlar ile ilgili
yapilmis herhangi bir c¢alisma bulunmamaktadir.
Embriyo kiltirt calismalarinda son tozlamadan
sonraki 6. hafta uygun bulunmus, bu donem kiiltiire
alinan Trakya Ilkeren cekirdeklerinde % 51.1 ile %
72.4 arasinda canlihik oranlar1 tespit edilmistir
(Cizelge 2). Elidemir ve Uzun (1999) yaptiklar
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embriyo kiiltiirii calismasinda Trakya Ilkeren
¢esidinin E20A ortamina alinan ¢ekirdeklerinde, tam
ciceklenmeden sonraki 50. giinde % 88.9 ve 60. glinde
% 89.3 embriyo canlilik oranlar1 elde etmiglerdir. Bir
diger calismada Trakya Ilkeren x  Barg
melezlemesinden, en yliksek embriyo canlilik oranlari

(% 85.7) 50. giinde izole edilen ve E20A ortaminda
goriilmiistiir (Elidemir ve Uzun 2002). Bu calismada
Trakya Ilkeren cesidi i¢cin embriyo kiiltiiriinde en
uygun izolasyon siiresi son tozlamadan sonraki altinci
hafta (42. giin) olarak belirlenmistir.

Cizelge 2. Trakya Ilkeren cesidinin ana ebeveyn olarak kullanildig1 kombinasyonlarda embriyo canlilik oranlar
Table 2. Viability rates of embryo in combinations where Trakya Ilkeren cultivar is used as female parent

Izolasyon Embriyo Kiiltirine Canli Embriyo Canlilik Yiizdesi %
Haftas1 Alinan Cekirdek Sayis1 (Embryo percentage
Kombinasyon (Isolation (Number of the seeds (Number of the live from seeds (%))
(Combination) week) cultured) embryos)
Trakya 11keren X 6 hafta 76 55 72.4
Tekirdag Misketi 7 hafta 117 52 44.4
Trakva ik B 6 hafta 185 122 65.9
rafya DRCren X Bas 7 hafta 99 51 51.5

In vivo sartlarda Cardinal cesidinin c¢ekirdeklerinde
¢imlenme oranlar1 % 2.9da kalmistir. Bu ¢esidin
¢cekirdek c¢imlenmeleri tizerine yapilan caligmalar
benzer degerler vermektedir. Branas (1974) % 8.6
cekirdek cimlenme oranmi elde ederken, Yalvac (2006)
bu c¢esitte c¢imlenen hicbir c¢ekirdek olmadigini
belirtmistir. Ayrica Ramming ve Emershad (1990) dért
yillik in vivo ¢imlendirme orani ortalamasimi % 13
olarak kaydetmiglerdir. Ayni ¢alismada orchid agar

ortami1 kullanilarak in vitroya alinan (son tozlamadan
yaklasik 12 hafta sonra) cekirdeklerde % 31.7 embriyo
¢imlenme oranina ulagsmiglardir. Cardinal c¢esidi
erkenci ve bazi arastiricilara gore bos ¢cekirdekli olarak
da kabul edilmektedir (Celik ve Karh Ilbay 2003).
Dolayisiyla ¢ekirdeklerinin digiik ¢gimlenme kabiliyeti
buna baglanabilir. Cardinal c¢esidinin embriyo
kiiltiiriine alman (son tozlamadan 7 hafta sonra)
cekirdekleri % 70.6 gibi yiksek bir oranda canh
embriyo olusturmuslardir (Cizelge 3).

Cizelge 3. Cardinal ¢esidinin ana ebeveyn olarak kullanildigi kombinasyonda embriyo canlilik oranlar:
Table 3. Viability rates 01‘_' embryo 1n combination where Cardinal cultivar is used as female parent

Izolasyon Embriyo Kiiltiiriine Canlh Embriyo Canlilik Yiizdesi %
Haftas: Alinan Cekirdek Sayisi
Kombinasyon (Isolation (Number of the seeds (Number of the live (Embryo percentage
(Combination) week) cultured) embryos) from seeds (%))
Cardinal x Tekirdag 6 hafta 28 16 57.1
Cekirdeksizi 7 hafta 85 60 70.6
Velika ¢esidinin 2018 yilinda melezleme kiltirine alinmis ve son tozlamadan 6 ile 10 izolasyon
calismalarinda kullanilmasiyla elde edilen haftalar: arasinda calismalar yiritiilmiistiir (Cizelge

¢ekirdekleri normal ¢imlendirme sartlarinda % 4.14
gibi digiik bir oranda ¢imlenmigtir. Velika cesidi
cekirdeklerinin c¢imlenmesi ile ilgili herhangi bir
literatir bilgisi olmadigindan bulgularla
kargilagtirnlamamistir. 2019 yilinda Velika x Trakya
Ilkeren kombinasyonuna ait ¢ekirdekler embriyo

4). Izolasyon haftas1 olarak 8 ve 6. haftalar embriyo
canliig1 acisindan iyi sonuclar vermistir (sirasiyla %
66.7 ve % 61.1). Izolasyon zamam olarak sekizinci
hafta daha yiuksek canli embriyo vermis olsa da, altinci
haftadan elde edilen embriyolarin gelisimlerinin
olduke¢a 1iyi oldugu gorilmustiir.

Cizelge 4. Velika ¢esidinin ana ebeveyn olarak kullanildigi kombinasyonda embriyo canlilik oranlar
Table 4. Viability rates of embryo in combination where Velika cultivar is used as female parent

Izolasyon Embriyo Kiiltiiriine Alinan Canh Embriyo Sayis1  Canlilik Yiizdesi %
Haftas1 Cekirdek (Number of the Iive
Kombinasyon (Isolation (Number of the seeds embryos) (Embryo percentage from
(Combination) week) cultured) seeds (%))
6 hafta 18 11 61.1
) 7 hafta 21 11 52.4
Velika x Trakya 8 hafta 18 12 66.7
Ikeren 9 hafta 23 13 56.5
10 hafta 28 12 42.9

60



KSU Tarim ve Doga Derg 24 (1): 57-63, 2021
KSU J. Agric Nat 24 (1): 57-63, 2021

Aragtirma Makalesi
Research Article

Diger bir erkenci cesit olan Yalova Incisi ¢esidinde
normal ¢imlendirme ¢aligmalari 1slah ¢aligmalar: i¢in
kabul edilebilir diizeylerde (¢cimlenme oranlar1 %
42.75-% 79.11) gerceklesmistir (Cizelge 5). In vivo
sartlarda bu ¢gimlenme oranlarina sahip cesitler i¢in
1slah ¢aligmalarinda yeterli sayida birey elde etmek
mimkiindiir. Dolayisiyla Yalova Incisi ¢esidinin ana
ebeveyn olarak kullanildigi kombinasyonlarin embriyo
kiltirinde ¢alisilmasina gerek gériilmemistir. Yalvag
(2006) Yalova Incisi c¢ekirdeklerinin en yiksek
¢imlenme oranini % 13.33 olarak tespit etmistir. Bu

¢imlenme orani bu ¢alismadan elde edilen sonucglara
gore oldukca dustktur.

Tekirdag Sultani sofralik tziim ¢esidinin Beauty
Seedless ile yapilan melezlemelerinden elde edilen
¢ekirdeklerin embriyo kilturindeki embriyo canlilik
oranlar1 altinci ve yedinci haftalarda sirasiyla % 31.7
ve % 36.7 olarak kaydedilmistir (Cizelge 6). Tekirdag
Sultanina ait hem in vivo hem de in vitro ¢ekirdek
canhhk oranlari ile ilgili bir calisma
bulunmamaktadir.

Cizelge 5. Yalova Incisi ¢esidinin ana ebeveyn olarak kullanildig: kombinasyonlarda embriyo canlilik oranlar
Table 6. Viability rates of embryo in combinations where Yalova Incisi cultivar is used as female parent

Izolasyon Embriyo Kiltiiriine Canlhi Embriyo Canlilik Yiizdesi %
Haftas: Alinan Cekirdek Sayis1

Kombinasyon (Isolation (Number of the seeds (Number ofthe live (Embryo  percentage

(Combination) week) cultured) embryos) from seeds (%))

Yalova 1ncisi x 6 hafta 20 17 85.0

Tekirdag Misketi 7 hafta 17 15 88.2

Yalova  Incisi x 6 hafta 89 36 40.4

Beauty Seedless 7 hafta 95 64 67.4

Cizelge 6. Tekirdag Sultani ¢esidinin ana ebeveyn olarak kullanildig: kombinasyonda embriyo canlilik oranlar:
Table 6. Viability rates of embryo in combination where Tekirdag Sultani cultivar is used as female parent

Izolasyon Embriyo Kiltiriine Canlh Embriyo Canlilik Yiizdesi %
Haftasi Alinan Cekirdek Sayis1
Kombinasyon (Isolation (Number of the seeds (Numberofthelive (Embryo  percentage
(Combination) week) cultured) embryos) from seeds (%))
Tekirdag Sultam1 x 6. hafta 41 13 31.7
Beauty Seedless 7. hafta 30 11 36.7

Bozcaada Cavusu bos ¢ekirdekli olarak bilinen bir gesit

oldugundan, endosperm ve embriyo olusumlari
sikintilidir,  ¢ekirdeklerinde  ¢imlenme  sorunu
yasamaktadir. Calisma stirecinde klasik

¢imlendirmede % 46.5 ¢imlenme oranina ulagilmis, bu
oran embriyo kultiri calismalarinda ise % 94.8 gibi
oldukc¢a yiiksek bir embriyo canhilik orani degerine
erismistir (Cizelge 7). Marasali (1992) Cavus cesidinin
ana ebeveyn olarak kullanildig: ve farklh tozlayicilarla
olusan kombinasyonlardan elde edilen cekirdekler in
vivo sartlar altinda % 1.17 ile % 7.93 oraninda

¢imlenme elde etmistir. Diger bir ¢calismada, in vitro
sartlar altinda E20A ortami kullanildiginda, Bozcaada
Cavusu x Alphonse Lavallee’ kombinasyonunda % 41.6
ve Bozcaada Cavusu x Sultani Cekirdeksiz
kombinasyonunda % 55.6 embriyo ¢imlenme oranlari
elde edilmistir (Celik ve Karl Ilbay 2003). Calisma
bulgular1 ile diger literatir bulgular1 arasindaki
farkliklarin kullanilan tozlayici ¢esit ve kiltiire alma
zamanindaki farkliliklardan kaynaklandig:
diustniulmektedir.

Cizelge 7. Bozcaada Cavusu ¢esidinin ana ebeveyn olarak kullanildig1 kombinasyonda embriyo canlilik oranlar:
Table 7. Viability rates of embryo in combination where Bozcaada Cavugsu cultivar is used as female parent

Izolasyon Embriyo Kiiltiriine Canh Embriyo Canlilik Yiizdesi %
Haftas: Aliman Cekirdek Sayis1
. (Isolation (Number of the seeds (Number of the live (Embryo percentage
Kombinasyon
Lo week) cultured) embryos) from seeds (%))

(Combination)

Bozcaada Cavugu x 6. hafta 115 109 94.8

(44xD-40) 7. hafta 97 80 82.5

SONUC bu c¢esitlerin ana ebeveyn olarak kullanildiklar

Bilindigi tizere erkenci 6zellikteki tiziim cesgitlerinin
embriyolari hizli olgunlagma slirecinde
gelisemediklerinden biiyik oranda dejenere olmakta,

kombinasyonlardan yeterli sayida bitki eldesi
mimkiin olamamaktadir. Bu problemi ortadan
kaldirmak, erkencilige yonelik hem daha fazla sayida
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aday cesit elde edebilmek hem de her iki ebeveynin
erkenci genotiplerden secgilmesi suretiyle varyasyon
yaratabilmek amaciyla embriyo kiltiri teknigi
kullanilmaktadir.

Arastirmada erkencilige yonelik 1slah ¢calismalarinda
erkenci cesitlerin ana ebeveyn olarak kullanilmasina
yonelik embriyo kultiri c¢alismalari yuritilmis,
bulgulara gore normal ¢cimlendirme ile birey elde etme
sansi ¢ok diisiik olan kombinasyonlardan erkenci olma
olasihig1 yiksek ¢esit adaylar: elde edilmigtir.

Uzerinde calisilan Yalova Incisi, Trakya Ilkeren,
Tekirdag Sultani, Cardinal, Velika ve Bozcaada
Cavusu ¢esitlerinin son tozlamadan sonra optimum
kiilltire alinma siireleri tespit edilmistir. Ozellikle
Trakya Ilkeren, Cardinal ve Velika cesitlerinde in
vivoda ¢ok dusik olan ¢imlenme oranlarina karsin
embriyo Kkiultirti c¢alismalarinda yuksek embriyo
canhiliklarina ulagilmistir. Calisma sonucunda Trakya
Ilkeren i¢in 6., Cardinal icin 7., Velika cesidi i¢in ise 6.
hafta izolasyonlarinin optimum kiltiire alma stireleri
oldugu tespit edilmisgtir.

Embriyo kiiltiirii caligmalarinda erkenci ¢esitlerin ana
ebeveyn olarak kullanilmasi durumunda, canh
embriyo elde edebilmek i¢in, optimum O6rnek alma
zamanlarinin c¢egitlere bagl olarak farklilik gosterdigi
tespit edilmistir. Ornegin, erkenci gesitlerde embriyo
dejenerasyonu daha erken dénemde goériliirken, geggi
cesitlerde daha ge¢ donemde  dejenerasyon
goriilebilmekte, ancak bu simiflandirma embriyo
kiltiri calismalarinin etkinligi ve dolayisiyla melez
bitki eldesi agisindan yeterli olmamaktadir.
Dolayisiyla her cesitte embriyo kultira calismalari
icin optimum o6rnek alma zamanlarinin tespiti
gerekmektedir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢kar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT Research Article
This study was conducted in 2018, under open field conditions in
Adiyaman Province of Turkey to determine the effects of farm manure, - -
vermicompost and plant growth regulators on yield and some fruit Received ) 11.03.2020
quality parameter of watermelon. Matured farm manure, Accepted - 30.06.2020
vermicompost and three different plant growth regulators (Crop-Set, Keywords

Endoroots and ISR-2000) were used to compare with control (not Fruit quality

fertilizers applied) application. Vermicompost, farm manure, Farm manure

Endoroots, ISR-2000 and Crop-Set were applied to the plants at 150 Vermicompost

kg, 2 tons, 250 g, 60 cc and 90 cc da-1 doses, respectively. The highest Plant Growth Regulator
yield result was obtained from Endoroots application (11.630 tons da Watermelon

1). Fruit weight varied between 2.93 (control) kg and 5.01 kg

(vermicompost). Higher results were observed from vermicompost

application for fruit weight, fruit width, fruit height, phenolic. Total

Soluble Solids (TSS) was recorded statistically significant for

Endoroots application. Applied plant growth regulators, farm manure

and vermicompost fertilizers had significant effects on pomological

and phenological characteristics of watermelon under semi-arid

conditions. The highest results have been determined from Endoroots

and vermicompost applications. As a result of this study, Endoroots

(250 g da') and vermicompost (150 kg da'?) fertilizers can be concluded

as a beneficial application for watermelon cultivation.

Article History

Ciftlik Giibresi, Vermikompost ve Bitki Biiyiime Diizenleyicilerinin Karpuz Meyvesinde Verim ve Meyve
Kaliteye Etkileri

OZET Aragtirma Makalesi

Bu calisma, 2018 yilinda Tirkiyenin Adiyaman ilinde agik alan . .
kosullarinda organik giibrelerin ve bitki biuytime dizenleyicilerinin Makale T,a 1'.1h<;e.s1
karpuzun verim ve bazi meyve kalitesi parametrelerine etkilerini Gelis Tam}.n' :11'03‘2020
belirlemek amaciyla yapilmistir. Kontrol (hi¢ uygulama yapilmayan) Kabul Tarihi ":30.06.2020
ile kargilastirmak i¢in ¢iftlik giibresi, vermikompost ve ti¢ farklh bitki Anahtar Kelimeler

biiyiime diizenleyicileri (Crop-Set, Endoroots ve ISR-2000) Meyve Kalitesi
kullanmilmistir. Vermikompost, ¢iftlik giibresi, endoroots, ISR-2000 ve Ciftlik Giibresi

Crop-Set sirasiylal50 kg, 2 tons, 250 g, 60 cc ve 90 cc da! dozlar: Solucan Giibresi

olacak sekilde bitkilere uygulanmistir. En yiiksek verim (11.630 ton Bitki Biiyiime Diizenleyicisi
da-1) sonucu Endoroots uygulamasindan elde edilmistir Meyve Karpuz

agirhgn 2,93 kg (control) ile 5,01(vermicompost) kg arasinda

degismektedir. Meyve agirligi, meyve genisligi, meyve yiiksekligi,

fenolik i¢in vermikompost uygulamasindan daha yiiksek sonuglar

elde edilmistir. Suda Co6ziinebilir Kuru Madde Miktar1 (SCKM)

Endoroots uygulamasi i¢in istatistiksel olarak anlamli bulunmustur.

Uygulanan bitki biuyltime duzenleyicileri, c¢iftlik glibresi ve

vermikompostun, yar1 kurak kosullar altinda karpuzun pomolojik ve

fenolojik oOzellikleri lizerinde 6nemli etkileri olmustur. En yiiksek

sonuglar Endoroots ve vermicompost uygulamalarindan

belirlenmistir. Bu calismanin sonucunda, Endoroots (278 g da-1) ve

vermikompost (150 kg da-1) giibreleri, karpuz yetistiriciligi icin

faydali uygulamalar olarak sunulmaktadar.
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INTRODUCTION

Plant growth regulator isolated from the root zone of
different crops. They have effects on plant growth and
improvement of nutrient uptake (Cakmakeg et.al,
2006). The use of Plant Growth Promoting Bacterias
(PGPRs) as bio-fertilizers or bio-control agents in
agriculture has been a focus of research for a number
of years. Plant growth regulators constitute a natural
defense system of plants and ensure the nutrient
uptake. They also help to protect plants against
external factors and affect their yield and product
quality positively (Iwata, 2001).

PGPR can help plants to grow in nutrient deficient
conditions. Additionally, they were characterized as
salt tolerant and temperature resistant in a study
conducted in Uzbekistan (Egamberdiyeva and Héflich,
2004). The effect of PGPRs on sour cherry cultivation,
suggested that Bacillus T8 and Bacillus OSU-142,
alone or in combination, have a great potential for the
enhancement of yield and plant growth of sour cherry
and therefore they have been suggested in growth
promotion in sour cherry cultivation (Arikan and
Pirlak, 2016). From these results we conclude that
plant growth regulators may be isolated from the soil
of different crop root zones.

The effects of different kinds of organic fertilizer on the
growth, yield, quality, and nutrient absorption and
utilization of watermelon were examined to provide
theoretical basis for adequate fertilization and efficient

production of watermelon in gravel-mulched field
(Ouda and Mahadeen, 2008). In another study,
suggested that effects of mineral and organic
fertilization in the plant development, nutritional
status, and fruit yield of melon (De Souza et al., 2018).
Organic fertilizers contain nitrogen (N), phosphorus
(P), potassium (K) and other nutrients in different
proportions. In addition to providing nutrients, they
also help growing plants and physical, chemical and
biological characteristics of soil (Aygiin and Acar,
2019). The application of bovine manure resulted in
increase of nitrogen organic forms in soil (De Souza et
al., 2018).

This study was focused on which fertilizers can be used
on watermelon cultivation under semi-arid climatic
conditions also according to results fertilization
program of watermelon can be prescribed. This study
to determine the effects of organic fertilizers and plant
growth regulators on yield and some fruit quality
parameters  (pomological criteria, antioxidant,
lycopene, phenolic and total chlorophyll ) in
watermelon cultivation.

MATERIALS and METHODS

The experiment was carried out in Adiyaman
University Agricultural Research Center Application
Area (ADYUTAYAM) in 2018. Some soil physical and
chemical properties of experimental area are given in
Table 1.

Table 1. Some Soil Physical and Chemical Properties of the Experimental Area
Cizelge 1. Deneme Alanina Ait Bazi Fiziksel ve Kimyasal Toprak Ozellikleri

Soil Properties

Depth (cm) Derinlik (cm)

Toprak Ozellikleri 0-30 cm (0-30 cm)  30-60 cm (30-60 cm) References (Referanslar)
Texture clay sand-clay Bouyocous (1951)
CaCOs (%) (Scheibler) 2.03 6.91 Ulgen ve Yurtsever,1974*
pH 7.62 7.85 Richards, 1954
EC (mmhos/cm) 0.03 0.03 Richards, 1954;
Organic matter (%) 1.45 1.74 Walkey (1934)
Olsen-P(kg/da) Available. P 0.40 1.09 Olsen ve Sommers (1982)
Exc.Ca (ppm) 24145.3 23538.7 FAO, 1990
Exc.Mg (ppm) 1807.1 2210.2 FAO, 1990
Exc.Na
Exc.K
Available.Fe (ppm) 8.43 8.74 Follet, 1969
Cu (ppm) 13.64 11.58 Follet, 1969
Zn (ppm) 2.05 2.07 Follet, 1969
Mn (ppm) 78.74 41.02 Follet, 1969
Plant Materials Properties of Plant Growth Regulators, Farm manure

“Crimson Sweet” watermelon (Citrullus lanatus)
variety was used as plant material. The variety is
medium late standard variety and highly adapted to
different soil and climate conditions. Round-oval fruit
shape and bright red fruit flesh.
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and Vermicompost

Endoroots soluble under the trade name as plant
growth regulators: cocktail mycorrhizae (Glomus
intraradices (25%), G. mosseae (24%), G. aggregatum
(1%), G. monosporum (1%), G. deseticola (1%), G.
brasilianum (1%), G. etunicatum (1%), G. margarita
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(1%), Crop-Set: Lactobacillus acidiophilus
fermentation product leaf fertilizer, ISR-2000 (855,81
gll Lactobacillus acidophilus active ingredients) were
used.

The matured farm manure used in this study was
collected from commercial farms and contained 59%
organic matter, 1.6% N and pH was 8.2. Vermicompost
used in the study was produced from cow manure and
contained 64.18% organic matter, 2.58% N and pH was
7.4. Both of farm manure and vermicompost were used
as organic fertilizers. Some physical and chemical
analyzes of used and analyzed vermicompost and farm
manure content results were similar with this study
results (Citak et al., 2011; Géksu and Kuzucu, 2017).
The EC value of vermicompost is 3.4dSm!.

Production seedlings of watermelon were transplanted
with three replicates and six different applications to
the main plots on 2nd May 2018. Experimental area
was 20 m in length and 12.5 m in width. Ten plants
were transplanted to plots (9 m2) by 2 x 0.5 m intervals.
Applications were distributed randomly and irrigated
by a drip system.

Fertilizer applications; for control, no applications of
any fertilizer and plant growth regulators, 150 kg da-!
vermicompost (% 2.58 N ), 2 tons da’! farm manure (%
1.6 N), 250 g da'! Endoroots, 60 ccda'* ISR-2000 and 90
cc dal Crop-Set were applied. Endoroots, ISR-2000
and Crop-Set doses were firm recommendations.
Vermicompost and farm manure doses were
determined according to the region soil structures and
farmer practices. In the experiment “Neemazal” was
used three times for plant protection.

The Parameters Studied as Part of the Study

Three fruits were chosen randomly from each plot for
pomological analyzes. Fruit weight (kg) was assessed
by digital precision scales, and fruit width, length, and
thickness were measured via ruler and fruit shell
thickness (mm) was measured via digital calipers.
Additionally, Total Soluble Solids (%) was detected in
fruit juice samples of the collected fruits by digital
refractometer.

Fruit samples were also subjected to biochemical
assessments including lycopene (ug/g), anthocyanin
(mg/g FW) and (mg/kg FW) content. In order to
determine the lycopene content, 6 g of fruit was
weighed in 40 ml amber test tubes. Pure acetone
containing 5 ml of 0.05 % Butyl Hydroxy Toluene
(BHT) was vortexed for 1 min with 5 ml of 95% ethanol
and 10 ml of hexane. The samples were taken and
shaken into the ice bath for 20 minutes, and 3 ml of
deionized water was added to verify lycopene content.
Hexan layer of the mixture was read at 503 nm in
spectrophotometer (Fish et al 2002; Kong and Ismail
2011).

Total anthocyanin was identified according to the
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method mentioned by Giusti and Wrolstad (2001). The
extract was prepared by homogenizing 5 g of fruit
samples in 10 ml of 1% HCI containing methanol
solution. The absorbances of the samples were read at
530 and 700 nm in the spectrophotometer.

Total phenolic amount was determined according to
Folin-Ciocalteu method. The plant tissue homogenized
in ethanol was centrifuged overnight after incubation
at -80°C. 1 ml ethanol, 5 ml distilled water, 1 ml folin
and 3 ml 2% Na2C03 were added to the supernatant
and incubated for 2 hours in the dark at room
temperature and then read at 760 nm on the
spectrophotometer (Slinkard and Singleton, 1977;
Chandler and Dodds, 1983).

Total chlorophyll (mg/g FW) content, 1 g of leaf tissue
was homogenized in acetone and absorbances of
samples were read at 662,645 and 470 nm in
spectrophotometer (De Kok and Graham, 1980;
Lichtenthaler and Welburn, 1983).

Statistical Analysis

The study was carried out in randomized block
experiment design with three replications under open
field conditions. Obtained data were analyzed by using
variance analysis using MINITAB package program
and important parameters were subjected to Duncan
multiple comparison at P<0.05 significance level
(Yurtsever, 1984).

RESULTS and DISCUSSION

As a result of the study, fruit weight was identified
between 2.93 kg and 5.01 kg (Table 2). Fruit weight
results of plant growth regulator applications were
higher than the control (Crop-Set by 5.8 %, ISR-2000
by 132.5% and Endoroots by 18.6%) application. When
compared with control, yield was significantly
increased by plant growth regulators, farm manure
and vermicompost. In this study, Endoroots (250 g da-
1) is the most appropriate application in Adiyaman as
the highest yield was recorded from Endoroots. It is
thought that the Endoroots application would give
good results because of regular transport of plant
nutrients especially P and water to the plant.
Similarly, Kiract and Karatas (2005) examined the
effects of plant growth regulators on tomato yield, and
reported that Crop-Set and ISR-2000 were played an
important role in increasing fruit weight. Arikan et.
al., (2013) were also reported plant growth regulators
increasing fruit and vegetable yield Plant growth
regulators and microbial fertilizers were compared
with green manure and presented successful results on
tomato cultivation in the study conducted by Goéktekin
and Unli, 2016). Vermicompost application similarly
to study has positive effect on yield of greenhouse
peppers, fennel and tomato (Arancon et. al., (2004);
Darzi et. al., (2008); Zaller, 2007).
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As part of the study, the effects of vermicompost and
farm manure compost at different volume ratios on
rhizosphere environment, quality and yield of
cucumber were studied. The results showed that
vermicompost and cow manure compost could
significantly improve the soil physical and chemical
properties, increase soil nutrients, organic matter and
enzyme activities; the cucumber yield and the contents
of free amino acid, soluble protein, soluble sugar and
vitamin C in fruit were also enhanced (Joshi et. al.,
2015). By the fact that plant growth regulators play a
big role in increasing the yield and fruit weights of
watermelon.

When control and plant growth regulator applications
were compared for fruit height, width and fruit shell
thickness the results of all applications were not found
statistically significant. Fruit width and height results
were higher than the control application. The highest
result of fruit width and height were obtained from
vermicompost application by 20.66 cm and 22.39 c¢cm
respectively (Table 2).

The content of TSS was found higher on plant growth
regulators applied plots compared with control plots.
Highest % TSS was identified under Endoroots
application (Table 2). The results were found 0.01 %
statistically significant. According to Koca, 2006; T'SS
content of carrot ranged between 6.87-11.01%.
Researcher has achieved higher TSS results. Glindiz
and Ozdemir (2012) reported that there is a positive
relationship between the number of fruits and TSS.
The application of plant growth regulators on
watermelon plants increased the amount of lycopene
at rates ranging from 0.2 % to 1 %. The highest amount
of anthocyanin and phenolic substance were obtained
from Endoroots application with 0.5 % and 8.5 %,
respectively (Table 2). Similarly, Kirac1 et. al., 2013
have reported that plant growth regulators have
positive effects on anthocyanin, phenolic substance
and lycopene content of carrot. Where plant growth
regulator and two different organic fertilizers were
applied on watermelon, TSS, lycopene and total
chlorophyll were determined statistically significant.

Total chlorophyll content has been increased when all
Plant growth regulator applications were compared
with control. Highest result was obtained from
Endoroots application by 9.23 (Table 2). Different
azotobacteria species are effective on antioxidant
enzymes, caratenoid, chlorophyll pigments, soluble
protein and dry matter (Karaboz and Ozcan, 2005).

In this study, yield was increased by plant growth
regulator and farm manure applications. Crop-Set as a
plant growth regulator has positive effect on yield in
around the world by the studies with different plant.
For example of these studies, Crop-Set application was
increased marketable yield of potato in a ranked of
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5.83 % (Anonymous, 1997a); Crop-Set has been applied
to Dark Red Norland variety of potato; marketable
yield was increased in a ranked of 20.9% (Anonymous,
1997b).

According to the control application, the highest
efficiency was obtained with 11.63 tons dal in
Endoroots application and Endooroots application was
determined statistically important (Table 2). Zhang et
al. (2011) examined the effects of vermicompost on
watermelon yield and quality in different volume
ratios, they stated that additional vermicompost could
significantly increase the content of the present N,
present P, present K, organic matter in the soil and the
content of N, P, K in watermelon plants and fruits.
Cetinkaya and Dura (2010) were reported; Endoroots
application had good effect on corn yield and corn
quality.

Farm manure and vermicompost applications were
measured higher in all the parameters examined in the
watermelon compared to the control application (Table
2). As vermicompost application compared to animal
manure, vermicompost application had higher and
positive effects on fruit weight, fruit width, fruit
height, fruit thickness and yield. Vermicompost
application could give good results than farm manure.
This could be because of physical and chemical
properties of vermicompost were better than those of
animal manure. Compared to cow dung compost, the
vermicompost was better at the same volume ratio,
and adding 25% worm casing showed the best effect
(JiRui et al, 2013). The amount of lycopene,
anthocyanin, total chlorophyll and phenolic substance
were higher in vermicompost application than farm
manure. TSS rate was low in vermicompost application
to farm manure due to dilution effect or Karadogan et
al., 1997 stated that farm manure can be interpreted
as increasing the efficiency of nitrogen and decreasing
the dry matter rate.

CONCLUSION

Results indicated that both plant growth regulators,
farm manure and vermicompost fertilizers can be used
successfully in watermelon cultivation under semi-arid
ecological conditions. When the effects of plant growth
regulators, farm manure and vermicompost fertilizers
applications on fruit yield and some quality
parameters were evaluated; it was concluded that
plant growth regulators, farm manure and
vermicompost fertilizers applications could supply
significant benefits in watermelon cultivation. Based
on the results, Endoroots and vermicompost
applications were found to be beneficial and can be
recommended for watermelon cultivation. The doses of
250 g da-1 and 150 kg da-1 were the most efficient for
Endoroots and vermicompost, respectively.
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Table 2. Some Phenological and Pomological Properties of Watermelon Cultivars.
Cizelge 2. Karpuz Cesitlerinin Bazi Fenolojik ve Pomolojik Ozellikleri

Farm
Variables Endoroots ISR-2000 Crop-Set Manure  Vermicompost Control
Degiskenler Endoroots  ISR-2000 Crop-Set Ciftlik Vermikompost Kontrol

Giibresi
Fruit Weight (kg) 3.6 3.39 3.11 4.80 5.01 2.93
Fruit Width (cm) 19.4 18.64 17.38 20.53 20.66 19.90
Fruit Height (cm) 19.9 20.10 21.67 21.62 22.39 18.03
Fruit Shell Thickness (mm) 12.5 12.25 12.16 11.70 12.86 13.40
TSS (%) 15.9a%** 12.69c 13.44bc 15.02ab  13.29bc 10.47d
Lycopene (ug/g) 58.5 57.96 57.99 58.04 58.04 57.86
Total Anthocyanin (mg/g FW) 0.71 0.70 0.66 0.69 0.70 0.66
Total Phenolic (mg/kg FW) 129 121 113 126 129 118
Total Chlorophyll (mg/g FW)  9.23 9.07 8.88 9.10 9.16 7.71
Yield (ton/da) 11.63** 8.56 6.53 7.45 9.27 5.79

The parameters that are not lettered against the applications are not statistically different from each other. Statistically
different applications are shown in the line by showing ** (p<0.1) and *** (p<0.01).

Uygulamalar karsisinda harflendirilmemis parametreler istatistiksel olarak birbirinden farkli degildir. Farkli olan
uygulamalar ** (p<0.1) ve ***(p<0.01) ile gésterilerek harflendirmeler satirda yapilmistir.

a, b, ¢; Siitin igerisinde aym harf ile isaretlenmis ortalamalar P seviyesinde istatistiksel olarak birbirinden farkli degildir.
Means followed by the same letter within the column are not statistically different a
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ABSTRACT
For the study, 36 soil samples with roots parts were taken from root
zone of better grown healthy pepper plants from the pepper fields of
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growth of Phytophthora capsici and used in pot experiments under
controlled conditions. The isolates were identified as Bacillus pumilus,
B. subtilis ss subtilis, Mycobacterium confluentis, M. immunogenum,
Paenibacillus castaneae, Pseudomonas fluorescens, P. viridilivida and
Tsukamurella paurometabola bacteria species according to Biolog
GEN III identification system.

Phytophthora capsici
Biological Control

Kahramanmarag Biber Alanlarindan Izole Edilen Toprak Bakterilerinin Phytophthora capsiciye Karsi
Etkisinin Belirlenmesi

OZET Aragtirma Makalesi
Kahramanmarag ilindeki biber ekim alanlarindaki biber

bitkilerinden daha iyi gelismis saghklh bitkiler secilerek kok Makale Tarihgesi
bolgelerinden koklerle birlikte 36 toprak 6rnegi alinmigtir. Bu toprak Gelig Tarihi  :13.03.2020
orneklerinden bakteri izolasyonu yapilarak elde edilen bakteri Kabul Tarihi :09.07.2020

kolonilerinden morfolojik karakter farkliliklar1 g6z oniine alinarak
713 izolat elde edilmigtir. Engelleme zonlarinin yari¢aplar: 6l¢iilmek

Anahtar Kelimeler

suretiyle en etkili izolatin ZHA17 oldugu belirlenmistir. Phytophthora Biber

capsicrye karsi bu bakterilerden engelleme zonu olusturan 15 izolat Toprak Bakterileri
secilerek saksi c¢alismasinda kullamilmigtir. Saksi g¢alismasinda Biolog Gen III
ZHA57, ZHAS88, ZHA178, ZHA212, ZHA215, ZHA287 ve ZHA579 Phytophthora capsici
izolatlar1 kok bogazi yanikligi hastaliginin gelisimini engellemigtir. Biyolojik Kontrol

Biolog Gen III tanilama sistemine gore izolatlar Bacillus pumilus,
Bacillus  subtilis ss  subtilis, Mycobacterium  confluentis,
Mycobacterium Immunogenum, Paenibacillus castaneae,
Pseudomonas fluorescens, Pseudomonas viridilivida ve Tsukamurella

paurometabola bakteri turleri oldugu belirlenmigtir.

To Cite : Ardig ZH, Kusek M, Ceyhan C 2021. Effect of Rhizospheres Bacteria Isolated from Kahramanmaras Pepper Fields
Against Phytophthora capsici. KSU J. Agric Nat 24 (1): 70-75. https://doi.org/10.18016/ksutarimdoga.vi.702589.

INTRODUCTION

Many disease and pests lead to significant economic
losses in pepper. Phytophthora capsici Leon., which is
the agent causing the root-crown rot disease
(Phytophthora blight of pepper), is one of the major
diseases affecting pepper. The disease agent is seen at
almost anywhere around the world, where pepper is
grown, and leads to significant losses. It was detected
on pepper in New Mexico for the first time in the world;

and then the presence of the agent was reported all
around the world. P. capsici was detected in Marmara,
Aegean, Mediterranean, Black Sea, Central Anatolia
and Southeastern Anatolia regions of Turkey leading
to significant yield losses (Abak and Pitrat, 1981;
Leonian, 1922). Phytophthora is a genus in Oomycota
group and contains pathogens, which cause epidemics
on many plants from time to time. There are more than
fifty species of Phytophthora, which cause disease on
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plants (Tsao, 1983).

Biological control studies have distinct importance in
controlling the diseases, which have no chemical
control such as Phytophthora. 1t is known that certain
bacteria and fungus in saprophytic character living on
the rhizosphere zone of the plant are competitive and
that they produce certain metabolic material so as to
make repressive impact on the pathogenic agents.
These include microorganisms such as fluorescent
Pseudomonas, Bacillus, Trichoderma, Gliocladium,
Taloromyces and  avirulent  Fusarium. Such
microorganisms was started to be produced
commercially due to their adaptation to the existing
ecosystem and their positive effects on the plant
growth.

In this study, beneficial bacteria isolates were
recovered from the rhizosphere of healthy pepper
plants in areas where crown rot disease 1s observed in
the Kahramanmaras province and the antagonistic
species were determined through in vitro tests and pot
experiments under controlled conditions.

MATERIAL and METHODS
The bacteria and fungi strains

Bacteria isolates were isolated from the soil around the
root zone of the pepper plants grown in the
Kahramanmaras province. In order to isolate the
bacteria, the soil samples were taken from the pepper
plants with a good growing trend from a depth of 15-20
cm together with the root parts. The dilution series of
the isolates, which was isolated from the soil, were
prepared according to Aysan et al. (2003). The planting
was made into Petri dishes containing Nutrient Agar
(NA) nutrient media taking 100 pl with the help of a
glass stirrer from 103, 105 and 107 dilution series. At
the end of 2-4 days incubation of the Petri plates in
25°C, different colonies, which have developed in the
NA nutrient media, were taken and pure cultures were
developed on NA nutrient media.

The agent of the stem and fruit blight of peppers, P.
capsici was obtained from the Eastern Mediterranean
Transitional Zone Research Institute
(Kahramanmaras).

Determination of the effects of the bacterial isolates
against P. capsici

Phytophthora capsici isolate was planted on a disk
area at a radius of 6.0 mm in the middle of a Petri dish
containing HRA nutrient media. After planting the P.
capsiciisolate, different bacterial isolates were planted
in spots with a toothpick at four sides of the isolate
with a distance of 3 cm at each side. On the other hand,
sterile water was used at the control treatment instead
of bacteria. The development radius of the fungus in
control and bacterial treatments was measured with a
ruler on the 6th day of planting. In order to identify the
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inhibition zone, colony radius length of the fungus in
bacterial treatment was deducted from the colony
radius length of the fungus in control application. This
experiment was established according to the
randomized trial design of four replication.

Identification of the bacteria isolates

Fifteen bacteria isolates selected according to the
length of the inhibition zone were identified.
Identification was made according to Anonymous
(2008) and Rosvid et al. (2011) using Biolog GEN III
MicroPlate (BIOLOG 21124 Cabot Blvd Hayward, CA
94545).

Biological control in pot experiment

In order to determine the efficiency of 15 isolates,
which were isolated from the soil and selected
according to their antagonistic effects against P.
capsici in the growth chamber, a pot trial was
established with the pepper seedlings in five
repetitions. The density of the bacteria isolates, which
were developed at 25°C in NA nutrient medium for a
period of 24 hours, was adjusted to a concentration of
108 cell/ml with physiologic water (0.85 % NaCl). Then
the roots of the pepper plants were merged into
suspension of bacteria isolates and awaited in such
suspension for a period of 10 minutes and then
transferred into the pots. However for the control
application, the pepper seedlings were kept in
physiologic water without bacteria for a period of 10
minutes and then transferred into the pots. P. capsici
mycelium was inoculated into the peat until one petri
plate (10 cm) was filled. The developing micelles were
mixed to 11 torf and 1 petri dish. The plants, which
were tranfered into the pots, were grown in climate
chamber at 25°C. The scalds on the stem was measured
with a ruler 5 days after bacteria treatment. The
results were compared by Duncan’s Multiple Range
Test at 5% importance level.

RESULTS
The effect of the soil bacteria against P, capsici

During the study, 713 bacteria were isolated from the
soil around the root zone of pepper plant. Fifteen
isolates having the highest inhibition zone were
selected among the isolates isolated from the soil. The
inhibition zone of the selected bacteria varied between
17 mm and 29 mm. ZHA212 isolate (29 mm) was found
to have the highest inhibition zone, and followed by
ZHA17 (24 mm), ZHA90 (23.2 mm) and ZHA296 (23
mm) respectively. ZHA579 (17 mm), ZHA215 (17.3
mm) and ZHA191 (18 mm) were observed to have the
lowest inhibition zone among the selected isolates. All
the selected bacterial isolates were found to be
negative in the tobacco hypersensitivity reaction and
pectolytic activity in potatoes.
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Identification of the bacteria isolates via BIOLOG
identification system

The metabolic profiles of the selected bacteria were
obtained using Biolog’s Microbial Identification
System Software program. The metabolic profiles of
fifteen bacteria isolates, which were selected according
to their zone radius, were identified according to the
isolates with their metabolic profiles present in the
system library. Two of the bacteria isolates were
identified as Mycobacterium Immunogenum
(similarity rates of ZHA17 and ZHA5T7 isolates were
50% and 56 % respectively); 5 isolates were identified
as Paenibacillus castaneae (similarity rates of ZHASS,
ZHA178, ZHA212, ZHA215 and ZHA296 isolates were
54%, 67%, 67%, 68% and 64% respectively); 1 isolate
was identified as Bacillus pumilus (similarity rate of
ZHA90 isolate was identified as 51%); 1 isolate was
identified as Pseudomonas fluorescens (similarity rate

of ZHA91 isolate was 58%); 1 isolate was identified as
Mycobacterium confluentis (similarity rate of ZHA246
isolate was 51%); 1 isolate was identified as B. subtilis
ss subtilis (similarity rate of ZHA287 isolate was 68%);
1 isolate was identified as P. viridilivida (similarity
rate of ZHA308 was 63%) and 1 isolate was identified
as Tsukamurella paurometabola (similarity rate of
ZHA569 isolate was 50%) (Table 1). Two of the
abovementioned bacteria didn't show similarity with
the bacteria recorded on BIOLOG GEN III system.

Biological control in pot experiments

It was detected in pot experiments that ZHAS57,
ZHAS88, ZHA178, ZHA296, ZHA308 and ZHA569
isolates, which were obtained from the bacteria
isolated from the soil, inhibit development of
Phytophthora blight of pepper significantly (Fisi=
9,30; p<0.05) (Table 2).

Table 1 The bacteria isolates identified with Biolog GEN III automatic identification system.
Cizelge 1. Biolog GEN III otomatik tanilama sistemi ile tanilanan bakteri izolatlari

Species of the Bacteria Similarity Rate (%) Isolate Number

Bakteri Tiirti Benzerlik Orani Izolat No

Bacillus pumilus 51 ZHA90

Bacillus subtilis ss subtilis 68 ZHA287

Mpycobacterium confluentis 51 ZHA246

Mycobacterium immunogenum 50-56 ZHA17, ZHA57

Paenibacillus castaneae 54-68 ZHAS88,ZHA178,7ZHA212,7HA215,ZHA296
Pseudomonas fluorescens 58 ZHA191

Pseudomonas viridilivida 63 ZHA308

Tsukamurella paurometabola 50 ZHA569

Non-identified

ZHA235, ZHA579

Table 2 Effect of Rhizobacteria on development of the disease
Cizelge 2. Rhizobacterialarin hastalik gelisimi tizerine etkisi

Isolates Length of the necrosis (cm) Species of the Bacteria
Izolatlar Nekroz Uzunlugu (cm) Bakteri Tiiri

Negative Control 00.0 a

(Negatif Kontrol)

Positive Control 10.0 e

(Pozitif Kontrol)

ZHA246 10.0 e Mycobacterium confluentis
ZHA235 10.0 e Unidentified

ZHA90 10.0 e Bacillus pumilus

ZHA17 09.1 de Mycobacterium immunogenum
ZHA212 08.9 de Paenibacillus castaneae
ZHA215 08.6 cde Paenibacillus castaneae
ZHA287 08.3 cde Bacillus subtilis ss subtilis
ZHA579 08.0 bcde Unidentified

ZHA191 07.8 bcde Pseudomonas fluorescens
ZHA308 07.3 bed Pseudomonas viridilivida
ZHA178 06.9 bed Paenibacillus castaneae
ZHA57 06.6 bed Mycobacterium immunogenum
ZHA569 06.5 bed Tsukamurella paurometabola
ZHA296 06.0 bc Paenibacillus castaneae
ZHAS88 055 b Paenibacillus castaneae
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It was observed that ZHA17, ZHA212, ZHA215,
ZHA287 and ZHAS579 isolates inhibited Phytophthora
blight of pepper partly, but such inhibition was not
significantly important statistically. ZHA246, ZHA235
and ZHA90 isolates among the soil bacteria gave the
same result with positive control and they were unable
to inhibit development of the disease.

CONCLUSION and DISCUSSIONS

Rhizosphere soil samples were taken from 36 different
pepper fields in Kahramanmaras province in order to
isolate antagonistic bacterial agents, which may be
used for biological control against P. capsici. Bacteria
isolates. With this purpose a total of 713 bacterial
isolates were obtained from the soil samples. An
inhibition zone was determined against P. capsicI in
Petri plates on nutrient media for the rhizosphere
bacteria isolates wherein 15 isolates which formed the
greatest inhibition zone, were identified and these
isolates were further tested in pot experiments. When
the radius of the inhibition zones were examined 6
days after inoculation of the Rhizobacteria and the
fungal pathogen together in Petri plates, the greatest
inhibition zone was observed for Paenibacillus
castaneae ZHA212 (29 mm) and Mycobacterium
immunogenum ZHA17 (24 mm) isolates; and the
smallest inhibition zone was observed for ZHA579 (17
mm) isolate, whose type could not be identified. Ling et
al. (2014) reported that the efficiency of Paenibacillus
spp. could be increased on terra rossa through different
fertilization regimes and hence the number of the soil
borne pathogens could be decreased through
encouragement of the plant growth. Some species of
Paenibacillus genus wereidentified as nitrogen fixing
species (Anand and Chanway, 2013; Anand et al.,
2013). They prevent germination and development of
the plant pathogens on the soil; and hence they
contribute soil productivity and plant health as they
may be used for biological control (Ling et al., 2011;
Gua and Liao, 2013).

Efficiency of the soilborne bacteria isolates against P.
capsici were also reported in previous studies (Jee et
al., 1988; Akgiil and Mirik, 2008; Kim et al., 2009). Jee
et al. (1988) observed Trichoderma harzianum,
Pseudomonas cepacia and Bacillus polymyxa species
forming an inhibition zone against Phytophthora
capsici during their study.

Analyzing the results of Biolog Gen III identification
system, 9 of the 15 isolates matched with different
bacteria species (B. pumilus, B. subtilis ss subtilis, M.
confluentis, M. immunogenum,  Paenibacillus
castaneae, P, fluorescens, P. viridilivida,
Tsukamurella paurometabola) and 2 isolates (ZHA235,
ZHA579) could not be identified. The highest similarity
rate was observed as 68% between ZHA287 and B.
subtilis ss subtilis.

In pot experiment conducted in order to determine the
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efficiency of the 15 isolates selected against P. capsici,
M. immunogenum ZHAS57, Paenibacillus castaneae
ZHAS8S8, ZHA178, ZHA296, Pseudomonas viridilivida
ZHA308 and Tsukamurella paurometabola ZHA569
isolates were detected to inhibit development of 2.
capsici L. (Phytophthora blight of pepper) significantly
(Fass= 9,30; p<0.05). Among these bacteria, M.
immunogenum ZHA17, Paenibacillus castaneae
ZHA212, ZHA215, B. subtilis ss subtilis ZHA287 and
unidentified ZHA579 isolates were detected to inhibit
P. capsici (Phytophthora blight of pepper) partly.
Uppal et al. (2006) detected in their study that P.
viridilivida inhibited development Verticillium wilt
disease caused by Verticillium dahliae. Daafy et al.
(2003) reported that P. viridilividaisolate was effective
against potato late blight caused by Phytophthora
infestans. Kim et al. (2009) reported in their study that
15 isolates of Paenibacillus polymyxa showed
antimicrobial activity against P. capsici, which was
similar to in this study. Soil borne bacteria not only
inhibit development of certain plant disease agents but
also increase resistance of plants. Tran et al. (2007)
reported that P. flourescens not only inhibited
infection against potato late blight caused by
Phytophthora infestans, but also inhibited formation
of spore structures. Zang et al. (2010) determined that
certain isolates of soil borne Bacillus bacteria
decreases the severity of P. capsici at a significant level
at greenhouse conditions. It was reported in many
studies that Mycobacterium immunogenum species,
which display a similarity rate of 50-56% in GEN III
identification, is a pathogen bacteria for people (Loots
et al., 2006; Selvaraju et al., 2005; Gordon et al., 2008).
However, identification of M. immunogenum ZHA17
and ZHAS57 isolates, which were reported to inhibit
development of pathogens during the inhibition
studies conducted against P. capsici; must be
supported with molecular identification methods; and
it must be detected whether these isolates are
pathogens for people. If they are not hazardous in
terms of being human pathogen, they can be studied
for biological control studies.

There are studies indicating that C-924 isolate of
Tsukamurella  paurometabola species shows
antagonistic effect against plant pathogenic fungi and
that they may be used for biological control of
nematodes (Bruzos et al., 2013; Marin et al., 2013;
Hernandez et al., 2008).

It is reported based on the studies conducted that
induced systemic resistance (ISR) of soil borne bacteria
representing various species including Pseudomonas
and Bacillus encourages systemic acquired resistance
(SAR) (Raupach and Kloepper 1998; Kloopper et al.,
2004; Mirik, 2005; Zhang et al., 2010). It is proved via
the soil borne bacteria that signal transmission in ISR
is independent from salicylic acid but dependent on
ethylene and jasmonic acid (Tran et al., 2007). Kone at
al. (2009) treated their plants in their study with
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systemic acquired resistance (SAR) indicators
including acibenzolar-S-methyl (ASMD; and
determined that it showed resistance in pumpkin
against P. capsici. As a result, certain isolates, which
were isolated from soil samples taken from pepper
fields from the Kahramanmaras province, was
determined to be effective against P. capsici. In future
studies, effective isolates should be selected and the
inhibition mechanism of soil borne bacteria against P,
capsici and efficiency of different combinations of these
bacteria against P. capsici must be explored, and
finally the optimum combination could be determined.
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OZET Aragtirma Makalesi

Bu arastirma, i1sitmasiz sera kosullarinda yenidiinya c¢oégurlerine

yapilan “T” ve yonga g6z asilarinda asi1 basari durumunun Makale Tarihgesi
belirlenmesi amaciyla yapilmistir. ‘Hafif Cukurgébek’ yenidinya Gelig Tarihi  :22.05.2020
cesidi, 1 yash yenidiinya ¢ogtirlerine 9 Kasim 2017 tarihinde Yonga ve Kabul Tarihi :04.07.2020

“T” ag1, 8 Subat 2018 tarihinde ise Yonga as1 metotlari ile agilanmagtar.

Ik asilama déneminde her yinelemede 10 bitki, ikinci asilama

Anahtar Kelimeler

doneminde 6 Dbitki kullamilmigstir. Her doénem yapilan as1 Yenidinya
uygulamalarindan 30-45 giin sonra as1 baglar1 ¢oziilerek ag1 tutma Vegetatif ¢cogaltma
oranlari belirlenmigtir. Tutan asilarda as1 gézlerinin siirmesi i¢in asi Goz asis1
noktasinin 10 cm iizerinden anacin tepesi budama makasi ile kesilmig As1 basarisi

ve bundan 30 giin sonra suren agi oranlari belirlenmistir. Denemede
en yiiksek as1 basarisi, 9 Kasim 2017 tarihinde yapilan “T” asidan(%
64.9) elde edilmistir. Bunu ayni dénemde yapilan yonga asilar(% 61.0)
izlemigtir. 8 Subat 2018 tarihinde yapilan Yonga asilarinda ise % 44.8
as1 basaris1 elde edilmistir. Sonbahar-kis aylarinda yapilan
asilamalardaki ag1  basarisi, ilkbahar doneminde yapilan
asilamalardaki as1 basarisindan daha diisik olmasina karsin, bu
donemlerde yapilacak asilardan da yeterli diizeyde bir as1 basarisinin
elde edilebilecegi belirlenmistir. Arastirma, sonbahar-kis aylarinda
sera kosullarinda yapilacak asilamalar ile yenidiinyalarda asilama
periyodunun uzatilabilecegini géstermistir.

Determination of Budding Success in Loquat Budding Done in Unheated Greenhouse Conditions
ABSTRACT Research Article

This research was carried out to determine of the budding success in

“T” and chip buddings done on loquat seedlings in unheated Article History

glasshouse conditions. ‘Hafif Cukurgébek’ loquat cultivar was budded Received : 22.05.2020

on one-year-old loquat seedlings with “I” and chip budding methods Accepted :04.07.2020

on 9 November, 2017 and with chip buddings on 8, February, 2018. In

the first budding period ten plants and in the second budding period Keywords

6 plants were used in each replication. The percent of bud-take Loquat . '

successes were recorded after 30-45 days of the budding operations. In Vegetative propagation
Budding methods

the bud take, the top of the rootstock was cut with a pruning shear 10
cm above the budding point in order to sprout of the budding eyes.
After 30 days of this cutting, the ratio of bud-sprout was recorded. The
highest success rate was obtained from “T” budding (64.9 %) on 9
November. This was followed by chip buddings (61.0 %) on 9
November, 2017. In the chip buddings on 8 February of 2018 achieved
a 44.8% budding success. Although the budding success of buddings
in the autumn-winter period was lower than the budding success of
the buddings made in the spring period, it has been determined that
a satisfactory level of budding can be obtained from these periods. The
research has shown that the budding period can be extended in loquat
nurseries by budding in greenhouse conditions during autumn-winter
months.

Budding success

Ataf I¢in: Polat AA 2021. Isitmasiz Sera Kosullarinda Yapilan Yenidiinya Asilarinda As1 Bagarisinin Belirlenmesi KSU Tarim
ve Doga Derg 24 (1): 76-82. https://doi.org/10.18016/ksutarimdoga.vi.741591.
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GIRIS

Yenidiinya (Eriobotrya japonica Lindl.), Rosales
takiminin Rosaceae familyasindan subtropik iklim
kosullarinda yetisen, sonbahar-kis aylarinda g¢igek
acan, herdem yesil agaglara sahip bir meyve turidur.
Yenidinya meyvesi, sonbahar ve kis meyvelerinin
mevsiminin gectigi ve yaz meyvelerinin hentiz pazara
ckmadigir ve dolayisiyla taze meyveye blyik
gereksinim  duyulan bir dénemde pazarlara
citkmaktadir. Bu nedenle, tiliketicinin biiyik ragbet
gosterdigi, sevilen bir meyvedir. Bu siralarda
pazarlarda cilek, erkenci erik ve kayis1 diginda rekabet
edebilecek baska meyveler pek s6z konusu
olmadigindan, yenidinya, her yil uygun fiyatla
satilmaktadir (Polat 1996).

Yenidiinya tohum, asi, gelik, daldirma ve doku kultlri
yontemleriyle cogaltilabilmekle birlikte yenidinyanin
cogaltilmasinda en ¢ok uygulanan yontem asilamadir
(Morton 1987, Demir 1987, Lin ve ark. 1999, Crane ve
Caldeira 2006, Kumar ve ark. 2014, Sultan 2017).
Agilamada kullanilan as1 yontemleri tlkelere gore
degismekle birlikte en yaygin kullanilan yéntemler,
“Yarma”, “Kabuk alt1” ve “Ingiliz” kalem asilar: ile “T”,
“Yama” ve “Yonga” goz asilaridir (Lin ve ark. 1999,
Kumar ve ark. 2014, Crane ve Caldeira 2019).
Turkiye’'de yaygin olarak goz asilar: kullanilmaktadar.

Yenidinya’'da asilama ve dolayisiyla fidan elde
etmenin Oteki bircok meyve tiirine gore daha zor
oldugu ve bundan dolay1 da bazen asili fidan temininde
yetersizlikler yagsandig1 bir gergektir. Bu zorlugun en
basta gelen nedenleri; yenidiinya turinde gerek anag
bitkilerinin gerek alinan ag1 kalemlerinin kabugunun
oldukca kalin olmasi ve ag1 kalemlerinden alinacak as1
goziniin de diger meyve tiirlerinden farkli olarak
yaprak sapmin olduk¢a alt kisminda yerlesik
olmasindan dolayr distan goérunir olmamasidir.
Ozellikle de kabugun kalin olmasi, a1 yarasinin
kapanmasi, as1 kaynagsmasi ve neticede ag1 basarisim
olumsuz yonde etkilemektedir. Ayrica asicilarin
yenidinya tirinde asilama konusundaki bilgi ve
tecriibe eksikligi de as1 basarisimi olumsuz yoénde
etkileyebilmektedir. Cunkii, bir¢cok asici daha ¢ok
1liman iklim meyve tirleri ve turuncggil fidanlarinda
asilamada ustalagmis olmalari nedeniyle, yenidiinya
bitkilerinin asilanmasinda teknik acidan
zorlanabilmektedir. Nitekim, Abbasi ve ark.(2014),
bagar1i oranin disiik olmasinin, yenidinyalarin
cogaltilmasinda a1 kullaniminmi simirladigini ileri
surmistir. Asilamadaki bagari orani, cesitlere, asi
yontemine, asilama zamanina ve asilamanin yapildig:
ekolojilere gore 6nemli 6l¢tide farklilik géstermektedir.
Bu durum, yukarida belirtildigi gibi yenidiinyalarda
asilama igleminin zor olmasinin yaninda, dogru
asllama zamaninin ve agillamada kullanilan as:
kalemlerinin iyi secilememesinden de
kaynaklanabilmektedir. Ayrica, asilanacak c¢ogurler
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de asilamaya uygun degillerse tutma oran ¢ok disiik
dizeyde kalabilmektedir.

Ag1 ile ¢ogaltmada, istenilen duzeyde ag1 bagarisinin
elde edilebilmesi igin, her geyden o6nce asilamanin
uygun zamanda yapilmasi gerekir. Genel bir goriisle,
bir meyve ¢esidi i¢cin uygun as1 zamani, as1 yapilirken
olusan yaray1 kapatacak ve as1 yerinde iyl bir
kaynagsma saglayacak yeterlikte fizyolojik aktivitenin
oldugu donemdir. Bu doénem, degisik ekolojik
bélgelerde farkl tarihlere rastladigi gibi, cesitlere gore
de degisiklik gosterebilmektedir. Adana kosullarinda
yapilan bir ¢aligma ile yenidiinyalar i¢in en uygun
agillama doneminin mart ayr oldugu ortaya
cikarilmistir (Polat ve Kagka 1991).

Demir (1987), tohum ekiminden 1.5-2 sene sonra,
¢aplar1 1.0-1.5 c¢cm oldugunda c¢églrlerin asiya hazir
duruma geldiklerini belirtmektedir. Yapilan bir¢ok
calismada da, govde cap1 1.0-1.5 cm olan ¢égiirlerin
asilanmasindan olumlu sonuglar alinmigtir. Ancak her
zaman bu olgunlukta ¢6gir bulunamayip, daha ince
govdeli ¢oglir Dbitkilerinin  kullanim zorunlulugu
dogabilmektedir. Nitekim, Adana kosullarinda kig
aylarinda agikta ve 1sitilan sera kosullarinda yapilan

yenidinya asilarinda a1 basari  oranlarmin
belirlenmesi amaciyla gerceklestirilen bir
arastirmada, ana¢ materyali olarak 0.7-1.0 cm

c¢apindaki yenidiinya ¢ogurleri kullanilmig, agilama
metodu ve asilama zamanlarina gore % 10.00 ile %
95.00 arasinda degisen oranlarda basar1 elde
edilmistir (Polat ve Kagka 1992a). Arastiricilar, ayni
amacla yaptiklar1 bagka bir ¢alismada ise % 35.00-%
100.00 arasinda as1 basarisi belirlemigler ve bu
durumun, bagka baz1 faktérlerin yani sira, bu
denemede asilamaya daha uygun bir biytme
evresinde olan 1.0-1.5 cm ¢apindaki bitki materyalinin
kullanilmasindan kaynaklanmig olabilecegini
bildirmislerdir (Polat ve ark. 1996). Dogrudan
¢ogurlerin cap kalinliklar:1 ile ag1 basari oranlari
arasindaki iligkiyi aydinlatmayi hedefleyen bir
calismada, meyvesiz dallardan alinan as1 kalemlerinin
% 88.84 as1 tutma, % 63.51 as1 sirme oranlari ile
meyveli dallardan alinan as1 kalemlerine gore
(sirasiyla % 78.23, % 55.25) daha yiiksek as1 basarisi
verdikleri saptanmistir (Polat ve ark. 1999). Gévde
capi1 1.00-1.50 cm olan ¢ogur bitkileri, gévde ¢api 0.50-
0.99 cm. olanlara goére daha yiiksek as1 basarisi
gostermis olmasimna ragmen, aradaki farklilik
istatistiksel olarak 6nemsiz bulunmustur.

Polat ve Kagkamin (1992b,c) yaptig1 arastirmalarda
Akko XIII ve Armut Sekilli (Ekotip-2) cesitleri
yenidiinya ¢6giirlerine “T”, yama ve yonga asi
yontemleri ile asillanmis ve asilamalar ilkbahar
stirglin ve sonbahar durgun g6z asilari olmak tizere 2
donemde yapilmigtir. Yenidiinya ¢ogilirii tizerine
ilkbaharda yapilan siirgiin asilar % 85,12 ve % 70,42
oraninda basarili olurken agilama zamam olarak
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nisan ayl, mayis ayina oranla daha bagarili sonuglar
vermigtir. Sonbaharda yapilan asilarda, yenidinya
¢oglrinde basar: oran1 % 48,28 olarak belirlenmisgtir.

Yenidiinyalar i¢gin en uygun as1 zamani ve asl
metodunun saptanmasi amaciyla yapilan
calismalarda (Demir 1987, Polat ve Kaska 1991), kis
aylarinda yapilan asilarda asi randimaninin disik
oldugu gorulmiustiir. Bu noktadan hareketle yapilan
bu c¢alismada, kis aylarinda sera kosullarinda
yapilacak asilarla as1 basarisinin  ylkseltilmesi
amaclanmistir. Boylece gerek asilama periyodunun
uzatilmas1 gerek fidan yetistiriciliginde zamandan
kazang saglanmasi hedeflenmistir.

MATERYAL VE YONTEM

Bu arastirma, Mustafa Kemal Universitesi, Ziraat
Fakiiltesi, Bahce Bitkileri Bolimine ait Tayfur
S6kmen kampiisiinde bulunan 1sitmasiz cam serada ve
arastirma alanindaki yenidiinya parselinde 2017 ve
2018 yillarinda yurttilmustir.

Materyal

Arastirmada, 1sitmasiz cam serada 20 x 30 x 40
boyutlarindaki tiiplerde yetigtirilen yenidiinya ¢6guri

Sekil 1. Saksilara dikilmis yenidiinya ¢ogiir anaglar: ve T as1 ie ésllanmls bir bitki

anac olarak (Sekil 1), ‘Hafif Cukurgébek’ cesidi ise as1
kalemi olarak kullanilmigtir.

Yontem

Deneme, “Tesadiif Parselleri Deneme Desenine” (Bek
ve Efe 1988) gore kurulmustur. Ilk asilama déneminde
(9 Kasim 2017), yenidiinya c¢6giir anaclari her
tekerriirde 10 bitki olacak sekilde 5 tekerriirli olarak
“T” ve “Yonga” agilar1 ile agilanmistir. Bu dénemde
yapilan agilardaki tutma oranimin dusik olmasi
nedeniyle 3 ay sonraki ikinci bir agilama déneminde (8
Subat 2018) asilama islemi tekrarlanmistir. Bu ikinci
agilama doéneminde, asilanacak bitkilerin kabuk
vermemesi nedeniyle “I” as1 yapilamadigindan sadece
“Yonga” ag1 yontemi uygulanabilmistir. Ikinci agilama
déneminde, asilamalar her tekerriirde 6 bitki olacak
sekilde 5 tekerrirli olarak yapilmistir. Her dénem,
yapilan as1 uygulamalarindan 45 giin sonra asi baglari
¢ozilerek tutan asilar belirlenmigtir. Tutan asilarda
ag1 gozlerinin slirmesi i¢in as1 noktasinin 10 cm
uzerinden anacin tepesi budama makasi ile kesilmis ve
bundan 30 glin sonra siiren as1 oranlari belirlenmisgtir.
Stren ve belirli bir biiytiklige ulagan fidanlar agiktaki
arastirma alanina dikilmistir (Sekil 2).

i1

Figure 1. Loquat rootstocks planted in pots and a plant budded with "T".

Sekil 2. Yenidinya fidanlarinin agik alandaki bahge kosullarln dikimi

Figtire 2. Planting of loquat saplings to orchard conditions in open area.
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Verilerin Degerlendirilmesi

Denemeden elde edilen ag1 tutma ve ag1 slirme
oranlarina iligkin verilerin varyans analizi, "IBM
SPSS Statistics 22"paket programinda “T-testine”
gore yapilmistir. Analiz sonuglari, as1 yontemlerine ve
asilama dénemlerine gore ayr1 grafiklerde verilmigtir.

BULGULAR VE TARTISMA

Hafif Cukurgébek yenidinya cesidinin, yenidiinya
¢Ogir anact lizerine 9 Kasim 2017 tarihinde yapilan
agilarinin as1 tutma ve strme oranlar1 Sekil 3’ de
verilmigtir.

B Tutma orani

 Siirme Orani
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Sekil 3. Kasim ayinda yapilan asilarin as1 yéntemlerine gore basari oranlari(%)
Figure 3. Success rates (%) of buddings according to budding methods in November.

Sekil 3’den goruldigiu tzere, kasim ayinda yapilan
agilarin tutma orani, “I” asisinda % 64.9, “Yonga”
agilarinda % 61.5 olarak Dbelirlenmigtir. Asi
yontemlerinin tutma oranlar1 arasindaki farklihik t-
testine gore %5 diizeyinde 6nemli
bulunmustur(P<0.05). Kasim ayinda yapilan ve tutan
“T” agilarinin stirme oram % 79.2 olarak belirlenirken,
ayn1 donemde yapilan ve tutan “Yonga” asilarinda ise
bu oran % 25 olarak belirlenmistir. Bu iki as1
yonteminin agi sirme oranlar: arasindaki farklihik da
% 1 diizeyinde énemli gitkmigtir. Bu bulgulara gore,
sonbahar aylarinda yapilacak asilamalarda “T” aginin
tercih edilmesi 6nerilebilir.

Farkli donemlerde yapilan “Yonga” asilarinda asi
tutma ve siirme oranlar1(%) Sekil 4’te verilmistir.

Sekil 4’ten goruldigi tizere 9 Kasim 2017 tarihinde
yapilan asilarin as1 tutma orani, 8 Subat 2018
tarihinde yapilanlara gére daha yliksek bulunmustur.
Donemler arasindaki bu farklilik, istatistiksel olarak
t-testine gore de % 1 diizeyinde 6nemli ¢ikmagtir
(P<0.01). Ancak, kasim ayinda yiiksek as1 tutumu
gbsteren yonga agilarin ag1 siirme orani, Subat ayinda
yapilan yonga asilarin siirme oranina gore daha diisik
bulunmustur. Yonga aginin, dénemlere gore as1 siirme
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oranlar1 arasindaki bu farklilik da istatistiksel olarak
% 1 diizeyinde o6nemli bulunmustur. Bu durum,
yenidiinya bitkilerinde “Yonga” asilarin tutmasi ve
slirmesi lzerine asilama déneminin 6nemli 6lgiide
etkili oldugunu géstermektedir.

Agilama yontemleri ayrimi yapilmaksizin genel olarak
yapilan degerlendirmede, kasim ayinda yapilan
asilarin ag1 tutma ve siirme oranlarinin, subat ayinda
yapilan asilara gore 6nemli 6l¢liide daha yliksek oldugu
belirlenmigtir. Donemler arasindaki bu farkhlik,
istatistiksel olarak ag1 tutma yoniinden %1 (P<0.01),
as1 slirme yéniinden % 5 (P>0.05) diizeyinde 6nemli
bulunmustur (Sekil 5).

Bu durumun, as1 basarisi tlzerinde o6nemli etkisi
bulunan sicaklik ve nem basta olmak tuzere iklim
kogullarinin dénemlere gore gosterdigi farklhiliktan
kaynaklandig1 diisiiniilmektedir. Ozellikle de kasim
ayinda asilarin yapildigi donemki hava sicakliginin,
subat ayina gore daha yiiksek olmasinin ag1 bagarisin
olumlu yonde etkiledigi s6ylenebilir. Nitekim Polat ve
Kagka, (1991), asilama calismalarinda, degisik
kosullarda farkli sonuclar alinmasinin, 6teki birgcok
faktorin yam sira, basta sicaklik olmak tizere ekolojik
faktorlerin farkli olmasi ve bu faktorlerin asilanacak
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Figure 4. Bud-take and sprouting rates in “Chip” budding done in different periods.
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Sekil 5. Dénemlere gore ortalama as1 tutma ve siirme oranlari(%)
Figure 5. Average bud-take and sprouting rates(%) by periods

c¢ogurler tzerindeki etkilerinden kaynaklandigin
belirtmektedir. Ayrica, Adana ekolojik kosullarinda
yenidiinya i¢in en uygun asilama zamani ve asilama
metodunun saptanmasi amaciyla 1987-1990 yillarinda
yapilan bir calismada (Polat ve Kagka 1991), as1
kalemi olarak Akko-XIII ve Armut Sekilli (Ekotip 2);
ag1 yontemi olarak, “T”, yama ve yonga asilari
kullanilmigtir. Calismada, en uygun as1 zamaninin
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mart ay1 oldugu saptanmigtir. Bu dénemde yapilan
agilarda, ortalama as1 basarisi % 95,48 olarak
belirlenmigtir. Bununla birlikte, Subat ortasi ile Nisan
ortas1 arasindaki dénemin de, agilama igin uygun bir
dénem oldugu ve as1 bagarisinin yaklagik % 90,00 gibi
oldukca yiikksek bir dizeyde oldugu goérilmustir.
Ayrica, Akko-XIII cesidinin (% 87,36), Armut Sekilli
(Ekotip-2) cesidine (% 80,24) gore daha yiiksek as1
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bagaris1 gosterdigi, yama asmmn (% 87,88), “T” (%
85,43) ve yonga (% 78,10) asilardan daha yiiksek as1
bagaris1 verdigi belirlenmigtir. Bazi yenidinya
cesitlerinde ag1 bagarisinin belirlenmesini amaglayan
bagka bir calismada (Polat ve Kagka 1993), Gold
Nugget, Tanaka ve Champagne de Grasse yenidiinya
cesitlerinde 25.3.1991 tarihinde “T” , yama ve yonga
asilar1 yapilmigtir. As1 basarisi, Gold Nugget'te %
98.99, Champagne de Grasse’de % 94.35 ve Tanaka’da
% 88.94 olarak belirlenmigtir. “T”, yama ve yonga
asilar ise sirasiyla % 94.10, % 95.23 ve % 92.95
oranlarinda as1 basarisi vermigtir.

Yenidiinyalarda asilama konusunda yapilan cesitli
caligmalarda as1 basar:1 oranlar1 % 10.00 ile % 100.00
arasinda belirlenmistir (Demir 1987, Polat ve Kaska
1991, 1992a,b,c, Polat ve ark. 1996). Hatay
kosullarinda yapilan bazi1 ¢alismalarda da as1 tutma
oranlar1 % 62.50-90.00 as1 siirme oranlar1 % 30.36-%
60.63 arasinda saptanmistir (Polat 1999, Polat ve ark.
1999).

Bu calismada, subat ayinda yapilan asilamalardan
elde edilen a1 basar1 oranlari, onceki baz
calismalarda (Polat ve Kaska 1992a) elde edilen basar1
oranlarindan kismen daha disik bulunmustur.
Bunun nedeninin, bu ¢alismada asilamalarin yapildig:
Subat doénemindeki hava ve toprak sicakliklarinin,
onceki calismalarda asilarin yapildigr dénemlerdeki
sicakliklardan farkli olmasinin yanisira uygulanan asi
yontemi, agicinin farkl kisi olmasi vb. bir¢ok faktériin
etkisinden kaynaklandig1 dustintilmektedir. Nitekim
Polat ve Kagkanin (1992d), Adana’da yaptig1 bir
calismada, yenidiinyalarda tg¢ yil boyunca yapilan goz
asis1 denemeleri sonucunda en yiiksek asi basarisinin
elde edildigi donemlerde hava sicakliginin 13-19 °C,
toprak sicakliginin 16-22°C ve oransal nemin % 55-65
dolayinda oldugu belirlenmistir. Bu ¢alismada, kasim
ayinda yapilan “T” asilarindan elde edilen basar:
oranlari, Eylil ayinda durgun as1 yapan Demir(1987)
ile Polat ve Kaska’nin (1992b) bulgularindan daha
yiksek bulunmustur.

SONUC ve ONERILER

Sonbahar-kis aylarinda yapilan yenidinya
asilamalarindaki as1 basarisi, ilkbahar déneminde
yapilan asilamalardaki as1 basarisindan daha diisiik
olmasina karsin, zorunlu durumlarda kis aylarinda
yapilacak asilardan da yeterli diizeyde bir ag
bagarisinin elde edilebilecegi belirlenmigtir. Bu
bulgular, yenidiinya fidan treticilerinin sonbahar-kig
aylarinda sera igerisinde yapacaklari agilamalar ile
asilama donemini uzatabilecegi ve boylece, fidan

iretiminde zamandan kazang saglayabilecegini
gostermektedir.
Yenidiinyalarda, gerek kalemin gerek anacin

kabuklarinin kalin olmasi nedeniyle, 6teki meyve
turlerine gore as1 kaynasmasi daha uzun bir siirede
gerceklesmektedir. Bu nedenle, asi1 baglarinin, en
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erken agsilamadan dort hafta sonra c¢oziilmesi, hatta
mimkiinse bu siirenin 45 giine kadar uzatilmasi as1
basarisi acisindan yararlh olacaktar.

Cikar Catismas1 Beyam

Yazar makalede, sonuglar1 veya  yorumlar:
etkileyebilecek herhangi bir maddi veya diger asli
¢ikar ¢atigmasi olmadigini beyan eder.
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OZET Aragtirma Makalesi
Aragtirmada Italia cesidinde 2012 ve 2013 yillarinda tu¢ farkh

torbalama uygulamasinin (Mogul 19 g m2, Mogul 30 g m2 ve Tyvek) Makale Tarihcesi
olgunluk, verim ve kalite lizerine etkileri incelenmigtir. Torbalama Gelig Tarthi  : 31.03.2020
uygulamalar1 tane tutumu doéneminde gerceklestirilmistir. Kabul Tarihi :04.07.2020

Calismanin yurutildiga her iki yilda da Mogul tip torbalarda torba

i¢i sicakliklarinin dis kosullara gore daha yiiksek oldugu, Tyvek tip Anahtar Kelimeler

torbalarda ise torba i¢i sicakliklarin dis kosullara yakin seyrettigi Torbalama
belirlenmigtir. Torba i¢i nem degerleri tiim torbalarda dis kosullara Olgunlagsma
gore disik bulunmus, Mogul tip torbalarda bu deger Tyvek tip Kalite
torbalara gore daha dusiik ortaya ¢ikmigtir. Arastirma bulgularina Verim

gore tane yarilma direnci 6lgimlerinde agikta gelistirilen tanelerin
torbalama wuygulanmis tanelere goére daha saglam oldugu
belirlenmistir. Ozellikle Mogul tip torbalarin ise olgunlagmay:
hizlandirici etki gosterdigi belirlenmigtir.

ABSTRACT
In the study, the effects of three different bagging applications (Mogul
19 g m2, Mogul 30 g m2 and Tyvek) on the maturity, yield and quality

The Effects of Bagging Applications on Maturation, Yield and Quality in cv. Italia Grape

Research Article
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of Italia grape cultivar were investigated in 2012 and 2013. Bagging Received © 31.03.2020
applications were carried out during the berry set period. In both Accepted - 04.07.2020
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GIRIS

Uziim, yetigtiriciliginin her doéneminde bakim ve
dikkat gerektiren bir meyve tiridiir. Ozellikle sofralik
lUzim Uretiminde, Grinan kalite ve verimini arttirici
uygulamalar giinimiizde olmazsa olmazdir. Bu
uygulamalar arasinda degisik donemde ve degisik

ozellikteki bitki biiyiime diizenleyici ve kimyasal
uygulamalari, yaz budamalari, giinesten koruyucu
kimyasal uygulamalari, tane irilestirme amach bilezik
alma, salkim manipiilasyonlar1 (salkim uc¢ kesimi,
salkim cikartma, cilkim cikarma, tane seyreltme),
torbalama vb. uygulamalar sayilabilir.
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Uziimde torbalama diinya c¢apinda cok fazla yayilis
gbstermis bir uygulama olmamakla birlikte,birgoguna
tartisma kisminda deginilen ve ozellikle Uzakdogu
ulkelerinde degisik torba tipleri kullanilarak
tiziimlerin kalitelerini artirmay1 hedefleyen caligmalar
bulunmaktadir (Xiaohai ve ark. 1998, Liu ve ark.
2004,Xing-ben ve ark. 2005, Can-ying ve ark. 2006,
Inchang ve ark. 2010).

Aydin ve Yasasin (2012), torbalama uygulamalar
hakkinda yaptiklar1 derlemede, bagcilikta saglikli,
kaliteli ve en az maliyetli tirtin elde edilmesine yénelik
geligtirilen uygulamalardan birinin de “Torbalama
(Bagging)” uygulamasi oldugunu belirtmiglerdir.
Nitekim son yillarda meyvecilikte kullanilan
torbalama sisteminin bagcilikta da uygulanabilmesine
yonelik arastirmalar giderek hiz kazanmaktadir.

Asma lzerindeki tzim salkimlarimin, belirli
donemlerde 6zel kumastan yapilmis torbalar igerisine
gecirilerek, salkim sapindan zararli girmeyecek

sekilde baglanmasi esasina dayanan bir uygulamadir.
Salkimlar bu teknik ile dis ortamdan izole edilerek
torba icerisinde kendine &zgii mikroklimatik bir
ortamda gelisimini tamamlamaktadir. Bu islemin
kullanilan malzemenin cinsine ve yapisina gore
salkimlarin olgunlagmasinda erkencilik veya geggilik
saglayabilecegini de belirtmiglerdir.

Sofralik liziim uretiminde kaliteye yonelik bircok
uygulamanin yaninda torbalama uygulamalar: ile de

Research Article
tane, salkim ve olgunlagsmaya yonelik kalite
ozelliklerinde ciddi iyilesme/degisimler
saglanabilmektedir. Turkiye’de daha o6nce hig

calisgilmayan, dinyada da c¢ok az ornegi bulunan
torbalama ¢alismalarinin, tizerinde durulmasi gereken
bir konu oldugu diisiintilmisttir. Buradan hareketle,
Ttalia tizim ¢esidinde tane tutum doneminde
salkimlarin tg¢ farkli tipteki torba ile torbalanmasi
esasina dayanan c¢alisma ile tiriin olumunda erkencilik
veya geccilik, torbalar igerisindeki tane ve salkimlarda
gelisme farkliliklar: ve kaliteli trtin elde edilebilirligi
arastirilmigtir.

MATERYAL ve METOD

Aragtirma Tekirdag Bagcilik Arastirma Enstitiist
Mudiurluigi arazisinde Kober 5 BB iizerine asihi
Kordon terbiye sekilli Italia tiziim ¢esidinde 2.5x1.5 m
sira arasi ve sira uzerli mesafede tesis edilmis olan
parselde 2012-2013 yillarinda yuratilmustiir. Bu
parseldeki bitkisel materyal 15 yasinda olup ¢ift kollu
kordon terbiye seklinde ve kisa olarak budanmigtir.
Calisma alani 400 58’ 16 kuzey enlemi, 270 28’ 14 dogu
boylaminda bulunmaktadir.

Torbalamada Kullanilan Materyaller

Torbalama uygulamalari i¢in kullanilan materyallerin
(Sekil 1) ézellikleri Cizelge 1’de verilmistir.

Cizelge 1. Torbalamada kullanilan materyallerin 6zellikleri

Table 1. Materials’ properties which are used for bagging

Materyaller Agirlhik gm2 Renk Kalinlik Hava gecirgenligi  Isik gecirgenligi (%)
(Materials) (Weight)  (Color) (Thickness) cm3cm2.sec’l (Light
(Air permeability) transmittance)

Mogul 19 g m 19 Beyaz 0.19 mm 163 80
(Polypropylene 19 g m*? bag)
Mogul 30 g m2 30 Beyaz 0.28 mm 145 70
(Polypropylene 30 g m*? bag)
Tyvek 41.5 Beyaz 145 um - 35
(Spunbond (Polyethylene
micro-perforated) bag)

Sekil 1. Kullanilan torba tipleri (1: Mogul 19, 2: Mogul 30, 3:Tyvek)
Figure 1.Type of bags which are used (1° Mogul 19, 2° Mogul 30, 3-Tyvek)
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Kullanilan poli malzemelerin TSE uygunluk belgeleri
ve Tarim ve Orman Bakanhigi'ndan “Gida Ile Temas
Eden Madde ve Malzemelere Ait Uretim Izni Belgesi”
bulunmaktadir.

Bitkisel Materyal

Italia, Yesil-sar1 renkli, misket aromali sofralik bir
tizlim cgesididir. Bicane x Hamburg Misketi melezinden
1911 yilinda elde edilmistir. Cekirdekli taneleri iri
olup 7-8 g’dir. Ayrica salkimlar: iri (600-700 g), beyaz
ve kalin kabukludur. Orta gegci bir cesittir ve
vejetasyon stiresi 165-172 giin kadardir. Ancak
mantari hastaliklara oldukca hassastir (Alsancak,
2005).

Aragtirma Alam Iklim ézellikleri

Aragtirma alanm yar1 kurak iklim kusagi igerisinde yer
almaktadir. Yillik ortalama sicaklik 13.8°C olup, aylik
sicaklik ortalamalar1 acisindan en soguk ay 4.9°C ile
Ocak, en sicak ay 23.6°C ile Temmuz ayidir. Yillik
ortalama yagis miktar1 571.9 mm’dir. Fakat yagigin en
fazla oldugu dénem Ekim-Mart aylar1 arasindadir.
Yillik ortalama bagil nem %77 olup, bu deger Temmuz
ayinda %71’e dismekte, Aralik-Ocak ayinda ise
%82’ye yiikselmektedir (DMI, 2007).

Salkimlarin Torbalama Zamani ve Olgunluk Seyri

Salkimlar1 torba icine alma islemi ciceklenmeden

sonra tane tutumunun ardindan (EL  27)
uygulanmistir (Coombe, 1995). Her tekerriirde iki
bitki olacak sekilde c¢alismalar yuratilmustir.

Salkimlarin tamama sapiyla beraber torba icine alinip
torbanin agz1 salkim sapini bogmayacak bi¢imde
iple

sikilarak, icine bocek giremeyecek sekilde
baglanmistir (Sekil 2).

= e e g

Sekil 2. Salkimlarda torbalamanin uygulama zamani
(sol) ve torbalanmig salkimlar (sag)

Figure 2. Bagging application time in bunches (left)

and bagged bunches (right)

Farkl torba tipleri i¢in birer adet sicaklik ve nem élger
cihaz (HOBO U10-003 Temp/RH Data Logger, Onset
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Computer Corporation 470 MacArthur Blvd. Bourne,
MA 02532, USA) kullanmilarak torba igerisindeki
sicaklik ve nem degerleri takip edilmistir. Ben disme
doéneminden itibaren kontrol parsellerinde SCKM
olciimleri el tipi refraktometreyle (Atago ATC-1E
Hand refractometer, Tokyo, Japan) izlenmis, gerekli
zamanlarda da torbalarin a¢ilmasiyla takip edilmigtir.

Kalite Kriterleri Ol¢iim ve Analizleri

Calismada; tane eni ve boyu, tane agirligi, tane
yarilma direnci (TYD), tane sap kopma direnci
(TSKD), salkim eni ve boyu, salkim agirhigi, salkim
sikligi  indeksi, salkimdaki tane sayisi, suda
¢ozlinebilir kuru madde miktarn1 (SCKM), toplam
asitlik (TA), toplam fenolik madde miktar1 gibi kalite
parametreleri degerlendirilmigtir.

Tane eni ve boyu (mm): Hasatta érnekleme yéntemiyle
her uygulamadan 25 adet tanenin eni ve boyu dijital
kumpasla olgtilmustiir.

Tane agirhigr (g): Hasatta érnekleme yéntemiyle her
uygulamadan 50 tane alinarak hassas terazide
6l¢timleri yapilmigtir.

Tane yarilma direnci (TYD) (g): Modifiye edilmis
terazide kopma aninda degerin sabitlenmesi
yontemiyle 25 tane élgtilmiustiir.

Tane sap kopma direnci (TSKD) (g): Modifiye edilmis
terazide kopma aninda degerin sabitlenmesi
yontemiyle ol¢lilmustiir. Her uygulama i¢in 25 tanede
6l¢iim yapilmistir.

Salkim eni ve boyu (cm): Her uygulamadan alinan 5
adet salkimin eni ve boyu 6l¢ilmiuistiir.

Salkim agirhg (g): Omca basina verimin salkim
sayisina bolunmesiyle elde edilen degerdir.

Salkim Siklig1 Indeksi: OIV tamimlayici skalasiin 204
nolu karakterine goére yapilan salkim sikligi
degerlendirmesidir. (1: cok gevsek, 3: gevsek, 5:
normal, 7: sik, 9: cok sik salkim) (OIV 2002).
Salkimdaki Tane Sayis1 (adet): Calisilan tiim
uygulamalardan alinan ikiger salkimda yapilan tane
sayimi ortalamasidir.

Suda ¢éziinebilir kuru madde miktar1 (SCKM) (%): El
refraktometresi kullanilarak yapilmistir (Cemeroglu,
2007).

Toplam asitlik (TA) (g L'1): Titrimetrik yéntemle analiz
edilmistir (Cemeroglu, 2007).

Olgunluk Indisi: % SCKM degerinin toplam asitlik
degerine oranlanmasi ile elde edilen degerdir (Coombe
ve ark. 1980).

Toplam fenolik madde miktar1 (mg kg?): Folin-
Ciocalteu Kolorimetrik Metodu kullanilarak
spektrofotometrede 6l¢iilmiistiir (Cemeroglu, 2007).

Istatistiki Analiz

Calisma tesaduf bloklarinda bolinmiis parseller
deneme desenine gore 3 tekerriirli olarak yapilmigtir.
Her iki yil, ayr1 ayr1 ve iki yilin ortalamalarinin
verildigi tabloda yil birlestirilmesi yapilarak istatistiki
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olarak degerlendirilmistir. Istatistiki analiz JMP
13.2.0 istatistik programinda yapilmigtir.

BULGULAR ve TARTISMA
Iklim Degerlendirmeleri

Yapilan 6lgiimlerde kullanilan torba tiplerinde torba
i¢i sicakliklar agisindan en yiiksek sicakliklar Mogul
tip torbalardan elde edilmis ve torba igi sicaklik
ortalamalarinin dig sartlara gore yaklagik 1°C yuksek
oldugu belirlenmigtir. Tyvek tip torbanin i¢ sicakligi

yiikselis en ¢cok 21°C'nin tizerinde degerle Mogul 19 tip
torbada gerceklesmistir. Buna benzer sonuglara Liu ve
ark. (2004) da ulasmistr.

Torba i¢i nem degerlerinde ise sicaklik degerlerinin
aksi veriler elde edilmigtir. Buna gére Mogul tip
torbalarin torba i¢i nem degerlerinin hem dig sartlara
gore hem de Tyvek tip torbaya gore diisik oldugu
gozlenmistir (Sekil 4). Mogul 19 g m-2 ve Mogul 30 g m’
2 torbalarda bu 6l¢iim agisindan degerlerin birbirlerine
¢ok yakin oldugu belirlenmigtir. 2013 yilinin Agustos

ise dis sartlardan daha diigiik seyretmistir (Sekil 3). aylnfz.lla Tyvel.{h tip torba 1qerlsln(33k1. 1s1cakhk .1ve
Ayrica tiim torba tiplerinde torba ici gece-giindiiz nlemo ger  canazin - arizasl - nedeniyle  verller
sicakhik farklari dig sartlara goére yukselmis, bu almamamgtir.
B Kontrol ®Mogul 19 HMogul 30 BTyvek 280 7 mKontrol BMogul19 ®Mogul30 ETyvek
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Sekil 3. Farkli torbalama materyallerinin 2012 ve 2013 yillarindaki sicaklik degerleri
Figure 3. Temperature values of different bagging materials in 2012 and 2013
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Sekil 4. Farkli torbalama materyallerinin 2012 ve 2013 yillarindaki nem degerleri
Figure 4. Moisture values of different bagging materials in 2012 and 2013

Torbalama Uygulamalar

Salkim agirhigi agisindan 2012 yilinda torbalama
uygulamalar1 arasinda istatistiki olarak fark
gorilmus, diger yilda ve her iki yil ortalamasinda
istatistiki fark bulunmamagtir. 2012 yilinda en ytiksek
salkim agirhgina Mogul 19'da (791.6 g), en diisiik
salkim agirhgina Tyvek tip torbada (486.8 g)
ulagilmigtir. Dolayisiyla Tyvek materyal torbal
salkimlar 2012 yilinda Mogul 19 torbalama
uygulamasi1 ve kontrole goére daha dusuk agirlikl
salkimlar olusturmustur. Greer ve Weedon (2013)
tane kompozisyonunun goélgelemeye tepkilerini
Olctiikleri calismada, verim ve salkim sayis1 agisindan
golgelenmis ve giinese maruz kalmis olanlar arasinda
fark bulmaz iken, salkim agirligini gélgelenenlere gore
%32 daha agir bulmusgtur. Benzer durum c¢alismada

sadece 2012 yili verilerinde ortaya c¢ikmig, dis
kosullarda yetigtirilen kontrol uygulamalar: 6zellikle

151k gegirgenlik  diizeyi diusik olan Tyvek
uygulamasina gore daha agir salkimlar
olusturmustur. Omca bagina verim degerleri

uygulamalar arasinda istatistiki acgidan farklihik
gostermemigtir. Buna karsin her iki yil degerlerinde
kontrol uygulamasimin  (5909.6 g) torbalama
uygulamalarina gore yuksek degerler verdigi
gorilmektedir. 2013 yili verimi diger uygulama yilina
gore daha ylksek olarak ortaya c¢ikmigtir.
Uygulamalar arasinda salkim boyu agisindan fark
olusmamastir. Ancak 2013 yilinin tim
uygulamalarinda daha uzun salkimlar olusmustur.
Salkim eni 6zelligi agisindan uygulamalar arasinda
istatistiki agidan fark bulunmamistir. Ancak salkim
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uzunlugunun aksine 2012 yilinda daha yapilan  degerlendirmede bu fark  anlamh
genigsalkimlarin olustugu gorilmektedir. Ortalama bulunmustur. Olgunlagsmanin tespitine yonelik
tane agirligt acgisindan uygulamalar arasinda yapilan TA ol¢iimlerinde 1ise farklh torbalama

istatistiki olarak fark bulunmamasina karsin, kontrol
uygulamas1 torbalama uygulamalarina goére daha
yiksek degerler vermigtir. Her ne kadar uygulamalar
arasinda tane agirliklar: agisindan istatistiki bir fark
ortaya cikmasa da, tane eni acisindan farkhliklar
olugsmusgtur. Ortalama tane agirlig1 verilerine paralel
olarak tane eni 6l¢limlerinde de kontrol uygulamasinin
(22.2 mm) 6ne ¢ktigl, bu uygulamada torbalama
uygulamalarina gore tane eninin daha fazla oldugu
tespit edilmigtir. Tane boyu verileri acisindan,
ortalama tane agirlig1 ve tane eni verileri ile benzer
sekilde kontrol uygulamasinda (26.4 mm) tanelerin
torbalama uygulanmis tanelere gére daha uzun oldugu
gorulmistir. Ancak elde edilen veriler istatistiki
olarak énemli bulunmamistir (Cizelge 2). Bu bulgular,
Ristic ve ark. (2008)nin suni salkim gélgelemesi
yaptig1 ve gélgelemenin tane iriligini % 20 azalttigim
tespit ettigi calisma ile uyumludur.

OIV’nin tanmimlayici skalasina gore yapilan salkim
sikligr degerlendirmesinde uygulamalar arasinda
istatistiki olarak fark bulunmamigtir. Burada dikkat
ceken; 2012 yilindaki salkimlarin 2013 yilindakilere
gore daha sik oldugudur. Italia ¢esidinde 2012 yilinda
daha kisa salkim ve daha genig salkim olmasi bu
veriler ile ilintilidir.

Salkimlarda tane sayisi 6l¢limlerine gére uygulamalar
arasinda istatistiki olarak fark bulunmamistir, ancak
2012 yilinda diger uygulama yilina gore salkimlarda
daha fazla tane olusmustur.

Calismada yapilan uygulamalarin tanelerde sap
kopma direnci agisindan fark olusturmadig
gorulmektedir. Diger taraftan tane yarilma direnci
verilerine bakildiginda, torbalama uygulamalar
acisindan farkhliklarin oldugu goérilmektedir. Bu
parametre i¢in, 2012 yili ve her iki yilin
ortalamalarimin  istatistiksel  degerlendirmesinin
anlamli oldugu ve Tyvek materyalden yapilmis torba
ile kaplanmig salkimlarda tanelerin yarilma
direnclerinin diisiik oldugu belirlenmigtir. Diger bir
bulgu ise 2012 yilinda tanelerin 2013 yilina goére
catlamaya daha saglam ve dayamkli oldugudur.
Asaoka ve ark. (1997) sera sartlarinda yiiksek nem ve
golgelemenin Iskenderiye Misketi tiziim ¢esidinin tane
yarilma/c¢atlamasi tizerindeki etkisini belirlemiglerdir.
Goélgelenmis ve nemsiz sartlarda tane ¢atlamasinin
gozlenmedigi ama golgelenmis ve yiksek neml
ortamda 6nemli bigimde c¢atlamanin ortaya ciktigi
tespit edilmig, bu bulgular ¢alisma ile 6rtiismiistiir.

Mogul (19 ve 30) materyalinden yapilmis torbalarin (%
20.5 ve % 20.8) kontrole (% 19.1) gore olgunlagsmay1
hizlandirdigr gorilmektedir. Yillar kendi igerisinde

SCKM agisindan degerlendirildiginde istatistiki
olarak oOnemli farklilik bulunmamigtir. Her iki
uygulama yilinin ortalama degerleri tiizerinden
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materyalleri arasinda istatistiki acidan Onemlilik
tespit edilmemigtir. Olgunluk indisi agisindan farkl
torba materyalleri arasinda olgunlagma farkliliklar:
ortaya citkmistir. Bu karaktere ait 6lgiimlere gore, tipki
SCKM o6l¢timlerinde oldugu gibi, Mogul malzeme ile
torbalanmig tizimlerin daha erken olgunlastig: tespit
edilmigtir. Mogul malzemeden yapilan torbalarin diger
uygulamalara oranla daha yiliksek torba ici sicakliga
sahip olmasi olgunlagsmay1 bu yonde etkilemigtir. Bu
sonuclar sicaklik ile olgunlagsma arasindaki pozitif
iliski oldugunu bildiren Can-ying ve ark. (2006), Xing-
ben ve ark. (2005), Dookozlian (2000), Ruffner (1982)
ve Adams (2006) ile benzerdir. Mogul malzemeli
torbalarda 1s1k gecirgenligi azalmasina karsin (sik
gecirgenlikleri % 70 ve % 80) tanelerin maruz kaldig
sicaklik arttikca seker birikimi artmig, asitlik
degerleri diusmis, dolayisiyla olgunlasma indisi
artarak olgunlagma hizlanmigtir.

Ote yandan kullamilan torbalama malzemeleri
arasinda fenolik madde miktar: 6l¢glimleri acisindan
anlamh farkliliklar ortaya ¢cikmamistir (Cizelge 2).

Hasat tarihinin olgunluk indisi ol¢iimleri ile
belirlenmesi OIV’nin sofralik tziimler i¢in dikkate
aldign minimum olgunluk diizeyi standartlar:
{izerinden yapilmigtir (OIV 2008).Mogul 19 g m21lik
malzeme ile torbalamanin yapildigi salkimlarin agikta
yetigtirilen kontrol salkimlarina gore yaklagik 5
ginlik erken olgunlagsmanin s6z konusu oldugu
belirlenmistir (Cizelge 3). Mogul 30 materyalinin
kullanildig: torbada ise 4 giin erken olgunlagsma ortaya
c¢ikmigtir. Bu sonuclar, torbalama calismalar1 yapan
Xiaohai ve ark. (1998), Xing-ben ve ark. (2005), Can-
ying ve ark. (2006)’nin bulgular: ile uyusmakta iken
torbalamanin olgunlugu geciktirdigini belirten Signes
ve ark. (2007) ile uyusmamaktadir. Bu uyusmazligin
calismada kullanilan torba malzeme tiplerinden farklh
tip malzeme kullanmilmasindan  kaynaklandig:
diustniulmektedir.

SONUC ve ONERILER

Calismada kullanilan torba materyallerinden Mogul
tipinin olgunlagmay1 hizlandirarak 6ne ¢ektigi, bu tip
torbalarin kayda deger bir erkencilik sagladig: tespit
edilmistir. Bu durum o6zellikle erkenci cesitler
kullanildiginda saglanan erken olgunlagma ile tiziim
satig fiyatinin artacagimi distindirmiustir. Genel
itibariyle torbalama uygulamalarinin tane yarilma
direnci agisindan daha hassas taneler olusturdugu,
ozellikle Tyvek tip torbalarin bu hassasiyeti 6nemli
derecede arttirdigi tespit edilmistir. Diger taraftan
torbalama c¢alismalari mantari hastaliklara hassas
olan gesitlerde yiiriitiilldiigiinde, torba i¢indeki yiiksek
nemden dolay1r yogun  hastalik  olusumlar:
gorilebilecegi dikkate alinmalidir.



KSU Tarim ve Doga Derg 24(1): 83-89, 2021 Arastirma Makalesi

KSU J. Agric Nat 24(1): 83-89, 2021 Research Article
Cizelge 2. Torbalama uygulamalarinin bazi kalite 6zellikleri Gzerine etkileri
Table 2. Effects of bagging applications on some quality characteristics
Yillar Kontrol Mogul 19 Mogul 30 Tyvek LSD 0.05
(Years) (Control)
Salkim agirhi (g) 2012 755.1+3.02a 791.6+57.89a 683.1£92.95ab  486.8+75.99b *4908.08
(Bunch weight) (g) 2013 556.7+17.64 517.6+27.83 591.8+23.29 596.7+49.08 O.D.
Ort. —(Mean)  655.9£30.00 654.6+50.94 637.5+49.70 541.7+47.94 O.D.
Omca bagina verim (g) 2012 3955.0+369.46 3793.0+856.25 2917.0+389.80 2070.0+290.27 O.D.
(Yield per vine) &) 2013 7860.0+676.88 5770.0+871.41 6540.0+740.58 7330.0+1383.08  O.D.
Ort. - (Mean)  5909.6+683.42 4781.9+674.24 4730.3+670.06 4698.2+1036.63  O.D.
Salkim boyu (cm) 2012 27.2+0.61 26.5+1.25 25.6+0.82 24.7+1.31 O.D.
(Bunch length) (cm) 2013 26.9+0.85 27.0£0.99 27.7+0.61 28.1+0.81 O.D.
Ort. - Mean)  27.1£0.53 26.7+0.80 26.7+0.60 26.4+0.92 O.D.
Salkim eni (cm) 2012 16.2+0.07 14.5+0.77 15.4+0.66 15.1+1.22 O.D.
(Bunch width) (cm) 2013 13.9+0.48 13.3+0.33 13.4+0.39 13.6+0.28 0.D.
Ort. - Mean)  15.0:0.41 13,9+0.45 14.4+0.48 14.3+0.66 O.D.
Ort. tane agirhig (g) 2012 8.1+0.09 6.6+0.29 7.2+0.35 6.7+0.57 O.D.
(Average berry weight) (g) 2013 7.4+0.32 6.4+0.24 6.8+0.54 7.0£0.44 0.D.
Ort. - (Mean)  7.7+0.19 6.5+0.19 7.0+0.33 6.8+0.36 O.D.
Tane eni (mm) 2012 22.240.08 a 20.5+0.24 b 21.3+0.36ab 20.7+0.53 b #*] 18
(Berry width) (mm) 2013 22.2+0.29 20.7+0.18 21.1+0.42 21.6+0.48 O.D.
Ort. - (Mean)  22.2+0.15 a 20.6£0.15 b 21.2+0.28b 21.2+0.38 b #4088
Tane boyu (mm) 2012 26.6+0.34 25.5+0.64 25.1+0.78 25.1+0.63 O.D.
(Berry length) (mm) 2013 26.2+0.43 24.4+0.34 25.4+0.78 25.1+0.71 0.D.
Ort. - (Mean)  26.4+0.28 94.9+0.39 25.24+0.55 95.1+0.47 O.D.
Salkim sikhg indeksi 2012 6.0£0.20 6.240.23 7.0£0.46 6.9+0.46 O.D.
(Bunch density) 2013 5.8+0.15 5.5+0.24 5.1+0.12 5.3+0.15 O.D.
Ort. - (Mean)  5.7+0.16 5.9+0.19 6.1+0.36 6.1+0.33 O.D.
Salkimdaki tane sayis1 (adet) 2012 141.0+4.90 151.3+28.54 139.8+19.65 126.6+13.72 O.D.
(Berry number in bunch) 2013 105.3+4.06 101.0+8.65 99.0+5.02 97.7+5.85 O.D.
(number) Ort. - (Mean)  123.2+6.05 126.2+16.58 119.4+11.73 112.248.55 O.D.
Tane sap kopma direnci (g) 2012 469.0+24.70 580.0+45.64 595.0+66.08 545.0+78.79 O.D.
(Berry removal force) (g) 2013 444.3+37.82 383.5+17.51 466.2+22.77 383.3+24.73 O.D.
Ort. - (Mean)  456.9+22.88 482.2+37.53 531.0+39.64 464.6+47.49 O.D.
Tane yarilma direnci (g) 2012 1785.0459.20 a  1861.0+99.84a  1771.0+115.51a 1396.0+467.81b  **291.84
(Berry crushing resistance) @ 2013 1454.0+£98.60 1436.2+39.19 1581.0£63.70 1278.3£65.11 O.D.
Ort. - (Mean) 1619.5+74.76a  1648.9+81.54a  1676.3+71.47a  1337.5+50.01b  **203.00
Suda ¢oziinebilir kuru madde 2012 18.0+0.41 19.7+0.52 19.7+0.29 19.4+0.48 O.D.
(%) 2013 20.2+0.57 21.8+0.65 21.8+0.73 20.4+0.53 0.D.
(Total soluble solids) (%) Ort. - (Mean)  19.1:0.48 b 20.5:0.46 a 20.8+0.50a 19.9+0.39 ab **1.04
Toplam asitlik (g L-1) 2012 6.4+0.15 6.4+0.21 5.9+0.21 6.4+0.15 O.D.
(Total acidity) (g L) 2013 5.4+0.33 4.7+0.17 4.7+0.12 5.2+0.18 O.D.
Ort. - (Mean)  5.9+0.24 5.6+0.28 5.3+0.22 5.8+0.21 O.D.
Olgunluk indisi (%/ TA) 2012 28.1+1.32 30.8+1.35 33.4+1.48 30.4+0.83 O.D.
(Maturity index)(%/ TA) 2013 38.9+2.93 45.2+1.50 46.8+2.59 39.6+1.98 0.D.
Ort. - (Mean)  33.7+2.20 c 38.24+2.27 ab 40.1+2.44a 35.1+1.69 be 44
Fenolik madde miktar: 2012 705.0+£111.25 885.5+101.70 818.84+144.09 898.0+145.37 O.D.
(mg kg?) 2013 1208.0+95.97 1293.0£94.38 1189.0+91.09 1105.0+83.71 0.D.
(Phenolic compounds)(mgkg™)  ~ O - (Mean)  956.8:103.19 1089.3+90.91 1004.3£100.61  1001.8+89.04 O.D.
Cizelge 3. Torbalama uygulamalarinda hasat zamaninin belirlenmesi
Table 3. Determination of harvest time in bagging applications
14 Agustos 2013 19 Agustos 2013 Yaklagik Hasat Tarihi
SCKM(7SS) oL1MD SCKM(7SS) o1 MDD (Approximate Harvest Date)
Kontrol (Control) 15.6 15.7 15.8 19.7 20 Agustos
Mogul 19 g (Mogul 19 g) 15.4 19.1 17.6 22.4 15 Agustos
Mogul 30 g (Mogul 30 g) 15.5 17.8 17.7 22.1 15-16 Agustos
Tyvek (Tyvek) 15.6 15.2 17.5 19.9 16 Agustos
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TESEKKUR

Bu arastirma, Tarim ve Orman Bakanligi Tarimsal
Aragtirmalar ve Politikalar Genel Miudurluga
tarafindan  desteklenen ve Tekirdag Bagcilik
Arastirma Enstitist’nde yiirtatilen “Trakya Ilkeren ve
Italia Uziim Cegitlerinde Salkimlarda Torbalama
Uygulamalarinin Olgunluk, Verim ve Kalite Uzerine
Etkileri” (Proje No: BBMB-11-37) isimli projenin
ciktilarindan elde edilmistir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.
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yonelik bir peyzaj tasarim onerisi gelistirilmigtir. Calismanin amaca,
alanmin  mevcut potansiyelini gelistirirken koruma-kullanma
dengesinin kurulmasidir. Calismada 1/1000 olgekli imar plani

Anahtar Kelimeler
Su kiyis1 peyzaj tasarimi

uzerinde proje alani tamimlanmig, yerinde gozlem c¢alismalari ve
Google Earth’ten alinan goriintiiler yardimiyla alanin mevcut durumu
tanmimlanmastir. Arazi calismalari sirasinda, belediye yetkilileri ve

Peyzaj tasarim siireci
Rekreasyon alani,
Niksar (Tokat)

yerel halk ile gorismeler yapilarak ihtiyac ve beklentiler
belirlenmigtir. Elde edilen veriler 1siginda alan potansiyeli
degerlendirilmigtir. Calismada peyzaj tasariminin temel asamalar:
olan sorun tanmimlama, sorvey, leke, avan ve kesin peyzaj tasarim
projesinin olusturulmasi asamalar: yapilmistir. Calismada peyzaj
tasariminin olusturulmasi, projelerin ¢izimi ve gorsellestirmesinde
AutoCad 2017, Photoshop CS5, Sketch Up ve Lumion yazilimlar
kullamilmigtir. Projenin sonuclari bitkisel tasarim projesi, yapisal
uygulama projesi ve detaylar seklinde sunulmustur.

The Impact of Natural Water on Design: Landscape Design Proposal for Sulugél (Tokat-Niksar)
Recreation Area

ABSTRACT
In this study, Sulugél located in Niksar district of Tokat province was
chosen as the study area. In this study, a landscape design proposal
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GIRIS
Su algilanabilir fiziki ¢evre olan peyzaj kavraminin

temel bileseni ve yesil alanlarin ana 6gesidir.
Insanoglu, suyu temel besin olarak gérmesi diginda

birgok alanda kullanmigtir. Suyla su kanallar,
suyollar1 ve goletler yapmis ve tim rekreasyonel
faaliyetlerinde suyu bir obje olarak algilamigtir. Su,
peyzaj igin hem yasam hem de tasarim aracidir.
Estetik ve iglevsel anlamlar tasir, géze ve kulaga hitap
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eder (Sahin, 2013). Su, peyzaj tasariminda
kullanilabilecek en renkli ve heyecan verici
unsurlardan biridir (Burmill et al., 1999; Reesand
May, 2002).

Su yuzeyleri; peyzaj mimarlhiginda rekreasyonel ve
fonksiyonel  olarak onemli  iglevlere sahip
kaynaklardir. Cesitli bi¢cim ve uzunluklarda olabilen
su kiyilari, su ve su sayesinde gelisen yesil alan ile
kente ekolojik katki sagladiklari gibi kent halkina da
sosyallesme ortami1 yaratarak yasam Kkalitesini
artirirlar. Peyzaj mimarligi meslek disiplininin temel
amaglarinin basinda; dogal kaynaklarin
“kapasitelerinin lzerinde ve ekolojik dengeleri
bozacak 6lgiide kullanilmasini1 6nleyerek kaynaklarin
devamliligini ve verimliligini muhafaza altina almak,
insan aktivitelerini ekolojik bir cerceveye oturtmak”
gelmektedir (Giiney ve Hepcan, 1994). Bu da ekolojik
yaklasimin  esas  alindig1  peyzaj planlama
calismalarinin ytrutilmesine baghdar.

Su, terapi 6zelligiyle birlikte insanlar: rahatlaticidir ve
stresten uzaklagtirma etkisine sahiptir. Suyun
esnekligi dikkat ceker ve merak uyandirir. Agik
alanlardaki su elementi, peyzaj mimarlari, cevre
tasarimcilari, psikologlar, sosyologlar ve toplum igin
estetik degeri, duyusal tegviki, sosyal iglevi ve
psikolojik faydalari nedeniyle ylksek bir degere
sahiptir (Huang, 1998).

Kentsel peyzaj planlamanin trtnlerinden biri olarak
yesil alanlar, kentsel mekanlardaki su slrecini
yonlendirmede 6nemli mekanlardir (Corbaci ve ark.,
2011). Insanlarin bedensel ve ruhsal olarak saglikli bir
sekilde yasayabilmeleri i¢in kentsel ve kirsal
rekreasyon alanlar1 tasarlamak; cesitli nedenlerle
tahrip olmug alanlarin onararak bu alanlan
rekreasyon aktiviteleri i¢gin uygun hale getirmek
peyzaj mimarhgl calismalari arasindadir (Giiney ve
Hepcan, 1994). Kent cevrelerinde bulunan gél, kiy1 ve
orman ekosistemleri diger ekosistemlerle uyum i¢inde
bulunmalidir (Atil ve ark., 2005). Su ve bitki
ortusltinliin zengin oldugu dogal ortamlar, bitki értiist
bakimindan fakir olan kent ortamlarina kiyasla ¢ok
daha rahatlaticidir (Schroeder, 1991). Kentlerde

insanlar, rekreasyon aktiviteleri i¢in dogal veya yapay
yollarla olusturulmug su ytizeylerini ve yesil alanlari
tercih etmektedirler. Suyun dinlendirici etkisi ve
mikroklimatik 6zellikleri bu tercihte etkili olmaktadir.
Ayrica kentlerde bulunan bu tir rekreasyon alanlari
dogal, kiiltirel ve estetik degerlerin arttirilmasi ile
kentin turistik agidan daha cekici bir hale gelmesini
saglamaktadir. Bu suretle, gelir ve istihdam
olanaklarinin geligtirilmesinde de etkisi
bulunmaktadir (Chiesura, 2004). Kentlerde yer alan
su kiyilary; canlhilar i¢in yasam ortami olusturmak,
biyolojik c¢esitliligi saglamak, kiy1 seridi erozyon
kontroliinii saglamak, tagkin kontroli yapmak, riizgar
perdesi ve mikroklimatik ortam olusturmak gibi
etkilere sahiptir (Dugan, 1990; Kusak, 2006). Su
kiyilar1 ve su yuizeylerinin kiyisinda yer alan bitkiler,
kiyilar1 etkileyen dalga ve akinti gibi kuvvetleri
azaltmaktadir. Aymi zamanda, buradaki bitkiler
kokleri ile tortu maddelerini depolayarak su
yuzeylerinin  kiyisindaki  yerlesim ve  tarim
arazilerindeki erozyonu onlemektedir. Go6l kiyilar
yogun yagislar nedeniyle olusan fazla suyu tutarlar.
Yagislarla toprak ylzeyinde biriken fazla su, su
kiyilarinda emilmekte ve yeralti suyu olarak
depolanmaktadir (Dean, 1978).

Bu calismada dogal veya yapay olarak olusturulmus
gollerin ¢evresine yapilabilecek 6rnek bir tasarim
gerekegeleriyle sunulmustur. Tirkiye'nin zengin
cografyasinda hemen her il ve ilgcede yer alan bir¢ogu
atil veya yanlhis kullanimlarla c¢evrelenmis gol
cevrelerine o6rnek bir 6neri ile yerel yonetim ve bu

konuda c¢alisma yapacaklara rehberlik etmesi
ongorulmustir.

MATERYAL ve YONTEM

Materyal

Calisma alani1 olarak belirlenmis olan Sulugél,
Karadeniz Bolgesi'nin Orta Karadeniz Bolimii'nde yer
alan Tokat ilinin Niksar il¢esine bagh bir kéydur. Sekil
I’de calisma alaninin iilke ve il i¢indeki konumu
verilmigtir.

Sekil 1. Calisma alaninin ulke ve il i¢indeki konumu.
Figure 1. Location of the study area within the country and province.
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Niksar, 1861 yilinda kurulmustur. Yuzol¢gimi: 955
km2 olan kentin rakimi 350 m.dir. Kentin, il
merkezine uzakligr 60 km.’dir. Niksar kentinin tarihi
MO.64 yillarina dayanmaktadir (Tokat Valiligi, 2019).
Niksar'da Karadeniz iklimi ile I¢ Anadolu karasal
iklimi arasinda bir gegis iklimi goriilmektedir. Kiglar
genellikle 1lik ve yagigh, yazlar ise sicak geger. Her ay
yagis alan ilgenin yillik yagis ortalamasi 475,2 mm.
iken yillik sicaklik ortalamasi 14,7°C’dir (Unal, 2004).
Niksar ormanlarinda Quercus coccifera (Kermes
mesesi), Fagus orientalis (Kaymn) ve Pinus nigra
(Karacam) bitki tirlerine rastlanmaktadir

(Elicaligkan, 2007). Niksar ekonomisi genis &lciide
tarim ve orman {irlinlerine dayahdir (Niksar TSO,
2017). Tiirkiye Istatistik Kurumu (TUIK)'na ait 2018

verilerine gére Niksarin niifusu 65.308 kisidir.
Nifusun 49.66’s1 erkek, % 50.33’i kadindir (TUIK,
2020). Niksar, tektonik acidan Tiirkiye'nin en aktif fay
hatlarindan Kuzey Anadolu Fay Hatt1 tizerinde yer
almaktadir (Toprak ve Sahin, 2017). Bu nedenle,
sehirde deprem riski hep glindemde olan bir konu
olmustur. Kent énemli depremler yasamis ve birgok
kez yikilmigtir. Sekil 2'de ¢alisma alan olan Sulugél
ve yakin ¢evresine ait fotograflar verilmistir.

Sulugol, Niksar kent merkezinden 7 km. uzaklikta
bulunmaktadir. Koyiin ekonomisi tarima dayahdir
(IND, 2020). Calisma alaninda mevcut durumda
herhangi bir rekreasyonel alan kullanimi yoktur.

Sekil 2. Sulugél ve yakin ¢evresinden gérintmler.
Figure 2. Views from Sulugél and its vicinity.

Yontem

Calisma veri toplama, analiz, degerlendirme ve sonug
olmak tizere 4 agamada gerceklestirilmistir. Oncelikle
alana ve konuya iligkin literatiir taramasi yapilmigtir.
Arazide yapilan ¢alismalarda belediye yetkilileri ve
halkla goriismeler yapilarak kullanici istekleri ve
beklentiler belirlenmisgtir.

Sekil 3’te yapilan arazi ¢aligmalarindan goérintmler
yver almaktadir. Arazi ¢alismasi 6ncesinde yapilan
literatiir tarama ve arazide yapilan sérvey calismasi
ile elde edilen veriler bilgisayar ortaminda

toparlanmisg, yerel yonetimin karar vericileri ile sorun
ve c¢Ozimler tartigilmig ve nihai plan kararlarina
varilmigtir. Daha sonra, uretilecek peyzaj tasarim
projesi i¢in konsept ve konsepte gore tasarim ilkeleri
belirlenmigtir. Konseptin se¢iminde kentin tarihi
yapis1 ve alanin dogal 6zellikleri etkili olmustur. Son
asamada ise; eskiz c¢aligmalari yapilarak alternatif
tasarimlar olusturulmustur. Kesinlik kazanan proje
gizgileri AutoCad 2017 programi kullanilarak
bilgisayar ortamina aktarilmigtir. Projenin nihai hali,
SketchUp ve Lumion yazilimiyla modellenmis ve
Photoshop CS5 programiyla sunuma hazirlanmigtir.

Sekil 3. Arazi ¢aligmalarindan géruntmler.
Figure 3. Views from the field studies.
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BULGULAR

Bu bolimde alan igin gelistirilen peyzaj tasarim
projesinin konsepti ve bu konsept dahilinde belirlenen
alan kullanimlarina iligkin bilgi verilmigtir.

Konsept: Projenin konsepti “Badem Cicegi” olarak
disunulmustiir. Konseptin ¢ikis fikri “badem c¢iceginin

bahar1 ve bahardaki renkliligi amimsatmasi”dir. Bu
fikir ile projede tasarim asamasinda bahardaki
renkliligi ifade edecek odak noktalari ve kullanim
alanlar1  tasarlanmigtir. Kullanim  alanlarinin
belirlendigi Leke Plan agsamasina ait pafta Sekil 4’te
verilmigtir.

TOKAT-NIKSAR SULUGOL REKREASYON ALANI PEYZAJ TASARIM PROJESI

Botunik Bahgesi ve Kuy Cenneti— Kufe 2900 m2 )

Minyatiic Park Spor Alane
(1900 m2 )

LEJAND

(9500 m2)

’ I orerk

Sekil 4. Leke plan agamasa.
Figure 4. Stain plan phase.

Tasarim  elemanlari: Projede belirlenen alan
kullanimlari; otopark, fayton park alani, bitki sergi
alami, kus cenneti, meydan, kafe, restoran, ugurtma
alani, konser alani, ¢im alanlar, kultir sanat evi
(kiitiphane ve lokal), Yériikk cadiry, iskeleler, hobi
bahcesi, meyve bahceleri, piknik alani, millet kahvesi,
minyatir park, spor alanlar1 ve seyir teraslarindan
olusmaktadir. Kesin proje asamasinda olusturulan
pafta Sekil 5te verilmigtir. Sekil 6-13’de ise yapilan
peyzaj tasarimina iliskin 3 boyutlu goériiniimler yer
almaktadir.

Yaya ve arac¢ ulasimi: Calisma alanina 1 adet kuzey
yonld, 1 adet kuzeybat1 yonli ve 2 adet dogu yonlu
olmak tzere toplam 4 adet giris planlanmistir. Ana
aksin girig ile beraber genigligi 5 m. olarak
belirlenmigtir. Ana aks engelli yolunu ve fayton gezi
yolunu da barindirmaktadir. Ana aks ve baglanti
yollarinda prizma-kiip tas doseme kullanilmigtir.
Tasarlanan yol glizergahi ve secilen déseme malzemesi
ile engellilerin alana erigebilmesi de saglanmigtir. Ana
aks ve baglantilar ile alan igerisinde tim noktalara
erismek mumkiindiir. Baglant: yolu olan ara aksin
genigligi 2,5 m. olarak 4 kiginin ayni anda kullanimim
saglayacak sekilde olusturulmustur. Bisiklet yolu,
gblin ¢evresini dolasacak sekilde ana aksa paralel

93

olarak tasarlanmistir. Bisiklet yolu olusturulurken
12.12.2019 tarih ve 30976 sayili resmi gazetede
yayimlanan Bisiklet Yollar1 Yonetmeligi esas alinmasg,
yonetmelikte de belirtildigi gibi yol glzergdahi uzun
omurla ve kaydirmaz ozellikte mavi renk boya ile
boyanmistir. Bisiklet yolunun genigligi 2 m. olarak
planlanmigtir. Bisiklet yolu tizerinde 3 adet bisiklet
park istasyonu konumlandirilmigtir. Bu duraklarin
her birinin genigligi yaklagik 20 m2'dir.

Minyatiir park alani: Alanin kuzeydogusunda 1900 m?
buyuklige sahip olacak sekilde planlanmistir. Bu
alanda her yas grubundan cocuga hitap eden oyun
elemanlari, Niksar tarihi i¢in 6nemli olan hiikkiimdar
karakterleri, kum havuzu, bitki labirenti, satrancg
alani ve kafeye yer verilmigtir. Oyun alani igerisinde
ebeveynler i¢gin oturma alani tasarlanmig olup gdélge
alanlar yaratilmigtir. Minyatiir park alaninin bitkisel
tasariminda: Malus floribunda (Siis elmas1), Laurus
nobilis (Defne), Platanus orientalis (Dogu cinari),
Pittosporum tobira (Yaldiz calis1), Viburnum opulus
(Kartopu), Abelia grandiflora (Giizellik ¢alis1) bitkileri
kullanilmigtir. Bitkilerin se¢iminde kullanicilar i¢in
gblgeli mekan olusturma, bitkilerin yaprak rengi,
gicekleri ve kokulariyla gérinimi zenginlegtirmek
amaglanmigtir
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TOKAT-NIKSAR SULUGOL REKREASYON ALANI PEYZAJ TASARIM PROJESI
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Sekil 5. Kesin proje agamasi.
Figure 5. Final project phase.

Piknik alani: Alanin glineydogu yonunde
konumlandirilmigtir. Alanin buyukligia 6200 m?
olarak planlanmigtir. Piknik alam icerisinde barbeki
alanlar bulunmaktadir. Kullanicilar, kendi
getirdikleri gidalar1 tiiketilebildikleri gibi alan
icerisinde bulunan bifeden de yiyecek-icecek temin
edilebilmektedir. Alana, masa ve oturma
birimlerinden olugan uniteler yerlestirilmigtir. Alan
icerisindeki oturma birimleri yar1 acgk olarak
tasarlanmis olup alanda 4 adet stis havuzuna yer
verilmigtir. Piknige gelen kigilerin kullanimina
yonelik olarak 1 adet ¢ok amacglhh spor sahasi
tasarlanmigtir. Ayrica alanin kuzeybati ve kuzeydogu
yonlerinde 2 adet wc konumlandirilmigtir. Piknik
alaninin bitkilendirilmesinde mevcutta yer alan Picea
orientalisden  (Dogu  ladini)  yararlamilmistir.
Mevcuttaki agaglarin yeterli sayida olmasi nedeniyle
alana yeni aga¢ eklenmemistir. Igne yaprakl olan
(Picea orientalis) agaclar arasinda insanlarin piknik
yapabilecegi yeterli biiytikliikkte alan mevcut durumda
korunmustur..

Fayton park alani: 3100 m?2 buyukliginde olup alanin
kuzeybatisinda bulunmaktadir. Her fayton igin gerekli
alan 30 m2 digliniilmiis olup ayni anda 8 fayton park
edebilecektir. Faytonlarin bakim ve onarim atélyeleri
de bu alan igerisinde yer alacaktir. Yine bu alan
icerisinde fayton surucileri ve bakim-onarim
gorevlilerinin  yemek, dinlenme vb. ihtiyaclarim
kargilamak adina 1 adet sekizgen késeli kameriyeye
yer verilmistir. Alanda Fraxinus excelsior (Disbudak)
ve  Picea orientalis (Dogu ladini) bitkileri
kullanmilmigtir. Picea orientalis mevcut durumda yer
almaktadir. Fraxinus excelsior ise g6lge amach
kullanilmigtir.
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Otoparklar: Alanin kuzeyinde ve dogusunda olmak
uzere 2 farkli noktada konumlandirilmistir. Otopark
alanlari toplamda 136 otomobil ve 5 gezi otobiisii park
edecek gekilde dustnilmustir. Kuzeyde yer alan
otoparkin igerisinde yonetim binasi bulunmaktadir.
Otoparklarda givenli giris-¢cikis saglanmasi adina
giivenlik noktalari konumlandirilmigtir. Déseme
olarak asfalt tercih edilmistir. Otopark bitkilendirme
ilkelerine uygun olarak yapilan Dbitkilendirme
tasariminda; Acer negundo (Akgaagag) kullanilmigtir.
Bu bitkinin se¢im sebebi ise tepe g¢apinin ylksek
olmas1 ve yapraklarinin araglara zarar vermeyecek
formda olmasidir.

Kafe: Proje alaninin tam merkezinde kafeye yer

verilmigtir. Alanmin buyukliga 2900 m? olarak
planlanmigtir. Kafenin c¢atis1  glines panelleri
kullanilarak tasarlanmigtir. Bu gekilde enerji

tasarrufu saglanacag diustnilmektedir. Kafe alani
icinde acik ve kapali oturma alanlarina yer verilmigtir.
Alan Sulugolin kuzeyinde bulunmaktadir. Kafe alan,
renkleri ve formuyla etkili olan Malus floribunda (Siis
elmasi) ile vurgulanmigtar.

Restoran: Alanin kuzeydogusundaki tepede
konumlandirilmigs olup egim yoninde yukaridan
asagiya dogru seyir terasti ve koku bahgesi
tasarlanmigtir. Seyir terasi restoran ile dogrudan
baglantili olup restoranin acik mekani olarak da
kullanilabilecektir. Bu ti¢ kullanim i¢in toplamda 9200
m27ik alan ayrilmigtir. Bu alanda kullanilan bitkiler;
Forsythia intermedia (Cin altin ¢can1), Syringa vulgaris
(Leylak), Rosmarinus officinalis (Biberiye), Abelia
grandiflora (Gizellik calis1), Lonicera purpusii
(Hanimeli), 7ilia tomentosa (Ihlamur), Prunus cerasus
(Visne), Punica granatum (Siis nar1), Morus alba (Ak



KSU Tarim ve Doga Derg 24 (1): 90-98, 2021
KSU J. Agric Nat 24 (1): 90-98, 2021

Aragtirma Makalesi
Research Article

dut), Malus floribunda (Siis elmas1) ve Laurus nobilis
(Defne)’dir. Restoran ve terasta oturan kullanicilarin
g6l manzarasini seyrederken gézlemleyebilmesi

2.PROJE 2.PROJE

1.PROJE

1.PROJE 2.PROJE

2.PROJE 1.PROJE

Sekil 6-13. Alan peyzaj tasariminin ii¢ boyutlu (3D) gériintiileri

amaciyla bu alanda renk etkisi olan bitkilere yer
verilmigtir. Ayn1 zamanda agaclarin ¢icek ve yaprak
rengi ile koku vermesi secimde etkili olmustur.

Figure 6-13. Three dimension (3D) views from landscape design of area

Iskeleler: Sulugél tzerinde toplam 5 adet iskele
tasarlanmig olup bu iskelelerin biyitikliikleri 30 m2 ile
50 m? arasinda degismektedir. Iskele etrafim saracak
sekilde ahgsap korkuluklara yer verilmig olup olasi
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kazalara karsi 6nlem alinmigtir.

Ucurtma alani ve konser alani: Alanin en ilging
noktalarindan birini olusturmaktadir. Bu alanda
gocuklarin ve yetigkinlerin hareket ederken
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eglenebilecekleri genis bir yesil alan tasarlanmigtir.
Ucurtma aktivitesinin olmadig1 zamanlarda bu alan
toplanma ve konser alani olarak hizmet verecektir. Bu
alanin genigligi 10.000 m?2 olarak planlanmigtir.

Spor alanlari: Proje alaninin kuzeydogusunda yer
verilmistir. Icerisinde futbol sahasi, basketbol sahasi,
voleybol sahasi, tenis kortu ve fitness alam
bulunmaktadir. Kullanim alanlarinin buyuklagi
hesaplandiktan sonra toplam alan buytikligi 9500 m?
olarak saptanmigtir. Spor alanlarinin ¢evresinde gerek
mahremiyetin  saglanmasi1 gerekse glriltinin
onlenmesi amaciyla bitkisel perdeleme yapilmigtir.
Izleyiciler icin oturma basamaklariyla tribiin
olusturulmustur. Bu 4 spor kompleksinin tam
merkezinde ve spor komplekslerine hakim konumda
bulunan bir acik oturma alam tasarlanmistir. Fitness
alan1 ise alanin guneyinde olup igerisinde her yas
grubunun kullanimina uygun elemanlara yer
verilmigtir. Ayni1 zamanda fitness alani icerisinde
dinlenme imkanmi sunan 2 adet kameriye
konumlandirilmigtir. Spor alanlarinin
bitkilendirmesinde; Viburnum opulus (Kartopw),
Pittosporum tobira (Yildiz calis), Syringa vulgaris
(Leylak), Acer negundo (Disbudak), 7ilia tomentosa
(Thlamur) ve Malus floribunda (Siis elmas1)
kullanilmistir. Agaglarin ¢icek ve yaprak rengi ile
koku vermesi segimde etkili olmustur.

Hobi  bahceleri: Alanin  kuzeydogusunda yer
almaktadir. Bu alan kentte bulunan okullarda egitim-
O6gretim goéren Ogrencilere ekim-dikim kultara
kazandirmak amaciyla tasarlanmistir. Toplam 3200
m2 buyiklikte olmasi planlanmigtir. Alanlarin
simirlandirmalar: bitkisel citlerle yapilmistir. Alanin
iki sinmirina komsu olacak sekilde toplam 9600 m2
buyuklugindeki meyve bahcgelerine yer verilmigtir.
Hobi bahgeleri ve meyve bahgelerinde; Prunus cerasus
(Visne), Prunus cerasifera ‘Pisardii nigra’ (Siis erigi),
Morus alba (Akdut), Malus floribunda (Siis elmas),
Punica granatum (Sis nar1), Morus nigra (Siyah dut),
Cydonia oblonga (Ayva) ve Prunus domestica (Erik)
bitkileri kullamilmistir. Insanlarin bitki ve meyve
yetistirme duygusunu pekistirmek, meyvelerinden
yararlanmak amaciyla bu tirler segilmistir.

Yorik ¢adiri: Alanin giineybatisinda 5500 m?’lik alan
icerisinde konumlandirilmigtir. Yorik ¢adirinin ig
tasarimi1 Niksar tarihi ge¢misine uygun olarak
tasarlanmistir. Osmanli Devletinde kullanilan Yaren
odalar1 gelenegi bu c¢adirin igerisinde devam
ettirilecektir. Ayn1 zamanda alanin g¢evresinde agik
oturma alanlarina da yer verilmigtir. Yoriik ¢adirinin
etrafinda genig ¢im alan tasarlanmagtir.

Millet kahvesi: Alanin glineydogusunda 9700 m?lik
alan Uzerine konumlandirilmigtir. Bu alanin igine
Millet kahvesinin yani sira acik-kapali oturma
alanlari, yoresel iriin satig alam1i ve sergi alani
yerlestirilmigtir. Alandan iskeleye baglanan gecis
estetik bir gértinim katmaktadir. Millet kahvesinin
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¢evresinde sert zemin ve genig ¢im alan tasarlanmigtir.

Kiiltiir sanat evi (Kiitiiphane ve lokal): Alanin
glineybatisinda toplamda 12.000 m? buyukligindeki
alan tzerinde konumlandirilmigtir. Kiitiiphanede,
kentteki o6grenciler i¢in sakin bir ¢alisma ortami
yaratilmigtir. Calisma zamanlari diginda ise
rekreasyon alami icerisinde istedikleri sosyal
aktiviteleri gergeklestirebilme imkéani sunulmustur.
Binanin etrafinda genis ¢im alan lizerine pergola ve
oturma elemanlari konulmustur. Alanin
bitkilendirilmesinde; Prunus cerasifera ‘Pisardii nigra’
(Siis erigi), Cupressus arizonica (Arizona servisi),
Viburnum opulus (Kartopu), Punica granatum (Siis
nar)) ve Hydrangea macrophylla (Ortanca)
kullanilmigtir. Bitkilerin se¢iminde yaprak rengi ve
cigekleriyle alana farkli renk katip goérintimi
glizellestirmeleri digtintlmustur.

Meyve bahgeleri: Alanin dogusunda iki parga olarak
9600 m? buyukliginde planlanmistir. Bu alanda
kullanicilarin, 6zellikle de c¢ocuklarin meyve
agaclariyla etkilesim halinde olmalar: amaclanmistir.
Bu dogrultuda, yenilebilir peyzaja yonelik bir alan
olusturulmustur.

Kus cenneti: Alanin kuzeybatisinda bitki sergi
alaninin igerisinde yer alip 2000 m?2 buyuklige
sahiptir. Bu alanda yirtici kuglar disinda kalan kuglar
(papagan vb.) sergilenecektir. Alanin tasarimi asma-
germe sistemine benzer nitelikte dikmeler tizerine
aglarin gerilmesiyle saglanacaktir. Bu biliyik kafes
icerisinde kuglarin dogal ortaminda bulunan bitkilere
yer verilmistir. Kus cenneti etrafinda; Acer palmatum
‘Atropurpureum’ (Kirmizi  yaprakli  akcaagac),
Forsythia intermedia (Cin altin can1), Abelia
grandiflora (Guzellik calis) ve Syringa vulgaris
(Leylak) bitkileri kullanmilmistir. Bu alanda yine cigek
ve yaprak rengiyle 6n plana ¢ikan bitki tiirleri tercih
edilmigtir.

Meydan: Alanin kuzeybati girisinin hemen oniinde
bulunup 12.000 m2? buyiikliktedir. Bu alan aym
zamanda dogal afet ve acil durum aninda toplanma
alani olarak da kullanilacaktir. Alan icerisinde 16
Turk Devleti’'nin bayragi bulunmaktadir. Meydanin
bitkilendirilmesinde, Robinia pseudoacacia (Yalanci
akasya) ve Viburnum opulus (kartopu) kullanilmistir.
Tirlerin se¢iminde gigek rengi ve koku vermesi etkili
olmustur.

Bitki sergi alani: Alanin kuzeyinde yer alip 10.000 m2
genigligindedir. Bu alanda; tibbi aromatik, egzotik ve
endemik bitkilerden olusan sistematik bir bitkisel
tasarim uygulanmistir. Boylece gorsel etkinlik
artirilmigtir. Alan ve ¢evresinde; Acer palmatum
‘Atropurpureum’ (Kirmizi  yaprakli  akcaagac),
Aesculus hippocastanum (Beyaz cicekli atkestanesi),
Liriodendron tulipifera (Lale agac1), Prunus cerasifera
‘Pisardii nigra’ (Siis erigi), Robinia pseudoacacia
(Yalanc1 akasya), Kerria japonica (Kanarya giilii),
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Juniperus horizontalis (Yayihicr ardic), Abelia
grandiflora (Giizellik ¢alis1), Pittosporum tobira (Yildiz
calis), Viburnum opulus (Kartopu), DBerberis
thunbergii ‘Atropurpurea’ (Adi kadintuzlugu) ve
Chanomeles japonica (Bahar dal) kullanilmigtir.
Tiurlerin se¢iminde yaprak rengi, ¢igekli olmas1 ve
koku vermesi distiniilmustiir. Ayn1 zamanda yayilict

Cizelge 1. Proje alaninda kullanilan bitkiler
Table 1. Plants used 1n the project area

turden ¢ali ve agaca varan hiyerarsik diizende bitki
boyutlar: da tirlerin seciminde etkili olmustur.

Proje alaninda uygulanan

bitkisel

tasarimda

kullanilan bitki tiirleri Cizelge 1’de liste halinde

verilmigtir.

Latince Ad1 (Latin Name) Tiirkce Adr (Turkish Name) Adet(Piece)
Abelia grandiflora Gizellik calis1 48
Acer negundo Digbudak yaprakli akgaagac 24
Acer palmatum ‘Atropurpureum’ Kirmiz1 yaprakh ak¢aagag 3
Aesculus hippocastanum Beyaz gigekli at kestanesi 1
Berberis thunbergii ‘Atropurpurea’ Adi kadintuzlugu 8
Chanomeles japonica Bahar dah 10
Cupressus arizonica Arizona servisi 4
Cydonia oblonga Ayva 8
Forsythia intermedia Cin altin cam 22
Fraxinus exelsior Disbudak 540
Hydrangea macrophylla Ortanca 12
Juniperus horizontalis Yayilic1 ardig 12
Kerria japonica Kanarya giili 8
Laurus nobilis Defne 7
Liriodendron tulipifera Lale agac1 1
Lonicera purpusii Hanimeli 15
Malus floribunda Stis elmasi 10
Morus alba Akdut 17
Morus nigra Siyah dut 11
Picea orientalis Dogu ladini 144
Pittosporum tobira Yildiz ¢calis1 20
Platanus orientalis Dogu ¢inar: 2
Prunus ceracifera ‘Pissardii nigra’ Siis erigi 12
Prunus cerasus Visne 16
Prunus domestica Erik 19
Punica granatum Siis nar1 12
Robinia pseudoacacia Yalanci akasya 3
Rosmarinus officinalis Biberiye 17
Syringa vulgaris Leylak 50
Tilia tomentosa Thlamur 12
Viburnum opulus Kartopu 59

SONUC

Sulugol Rekreasyon Alani Peyzaj Tasarim Projesinde
alan kullanimlari, dogal c¢evrenin korunmasi ve
butiincul planlama anlayisiyla belirlenmistir. Projede,

alan potansiyellerinin  strdiirilebilir  kullanima
odaklanilmigtir.
Projenin  uygulamaya  gegirilmesi = durumunda,

kontrolsiiz durumda iken cevresel ve sosyal yonden
tehditlere ac¢ik olan alan sahip oldugu dogal ve
kiltirel o6zellikleriyle birlikte korunmus olacaktir.
Ayni zamanda kente alternatif bir rekreasyon alani
kazandirilacaktir. Koruma-kullanim anlayisina dayal
olarak dogal degerlerin korunmasina yonelik
tasarimlar yapilmasiyla, Sulugél ve ¢evresinin bugiine
kadar yanhg ya da eksik kullanimina bagh olarak
gelisen tahribatlarin  onarilmasi1 saglanacaktir.
Ekolojik denge gozeterek yapilan bitkisel tasarimlar

ile biyocesitlilik arttirilarak diger canlilar i¢in de bir
yasam alam olusturulmus olacaktar.

Cikar Catigmasi Beyani
Makale yazarlari

aralarinda herhangi

catigsmasi olmadigini beyan ederler.
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OZET

Bu calisma, 24 adet sebze tipi sakiz fasulyesi (Cyamopsis
tetragonoloba [L.] Taub.) genotipinin cimlenme déneminde alt1 tuz
konsantrasyonunda (kontrol, 6, 8, 10, 12 ve 15 dS m™) tuzluluga
toleranslarini fide kuru agirliklarina goére belirlemek ve toleransh
genotipleri segmek amaciyla yuratilmustir. Sakiz fasulyesinin kuru
fide agirligi tuz uygulamalarindan énemli derecede etkilenmigtir. Tuz
uygulamasi, genotip, tuz uygulamasi x genotip interaksiyonu
istatistiksel olarak o6nemli olmustur (P<0.01). Farkh tuz
konsantrasyonlarina gore genotipleri degerlendirmek amaciyla
regresyon analizi ve GGE biplot analizi (tuz uygulamalar1 = cevre)
yapilmigtir. GGE biplot analizi toplam varyasyonun %97’sini
aciklamigtir. Her genotipe ait olusturulan regresyon grafikleri ile
GGE biplot grafiklerinde genotiplerin konumlar: birbiriyle uyumlu
olmustur. Kontrol uygulamasinda yiiksek agirliga sahip olan ve tuz
uygulamalarina gore agirligt daha az degisen G19, G11 ve G4
genotipleri pozitif PC1 ve PC2 degerleri ile tuzluluga en dayanikl
genotipler olarak belirlenmigtir. Kontrol uygulamasinda ytiksek kuru
agirhga sahip olan ancak, tuz uygulamalariyla agirlik azalma orani
en fazla olan G12 ve G20 genotiplerine ait PC2 degerleride diisiik
gerceklesmistir. Kontrol uygulamasinda diigsiik agirliga sahip olan ve
tuz uygulamalarindan yiiksek oranda olumsuz olarak etkilenen G21
ve G22 genotipleri tuzluluga en hassas genotipler olarak
belirlenmigtir. GGE biplot yonteminde genotip seleksiyonu igin
kullanilan ortalama eksene goére tuzluluk esik degeri 10 dS m™ olarak
belirlenmigtir. Tuzluluga dayanikli genotipleri belirlemek amaciyla
yuriutilecek arastirmalarda, regresyon analizi ile GGE biplot
analizinin birlikte kullamilmas1 arastiricilarin  daha bagarih
seleksiyon yapmasim saglayacaktir.

Investigation of Salt Tolerant Genotypes in Edible Cluster Bean
ABSTRACT

This study was conducted to determine salinity tolerances at six salt
concentrations (control, 6, 8, 10, 12, and 15 dS m'!) in the germination
period of 24 vegetable type cluster bean (Cyamopsis tetragonoloba [L.]
Taub.) genotypes and to select tolerant genotypes. The dry seedling
weight of the gum beans was significantly affected by salt
applications. Salt application, genotype, salt application x genotype
interaction was significant (P <0.01). Regression analysis and GGE
biplot analysis (salt application = environment) were performed to
select genotypes for different salt concentrations. GGE biplot analysis
explained 97% of the total variation. Regression graphs created for
each genotype and the positions of genotypes in GGE biplot were
compatible with each other. G19, G11, and G4 genotypes, which have
a high weight in the control application and whose weight varies less
with the salt applications, have been identified as the most saline
resistant genotypes with positive PC1 and PC2 values. PC2 values of
G12 and G20 genotypes, which have high dry weight in control
application but have the highest weight reduction rate with salt
applications, were also low. G21 and G22 genotypes, which have a
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small weight in the control application and are profoundly affected by
salt applications, have been identified as the most susceptible to
salinity. In the GGE biplot method, the salinity threshold value was
determined as 10 dS m according to the average axis used for
genotype selection. Using regression analysis and GGE biplot analysis
together with researches to determine salinity resistant genotypes
will enable researchers to make more successful selections.

Ataf I¢in: Akgura S 2021. Sebze Tipi Sakiz Fasulyesinde Tuza Toleransh Genotiplerin Arastirilmasi. KSU Tarim ve Doga Derg
24 (1): 99-107. https://doi.org/10.18016/ksutarimdoga.vi.727318.
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GIRIS

Tarimsal turetimde tuzluluk problemi iki gekilde
ortaya cikmaktadir. Birincisi toprak tuzlugu, ikincisi
ise sulama suyu tuzlulugudur. Uzun vadede tuzluluk
tarimsal Uretimde bitki verimliligi ile tarim
yapilabilen arazi miktarini azalttigi i¢in kiiresel bir
sorundur (Scagel ve ark., 2019). Tarimsal iiretim
acisindan tuzlu topraklar EC degeri 4 dS m! izerinde
olan topraklar olarak tanimlanmaktadir (Khalid ve
Shedeed, 2014). Tarimi kisitlayan  tuzluluk
probleminde, topraklarin tarimsal uretime uygun
sekilde 1slah edilmesi ile tuzluluk problemi olan ve
tarimsal ac¢idan kullanilmasi zorunlu olan sulama
suyunun tarima uygun hale getirilmesi oldukc¢a pahal
bir yoldur. Ancak hem sulama suyu tuzlulugu hemde
toprak tuzluluguna dayanikli cesit gelistirilmesi
stirdirilebilir tarim agisindan en uygun yoéntemdir
(Flowers, 2004). Fakat bu tiir kosullar icin yiiriitiillen
1slah calismalarinin her zaman arazi kosullarinda
yuriutilme imkani yoktur. Bu nedenle tarimi yapilan
bitkilerde hem toprak hem de sulama suyu
tuzluluguna dayaniklilik islah c¢alismalar: genellikle
laboratuvar kosullarinda EC iletkenligi ile ayarlanmisg
tuzlu sulama suyu ile c¢imlenme asamasinda
yapilmaktadir (Datta ve Dayal, 1988).

Tuzlu kosullara bitkilerin uyum saglamasinda en
onemli faktér tohumun c¢imlenerek saglikli bir fide
olusturmasidir. Sodyum Kklorir ile yuritulen bir
arastirmada tuzluluk stresinin, ¢gimlenmeyi 6nleyen
veya geciktiren c¢esitli fizyolojik ve biyokimyasal
bozukluklara neden oldugu bildirilmistir (Rehman ve
ark., 1996). Ayrica, tuzun tohumlarin saghkh fide
olusturmasini ¢imlenme yuzdesinden daha fazla
etkileyebilecegini gésteren ¢aligma sonuglar1 da vardir
(Lovato ve ark., 1994).

Bitkilerin sulama suyu ve toprak tuzluluguna karg: en
hassas oldugu dénem ¢imlenme ve ¢ikis dénemidir.
Cimlenerek saghkli fide olusturan bitkilerin tolere
edebildigi tuzluluk dereceleri ¢imlenme agsamasindaki
bitkilerden daha yiiksektir (Datta ve Dayal, 1988; El-
Gamal, 2000).

Sakiz fasulyesi tarla bitkileri igerisinde ¢ok farkl
kullanim alanina sahip ender bitkilerden birisidir. Bir
arastirmada kagit tiretiminden dondurma sanayisine
kadar kullamilan 25 farkli kullanim alanmi oldugu

100

bildirilmistir (Douglas, 2005). Degerli bir bitki
olmasindan dolayi, farkl ¢cevrelerde sakiz fasulyesinin
yetigtiriciligi konusunda arastirmalar
yuritilmektedir (Akcura ve ark., 2019). Sakiz
fasulyesi tarmmi yapilan baklagiller igerisinde
tuzluluga en dayanikl bitkilerden birisi olarak kabul
edilir (Deepika ve Dhingra, 2014). Bircok c¢alismada
farkls sakiz fasulyesi genotipleri tarla ve laboratuar
kogullarinda tuz toleransi agisindan test edilmig, bu
calismalarda toleransli genotipler belirlenmigtir
(Vinizky ve Ray, 1988; Rosas ve ark., 1996; Deepika ve
Dhingra, 2014; Igbal, 2015; AlShameri ve ark., 2019;
Jahan ve ark., 2019). Ozellikle genotip sayisimin
yiksek oldugu durumlarda arastiricilar ¢ok sayida
genotipl tuzluluga karsi kisa siirede degerlendirmek
istedigi zaman ¢imlenme déneminde ¢alisma yapmayi
tercih etmektedir. Sakiz fasulyesi genotiplerinin 200
mM NaCl ¢ozeltisinde ¢gimlenme déneminde tuzluluga
dayanikliligini  belirlemek amaciyla yapilan bir
arastirmada, kontrol uygulamasinda %90.3 olan
cimlenme oraninin, tuz c¢ozeltisi uygulamasinda
%7.Tye dustugl, tuzlu ortamda c¢imlenme orani
yiuksek genotiplerin tuzluluga dayanikli oldugu
bildirilmistir (Teolis ve ark., 2009). Cimlenme
doneminde sakiz fasulyesinde tuzluluga dayanikl
genotipleri belirlemek amaciyla yuritilen
arastirmalarda 8 dS m! (Ak¢aman ve ark., 2017) ve 8.8
dS m1 etkilenme esik seviye olarak belirlenmistir
(Francois ve ark., 1990; Teolis ve ark., 2009).

Regresyon analizi tuzluluga dayanikli genotipleri
degerlendirmek amaciyla farkh bitkilerde
kullamlmistir (Kandil ve ark., 2012; Giildiiren ve
Elkoca, 2012; Habtamu ve ark., 2013; Lavrenko ve
ark., 2019). GGE biplot analizi temelde cok farkh
cevrede kurulan denemelerde incelenen kantitatif
ozellikleri kullanarak, hangi genotipin hangi ¢evreye
daha iyi uyum sagladigi ve hangi gevrenin genotip
seleksiyonunda daha etkili oldugu v.b. hipotezleri test
etmek amaciyla kullanilan bir yéntemdir (Akcura ve
ark., 2019). Bu calismada tuz uygulamalari cevre
olarak  kullanilmig, GGE Dbiplot yontemi ile
genotiplerin tuza dayanmiklhiliklar1 degerlendirilmigtir.

Bu arastirmada, 23 adet sebze tipi sakiz fasulyesi hatt:
ile Samen ¢esidinin fide kuru agirhgina gére sulama
suyu tuzluluguna tepkileri alt1 farkli tuz
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uygulamasinda [Kontrol (0.5), 6, 8, 10, 12 ve 15 dS m’
1] test edilmistir. Stres tolerans indeksi (STI)
degerlerini kullanarak, regresyon analizi ve GGE
biplot yéntemi ile sulama suyu tuzluluguna toleransh
genotipler belirlenmistir.

MATERYAL ve METOT

Calismada, materyal olarak kullanilan hatlar
Hindistan ve Pakistan’dan temin edilen yerel sakiz
fasulyesi populasyonlarindan teksel seleksiyon
yontemi (G1-G23 aras1 olanlar) ile Canakkale
kogullarinda gelisgtirilmistir. Bu hatlarin yaninda
kontrol olarak Pakistan orijinli Samen c¢egidi
kullanilmig, deneme toplam 24 adet genotip ile
kurulmustur. Deneme tesadif parsellerinde faktoriyel
deneme desenine gore 3 tekerrurli olarak
yuratilmustir.

Dogal sulama sularinda en yaygin bulunan katyonlar
Ca, Mg ve Na’dir. Bazen de az miktarda potasyum
bulunabilmektedir. Bu durum dikkate alinarak
sulama sular1 s6z konusu tuzlar kullanilarak
hazirlanmigtir. Sulama sularinin hazirlanmasinda
Sodyum Adsorbsion Oraninin (SAR) 3’den kiigiik
olmasi saglanmig ve bu nedenle farkh tuz kaynaklari
(NaCl, MgSO4, CaCly) kullanilmigtir. Sulama
sularinin ECi degerleri kontrol konusuna (0.5 dS m'1)
ilave olarak bes farkli seviyede (6, 8, 10, 12 ve 15 dS m-
1) ayarlanmistir. Hazirlanan tim tuz cozeltilerin
EC’leri ve pH'lar1 EC metre ve pH metre ile kontrol
edilmig ve izlenmigtir.

Deneme 25+1 °C sicaklikta, 16 aydinhik ve 8 saat
karanlik kogullarda laboratuar sartlarinda
yiiritilmistir. Denemede her genotipten 10 [her
uygulama icin 3 tekerriir 30 tohum (3x10)] adet tohum,
icerisinde Whatman No.1 fitre kagidi bulunan petri
kaplarina (9 cm capinda) yerlestirilmistir (Atak ve
ark., 2006). Petri kaplar1 icerisine 15 ml farkl tuz
yogunluguna sahip sulama sular1 konulmus ve
evaporasyonu onlemek i¢in parafilm ile kaplanmigtir.
Tohumlar petri kaplarinda 7 gun laboratuvar
ortaminda tutularak her glin c¢imlenen tohumlar
sayillmigtir. Gozlemler her giin ayn1 saatte yapilarak
en az 1’er mm uzunlugunda 1 adet sapc¢ik ile 3 adet
kokgik c¢ikartan tohumlar ¢imlenmis olarak kabul
edilmistir. Her petri kabinda c¢imlenen tohumlar
oranlama yapilarak yiizdeye cevrilmistir. Uciincii
gliinde ¢imlenenlerin orani ¢imlenme orani, 7. giinde
¢imlenenlerin orani ise ¢imlenme giicii olarak kabul
edilmigtir.

Fide kuru agirliklar: 7. glin sonunda her petriden elde
edilen fidelerin 70°C de 48 saat etiivde
kurutulmasindan sonra 0.00001 g hassasiyetli
terazide tartilarak belirlenmistir (Okcu ve ark., 2005;
Kokten ve ark., 2010). Kuru agirhga gore olusturulan
STT degerleri ise her konsantrasyon igin Rasheed ve
ark., (2015) tarafindan  belirtildigi  sekilde
hesaplanmigtir.
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Elde edilen veriler 6ncelikle her konsantrasyon ig¢in
ayr1 varyans analizi ile degerlendirilmigtir. Daha
sonra ise genotip x tuz konsantrasyonu
interaksiyonlarin1  aciklamak i¢in  birlestirilmig
varyans analizi, regresyon analizi ve GGE biplot
analizleri yapilmigtir.

Biplot analizi temel bilesenler analizi ile elde edilen
matrislerin (toplam varyasyonu aciklama oranina
bagl olarak) grafiksel olarak gésterimidir (Gabriel,
1971). Bu nedenle eksenler PC1 ve PC2 olarak ifade
edilmektedir. Bu c¢alismada GGE biplot analizinde,
genotiplerin PCl1 > 0.0 degerleri tum tuz
uygulamalarinda yiiksek fide kuru agirligini ve tuz
uygulamalarina toleransi, genotiplerin PC1 < 0.0
degerleri ise dusik fide kuru agirhgmni ve tuz
uygulamalarina hassasiyetini aciklamaktadir.
Genotiplerin PC2 degerlerinin 0.0’a yakin olmasi tuz
uygulamalarinda stabil oldugunu, PC2 degerlerinin
mutlak degerinin biiyiik olmasi1 ise genotiplerin tuz
uygulamalarina vermis oldugu tepkilerinin kararsiz
oldugunu ifade etmektedir. Ayrica, tuz
uygulamalarinin vektorel uzunluklari ile ortalama tuz
konsantrasyonuna goére konumlar1 ise, genotip
seleksiyonu ve kritik tuza tolerans seviyesinin
belirlenmesinde kullanilmigtir. Bu calismada, GGE
biplot yoénteminde kontrol uygulamasi dahil her
uygulama bir cevre olarak kabul edilmistir. Tuz
konsantrasyonlar1 ¢evre olarak kabul edildigi igin
hangi tuz konsantrasyonunda hangi genotipin daha iyi
oldugu, tum tuz konsantrasyonlarinda hangi
genotiplerin toleranslh oldugu, hangi tuz
konsantrasyonunun genotip seleksiyonu i¢in daha iyi
oldugu, tuz konsantrasyonlar: arasindaki iligkilerin
nasil oldugu, hangi genotiplerin tuz uygulamalarinda
hassas oldugunu tespit etmek i¢in Dbiplotlar
olusturulmustur. Varyans analizleri ve regresyon
analizleri SAS JMP programinda (SAS Institute,
2004), Biplot analizleri ise GGE-biplot (Yan, 2014)
programinda yapilmistir.

BULGULAR ve TARTISMA

Genotiplerin fide kuru agirhiklar: uygulanan sulama
suyu tuz seviyelerine bagh olarak farkli seviyelerde
etkilenmiglerdir. Tuz uygulamasi, genotip, tuz
uygulamasi x genotip interaksiyonu istatistiksel
olarak énemli olmustur (P<0.01). Tuz uygulamasina
baglh olarak kuru fide agirliklar: 0 dS m1 seviyesinden
15 dS m! seviyesine dogru giderek azalmistir (Cizelge
1, Sekil 1).

Beklenildigi gibi en yiksek fide kuru agirhig
ortalamas1 0.344 g olarak kontrol uygulamasinda
belirlenmigtir. En yiiksek fide kuru agirligina 0.400 g
G4 sahip olurken bu genotipi 0.385 g ile G20, 0.381 g
ile G2 takip etmigtir. Kontrol uygulamasinda en dugtik
fide agirhgina G21 (0.250 g) genotipi sahip olurken, bu
genotipi G22 (0.254 g) ve G23 (0.289 g) genotipleri
takip etmigtir. 6 dS ml tuz uygulamasinda,
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genotiplerin fide kuru agirligi ortalamasi 0.319 g tespit
edilmigtir. Bu tuz uygulamasinda en yiiksek fide kuru
agirhgr G4 ve G20 genotipinde 0.365 g olarak, en
diigiik fide kuru agirhign 0.203 g olarak (G21) tespit
edilmigtir. 8 dS m tuz uygulamasinda genotiplerin
fide kuru agirhig ortalamast 0.300 g olarak
belirlenmigtir. En yiksek fide kuru agirhigina G11
genotipi 0.349 g ile sahip olmustur. Bu genotip 0.338 g
ile G14 takip etmistir. En dustk fide agirhigina ise
0.187 g ile G21 ve 0.226 ile G33 genotipleri sahip
olmustur. 10 dS m! tuz uygulamasinda genotiplerin

fide kuru agirhgrs ortalamasi 0.283 g olarak
gerceklesmigtir. En yiiksek fide kuru agirligina 0.332
g ile G19 sahip olurken, bu genotipi 0.331 g ile G11
takip etmigtir. Bu tuz uygulamasinda en disiik fide
agirhigina ise 0.163 g ile G21 ve 0.216 g ile G22
genotipleri takip etmistir. 12 dS ml tuz
uygulamasinda genotiplerin fide kuru agirlig
ortalamas1 0.262 g olarak belirlenmistir. En ylksek
fide kuru agirhgma G19 (0.320 g), en diisiik fide
agirligima ise G21 (0.152 g) sahip olmustur.

Cizelge 1. Genotiplerin uygulanan sulama suyu tuzluluguna goére kuru bitki agirliklar: ve stres tolerans indeksleri
Table 1. Dry plant weights and stress tolerance indexes according to irrigation water salinity applications of

genotypes
Genotipler Tuz Konsantrasyonlar: (dS m™) Stres Tolerans Indeksi
(Genotypes) (Salt Concentrations)(dS m) (Stress Tolerance Index)

0.5 6 8 10 12 15 6 8 10 12 15

G1 0.347 0.327 0.314 0.291 0.277 0.265 0.941 0.904 0.838 0.797 0.763
G2 0.381 0.326  0.308 0.299 0.282 0.258 0.855 0.808 0.784 0.741 0.677
G3 0.347 0.309 0.294 0.285 0.271 0.245 0.892 0.848 0.823 0.783 0.708
G4 0.400 0.365 0.334 0.320 0.308 0.280 0.913 0.835 0.799 0.769 0.699
G5 0.370 0.354 0.320 0.286 0.255 0.236 0.957 0.865 0.774 0.690 0.638
G6 0.321 0.293 0.276 0.261 0.239 0.197 0.914 0.861 0.813 0.745 0.614
G7 0.349 0.340 0.333 0.327 0.295 0.247 0.975 0.954 0.936 0.845 0.707
G8 0.340 0.316  0.306 0.292 0.268 0.234 0.929 0.899 0.859 0.786 0.687
G9 0.321 0.303 0.280 0.262 0.232 0.200 0.943 0.871 0.815 0.723 0.623
G10 0.333 0.309 0.257 0.237 0.220 0.194 0.928 0.773 0.711 0.661 0.583
G11 0.369 0.358 0.349 0.331 0.312 0.266 0.969 0.947 0.898 0.846 0.720
G12 0.374 0.337 0.313 0.275 0.240 0.180 0.900 0.837 0.736 0.640 0.480
G13 0.375 0.340 0.315 0.299 0.272 0.264 0.908 0.840 0.798 0.727 0.704
G14 0.367 0.353 0.338 0.309 0.296 0.272 0.962 0.919 0.841 0.805 0.740
G15 0.351 0.336  0.319 0.294 0.261 0.217 0.956 0.908 0.837 0.745 0.617
G16 0.358 0.338 0.323 0.311 0.300 0.276 0.946 0.902 0.870 0.838 0.773
G17 0.348 0.333  0.320 0.303 0.287 0.254 0.956 0.920 0.870 0.824 0.731
G18 0.348 0.307 0.286 0.276 0.264 0.242 0.882 0.822 0.792 0.759 0.694
G19 0.368 0.353  0.337 0.332 0.320 0.288 0.958 0.915 0.902 0.869 0.783
G20 0.385 0.365  0.334 0.304 0.255 0.201 0.949 0.869 0.790 0.662 0.523
G21 0.250 0.203 0.187 0.163 0.152 0.145 0.812 0.749 0.652 0.610 0.579
G22 0.254 0.239 0.226 0.216 0.193 0.181 0.943 0.892 0.853 0.760 0.712
G23 0.289 0.272  0.258 0.252 0.238 0.227 0.941 0.894 0.873 0.824 0.786
Samen 0.313 0.287 0.274 0.260 0.245 0.230 0.916 0.873 0.830 0.781 0.735
LSD 0.031 0.012  0.023 0.033 0.027 0.041
Ortalama (Mean) 0.344 0.319 0.300 0.283 0.262 0.233
En Yiiksek (Max.)  0.400 0.365 0.349 0.332 0.32 0.288
En Kiiciik (Min.) 0.250 0.203 0.187 0.163 0.152 0.145
Genotip *% *% *% *% *% *%
()% 3.98 5.45 5.84 2.381 3.53 7.79
R2 0.91 0.97 0.97 097 0.96 0.86

**: P< (.01, LSD: En Diigitk Onemli Fark (Least Significant Difference), CV: Varyasyon Katsayis1 (Coefficient of
Variation), R% Belirtme Katsayis1 (Coefficient of Regression)
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Sekil 1. Genotiplerin uygulanan sulama suyu tuzluluguna gore kuru agirhiklarinin degisimleri
Figure 1. Changes of dry weights of genotypes according to irrigation water salinity applications

15 dS m? tuz uygulamasinda genotiplerin fide kuru
agirhg ortalamasi 0.233 g olarak belirlenmigtir. En
yiksek fide kuru agirhigina G19 genotipi 0.288 g ile
sahip olmustur. Bu tuz uygulamasinda en diisik fide
agirhigr 0.145 g ile G21 genotipinde tespit edilmigtir
(Cizelge 1).

Ozellikle abiyotik stres kogullarina toleransh
genotiplerin belirmenmesinde en yaygin kullanilan
parametrelerden birisi STDdir. STI'de kontrol
uygulamasina gore stres uygulamalarinda
genotiplerin incelenen o6zelliklerindeki azalmalar
kullanilmakta, STI degerleri yliksek olan genotipler
toleansh kabul edilmektedir (Akcura ve ark., 2011;
Rasheed ve ark., 2015). Genotiplerin tuz
uygulamalarina bagli olarak olusturulan STI degerleri
Cizelge 1’de, regresyon grafikleri ise Sekil 1’de
verilmigtir.

Beklenildigi gibi, 6 dS m'! ECi degerinden 15 dS m
ECi degerine dogru genotiplerin STI degerleri
azalmistir. Birinci tuz uygulamasinda (6 dS m'1) STI
degerleri G2, G3, G18 ve G21 genotipleri hari¢ diger
genotiplerde 0.90'nin tzerinde olmustur. Genotiplerin
STI degerlerinin tuz konsantrasyonlarina baglh olarak
degisim seyri ile regresyon grafiklerinin seyri benzer
olmustur. Tuz stresine baglh olarak ( 6 dS mVden 15
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dS m! ‘e dogru) en yiiksek STI degerlerine genellikle
G11, G4 ve G19 genotipleri sahip olmustur. Tuz
uygulamalarina baglh olarak en fazla kuru agirlik
azalmas1 G12 ve G20 genotiplerinde gergeklegmigtir.
S6z konusu genotipler en iist tuz uygulamasi olan 15
dS m konsantrasyonunda en diigik STI degerlerine
sirasiyla 0.480 ve 0.523 olarak sahip olmustur. G21 ve
G22 genotiplerinde ise regresyon dogrular1 en az
degisim gostermistir. Ancak, bu genotiplerin kontrol
uygulamasindaki kuru agirhk degerleri ¢ok diisiik
oldugu i¢in genotipler arasinda en son sirada yer
almiglardir (Sekil 1). Bu arastirmada oldugu gibi ¢ok
sayida genotip ile yuriitiilen ¢alismalarda, tuzluluga
tolerans ac¢isindan ¢imlenmedeki genotipik farkhiliklar
dayanikliligin belirlenmesinde olduk¢a &nemlidir
(Saxena ve ark., 1994). Bu nedenle petride tuzlu
ortamda tohumlarin ¢imlenmesi, tuzluluga
dayanikliligi hizli bir sekilde belirlemek amaciyla
kullanilmaktadir (Jana ve Slinkard, 1976). Farkl tuz
sollisyonlar1 igeren petri kutular: kullanilarak fasulye
(Goertz ve Coons, 1989; Giiven¢ ve Kantar, 1996;
Elkoca, 1997), sorgum (Esechie, 1994), ekmeklik
bugday (Kirtok ve ark., 1994) ve farkl sebze tiirlerinin
(Cucci ve ark., 1994) tuzluluga toleranslari test
edilmig, kisa siirede dayanikh tir ve gesitler
belirlenmigtir.
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Bitkilerde olumsuz sartlara adaptasyon yoniinden en
onemli ozelliklerden birisi gigli bir fideye sahip
olmasidir (Akram ve ark., 2010). Hizli ve diizgiin
tohum c¢imlenmesi ve erken fide biiylumesi, tuzlu
topraklarda bitkisel tiretim i¢in hayati 6neme sahiptir
(Foolad, 2004; Ashraf ve ark., 2008). Sakiz fasulyesi
yetigtiriciliginde bitkinin olumsuz sartlara en hassas
oldugu dénem cikig ve erken fide dénemidir (Ashraf ve
Lin, 1994).  Genotiplerin  farklh  kosullara
adaptasyonunu gorsel olarak en iyl degerlendirmeyi
saglayan yontemlerden birisi GGE biplot yontemidir.

Bu nedenle Sakiz fasulyesi genotiplerinin tuz

uygulamalarina tolerans diizeylerini gorsel olarak
degerlendirmek i¢cin GGE biplot analiz yontemi
kullanilmistir.  Hangi  genotipin  hangi  tuz
konsantrasyonunda en yliksek kuru fide agirhigina
sahip oldugunu yada hangi genotipin hangi tuz
uygulamasini en iyl tolere ettigini belirlemek i¢in
olusturulan biplot Sekil 2a’da verilmistir.

Biplot {iizerinde yedi bélim olugsmustur. Tuz
konsantasyonlar1 birinci, ikinci ve tglincii bélumlerde
yer almistir. Kontrol uygulamasi (0.5 dS m'!) birinci,
6.0 ve 8.0 dS m! uygulamasi ikinei, 10.0, 12.0 ve 15.0
dS m! uygulamalar: Giglinct bélimde yer almigtir.
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Sekil 2. Kuru fide agirliklarinin genotip x tuz konsantasyonu etkilesimi GGE biplot grafikleri (a: poligon, b:
ortalama sulama suyu tuz konsantrasyonuna gore genotip stabilitesi, ¢: En dayanikli genotip, d: En

uygun tuz konsantrasyonu)

Figure 2. Genotype x salt concentration interaction of dry plant weights GGE biplots (a’ poligon, b genotype
stability relative to the axis relative to the average irrigation water salt concentration, c¢' The most
resistant genotype, d- Optimum salt concentration)
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Genotiplerin PC1 eksen degerleri tuza tolerans
diizeyine baglh olarak artmigtir. En yiiksek fide kuru
agirhgina sahip olan ayni1 zamanda Uglincli bolgede
kosegen olarak yer alan G4, G19 ve G11 nolu
genotipler en yliksek PC1 eksen degerine sahip
olmusglardir. PC2 eksen degerlerinde ise 0.0’a yakin
olan genotipler genellikle toleransh olmustur. GGE
biplot grafiginde tuz konsantrasyonlari arasindaki
iligkilerde gorsel olarak yorumlanabilir. Vektor
acilarinin kosiniis degeri yaklasik olarak iki vektérde
yver alan tuz dozu arasindaki korelasyonu ifade
etmektedir (Yan, 2014). Beklenildigi gibi 0.5 dS m'
seviyesinden 15 dS m seviyesine dogru gidildikge,
vektorler arasindaki ag1 geniglemistir. En dar agi, 0 ile
6 dS m seviyesinde, en genis ac1 ise 12 ile 15 dS m'!
seviyeleri arasinda gerceklesmistir.

Genotiplerin tiim tuz uygulamalarina vermis oldugu
tepkilerini degerlendirmek amaciyla olusturan Biplot
Sekil 2b’de verilmigtir. Sekilde gorildigi gibi tim tuz
uygulamalarinda ortalamadan yiiksek degerlere
sahip, ortalama tolerans eksenine en yakin olan ve
pozitif PC1 degerlerine sahip olan genotipler G11, G4,
ve G19 nolu genotiplerdir. Bu genotipler ayni zamanda
tuza dayamikhiligr gruplamak amaciyla olusturulan
biplot tuzerinde dayanikli genotip bélgesinde yer
almiglardir (Sekil 2c¢). Hangi tuz konsantasyonunun
genotip seleksiyonunda daha etkili oldugunu
belirlemek amaciyla olusturulan biplot Sekil 2d’de
verilmistir. ECi degeri arttikca genotiplerin kuru
agirhiklar da azalmigtir, Sakiz fasulyesi
genotiplerinin 0.0 ve 6 dS m! dozundaki kuru agirhik
degisimleri benzer olmustur. Ozellikle 8, 10, 12 dS m™!
seviyelerinde genotiplerin kuru fide agirliklarinda
azalmalar tespit edilmis olsa da genel olarak bu ug
seviyedeki reaksiyonlar birbirine benzemistir. Sz
konusu ¢ konsantrasyon arasinda 10 dS m?! ECi
seviyesi en etkin genotip seleksiyonunu saglayan,
teorik olarak hesaplanan ideal seleksiyon bélgesine
oldukca yakin konumda yer almigtir. Bu durumda
sakiz fasulyesinde genig adaptasyon yetenegine sahip
genotip seleksiyonunda bu i¢ ECi seviyesinin goz
ontinde bulundurulmasi, sebze tipi sakiz fasulyesinde
10 dS m! degerinin esik degeri olarak kabul edilmesi
seleksiyon etkinligini artiracaktir. Sakiz fasulyesinde
yurutulen farkh arastirmalarda 8.8 dS m™! seviyesinin
dayanmkh genotip se¢iminde kullanabilecegi
bildirilmistir (Francois et al., 1990; Teolis et al., 2009).

GGE biplot yontemi, bitki 1slah¢ilar tarafindan farkl
cevrelerde kurulan bélge verim denemelerinde ortaya
¢ikan genotip x gevre interaksiyonlarini agiklamak,
farkli ¢evreler ic¢in genotip seleksiyonu yapmak
amaciyla gelistirilen bir yontemdir (Yan, 2014).
Regresyon analizi ise stres kosullarina toleransin
belirlenmesi amaciyla yaygin  kullanilan  bir
yontemdir. Bu calismada, regresyon grafikleri ile GGE
biplot grafikleri genotip sec¢imini kolaylastirmigtir.
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Ozellikle regresyon grafiklerinde tuz uygulamalarina
bagh olarak en ylksek ve en diisik fide agirliklar
arasindaki farkliligin yiiksek oldugu genotipler (G12
ve G20) biplot analizinde diigitk PC2 degerlerine sahip
olmustur. GGE biplot yonteminde tuz
konsantrasyonlar1 g¢evre olarak kabul edildigi igin
hangi tuz konsantrasyonunda hangi genotipin daha iy1
oldugu, tim tuz konsantrasyonlarinda hangi
genotiplerin toleransh oldugu, hangi tuz
konsantrasyonunun genotip seleksiyonu i¢in daha iyi
oldugu, tuz konsantrasyonlar1 arasindaki iligkilerin
nasil oldugu, hangi genotiplerin tuz uygulamalarinda
hassas oldugu tespit edilmistir. Bu degerlendirmeler
bu arastirmanin temel amaci olan tuza dayanikh sakiz
fasulyesi genotiplerinin kolaylikla secimini
saglamistir.

GGE Dbiplot yonteminde tuz konsantrasyonlarinin
tamam1 pozitif PC1 degerlerine sahip olmustur.
Ancak, kontrol uygulamasi (0.5 dS m') ile 6 ve 8 dS m-
1 konsantrasyonlar: negatif PC2, diger uygulamalar
ise pozitif PC2 degerlerine sahip olustur. Ozellikle 10
dS m‘den sonra genotiplerin kuru agirhiklarindaki
degisimin hizli bir gekilde diismesine bagh olarak PC2
degerlerinde 6nemli degisimler gerceklegmistir. Genel
olarak degerlendirme yapildigi zaman PC1 degerleri
bakimindan tuz konsantrasyonlari arasinda belirli bir
farklilhik gézlenmemis iken, PC2 degerleri bakimindan
onemli farkliliklar ortaya cikmagtir. Dolayisiyla tuz
konsantrasyonu bakimindan genotip seleksiyonunda
PC2 ekseni PC1 ekseninden daha etkin bir gekilde
genotip seleksiyonunu saglamistir.

Sonug olarak, hem regresyon hemde GGE biplot
grafiklerine gore G19, G14 ve G11 nolu genotipler en
dayanikli genotipler olarak belirlenmigstir. Buna ilave
olarak G2, G7, G14, G16 ve G17 hatlar: ise toleransh
genotipler olarak tespit edilmigtir. Sebze tipi sakiz
fasulyesinde genis adaptasyon yetenegine sahip ve
tuza toleransh olan genotiplerin se¢ilmesi i¢in 10 dS m"
1 ECi degerinin seleksiyon amaciyla kullanilmasinin
yararli olacagi sonucuna ulasilmigtir. Basta sulama
suyu tuzluluguna dayaniklihik olmak tzere farkl
abiyotik stres kosullarina dayanmkli genotiplerin
seleksiyonunda varyans analizine ilave olarak
regresyon ve GGE biplot yénteminin kullanilmasi

arastiricilarin  genotip seleksiyonlarini etkin bir
sekilde yapmasini saglayacaktir.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.

Aragtirmacilarin Katki: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan ederler.

saglamisg
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ABSTRACT Research Article

The objective of the study was to investigate the effects of salinity

stresses (50, 100, 150, 200 and 250 mM of NaCl) on germination and ~ Article History

early seedling growth of six cotton varieties (Lydia, Carisma, Flash, Received ©28.04.2020
BA151, BA525 and ST468) under optimum (25°C) and low Accepted - 04.07.2020
temperature (18°C) conditions. Germination percentage, mean

germination time, germination index, germination stress tolerance Keywords

index, seedling length, vigor index, seedling fresh and dry weight of COld,

cotton varieties were investigated. Results showed that low Cultn{ar )

temperature led to decreasing in germination and seedling growth, Germln.atlon .

and caused retardation of mean germination time. Under suboptimal g:ég]y pium hirsutum L.

temperature, germination percentage reduced from 86.3% to 77.8%
and seedling length decreased from 12.02 cm to 5.36 cm. Each
increase in salinity levels higher than 50 mM resulted in decreasing
in germination and seedling growth parameters of cotton varieties.
No seedling growth was observed at 250 mM of NaCl at 18°C. Cotton
varieties showed different tolerance levels to salinity, while they
could tolerate it up to 100 mM. It was concluded that Flash and
ST468 varieties exhibited better performance under salinity stresses
both at optimal and suboptimal temperatures.

Normal ve Diigiik Sicakliklarda Pamugun Cimlenme ve Fide Gelisimine Tuzlulugun Etkisi

OZET Aragtirma Makalesi

Bu arastirma, farkli tuz dozlarmmin (50, 100, 150, 200 ve 250 mM

NaCl) alt1 pamuk cesidinin (Lydia, Carisma, Flash, BA151, BA525 Makale Tarihgesi

ve ST468) optimum (25°C) ve diisiik sicaklikta (18°C), ¢cimlenme ve Gelis Tarihi  : 28.04.2020
erken fide buylmesine etkilerini  belirlemek  amaciyla Kabul Tarihi :04.07.2020
yurttulmustir. Arastirmada pamuk cesitlerinin ¢imlenme ytzdesi,

ortalama g¢imlenme siuresi, ¢imlenme indeksi, g¢imlenme stres Anahtar Kelimeler
tolerans indeksi, fide uzunlugu, fide yas ve kuru agirhklar Soguk

belirlenmigtir. Sonuglar, disuk sicakligin ¢imlenme ve fide Cesit

buylimesinde azalmalara yol actigin1 ve ortalama c¢imlenme Cimlenme

siiresinin  gecikmesine neden oldugunu gostermistir. Distik Gossypium hirsutum L.
sicaklikta, ¢imlenme yiizdesinin % 86.3'ten % 77.8'e ve fide NaCl.

uzunlugunun 12.02 cm'den 5.36 cm'ye distiigi belirlenmigtir. Tuz
dozlarindaki 50 mM'den yiiksek her artis, pamuk c¢esitlerinin
¢imlenme ve fide gelisiminde azalmalara neden olmustur. Ayrica 18°
C'de 250 mM tuz dozunda fide gelisimi gézlenmemigtir. Pamuk
cesitleri, tuzluluga farkli tolerans seviyeleri gosterirken, pamugun
100 mM'ye kadar tuzlulugu tolere edebildigi belirlenmigtir. Flash ve
ST468 cesitlerinin hem optimum hem de dusuk sicakliklarda
tuzluluk stresleri altinda daha iyl performans gosterdigi sonucuna
varilmistir.

To Cite : Ergin N, Kulan EG, Géziikkara MA, Kaya MF, Cetin SO, Kaya MD 2021. Response of Germination and Seedling
Development of Cotton to Salinity under Optimal and Suboptimal Temperatures. KSU J. Agric Nat 24 (1): 108-
115. https://doi.org/10.18016/ksutarimdoga.vi.728814.
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INTRODUCTION

Cotton (Gossypium hirsutum L.) is the most
important fiber crop and is extensively cultivated for
textile industry in the Aegean, Mediterranean and
Southern Anatolian Regions of Turkey (Anonymous,
2020). Cotton is mainly produced for fiber, raw
material of the ginning and textile industries, even oil
and oil-cake are obtained from cottonseed. The oil of
cottonseed is used for both edible oil and the
production of biodiesel. Approximately 80% of world
cotton production has been met by a few countries,
including Turkey because of tropic or subtropic
climatic requirements (Mert, 2017).

Soil salinity and low temperature are the most
important stress factors that limit germination,
seedling growth and the yield of cotton in Turkey and
all over the world (Kalefetoglu and Ekmekci, 2005).
Salinity risk in the areas of cotton cultivation has
been continuously increased by intensive irrigation
frequency and excessive water application, poor water
management and high evaporation due to hot and dry
weather during summer seasons. The salts in the soil
prevent the water from entering the seed by either
constituting osmotic pressure which creates a barrier
to the seed or toxic effects caused by Na* and Cl ions
(Khajeh-Hosseini et al., 2003). Cotton is classified as
a relatively salt tolerant plant by Fowler (1986), while
there are differences between cotton varieties (Gosset
et al., 1994). Vulkan-Levy et al. (1998) found that
increasing salinity resulted in decreasing the seed
cotton yield. Maas (1986) reported that cotton yield
decreased around 50% at the level of 17 dS m™.
However, cotton plant is sensitive to low temperature
during germination and low soil temperature delays
germination and emergence, increases the risk of
seedling diseases, and causes weak seedling
development (Cokkizgin and Bélek, 2015). It was
determined that root development and seedling
growth of cotton were inhibited when the soil
temperature drops below 14.5°C by Jackson (2012),
but still farmers prefer earlier sowing to obtain
higher yield and to avoid the lack of rainfall after
planting. For these reasons, this research was
undertaken to determine if there were genetic
variations among cotton varieties under salinity
stresses at low temperature in terms of germination
and seedling growth.

MATERIAL and METHODS

A laboratory experiment was conducted at
Department of Field Crops, Eskigehir Osmangazi
University, Turkey. The seeds of six cotton varieties
Lydia, Carisma, Flash, BA151, BA525 and ST468
were exposed to five concentrations of NaCl with 50,
100, 150, 200 and 250 mM under optimal (25°C) and
suboptimal (18°C) temperatures. Distilled water was
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used as a control treatment.

Germination test was performed by the procedures of
ISTA (2003) rules with two hundred (4x50) seeds of
each cotton variety for each treatment. Fifty seeds
were inserted into three-layer filter papers irrigated
with 7 mL of the respective solutions for each paper.
After filter papers with seeds were rolled, they were
placed into a sealed plastic bag to prevent moisture
loss. Each rolled paper was renewed every 2 days
after incubation to avoid the salt accumulation. The
packages were incubated at optimal 25°C and
suboptimal 18 °C conditions in the dark and a seed
with 2 mm radicle was counted every 24 h for 12 d as
germinated. Mean germination time (MGT) was
calculated to evaluate the speed of germination as
defined by ISTA (2003) rules. MGT= Z(Dn)/Zn, where,
n is the seed number germinated on day D, and D is
the number of days from the beginning of germination
test. Germination index (GI) was calculated according
to the following formula. GI= Number of germinated
seeds / days of first count +. .+ Number of
germinated seeds / days of final count (Salehzade et
al., 2009). Germination stress tolerance index (GSTI,
%) = [nd2 (1.00) + nd4 (0.75) + nds (0.5) + nds (0.25) of
stressed seeds / ndz (1.00) + nd4 (0.75) + nds (0.5) +
nds (0.25) of control seeds] X 100, where n is the
number of seeds germinated at day d (Ahmad et al.,
2009). At 12th day, ten seedlings selected randomly
from each treatment were sampled for determination
of seedling growth traits such as seedling length (SL),
seedling fresh weight (SFW) and seedling dry weight
(SDW). After the seedling fresh weight was directly
weighed, the seedlings were transferred into an oven
at 70°C for 48 hours for determination of dry weight.

The experimental data was statistically analyzed by
two-factor factorial (salinity X variety) arranged in a
completely randomized design (CRD) with 4
replicates for each temperature. Analysis of variance
and comparison of means were performed by MSTAT-
C program (Michigan State University v. 2.10).

RESULTS and DISCUSSION

The main effects of temperature, salinity and cotton
variety were displayed in Table 1. As expected, low

temperature caused a significant decrease in
germination percentage, germination index,
germination stress tolerance index and seedling

growth characteristics, while mean germination time
delayed. Germination and seedling growth of cotton
were restricted, but mean time to germination
retarded when salinity concentration increased. The
results confirmed the findings of Varghese et al.
(1995) and Qadir and Shams (1997), who reported
that germination and emergence of cotton varieties
were reduced and delayed by increasing salinity.
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Table 1. Main effects of the temperature, salinity and variety on germination and seedling growth parameters of

cotton (SEM)

Tablo 1. Pamugun ¢imlenme ve fide biiylime parametreleri tizerine sicaklik, tuzluluk ve c¢esit etkileri cotton

(+Standart hata)
Factors GP MGT GI GSTI SL SFW SDW DM
Temperature
18°C 77.8+1.51" 5.83+0.712 8.39+0,34P 56.0+3.11> 5.36+0.30> 190+9.56> 40.9+1.60P 62.8+2.44b"
25°C 86.3+0.802 3.19+0.08" 1573+0,502 75.4+1.792 12.02+0.392 381+11.102 48.8+0.412 85.4+0.482
Salinity
Control 91.3+0.6528 3.08+0.13f 17.14+0.562 1000+14432 12.46+0.692 439+17.752 48.9+0.792 87.6+0.682
50 mM 89.2+0.84a 3.35+0.16¢ 15.60+0.68> 93.8+1.77P 12.81+0.832 413+16.08> 49.7+0.702 86.9 +0.59 2
100 mM  86.0+1.93» 3.71+0.15¢ 13.40+0.61¢ 78.0+1.88¢ 9.98+0.56> 321+1553¢ 49.1+0.672 82.9+0.87b
150 mM  84.5+1.21P 4.37+0.22¢ 11.67+0.684 59.5+2584d 7.89+0.46¢ 236+12.00¢ 48.8+0.86a 76.8+1.18¢
200mM  80.3+1.66¢ 5.60+0.28> 858+0.54¢ 39.842.97¢ 57440404 197+10.88¢ 48.7+1.032 71.841.444d
250 mM  64.3+3.124  6.93+0.342a 5.96+0.52f 23.1+3.00f 3.19+0.47¢ 106+1559f 24.1+3.52> 38.5+5.57¢
Variety
Lydia 75.4 £3.06 4 5.33+0.302 9.42+0.67¢ 56.3+4.594 805+0.85d 276+22.81b 51.4+2.32a 71.0+3.354d
Carisma 84.3+1.98b 4.27+0.27¢ 12.80+0.83P 69.4+4.652 7.84+0.65¢ 277+22.08P 42.8+1.934 74.2 £3.45 ¢
Flash 91.0+1.332 3.9940.264 14.164+0.812 71.3+4.112 852+0.58bc 2924922082 40.8+1.89¢ 76.5+3.442
BA151 80.1+1.56¢ 4.34+0.29¢ 11.92+0.78¢ 65.5+4.43b 825+0.82d 292+23.092 47.0+2.12> 73.6+4.17°¢
BA525 78442404  4.75+0.31" 11.02+0.774 67.2+5.05P 8.87+0.85b 284423672 4524+2.05¢ 73.7+3.46°¢
ST468 84.9+1.35» 4.35+0.32¢ 13.03+0.86> 64.4+450¢ 10.55+0.78a 291+21.052 42.1+1.88d 756+3.51P

*: Means followed by same letter(s) in each column are not significant at p<0.05. GP: Germination percentage, MGT: mean
germination time, GI: Germination index, GSTI: Germination stress tolerance index, SL: Seedling length, SFW: Seedling
fresh weight, SDW: Seedling dry weight, DM: Dry matter, SEM: Standart error of mean

The interaction of salinity X variety was significant
for all characteristics (p<0.05) and the results of
germination percentage were shown in Table 2.
Germination percentage of cotton varieties was
different in each salinity level under optimum and
low temperature. It was declined with increasing
NaCl and decreasing temperature. NaCl level of 100
mM inhibited germination of cotton varieties except
for Flash and ST468. In addition, Flash and ST468
were the least affected varieties by salinity at 25°C
and 18°C. Adverse effects of salinity on germination
were also observed by Ashraf et al. (2002), who
observed the hazardous effects of 100 mM NaCl on

Seedling length was severely depressed with
increasing NaCl levels and decreasing temperature.
At 25°C, seedling length of Carisma and BA151 was
not significantly affected up to 100 mM NaCl. Similar
results related with seedling length had been
reported by Bauer and Bradow (1996), Javid et al.
(2001), Ashraf et al. (2002) and Barpete et al. (2015)
who found an apparent reduction in seedling growth
of cotton due to salinity. However, the most sensitive
variety to low temperature was Lydia because a
dramatic reduction occurred between 18°C and 25°C,
Flash and ST468 produced longer seedling under low
temperature. No seedling growth to be measured was

germination percentage. Results of the current observed at 250 mM at 18°C.
resegrch sho.we(.il. that germination rate was Seedling fresh weight of cotton varieties was
considerably inhibited by low temperature. This obviously reduced as salinity increased and

finding was supported by Krzyzanowski and Delouche
(2011) indicated that germination percentage dropped
at 18°C and a significant reduction in germination
rate from %92.5 at 24°C to %81.2 at 16°C.

The most rapid mean time to germination was
obtained from Flash at all NaCl levels except for 100
mM under optimum condition. Furthermore, it gave
the minimum time to germination at 18°C. Increasing
salinity  concentrations resulted in delaying
germination and cvs. Carisma and BA151 showed
faster mean time to germination after Flash
compared to other varieties. Similar findings are in
line with the results of Day et al. (2008) in sunflower,
Kan et al. (2015) in soybean and Sarkar et al. (2019)
in rice, who observed that mean germination time
was delayed by increasing salinity.
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temperature decreased. Salinity level of 150 mM led
to depressing fresh weight of cotton seedling, while
ST468 produced heavier seedling at 18°C and 25°C
under NaCl. Fresh weight of BA525 and ST468 at
25°C increased with 50 mM NaCl compared to
control. Barpete et al. (2015) supported this finding
by demonstrating a dramatic reduction in fresh
weight of cotton seedlings under low temperature.
Also, an apparent difference was observed the
seedling growth between 18°C and 25°C. This result
agrees with Khan et al. (1995), Ashraf (2002) and
Hanif et al. (2008). They reported that seedling fresh
weight decreased in higher salt concentrations
compared to control.

Increasing salinity caused considerably decreases in
seedling dry weight (Table 3). Cotton varieties
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exhibited different responses to each salinity level
and Lydia produced the highest dry weights in 200
mM NaCl at 18°C and 250 mM at 25°C. At
suboptimal temperature, Flash and Carisma gave the
minimum dry weight at 200 mM NaCl.

In previous researches, reduction of seedling fresh
and dry weight under saline conditions in cotton had
been reported by Javid et al. (2001), Hanif et al.

(2008) and Shaheen et al. (2012). Furthermore, low
dose of NaCl resulted in a decline of dry matter in
cotton seedlings. Higher dry matter production was
achieved at 25°C than at 18°C, but increasing salinity
reduced dry matter of the varieties. Flash showed the
superiority under low temperature, while ST468 and
Flash accumulated heavier dry matter than the
others at 25°C.

Table 2. Germination percentage, mean germination time and seedling length of cotton varieties under low

temperature and salinity stresses
Tablo 2. Diistik sicaklik ve tuzluluk stresleri altinda
stiresi ve fide uzunlugu

pamuk c¢egitlerinin ¢imlenme ylizdesi, ortalama ¢imlenme

Salinity Variety

(mM) Lydia Carisma Flash BA151 BA525 ST468
Germination percentage (%)+SEM
Cont. 91.0 £1.292¢  93.0+£1.292d  95.0+1.002ab 92.0 £0.822¢  87.5+1.26Pf  91.5+0.50a¢"
50 89.5 £2.062¢  94.5+1.50ab¢c  97.0+1.292 86.5 £1.71cs  84.5+1.71¢fs  92.0 £3.37a¢
18°C 100 80.0 +2.45 fJ 89.0 £2.65 a'le 96.0+1.412 79.0 £2.65 g'J: 73.0+3.46k  85.5+1.714d¢
150 80.0 £3.46fi 79.0 £2.08 g1 94.0 £1.63 abc  78.5 +£2.22 ¢7 69.0 £1.29k 81.0 +£3.00 fsh
% 200 53.5 £2.22m 72.5 £0.96vk  84.5+2.87¢fz  72.0 £2.161k 73.5£3.50k  80.5+£3.301
- 250 14.5 £1.26° 47.54£3.78m  67.5+£4.50k 52.56 +£3.30m™ 42.0 £4.69n 60.5 +£3.78!
3 Cont. 91.5+£1.502e 93.0+£2.382d  94.5+2.992abc 885 +0.96bc 84.5+4.27d1  94.0 £1.63 abe
g 50 79.5£2.068m  89.0 £1.00=f  96.5 +0.96 ab 87.5+£0.96»h  87.5+222bh 865 +1.50¢"
éo 95°C 100 82.5 £2.63 ¢ 87.5£3.78vh  96.0 £1.632b 82.5+2.63 ¢ 86.5 £2.87 ¢1 91.0 £0.58 2«
150 83.5 £6.65 ¢ 94.0 £1.832bc  90.0 £1.412¢ 84.5+2.9941  83.0+£1.92¢ 86.0 £2.16¢*
200 80.5 £2.36 1 86.0 +2.16 ¢ 97.5 +£0.502 79.0 £4.80b1  88.0+2.16bh  87.5+0.50bh
250 79.0 £2.08 In 86.0 £3.46 <1 83.5+2.57 ¢ 79.0 £3.00 77.5+4.72! 82.5+1.71¢e1
Mean germination time (day) +SEM
Cont. 4.30 +0.45 v 3.59 £0.29K 3.21 +£0.02! 3.73+0.30K 4,34 +0.34hi  3.37 +0.21K
50 5.11 £0.21f 3.87+0.05%%  3.63 +0.09K 3.72 £0.03K 4,26 +0.250M 4,71 +0.32¢h
18°C 100 5.93 £0.23¢ 4.40 £0.10 4.29 £0.12hy 4.49 +£0.06 4.64 £0.10¢h 3.93 +£0.06 1k
° 150 7.29+£0.434 5.35+£0.17¢ 5.24 £0.09f¢ 5.23 £0.101¢ 6.25 +£0.05¢ 5.23 £0.07f
E 200 8.70 £0.18" 7.26 £0.1214 6.03 £0.06¢ 6.93 £0.034d 8.03 £0.02 ¢ 7.37+0.104¢
8 250 9.63 +0.182 8.49 +0.37 be 8.64 £0.137 9.34 £0.21 2 9.42 £0.15= 9.82+0.162
2 Cont. 3.15+0.21n 2.37+0.02rp  2.08 +£0.03» 2.19 £0.02» 2.53 £0.061°  2.16 £0.06?
g 50 3.43 £0.13fsh 2,42 +0.08mp 2,13 £0.02P 2.25 +£0.08cp 2.52 £0101° 2.13 £0.04»
& 95°C 100 3.26 £0.128m 2,37 £0.05nmr 2,94 +£0.027 2,94 £0.047 2,72 £0.05im 2,55 +£0.131°
150 3.97 +£0.13¢ 2.96 £0.08 %  2.52 +0.07'>  2.82+0.047  2.97 £0.091 2.64 £0.05kn
200 4.33 £0.0514 3.61 £0.13f 3.562 £0.13fs 3.93 +£0.11¢ 3.94 £0.11¢ 3.61 £0.07f
250 4.90 £0.07" 4.63 £0.35bcd 3,67 £0.09 ¢f 4.46 £0.22¢ 5.43 £0.08 4,73 £0.24 be
Seedling length (cm) +SEM
Cont. 3.93 £0.15 3k 7.14 £0.24 ¢ 12.04 £0.79b>  6.21 £0.33¢h 9.72+0.1114 14.88 £0.582
50 6.03 £0.47 &b 6.33 £0.45¢h 9.91 £0.484 7.84 £0.21¢ 7.60 £0.49 ¢f 10.86 £0.82¢
18°C 100 4.65 £0.28%m .10 +£0.24 hi 8.89 £0.33¢ 5.31 +£0.17 Kk 6.06 £0.41 hy 9.87 £0.0314
° 150 3.93 £0.15mm0 4,41 +£0.10m» 545 +0.067%  4.64 £0.09%m 4,79 £0.16km  6.66 +0.36 feh
E 200 2.79 £0.057 3.44 +0.21rp  3.94 +£0.13mn0 3,04 £0.08 °p 2.97 £0.100p 3.49 +0.13 nop
s 250 -q -q -q -q -q -q
g Cont. 21.20£0.72b  12.62+0.29h  15.05 £0.55¢ 14.54 +0.58<  15.09 £0.43¢ 17.02 +£0.34 cd
g 50 16.48 £0.63de  13.43 £0.52f1  11.94+0.464k 21.23 £0.86> 23.39+1.182  18.65+0.81¢
& 95°(C 100 12.98 £0.40¢  16.37 £1.42de 9,79 £0.351m 14.13£0.37%h  10.86 £0.26  14.80 +0.60¢fs
150 9.13+0.64!mn  10.54 +0.51K  10.76 £0.85#!  10.03 £0.82km  10.86+0.26  13.54 +0.88 1
200 8.49 £0.44 mno 759 +£0.2500p 7,82 £0.39n0 5,54 £0.404 9.88 £0.17m 9,91 +0.67m
250 6.96 £0.33°ra  6.10 £0.39ra 6.69 £0.27°ra  6.34 £0.51ra 5.24 £0.164 6.98 +0.70 ora

*: Means followed by same letter(s) in each temperature are not significant at p<0.05. Bracket (-) shows no data due to

insufficient seedling growth. SEM: Standard error of mean.
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Table 3. Seedling fresh and dry weight and dry matter ratio of cotton varieties under low temperature and

salinity stresses

Tablo 3. Diisiik sicaklik ve tuzluluk stresleri altinda pamuk cegitlerinin fide yas ve kuru agirligi ile kuru madde

orani
Salinity = Variety
(mM) Lydia Carisma Flash BA151 BA525 ST468
Seedling fresh weight (mg plant'?) +SEM
Cont. 314 £15.31¢ 291 +6.87 < 362 £15.052 316 £11.09¢ 297 +£6.56 ¢d 358 £7.86 2"
50 268 £11.464d¢ 317 +28.18¢ 308 £10.39¢ 352 £12.07a» 313 £22.51¢ 324 £13.47 be
18°C 100 203 +14.66h 210 +£10.618h 240 +£4.12¢f 194 £7.66 M 236 +7.571 250 +4.37 of
o 150 157 £2.92 ik 159 +£2.99ik 157 £6.03 ik 172 £4.419 144 £3.24im 162 £8.401
E 200 146 +£3.80im 108 £7.46» 12542193 127 +4.49kn 123 £5.42 mn 125 +4.28 mn
E 250 -0 -0 -0 -0 -0 -0
2 Cont. 623 £9.112 525+12.10df 563 £17.50bd 575 +£11.72bc  545+21.04¢de 497 +£14.83 &
% 50 448 £11.47 476 £9.35¢h 500 £11.68fs 504 £32.61¢f¢ 604 £7.79ab 545 +11.89cde
& 95°C 100 437 +£11.09m 473 £22.48¢h 406 +8.82! 458 £19.808r 342 £29.671 405 £14.01:
150 244+19.02mn 323 £3.89 ik 333 £20.33% 328 £16.68% 317 £6.69 ik 344 +6.05i
200 255 +4,87 mn 263 £8.791mn 287 £8 58klm 262 +7 501mn 303 £14.02k! 245 +9.48 mn
250 234 +£15.43» 179 £9.55° 227 £3.44 0 217 £9.68 ro 180 +7.66° 234 +£16.56n
Seedling dry weight (mg plant!) +SEM
Cont. 59.4 +£1.852 49.9 £1.16¢¢ 454 +1.97s 52,2 +1.25¢ 52.1£1.03¢de  41.6 +£1.46vk
50 57.8 £0.76ab 49.4 £1.85d¢  45.2+0.97s 52,3 +£1.61¢< 50.7 £1.68¢f  48.0 £0.92d¢
18°C 100 57.3 £2.52ab 46.8 £1.75feh 48,2 £1.27d¢  47.4 £1.29¢°fs  49.7 £1.53¢8  47.4 £1.22¢fe
o 150 59.3 £0.44 2 49.0 £1.51de  40.5+1.74 %k 54.1 £2.28bc 42.6 £0.87hy 47.9+0.87d¢
E 200 56.9 £1.54 ab 39.1 +£0.51k 33.3 £0.88!1 50.2 £1.82¢f 519 £2.83«e 48,1 £1.314ds
s 250 -m -m -m -m -m -m
g Cont. 53.8+2.03ad 45.34+1.218w 43.5+0.71: 48.9 £1.02¢<* 49.1 £1.22 <1 45.0 £2.26 8
% 50 56.3 £2.75ab 45.3 £1.448m  47.0 £1.20f1 49.5 £0.50 <1 50.5+1.20ah 44,3 +]1.92m
&= 95°C 100 54.7 £2.24ab¢ 46,3 £0.72¢m 455 +0.77¢  53.0 £0.972f 48.6 £2.151 44.6+1.42m
150 51.7+3.992¢ 481 +0.74d1  47.9+1.30d1 53.3 £1.01af 455+3.408m 458 +1.11¢m
200 56.6 £2.782 49.3 £0.40 ¢» 47.0 £1.50f1 53.7+£1.162¢ 51.8+0.7628 47.1+3.17?
250 53.1 £2.19af  46.2 £2.02¢m 459 +1.368m 488 +£5 571 49.8 £1.67P1 454 +1.668
Dry matter (%)+SEM
Cont. 79.2 £2.86fsh 82,9 +0.41cde 87,2 +£1.07ab 83.4 £0.53 «d 82.5+0.52¢f 87.6+1.21=
50 78.3+0.768m 84,1 +1.34bcd 85,3 £0.53abc  85.0 £0.65abc  83.5 £1.51 <d 85.1 +0.83 abe
18°C 100 71.8 £0.55Km 77,6 +0.79M 80.0 £0.25¢h 75,5 £0.461 79.1 £0.75fk  81.1 £0.33d¢
o 150 62.3 £0.67n  69.1£1.10m 74,2 +0.51k 68.5 £0.55m 70.5+1.10m 72,0 £0.67K
E 200 61.0 £1.28¢0p 64.3+2.31n 71.5+£3.48%m 0.4 £0.09 or 57.9 £0.59° 61.6 £0.64 no
3] 250 -q -q -q -q -q -q
2 Cont. 91.4 £0.27 ab 91.4 £0.23ab 92.3+£0.162 91.5+0.202b 91.0 £0.2223b¢  90.9 +0.60 abe
% 50 87.5£0.464¢  90.5 +£0.37abc  90.6 £0.42abc 89,6 £0.50ad  91.4 £0.20ab 92.0 +0.352
&= 95°C 100 87.4+0.404¢ 90.2+0.382d 888+0.42bc 884+0.61cf 86.6+1.69¢ 89.0+0.17Pbe
150 78.8 £0.54 K 85.1 £0.39¢h 855 +0.85fh  83.7 £0.65MI 85.7£0.921fh  86.7 £0.49¢fe
200 77.2 £1.63! 81.2 £0.69 1k 83.6 £0.44 79.5 £0.61 K 82.8 £0.67 v 80.7 £0.75 ik
250 77.1+0.73! 74.0 £1.24m 79.8 £0.70 K 77.3+£3.07!1 73.7+£1.30m™ 80.4 +£1.491k

*: Means followed by same letter(s) in each temperature are not significant at p<0.05. Bracket (-) shows no data due to

insufficient seedling growth. SEM: Standard error of mean

Vigor index of cotton varieties was severely
influenced by each salinity level under optimal and
low temperatures. It was higher at 25°C compared to
18°C, but increased NaCl reduced vigor index. Vigor
index could not be calculated in NaCl level of 250 mM
because of no seedling development. The highest
value was obtained in Flash and ST468 under all
salinity levels at 18°C (Table 4). These results agree
with Liu et al. (2010) in sunflower, Kandil et al.
(2012) and El Naim et al. (2012) in sorghum, and
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Carpici et al. (2009) in maize, they indicated that
salinity and low temperature severely influenced
vigor index with significant reduction.

The germination index of cotton varieties declined as
salt levels 1increased. However, cotton varieties
showed different responses to NaCl both at 18°C and
at 25°C. The highest germination index was attained
in Flash and ST468 (Fig. 1). Also, Wang et al. (2007)
determined that no significant change in germination
index was observed in low salinity but drastically
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decreased as  salinity increased. Similarly,

germination stress tolerance index reduced with
increasing salinity and low temperature. Among
cotton varieties, Flash was the least affected variety
by salinity under low temperature (Fig. 2).

The germination stress tolerance index drastically
decreased due to increasing NaCl doses and this
finding was reported in several crops by Karimi et al.
(2011) in safflower, Abbaszadeh et al. (2012) in

rapeseed, Kausar et al. (2012) in sorghum, and
Vibhuti et al. (2015) in rice.

CONCLUSION

Germination and seedling growth of cotton varieties
were severely restricted by low temperature and
salinity stress. In this study, there were significant
differences among cotton varieties for tolerance to
salinity and low temperature; however, Flash and
ST468 varieties were found to be more tolerant to
salinity stress under optimal and suboptimal
temperature. They should be suggested to farmers
who prefer early sowing to achieve higher and rapid

germination at cotton fields suffering from salinity
problem.

Table 4. Vigor index of cotton varieties under low temperature and salinity stresses (=SEM)
Tablo 4. Diisiik sicaklik ve tuzluluk stresleri altinda pamuk cesitlerinin gii¢ indeksi (+Standart hata)

Salinity = Variety
(mM) Lydia Carisma Flash BA151 BA525 ST468
Cont. 357 £16.0 vk 664 £27.9 ¢ 1142 +71.3 0 571 4+32.0 fs 850+11.54d 1361 +50.4 a*
50 540 £47.7 ¢ 600 +50.0 °fe 961 +48.6 ¢ 677 +21.6¢ 643 £50.0 °f 996 £75.8 ¢
18°C 100 372 +£25.3 1k 541+9.4¢ 853 +24.54d 421 +26.1 1 442 +£32.1 844 +17.64
@ 150 315 +22.5 K 348 £12.1 vk 513 £14.0 ¢h 363 £9.6 1k 331 +£14.1 541 +44.2 ¢
E 200 149 4+5.0» 248 £13.3 Im 331 +4.0 K 219 £9.8 mn 218 £16.6 mn 305 £24.3 klm
E 250 -0 -0 -0 -0 -0 -0
g Cont. 1942 +96.4 2> 1173 +41.2 ¢ 1426 £92.8 df 1302 +62.4 &8 1279+ 92.5f 1600 +39.4 <«
g 50 1286 +48.6 ¢ 1195 +£54.3 sk 1152 +46.1 ¢ 1834 £70.8 P 2095 £71.8 2 1616 +93.5 ¢
& 95°(C 100 1071 £50.1 b5 1488 £99.0 cde 941 +49.2 ikl 1164 £36.2 st 941 +£49.3 ikl 1346 +48.8 °fz
150 797 £75.6 kn 992 £62.5 1k 965 +65.4 & 876 £63.8 im 902 +£41.2% 1194 +£75.6 ¢
200 686 £53.0 mp 653 £32.5m00 762 £34.1 lo 443 £57.8 ¢ 870 £35.1 klm 842 +37.0 kn
250 552 +40.3 ra 528 £52.9 ra 556 +£11.4 ra 505 +£58.5 ra 406 £30.4 ¢ 577 £63.5 opa

*: Means followed by same letter(s) in each temperature are not significant at p<0.05. Bracket (-) shows no data due to

insufficient seedling growth. SEM: Standard error of mean
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Germmnation wnaex (GY

Figure 1. Germination index of cotton varieties under low temperature and salinity stresses
Sekil 1. Diigtik sicaklik ve tuzluluk stresleri altinda pamuk ¢esitlerinin ¢imlenme indeksi
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Figure 2. Germination stress tolerance index of cotton varieties under low temperature and salinity stresses
Sekil 2. Diigiik sicaklik ve tuzluluk stresleri altinda pamuk cegitlerinin ¢imlenme stres tolerans indeksi
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ABSTRACT Research Article

This study was carried out to investigate the effects of sowing time,

cultivar and seed fungicide applications on root and crown rot disease Article History

and grain yield of bread wheat with different earliness traits (Esperia, Received $22.04.2020
mid-early; Genesi, late and Anapo, early) in the experiment station of Accepted 122.06.2020
the Department of Field Crops, Faculty of Agriculture, Tekirdag

Namik Kemal University. Four different fungicides pre-treatments Keywords

(prothioconazole + tebuconazole, carboxin + thiram, prochloraz + Bread wheat

tiriticonazole and control) were applied to the seeds of the varieties Root and crown rot

before sowing in three different times, on 1 November, 15 November Sowing time

and 30 November 2016. The experiment was designed as a split-split- Fungicide pre-treatment
plot with 3 replications. The results of the variance analysis showed Variety

that the effect of applying different seed fungicide pre-treatment root
and crown rot of bread wheat varieties was statistically significant.
While the lowest root and crown rot with 2.67 % was obtained from
the second sowing time, the highest root and crown rot was
determined with a value of 3.64% for the earliest sowing on 01
November. Among the four different fungicide pre-treatments, the
highest root and crown rot (5.59%) was obtained in the control
application, while the lowest root and crown rot was obtained in
prothioconazole + tebuconazole, carboxin + thiram and prochloraz +
triticonazole, with 1.96%, 2.10% and 2.19% root and crown rot,
respectively. These data indicate that early sowing may increase root
and crown rot severity.

Ekmeklik Bugdayda Genotip, Ekim Zamam ve Tohum Fungusiti On Uygulamalarmmim Kék ve Kok
Bogaz Ciirtikligi ve Tane Verimi Uzerine Etkileri

OZET ) Aragtirma Makalesi
Bu calisma, Tekirdag Namik Kemal Universitesi Ziraat Fakultesi ) .
Tarla Bitkileri Boliimii deneme alaninda ekim zamani, gesit ve tohum Makale Tarihgesi

ilact uygulamalarinin bugdayda kok ve kok bogazi curukluga Gelig Tarihi  :22.04.2020
hastaliklar ile bugday dane verimine etkilerini arastirmak amaciyla Kabul Tarihi :22.06.2020
yuritulmustir. Arastirmada vejetasyon sureleri farkli olan 3 adet
ekmeklik bugday cesidi (Esperia‘orta erkenci, Genesi: gecci ve Anapo:
erkenci) kullanmilmistir. Ekimden 6nce bu cesitlerin tohumlarina dért
farkl fungisit (prothioconazole + tebuconazole, karboxin + thiram,
prochloraz + tiriticonazole ve kontrol) uygulanarak 1 Kasim, 15 Kasim
ve 30 Kasim 2016 olmak tizere 3 farkli zamanda ekimler yapilmigtir. ;
Deneme, Tekirdag Namik Kemal Universitesi Ziraat Fakiiltesi Tarla Cesit
Bitkileri Bolumii deneme alanlarinda, bolinen bélunmis parseller
deneme desenine gore 3 tekrarlamali olarak dizenlenmisgtir.
Calismada, varyans analizi sonug¢larina gore farkli tohum fungusiti
uygulamalarinin ekmeklik bugday gesitlerinin kok ve kok ciiriikligi
uzerine etkisi istatistiki olarak 6énemli bulunmustur. Farkh ekim
zamanlarinda en disii kok ve kok bogazi ¢urukligi %2.67 ile ikinci
ekim zamaninda elde edilirken, en yiliksek kok ve kok bogazi
curikligi %3.64 ile en erken ekim olan 01 Kasim ekiminde

Anahtar Kelimeler
Ekmeklik bugday

Kok bogazi ¢urikligi
Ekim zaman

Fungusit 6n uygulamasi
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belirlenmigtir. Dért farkli tohum fungusit uygulamasinda en yiiksek
kok bogazi ciiriikligi (%5.59) kontrol uygulamasindan elde edilirken,
en distk kok bogazi ¢iriukligi %1.96, %2.10 ve %2.19 ile sirasiyla
ayn1 istatistiki grupta yer alan prothioconazole + tebuconazole,
karboxin + thiram ve prochloraz + triticonazole 6n uygulamalarindan
elde edilmistir. Elde edilen veriler, erken ekim zamaninin kok ve kok
bogaz ¢urikliginin siddetini arttirdigin1 géstermektedir.

To Cite : Bager I, Gider I, Bilgin O, Balkan A 2021. Effects of Genotype, Sowing Time and Seed Fungicide Pre-Treatments on
Root and Crown Rot and Grain Yield in Bread Wheat. KSU J. Agric Nat 24 (1): 116-121. https://doi.org/10.18016/

ksutarimdoga.vi.725206.

INTRODUCTION

The reactions of all living things to biotic and abiotic
stress factors are closely related to the genetic
backgrounds of living beings and the environmental
conditions in which they grow. Plants are affected
differently by diverse biotic and abiotic stress factors.
Diseases are among the most important biotic stress
factors. Although it depends on the growing regions
and conditions, fungal diseases are among the most
important biotic stress factors. The adverse effects of
root and crown rot diseases caused by fungi such as
Fusarium culmorum, Fusarium pseudograminearom,
Gaumannomyces graminis, Bipolaris sorokiniana,
Rhizoctonia cerealis are increasing in production area
of wheat, which is the most important cultural plant in
the world. These fungi that cause disease are of soil
origin and can also be spread with seeds. On a global
scale, many studies have been conducted on the yield
losses caused by nematodes that form crown rot
diseases. Studies in Europe, the USA, West Asia,
North Africa, Australia and Canada showed that the
yield losses in cereals vary between 5 and 50% due to
these soil origin factors (Singh et al., 2005). Crown rot
and cereal root rot causes yield loses in wheat of up to
50% in rainfed cereal production system throughout
the world (Burgess et al., 1981; Klein et al., 1991;
Smiley et al., 2005). Fusarium species have also been
reported to cause product losses up to 17% in wheat as
a result of severe crown infections caused by seed/soil
originated infections (Parry and Nicholson, 1996).
Many of the identified resistant sources are found in
un-adapted germplasm which requires considerable
breeding investment to develop suitable commercial
cultivars (Singh et al., 2009).

A root and crown rot disease, which has been observed
in the Thrace region in recent years, causes significant
losses in wheat grain yield and quality. In the
management against the disease, the factors such as
the genetic structure (variety), the environmental
conditions and soil characteristics in which the
genotype is grown, and the cultural practices applied
during the growth period of the genotype are
significantly effective. It has been determined by
previous studies that severe infections induced root
and crown rot disease from Fusarium spp cause
significant yield losses in wheat and disease severity

117

can vary between 20-80% (Uckun and Yildiz 2004;
Hekimhan and Boyraz, 2011). Studies carried out in
disease-contaminated areas have shown that these
diseases increase yield loss up to 42% in varieties
produced in these regions (Hekimhan et al., 2004).
According to a study using different types of cereals, it
has been explained yield increases ranging from 7—
89% with the use of nematicides (Bolat et al., 2004).
Within the framework of national root and crown
project studies, it has been stated that although there
are decreases in disease severity with low nitrogen
dosage applications, this does not have a positive effect
on yield (Bagc1 et al., 2006). In another study, it was
reported that increasing nitrogen doses increased root
and crown rot disease severity in wheat (Smiley et al.
1996).

This study aims to determine the effects of different
sowing time and seed fungicide pre-treatment with
different active ingredients on root and crown rot grain
yield in bread wheat varieties with different earliness
groups.

MATERIALS and METHODS

The research was conducted as a split-split-plot design
with 4—replications in the experimental station of
Department of Field Crops, Faculty of Agriculture,
Tekirdag Namik Kemal University. Esperia (1), Anapo
(2), and Genesi (3) varieties, which are in the early,
medium and late maturation groups, were used as
materials in the study. Three wheat varieties were
sown at three different times, on November 1 (1st
sowing), November 15 (2nd sowing) and November 30
(3d sowing) in 2016. The seeds of these varieties were
sprayed with 4 different seed fungicides (carboxin +
thiram (1), prothioconazole + tebuconazole (2),
prochloraz + tiriticonazole (3) and control (4)). Sowing
was done in plots of 6.12 square meters (0.17 m
between rows, 6 m in rows) consisting of 6 rows by
sowing machine, and sowing density was adjusted to
500 plants per square meter. Composed fertilizer
(20.20.0), urea (46%) and ammonium nitrate fertilizers
(26%) were applied at 200 kg ha'! for seedbed
preparation stage, 180 kg ha for tillering stage and
200 kg ha'! for stem elongation stage, respectively. To
prevent weed development, broadleaf and grass weed
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herbicide mixture was applied. No application has
been made in the trial area for disease and pest control.
For the necessary measurements, weighing and
quality analysis on seeds taken from each plot at
harvest maturity. The plots were harvested by the plot
combine harvester.

A root and crown rot disease severity observations
were fulfilled in two periods in each plot where
different applications made by counting and recording
infected and non-infected plants. The main purpose in
endurance studies under natural conditions was to
choose durable and non-durable plants. Nine weeks
later, plant roots were washed and disease severity
was evaluated according to the modified 1-5 scale: 1 =
1-9% Resistant (R), 2 = 10-29% Moderately Resistant
(MR), 3 = 30-69% Moderately Susceptible (MS), 4 = 70-
89% Susceptible (S), 5 = 90-100% Highly Susceptible
(HS) (Wildermuth and McNamara 1994; Erginbas-
Orakci et al., 2012). The data obtained in the
experiment were analyzed by using the JUMP 5.0
statistical package program, and the difference
between the averages was determined by the LSD test.

RESULTS and DISCUSSION

Variance analysis results of the root and crown rot
disease severity observations rates obtained from the
experiment sown in three different sowing times and
four different seed herbicide pre-treatment were
applied to the bread wheat variety belonging to three
different earliness groups indicated that the effect of
applying different seed fungicide pre-treatment on root
and crown rot disease was statistically significant,
while the sowing time, variety, sowing time x variety,
sowing time x fungicide pre-treatment, variety x
fungicide pre-treatment and sowing time x variety x
fungicide pre-treatment interactions were statistically
insignificant. The efficacy of fungicides seed treatment
against Fusarium culmorum crown rot in wheat was
examined and some fungicides seed treatments such as
Triticonazole, Pyraclostrobin, Imazalil, Triademefon,
Tebuconazole and Difenoconazole were registered for
wheat and barley to suppress crown rot, common root
rot and other fungal diseases (McMullen et al., 2000;
Burrows et al., 2006). To determine the significances
between the average values obtained, a significance
test was performed and the results are given in Table
1.

Cizelge 1. Kok ve kok bogazi ¢lirikligi hastalik siddetinin gézlem ortalamalar: ve 6nemlilikleri
Table 1. The means of root and crown rot disease severity observation and their significances

Ekim zamam (EZ) Cesit (C) Fungusit én uygulamas1 (FOU)
Sowing time (ST) Variety (V) Fungicide pre-treatment (FPT)
1 2 3 1 2 3 1 2 3 4
3.639+0.5292 2.665+0.527> 2.754+0.471b 3.226t  3.088+ 2.903+ 1.9556+ 2.095+ 2,192+ 5.593+
0.544 0.502 0.517 0.277° 0.225P 0.235P 0.3022
LSD = 0.686 LSD =1.998
EZ x C interaksiyonu EZ x FOU interasiyonu CxFOU EZ x ¢ x FOU interaksiyonu
ST x V interaction ST x FPT interaksiyonu ST x V x FPT interaction
Interaction Vx FPT
interaction
1*1 4.250 1*1 2.556 1*1 2.500 1*1*%1 3.667 2*2*3 2.000
1*2 3.250 1*2 2.667 1*2 2.143 1*1*%2 3.000 2*2*4 6.333
1*3 3.417 1*3 2.778 1*3 2.222 1*1*3 3.333 2*3*1 1.000
2 * 1 2.222 1*4 6.556 1*4 5.556 1*%1*%4 7.000 2*3*2 1.000
2 * 2 3.273 2 %1 1.667 2 %1 1.889 1*%2*%1 2.000 2*3*3 1.500
2 * 3 2.500 2 * 2 1.400 2 * 2 2.143 1%2%2 2.333 2%*3%4 4.667
3 *1 2.900 2 * 3 1.500 2 * 3 2.333 1%2*3 2333 3*1*1 1.500
3 * 2 2.727 2 * 4 5.222 2 * 4 5.778 1%2%4 6.333 3*1%*2 2.000
3 *3 2.636 3*1 1.429 3*1 1.571 1%3*%1 2.000 3*1*3 2.333
3 * 2 1.857 3 * 2 2.000 1%3*%2 2.667 3*1%*4 5.000
3*3 2.222 3*3 2.000 1%3*%3 2667 3%*2*1 1.333
3 *4 5.000 3 *4 5.444 1*%3%4 6.333 3*2%*2 2.000
2%1*%1 1.000 3*2*3 2.667
2%1%2 1.000 3*2*4 4.667
2*1*3 1.000 3*3*1 1.500
2%1%4 4667 3*3*2 1.667
2%2%1 2.333 3*3*3 1.667
2% 2% 2 2.000 3*3*4 5.333

Sowing times: 1.(1 November), 2. (15 November), 3. (30 November); Varieties : 1 (Esperia), 2 (Anapo), 3 (Genesi)
Seed fungicides: 1 (Carboxin + thiram), 2 (Prothioconazole + tebuconazole), 3 (Prochloraz + tiriticonazole) and 4 (control)
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Although the effect of different sowing time on root and
crown rot disease is statistically significant, it can be
seen from Table 1 that the order from low to high is 30
November (2.67%), 15 November (2.75%) and 1
November (3.64%), respectively. This result indicates
that early sowing can increase root and crown rot
disease severity. In the case of bread wheat varieties,
the latest Genesi variety showed the lowest root and
crown rot disease severity (2.90%), while the highest
rate (3.23%) was observed in Esperia variety, which is
the earliest. Pariyar et al. (2014) stated that in their
studies that 6 different wheat genotypes applied
Tiabendazole seed treatment, 4 of 6 wheat genotypes
caused a significant decrease in the severity of crown
rot (P <0.05) and the highest crown score reduction was
recorded in Series 82 and Demir 2000 genotypes.

Considering the fungicide pre-treatments with
different active substances, prothioconazole +
tebuconazole, carboxin + thiram, and prochloraz +
triticonazole pre-treatments included in the same
statistical group showed the lowest root and crown rot
disease ratios of 1.96%, 2.1% and 2.19% respectively,
while the highest root and crown rot disease severity
was given by control application with 5.59%
statistically insignificant sowing time x variety
interaction may mean that there may be no significant
root and crown rot disease severity differences among
varieties with different earliness characteristics.
Despite the statistically insignificant differences
between sowing time x fungicide pre-treatment
interaction means, it may mean that fungicide pre-
treatments may not cause statistically important
reducing in the severity of root and crown rot disease
severity regarding the sowing time. Although the
differences between variety x fungicide pre-treatment
averages were statistically insignificant; it can be said
that fungicide pre-treatment can lead to proportionally
lower root and crown rot disease severity compared to
control applications regardless of the earliness
properties of varieties.

In the light of the mentioned findings, it can be
concluded that sowing time, variety and especially
seed fungicide pre-treatments have a significant effect
on root and crown rot disease severity for bread wheat.
Moreover, the results indicate that late genotypes may
be more resistant to root and crown rot disease
severity, whereas early planting may increase the
severity of root and crown rot disease. It is understood
that seed fungicide pre-treatments can be the more
effective method in reducing root and crown rot disease
severity compared to cultivar and planting time. The
order of efficacy of seed fungicide pre-applications used
in the study regarding the reduction of root and crown
rot disease severity; carboxin + thiram, prochloraz +
tiriticonazole and prothioconazole + tebuconazole.

Variance analysis results of the grain obtained from
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the experiment sown in three different sowing times
and four different seed herbicide pre-treatment were
applied to the bread wheat variety belonging to three
different earliness groups indicated that the effect of
sowing time, variety and applying different seed
fungicide pre-treatment on root and crown rot was
statistically significant, while all interactions were
statistically  insignificant. To  determine the
significances between the average values obtained, a
significance test was performed and the results are
given in Table 2.

In case of differences in the mean of grain yields of
different sowing time; the highest grain yield was
obtained at the 2nd sowing time (November 15) with
441.9 kg dal, followed by the 1st sowing time
(November 01) with 420.4 kg da’l. The lowest grain
yield was found at the 3 sowing time (November 30)
with 405.5 kg dal. There was an 8.2% difference
between the 2nd and 3rd sowing times when the highest
and lowest seed yields were obtained. Yield loss due to
these pathogens have been reported and reached up to
35% in winter wheat in Pacific Northwest (PNW) of
America (Smiley et al., 2005), 25-58% in Australia
while the disease can inflict yield losses of up to 89%
(Klein 1991; Chakraborty et al., 2010) and up to 49%
in Tunisia (Chekali, 2016).

Among the means of the varieties with different
earliness characteristics; Anapo with the earliest
variety gave the highest grain yield with a value of
462.8 kg da’!, while the lowest grain yield (395.5 kg da
1) was determined for Esperia with the medium early
variety. The Anapo variety, which gives the earliest
and highest grain yield, yielded 14.5% higher grain
yield than the mid-early Esperia variety with the
lowest grain yield. Using resistant crops of high
yielding potential is the most efficient and economical
way to increase wheat productivity and manage soil-
borne pathogens especially in dryland fields. However,
varieties with a high level of resistance are still not
available (Li et al., 2012).

Regarding the fungicide pre-treatments with different
active substances, differences between grain yield
means for carboxin + thiram, prochloraz +
tiriticonazole and prothioconazole + tebuconazole pre-
treatments were not important and they were included
in the same statistical group which gave the highest
grain yield with values of 462.8, 453.4 and 450.9 kg da-
1 respectively, while the lowest grain yield mean was
obtained by control application with 323.1 kg dal. Tt
can be generalized that the general average of grain
yield obtained by fungicide pre-treatments with
different active substances was 29.1% higher than the
control application.
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Cizelge 2. Tane verimi ortalamalar: (kg da?) ve énemlilikleri
Table 2. The means of grain yield (kg da') and their significances

Ekim zamani (EZ) Cesit (C) Fungusit 6n uygulamas1 (FOU)
Sowing time (ST) Variety (V) Fungicide pre-treatment (FPT)
1 2 3 1 2 3 1 2 3 4
420.2ab  441.9a  405.5b 395.56b  462.8a 409.4b  453.4 a 462.8 a 450.9a  323.1b
+19.95 +21.68 +19.33 +24.09 +14.58 +16.73 +10.83 +11.17 +10.76 +19.71
LSD:25.641 LSD:45.976 LSD: 32.548
EZx C EZ x FOU Cx FOU EZ x ¢ x FOU interaksiyonu
interaksiyonu interasiyonu interaksiyonu ST x V x FPT interaction
ST x V interaction ST x FPT Vx FPT
Interaction Interaction
1*1 394.5 1*1 447.4 1*1 422.1 1*1*1  419.5 2*2*3 509.6
1* 2 460.1 1* 2 459.6 1* 2 463.9 1*1*2 464.1 2*2%4 405.0
1*3 406.0 1*3 450.3 1*3 434.8 1*1*3  435.0 2*3%1 4756
2 * 1 409.8 1*4 323.5 1*4 261.0 1*%1%4 259.1 2*3*2 445.0
2 * 2 491.8 2 %1 477.4 2 *1 479.0 1%2%1 467.8 2*3*%3 444.6
2 * 3 424.1 2 % 2 484.8 2 % 2 492.0 1%2%2 488.0 2*3*4 331.3
3 *1 382.1 2 * 3 467.5 2 *3 489.3 1*2*3  488.7 3*¥1*1 410.0
3 %2 436.5 2 * 4 337.8 2 * 4 390.8 1*2*4  396.0 3%1*2 451.0
3*3 397.8 3*1 435.3 3 *1 458.9 1*3*1  454.8 3*1*3 421.0
3*2 443.7 3 *2 432.3 1*3*2  426.7 3*1*4 246.6
3*3 434.8 3*3 428.6 1*3*3  427.3 3*%2*1 449.6
3 *4 308.0 3 *4 317.4 1*3*4  315.3 3%2*2 455.0
2*1*%1 437.0 3*%2*3 469.6
2*1%2 476.6 3*2*4 371.6
2%1%3 4483 3%3*1 446.3
2*1%4 2773 3%3*2 425.3
2*2%1  519.6 3%3*3 414.0
2*2%2  533.0 3*3*4 305.6

Sowing times: 1.(1 November), 2. (15 November), 3. (30 November); Varieties: 1 (Esperia), 2 (Anapo), 3 (Genesi)
Seed fungicides: 1 (Carboxin + thiram), 2 (Prothioconazole + tebuconazole), 3 (Prochloraz + tiriticonazole) and 4 (control)

CONCLUSION

In the study conducted to investigate the effects of
sowing time, cultivar and seed fungicide applications
on root and crown rot and grain yield in wheat, the
effect of different sowing time on root and crown rot
disease was found statistically insignificant. However,
the results of sowing time were; 30 November
(2.714%), 15 November (3.313%) and 01 November
(3.639%), respectively (Table 1). This result indicates
that early sowing can increase root and crown rot
disease severity.

Considering the fungicide pre-treatments with
different active substances, prothioconazole +
tebuconazole, carboxin + thiram, and prochloraz +
triticonazole pre-treatments included in the same
statistical group showed the lowest root and crown rot
disease ratios of 1.96%, 2.1% and 2.89% respectively,
while the highest root and crown rot disease severity
was obtained by control application with 5.59%.

The findings reveal that sowing time, variety and
especially seed fungicide pre-treatments have a
significant effect on root and crown rot disease severity
for bread wheat. Moreover, the results indicate that

early genotypes may be more resistant to root and
crown rot disease severity, whereas early sowing may
increase the severity of root and crown rot disease. It
is understood that seed fungicide pre-treatments can
be the more effective method in reducing root and
crown rot disease severity compared to cultivar and
planting time.

In case of differences in the mean of grain yields of
different sowing time; the highest grain yield was
obtained at the 2nd sowing time (15 November) with
441.9 kg da’!, followed by the 1st sowing time (01
November) with 420.2 kg da’l. The lowest grain yield
was found at the 34 sowing time (November 30) with
405.5 kg da’l. There was a 17.44% difference between
the 1st and 3* sowing times when the highest and
lowest seed yields were considered.
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OZET

Bu arastirma yerel cin misir popuilasyonlarinin Osmaniye ili Sumbas
ilgesi kogullarinda verim performanslarinin arastirilarak bu ekolojiye
uygun yiksek verimli ve kaliteli cin misir gesitlerini belirlemek
amaciyla 2014 yilinda yurutilmustir. Tesaduf bloklar1i deneme
desenine gore dort tekerriirlii olarak kurulan bu arastirmada 2 adet
yerel cin misir cgesidi ve 15 adet yerel cin misir popililasyonu
kullanilmigtir. Arastirmada incelenen popcorn genotiplerinin kalite
ozelliklerinin en dusiik ve en yiliksek degerler sirasiyla bin tane
agirliginin 128.79 - 181.06 g, patlamayan tane oraninin % 0.02 - 0.08,
patlama oraninin % 0.93 - 0.98, 50 g tanenin patlama hacminin 15.55
- 21.78 cm3 g-, protein oraninin % 8.44 - 16.65, yag oraninin % 3.003
- 6.65), kuru madde oraninin % 86.65 - 88.003, nisasta oraninin %
76.76 - 80.17 arasinda degistigi tespit edilmistir. Sonug¢ olarak en
yuksek protein ve yag degeri Sakarya Han koyinden toplanan
populasyondan elde edildigi ve patlama oraninin da iyi oldugu
kaydedilmigtir. Yerel cin misir1 populasyonlarindan Bafra Kosukoy,
Canakkale Patlak, Balikesir Beyaz Cin ve Canakkale Beyaz Cin misir
populasyonlar: 1000 tane agirligi; Samsun Beyaz Cin ve Kdirli Cin
misir populasyonlar: patlama oranlari; Canakkale Sar1 Cin, Samsun
Merkez ve Bafra Kosukoy misir populasyonlar: patlama hacmi;
Sakarya Hankoyi protein, yag ve nisasta oranlari bakimindan ve
Edirne Beyaz Cin, Kadirli Cin ve Canakkale Patlak misir
populasyonlar: kuru madde orani yoninden ticari ¢esit olan Nermin
Cin ve Ant Cin 98den daha yiiksek degerlere sahip oldugu
belirlenmigtir.

ABSTRACT

This research was conducted in 2014 in order to determine the high-
yielding and quality popcorn varieties by investigating the yield
performances of landraces popcorn populations in Sumbas district
conditions of Osmaniye province. This study was designed as a
randomized block with four replications. Plant materials used in the
trials were 2 local popcorn varieties and 15 local popcorn populations.
The lowest and highest values of the quality characteristics of popcorn
genotypes examined in the study were 128.79-181.06 g, 0.02-0.08%,
0.93-0.98 %, 15.55-21.78 cm3 g-!, 8.44-16.65%, 3.003-6.65%, 86.65-
88.003%, and 76.76-80.17% for one thousand grain weight, unpopped
kernel rate, popping rate, the popping volume of 50 g grains, protein
ratio, oil ratio, dry matter ratio, and starch ratio, respectively. As a
result, it was recorded that the highest protein and oil ratiowas
obtained from the population collected from Sakarya Hankoyu. It was
determined that landraces popcorn populations sustained higher
values than the commercial variety Nermin pop and Ant pop 98, Bafra
Kosukoy, Canakkale Patlak, Balikesir White Gin and Canakkale
White Cin maize populations in terms of 1000 grain weight; Samsun
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White Cin and Kadirli Cin corn populations in terms of popping rates;
Canakkale Sar1 Cin, Samsun Merkez and Bafra Kogsukoy corn
populations in terms of popping volume; Sakarya Hankoyl in terms
of protein, oil and starch ratios and Edirne White Cin, Kadirli Cin and
Canakkale Popcorn populations in terms of dry matter ratio.

Ataf igini Idikut L, Onem M, Zilkadir G 2021. Sumbas Ilcesi Kogullarinda Yetigtirilen Yerel Cin Misir (Zea mays everta)
Popiilasyonlarimin Kalite Kriterlerinin Belirlenmesi. KSU Tarim ve Doga Derg 24(1): 122-129. https://doi.org/
10.18016/ksutarimdoga.vi.734355.

To Cite: Idikut L, Onem M, Ziilkadir G 2021. Determination of Quality Criteria of Local Popcorn (Zea mays everta)
Populations Grown in Sumbas District Conditions. KSU J. Agric Nat 24(1): 122-129. https://doi.org/
10.18016/ksutarimdoga.vi.734355.

GIRIS zaman icerisinde genetik cesitliligi yliksek olan dogal

Misir (Zea mays L.), Tiirkiye’de bugday ve arpadan
sonra en cok tretilen tahil bitkisidir (TUIK 2020).
Cogunlukla yiiksek protein ve o6zellikle A vitamini
yoninden zengin olan danenin % 82.5 gibi bilyik
oranini endosperm olusturarak iyi bir konsantre gida
olarak kullanilan (Tekce ve Giil 2014) ve yetistirilen
cin misirl, son yillarda biyoyakit kaynagi olarak da
giderek 6nemi artmaktadir (Lana ve ark. 2017).

Dinya’da misir tiretimi 2014 yilinda 1.039.226.655 ton
olup, bu deger Tirkiye’de 5.950.000 ton’dur. Aradan
gecen dort yilda bu degerler sirasiyla 1.147.689.084 ve
5.700.000 ton olmustur (FAOSTAT 2020). Tiirkiye'de
uretilen misirin ekim alanlar1 incelendiginde ise en
fazla ekim yapilan illerin Kahramanmaras- Elbistan,
Cukurova (Adana-Mersin), Aydin, Denizli, Kayseri,
Konya, Karaman ve Kirgehir oldugu goéralmistir
(Oztiirk ve ark. 2016).

Diunyada misir tiretim ve tiketimi kullanim amacina
bagh olarak alt varyetelerde farklihik gostermektedir.
Tum varyeteler arasinda patlak misir bitki ve tohum

ozellikleri  bakimindan ayirt edici ozelligi
bulunmaktadir. Patlak misir 1811 igleme maruz
birakildiginda genigleyen endosperm igerigi, sert

tohum kabugunu yirtarak patlar ve hacmi genigler.
Ayrica igerdigi yuksek lif, vitamin ve mineraller gibi
besin icerigi (Oztiirk ve ark. 2016), mide asidi emilimi
ile saghkl ve besleyici bir aperatif Giriin olmasi, acglik
hissini azaltip tokluk hissi vermesi ve biitin tahil
olarak kalori miktariin da diisiik (Jele ve ark. 2014)
olmas1 nedenleri ile atigtirmalik yiyecek olarak
patlamis misir (Zea mays everta Sturt.) kullanimi
dinya capinda stirekli artmaktadar.

Misir bitkisinin ac¢ik tozlagan bir tiir olmasi, genis
morfolojik farkliliklara ve daha genis cografik sartlara
adaptasyonunun daha kolay olmasini saglamaktadir.
Misirin bu ozelligi sadece adaptasyonu
kolaylagstirmamis ayrica arastiricilar tarafindan
genetik yapisinin daha kolay ve yogun olarak
degistirmesine neden olmustur.

Hem arastiricilarin hem de tohum firmalarinin en
temel amaci Ureticilerin daha yiiksek verim ile elde
edebilecekleri yiiksek kar orani olmustur. Bu durum
ise hibrit tohum uretimi ve kullanimini artirmigtir.
Ancak ticari hibrit ¢esitlerin artmasi ve yayginlagmasi
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populasyonlarin azalmasina neden olmustur. Yerel
populasyonlar hibritlere kiyasla daha az verim
vermekte (Ozkaynak ve Samanci 2003) fakat olumsuz
kosullara kars1 daha dayanikh (Dwivedi ve ark. 2016)
olmaktadir.

Yerel populasyonlarin biyotik ve abiyotik streslere
karst dayamiklihigi dikkate alinarak, yerel gesitlerin
korunmasi ve tarimin surdirilmesi gerekmektedir.
Yerel gesit kullaniminin 6zendirilmesi ile adaptasyon
yetenegi ylksek, strese dayanikli genetik materyalin
devamliliginin saglanmasi saglanacak, ticari tohum
icin harcama yapmasinin Ontine gecilecek, tlke
ekonomisine de katki saglanmis olacaktir. Ayrica yerel
cesitler 1slah calismalarinda vazgecilemez genetik
materyal gesitliligini tagimaktadir.

Bu calismada, Sumbas ve Kadirli y6éresinde cin misir
ekimini gelistirmek i¢in, Tirkiye genelinden toplanan
17 adet yerel cin misir1 populasyonu ekilerek bitkisel
ve verim yonunden Ustin oOzelliklere sahip
genotiplerin belirlenmesi amag¢lanmagtir.

MATERYAL ve METOD
Materyal

Aragstirma, 2 adet yerli ticari cesit ve 15 adet yerel
populasyon olmak tizere, toplam 17 adet cin misir
genotipi, 2014 yili Mart- Temmuz aylari arasinda
Osmaniye ili Sumbas ilgesi kogullarinda
gerceklestirilmigtir. Denemede kullanilan
materyaller, Turkiye'nin farkli boélgelerinden temin
edilmis ve elde edildikleri yorelere goére asagida
belirtildigi gibi adlandirilmistir (Cizelge 1).

Deneme yerine ait iklim ve toprak 6zellikleri

Denemenin yurutildiga yoreye ve yetistirildigi
sezona ait bazi iklim degerleri Cizelge 2'de verilmigtir
(Anonim 2017a). Osmaniye Ili Sumbas Ilgesinde 2014
yilindaki ortalama yagis miktar: 61.0 mm iken uzun
yillarda yetisme dénemindeki yagis ortalamasi1 65.1
mm’dir. Denemenin yuriitildigi sezona ait yagis
miktar1t uzun yillar ortalamasinda digiik oldugu
gozlenmigtir. Ayrica vejetasyon periyodu igerisindeki
dagilimi da yillar arasinda farkliliklar géstermistir.
Aragtirmanin  yapildigi 2014 yilinda bitkinin
gereksinim duydugu su yagisla karsilanmayacak
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kadar disik oldugundan, bitki ve toprak durumu
gozlenerek 6 kez salma sulama yapilmistir.

Cizelge 1. Denemede kullanilan yerel cin masir

genotipler
Table 1. Landraces popcorn genotypes used in the
experiment
No (No) Materyal Adi (Material Name)
1 Tokat Erbag
2 Samsun Merkez
3 Samsun Cin
4 Samsun Beyaz Cin
5 Sakarya Hankoyt
6 Nermincin
7 Konya Patlak
8 Kadirli Cin
9 Edirne Beyaz Cin
10 Canakkale Sar1 Cin
11 Canakkale Patlak
12 Canakkale Kirmizi1 Patlak
13 Canakkale Beyaz Cin
14 Balikesir Cin
15 Balikesir Beyaz Cin
16 Bafra Kosukoy
17 Ant Cin98

Uzun yillar ortalamasina goére, yillik ortalama sicaklik
20.8 °C iken yetistirme déneminde 21.4 °C olmustur.
Bu sonugtan da anlagilacag tizere uzun yillar
ortalamasi yetistirme déoneminde daha yuiksektir.

Uzun yillar ortalamasina gore, yetistirme sezonu igin
ortalama nispi nem %57.9 olarak belirlenirken, 2014
yili yetistirme sezonu ortalama nispi nem % 59.9
oldugu belirlenmigtir.

Aragtirma yerinin toprak ozellikleri

Denemenin yurutuldiga tarlaya iliskin 0-30 cm
derinlikten alman toprak o6rnekleri Kadirli Ilgesi
Ticaret Borsasi Laboratuvarinda analiz edilerek,
sonuclar Cizelge 3'de verilmistir (Anonim 2017b).
Deneme alaninin topragi killi-tinli biinyeye sahip olup,
hafif alkali, orta kiregli, tuzsuz, fosfor bakimindan
yuksek, potasyumca orta ve organik maddece orta
seviyede oldugu tespit edilmistir.

Metot

Deneme 4 tekerriirli olarak tesaduf bloklar1 deneme
deseninde, 70 x 20 cm ekim sikliginda, her parsel 4 sira
ve her sira 5 metre uzunlugunda olacak sekilde
diizenlenmigtir. Parsellerin buyukligi 14 m?'den
olusmustur.

Cizelge 2. Denemenin yurutuldagi yoreye ve yetistirildigi sezona ait bazi iklim degerleri
Table 2. Some climate values belonging to Osmaniye-Sumbas region in the season of the trial.

Sicaklik (°C) (Temperature (°C)) Toplam
Aylar Yillar - . Ortalama Nem(%) Yagis(mm)
Months Years En Dusuk En Y'uksek Ort. Average Humidity (%) Total Rainfall
Minimum Maximum Aver. (mm)
Mart 2014 0.5 29.1 14.7 58.7 93.3
Uzun Yillar -4 32.0 12.7 57.4 123.1
Nisan 2014 3.7 34.9 18.6 56.6 25.5
Uzun Yillar 0.1 36.5 16.8 52.3 84.6
Mayis 2014 11.9 34.3 21.5 59.1 52.8
Uzun Yillar 4.6 41.7 21.2 56.4 71.2
Haziran 2014 15.4 40.1 25.0 58.9 72.4
Uzun Yillar 11.5 42.6 25.2 62.8 35.2
Temmuz 2014 18.7 44.0 27.4 66.3 60.8
Uzun Yillar 15 42.8 27.9 60.6 11.3
Ortalama 2014 10.0 36.5 21.4 59.9 61.0
Average Uzun Yillar 5.4 39.1 20.8 57.9 65.1

Ekim 6ncesi ve ekimden sonra yapilan iglemler:

Deneme arazisinde cin misir bitkisinden 6nce 1spanak
bitkisi yetigtirilmigtir. Ispanak hasadindan sonra
deneme alami pulluk ve diskaro islenerek, lzerine
tirmik cekilerek toprak ekime hazir hale getirilmigtir.
Ekim iglemi 26 Mart 2014 tarihinde el ile yapilmigtir.
Ekimle birlikte tarlaya 6 kg da-' P:0s (DAP)
uygulamasi yapilmigtir. Bitki 50 cm iken 15 kg da-' N
(Amonyum siilfat) hesabu ile fosforlu giibrenin tamami
ve azotun % 40 1 ekimle birlikte azotun geriye kalan %
601 ise bitkiler 50 cm oldugundasira aralarina
uygulanmistir(Can ve Akman 2014). Deneme alani
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hava sicakhigi, toprak ve bitki durumu géz ontinde
bulundurularak c¢ikistan sonra 6 kez sulama
yapilmistir.Yabanci ota karsi bir kez,cizgili yaprak
kurdu, sap kurdu ve kogan kurdu iginde iki kez
ilaglama uygulanmigtir.Hasat 10 Agustos 2014
gerceklegtirilmistir.

Gozlemler ve dlgimler:

Aragtirmada, genotiplere ait bin tane agirhg (g),
patlamayan tane oram (%), patlama oram (%),
patlama hacmi (cm?® g-), protein orani (%), yag oram
(%), kuru madde orama (%) ve nisasta orani (%)
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ozellikleri incelenmis olup, gézlem ve élgtimler Idikut Verilerin istatistiksel analizleri, deneme planina
ve ark. (2015)’nin calismalarinda belirttikleri {izere uygun olarak SAS paket programinda Anova
yapilmigtir. prosediiric kullanilarak yapilmistir. Ortalamalarin

karsilagtirilmasinda Duncan testi kullanilmagtir.

Cizelge 3. Deneme alani topraklarinin baz fiziksel ve kimyasal 6zellikleri
Table 3. Some physical and chemical properties of the trial area soils

Ozellikler Doygunluk (%) Tuz (%) pH Kirec (%) Fosfor (kg da™) Potasyum (kg da™) Organik madde (%)

Features Saturation (%) Salt (%) pH  Lime (%) Phosphorus (kg da’)  Potassium (kg da") Organic matter (%)

Analiz sonuglar:

Analysis results 48.4 0.22 8.15 14.9 10.28 26.38 1.9
BULGULAR ve TARTISMA 181.06 g ile 16 nolu genotipte ve en dusiik deger ise
Bin tane agirhi (g): 127.12 g ile 12 nolu genotipte oldugu belirlenmigtir.

Nermin Cin ve Ant Cin 98 yerel ticari gesitlerde ise bin

Cizelge 4'de goriildigi {izere bin tane agirhf ozelligi tane agirlhigi 161.54 ve 166.17 g olmustur. Yerel cin

bakimindan genotipler arasi farkhliklar istatistiksel

olarak énemli bulunmustur (p<0.01). Yerel cin misir :l'lil]]i 113120?:;;%%23531 itkl)sftlilear]:mli?kseltznae'(Zjll(lei
genotiplerinin bin tane agirhiklari 181.06-127.12 ¢ ggstermistir y ges y g

arasinda degisiklik gosterdigi, en yiiksek degerin

Cizelge 4. Yerel cin misir genotiplerinin bin tane agirhigi, patlamayan tane orani, patlama orani ve patlama hacmine
ait ortalamalar ve gruplar:

Table 4. Averages and groups of Landraces popcorn genotypes for one thousand grain weight, non-burst grain rate,
burst rate and burst volume

Bin Tane Agirhigi (g) Patlamayan

Genotipler . Tane Oran1 (%) Patlama Orani (%) Patlama Hacmi (cm3g™)
One Thousand Grain . . .
Genotypes . Unpoped Kernel PoppingRatio (%) PoppingVolume (cm3g-")
Weight (g) .
Ratio (%)
1-Tokat Erbag 128.79+0.63 e 0.028+0.01 bc 0.973+0.01 ab 20.25+0.68a-c
2-Samsun Merkez 163.25+4.35 be 0.035+0.01 bc 0.965+0.01 ab 21.70+1.68a
3-Samsun Cin 162.03+£6.10 be 0.028+0.02 bc 0.973+£0.02 ab 18.63+0.84b-d
4-Samsun Beyaz Cin 143.98+5.90 d 0.018+0.01 ¢ 0.983+£0.01 a 15.50+1.83e
5-Sakarya Hankoyl 151.08+10.61 cd 0.030+£0.01 bc 0.970+£0.01 ab 17.15+2.72de
6-Nermincin 161.54+2.42 be 0.028+0.01 bc 0.973+0.01 ab 20.25+1.89a-c
7-Konya Patlak 153.68+3.27 cd 0.028+0.01 bc 0.973+0.01 ab 18.95+1.05b-d
8-Kadirli Cin 156.11+£12.06 cd 0.023+£0.01 bec 0.978+0.01 ab 20.10+0.78a-c
9-Edirne Beyaz Cin 164.29+28.76  bc 0.053+0.02 ab 0.948+0.03 bc 15.55+2.91e
10-Canakkale Sar1 Cin 144.67+£1.53 d 0.033+0.02 bc 0.968+0.02 ab 21.78+1.22a
11-Canakkale Patlak 173.94+1.45 ab 0.030+0.01 bc 0.970+0.01 ab 16.63+3.15de
12-Canakkale Kirmizi1 Patlak  127.12+3.78 e 0.045+0.03 a-c  0.955+0.03 a-c 17.85+2.09c-e
13-Canakkale Beyaz Cin 167.03+14.49 a-c 0.043+0.01 a-c 0.958+0.01 a-c 18.90+2.36b-d
14-Balikesir Cin 159.29+11.24 b-d 0.075+0.06 a 0.925+0.06 ¢ 16.65+1.08de
15-Balikesir Beyaz Cin 167.94+6.22 a-c 0.048+0.01 a-c 0.953+0.01 a-c 15.83+0.47e
16- Bafra Kosukdoy 181.06+5.81 a 0.030+0.01 bc 0.970+0.01 ab 21.30+0.89ab
17-Ant Cin 98 166.19+9.11 a-c 0.045+0.02 a-c  0.955+0.02 a-c 21.00+0.93ab
Genel ortalama 157.174 0.387 0.964 18.71
(General average)
F degeri (¥ value) 8.35%* 1.85%* 1.85%* 6.79%*
#:p <001 * p<0.05.
Cin musirimin  bin tane agrhg ile yapilan Patlamayan tane oram (%):

aragtirmalardan; Ozkaynak ve Samanc: (2003) 15 cin
misir1 hatlarinda en yiiksek 114.8 g, melezlerde ise
115.2 g, Marques ve ark. (2015) ise cin misir

Yerel cin misir genotiplerinin patlamayan tane orani
% 0.018-0.075 arasinda degistigi belirlenmistir. Bu
genotiplerden patlamayan tane orani en fazla olan 14

genotiplerinde bin tane agirhigini 131.43-137.99 g
arasinda oldugunu bildirmiglerdir. Gokmen ve ark.
(2001), bin tane agirhig1 ile patlayan tane oram
arasinda dogru orantili bir iligki tespit etmistir. Daha
onceki arastiricilarin bulgular ile bu ¢aligmaya ait
bulgular uyum i¢indedir.

nolu genotip, en az olanin ise 4 nolu genotip oldugu
kaydedilmigtir. Nermin Cin ve Ant Cin 98 yerel
gesitlerde ise patlamayan tane orani % 0.03 ve 0.05
oraninda  gerceklesmistir.  Yerel cin  misiri
populasyonunundan bazilarinin patlamayan tane
agirligi yerel cesitlerden yliksek degerler gostermistir
(Cizelge 4).
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Ozkaynak ve Samanci (2003), patlamamisg tane oranini
% 3.49-12.19 araliginda belirlerken, Giiven (2006), 4
melez cin misirda yaptig1 ¢calismada patlamamig tane
oranimi % 12.6-13.7 arasinda bulmuslardir. Idikut ve
ark. (2015), Kahramanmarag'ta 13 cin misirda yaptig1
calismada patlamayan tane oranini1 % 8-24 arasinda,
Oztiirk ve ark. (2016), Antalya’nin Aksu ilgesinde 35
cin misirda patlamayan tane oranini %1.8-35.4
arasinda belirlemiglerdir. Bu bulgular elde edilen
sonuclar: desteklemektedir.

Patlama orani (%):

Cizelge 4 incelendiginde genotiplerin patlama
oraninin % 0.925-0.983 arasinda degistigi ve
genotipler arasindaki farkliligin 6nemli oldugu tespit
edilmigtir. Yerel cin misir genotiplerinden patlama
orani en fazla olan genotipin 4 nolu genotip, en az olan
genotipin 14 nolu genotip oldugu kaydedilmigtir.
Nermin Cin ve Ant Cin 98 yerel gesitlerde ise patlama
oranmi % 0.97 ve 0.96 olmustur. Yerel cin misiri
popllasyonundan bazilarinin patlama orani yerel
cesitlerden yiiksek degerler gosterdigi belirlenmigtir.

Patlama orami kullanilan genotiplere baglh olarak
degisiklik géstermesinin yani sira ayni zamanda tane
nemi, tanede protein orani ve tane buyuklugu ile ilgili
iligkili olarak degismektedir. Bununla ilgili olarak
Nascimento ve Baiteux (1994), en iyi patlama hacmi ve
en diusuk patlamayan tane oranmnin % 10.2 nem
oraninin artmasiyla patlama hacminin artiginm
belirtmiglerdir. Onceki c¢alismalardan elde edilen

bulgularin, bu c¢alismaya ait bulgular1 kismen
desteklemektedir.

Patlama hacmi (cm?® g-):

Patlama hacmi yoninden cin misir1 genotipleri

arasinda istatistiki olarak 6nemli farkliliklar oldugu
(p<0.01) belirlenmis, genotiplere ait ortalama degerler
ve olugan gruplar Cizelge 4’de verilmigtir.
Arastirmada kullanilan yerel cin misir1 genotiplerinin
patlama hacminin 15.55-21.78 cm?g-! arasinda
degistigi, patlama hacmi en yiksek olan genotipin 10
nolu genotip ve en dusiik genotipin 4 nolu genotip
oldugu belirlenmigstir. Patlama hacmi yoninden
genotipler arasindaki farklhiliklar 6nemli olmustur
(Cizelge 4). Nermincin ve Ant Cin 98 yerel cesitlerde
ise patlama hacmi 20.25 ve 21.00 cm®g-! olmustur.
Yerel cin misir1 popiillasyonunundan bazilarinin
patlama hacmi tescilli yerel gesitlere yakin deger
gostermigtir.

Ziegler ve Ashman (1994), cin misirda en iyi patlama
hacmini %13-14 nem diizeyinde bulmustur. Galvao ve
ark (2000), Brezilya'da yaptiklari calismada ilk yil
patlama hacmini 36 ml g-* ikinci y1l 35.1 ml g-* olarak
saptamislardir. Goéziibenli ve ark (2000), Ant Cin 98
misirda 5.5-6 mm. tane iriliginde ve %14 nem
iceriginde en yiiksek patlama hacmini 32.81 cm?® g-!
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olarak bulmustur. Ozkaynak ve Samanci (2003), 15 cin
misir hatti ile elde edilen melezlerde hatlarda en
yiksek 3.48 cm? g-! iken melezlerde 2.84 cm? g-! olarak
gerceklestigini belirtmigtir. Carpentieri-Pipolo ve ark.
(2005), Brezilya'da 8 cin misirda yaptigl calismada
patlama hacmi 25.5-28.6 cm®g-! arasinda, Idikut ve
ark. (2015), Kahramanmaras’ta 13 cin misirda yaptig1
calismada patlama hacmi 10-22 cm?® g-' olarak
bulmustur. Oztiirk ve ark. (2016), Antalya’min Aksu
Ilcesinde 35 cin misirda patlama hacmi 8.3 -29.3 cm?
g-! arasinda bulmusglardir.

Katta ve Bullerman (1995), beyaz ve sar1 cin misirinin
depolama siiresi arttikga patlama hacminin diigmis
oldugunu, Sing ve ark. (1997), zarar goren tanelerde
patlama hacmi tane hacmine baglh olarak artmig
oldugunu bulmuslardir. Nascimento Baiteux (1994),
en 1yl patlama hacminin ve en disiik patlamayan tane
oraninin % 10.2 nem oraninda bulunmustur. Prodhan
ve Rai (2000), Hindistanda 154 cin misirda yaptig
calismada patlama hacmi tane agirliglr arasinda
olumsuz iligki belirlemistir. Gékmen ve ark. (2001),
patlama hacmi ile tane verimi ve bin tane agirhigi
arasinda ters bir iligki bulmustur. Tian ve ark. (2001),
ABD'de yaptig1 ¢alismada patlama hacmi ile fiziksel
ozellikler arasinda dogrudan gugli bir iligki
bulunmustur. Reddy ve ark. (2003), patlama hacminin
sadece patlama derecesi ile olumlu ve 6nemli iligkisi
oldugunu Dbelirlemigtir. Cin misirinda patlama
hacmine Gomes ve Gama (1990), iklim sartlarinin,
kullanilan giibre miktarinin, ekim zamaninin, yabanci
otlar, bocek ve hastaliklarda kullanilan yéntemlerin,
ekim derinlik ve sikliginin, hasat yonteminin ve
saklanma sartlarimin etkisi oldugunu belirtilmistir.
Daha o6nceki yapilan c¢alismalardaki bulgular, bu

arastirmada patlama hacminde kaydedilen
farkliliklar: agiklamaktadir.

Protein orani (%):

Patlama orani yoniinden cin misiri genotipleri

arasinda istatistiki olarak 6nemli farkliliklar oldugu
(p<0.01) kaydedilmistir. Arastirmada kullanilan yerel
cin misir1 genotiplerinin protein orani % 8.44-16.65
arasinda degismistir. Yerel cin misir1 genotiplerinin
protein orani en fazla olan genotipin 5 nolu genotip, en
az olan genotipin ise 1 nolu genotip oldugu tespit
edilmistir (Cizelge 5.). Nermin Cin ve Ant Cin 98 yerel
gesitlerde ise protein orami %10.16 ve 8.73 oldugu
belirlenmigtir. Yerel cin misir1 popiillasyonundan
bazilarinin protein orani tescilli yerel ¢esitlerden ¢ok
daha yiiksek degere sahip oldugu gorilmustir.

Banarjee ve ark. (2004), Hindistan’'da yaptig
calismada protein igerigini ortalama olarak % 9.19
bulmuglardir. Onceki c¢aligmalarda elde edilen
bulgularin bu g¢alismaya ait bulgular1 destekledigi
gbézlenmigtir.
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Yag orani (%)

Yag orani yoniinden cin misiri genotipleri arasinda
istatistiki olarak 6nemli farkhliklar oldugu (p<0.01)
belirlenmigtir. Aragtirmada kullanilan yerel cin misiri
genotiplerini yag orani % 3.00-6.65 degerleri arasinda
degismigtir.

Yerel cin misir1 genotiplerinin yag orani en fazla %
6.65 oranla 5 nolu genotipte gerceklesmistir. En az yag
orani ise % 3.00 degerle 7 nolu genotipte gériuldigi

belirlenmigtir. Nermin Cin ve Ant Cin 98 yerel
gesitlerde ise yag orani degerleri % 4.86 ve 3.69 olarak
gerceklesmistir. Yerel cin misir1 popiilasyonunundan
bazilarinin yag orani tescilli yerel ¢esitlerden ¢ok daha
yiksek degere sahip oldugu kaydedilmistir.

Ratkovi¢ ve Dumanovi¢ (1991), 6 hibrit misirda en
dustk yag oranini patlak misirda, en yliksek orani ise
standart tipte belirlemiglerdir.

Cizelge 5. Yerel cin misir genotiplerinin patlama hacmi, protein orani, yag orani, nisasta oram ve kuru madde oranina ait

ortalamalar ve gruplar:

Table 4. Average values and groups of landraces popcorn genotypes for burst volume, protein ratio, oil ratio, starch ratio and

dry matter ratio
Genotipler Protein Orani (%) Yag Orani (%) Nigasta Oran1 (%) Kuru Madde Orani (%)
Genotypes Protein Ratio (%) 01l Ratio (%) Starch Ratio (%) Dry Matter Ratio (%)
1-Tokat Erbag 8.44+0.03 e 3.56+0.07 h 78.87£0.33 a-c 87.50+0.13 a-c
2-Samsun Merkez 9.88+0.10 b-d 4.01+0.07 e-h 77.77+0.61 bc 87.43+0.31 a-c
3-Samsun Cin 10.05+0.27 b 4.40+0.31 b-e 77.18+0.17 bc 87.45+0.87 a-c
4-Samsun Beyaz Cin 9.88+0.64 b-d 4.44+0.12 b-e 77.19+2.56 bc 87.75+0.64 ab
5-Sakarya Hankoyl 16.65+0.01 a 6.65£0.01 a 78.88+2.24 ab 86.65+0.01 c
6-Nermincin 10.16+1.46 Db 4.86+0.45 b 76.83£1.22 ¢ 87.85£0.19 a
7-Konya Patlak 8.68+0.10 de 3.00+0.02 1 80.17+0.28 a 86.81+0.98 bc
8-Kadirli Cin 10.31+1.48 b 4.72+0.66 bc 76.90+£1.62 ¢ 88.00+0.27 a
9-Edirne Beyaz Cin 9.49+0.94 b-e 4.51+0.25 b-e 78.26+1.99 bc 88.48+0.76 a-c
10-Canakkale Sar1 Cin 9.93+0.36 bc 4.37+0.04 b-e 77.42+0.06 bc 87.73+0.19 ab
11-Canakkale Patlak 10.14+£0.97 b 4.06+0.04 d-f 77.69+0.54 bc 87.94+0.14 a
12-Canakkale Kirmiz1 Patlak 9.88+0.98 b-d 4.50+0.34 b-e 77.21+1.40 bc 87.71+0.52 ab
13-Canakkale Beyaz Cin 9.93£1.53 bc 4.224+0.20 c-f 76.76+1.23 ¢ 87.88+0.48 a
14-Balikesir Cin 9.55+0.92 b-e 4.58+0.29 bc 77.62+0.66 bc 87.03+£1.46 a-c
15-Balikesir Beyaz Cin 8.53+0.79 e 3.81+0.30 f-h 78.14+0.60 bc 87.69+0.20 ab
16- Bafra Kosukoy 9.29+0.10 b-e 4.53+0.01 b-d 77.75+0.12 bc 87.53+0.06 a-c
17-Ant Cin 98 8.73+1.23 de 3.69+0.72 gf 78.54+1.10 a-c 87.75+0.32 ab
?gnd ortalama 9.97 4.35 73.61 87.60
eneral average)

F degeri (¥ value) 2507.62*%* 1.68** 2.44%* 1.74%*
**:p<0.01 * p<0.05.

Nigasta orani (%): Kuru madde oram (%):

Nigasta oran1 6zelligi bakimindan cin masiri Kuru madde orami yoninden cin misiri genotipleri

genotipleri  incelendiginde  genotipler arasinda arasinda istatistiki olarak énemli farkliliklar oldugu

farkliliklarin istatistiki olarak énemli oldugu (p<0.01)
belirlenmigtir. Yerel cin misir1 genotiplerine ait
onemlilik durumu, ortalama degerler ve olusan
gruplar Cizelge 5’de verilmigtir.

Arastirmada kullanilan yerel cin misir1 genotiplerinin
nigasta orami % 76.76 - 80.17 degerleri arasinda
degismigtir. Nigasta orani en yiliksek olan genotipin 7
nolu genotip olurken, en diisiik nisasta oraninin 13
nolu genotipten elde edilmistir. Nermin Cin ve Ant Cin
98 yerel cesitlerde ise nigsasta oram %76.83 ve 78.54
oldugu belirlenmigtir. Yerel cin misirl
popllasyonundan bazilarinin nigasta oranmi tescilli
yerel cesitlerden daha yiliksek degere sahip oldugu
tespit edilmistir. Sweley ve ark. (2012) tanede nisasta
oranlarinin % 61.5-65.3 arasinda, Aliu ve ark. (2012)
tanede nigasta igeriginin % 67.39-72.15 arasinda
varyasyon gosterdigini bildirmislerdir.
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(p<0.01) goériilmektedir. Arastirmada kullanilan yerel
cin masir1 genotiplerini kuru madde orami % 86.65-
88.00 arasinda degigmistir. Yerel cin masiri
genotiplerinin kuru madde orani en fazla % 88.00
degerle 8 nolu genotipte, en az kuru madde % 86.65
oranla 5 nolu genotipte oldugu belirlenmistir. Nermin
Cin ve Ant Cin 98 yerel ¢esitlerde ise kuru madde orani
% 87.85 ve 87.75 oldugu belirlenmistir. Yerel cin misiri
populasyonunundan bazilarinin kuru madde orani
tescilli yerel gesitlerle benzer deger gosterdigi tespit
edilmigtir.

SONUC ve ONERILER

Sonug olarak incelenen 6zelliklerden de goriildigi gibi
yerel cin misir1 populasyonlarinin bazi &zellikleri
yontunden yerel ticari gesit olan Nermin Cin ve Ant Cin
98den daha yuksek degerlere sahip oldugu
kaydedilmisgtir. Burada yerel genotiplerle yapilan
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calismanin 6nemli oldugu ve genotip gelistirme ve
1slah ¢aligmalarina da éncilik etmesi agisinda 6nem
arz ettigl anlasilmaktadir. Boélge ciftcisinin yerel
cesitler yaninda yerel populasyonlarida kullanim
amaclarina (patlatma, yag, nisasta protein gibi
ozelliklerine) gore tercih edebilecekleri goriilmiistiir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamigtir.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir cikar

catismasi bulunmamaktadar.

TESEKKUR

Bu makale Mustafa ONEM’in yiiksek lisans tezinin bir
kismini kapsamaktadir.
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OZET Aragtirma Makalesi
Bu calismanin amaci, bugdaym ZD 3.0 (sapa kalkma baslangic)

déneminde klorofil metre (SPAD) ve GreenSeeker (NDVI) optik Makale Tarihgesi
sensorler ile bugdayin N alimi ile tane verimi arasindaki iligkileri Gelis Tarihi  :06.05.2020
6lcmek, dogrulamak ve gubre tavsiyeleri i¢cin denklem olusturmaktir. Kabul Tarihi :09.06.2020
Bu calismada, kuru kosullarda 4 farklh cesit (Altay2000, Gerek79, :
S6nmez2001 ve Bezostajal), 6 farkli azot dozuna (0, 3, 6, 9, 12 ve 15 Anahtar Kelimeler
kg N dal) karsihik olarak verdikleri mevsim ici spektral yansima Azot
okumalarindan hesaplanan vejetasyon indeksleri ve mevsim i¢i verim NDVI

tahmini yontemiyle belirlenmistir. Zadoks (ZD) 2.4 (kardeslenme), ZD SPA,D .

3.0 (sapa kalkma baslangici), ZD 3.1 (sapa kalkma 1 bogum dénemi) Optik Sensor

ve ZD 3.2 (sapa kalkma 2 bogumlu dénem) olmak tiizere 4 ayr1

dénemde vejetasyon indeksi (NDVI) okumalari yapilmistir. Bu

dénemlerden en uygun Zadoks 3.0 (sapa kalkma baslangici)

doneminde yapilan okumalar en gercek¢i yaklasim olarak

degerlendirilmigtir. Yaprak klorofil degerleri hakkinda da bilgi veren

spadmetre (SPAD) kullanimina gére mevsimici verim tahmini

yapmaya olanak saglayan NDVI yontemi daha uygun bulunmustur. 8

cift¢i tarlasindan alinan degerlerin karsilastirilmasinda, optik sensor

(NDVI) yénteminin é6énerdigi azot dozlarmmin ciftci uygulamasiyla

benzer verim duzeylerinde 0.9 kg N dal! daha az azot kullanim

sagladigi gorulmus, yani sistemin ekonomik etkinlik yoniu oOne

citkmigtir. Spadmetre kullanilarak erken ilkbahar déneminde azotlu

giibre tavsiyesinde, normalize edilmis spad (NSPAD) degerlerindeki

artisin verimde neden oldugu artig1 gosteren 4 donemde de aym

Klorofil Yeterlilik Indeksi (Chlorophyll Sufficiency Index) 0.95 kritik

esik degeri nin altinda oldugu zaman azotlu giibre tavsiye

onerilmigtir.

Calibration Optimization For Sensor-Based In-Season Nitrogen Management of Rainfed Winter Wheat
in Central Anatolian Conditions

ABSTRACT Research Article

This study aimed to determine the Wheat response to nitrogen

topdressing doses and calibrate the optic sensér NDVI reading. The Article History

objective of this study was to quantify and validate the relationships Received - 06.05.2020
between N uptake and grain yield of wheat using in-season Accepted +09.06.2020
measurements by chlorophyll meter and GreenSeeker optical sensor

at Zadoks3.0 growth stage (stem elongation) of wheat. In the study, Egywords
responses of four winter wheat cultivars (Altay2000, Gerek79, S6nmez Nglg?lgen
2001 and Bezostajal) to six N rate (0,3,6,9,12 and 15 kgNda'!) under AT

rainfed conditions were compared with vegetation indices based on
spectral reflection and In-Season Estimates of Yield calculated from
these indices. GreenSeekersensor was used for this purpose.
Vegetation indices (NDVI) were obtained at growth stages Zadoks2.4,
Zadoks3.0, Zadoks3.1 and Zadoks3.2, Zadoks3.0 (stem elongation)
was found to be the most realistic reading time. In the last year of the

Optic Sensor
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project NDVI based calibration equations were preferred for tests in
actual farmers’ fields due to the fact that NDVI method had an
advantage, over Spadmeter (SPAD) use, of giving information on
biomass, in addition to nitrogen nutrition status of the crop, making
in-season yield estimation possible. A comparison of the system with
traditional farmer applications, based on the average of 8 farmers’
fields, the new system was shown to give similar yields with 0.9 kg da-
1 lJess Nitrogen in the spring (ZD3.0), showing its economically
promising value. Chlorophyll Sufficiency Index was determined by

using spadmeter in the early spring

nitrogen

fertilizer

recommendation in the same period as 0.95 critical threshold value
which showed increase in yield caused by increase in NSPAD values.
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GIRIS

Son yillarda kullanilmaya baglanan sensérlere dayali
yeni teknolojiler tarimda dikkate deger sekilde 6nemli
faydalar saglamaya baslamistir (Pivoto ve ark., 2018).
Bu teknolojilerin katki saglayabilmesi i¢in her bdélge
icin modifiye edilmesi zorunlu olmaktadir (Walshve
ark., 2018). Béylece optik sensorler iiriinlerin verim ve
biyokiitle 6zelliklerini tahmin etmede yaygin sekilde
kullanilabilmektedir (Christoph ve ark., 2018).
Optimum Urin elde etmek i¢in en uygun azot
dozlarinin  belirlendigi benzer sensére dayah
calismalarda da genel matematik modelleri
kullanilarak algoritmalar gelistirmeye
odaklanilmaktadir (Franzen ve ark., 2016). Son
yillarda 1ise, elde edilmesi beklenen verim
diizeylerinde, azotlu giibrelemeyle alinacak karsilig:
yil icinde ve tarla duzeyinde belirlemeye yonelik
mevsim i¢i azotlu glbre yonetim sistemleri
gelistirilmeye baglanmigtir. Azot eksikliginin yaprak
klorofil konsantrasyonlarinda azalmaya neden oldugu
belirtilmektedir (Penuelas ve ark., 1993). Fazla azot
eksikliginde bitkiler kirmizi yansima alanlarinda daha
fazla yansima vermektedir (Steven ve ark., 1990).
Stone ve ark., (1996) kishk bugdayda optik sensér
yansimalarinin toplam bitki kiitlesi (biyomas) ile
yiiksek korelasyon verdigini, Raun ve ark., (2001)
bugdayda sapa kalkma baglangicinda sensér yansima
degerleri araciligiyla verim potansiyelinin
belirlenebilecegini gostermistir. Bijay-Singh ve ark.,
2013 yilinda Guney Asya’da yurutilen ¢alismada
maksimum kardeglenme dénemi éncesinde SPAD ve
NDVI okumalar1 yapilarak INSEY (Mevsim I¢i Verim
Tahmini) degeri 0.005-0.011 degeri arasinda iken
uygulanan 3 kg N da'! azot ile verim artisi saglandigi
belirtilmigtir. Klorofil, bitkilerin yesil renginden
sorumlu pigmenttir ve fotosentezdeki 15181 yakalayan
molekiil-bitki tiretimini belirleyen temel metabolik
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siireclerdir (Araus ve ark., 1997). MINOLTA SPAD
502, kirmizi (650 nm) ve yakin kizilétesi (940 nm)
dalga boylarindaki 1sik transmisyonlarini olgerek
yaprak Kklorofil oranlarini tahmin etmekte olup
(Markwell, 1995), bu degerler bugdaymn azotlu
giibreleme ihtiyacin1  belirleme amaciyla da
kullanilmaktadir (Lopez-Bellido, 2004). Santos ve ark.,
(2019) Spadmetre kullanilarak azot yeterlilik endeksi
(NSD kritik esik degeri 0.95 olarak belirlenmis ve bu
kritik egik degerinin altinda oldugu ilkbahar dénemi
azotlu giibrelemenin verim tuzerine etkili olabilecegi
belirtilmigtir. Bu c¢alismanin amaci, bu cesitler i¢in
optimum azot dozu belirlemek degil, tam tersine, genel
ortalama Uzerinden, tarla diizeyinde ve yilin gidisine
gore tavsiye yapabilmek i¢in yontem gelistirmektir.
Eskisehir (GKTAEM)de yaklasgitk 15 yildir Orta
Anadolu ekmeklik Bugdayda kuru ve sulu kosullar:
icin Optik Sensére Dayali Mevsim I¢i Azotlu Giibre
Kalibrasyon calismalari yurutilmektedir.
Eskisehir'de yurutiilen bu calismalarda bu gelistirilen
denklemler her yil glincellenerek daha cok yil ve
gevrenin etkileri denklem igerisinde yer almakta ve
daha 1yi bir verim tahmini yapmaya
odaklanilmaktadir. Bu ¢alisma kapsaminda yaprak
klorofil metresi (SPAD) ve GreenSeeker (NDVI) optik
sensorler ile ekmeklik bugdayda azotlu giibre tavsiyesi
i¢cin kalibrasyon denklemleri gelistirme calismalari
degerlendirilmigtir.

MATERYAL ve METOD
Bu ¢alisma kuru kosullarda 2008-2009 ve 2009-2010
Uretim yillarinda dort farkh lokasyonda

yuriatilmustir. Calisma GKTAEM Merkez Yerleske
arazisinde Lokasyon 1: Enstitii (2009), Lokasyon 2:
Yusuflar kéyii (2009), Lokasyon 3: Yusuflar koyii
(2010) Lokasyon 4 Giineli (2010) farkli toprak yapisi
ve c¢iftgi tarlalarinda denemeler yurutilmustir.
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Calismada, genotiplerin kalite 6zellikleri agisindan bir
varyasyon yaratmak icin 2 kirmiz sert (Bezostajal ve
Sonmez2001) ve 2 beyaz yumusak cesit (Gerek79 ve
Altay2000) kullanilmistir. Calismada bu kalibrasyon
¢alismalarini uzun siiredir yuriaten Oklahoma Eyalet
Universitesi ve Uluslararast Misir ve Bugday
Gelistirme Merkezi (CIMMYT)in uyguladigi azotlu
giibre kullanma bi¢imine uygun olarak azotun tamami
ekimle birlikte verilmigtir. Bunun gerekgesi, azotlu
giibrenin kullanilmasiyla bitki tarafindan alinip
klorofil oranlarina, dolayisiyla optik sensér okuma
degerlerine yansimasi i¢in gereken siire ortalama 4-5
hafta olarak ifade edildiginden azotun yarisini
ilkbaharda vermenin yansima okumalarim
geciktirmesi olasilifidir. Bu uygulama (Ekim ile
birlikte azotun tamami) kalibrasyon denklemi
olusturma amaci ile kullanilmakta olup hicbir kogul
altinda ciftciye tavsiye edilecek bir usiil olarak
diisinilmemistir. Deneme Tesadiuf Bloklarinda
Faktoriyel deneme deseninde ve 4 tekerriirli olarak
ylritilmis olup; 6 farkli azot uygulamasi (0, 3, 6, 9,
12 ve 15 kg N da'!) karsilastirilmistir. Azotlu giibrenin
tamami, amonyum nitrat (%33) formunda verilmistir.
Optik sensér (Green Seeker, NDVI) ve Spadmetre
(SPAD) cihaziyla 4 farkli bitki gelisme déneminde
Zadoks 2.4 (kardeslenme), Zadoks 3.0 (sapa kalkma
baslangic1), Zadoks 3.1 (sapa kalkma 1.bogumlu
dénem) ve Zadoks 3.2 (sapa kalkma 2.bogumlu dénem)
olcimler yapilmistir (Zadoks ve ark.,, 1974).
Okumalarda algilayici sensor bitki értisiinden 80 cm
mesafeden yapilmigtir. Bu dénemlerde yapilan NDVI
okumalarinda elde olunan NDVI degerleri, ekimden
itibaren gegen ve bugdayin geligebilecegi bir baz
degerinin (+4.4°C) {izerindeki giin sayisina béliinerek
INSEY (Mevsim I¢i Verim Tahmini) degerleri
bulunmustur (Raun ve ark., 2002; Mullen ve ark.,
2003). Sistem, spektral yansima prensibine gére
caligmakta olup, bu degerleri degisik dalga
boylarindaki yansimalar tizerinden hesaplamaktadir

KONTROL KUTUSU
e
BATARYA

(Peniuelas ve ark, 1993).

Spadmetre

SPAD okumalari, her bir parselden rasgele secilen 10
bitkinin ana saplarindaki, gelismesini en son
tamamlamis yapraklarda ve ii¢ (dip, Orta ve Ug
kesimde) ayr1 kesimde yapilan okumalarin ortalamasi
alinarak yapilmistir (Lopez-Bellido ve ark., 2004).
Parsellerden bu sekilde elde olunan SPAD degerleri,
ayni genotipin en yuksek dozda gilbrelenen
parsellerinden elde olunan SPAD degerlerine
bolunerek nispi olarak ifade edilmistir ki buna
normalizasyon iglemi adi verilmektedir. Buna gore:
NSPAD hesaplamas: degisik doénemlerde okunan
SPAD degerlerinin NSPAD degerlerine ¢evrilmesi, her
parselde okunan degerin, o ¢esidin o denemede verdigi
en yiksek SPAD degerinin ylizdesi olarak ifade
edilmesi seklinde gerceklesmekte ve asagidaki
formiille hesaplanmaktadir: NSPAD (Normalize
edilmig SPAD) = SPAD (parsel) / SPAD (maximum)
(Varvel ve ark., 1997) (1). Bu amacla NSPAD degeri
kullanilmigtir. Bugiin yaygin olarak kullanilan
Minolta SPAD-502 klorofilmetre (Markwell ve ark.,
1995), yapraklarin klorofil yogunlugunu SPAD (Soil
Plant Analysis Development) birimi olarak vermekte
ve genellikle degerlendirmeler bu birim tzerinden
yapilmaktadir. Bunlardan en yaygin kullanmilan
MINOLTA SPAD-502 klorofilmetre (MINOLTA 1989)
yaprak birim alani tizerinden klorofil oranlarini SPAD
birimi Uzerinden verdigi icin SPADMETRE olarak ta
adlandirilmaktadir (Sekil 1). Cizelge 1' de deneme
yerlerine ait iklim verileri verilmistir. Toprak analiz
ornekleri Bremner (1965) tarafindan oénerilen 2 farkh
yontemle NOs ve NHs+NOs azotu analizleri
yapilmigtir. Bu d&rneklerde elde olunan analiz
sonuc¢larindan, deneme kurulan alanlara ait veriler
Cizelge 2’ de verilmigtir.

Sekil 1. GreenSeeker Model 505 spektrometre ve SPADMETRE (Minolta SPAD-502)
Figure 1. GreenSeeker Model 505 spectrometer and SPADMETER (Minolta SPAD-502)

Deneme yeri topraklarinin ince (kil, killi tin ve kumlu
killi tin) biinyeye ve diisiikk (%1-2) diizeyde organik
madde i¢erigine sahip oldugu da gériilmektedir. Ayrica
deneme yeri topraklari orta (%5-15) ve fazla (%15-25)
kirecli, hafif alkalin reaksiyonlu, disiik tuzlu veya
tuzsuzdur. Denemelerde cesitler metrekarede 500
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tohum sikliginda, parsel mibzeri (Wintersteiger) ile
sira arasi 20 cm ve 6 sira olarak ekilmistir. Parsel
alan1 ekimde 1.2 x 7 = 8.4 metrekaredir ve parsel
alaninin 1.2 x 5 = 6.0 metrekaresi parsel bicerdéveriyle
(Hege-Wintersteiger) hasat edilmistir.
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Cizelge 1. Enstitiide 6l¢iilen yagis miktarlar: (2008-2010).
Table 1. The amount of precipitation measured at the Institute (2008-2010).
= N @
S 5 g § £ % 3 § § &z £ § & iz
= & & & & s 2 = £ & 5 5§ & 3B
s o Z e & < [>T
Uzun yil  14.7 25.2 30.6 45.6 38.4 32.6 33.3 35 42.1 29.3 13.8 6.5 347
2008-09 30.7 6.4 49.6 34.5 66.3 82 40.9 28 15.4 10.2 19.4 2.0 385
2009-10 7.1 9.0 29.5 65.1 36.0 42.8 32.6 23.9 20.7 79.0 7.40 0.9 354
Cizelge 2. Deneme yerlerinden alinan topraklarin kimyasal 6zellikleri (0-30 cm).
Table 2. Chemical properties of soils in the experiments places (0-30 cm).
Toprak 6zellikleri Birimi Lokl Lok2 Lok3 Lok4
Enstit YUSUFLAR YUSUFLAR GUNELI
*Tekstiir Simfi C C CL SCL
pH (1:2.5.Toprak:Su) 7.52 7.36 7.35 7.67
EC (Tuz) (1:5,Toprak:Su) (uSem™) 140 130 203 180
CaCOs (Kirec) (%) 9.6 13.5 19.1 23.3
Organik Madde (%) 1.10 1.31 2.06 1.79
Fosfor (P) mg kg1 32.1 8.39 18.1 20.5
Pntacviim (K) mo kol ARA 2RA 405 250
Fenoldisiilfonik Asit Met.(NOs) 0-30cm mgkg!  3.30 2.29 3.83 3.40
Fenoldisiilfonik Asit Met.( (NH4* +NOs) 0-30cm mgkg!l  15.0 20.0 20.6 21.0

* C =Killi (Clay); CL = Killi tin (Clay Loam); SCL = Kumlu Killi Tin (Sandy Clay Loam), Lokasyon1(LOK.): Enstitii(2009), Lok.
2: Yusuflar (2009), Lok.3: Yusuflar (2010) Lok.4 :Giineli (2010)

Verilerin Analizi

Elde edilen verilerin istatistiksel analizi JMP
istatistik programi (JMP, SAS Institute, Cary, NC)
araciligiyla yapilmistir (JMP, 2013). Varyans analizi
araciligiyla uygulama etkilerinin 6nemlilik derecesi
test edilmig ve ortalama degerlerin
karsilastirilmasinda Student’s t yontemi
kullanilmigtir. Ayrica elde edilen veri setlerinde
regresyon ve korelasyon analizleri yapilmistir.

BULGULAR ve TARTISMA
Tane Verimi

Denemede elde edilen verim sonuglari Cizelge 3 ve
Sekil 2a’ da verilmistir. Cizelge ve sekilden gérilecegi
tizere, uygulama x y1l (lokasyon veya yil) interaksiyonu
onemli ¢ciktigindan, 4 denemenin dane verimlerinin
ayr1 ayri degerlendirme sonuglari Cizelge 3'de
verilmigtir. Cizelge 3 incelendiginde, 2000’ 1i yillarda
geligtirilen S6nmez2001 ve Altay2000'in, boélgenin
yaygin ekilen eski c¢esitleri olan Bezostajal ve
Gerek79’ dan daha fazla verim verdikleri ve azotlu
giibrelemeye kargilik agisindan da 4 denemenin 3 tinde
9 kg N seviyesine kadar verim artigi oldugu, diger
denemede de ayni durum olmakla birlikte, istatistik
onemlilik agisindan optimum seviyenin 6 kg N da'!
seviyesinde gergeklestigi gériilmektedir. Denemelerde
elde olunan farklh verim diizeylerine karsin, azota
alinan karsiliklarin benzerligi Sekil.2’de grafik (b)
olarak gosterilmigtir. Cegitlerin ortalamasi tizerinden
denemelerin  karsilastirildign =~ Sekil = 2 (a)
incelendiginde, ¢ift¢i tarlasinda kurulan 3 denemenin
(Lok 2, 3, 4) verimlerinin 200 ile 400 kg da'! arasinda
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degistigi gorilmektedir ki bu verim diizeyi asiri
kuraklik yasanmayan bu yillar i¢in normal sayilabilir.
Enstitii arazisindeki yuksek verimse, derin profilli
alltiviyal bir araziye sahip olan Enstitii i¢in normalden
biraz daha fazla yagish bir yilda ilk defa rastlanan bir
durum degildir. Nitekim, Ekim basindan Haziran
sonuna kadar diigen yagis olarak uzun yillar
ortalamasi 347 mm olan Eskisehir'de, 2008-2009 ve
2009-2010 yillarinda, ayn1 dénemde sirasiyla 385 ve
354mm yagis alinmistir (Cizelgel). Azotlu giibre
kalibrasyon calismalarinda yil, yerler ve cevrenin
etkisi altinda verim dlzeyleri etkilenmektedir.
Denemelerin  ortalamasi  lzerinden  cesitlerin
karsilagtirildigr Sekil 2 b incelendiginde ise, gesitlerin
azota verdikleri karsilik arasinda farkliliklar oldugu
ve bunun dogrudan dogruya c¢esitlerin verim
dizeyleriyle ilgili oldugu gorilmektedir.

NDVI ve INSEY Degerleri ve Kalibrasyon Denklemleri

Sekil 3a'dan da goraldugu gibi, artan azot dozu ile
NDVI degerleride artmistir. En disik Zadoks 2.4
doéneminde belirlenirken en yiiksek NDVI degerleri
Zadoks 3.2 doneminde belirlenmigtir. Zadoks 2.4
doneminde azot dozlar1i arasinda NDVI degerleri
yoniinden farklar az iken Zadoks 3.1 ve 3.2 déneminde
daha belirgin oldugu gériillmektedir. Zadoks 1skalasina
gore (Zadoks ve ark., 1974) 2.4 (4 kardesli dénem), 3.0
(sapa kalkma baglangici), 3.1 (sapa kalkma 1 bogum)
ve 3.2 (sapa kalkma 2. bogum) dénemlerinde 6l¢iilen
NDVI degerlerinden, hesaplan INSEY degerleri 4
denemenin ortalamasi olarak sonug 6zetleri halinde de
Sekil 3b'de verilmigtir.
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Cizelge 3. Kuru kogullarda azotlu gibre kalibrasyon denemesi, toplam 4 denemenin azotlu gibre dozlarinin 4
bugday cesidinin dane verimleri iizerine etkisi (2008-2010).

Table 3. Nitrogen fertilizer calibration experiment in rainfed conditions, the effect of 4 trials of nitrogen fertilizer
rates on grain yields of 4 wheat varieties (2008-2010).

Azot Dozu Tane Verimi (kg da'l) 2008-2009 (Enstitii)
(kg N da’D) ALTAY2000 BEZOSTAJA1 GEREK79 SONMEZ2001 Ortalama
0 563 + 35 505 + 22 528 + 3 582 + 21 541c¢ + 16
3 604 + 3 522+ 10 563 = 27 608 + 27  578bc + 14
6 703+ 26 575 + 10 589 + 3 627 + 45 638a + 22
9 643 + 10 559 + 15 621 + 40 617 + 35 610ab <+ 15
12 653 + 27 614 + 27 535 + 14 677 + 13  616ab + 17
15 634 + 43 524 + 20 569 + 14 646 + 10 592ab + 17
Ortalama 635a + 14  550b + 12 569b + 12 630a + 12 596  + 12

DK (%) = 9.2, AOF (0.05) (Cesitler i¢in) =35* kg da’l, AOF (0.05) (Azot dozlar i¢in) = 49** kg da'l, AOF (0.05) (Cesit x Azot
interaksiyonu icin) = 98* kg da’l, +; Standart hata (cesit n=24, azot dozu n=16)

Azot Dozu Tane Verimi (kg da'l) 2008-2009 Yusuflar
(kg N da"?) ALTAY2000 BEZOSTAJA1 GEREK79 SONMEZ2001 Ortalama
0 303 + 10 314 + 15 314 + 21 357 + 7 321c + 9
3 329 + 16 337 + 14 313 + 14 489 + 24 373 b + 22
6 372 + 17 347 + 5 404 + 14 478 + 44 396 b + 15
9 385 + 24 429 + 18 386 + 42 562 + 45 441 a + 26
12 353 + 22 405 + 36 396 + 23 508 + 36 409 ab + 19
15 357 + 17 408 + 30 386 + 23 463 + 43 413 ab + 17
Ortalama 353b + 9 374b <+ 13 373b + 12 484 a + 19 395 + 17

DK (%) = 12.2, AOF (0.05) (Cesitler i¢in) =35* kg da'l, AOF (0.05) (Azot dozlar: i¢in) = 43** kg da'l, AOF (0.05) (Cesit x Azot
interaksiyonu icin) =86* kg da’l, +; Standart hata (cesit n=24, azot dozu n=16)

Azot Dozu Tane Verimi (kg da'l) 2009-2010 (Yusuflar)
(kg N da)) ALTAY2000 BEZOSTAJA1 GEREKT79 SONMEZ2001 Ortalama
0 433 + 20 311 + 36 235 + 18 414 + 43 348 ¢ + 25
3 445 + 24 390 + 16 257 + 32 488 + 48 395b + 27
6 479 + 39 415 + 26 284 + 11 569 + 25 437 a + 29
9 503 + 24 399 + 41 292  + 22 588 + 21 446a + 31
12 510 + 30 398 + 36 208 + 18 548 + 24 439a + 28
15 502 + 31 411 + 43 310 + 9 569 + 36 448a £ 29
Ortalama 479b + 12 387c + 14 279d + 9 529a + 18 419 + 16

DK (%) = 13.0, AOF (0.05) (Cesitler icin) = 31.4*kg da’l, AOF (0.05) (Azot dozlar1 i¢in) =38.5** kgda!, AOF (0.05) (Cesit x
Azot interaksiyonu icin) =77.1* kg da’l, +; Standart hata (cesit n=24, azot dozu n=16)

Azot Dozu Tane Verimi (kg da'l) 2009-2010 (Giineli)
(kg N da') ALTAY2000 BEZOSTAJA1 GEREK79 SONMEZ2001 Ortalama
0 242 + 40 208 + 29 230 + 8.0 241 + 47 230d + 16
3 289 + 48 216 + 49 272+ 22 316 + 11 277 ¢ + 18
(] 330 + 21 296 + 30 294 + 5.0 328 + 48 312b + 14
9 323 + 22 322 + 16 294 + 41 349 + 45 322ab + 16
12 356 + 33 302 + 34 298 + 21 364 + 22 330ab =+ 15
15 361 =+ 12 331 + 21 303 + 27 378 + 31 343a £ 13
Ortalama 317a + 14 282b + 15 282b + 10 329 a + 16 303 + 17

DK (%) =14.0, AOF (0.05) (Cesitler i¢in) =24.4* kg da’!, AOF (0.05) (Azot dozlar1 i¢in) =30.6** kg da’l, AOF (0.05) (Cesit x
Azot interaksiyonu i¢in) = 61.2* kg da’l, +; Standart hata (cesit n=24, azot dozu n=16)

Lokasyon1(LOK.): Enstitii(2009), Lok. 2: Yusuflar (2009), Lok.3: Yusuflar (2010) Lok.4 :Giineli (2010)
** %1 duzeyinde 6nemli, * %5 diizeyinde 6nemli
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Sekil 2. Kuru kogullarda azotlu giibre kalibrasyon denemesi, azotlu giibre dozlarinin dane verimleri tizerine etkisi

(4 deneme (a), 4 Cesit (b)).

Figure 2.Nitrogen fertilizer calibration experiment in rainfed conditions, the effect of nitrogen fertilizer rates on
grain yields (4 experiments (a), 4 genotype (b)),
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Sekil 3. a) Azotlu giibre dozlarinin NDVI (Normalize Edilmis Vejatasyon Indeksi) iizerine etkisi ,
b)Tane verimi ile INSEY (Mevsim I¢i Verim Tahmini) arasindaki iligki.
Figure 3. a)The effect of nitrogen fertilizer rates on NDVI (Normalized Difference Vegetation Index),
b) Relationship between grain yield and INSEY (in-season estimated yield)

Mevsim icinde elde olunan okumalarla tahmin edilen
biyolojik kiitleye iligskin degeri dogrudan kullanmaya
oranla, bu biyolojik kitlenin ekimden itibaren birim
zamandaki gelismesini gosteren INSEY kavraminin

verim potansiyelini tahmin etmekte daha etkili oldugu
belirtilmektedir (Raun ve ark., 2002; Mullen ve ark.,
2003).

Elde edilen INSEY degerlerinin bagimsiz, dane
verimlerinin ise bagimli degisken olarak kullanildig:
regresyon analizleri araciligiyla kalibrasyon
denklemleri hesaplanmistir. Sekil 3(b) 'den goriildiigii
gibi, NDVI degerleri mevsim ilerledikge yiikselirken,
bu degerlerin azotlu giibrelemeye verdigi karsiliklarda
da artis olmakla birlikte, bu farklihk Zadoks 2.4
donemi disinda ¢ok buyik fark gérualmemektedir.
Mevsim igi yansimalar1 kullanilarak, okuma aninda
azotga zengin geridin NDVI degeri kontrol
parsellerinin NDVI degerine bdliinerek elde olunan
deger de NDVI karsihik indeksi (RInpv) olarak
tanimlanmigtir ve bu iki indeks degeri arasinda
yiksek diizeyde korelasyon bulundugu belirlenmistir
(Mullen, 2001). Denemeler arasindaki farkhlik bu
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dénemde de siirerken (Sekil 3a,b), azotlu giibrenin
NDVI degerlerine etkisi yoniinden bir 6nceki déonem
olan sapa kalkma baglangicindan farkli bir durum
olusmamig, NDVI degerleri yine 9 kg N seviyesine
kadar artis goéstermistir (Sekil 3(a)). NDVI
degerlerinin her deneme i¢in sabit bir giin sayisina
bélunmesiyle bulundugu i¢in ayrica istatistik analiz
yapilmasina gerek kalmamig, bu nedenle her dénem
i¢in ayr1 ayr1 olmak tizere, INSEY degerleri 4 deneme
ortalamas1 Sekil 3 (b)’ de verilmistir. 4 denemenin
verim ortalamalar kullanilarak hesaplanan
kalibrasyon denklemleri farkli gelisme dénemlerinde
Zadoks 2.4, Zadoks 3.0, Zadoks 3.1 ve Zadoks 3.2 elde
olunan INSEY degerleri asagida verilmistir. Bu
denemenin amaci, optimum gilibre diizeylerini tespit
etmek degil, hasatta alinan verim karsilhiklarinin
mevsim i¢i spektral yansima okumalari ve bunlardan
elde olunan vejetasyon indeksi degerleriyle hangi
6l¢tide uyumlu oldugunu belirlemektir.

Tiim Cesitlerin Ortalamas1 Uzerinden
Zadoks2.4:VERIM(kgda')=- 65.2 + 104136 (INSEY)
(R2=0.92**, n = 6) (2
Zadoks3.0:-VERIM(kgda)= 22.8 + 85849 (INSEY)
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(R2= 0.95** n = 6) (3)

Zadoks3.1:VERIM (kgda)= 17.5 + 79531 (INSEY)
(R2=0.98%*, n = 6) (4)

Zadoks3.2:VERIM (kgda)= -37.0 + 91381 (INSEY)
(R2=0.98** n =6) (5)

Bu denklemlerde ilk dikkati ¢eken durum, biitiin
cesitler ve donemler icin INSEY degerleriyle verim
arasinda dogrusal iligki bulunmus olmasidir. Bizim
icin gecerli olan bu denklemler bélgemizdeki giftei
tavsiyelerinde kullanilacaktr. Yapilan bir
arastirmada, Ayrica her bélge kendi kalibrasyon
denklemlerini kuru ve sulu sartlarda gelistirmesi
gerektigi bazi calismalarda belirtilmektedir (Walsh ve
ark., 2018). Denklemlerde goriildiigii gibi, denemelerin
ve cesitlerin ortalamasi luzerinden
degerlendirildiginde, erken gelismenin ¢ok zayif
oldugu bazi tarlalarda Zadoks 2.4 déneminde yapilan
okumalar yanilticai sonuglar verebilmektedir. Yurt
disinda da, NDVI degerinin 0.25 ve altinda oldugu
durumlarda verim tahminlerinin yaniltici
olabilecegine dair bilgiler vardir (Raun ve ark., 2005).
Diger 3 dénem okumalar1 arasindaki determinasyon
katsayis1 farklar1 da 6nemli diizeyde olmadigindan,
cift¢gi tarlalarindaki uygulamalar i¢in Zadoks 3.0
(Esitlik 3) dénemi en uygun bulunmustur (Sekil 4).

1,00

ZADOKS 2.4

n“,‘x +
\}

080 r+—v—"FT—"T—"7T—"—7T"—T71"7
12 15
AZOTDOZU (kg N/ da)

Sekil 4. Degisik okuma donemlerinde azotlu giibre
dozlarinin NSPAD degerleri tizerine etkisi.
(4 gesit ve 4 deneme ortalamasi).

Figure 4. The effect of nitrogen fertilizer rates on
NSPAD values at different reading stage. (4
genotype and 4 experiments).

Zadoks 3.0 doneminde uygulanan azotun kighk
bugdayda gelismeye en buyik etkiyi yaptig:
belirtilmistir (Melaj ve ark., 2003). Avustralya’daki bir
calismada hem verim hem de protein agisindan en

yiksek  kargihk sapa kalkma  dénemindeki
uygulamayla  alinirken, yillara gére bunun
giibrelemeyi takiben 12 mm’nin tUzerinde yagis
alinmasiyla ilgili goriilldigiini bildiren arastiricilar da
olmustur (Palta ve ark., 2003). Bugday sapa
kalktiktan ve bogumlar c¢iktiktan sonra, tarlaya
traktorle girmenin zorlugu ve tasidigi risk te
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dustinulerek Zadoks 3.0 doneminin bu sistem i¢in en
uygun okuma dénemi olduguna karar verilmistir.

Orta Anadolu ve Bati1 Gegit Bélgesi'nde yapilan bir
calismada (Kalayct ve ark.,, 1996) makarnalik
bugdaylarin ekmekliklerden daha dusik azot
kullanma etkinligine sahip oldugu, yani aym verim
diizeyine ancak daha fazla gubre kullanimiyla
ulagabildikleri  goérilmiistir. Bu durumda, bu
calismada elde olunan denklemlerin sadece ekmeklik
bugday cesitleri i¢cin ve sadece calismanin yapildig:
ekolojik bolgede kuru kogullarda gegerli olacagini
soylemek yanlis olmayacaktir. Farkli tiirler ve farkl

ekolojik  bolgeler ayr1  kalibrasyon c¢aligsmasi
gerektirecektir.
SPAD Degerlendirmeleri

Bitkilerin azotga daha iyi beslenmeleri durumunda
yapraklarinda daha fazla azot ve klorofil ihtiva
ettikleri bilinmektedir (Wolfe ve ark., 1988). NSPAD
degerlerinin bugdayin azotlu giibreleme ihtiyacini
belirleme amaciyla da kullanilmaktadir (Lopez-
Bellido, 2004). Diger baska ¢alismada, Santos ve ark.,
(2019) Spadmetre kullanilarak azot yeterlilik endeksi
(NSD  belirlenebilecegi, ilkbahar dénemi {ist
giibrelemede uygulanacak N miktarini tahmin etmeye
yonelik calisma ylritmiuslerdir. Aymi sekilde, optik
sensorlerin verim ve biyokiitle 6zelliklerini tahmin
etmek i¢cin genigs alanda  kullanilabilecegini
belirtmiglerdir (Christoph ve ark., 2018). Burada
donemler arasi farkhiliklari daha iyi goésterebilmek
icin, azotlu giibrelemenin NSPAD (esitlik 1) degerleri
tzerine etkisi Sekil 4’ de grafik olarak verilmigtir.
Sekilde en c¢ok dikkati ¢eken durum, verim igin
optimum azot seviyesinde (9 kg N dal) tim
donemlerde NSPAD benzer degerleri alirken, azot
noksanligi halinde doénemler arasi1 farkin acgilmig
olmasidir. Burada da Zadoks 2.4 digerlerinden farkl
bicimde ayrilarak en simirli reaksiyonu verirken, en
buytuk azot etkisi Zadoks 3.2 déneminde gérilmekle
birlikte, sapa kalkma baglangicindan itibaren yapilan
3 okuma doénemi arasindaki fark o kadar buylk
olmamigtir. Bu amagla 6ncelikle degisik dénemler i¢in
krittk NSPAD  degerlerinin  tespit  edilmesi
gerekmigtir. Azotlu glibrelemenin ekonomik
olabilmesi (1 kg N da'! uygulamasinin en az 2.9 kg da
1 verim artisi saglayabilmesi) icin en diisitk NSPAD
degerinin ne oldugu incelenmigtir. 4 ayr1 dénem ig¢in
yapilan bu hesaplar, Sekil 4’ de donemler igin ayr1 ayr:
gosterilmigtir. Sekildeki grafiklere bakildiginda,
NSPAD degerlerindeki artisin verimde neden oldugu
artig1 gosteren quadratik egrilerin egimi yoniinden
donemler arasinda fark olsa bile, 4 donemde de ayni
0.95 kritik esik degeri elde edildigi goriilmektedir.
Yurt disindaki farkli arastirmalarda da, hem bugday
hem de misirda, ayni 0.95 kritik esik degeri bulunmus
ve Klorofil Yeterlilik Indeksi (Chlorophyll Sufficiency
Index) olarak adlandirilmistir (Blackmer ve ark., 1993;
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Blackmer ve Schepers, 1994; Blackmer ve Scheper,
1995). En sik kullamilan azot yeterlilik indeksi
(nitrogen sufficiency index-(NSI)) degeri 0.95'tir. Bu
nedenle, referans alanindaki okumanin (NSI)
degerinin % 95'1nin altinda oldugunda, azot
giibrelemesi gerektigi belirtilmistir. (Rambo ve ark.,
2007, Santos ve ark., 2019). Celtikte yapilan calismada
yeterlilik indeks degeri (Sufficiency index) % 90min
altinda oldugunda 3 kg Nda! {ire uygulamasi
onerildigi belirtilmistir (Hussain ve ark., 2000). Bijay-
Singh ve ark., 2013 yilinda Guney Asya’da yurutiilen
calismada 3 kg N da! maksimum kardeslenme dénemi
oncesinde SPAD ve NDVI okumalar: yapilarak INSEY
degeri 0.005-0.011 degeri arasinda iken uygulanan

azot ile verim artig1 saglandigi belirtilmistir. Klorofil,
bitkilerin yesil renginden sorumlu pigmenttir ve
fotosentezdeki 1181 yakalayan molekul-bitki Giretimini
belirleyen temel metabolik siireclerdir (Araus ve ark.,
1997). Zadoks 2.4 dénemi disindaki 3 dénem arasinda
6nemli fark gorilmedigi i¢in ve NDVI
degerlendirmeleri bélimiinde agiklandig1 gibi, Zadoks
3.0 déneminde uygulanan azotun kighik bugdayda
gelismeye en Dbuyik etkiyi yaptigi belirtilmig
oldugundan (Melaj ve ark., 2003), bu déneme iligkin
hesaplamalar yoluyla, farkli NSPAD okumalarinin
karsiligr olan azotlu gubre ihtiyaglari Cizelge 4’ de
verilmigtir.

Cizelge 4. Kuruda kalibrasyon denemesinde Zadoks 3.0 déneminde elde olunan verilerden hesaplanan NSPAD

degerlerine dayali azotlu giibre ihtiyaclari

Table 4. Nitrogen fertilizer recommended based on NSPAD values calculated from the data obtained in the Zadoks
3.0 stage In the rainfed calibration experiment.

ELDE OLUNAN DEGERLER FARKLAR
AZOT DOZU NSPAD EK AZOT IHTIYACI
NSPAD (kg N da'®) (0,95’ den fark) (kg N da')
0.95 9.2 - -
0.94 7.0 0.01 2.2
0.93 5.7 0.02 3.5
0.92 4.6 0.03 4.6
0.91 3.6 0.04 5.6
0.90 2.8 0.05 6.4
0.89 2.0 0.06 7.2
0.88 1.3 0.07 7.9
0.87 0.6 0.08 8.6
0.86 0.0 0.09 9.2
Cizelgede 4'den de goriilen degerlerin Ciftcinin ekimle birlikte az ¢ok azotlu glibre uyguladig:

hesaplanmasinda 6nce NSPAD ve verim arasindaki
regresyon analizinden hangi NSPAD degerinin,
cesitlerin ortalamasi tizerinden hangi verim diizeyine
kargilik oldugu bulunmus, daha sonra NSPAD ve azot
dozu arasindaki regresyon analizinden degisik NSPAD
diizeylerinin  karsilign  olan  azot  seviyeleri
belirlenmigtir. Daha 6nce 0.95 NSPAD degeri kritik
esik olarak belirlenmis oldugu i¢in okumalardan
hesaplanan NSPAD degerlerinin 0.95ten olan
farklarina gore kag kg azot ilavesine ihtiyag gosterdigi
aradaki farklardan bulunmustur. Ornegin, Cizelge
4'den de gorildigu gibi, Zadoks 3.0 doneminde azotca
zenginlestirilmis seritten SPAD = 40 degeri, tarlanin
tavsiye yapilacak kalan kismindansa ortalama SPAD
= 36 degeri okunmus olsun. Bu durumda NSPAD = 36
/ 40 = 0.90 olacaktir. Bu deger esik degerin 0.95 — 0.90
= 0.05 altindadir. Oyleyse tavsiye edilecek miktar 6.4
kg N dal olacaktir. Azotlu giibre uygulanmayan
kontrol parsellerinin ortalama NSPAD degeri olan
0.86 okuma halinde 9.2 kg N da’! tavsiye gosteren
Zadoks 3.0, dogrudan verimlerden hesaplanan
optimum N ihtiyacina yakin deger vermektedir.
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kuru kosullarda Gretme durumlarinda ender
rastlanacak kadar kigiik bir degerdir. Esasen, Zadoks
3.0 doneminde 0.90° 1n altinda okunan NSPAD
degerlerinin az ¢ok kesinlesmis bir verim diigsmesini
gosterdigi, boyle bir durumda yapilacak ilave
giibrelemeyle potansiyel verimi yakalamanin zor
olacag1 ifade edilmektedir (Varvel ve ark., 1997).
Goruldugi gibi, ciftgg kosullarinda Zadoks 3.0
déneminde genellikle 0.90 ile 0.95 gibi ¢cok dar sinirlar
arasinda bile 6nemli verim farkliliklar yaratabilen
NSPAD degerlendirmelerinde hataya diismemek i¢in
¢ok dikkatli olmak gerekmektedir. Spadmetre
okumalar1 Zadoks 2.4 ve ZD3.0 doénemlerinde
bitkilerde okuma zorlugu ve kigiler arasindaki
okumalardaki farkhliklar nedeniyle erken dénem
spadmetre okumalar1 ile azotlu glbre tavsiyesi
zorunlu olmadik¢a oOnerilmemektedir. Sulu ve kuru
sartlarda bugday bitkisinde basaklanma déneminde
azotlu glbre tavsiyesinde spadmetre kullanilabilir
oldugu bildirilmistir (Savash ve ark., 2017; Savaslh ve
ark., 2018). Erken ilkbahar doéneminde NDVI
okumalari kolay ve pratik kigiler arasinda okumalarda
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farklarin az olmasi bu sistemin azotlu giibrelemede
kullanilabilecegini géstermistir. Bu amagla giftci
tarlalarinda demonstrasyon c¢alismasi NDVI ile
yapilmigtir.

Demonstrasyon ¢aligmalars (NDVI)

Sekil 5' den de goruldigu gibi, ekim 6ncesinde 15 kg
Ndal azotga zenginlestirilmig 250-500 m2' lik azotga
noksan olmayan bir zengin serit olugsmasi gerekir. Bu
serit tarlanin buytkligiine gore 2 veya 3 adet olabilir.
Bu zengin serit olusturulduktan sonra tirmik ¢ekilerek
ciftgi geleneksel olarak gubreleme ve ekim iglemi
uygulanir. Ilkbahar Zadoks 3.0 déneminde zengin serit
ve ¢ift¢i uygulama kismindan NDVI okumasi yapilir.
Cizelge 4'deki mavi renklli alan doldurulur. Ornek
olarak Sekil 5'den de gorildigu gibi tarlanin zengin
serit kismindan NDVI: 0.612 okumasi yapilir ve Sekil
5 excel azot tavsiye tablosuna kayit edilir. Ciftgi
uygulama kismi ise ¢iftcinin normal geleneksel
uygulama alanmindan bir NDVI=0.450 okumasi
yapilarak tabloya kayit edilir. Ekimden okuma
tarihine kadar gecen giin (4.4 °C {istiindeki giin say1s1)
(GDD) kayit edilir. ilkbahar dénemi kullanilacak

(it
Usgulama

NDVI lamasi 0.450|

giibre c¢esidi amonyum nitrat % 33, excel tablosu
doldurulur. Hesaplamalar mavi alana gore yapilir ve
sar1 renkli alanda tahmini verim hesaplamas1 (sapa
kalkma dénemi Zadoks 3.0 déneminde) ve kalibrasyon
calismasinda elde edilen denkleme gore gilibre
tavsiyesi yapmaktadir. Atilacak giibre 16.1 kg
amonyum nitrat (%33) giibre uygulanmasi ile tahmini
olarak 488 kg verim alinacagr hesaplanmigtir. Cizelge
5'den de goriuldugu gibi, 8 ¢ift¢i tarlasindan alinan
degerlerin  kargilastirilmas1 sonunda, yo6ntemin
onerdigi azot dozlarmin ¢iftci uygulamasiyla benzer
verim duzeylerinde 0.9 kg N da'l daha az azot kullanim
sagladigi gérilmiis, aynm1 zamanda ¢ift¢i uygulamasina
gére sensor tavsiyesi 14 kg verim farki oldugu
belirlenmigtir. Yani sistemin ekonomik etkinlik yoni
one cikmigtir. Ciftgi tarlalarinda olusturulan zengin
geritlerde optik sensér kullanilarak azotlu giibre
tavsiyesi yapilabilecegi bildirilmistir (Singh ve
Mohamed, 2020). Ciftci uygulamalarina kiyasla optik
sensO6r uygulamalariyla aymi verim dizeylerinde
ortalama hektara 69 kg azot tasarruf
saglayabildiklerini bildirilmistir (Ortiz-Monasterio ve
Raun 2007).

NDVI Zongin Bant 0.612

Derecesi Giin

Protein Orani (% 12|
Giibre Azot Orani 33

115|

Giibresiz Verim (YP0) 359

Giibre Sonrasi Verim (YPN) 488

Aulacak saf azot kg/da 5.3
Atlacak Giibre kg/da 16.1

Sekil 5. Ciftei tarlalarindaki demonstrasyon uygulamasi ve kuru kogullar i¢in giibre tavsiye excel dosyasi
Figure 5. Fertilizer recommendation excel file for demostration application in rainfed conditions

Cizelge 5.Sensér uygulamasinda elde edilen tane verimleri

Table 5. grain yield obtained in sensor application.

Uygulanan Toplam Azot (kg N da')

Gerceklesen Dane Verimi(kg da'!)

Cesit Ciftei Uyg. SISTEM Ciftei Uyg. SISTEM
1 Altay2000 7.9 7.9 341 322
2 Ssnmez2001 7.9 7.9 307 287
3 Bezostajal 7.9 7.3 311 261
4 Gerek79 7.9 6.0 231 254
5 Altay2000 7.3 5.3 314 381
6 Es26 7.3 6.3 387 375
7 Altay2000 7.3 6.7 471 591
8 Bezostajal 7.3 6.4 414 414

Ortalama 7.6 6.7 347 361

Fark 0.9 Fark 14

* Demonstrasyonlar tekerriirsiiz olarak kurulmustur. Uyg: uygulama

SONUC ve ONERILER

2007-2011 yillar1 aras: yiriitilen TUBITAK 106G111
nolu proje kaspaminda, azotlu giibre tavsiyelerinde
verim tahmini i¢in kuru kogullarda kullanilan

kalibrasyon denklemleri elde edilmistir (Esitlik 3).
Kuruda ZADOKS 3.0: VERIM (kgda'l) = 22.8 + 85849
(INSEY) (3). Bu calismanin amaci, bu cesitler icin
optimum azot dozu belirlemek degil, tam tersine, genel
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ortalama Uzerinden, tarla diizeyinde ve yilin gidisine
gore tavsiye yapabilmek i¢in yontem gelistirmektir.
Erken gelismenin c¢ok zayif oldugu bazi tarlalarda
Zadoks 2.4 (4 kardesli) déneminde yapilan okumalar
yaniltici sonucglar verebilir. Sonug¢ olarak, sapa
kalkmadan sonra, tarlaya traktorle girmenin zorlugu
ve tasidigl risk te disiiniilerek Zadoks 3.0 (sapa
kalkma baslangicl)) déneminin bu sistem icin kuruda
da en uygun okumal/giibre tavsiye donemi olduguna
karar verilmigtir. Kuru sartlarda 8 ¢ift¢i tarlasindan
alinan degerlerin karsilastirilmasi sonunda, yéntemin
onerdigi azot dozlarmin ¢iftci uygulamasiyla benzer
verim duzeylerinde 0.9 kg N da'l daha az azot kullanim
sagladigr gorilmiis, yani sistemin ekonomik etkinlik
yoni oOne c¢ikmigtir. Burada iki optik sensor
degerlendirildiginde  spadmetre  kullanimi1  zor,
greenseeker kullanimi kolay ve pratiktir. Bu amagla
NSPAD degerlerindeki artisin verimde neden oldugu
artig1 gosteren 4 donemde de aymi 0.95 kritik esik
degeri Klorofil Yeterlilik Indeksi (Chlorophyll
Sufficiency Index) olarak belirlenmistir. Erken
ilkbahar doénemi azotlu glbre tavsiyesinde NDVI
kolay, pratik ve uygulanabilir olmasi yo6niinden
tavsiye edilmektedir.

TESEKKUR

Bu bildiri, TUBITAK-KAMAG tarafindan desteklenen
106G111 nolu proje kapsaminda yapilan arastirma
sonuclarindan hazirlanmigtir. S6z konusu projenin
Ulkemiz i¢in gerekliligine inanarak miigteri olan
Tarim ve Orman Bakanlig: ile Tarimsal Arastirmalar

ve Politikalar Genel Miudurligiine ve destekleyen
TUBITAK’a biitun proje ekibi olarak tesekkiir ederiz.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmas1 Beyan1i

Makale yazarlar1 aralarinda herhangi bir gkar
catismasi olmadigini beyan ederler.
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Arastirma Makalesi

Bu calisma ozon gazinin (O3s) ve sicakligin Macar figi tohumunun
cimlenmesi ve fide gelisimi uzerine etkisini belirlemek amaciyla
gerceklestirilmistir. Calismada Macar figi tohumlari, dért farkli ozon
dozu [kontrol (0.40 g/m3), 1.60 g/m3, 2.80 g/m3, 4.00 g/m?3] ile 3 farkl
sicaklikta (10 °C, 15 °C ve 20 °C) 1sikhi ortamda 14 giin siire ile
¢imlendirilmistir. Ozon dozlar1 sulama sularina 30 dakika stre ile
uygulanmigtir. Calismada, c¢imlenme orami, kok, govde ve fide
uzunlugu, yas ve kuru agirlik ve vigor indeks degerleri incelenmistir.
Calisma sonuclarina gore; farkli ¢imlenme sicakliklarinin kontrole
kiyas ile Macar figi tohumlarinin ¢imlenme, kok ve fide gelisimini,
ozon dozu uygulamalarinin ise fide yas ve kuru agirligimi olumlu
yonde etkiledigi belirlenmigtir.

ABSTRACT

This study was conducted to determine the effect of ozone gas (Os) and
temperature on germination of seed and seedling development of
Hungarian vetch. In the study, Hungarian vetch seeds, for 30 minutes
four different ozone doses application [control (0.40 g/m3), 1.60 g/ms3,
2.80 g/m3, 4.00 g/m?] and three different temperatures (10 °C, 15 °C
and 20 °C) were examined. Plant seeds germinated for 14 days at
daylight environment. In the study, germination rate, root, stem and
seedling length, fresh and dry weight and vigor index values were
examined. The results indicated that the ozone-saturated irrigation
water applications up to a certain level had a positive effect on the
seedling weight while different germination temperatures had a
positive effect on the root and seedling development of the Hungarian
vetch seeds.
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GIRIS

Tarimin en oOnemli hedefleri arasinda yuksek ve
kaliteli verim elde etmek yer almaktadir. Bilindigi
tzere tarimsal verimlilik ekim 6ncesi yapilacak
caligmalara ve alinacak tedbirlere gore degisiklik arz
etmektedir. Ozellikle tohum cesidi, 6zelligi ve toprak
hazirhigi ¢imlenmeyi ve verimi Onemli derecede
etkilemektedir. Tohum ¢imlenmesi bitkilerin hayat
cemberinde 6nemli bir asamadir. Isik, sicaklik ve su
gibi cevresel etkenlerin, tohum c¢imlenmesi tizerine
6nemli etkileri bulunmaktadir (Kuriakose ve Prasad,

2008). Ozon gaz (O3), yiiksek enerjiye sahip giines
1s1inlarinin normal oksijen molekiillerine (O2) carpmasi
sonucu ortaya ¢gikan oksijen atomlarinin, diger oksijen
molekiilleriyle birlesmesiyle meydana gelmektedir. Bu
gaz renksiz, keskin kokulu bir gazdir ve ultraviyole
1sinlarinin yeryiiziine ulagmasini engellemesi nedeni
ile yerylziindeki bir¢ok biyolojik olayda bag rolde yer
almaktadir (Rao ve ark., 2000). Ozon gazinin tarimda
kullanimi oldukga yaygindir. Tiiketime hazir meyve ve
sebzeleri ozonlu su ile yikama tiketim siliresini
uzatmak, kuru meyve ve sebzeleri dezenfekte etmek,
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pestisitleri indirgemek ve enzim aktivitelerini
azaltmak amaciyla kullanmilmaktadir (Tetik ve ark.,
2006). Cicekcilik sektoriinde kullanilan ozon kesilmig
ciceklerin raf Omrinii uzatmakta ve ortamdaki
mikroorganizmalari yok ederek herhangi bir
hastaligin diger cigeklere yayilmasini engellemektedir
(Anonim, 2020). K6k ur nematodlar: ile miicadelede

gigli ve etkili bir yo6ntem olarak ozon
kullanilmaktadir (Behzadi ve ark., 2012).
Ozon gazinin ¢imlenme {zerine etkileriyle ilgili

olduk¢a simirli sayida literatire ulasilmigtir. Tiryaki
ve Haliloglu (2007), ozon gazinin bazi bugdaygillerin
¢imlenme performansi lzerine etkilerini
incelemiglerdir. Arastircilar farkl ozon
yogunluklarina karsi tohumlarin gosterdigi tepkilerin
bitki ¢esidine gore degisiklik gosterdigi ve ozon gazinin
diisiik sicaklikta (18 °C) tohum cimlenmesini olumsuz
yonde etkiledigini bildirmiglerdir. Violleau ve ark.
(2008), ozonlu su (0 g/m3 ve 20 g/m3) uygulamasinin
misir tohumunun ¢imlenme kinetigi tizerine etkisini
inceledikleri arastirmada, ozon gazini  misir
tohumlarina 6.8 ve 20.5 dakika boyunca
uygulamiglardir. Arastiricilar ozon gazi ile muamele
edilen tohumlarin hizli bir sekilde c¢imlendigini
bildirmiglerdir. Bununla birlikte uzun siireli ozon
muamelesinin, tohum c¢imlenmesini olumsuz yoénde
etkiledigini rapor etmislerdir. Yine Giingor (2013),
tarafindan yapilan arastirmada, alti farkli baklagil
yem bitkisi tohumu farkh siirelerde (0, 40 ve 80
dakika) ozon gazi ile muamele edilmis ve iki farkh
sicaklikta (4 ve 20 °C) cimlendirilmis, ¢cimlenme orani,
kok ve govde uzunluklari ol¢ulmustir. Calismada
Macar figi tohumunun 20 °C sicaklikta ve 40 dakikalik
ozon uygulamasinda en yiiksek ¢cimlenme oranina (%
98.5) ulastig1 belirlenmistir. Ayrica 80 dakika ozon
uygulamasinda en yiiksek kok (15.2 cm) ve govde (23.2
cm) uzunlugu elde edildigi bildirilmistir. Savi ve ark.
(2014), ozon gazinin Fusarium graminearum ve
deoksinivalenol degradasyonu tzerine etkilerini
incelemislerdir. Arastirmada kontrol (ozonsuz) ile
birlikte 30, 60, 120 ve 180 dakika boyunca ozona
maruz birakilmig bugday tohumlar1 kullanilmigtir.
Tum ozon gazi uygulamalarinin fusarium hastaligini
tedavi ettigi, Ozellikle 180 dakikalik uygulamanin
bugdayin c¢imlenmesini %12.5 oraninda azalttig:
bildirilmistir. Avdeeva ve ark. (2018) tarafindan ozon
gazinin  bugday c¢imlenmesi {lzerine etkileri
incelenmigtir. Arastirmada, faktor A olarak ozon
dozlari, 2.1, 8.4, 9.9, 10.5 12.6, 14.7, 16.8, 18.9 ve 19, 8
g s m3, faktér B olarak ise, cimlenme siireleri (0, 7 ve
14 giin) ele alinmistir. Arastirma sonuclarina gére, 14
gln stre ile yapilan ¢imlendirme ¢alismasinda artan
ozon dozu bugdayin ¢gimlenme oranini ve ¢imlenme
glicini artirmis buna karsihik 6zellikle 19.8 g s m3
ozon dozu c¢imlenme kabiliyetinde 6nemli oranda
azalmaya sebep olmustur.

Yapilan  arastirmalarda bitki

ozon gazinin
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tohumlarinin ¢imlenmesi ve fide gelisimi ile ilgili
parametreler {izerine muhtelif etkileri oldugu
goriilmektedir. Buradan hareketle ozon gaz ile ilgili
daha ayrintili arastirmalar yapilmasina ihtiyag oldugu
dustnilmektedir. Ozonun o6zellikle ¢imlenme ve fide
gelisimi performansi tizerine olumlu etkileri bu
calismanin yapilmasimi tetiklemigtir. Macar figi ise
hayvancilikta yaygin olarak kullanilan 6nemli bir
kaba yem ve silaj kaynagidir. Kolay silolanan yem
bitkileri arasinda yer almaktadir (Uslu ve Kaya, 2020).
Bu arastirma ozon gazi ile muamele edilen sulama
sularinda ve farkli ¢imlenme sicakliklarinda
¢imlendirilen Macar figi tohumlarimin ¢imlenme ve
fide gelisimi Uzerine etkilerini tespit etmek igin
yapilmigtir.

MATERYAL ve YONTEM

Calisma, Kahramanmaras Siitcii Imam Universitesi,
Ziraat Fakiltesi, Tarla Bitkileri Bolumune ait Tibbi
Bitkiler Laboratuvarinda 2017 yilinda yturatalmustur.
Arastirmada Eskigehir Gecit Kusagr Tarimsal
Arastirma Enstitiisi Miudurligi tarafindan 2008
yilinda tescil edilen Budak Macar figi c¢esidi
kullanilmigtar.

Calismada kontrol uygulamas ile birlikte toplam dort
farkli ozon dozu kullanilmigtir. Macar figi tohumlari,
ozon icerigi 0.40 g/m3 olarak élgiilen saf su (kontrol
uygulamasi) ve ayrica 1.60 g/m3, 2.80 g/m3, 4.00 g/m3
ozon ile doyurulmus saf su kullanilarak, 10 °C, 15 °C
ve 20 °C sicaklikta c¢imlendirilmistir. Ozon dozlar
sulama sularina 30 dakika sire ile uygulanmistir.
Calismada tohumlar kiflenme sorununa kars:
ekimden o6nce Captan 50 WP ilaciyla hazirlanmisg
solisyon ile muamele edilmigtir. Calisma tesadif
parselleri deneme desenine gore dort tekerrirli olarak
yuritulmustir. Tabanina 2 kat Whatman No 1
kurutma kagidi yerlestirilmis 15 cm ¢apindaki her bir
petri kabina 25’er adet tohum ekilmistir. Her bir petri
kabina farkli miktarlarda ozonla doyurulmus, 15 ml
sulama suyu eklendikten (kontrol grubuna musluk
suyu) sonra 10 °C, 15 °C ve 20 °C olmak iizere ii¢ farkh
sicaklikta bitki biytitme dolab1 igerisinde 1g1kli
ortamda 14 giin siire ile ¢gimlenmeye birakilmigtir. Her
giin diizenli olarak kontrol ve sayim yapilmigtir.
Radikula (kokciik) uzunlugu 1 mm olan tohumlar
¢imlenmis olarak kabul edilmistir. Cimlenme stiresi
sona erdiginde her petride tesadifi olarak segilen 10
fidenin radikula (kék) ve plumula (gévde) uzunluklar:
cetvel yardimiyla olgiilmisgtiir. Fide wuzunlugu,
radikula (kék) ve plumula (gévde) uzunlugu
degerlerinin toplanmasiyla elde edilmigtir.

Cimlenme oranlar1 ¢imlenme testi slresi sonunda
¢imlenen tohum sayisinin toplam tohum sayisina
oranindan elde edilen degerin 100 ile c¢arpilmasiyla
bulunmustur (Maguire, 1962). Vigor indeks degeri
¢imlenme yuzdesi ile ortalama fide uzunlugu
kullanilarak asagidaki gibi hesaplanmistir (Abdul-
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Baki ve Anderson, 1973).

Tohum vigor indeksi =
uzunlugu (cm)

Fide yas agrrhiginin o6l¢ilmesinde 0.001 gram
diizeyinde hassasiyete sahip terazi kullanilmigtir. Fide
kuru agirligi yas olarak tartilan fideler 70 °C’de 48 saat
kurutma dolabinda bekletildikten sonra elde edilen
kuru materyalin tartilmasi ile hesaplanmagtir.

Elde edilen sonuclar SAS V.9.3 (SAS, 2013) paket
programi kullanilarak tesadif parselleri deneme
desenine gore varyans analizine tabi tutulmustur.
Varyans analizi sonuglarina gore istatistiksel olarak
onemli ¢kan faktér ortalamalari LSD c¢oklu
kargilagtirma testi ile karsilagtirilmigtir.

Cimlenme orani (%) * fide

BULGULAR ve TARTISMA

Cimlenme orani1 (%) Cizelge 1 incelendiginde, farkl
sicaklik uygulamalarinda elde edilen ¢gimlenme orani
ortalamalar1 arasindaki farklarin istatistiksel olarak
o6nemli (P<0.01), ozon dozlar: ve ozon dozlar: x sicaklik

interaksiyonuna ait ortalamalar arasindaki farklarin
onemli bulunmadigr gorilmektedir. Ozon dozu
uygulamalarinda ¢imlenme oranlar1i % 90.67-92.33
arasinda degismistir. Yine Cizelge 1 incelendiginde 10
ve 15 °C sicaklik degerlerinin ayni istatistiksel grupta
yer aldig1 (% 97.25 ve % 99.25) ve bu sicakliklarda en
yiksek ¢imlenme oraninin elde edildigi, sicakligin
artmasi ile birlikte ¢imlenme oraninin 6nemli 6l¢tide
azaldign gorilmektedir. Sicaklik ve ozon dozu
interaksiyonu yoniinden ¢imlenme oranlarinin % 70-
100 arasinda degistigi gozlemlenmistir. Daha o6nce
yapilan arastirmalarda, kontrole gére ozon dozunun
¢imlenme oranini artirdigi, bununla birlikte yiiksek
ozon dozlarimin veya uzun slreli ozonla muamele
isleminin ¢imlenme oraninmi olumsuz yonde etkiledigi
bildirilmistir (Violleau ve ark., 2008; Giingor, 2013;
Savi ve ark., 2014 ve Avdeeva ark., 2018). Elde edilen
degerler arastiricilarin saptamis oldugu degerlerden
farkhdar.

Cizelge 1. Ozonlu Sulama Suyu ve Farkli Cimlenme Sicakliklarinin Macar Figinin Cimlenme ve Fide Gelisimi

Uzerine Etkileri

Table 1. Effects of Ozone Irrigation Water and Different Germination Temperatures on the Growing and Seedling

Growth of Hungarian Vetch

CO (%) RU (cm) PU (cm) FU (cm) FYA (g) FKA (g) VI
GR RL PL SL SFW SDW VI
*% %% %% *% %% %% %%
= s 10 97.25+1.00a 3.55+0.07b 4.84+0.13b 8.38+0.18c 0.75+0.03b  0.11+0.002b  815.51+20.96 b
=1 §E 15 99.25t046a 3.91+0.22b 5.88+0.16a 9.80+0.25a 1.15+0.06a  0.12+0.005a  971.51+23.31a
s & 20 75.75+2.96b 5.06+0.20a 4.11+¥0.17c 9.17+0.27b 0.60+0.02c  0.09+0.003 ¢ 697.78+39.74 ¢
od od od od *E *x 6d
_ 0.40 92.33+2.62  4.39+0.27  4.67+0.22  9.08+0.27 0.72+0.04c¢  0.1140.003bc  837.88+35.43
£ 5 @ § 1.60 91.00+3.88  4.15+0.22  5.1440.26  9.30+0.26 0.81+0.08 bc  0.11+0.005 ab  848.12+42.21
S Sm»A( 280 89.00+443  4.17+0.36  5.07+0.34  9.23+0.39 0.95+0.10a  0.12+0.006a  818.81+51.03
A 4.00 90.67+3.56  3.98+0.13  4.87+0.20 8.85+0.21 0.84+0.06 b  0.10+0.004 ¢ 808.25+45.52
6d * od od ¥ ¥ od
0.40  96.00+1.63 3.50+0.07 ¢ 4.5610.10 8.06+£0.15 0.72+0.02 cde 0.11+0.003bd  775.35+26.94
10 °C 1.60  99.00£0.57 3.5240.07¢c  4.90+00.09 8.42+0.14 0.69+0.01 cde 0.1240.001 abc 833.24+16.02
2.80  97.00+0.57 3.40+0.08 ¢ 4.68+0.18 8.07+0.23 0.86+0.03 bed 0.12+0.002 abc 781.94+18.78
4.00  97.00+1.10 3.77+0.04 bc  5.2240.05 8.99+0.09 0.77+0.02 cde 0.11+0.000 bed 871.49+13.18
0.40  99.00+0.57 4.28+0.23bc  5.58+0.06 9.8610.26 0.91+0.01 bc  0.1140.002 bed 974.99+20.87
15 °C 1.60  98.00£0.66 3.95+0.21bc  6.19+0.09  10.13+0.14 1.11+0.03b  0.13+0.002ab  992.05+9.89
2.80  100.00+0.00 3.46+0.26 c 6.46+0.14 9.9240.38 1.39+0.05a  0.1440.003a  992.25+38.90
4.00  100.00+0.00 3.96+0.20bc  5.31+0.08 9.2740.18 1.1020.05b  0.1140.005 bed 926.75+18.78
0.40  82.00+2.00 5.39+0.10 a 3.93+0.12 9.3140.01 0.54+0.02e  0.10£0.004 cde 763.31+17.32
90 °C 1.60  76.00£4.10 5.00£0.05 ab  4.35+0.20 9.3540.24 0.59+0.02 de  0.10+0.003 cde 719.07+54.45
2.80  70.00+3.33 5.64+0.23a  4.07+0.18 9.7140.35 0.6120.01 de  0.0940.001d  682.24+46.00
4.00  75.00+1.97 4.2240.10 bc  4.08+0.21 8.30£0.27 0.64+0.02 de  0.09+0.003d  626.51+37.38
Ort. / Means 90.75 4.17 4.94 9.11 0.83 0.11 828.27
LSD (0.05) od 1.66 6d od 0.33 0.03 od
VK (%) /CV 6.42 13.84 10.16 9.12 13.95 9.81 12.70

CO/GR: Cimlenme Orani/Germination Rate; RU/RL: Radikula Uzunlugu/Radicle Length; PU/PL: Plumula Uzunlugu/Plumule
Length; FU/SL: Fide Uzunlugu/Seedling Length; FYA/SFW: Fide Yas Agirhigi/Seedling Fresh Weight; FKA/SDW: Fide Kuru
Agirhigi/Seedling Dry Weight; VI: Vigor Indeks/Vigor Index; VK/CV: Varyasyon Katsayisi/Coefficient of Variation; Ort.:
Ortalama/Mean; 6d: istatistiki olarak énemli degil/statistically non-significant; **: P<0.01’e gére 6nemli; *:P<0.05’e gére 6nemli;

+: Standart Hata/Standart Error.
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Radikula uzunlugu (cm): Ozon dozlarinin radikula
uzunlugu uzerine etkisi istatistiksel olarak 6nemli
bulunmazken, farkli sicaklik uygulamalari ve ozon
dozu x sicaklik interaksiyonun etkisi 6nemli
bulunmustur (P<0.01). Ozon dozu uygulamalarinda
radikula uzunlugu degerleri 3.98-4.39 cm arasinda
degismigtir. Artan sicakliklarin radikula uzunlugunu
artirdigi, 10 ve 15 °C uygulamalarinin ayni grupta yer
aldig1 ve en yiiksek radikula uzunlugunun 5.06 cm ile
20 °C sicaklik uygulamasinda elde edildigi tespit
edilmigtir. Sicaklik ve ozon dozu interaksiyonu
yoniinden en yiiksek radikula uzunlugunun 5.64 cm ile
20 °C’de 2.80 g/m3uygulamasindan, en disiik radikula
uzunlugunun ise 3.40 cm ile 10 °Cde 2.80 g/m3
uygulamasindan elde edildigi goriilmektedir (Cizelge
1.

Giingér (2013), Macar figinde fide kék uzunlugunun 20
°C sicaklik uygulamasina kadar artan ozon uygulama
stirelerine bagh olarak arttigini bildirmistir. 20 °C’ye
kadar artan sicakliklara bagh olarak radikula
uzunlugunun artig gosterdigine iligkin saptanan
degerler arastiricinin tespit ettigi bulgularindan
farklhilik géstermektedir.

Plumula uzunlugu (cm): Ozon dozlarinin plumula
uzunlugu tuzerine etkisi istatistiki agidan Onemli
bulunmamistir. Ozon dozu uygulamalarinda plumula
uzunlugu degerleri 4.67-5.14 cm arasinda degisirken
sicaklik uygulamalarmin plumula uzunlugu tlzerine
etkisinin istatistiksel olarak énemli oldugu (P<0.01)
saptanmagtir. En yliksek deger 5.88 cm ile 15 °C’de elde
edilirken, en disiik deger 4.11 cm ile 20 °C’'de elde
edilmistir. Artan sicakhk degeri fide gelisimini
yavaglatmigtir. Istatistiksel olarak 6nemli
bulunmayan sicakhlk x ozon dozu interaksiyonu
incelendiginde, plumula uzunlugu ortalamalarinin
3.93-6.46 cm arasinda oldugu gériillmektedir (Cizelge
1.

Sicaklik artisi radikula uzunlugunu artirirken, disik
sicaklik uygulamalari plumula gelisimini olumlu
yonde etkilemistir. Giingér (2013), Macar figi
tohumunda artan ozon dozlar1 ile birlikte, 20 °C
sicaklik uygulamasina kadar plumula uzunlugunun
arttigim bildirmigtir. Calismada da sicaklikla birlikte
belli bir seviyeye kadar ozon dozu artigi plumula
uzunlugunu arttirmis ve en yiksek ozon dozu
uygulamasinda plumula uzunlugu tekrar diigsmiistir.
Fakat en disik deger kontrol grubundan elde
edilmistir. Elde edilen degerler, Giingér (2013)iin
bulgulari ile kismen uyusmaktadir.

Fide uzunlugu (cm): Ozonlu sulama suyu
uygulamalarinin fide uzunlugu tzerine etkileri
istatistiksel olarak 6nemli ¢ikmamastir. Cizelge 1’de
goriildiigii gibi kontrol uygulamasi (0.40 g/m3) ile
kiyaslandiginda o6nemli olmamakla birlikte ozonla
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doyurulmus su uygulamasi fide gelisimini artirmigtir.
Ozonlu su uygulamalarinda fide uzunlugu degerleri
8.85-9.30 cm arasinda degismigtir. Farkli sicaklik
ortamlarinda ¢imlendirmenin fide uzunluguna etkisi
incelendiginde, en yiiksek fide uzunlugu 15 °C (9.80
cm), en diisiik fide uzunlugu ise 10 °C (8.38 cm) sicaklik
uygulamasindan elde edilmistir (P<0.01). Farkh
dozlarda ozonla doyurulmus sulama suyu ve sicaklik
interaksiyonu istatistiksel olarak 6nemli gitkmamakla
birlikte fide uzunluklarinin 8.06-10.13 c¢cm arasinda
oldugu saptanmigtar.

Fide yas agirhig (g): Ozon dozu, sicaklik, ozon dozu x
sicaklik interaksiyonunun fide yas agirhigir tzerine
etkisi istatistiki acidan ¢ok o6nemli bulunmustur
(P<0.01). Artan ozon dozlar1 ile birlikte fide yas
agirhiginin arttigi, ancak en yliksek ozon dozunda fide
yvasg agirliginin azaldigi tespit edilmistir. En ylksek
fide yas agirlig1 2.80 g/m3 ozon dozunda (0.95 g) elde
edilirken, en diugsik fide yas agirhgr kontrol
uygulamasinda (0.72 g) elde edilmistir. Farkli sicaklik
ortamlarinin fide yas agirhigi Uzerine etkisi
incelendiginde; en yuksek fide yas agirligr 15 °C’de
(1.15 g) tespit edilirken, en diigiik fide yas agirhign 20
°C'de (0.60 g) tespit edilmistir. 20 °C sicaklik
ortaminda fide gelisiminin yavagladig1 belirlenmistir.
Ozon dozu ve sicaklik interaksiyonu yoniinden en
yiksek fide yas agirhig1 15 °C’de 2.80 g/m3 ozon dozu
uygulamasinda 1.39 g olarak tespit edilirken, en dusiik
fide yas agirligr 20 °C’de kontrol uygulamasinda 0.54 g
olarak tespit edilmistir (Cizelge 1).

Fide kuru agirhig (g): Cizelge 1’de goriildiigii gibi ozon
dozu ve farkh sicaklik uygulamas fide kuru agirhiginmi
cok 6nemli (P<0.01), ozon dozu x sicaklik interaksiyonu
ise onemli derecede etkilemistir (P<0.05). Farkli ozon
dozlarinda elde edilen ortalama degerler
incelendiginde en yuksek fide kuru agirligr 2.80 g/m3
(0.12 g), en diisiik fide kuru agirlig: ise 4.00 g/m3 (0.10
g) ozon dozu uygulamasinda tespit edilmistir. Fide yas
agirhginda oldugu gibi artan ozon dozlari fide kuru
agirligim artirmigtir. Bu artis 4.00 g/m3 uygulamasina
kadar devam etmigtir. Farkh sicaklik
uygulamalarinda en yiiksek fide kuru agirhigr 15 °C’de
(0.12 g elde edilirken 20 °C sicaklik, fide kuru
agirliginda azalmaya sebep olmustur. Uygulamalar
arasindaki interaksiyon degerleri incelendiginde; en
yiksek fide kuru agirligr 15 °C’de 2.80 g/m3 ozon dozu
uygulamasinda (0.14 g) elde edilirken, en diisiik fide
kuru agirligr 20 °C’de 2.80 g/m3 ve 4.00 g/m3 ozon dozu
uygulamasinda (0.09 g) elde edilmistir.

Vigor indeks: Vigor indeks tohumlarin ¢imlenme ve
fide gelisimi sirasinda canhligini ve performans
seviyesini gésteren bir degerdir (Uslu ve Gedik, 2019).
Ozon dozu uygulamalarinin vigor indeks degerlerine
etkisi incelendiginde ortalamalar arasindaki farklar
onemli c¢ikmamigtir. Ozonla doyurulmus su
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uygulamalarinda vigor indeks degerleri 808.25-848.12
arasinda degismistir. Farkli sicaklik uygulamalar:
incelendiginde en yuksek vigor indeks degeri 15 °C’de
(971.51) elde edilirken, en diisiik vigor indeks degeri
20 °C (697.78) sicaklik uygulamasinda bulunmustur
(P<0.01). Yine sicaklik x ozon dozu interaksiyonuna ait
ortalamalar arasindaki fark o6nemli olmamakla
birlikte, vigor indeks degerleri 626.51-992.05 arasinda
bulunmustur (Cizelge 1).

SONUC

Uygulamalara ait ortalamalar incelendiginde ozonlu
su uygulamalarinin ¢imlenme, fide gelisimi ve vigor
indeks degerleri lizerine etkisinin 6nemsiz oldugu,
sicaklik uygulamalarinin ise tiim o6zellikler lizerine
etkisinin 6nemli oldugu gorilmustir. Arastirma
sonu¢larina gore, Macar figinde en yuksek radikula
uzunlugu 20 °C’de 2.80 g/m3 uygulamasinda 5.64 cm,
en yiksek fide yas agirligr ise 15 °C’de 2.80 g/m3
uygulamasinda 1.39 g olarak bulunmustur. Yine en
yiksek fide kuru agirhignr 15 °Cde 2.80 g/m3
uygulamasinda (0.14 g) tespit edilmistir. Tim bu
bulgular 1s181nda, Macar figi i¢in ¢imlenme orani ve
fide gelisimi acisindan en uygun ¢imlenme sicakliginin
15 °C, kok gelisimi agisindan ise 20 °C oldugu
gorulmustir. Ayrica 2.80 g/m3 ozonlu su
uygulamasinin fide agirligr tizerine etkisinin 6nemli
oldugu belirlenmistir. Sera ve tarla sartlarinda benzer
¢alismalarin yapilmasinin gerekli oldugu
distiniilmektedir. Ozellikle ozonlu su uygulamasimin
tohum fizyolojisi ve c¢imlenme glclinii kaybetmis
tohumlarin ¢imlenme kabiliyeti lizerine etkileri de
arastirilmalidir.
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OZET

Bu arastirmada, geleneksel Yaprak peynirinin bazi karakteristik
ozelliklerinin tespit edilmesi ve gida giivenilirligi agisindan
degerlendirilmesi amac¢lanmistir. Bu amagla, 13 farkl kiigiik 6l¢ekli
stit igletmelerinde inek ve koyun siitiinden tiretilen geleneksel taze
Yaprak peyniri 90 gin sure ile 4 ‘Cde depolanmis ve depolama
periyodunun 1., 30., 60., ve 90. glinlerinde peynirin bazi karakteristik
ozellikleri arastirilmigtir. Cig inek ve koyun siitiinden uretilen olgun
Yaprak peynirlerinin ortalama KM, KM’de yag, protein ve KM'de tuz
icerikleri swrasiyla %56.71-58-34, %40.73-48.19, %21.37-25.46
ve %10.46-11.44 araliginda tespit edilmistir. Depolama periyodu
boyunca Yaprak peynirinde asitlik degerlerinin degisim gosterdigi,
lipoliz ve proteoliz diizeylerinin ise stirekli artig gosterdigi tespit
edilmigtir. Arastirilan mikrobiyolojik parametreler bakimindan,
depolama periyodunun 90. giiniinde peynirin tiketime uygunluk arz
ettigi sonucuna varilmigtir.

Some Characteristic Properties of Traditional Yaprak Cheese

ABSTRACT

In this study, it was aimed to determine some characteristics of
traditional Yaprak cheese and to evaluate it in terms of food safety.
For this purpose, traditional fresh Yaprak cheese produced from cow
and sheep milk from 13 different small family plants were collected
and stored at 4 °C for 90 days. On the 1st, 30th, 60t and 90t days of
storage period, the composition and some biochemical and
microbiological properties of the cheese were investigated. The
average DM, fat in DM, protein, and salt in DM content of the mature
cheeses produced from raw cow and sheep milk were determined in
the range of 56.71-58-34%, 40.73-48.19%, 21.37-25.46% and 10.46-
11.44% respectively. During the storage period, it was determined
that the acidity value varied, and the levels of lipolysis and proteolysis
increased continuously. In terms of microbiological parameters, it was
concluded that cheese is suitable for consumption on the 90th day of
the storage period.
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GIRIS boyunca kurulan pek ¢cok medeniyetten miras kalan

Peynir, siitiin gogunlukla peynir mayasinin etkisiyle
pihtilagtirilmas, islenmesi, stiziilmesi,
sekillendirilmesi, tuzlanmasi1 ve farkli sicaklik ve
stirede depolanarak olgunlastirilmas1 sonucunda elde
edilen besin degeri yiiksek fermente bir siit Grintdir.
Protein, yag, mineral maddeler ve vitaminleri
konsantre olarak yapisinda bulunduran peynir,
beslenmede biiyiik 6nem tagimaktadir (Ugtincii 2004).

Tirkiyenin yer aldig1 cografi bélgede, yiizyillar

kiltirel zenginlik s6z konusudur. Bu baglamda,

Turkiye’de bolge sartlari, kultirel aliskanliklar
yetistirilen hayvan tir ve 1rklar1 ile {retim
tekniklerinin farklihg:® nedeniyle, c¢esitli yoresel

peynirler tretilmektedir. Bu peynirler, c¢ogunlukla
uretildikleri bélge ile sinirh kalmig veya yoérenin sosyo-
ekonomik durumunun zamanla degismesine baglh
olarak unutulmaya yiiz tutmustur (Dost ve ark. 2004).

Turkiye’de turetim yontemleri ve karakteristik
ozellikleri bilinmeyen, degisik yorelerde, farkli tat-
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aroma ve tekstlire sahip 130 civarinda geleneksel
peynir cesidinin tretildigi bildirilmektedir (Kamber
2005). Bu peynirlerin biiyiik bir kismi, kiiciik élgekli
st isletmelerinde veya kicuk aile igletmelerinde
tretilmektedir. Geleneksel peynirlerin karakteristik
ozelliklerinin tespit edilmesi ve liretim proseslerinin
optimize edilerek sut endistrisine kazandirilmasi,
yurtici ve yurtdisinda taninmasini saglayacak ve
sonucta llke ve bolge ekonomilerine 6nemli katk:
saglayacaktir (Kamber 2005, Hatipoglu 2014).
Geleneksel peynir cesitlerinin karakterizasyonunun
yapilmasi ve endistriyel uretime kazandirilmasi
konusunda arastirmalar yapilmaktadir. Bu baglamda,
tretim prosesleri cogunlukla optimize edilen Izmir
tulum peyniri, Dil peyniri, Kasar peyniri gibi bazi
geleneksel peynirlerin orta ve buyuk o6lgekli
igletmelerde Uretimi sonucu, giivenilir ve standart
kalitede triin elde edilmesi saglanmigtir. Halen kiigiik
aile igletmelerinde ftretilen ve sevilerek tiliketilen,
ancak hala taninmayan ve yoresel olarak uretilip
tiiketilen geleneksel peynir gesitliliginin korunmasi ve
ulusal diizeyde teknolojiye kazandirilmasi, zengin
kiltirel mirasin devami ve peynir teknolojisi
acisindan 6nem tasimaktadar.

Degisen kogullar nedeniyle unutulmaya yuz tutmus,
bélgesel olarak fiiretilen fermente siit Uriinlerinin
uretim proseslerinin incelenmesi, karakteristik
ozelliklerinin  belirlenmesi, {Uretim proseslerinin
optimize edilerek endiistriyel liretime kazandirilmasi
icin c¢aba sarf edilmelidir. Bu baglamda yoresel
peynirlerin mevcut potansiyelin tespit edilmesi, Tirk
Gida Kodeksi basta olmak tlizere mevcut mevzuatlar
cercevesinde teknolojik iyilestirmeler sonucu standart
kalitede tretimlerinin gerceklestirilmesi i¢ ve dis

ticaret imkanlarinin geligtirilmesine katki
saglayacaktir.
Turk Gida Kodeksi Peynir Tebligi'nde, ‘telemesi

haglanan peynirlerin taze olarak tiiketime arz
edilebilecegi’ anlasilmaktadir (Anonim 2015). Ancak
uretim ve depolama sartlarinda hijyenik sartlara
gereken 0zenin gosteril(e)memesi nedeniyle,
rekontaminasyon olabilecegi ve bu tip peynirlerinde
tiketici saghgi bakimindan oOnemli dizeyde risk
olusturabilecegi dusliniilmektedir. Bu nedenle, gida
giivenligi indikatorleri olarak bilinen bakteri ve
bakteri gruplarinin varligi bakimindan
degerlendirilmesi 6nem tasimaktadir.

Yoresel olarak tiretilen geleneksel peynirlerden biri de
Karacadag bolgesinde tretilen ve cogunlukla tiretildigi
bolgede tiiketilen Yaprak peyniridir. Bu peynir,
cogunlukla ilkbahar aylarinda agirhikli olarak c¢ig
koyun sitinden uretilmektedir. Peynir tiretiminde,
fermente teleme ylksek sicaklikta haglandiktan
sonra, teleme hamuru diiz zemin uzerinde oklava ile
acilarak duzlestirilmekte, ortalama 0.5 cm kalinhik ve
5x5 cm ebadinda porsiyonlar halinde kesildikten sonra
salamurada muhafaza edilmektedir. Peynir taze veya
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4-6 °Cde 2-3 ay sture 1ile depolandiktan
/olgunlastirildiktan sonra tiiketime arz edilmektedir.
Bu peynir ile ilgili yapilmis herhangi bir ¢aligmaya
rastlanmamagtir.

Bu calismada, Yaprak peyniri florasinda istenmeyen
kontaminantlarin varlig: ve ylikleri basta olmak tizere,
peynirin bilesim ve bazi biyokimyasal 6zelliklerinin
tespit  edilmesi ve arastirilan  parametreler
baglaminda peynirin Tirk Gida Kodeksi Peynir
Tebligi (Anonim 2015) ile Tirk Gida Kodeksi
Mikrobiyolojik Kriterler Yénetmeligi (Anonim 2011)
baglaminda irdelenmesi ve literatliire kazandirilmasi
amaglanmigtir.

MATERYAL ve METOD
Materyal

Bu c¢alisma kapsaminda, geleneksel peynirinin
iiretildigi 13 kiiciik aile isletmesinden (13 6rnek koyun
sitinden yapilan peynir, 13 6rnek inek siitiinden
yapilan peynir) Yaprak peyniri érnekleri alinmistir.
Taze peynir ornekleri (1.giin) isletme sartlarinda

plastik bidonlara (3 kg) alinmis ve 4 °Cde
depolanmistir.
Metot

Bilesim Analizleri

Geleneksel Yaprak peyniri o6rneklerinde bilegim
analizleri depolama periyodunun 90. guniinde
yapilmistir. Bu baglamda, peynir 6rneklerinde KM,
yag, protein (Dumas yoéntemi), kiil ve tuz (Mohr
yéntemi), KM’de yag ve KM’de tuz oranlar1 yapilmistir
(Anonim 1989). KM'de yag ve KM’de tuz oranlar
hesapla bulunmustur.

Biyokimyasal Analizler

Peynir 6rneklerinde, titrasyon asitligi ve pH analizleri
(Anonim 1989) ile proteoliz ve lipoliz diizeyleri,
depolama periyodunun 1., 30., 60. ve 90. giinlerinde
yapilmistir. Peynir 6rneklerinde pH 4.6’da ¢6ziinen
azot (CA) oran1 Gripon ve ark. (1975) ve FIL-IDF
(1993), TCA’da CA orani ise Anonim (1989) tarafindan
onerilen yontemlere gore yapilmigtir. Elde edilen tim
filtratlar, analize alinincaya kadar -20 °C’de muhafaza
edilmigtir. Olgunlagma indeksi, depolama
periyodunun 90. giintinde elde edilen pH 4.6’da CA’un
toplam azota béliinmesi ve 100 ile ¢arpilmasi sonucu
bulunmustur. Peynir érneklerinde lipoliz diizeyi (asit
degeri), Coskun (1995) tarafindan onerilen yénteme
gbre yapilmistir.

Mikrobiyolojik Analizler

Geleneksel Yaprak peyniri orneklerinde
mikrobiyolojik analizler, depolama periyodunun 1.,
30., 60. ve 90. glinlerinde yapilmistir.

Geleneksel Yaprak peyniri érneklerinden ilk diliisyon



KSU Tarim ve Doga Derg 24 (1): 146-155, 2021
KSU J. Agric Nat 24 (1): 146-155, 2021

Arastirma Makalesi
Research Article

(101) hazirlamak icin, steril %2 (w/v) sodyum sitrat
kullamilmis, daha sonra steril peptonlu su (%0.1)
kullanilarak uygun diltisyonlar hazirlanarak spesifik
besiyerlerine ekim yapilmistir (Caridi 2003, Gerasi ve
ark. 2003).

Peynir florasinda Lactobacillus cinsi bakteri sayimi
icin MRS agar besiyerine (37 °C’de 48 saat), kok sekilli
laktik asit bakterileri icin ise M17 agar (37 °C’de 48
saat) besiyerine dékme plak yontemiyle ekim yapilmis
ve anaerobik sartlarda inktbasyona birakilmigtir.
Koliform ve fekal koliform grubu bakterilerin sayimi
amaciyla VRBA besiyerine ekim yapilmigtir. Koliform
grubu i¢in 30 °C’de 24 saat, fekal koliform grubu i¢in
ise 44 °C’de 24 saat inkiibasyon normu uygulanmistir.
Maya-kif sayimlar: icin, tartarik asitle (%10'luk, 14
mL L) asitligi pH 3.5%e ayarlanmis, PDA besiyerine
ekim yapilarak 25 °C ’de 5 giin inklbasyona
birakilmistir (Caridi 2003, Gerasi ve ark. 2003). E. coli
varlig1 ve sayimi i¢in, uygun diliisyondan Chromocult
TBX agar besiyerine dokme plak yontemiyle ekim
yapildiktan sonra, 44 °C’de 24 saat inkiibe edilmistir
(Vural ve ark. 2010). Inkiibasyon sonrasi, petrilerde
dogrudan koloni sayimi yapilmigtir.

Koagulaz (+) Staphylococcus tespiti i¢in, 25 g peynir
ornegi 225 mL steril sodyum sitrat icinde homojenize
edilmis, Baird Parker (BP) Agar (Oxoid CM 0275, egg
yolk tellurite supl. SR 0054) besiyerine yiizeye yayma

yontemiyle ekim yapilmis ve 35-37 °C’de 24-48 saat
inkiibe edilmistir. Inkiibasyon sonrasi petrilerde
atipik ve tipik koloniler sayilarak dogrulama iglemine
gecilmistir. Dogrulama islemi igin izolatlar, Brain
Heart Infusion besiyeri tiipine aktarilarak 35-37 °C’de
24+2 saat siire ile inkiibe edilmigtir. Daha sonra 0.1
mL steril hemoliz tiiplerine (0.3 mL tavsan plazmasy)
aktarilmis ve 35 °C’de inkubasyona birakilmigtir.
Tipler egik tutularak inkibasyonun 4-6 saati
arasinda  plazmanin  pihtilagip  pihtilagmadig:
incelenmistir (Anonim 2001).

Istatistiksel Analizler

Calismaya ait veriler, cift yonli ANOVA ile analiz
edilmig, Onemli bulunan ortalamalar arasindaki
farklilk Tukey c¢oklu karsilastirma testi ile
belirlenmistir (Yildiz ve Bircan 1994). Analiz éncesi
mikrobiyolojik parametrelere ait veriler, logaritmik
transformasyona tabi tutulmustur. Varyans analizi
icin MINITAB paket programi kullanilmigtir.

BULGULAR ve TARTISMA
Bilesim
Cig inek ve koyun sitlerinden {retilen Yaprak

peynirlerin bilesim parametrelerine iligkin ortalama
degerler ve olusan gruplar Cizelge 1’de verilmistir.

Cizelge 1. Cig inek ve koyun siitlerinden iiretilen geleneksel olgun Yaprak peynirinin bilesimine ait ortalama degerler (%)

ve olusan gruplar

Table 1. Groups formed and average mean values (%) of the composition of traditional mature Yaprak cheeses made from

raw cow or sheep milk

Peynir KM Protein Yag KM’de Yag Kiul Tuz KM’de Tuz
_C’beese DM Protein Fat Fat in DM Ash Salt Salt in DM
Inek peyniri 58.34+0.60  21.37+0.37°  28.06+0.463  48.19+0.523 8.71£0.128  6.73+0.122  11.44+0.27a
Cow cheese

Koyun peyniri 56.71+0.60  25.46+0.37a  23.14+0.46b  40.73+0.52b 7.95£0.12> 5.91+0.12>  10.46+0.27b
Sheep cheese

KM: Kurumadde; DM: Dry matter

Farkli lokasyonlarda faaliyet gosteren kigik olgekli
1sletmelerde tiretilen ve 3 ay boyunca depolanan olgun
Yaprak peynirinin ortalama KM orani, inek stitiinden
yapilan peynirde %58.34, koyun sltinden yapilan
peynirde ise bu deger ortalama %56.71 olarak
hesaplanmigtir. Inek siitiine oranla, koyun siitiintin
yag orani daha yiiksek olmasi nedeniyle (Uciincii
2004), koyun siitiinden iiretilen Yaprak peynirinin KM
oraninin da daha ylksek olmasi1 beklenmektedir.
Ancak, s6z konusu peynir Uretiminin yapildigi
Karacadag bolgesinde koyun siutiinden sadeyag
iretimi de yaygin olarak yapilmaktadir (Hatipoglu
2014). Bu nedenle, peynir iiretiminde kullanilan
koyun sttuintn belirli diizeyde yag1 alinmaktadir.
Ortalama KM orani, Diyarbakir Orgii peynirinde
%44.83 (Ozdemir ve ark. 1998), %52.73 (Celik ve
Tiirkoglu 2007) ve %54.43 (Hatipoglu 2014), Dil
peynirinde ise bu oran %53.95 (Uysal 2008) olarak
bildirilmistir. Peynirin KM oranindaki bu farkhlik,
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situn turd, siitin yag orani ve peynirin depolama
stiresinden kaynaklanmisg olabilir. Turk Gida Kodeksi
Peynir Tebliginde (Anonim 2015) fermente telemesi
haglanan ve salamurada olgunlastirilan peynirlerde
KM oraninin en az %55 olmas1 gerektigi
bildirilmektedir. Bu baglamda, inek ve koyun
sttiinden uretilen Yaprak peynirleri anilan teblige
uygunluk arz etmekte ve adi gegen teblige gére sert
peynir sinifinda yer almaktadir.

Inek siitiinden yapilan geleneksel Yaprak peynirinde
ortalama protein orani, koyun siltiinden yapilan
peynire oranla, cok 6nemli diizeyde (P<0.01) daha
diustiik  bulunmustur. Ortalama protein orani,
Diyarbakir Orgii peynirinde %21.69 (Ozdemir ve ark.
1998), %22.48 (Celik ve Tiirkoglu 2007) ve %25.20
(Hatipoglu 2014); Dil peynirinde %24.24 (Uysal 2008)
olarak bildirilmistir. Ortaya c¢ikan bu durum, st
hayvanlarinin 1rky/tiiric ve hayvan yeminin farkl
olmasindan kaynaklanmais olabilir.
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Geleneksel Yaprak peynirinin ortalama yag orani,
inek siitiinden tretilen peynirde ¢ok 6nemli diizeyde
(P<0.01) daha yiiksek hesaplanmistir (Cizelge 1).
Karacadag bolgesinde Yaprak peyniri ile sadeyag
iretiminin yaz aylarinin baglangicinda eszamanlh
olarak bagladigi, ozellikle koyun sitiinin belirli
diizeyde kremas: alinarak kaymak, tereyagi veya
sadeyaga islendigi, bélge peynir lreticileri tarafindan
belirtilmektedir. Dolayisiyla, yag alinmig koyun
stitiinden turetilen peynirde de yag oraninin disik
olmas1 beklenmektedir. Diyarbakir Orgii peynirinde
ortalama yag orani, Ozdemir ve ark. (1998) %14.72,
Celik ve Tiirkoglu (2007) %21.73, Hatipoglu (2014) ise
%20.57, Dil peynirinde bu oran Uysal (2008)
tarafindan %23.50 olarak bildirilmigtir.

Inek siitiinden tiretilen Yaprak peynirin KM’de yag
orani, koyun siitiinden uretilen peynire oranla, ¢ok
onemli diizeyde (P<0.01) daha yiiksek bulunmustur.
Karacadag bolgesinde turetilen ve turetim prosesi
bakimindan Yaprak peyniri ile benzerlik gosteren
Diyarbakir Orgii peynirinde ortalama KM’de yag orani
%32.23 (Ozdemir ve ark. 1998), %41.20 (Celik ve
Tiirkoglu 2007) ve %37.73 (Hatipoglu 2014) olarak
bildirilmistir. KM’de yag oran1 bakimindan, Tirk Gida
Kodeksi Peynir Tebliginde belirtilen 6lgiitlere gore,
inek siitiinden elde edilen Yaprak peyniri tam yagh (en
az %45 yagll), koyun siitiinden iiretilen peynir ise
yarim yaglh sinifta yer almaktadir (Anonim 2015).
Koyun ve inek sttiinden yapilan Yaprak peynirlerinde
ortalama kiil oranlar1 cok énemli diizeyde (P<0.01)
farkhilhik goéstermistir (Cizelge 1). Bu durum,

peynirlerde  tuz oramimin  farkli olmasindan
kaynaklamig olabilir. Benzer durum, aymi boélgede
iiretilen peynirlerde de gozlenmistir (Ozdemir ve ark.
1998, Celik ve Turkoglu 2007, Uysal 2008, Hatipoglu
2014).

Inek siitiinden tretilen Yaprak peynirinde ortalama
tuz ve KM’de tuz oranlari istatistiksel olarak énemli
diizeyde (P<0.05) yiiksek bulunmustur. KM’de tuz
orani, Karacadag Dbolgesinde ¢ig siutten benzer
yontemlerle tretilen Diyarbakir Orgii peynirinde
%13.68 (Ozdemir ve ark. 1998), %13.18 (Celik ve
Tirkoglu 2007) ve %14.13 (Hatipoglu 2014) olarak
hesaplanmigtir. Inek ve koyun sitleri kullanilarak
uretilen Yaprak peyniri igin hesaplanan KM’de tuz
oranlari, Turk Gida Kodeksi Peynir Tebliginde
fermente telemesi haglanan ve salamurada
olgunlagtirilan peynirler i¢in belirlenen limit orandan
(en fazla %7.5) daha yiiksek bulunmustur (Cizelge 1).
Bu baglamda, bu peynir ile ilgili yapilacak olan
calismalarda bu durumun dikkate alinmasi ve bu
dogrultuda bilimsel c¢alismalarin yapilmasi mer’i
mevzuata uygunluk bakimindan zorunluluk arz
etmektedir.

Biyokimyasal Ozellikler

Cig inek ve koyun sitlerinden turetilen geleneksel
Yaprak peynirinin baz1 biyokimyasal 6zelliklerine ait
ortalama degerler ve olugsan gruplar Cizelge 2’de
verilmigtir.

Cizelge 2. Cig inek ve koyun siitlerinden tretilen geleneksel Yaprak peynirinin bazi biyokimyasal 6zelliklerine ait ortalama

degerler ve olusan gruplar

Table 2. Groups formed and average mean values of some biochemical properties of traditional Yaprak cheeses pruduced from

raw cow or sheep milk

TA pH Asit degeri pH4.6da CA  TCAda CA
TA pH Acid value SNinpH4.6  SNin TCA (%)
(mg KOH g-yag?) %)
j:nek peyni_ri (Cowcbeese) 0.09+0.002P 5.11+0.02 1.14+0.08b 0.94+0.04 1.26+0.03
Koyun peyniri(S]]eep cheese) 0.11+0.0022 5.08+0.02 1.89+0.082 0.85+0.04 1.23+£0.03

TA: Titrasyon asitligi (%LA), CA: Céziinen azot; Titratable acidity (lactic acid %), SN: Soluble nitrogen

Cizelgede goruldugiu gibi, koyun sutiinden uretilen
Yaprak peynirine oranla, inek siitinden yapilan
peynirde titrasyon asitligi cok énemli diizeyde (P<0.01)
daha digiik bulunmustur. Kocak ve ark. (1997) Dil
peynirinde, Ozdemir ve ark. (1998), Aksu ve ark.
(1999) ile Tiirkoglu ve ark. (2003) Orgii peynirinde ve
Celik ve ark. (2001) ise Lavas peynirinde ortalama
titrasyon asitligini (SH) sirasiyla 22.89, 22.86, 15.11,
49.33 ve 22.74 olarak bildirmiglerdir. Bu c¢aligmada,
Yaprak peyniri i¢in hesaplanan titrasyon asitligi
degerleri, literatlirde benzer peynirler i¢in bildirilen
degerlerden daha yiliksek bulunmustur. Bu durum,
iretimde kullanilan ¢ig slitiin asitligi, mevsim ve
depolama sicakliklarinin farklihgindan kaynaklanmig
olabilir.
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Inek ve koyun siitiinden iiretilen Yaprak peynirinin
titrasyon asitligi, depolama periyodunun 30. giiniinde
nispeten ylkselmis, daha sonra 60. giinde hizli bir
azalma, periyodun sonunda ise yavas bir ylkselme
goriilmiistiir (Sekil 1). Proteoliz nedeniyle olusan
alkali ve nétral karakterli bilesikler ile lipoliz sonucu
ortaya ¢ikan parcalanma {riinlerinin titrasyon
asitliginin diigmesine neden olabildigi bildirilmistir
(Giiven ve Konar 1994, Uysal 2008). Bu durum, farkl
calismalarda da benzer sekilde ortaya konmustur
(Tarake: ve Kiiciikéner 2006, Celik ve Tiirkoglu 2007,
Uysal 2008, Fresno ve Alvarez 2012, Hatipoglu 2014).

Inek ve koyun siitiinden yapilan Yaprak peynirlerinde
ortalama pH degerleri birbirine ¢ok yakin
bulunmustur (Cizelge 2). Elde edilen bu sonuclara
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benzer olarak, Celik ve Tiirkoglu (2007) ¢ig siitten
yapilan Orgii peynirinin ortalama pH degerini 5.07;
Hatipoglu (2014) ise Diyarbakir Orgii peynirinde
ortalama pH degerini 5.57 olarak bildirmiglerdir.
Uysal (2008) c¢ig siitten yapilan Dil peynirinin
ortalama pH degerini 5.07, saha c¢alismasi
niteligindeki bir arastirmada ise Dil peynirinin
ortalama asitligi pH 5.20 olarak bildirilmistir (Kocak
ve ark. 1997).
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Depolama periyodu
Sekil 1. Farkli tur sltten uretilen Yaprak peynirinde
titrasyon asitliginin depolama periyodu boyunca
degisimi
Figure 1. The changes in titratable acidity of Yaprak
cheeses made from diffrent types of milk during
storage period

Inek siitiinden tiretilen Yaprak peynirinin pH degeri,
depolama periyodunun 60. gliiniine kadar nispeten
yikselmis, daha sonra azalmistir. Koyun sutiinden
yapilan peynirde ise, periyodun 30. giiniine kadar sabit
seyretmig, daha sonra periyodun sonuna kadar hizli
bir sekilde azalmistir (Sekil 2). Benzer sekilde, ¢ig
sitten tretilen Orgii peynirinde olgunlagma
periyodunun 15. giiniinde pH degerinin yiikseldigi ve
daha sonra periyodun sonuna kadar azalma egilimi
gorildiigii (Celik ve Tirkoglu 2007); baska bir
calismada ise ¢ig sutten elde edilen Dil peynirinde pH
degerinin olgunlagsma periyodunun 60. gintune kadar
¢ok 6nemli diizeyde arttigi, periyodun 90. giinlinde ise
bu degerin nisbi olarak azaldig1 bildirilmistir (Uysal
2008).

Koyun siitiinden yapilan peynirde lipoliz diizeyi (asit
degeri, mg KOH g-yag1), cok 6nemli diizeyde (P<0.01)
daha yiiksek bulunmustur (Cizelge 2). Inek siitiinden
yapilan Yaprak peyniri icin hesaplanan ortalama asit
degerleri, Celik ve Tiirkoglu (2007) tarafindan cig
stitten yapilan Orgii peyniri icin bildirilen ortalama
degerden (1.49 mg KOH g-yag! disiik, koyun
stitinden turetilen Yaprak peyniri i¢in hesaplanan
ortalama asit degeri ise daha yiksek bulunmustur.
Ayrica inek ve koyun siitiinden yapilan Yaprak peyniri
icin hesaplanan ortalama lipoliz dizeyleri, Uysal
(2008) ¢ig siitten yapilan Dil peyniri icin bildirilen
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ortalama degerden (0.25 mg KOH g-yag!) daha diisiik
bulunmustur. Asit degeri, peynir uretiminde
uygulanan fermantasyon ve haglama islemi basta
olmak tuzere haglama oncesi fermantasyon diizeyi,
peynir tiretim prosesleri ile igletmede uygulanan
hijyen ve sanitasyon iglemlerinden etkilenmektedir.
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Sekil 2. Farkl: tiir stitten turetilen Yaprak peynirinde pH
degerinin depolama periyodu boyunca degisimi
Figure 2. The changes in pH of Yaprak cheeses made from
diffrent types of milk during storage period

Inek ve koyun siitiinden iiretilen Yaprak peynirinin
asit degeri, depolama periyodu boyunca yiukselmekle
beraber, koyun siitinden tretilen peynirde daha
yiiksek seyretmistir (Sekil 3). Benzer sekilde, Celik ve
Tiirkoglu (2007) Orgii peynirinde, Uysal (2008) Dil
peynirinde 90 giinlik depolama siiresi boyunca asit
degerlerinin 6nemli bir gekilde artig gosterdigini
bildirmiglerdir.
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Figure 3. The changes in acidity value of Yaprak cheeses
made from diffrent types of milk during storage
period

Koyun ve inek siitlerinden tretilen Yaprak
peynirlerinin ortalama pH 4.6’da CA oranlar1 arasinda
onemli bir farkhilik bulunmamistir (Cizelge 2).
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Geleneksel Yaprak peynirinin pH 4.6’da CA oranlari,
Uysal (2008)mn  Dil peyniri icin bildirdikleri
degerlerden (%0.12-0.13) yiiksek bulunmustur. pH
4.6’da CA oranlarinin yiksek bulunmasi, peynirin ¢ig
sitten yapilmasindan kaynaklanmis olabilir. Bu
baglamda, ¢ig sutten tretilen Cheddar peynirinde,
starter olmayan laktik asit bakteri sayisi ile kiiglik
molekillli peptitler, aminoasitler ve serbest yag
asitleri miktar1 arasinda pozitif bir iliski ortaya
konmustur (McSweeney ve ark. 1993).

Depolama periyodunun baglangicinda koyun siitiinden
uretilen Yaprak peynirinde pH 4.6'da ¢6zlinen azot
oraninin daha distik oldugu, ancak periyodun 90.
giintinde bu oran koyun siitlinden elde edilen peynirde
daha yiiksek bulunmustur (Sekil 4). Uysal (2008) ¢ig
stitten yapilan Dil peynirde pH 4.6'da CA oraninin,
taze peynirde (l.giin) %0.13, olgun peynirde ise
(90.giin) nispi bir artis gozleyerek %0.14 oldugunu
bildirmiglerdir.
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Sekil 4. Farkl: tiir stitten tretilen Yaprak peynirinde pH
4.6’da ¢6zlinen azot oraninin depolama periyodu
boyunca degisimi
Figure 4. The changes in SN in pH 4.6 of Yaprak cheeses
made from diffrent types of milk during storage
period

Cig inek ve koyun sutiinden yapilan Yaprak peynirinin
ortalama TCA’da CA oranlari birbirine ¢ok yakin
bulunmugtur. TCA’da-CA orami bakimindan, ¢ig
siitten iiretilen Cheddar (McSweeny ve ark. 1993),
Manchego (Gaya ve ark. 1990) ve Kasseri (Moatsou ve
ark. 2011) peynirlerinde bu oranin daha yiiksek oldugu
bildirilmesine karsin, ¢ig ve pastorize sutten lretilen
Cheddar (Rosenberg ve ark. 1995) ve Kasar (Sert ve
ark. 2007) peynirlerinde bu parametre bakimindan
herhangi bir farkhlik tespit edilmedigi bildirilmigtir.
Protein olmayan azot olarak da bilinen TCA’da CA,
disiik molekil agirlikli  proteoliz  iiriinlerinin
konsantrasyonunu belirlemek ve peynirin olgunluk
diizeyini tespit etmek igin kullanilan 6nemli bir
parametredir.

Farkli tir sutlerden dtretilen Yaprak peynirinin
TCA’da CA orani, depolama periyodu boyunca stirekli
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yiikselmistir (Sekil 5). Cig siitten yapilan ve 90 giin
stire ile depolanan Orgii peynirlerinde ortalama
TCA’da CA oraninin yiikseldigi (Celik ve Tiirkoglu
2007); ¢ig siitten yapilan Dil peynirinde olgunlasma
periyodunun 30. glunine kadar TCAda CA
degerlerinin degiskenlik géstermedigi, daha sonra ise
arttig bildirilmistir (Uysal 2008).
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Figure 5. The changes in SN in TCA of Yaprak cheeses
made from diffrent types of milk during
storage period

Olgunlagma indeksi peynir teknolojisinde proteolitik
aktivitenin ve buna baglh olarak olgunlagmanin bir
gbstergesi olarak kabul edilmektedir (Uctincii 2004).
Olgunlagma indeksi, inek siitiinden yapilan Yaprak
peynirinde %26.87, koyun siitiinden yapilan peynirde
ise %30.08 olarak hesaplanmistir. Olgunlagma indeks,
taze ve olgun (90 giinliik) Kasar peynirinde %10.50-
10.59 ve %18.70-20.95 arasinda bildirilmistir (Tarake:
ve Kiiciikéner 2006). Dil (Kocak ve ark. 1997),
Diyarbakir Orgii (Ozdemir ve ark. 1998) ve Lavas
(Celik ve ark. 2001) peynirlerinde ortalama
olgunlagsma indeksi sirasiyla, %12.45, 3.09 ve 2.30
olarak bildirilmigtir.

Mikrobiyolojik Ozellikler

Farkli tur sutlerden fretilen geleneksel Yaprak
peynirinin mikrobiyolojik parametrelerine iliskin
ortalama degerler ve olusan gruplar Cizelge 3’te
verilmigtir.

Inek siitiinden yapilan Yaprak peynirinde ortalama
Lactococcus sp. ve Lactobacillus sp. sayisi (log kob g1)
sirasiyla  6.23+0.09 ve 5.76+0.09 oldugu; koyun
stitiinden tretilen Yaprak peynirinde ise say1 sirasiyla
6.41+0.09 log kob g ve 5.74+0.09 log kob g olarak
tespit edilmistir (Cizelge 3).

Yaprak peynirlerinde Lactococcus sp. bakteri yiikii (log
kob g'1), olgunlasma siiresi boyunca nisbi bir azalma
egilimi g6stermistir. Ortaya ¢ikan bu sonug
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olgunlagma periyodunun sonuna kadar Lactococcus
sp. azaldigini bildiren bazi arastiricilarin (Ortigosa ve
ark. 2006, Oner ve ark. 2006, Calvo ve ark. 2007)
bulgulariyla benzerlik gosterirken, diger bazi
arastiricilarin (Giiven ve Konar 1994, Marino ve ark.

2003, Uysal 2008) bulgularindan  farklihk
gostermistir. Bulgularda goézlemlenen bu farkhilik,
uygulanan teknolojik islemlerden ve kullanilan ¢ig
sutun kalitesinden kaynaklanmis olabilir.

Cizelge 3. Farkl tur sutlerden tiretilen Yaprak peynirinin bazi mikrobiyolojik parametrelerine ait ortalama

degerler ve olusan gruplar (log kob g1)

Table 3. Groups formed and average values (log cfu g'!) of some microbiological parameters of Yaprak cheeses

made from raw cow or sheep milk

KGB FKGB Maya-Kif
] Lactococcus sp. Lactobacillus sp. CB FCB E. coli Mould-Yeast
Inek peyniri 6.23+0.09 5.76+0.09 2.80£0.12¢  2.54+0.100  2.21+0.11@  2.10+0.10e
Cow cheese
Koyun peyniri /1.4 09 5.74+0.09 1.89+0.12>  1.71£0.10>  1.47+0.11>  1.12+0.10b
Sheep cheese

KGB: Koliform grubu bakteriler; FKGB: Fekal koliform grubu bakteriler; CB: Coliform bacteria; FCB: Fecal coliform bacteria

Yaprak peyniri florasinda ortalama Lactobacillus sp.
sayis1 (log kob g1), olgunlasma periyodunun 60.
giiniinde dismis, daha sonra ylikselmigtir. Benzer
durum, baz arastiricilar (Oner ve ark. 2006, Ortigosa
ve ark. 2006, Uysal 2008) tarafindan da bildirilmistir.

Inek siitiinden yapilan peynirde koliform grubu
bakteri yiikii (log kob g'1) cok énemli diizeyde (P<0.01)
daha yiiksek bulunmustur (Cizelge 3). Uretim ve
depolama prosesi bakimindan Yaprak peyniri ile
benzerlik gosteren Orgii ve Lavas peynirleri ile ilgili
yapilan farkli ¢alismalarda, s6z konusu peynirlerde
ortalama koliform grubu bakteri sayilari, 2.50-7.91 log
kob g araliginda bildirilmistir (Ozdemir ve ark. 1998,
Aksu ve ark. 1999, Anar ve ark. 2000, Celik ve ark.
2001, Tiirkoglu ve ark. 2003, Vural ve ark. 2010).

Inek ve koyun siitlerinden iiretilen Yaprak peyniri
florasinda, depolama periyodunun baslangicinda
koliform grubu bakteri yiktuniin yliksek oldugu, ancak
periyot boyunca bu yikiin azaldig1 ve periyodun 90.
giininde bu saymnin <1 log kob g'! seviyesine dustugu
goriilmektedir (Sekil 6). Benzer azalma trendi, farklh
peynir cesitlerinde bircok arastirici tarafindan da
bildirilmistir (Aric1 ve Simsek 1991, Albenzio ve ark.
2001, Marino ve ark. 2003, Cabezas ve ark. 2007,
Uysal 2008). Bu baglamda, Diyarbakir Orgii peyniri
florasinda olgunlasma periyodunun 1.gintnde
koliform grubu bakteri yukinin 5.55 log kob g1
oldugu, periyodun 90.giiniinde ise bu yiikiin <1.00 log
kob g1 degerine diistiigii bildirilmistir (Hatipoglu
2014). Bu parametre bakimindan, geleneksel Yaprak
peynirinin taze olarak tiiketilmesi tiiketici sagligi
acisindan risk olusturmaktadir.

Farkl tur stitlerden tretilen Yaprak peynirinin fekal
koliform  grubu  bakteri yukinin depolama
periyodunun basglangicinda yiiksek oldugu, ancak
periyot boyunca bu yikin azaldig1 ve periyodun 90.
gininde ise <1 log kob g1 seviyesine dustigu
goriilmektedir (Sekil 7). Uysal (2008) ¢ig siitten
yapilan Dil peyniri florasinda fekal koliform grubu
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bakteri sayilarinm olgunlagma periyodunun
baslangicinda yiiksek (2.45 log kob g1) oldugu,
periyodun 90. giiniinde énemli diizeyde azaldig1 (1.04
log kob g1), Marino ve ark. (2003) pihtis1 haslanan
Montasio peyniri florasinda bu grup bakteri yikintn
depolama periyodu boyunca azaldigr ve periyodun
30.gliniinde <1 log kob g (<2.54) diizeyine indigini
bildirmiglerdir.
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Sekil 6. Farkhi tiir stutten uretilen Yaprak peyniri
florasinda koliform grubu bakteri yikinin
depolama periyodu boyunca degisimi

Figure 6. The changes in coliform bacteria load of Yaprak
cheeses made from diffrent types of milk
during storage period

Koyun siitinden elde edilen Yaprak peyniri florasinda
E.coli yiikii, cok énemli diizeyde (P<0.05) daha diisiik
bulunmustur (Cizelge 3). Piyasadan temin edilen Orgii
peyniri 6rneklerinde ortalama Z.coli sayilar: (log kob
g1 1.63 ve 3.69 olarak bildirilmistir (Aksu ve ark.
1999, Vural ve ark. 2010).

Yaprak peyniri florasinda, depolama periyodunun
baslangicinda £. coli bakteri yiikiintin yliksek oldugu,
ancak periyot boyunca bu ylukin azaldigi ve periyodun
90.giiniinde <1 log kob g1 seviyesine dustigu
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goriilmektedir (Sekil 8). Benzer azalma durumu, cig,
termize ve pastorize siitten yapilan Dil peyniri
florasinda da bildirilmistir (Uysal 2008). Gidalarda
bulunan FE.coli ishal, ates ve mide bulantis
semptomlar: gésteren gida zehirlenmesine neden olan
bir bakteridir (Unliutirk ve Turantas 2003). Bu
nedenle peynirde F.coli bakterisinin mevcut olmasi
halinde s6z konusu peynirin tiikketime uygun
olmadigina hitkmedilir.
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Sekil 7. Farklhi tir siutten uretilen Yaprak peyniri
florasinda fekal koliform grubu bakteri
yikiinin depolama periyodu boyunca degisimi
Figure 7. The changes in fecal coliform bacteria load of

Yaprak cheeses made from diftrent types of
milk during storage period
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Sekil 8. Farkhi tiir sitten uretilen Yaprak peyniri
florasinda E. coli bakteri yiikiiniin depolama
periyodu boyunca degisimi

Figure 8 The changes in E. coli load of Yaprak cheeses
made from diffrent types of milk during storage
period

Inek ve koyun siitiinden tretilen Yaprak peyniri
florasinda maya-kuf ytkleri, sirasiyla 2.10 ve 1.12 log
kob gl olarak bulunmustur. Yaprak peyniri ile
benzerlik gésteren Orgii ve Lavag peynir floralarinda
farkli arastirmacilarin yapmis olduklari ¢aligmalarda,
ortalama maya kiuf sayisi, 2.63-5.61 log kob g1
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arahiginda degistigi bildirilmistir (Ozdemir ve ark.
1998, Aksu ve ark. 1999, Anar ve ark. 2000, Celik ve
ark. 2001, Turkoglu ve ark. 2003, Vural ve ark. 2010,
Hatipoglu 2014). Dil peynirinde maya sayisinin en
fazla 4 log kob g1, kiif sayisinin ise en fazla 3 log kob
gl olabilecegi bildirilmistir (Anonim 2006). Bu
baglamda, tiretim ve muhafaza sekli itibar1 ile Dil
peyniri ile benzerlik gosteren Yaprak peynirinde,
depolama periyodunun ilk giiniinden itibaren maya-
kuf sayis1 agisindan hem standarda hem de teblige
uygunluk arz etmigtir.

Geleneksel Yaprak peyniri florasinda maya-kuf sayisi,
depolama periyodunun 30.giinlinde yikselme, takip
eden periyotta ise siirekli bir azalma goéstermistir
(Sekil 9). Benzer durum, pek cok arastiric1 tarafindan
da bildirilmistir (Gerasi ve ark. 2003, Manolopoulou ve
ark. 2003, Marino ve ark. 2003, Oner ve ark. 20086,
Uysal 2008). Olgunlasma periyodunun sonuna kadar
maya-kif popllasyonunun varlik gostermesi, bu
mikroorganizmalarin genis bir su aktivitesi araliginda
(aw: 0.65-0.90), diistik pH (bazi durumlarda pH 3’tin
altinda) ile sicaklik derecelerinde gelisebilme
yeteneklerine baglanabilir (Durlu-Ozkaya ve Comert
2008).
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Sekil 9. Farkli tir siitten turetilen Yaprak peyniri
florasinda maya-kif yukinin depolama
periyodu boyunca degigimi

Figure 9. The changes in mould and yeast load of Yaprak
cheeses made from diffrent types of milk during
storage period

Yaprak peyniri oOrneklerinde koagiilaz pozitif S.
aureus, depolama periyodunun 1. giiniinde yapilan
ekimler ve alinan izolatlarin degerlendirilmesi
sonucunda, sadece 3 adet inek siutinden tretilen
peynirde, periyodun 30. ginilinde ise bu o6rneklerin
sadece 1 adedinde tespit edilmigtir. Koyun siitiinden
yapilan Yaprak peyniri Orneklerinde ise koagiilaz
pozitif S. aureus bakterisine rastlanilmamigtir.
Koagiilaz pozitif S. aureus bakteri yuki, 1zin verilen
degerden (<103 adet g1) daha diisiikk bulunmustur
(Anonim, 2011).
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Inek ve koyun siitiinden tretilen Yaprak peynirinin Aksu"H, Qolak H, Vural A’ Erkan.ME.1999. Dlygrbaklr
KM orani bakimindan, Tirk Gida Kodeksi Peynir Bélgesinde Uretilen Orgii Peynirlerde

Tebligime uygunluk arz ettigi; KM’de yag oram
bakimindan inek sitiinden elde edilen peynirin tam
yagli, koyun sltiinden elde edilen peynirin ise yarim
yagli peynir; anilan teblig baglaminda Yaprak
peynirinin sert peynir sinifinda yer aldigi; KM’'de tuz
orani bakimindan ise, peynirin tebligde izin verilen
orandan daha yuksek dizeyde tuz igerdigi tespit
edilmigtir.

Her iki sut tirinden yapilan Yaprak peyniri
florasinda mikrobiyal kontaminant olarak anilan ve
ayn1 zamanda gida giivenligi indikatori olarak kabul
edilen koliform, fekal koliform, FE. coli ve maya-kif
yukleri bakimindan periyodun 90. gininde riskin
minimize oldugu (<1 log kob g1) ve dolayisiyla
tiuketilebilecegi sonucuna varilmigtir. Diger taraftan,
inek ve koyun sitiinden tretilen taze Yaprak
peynirinin Tirk Gida Kodeksi Mikrobiyolojik Kriterler
Yénetmeligime (Anonim 2011) uygunluk arz ettigi
sonucuna varilmigtir.

Geleneksel Yaprak peyniri kendine has tat-aroma ve
tekstiiri nedeniyle giin gectikce bu peynire talebin
arttig1, dolayisiyla s6z konusu peynirin dogal
karakteristik niteliklerini kaybetmeden endustriyel
uretime kazandirilmasi gerektigi distinilmektedir.
Ancak laboratuvar ¢alismalar: sonucunda elde edilen
verilerden anlagildigr tUzere, Geleneksel Yaprak
peyniri bilesiminin farklilik gosterdigi, dolayisiyla
uretimin standardize edilmesi gerektigi
disunulmektedir. Bu baglamda, peynir tiretiminde
stitlin yag oranmi, mayalama slresi ve sicakligl,
fermente telemenin haslama asitligi, haslama suyu
sicaklik  ve slresi, salamuranin tuz orani,
olgunlastirma sartlar1 (sicaklik ve siire acisindan) gibi
prosesler bakimindan standardize edilmesi Onem
tagimaktadir. Uretimde pastorize siitin kullanim
tesvik edilerek, s6z konusu peynirin karakteristik
ozellikleri bakimindan uygun starter kultur/kiltirler
tespit edilmelidir.
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OZET Aragtirma Makalesi
Calismada, hamsi baliklar1 dogal ve mekanik kurutma yontemleriyle

kurutulmus, stre¢ ve vakum paketleme yontemleri ile de Makale Tarihgesi
paketlenmistir. Buzdolab1 kosullarinda (4£1°C) muhafaza altina Gelig Tarithi  :27.05.2020
alinan baliklarin kalite degisimlerini ve raf omrini belirlemek Kabul Tarihi :09.07.2020

amaciyla; kimyasal, mikrobiyolojik ve duyusal analizler yapilmigtir.

Balik etinin kurumasina bagl olarak tim gruplarin TBA ve TVB-N
analiz sonuclarinda ani bir artis gézlemlenmistir ve bu artisin raf
omri slresince devam ettigi belirlenmistir. Su aktivitesinin ¢ok
disik olmasindan dolayr ¢alisma boyunca mikroorganizma sayisi
tespit edilebilir smir degerin (10 kob/g) altinda kalmistir.
Mikrobiyolojik verilere gore tiim gruplarda ¢alisma boyunca koliform
grubu bakteri tespit edilmemigstir. Yapilan duyusal analiz sonucuna
gore, mekanik yontemle kurutulan hamsi baliklarinin raf 6mri 2 ay,
dogal yontemle kurutulan hamsilerin ise raf omru 2,5 ay olarak
belirlenmigtir. Bu calismada, vakum paketlemenin urin tzerinde
zamanla dehidrasyona ve dokularinda bir miktar bozulmaya neden
oldugu tespit edilmigtir.

ABSTRACT

In study, anchovies were dried with natural and mechanical methods
and were packaged by stretch and vacuum methods. In order to
determine the quality changes and shelf-life of the fish that were
stored in refrigerator (4+1°C); chemical, microbiologic and sensorial
analysis were performed. Due to the drying of fish meat, a sudden
increase was observed in TBA and TVB-N analysis and it was
determined that this increase continues throughout the shelf life of all
groups. Due to the very low water activity, the number of
microorganisms remained below the detectable limit (10 CFU g)
throughout the study. When the microbiologic data was examined,
coliform bacteria were not found throughout the research. According
to the sensory analysis, the shelf life of anchovy fish was determined
as 2.5 months by drying naturally and the shelf life of the anchovy fish
was extended 2 months through mechanical drying. In the present
study, it was detected that vacuum packaging cause hydration over
time and some spoiling in their texture.
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GIRIS
Geligen diinyada artan nifus ve beslenme, insanligin
kargilastigr en temel sorunlardan biri olarak kabul

nedeniyle

edilmektedir. Kiiresel olarak tiretilen gidalarin tigte
birinden fazlasinin atik veya bozulmaya ugramasi
gidalarin

korunmasi1 ¢ok Onemlidir
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(Kostekli, 2019).

Ayrica, beslenme de bu meselelerin basinda
gelmektedir. Dogru beslenme i¢in protein, yag,
karbonhidrat ve vitaminden olusan dort temel besin
grubundan yeterli sekilde yararlanmak
gerekmektedir. Su Uriinleri protein agisindan oldukga
zengin olup esansiyel amino asitleri, doymamaig yaglari
yiksek miktarda igermesi ile bunun yaninda A
vitamini, D vitamini K vitamini ve B grubu vitaminleri
(6rn., B1, B2, B6, B12), iyot, selenyum, fosfor,
magnezyum ve c¢inko minerallerini barindirmasi
bakimindan da iyi bir kaynaktir (Anonim, 2020).

Su tritnleri genellikle herhangi bir igleme yontemine
tabil tutulmadan taze olarak tiiketilmekle birlikte,
dondurulmug, marine edilmis, konserve edilmis,
tutstilenmis, surimi  yapilmig, tuzlanmig ve
kurutulmus olarak da tiketilmektedir.

Turkiye’'de cesitli nedenlerden 6tiura su triunleri daha
¢ok taze olarak ve triinlerin avlandigi bolgelerde ve
avlandigt mevsiminde tlketilmektedir. Bunun
nedenleri; tuzlama, kurutma, dumanlama ve konserve
gibi diger degerlendirme gekillerinin Tirkiye'de
yayginlasmamas1 olarak disiiniilmektedir (Turan,
1996). Ancak bolgesel olarak bakildiginda Dogu

Karadeniz bélgesinde tuzlama, Dogu Anadolu
bolgesinde inci kefali kurutma yaygin olarak
kullanilmaktadir.

Bu igleme yontemlerinden biri olan kurutma yontemi,
mikroorganizma gelisiminin engellenmesi, kimyasal
reaksiyonlarin yavaglatilmasi veya durdurulmas:
amaciyla suyun gidalardan  buharlastirilarak
uzaklagtirilmasi prensibine dayanan bir igleme
yontemidir. (Geankoplis, 1993; Cohen ve Yang, 1995).

Geg¢migte ve glinimiizde yaygin olarak kullanilan
kurutma tekniklerinden biri Urunin acgik havada
dogal kurutulmasidir. Uriin i¢inde bulunan nemin
uzaklastirilmasi i¢in gerekli olan gizli 1s1 ihtiyaci hava
tarafindan saglanarak, buharlasan su kurutulacak
urunden dogal ortamlarda uzaklastirilmaktadir. Hava
ile Urun arasinda 1s1 ve nem transferi ayni anda
gerceklestirilir ve bu gekilde lriiniin su aktivitesi de
diisiiriiliir  (Bingél, 2010). Bu yéntemde kontrol
zorlugu, hava kosullari, yer, iscilik ve hijyen gibi
faktorler dezavantajdir (Erdem ve ark., 2016).

Makinelerde mekanik olarak kurutma metodu ise,
kurutma dolabi veya kurutma tinelleri gibi kapal
ortamlarda, sartlari istenilen kriterlerde
ayarlanabilen, dogal, tuzlanmig ve haglanmis
urtinlerin kisa zamanda daha fazla miktarda
kurutulabildigi, islemin kontroli saglandig1 igin
kurutma orani ve besindeki su ylizdesi istenen degerde
sabit tutulabilen kurutma yéntemidir MEGEP, 2008).

Kurutulmug irtinlerin kalitesine etki eden 6nemli
etmenlerden birisi de ambalaj uygulamasidir. Ambalaj
giday1 c¢evresel etmenlerden koruyan, nakliyesini,
satigin1 ve tiketimini kolaylastiran kagit, metal,

157

plastik ve cam gibi malzemelerden yapilabilmektedir
(Keles, 1998)

Kuru irinlerin depolama raf émra bu uygulanan
ambalajin  niteligine  direk  olarak  baghdir.
Kurutulmus gidalarda ambalaj sisteminde gidanin su
buhar1i ve  oOzellikle gida igerisindeki yag
bilesimlerinden dolay1 gaz gecirimsizligi
istenmektedir. Gida icerisindeki yag asitleri, oksijenle
temas ettiginde oksidasyona neden olur ve bunun
sonucunda, renk ve tat degisikligi meydana gelir.
Hatta bu reaksiyonlar paketleme iglemi bittikten
sonra da bir slire devam eder. Dolayisiyla bu tir
aktivitelerin azaltilmas1 gerekmektedir (Baysal ve
ark., 2013).

Bu calismada dogal ve yapay kurutma yéntemlerinin

uygulandigi hamsi filetolarinin kalitesinin tespit
edilmesi ve ayrica farkli paketleme yontemleri
uygulayarak da raf Omrinin degisiminin

arastirilmas: amaglanmigtir.

MATERYAL ve METOD
Materyal

Arastirma materyali olarak Sinop balikg tezgahindan
temin edilen, ortalama boyu 11.12+0.18 cm ve
ortalama agirligir 8,81+0,35 gr olan toplam 10 kg taze
hamsi balig1 buzlanarak, strafor kutulara konulmus ve
ivedi olarak laboratuvara getirilmistir. Hamsi
baliklari; bas, 1¢ organlar ve omurgalarindan
arindirilarak fileto haline getirilmis ve iyice yikanan
filetolar daha sonra kan ve mukuslarindan arindirmak
amaciyla %101uk tuzlu su salamurasinda 1 saat
bekletilmigtir ve sonrasinda ise sizdirilmigtir.

Tuzlama-kurutma ve gruplandirma

Tuzlama iglemi delikli bir kap igerisinde bir kat tuz ve
bir kat balik olacak sekilde balik agirliginin %10’u
agirhgimn da kaya tuzu (3-5mm) kullanmilarak
yapilmigtir. Baliklar dizilip tuzlandiktan sonra
uzerlerine temiz bir baski tag1t konulmus ve
buzdolabinda 24 saat bekletilmistir. Kuru tuzlanan
hamsi baliklar1 24 saat sonra buzdolabindan
cikarilarak  fazla  tuzundan arindirmak ig¢in
yikanmistir ve sizdirilmistir. Bu asamadan sonra
hamsi baliklar1 iki farkli sekilde (Dogal ve mekanik)

kurutulmak  iizere ikiye ayrilmistir.  Dogal
kurutulacak olan birinci grup hamsi baliklarn
laboratuvar ortaminda kurutma askilar1 tizerine

dizilmigtir. Daha sonra hamsi baliklarinin tizeri bécek
ve hagerelerden koruma amaciyla til ile 6rtilmis
ortalama %60 nem ve 22°C’de laboratuvar ortaminda
96 saat boyunca kurutulmaya birakilmigtir. Ikinci
grup hamsi baliklari;, mekanik yontemle kurutulmak
i¢in iklimlendirme test kabininin igerisinde tepsilere
dizilerek sabit 45°C’de %30 nem oraninda 32 saat
boyunca kurutulmustur. Gruplar; dogal yontemle
kurutulmug ve stre¢ film ile paketlenmis hamsi
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baliklar1 (Grup A), dogal yontemle kurutulmus ve
vakum uygulanarak paketlenmis hamsi baliklar:
(Grup B), mekanik yéntemle kurutulmus ve streg film
ile paketlenmis hamsi baliklar1 (Grup C) ve mekanik
yontemle kurutulmus vakum uygulanarak
paketlenmis hamsi balklar1 (Grup D) olarak
olusturulmustur. Tim gruplar buzdolabi kosullarinda
(4£1°C) muhafaza edilmistir.

Fiziko-Kimyasal Analizler

Kurutulmus hamsi 6rneklerinde pH 6l¢giimi, Curran
ve ark.larmnin (1980) bildirdigi yénteme gére kimyasal
analizlerden; TVB-N tayini Antonacopoulas
tarafindan modifiye edilmis Lucke-Geidel metoduna
gore (Inal, 1992; Varlik ve ark., 1993), Tiyobarbitiirik
asit tayini (TBA) ise Tarladgis yontemine gore (Smith
ve ark., 1992; Varlik ve ark., 1993; Yakupitiyage, 1994)
yapilmistir. Su aktivitesi analizi ise numune kaplarina
3-5 g homojenize edilmis 6rnek konularak su aktivitesi
(Novasina marka, EW-37910-14 model) cihaz1 ile
Olculmustiir.

Mikrobiyolojik Analizler

Toplam mezofilik aerobik bakteri ve toplam psikrofilik
aerobik bakteri sayimi Giirgiin ve Halkmannin (1990)
bildirdigi yonteme goére, maya-kif sayimi Roger ve
ark., (1987) Goéktan (1990), ve Varlik ve ark.larinin
(1993) bildirdigi yonteme goére, Toplam Koliform
bakteri sayimi ise Roger ve ark.’larmin (1987)
bildirdigi yonteme gore yapilmistir, Toplam mezofilik
aerobik bakteri ve toplam psikrofilik aerobik bakteri
sayimi icin Plate Count Agar (PCA), (LabM 149) besi
yeri, Maya-kiif sayimi icin PDA (Potato Dextroz Agar)
(Lab M 98) besi yeri, Toplam Koliform bakteri sayimi
icin ise VRBA (Violet Red Bile Agar) (Lab M 31)
besiyeri kullanilmagtir.

Duyusal Analizler

Duyusal analiz i¢in kurutulmus hamsi o6rnekleri
tabaklara konularak etiketlendirilip panelistlere
sunulmustur. Bes kisilik deneyimli panelist grup
tarafindan kurutulmus hamsilerin gérunus, koku, tat
ve tekstur kriterleri degerlendirilmistir. Kurutulmus
hamsilerin duyusal degerlendirilmesi her o6rnekte
puan kriterleri bakimindan 1 ile 10 arasinda bir
puanlama yapilarak saglanmigtir (1-2: tiiketilemez, 3-
4: tuketilebilir, 5-6: orta kalite, 7-8: 1iyi, 9-10:
miikemmel). Depolama siiresince boyunca analizlerin

yapildig1 guinlerde Ornekler duyusal olarak da
degerlendirilmigtir. 3 puanin altinda puanlanan
urtinler “Tuketilemez” olarak degerlendirilmistir

(Altug, 1993).

Istatistik Analiz

Arastirmada elde edilen sonuglarin ortalama ve
standart hatalar: Microsoft Office Excel 2010 istatistik
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degerlendirme Minitab 17 paket programi yardimiyla
yapilmigstir. Calismada tek yonli varyans analizi
yapilmis ve gruplar arasi1 farklihik Tukey testi ile
belirlenmistir. (Diizgiines ve ark., 1993; Ozdamar,
1999).

BULGULAR ve TARTISMA

Su triinlerinin degerlendirilmesinde 6nemli bir kriter
olan TVB-N analiz degeri bu ¢alismada baglangicta
taze hamsi baliginda 16.62+0.25 mg 100g iken
depolamanin son giiniinde A, B, C ve D gruplarinda
sirasiyla 45.57+0.25 mg 100g, 39.26+0.17 mg 100g,
48.28+0.43 mg 100g, 42.88+0.31 mg 100g olarak tespit
edilmigstir. Dogal ve mekanik kurutulmus gruplarda
TVB-N degerlerinin artisinin 1. giinden itibaren
basladig1 ve depolama siiresinin 30. giiniinden itibaren
gruplar arasindaki fark istatistiki acidan Onemli
bulunmustur (P<0.05) (Cizelge 1).

Inal’a gore tazeligini kaybetmemis balik etinin TVB-N
degeri 25-30 mg 100g arasinda olup tiketilebilirlik
sinir degeri 30-35 mg 100g arasindadir. Fakat balik
etindeki nem kaybina bagi olarak oransal artiglarin
olmasi muhtemeldir. Kurutulmus su trtinleri nem
miktar1 diisik oldugu i¢in bu degerin yiiksek olmasi
tolere edilebilir bir durum oldugu ifade edilmistir
(Inal, 1992).

Srinivasa ve ark. (1998), yaptiklar1 calismada
kurutulmus hamsilerin farkli ambalajlarda raf
Omrinin stre¢ ambalaj paketlemede 12 hafta, yuksek
yogunluklu polietilen paketlerde ise 32 hafta oldugunu
tespit etmigler ve TVB-N degerinin depolamanin 4.
ayinda artarak 36.4 mg 100g ulastig bildirmiglerdir.

Shiriskar ve ark. (2013) Hint hamsisi Stolephorus
indicus (Van Hasselt, 1823) ve Stolephorus
commersonii (Lacepéde, 1803) iizerinde yaptiklar
calismada hamsilerde tropikal ortam sicakliginda
kurutma iglemi uygulanmig ve 5. hafta sonunda TVB-
N degerini 27.1+1.18 mg 100g olarak tespit
etmiglerdir.

TVB-N degerlerindeki farkliliklarin ele alinmasinda
kurutulan baligin tiiri, mikrobiyal aktivitesi, ortamin
nemi, sicakligt ve tuzun konsantrasyonu gibi
faktorlerin g6z oOnlne alinmasi elzemdir. Yapilan
¢alismada, TVB-N analizi sonug¢larinin yiksek ¢citkmasi
kurutmaya bagh olarak alinan et 6rnegindeki suyun
¢ok diigsik olmasindan kaynaklanmaktadir. TVB-N
oransal acidan yiiksek ¢ikmigtir. Bu durum su
aktivitesi bulgulari ile de desteklenmigtir. Calismada
kurutma sonrasi hamsi ile literatiirde bildirilen TVB-
N degerlerindeki farkliliklar bu sebeplerle ilgili oldugu
diustiniulmektedir.

Yapilan TBA analizi sonucuna gére depolama boyunca
dogal kurutma ve mekanik kurutma gruplarinin
glinlik degisimlerinde 15. giine kadar istatistiki
farklilik gézlenmez iken 30.giin ve sonraki degisimler
istatistiki olarak anlamli bulunmustur (P<0.05).
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Yapilan TBA analizi sonucuna gore taze hamsi
baliklarinda 0.31+0.01 mg MDA kg olan deger tuzlama

sonrasi 2.19+0.03 mg MDA kg degerine ulagmisgtir.

Cizelge 1. Kurutulmus hamsilerin depolama siiresi boyunca TVB-N miktarlarindaki degisim (mg 100g).
Table 1. Changes in TVB-N amounts of dried anchovies during the storage period (mg 100g).

TVB-N (mg 100g)

A grubu/ Group A B grubu/ Group B C grubuw/ Group C D grubu/ Group D

Giinler/Days

Taze balik/ Fresh fish 16.62+0.250
Tuzlama SonrasyAfter dry salting 12.22+0.24¢
1.* 32.41+0.47B

15.* 36.82+0.16¢C

30.* 39.23+0.214¢

45.* 41.67+0.17<B

60.* 42.55+0.21bcB

70.* 43.26+0.15bB

75.* 42.98+0.40bB

80.* 45.57+0.252B

16.62+0.25"0 16.62+0.25f 16.62+0.25¢
12.22+0.24¢ 12.22+0.24¢ 12.22+0.24f
31.69+0.311B 39.82+0.2644 40.30+0.21cdA

35.93+0.28¢<C
37.54+0.264D
38.77+0.40¢dC
40.26+0.282bC
38.82+0.20<D
40.66+0.222C
39.26+0.17b<D

39.42+0.344B
44.61+0.28¢cA
43.98+0.14¢A
46.44+0.14bA
46.43+0.1654A
47.73+0.32abA
48.28+0.4324

40.63+0.30¢cdA
40.97+0.38¢cdB
40.80+0.28¢cdB
39.90+0.464C
41.40+0.19b<C
42.97+0.382B
42.88+0.312bC

A,B—: Ayn satirda gruplar arasinda fark énemli (P<0.05)

ab|: Ayn siitunda zamana gére giinler arasindaki fark énemli (P<0.05)

*! Kurutma sonrasi analizlerin gerceklestirildigi guinler.

Depolamanin son giinii (80.giin) TBA degerlerinde
artis gozlemlenmis ve 80.giinde A, B, C ve D
gruplarindaki degerler ise sirasiyla 17.78+0.35,
14.18+0.20, 20.57+0.25 ve 16.53+0.25 mg MDA kg
olarak tespit edilmistir (Cizelge 2).

TBA sayisinin tiiketilebilirlik sinir degerinin ise 7-8
mg MDA kg arasinda oldugu bildirilmistir (Varlik ve
ark., 1993).

Chavan ve ark. (2008), yaptiklar1 mekanik
kurutulmus uskumru baliklarinin 4 aylik depolama
stiresi sonundaki TBA degerini 2.7 = 0.06 mg MDA kg
olarak tespit etmiglerdir.

Kaba ve ark. (2012), hamsi baliklarindan kurutulmus

pate yaptiklari c¢alismada deneme basinda taze
orneklerde TBA degerini 1.25 mg MDA kg hamsi

patelerinde ise 1.37 mg MDA kg olarak tespit
etmiglerdir. Deneme sonunda ise 8. ginde patelerin
TBA degerini 6.78 mg MDA kg olarak tespit
etmiglerdir.

Arastirmada deneme basinda tespit edilen degerler
literatiir ile uyumlu olup depolamanin son giintindeki
degerlerin  yiiksekligi isleme sureclerinin ve
uygulandigi balik tirtnin farklihigindan kaynakl yag
miktar1 fazlaligl ve serbest yag asidi iceriginden ileri
geldigi dustintlebilir. Ayrica isleme stirecinde TBA
degerindeki artig, baliketindeki kismi dehidrasyona ve
dogal kurutma ile doymamig yag asitlerinin
oksidasyonunun artmasi sonucuyla
degerlendirilebilir.

Cizelge 2. Kurutulmus hamsilerin depolama siiresi boyunca TBA miktarlarindaki degisim (mg MDA kg).
Table 2. Changes in TBA amounts of dried anchovies during the storage period (mg MDA kg).

Ginler/Days TBA (mg MDA kg)
A grubuw/ Group A B grubu/ Group B C grubu/ Group C D grubw/ Group D

Taze balik/ Fresh fish 0.31+0.018 0.31+0.01e 0.31+0.01e 0.31+0.01f
Tuzlama Sonrasy/After dry salting 2.19+0.03f 2.194+0.034 2.19+0.034 2.19+0.03¢
1.* 5.70+0.16¢A 5.55+0.16¢A 6.16+0.22¢A 6.21+0.164A

15.* 14.83+0.3948 12.07+0.08bD 16.52+0.20bA 13.34+0.12¢C

30.* 16.50+0.31bB 13.53+0.19aC 19.43+0.162A 15.60+0.21bB

45.* 18.42+0.22abB 13.76+0.362D 20.36+0.2724 16.16+0.10abC

60.* 19.07+0.22a4 13.68+0.353C 20.13+0.2824 16.22+0.17abB

70.* 18.15+0.18%bB 14.46+0.462D 20.17+0.4924 16.09+0.17abC

75.* 18.25+0.192bB 14.53+0.232D 19.96+0.1324A 16.22+0.19abC

80.* 17.78+0.35bB 14.18+0.20aP 20.57+0.2534 16.53+0.25a€

A, B: Ayn satirda gruplar arasinda fark énemli (P<0.05)

a. b: Aym siitunda zamana gore giinler arasindaki fark énemli (P<0.05)

*! Kurutma sonrasi analizlerin gerceklestirildigi guinler.

Calismada pH degeri zaman icerisinde dalgalanmalar
gostermigtir. Dogal kurutma iglemine tabi tutulan

grupta depolamanin 1. giin ve 70. glin arasinda pH
degerinde artig gorulup istatistiki acidan Onemli
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bulunurken (P<0.05); C grubunun 30. ve 80. giinleri ve
D grubun 15.gin ve 60.glinleri arasindaki farkin
istatistiki acidan oOnemli olmadig1 belirlenmigstir
(P>0.05). Depolama siiresince pH degeri gruplarda
artig gostermistir ve 60.glinden itibaren gruplar arasi
deger artig1 istatistiki acidan farkli bulunmustur
(P<0.05). Ham materyalde elde edilen pH degeri
6.52+0.02 tuzlama sonrasi ise 6.30+0.01 degerine
diismustur. Depolamanin son gunii bu degerler A, B, C
ve D gruplarinda sirasiyla 6.89+0.01, 6.86+0.02,
6.95+0.01 ve 7.10+0.02 olarak bulunmustur (Cizelge
3.). Taze baliklarda pH degeri notre yakindir. Ancak
balik dokusunda bozulma ve kokusma baglarsa pH 7.0-
8.0 diizeyine yiikselebilmektedir. pH degeri icin
tuketilebilirlik  sinir  degeri  6.8-7.0  olarak
bildirilmektedir (Varlik ve ark., 1993).

Yapar (1999), yaptig1 calismada taze hamsi baliginda
pH degerini 6.22 olarak tespit etmistir. Depolamanin
10. haftasinda pH degerlerini %7.5’1uk tuz konsantras-
yonunda 6.27. %10'luk tuz konsantrasyonunda 6.25.
%15’1ik tuz konsantrasyonunda 6.30 olarak tespit
etmistir. Azam ve ark. (2003) tarafindan yerel balik

pazarindan kurutulmus halde alinan baliklardan elde
edilen pH degerleri sirasiyla; Mugil cephalus
7.93+0.09, Scoliodon sorrakowah 8.27+0.04, Setipinna
phasa 8.03+0.05, Harpodon nehereus 8.07+0.05, Arius
caelatus 8.27+0.06, Hilsa ilisha 8.03+0.07, Polynemus
paradiseus 8.23+0.15, Trichuirus haumella 7.67+0.05,
Pampus chinenchis 8.13+0.12, Himantura walga
7.63+0.06, Muraenesox hagio 8.17+0.02, Epinephelus
lanceolatus 8.03+0.03, Cynoglossus bengalensis
8.33+0.05. Tetraoclon patoka 8.17+0.23 seklinde
belirlemislerdir. Diler ve ark. (2008) calismalarinda,
taze sudak baliginin pH’sim1 6.67+0.14, tuzlanmis
grupta 6.51+0.15 olarak tespit etmiglerdir. Dogal
kurutmanin 60. giint 6.39+0.02, mekanik kurutmada
55°C’de dusiik hava akimindaki grupta 6.44+4.61, ayni
sicaklik yiksek hava akimindaki grupta 6.47+0.03
olarak belirlemiglerdir. Mekanik kurutma grubunun
65°C’de dustiik hava akimindaki grubunda 6.55+0.07 ve
yuksek hava akimindaki grubun pH’s1 0.63+0.03
olarak bulunmustur.

Calismada elde edilen degerlerin literatiir ile uyumlu
oldugu tespit edilmistir.

Cizelge 3. Kurutulmus hamsilerin depolama stiresi boyunca pH degerlerindeki degisim.
Table 3. Changes in pH values of dried anchovies during the storage period.

. pH
Giinler/Days A grubu/ Group A B grubu/ Group B C grubu/ Group C D grubw/ Group D

Taze balik/ Fresh fish 6.52+0.02f 6.52+0.002¢ 6.52+0.024 6.52+0.02¢
Tuzlama Sonrasy/After dry salting 6.30+£0.01¢ 6.30+£0.01f 6.30+0.01¢ 6.30+0.01f
1.* 6.60+0.01sB 6.64+0.02dAB 6.68+0.01cA 6.67+0.014A

15.* 6.82+0.01bcdB 6.69+0.01¢dC 6.81+0.01bB 6.88+0.071bcA

30.* 6.76+0.02dB 6.72+0.02¢B 6.88+0.01aA 6.92+0.02bcA

45.* 6.81+0.02¢dB 6.76+0.03bcB 6.93+0.02aA 6.90+0.071bcA

60.* 6.85+0.012abcBC 6.81+0.01abC 6.89+0.012AB 6.93+0.02bcA

70.* 6.90+0.02aBC 6.85+0.022aC 6.91+0.012AB 6.98+0.01bA

75.* 6.88+0.01abB 6.87+0.012B 6.92+0.012B 7.08+0.032A

80.* 6.89+0.012bBC 6.86+0.022aC 6.95+0.012B 7.10+0.022A

A. B—: Ayni satirda gruplar arasinda fark énemli (P<0.05)

a. b|: Ayni siitunda zamana gére giinler arasindaki fark énemli (P<0.05)

*. Kurutma sonrasi analizlerin gerceklegtirildigi giinler.

Suyun besin maddesindeki durumu; besinin su igerigi
ve bulundugu ortamin bagil nemliligi arasindaki iligki
yardimiyla tanimlamir ki buna “su aktivitesi (aw)”
denir (Pigott ve Tucker. 1990). Su aktivitesi
gidalardaki kimyasal, biyokimyasal ve mikrobiyolojik
degisimleri sinirlayan kavramlarin basinda gelir
(Sikorski. 1990; Cakli. 2007). Gidadaki su aktivitesi
degeri 1’den 0’a dogru diismeye basgladik¢a gidanin
dayaniklilign artmaktadir (Bilisli, 2009).

Calismada su aktivitesi degerinin depolama siiresince
azalma gosterdigi, dogal kurutmada stre¢ ile paket
grubunun 70. giin ve 80. glinleri arasinda, mekanik
kurutma stre¢ paket grubunun 45 ve 60. gilinleri ile
vakum paketleme grubunun 60. giin ve 80. glinleri
arasindaki depolama giinleri disindaki depolama
giinlerinde grup iginde azalmanin istatistiki acidan

160

anlaml oldugu belirlenmistir (P<0.05). Depolama
siresince su aktivitesi degerinin 15. depolama
giiniinden itibaren gruplar arasi deger azalisi
istatistiki acidan farkhh bulunmustur (P<0.05). Bu
calismada su aktivitesi degeri taze balikta 0.965+0.001
olup tuzlama sonrasi 0.847+0.001 degerini almigtir.
Calismanin birinci giintinde A, B, C ve D gruplarinda
sirasiyla 0.686+0.002, 0.689+0.001, 0.712+0.002 ve
0.714+0.001 degerlerini almistir. Depolamanin son
gini 1ise bu degerler azalarak 0.495+0.001,
0.669+0.001, 0.680+0.001 ve 0.705+0.001 degerini
almistir (Cizelge 4). Calisma sonuna dogru bu
degerlerin azalma go6stermesinin nedeni Urinin
buzdolabinin kurutucu etkisi altinda olmasi ve streg
film ile paketli ftrinlerde hava gegirgenliginin
etkisinden kaynaklandig diisiiniilmektedir.
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Diler ve ark. (2008), sudak balig1 kurutulmas: {izerine
yaptiklar: ¢alismada, ¢ig balikta su aktivitesi degerini
(aw) 0.970+£0.006, salamura yoéntemi ile tuzlanmig
balikta 0.980+0.006 olarak tespit edilmig aralarindaki
farkin  istatistiksel olarak  6nemli  olmadigi
belirtilmistir. Dogal kurutmaya birakilan grupta su
aktivitesi degeri 1.glin 0.87+0.03 olarak bulunmustur.
Mekanik ortamda depolamanin 1. giinii su aktivitesi
degeri 55°C’de dusik hava akimindaki grupta
0.88+0.05, ayn1 sicaklik yiiksek hava akimindaki
grupta 0.89+0.03 olmustur. Mekanik kurutma
grubunun 65°C’de diisiik hava akimindaki grubunda
ve yuksek hava akimi grubunda su aktivitesi degerini

0.88+0.04 olarak bildirmislerdir.

Kung ve ark. (2015), Tayvan'da kurutulmus ucan
baliklar1 tizerine yaptiklar1 bir ¢calismada kimyasal,
mikrobiyolojik ve histamin degerlerini ele almiglardir.
Calismada farkli 5 bélgeden alinmig Orneklerin su
aktivitesi degerlerini; Lanyu adasi1 o6rneklerinde
0.75+0.02, Ludau adas1 6rneklerinde 0.80+0.02, Liugiu
adasinda 0.74+0.02, Kaohsiung adasinda 0.70+0.01,
Hengchun adasinda ise 0.63+0.01 olarak bulmuslardar.
Yapilan ¢alismadan elde edilen bulgular literatir ile
benzerlik gostermektedir.

Cizelge 4. Kurutulmus hamsilerin depolama siiresi boyunca aw degerlerindeki degisim.
Table 4. Changes in aw values of dried anchovies during the storage period.

Su aktivitesi / Water activity (aw)

A grubw/ Group A B grubu/ Group B C grubuw/ Group C D grubw/ Group D

Giinler/Days
Taze balik/ Fresh fish 0.965+0.001a
Tuzlama SonrasyAfter dry salting 0.847+0.001b
1.* 0.686=0.002¢B
15.* 0.619+0.0014¢
30.* 0.588+0.001¢C
45.* 0.550+0.001D
60.* 0.508+0.0018D
70.* 0.493+0.002kD
75.* 0.495+0.001kD
80.* 0.495+0.001kD

0.965+0.0012

0.847+0.001b
0.689+0.001¢<B
0.690+0.001¢<B
0.685+0.002<B
0.661+0.002¢C
0.669+0.0014¢
0.665+0.0024<C
0.667+0.0014<C
0.669+0.0014C

0.965+0.001=
0.847+0.001b
0.712+0.002¢4
0.697+0.001494
0.680+0.001¢B
0.685+0.001¢B
0.686+0.002¢B
0.683+0.002¢B
0.675+0.002fB
0.680+0.001¢B

0.965+0.001a
0.847+0.001b
0.714+0.001<a
0.694+0.001fAB
0.692+0.001s4
0.695+0.002¢fsA
0.700+0.001deA
0.701+0.002deA
0.699+0.001defA
0.705+0.0014A

A.B—: Ayn satirda gruplar arasinda fark énemli (P<0.05)

ab]: Ayn siitunda zamana gére giinler arasindaki fark énemli (P<0.05)

*! Kurutma sonrasi analizlerin gerceklestirildigi glinler.

Calisma boyunca koliform grubu bakteri tespit
edilmemigtir. Toplam mezofilik aerobik bakteri
analizine bakildiginda ham materyalde 1.97+0.05 logio
kob g olan deger tuzlama sonrasi 2.18+0.05 logio kob g
degerini almig ve depolama sliresi boyunca tim
analizlerde toplam aerobik mezofilik bakteri (TMAB),
toplam psikrofilik aerobik bakteri (TPAB) ve toplam
maya-kif (TMK) degerlerine rastlanmamistir. Iyi
kalitedeki balik igin toplam bakteri sayisi 5 logio kob
g’ altinda olmalidir (Varlik ve ark., 1993).

Shiriskar ve ark. (2013), Hint hamsisi Stolephorus
indicus (Van Hasselt. 1823) ve Stolephorus
commersonii (Lacepéde. 1803) iizerinde yapitiklar
calismada 5. hafta sonunda yapmis olduklar:
mikrobiyolojik analiz sonucglarina gére TMAB degeri
baglangicta 2.0x102 log kob g iken 5. haftada 6.4x103
log kob g olarak arttigini tespit etmiglerdir. Halofilik
bakteri tiri baslangigta bulunmazken 4. haftada
1.05x102 log kob g ve 5. haftada 4.15x102 log kob g
olarak bulmusglardir.

Kumar ve ark. (2013) dogal ve mekanik yoéntem ile
kurutulmus Labeo gonius balik filetolarina uygulanan
mikrobiyoloji analizi sonucunda depolamanin 6.
ayindaki polietilen ambalajla depolanan baliklarin
dogal kurutulmaya tabii tutulan grupta 1.50x103 log
kob g iken mekanik kurutulan grupta 1.32x103log kob

161

g olarak bulunmustur. Mikrobiyoloji analizleri sonucu
mikrobiyal yik bulunmamasini nedeni urinde
bulunan nem igeriginin kurutma sonrasinda ¢ok
dustk seviyelerde olmasidar.

Baliklarin  duyusal  analizine ait  bulgular
incelendiginde; gruplarda ve gruplar arasinda
depolamanin ilk gininden itibaren depolama siiresine
bagli olarak renk, koku, tat, tekstir ve genel begeni
duyusal degerlendirme puanlarinda azalmanin
istatistiki ac¢idan anlamli  oldugu bulunmustur
(P<0.05). Dogal yontemle kurutularak strec film ile
paketlenmig baliklar duyusal yonden en begenilen ve
uzun depolama siliresine sahip olan grup olarak
belirlenmigtir. Duyusal analiz sonucglarina goére
degerlendirmede kullanilan puan kriterleri
bakimindan 3 puanin altinda puanlanan turinler
“Tuketilemez” olarak degerlendirilmis olup 80. giinde
dogal kurutulan stre¢ paketlenen A grubu. 70. giinde
dogal kurutulan vakum paketlenen B grubu. 60. giinde
mekanik kurutulan stre¢ paketlenen C grubu. 45.
giinde mekanik kurutulan vakum paketlenen D grubu
tespit edilen giinlerde duyusal yénden bozulmustur
(Cizelge 5).

Chavan ve ark. (2008), calismalarinda mekanik
kurutmanin tekstiir, koku ve genel begeni iizerinde
yapilan puanlamalarda yiksek puanlara sahip
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oldugunu bildirmislerdir. Ojutiku ve ark. (2009),
Hyperopisus bebe occidentalis balik tiriini glnes
cadir kurutucusu ve geleneksel dogal kurutma
yontemleri arasinda duyusal acidan yapilan

baliklarin  tekstiir ve renk
grupta da benzer oldugu tespit

degerlendirmelerde
degigsimleri her iki
etmiglerdir.

Cizelge 5. Tum kurutulmus trin gruplarina ait duyusal analiz bulgulari.
Table 5. Sensory analysis result of all dried product groups.

Grup/ Group Giinler / Days
1. 15, 30. 45. 60. 70. 75. 80.

* 7.50+0.3242 7.60+0.24Aab 6.60+0.10B2 5.80+0.12B 5.80+0.12B2  3.60+0.19¢>  3.50+0.12C 3.50+0.12¢
o 7.60+£0.1942b  7.10+0.10ABab  7.1+0.10ABa 6.40+£0.198C¢a  5.90+0.10C2  4.30+0.12P2  3.00+0.32E 1.20+0.12F

A il 8.10+0.1042 8.00+0.1642 7.5+0.16ABa 6.80+0.12BCa  6,10+0.19¢  4.80+0.12P2  3.00+0.16E 1.60+0.29%
ek 7.40+0.24ABa 7.70+0.2042 7.60+0.1942 6.70+£0.128Ca  6.20+0.12C2  5.10+£0.19P2  3.10+0.10E  3.00+0.16E
FRFEE820+0.2042  7.90+0.10ABa  7.20+0.12B%=  6.80+0.12C2  6.30+0.12C2  4.90+0.19Pa  3.50+0.32E  2.10+0.37F
* 7.40+0.244Ba 7.90+0.1042 6.80+0.258Ca 6.20+0.12C= 6.20+0.12C  4.30+0.200= - -
o 7.20+0.204b 7.40+0.1942 6.90+£0.104B2  6,20+0.12BCab  550+0.16C  2.40+0.37Pb

B dkek 7.70+0.2042 7.70+0.1242 6.80+0.12Bb 6.10+0.10¢> 5.30+0.20Pa  2.50+0.16Eb
Fkkk 7.30+0.2042 7.10£0.104a>  6.90+0.24Aab 5.90+0.108 6.00+0.16B82  4.30+0.12¢
Fekkk 8.40+0.2442 7.20+0.128b 6.50+£0.168C2  6.10+0.10CP>  5.40+0.19P=2  2.30+0.12EP
* 7.80+0.2042 6.20+0.12BCc 6.50+0.22B2 5.50+0.22Ca 3.80+0.12Db -
wk 7.40+0.244> 6.70+0.124B>  6,10+0.108C> 5.40+0.24C 4.10+0.10PP

C dekek 7.50+0.1642 7.00+0.164b 6.80+0.124b 5.20+0.12B¢ 2.30+0.34¢>
gk 7.40+0.24A2 6.60+0.194Bb 6.5+0.22Bb 5.60+0.24¢b 5.10+0.10¢>
krkEkE 8 30+0.204 7.104+0.108b 6.40+0.248= 5.20+0.12¢  2.00+0.350b
* 7.60+0.2442 7.10+0.104Bb 6.40+0.108= 4.50+0.22C -
ok 8.40+0.24A2 6.70+0.128> 5.90+0.10¢b 3.50+0.22D¢

D Rl 8.00+0.2742 6.70+0.12B> 5.60+0.24Cc 2.40+0.24Dbd
Fkkk 7.50+0.224a  7,10+0.10ABab 6.5+0.22Bb 4.40+0.19¢
Fekdekk 7.80+0.2542 6.80+0.12B> 5.20+0.25C0 2.20+0.25Dd

A, B—: Aym satirda gruplar arasinda fark énemli (P<0.05)

a, b} Ayni siitunda zamana gére giinler arasindaki fark énemli (P<0.05)

*: Renk. **: Koku. ***: Tat, ****: Tekstiir. ¥*****: Genel Begeni.

SONUC

Duyusal degerlendirme, bir gidanin
degerlendirilmesinde ilk ve en oOnemli gostergeyi
ortaya koymaktadir. Urtn kalitesi degerlendirilirken
kimyasal ve mikrobiyolojik agidan kalite sinirlar
icinde kalsa dahi duyusal ac¢idan kabul edilemez
oldugunda bozulmus olarak degerlendirilir ve bu
Urinin raf Omri duyusal degerlendirmeye gore
belirlenir.

Kurutulmus hamsi baliginin buzdolab1 kogullarindaki
raf Omrl, mikrobiyoloji analizleri sonucu Urin
gruplarinda bir bozulma gézlenmediginden kimyasal
degerlendirmelerde TVB-N ve TBA degerleri raf 6mri
acisindan dikkate alinmamistir. Bu sebeple raf 6mri
duyusal analiz sonucuna goére belirlenmigtir. Elde
edilen sonuglara gore dogal kurutmanin mekanik
kurutmaya gore daha fazla raf émriine sahip oldugu
belirlenmigtir. Her ne kadar vakum paketleme iglemi
uriunleri kimyasal agidan korusa da duyusal acidan
vakumlanmamig triinler daha ¢ok ilgi gérmiustiir.
Panelistler tarafinda diisiik puan alarak kalitesini
kaybeden ve tiiketilemez olarak degerlendirilen ilk
grup 45. giinde 2,20+0,25 puan ile D grubu olmustur.
Diger gruplar sirasiyla C (60. giin), B (70. giin), A (80.
giin) grubu olmustur

Kurutulmug firiinlerin sade tiiketiminin yani sira
soslanarak ya da salata gibi iriinlerin igerisine
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konularak tiketilmesi su Uriinleri tiiketim sekillerine
alternatif olusturabilecektir. Literatirde baliklarin
farkli gekillerde kurutulmasi ile ilgili az calisma
mevcuttur. Farkli tirdeki baliklar, farkli kurutma
sicakliklari, farkli hava akim degerleri veya farklh
paketleme yontemleri gelistirilerek iglenip literatiire
guincel bilgiler kazandirilabilir. Ttketicinin begenisine
gore alternatif kurutma yontemleri de denenip
piyasaya sunulabilir ve bu sekilde ekonomiye katki
saglanabilir.
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ABSTRACT

Research Article

In this study, the insecticidal activity of native diatomaceous earth
(DE) Turco004 was tested against pupae of the Potato tuber moth,
[Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae)l in
laboratory conditions. In the bioassays were used dust formulation
and applied four concentrations (2.5, 5, 10 and 20 g*’“z) of DE. Pupa

weights and the number of adults emerging from the pupae were
recorded after 24, 48, 72, 96, 120, 144 and 168 hours of diatomaceous
earth exposure. It was concluded that the weights of the pupae are
significantly affected depending on exposure time. In addition, pupal
eclosion was prevented, and no adult emergency was observed at all
concentration applied. The data obtained revealed that the native
diatom soil Turco004 may have a potential in the control of P
operculella at all applied doses.

OZET

Yapilan bu c¢alismada, yerli diyatom topragi Turco004’in Patates
Giivesi [Phthorimaea operculella (Zeller) (Lepidoptera: Gelechiidae)]
pupasina karsi insektisidal etkisi laboratuvar sartlarinda
arastirnlmigtir. Denemelerde diyatom topraginin toz halindeki
formiilasyonu  uygulanmigs ve dort farkli konsantrasyonu
kullanmilmistar (2.5, 5, 10 ve 20 g‘mQ). Uygulamadan 24, 48, 72, 96, 120,

144 ve 168 saat sonra pupa agirliklarn ve ergin c¢ikiglar
kaydedilmigtir. Calisma sonunda pupa agirliklarinin zamana bagh
olarak 6nemli 6l¢tide etkilendigi gorulmustiir. Ayrica tim dozlarda
pupa acgilimi engellenmis ve herhangi bir ergin cikisi
gozlemlenmemigtir. Elde edilen veriler yerli diyatom toprag:
Turco004” in P. operculellanin kontroliinde bir potansiyele sahip
olabilecegini ortaya koymustur.
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INTRODUCTION

The Potato tuber moth (PTM) (Phthorimaea
operculella Zeller, (Lepidoptera: Gelechiidae) is an
important pest that is harmful on the plants belonging
to family Solanaceae including potato (Solanum
tuberosum L.), tobacco (Nicotiana tabacum, L.),
tomatoes (Solanum  Iycopersicum L.), pepper
(Capsicum annuum L., and eggplant (Solanum
melongena L.) (Das and Raman, 1994; Rondon, 2010;
Kroschel and Schaub 2012, Navrozidis and Andreadis
2012). This pest is one of the most important problem
to potato production in the world. Cold winters restrict

the development of the pest and reduce its harm.
However, global warming may change PTM population
dynamics and geographic distribution in the future.
This pest has become invasive and is today reported
more than 90 countries (Kroschel and Sporleder, 2006;
Sporleder et al. 2007). This insect is spread to all
potato growing areas or regions of Turkey.

PTM causes damage in both field and storage. Female
lay eggs on the underneath of the plant leaves, flower,
bud, leaves, and shoots. The eggs are left near the
tuber eyes, near the surface or cracks of the soil, or on
the potatoes stacked in the soil. In the field, larvae feed
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by mining in the leaves and shoots, and tunnelling in
potato tubers. The damage due to potato moth larvae
is seen principally during the storage period. P.
operculella continues to give generation and previously
infested tubers infect uninfected potatoes in the silo.
Besides, damaged tubers are become more sensitive to
be infected by bacteria and fungi (Golizadeh et al.
2014, Anonim 2020).

Stored crop losses in potatoes ranging from 50% in
Yemen and Peru, 86% in Tunisia, Algeria, and Turkey,
90% in Kenya, and 100% in India and the Philippines
have been reported (Alvarez et al. 2005). Caligkaner et
al. (1989) found that the damage of potato moth in
storage period between 0.2-22% and density varies
between one to 10, Bolu province in Turkey.

Synthetic chemicals are widely used for the control of
potato tuber moths. However, environmental and
human health problems caused by improper pesticides
use, their side effects to beneficial organisms that are
not targeted, the cost of insecticides used against PTM
and residue problems. Researchers are trying to
develop alternative methods for control of this insect
due to the factors such as increasing demand for
organic products, These alternative control methods
include biological control, bio-pesticides, biotechnical
and physical control. As an example of these studies,
Shelke et al. (1985) have demonstrated that neem oil
(Azadirachta indica, A. juss) has an anti-ovulation
effect on PTM. Similarly, ethanol extract from
Origanum majorana L. has a toxic effect on its larvae
(Yesilayer and Deniz 2019). Steven et al. (2008) stated
that granulovirus (PoGV) and Bacillus thuringiensis
Berliner ssp. kurstaki (Btk) can be used against larvae
of potato tuber moth in field and storage conditions.

Diatomaceous earth (DE), which can be used within
the scope of physical control methods, are fossilized
silica residues of single cell microscopic algae known as
diatoms. There are many studies on the toxicity of DE
against insects of different pest groups (Ertiirk et al.
2017). Athanassiou et al. (2004, 2005); reported that
Silicosec®, PyriSec®, and Insecto® DE were given
complete mortality for Sitophilus oryzae (L.
(Coleoptera: Curculionidae) at doses of 1000 ppm and
above at 26 °C and 60% r.h. condition. Doganay (2013)
reported that the effectiveness of commercial diatom
soil formulations Insecto® and native DE formulation
Turcol and Turco2 against S. granarius and
Rhyzopertha dominica (Fabricius, 1792) (Coleoptera:
Bostrichidae) wheat, rice and corn were given 100.0%
mortality at high concentrations (750 and 1000 ppm).
Atay et al. (2018) stated that PTM larvae are very
susceptible to Turco004 showing an effect of
approximately 100% after 24 hours of the DE exposure.
However, there is no study on the toxicity effect of DE
on PTM pupae. This study was conducted to determine
the activity of diatomaceous earth against the PTM
pupae in laboratory conditions.
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MATERIAL and METHODS
Phthorimaea operculella culture

The preliminary culture of P. operculella was supplied
from available infected potatoes in the Entomology
Laboratory, Department of Plant Protection, Faculty of
Agriculture, Tokat Gaziosmanpasa University, Tokat,
Turkey. Immature stages of P. operculella were reared
on potato tubers in a cage at 25+1°C, 65+5% r.h., and a
photoperiod of 14:10 L:D. The cages were cylindrical
(20 cm in diameter, and 50 cm in height) and covered
by blotter paper and fine mesh gauze. The adults in the
stock culture were fed with honey rubbed into the edge
of the cage (Golizadeh et al. 2014).

Diatomaceous earth

Native diatomaceous earth Turco004 were acquired
from a local commercial company from Ankara-Kazan
and Beypazar1 (Beg-tug Mineral). The particle sizes of
the diatomaceous earth were 10-30 um and mainly
composes of SiOz (83.26%) and other minerals CaO
(3.49%), Al:0Os (6.25%), Fe20s (4.91%). Scanning
electron microscope (SEM) image of Turco004 is
presented in Figure 1.
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Figure 1. Scanning Electron Microscope image of Turco 004
showing general size and shape
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Bioassay tests

The insecticidal activity of native DE Turco004 was
tested against pupae of the PTM (two days old pupae).
The bioassays were conducted at 25+1°C and 60+5%
humidity with four concentrations of Turco004 (2.5, 5,
10 and 20 g*mz) in plastic cups with 3.5 cm diameter.

For this purpose, DE was laid on the bottom of plastic
cups with a camel hairbrush (No. 2) and pupae were
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placed on it (5 pupae per cup). The experiment was set
in randomized blog design with 4 replications and the
experiment was repeated 2 times. Pupae weights and
the number of adults emerging from the pupae were
recorded after 24, 48, 72, 96, 120, 144 and 168 hours of
DE exposure. In the experiment, the control group
were not treated with the DE.

Statistical analysis

Emerge Inhibition rate of PTM pupae was calculated
using the below formula (Gokce et al. 2012) that was
modified from Abdelgaleil and Al-Aswad (2005). The
calculated growth rates were subjected Kruskal-
Wallis test.

CWc -Twc
El=—"we
Where EI: Emergence Index
CWC: Change in weight in the control (Initial weight-
post treatment weight)
TWC: Change in weight in the treatment (Initial
weight-post treatment weight)

The data for percent pupal emergency were subjected
to arcsine transformation. Data were subjected to
analysis of variance and differences among the
treatments were compared by Tukey Multiple
Comparison Test (a= 0.05). Statistical analysis for data
on growth rate and adult emergency rate were done
using MINITAB® version 18 software package
(McKenzei and Goldman 2005).

RESULTS and DISCUSSION

In the study, the effects of different concentrations of
DE on the development of potato tuber moth pupae
were evaluated. It was found that the weights of the
pupae are significantly affected by the exposure time,
while their weights were not significantly affected
increasing by the DE concentrations (Figure 2). While
DE treatment at the 2.5 g~ dose of the diatomaceous

earth had an index value of 0.90 after at the end of 24
hours of DE exposure (H=1.02; df=3), it had an index
value of -0.50 after 168 hours of DE exposure (H=0.43;
df=3). In all other application concentrations (5 g™ , 10

g‘m2 , 20 g"“z), these index values varied between 0.90
and -0.40 (Figure 2).

For adult emergence rates, the diatomaceous earth
significantly prevented the pupal eclosion (Figure 3).
No adult emergence from the pupae was observed at
all DE concentrations applied. In the control group,
adult emergence from the pupae was not seen after 24
hours, however, adult emergence was found after 48
hours. (F=1.75; df=2,33; P>0.05). Adult emergence
started to increase after 72 hours and in this time zone,
a 26.1% adult emergence rate was determined in the
control group (F= 12.6; df= 2.33; P<0.05). Adult
emergence rate in control group was 42.5% after 96
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hours (F= 88.5; df= 2, 33; P<0.05), 52.4% after 120
hours (F= 198.1; df= 2.33; P<0.05), 55.9% after144

hours (F= 344.1; df= 2, 33; P<0.05) and 65.1% after 168
hours (F= 145.7; df= 2.33; P<0.05) (Figure 3).
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Figure 2. Weight losses caused by different doses of
diatomaceous earth on potato tuber moth pupae

Sekil 2 Diyatom topraginin farkli dozlarinin patates giivesi
pupalarinda meydana getirdigi agirlik kayiplari
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Figure 3. Effect of different doses of diatomaceous earth on
emergence rates of adults of potato tuber moth

Sekil 3. Diyatom topraginin farkli dozlarinin patates giivesi
erginlerinin ¢ikis oranlari tizerine etkisi

Previous studies showed that commercially available
DE formulations are successfully used for controlling
of stored product pests (Subramanyam et al. 1994,
Ziaee 2007, Alkan et al. 2019, Bayram et al. 2019). In
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addition, these studies were mostly conducted on adult
of Coleopteran insect species (Athanassiou et al. 2003,
2004, 2005). Diatomaceous earth is one of the most
promising methods for controlling of stored-grain
insects, which can be an alternative to conventional
insecticides and fumigants (Korunic et al. 1996).
Collantes et al. (1986), demonstrated that synthetic
pyrethroid (deltamethrin, permethrin, cyfluthrin,
flucythrinate, fenvalerate) insecticides were ineffective
against PTM in field conditions. El-Kady (2011) found
that P. operculella developed resistance against
fenitrothion (500g1-EC), pirimiphos-methyl (2501-EC),
carbosulfan (10G 10% w/w), aldicarb (10G 10% w/w),
lambda-cyhalothrin (50 g-EC), deltamethrin (25 g
EC) and, imidaclopride (200g1-SL) at varying rates.

Most insects make their breathing through spiracles
that are part of the trachea system and open out of the
body. It is known that insect’s inhalation stops when
these openings are closed by dust particles (Adedire et
al. 2011, Ileke and Olotuah 2012). Sharaby et al. (2014)
applied some essential oil compounds to the stored
potato tubers using talcum powder. They concluded
that these components prevent the insect to lay eggs
and to enter the tubers. It is known that the
diatomaceous earth causes death by damaging the
insect integument (Ebeling 1971, Quarles 1992). As
the diatomaceous earth mode of action does not depend
on metabolic reactions, as in synthetic insecticides,
more of the responses of inactive/immobil stages of
insects to diatomaceous earth need to be studied.
Mewis and Reichmuth (1999) applied the DE
formulation Fossil Shield® against the Mealworms,
Tenebrio molitor L. (Coleoptera: Tenebrionidae) pupa,
revealing loss of weight in the pupa. Similarly, the data
obtained from this study revealed that the DE used
had a significant effect on the pupal eclosion of the
potato moth and the weight of the pupae.

CONCLUSIONS

Diatomaceous earths form a physical barrier on
insects, break down the epicuticular layers, cause fat
absorption and therefore water loss, and also prevent
the oxygen intake required for cell energy, causing
death and weight loss in insects. This study reveals
that diatomaceous earths significantly affected
weights of the pupae and the number of adults
emerging from the pupae. Despite this, exact
mechanism of action of DE on the pupa yet is not
known. For this reason, this study suggests that
detailed and further physiological and biochemical
studies are needed. The present study showed that,
diatomaceous earth has a high potential as a natural
preservative against pupae of P. operculella and could
be suggested for integrated pest management
programs (empty storage and tuber applications);
however, further studies should be conducted under
laboratory and storage conditions.
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ABSTRACT
The Mediterranean fruit fly (Medfly), Ceratitis capitata (Wiedemann)
(Diptera: Tephritidae), is one of the important pests of pomegranate
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in Turkey. The studies were conducted in 2012-2013 to determine Received 1 28.05.2020
seasonal population fluctuations and damage rates of medfly at Accepted 109.07.2020
pomegranate orchards in Osmaniye province. The study was carried

out using the Econex yellow traps and pheromones (%95 trimedlure) Keywords

and DDVP at four different pomegranate orchards in 2012 (11 August Mediterranean fruit fly

to 21 December), and at four different pomegranate orchards in 2013 Trimedlure

(11 August to 30 November) all of which were ‘Hicaz’ variety. The Damages rates

pheromone traps were weekly checked and captured medfly adults Pomegranate

were counted and then cleaned. During the harvest time, except from
pheromone trap hanging tree, 300 pomegranate fruits were randomly
selected to evaluate the number of the damaged fruits in the each
orchard. In 2012, the medfly adults caught by traps at two orchards
and the highest number of them was recorded on 26 October, followed
on 09-23 November and 15 September. The largest percentages of
medfly was observed in November (45.8), followed September (23.8),
October (20.8), August (8.3) and December (1.19). In 2013, the medfly
adults caught by traps at all orchards and the highest number of them
was recorded on 10 November, followed on 3 November and 13
October. The largest percentages of medfly was observed in November
(35.4), followed September (32.85), October (28.83) and August (2.92).
In 2012, the highest percentages of damage rates was observed at
orchard II (7.33), followed orchard I (5.66). In 2013, the highest
percentages of damage rates was observed at orchard I (10.33) ,
followed at orchard IV (10), orchard III (6.66), and orchard II (5.66).

Osmaniye ili Nar Bahceleri'nde Ceratitis capitata (Wiedemann) (Diptera: Tephritidae)’nin Mevsimsel
Popiilasyon Dalgalanmalari ve Zarar oranlar:

OZET Aragtirma Makelesi
Akdeniz meyve sinegi (AMS), Ceratitis capitata (Wiedemann)

(Diptera: Tephritidae), iilkemizde narin 6nemli bir zararhsidir. Makale Tarihgesi
Calisma 2012-2013 yillarinda Osmaniye ilinde bulunan nar Gelig Tarihi  :28.05.2020
bahgelerinde Akdeniz meyve sineginin mevsimsel popilasyon Kabul Tarihi :09.07.2020

dalgalanmalar1 ve zarar oraninin belirlenmesi i¢in yapilmigtir.
Calisma Econex sari tuzak + feromon (% 95 trimedlure) ve DDVP
kullanilarak birinci y1lda (11 Agustos-21 Aralik) Hicaz cesidi bulunan

Anaktar Kelimeler
Akdeniz meyve sinegi

dért nar bahcesinde, ikinci yilda (11 Agustos-30 Kasim) Hicaz cesitleri Trimedlure
bulunan dért nar bahcesinde yapilmigtir. Feromon tuzaklar: haftalik Zarar orani
olarak kontrol edilmig ve yakalanan erginler sayilmig ve Nar

temizlenmigtir. Hasat zamanm feromon tuzaklarinin kuruldugu nar
agaci harig, her bahceden rastgele secilen 300 meyve kontrol edilerek
vuruklu nar meyvesi sayis1 kaydedilmigtir. 2012 yilinda yanlhzca iki
bah¢ede AMS ergini belirlenmis olup en fazla ergin 26 Ekim’de
yakalanmig, bunu 9-23 Kasim, 15 Eylil tarihleri takip etmistir.
Yiizdesel olarak en fazla ergin kasim (45.8) ayinda yakalanmis olup,
bunu eyliil (23.8), ekim (20.8), agustos (8.3) ve aralik (1.19) aylar:
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takip etmigtir. 2013 yilinda biitiin bah¢elerde AMS ergini belirlenmig
olup en fazla ergin 10 Kasim’da yakalanmis, bunu 3 Kasim ve 13 Ekim
tarihleri takip etmistir. Yiizdesel olarak en fazla ergin kasim (35.40)
ayinda yakalanmis, bunu eyliil (32.85), ekim (28.83) ve agustos (2.92)
aylar1 takip etmigtir. 2012 yilinda ytizdesel olarak AMSnin en fazla
zarar1 Bahce II (7.33) de gézlenmis, bunu Bahge I (5.66) takip etmistir.
2013 yilinda yiizdesel olarak AMSnin en fazla zarari Bahcge I
(10.33)’de gozlenmis, bunu Bahce IV (10.0), Bahge III (6.66) ve Bahce

II (5.66) takip etmigtir.

To Cite : Demirel N, Cardak M 2021. Seasonal Population Fluctuations and Damage Rates of Ceratitis capitata (Wiedemann)

(Diptera: Tephritidae) on Pomegranate Orchards in Osmaniye Province. KSU J. Agric Nat

https://doi.org/10.18016/ksutarimdoga.vi.744349.

24 (1): 171-176.

INTRODUCTION

Pomegranate, Punica granatum L. (Punicaceae:
Myrtiflorae), is an important tropical and subtropical
fruit tree (Morton, 1987). The Mediterranean fruit fly
(Medfly), Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae), is a significant fruit pests in the world
(Fimiani, 1989; White and Elson-Haris, 1994). This
pest is a polyphagous species attacking over 350
different hosts (Liquido et al., 1991). The pests can
overwinter as pupa in the soil under the host plant
(White and Elson-Haris, 1994). They appear on apricot
and peach from June to July (Christenson and Foote,
1960), on pomegranate from late July to August if they
are avaliable (Demirel, 2016; Demirel et al., 2018;
Demirel, 2019a). The pomegranate fruits are
destroyed by larval feeding and caused significant
damages if not controlled (White and Elson-Haris,
1994). Trimedlure is important tools for detection,
monitoring and controlling of the medfly (Leonhardt et
al., 1989; Warthen et al., 1997; IAEA, 2003; Calikl,
2015; Demirel, 2016; Demirel and Akyol, 2017; Kili¢
and Demirel, 2018; Demirel et al., 2018; Demirel,
2019asb). Traps baited with lures are also used to
monitor population size (Niccoli et al., 1991; IAEA,
2003). The purpose of the current study was to
determine  seasonal population fluctuations and
damage rates of medfly, Ceratitis -capitata
(Wiedemann) (Diptera: Tephritidae) in pomegranate
orchards in Osmaniye province of Turkey. [Century12
regular].

MATERIALS and METHODS

The study was conducted in 2012-2013 at eight
pomegranate orchards in Osmaniye province of
Turkey. The study was carried out using the Eostrap®
invaginada traps (Sanidad Agricola Econex,
Santomera, Murcia, Spain) baited with % 95
Trimedlure, (formulated in a polymeric plug-type
dispenser) (Sanidad Agricola Econex, Santomera,
Murcia, Spain) and dichlorvos or 2.2- dichlorovinyl
dimethyl phosphate (DDVP) tablet (Sanidad Agricola
Econex, Santomera, Murcia, Spain). The first study
was conducted at four different pomegranate orchards
of the villages Cona (orchard I), Akarca (orchard II),

172

Sekerdere (orchard III), and Aydinlar (orchard IV) of
Osmaniye province. All pomegranate orchards contain
‘Hicaz’ variety and conducted from 11 August to 21
December 2012. The second study was carried out at
four different pomegranate orchards of the villages
Alhanh (orchard I), Cardak (orchard IT), Cona (orchard
III), and Aydinlar (orchard IV) of Osmaniye province.
All pomegranate orchards contain ‘Hicaz’ variety and
conducted from 11 August to 30 November 2013. In
both years, one trap for each orchard was used. The
traps were placed 1.5 m above ground and checked
weekly, trapped medfly were counted and removed
from the traps. The trimedlure and DDVP taplet in
traps were replaced with the new ones in every 90
days.

The fruit damage assessment was measured by the
percentage of medfly punctures during the harvest.
For this purpose, during the harvest time, except from
the trap baited with trimedlure hanging tree, three-
hundred fruits were chosen randomly from thirty trees
in each of the orchards and checked for medfly
punctures and infested fruits were counted. The
percentage of fruit damage was calculated by dividing
the number of infested fruits by the total number of
sampled fruits in each orchards to evaluate the
percentage of the damaged fruits in each of the
orchard. [Centuryl2 regular].

RESULTS and DISCUSSION

A seasonal population fluctuations of the medfly varied
in each of the sampled orchards. In 2012, a four ‘Hicaz’
pomegranate orchards were sampled and medfly were
recorded in two of them, while they were not found in
other two. A population fluctuations of this pest varied
during the sampling period. A total of 168 medfly
adults were caught by traps baited with trimedlure
(Figure 1). The first adults were caught by traps on 17
August. The largest mean of catches were recorded on
26 October (11.0), 9 November (11.0), followed by 23
November (10.5) and 15 September (8.5), respectively.
In 2013, the medfly were found in all pomegranate
orchards and population fluctuations varied during the
sampling period. A total of 274 medfly adults were
caught by traps baited with trimedlure (Figure 2). The
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first adults were caught by traps on 18 August. The
largest mean of catches were recorded on 10 November
(8.75), followed by 3 November ( 7.75), 13 October (7.0)
and 22 September (6.25), respectively. In addition, the
percentage of the total caught over this period varied
for each of the sampling month. In 2012, the highest
percentage of the medfly was observed in November

(45.29), followed in October (21.76), September (17.65),
August (8.3) and December (1.17) (Figure 3). In 2013,
the highest percentage of the medfly was observed in
November (35.4), followed in September (32.85),
October (28.83) and August (2.92) (Figure 3).
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Figurel. Mean (+SE) catches of medfly adults in traps baited with trimedlure (17 August—21 December, 2012) at

pomegranate orchards in Osmaniye province

Sekil 1. Osmaniye ili nar bahgelerinde 17 Agustos-21 Aralik 2012 arasinda Trimedlure ile beraber kullanilan
tuzaklar tarafindan yakalanan ortalama (+ SE) AMS ergin sayilar

The population density of the medfly varied on
different host plants. Demirel (2016) reported that the
population density of medfly on pomegranate orchards
in Hatay province in 2012 and 2014. In 2012, a six
pomegranate orchards in Antakya district were
sampled. The largest mean of catches/traps were
recorded on 4 November (127.50), followed by 28
October (122.33), 18 November (59.67), 11 November
(45.0), 14 October (39.67) and 21 October (29.83).
Moreover, a four pomegranate orchards in Antakya
district were sampled in 2014. The largest mean of
catches/traps were recorded on 8 November (69.5),
followed by 15 November (67.25), 1 November (53.0),
22 November (33.75), 26 October (32.25), 29 November
(20.25) and 19 October (19.0). Demirel and Akyol
(2017) reported that the population density of medfly
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varied in each of sampling periods on satsuma
mandarin. The largest percentages of the medfly were
recorded in October (71.32), followed by November
(10.13), September (6.54) and August (1.17) in 2011. In
addition, the largest percentages of the medfly were
recorded in September (32.13), followed by November
(26.70), October (16.37) and August (3.67) in 2012.
Kilic and Demirel (2018) studied the population
density of medfly on  persimmon. The largest
percentage of medfly were recorded in July (6.76),
August (28.06), September (36.56), October (22.74) and
November (5.88) in 2013. In addition, the largest
percentage of them were recorded in August (66.12),
September (12.86), October (16.30), and November
(4.99) in 2014.
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Figure2. Mean (+SE) catches of medfly adults in traps baited with trimedlure (18 August—30 November, 2013) at

pomegranate orchards in Osmaniye provinc
Sekil 2. Osmaniye 1l nar bahgelerinde 18 Agustos-30 Kasim 2013 arasinda Trimedlure ile beraber kullanilan
tuzaklar tarafindan yakalanan ortalama (+ SE) AMS sayilar:

70
65 - W 2012 2013

60
55 +
50 +
45 +
40 +
35 +
30 o
25 +
20 +
15 -

Percent of medfly/ trap

10 -

5'5

August  September  October November December

Months

Figure 3. Percentage of the total medfly adults caught over the sampling period at the pomegranate orchards in

Osmaniye province in 2012-2013
Sekil 3. 2012-2013 yillar1 arasinda Osmaniye ilindeki nar bahgelerinde 6rnekleme siiresince yakalanan toplam

AMS ergin ylzdesi
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The current study indicated that damage rates of
medfly were observed different in each of the sampled
orchards. In 2012, the highest percentages of damage
rates were observed at orchard II (7.33), followed
orchard I (5.66) (Figure 4). Moreover, in 2013, the
highest percentages of damage rates were observed at
orchard I (10.33) , followed at orchard IV (10.0),
orchard III (6.66), and orchard II (5.66) (Figure 4).
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Figure 4. Percentage of the damaged fruits by medfly
in pomegranate orchards in Osmaniye
province in 2012-2013

Sekil 4. 2012-2013 yillarinda Osmaniye ilindeki nar
bahcelerinde AMS tarafindan yapilan zararh
meyvelerin ylzdesi

Many studies were conducted to evaluate damage
rates of medfly on different fruits. Yildirnm and
Baspinar (2011) the percentage of infestation rate at
pomegranate orchards was 2.20 percent during
harvest time. Demirel (2014) reported that the largest
percentage of infestation rate were observed at orchard
II (karamehmet+katirbas) (42), followed orchard I
(karamehmet+katirbas1) (37), orchard III (katirbagi)
(7) and orchard IV (katirbasy) (3) in 2010. In addition,
the largest percentage of infestation rates were
observed at orchard I (katirbagi) (44) , followed at
orchard II (Hicaz) (8) in 2011. Kasap and Aslan (2016)
reported that percentage of infestation rates was 5.2
on ‘Acco’ pomegranate. Demirel (2016) reported that
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the percentage of damage rate on ‘Hicaz’ pomegranate
were observed at orchard II (14), followed by orchard
VI (12), orchard I (11), orchard IV (9), orchard III (7)
and orchard V (7) in 2012. Moreover, the highest
percentages of damage ratios were observed at orchard
IV (Katirbas1) (25), followed by orchard III (Katirbas1)
(22), orchard II (Hicaz) (15) and orchard I (Hicaz) (12)
in 2014. [Century12 regular].

CONCLUSION

The current study was carried out by traps baited with
trimedlure to determine seasonal population
fluctuations and damage rates of medfly in
pomegranate orchards in Osmaniye province of
Turkey. The medfly was found in six sites, while it did
not find two sites. The seasonal population
fluctuations varied in each of the sampled orchard and
sampling period. The highest number of medfly was
observed in November, followed by September and
October in both years. In 2012, the highest percentage
of damage rates were observed at orchard II (7.33),
followed orchard I (5.66). In addition, the largest
percentageof damage rates were observed at orchard I
(10.33) , followed at orchard IV (10), orchard III (6.66),
and orchard II (5.66) in 2013. [Century12 regular].
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OZET Aragtirma Makalesi
Anadolu ¢6l sican1 Meriones tristrami, Anadolu steplerinde genis
yayilisa sahip bir kemirgen turudir. Bu c¢alismada, bu turin Makale Tarihgesi

altpopulasyonlar1 arasindaki iligkileri belirlemek ve yayilislarina Gelig Tarihi  :10.05.2020
aciklik getirmek tizere, tiim Tirkiye'yi temsil edecek 233 ergin 6rnek, Kabul Tarihi : 30.06. 2020
kaydedildikleri cografik lokalitelerine gore 12 grup altinda biyometrik

olarak karsilagtirilmiglardir. Bu amagla, bu gruplarin dort dis Anahtar Kelimeler
morfolojik ve 27 kafa iskeleti karakterine ait olguleri, istatistiki Meriones tristrami
olarak analiz edilmistir. Ayni tiure ait olmalari sebebiyle biyometrik Morfometrik analiz
karakterlerinde gorilen yiiksek benzerlige ragmen, altpopulasyonlar Turkiye

birbirlerinden kig¢tk farkliliklarla ayrilmiglardir. Olusturulan kiime
agacinda (UPGMA), Manisa ve Kastamonu altpopulasyonlarinin
dikkat g¢ekici bir sekilde, Karaman ve Ankara altpopulasyonlarina
daha benzer oldugu goriulmiustir. Bat1 ve I¢ Anadolu gruplarina, Kilis
ve Sanhurfa altpopulasyonlar: baglanmistir, bu iki altpopulasyonun
da Malatya ve Kayseri 6rneklerini i¢ine alan gruplara yakin olduklari
goriilmektedir. Igdir altpopulasyonu ise, I¢ ve Bati Anadolu ile
Guneydogu Anadolu gruplar1 arasinda yer almigtir. Gruplarda bu
biyometrik iligkilerin goriilmesi, bu tiiriin Anadolu'nun batisina olan
yayilisinin I¢ Anadolu'nun giineyinden ziyade kuzeyinden bir rota
izleyerek olmusg olmasi gerektigi yontundeki hipotezi
desteklemektedir.  Ayrica  alttiirler arasindaki  biyometrik
farklilasmanin, Anadolu'nun cografik ozelliklerinin  gekillenerek
olustugu ongoérulmiistir.

An assessment on biometric differentiation depend on distribution of the Anatolian Jird Meriones
tristrami (Mammalia: Rodentia) Subpopulations in Turkey

ABSTRACT Research Article

The Anatolian Jird Meriones tristramiis a widespread rodent species

in Anatolian steps. In the study, to determine the relationships Article History

between the subpopulations of species and to clarify their Received - 10.05.2020
distributions, 233 adults samples representing Turkey under the 12 Accepted * 30.06.2020
groups, according to their recorded geographical localities, were
compared biometrically. For this purpose, measurements of the four
external morphological and twenty-seven cranial characters of the
groups were analyzed statistically. Despite the high similarity of their
biometric characters due to their belonging to the same species,
subpopulations were separated from each other with small
differences. In the cluster tree (UPGMA), Manisa and Kastamonu
subpopulations were noticeably similar with Karaman and Ankara
subpopulations. Kilis and Sanliurfa subpopulations were linked to the
Western and Central Anatolian groups, and these two subpopulations
were observed to be close to the groups that include Malatya and
Kayseri samples. Igdir subpopulation was among the Central and
Western Anatolia and Southeastern Anatolia groups. The existence of
these biometric relationships in the groups supports the hypothesis
that the spread of this species to the west of Anatolia should have been

Keywords

Meriones tristrami
Morphometric analysis
Turkey
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by following a route from the north rather than the south of Central
Anatolia. In addition, it is predicted that biometric differentiation
between subspecies is formed by the effect of geographical features of

Anatolia.
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GIRIS igerisinde sibling tirler olarak dikkate alinmaktadir

Tiirkiye'deki Meriones (Cél Sicanlar1) cinsine ait olan
5 turden, Meriones tristrami Anadolu Col Sicani
(Thomas, 1892) Anadolu steplerinde en genis yayilisa
sahip olamdir (Yigit ve ark., 2006). Yayilis1 Igdir’dan
Ege kiyilarina kadar uzanmaktadir, bu yayilis
giizergah1 i¢cinde Elazig'in dogusundan Erzurum’un
dogusuna kadar bir boélgede yayilisi kesintiye
ugramaktadir (Yigit ve ark., 1997, Yigit ve ark., 1998,
Yigit ve ark., 2006). Bu tiirle 1lgili ilk ¢alismalarda,
Thomas, 1903’te Izmir’den, Meriones blackleri tiirini,
1919 yilinda da Karadag (Karaman)dan Meriones
blackleri Iycaon alttirini tamimlamigstir. Daha
sonraki calismalarda, Turkiye ornekleri ve birkag
Avrupa miizesindeki Meriones ornekleri
degerlendirilerek Tosya (Kastomonu)dan Meriones
tristrami  Intraponticus tanimlanmigtir, ayrica
Meriones tristrami bogdanovinin de Tirkiye'de
bulunabilecegi kaydedilmistir (Neuhiuser, 1936).
Guneydogu Anadolu’dan da yayilis kaydi verilerek
tanimlanan  Meriones  tristrami  bodenheimeri
alttiiriiniin  tip yeri Kafrun Co6li (Suriye) olarak
verilmistir (Harrison, 1992), cok belirgin ayiric
karakterleri tanmimlanmis olmasa da giineydogu
sinirina cografi olarak c¢ok yakin olmasi sebebiyle
Sanliurfa ornekleri bu alttir icinde
degerlendirilmistir. Yigit ve Colak (1998), Giineydogu
Anadolu’dan elde ettikleri 6rneklerdeki kromozom kol

sayis1 farkliligina gére de Meriones tristrami
kilisensisi alttir olarak tanimlamastir. Boylece M.
tristrami turi Turkiye’de 6 alttirle temsil

edilmektedir. Bu altturlerle ilgili detayli morfolojik
tanimlamalar ve karyolojik 6zellikler Yigit ve ark.
(1998) ve Yigit ve Colak (1998) tarafindan verilmistir.
Daha sonra M. tristrami tirinin Tuarkiye’'deki yayilis
kayitlarina katki saglayan, morfolojik ve karyolojik
ozelliklerini ortaya koyan baska ¢alismalar da
yapilmistir (Kefelioglu, 1997; Yigit ve ark., 1997,
1998). Bu calismalarin disinda Coskun (1999),
Diyarbakir yoresindeki lokasyonlardan elde ettigi
ornekler tuzerinden dis morfoloji, kafatas1 6zellikleri,
bakulum yapis1 ve benzeri veriler kullanarak
sistematik tanimlamalar yapmistir. Tirkiye’de yayilis
yvapan 5 Meriones tiriinin biyometrik olarak
karsilastirildigr ¢alismada, M. tristramiye en yakin
tirin  Meriones  vinogradovi oldugu ortaya
konulmustur (Yigit ve ark., 2018). Bu iki tiir, cins
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(Yigit ve ark., 1997; Yigit ve ark., 1998). Benzer sekilde

Darvish (2009), Iran &rnekleri {izerine yaptig
biyometrik analizlerde M. tristrami ve M.
vinogradovinin  aynmi  altkiimede yer aldigim
gostermistir. Iki tir arasindaki bu morfolojik

benzerlige karsin Meriones cinsinin Tirkiye turleri
tzerinde allozim verileri temel alinarak yapilan
molekiiler sistematik calismasinda M. tristramiile M.
vinogradovi oldukga farkli altkiimelerde yer almistir.
Bu durum, morfolojik benzerligin allozim verilerinde
karsilik bulmadigini gdstermektedir (Yigit ve ark.,
2013).

M. tristrami alttiirleri, dis morfoloji ve kafatasi
morfolojisi bakimindan Dbirbirine oldukca benzer
ozellikler gosterir. Ege kiyi1 boélgesinden o6zellikle
Manisa civarindan elde edilen orneklerde beyaz
kuyruk ucu piiskiilii tipik bir 6zelligidir. Bu ézellik, I¢
Anadolu érneklerinde ve Tosya (Kastamonu)
alttirinde daha diisiik siklikta olmakla birlikte ortaya
cikmaktadir. Bunun disinda bu tur, post rengi, dig
morfoloji ve kafatas1 morfolojisinde ¢ok fazla ayirt edici
tipik Ozellik sergilememektedir. Bu anlamda alttir
tanimlamalar1 olduk¢a zayif morfolojik karakterlere
dayanmaktadir. Karyolojik ¢alismalarda ise bu tirin
diploid kromozom sayis1 2n=72 olmasina ragmen, alt
populasyonlarinda kromozom kol sayilarinin farklhilik
gosterdigi belirlenmigstir. M. ¢ kilisensis alttiirii de
morfolojik  6zellikleriyle birlikte kromozom kol
sayisindaki farkliliklar esas alinarak tamimlanmagtir
(Yigit ve Colak, 1998, Yigit ve ark., 1997, Yigit ve ark.,
1998, Yigit ve ark., 1999, Yigit ve ark., 2006).

M. tristramrinin yayilis alani genistir, su anda bu
turin populasyonu tzerine bilinen bir tehdit s6z
konusu degildir, bu nedenle ITUCN’e gore LC (=Least
Concern) yani diisiik tehdit kategorisinde
listelenmektedir (Sézen ve ark., 2016).

Bu ¢alismayla, bu tiriin altpopulasyonlar arasinda
cografik yayiliga bagh olarak farklilhik goésteren
morfolojik karakterleri ve bunlarin ayrim gici,
istatistiksel metotlarla analiz edilerek tiiriin
sistematigine katki saglanmasi1 amaglanmistir.

MATERYAL ve METOD
Materyal ve Ornekleme Alanlar
Bu calismada, daha 6nceki ¢calismalardan ve 107T324
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nolu TUBITAK projesi kapsaminda yapilan arazi muhafaza edilmektedir. Calisilan 6rnekler 12 lokalite

calismalarindan elde edilen ornekler kullamlmistir. altinda gruplandirilmistir (altpopulasyon), bu gruplar
Tim bu o6rnekler, Ankara Universitesi Memeli alt1 alttira temsil etmektedir ve dagilimi Sekil 1’de
Hayvanlar Aragtirma Koleksiyonu'nda gosterilmigtir.

(AUMAK/AUMAC, www.mammalia.ankara.edu.tr)

. M. t. intraponticus

M. t. bodenheimeri
11

vvvv M. t. kilisensis

— L —
[ W WO 0 20w

M. t. lycaon

Sekil 1. Gruplara gore orneklerin dahil olduklar alttiirler, 6rneklerin lokaliteleri ve 6rnek sayilar: (N); 1: Ankara
(25), 2: Karadag/Karaman (23), 3: Adana-Mersin-Hatay (Giiney Anadolu) (18), 4: Afyon (14), 5: Denizli
(18), 6: Aralik/Igdir (8), 7: Kayseri-Nevsehir-Nigde-Aksaray (Orta Anadolu) (26), 8: Kilis (18), 9: Malatya
(15), 10: Turgutlw/Manisa (25), 11: Ceylanpinar/Sanliurfa (18), 12: Tosya/Kastamonu (25) (Semboller,
Sekil 3 ile uyumluluk saglamas1 amaciyla kullanilmistir)

Figure 1. Subspecies in which the samples are included according to the groups, the localities of the samples and
the number of samples (N); Ankara (25), 2 Karadag/Karaman (23), 3° Adana-Mersin-Hatay (Giiney
Anadolu) (18), 4: Afyon (14), 5 Denizli (18), 6: Aralik/Igdir (8), 7: Kayseri-Nevsehir-Nigde-Aksaray (Orta
Anadolu) (26), 8 Kilis (18), 9° Malatya (15), 10- Turgutlu/Manisa (25), 11° Ceylanpinar/Sanlurfa (18), 12:
Tosya/Kastamonu (25) (Symbols are used to provide compatibility with Figure 3)

Morfolojik Degerlendirme ve Olgiimler mesafesine gore kiimelenerek UPGMA (Unweighted
Degerlendirmeye  alinan  6rneklerin  morfolojik Pair Group Cluster Analysis = Aritmetik ortalamalarin
ayriminda Harrison ve Bates (1991), Yigit ve ark. kullamldig1 agirhiksiz cift-grup yéntemi) dendrogrami
(1997), Yigit ve ark. (2006) ve Yigit ve ark. (2018) ¢izilmigtir. Veri setine son olarak Ayrisim Fonksiyon
tarafindan  verilen o6lgiimler esas  alinmigtir. Analizleri (DFA) uygulanarak, altpopulasyonlar
Orneklerin yas tayininde molar dis yiizeylerinin arasinda ¢ok degiskenli farklar test edilmis, 6nceden
agsinma durumu, temel 6l¢it olarak dikkate alinmigtir belirlenmis olan populasyonlar1 birbirinden ¢esitli

(Yigit ve ark., 1999). Istatistiksel analizlerde 12 diizeylerde ayirabilen  bagimsiz degigkenler
lokalite altinda gruplandirilan (Sekil 1), 233 ergin belirlenmis, homojen veya farkh altpopulasyonlar
érnegin Tiim boy uzunlugu (TBU), Kuyruk uzunlugu saptanmig ve altpopulasyonlardaki farkhliklar ortaya
(KYU), Ardayak uzunlugu (AAU) ve Kulak uzunlugu qikartilarak yorumlanmigtir.

(KU) olmak iizere 4 dis morfolojik ve ayrica 27 kafatasi

karakterinin 6l¢isti alinarak degerlendirilmigtir. BULGULAR

Kafatas: karakterlerine ait 6lgiilerin alinig yerleri ve M. tristrami Alttirleri ve Tiirkiye’deki Yayihs Yerleri

kisaltmalari Sekil 2'de ayrintili gosterilmistir. M. t. blackleri:Tip yeri Izmir olan bu alttiir, calismalar

sirasinda Kemalpagsa ve Bayindir (Izmir) ilgeleri ile

Istatistiksel Analizler Ahmetli, Turgutlu ve Kula (Manisa) ilce simirlari
Biyometrik analizler icin SPSS 13 (SPSS Inc, Chicago, icinden, az tagl, tarim arazilerine yakin, ¢ali ve orman
IL) ve NTSYS-pc 2.1 (Rohlf, 1997) paket programlari bulunmayan yamaclardan kaydedilmistir. Bu
kullanmilmigtir. Incelenen morfometrik karakterlere calismada Turgutlu (Manisa) 6rnekleri kullanilmistir.

Tukey HSD, Temel Bilesenler Analizi (PCA) ve
Ayrisim Fonksiyon Analizleri (DFA) uygulanmistir. M. ¢t. lycaon: Tirkiye’deki en yaygin bu alttiiriin tip

Uretilen benzerlik ve farkhlik matrislerinin yeri Karadag (Karaman)dir. I¢ Anadolu steplerinin
kullamlmasiyla altpopulasyonlarin olgt yaygin alttiiriidiir. Yayihs1 Batida Denizli ve Usak,
karakterlerinin  ortalama degerleri Manhattan kuzeyde Cankiri ve Amasya, giineyde Toroslarin
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yamaglarindan Karaman, Mersin ve Hatay sinirlar
icine, doguda Malatya’ya kadar uzanir.

M. t. intraponticus- Tip yeri Tosya (Kastamonu) olan
bu alttirin, yalnizca buradaki tarla kenarlarinda
yayilis gosterdigi kaydedilmistir, kullanilan 6rnekler
bu lokaliteden alinmigtir.

M. t. bogdanovi: Tip yeri Salgany bolgesi dogu Trans
Kafkasya’dir. Igdir 6rnekleri cografik yakinhk ve
morfolojik benzerlikleri nedeniyle bu alttire dahil
edilmistir (Yigit ve ark., 1998). Bu calismada da Igdir

ili  Aralik 1ilgesi smirlarindan alinan 6rnekler

kullanilmigtar.

M. t. bodenheimert: Tip yeri Kafrun Suriye’dir. Firat
nehrinin dogusundan elde edilen érnekler (Sanliurfa
ili Ceylanpinar ve Harran ilce sinirlarindan) bu alttiire
dahil edilmistir (Yigit ve ark., 1998). Bu calismada
Ceylanpinar (Sanliurfa) érnekleri kullanilmistir.

M. t. kilisensis: Tip yeri Kilis olan bu alttiire ait
kaydedilen 6rnekler bu ¢aligmada kullanilmigtir.

Sekil 2. Olciilen kafatasi karakterleri ve kisaltmalary; Zigomatik geniglik (ZG), Interorbital genislik (I0G),
Oksipitonazal uzunluk (ONU), Kondilobazal uzunluk (KBU), Kondilonazal uzunluk (KNU), Bazillar
uzunluk (BU), Nazal uzunluk (NU), Nazal genislik (NG), Frontal suturun uzunlugu (FU), Parietal
suturun uzunlugu (PU), Yiiz bolgesi uzunlugu (YBU), Beyin kapsiilii uzunlugu (BKU), Mastoid genislik
(MAG), Kaudal kafatas: yiiksekligi (KKY), Beyin kapsiilii yiksekligi (BKY), Oksipital genislik (0G),
Beyin kapsiilii genigligi (BKG), Diastema uzunlugu (DU), Damak uzunlugu (DAU), Foramen insisiva
uzunlugu (FIU), Timpanik bulla yiiksekligi (TBY), Timpanik bulla uzunlugu (TBU), Timpanik bulla
genisligi (TBG), Mandibul uzunlugu (MANU), Mandibul yiiksekligi (MANY), Ust molar alveol uzunlugu
(UMU) ve Alt molar alveol uzunlugu (AMU). (Ol¢iim karakterlerinin tizerinde gésterildigi 6rnek: M.
tristrami; Ornek No:5622/Tosya-Kastamonu (AUMAC))

Figure 2. Measured cranial characters and abbreviations; Zygomatic breadth (ZB), Interorbital width (IOW),
Occipitonasal length (ONL), Condylobasal length (CBL), Condylonasal length (CNL), Basillar length
(BL), Nasal length (NL), Nasal width (NW), Frontal column length (FL), Parietal suture length (PL),
Face region length (LFR), Brain capsule length (BCL), Mastoid width (MAW), Caudal skull height (CSH),
Brain case height (BCH), Occipital width (OW ), Brain capsule width (BCW), Diastema length (DL),
Palate length (PAL), Foramen incisiva length (FIL), Tympanic bulla height (HTB), Tympanic bulla
length (LTB), Tympanic bulla width (WTB), Mandibul length (MANL), Mandibul height (MANH), Upper
molar alveolar length (UML) and Lower molar alveolar length (LML). (Example shown on the
measurement characters: M. tristrami; Example No: 5622 / Tosya-Kastamonu (AUMAC))

M. tristrami Alttiirlerinin Biyometrik Analizleri

Tukey HSD testi ile ikili kargilagtirma- Bu test, 6lgiim
karakterlerinden bazilarinin M. tristrami alttirleri
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arasinda farkli olabilecegini ve farkliligin gruplara
gore agirhikli  olarak  hangi  karakterlerden
kaynaklandigim gbostermigtir. Dis morfolojik
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karakterlerden TL'nin 6zellikle 10. ve 12. gruplar igin,
ELnin 1ise yalnizca 11. grubu olusturan M. ¢
bodenheimeri i¢in oldukc¢a aywrt edici oldugu
gorilmustir. Kafatasi karakterlerinden ZG, BU,
KBU, KNU, ONU, NU, FU, PU, YBU, DAU, FIU, TBG
ve MANY diger karakterlere nazaran gruplar arasinda
istatistiki acidan ¢ok énemli olmamasina karsin, IOG,
NG, BKU, TBY ve MANU ise gruplar1 birbirinden
onemli derecede ayirmaktadir. Ayirici karakterlerin
tamami  i¢gin  gruplara gore degerlendirme
yapildiginda; I0G’ye goére 3., 8., 10. ve 11. gruplar
digerlerinden rahathikla ayrilirken, NG, TBY ve
MANU’ya gore 1., 2., 10., ve 12. gruplar, BKU ve
AMU’ya gore 10. ve 12. gruplar, MAG’ye gore 7., 9. ve
10. gruplar, BKY’ye gore 3., 8. ve 11. gruplar, diger
gruplardan istatistiksel anlamda farklilik
gostermektedir. M. t. blackleri alttiirii 6rnekleri i¢in
TBU, M. t. blackleri ve M. t. intraponticus alttiiri
ornekleri icin BKU ve AMU; M. ¢t kilisensis alttiri
orneklerii¢in OG; M. ¢t. Iycaon alttiirii 6rnekleri igin ise
KKY (3. grupta) ve BKG (4. grupta) kismen

farklilagmis, ayrim glci yiksek karakterler olarak
ortaya ¢ikmigtir.

Temel bilesenler analizi (PCA): Bu analizde toplam
varyans1 acgiklayan Eigen degerinin (Ozdeger) 1’in
uzerinde oldugu 4 bilesen ortaya ¢ikmistir ve toplam
varyans bu 4 bilesenle ifade edilebilir hale gelmigtir.
Bu 4 bilesenin toplam varyansi %71 oraninda
aciklanabilmektedir. Cok sayida karakterin 1. bilesen
uzerine agirligi fazla oldugundan 1. bilegsen tek basina
toplam varyansin %51,5'in1 kapsamaktadir. Diger
bilesenler sirasiyla %10,17, %5,075, %4,34 degerlerine
sahiptir. ZG, KBU, ONU, KNU, BU, NU, YBU, DU,
DAU, FIU, MANY olmak tuzere kafatas: karakterleri,
indeks degeri 0,7nin tuzerinde olup 1. bilesenin
olusumunda 6ncelikli agirliga sahip karakterler olarak
belirlenmigtir. Diger 3 bilesen uzerine etki eden
karakterlerin agirliklar1 sadece 2 bilesende BKY’de
0,723’1tk degere ulagsmaktadir ve karakter agirliklar
3. ve 4.ye dogru daha da azalmak tlzere oldukca
diisiiktiir (Cizelge 1).

Cizelge 1. Bilesen matrisi; bilegsenler lizerine karakterlerin agirhiklar
Table 1. Component matrix; weights of characters on components

Bilesen(Componen?)
1 2 3 4
TBU (TBL) 0.522 0.204 0.154 0.700
KYU (TL) 0.281 0.196 -0.011 0.812
AAU (HFL) 0.257 0.649 0.052 0.121
KU (EL) 0.513 0.306 -0.087 0.404
ZG (ZB) 0.792 0.397 0.201 0.076
10G @ow) 0.527 0.637 0.167 -0.069
KBU (CBL) 0.759 0.197 0.099 0.165
ONU (ONL) 0.863 0.366 0.227 0.177
KNU (CNL) 0.763 0.397 0.253 0.150
BU (BL) 0.868 0.302 0.222 0.200
NU (NL) 0.810 0.266 0.169 0.119
NG (NW) 0.152 0.050 0.890 0.152
FU (FL) 0.586 0.224 0.263 0.164
PU (PL) 0.191 0.526 0.210 0.268
YBU (LFR) 0.857 0.384 0.168 0.120
BKU (BCL) 0.578 0.058 0.670 0.101
MAG (MAW) 0.497 0.583 0.321 0.111
KKY (CSH) 0.468 0.694 -0.113 -0.005
BKY (BCH) 0.190 0.723 -0.202 0.110
oG (OWwW) -0.050 0.493 0.242 0.355
BKG (BCW) 0.447 0.544 0.019 -0.021
DU (DL) 0.843 0.348 0.142 0.044
DAU (PAL) 0.837 0.350 0.231 0.136
FIU (FIL) 0.728 -0.066 0.324 0.047
TBY (HTB) 0.089 -0.090 0.914 0.061
TBU (LTB) 0.647 0.217 0.373 0.001
TBG (WTB) 0.594 0.345 0.321 0.057
MANU (MANL) 0.537 0.067 0.786 0.023
MANY (MANH) 0.712 0.246 0.240 0.265
UMU (UML) 0.398 0.276 0.489 -0.309
AMU (LML) 0.408 0.183 0.572 -0.8377
Ayrisim fonksiyon analizi (DFA): Veri setindeki 31 arasindaki taksonomik ayrim agrliginin diger

O0lgim  karakterinden  8inin  altpopulasyonlar
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karakterlere gore daha fazla oldugu gortlmistir. Bu
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karakterlerden TBY ve NG sirasiyla 0,193 ve 0,294°1uk
degeriyle ayrim giici kuvvetli olan karakterlerdir.
Wilks’'in Lambda degeri 0,7nin altinda oldugundan
ayrimi1 saglayan diger karakterler ise I0G, BKU,
MAG, BKY, MANU ve AMU’dur (Cizelge 2). Ayrimin
zor olmasi ve karakterlerin ¢cogunun Wilks’in Lambda
degerinin 1’e yakin olmasi, ¢aligilan taksonlarin ayni
tliire ait populasyonlar olmasi nedeniyle beklenen bir
durumdur. Karakterlerin ayrigiminin zayif olmasina
ragmen DFA’dan elde edilen konikal ayrisim fonksiyon

grafigi, 1. ve 2. fonksiyona gére altpopulasyonlarin
belirli oranda ayrildigimi géstermektedir. Ayrim giict
kismen daha yiiksek olan 1. fonksiyona goére Karadag
(Karaman), Ankara, Tosya (Kastamonu) ve Turgutlu
(Manisa) o6rnekleri diger altpopulasyonlardan
ayrilirken, 2. fonksiyona gore de Turgutlu (Manisa)
ornekleri diger altpopulasyonlardan kismen
ayrilmaktadir, bu gruptaki (M. ¢t  blackler:)
farklilagsmanin yiiksek oldugu goriilmektedir (Sekil 3).

Cizelge 2. Wilks'in Lambda istatistigi (Grup ortalamalarinin esitligi testi)
Table 2. Wilk's Lambda statistics (Test of equality of group averages)

Wilks' Lambda F df1l df2 Sig.
TBU (TBL) 0.894 2.375 11 221 0.009
KYU (TL) 0.723 7.702 11 221 0.000
AAU (HFL) 0.749 6.735 11 221 0.000
KU (EL) 0.766 6.140 11 221 0.000
7ZG (ZB) 0.882 2.696 11 221 0.003
10G (IOW) 0.535 17.437 11 221 0.000
KBU (CBL) 0.891 2.461 11 221 0.006
ONU (ONL) 0.867 3.072 11 221 0.001
KNU (CNL) 0.864 3.150 11 221 0.001
BU (BL) 0.895 2.356 11 221 0.009
NU (NL) 0.854 3.445 11 221 0.000
NG NW) 0.294 48.280 11 221 0.000
FU (FL) 0.897 2.301 11 221 0.011
PU (PL) 0.815 4.548 11 221 0.000
YBU (LFR) 0.836 3.935 11 221 0.000
BKU (BCL) 0.591 13.928 11 221 0.000
MAG (MAW) 0.611 12.769 11 221 0.000
KKY (CSH) 0.737 7.165 11 221 0.000
BKY (BCH) 0.623 12.134 11 221 0.000
oG Ow) 0.727 7.538 11 221 0.000
BKG (BCW) 0.760 6.358 11 221 0.000
DU (DL) 0.795 5.178 11 221 0.000
DAU (PAL) 0.835 3.967 11 221 0.000
FIU (FIL) 0.808 4.770 11 221 0.000
TBY (HTB) 0.193 83.912 11 221 0.000
TBU (LTB) 0.799 5.053 11 221 0.000
TBG (WTB) 0.887 2.563 11 221 0.004
MANU (MANL)  0.422 97.487 11 221 0.000
MANY (MANH)  0.920 1.741 11 221 0.066
UMU (UML) 0.727 7.534 11 221 0.000
AMU @ML) 0.526 18.128 11 221 0.000

Bu analizlerle altpopulasyon orneklerinin gruplara
uygun dagilip dagilmadigi test edilmig ve gruplamanin
uygun oldugu ve gogunlukla 6rneklerin kendi gruplari
i¢cinde yer aldig1 gorilmustir. Tukey HSD, PCA ve
DFA sonuglar1 birlikte dikkate alindiginda Turgutlu
(Manisa) 6rneklerinin diger érneklere nazaran daha
fazla farklilagtig1 ortaya ¢ikmaktadir. Ozellikle Tukey
HSD testiyle yapilan ikili kargilagtirmada Turgutlu
(Manisa) ve Tosya (Kastamonu) ornekleri birgok
karakterle diger altpopulasyonlardan ayrilmaktadir.

Kiime analizi (UPGMA): Kiime analizinde Turgutlu
(Manisa) ve Tosya (Kastamonu) érneklerinin (grup 10,
12) en farklilasmis gruplar oldugu ve diger tiim
orneklerden ayrildigi, bu kimeye Ankara ve Karadag
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(Karaman) (M. ¢t Iycaon) orneklerinin (grup 1, 2)
baglandig1 goriilmektedir. I¢ Anadolunun dogusuna
dogru Kayseri-Malatya hatt1i ortak bir kiimede
toplanmis (grup 7, 9), bu hat, Kilis ve Ceylanpinar
(Sanhurfa) 6rnekleri (grup 8, 11) ile aymi altkiime
icinde yer almistir. Bu altkiimeye Adana, Afyon,
Denizli 6rnekleri (grup 3, 4, 5) baglanirken Giiney
Dogu ve I¢ Anadolu gruplarina en dogudaki Igdir
ornekleri (grup 6) baglanmistir. Bu agacta 10. grubu
olusturan M. tristrami blackleri ve 12. grubu
olusturan M. tristrami intraponticus Oorneklerinin
diger altpopulasyon ve alttiirlerden daha farklilagmisg
oldugu ortaya ¢ikmigtir. UPGMA analizinde Sekil 4’te
gorildigi gibi gecisimli bir topoloji olusmustur.



KSU Tarim ve Doga Derg 24 (1): 177-185, 2021
KSU J. Agric Nat 24 (1): 177-185, 2021

Aragtirma Makalesi
Research Article

. . *
2 & -2,5- o ol0 o \ B 0: *0
g5 [ e o b
2.8 . 9 o o b
TR . ¥ o o/ 3
AR N o -
55 504 o %~ S
= e -

Manisa

75—

-10,0—

OX*DEVvALd D00

| I | |
-3 0
Fonksiyon 1
Funetion 1

Gruplar

Groups

1 Ankara

2 Karadag (Karaman)

3 Adana-Mersin-Hatay (Giiney Anadolw/South Anatolia)
4 Afyon

5 Denizli

6 Aralik (Igdir)

7 Kayseri-Nevsehir-Nigde-Aksaray (Orta Anadolu/Central Anatolia)
8 Kilis

9 Malatya

10 Turgutlu (Manisa)

11 Ceylanpinar (Sanhurfa)

12 Tosya (Kastamonu)

Grup merkezleri/ Group centroid

Sekil 3. M. tritstrami alttiirlerine ait gruplarin konikal ayrisim fonksiyon grafigi
Figure 3. The conical separation function graph of groups belonging to M. tristrami subspecies
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Sekil 4. M. tristrami alttirleri i¢in 12 grup dikkate alinarak tiretilmis UPGMA kiimesi; 1: Ankara, 2: Karadag/Karaman, 3:
Giiney Anadolu (Adana-Mersin-Hatay), 4: Afyon, 5: Denizli, 6: Arahk/Igdir, 7: Orta Anadolu (Kayseri-Nevsehir-
Nigde-Aksaray), 8: Kilis, 9: Malatya, 10: Turgutlu/Manisa, 11: Ceylanpinar/Sanlhurfa, 12: Tosya/Kastamonu

Figure 4. UPGMA cluster produced by considering 12 groups for M. tristrami subspecies; 1° Ankara, 2: Karadag / Karaman, 3-
South Anatolia (Adana-Mersin-Hatay), 4° Afyon, 5: Denizli, 6: Aralik / Igdir, 7: Central Anatolia (Kayseri-Nevsehir-
Nigde-Aksaray), 8° Kilis, 9° Malatya, 10- Turgutlu / Manisa, 11° Ceylanpinar /Sanhurfa, 12: Tosya / Kastamonu

Iki alttiir altinda toplanan Giineydogu Anadolu
orneklerinde kromozom kol sayisinda farklihk
bulunmasina ve iki altpopulasyonun Firat nehriyle
ayrilmis olmasina ragmen bu cografik ayriligin ve
karyotipik farkhiligin bu iki alttirin biyometrik
karakterlerine tam olarak yansimadigti UPGMA
agacinda gorilmektedir. Bu iki alttiire Kayseri-Nigde-
Malatya hatti 6rneklerinin baglanmasi1 Giineydogu
Anadolu 6rnekleri ile yakin cografik iligkinin ve buna
bagli olarak gen akisinin bir kanit1 sayilabilir. Bu iki
altkimeye  Adana, Afyon, Denizli 6rnekleri
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baglanmigtir. Bu durum, Giineydogu Anadolu’dan
Adana hatt1 tlzerinden de I¢ Anadolu’'ya bir
temasin/goécliin oldugunu gostermektedir. Son olarak
Karadag (Karaman) ve Ankara &rnekleri kuzeyde
Tosya (Kastamonu) ve batida Manisa érnekleriyle
yakin iligkili gitkmagtir.

TARTISMA

M. tristrami {lzerine biyometrik ve genetik
kargilastirma igeren ¢calismalarin sayisi oldukga azdir.
M. tristraminin  Tirkiye’de yayilis gosteren
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altpopulasyonlar1 dikkate alindiginda gerek dis
morfolojik gerekse kafatasi olglilerinin birbirine
oldukc¢a yakin oldugu, 6zellikle morfolojik olarak kafa
iskeletinde ve molar dis morfolojisinde 6nemli bir fark
bulunmadigr gorulmektedir. Bu benzerlik, Coskun
(1999) tarafindan Diyarbakir érneklerini kullanarak
elde edilen morfolojik ve biyometrik bulgular:
desteklemektedir; Diyarbakir 6rneklerinin biyometrik
karakterleri bu c¢alismadaki o6lgim degerlerinin
siirlar iginde kalmaktadir ve morfolojik 6zellikleri
hemen hemen aynidir. Benzer sekilde Darvish (2009),
Iran 6rnekleri icin verdigi ¢ok sayida dis ve kafatasi
olciilerinin ortalama degerleri Yigit ve ark. (1998)
tarafindan verilen olgiilerin varyasyon siniri i¢inde
kalmaktadir. Bu durum, bu cografik hatta biyometrik

6lctlerdeki farklilagmanin az oldugunu
gostermektedir.
M. tristramInin altpopulasyonlar1 esas alinarak

yapilan allozim calismasinda da (Yigit ve ark., 2016)
bu ¢calismadaki biyometrik bulgular: destekler sekilde
Karadag (Karaman), Tosya (Kastamonu) ve Manisa
ornekleri yakin iligkili olarak cikmistir. I¢ Anadolu
jeolojisi gelisirken mevcut ic denizin (Tethis)
¢ekilmesiyle buglnki yayilis Orintilerinin ortaya
cikmig olabilecegi, Ege kiyilarina uzanan kolun, I¢
Anadolu'nun kuzeyinden bir yol izlemig olmasi
gerektigi seklindeki hipotez, Karadag (Karaman),
Ankara, Tosya (Kastamonu) ve Manisa
altpopulasyonlarinda ortaya c¢ikan bu benzerlik
tarafindan desteklenmektedir. Manisa’da yayilis
gosteren M. t. blackleri, ¢alisilan altpopulasyonlar /
alttirler icinde morfolojik farkliligi en fazla olan
alttirdiar. Bu alttiir sahip oldugu beyaz kuyruk ucu
puskiliyle belirgin bir morfolojik farkhiliga sahiptir.
Tukey HSD, PCA ve DFA sonuglar birlikte dikkate
alindiginda da  Manisa o6rneklerinin diger
altpopulasyonlara gore kismen daha fazla farklilagsmig
oldugu ortaya cikmaktadir. Ozellikle Tukey HSD
testiyle yapilan ikili karsilagtirmada Manisa ve Tosya
(Kastamonu) érnekleri baz1 biyometrik karakterlerle
diger altpopulasyonlardan ayrilmaktadir. Buna karsin
birgok altpopulasyon, ayni tiir i¢inde beklenen bir
durum olarak, karakter Olclleri anlaminda i¢ ige
girmis durumdadair.

SONUC ve ONERILER

Bu ¢alismada, Anadolu steplerinde yayilis gésteren ¢ol
sicanm1 M. tristrami tirinun morfometrik karakterleri
istatistiksel analiz yontemleri ile test edilmis,
altpopulasyonlar arasinda farklhilik gbsteren
karakterler ve bunlarin ayrim giicii belirlenmeye
calisilmigtir. S6z konusu tiiriin bir¢ok altpopulasyonu,
karakter oOlgiileri anlaminda i¢ ice girmesine karsin,
Karaman, Kastamonu ve Manisa 6rneklerinin yakin
iligkili ¢ikmasi, M. tristrami Gizerine yillardir yapilan
calismalar ile distinilen, populasyonlarin Ege
kiyilarina yayihginin I¢ Anadolunun kuzeyinden
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olmasi gerektigi hipotezi desteklemektedir. Ayrica bu
calisma, Anadolu step ekosisteminin karateristik
kemirgenlerinden birisi olan Anadolu Cél Sicaninin
yayiligi ile Anadolu steplerinin ortiistirilmesiyle,
iklimsel degismelere bagh olarak yayilis 6riintiileri ile
morfometrik karakterlerdeki farklilagsmalarin ve
Anadolu zoocografyasindaki degisimlerin
izlenebilmesi icin ileriye donik c¢alismalar
destekleyecektir. M. tristramrinin Anadolu’daki yayilig
kaliplar1 ve yayilis zamanlarinin belirlenmesi
Anadolu’daki step ekosisteminin gelisimine 1s1k
tutabilecek niteliktedir.

TESEKKUR

Bu c¢alsma kapsaminda 107T324 nolu proje
numarasiyla desteklenen TUBITAK projesi ile elde

edilen baz1 oOrnekler ve bu proje bulgular:
kullanilmigtar.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT Research Article

Based on the shape and model of echolocation calls, the acoustic

definition of insectivorous bat species has become a successful tool for Article History

revealing the use of different habitats, activity and behaviour Received $17.04.2020
patterns. Many researchers have used ultrasonic detectors to identify Accepted :09.07.2020
bat species and assess habitat use. This method has become

particularly valuable for species that are difficult to capture. In this Keywords

study, a total of 3167 bat passages were recorded in the Selcuklu district Analysis

of Konya province, by using an ultrasonic detector. As a result of the Chiroptera

survey, 6 species (Myotis myotis / blythii, Barbastella barbastellus, Echolocation

Pipistrellus pipistrellus, Hypsugo savii, Eptesicus serotinus and Identification

Miniopterus schreibersil) were analysed. B. barbastellus and E.
serotinus were recorded acoustically for the first time in the study
area. ANOVA analysis showed that there were no significant
differences in the call parameters between the locations where M.
myotis / blythii, B. barbastellus, P. pipistrellus and M. schreibersii
species were recorded. Discriminant Function Analysis (DFA) was
performed to classify 5 species (M. myotis / blythii, B. barbastellus, P,
pipistrellus, H. savii and M. schreibersii). As a result of the DFA, the
species were classified as 100%.

Konya Ili Selguklu Ilgesindeki Yarasalarin Akustik Olarak Aragtirilmasi

OZET Aragtirma Makalesi
Ekolokasyon cagrilarinin sekil ve modeline dayali olarak bocekeil

yarasa turlerini akustik yonden tamimlamak, farklhi yasam Makale Tarihgesi
alanlarinin  kullanimini, etkinlik ve davramig kaliplarini ortaya Gelig Tarihi  :17.04.2020
cikarmak i¢in basarili bir ara¢ haline gelmistir. Bircok arastirmaci Kabul Tarihi :09.07.2020
yarasa turlerini tespit etmek ve habitat kullanimini degerlendirmek .

icin ultrasonik detektorleri kullanmigs ve bu yontem o6zellikle Anahtar Kelimeler
yakalanmasi zor tirler igin degerli hale gelmistir. Konya ili Selguklu Antahz

ilgesinde ultrasonik dedektor kullanilarak yapilan ¢calismada, toplam Chiroptera

3167 yarasa gecisi kaydedilmistir. Calisma sonucunda 6 tiir (Myotis g:ﬁiﬁzsmy;n

myotis / blythii, Barbastella barbastellus, Pipistrellus pipistrellus,
Hypsugo savii, Eptesicus serotinusve Miniopterus schreibersii) analiz
edildi. B. barbastellus ve E. serotinus ¢alisma bolgesinde akustik
olarak ilk defa kaydedildi. ANOVA analizi ile M. myotis / blythii, B.
barbastellus, P. pipistrellus ve M. schreibersii tirlerinin ¢agrilarinin
kaydedildigi lokasyonlar arasinda c¢agri parametreleri yoniinden
anlaml bir farklihigin olmadig: tespit edilmistir. 5 tiirii (M. myotis /
blythii, B. barbastellus, P. pipistrellus, H. savii ve M. schreibersii)
siniflandirmak icin Diskriminant Fonksiyon Analizi (DFA)
yapilmigtir. DFA sonucunda, tiurler %100 oraninda siniflandirmagtir.

To Cite : Bag M, Arslan A 2021. Acoustical Investigation of Bats in Selguklu District of Konya Province. KSU J. Agric Nat 24
(1): 186-195. https://doi.org/10.18016/ksutarimdoga.vi.722155

INTRODUCTION

Towards the end of the 18th century, Lazzaro
Spallanzani showed that insectivorous bats use their
ears rather than their eyes to locate obstacles or prey

(Pye, 1960). Hartridge (1920) observed bats in flight
and said that they can produce high frequency calls
that people cannot hear. The discovery of the
echolocation started with Pierce and Griffin (1938).
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Griffin (1944) added the term "echolocation" to the
literature. In addition, Griffin (1958) was the first to
use a "sonic amplifier" to study ultrasonic sounds.
Aerial insectivorous bats are often hunted in a forest
canopy, and even when mist-nets and harp traps are
within the sampling range, they can easily detect and
avoid such devices (MacSwiney et al., 2008). Because
many species fly over mist-nets or are better than
others in detecting mist-nets, they can cause sampling
mistakes (Larsen et al., 2007). In habitats such as open
areas, large water bodies or long canopies, sampling
cannot be done easily or effectively using capture
methods (Wordley et al., 2014). Therefore ultrasonic
detectors can be used in areas that are difficult to
sample by capture methods (Fenton, 1990; MacSwiney
et al., 2008). Bats use two types of calls including social
and echolocation calls. They use social calls in their
communication with each other (Russ, 2012).
Echolocation calls are used by microchiropteran bats
(Schnitzler et al., 2003). They use echolocation calls to
collect information about their prey and habitat.
Echolocation calls of bat species vary according to
amplitude, duration, and frequency. This variation is
related to foraging strategies and mostly habitat. Bat
species mainly use FM (frequency modulated), CF
(constant frequency) and QCF (quasi-constant
frequency) frequencies and their combinations. Bats,
which are mostly foraging in a clutter habitat,
generally use FM components, while those that forage
In open areas care about to use QCF components in
their calls. For example, Myotis myotis uses FM calls,
while Pipistrellus pipistrellus uses FM / QCF
combination (Russ, 2012). CF calls are used to detect
targets and distinguish between moving and fixed
objects (Feldhamer at al., 2007).

Bats using echolocation have species-specific calls and
acoustic monitoring of bats is relatively easy (Fenton
and Bell, 1981). However, structure of echolocation
calls can be extremely flexible. Echolocation calls of
bats are generally classified into three types: "Search
phase" pulses used when searching for prey,
"Approach-phase" pulses used when a prey is detected
and “terminal (feed-buzz) phase” used until the
detected prey is captured. "Search phase" pulses
usually are emitted at a rate of 10— 20 per second.
During the “approach phase”, the duration of each
pulse and the time between pulses decreases. In the
terminal phase, the pulses continue to decrease in
frequency and time intervals until the prey is captured
(Harvey at al., 2011).

Identifying echolocation call of bats allows us to access
unknown information about the lives of bats. For
example, echolocation calls are used to help identify
the species, to locate roost sites, find commuting routes
and foraging areas, to study foraging behaviour,
identify species distribution and monitoring annual
variations in bat populations. These calls are not only
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used to identify the species of bats but also used to
measure male reproductive success, as well as to
assess the male's conservation behaviour and the
female's choice of mate. It can also give an idea of
female and young interactions, food competition at
foraging sites and levels of distress levels (Russ, 2012).

A total of 39 bat species were recorded by different
researchers in Turkey (Coraman et al., 2013; Yorulmaz
and Arslan, 2016; IUCN 2020). Overall, 13 of these
species were identified in Konya. These species were
Rhinolophus ferrumequinum, R. hipposideros, Myotis
myotis, M. mystacinus, M. emerginatus, M. capaccinil,
M. aurascens, M. blythii, Pipistrellus pipistrellus,
Hypsugo savii, Plecotus auritus, Miniopterus
schreibersii and Tadarida teniotis (von Helversen,
1989; Albayrak, 1993; Benda and Karatas, 2005; Asan
Baydemir and Albayrak, 2006).

Although there are many studies about the acoustic
identification of bats in the world today, studies in
Turkey are limited. The purpose of this study was to
determine and classify the bat species that is spread in
Selguklu District of Konya province acoustically.

MATERIALS and METHODS
Field recordings

This study was conducted in Selguklu district of Konya
province (between 36° 52’ N and 32° 29’ E). 28 different
locations were determined to study the bat activity.
This study was conducted in open areas. There is no
forest and residential area in the habitat. All calls were
recorded between April and October. To avoid
recording the same bats, only calls recorded one night
were analysed. The study was conducted with the
permission of Republic of Turkey, Ministry of Forest,
and Water Works (Permit no. 21264211-288.04-
E.346220). This permission also replaces the
permission of the local ethics committee. Bat activity
was monitored with the Batcorder 3.1 (EcoObs GmbH,
Nuremberg, Germany). This detector can record sound
in the 16-150 kHz range.

The detector was mounted on a rod to prevent bat calls
from recording echoes reflected from a surface
(Figurel). Records were made at distances higher than
three meters from reflecting surfaces such as ground
surfaces, trees, or water. The device is located at open
areas where there is no clutter at all records points
(Brabant at al.,, 2018). The detector was set to
automatically record calls from sunset to sunrise.

Sound analysis

BcAdmin 3.0 (EcoObs GmbH) and bcAnalyze2 (EcoObs
GmbH) software were used for the extraction, analysis
and automated identification of recorded audio files
including bat calls. In the analysis, echolocation calls
in the search phase of bats were used.From all records,
files that did not contain bat pass were extracted first.
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During the identification process, consisting of less
than 2 call signals made by individuals of a species, all
indeterminate and fragmented call sequences were
removed due to intraspecific and interspecific call
diversity. A sequence of call signals emitted by one or
more bats during a single recording event was defined
as a 'call'. To describe the multiple species recorded in
a single file, each call file was independently examined
to identify all species. Where the call files are
indefinite, fragmented, or where less than 2 call signs
occur, they are defined as "unknown bats". Sequences
containing two or more consecutive call signals of 90%
or higher quality were identified as species and the
best quality call signal was selected in the sequences.

Y ——

<
1

Figre 1. Detector mounted on a dead tree
Sekil 1. Olii bir agaca monte edilmis dedektor

Six parameters were measured for each call: Start
Frequency (Fear), End Frequency (Fena), Peak
Frequency (Fpeak), Duration (D), Inter-Pulse Interval
(IPD, Mean Frequency (Fmean) (Vaughan et al., 1997;
Parsons and Jones, 2000; Russo and dJones, 2002;
Obrist et al., 2004; Papadatou et al., 2008; Redgwell et
al., 2009; Russ, 2012).

Statistical analysis

Statistical analyses were performed using IBM SPSS
22.0. The values of 6 parameters (D, IPI, Fstart, Fend,
Finean, Fpeak) of each bat species obtained as a result of
the analysis of bat calls were studied separately.
ANOVA (One Way) analysis was used to test whether
at least one of these locations was different from the
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others. This analysis was performed for 4 species
detected in more than 10 in each location (Barbastella
barbastellus, Mpyotis myotis / blythii, Miniopterus
schreibersii and  Pipistrellus pipistrellus). B.
barbastellus and E. serotinus could not be evaluated
statistically because there is not enough data. Shapiro-
Wilk test was used to research normality in small
sample sizes. In addition to the Shapiro-Wilk test,
Skewness and Kurtosis values were also researched.
ANOVA was used for normally distributed variables
and Kruskal-Wallis test, which is the non-parametric
equivalent of ANOVA, for variables that was not
normally distributed or did not have homogeneous
variances. In ANOVA analysis, homogeneity was
checked by Levene Statistics. Post Hoc test was used
to detect the sources of difference between the groups.
If the variance of the parameters to be tested was
homogeneously distributed, Bonferroni test was used
in Post Hoc test. Discriminant Function Analysis was
used to classify the calls belonging to different groups.
Variables of 5 species with sufficient sample size were
included in the tests (M. myotis / blythii, M.
schreibersii, P. pipistrellus, H. savii and B.
barbastellus). E. serotinus could not be evaluated
statistically because there is not enough data.

RESULTS

As a result of passive acoustic listening performed for
28 nights in the study area, approximately 3167 bat
passes were recorded. As a result of the extraction and
analysis, 6 species were identified with the probability
estimated by over 90% by Batident 3.0 (EcoObs GmbH)
and bcAnalyze2 (EcoObs GmbH) software. These
species are M. myotis / blythii, B. barbastellus, P.
pipistrellus, H. savii, E. serotinus and M. schreibersii.
“Unknown bat” passes were 65.61% (2079) of all
analysed passes. The distribution of other genera and
species identified are as follows: Myotis sp. 15.16%
(480), Pipistrellus, Hypsugo and Miniopterus 4.42%
(140), Nyctalus, Eptesicus and Vespertilio sp. 1.45%
(46), M. schreibersii 6.66% (211), M. myotis / blythii
4.70% (149), P. pipistrellus 0.88% (28), B. barbastellus
0.79% (25), H. savii 0.22% (7) and E. serotinus 0.06%
(2).

Time and frequency statistics were formed as a result
of the analysis of the classified species (Table 1).
According to these statistics, M. schreibersii (Fstart
75.50 kHZ, Fena 50.05 kHZ, Fmean 51.54 kHz and Fpeak
51.04 kHz) had the highest average. The lowest Fstart
was found in B. barbastellus (36.79 kHz). The lowest
Fena was M. myotis / blythii (26.13 kHz). The lowest
Finean and Fpeak were found in £, serotinus (Fmean 32.10
kHz and Fpeak 29.21 kHz).

Frequency duration (D) belonged to the highest H.
savii (9.40 ms) and the lowest B. barbastellus (2.02
ms). The most variable parameter was IPI values.
Except E. serotinus, the difference between the lowest
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and highest values of IPI values were very high in
other species. The IPI value was found in the highest
P pipistrellus (212.14 ms) and the lowest B

barbastellus (106.28 ms) (Table 1).

When all

parameters were compared between species, there
were no similarities between Fstart, Fenda and Fpeax. M.
myotis/ blythil's Fuean, H. savii's D and B. barbastellus
IPI values were like E. serotinus (Table 1).

Table 1. Descriptive statistics of time and frequency parameters of the species identified by analysis (Mean, =+
standard deviation (SD) and minimum-maximum values are shown for each parameter.)

Cizelge 1. Analiz sonucunda tespit edilen tiirlerin zaman ve frekans parametrelerinin tanimlayici istatistikleri
(Her parametre igin ortalama, + standart sapma (SD) ve minimum-maksimum degerler gosterilmistir.)

b} )
o o8
Species ¢ 3 g ‘g Ftart (kHz) Fena (kHz) Funean (kHz) Fpeax (kHz) D (ms) IPI (ms)
Z. 3
B barbastellus 95 M 36.79 (+2.13)  30.50 (+2.40)  32.14 (x1.86)  32.24 (x1.47)  2.02 (0.42)  106.28(+68.86)
34.52-43.74 27.74-39.78 29.30-39.06 29.97-34.86 1.50-2.90 20-345
P. pipistrellus 98 FM/ 52.51 (+5.70)  46.28 (+1.27)  46.31 (+1.15)  46.40 (+0.80) 7.46 (£1.94) 212.14(+86.70)
’ QCF 45.48-65.33 43.35-48.51 43.27-48.10 44.93-48.06 3.90-12.10 87-370
B serotinus 9 FM/ 54.53 (£8.85)  27.20 (x0.63)  32.10 (+2.93)  29.21 (x0.26)  9.00 (+1.30) 119.50(+21.50)
. QCF 45.68-63.38 26.57-27.83 29.17-35.03 28.94-29.47 7.70-10.3 98-141
H savii 7 FM/ 39.18 (£5.28)  34.49 (x0.93)  34.40 (+0.67)  34.64 (x0.25)  9.40 (:0.90) 193.43(+76.66)
: QCF 34.10-51.38 33.16-35.65 33.80-35.89 34.20-35.02 7.80-10.80 99-334
M schreibersii 911 FM/ 75.50 (+8.58)  50.05 (x1.43)  51.54 (+1.04)  51.04 (+0.82) 7.01 (+1.42) 202.33(+85.01)
: QCF 58.58-101.07 46.28-53.87 48.89-54.93 48.89-54.06 3.90-10.70 25-438
. . 63.04 (+4.34)  26.13 (x1.30)  33.26 (+3.18)  33.98 (+0.92)  7.97 (+0.87) 142.78(+55.26)
M. myotis/blythii 149 M 51.90-72.48 23.62-29.93 28.20-38.45 32.22-39.22 5.60-10.00 51-345

Fpeax values in the statistics were obtained manually
from the peaks in the power spectra. The Fpeak point of
M. mpyotis / blythii is not apparent in the power
spectrum (Figure 2.A).

The bats analysed according to the call structures were
divided into two groups as FM calls (M. myotis /blythii
and B. barbastellus) and FM / QCF calls (M.
schreibersii, P. pipistrellus, H. savii and E. serotinus).

M. myotis / blythii and B. barbastellus emitted typical
short and steep sigmoid FM calls (Figure 2.A). The
calls of M. schreibersii, P. pipistrellus, H. savii and E.
serotinus were characterized by two components
consisting of a vertical frequency modulation (FM)
followed by a shallow frequency modulation (QCF)
(Figure 2.B, 1.C, 1.D, 1.E and 1.F). The FM part was
more prominent in P. pipistrellus and M. schreibersii
calls than other species (Figure 2.E and 1.F). H. savif's
echolocation calls are often characterized by a narrow
bandwidth and a longer duration (Figure 2.D).

Analysis Results

Before ANOVA test, normality test was performed for
call parameters of B. barbastellus, M. myotis / blythil,
M. schreibersii and P. pipistrellus. As a result of the
normality test, IPI (Shapiro Wilk p = 0.000, Skewness:
1.468, Kurtosis: 2.909) and Fmean (Shapiro Wilk: p =
0.000, Skewness: - 0.016, Kurtosis: - 1.650) parameters
of M. myotis /blythii did not show normal distribution.

Before the ANOVA test, Levene Statistics test was
used to control whether the variances of the groups
were distributed homogeneously. The groups were
homogeneous in all parameters except M.
schreibersi’s Fsart value (p = 0.024), M. myotis /
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blythir's IPI (p = 0.000) and Fmean value (p = 0.016).

As a result of the ANOVA analysis, there was no
significant difference except for Fstart (df = 7, F = 3083,
p = 0.005) and Fena (df = 7, F = 3027, p = 0.006)
parameters of M. myotis / blythii. Post-Hoc
(Benferroni) test was used to find the source of the
difference in Fstart and Fend parameters of M. myotis /
blythii. There was a significant difference between the
20 and 28 locations in both parameters.

According to Kruskal-Wallis analysis of non-normal
distribution parameters, there was no significant
difference between these groups for IPI (Chi-square =
11.314, df = 7, Asymp. sig. = 0.165) and Fmean (Chi-
square = 13.295, df = 7, Asymp. sig. = 0.125)
parameters of M. myotis / blythii and Fser (Chi-square
=16.382, df = 10, Asymp. sig. = 0.089) parameter of M.

schreibersii.

Discriminant Function Analysis (DFA) was applied to
classify 5 species (M. myotis / blythii, M. schreibersii,
P. pipistrellus, H. savii and B. barbastellus) with
sufficient sample size according to 6 parameters (D,
IPI, Fstart, Fend, Fmean and Fpeaw). There was no
correlation between the groups (Table 2). The
relationship between the DFA results and the groups
was decided by looking at the Eigenvalues Table (Table
3). DFA calculated 4 functions between groups. The
Canonical Correlation value of function 1 was 0.998.
To interpret this value, the square of the Canonical
Correlation value (0.9982 = 0.996) was calculated.
Briefly, the first function can explain 99.6% of the
variance in the dependent variable.
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Figure 2. Power spectrum and sonogram of M. myotis/blythii (A), B. barbastellus (B), E. serotinus (C), H. savii (D), M. schreibersii (E), P. pipistrellus (F)
Sekil 2. M. myotis /blythii (A), B. barbastellus (B), E. serotinus (C), H. savii (D), M. schreibersii (E) ve P. pipistrellus (F) a ait gii¢ spektrumu ve sonogram
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Table 2. Pooled within-groups matrices
Cizelge 2. Havuz i¢i grup matrisleri
D IPI Fstart Fend Fmean Fpeak
(ms) (ms) (kHz) (kHz) (kHz) (kHz)
D (ms) 1.000 .182 -.261 -.234 -.444 -.446
£ IPI(mo) 182 1.000 -.329 -118 -110 -.199
% Fstar (kHz) -.261 -.329 1.000 220 131 333
£ Fena (kHz) -.234 -118 220 1.000 292 344
Oo Frmean kHz) -.444 -.110 .131 292 1.000 .330
Fpeax (kHz) -.446 -.199 .333 .344 .330 1.000
Table 3. Eigenvalues
Cizelge 3. Ozdegerler
Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 206.973 97.7 97.7 .998
2 4.433 2.1 99.8 .903
3 453 2 100.0 558
4 .012 .0 100.0 .110

The second function (0.9032 = 0.815) can explain 81.5%
of the variance in the dependent variable. 97.7% of the
explained variance was explained by the first function
and 2.1% by the second function. Table 4 shows the
importance of independent variables when estimating
the dependent variable. In this table, the IPI variable
is not included in the list because it is not important
compared to other variables. In addition, this table
shows how important variables are when forming
functions. The most important variable in the

formation of the first function was Fypeak (0.965). Then
the variables D (0.503), Fenda (0.337) and Fumean (0.125)
were effective. The least significant variable was Fstart
(- 0.207) parameter. Figure 3 shows how much the
groups formed by functions 1 and 2 in Tables 3 and 4
can be separated from each other. DFA results are
given in Table 5. These results indicate that the calls
obtained in the study (371 calls) are 100% accurate by
species.

Table 4. Standardized canonical discriminant function coefficients
Cizelge 4. Standardize edilmis kanonik diskriminant fonksiyon analizi

Function
1 2 3 4
D (ms) 503 .858 .673 .000
Fstart (kHz) -.207 .760 -.543 .479
Fena (kHz) .337 -.365 .326 .628
Frean kHz) 125 .528 .025 -.805
Fpeak (kHz) .965 -.007 -.167 -171
Table 5. Discriminant function analysis results
Cizelge 6. Diskriminant fonksiyon analizi sonuglari
. Predicted Group Membership
Species M. myotis / blythii M. schreibersii P. pipistrellus B. barbastellus H. savii  Total
M. myotis / blythii 134 0 0 0 0 134
< M. schreibersii 0 187 0 0 0 187
2 P. pipistrellus 0 0 21 0 0 21
© B barbastellus 0 0 0 23 0 23
H. savii 0 0 0 0 6 6
M. myotis / blythii 100.0 .0 .0 .0 .0 100.0
M. schreibersii .0 100.0 .0 .0 .0 100.0
% P pipistrellus .0 .0 100.0 .0 .0 100.0
B. barbastellus .0 .0 .0 100.0 .0 100.0
H. savil 0 .0 .0 .0 100.0 100.0
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Canonical Discriminant Functions
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Figure 3. Canonical Discriminant Functions
Sekil 3. Kanonik Diskriminant Fonksiyonlari

DISCUSSION and CONCLUSION

Since M. myotis and M. blythii are sibling species, it 1s
difficult to distinguish acoustically (Russo and Jones,
2002; Russo et al., 2007; Bader et al., 2018). Therefore,
the results of M. myotis and M. blythii in this study
were given as M. myotis / blythil. As a result of the
extraction and analysis, in this study, if M. myotis and
M. blythii were accepted together, 6 species (M. myotis
/ blythii, B. barbastellus, P. pipistrellus, H. savii and
E. serotinus from the family Vespertilionidae, M.
schreibersii of the family Miniopteridae) were
analysed.

ANOVA and Kruskal-Wallis tests of the analysed
species showed that there was no significant difference
between the locations of each species for other
parameters except Fstart and Fena parameters of M.
myotis / blythii. By using Post Hoc (Benferroni) test, it
was determined which locations were the difference in
Fstart and Fena parameters of M. myotis / blythi.

When the results of M. myotis/ blythii obtained were
compared with the studies in Italy (Russo and Jones,
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2002), Switzerland (Obrist et al., 2004) and Greece
(Papadatou et al., 2008); The frequency duration (D)
results were similar to the study in Switzerland, but
were approximately 3 ms higher than in Italy and
Greece. While the Fstart in this study was like Italy, it
was about 10 kHz lower than the studies in
Switzerland and Greece. The results of the Fena were
like those in Italy and Greece, but about 2 kHz higher
than in Switzerland. The Fpeak was like the studies in
Italy, Switzerland, and Greece. The IPI was only
available in studies in Italy and Greece and was like
both.

The results of B. barbastellus were similar to those
reported in studies in Italy (Russo and Jones, 2002)
and the UK (Parsons and Jones, 2000; Parsons, 2004;
Redgwell et al., 2009). Only D was about 1 ms lower
than (Russo and dJones, 2002). In their studies of
Parsons and Jones (2000) and Russo and Jones (2002)
reported both the FM and FM / QCF call types of B.
barbastellus. In this study, only FM type calls were
observed. There was no direct observation of B.
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barbastellus in this region. The closest to this region
was observed in Nevsehir (Benda and Hor4dek, 1998).
The presence of B. barbastellus in this area should be
directly observed.

P. pipistrellus was compared with the results of
studies in Greece (Papadatou et al., 2008), Switzerland
(Obrist et al., 2004), Italy (Russo and Jones, 2002) and
England (Vaughan et al., 1997; Parsons and dJones,
2000; Redgwell et al., 2009). The D was like studies in
Greece, Switzerland, Italy, and the UK. Only, it was
approximately 3 ms higher than the study of Parsons
and Jones (2000). Feart was approximately 20 kHz
lower than other studies. Fenda was about 2 kHz higher
than in Switzerland. Fpeak and Fmean were like those
reported in other studies.

The results of H. savii were similar with the results of
studies in Italy (Russo and Jones, 2002), Switzerland
(Obrist et al., 2004) and Greece (Papadatou et al.,
2008). D was about 1 ms higher than in Greece. Fend is
about 3 kHz lower than the study in Switzerland.

Studies on E. serotinus in Greece (Papadatou et al.,
2008), Switzerland (Obrist et al., 2004), Italy (Russo
and Jones, 2002) and the UK (Parsons and Jones,
2000; Redgwell et al., 2009; Vaughan et al., 1997) had
similar results. The D was about 1 ms lower than the
results of Vaughan et al. (1997) and Parsons and Jones
(2000) from the UK. The results of IPI, Fstart and Fmean
were similar with other studies. The Fena was about 4
kHz higher than in Switzerland. The Fpeak was about 3
kHz lower than Parsons and Jones (2000). In this
study, two echolocation calls of E. serotinus were
analysed. FE. serotinus was recorded in Ankara
(Albayrak, 1985; von Helversen, 1989; Benda and
Horacek, 1998; Asan Baydemir and Albayrak, 2006),
Eskisehir (Benda and Horacek, 1998) and Nigde
(Karatas and Sozen, 2006), which are closest to the
study area. It i1s also likely to be present in this area
but needs to be confirmed by direct observation.

The results of M. schreibersii were compared with the
results of studies in Italy (Russo and Jones, 2002),
Switzerland (Obrist et al., 2004), Greece (Papadatou et
al., 2008) and Turkey (Furman et al., 2010). The
results were almost similar with results of other
studies, except Turkey. Other parameters except Fena
in study of Turkey was not similar with the results in
this study. The difference may be due to the fact that
Furman et al. (2010) made his recordings in flight
rooms and hand-released bats.

In this study, most of the time and spectral
measurements taken from the calls were similar with
the results of previous studies (Vaughan et al., 1997;
Parsons and Jones, 2000; von Helversen et al., 2001;
Russo and Jones, 2002; Obrist et al., 2004; Parsons,
2004; Papadatou et al., 2008; Redgwell et al., 2009;
Furman et al., 2010; Russ, 2012; Hafner et al., 2015;
Nyssen et al,. 2015). The differences were usually
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small. This can easily be explained by the flexibility of
the call structure. Since sufficient information about
habitat structures of previous studies could not be
obtained, it was not possible to compare habitats. In
addition, different bat detectors used in researches can
be effective in different results. As acoustic clutter
increases, calls become shorter and broadband, and the
frequency rate increases (Rydell, 1990; Kalko and
Schnitzler, 1993). Morphology also affects call design
and may lead to convergence between morphologically
similar species in call design (Jones, 1996). Age has
been shown to have an effect on the echolocation calls
of bats regardless of morphology (Jones et al., 1992).

The success of the DFA statistical results in the
classification of species in this study was close to or
higher than previous studies in which the DFA was
used (Parsons and Jones, 2000; Papadatou et al., 2008;
Redgwell et al., 2009). Reasons why DFA has achieved
higher accuracy than other studies may be relatively
few species are used in the classification and 90%
quality calls are selected for extraction. The results of
DFA may be an appropriate method for the acoustic
identification of the species in the Selguklu district.
This study shows that it is possible to examine species
-specific habitat use models of bats using acoustic
monitoring only in this study area.

As a result of the acoustic studies, it is possible to
obtain information about species diversity and activity
density in Dbats' natural environments without
disturbing them. More intensive studies of this kind
will allow us to learn more about the habitats of bats.
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ABSTRACT

In this study, antioxidant and oxidant levels of wild mushroom
Tricholoma imbricatum (F.) P. Kumm. were determined. In addition,
the levels of Cu, Fe, Ni, Pb and Zn that they accumulated in their body
were determined. In this context, antioxidant and oxidant status were
determined using TAS and TOS kits. Element contents were
measured using atomic absorption spectrometry. As a result of the
studies, it was determined that TAS value of 7' imbricatum was 3.474
+ 0.049, TOS value was 15.257 £ 0.117 and OSI value was 0.439 +
0.003. Also, it has been determined that the mushroom could be a
natural antioxidant source. In addition, it has been observed that the
levels of elements accumulated within the fruiting body were at
normal levels for wild mushrooms. As a result, it was thought that 7.
Imbricatum could be used as a natural agent in pharmacological
research because of its antioxidant potential.

OZET

Bu calismada dogal mantar 7richoloma imbricatum (F.) P.Kumm.un
antioksidan ve oksidan seviyeleri belirlenmigtir. Ayrica biunyesinde
biriktirdikleri Cu, Fe, Ni, Pb and Zn seviyeleri tespit edilmistir. Bu
kapsamda antioksidan ve oksidan seviyeleri TAS ve TOS kitler:
kullanilarak belirlendi. Element icerikleri atomik absorpsiyon
spektrofotometresi kullanilarak ol¢ulmustir. Yapilan c¢alismalar
sonucunda 7. imbricatum’un TAS degerinin 3.474+0.049, TOS
degerinin 15.257+0.117 ve OSI degerinin ise 0.439+0.003 oldugu
belirlenmigtir. Bu kapsamda mantarin dogal antioksidan kaynak
olabilecegi belirlenmigtir. Ayrica blnyesinde biriktirdigi element
seviyelerinin wild mantarlar icin normal diizeylerde oldugu
gorulmustiir. Sonu¢ olarak 7. imbricatumun antioksidan
potansiyelinden dolay: farmakolojik arastirmalarda dogal ajan olarak
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INTRODUCTION

Mushrooms have long been considered a delicious,
nutritious food product consumed by different
communities around the world. In ancient beliefs,
according to the Egyptians, it was seen as the “Gift of
God” and according to the Chinese, it is seen as the
“Elixir of Life”. In addition, they have accepted the
mushrooms as an insidious poison by the societies for
centuries and they have been very frightened in
mushroom consumption (Sevindik et al., 2018a;
Fakoya et al., 2020). In countries where wild
mushrooms are dense, consumption is high. In
addition to their nutritional value, many edible
mushrooms have long been used for medicinal
purposes. It has also gained significant medical use in

many inedible species. Today, there are at least 270
species of fungi that are known to have various
therapeutic properties (Ying et al., 1987; Singh et al.,
2020). In studies on mushrooms, it has been reported
to be antioxidant, antitumor, antimicrobial, anti-
aromatase activity, anti-inflammatory activity, free-
radical scavenging activity, antiproliferative activity
(Cheung et al., 2003; Ngai et al., 2004; Chen et al.,
2006; Zhang et al., 2007; Barros et al., 2007; Moro et
al., 2012; Bal et al., 2017; Sevindik et al., 2018b).
Tricholoma imbricatum (F.) P.Kumm., usually found
under Pinus species, is known as scented mushroom in
Anatolia (Tel et al., 2012). It is observed as mycorrhizal
single or in groups with pine trees. In this study, total
antioxidant status, total oxidant status and oxidative
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stress index and element contents of 7. imbricatum
mushroom were determined.

MATERIAL and METHOD
Laboratory studies:

Tricholoma imbricata samples were collected from
Turkey (Gaziantep/Oguzeli). 40 grams of mushroom
samples were extracted with ethanol (EtOH) for about
6 hours at 50 ° C using a soxhlet apparatus (Gerhardt
EV 14). The extracts were concentrated by rotary
evaporator (Heidolph Laborota 4000 Rotary
Evaporator).

TAS, TOS and OSI Tests:

Rel Assay brand kits were used to determine total
antioxidant status (TAS), total oxidant status (TOS)
and oxidative stress index (OSI) values of 7!
Imbricatum samples. Trolox was used for TAS tests
and hydrogen peroxide was used as calibrator for TOS
tests (Erel, 2004, 2005). TOS values are proportioned
to TAS values and their percentages are taken to
determine OSI (Erel, 2005).

Determination of Element Content:

The mushroom samples were dried at 80 °C in order to
determine the heavy metal contents (Cu, Fe, Ni, Pb
and Zn) of 7. imbricatum samples. An amount of 0.5 g
of these samples were taken and mineralized in a
mixture of 9 mL HNO3s + 1 mL Hz20:2 in a microwave
solubilizer (Milestone Ethos Easy). The heavy metal
contents of the mushroom were determined using the
atomic absorption spectrophotometer (Agilent 240FS
AA) (Sevindik et al., 2016).

RESULT and DISCUSSION
Antioxidant Activity:

Oxidation is important for many organisms for the
continuity in biological processes. Continuous
production of free radicals leads to cell deaths. As a
result of these deaths and cell damages, it causes many
diseases such as aging, cancer, diabetes and cirrhosis.
Natural antioxidants are needed to prevent chronic
diseases (Sarker et al., 2020; Chandra et al., 2020).
Therefore, the oxidant and antioxidant potentials of 7.
imbricatum mushroom have been investigated. As a
result of the researches, it was determined that TAS
value of 7. Imbricatum was 3.474+0.049, TOS value
was 15.257+0.117 and OSI value was 0.439+0.003.
TAS value of Suillus granulatus (L.) Roussel was
reported as 3.143, TOS value was 18.933 and OSI
value was 0.603 from previous studies (Mushtaq et al.,
2020). The TAS value of Lactifluus rugatus (Kithner &
Romagn.) Verbeken has been reported as 3.237, TOS
value was 8.178 and OSI value was 0.254 (Sevindik,
2020). TAS value of Infundibulicybe geotropa (Bull.)
Harmaja has been reported as 1.854, TOS value was
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30.385 and OSI value was 1.639 (Sevindik et al., 2020).
TAS value of Tricholoma virgatum (Fr.) P. Kumm. has
been reported as 3.754, TOS value was 8.362 and OSI
value was 0.223 (Selamoglu et al., 2020). TAS value of
Cerioporus varius (Pers.) Zmitr. & Kovalenko was
reported as 2.312, TOS value was 14.358 and OSI
value was 0.627 (Sevindik, 2019). TAS value of
Lentinus tigrinus (Bull) Fr. has been reported as
1.748, TOS value was 19.294 and OSI value was 1.106
(Sevindik, 2018). Compared to these studies, TAS
value of 7. imbricatum is higher than S. granulatus, 1.
geotropa, L. rugatus, C. varius and L. tigrinus and
lower than 7. virgatum. TAS value is an indicator of
all antioxidant compounds in the living organisms
(Korkmaz et al., 2018). This difference between
mushroom species is due to the potential of mushrooms
to produce antioxidant compounds. In this context, it
is thought that the mushroom can be used as a natural
agent in terms of antioxidant compound. TOS value is
an indicator of the oxidant compounds produced by the
living organisms (Korkmaz et al., 2018). It was
determined that TOS value of 7. imbricatum was lower
than S. granulatus, I geotropa and L. tigrinus, and
higher than L. rugatus, T. virgatum and C. varius. OSI
value shows how much the oxidant compounds in
living organisms are suppressed with antioxidant
compounds (Korkmaz et al., 2018). It is seen that the
oxidant compounds in the body of 7. imbricatum are
better suppressed with antioxidant compounds than S.
granulatus, I. geotropa, C. varius and L. tigrinus. As a
result, it 1s thought that 7. imbricatum used in this
study may be a natural antioxidant source.

Element Contents:

Mushrooms play a role in breaking down organic cover
in the ecosystem. Depending on the substrate content
they use, they accumulate different levels of elements
in their bodies. Some mushroom groups accumulate
some elements more in their bodies. With these
features, they can be used as element indicators
(Borovicka and Randa, 2007; Jiang et al., 2016). In this
study, Cu, Fe, Ni, Pb and Zn contents within the body
of T. Iimbricatum were determined. The findings
obtained are shown in Table 1.

Table 1. Element contents of 7. imbricatum
Cizelge 1. T. imbricatum'un element igerikleri

Element Element contents (mg.kg!)
Flement FElement igerikleri

Fe 516.15+5.63

Zn 63.54+1.48

Cu 34.12+1.52

Pb 7.91+0.55

Ni 1.05+0.14

In previous studies on different types of wild
mushrooms, it was reported as 60.33-95 for Cu, 14.6-
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835 for Fe, 0.67-5.14 for Ni, 2.86-16.54 for Pb and 29.8-
158 for Zn mg.kg! (Kala¢ and Svoboda 2000; Zhu et al.
2010; Gebrelibanos et al., 2016; Sevindik et al., 2017;
Sevindik et al., 2018c). Compared to these values, it
was determined that Fe, Zn, Pb and Ni content of 7.
imbricatum is in the literature ranges. In addition, it
is seen that the Cu content is lower than the literature
ranges. In this context, it was observed that the
element contents of 7" imbricatum are compatible with
the amounts determined in the literature.

CONCLUSION

In this study, antioxidant and oxidant potentials of
wild mushroom 7. imbricatum were determined. As a
result of the tests, it has been determined that the
mushroom can be used as a natural antioxidant source.
In addition, the levels of some elements in the cork
were investigated. In this context, it was determined
that the element levels were compatible with the
literature ranges.
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ABSTRACT
Pilfering has a big impact on the crop farming industry and it is
threatening the sustainability of the industry. To generate
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Delta State, Nigeria. A multistage sampling method was applied to
choose respondents for the study. A sample size of 135 farmers were
carefully chosen. The study data was analyzed with descriptive
statistics, binary logistic regression, linear regression and one-way
ANOVA. The findings showed that they had a mean age of 48 years
and were mostly females who were also married. Majority of them
were educated. The mean family size was 7 people and average
farming experience of 1lyears with mean farm size of 1.15ha. The
result disclosed pilferage index of 0.68, suggesting that 68% of farmers
were victims of pilfering. The findings revealed that plantain has the
highest proportion of the crops pilfered with 46.5% while cassava was
the least with 11.5%. The ANOVA result indicates a statistically
significant difference (F = 177.633; p<0.000) in the mean of income
losses to pilferage on the farms for the different selected crop types.
Pilfering on farms was significantly influenced by age, farming
experiences, educational status, farm size, household size, security,
attractiveness of farm, employees with high number of dependents
and distance or farm location. The findings showed that pilfering
resulted to high cost of security, quitting farming activities,
withdrawal from growing certain crops and reduction in output. Most
of the respondents (78.5%) did not use any form of measure to curb the
menace of pilferage on their farms. It was recommended that tackling
of pilfering on the farms should involve the synergy among
government, community and the farmers.
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INTRODUCTION

Farming activities are expected to be rewarding to
farmers as long as they enable them increase their
productivity, earn increased income, enjoy high
standard of living and as well as improve performance
of basic civic responsibilities. The small scale crop
farmers who constituted over 80 percent of the rural
population are the major producers of the food
consumed in Nigeria (Sabo et al 2017). These people

emotionally and psychologically as well as causing
serious economic losses to farmers (Bennett, 2016).
This has tendency to discourage farming activities. It
is interesting to note that pilferage on farms is an age
old problem in Nigeria. In Africa, pilfering of farm
produce has been identified as one of the challenges
hampering the development of agriculture (Sabo et al
2017). Pilferage in farm causes serious damage to
small-scale farmers who have neither the means to set

depend on farm produce for food and income, and the
extent to which they are supported and sustained by
the farm output is a reflection of agricultural
development. Unfortunately, some or all of these farm
produce may be lost by farmers not only through pests
and diseases but also by pilferage (or human pests).
However, pilfering is much more dangerous than
diseases and pests because it disturbs farmers

up security measures nor the resources to weather
losses and prompting some farmers to give up
altogether. Worse still, the pilferage consequences not
only apply to farmers that can bear the loss as far as
lower profits are concerned, but also to consumers who
may be forced to pay higher costs for goods (Mears et
al 2007).

Similarly, Fafschamps and Minten (2003) argues that
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pilferage of crops can send shock waves to other
members of community who may respond out of fear by
abandoning farming. Graham (2010) found out that
farm pilferage 1s the most discouraging and
disincentive factor to agricultural investment in
Caribbean nations.

Pilfering agricultural products in Ghana is a
significant disincentive for irrigation agriculture,
according to Inkoom and Nanguo (2011), where over
21.5% of irrigation farmers are the victims of farm
pilfering during the dry season. Across the world,
pilferage in farms is estimated to be as high as $ 5
billion annually (Swanson et al 2000). In Australia, the
estimated financial cost of farm pilferage as at 2002
was $ 72 million with 68 percent of these loses being
the value of loss or damage to farm while the rest is
loss of income as result of pilferage (McCall 2003).
Furthermore, Manning and Soon (2016)
conceptualized pilfering as loss of resources, materials
and produce on farms occasioned by deliberate and
fraudulent removal by another person without any
right to do so. McCaghy et al (2016) views pilfering as
a clever way whereby a proportion of someone else’s
property is made away with usually on a continuous
basis by the pilferer with a view to making the owner
unsuspecting of the loss. Miller (2017) defined pilfering
as a predatory felony in which a person deliberately
takes someone else’s property. According to Bunei et al
(2013) pilfering on farms as a source of farm losses has
long been known but its pestilence has recently
increased to a level that should make producers and
consumers alike uncomfortable. Pilfering is a social
problem. In the recent past, pilfering was recognized
on farms as a minor social problem and farmers did not
bother much about it, though painful (Sabo et al 2017).
Nowadays, even at the global level, pilfering in
agriculture is so rampant that it touches and threatens
all facets of agriculture. In the opinion of Bignon et al
(2017), the means of rural survival have been
threatened by losses through pilfering activities. The
causes of these losses had in the recent past been
mainly attributed to disease outbreak, poor
management practices and poor soil type while
pilfering had been greatly neglected. Therefore,
pilfering of food crops is of immense importance to the
farmers since their profit is gradually eroded and their
produce/harvest greatly reduced where it is rampant.
Thus its control is vital in order to improve the lot of
food crop farmers. Farms are vulnerable to pilferage
because of unique socio-demographic factors such as
remoteness and distance between farms.

A literature search from developed nations shows that
pilferage on the farm is linked to the specific nature of
physical, social, geographical, and cultural
environments of the farming communities (Anderson
and McCall 2005; Barclay,2001; Barclay et al. 2001;
Jones 2008; Mears et al. 2007). According to Barclay et
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al. (2001), unemployment is the most common social
problems linked to pilferage on the farm. A study
conducted in Australia by Anderson and McCall (2005)
showed that isolated farmlands, larger farms with
higher incomes, and proximity to urban centers were
the greatest predictors of being a victim of various
types of farm pilferage. Similar studies conducted by
Mears et al. (2007) in the U.S. found that farm
properties which are highly attractive, portable, and of
high value, such as fruits and nuts, were more likely to
experience pilferage. Barclay et al. (2011) found that
farm pilferage was related to the number employees on
the farm, with some farm workers being responsible
for pilfering directly, or by-passing information to
thieves for a fee.

Many farmers are becoming too old to actively engage
in farming and the younger people are not actively
involved in agriculture; therefore, food crop production
has become drastically reduced causing food prices to
escalate beyond the reach of the rural non-producers.
This has resulted in some rural people pilfering food
crop items from farms to make ends meet. Olusanya et
al. (1995) in their study found causes of livestock
pilferage to include greed (66.66%), poverty (59.16%),
laziness (29.17%), unemployment (18.06%), bad
company (16.6%), inborn traits/kleptomania (11.11%),
lust (6.94%); and wickedness (1.39%). Similarly, they
also identified the effects of pilfering on the farmers to
include financial losses (95.83%) and emotional
disturbances (36.11%). Olubanjo (1995) observed that
pilfering lowers the standard of living of the private
livestock farmers, reduces enterprise outputs as well
as reduces substantially the income and profits
realizable from livestock husbandry. Pilferage is fast
becoming a serious problem to be researched on. It has
been found to account for as high as 5% of the total cost
to marketers and 4% of total loss of quantities handled
(Anonguku 2005). The operational efficiency of
marketers has been found to decrease with increasing
pilfering rate with a correlation coefficient as high as -
0.66. Profit per unit of commodity is also found to
decrease with increasing pilfering rate and a
correlation coefficient of -0.62 recorded (Banwo 1995).
He also opined further that a single incident of
pilfering might lead to withdrawal from farming
activities. Pilfering is one of the biggest challenges
faced by livestock farmers (Lesotho-South Africa Fence
2013). The rural area is one of the ‘hotspot’ areas where
farm pilfering is conspicuous. Some farmers struggle
to make a living as a result of pilferage on farms. It
also threatens the sustainability of the crop farms
which is the most important enterprise in the area, as
some of the more experienced farmers are leaving the
industry because of this problem (Magubane 2011;
Lesotho-South Africa Fence 2013). Although there is a
growing body of rural criminology and specifically
criminology of food and agriculture (Barclay 2001;
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Bunei et al. 2013; Jones 2008; Mears et al. 2007 and
Osborn 2015); much of it dwell on the nature, extent
and cause of farm pilfering and less on the impacts of
farm pilfering as experienced by farmers in Nigeria
(Graham 2010; Fafschamps and Minten 2003 and
Maloken).

It has been shown by observations that the pilfering of
farm products is arguably the most pressing threat to
the majority of farmers in Nigeria, as it deters and kills
farmers' spirit and efforts, thereby not only affecting
food production but also seriously impairing
investment, creating jobs and reducing poverty (Bunei
et al 2013).

Despite the significant losses associated with pilfering
of farm products, the topic has received no attention
from researchers in the study area. As such, a better
understanding of the problem faced by the farmers
could contribute more effective response strategies to
mitigate pilferage in farms in the study area. This
study is intended to provide valuable information to
raise public awareness to combat pilfering on farms,
thereby contributing to the development of the
community.

There is dearth of research on the link between
pilfering and farmers income shock in Delta State.
Thus, no scientific evidence is available to advise
farmers on the consequences and how to control
pilfering on farms. However, even the available studies
carried out elsewhere in Nigeria are also obsolete for
policy issues. These research questions thus merit
consideration:  What are the socioeconomic
characteristics of arable farmers in the study area?
What is the level or extent of pilfering on the farms of
the farmers? What is the amount of income loss to
pilferage by crop farmers? What are the socioeconomic
factors influencing pilferage on the farm? What are the
effects of pilfering on farm income? What are the
measures to curtail pilfering on the farm? This broad
objective of this study was to analyze the Nexus
between pilfering menace and crop farmers income
shock in Delta State Nigeria. The specific objectives
were to:

describe socioeconomic characteristics of the
farmers

ascertain their level of pilfering on arable farms
estimate the amount of income loss and the effects
of pilfering on farm income

examine the socioeconomic factors influencing
pilfering

identify measures of curtailing pilfering on farms.

Hypothesis
The following null hypothesis was tested

Ho1: There is no significant difference in pilferage rate
on crop types
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MATERIALS and METHODS

The research took place in Delta State, Nigeria. The
State is situated within longitudes 5° 50" and 6° 45°
east of the Greenwich meridian and latitudes 5° 25°
and 6° 30" north of the equator. It has three
agricultural zones namely, Delta South, Delta Central
and Delta North agricultural zones. Delta South
agricultural zone comprises 6 local government areas
(LGAs); Delta Central is made up of 10 LGAs; while
Delta North zone is composed of 9 LGAs. The major
source of livelihood of the people is agriculture, in a
mixed cropping system. Cultivated crops include
plantain, cassava, yam, okra, garden egg, cocoyam,
maize, rice, potato and leafy and fruit vegetable crops.
Tree crops like oil palm and rubber are also cultivated.
Livestock mostly reared included poultry, goats and
sheep.

To pick the respondents, multi-stage sampling was
used. The first phase involved the purposive selection
of the 3 agricultural zones; the second phase was a
random choice of three LGAs from each zone to give 9
LGAs; the third phase was a random selection of three
communities from each LGA to obtain 27 communities.
Lastly, five farmers were carefully chosen from each
community to obtainl135 respondents.

Primary data were collected with the use of structured
questionnaire. The collected data were analyzed with
descriptive statistics such as frequency counts,
percentages and means derived from Likert type scale
of high (H) = 3, medium(M) =2 and low (L) = 1 with a
cut-off score of 2.00.

Logistic regression model (binary logit) was used to
determine factors influencing pilfering on the farm.

The implicit form of the model is expressed thus:

Al () I N | PN
The explicit function of the model is stated as:
Zi = a + b1X1 + b2X2 + b3X3 + baXy + bsX5 + beXs + b7X7

+ +b11X11eeus venens 2
Where:
Zi= Pilfering (dummy 1= pilfering on farm,

otherwise=0)

Xi = vector of explanatory variables

1 = stochastic error term

B = vector of the parameter estimates where the
explanatory variables;

The definitions, measurement and descriptive
statistics of the data used in the logistic regression
analysis were shown in the Tablel.

Test for Multicollinearity

It was desirable to fix the problem of multicollinearity
between the variables before the selected variables
were added to the model. This is because the presence
of multicollinearity seriously affects the parameter
estimate. To order for the logit specification of the
model to be thoroughly clarified, the Variance Inflator
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Factor (VIF) and Hosmer-Lemeshow test were used as
a multicollinearity measure.

The regression model was employed to estimate the

Y =f (X1, Xo, X3, X4, Xn + €)

The definitions and descriptive statistics of the data
used in the regression analysis were shown in the

effects of pilfering on farm income. Table2.
The model is implicitly specified as follows:
Table 1. Descriptions of variables in the model
Variables
[Dependent Variable Description Measurement Mean SD
Pilfering Pilfering on the farm Dummys; 1 yes, 0 no 0.7111 0.4549
Independent Variables
Age Farmers' age In years 48 years | 7.1037
Experience Farming experience In years 11 years | 4.3672
Gender Genders of the farmers |[Dummy; 1 male, O female 0.6222 0.4866
Education Farmers' education Year of schooling 2.7556 0.8328
Farm size Farm size In hectares 2.8444 1.3151
Household size People in the same roof |[Number of people 7 persons | 1.8038
Marital status Farmers Married Number of people 0.5481 0.4995
Pilfering season Time of occurrence before maturity= 1, maturity =0 0.8222 0.3838
Security measures Security of farm available =1, otherwise=0 0.4741 0.5012
Attractiveness of farm attractiveness attractive=1, otherwise=0 0.5630 0.4979
Employees high dependency ratio[Dependency ratio Percentage 67.1778 | 16.8770
location of farm (km) 4.8km 1.9078
Table 2. Descriptions of variables in the model

Variables Description Mean SD

X1 high cost of security 2.1778 0.8967

Xo quitting farming activities 3.4000 0.4917

X3 withdrawal from growing certain crops 2.1926 1.2063

X4 discourage adoption of modern technologies 3.2889 0.5713

X5 Reduction in output 2.7926 0.8295

Y Income of respondent (M) 54803.70 19728.90

For further analysis, analyses of variance (ANOVA)
with post-hoc test for multiple comparison and
independent sample t-test were used to observe the
income loss and to know whether there is significant
difference in the income loss of those arable crop
farmers produce or not.

RESULTS and DISCUSSIONS
Socioeconomic Characteristics of the Respondents

Table 3 indicates that most (60.0%) of the farmers were
between age group of 30 —49 years with an average age
of 48 years. This suggests that most of the farmers
surveyed were middle aged. This means that they are
still economically active, with a positive impact on
growth. Age ratings are relevant for the study because
physical capacity, productivity, and agility depend on
age, thus determining the susceptibility or
predisposition of the farmers to pilfering. This
suggests that the farming population is still active and
will therefore have the physical strength required in
farming. This relatively small age will open them to
technologies that can regulate pilferage as opposed to
the older ones who generally expect social control

measures to be respected. This result is consistent with
the study by Zalkuwi et al. (2014), who indicated that
in Guyuk Local government area of Adamawa State
farmers were between 20 and 49, suggesting the active
and productive age. Yahaha (2002) also reported that
farmers aged 20 to 50 years are the most involved age
group in farming practices

On farming experience, 54.8% of the respondents had
between 6-10 years, while 26.7% had betweenll-15
years of farming experience. The farmers that fell
within the range of 1-5 years of farming experience
represented 10.4% of the respondents and while only
8.1% of them had above 15years of experience. They
had a mean farming experience of 11 years. The
agricultural experience is used as a management
capability indicator. The more experienced the farmer,
the more he will take decisions on the farm. This
findings indicate that most farmers have experience,
meaning that they can make decisions that prevent or
restrict pilferage and thus increase their income. This
confirms Gbigbi (2011) findings that sweet potatoes
are heavily dependent on farmers' experience, leading
to improved managerial skills.
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Table 3. Socioeconomic characteristics of respondents (N=135)

Variables Frequency Percentage Mean
Age

30-39 16 11.9 48 years
40-49 65 48.1

50-59 46 34.1

Above 59 8 5.9

Farming experience

1-5 14 10.4 11 years
6-10 74 54.8

11-15 36 26.7

Above 15 11 8.1

Gender

Male 36 26.7 Female
Female 99 73.3

Educational level

No formal education 7 5.2

Primary education 43 31.9 Secondary
Secondary education 71 52.6

Tertiary education 14 10.4

Farm size

Less than 1 82 60.7 1.15 hectare
1-2 41 30.4

Above 2 12 8.9

Household size

1-3 10 7.4 7 persons
4 -6 36 26.7

7-9 77 57.0

Above 9 12 8.9

Marital Status

Never married 22 16.3

Married 95 70.4 Married
Divorced 8 5.9

Widowed 10 7.4

The majority (73.3%) were women while 26.7% were
men. This is indicative of the fact that women
dominate food crop farming in the area. The study
could be based on the fact that arable crops are
generally grown by women who perform most farming
activities, such as bush cutting, cultivation, planting
and weeding. This is in line with the results of
(Prakash 2003) report that women have been more
interested in food production in India than their
husbands. Ofuoku and Emuh (2009) were also of the
view that the majority of arable crop production is
carried out by women in their research.

With respect to level of formal education, most (52.6%)
of them had secondary education, 31.9% had only
primary education and 10.4% had tertiary education.
However, 5.2% of them had no formal education. This
means that most have been educated. Education plays
a significant role in increasing farmers' consciousness
and affects approaches and techniques to discourage or
curb pilfering. In general, education has been shown to
have a positive effect on innovation adoption.

Thus well-educated farmers will learn good

management skills and will be open to innovation in
their farm sector, which is expected to increase their
agricultural production activities and efficiency
(Lemchi et al. 2003; Eze et al. 2006).

With regards to farm size of respondents, 60.7% had a
farm size less than one hectare, 30.4% of them had
farm size of between 1-2 hectares while only 8.9 % had
a farm size above 2 hectares. The average farm size in
the study was 1.15 hectare. This shows that they were
small scale farmers.

This could be explained by the fact that the small
farms cultivated in most of the communities in Nigeria
could also be due to land ownership arrangements that
limit farmers growing large sections of land. This
result confirms that the majority of Nigerian farmers
are small scale farmers who cultivate less than 5
hectares of land (Arene and Anyeaji 2010; Oni and
Fashogbon 2013).

The result of the household size of respondents
indicated that 57.0% had household size ranging from
7-9 persons, 26.7%had household size between 4-6
persons 16.3% had 7-9 persons and only 7.4% of them
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had 1-3 persons members in their households. The
average household size was 7 persons. This is
prompted by the culture of housing and feeding a lot of
relatives and polygamy that thrives in the study area.
High family size in the region is an indicator of family
labour available in the area. Which means that
members of the family could assist in carrying out
farming activities. This is because member of a family
help in family enterprises in Africa, particularly in
Nigeria. This finding confirm that of Ogunjimi (2001),
which has large family size for the majority of farmers
in Osun State.

Most (70.4%) of the respondents were married, 16.3%
were never married, 5.9% were divorced and 7.4% were
widowed. The percentage of the married among them
was high because of the high esteem the society
accords them as responsible to embark on reasonable
farming to cater for his/her households. This finding is
in line with Gbigbi (2018), who held that married
couples control the rural household.

Table 4. Classification of level of pilfering on the farm

Level of pilfering on arable farms

Table 4 indicates the level of pilfering on farms. It was
observed that plantain and maize crops were adversely
affected by high pilfering, as the means were above the
cut-off score of 2.00. This is further confirmed by the
pilfering index of 0.68 for all the crops, which implies
that 68% of farmers were victims of pilfering on the
farm. This scenario has the tendency to affect output
of the farmers and eventually their income in the study
area. Ibrahim et al (2017) identified maize to be one of
the major crops easily pilfered in their study.
According to a representative study conducted in rural
Kenya in 2012, Bunei et al. (2013) found that virtually
everybody (99%) has been the victim of agricultural
theft over a five-year period. Ceccato (2016) also notes
that, over the last two years, 3 out of 10 farmers were
targeted at some type of theft and half were targeted 2
or more times in Sweden. The common items stolen
from farms in the developing country are the fuel,
machinery, equipment, and other farm properties.

Crops High Medium Low Mean Std. Decision
Deviation

Plantain 120(88.9) 10(7.4) 5(3.7) 2.85 0.45 High

Maize 55(40.7) 44(32.6) 36(26.7) 2.14 0.81 High

Yam 20(14.8) 51(37.8) 64(47.4) 1.67 0.72 Low

Cassava 17(12.6) 35(25.9) 83(61.5) 1.51 0.71 Low

Cut-off score = 2.00 (>2.00 = high pilfering; < 2.00 = low pilfering)
Pilfering index = 0.68

Amount of income loss to Pilfering by arable crop
farmers

Table 5 indicates the income loss from plantain, yam,
maize and cassava due to pilfering. It was observed
that the average income losses from plantain was
N94310.00(46.5%) while average income loss of maize
and yam farmers are N52098.75(25.7%) and
N33126.67(16.3%) respectively.

Table 5. Amount of income loss to pilfering among crop

farmers
Crops Amount Percentage Ranking by
loss N loss(%) pilfering rate

Plantain | 94310.00 46.5 1st
Maize 52098.75 25.7 2nd
Yam 33126.67 16.3 3rd
Cassava | 23454.00 11.5 4th
Total 202989.42 100.0

Pilfering for cassava was the least N23454.00 (11.5%).
Thus, plantain has the highest percentage of the crops
pilfered with 46.5% while cassava was the least with
11.5%. This could discourage any farmer from
continuing his farm business. Recently, pilfering has
become a major contributing factor to poverty in rural
Nigeria (Anonguku et al. 2008). A single attack can
wipe out all of the wealth and livelihoods of a
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household and experience has shown that recovery
chances are quite minimal if not non-existent
(Olubanjo 1995). This means that the loss of
agricultural products by theft means that the
household concerned loses both the value of its own use
and the income it gained from the product sales. This
work supported Claudia and Bainson (2016) research
on the impact of pilfering on small business
profitability.

One way Analysis of Variance (ANOVA) on Income loss
to different crops

To check that whether income loss is same in the
different crop types or not, one way ANOVA test was
used. The results showed that at 5% significance level,
there was statistically significant difference in income
loss between the different crop types as determined by
one-way ANOVA (F(3,13) = 177.63, p=.000), hence the
null hypothesis was rejected and the alternate
hypothesis was accepted that percentage income loss
is different in the different crop types in the study area.
This percentage income loss is consistent with
Olusanya et al. (1995), who have established revenue
losses as a result of pilferage for victims (Table 6).

From the results so far, it is revealed that there is
significant differences between the percentage income
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losses of the different crop types as a whole in the study
area. The Multiple Comparisons in Table 7 shows that
the income loss level of each crop types differed from
each other. The result of LSD post-hoc test also
revealed that there is a significant difference between

income loss and the cultivated crops by the farmers.
Farming households are deprived of their livelihood
income in the event of agricultural crimes when cattle,
crops, machinery and instruments are looted from
their farms (Grote and Neubacher 2016).

Table 6. Differences in percentage income loss in crop types

Sum of Squares Df Mean Square F Sig.
Between Groups 101378788666.20 3 33792929555.40 177.63 .000
Within Groups 24921481704.17 131 190240318.35
Total 126300270370.37 134
Table 7. Multiple Comparison Table of the per Income loss of the different crop types
() crop types  [(J) crop typesMean Difference (I-J) Std. Error  [Sig. 95% Confidence Interval
Lower Bound [Upper Bound
Plantain -42211.25000" 3084.15562 [.000 -48312.4455 -36110.0545
Maize [Yam 18972.08333" 3331.26881 [.000 12382.0390 25562.1277
cassava 28644.75000" 3516.47845 |.000 21688.3168 35601.1832
maize 42211.25000" 3084.15562 [.000 36110.0545 48312.4455
Plantain [Yam 61183.33333" 3331.26881 [.000 54593.2890 67773.3777
cassava 70856.00000" 3516.47845 |.000 63899.5668 77812.4332
maize -18972.08333" 3331.26881 [.000 -25562.1277 -12382.0390
[Yam lantain -61183.33333" 3331.26881 [.000 -67773.3777 -54593.2890
cassava 9672.66667" 3735.09795 [011 2283.7520 17061.5814
maize -28644.75000" 3516.47845 |.000 -35601.1832 -21688.3168
Cassava lantain -70856.00000" 3516.47845 |.000 -77812.4332 -63899.5668
[Yam -9672.66667" 3735.09795 [.011 -17061.5814 -2283.7520
* The mean difference is significant at the 0.05 level.
Relationship between the socioeconomic influence on pilfering on the farm. A unit increase in

characteristics of farmers and pilfering on farms

The result of the logistic regression analysis 1is
presented in Table 8. All the respective Variable
Inflationary Factors (VIF) of the Collinearity statistics
are between 1.039 and 3.488; an indication that there
was no multicollinearity among variables. The output
of Hosmer- Lemeshow test shows that the value of the
chi-square is 1.417 with a significance value of 0.994
which is greater than 0.05 suggesting that the data for
the logit model fits well (Table 9).

The results showed that age, farming experience,
education, household size, security, employees high
dependency ratio and distance or location of farm were
significant at 5% level, while farm size and
attractiveness of farm were significant at 1% level. The
coefficient of age was significant but bore a positive
sign. This means that a unit increase in age would
most likely lead to a unit increase in the level of
pilfering on farms because the old may feel reluctant
to use the best security strategies to prevent pilfering
on the farm based on financial implications. This could
create a gap for pilfering on farms usually carried out
by young people who find it difficult to involve in
farming due to the tedious nature. In an attempt to
make ends meet, they go about people’s farm for
pilfering. This agreed with findings of van Kesteren et
al. (2014). Farming experience had significant
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farming experience will most likely lead to a unit
decrease in pilfering on the farm because the more
experience a farmer has the more his knowledge on
strategies used by farm thieves and device counter
alternative measures of pilfering prevention and vice
versa. With experience, which is the best teacher, the
farmer will make him/herself available at all cost to
minimize pilfering on the farm to increase output.
Farming involves a lot of risks and uncertainties;
therefore to be competent enough to handle all the
vagaries of agriculture, experience count. This result is
in consonance with Ebojei et al. (2011) findings on
factors influencing produce pilferage in Kogi State.

Formal education also had significant negative
relationship with pilfering on the farm. A low level of
formal education increases the chances of pilfering on
the farm because of the inability of the farmers to
acquire adequate information and best strategies to
curb the farm risk. Education plays a key role in
awareness-raising among farmers and influences the
implementation of strategies and methods to avoid or
restrict pilferage. Largely, formal training has been
shown to have a positive impact on adopting
innovation (Ebojei et al. 2011). In addition, lack of
education induces unemployment and proscribes
adequate wages. This could lead to the use of pilfering
as livelihoods (Muller 2016; Melkonyan 2016).
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Table 8. Logit regression result of factors influencing pilfering on the farm
Variables B Std. Error Wald Sig. Exp(B) Vif
Age .669 .259 6.702 .010 1.953 3.488
Farming experience -.359 .187 3.703 .054 .698 2.532
Gender -1.217 1.421 733 .392 .296 1.314
Education 2.153 .853 6.368 .012 8.611 1.366
Farm size -5.655 1.720 10.814 .001 .004 2.484
Household size -1.905 .819 5.406 .020 .149 2.462
Marital status 2.237 2.016 1.231 .267 9.365 1.344
Pilfering season -.904 1.637 .305 .581 .405 1.366
Security 2.105 1.029 4.182 .041 8.209 1.052
Attractiveness of farm 2.298 .943 5.938 .015 9.956 1.091
Employees with high number of | .212 .081 6.948 .008 1.237 2.227
dependents
Distance or location of farm 787 .382 4.243 .039 2.198 1.039
Constant -4.235 11.398 4.521 0.033 .000
Cox & Snell R? 0.602
Nagelkerke R2 0.860
-2Log likelihood 38.008

Farm size was found to be significant and positively
related to pilfering of farm at 1% probability level. This
shows that farmers with large farms are more prone to
pilfering than those who are small-scale farmers. This
conforms to a priori expectations as households with
large farm size are more likely to have increased
pilfering when compared with households that are
constrained by land availability because the greater
the farm size, the more the harvest and the more the
harvest the less likely a farmer is able to keep an eye
on his produce. This is followed by the fact that big
farms appear to be more victimized than smaller
farmers (McCall 2003; Mears et al 2007). The term
"large farm" has widely differed from one country to
another, but Bunei et al. (2013) has also confirmed this
observation in Kenya.

Household size also had a significant influence on
pilfering. However, the coefficient bore a negative sign.
This means that a unit increase in household size
would most likely result to a unit decrease in pilfering
on the farm and vice versa. This is attributable to the
fact that a large household could make himself or
herself available for farm pilfering prevention. Again,
farmers with large household sizes are always busy
with farming activities to be able to cater for the
members of their households.

The coefficient of security also had a significant
influence on pilfering on the farm. However, the
coefficient bore a negative sign. The implication is that
the more security measures used for the farm safety,
the lower the chances of pilfering and vice versa. So, a
farmer's safety measures decides whether his farm
may be exposed to pilferage, and when the thieves
know that a farmer has adequate and sound safety
measures, they search elsewhere. However, as
reported, less safety measures are being used by
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farmers (Jones 2008). This confirms Odekina's (2009)
findings concerning the effects of pilferage on arable
farmers in Kogi State Nigeria. The decision to pilfer
would be predisposed in areas where there is little
monitoring and access to goods that can be easily move
is high (Palmary, 2001).

The coefficient of attractiveness of farm had a
significant and positive relationship with pilfering.
This means that the use of improved varieties would
most likely increase the farmers risk of pilfering on the
farm because farmers who use hybrid varieties of crop
in a local setting where most farmers use local variety
would have their produce prone to pilfering. This can
reduce farmers morale and output. Mears et al. (2007)
findings in America similarly show a higher risk of
pilfering of highly desirable, compact and profitable
farm properties.

The employee’s high dependency ratio had a
significant influence on pilfering. However, the
coefficient bore a positive sign. The implication is that
a unit increase in number of dependents, the higher
the chances of pilfering on the farm for survival of the
fittest and vice versa. Thus, some farm workers are
predisposed to steal by the pressure to provide for their
dependents with the low pay. The result is in line with
Barclay (2001), who found that pilfering in farms was
correlated with the numbers of farm workers, with
some farm workers getting direct involvement or by
supplying the villains with information for a fee.

The coefficient of distance or location of farm was
negative and significant. This suggests that the closer
the farm, the chance of pilfering will increase.
Donnermeyer et al. (2011) indicates that crop theft
most likely happens in isolated and remote areas as
criminals may steal at low risk. Also small-scale
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farmers in many developing countries can be found in
various locations over longer distances away from their
farms. These farmers may therefore be affected
further. A research by Anderson and McCall (2005),
conducted in Australia, found the primary predictors
of becoming a target of the different form of farm theft
were isolated farmlands, larger farms with greater
incomes and the closeness to urban centers.

Table 9. Hosmer and Lemeshow test
Step Df
1 8

Sig.
0.994

Chi-square
1.417

Effect of pilfering on farm income

The results of the linear regression analysis of the
effect of pilfering on income loss from crop types of the
respondents’ are presented in Table 10. The coefficient
of determination, R-Square, is 0.580 which implies
that explanatory variables accounted for 58% of the
variation in the dependent variable (income losses).
The Adjusted R-Square of 0.564 is reasonably close to
the value of the R-Square (0.580), implying that the
correlation between independent variables included in
the regression and the dependent variable Y was quite
good. The Durbin-Watson statistic of the analysis is
0.943 which indicates the absence of autocorrelation.
The F-Value is 35.628, and is statistically significant
(sig. 0.000). This is an indication that the combined
effect of independent variables on the dependent
variable is very significant. All the respective Variable
Inflationary Factors (VIF) of the Collinearity statistics
are between 1.086 and 2.696; an indication that there
was no multicollinearity among variables. The results
of the regression analysis in Table 10 showed that 4
variables had a significant influence on the income
losses to pilfering by the respondents. These variables
were high cost of security, quitting farming activities,
withdrawal from growing certain crops and reduction
in output.

The findings showed that high cost of security by
respondents had a negative and statistically
significant influence (sig= 0.000, B =0.250) on income
losses with all other factors held constant. The
implication is that a unit increase in cost of security
will correspond to a 0.250 units increase in income
losses from pilfering. A possible explanation for this
could be that the financial status of the farmers
hinders them from engaging competent security
apparatus. This has significant implications for
security policies. Barclay (2001) also found that farm
pilfering is common and costly for farmers in the area
of study.

Withdrawal from growing certain crops had a negative
and statistically significant effect on income losses
from pilfering (sig =0.009, B = 0.248) with all other
factors held constant. This infers that a unit increase
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in the withdrawal from growing certain crops variables
would result to a 0.248 units increase in income losses
from pilfering. The reason for this effect may be the
fact that since the expected returns is not realized with
the tedious nature of the crop types involved will
necessitate the farmers to shift to less strenuous crops
that are free from pilferage. This finding is consistent
with the work of (Banwo 1995; Odekina 2009) who
stated that pilferage can deter a farmer by a single
incident. Vincent et al. (2014) reported that higher
pilfering rates are likely to adversely affect economic
conditions, as the prevalence of pilfering in an area
discourages farm enterprises. It can lead to a
catastrophic economic downturn through negative
income shocks.

Quitting from farming activities by respondent, also
had a negative and statistically significant effect on
the income losses from pilfering (sig = 0.000, B = 0.498)
with all other factors held constant. This suggests that
a unit increase in quitting rate would result to 0.498
units increase in income losses to pilfering. This may
be due to the fact that such farmers might have spent
huge amount of income without realizing maximum
profit and satisfaction wherein the work done is zero
which amount to discouragement and quitting the
farm business. The farmers quitting tendency must
have been motivated by the cost of acquired relevant
training and skills over the years to generate increase
output and income with the application of modern
technology to improve on the quality of the farm
resulting to attraction of pilferage. The research
reported that they will not actually cultivate these
crops because of the high susceptibility rate of the
crops (Odekina 2009).

Kehinde et al. (2015) opined that farmers could face
unprecedented challenges as a result of significant
income loss. It could negatively affect the farmers and
their families' current and future incomes and well-
being. This is because many farmers retain dependents
who are not even immediate relatives, which could lead
to a reversal. Pilfering threatens the sustainability of
the livestock industry, which is the largest enterprise
in the area, as a consequence of the problem some of
the more experienced farmers leave the industry
(Magubane 2011; Lesotho-South Africa Fence 2013).

The coefficient of reduction in output had a negative
and statistically significant effect on income losses
from pilfering (sig= 0.006, B = 0.250) with all other
factors held constant. The results show that a unit
increase in the reduction in output by the respondents
from farming will increase income losses from pilfering
by 0.250 units with all other factors held constant. The
primary idea of farm business is profit maximization
through good harvest. This is the factor that will
caused the farmers to remain in the crop industry. The
effortlessness nature from the farm through pilfering
will affect farm labour availability and food security as
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well as food prices to escalate beyond the reach of the
rural non-producers. With a rising pilferage rate with
a correlation coefficient of up to -0,66, the working
output of respondents decreased. Profits per unit of
commodity are decreased as the pilferage rate
increases and a correlation coefficient of-0.62 is
registered (Banwo 1995). The consequences of pilfering

on farms include a loss of household income and an
enforced decrease in own consumption and in the sale
of farm produce. Alarmingly, pilfering has reduced the
capacity of the farmers to invest in their children
human capital development and this also affects
household’s food security and nutritional status (Manu
et al. 2014).

Table 10. Regression result for estimation of income losses to pilfering

Model Unstandardized Standardized | T Sig. Collinearity
Coefficients coefficients Statistics
B Std. Error | B Tolerance | VIF
Constant -37513.604 | 17170.209 -2.185 | 0.031**
High security cost -5489.843 1308.103 -0.250 --4.197 | 0.000*** | 0.021 1.086
Withdrawal from growing | -9957.843 3758.682 0.248 -2.649 | 0.009** 0.371 2.696
certain crop
Quitting farming activities | -8151.104 992.543 0.498 --8.212 | .000*** 0.884 1.131
Discourage adoption of | -1792.742 2066.687 -0.052 -0.867 0.387 0.909 1.100
modern technologies
Reduction in output -5939.736 2121.276 -0.250 -2.800 | 0.006** 0.409 2.443

Dependent variable: income losses, R?

Adaptation strategies of pilfering

The result in Table 11 showed that most (78.5%) of the
respondents did not use any form of measure to curb
the menace of pilfering on the farm, presumably
depending upon God for divine intervention. The result
further indicates that 61.5% and 35.6% of the
respondents claimed to regularly and occasionally use
charms and fence respectively. The least (25.1%) of
them used vigilante in their farms to prevent farm
pilfering. This number is small, since the majority of
farmers are low-income farmers. So they have no
sufficient money to spend on farmland watchmen.
Charms appears in line with Olusanya (1995) work
that charms is the most effective measure for the
prevention of pilferages in Ogun State. Kehinde et al.
(2015) findings show that most of the farmers (73.2%)
employed fenced poles to secure theft’s access to the
farm.

Table 11. Adaptation strategies of pilfering on farms

Prevention Frequency Frequency (NO)
measures (YES)

Fence 48(35.6) 87(64.4)
Charms 83(61.5) 52(38.5)
Vigilante 34(25.1) 66(74.9)

No measures used | 106(78.5) 29(21.5)

Figures in parenthesis are percentages

CONCLUSION

The result for the crops under study shows a pilfering
index of 68%. Plantain and maize, however, were
highly pilfered. The percentage loss of plantain income
due to pilfering was higher than for other crops. This
was confirmed by the ANOVA, which shows that the
income loss amongst the various crop types is
statistically significant at 5%. Pilfering has been
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0.580, D=0.943, F = 35.628, ***Significant at 1%. **Significant at 5%

influenced by age, farming experiences, education,
farm size, household size, security, attractiveness,
employees with high number of dependents and farm
location. The findings showed that high cost of
security, quitting farming activities, withdrawal from
growing certain crops and reduction in output of the
farm contributed to income loss. Conclusively, the
main security measure adopted was charm while
majority of them never use any prevention measure.
Considering the findings, it is recommended that:

1. Farmers should also organize vigilance group
in order to checkmate the activities of those who
pilfers their crops.

1i. Government should provide credit to the

farmers to enable them apply the best security

measures because 1t is capital intensive.

Government should provide vigilantes to
secure the farming environment to encourage food
security since their services cannot be easily afford.

Farmers should be encourage to insure their
farms to discourage quitting.

Government should help the farmers to
provide modern technologies that affordable to
secure their farms instead of the crude method of
charms.

1ii.

v.

V.
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OZET ) Aragtirma Makalesi

Bu calismanin amaci Tirkiye Istatistik Kurumu (TUIK) tarafindan

belirlenen 24 boélgenin ipek bocekeiligi agisindan benzerliklerinin ve Makale Tarihgesi
farkliliklarinin incelenmesi, benzer bolgelerin siniflandirilmasi ve Gelig Tarihi  :20.04.2020
ipek  bocekeiligine  saglanan  katkilarin  bodlgeler  bazinda Kabul Tarihi :30.06.2020

belirlenmesidir. Calismada, TUIK'den elde edilen 2019 yilina ait ipek
bécekeiligi yapan isletme (hane) sayisi, acilan kutu sayis1 ve yas koza
tiretim miktar1 verileri kullanilmigtir. Bélgelerin benzerliklerini ve
farkliliklarini ortaya koyabilmek i¢in ¢ok boyutlu 6l¢ekleme analizi ve
bolgelerin siniflandirilmasi i¢in kiimeleme analizi yapilmigtir. Elde

Anahtar Kelimeler
Ipek bocekeiligi

Yas koza

Cok boyutlu 6lgekleme

edilen sonuclara gére TRC2 (Sanhurfa ve Diyarbakir) bolgesi ipek Kiimeleme analizi
bocekeiligine en fazla katk: saglayan bolge iken, TRA1 (Erzurum,

Erzincan ve Bayburt) bélgesi en az katki saglayan bélgedir. Ayrica

TR51 (Ankara), TR32 (Aydin, Denizli ve Mugla), TR41 (Bursa,

Eskisehir, Bilecik) ve TR42 (Kocaeli, Sakarya, Diizce, Bolu ve Yalova)

bélgeleri ipek bocekeiliginde birbirine benzeyen bolgelerdir. Calisma

sonucunda elde edilen bulgular ipek bdécekeiligine yonelik

olusturulacak politikalarda degerlendirilebilir niteliktedir.

Investigation of the Sericulture in Turkey by Multidimensional Scaling and Cluster Analyses

ABSTRACT
The aim of this study was to investigate similarities and differences
between 24 regions determined by Turkish Statistical Institute

Research Article
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(TURKSTAT), to classify similar regions into the same category, and Received ©20.04.2020
to determine the level of contributions to sericulture according to Accepted © 30.06.2020
regions. This study used the data of 2019, obtained from the

TURKSTAT, on the number of silkworm farms (household), silkworm IS{:ngliisre

egg boxes opened, and the amount of fresh cocoon produced. In this
study, multidimensional scaling was used to determine similarities
and differences between regions, and cluster analysis was used to
classify the regions. According to the results of analysis, it has been
determined that TRC2 region (Sanliurfa and Diyarbakir) makes the
most contribution to the sericulture in Turkey, whereas TRA1 region
(Erzurum, Erzincan, and Bayburt) makes the least one to it. In
addition, TR51 (Ankara), TR32 (Aydin, Denizli, and Mugla), TR41
(Bursa, Eskisehir, Bilecik), and TR42 (Kocaeli, Sakarya, Diizce, Bolu,
and Yalova) were similar to each other in terms of sericulture. The
findings obtained in the study can be useful to develop policies for

Fresh cocoon
Multidimensional scaling
Cluster analysis

sericulture.
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olarak kullanilmigtir. Turkiye'nin bulundugu
cografyada yaklagik 1500 yildir stirdiiriilen ipek bocegi
yetigtiriciligi dut agaci yetistirilmesi, ipek bocegi
tohumu ve yas koza tiretimi ve kozadan iplik ¢ekilmesi

ipek ipligi, ipek bocegi larvalarimin koza 6érmek igin
salgiladiklari, parlak ve ¢ok ince ipek tellerinin bir
araya getirilmesiyle elde edilmektedir. Bu iplik kolay
boyanabilen, yumusak ve dayanikli olmas1 nedeniyle
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asamalarindan olusmaktadir (Anonim 2020a). Ipek
bécegi kozasindan elde edilen ham ipek; ipekli kumas,
ipek hali, ameliyat ipi, parasiit ipi, hediyelik esya,
askeri celik yelek imalat1 gibi farkli alanlarda
kullamilmaktadir (Baskaya 2013, Davulcu 2018).
Ancak Turkiye’de tarimsal ilaglamalar nedeniyle
yasanan zehirlenmeler, kéyden kente gé¢ sonucunda
koylerde genellikle yagli niifusun bulunmasi ve iggiic
yetersizliginin olugsmasi, yetistiricilik igin yeterli alana
ve besleme evine sahip olunmamasi, dut bahgelerinin
tahrip edilmesi, Cinin ucuz koza uretiminde
gerceklestirdigi hizl gelisme ve alternatif trinlerin
ragbet gormesi gibi nedenlerle ipek bécegi kozasi
iretimi azalma egilimindedir (Sahinler ve Sahinler
2002, Bagkaya 2013, Taskaya Top ve ark. 2014, Baritci
ve ark. 2017, Anonim 2019a). Nitekim 2004-2019
yillar1 arasinda yas koza tlretim miktar1 %37.52
oraninda azalmigtir ve yillik azalig hiz1 %3.14 olarak

hesaplanmistir (Anonim 2020b). Oysa tarimsal
faaliyetler =~ arasinda yer alan ipek  Dbocegi
yetistiriliginin ~ devamliligi  kirsal kalkinmanin

saglanmasi, katma deger yaratilarak milli gelirin
artirilmasi, kiltiirel mirasin ve gen kaynaklarinin
korunmasi acisindan oldukca énemlidir (Taskaya Top
ve ark. 2014). Ayrica ipekbécekciliginin diisiik
sermaye yatirnmi ile diger tarimsal faaliyetleri
tamamlayaci ve istihdam yaratic1 fonksiyonlari
bulunmaktadir (Mattigatti ve ark. 2009,
Balasaraswathi ve ark. 2010, Lakshmanan ve ark.
2012).

Diunyada 2018 yili ipek bécegi kozasi tiretim miktar:
609 332 tondur. Cin bu iretimden aldig1 %66.14’lik
pay (403 018 ton) ile ilk sirada yer almaktadir. Ipek
bocegi kozasi tiretiminde onde gelen diger ulkeler ise
sirasiyla Hindistan (%26.44), Ozbekistan (%2.94) ve
Iran’dir (%2.17). Tiirkiye ise aym yil gerceklestirdigi
71 tonluk turetim ile dinya koza Uretiminde sadece
%0.01lik paya sahiptir (Anonymous 2020a).

Diinyada 2018 yil1 ipek bocegi kozasi thracat miktar:
395 ton iken, ihracat degeri 4.63 milyon dolardir. Ayni
yil koza ihracatinda ilk t¢ sirada yer alan ulkeler
%36.20 pay (143 ton) ile Tacikistan, %33.92 pay (134
ton) ile ABD ve %14.68 pay (58 ton) ile Belgika’'dir.
Belc¢ika 1.92 milyon dolar ihracat geliri ile ipek bocegi
kozas1 ihracatindan en fazla gelir elde eden tilke
konumundadir. Tirkiye ayni yil koza ihracati
gerceklestirmemis olsa da 2019 yilinda
gercgeklestirdigi 16 tonluk ihracat ile 227 bin dolar gelir
elde etmistir (Anonymous 2020b).

Tarkiye Istatistik Kurumu (TUIK) verilerine gore
Turkiye'de 2019 yilinda tiretilen yas ipek bocegi kozasi
miktar1 90 tondur ve bu iiretimin %53.32’si (48 ton)
Diyarbakir ilinde gerceklestirilmigtir. Uretim miktar
acisindan Diyarbakir ilini sirasiyla Antalya (%10.48),
Ankara (%7.05), Bolu (%6.22), Mugla (%5.25), Bilecik
(%3.56), Sakarya (%2.84) ve Izmir (%2.40) illeri
izlemektedir (Anonim 2020b). Bu veriler goz oniine
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alindiginda tiretim Diyarbakir'da yogunlagmis olsa da
Turkiye'nin hemen her bélgesinde énemli miktarlarda
ipek bocegi kozasi Uretildigi gorilmektedir.

Turkiye’de ipek kozas: tiretim degeri 2019 yilinda 2.93
milyon TL'dir (Anonim 2020b). Bu deger hayvansal
urtinlerin toplam degeri icerisinde oldukca disiik bir
paya karsilik gelse de ipek triinlerinin milyarlarca
dolarlik bir ticaret hacmine sahip oldugu goéz ardi
edilmemelidir (Anonim 2019a, Anonymous 2020c).
Ayrica Turkiye’de 2008-2019 yillar1 arasinda ipek
bocegi kozasi reel fiyatinda meydana gelen %108
oranindaki artis da ipek bdécegi yetistiriciliginden
vazgecilmemesi ve tesvik edilmesi gerektiginin
gostergelerinden biridir (Anonim 2020c). Nitekim 2002
yilindan bu yana destekleme kapsamina alinan ipek
bécegi yetistiriciliginde 2019 yilinda tcretsiz tohum
saglayan Kozabirlik’e dagittigi kutu bagsmna 80 TL;
urettigl yas ipek bocegi kozasini tebligde belirlenen
isletmelere satan yetistiricilere 60 TL kg 6denmesi
kararlastirilmigtir. Ayrica hayvan gen kaynaklar
destegi kapsaminda Bakanlikca uygulanan proje
kapsamindaki yetistiricilere ipek boécegi koruma igin
kilogram bagina 100 TL 6deme yapilmaktadir (Anonim
2019b). Kozabirlik ipek boécekeiliginde faaliyet
gosteren tek turetici orgliti olup Bursa, Bilecik,
Adapazari, Mihalgazi ve Alanya'da bulunan 5 birim
kooperatifi ile hizmet vermektedir (Tagskaya Top ve
ark. 2015).

Calismada bolgelerin ipek bécekeiligi  agisindan
benzerliklerini ve farkliliklarini ortaya koyabilmek
icin cok boyutlu dlgekleme analizi (Multidimensional
Scaling, MDS) ve benzer bélgelerin siniflandirilmasi
icin kiimeleme analizi (Cluster Analysis) yapilmigtir.
Literatiirde tarimsal alanda bu yontemlerin birlikte
kullanildig1 ¢alismalar mevcuttur. Srivastava ve ark.
(2005) ipek bécegi tiirlerine iliskin genetik cesitliligi,
Sahin ve ark. (2008) Ege Bolgesi'ndeki illerin tarim ve
cevre 6zelliklerini, Ozturk ve ark. (2009) Tiirkiye’deki
30 ilde bal aris1 genotiplerini, Tirkekul ve ark. (2010)
Turkiye'nin zeytinyaginda rekabet edebilirligini
belirlemek amaciyla dinyada zeytinyag: ihracatcisi
tilkeleri, Gevrekci ve ark. (2011) Bati Anadolu’daki
illerin ve Yiiksel (2017) Giineydogu Anadolu
Bélgesi’deki illerin koyunculuk yapisini, Turgut (2016)
Orta Anadolu Bélgesindeki illerin tarimsal yapisini,
Gonzalez-Mejia ve ark. (2018) Ingiltere ve Galler'de
bulunan siit sigircihign igletmelerinin ekstansif ve
entansif Uretim yapilarini incelemigler ve benzer
gruplara ayirmiglardir. Ayrica sadece g¢ok boyutlu
olgekleme  analizinden yararlanilarak yapilan
hayvancilikla 1ilgili ¢alismalar da bulunmaktadir
(Celik 2015, Adanacioglu ve ark. 2018, Giiler ve ark.
2018).

Literatiirde Tirkiye'deki ipek bocegi yetistiriciliginin
mevcut durumunun ve sorunlarinin incelendigi
caligmalar (Sahinler ve Sahinler 2002, Anonim 2007,
Tagkaya Top 2011, Bagkaya 2013, Tagkaya Top ve ark.
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2014, 2015, Baritca ve ark. 2017, Camuz 2017, Yildiz
ve ark. 2019) mevcuttur. Yas koza iiretimini fiyat,
besleme mekani, iggiicli, yaprak temini, iklim, dogal
kogullar ve c¢evre  kirliligi  gibi  faktorler
etkileyebilmektedir (Mattigatti ve ark. 2009, Taskaya
Top ve ark. 2015). Bu faktoérler nedeniyle ipek
bécekeiligi; bu faaliyeti gerceklestiren isletme (hane)
sayisi, acilan kutu sayisi ve yas koza tiretim miktar:
bakimindan illere ve bélgelere gore 6nemli diizeyde
farklilik goéstermektedir. Bu farkliliklar ise bolgelere
gore  ipek  bocekeiligine  saglanan  katkilar
etkilemektedir. Bu ¢calismanin amaci TUIK tarafindan
belirlenen 24 bélgenin ipek boécekgiligi agisindan
benzerliklerinin ve farkhliklarinin ortaya konulmasi,
benzer  bdélgelerin  siniflandirilmast  ve  ipek
bécekeiligine saglanan katkilarin bolgeler bazinda
belirlenmesidir.

MATERYAL ve METOD
TUIK’in bélge simiflandirmasina gére 2019 yilinda 26
bélgenin  24inde  ipek  bocekeiligi yapildigi

belirlenmigtir. Calismanin ana materyalini bu 24
bolgede ipek bocekeiligi yapan isletme (hane) sayisi,
acilan kutu sayis1 ve yas koza tretim miktari verileri
olusturmaktadir. Bélgelere gore dut agaci sayisina
iliskin veriler bulunamadigindan degerlendirmeye
dahil edilememisgtir.

Bolgelerin ipek bocekgiligi agisindan benzerliklerini ve
farkliliklarini ortaya koyabilmek amaciyla kullanilan
¢ok boyutlu 6l¢ekleme ile nesnelere iligkin ¢ok sayida
ozellik birlikte degerlendirilerek birimlerin
birbirlerine  olan  uzakliklarn ve yakinliklarn
belirlenebilmektedir (Hair ve ark. 1998). Bu yéntemde
temel ama¢ mimkin oldugunca az boyutla, uzaklik
degerleri kullanilarak nesnelerin yapisimi original
sekle yakin bir bicimde ortaya koymaktir (Tatldil
2002, Ozdamar 1999 ).

Cok boyutlu ol¢eklemede uzakliklar matrislerinden
yararlanilarak c¢oéziime ulasilmaktadir. Bu nedenle
verl tipine gore uygun uzaklik matrislerinin
hesaplanmasi gerekmektedir. Eger veriler aralikli ya
da orantili 6lgekli olarak elde edilmis ise uzakliklar
Oklid, Karesel Oklid, Chebychef, Blok ya da
Minkowski uzakliklari bigiminde hesaplanmaktadir
(Ozdamar 1999). Analizde gercek sekil ile k-boyutlu
uzayda kestirilen sekil arasindaki fark stress degerini
olusturmaktadir. Bu deger c¢esitli boyutlar ig¢in
olusturulan modellerin uygunlugunu belirtmektedir.
Metrik olmayan o&lgekleme ic¢in stress degeri Esitlik
1T'de verilmigtir ve bu degerin sifira yakin olmasi
istenmektedir (Johnson ve Wichern 2007).

ZZ(dij_aij)z
rd;

eY)

Stress =

d;j = i.ve j.bireyler arasindaki veri uzakhg:

d;j = i.ve j. bireyler arasindaki konfiglirasyon uzakhig:
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Elde edilen ¢6ziimiin uygunlugu diisiik stress orani ile
aciklanmaktadir. Yiiksek bir deger ise kot bir uyumu
ifade etmektedir. Kruskal tarafindan 1964 yilinda
sunulan stress degerine karsilik gelen uyumluluk
degerleri Cizelge 1’de verilmistir (Kruskal 1964).

Cizelge 1. Stress degerlerine gore uyumluluk iligkisi
Table 1. Compatibility relationship by stress statistics

Stress Degeri Uyumluluk
Stress Statistics Compatibility
=0.20 Zayif
0.10 - <0.20 Orta
0.05 - <0.10 Iyi
0.025 - <0.05 Cok iyi

Stress istatistiginin sifira yaklagmasi uyumun

derecesinin arttigin1 gostermektedir. Cok boyutlu
olgekleme analizinde, verinin elde edilen modele ne
oranda uydugunun o6lgisi ‘Uyum Indeksi’ olarak
adlandirilan R2? ile belirlenmektedir ve R2 i¢in 0.60’dan
biiyiik degerler uygun kabul edilmektedir (Hair ve ark.
1998). Bu calismada cok boyutlu élcekleme analizi
olarak ALSCAL algoritmasindan yararlanilmigtir.

Calismada gruplarin Dbelirlenmesi amaciyla ¢ok
degiskenli istatistiksel analiz yontemlerinden biri olan
kiimeleme analizinden yararlanilmistir. Kiimeleme
analizinin genel amac1 verileri benzerliklerine gore
siniflandirarak arastirmaciya yorumlanabilir 6zet

bilgiler sunmaktir (Tathdil 2002). Siniflandirma
calismalarinin  temelini  olusturan bu analiz
yontemiyle bireylerin ya da nesnelerin

siniflandirilmasi ayrintili sekilde aciklanabilmektedir
(Erilli 2012). Kiimeleme analizi, gruplari belirlemede
izledikleri yaklagimlara goére hiyerarsik kiimeleme
yontemi ve hiyerarsik olmayan kiimeleme yontemi
olmak tizere iki temel gruba ayrilir (Blashfield ve
Aldenderfer 1978). Veri matrisindeki degiskenlerin
baglangic asamasinda ka¢ kiime olusturduguna ve
kiime elemanlarini belirlemede baslangicta hangi
kriterin secildigine goére asamali yontemler iki ana
gruba ayrilmaktadir. Bunlar birlestirici asamali
kiimeleme yontemleri ve ayirici asamali kiimeleme
yontemleridir. Kiimeleme analizinde kullanilan
uzaklik olciitleri ise Oklid uzaklhg, karesel Oklid
uzakligi, Manhattan uzakligi, Pearson uzaklig,
Mahalanobis uzakligi, Minkowski uzakligi, Karesel
Pearson uzakligi, Hotelling T2 uzakligi ve Canberra
6lcutidir. Degiskenlerin kesikli ya da stirekli
olmalarina ya da degigskenlerin nominal, ordinal,
aralik ya da oransal 6lgekte olmalarina gére hangi
uzakhk 6l¢listiniin kullanilacagina karar
verilmektedir (Dinler 2014).

Calismada ipek bocekgiligi yapan hane sayisi, agilan
kutu sayis1 ve yag koza tiretim miktarina iligkin veriler
degerlendirilerek bélgelerin  hiyerarsik kiimeleme
yontemi ile simiflandirilmas: saglanmigtir. Hiyerarsik
kiimeleme yontemlerinden biri olan birlestirici
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kiimeleme yonteminin kullanmildigi bu ¢alismada
gruplar i¢i ortalama baglanti kiimeleme yonteminden
yararlanilmis olup, uzaklik &l¢tutii olarak karesel
Oklid uzakligi kullamlmigtir. Simiflandirma siireci

ikili gruptan besgli gruba kadar doért asamada
gerceklestirilmis ve elde edilen sonuglar bolgeler
arasinda  karsilagtirma  yapabilmek  amaciyla
kullanilmistir.
BULGULAR

Cok boyutlu olcekleme analizinden yararlanilarak

algisal haritada yer alan uzakliklara gore, 24 bolgenin
ipek bocekeiligi yapan hane sayisi, agilan kutu sayisi
ve yas koza Uretim miktar1 degiskenleri acgisindan
birbirlerine olan benzerlikleri ve farkliliklar1 ortaya
konulmustur. Bolgelere iligkin degisken verileri
Cizelge 2’de verilmigtir. Buna gore en fazla igletme
sayisi, acilan kutu sayisi ve yas koza tiretim miktar:
TRC2 bélgesinde iken, en az igletme ve agilan kutu
sayis1 TRA1 Dbolgesinde ve en az yas koza tretim
miktar1 TR72 bolgesindedir.

Cizelge 2. Bolgelere gore ipek bécekciligi yapan isletme sayisi, acilan kutu sayisi ve yag koza {iretim miktari (2019)
Table 2. The number of silkworm farms, silkworm egg boxes opened, and the amount of fresh cocoon produced by

regions (2019)

Isletme sayis1 Acgilan kutu Yas koza tretim

Bolge T‘be number of sayisi miktar: (kg)

Region silkworm farms The number of The amount of fresh
silkworm egg cocoon produced (kg)
boxes opened

TR62 (Adana, Mersin) 33 113 187

TR51 (Ankara) 109 310 6 317

TR61 (Antalya, Isparta, Burdur) 251 417 9553

TR32 (Aydin, Denizli, Mugla) 172 444 5 343

TRA2 (Agr1, Kars, Igdir, Ardahan) 8 60 226

TR22 (Balikesir, Canakkale) 29 113 715

TR41 (Bursa, Eskisehir, Bilecik) 133 288 5501

TRA1 (Erzurum, Erzincan, Bayburt) 1 2 5

TRC1 (Gaziantep, Adiyaman, Kilis) 11 36 28

TR63 (Hatay, Kahramanmaras, Osmaniye) 173 529 1288

TR82 (Kastamonu, Cankiri, Sinop) 5 17 32

TR72 (Kayseri, Sivas, Yozgat) 6 41 0

TR42 (Kocaeli, Sakarya, Diizce, Bolu, Yalova) 149 354 8132

TR52 (Konya, Karaman) 8 9 28

TR71 (Kirikkale, Aksaray, Nigde, Nevsehir, Kirgehir) 10 14 78

TRB1 (Malatya, Elaz1g, Bingol, Tunceli) 59 178 147

TR33 (Manisa, Afyonkarahisar, Kiitahya, Usak) 25 135 131

TRC3 (Mardin, Batman, Sirnak, Siirt) 90 469 1607

TR83 (Samsun, Tokat, Corum, Amasya) 15 38 44

TR21 (Tekirdag, Edirne, Kirklareli) 4 10 73

TRI0 (Trabzon, Ordu, Giresun, Rize, Artvin, Glimiighane) 5 11 147

TR10 (Istanbul) 10 19 44

TR31 (Izmir) 93 376 2149

TRC2 (Sanlhurfa, Diyarbakir) 663 1909 47 837

Analiz sonucunda n=24 (birim), p=3 (degisken sayis1) icin  stress degeri, verilerl %99.75 oraninda

ve k=2 (2 boyutlu coziim) icin stress istatistik
degerindeki iyilesmenin 0.001’den kiigiik oldugu
degere kadar yineleme devam ettirilmis ve 5.
yinelemede 0.00075 iyilesme degerine ulasilarak
yineleme durdurulmustur (Cizelge 3). Sifira yakin
bulunan stress istatistik degeri sonucunda elde edilen
¢6zimiln uygun oldugu belirlenmistir.

Kruskal'in formiline goére hesaplanan stress degeri
0.04224 olarak hesaplanmis olup bu deger stress
degerleri ve uyumluluk diizeyleri ¢izelgesine gore ¢ok
iyl uyumu ifade etmektedir. Analiz sonucunda %60 1n
tizerinde olmasi1 beklenen R2 (aciklayicihk katsayis1)
0.99745 olarak hesaplanmigtir. Buna gore k=2 boyut

aciklamaktadir (Cizelge 4).

Cizelge 3. Young stress istatistigi sonuglar:
Table 3. Young's S-stress statistic results

Yineleme S-Stress Degeri Diizeltme
Iteration S-stress statistic Correction
1 0.02172 -

2 0.01519 0.00654

3 0.01300 0.00219

4 0.01173 0.00127

5 0.01098 0.00075
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Cizelge 4. Stress degerleri
Table 4. Stress statistics
Matris Sonuglarn (Matrix Results)

Kullanilan verilerin iki boyutlu geometrik goésterimi
uyumluluk gostermis ve gozlemsel uzakliklar ile

Stress RSQ farkhliklar arasinda dogrusal bir iligki oldugu
0.04224 0.99745 saptanmistir (Sekil 1).
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Farkhiliklar

Sekil 1. Uzakliklar ile farkliliklar arasindaki iligskiye ait dagilim grafigi
Figurel. Scatterplot of relationship between distances and disparities

Iki boyutlu geometrik gosterime esas olan koordinat
degerleri incelendiginde TRC2 bélgesinin birinci ve
ikinci boyutlarda ipek bdécekeiligine yaptigr katk:
bakimindan diger bolgelerden 6nemli diizeyde
farklilagtigr saptanmigtir. Pozitif yikli 1’in tizerinde
degerlere (4.3507, 4.4605) sahip olan bu bolge
Turkiye'nin ipek bécegi yetistiriciliginde en blyik
etkiye sahiptir. TRC2nin ardindan ipek bdécekgiligi
yapan hane sayis1 ve yas koza uretim miktar
acisindan en fazla paya sahip olan TR61 bdélgesi ikinci
boyutta 1 degerine en fazla yaklasan bélgedir ve bu
boyutta 6nemli bir ayrigtirici konumundadir. Her iki
boyutta 1’in tzerinde negatif degerler alan bolge
bulunmamakla birlikte TRA1 bolgesi boyutlarin her
ikisinde de en yiiksek negatif degerlere (-0.5793, -
0.4380) sahip boélgedir. TRA1 bolgesinde 2019 yilinda
ipek bocekeiligi yapan hane sayisinin 1, agilan kutu
sayisinin ise 2 olmasi1 bu sonucu dogrulamaktadir.
Birinci ve ikinci boyut birlikte degerlendirildiginde
birbirine en ¢ok benzeyen bolgeler TR51, TR32, TR41
ve TR42 bolgeleridir (Cizelge 5).

Calismada, incelenen bolgelerin birbirlerine olan
yakinlik ve uzakliklarimi gosteren farkliliklar matrisi
de degerlendirilmigtir. Farkhiliklar matrisinde sifira
yakin degerlere sahip bolgeler incelenen 6zellikler
bakimindan birbirine yakin olarak kabul edilirken,
ikinin lzerindeki degere sahip bélgeler ise birbirine
uzak olarak kabul edilmektedir ve bu bodlgeler
birbirine daha az benzemektedir (Gevrekci ve ark.
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2011). Elde edilen sonuclar diger bélgelere uzakhig:
ikinin uzerinde olan tek bélgenin TRC2 bdélgesi
oldugunu ve bu bélgelerin digerlerinden belirgin bir
sekilde ayristigini gostermektedir.

Sekil 2'de iki boyutlu uzayda bélgeler arasindaki
iligkiler gé6sterilmektedir. Bu koordinat sisteminde
toplam ipek bocekeiligl yapan hane sayisi, acilan kutu
sayisl ve yas koza Uretim miktar: bakimindan benzer
olan boélgeler orijin etrafinda gruplanmigken;
Sanliurfa ve Diyarbakir illerinin yer aldigi TRC2 kodlu
bélge orijinden uzakta yer almigtir.

Bu iller arasinda en belirleyici il ise Diyarbakir’dir.
Nitekim Diyarbakir'da ipek bocekeiligi yapan hane
sayisl, acilan kutu sayisi ve yag koza tiretim miktar:
sirasiyla 631 hane, 1808 kutu, 47.78 ton iken;
Sanliurfa’da bu degerler 32 hane, 101 kutu ve 0.06
tondur.

Elde edilen ¢ok boyutlu 6l¢cekleme analizi sonuglari
kiimeleme analiziyle desteklenmektedir. Bes farkh
grupta degerlendirilen kiimeleme analizi sonuglarina
gore TRC2 bolgesi her kiimelemede farkli bir grupta
yer almistir (Sekil 3).

TRC2 bolgesinde 2019 yili kutu bagina elde edilen yas
koza verimi 25.07 kg'dir. Bu bolgeyi olusturan
Sanliurfa ve Diyarbakir illerinde yas koza verimi
sirasiyla 0.59 kg ve 26.43 kg’dir (Anonim 2020b). Bu
durum TRCZ2 boélgesinde ipek bocekeiligine yapilan
katkimin  biiyik  6l¢ide  Diyarbakir  ilinden
kaynaklandiginin géstergelerinden biridir.
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Cizelge 5. Bolgelerin koordinat degerleri

Table 5. Coordinates of regions
Bolge Boyut 1 Boyut 2
Region Dimension 1 Dimension 1
TR62 (Adana, Mersin) -0.3531 -0.4070
TR51 (Ankara) 0.1808 0.3246
TR61 (Antalya, Isparta, Burdur) 0.4519 0.9241
TR32 (Aydin, Denizli, Mugla) 0.4735 0.2399
TRA2 (Agr1, Kars, Igdir, Ardahan) -0.5348 -0.3606
TR22 (Balikesir, Canakkale) -0.3589 -0.3451
TR41 (Bursa, Eskisehir, Bilecik) 0.1672 0.2925
TRA1 (Erzurum, Erzincan, Bayburt) -0.5793 -0.4380
TRC1 (Gaziantep, Adiyaman, Kilis) -0.5321 -0.4352
TR63 (Hatay, Kahramanmaras, Osmaniye) 0.6615 -0.1996
TR82 (Kastamonu, Cankiri, Sinop) -0.5641 -0.4350
TR72 (Kayseri, Sivas, Yozgat) -0.5349 -0.4433
TR42 (Kocaeli, Sakarya, Diizce, Bolu, Yalova) 0.2589 0.5373
TR52 (Konya, Karaman) -0.5641 -0.4319
TR71 (Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir) -0.5624 -0.4093
TRB1 (Malatya, Elaz1g, Bingél, Tunceli) -0.1572 -0.4196
TR33 (Manisa, Afyonkarahisar, Kiitahya, Usak) -0.3457 -0.4172
TRC3 (Mardin, Batman, Sirnak, Siirt) 0.4511 -0.2002
TR83 (Samsun, Tokat, Corum, Amasya) -0.5304 -0.4330
TR21 (Tekirdag, Edirne, Kirklareli) -0.5684 -0.4331
TRI0 (Trabzon, Ordu, Giresun, Rize, Artvin, Giimiishane) -0.5688 -0.4105
TR10 (Istanbul) -0.5544 -0.4318
TR31 (Izmir) 0.3127 -0.1284
TRC2 (Sanliurfa, Diyarbakir) 4.3507 4.4605

TRC2
o

Boyut 2

TRE1
o

TR42
TRE1 © 1R32
o

TRM ooy

it
%0 o
TRC3

TRA2 TR22

O
TRA1 TRE2 TRB1

T T T T T T
-1 0 1 2 3 4

Boyut 1
Sekil 2. Bolgelerin iki boyutlu uzayda gésterimi
Figurel. Two-dimensional space representation of
regions

Ipek bocekeiligine iliskin gegmigi VI. ylizyila kadar
uzanan Diyarbakir ilinde 1910-1914 ddéneminde
yaklagik 1.000 adet ipekli dokuma tezgahi
bulunmaktaydi. Ayrica Diyarbakir ili Bursa, Edirne,
Denizli ve Antalya illeriyle birlikte 1930 yilinda ipek
bocekgeiligi 1slah istasyonu kurulan beg ilden biridir.
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Diyarbakir il merkezi basta olmak tzere, 1970’11
yillardan bu yana Silvan, Lice, Kulp ve Hazro
ilgelerinde 6nemli miktarda ipek bocegi yetistiriciligi
yapilmaktadir (Kalaycioglu 1942, Anonim 2016,
Barite1 ve ark. 2017, Yurtoglu 2017). Diyarbakir ipek
bécegi yetistiriciligi ve ipekli dokumalarinin tretim
degerleri 2000’1l yillar itibariyle artmaya baglamastir.
Boylece bolgede yas koza tiretim doénemlerinde
kentlerden koéylere dogru tersine goé¢ gerceklesmis
olup, ozellikle kadinlarin tretime katilmasiyla
alternatif gelir imkam saglanmistir (Anonim 2016,
Baritc1 ve ark. 2017). Nitekim Baritc1 ve ark. (2017)
Diyarbakir ilinde yaptiklar1 arastirmada ipek bécegi
yetigtiriciligi yapan tureticilerin genel itibariyle bu
faaliyet disinda diger tarimsal faaliyetlerden
sagladiklar1 gelirler ile gecimlerini sagladiklarini
belirlemiglerdir. Bu ¢alismada tureticilerin %44.29’unu
giftcilerin olusturdugu ve %27.14’inln ise dizenli bir
mesleginin olmadigi saptanmistir. Kozabirlik’in birlik
kooperatifi bulunmayan Diyarbakir'da reticiler
urettikleri kozalarin satisimi Kulp ilge merkezi ve
Narlica koéyiindeki gegici alim merkezleri araciligiyla
yapmaktadirlar (Taskaya Top ve ark. 2015).

Kimeleme analizinde 4 gruplu ve 5 gruplu
kiimelemede yeni bir grup olusturan TR61 bélgesinde
yer alan Antalya ili yas koza uretiminden aldig:
%98.34’1iik payla bolgenin ipek bocekeiliginde 6nemli
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bir yere sahiptir. Yas koza verimi 25.05 kg kutu olan iretiminin  %10.481 gerceklestirilmistir (Anonim
Antalya ilinde 2019 yilinda Turkiye toplam yas koza 2020b).
0 5 10 15 20 25
1 1 1 1 |
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Sekil 3. Bolgelere gore ipek bocekgiligine iliskin dendogram

Figure3. Dendrogram of sericulture by regions

TR63 bolgesi ise 5 gruplu kumelemede diger
bélgelerden ayrisarak yeni bir grup olusturmustur. Bu
bélge TRC2 bolgesinden sonra acilan kutu sayis1 (529
kutu) en fazla olan bélgedir. Ayrica ipek bocekeiligi
yapan hane sayis1 (173 hane) bakimindan TRC2 ve
TR61 bolgelerinin ardindan Uginct sirada yer
almaktadir. Bolgede yer alan Hatay, Kahramanmaras
ve Osmaniye illerinde yas koza turetim miktar
sirasiyla 343 kg, 229 kg ve 716 kg’dir (Anonim 2020b).

SONUC ve ONERILER

Gerek kirsal kalkinmaya katkisi gerekse kiiltiirel
mirasin korunmasi acisindan o6nemli bir tarimsal
faaliyet olan ipek bocegi yetistiriciliginden elde edilen
koza miktar1 her gecen yil azalmaktadir. Ayrica
Tirkiye’de son on yilda ipek bocegi kozasi reel
fiyatinda %108 oraninda artis gerceklesmigtir.
Tirkiye'nin dinyada 6nemli bir ticaret hacmine sahip
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olan ipek uriinleri pazarinda istenilen diizeyde gelir
elde edebilmesi i¢in ipek bécegi yetistiriciligine énem
verilmesi ve  gerekli tedbirlerin alinmasi
gerekmektedir. Ipek bocekgiligine yonelik alinacak
tedbirlerde ve ipek Dbocekgiligine 1iligkin olasi
planlamalarda  bolgelerin  birbirleri  arasindaki
benzerlik ve farkliliklarimin bilinmesi 6nem arz
etmektedir.

Bu calismada 24 bélge ipek bocekgiligine sagladiklar:
katkilar agisindan degerlendirilmis ve benzer bélgeler
simiflandirilmigtir. Elde edilen sonuglara gore bolgeler
arasinda ayrigmalar tespit edilmigtir ve TRC2 bélgesi
ipek bocekgiligine en fazla katki saglayan bolge
konumundadir. TRA1 bolgesi ise en az katki saglayan
bélgedir. Ayrica analiz sonuglarina gére TR51, TR32,
TR41 ve TR42 bolgeleri ipek bocekgiliginde birbirine
benzeyen boélgelerdir.

Turkiye’de bolgelere gore degisiklik gosterebilen fiyat,
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besleme mekani, isgiicli, yaprak temini, iklim, dogal
kogullar ve cevre kirliligi gibi faktorler bolgelerde
gerceklestirilen ipek boécegi yetistiriciligini
etkileyebilmektedir. Bunun sonucu olarak bélgelerin
ipek bocekgiligine sagladiklar1 katkilar farklihk
gostermektedir. Bu c¢alismada  bélgelerin  bu
farkliliklar1 ortaya konulmus ve benzer boélgeler
smflandirlmistir.  Ipek  bocekeiligine  yonelik
olugsturulacak politikalarda bu farkliliklar géz éntinde
bulundurularak ipek boécekgiliginde daha fazla
avantaja sahip olan bolgelerin uretime katkilar:
artirilabilir. Ayrica bu bolgeleri diger boélgelerden
ayiran faktorler incelenerek ipek bocekeiliginin ulusal
diizeyde daha etkin bir gekilde gerceklestirilmesine
yonelik  tedbirler alinabilir. Bununla birlikte
calismada ipek bécekgiligi; isletme sayisi, a¢ilan kutu
sayis1 ve yas koza tUretim miktar1 cergevesinde
degerlendirilmis olup, ipek bdcegi yetistiriciligini
etkileyen diger faktorleri de dikkate alan daha
kapsamli ¢alismalarin da yapilmasi gerekmektedir.
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ABSTRACT

The aim of this study was to evaluate the effect of sex on fattening
performance and carcass characteristics of Kivircik lambs. Fifty head
weaned Kivircik lambs, half males and half females, were used in
fattening period. After weaning, the growth and feed consumption of
the male and the female lambs fattened for 56 days were recorded.
Average daily weight gain differed significantly (P<0.01) between the
males and the females (294.9 and 214.2 g, respectively). A total of 10
lambs (5 males and 5 females) were slaughtered and the left side of
the carcasses was cut into five joints. Dressing percentage (hot/cold)
based on full weight and empty body weight were lower (P<0.05) for
the males than the female lambs. Sex had a significant effect on
kidney-knob and channel fat weight, M. longissimus dorsi section area
(MLDA) and liquid expelled (P<0.01). Sex primarily affected the
quantity of all types of fat deposits. The male lambs had higher
muscle, muscle/bone and muscle/total fat ratios than females.

OZET

Bu c¢alismanin amaci, Kivirctk kuzularinda cinsiyetin besi
performansi ve karkas ozellikleri tizerine etkisini degerlendirmektir.
Besi doneminde yarisi disi yarisi erkek olmak lizere 50 bas siitten
kesilmig Kivircik kuzu kullanilmigtir. Stitten kesimden sonra 56 giin
boyunca beslenen erkek ve disi kuzularin biiyime ve yem tiiketimi
belirlenmigtir. Ortalama giinlik canli agirlik kazanci bakimindan
erkek ve disi kuzular (sirasiyla 294.9 ve 214.2 g) arasindaki farklihk
6nemli bulunmustur (P<0.01). Toplam 10 bas (5 erkek ve 5 disi) kuzu
kesilmig ve karkaslarin sol tarafi bes parcaya bolinmustiir. Karkas
randiman (sicak/soguk) erkek kuzularda disi kuzulara gore daha
diisiik bulunmustur (P<0.05). Cinsiyetin, bébrek-legen boslugu
yaglarl, M. Longissimus dorsi kesit alam1 (MLDA) ve su tutma
kapasitesi iizerine etkisinin énemli oldugu saptanmigtir (P<0.01).
Cinsiyet 6ncelikle karkastaki her turli yag degerleri miktari tizerinde
etkili olmustur. Erkek kuzularin kas, kas/kemik ve kas/toplam yag
oranlar1 disi kuzulardan daha yiiksek bulunmustur (P<0.05).
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INTRODUCTION

When revenues obtained in sheep-raising in Turkey
are taken into consideration, meat production is seen
to have an important place compared to other products.
Withal, young animals with rapid live weight increase
and high ability to feed conversion ratio are preferred
for meat production. For this purpose, lambs are
generally exposed to intensive fattening for 2-3 months
after weaning and sent for slaughtering at the high

quality meat period. In lambs, animal (breed, sex, age,
birth type, initial live weight, condition) and
environmental (care-feeding, shelter conditions,
season, diseases and marketing) conditions have
effects on fattening performance. However, sex is more
important factor in fattening and it affects fattening
duration and carcass composition. Abdullah and
Qudsieh (2009) reported that slaughtering of Awassi
male lambs at weights up to 30 kg, resulted in higher
dressing-out percentage, better carcass composition
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and quality than ram lambs slaughtered at lighter or
heavier weights.

A study examining the effect of sex in lamb fattening
found that the male lambs had higher live weight gain
and carcass weight (Dransfield et al., 1990). Moreover,
another study investigating the effect of sex on lamb
meat quality determined that there was not a
significant difference between the male and the female
lambs in terms of the shear force applied to M.
longissimus lumborum or M. vastus lateralis (Lambe
et al., 2010). A study by Barone et al., (2007) indicated
that the age and feeding system caused differences in
carcass and carcass piece characteristics. Moreover,
they also found that the male lambs had especially
lower neck, breast, shoulder and long leg fat ratios but
higher shoulder meat ratio compared to their female
counterparts. It was stated that sex did not have an
effect on some meat quality traits such as tenderness
(Kemp et al., 1980), but in some studies, it was found
that the male (Johnson et al., 2005) or the castrated
lambs (Hopkins et al., 2007) had tougher meat than the
female ones.

The sheep of Kivircik breed are prevalently raised
generally in the regions of Thrace, Marmara and North
Aegean in Turkey and has a combined yield. Since the
fat of this breed is dispersed between muscle and
muscle fibers, it gives meat tenderness and taste.
However, there are not a sufficient number of studies
aiming to look in the carcass characteristics of
different sexes of the Kivircik lambs.

The main purpose of this study is to investigate the
effect of sex on carcass characteristics and fattening
performance.

MATERIALS and METHODS
Animals, Management and Treatments

The animal material of the study was composed of a
total of 50 (25 males and 25 female) weaned lambs of
Kivircik breed found in the livestock unit of the
Research and Application Center of the Faculty of
Agriculture of Bursa Uludag University. Since oestrus
is synchronized in sheep, 85-90% of births were
completed in a week. Therefore, there was no
significant age difference among the lambs used. In
addition, it was emphasized that there was no
difference between the sexes in terms of fattening
initial weight. The lambs were weaned at about 9
weeks of age, and fattening started at the age of 10
after a week of training period. Prior to the study, the
lambs were separated into two groups based on sex and
the weights of both groups were close to each other.
Ration began to be given to lambs one week before
study. Lambs were offered concentrate diet ad libitum.
The ingredient and chemical composition of
concentrate diet is presented in Table 1. Water was
available ad libitum. Feed consumption and live
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weights were recorded biweekly with a scale sensitive
to 0.1 kg. Animals were not allowed to access feed and
water for 12 hours before weighing. This study was
approved by the Ethical Committee of Animal
Experiments, Uludag University (Number: 2017/09-
01).

Table 1. Ingredient and chemical composition of the
concentrate diet
Cizelge 1. Karma yemin icerigi ve kimyasal kompozisyonu

Ingredients Concentrate %
(Igerik) (Miktan
Wheat 65.0
Corn 10.0
Sunflower meal 23.0
Salt 0.5
Limestone 1.4
Mineral-vitamin premix * 0.1
Chemical composition of the diet, (% DM)
Rasyonun besin madde igerigi, (% KM)

Organic matter, % 94.83
Crude protein, % 18.32
Crude ash, % 5.17
Crude fat, % 2.47
Crude dietary fibre, % 10.76
Nitrogen-free matter, % 63.24
Acid Detergent Fiber (ADF), % 15.08
Neutral Detergent Fiber (NDF), % 25.43
Metabolic energy, kcal/lkg KM 2860

aVitamin-trace mineral pre-mix provides per kg of mixed
ration: 5000 IU Vitamin A; 2000 IU Vitamin D; 10 mg
Vitamin E; 1 mg Co; 1 mg Cu; 13 mg Fe; 60 mg Mg; 1.6 mg
I; and 60 mg Zn.

Feedlot Traits

In the study, group feeding was applied and the feeds
that were fed and left with lambs were weighed every
14 days during the fattening. At the end of the 56-day
fattening period, lambs were weighed after fasting for
12 hours with free access to water. Immediately after
dressing, carcass comprised the body after removing
the skin, head, fore legs, hind legs and the viscera.
Kidneys, kidney-pelvic fat were retained in carcass,
and testes and scrotal fat were removed. Hot carcass
weight and weights of the head, skin, heart, liver,
lungs-trachea, kidney and spleen were recorded. The
gastro-intestinal tract was also weighed full and
emptied. The results were expressed as a percentage of
live weight at slaughter. Empty body weight (EBW)
was calculated by deducting the weight of digesta.
Dressing percentage was calculated based on both full
live weight and EBW.

Slaughter and Carcass Traits

In both groups, 5 lambs close to the average of
fattening weight were selected and a total of 10 lambs
were slaughtered. The lambs were slaughtered at
Agricultural Faculty Research Farm, where they were
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kept at +4 °C for 24 hours and jointed and evaluated. 12 hours. At the end of the duration, the chilling
After chilling the carcasses for 24 h at 4 °C, cold carcass samples were weighed again and the dry matter was
weights were recorded. Moreover, the following values determined via comparing the difference between the
representing the carcass shape were calculated as well first weighing and the last weighing to the first
(Colomer-Rocher et al., (1987). weighing. For the determination of ash, 3 g of meat
carcass conformation = chest width / carcass length samples were put into crucibles, whose tares were
carcass compactness = carcass weight / carcass length determined; then, they were kept in the combustion

long leg conformation = long leg width / long leg length furnaces at 550 °C for 6 hours; finally, after being
taken out of the combustion furnaces at the end of the

duration and chilled in the desiccators, the crucibles
cuts: neck, flank, ribs, shoulder and long leg as were weighe.d again and the ash rate was calcula.t ed
described b’y Colon,ler-R(;cher et al.. (1987) via comparing the difference between the first

" ’ weighing and the last weighing to the first weighing.
From the obtained data, the rates of the carcass The protein analysis was made on the Kjeldahl device
dressings, chilling losses, by products, various organs based on wet burning and the intramuscular fat
and the carcass pieces were calculated. Following the amount was calculated on Soksalet device via the

chopping procedure, the ribs joints including the 6th- Ether Extraction method (AOAC, 1995).
12th vertebrae was separated into tissues, bone,

muscle, subcutaneous fat and intermuscular fat after
it had been cut off from ribs. From the left cold carcass,
the M. longissimus dorsi section area (MLDA) and the

After chilling, carcasses were split down the dorsal
mid-line. The left side was divided into five primal

Statistical Analysis
The data obtained from the study was applied to two
backfat thickness were determined on the surface of independent sample t-test (SPSS, 2007). Firstly, the

the Longissimus thoracis and Lumborum located in g{atla was ap_ %he_d the nozm&slity .tes_%va}ﬁ;i accordmgl to
the region between the 12th-13th vertebrae. 0IMOOroV SMITNOV. an apiro-Wilk test results,

the values in the males and the females showed normal
distribution. Later, if the variances were homogenous
was tested via Levene's Test and they were seen to be
homogeneous. Finally, the significance of the
difference between groups was determined via t test.

To determine of the liquid expelled of the meat, by
using the filter paper method, a piece of dry filter
paper, whose weight is known, was slightly pressed on
5 g of meat with a weight of 2000 g for 5 minutes. Here,
the free water in the muscle passed to the paper under

the effect of capillary forces and its amount was
calculated in weight (Kauffman et al., 1986). RESULTS and DISCUSSION

Feedlot Traits
Meat Chemical Composition The fattening performances of the male and the female
lambs of Kivircik breed used in the study were

For the determination of the dry matter in the meat
Y determined and given in Table 2.

samples, 3 g of meat was weighed and put into
desiccators and kept in the drying oven at 105 °C for

Table 2. Fattening performance characteristics
Cizelge 2. Besi performansi é6zellikleri

Traits Male Female T-Value Pooled StDev

(Ozelliklen) (Erkek) (Digi) (T-Degeri) (Ortak standart sapma) P
Initial live weight (kg) 25.80.34 95.6+0.45 0.4 2.00

Final weight (kg) 42.4+0.59 37.6+0.63 5.5 3.08 i
Daily live weight gain (g) 294.9+11.00 214.2+7.64 5.9 47.66 =
Feed conversion (kg) 5.2+1.00 6.6+0.77

Daily average feed consumption (kg/day) 1.40 1.39

** P<0.01

When the fattening performance data was examined, male lambs and 1.39 kg/day in the female lambs.

it was found that although there was not a statistical Although the daily weight gain of lambs was higher in
difference between the initial average live weights males than females, there was no difference between
(P>0.05), the difference between the live weights of the the sexes for feed conversion rate. The results that
male and female lambs at the end of fattening was there were differences between the growth rates of the
found significant (P<0.05). During the fattening, the male and the female lambs as an answer to their crude
average daily live weight gain was found higher in the protein intake was reached in the studies made with
male lambs compared to the female ones (P<0.05). different sheep breeds (Qrskov et al., 1971; Askar et

During the fattening, the daily average feed al.,, 2006; Craigie et al., 2012; Yavuz et al.,, 2019).
consumption was determined as 1.40 kg/day in the Rodriguez et al. (2011), Craige et al. (2012) and El
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Fadili (2012) were reported that the male lambs’ feed
consumption and feed conversion ratio were better
than the female ones (P<0.05). In a study made by
Altin et al., (2005), it was expressed that although the
feed consumption was higher in the male lambs, feed
conversion ratio was higher in the female ones
(P<0.05). However, in this study, it was determined
that sex did not make a difference between feed
consumption and feed conversion ratio. Similarly,
Saricicek et al., (1996) reported that sex did not make
a difference between the male and the female 8-week-
old weaned lambs in terms of feed consumption and
feed conversion ratio. It is observed that the values
which Gékdal et al., (2012) determined that daily live
weight gain and feed conversion of Kivircik male lambs
were lower than the results reached in this study.
However, it shouldnt be forgotten that different
genotypes and different fattening conditions (feeding
methods, duration, birth type, sex and age) will make
a direct comparison difficult.

Slaughter and Carcass Traits

The slaughter and carcass traits of the male and the
female lambs used in the study were determined and
given in Table 3 and Table 4.

The difference between sex was found significant in
terms of slaughter characteristics as slaughter weight,
hot carcass weight, hot dressing, head, four legs,
intestine, lungs-trachea, heart and liver weight
(P<0.01; P<0.05). In terms of carcass characteristics,
cold carcass weight and the MLDA were found higher
in the male lambs compared to the female lambs

Table 3. Slaughter characteristics of lambs (kg)
Cizelge 3. Kuzularin kesim ozellikleri (kg)

(P<0.01; P<0.05).

The parts in the left cold carcass belonging to the male
and the female lambs used in the study and their
proportional values were determined and given in
Table 5. When the results of the study were examined,
it was determined that the difference between the
sexes was statistically significant in terms of neck
weights and flanks (P<0.05).

Similarly, to the results of this study, the male lambs
were reported to have a higher value in terms of
carcass weight compared to the female ones (Barone et
al., 2007; Pefia et al., 2005). This can be explained by
the male physiology containing a rapid growth and,
hence, more bone-length growing (Wylie et al., 1997).
Similarly, to the results of this study, Zgur et al.,
(2003) reported that sex affected especially liver and
head weight significantly (P<0.01); on the other hand,
Carson et al., (1999) reported that sex did not have an
effect on the lambs’ components not included in the
carcass. Parallel to the increase in animals’ live
weights, their muscles, fat and bone tissues increase as
well. Total tissue mass composes hot and cold
carcasses and the difference between hot and cold
carcass weights arises from moisture loss during
storage. In this study, the hot dressing value was found
higher in the female lambs compared to the male ones.
Similar results were reached in different sheep breeds
In previous studies, it was reported that sex had an
effect on hot dressing and the female lambs had a
higher value compared to the male ones (Craigie et al.,
2012; Santos et al., 2015; Zgur et al., 2003). In another

Traits Male Female T-Value Pooled StDev
(Ozellikler) (Erkek) (Dis) (T-Deger) (Ortak standart sapma) P
Slaughter weight, SW (kg) 42.5+0.40 37.5+0.88 5.1 1.53 =
Hot carcass weight 20.5+0.16 19.0+0.44 3.1 0.74 *
Empty Body Weight, EBW (kg) 39.3+0.45 34.6+0.84 4.8 1.51 =
Hot dressing percentage for SW (%) 48.2+0.74 50.7+0.54 2.7 1.45 *
Hot dressing percentage for EBW (%) 52.2+0.83 54.9+0.65 2.6 1.67 *
Head weight 2.3+0.07 1.5+0.08 7.1 0.17 *
Skin weight 4.2+0.25 4.0+0.23 0.6 0.54

Four legs weight 0.9+0.04 0.7+0.06 3.3 0.12 *
Stomach weight (full) 4.5+0.19 4.240.19 1.0 0.43

Stomach weight (empty) 1.28+0.08 1.32+0.07 0.4 0.16

Weight of digesta (kg) 3.2+0.19 2.8+0.15 1.3 0.38

Intestine weight 3.4+0.13 2.8+0.23 2.3 0.42 *
Inner fat weight 1.02+0.70 0.67+0.05 0.5 1.11
Lungs-trachea weight 1.88+0.07 1.55+0.05 3.8 0.14 -
Spleen weight 0.204+0.12 0.178+0.12 0.2 0.27

Heart weight 0.188+0.01 0.144+0.01 3.1 0.02 *
Lung weight 0.760+0.04 0.636+0.04 2.0 0.10

Liver weight 0.969+0.04 0.782+0.02 4.5 0.07 -
Testis weight 0.228+0.04 -

*P<0.05, " P<0.01
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Table 4. Carcass measurements of lambs

Cizelge 4. Kuzularin karkas él¢tileri

Traits Male Female T-Value Pooled StDev
(Ozellikler) (Erkek) (Dig) (T-Deger) (Ortak standart sapma) P
Cold carcass weight (kg) 20.0+0.11 18.7+0.43 2.9 0.71 *
Cold dressing (%) 47.2+0.65 50.0+0.56 3.2 1.36 *
Chilling losses (%) 1.03+0.20 0.74+0.04 1.4 0.32

Kidney weight (kg) 0.372+£0.23  0.105+0.01 1.2 0.36

Kidney-knob and channel fat weight (kg)  0.241+0.03  0.675+0.09 4.8 0.14 *
Long leg length (cm) 25.6+1.17 23.6+0.98 1.3 2.41

Long leg width (cm) 9.0+0.84 8.4+0.24 0.7 1.38

Long leg depth (cm) 10.4+0.51 11.0+1.05 0.5 1.84

Long leg girth (cm) 31.4+1.91 28.6+0.98 1.3 3.40

Chest width (cm) 24.6+1.44  26.6+0.51 1.3 2.41

Chest depth (cm) 25.6+1.94 28.6+1.63 1.2 4.01

Rump width (cm) 20.4+0.24 17.8+1.11 2.3 1.80

Carcass length (cm) 66.4+1.63 66.2+1.74 0.1 3.77

Carcass conformation 0.372+0.03  0.403+0.01 1.1 0.04

Carcass compactness 0.303+0.01  0.284+0.01 1.8 0.02

Long leg conformation 0.350+0.02  0.357+0.01 0.3 0.04

M. Jongissimus dorsi section area (cm?2) 16.2+0.94 12.7+0.24 3.7 1.53 o
Backfat thickness (mm) 3.7+0.34 5.4+0.77 2.0 1.32

Liquid expelled (%) 3.1+0.08 3.9+0.09 6.5 0.19 **
*P<0.05, ™ P<0.01
Table 5. Weight and proportional values of the parts in the left half carcass

Cizelge 5. Sol yarim karkasta yer alan parcalarin agirligi ve oransal degerleri

Traits Male Female T-Value Pooled StDev

(Ozellikler) (Erkek) (DisD) (T-Deger) (Ortak standart sapma) P
Left half carcass weight, kg 9.8+0.15 9.2+0.25 2.1 0.47

Neck weight, kg 0.49+0.05 0.37+0.01 2.7 0.07 *
Neck, % 5.0+0.49 4.0+0.13 1.967 0.809

Shoulder weight, kg 1.92+0.10 1.63+0.08 2.2 0.20

Shoulder, % 19.5+0.97 17.7+£0.51 1.627 1.735

Back-loin weight, kg 2.54+0.24 2.47+0.15 0.2 0.45

Back-loin, % 25.842.10 26.8+1.28 0.442 3.885

Flanks weight, kg 1.27+0.09 1.42+0.06 1.4 0.17

Flanks, % 12.9+0.78 15.3+0.33 2.851 1.343 *
Long leg weight, kg 3.56+0.13 3.3+0.09 1.4 0.25

Long leg, % 35.8+1.67 35.9+1.28 0.061 3.325

* P<0.05

study where the dressing was found similar, it was
reported that this value was 41.31% in the male and
41.11% in the female Romanov and Suffolk x Romanov
sheep (Kuchtik et al., 2011). The finding that the male
and the female lambs did not differ in terms of stomach
weight is similar to the one obtained from another
study reporting that sex did not have an effect
(Rodriguez et al., 2008)While the cold carcass weight
was reported to be between 13.72-16.5 kg in Kivircik
lambs, it was reported to be between 15.66-19.45 kg in
some cross breeding studies on Kivircik sheep by
Ozcan et al., (2001) and reported as 18.0 kg by Yavuz
et al., (2019). Carcass weight depends on both fat and
muscle content together with dressing. Evaporation of
moisture emerging during chilling is responsible for
carcass weight loss. That female lambs have more
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carcass fat compared to male lambs slows down
moisture loss (Johnson et al., 2005). The finding of this
study that the female lambs had low chilling loss is an
indication of this. It is observed that the cold dressing
values in Asaf and Merino x Asaf male and female
lambs were lower but the chilling loss was higher than
the ones obtained in this study (Rodriguez et al., 2011).
However, El Fadili (2012) reported that although the
males were superior in terms of carcass weight, the
females were better in terms of dressing, which is
similar to this study. On the other hand, there are also
studies reporting that sex does not have an effect on
cold dressing and chilling loss (Santos et al., 2007). The
dressing superiority in the female lambs can be
explained by their tendency to accumulate more fat in
their carcasses compared to their male counterparts.
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This superiority is also apparent in some previous
studies (Diaz et al., 2003; El Fadilii, 2004). In this
study, it was revealed that sex had an important effect
on kidney-pelvic fat amount and it was determined
that the female lambs had two and half times more fat
compared to the male ones (P<0.01). In line with
previous studies (Ruiz de Huidobro and Jurado, 1989;
Santos et al., 2000), the carcass dressing was found to
be high in the female lambs particularly due to
excessive kidney-pelvic fat. In another study made on
male Kivircik lambs, it was observed that this value
was rather close to the one found in the male lambs
(Gokdal et al., 2012). This difference arising based on
sex was explained by the fact that the growth rate was
low and the fat accumulation rate was higher in the
females compared to the males (Askar et al., 2006)
Although there were differences in the carcasses of the
males and the females in terms of fat storage, the
biggest difference was seen in kidney-pelvic fat and the
smallest difference was observed in intermuscular fat
storages (Rodriguez et al., 2008; Safiudo et al., 1998).
As it is known, the fat amount in the carcass increases
importantly together with age. That the lambs grew to
be about 5-month-old at the end of the fattening
reveals the existence of an important relationship
between this arising situation and the high fat values
determined in the carcasses.

Similarly, to the study results, it was reported that the
linear measurements taken over the carcass was not
affected by sex (Camacho et al., 2013; Craigie et al.,
2012; Rodriguez et al.,, 2011; Santos et al., 2015).
However, at the point of obtaining a longer carcass, it
was reported in different studies that male the lambs
were more advantageous than the female ones (Diaz et
al., 2003; Kashan et al., 2005; Wood et al., 1980). While
Kivircik comes to the forefront among the domestic
breeds in terms of carcass length (73.84), it is followed
by the Turkish Merino (72.71), Ramli¢ (69.80), Sakiz
(69.42) and Imroz (68.67) (Ekiz et al., 2009). The values
of 66.2 and 66.4 cm found in the study were lower than
these results. Of the carcass measurements in
Rambouillet and Suffolk x Dorper sheep, the leg
length, leg girth and carcass length values were
similar to the results of this study (Arvizu et al., 2011).
It was reported in some previous studies that there
was an increase in the carcass measurements and the
conformation indexes in parallel to the increasing
carcass weight (Diaz et al., 2003; Santos et al., 2007).
In this study, it was observed that sex did not make a
significant difference in terms of the carcass
conformation and the density calculated by benefiting
from the carcass measurements and the leg
conformation values. The interpretation made by
Santos et al. (2015) for the muscle components and the
carcass density and the leg conformation values given
by Camacho et al. (2013) for the male and the female
lambs were similar to the results of this study. It can
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be stated that the carcass conformation values in the
male lambs can be compensated via higher fat content
in the female lambs and this removes the differences
in the slaughter weight. It is reported that since the
lambs get heavier as their slaughter age advances,
especially females get better carcass conformation in
accordance with the allometric coefficient of the fat
covering (Domenech Garcia et al., 1989). With normal
growth and development, the shape, size and
conformation of the animal change and, for this reason,
as the weight and age increase, the animals' linear
body sizes increase until they reach their mature sizes
and as they approach maturity, these linear sizes
become constant.

The MLDA is one of the important criteria in the
determination of muscle development; this value was
found as 16.2 cm? and 12.7 cm? in the male and the
female lambs, respectively (P<0.01). On the other
hand, the value of 15.26 cm? found by Goékdal et al.
(2012) in the Kivircik lambs was lower than the result
found in this study for the male lambs but higher than
the one found for the female lambs.

Although the fat thickness on the upper part of the
MLDA was not important among sex groups, it was
found 5.4 mm in the female lambs and 3.7 mm in the
male lambs. This result was also related with the
finding that the kidney-pelvic fat amounts of the
female lambs were higher than the ones of the male
lambs. In this scope, it was reported that the female
lambs had more fat than the male lambs in the general
and tissues of the carcass can be explained by the fact
that female lambs get matured more rapidly than male
lambs  (Butterfield, 1988). Although sexual
dimorphism shows different live weights depending on
breed, the parts not included in the carcass and the fat
amount on the carcass increase as the lamb develops
and it was put forward that the more rapidly the
animal develops, the more the fat accumulation
becomes (Grings et al., 1999).

The liquid expelled of the meat is important
economically and technologically. While this value was
3.9% in the female lambs, it was found as 3.1% in the
male lambs (P<0.01). It needs to be stated that the
liquid expelled increases depending on the pH increase
following the slaughtering, but different results were
obtained in this study. In this case, it is considered that
cold contraction has an effect on liquid expelled and it
was reported that cold contraction had a high effect on
carcasses with low fattening and high pH (Kannan et
al., 2006). The cavity between myofibrils decreases
depending on cold contraction and water comes out of
the meat. It were reported that low pH values in
female lambs decrease liquid expelled, that is to say,
increase drop losses (Diaz et al., 2003). It was reported
in some studies that fatty carcasses had higher liquid
expelled (Sanudo et al., 1998), it was reported in others
that there was not a significant difference (Diaz et al.,
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2003; Santos et al., 2007). It was reported in many
studies that a low final pH value decreased the liquid
expelled in the meat samples due to the increase in the
pH drop following the slaughtering and increases
cooking loss (Santos et al., 2007).

In order to evaluate slaughter characteristics more
healthily, it is clear that slaughter weight need to be
based on. In previous studies, it was found that the
importance of the applied fattening method, initial live
weight, fattening duration and breed was rather great
and these affected slaughter characteristics
considerably.

Evaluations are generally made over the ratios of the
parts on the carcass. Although it was observed in
previous studies that especially the share of the ratios
of legs, shoulder and ribs, which are valuable carcass
parts, on the total carcass was above 70%, the result
appearing in this study was about 80% for the
mentioned parts. At this point, it is reported that the
change in the lamb carcass parts together with age at
the time of slaughtering results from differences in the
developments of the tissues in the different parts of the
body (muscle, fat and bone) according to the live weight
(Butterfield, 1988; Teixeira et al., 2005). In this study,
the weight and the ratios of some carcass parts in the
left cold carcass were shown in Table 5.

When it was taken in hand in terms of weight between
the sex groups, the difference between neck and
proportionally flank was found significant (P<0.05).
Although Altin et al., (2005) reported that there was
not a difference between the ratios of the parts of the
male and female Kivircik and Karya lambs in terms of
shoulder, ribs, leg and tail (P>0.05), it was observed
that the males were taller (P<0.05) and the
proportional values given for shoulder (18.53), ribs
(22.53), leg (30.59), neck (9.01) and flank (13.34) in the
Kivircik lambs were generally slightly lower than the
results of this study. In previous sex-based studies
made on this subject, the leg and neck weights or ratios
attracted attention. While Zgur et al., (2003) reported
that sex affected the neck, shoulder, ribs ratios
(P<0.05) and the neck and shoulder ratios were high in
the males, but the ribs ratios were low, Pefa et al.,
(2005) reported that the neck and leg ratios developed
more in the male Sequera lambs were different from
the ones in the females, Miguélez et al., (2006) reported
that sex did not affect the commercial part ratios
except for the neck ratio, Santos et al., (2015) reported
that sex did not have a significant effect on the carcass
parts except for the leg ratio in the Churra lambs.
Moreover, Diaz et al., (2006) obtained similar results,
too, and more development was observed in the neck
and shoulder because of the reaction which some
muscles in the joints of the male lambs gave to the
effect of testosterone. There are also studies reporting
that the difference between the weights or ratios of the
carcass parts was not affected by sex in the lambs (Kaié
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et al., 2016; Santos et al., 2007; Teixeira et al., 2005).

In terms of tissue parts located in the rib area,
although female lambs take a high value for the bone
and fat ratios, it is not significant; on the contrary, in
terms of evaporation losses, muscle/bone and
muscle/total fat ratios, the difference in favor of male
lambs is observed to be significant (P<0.05, Table 6).
One reason for the high evaporation losses obtained in
this study may be that the ideal ambient conditions for
dissection (eg temperature and humidity) were not
fully achieved. Gerrard and Grant, (2003) reported
that bone growing is minimum following the
development of skeletal system; on the contrary,
muscle growth increases rapidly and becomes the
biggest component of the carcass rapidly; fat amount is
very low at birth and remains at similar level until
muscle growth decreases or reaches plato. In this
study, the difference appearing between sexes in terms
of fat reveals the result those animals are slaughtered
at a period when they start to accumulate fat after
reaching a plato in muscle development. Kaié¢ et al.,
(2016) reported that the females of Istrian lambs had
more fat than their male counterparts and lower
muscle content. This is an indication of the fact that
the females' having bigger daily average weight gain
than males can neutralize the effect of a greater
intermuscular fat content. Kashan et al., (2005) found
in the male and female Chaal and Zandi lambs that the
muscle/bone ratios were 2.7 and 2.8 respectively and
the muscle/bone ratios were 1.5 and 1.2 respectively,
which are higher than the results of this study. At the
point of affecting the tissue composition in lamb
carcasses, while the difference appearing between
sexes was insignificant in some previous studies
(Camacho et al., 2013; Pefia et al., 2005; Rodriguez et
al., 2011; Santos et al., 2007), it was found significant
in some other studies (Diaz et al., 2006; Kashan et al.,
2005; Zgur et al., 2003).

Meat Chemical Composition

In the study, the values related to the chemical
composition of Longissimus dorsi muscle were given in
Table 7.

While a significant difference was not found between
the sex groups in terms of dry matter, water, crude ash,
organic substance and crude protein, the crude fat
value was found high in the female lambs (P<0.01). It
was observed that difference was between the kidney-
pelvic cavity fats in the male and the female lambs.
These results fall within the interval of values reported
by other researchers for different breed of lambs
slaughtered at a similar live weight (Rodriguez et al.,
2008; Safiudo et al., 1998). Rodriguez et al. (2011)
found that the effect of sex on carcass composition in
Asaf and Merino x Asaf lambs took place only in the
content of water (P<0.01), but, although it was
insignificant, the fat content in the females was 14%
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higher than the males. At this point, it is reported that
decreasing moisture and increasing fat ratio is
explained by the fact that as weight increases,
moisture changes into fat in body tissues (Davies,
1989). Kashan et al., (2005) found that while protein
(14.4 and 13.8 respectively) and fat (33.0 and 35.5
respectively) were significant (P<0.05) in the meat
samples of the male and the female lambs, water (51.0
and 49.1 respectively) and ash (0.80 and 0.73

respectively) were insignificant. It was reported in
many studies that the chemical composition in the
samples taken from the male and the female lambs
were insignificant (Santos et al., 2007; Safiudo et al.,
1998). Gokdal et al. (2012) found the water, ash,
protein and fat values as 73.4%, 1.0%, 19.5% and 3.6%
respectively in the meat samples of the Kivircik male
lambs.

Table 6. Proportions and weight of tissue composition in ribs
Cizelge 6. Pirzola bolgesi doku kompozisyonu agirligi ve oranlari

Traits Male Female T-Value Pooled StDev

(Ozellikler) (Erkek) (Dis) (T-Deger)  (Ortak standart sapma) P
Ribs weight, kg 381.0+21.07 422.4+35.12 1.0 64.75

Bone weight, kg 43.2+4.43 68.0+12.14 1.9 20.44

Bone, % 11.5+1.44 15.7+1.71 1.858 3.536

Muscle weight, kg 156.6+7.34  138.6+10.61 1.4 20.40

Muscle, % 41.3+1.69 33.2+2.00 3.096 4.141 *
Subcutaneous fat weight, kg = 103+12.82 139.2+15.70 1.8 32.04

Subcutaneous fat, % 26.9+£2.67 33.0+£2.45 1.690 5.729

Intermuscular fat weight, kg  60.0+10.73 64.4+7.45 0.3 20.66

Intermuscular fat, % 15.5+2.18 15.1+1.09 0.138 3.859

Total fat weight, kg 163.0+£17.85 203.6+20.61 1.5 43.11

Total fat, % 42.3+2.48 48.1£2.70 1.580 5.794

Evaporation losses, % 4.8+0.54 3.1+0.36 2.699 1.028 *
Muscle/Bone, % 3.8+0.49 2.2+0.25 2.906 0.877 ¥
Muscle/Total fat, % 1.0+0.10 0.7+0.08 2.318 0.197 *
*P<0.05
Table 7. Chemical Composition of M. longissimus dorsi in lambs (%)

Cizelge 7. Kuzularda longissimus dorsi kasinin kimyasal kompozisyonu (%)

Item Male Female T-Value Pooled StDev

(Igerik) (Erkek) (Disi) (T-Deger) (Ortak standart sapma) P
Dry matter 63.9£1.11 62.7+0.63 0.955 2.0193

Water 36.1+1.11 37.4+0.63 0.955 2.0193

Crude ash 2.5+0.09 2.6+0.13 0.187 0.2542

Organic matter 97.5+0.09 97.440.13 0.187 0.2542

Crude protein 54.3+0.74 52.3+1.04 1.590 2.0129

Crude fat 26.8+0.55 30.4+0.85 3.540 1.6087 -
* P<0.01
CONCLUSION Competing interests

In this study examining the fattening performances
and the carcass characteristics of the weaned Kivircik
male and female lambs, it was observed that the initial
fattening weights were equal, the lambs developed at
the end of fattening in favor of the males and, hence,
the daily live weight gain and an important part of the
slaughter characteristics were more in the males
compared to the males. Especially when the dressing
values are taken in hand, it can be stated that the
female lambs showed a higher value because they
contain more carcass fat compared the male lambs.
Especially the result that the fat amounts in the
carcass (kidney-pelvic cavity fat) and tissues (backfat
thickness, subcutaneous fat and intermuscular fat)
were higher in the female lambs compared to the males
is among the important points.
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Bu arastirmada, besi isletmecilerinin memnuniyet dizeyleri ve

etkileyen faktorleri belirlemek amaciyla Mug Ili ve 5 ilgesinde 368 Makale Tarihgesi

isletme sahibiyle yiliz yluze anket ¢alismasi yapilmistir. Elde edilen Gelig Tarihi  : 08.04.2020
veriler SPSS paket programinda analiz edilerek, capraz tablolar Kabul Tarihi : 30.06.2020

olugturulmustur. I1 genelinde isletmecilerin %65’inin besicilikten
memnun 1ken, %35'inin besicilikten memnun olmadiklar

Anahtar Kelimeler

belirlenmistir. Ilgeler arasinda en yiiksek memnuniyet oranlari Memnuniyet
Korkut (%74.5) ve Varto (%78.3) ilgelerinde iken en yiiksek Etkileyen faktorler
memnuniyetsizlik oranlari ise (%56.3) Haskdy ilgesinde bulunan Besi igletmesi
isletmelerde belirlenmigtir. Besicilikten memnun olanlarin %33.11 Musg

41-50 yas grubunda, %29.2’s1 51+ yas gurubunda ve %15.7’s1 30< yasg
grubunda olan gen¢ ve hayvanciliga yeni baglayan isletmecilerde
bulunmustur. Birey sayis1 4< olan igletmecilerin en yiliksek
memnuniyet oranina sahip olduklari ve birey sayisi arttikca
memnuniyet oraninin azalmasi anlamlh bulunmustur. Hayvan sayisi
5< olan igletmelerde besicilikten memnuniyet orani %63.5 iken,
hayvan sayis1 arttikca (21-40 bas) memnuniyet orami %72.9a
yiikselmistir. Irklar icerisinde isletmecilerin en yiiksek (%67)
memnuniyet orani melez irkinda bulunurken, bunu kultir irk:
izlemigtir. Besiciligin yaninda bagka bir is yapan igletmecilerin, %70.7
oraniyla sadece besicilik yapanlara gére daha memnun olduklar:
belirlenmigtir. Besi sonunda hayvanlarini eder fiyata satan
igletmecilerin =~ %74.7’sinin  besicilikten @ memnun  olduklar
belirlenmigtir. Besi sonunda hayvanlarini eder fiyata satsalar bile
isletmecilerin %25.3’intn besicilikten memnun olmadiklar: tespit
edilmigtir. Besicilikten memnun olan igletmecilerin tamamina yakini
(%97.4) ve memnun olmayan isletmecilerin %68.3’iiniin besiciligi
strdiirmek istedikleri belirlenmigtir.

Satisfaction and Affecting Factors in Fattening Farms in Mus Province

ABSTRACT
In this research, a face-to-face survey was conducted with 368 farm
owners in Mus province and 5 districts in order to determine fattening
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farmers’ satisfaction level and affecting factors. Data were analyzed Received - 08.04.2020
with SPSS and cross tables were created. Overall, 65% of farmer in Accepted +30.06.2020
the province were satisfied with fattening farming, while 35% were
not Among the districts, the highest satisfaction rates were Keywordg

Satisfaction

determined in Korkut (74.5%) and Varto (78.3%) and the highest
dissatisfaction rate (56.3%) was determined in the farmer located in
Haskoy district. While 33.1% of those satisfied with fattening farming
were in the 41-50 age range, this ratio fell to 29.2% in farmers with
51+ age. This ratio was found to be 15.7% in farmers who were 30<
young and just started animal farming. It was found that the number
of individuals with 4< had the highest satisfaction rate. The decrease
in satisfaction rate was significant as the number of individuals
increased. The satisfaction ratio was 63.5% in farms having 5<
animals. Satisfaction ratio increased up to 72.9% as the number of
animals increased (21-40 head). Considering the breeds, satisfaction

Factors affecting
Fattening farms
Mus Province
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rate was highest (67%) for the farmers having crossbred animals
followed by pure culture bred ones. Farmers who are performing other
business besides fattening were more satisfied (70.7%) than those who
are doing just fattening. At the end of fattening, 74.7% of the farmers
who sold their animals at an appropriate price were found to be

satisfied with fattening. Overall, 25.3%

of the farmers were

dissatisfied with beef cattle even they sold their animals at an
appropriate price at the end of fattening. It was determined that
nearly all (97.4%) of the farmers who were satisfied with the beef
cattle and 68.3% of the dissatisfied ones wanted to maintain the beef

fattening farming.

Atif Icin:  Bakir G, Kibar M 2021. Mus Ilindeki Besi Isletmelerinde Memnuniyet ve Etkileyen Faktérler. KSU Tarim ve
Doga Derg 24 (1): 231-241. https://doi.org/10.18016/ksutarimdoga.vi.716591.
To Cite: Bakir G, Kibar M 2021. Satisfaction and Affecting Factors in Fattening Farms in Mus Province. KSU J. Agric
Nat 24 (1): 231-241. https://doi.org/10.18016/ksutarimdoga.vi.716591.
GIRIS Hayvancilik igletmelerinde, isletmelerin yapisal

Besi sigirciligi, artan Dinya nifusunun besin madde
ihtiyaclarinin karsilanmasi i¢in énemli bir tarimsal
faaliyettir. Bununla birlikte, tilkelerin gelismiglik
diizeyi gostergelerinden kabul edilen kisi bagina diigsen
kirmizi et tiketim miktarinin yiikselmesinde de
onemlidir. Besi sigirciligi ile tiretilen kirmizi etin besin
degerinin yiiksek olmasi nedeniyle insanlarin beyin
giuclerinin artmasi saglanmaktadir. Bu sayede de
kirmizi et tiketimi o lilkenin insanlarinin daha ¢ok
uretmesine katki saglar ve gelismiglik seviyesinin
yikselmesine yardimel olur seklinde
aciklanabilmektedir. Ciinkii Dunya’ca kabul gormus
olan fenotipin genotip ve ¢evrenin etkisi altinda olmasi
kurali da bu durumu destekler niteliktedir. Yani et
tiketen bir tilke ile ekmek tiiketen bir tlkenin
uretecegl her sey de tukettigi Urunin bir parcasi
bulunacaktir. Kisi basina diisen kirmizi et tiketimini
yikseltmek i¢in de besi sigirciliginin diger tim
mesleklerde oldugu gibi  sevilerek  yapilmasi
gerekmektedir.

Besiciligin bir tlkede gelisme gostermesi, ekonomik
deger uretmesinin yani sira insanlara is imkéani
sunmasi ve mevcut insanlarin ve gelecek nesillerin
saglikli yetismesine de 6nemli katki saglamaktadir.
Bu nedenle igletmelerin stirdiirilebilirligi hayati 6nem
arz ederken, isletmelerin stirdurulebilirligi
isletmecilerin memnuniyeti ile dogrudan iligkili olugu
bilinmektedir.

Basar1 ancak bir meslegin sevilerek yapilmasi ile
mimkiindiir. Bu nedenle de hem iilke ekonomisine
katki saglamak, hem de toplumsal refahin artmasi igin
besi igletmecilerinin yaptig1 isten memnun olmasi
onem arz etmektedir. Yetistiricilerin yaptigi her
uygulamadan hem iilke ekonomisi, hem kendisi hem
de o Uretilen {Urinleri tiiketen her birey
etkilenmektedir. Besicilerin memnuniyet diizeylerinin
ve etkileyen faktérlerin belirlenmesinde ise anket su
ana kadar en temel arastirma metodu olmustur. Besi
igletmelerinde memnuniyet ve stirdiiriilebilirlikle ilgili
yapilan ¢aligsma sayis1 ¢ok azdir.
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ozelliklerine yonelik bir¢ok arastirma bulunmaktadir.
Yapilan memnuniyet ¢aligmalar1 da daha ¢ok
tiiketicilere yéneliktir (Muldano ve Thieme, 2009;
Kwadzo ve ark. 2013; Inci ve ark., 2014; Karakaya ve
Inci, 2014). Hayvancihk alaminda igletmecilerin
yaptiklari isten memnuniyetlerine yonelik ¢ok az
aragtirma (Ozen ve Olug, 1996; Soyak ve ark., 2007;
Han, 2008; Mohanraj and Manivannan 2012; Can ve
Yalein, 2015; Unalan ve ark., 2015; Kocyigit ve
ark.,2016; Kogyigit ve ark., 2018; Tumer ve ark., 2018;
Bakir ve Kibar, 2019a,b) oldugu belirlenmistir. Bu
arastirma literatiirde o6nemli bir acig1 kapatacak
olmas1 yonliyle Onemini ortaya koymaktadir. Bu
calismanin  amaci, Mus 1ili  besi sigircilign
isletmelerinde, igletmecilerin  yaptiklari  isten
memnuniyet durumlarinin ve isletmecilerin
memnuniyetine etkili olan faktorlerin belirlenmesidir.

MATERYAL ve METOT

Arastirma materyalini, Mus ili merkez ve il¢elerinde
(Malazgirt, Bulanik, Haskéy, Korkut ve Varto)
bulunan biiyikbas besi isletmelerinde yiiz ylize
yapilan anket verileri olusturmustur. Arastirmada,
buytukbas hayvan varlhign bakimindan ilgeleri temsil
eden koyler, bolgede gorev yapan il miudirliginde
¢alisgan mihendis ve veteriner hekimlerin goérisi
alinarak Dbelirlenmistir. Anket sorular1 yazarlar
tarafindan genig bir literatiir taramasi neticesinde
hazirlanmis olup, daha sonra konu uzmanlar: ile
yapilan gorigsmeler ile son geklini almigtir. Mus
yoresine kayith biiylikbag hayvancilik igletmelerinden
besi yapanlara ait 2017 yilinda anket yolu ile veriler
toplanmigtir. Igletmelerde simental, siyah alaca,
esmer gibi kiltir irklar1 ile bunlarin yerli irklarla
olugan melez wklar yetistirilmektedir. Mug Il Tarim ve
Orman Mudurluga kayitlarindan alinan toplam
igletme sayis1 dikkate alinarak, 368 (%6.2) isletme
sansa bagl olarak belirlenmistir. Isletme sayisinin
belirlenmesinde 6rnek hacminin en az %3Unin
(Yamane, 2006) veya en cok é6rnek hacminin %10’ unun
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(Cochran, 1977; Arikan, 2000) alinmasiin yeterli
olacag1 1ilkesi dikkate alinmigtir. Ankete katilan
isletmeciler bazi sorulara cevap vermedigi i¢in bazi
cizelgelerde  toplam  anket sayis1  degisiklik
gostermistir. Verilerin analizinde SPSS 21.0 paket
programi kullanilarak, satir ve slitun yonli capraz

tablolar (row/column crosstabs) olusturulmustur.
Buna gore, tablolarin yorumu hem satirdaki hem de
situndaki parametrelere goére yorumlanacaktir.

Ilgeler arasindaki farkhilhklarin belirlenmesi igin ki-
kare 6nemlilik testi (Diizgiines ve ark., 1983) yapilmis
ve baz1 oOzelliklere ait ortalama, maksimum ve
minimum frekans degerleri verilmigtir.

BULGULAR VE TARTISMA

I1 genelinde isletmelerin %65’inin  besicilikten
memnun iken, %35'inin besicilikten memnun
olmadiklar1 belirlenmigtir. Besicilikten en c¢ok

memnun olan isletmelerin Korkut (%78.3) ve Varto
(%74.5) ilgelerinde ve buna karsin en cok memnun
olmayan isletmelerin ise Haskdy (%56.3) ilcesinde
bulundugu belirlenmigtir (Cizelge 1). Isletmecilerin
besicilikten memnuniyeti ile mevki arasinda 6nemli
(p<0.01) farkhihiklar bulunmustur.

Bakir ve Kibar, (2019a) tarafindan Mus ilinde siit
isletmelerinde yapilan c¢alismada memnuniyet

dizeylerinin mevkilere gore oOnemli farklihklar
gosterdigi belirlenmigtir. Genel olarak sut sigiri
isletmelerinde isletmecilerin memnuniyet orani (%64)
ile besicilik igletmelerinde bulunan memnuniyet orani
(%65) yakin  bulunmustur. Ilgeler bazinda
bakildiginda, sit ve besi sigirciligindan memnun olan
ve olmayanlarin oranlar1 benzerlik goéstermigtir.
Ilceler arasindaki farkhilik béyle caligmalarin daha
ayrintili olarak yapilmasinin gerektigini isaret
etmektedir. Arastirmacilarin Siirt ilinde yaptiklar
diger arastirmada ise, besicilikten memnun olanlarin
orani %59.8 olarak belirlenmistir. Bu deger mevcut
¢alismadan disuk bulunmustur. Siirt ilinde ilgeler
arasindaki farkliliklar 6nemli ¢ikmigs olup, en ¢ok
memnuniyet Pervari il¢esinde iken, en ¢ok
memnuniyetsizlik Merkez ilcede belirlenmistir (Bakir
ve Kibar, 2019b). Tutkun ve ark. (2017) Diyarbakir
ilindeki tiim ilgelerde bulunan 192 sigir isletmesinde
yaptiglr ankette isletmecilerin %86’sinin memnun
olmadiklarini  belirtmisler bu
calismadan (%35) cok yiiksek bulunmustur. Han
(2008) Diyarbakir Ergani ilcesindeki 167 sigir
isletmesinde yaptig1 arastirmada besi isletmecilerinin
%64.7’sinin memnun oldugunu belirtmis ve bu oran
mevcut ¢calisma ile buiylik benzerlik gostermistir.

ve oran mevcut

Cizelge 1. Isletmelerde memnuniyetin mevkiye gore degisimi

Table 1. Change of satisfaction by location of farmers

Memnuniyet Mevki** (Location) Toplam
(Satisfaction) Merkez Malazgirt Bulanik Haskoy Korkut Varto (Total)
Evet Adet . 36 39 61 7 54 41 238
(Yes) % Memnuniyet 15.1 16.4 25.6 2.9 22.7 17.2 100.0

% Mevki 60.0 51.3 67.8 43.8 78.3 74.5 65.0
Hayir Adet . 24 37 29 9 15 14 128
(No) % Memnuniyet 18.8 28.9 22.7 7.0 11.7 10.9 100.0

% Mevki 40.0 48.7 32.2 56.3 21.7 25.5 35.0
Toplam Adet . 60 76 90 16 69 55 366
(Total) % Memnuniyet 16.4 20.8 24.6 4.4 18.9 15.0 100.0

% Mevki 100.0 100.0 100.0 100.0 100.0 100.0 100.0
**p<0.01

Besicilikten memnun olanlarin %33.1'ini1 41-50 yas
grubundaki igletmeciler olusturmaktadir. Elli bir ve
lzeri yasa sahip igletmecilerde bu oran %29.2’ye
diserken, 30 ve daha geng olan ve hayvanciliga yeni
baglayan igletmecilerde bu oran %15.7 olarak
bulunmustur. Geng ve yash igletmecilerin besicilikten
memnuniyet oranlarinin disik olmasi, geng
igletmecilerin tecriibesizligi ve ise olan
hakimiyetlerinin yetersiz olmasindan, yash
igletmecilerin  ise  besicilikten  beklentilerinin
kargilanmasindan kaynaklandigi distnilmektedir.
Besicilikten memnuniyet, isletmecilerin yagina gore
degerlendirildiginde, tiim yas grubunda memnuniyet
oranlar1 birbirlerine yakin bulunmakla birlikte, 30 yas
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ve altindaki yetistiricilerde memnuniyet orani %66.1
iken, yas1 51+ igletmecilerde bu oran %63.9a
gerilemigtir. Buna gére, geng¢ yetistiricilerin
yaglilardan besicilikten daha memnun olduklar
soylenebilir (Cizelge 2). Besicilikten memnuniyete
isletmecilerin hayvancihik yaptiklar1 siireye gore
bakildiginda, en yiiksek memnuniyet orani (%70) 21-
30 yil arahgindaki igletmecilerde bulunmustur.
Hayvancilik yapilan siire 10 yildan az olan ve bunlarin
gogunlugu gen¢ igletmecilerden olusan grupta
memnuniyet orani %63.1 iken, hayvancilik yapilan
sire 31 ve Uzeri olan ve bunlarin tamami yash
igsletmecilerden olugsanlarda ise hafif bir dustsle
memnuniyet orani %62.9’a gerilemistir (Cizelge 2).
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Cizelge 2. Memnuniyetin igletmecilerin yas1 ve hayvancilik yapilan siireye gére degisimi
Table 2. Change of satisfaction according to the age of the farmers and the duration of animal husbandry

Memnuniyet Yas (Age) Toplam Siire (Duration) Toplam
(Satisfaction) <30 31-40 41-50 51+  (Total) <10 11-20 21-30 31+ (Total)
Adet 37 53 78 70 238 82 63 49 40 234
2;’55 % Memnuniyet 15.5 22.3 32.8 29.4 100.0 35.0 26.9 20.9 17.1  100.0
% Yas/Siire 66.1 66.3 66.1 64.2 65.6 63.1 65.6 70.0 63.5 65.2
Adet 19 27 40 39 125 48 33 21 23 125
(PII\%” % Memnuniyet 15.2 21.6 32.0 31.2 100.0 38.4 26.4 16.8 184  100.0
% Yas/Siire 33.9 33.8 33.9 35.8 34.4 36.9 34.4 30.0 36.5 34.8
Adet 56 80 118 109 363 130 96 70 63 359
;PT"&E‘II)H % Memnuniyet 15.4 22.0 32.5 30.0 100.0 36.2 26.7 19.5 175  100.0
% Yas/Siire 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0

Cizelge 3. Memnuniyetin hanedeki birey sayisi ve igletmecilerin egitim durumuna goére degisimi
Table 3. Change of satisfaction according to the number of individuals and the educational status of the farmers

Birey sayis1* (The num. of

individuals) Toplam Egitim durumu- (Educational status) Toplam
Memnuniyet (Total) Okuryazar ) (Total)
(Satisfaction) <4 5-6 7-8 9+ degil Ilkokul Ortaokul Lise Universite
Adet 68 64 71 34 237 7 91 97 29 3 227
Evet % Memnuniyet 28.7 27.0 30.0 14.3 100.0 3.1 40.1 42.7 12.8 1.3 100.0
(Yes) % Birey 77.3 63.4 65.1 53.1 65.5 63.6 66.4 66.9 58.0 50.0 65.0%
sayisr/Egitim
Adet 20 37 38 30 125 4 46 48 21 3 122
Hayir % Memnuniyet 16.0 29.6 30.4 24.0 100.0 3.3 37.7 39.3 17.2 2.5 100.0
(No) % Birey 22.7 36.6 34.9 46.9 34.5 36.4 33.6 33.1 42.0 50.0 35.0
sayis/Egitim
Adet 88 101 109 64 362 11 137 145 50 6 349
Toplam % Memnuniyet 24.3 27.9 30.1 17.7  100.0 3.2 39.3 41.5 14.3 1.7 100.0
(Total) o4 Birey 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0
sayis/Egitim

*p<0.05
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Yas ile birlikte igletmecilerin besicilikten memnuniyet
diizeyleri arasindaki dogru oranti Bakir ve Kibar,
(2019a) ve Bakir ve Kibar, (2019b) caligmalar: ile
kismen uyum igerisindedir. Hayvancilik yapilan siire
bakimindan ise mevcut ¢galismanin bulgular ile Bakir
ve Kibar (2019a)nin tespitleri ile uyum icerisinde
iken, Bakir ve Kibar (2019b) farklihk gostermistir.
Han (2008)'nin besi isletmelerinde yaptigi calismada
8-13 yi1l arasinda deneyime sahip olan veya 50-80 yas
grubundaki  besi  igletmecilerinin = %52.4inilin
besicilikten memnun olmadigini belirtmistir. Diger
yas ve deneyim gruplarinda memnun olanlarin orani
daha yiiksek bulunmustur. Arastiric1 yas ve deneyim

sliresinin  besi igletmecilerinin memnuniyetini
istatistiki olarak Onemli olarak etkileyen faktorler
olarak  bildirmigtir. Mevcut  calismada da

isletmecilerin yaginin memnuniyet diizeylerini 6nemli
(p<0.05) sekilde etkiledigi tespit edilmistir.

Kisi sayisi 4 ve az olan igletmelerde memnuniyet orani
%74.4 iken, birey sayis1 arttiginda (9 ve {izeri) bu oran
ciddi bir diisiisle %52.4’e gerilemistir (Cizelge 3). Birey
sayis1 4 ve olan igletmecilerin en yiiksek
memnuniyet oranina sahip olduklar1 ve igletmelerde
birey sayis1 arttikga memnuniyet oraninin azalmasi
anlamli  bulunmustur. Isletmelerde birey sayisi
arttikca, kisi basina disen hayvan sayisinin azaldig:
ve buna bagh olarak gelirinde azalmasiyla birlikte
memnuniyetin azaldigi dustnilmektedir. Ayrica,
birey sayis1 9 ve lzeri olan igletmelerde
memnuniyetsizlik oram diger gruplara gore en yuksek
olup, %47.6 olarak tespit edilmigtir.

az

Okuryazar olmayan igletmecilerin %77.3i besicilikten
memnun iken, egitim seviyesi lise olan igletmecilerde
memnuniyet oranm %53.1%e gerilemistir (Cizelge 3).
Buna gore, egitim seviyesi yukseldikce memnuniyet
oraninin distigi tespit edilmigtir. Egitim seviyesi
yuksek isletmecilerin genel olarak, geng ve besicilige
yeni baglayanlar oldugu gtz o6niine alindiginda, bu
durum dogal olarak kabul edilebilir. Han (2008)
okuryazar igletmecilerin %66.7’sinin besicilikten
memnun  olmadigini  ve egitim  durumunun
memnuniyeti etkileyen 6nemli bir faktér oldugunu
bildirmistir. Mus ili stit igletmecileri icerisinde egitim
seviyesi ilkokul ve ortaokul olan yetistiricilerin
memnuniyet dizeylerinin daha yiiksek oldugu tespit
edilmistir (Bakir ve Kibar, 2019a). Siirt ili besi
igletmecileri igerisinde ise egitim seviyesi ilkokul ve
ortaokul olan yetistiricilerin memnuniyet diizeyleri
lise ve okuryazar olmayan yetistiricilere goére daha
diisiik bulunmustur (Bakir ve Kibar, 2019b). Siirt
ilinde egitim seviyeleri ile memnuniyet arasinda
bildirilen sonug ile bu ¢alismada elde edilen sonuglara
arasinda farklilik bulunmustur.
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Besicilikten memnuniyet, isletmelerde yetistirilen
hayvan sayisina gore incelendiginde, hayvan sayisi 5
ve az olan igletmelerde besicilikten memnuniyet orani
%63.5 iken, hayvan sayis1 arttikca (21-40)
memnuniyet orani %72.9’a yiikselmistir (Cizelge 4).
Hayvan sayisi arttikca igletmecilerin memnuniyet
oraninin artmasi, isletmelerin imkanlarinin
iyilesmesine, besiciligi profesyonel olarak yapan
igletmecilerin sayisinin artmasina ve igletmecilerin
bilgi diizeylerinin yiikselmesine ve besicilikten elde
edilen gelirin artmasina baglanabilir. Isletmeler
arasinda en yiiksek (%39.8) memnuniyetsizlik orani 6-
20 bas hayvana sahip isletmelerde tespit edilmesi,
memnuniyet sonuglariyla uyumlu bulunmustur.

Siirt ilinde yapilan calismada (Bakir ve Kibar, 2019b)
isletmelerin hayvan sayis1 arttikca isletmecilerin
memnuniyet seviyelerinin azaldig1 ve isi stirdiirmek
istemelerinde bir dalgalanma s6z konusu olsa da, yine
de bir azalmanin oldugu tespit edilmigtir. Bu
bakimdan mevcut ¢alisma ile farklihk gostermigtir.
Ancak Bakir ve Kibar (2019a)’1n Mus ilinde yaptiklar:
calismada, hayvan sayis1 arttikca memnuniyetin
artmasi, bu calisma ile benzerlik géstermektedir. Ozen
ve Olug (1996) calismasinda, isletmecilerin %85.8'inin
memnun, %14.12’sinin  memnun olmadiklarini
bildirmiglerdir. Isletme biiytkligi ile memnuniyet
derecesi arasinda 6nemli (p<0.05) bir iligki tespit
edilmistir. En yiiksek (%86.84) memnuniyet derecesi
6-10 bas hayvana sahip isletmelerde
goriilmustir. 1-5 aras1 ve 11’den fazla bas hayvana
sahip igletmelerin memnuniyet dereceleri sirasiyla
%85.8 ve %83.3 olarak bulunmustur. Mevcut ¢alisma
ile Ozen ve Olug (1996)un sonuclari farklihk
gostermistir. Bu durum, yillar gectikce az hayvan
sayisi ile elde edilen gelirin yeterli olmadig: ve daha

arasi

fazla hayvana ihtiyac oldugu seklinde
yorumlanabilmektedir.
Isletmelerde  yetistirilen  irklar  isletmecilerin

memnuniyet dizeylerini 6nemli derecede etkilemigtir
(p<0.05). Irklar icerisinde isletmecilerin en yiiksek
(%67) memnuniyet orani melez irkinda bulunurken,
bunu kiltiir irk1 izlemistir (Cizelge 4). Isletmelerde en
fazla yetigtirilen irkin melez 1rk oldugu dikkate
alindiginda, en yiiksek memnuniyetin melez 1rk
yetistiren igsletmelerde olmasi beklenen bir durumdur.
Melez 1rkin yetigtirildigi isletmelerde memnuniyetin
diger 1rklarin yetistirildigi isletmelerden ylksek
bulunmas1 dikkat ¢ekici bulunmustur.

Mus ilindeki sigir igletmelerinde igletmecilerin en ¢ok
memnun olduklar: irklar sirasiyla melez, kiltiir ve
yerli seklinde bulunmus (Bakir ve Kibar, 2019a) ve
mevcut ¢calisma ile benzerlik géstermektedir.
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Cizelge 4. Memnuniyetin hayvan sayis1 ve yetigtirilen irka gore degisimi
Table 4. Change of satisfaction according to the number of animals available and breed
Hayvan sayisi (the number of
animals available) Mevcut irk* (Available breed)
Memnuniyet Toplam Melez Melez Yerli+ Toplam
(Satisfaction) 5< 6-20  21-40 41+ (Total) Yerli Kiltir Melez  +Kiiltiir +Yerli Kiiltiir+tMelez  (Total)
Adet 61 65 51 58 235 17 27 63 51 43 36 237
g;’et) % Memnuniyet 26.0 27.7 21.7 24.7  100.0 7.2 11.4 26.6 21.5 18.1 15.2 100.0
s % Hay. sayisi/irk 63.5 60.2 72.9 66.7 65.1 45.9 57.4 67.0 73.9 74.1 63.2 65.5
Adet 35 43 19 29 126 20 20 31 18 15 21 125
(}II\?LY)” % Memnuniyet 27.8 34.1 15.1 23.0  100.0 16.0  16.0 24.8 14.4 12.0 16.8 100.0
% Hay. sayisiirk 36.5 39.8 27.1 33.3 34.9 54.1 42.6 33.0 26.1 25.9 36.8 34.5
Adet 96 108 70 87 361 37 47 94 69 58 57 362
ZFTOftljlf)n % Memnuniyet 26.6 299 194 241  100.0 102 13.0 26.0 19.1 16.0 15.7 100.0
% Hay. sayisi/irk 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
*p<0.05

Cizelge 5. Memnuniyetin bagka bir is yapma ve besicilik yapma sebebine gore degisimi

Table 5. Change of satisfaction according to doing another job and the reason for fattening

Bagka bir i
yapma Besicilik yapma sebebi** (the reason for doing fattening)
(another job)

Memnuniyet Evet Hayir Toplam Baba Sevmek Bagka Baba Baba meslegi Toplam
atisfaction es 0 ota meslegi 1$ yo meslegi+sevme +baska 1s yo ota
(Satisfaction) (Yes) (No) (Total) legi is yok legi k basgka ig yok (Total)

Adet 87 141 228 100 42 41 20 31 234
(E;;I:;) % Memnuniyet 38.2 61.8 100 42.7 17.9 17.5 8.5 13.2 100

% B. is yapma/B. yapma sebebi 70.7 62.1 65.1 69.9 76.4 47.1 71.4 64.6 64.8
q Adet 36 86 122 43 13 46 8 17 127
(I\?O%lr % Memnuniyet 29.5 70.5 100 33.9 102  36.2 6.3 13.4 100

% B. is yapma/ B. yapma sebebi 29.3 37.9 34.9 30.1 23.6 52.9 28.6 35.4 35.2
Tool Adet 123 227 350 143 55 87 28 48 361
(q?é’t :‘1‘)‘1 % Memnuniyet 35.1 64.9 100 39.6 152 24.1 7.8 13.3 100

% B. is yapma/ B. yapma sebebi 100 100 100 100 100 100 100 100 100
**p<0.01
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Besiciligin yaninda bagka bir is yapan igletmecilerin
%70.7 oraniyla sadece besicilik yapanlara gére daha
memnun olduklar1 belirlenmistir (Cizelge 5). Besi
igletmecilerinin 6zellikle hayvan sayis1 az olan kiigiik
aile 1gletmecilerinin, besiden elde edilen gelire ilaveten
baska 1s yaptiklar: i¢cin daha mutlu olmalari anlaml
bulunmustur. Isletmecilerin besicilik yapma nedenleri
frekans degerlerine gore, baba meslegi, bagka 1is
olmamasi besiciligi sevmek seklinde
siralanmaktadir. Besiciligi severek yapan
isletmecilerin frekans degerleri siralamada son sirada
olmasina ragmen, besicilikten en ¢ok memnun
olduklar: belirlenmisgtir.

ve

Han ve Bakir (2009) calismalarinda isletmecilerin
%81.5inin  yapacak bagka isi olmadig1 i¢in
hayvanciliktan memnun olduklarini bildirmiglerdir.
Mevcut calismada ise memnun olan igletmecilerin
cogunlugu baba meslegi oldugu i¢in memnun
olduklarini bulunmustur. Yérenin cografi olarak genis
meralara sahip olmasi nedeniyle hayvanciliga elverigli
olmasi, insanlari hayvanciliga yonlendirmis ve
hayvancilik yillar boyunca siire gelen hem ge¢im
kaynagr hem de bir meslek olarak gorilmustir. Bu
nedenle bu ¢alismada bulunan sonug¢, Han ve Bakir
(2009)'1n bildirdigi sonuctan farklihk géstermektedir.

Besi sonunda hayvanlarini eder fiyata satan
isletmecilerin  %74.7’sinin  besicilikten memnun
olduklar1 belirlenmigtir. Besi sonunda hayvanlarim
eder fiyata satsalar bile isletmecilerin %25.3'niin
besicilikten memnun olmadiklar:i bulunmustur. Besi

sonunda hayvanlarimi eder fiyata satamayan
isletmecilerinde %56.1’'nin  besicilikten memnun
olduklar1 tespit edilmistir. Besicilikten memnun

olmayan isletmecilerin ise %63.9nun hayvanlarini
eder fiyata satamadiklar: belirlenmistir. Bu durumda,
hayvanlarin1  besi sonunda eder fiyata satan
igletmecilerin gogunlugu besicilikten memnun iken,
besi sonunda eder fiyata satamayan isletmecilerin
yariya yakinin da besicilikten memnun olmalari
anlamli bulunmustur. Besi sonunda hayvanlarin
tiiccara satan igletmecilerin  digerlerine  gore
besicilikten daha memnun olduklar1 ve kasap veya
sahislara keserek degerlendirenlerin ise memnuniyet
oraninin %58.1de kaldig1 belirlenmistir (Cizelge 6).

Bakir ve Kibar, (2019b)1n Siirt ilinde isletmecilerin
memnuniyeti ile besi hayvanlarini1 eder fiyata satma
arasinda belirttikleri iligki i1le mevcut calismada
bulunan sonu¢ uyum icerisindedir. Isletmecilerin
memnuniyetleri ve igletmenin strdurilebilirligi igin,
bir emek ve masraf sonunda elde edilen tirtinlerin eder
fiyata satilmasi gerekmektedir.

Besicilikten memnun olan igletmecilerin tamamina
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yakininin  (%97.4)  besicilife devam  edecegi
belirlenmigtir.  Besicilikten memnun olup da
tamamina yakinmi Dbesiciligi devam ettirmelerine

ragmen, besiciligi devam ettirmek isteyenler i¢inde ise

isletmecilerin  %73.2’sinin  besicilikten memnun
olduklar1  belirlenmigtir.  Besicilikten = memnun
olmayan  igletmecilerin  %68.3'intin  besiciligi
sirdirmek istedikleri ve besiciligi slrdirmek
istemeyen isletmecilerin ise %86.7sinin besicilikten
memnun  olmadiklar1  belirlenmigtir.  Besiciligi

surdurme nedenleri frekans degerlerine gore, bagka is
yok, bana yetiyor, karli ve sevmek seklinde
siralanmistir (Cizelge 7). Bu siralanmanin aksine,
besiciligi karli bulan igletmecilerin diger nedenlerle
stirdiiren igletmecilerden daha yiiksek oranla memnun
olduklar1 belirlenmigtir. Baska 1is olmadig1 igin
besiciligi siirdiiren isletmecilerin en dusiik oranla
memnun olduklarn dikkat c¢ekici bulunmustur.
Hayvanciligni  karli olmadigi icin slirdiirmeyen
isletmecilerin tamaminin  besicilikten memnun
olmadiklar: belirlenmistir. Diger yandan besicilikten
memnun olmayan isletmecilerin ise %72.5inin
besiciligi karli bulmadiklar1 i¢in strdirmedikleri
belirlenmigtir. Ayrica, besicilikten memnun olduklar:
halde, olmadigi i¢in  slrdiirmeyen
igletmecilerin oraninin ise (%66.7) azimsanmayacak
oranda bulunmasi dikkat ¢ekici bulunmustur.

Siirt ilinde isletmecilerin isi stirdirmek
istemelerindeki en  6nemli  temel nedenler
hayvanciliktan elde edilen gelirin yetiyor olmasi ve
hayvanciligin  karhh gorilmesi iken, strdiirmek
istemeyenlerde ise hayvanciligin karh gérilmemesidir
(Bakir ve Kibar, 2019b). Yapilan calisma ile mevcut
calisma, hayvancilig: stirdirmeme nedeni bakimindan
benzerlik gosterirken, strdirme nedeni bakimindan
farklihik géstermistir. Diger taraftan, bu ¢alismada
bulunan sonuclar Bakir ve Kibar, (2019a)m Mus
ilinde yaptigi ¢aligma ile uyum igerisindedir. Buradan
yetistiricilerin hayvanciliktan beklentilerinin
bolgeden bolgeye degisiklik gosterdigi  sonucu
cikarilabilmektedir. Soyak ve ark. (2007) Tekirdag
ilinde yapmis oldugu calismada isletme sahiplerinin
%53 Unlin  ¢ocuklarinin bu igle ugragsmamasin
istedigini ve %47’si ise ¢ocuklarinin siit sigirciligini
stirdirmesini istedigini  bildirmiglerdir. Mevcut
calisma ile Soyak ve ark. (2007)'nin sonuclar: farkhilik
gostermistir. Bu durumun sorulan soruya bagh olarak
degigtigi diugtinilmektedir. Yani aileler gocuklarinin
rahat iglerde ¢aligmasini istediginden mevcut
c¢alismada igini siirdirmek isteyenlerin orami daha
yiksek bulunmustur. Ayrica besicilerin siirdiirme
nedenleri igerisinde baska igin olmamasinin oraninin
yiiksek olmasi verdigimiz bilgiyi destekler niteliktedir.

zamanil
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Cizelge 6. Memnuniyetin hayvanlari eder fiyata satma ve besi sonu degerlendirme gére degisimi
Table 6. Change of satisfaction according to selling at value price and fattening end evaluation of animals
Eder fiyata satma**
(Selling at value
price) Besi sonu degerlendirme- (Fattening end evaluation)
Memnuniyet Evet Hayir Toplam Ticcar Ticcar+tkombi  Toplam
(Satisfaction) (Yes) (No) (Total) Tiiccara satma Kasap-sahis kesme +Kasap ne (Total)
Adet 127 98 225 108 36 40 35 219
2;’:5 % Memnuniyet 56.4 43.6 100.0 49.3 16.4 18.3 16.0 100.0
% 74.7 56.3 65.4 71.1 58.1 69.0 64.8 67.2
Adet 43 76 119 44 26 18 19 107
(PII\?(?;H % Memnuniyet 36.1 63.9 100.0 41.1 24.3 16.8 17.8 100.0
% 25.3 43.7 34.6 28.9 41.9 31.0 35.2 32.8
Adet 170 174 344 152 62 58 54 326
a?é’tl:l‘)n % Memnuniyet 49.4 50.6 100.0 46.6 19.0 17.8 16.6 100.0
% 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
**p<0.01
Cizelge 7. Memnuniyetin hayvancilig: stirdiirme, siirdiirme nedeni ve stirdiirmeme nedenine gore degisimi
Table 7. Change of satisfaction according to the reason for maintaining, maintaining and not maintaining animal husbandry
1Stirdirmeyi isteme** 3Surdirmeme nedeni**
Memnuniyet (Ask to carry on) Toplam 2Siirdiirme nedeni** (Reason for carrying) Toplam (Reason for not carrying) Toplam
(Satisfaction) Evet (Yes) Hayir No)  (Total) Karli Bana yetiyor  Bagkaigyok Sevmek  (Total) = Karli degil Zamanyok Sevmiyor (Total)
Adet 229 9 238 66 51 69 27 213 - 6 3 9
?Yveest) % Memnuniyet 96.2 3.8 100.0 31.0 23.9 32.4 12.7 100.0 66.7 33.3 100.0
% 1,2,3 73.2 18.8 65.9 97.1 70.8 58.0 81.8 72.9 60.0 30.0 18.4
Adet 84 39 123 2 21 50 6 79 29 4 7 40
g\?g;r % Memnuniyet 68.3 31.7 100.0 2.5 26.6 63.3 7.6 100.0 72.5 10.0 17.5 100.0
% 1,2,3 26.8 81.3 34.1 2.9 29.2 42.0 18.2 27.1 100.0 40.0 70.0 81.6
Adet 313 48 361 68 72 119 33 292 29 10 10 49
g,;?g;gn % Memnuniyet 86.7 13.3 100.0 23.3 24.7 40.8 11.3 100.0 59.2 20.4 20.4 100.0
% 1,2,3 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

**p<0.01, !Strdiirmeyi isteme, 2Stirdiirme nedeni, 3Siirdiirmeme nedeni
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Ayrica, Unalan ve ark. (2015)1 Nigde ilinde sigir,
koyun ve keg¢i yetigtiricilerinin memnuniyet
diizeylerini belirlemek amaciyla bir calisma yapmistir.
Bu amagla 95 siit sigirciligi igletmesinde anket
yapilmis ve yetigtiricilerin memnun ve memnun
olmadiklar1  konular Dbelirlenmigtir. St si181r1
igletmecilerinin en ¢gok memnun olduklar: ilk 3 konu
sirasiyla yetigtirilen damizlik sigir irki, tiyesi olunan
birligin hizmetleri ve teknik personel hizmetleri olarak
tespit edilmistir. En ¢ok memnun olmadiklar1 ilk 3
konu ise sirasiyla hayvanlarin fiyat artisi, stitiin pazar
durumu ve sutiin satig fiyat1 olarak bulunmustur.
Meveut c¢alisma ile Unalan ve ark. (2015)in
hayvancilig1 siirdirmeme nedenleri arasindaki iligki
benzerlik gostermektedir. Yani hayvancilig:
sirdirmekte en etkili faktériin kazang oldugu
distnilmektedir. Yetistiricilerin hayvanciliktan para

kazanirsa bu 1si yapmaya devam edecekleri
distnilmektedir.

Benzer diger bir ¢alismada, Ozen ve Olug (1996) siit
sigirciligindan  memnun olmayan isletmecilerin
nedenlerini; yem fiyatlarinin ¢ok yiiksek olmasi, siit
fiyatlarinin temel girdilerdeki fiyat artislarini

yakalayamamasi, et, stiit ve Grtinlerinin ithal edilmesi,
kredi faizlerinin yiiksek olmasi, siit yagi primleri
6demelerinin  gecikmesi, st satigt bedellerinin
zamaninda oOdenmemesi seklinde siralamaktadir.
Mevcut calisma ile Ozen ve Olug (1996)'nin sonuglary
benzerlik gostermektedir. Yani hayvanciliga devam
etme nedeni olarak ilk faktérin hayvanciliktan elde
edilen kazan¢ oldugu anlagilmaktadir. Eger
Turkiye’'de sigir isletmecilerinin yaptiklar: ise devam
etmeleri isteniyorsa ya da yeni bireylerin bu meslegi
yapmalar1 arzulamiyorsa ilk yapilmasi gereken
faktorin kazan¢ oldugu karsimiza ¢ikmaktadir. Bu
durumda devlet politikasinin yetistiriciyi destekler
nitelikte olmasi gerekmektedir. Bunun i¢in verilecek
olan destek ve hibelerden ziyade ureticinin urettigi
urinlerin eder fiyatinda onlardan devlet eliyle satin
alinmasinin ¢ok daha faydah olacagi
disunulmektedir. Cunkl isletmecilerin en buylk
problemi hayvanlarin eder fiyata satilacagir pazar
bulma konusu olmustur. Bu konu c¢ozllerek
Tiurkiye'nin hayvancilik konusunda kendisine yeter
seviyeye gelecegi distiniilmektedir.

SONUC

Il genelinde igletmecilerin ¢ogunlugu besicilikten
memnun iken, igletmecilerin sadece %35’inin farkl
sebeplerden dolay1 besicilikten memnun olmadiklar
belirlenmigtir. Isletmecilerin besicilikten
memnuniyetleri, mevki, yas, siire, yetistirilen 1irk ve
hayvan sayisi, hayvanlarin eder fiyata satilmasi gibi
faktorlere gore degismektedir. Isletmelerin bulundugu
mevkiler arasinda memnuniyet bakimindan farklilik
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oldugu ve bu farklihkta mevkilerdeki igletmelerin
hayvan sayisi, yetistirilen 1rk, isletmecilerin yas ve
tecribelerinin 6nemli rol oynadigi belirlenmigtir.
Ornegin, ilceler arasinda en yiiksek memnuniyetin
Korkut ve Varto ilgelerinde tespit edilmesi, bunun agik
bir gostergesidir. Bu ilgelerdeki igletmelerin yukarida
sayilan faktorler bakimindan diger ilgelerden 6nemli
farkliliklar gosterdigi belirlenmistir.

Besicilikte yas bakimindan en yiiksek memnuniyet 41-
50 yas araligindaki igletmecilerde belirlenirken, 51 ve
uzeri yasa sahip isletmeciler ile 30 ve daha geng olan
(ki bunlar hayvanciiga  yeni  baslayanlar)
isletmecilerde memnuniyetin azalmasi1 dikkat gekici
bulunmustur. Geng ve yagh igsletmecilerin besicilikten
memnuniyet oranlarimin  disik olmasi, geng
isletmecilerin tecrubesizligi ve ise olan guivenlerinin
yetersiz olmasindan, yashh isletmecilerin ise
besicilikten  beklentilerinin  kargilanmamasindan
kaynaklandigr distnilmektedir. Memnuniyet ile
igletmelerdeki birey sayisi arasinda o6nemli iligki
bulunmustur. Birey sayis1 4 ve az olan isletmecilerin
en ylksek memnuniyet oranina sahip olduklar1 ve
igletmelerde Dbirey sayis1 arttikga memnuniyet
oraninin azalmasi anlamli bulunmustur. Isletmelerde
birey sayis1 arttik¢a, kisi basina diisen hayvan
sayisinin azaldigir ve buna bagh olarak da gelirinde
azalmasiyla birlikte memnuniyetin azaldigi
dustntulmektedir.

Besicilikten memnuniyete igletmelerde yetistirilen
hayvan sayisinin 6nemli bir faktér oldugu
belirlenmigtir. Hayvan sayis1 5 ve az olan igletmelerde
besicilikten memnuniyet orami %63.5 iken, hayvan
sayis1  arttikca  memnuniyet orami = %72.9a
yukselmigtir. Bu durum, isletmelerin imkéanlarinin
iyilesmesine, besiciligi profesyonel olarak yapan
isletmecilerin sayisinin artmasina ve isletmecilerin
bilgi  diizeylerinin  yukselmesine  baglanabilir.
Isletmelerde yetistirilen hayvan irklar: isletmecilerin
memnuniyet diizeylerini 6nemli derecede etkiledigi
belirlenmigtir. Irklar igerisinde isletmecilerin en
yiiksek (%67) memnuniyet orani melez 1rk da
bulunurken, bunu kiiltir ki izlemistir. Isletmelerde
memnuniyetin  kiltir  wrklarimin  yetistirildigi
isletmelerde degil de melez irklarinin yetistirildigi

igsletmelerde  yluksek  bulunmasi, igletmelerin
gogunlugunda melez wrkin yetistirilmesine
baglanabilir.

Besiciligin yaninda bagka bir is yapan igletmecilerin,
%70.7 oramiyla sadece besicilik yapanlara gére daha
memnun olduklar1 belirlenmigtir. 11 genelinde
igletmelerin 6zellikle hayvan sayis1 az olan kiigiik aile
igsletmecilerinden olustugu g6z oniline alimirsa, bu
isletmecilerin biiytik ¢cogunlugu hayvanciliktan baska
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da is yaptiklar1 ve hayvanciligi gecime katki olarak
yaptiklar1 diigtinilmektedir. Isletmecilerin besiciligi
yapma sebepleri frekans degerlerine gore, baba
meslegi, baska is olmamasi ve sevmek seklinde
siralanmaktadir. Besiciligi severek yapan
isletmecilerin frekans degeri son sirada olmasina
ragmen, besiciligi severek yapanlarin en ¢ok memnun

igletmeciler oldugu belirlenmigtir. Besi sonunda
hayvanlar1 eder fiyata satma igletmecilerin
besicilikten memnuniyetini 6nemli sekilde

etkilemigtir. Buna karsin, besi sonunda hayvanlarini
eder fiyata satsalar bile isletmecilerin %25.3inlin
besicilikten memnun olmadiklari bulunmustur. Bu
igletmecilerin elde edilen gelirin toplamda ¢ok
memnun edici bulmadiklar: diusinialmektedir. Besi
sonunda hayvanlarim1 eder fiyata satamayan
isletmecilerin  %56.1'inin  besicilikten memnun
olduklar: tespit edilmistir. Bu igletmecilerin yapacak
bagka iglerinin olmadig: i¢in besicilige devam etmek
zorunda olduklar1 distntulmektedir. Besicilikten
memnun olan igletmecilerin tamamina yakininin
besiciligi devam ettirecegi belirlenmigtir.

Besicilikten memnun olmamalarina ragmen, %68.3
gibi  o6nemli bir igletmeci grubunun besiciligi
stirdirmek istemeleri, besiciligi siirdirme nedenleri
arasinda bulunan yapacak baska isin olmamasi ve elde
edilen gelirin yeterli goriilmesi ile agiklanmaktadar.
Bagska is olmadigi i¢in  besiciligi  strdiren
isletmecilerin en digiik memnuniyet oranina sahip
olmalar1 da bunun baska bir géstergesi olarak kabul
edilebilir. Ayrica, besicilikten memnun olduklar:
halde, zamani olmadig1 i¢in besiciligi stirdirmeyen
isletmecilerin de oldugu tespit edilmigtir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cgkar
catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT

Internal and external quality characters of poultry eggs are quitely
important to determine egg weight. Also, the quality of eggs is
important for both hatching and egg production. The purpose of this
study was modelling of egg weight with the MARS (Multivariate
Adaptive Regression Splines) method using inner and outsider quality
characters of egg in Lohmann LSL Classic white hybrit flock. For this
purpose, the eggs of the Lohmann LSL Classic white hybrid flock
(n=60) were used. Weekly egg yields were evaluated from the 22nd
week to the 62nd week. In the research, for the prediction of
dependent and continuous variable egg weight; shape index (SI), shell
breaking resistance (SBS), shell weight (SW), shell thickness (ST),
yolk diameter (YD), yolk width (YW), yolk height (YH), color (YC ),
albumen length (AW), albumen height (AL) and albumen height (AH)
were used. In order to obtain perfect goodness of fit, in the “earth”
package of the R program, the definitions of penalty -1, degree = 2,
nprune = 10 and nk = 60. The research, the mars prediction model was
determined such as EW = 63.1-0.906 * max (0,75-SI)-0.32 * max (0, SI-
75) -62.4 * max (0,0.57-ST) -354 * max (0, ST-0.57) + 1.13 * Groupa2 *
max (0, 75-SD + 1.49 * (0.0.57-ST) max * YD + 8.2*max(0, ST 0.57) *
YD-0.02*(0 YD-38.5)max* YC-0.0366*YH * max(0,13-YC). As a result,
some quality variables were found to be important in determining egg
weight. Variables such as group a2, SI, YC, ST, YD, YH to estimate
the weight of the egg determined as the dependent variable were used.
Other variables are not included in this equation. In the poultry, the
MARS prediction model may be a better alternative to classical
nonlinear models in predicting egg weight since that it is easier and
has higher accuracy.
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R kullanarak Mars Veri Madenciligi Algoritmasi ile Yumurta Agirhig Tahmini

OZET

Kanatli hayvanlarda, yumurta agirligini belirlemede yumurtanin ig¢
ve dis kalite ozellikleri oldukca oOnemlidir. Yumurtanin kalite
ozellikleri, gerek kulucka uretimi ve gerekse yemeklik yumurta
uretimi agisindan biyik 6nem tasimaktadir. Bu ¢alismanin amaci,
Lohmann LSL Classic beyaz hibrit sirii yumurtalar1 kullanilarak
yumurtanin ic dig kalite 6zellikleri ile yumurta agirliginin tahminini
MARS (Multivariate Adaptive Regression Splines) yontemi ile
modellemektir. Bu amaci gerceklestirmek igin Lohmann LSL Classic
beyaz hibrit siirii (n = 60) yumurtalar: kullanildi. Haftalik yumurta
verimleri 22. haftadan 62. haftaya kadar degerlendirilmistir. Bagimli
ve stirekli degisken olarak belirlenen yumurta agirhgini (EW) tahmin
etmek icin; sekil indeksi (SI), kabuk kirilma mukavemeti (SBS),
kabuk agirligi (SW), kabuk kalinhig1 (ST), yumurta saris1 capr (YD),
yumurta sarisi genisligi (YW), yumurta saris1 yiiksekligi (YH),
yumurta saris1 rengi (YC) albiimin genisligi (AW), albiimin uzunlugu
(AL), albiimin yiiksekligi (AH) kullanilmistir. Mitkemmel uyum iyiligi
elde etmek i¢in, R programinin “earth” paketinde, penalty = -1, derece
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= 2, nprune = 10 ve nk = 60 tanimlar1 yapildi. Arastirma sonucunda
mars tahmin modeli, EW = 63.1-0.906 * max (0,75-SI) -0.321 * max (0,
SI-75)-62.4*max(0,0.57-ST)-354*max(0,ST 0.57)+1.13*Groupa2*max
(0,75-SD+1.49* max(0.0.57-ST) * YD + 8.2 * max(0, ST-0.57)*YD-
0.02*max(0  YD-38.5)*YC-0.0366*  YH*max(0,13-YC) olarak
belirlendi. Sonug¢ olarak, bazi kalite degiskenlerinin yumurta
agirliginin  belirlenmesinde o6nemli oldugu bulunmustur.Bagimh
degigken olarak belirlenen yumurtanin agirligini tahmin ederken a2,
SI, YC, ST, YD, YH gorilurken, diger degiskenler bu denkleme dahil
edilmemigtir. Tavukc¢ulukta, MARS tahmin modeli, daha kolay
formiil ve daha yiksek dogruluk ile yumurta agirligini tahmin etmede

klasik lineer olmayan modellere daha iyi bir alternatif olabilir.

To Cite : Canga D, Yavuz E, Efe E 2021. Egg Weight Estimation with Mars Data Mining Algorithm Using R. KSU J. Agric Nat
24 (1): 242-251. https://doi.org/10.18016/ksutarimdoga.vi.716880.

INTRODUCTION

Today, nutrition is one of the most important problems
of people. For a healthy diet, the energy and nutrients
of the body should be taken completely. Chicken meat
and egg production meets people's daily protein and
vitamin needs. Eggs are a food source with full
biological value (Dogan, 2008; Durmus, 2015). For this
reason, studies on egg quality have an important place
in numerous researches on eggs. Quality of an egg
depends on the inner (albumin weight, yellow weight)
and outer (shell weight) quality characteristics.
(Orhan et al., 2016; Altan, 1993). Orhan et al 2016 used
a regression tree method based on the CHAID
algorithm to estimate the egg weight and achieved a
high accuracy of 98.988%. In his research, he obtained
the highest EW (71.963 g) from eggs with AW 41 g and
YW> 17 g. Aktan (2004) found significant correlations
between egg weight and, albumen and yolk weight
(0.489, 0.796). Alkan et al. (2010); reported that egg
weight, shell weight, shell thickness, yolk weight and
albumin weight are important features to determine
egg quality. Akan (2011) stated that there is a positive
correlation between egg weight and albumin weight. In
recent years, one way to produce estimates in the
decision making process 1s also to use statistical
methods especially in the field of data mining. These
methods involve artificial neural network (YSA),
decision trees and multivariate adaptive regression
splines (MARS) as well as the others., YSA are
information processing systems based on the structure
and functioning of the biological nervous system,
especially the human brain. The MARS algorithm is a
data mining technique that can be used to solve
classification and regression-type problems (Friedman
1991, Hastie et al 2009). Regression analysis is the
most commonly used statistical technique to
investigate and model the relationship between
variables. There are many regression models used for
various purposes such as data analysis and parameter
estimation. One of these regression models, MARS
algorithm, is a non-parametric regression method that
succesfully describes the complex relationships
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between sets of dependent and independent variables.
It is a nonparametric process to adapt to adaptive
regressions that use some piecewise functions to define
the relationships between sets of response(s) and
predictors. Therefore, a functional relationship
between dependent and independent variables is not
accepted before analysis. In the method, MARS,
regression and tree techniques were combined (Kibet
2012, Yakubu 2012). The MARS algorithm aims to
optimize the fit of a dependent variable to the data by
using the least squares method such as regression.
Unlike regression, MARS allows the definition of more
complex terms than those in the model that are linear
and additive. Like decision trees, the MARS algorithm
segments data, but unlike decision trees, MARS allows
the capture of linear and additional relationships to be
split over all nodes at every step.

Categorical or continuous characteristics can be
modelled in this technique (Kibet 2012). MARS divides
the data segments at equivalent intervals (Friedman
1991, Sevimli 2009, Kibet 2012). In each segment,
MARS divides the data into several subgroups. Many
nodes have been created by MARS. These nodes can
exist between different input variables or different
ranges in the same input variable to separate
subgroups. MARS performs successfully in finding
optimal variable transformations and interactions,
which are complex data structures that often hide
high-dimensional data (Steinberg 2001, Deconinck et
al 2005, Yerlikaya 2008, Oguntunji 2017, Aksoy et al
2018a, Celik 2019).

In this study, theoretical information about MARS
algorithm was given. With the given algorithm, it was
aimed to calculate the eligibility criteria for the
predictive performance of the "earth" package and
"ehaGOF" package that will be used effectively in
MARS analysis. The effective use of more than one
continuous or discontinuous independent variable was
demonstrated in the context of estimating a continuous
dependent variable. The outputs obtained with the
prediction equation created was easily interpreted.

Therefore, the aim of this study was to estimate
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selected quality features and to show the most effective
estimators of these features by determining egg weight
by using MARS data mining algorithm. In poultry
production, prediction studies with this method are not
common and classical methods are stil dominant. With
this study, a new approach was tried to be presented
to researchers working in this field.

MATERIAL and METHOD
Material

The research data on egg external and internal traits
in the prediction of egg weight were obtainedfrom the
experiment conducted in KSU, Faculty of Agriculture,
Department of Animal Science during the year 2015.
The obtained data was measured from the eggs of
Lohman LSL Classic white hybrid chickens randomly
matched without selection between the ages of 17-20
weeks (n = 60). For the study, weekly egg yields was
evaluated from the 22nd week to the 62nd week. The
study was aimed to estimate the egg weight (EW) as a
continuous dependent variable. Shape index (SI), shell
breaking strength (SBS), shell weight (SW) , shell
thickness (ST), yolk diameter (YD), yolk width (YW),
yolk heigth (YH), yolk color (YC), albumen width (AW),
albumen length (AL), albumen height (AH) were
considered as independent variables for egg weight
prediction. Descriptive statistics of the variables
examined in the study are presented in Table 1.

Table 1. Descriptive statistics of the studied explanatory

variables
Cizelge 1. Incelenen aciklayici degiskenlerin tanimlayict
1statistikleri
Variables N Min. Max. Mean Std. Dev.
EW 57 58 64 60.59 1.407
ST 57 71 83 76.24 2.689
SBS 57 0 3 0.82 0.669
SW 57 7 11 8.28 0.790
ST 57 0 1 0.40 0.152
YD 57 36 47 40.93 2.828
AW 57 61 88 70.37  5.960
AL 57 42 117 88.21 10.258
AH 57 5 12 8.45 1.506
YH 57 16 22 19.02 1.185
YcC 57 10 15 12.95 1.156
Yw 57 13 19 1575 1.034
Method
The Multivariate Adaptive Regression Splines (MARS)
algorithm, which provides high dimensional

relationships between dependent and independent
variable sets, does not require any assumptions about
the distribution of the variables. The MARS algorithm,
also known as the nonparametric regression method,
allows researchers to create a prediction equation
(Sevimli 2009, Kibet 2012, Aksoy et al 2018b).
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The MARS algorithm is based on an adaptive
regression approach that uses forward and backward
procedures to generate the basic functions and to select
the positions of the nodes. In each forward procedure,
the entire area is subdivided and the nodes are added
to their corresponding basic functions. In the backward
procedure, unnecessary basic functions are deleted.
This sustainability process is known as “pruning” and
the optimal number of nodes can be found using
general cross validation (GCV) (Kibet 2012, Zhang and
Goh, 2016, Aytekin et al 2018, Celik and Yilmaz 2018,
Eyduran et al 2017c, Sevgenler 2019, Eyduran et al
2019a, Canga and Boga 2019). In general, more basic
functions (selected from a set of possible basic
functions) are added to the model to maximize the
goodness of fit criteria for the least squares. As a result
of these operations MARS automatically determines
the most important independent variables and the
most important interactions between them. MARS is
very good at finding optimal variable transformations
and interactions, as well as the complex data structure
that often hides high-dimensional data. The MARS
model discovered by Friedman (1991) is a flexible
nonparametric regression model for high dimensional
data. Friedman (1991) extended the MARS
methodology to the model with nominal categorical
explanatory variables for which normal definitions of
regularity are not applied.

Data mining techniques can be a good option to
describe complex relationships. MARS is a non-
parametric data mining technique that does not
require assumptions such as normality and fixed
variance (Kibet 2012, Eyduran et al 2019a, Celik and
Boydak 2020. The MARS algorithm reveals the
nonlinear and interaction effects between predictors
and responses. Model's prediction accuracy increases
as GCV (prediction error) decreases (Eyduran et al
2019a, Sevgenler 2019, Erturk et al 2018; Celik 2019).

Formation of basis functions

Parametric and nonlinear MARS method, contrary to
linear methods, takes into account subsets of variables
(Xu et al, 2006). In other words, the space created by
the predictive variables is divided into many
overlapping regions. Thus, it is created spline
functions and these regional regression spans are also
called the basic function (Put et al, 2009). The
structural model constrcuted with MARS uses the
piecewise linear basis functions expansion, which is
shown in the form (x - t)+ and (t - )+

If the desired condition cannot be met in order to
indicate the positive part of the "+" subscript, the value
of the basic function (BF) will be zero and this is
expressed as follows (Friedman 1991, Steinberg 2001,
Deconinck et al 2005, Banks 2001, Sevimli 2010,
Orhan et al 2018, Celik and Boydak 2020).
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x—t,x>t
BF;(x) = (x — t), = max(0,x — t)=( 0, x<t 1 RMSE = /%Z?ﬂ(yi —9)2 (6)
t—x,x<t 4. Mean error, ME :
BF,(x) = (t — x), = max(0,t — x)= ( 0 x>t 2
, X = 1 -
ME = 3L, (vi = 9) @
Another representation of the basic functions (x - t)+ 5. Mean absolute deviation. MAD:
and (t - x)+is x - t = max (x-t, 0) and (t - ¥)+ = max (t-x, ' ’
0). MAD = =31y, = il (®)
The equation of the generalized MARS prediction o ) )
equation for the default system that generates the data 6. Standard deviation ratio, SDratio’
is given as follows ((Friedman 1991, Hastie et al 2001, Sp.. = Sm )
Banks 2003, Ko et al 2008, Kibet 2012, Eyduran et al ratio T sy

2017a, Eyduran et al 2017d, Celik and Yilmaz 2018,
Sevgenler 2019):

9 = Bo + 2ot B T htam Koromy) (3
where;
¥+ Estimated value of dependent variable,

By : constant,

B, : regression coefficient,

hkm(X,,(k,m)) :basic function, the of the
independent variable of component m of the multiplier
k.

K,, , i1s the parameter that limits the degree of
interaction. Backward procedure in the screening
process, GCV is used to compare the performance of
model subsets to select the best subset. Lower GCV
values are better at this step. GCV is a form of
regularization that reveals goodness of fit against
model complexity. Pruning algorithm is made by GCV
method. GCV takes into account both the error of
residuals and the model complexity, and the GCV
value is calculated by the formula in equation (4):

n 52
GOVQD) = Yie1 i — 90

MO
Here: [ ]

n
n: Number of eggs in the experiment,

y;- Dependent variable; observed weight for i-th egg,
9;* Predicted weight for i-th egg,

M()\): A is the function of the complexity of the model
that contains the terms.

Goodness of fit criteria used for measuring the
predictive accuracy of the MARS model are formulated
below (Kibet 2012, Eyduran et al 2017a, Eyduran et al
2017d, Celik and Yilmaz 2018, Sevgenler 2019; Celik
2019) :

1. Pearson correlation coefficient (r) between real and
predicted values of the dependent variable ,

index

(4)

2. Akaike information criterion, AIC
AH?=anEZ£J%—§Jﬂ+2kif n/k>40 (5)

2k(k+1)
n—-k-1

AlC, = AIC +

, otherwise

3. Root-mean-square error, RMSE:
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7. Global relative approximation error, RAE:

n )2
RAE = [E=iidi (10)
Zi=1Yi
8. Mean absolute percentage error, MAPE:
MAPE =231, |%| .100 (11)
9. Performance index:
S i-9)?
p=X"r"" 100 (12)

I, i
where: n is the number of egg weight in data set, k is
the number of model parameters, yi is the real value of
the dependent variable (egg weight), ¥, is the predicted
value of yi, Sm is the standard deviation of the model
errors, Sd is the standard deviation of the dependent
variable. Sd ratio for ensuring a good fit should be less
than 0.40 and, for a very good fit Sd ratio should be less
than 0.40 and, for a very good fit Sd ratio should be less
than 0.10 (Grzesiak and Zaborski 2012, Eyduran et al
2017, Orhan et al 2018, Celik 2019; Celik and Boydak
2020).

Data mining techniques can be a good option to
describe complex relationships. MARS is a non-
parametric data mining technique that does not
require assumptions such as normality and fixed
variance. The MARS algorithm reveals the nonlinear
and interaction effects between predictors and
responses. Model's prediction accuracy increases as
GCV (prediction error) decreases (Eyduran et al 2019a,
Sevgenler 2019, Erturk et al 2018).

Statistical analysis

In the study, "earth" and "ehaGoF" packages were
loaded using R STUDIO program and analysis of
MARS algorithm was provided (R Core Team, 2014).
Definitions used for the MARS algorithm were given in
appendix.

RESULTS and DISCUSSION

In this study, R commands for estimating egg weight,
which is the dependent variable, are determined. The
script prepared for MARS analysis related to egg
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weight is presented in Figure 1 (Eyduran et al 2019a,
Sevgenler 2019).

The codes of the prediction equation of the MARS
model are given in the Appendix. The penalty =-1 and
degree = 2 limitations are made in the earth package
of the MARS algorithm used to estimate the egg
weight. When summary results of MARS model were
evaluated, it has been shown that the results have
sufficient prediction performance (Friedman 1991,
Steinberg 2001, Deconinck et al 2005, Erturk et al
2018, Millborrow 2018, Sevgenler 2019).

The prediction equation of the MARS results is given
below:

EW= 63.1-0.906 * max(0,75-SD)-0.321 * max(0,SI -75)-
62.4 * max(0,0.57 -ST)- 354 * max(0,ST -0.57)+ 1.13 *

Groupa2*max(0,75-SD+ 1.49 * max(0,0.57 -ST) * YD+
8.2 * max(0,ST-0.57) * YD-0.0291 * max(0, YD-38.5) *
YC -0.0366 * YH* max(0,13-YC).

When the basic functions are written in this equation,
EW= 63.1-0.906 * BF1-0.321 * BF2- 62.4 * BF3- 354*
BF4+1.13 * BF5+ 1.49 * BF6 + 8.2 * BF7- 0.0291 * BF8
-0.0366 * BF9” is obtained.

When the estimation equation is analyzed, it is
expected that the variables in the 6th, 7th and 8th
terms will have a positive effect on the dependent
variable egg weight, while the other terms will have a
negative effect (Eyduran et al 2019a, Orhan et al 2018,
Celik and Boydak 2020, Sengul et al 2018). In Table 2,
the coefficients of the estimation equation are given.

hydata <- read.table("D:/articlemars.txt",header
str(mydata)

install.packages("earth")

library(earth)

ml=earth(Ew-.
summary(ml, digits=3, style="max")
evimp(ml)

n=-Tength{mydataiEw)

n ## sample size

k= length(miiselected. terms)

k

cor.test(mydatalEw, predict(ml))

Pearsoncorr

bx<-model.matrix(mydata)

a. Tm<-Im(mydatasew-bx[,-1])

summary(a.1m, digits=3, style="max")
error=mydatafEwW-predict(ml)

sdratio=round(sdierror) /sd(mydataleEw), digits=3)
sdratio
Coefofvariation=round(sd({error)*100,/mean(mydataiew) ,
Coefofvariation

RMSE=round(sqrt(mean(errors2)), digits=3)
RMSE

MSE=round( (meanerror~2}), digits=6)
MSE#the expected ME is zero

GCV=mligcv

GCWV

ME=round( (mean(error)), digits=3)

ME

RAE#Smaller is better

MAPE=round (mean(abs (error/mydatatew) ) #1000, digits=4)
MAPE#Smaller is better

MaD=round (mean(abs(error)), digits
MAD#Smaller is better

3)

Rsqg#Greater is better
adjrRsg=round(1-((1- Rsqg)*(n-1)
AdjrRsg#Greater is better

(n-k-1)), digits=3)

AIC# Ssmaller is better

AICc#smaller is better

Pearsoncorr=round(cor (mydatalew, predict(ml)), digits

T)

, data=mydata, penalty=-1, degree=2,nprune=10,

digits=2)

RAE=round (sqrt(sum(error ) /sum(mydatatewr2)), digits=3)

Rsg=round(1- (sum(errorA2)}/(var (mydata$eEw)*(n-1))), digits

AIC=round(n*Tog(mean(errors2), base=exp(l))+2*k, digits=0)

ATCc=round(n*Tog(mean(errors2), base=exp(1))+(2%k)+(2%k* (k+1)

3)

nk=100, pmethod="backward”, keepxy=T)

= 3)

(n-k-133, digits=0)

Figure 1. R script file used to determine for egg weight
Sekil 1. Yumurta agirligini belirlemek i¢in kullanilan R komut dosyasi

If the difference between the node and observation
value in above expressions regarding the basic
functions given in Table2 is positive, this difference
should be multiplied by the corresponding prediction
coefficient in the model function. If the difference is
negative, the basic function does not contribute to the
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model by taking the value of zero, in another word it
is masked (Orhan et al 2018, Sahin et al 2018, Eyduran
et al 2019a). Detailed examinations about this
situation are mentioned in the literature (Sevimli
2009, Kibet 2012, Eyduran et al 2017a, Eyduran et al
2017d, Celik and Yilmaz 2018, Sevgenler 2019,
Eyduran et al 2019a; Sahin et al 2018).
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Table 2. Results of the MARS model regarding the basic functions and coefficients in the prediction of egg weight
Cizelge 2. Yumurta agirliginin tahmininde temel fonksiyonlar ve katsayilara iliskin MARS modelinin sonuglar:

Terms Basis Function
Intercept
1 BF1 max(0,75-SI)
2 BF2 max(0,SI -75)
3 BF3 max(0, 0.57-ST)
4 BF4 max(0,ST -0.57)
5 BF5 Groupa2*max(0,75-SI)
6 BF6 max(0,0.57-ST)*YD
7 BF7 max(0,ST-0.57) * YD
8 BF8 max(0, YD-38.5) * YC
9 BF9 YH*max(0,13-YC)

Selected 10 of 45 terms, and 6 of 16 predictors

Coefficients
63.1
-0.906
-0.321
-62.4
-354
1.13
1.49
8.2
-0.0291
-0.0336

Termination condition: RSq changed by less than 0.001 at 45 terms
Importance: SI, Groupa2, YC, ST, YD, YH, Groupa3-unused, Groupa4-unused, Groupab-unused,

Number of terms at each degree of interaction: 14 5
GCV 0.7562 RSS45.1 GRSq 0.607 RSq 0.607

In Figure 2, the functions of the prediction equation
obtained with the MARS algorithm and the coefficients
of this function are given. In the MARS prediction
model, the coefficient of determination was calculated
as RZ2=0.61. To obtain a smaller MARS model than the
model obtained by default (with 10 terms selected), a
small nprune with big nk and penalty = -1 and any
desired term number is suggested. The predictive
accuracy of the model increases as GCV decreases
(Milborrow 2018, Eyduran et al 2019). In the study, a
sufficient prediction model corresponding to the lowest
GCV (0.752) value was produced. The results of the
importance test of bound coefficients of the prediction
equation produced by MARS algorithms are presented

in Table 3 (Orhan et al 2018, Sengul et al 2018, Celik
and Boydak 2020).

From Table 3, it was understood that all coefficients
related to MARS estimation model were found
statistically significant (P <0.001).

Looking at these results in Figure 3, the Pearson
correlation coefficient between observed and predicted
values was found to be 0.779 and the standard
deviation ratio = 0.43, which means a sufficient fit
(Grzesiak and Zaborski 2012, Erturk et al 2018,
Eyduran et al 2019a). As a sophisticated approach, in
the prediction model created by the MARS algorithm,
the prediction of the dependent variable complies with
the results of the previous studies such as Eyduran

> summary(nl, digits=3, style="max")

penalty=-1, nk=100)

selected 10 of 45 terms, and & of 16 predictors
Termination condition: RSg changed by Tess than 0.001 at 45 terns

Number of terms at each degree of interaction: 14 3
GCv 0.752  Res 45,1 GRsg 0,607 Rsg 0,607

»> Ml=earth(Ew~., data=mydata, pemalty=-1, degree=2,nprune=10, nk=100, pmethod="backward", keepxy=T)

call: earth(formula=Ew~., data=mydata, pmethod="backward", keepxy=T, degree=2, nprune=10,

W=
83.1
- 0.906 * max(0, 75 - 5I)
- 0.321 * max(0, 51 - 75)
- 62.4 * max(0, 0.57 - 5T
- 354 % max(0, 5T - 0.57)
+ 1.13 * Groupa? * max(0, 75 - 51)
+ 1.49 * max(0,  0.57 - ST) * YD
+ 8.2 * max(0, ST - 0.57) *YD
- 0.0291 * max(0, YD - 18.5) * ¥
- 0.0366 * YH * max(0, 13 - YC)

Inportance: SI, Groupa2, YC, ST, YD, YH, Groupa3d-unused, Groupad-unused, Groupas-unused, ...

Figure 2. Summary results of the MARS estimation model1l

Figure 2. MARS tahmin modelinin ézet sonuglari
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Table 3 . Significance test results of coefficients in MARS algorithm

Cizelge 3. MARS algoritmasinda katsayilarin onem testi sonuglari
Basic function Estimate Std.Error P value

Intercept 63.1 0.44974 < 2e-16 ***

BF1 max(0,75-SI) -0.906 0.07453 3.52e-05 ***
BF2 max(0,SI -75) - 0.321 114.25216 0.002502 **
BF3 max(0, 0.57-ST) -62.4 24.09248 0.001875 **
BF4 max(0,ST -0.57) -354 2.68459 0.002479 **
BF5 Groupa2*max(0,75-SI) 1.13 1.4664 3.83e-06 ***
BF6 max(0,0.57-ST)*YD 1.49 0.60875 0.001663 **
BF7 max(0,ST-0.57) * YD 8.2 1.95565 0.001246 **
BF8 max(0, YD-38.5) * YC -0.0291 0.04610 0.000108 ***

*%: p<0.01; ***: p<0.001

and et al (2019a) and Celik and Boydak (2020). In the
study, the SD rate of MARS was found to be 0.43. This
shows that MARS model provides fit well. Here it has
mainly been aimed at showing how to use the model.
Therefore, it is suggested that it would be more
appropriate for researchers to work on new researches
with higher results.When these results are examined
in Figure 3, the importance level of the variables has
been determined with evimp (marsresult) command.
Results of this command show the relative importance
of statistics of goodness of fit. Shape index value has
the highest relative importance (100%) in the
prediction of egg weight. GCV criterion (81.1%) and
RSS criterion (81.1%) of the 2nd group denoted by
“groupa?2” are also shown. Special statements can be
made with the command "n <-length (mydata $
WEANINGW)" to test the significance of the terms.

In a study by Orhan et al (2016), they tried to find EW
estimation using ridge regression (RR), multiple linear

regression (MLR) and regression tree analysis (RTM)
methods. In their study, they used only SW, AW, YW
independent variables in EW estimation. However, in
this study, almost all of the inner and outer quality
features of the egg to determine egg weight were used.
In this way, it was tried to determine which quality
features should be used with the best MARS
estimation equation in EW estimation.

Looking at Figure 3, it is seen that 6 of these features
are important. In the EW estimation, it was seen that
the SI variable was important in the first degree with
its 100% significance level, while the study conducted
by Orhan et al (2016) showed that the AW variable was
important in the first place. When the results of this
research are evaluated by looking at the literature,
more detailed results about EW estimation appear as
the number of variables related to quality
characteristics increases (Orhan et al 2016, Sengul et
al 2020).

= evimp(ml)

nsubsets gcv rss
SI 9 100.0 100.0
Groupaz 7 Bl1.1 81.1
Y 6 353.7 55.7
ST 5 47.5 47. 5
YD 3 3B.5 38.5
YH 1 21.5 21.5
= n<-Tlength{mydataieEw)

= N ## sample size
[1] &0
- k= lengthi(mliselected.terms)

[1] 10
- cor.test(mydatatew, predict{ml))

Pearson's product-moment correlation

data: mydata%eEw and predict{ml)
T = 9.4576, df = 38, p-wvalue = 2.352e-13

95 percent confidence interwal:
0.65343580 0.8622601
sample estimates:

cor
0.77B867E
= Pearsoncorr=round{cor {(mydatal$ew, predict({ml)),

> PEArsoncorr
EW
[1,] 0.779

- k ## number of selected terms in the Mars predictive model in training set

alternative hypothesis: true correlation is not equal to O

digits = 3)

Figure 3. Summary results of the MARS estimation model2

Sekil 3. MARS tahmin modelinin 6zet sonuglari2
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Finally, the model evaluation was performed using the
ehaGoF package developed by Eyduran (2019b) for
goodness of fit criteria (Table 4). In "ehaGoF" package
output, the Akaike’s information criterion (AIC) is
preferred when the n/k is greater than 40. It is worth

Table 4 . Goodness of fit criteria for MARS algorithm
Cizelge 4. MARS algoritmasi i¢in uyum iyiligi kriterleri

noting that otherwise there is a warning that the
corrected Akaike’s information criterion (AICc) should
be used (Eyduran et al 2017b, c). Goodness of fit
criteria are presented in Table 4 .

criterion
Root mean square error (RMSE)
Relative root mean square error (RRMSE)
Standard deviation ratio (SDR)
Coefficient of variation (CV)
Pearson's correlation coefficients (PC)
Performance index (PI)
Mean error (ME)
Relative approximation error (RAE)
Mean relative approximation error (MRAE)
Mean absolute percentage error (MAPE)
Mean absolute deviation (MAD)
Coefficient of determination (Rsq)

© 00 I O O x W N

el
w N = O

Adjusted coefficient of determination (ARsq)
Akaike's information cCriterion (AIC)

==
(G2 TN

Corrected Akaike's information criterion (AIC.)

Value
0.752
1.431
0.627
1.440
0.779
0.804
0.000
0.000
0.002
1.140
0.689
0.607
0.527
2.889
7.379

Also, goodness of fit statistics such as AIC, AlCc,
RMSE, Sdratio, RZ and MAPE have been reported by
some authors that models with the smallest value are
the most suitable models (Orhan et al 2016, Celik et
al., 2017; Eyduran et al 2017¢, Celik 2019; Sengil et al
2020; Celik and Boydak 2020; Koyun and Celik, 2020).

The findings were found to be compatible with the
results of some recent studies on this subject (Eyduran
et al 2017¢; Eyduran et al 2019a, Zaborski et al 2019;
Akin et al 2020, Celik and Boydak 2020). In this study,
nprune = 10 and penalty = -1 were taken to prevent
negative cross-validation value. Because in cases
where the data set is small, the measurements should
be made quite precisely (Milborrow 2018; Eyduran et
al 2019a). In other words; with the backward
elimination process, a model having the lowest GCV
and nprune or less terms is selected. Therefore, the
nprune command specifies the maximum number of
terms allowed in the final model. This problem was
solved by taking Penalty = -1.

Sum up , in the research, Theoretical information
about the MARS algorithm is given and the prediction
equation of the MARS algorithm is created with the
codes that enable the "earth" package to be used
effectively in terms of MARS analysis. Detailed results
of the R resulting from these coding are included. Thus,
it was thought that this would be important in future
studies for the comprehensibility and progress of the
subject.
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CONCLUSION and SUGGESTIONS

In the study, independent variables of the shape index
(SD), group a2, egg yolk color (YC) and shell thickness
(ST), egg yolk diameter (YD), yolk height (YH) were
effective in estimating the egg weight (EW) determined
as the dependent variable. Other independent
variables of SBS, SW, YD, AW, AL, AH, YW could not
enter the model. The prdiction equation showed a
medium level fit (SDR = 0.43) to the observed data.
Looking at the coefficients in the estimation equation;
While EW estimation, group a2, yolk diameter (YD),
shell thickness (ST) variables positively affect; Shape
index (SD), yolk color (YC), and yolk height (YH)
variables affect negatively.

It can be concluded that this was due to the high
variation in the data. In agriculture and animal
science, this situation could be frequently encountered
due to the sensitivity of the research and research
material to environmental conditions. For this reason,
researchers are especially recommended to work with
low variation and high accuracy data in their studies
with the MARS algorithm, which we recommend as a
new method.
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APPENDIX

For the MARS algorithm using the R studio program,
the following definitions have been made:
ml=earth(EW~., data=mydata, penalty=-1,
degree=2,nprune=10, nk=60, pmethod="backward",
keepxy=T)

summary(m1, digits=3, style="max"

The following R definitions are used to test the
significance of coefficient for terms created from
important variables as follows : .
bx<-model.matrix(mydata)

a.lm<-lm(mydata$ EW~bx[,-1])

summary(a.lm)

evimp(m1)



