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ABSTRACT
In this study, an evaluation of the protective effect of lyophilized
ethanolic Achillea arabica Kotschy. extract was investigated on the
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Achillea arabica Kotschy. L'i.yoliﬁlize Etanolik Ekstresinin Streptozotosin ile Diyabet Olugturulan
Ratlarin Adacik B Hiicreleri Uzerindeki Koruyucu Etkileri

OZET Aragtirma Makalesi

Bu c¢alismada, Achillea arabica Kotschy. liyofilize etanolik

ekstresinin, streptozotosin (STZ) ile diyabet olusturulan ratlarda Makale Tarihgesi
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hiicre indeksini ve kan insulin ve C-peptid seviyelerini anlaml olarak
distirdigi belirlendi. Aa ekstre uygulamasinin, glibenklamid ile
tedavi edilen ratlara benzer olarak, adacik histolojisinde, ¢ap /
alaninda, B-hiicre indeks degerlerinde, kan insulin ve C-peptid
seviyelerinde, diyabetik ratlar ile kiyaslandiginda, iyilesmeye neden
oldugu gozlendi. Elde edilen bulgular Aa ekstresinin pankreas
adaciklarinda, B-hiicre onarimini ve yenilenmesini saglayarak,
koruyucu potansiyele sahip oldugunu géstermektedir.

Diabetes mellitus (DM), which is a grave metabolic
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abnormalities, and is one of the most serious diseases
affecting public health globally. DM was reported as
the cause of 1.5 million deaths in 2012 by the World
Health Organization. It is estimated that the number
of people suffering from DM will reach 642 million by
2040. Although the main cause of DM is unknown thus
far, researchers believe that the disease is related to
genetic and environmental factors, modern life style,
unhealthy diet, and a sedentary life. The symptoms of
the disease comprise polyuria, polydipsia, polyphagia,
weight loss, blurred vision, hyperglycemia and
hypertension. The acute complications of DM
accompany ketoacidosis or non-ketotic hyperosmolar
syndrome, hyperosmolar coma, and diabetic coma. As
a result of long-standing DM, high plasma glucose
causes blood vessel damage leading to microvascular
and macrovascular diseases. Microvascular
complications include retinopathy, nephropathy, and
neuropathy, while macrovascular diseases lead to
cardiovascular diseases and diabetic foot. The
classification of DM falls into 3 categories: Type 1 DM
(T1DM) is dependent on insulin, Type 2 DM (T2DM) is
not dependent on insulin, and Type 3 DM (T3DM) is
gestational. T1DM is an autoimmune disease, in which
insulin deficiency occurs because of islet [-cell
destruction. T2DM is defined by resistance to insulin
and impaired insulin secretion. T3DM, which is
diagnosed during pregnancy, in the 2nd or 3rd
trimester, is impermanent and might be an indication
of T2DM (for reviews, see Jarald et al., 2008 and Okur
et al., 2017). Chronic hyperglycemia generates reactive
free radicals and finally, causes oxidative stress, which
plays a pivotal role in the appearance of DM and its
complications, leading to pancreatic B-cell damage
(Giacco and Brownlee, 2010; Dos Santos et al., 2019).
Actually, commercially available drugs for the
treatment of DM exist; however, they have limitations
because of their high cost and side effects. Therefore,
there is a growing interest in herbal medicines for the
treatment of DM that possess hypoglycemic,
antioxidant, and antidiabetic properties and have few
or no side effects (Jarald et al., 2008).

The genus Achillea L. (Asteraceae) comprises ~85
species, 42 of which are found in Turkish flora, and 23
are endemic (Huber-Morath, 1975; Duman, 2000).
Many species belonging to the genus Achillea L.
possess medicinal properties and are used for
therapeutic purposes in some countries (Bashi et al.,
2012). In Turkey, some Achillea species have been
traditionally used to treat different diseases, such as
abdominal pain (Honda et al., 1996), diarrhea
(Yesilaada et al., 1993), stomachache, and wound
healing (Fujita et al., 1995; Sezik et al., 2001). The
antioxidant, antimicrobial, antitumoral, antidiabetic,
hypoglycemic, antiulcer, antileishmanial, and
antinematodal activities, and wound healing impact of
different Achillea species have been reported by
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different researchers (Conforti et al., 2005;
Konyalioglu and Karamenderes, 2005; Baris et al.,
2006; Bashi et al.,, 2012; Zolghadri et al., 2014;
Motavalizadehkakhky et al., 2013; Al-Sokari, 2015;
Baharara et al., 2015; Varasteh-Kojourian et al., 2015;
Al-Marby et al., 2016; Al-Said et al., 2016, Abd El-
Fattah et al., 2018). Achillea arabica Kotschy. (Syn.:
Achillea biebersteinii Afanasiev) has also been
observed to possess antioxidant, DNA-protective
(Varasteh-Kojourian et al., 2015), hepatoprotective
(Al-Said et al., 2016), wound healing (Akkol et al.,
2011), antiulcer, and hypoglycemic (Abd-Alla et al.,
2016) properties; however, its pancreatic islet-
protective and antidiabetic capabilities, and
underlying mechanisms, are unknown.

Accordingly, herein, it was aimed to investigate the
protective effects of lyophilized ethanolic flower extract
of A. arabica (Aa) in STZ-induced diabetic rats using
histopathology, B-cell immunohistochemistry, and
blood insulin/C-peptide levels.

MATERIALS and METHODS
Plant Material

The Aa used in this study was collected from Edremit,
Van, Turkey (43°15'54"E, 38°25'09"N). The plant
samples were taxonomically identified and approved
by a plant taxonomist, Siileyman Mesut Pinar (PhD),
at Van Yuzuncu Yil University, and the voucher
specimens were placed into the Van Yuzuncu Yil
University, Faculty of Science, Department of Biology
Herbarium (VANF), under number 164098. The
collected samples were washed carefully with distilled
water and laid out to dry at room temperature in the
dark. Next, the flower parts of the dried samples were
finely ground using a blender and the powdered
samples were kept at —20 °C while awaiting the
extraction procedures.

Plant Extraction

Extraction of the lyophilized ethanolic was performed
according to the methods of Dogan et al., (2018), with
some modifications. In brief, 50 g of the ground and
powdered dry material from the inflorescence was
mixed with an ethanol:water (80:20) solvent (1 L), for
2 h at room temperature, by continuous shaking, and
then filtered. Next, the filtrate was centrifuged at
10,000 rpm for 20 min at 4 °C, and the supernatant
was then collected. Filtering of the supernatant took
place via passing it through a 0.45-pm filter, and the
solvent was removed by evaporation at 37 °C under
decreased pressure. The viscous extract was allowed to
falcon tube and freeze-dried under a vacuum at —51 °C
to obtain a fine lyophilized powder.

Animals
A total of 40 Wistar albino female rats, which were 2—
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3 weeks old and weighed 100-350 g, were acquired
from the Experimental Animal Research Center of Van
Yuzuncu Yil University. The rats were housed in cages
made of plastic at a steady room temperature of 25 + 2
°C and a 12-h light/dark photoperiod. They were
supplied with drinking water and a diet that was
wheat and soybean meal-based ad libitum.

Ethical Approval

The animals used, and all of the experimental
procedures during the study, were approved of by the
Animal Experiments Ethics Committee of Van
Yuzuncu Yil University for ethical concerns (Decision
no: VAN YUHADYEK-2019/06). During the
experiments, the ethical regulations that were
followed were in line with the institutional and
national guidelines for animal welfare protection.

Acute Toxicity Test

The acute toxicity test study was employed according
to the method of Ibeha and Ezeaja, (2011) as described
by Dogan and Celik, (2016). For evaluation of the acute
toxicity of the lyophilized ethanolic Aa extract on the
rats, increasing dosages of 25, 50, 100, 250, 500, 1000,
and 2000 mg kg! of body weight (bw) were given via
oral gavage for 0, 0.4, 4, 8, 12, 24, 48 and 72 h,
respectively. Signs or symptoms of toxicity and
mortality were not determined for the first 72 h.
Thereafter, the favorable dosage of the extract used in
the experimental study was ascertained to be 400 mg
kg1,

Induction of the Diabetes and Experimental Design

Randomly, the rats were divided into 5 groups,
comprising 7 rats in each.

Group I: Control (C) group, where the rats received a
4.5-pH citrate buffer at a dose of 1 mL kg! bw,
administered via intraperitoneal (.p.) injection.

Group II: DM group, where the rats were fasted for 12
h and then administered a single dose of freshly
prepared streptozotocin (STZ) in a citrate buffer
comprising 50 mg kg! bw via i.p. injection. On day 3,
at 72 h following administration of the STZ, samples of
blood were taken from the tail vein of the rats and
glucometer test strips (Accu-Chek Go, Roche
Diagnostics, Istanbul, Turkey) were used to measure
glucose levels. Rats that had blood glucose levels
higher than 200 mg dL! were accepted as diabetic, and
implicated in the study.

Group III: Aa group, where the rats were administered
a single daily dose of lyophilized Aa extract (400 mg kg"
1 bw) via oral gavage for 21 days.

Group IV: DM + Aa group, where lyophilized Aa

extract (400 mg kg bw) was administered daily to rats
with DM via oral gavage for 21 days.
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Group V: DM + glibenclamide (Gli) group, where Gli (2
mg kgl bw) as a reference drug was administered daily
to rats with DM via oral gavage for 21 days. The dosage
of the drug was selected according to Sokolovska et al.,
(2012) and Okwudili et al., (2017).

Tissue Sampling and Histological Procedures

After completion of the experimental study, the
animals were anesthetized intraperitoneally with
ketamine (5 mg 100 g bw). Blood samples were taken
via cardiac puncture with sterile injectors. Next, the
samples were immediately transferred into EDTA-
coated tubes. The tubes were then centrifuged for 15
min at 4000 g and 4 °C and the plasma was obtained
and then stored at -80 °C until the analyses.

The pancreas of each animal was excised carefully,
then fixed with 10% neutral buffered formalin for 24 h
at 4 °C. The tissues were then washed with phosphate-
buffered saline at a pH of 7.4, and passed through a
graduated ethanol series for dehydration. After
clearing with xylene, they were embedded in paraffin
wax. Longitudinal tissue sections (5-um thick) were
taken using a manual rotary microtome (H315,
Microm GmbH, Waldrof, Germany) and put onto slides
coated with adhesive (Marienfeld GmbH, Lauda-
Konigshofen, Germany). Sections were deparaffinized
with xylene, then rehydrated through decreasing
ethanol concentrations. After staining with
Hematoxylin and Eosin (H&E), Canada balsam
(Merck, Germany), was used to mount all of the
preparations and a microscope was used to examine
and photograph them (Leica DMI 6000 B, Leica
Microsystems CMS GmbH, Wetzlar, Germany).

Insulin Immunohistochemistry

The 5-um-thick tissue sections were first
deparaffinized and then rehydrated, and hydrogen
peroxide was then used to incubate them for 10 min, so
as to prevent internal peroxidase activity. As a next
step, the sections were washed in tris buffered saline
(TBS; pH: 7.6, 20 mM Tris, 140 mM NaCl) and, to avoid
the occurrence of nonspecific binding, a protein a
protein block, supplied in the immunohistochemistry
kit used in the onward steps was applied for 10 min.
The sections were then incubated with insulin (insulin
monoclonal antibody (INS05 (2D11-H5)), catalog no:
MA5-12037, Invitrogen, Thermo Fisher Scientific,
Illinois, USA) primary antibody at a dilution rate of
1:25, at 4 °C for 24 h. The commercial EXPOSE mouse
and rabbit specific THC/DAB detection
immunohistochemistry kit (catalogue number:
ab80436, Abcam, Cambridge, UK) was used, following
the manufacturer’s instructions, for the next steps.
First, the sections were rinsed with TBS and they were
then incubated, using the complement supplied in the
kit, for 10 min, followed by treatment with a conjugate
of horseradish peroxidase. Visualization of the
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peroxidase activity was performed using a substrate-
chromogen solution containing 3,3’-diaminobenzidine,
which formed a brown stain, that was then used for
section incubation for 1 to 3 min, after which, they
were washed using water that was distilled twice.
Counterstaining was performed using Mayer’s
hematoxylin. Next, the sections were dehydrated
through 95 and 100% ethanol, cleared in xylene and
then mounted with Canada balsam and then covered
with cover slips. For testing the antibody specificity,
negative control slides were utilized, in which TBS was
used in place of the primary antibodies (Kaptaner,
2019). A Leica DMI 6000 B (Leica Microsystems CMS
GmbH, Wetzlar, Germany) microscope was used to
both examine and photograph the preparations.

Morphometric Measurements and -Cell counting

A total of 8 pancreas optical areas were randomly
chosen, that has no points of intersection, and were
photographed with a Leica Digital DFC490 camera
(Leica Microsystems) attached to a Leica DMI 6000B
model microscope at a magnification of 400x for each
of the insulin immuno-stained sections. Imaged
software (National Institutes of Health, USA,
http://rsbweb.nih.gov/ij/) was used to process the

images that were captured.

The diameter or area measurements of the pancreatic
islets were performed wusing photomicrographs
captured at magnifications of 200X and 400X, as
described in the Imaged User Guide (version revised
edition IJ 1.46r) via the analyze tool. At least 8
randomly selected Langerhans islets pertaining to
each animal were used for both of the measurements.
The measurement of diameter of pancreatic islets was
carried out as described by Dra et al., (2019) with some
modifications. Briefly, the mean diameters for each
islet in a section was determined, and then the mean
islet diameter was calculated from the means of the
islet diameters for each animal. Finally, the value
pertaining to each animal within the same group was
used for statistical analyses. The same procedure was
used for the area measurements.

Cell counting in the islets for the p-cell index
calculations comprised at least 8 Langerhans islets for
each section from each animal. Cell counting in the
islets was done using the cell counter plugin of Imaged
Software (https://imagej.nih.gov/ij/plugins/cell-
counter.html). The B-cell index for each islet was
calculated as follow:

Insulin positive cells in islet

B-cell index (%) =

100

Finally, the mean of the B-cell index value was
calculated from the means obtained from the islets for
each animal.

Plasma Insulin and C-Peptide Levels

Commercial kits (rat insulin enzyme linked
immunosorbent assay (ELISA) kit, catalogue no:
YHBO0584Ra rat and C-peptide ELISA kit, catalogue
no: YHBO0281Ra, respectively; Shangai Yehua
Biological Technology, Co., Ltd., Shangai, China) were
used for the measurement of the plasma insulin and C-
peptide. The assays were performed according to the
manufacturer’s instructions in the kit booklets.

Statistical Analyses

SPSS v.16.0 IBM Corp., Armonk, NY, USA) was used
for the statistical evaluation of the data from the
measurements. Duncan’s multiple comparison post
hoc test and one-way analysis of variance was used to
analyze differences among the data. The results were
expressed as the mean + standard error of the mean
(SE). P<0.05 was considered as statistically significant.

RESULTS and DISCUSSION

Histological examinations of H&E stained pancreas
sections from the control group displayed the normal
appearance of the Langerhans islets, where they had
well-defined borders, a rich capillary supply, and

x
Total cells (insulin negative cells + insulin positive cells) in islet
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normal B- and a-cell contents (Fig 1A). The number of
islets of the STZ-induced diabetic rats was observed to
be dramatically reduced, and likewise, the shape and
size of the islets was distorted or shrunken. The islet
B-cells revealed degenerative and necrotic changes,
where they mostly exhibited low staining with eosin or
unstained vacuolations in their cytoplasms and their
nuclei were stained dark and determined to be
condensed, exhibiting pyknotic features (Fig 1B). Few
histopathological changes were observed in either the
DM + Aa or DM + Gli groups. Improved histological
architecture and integrity of the islets were found in
the DM + Gli group compared to the DM group (Fig
1C). Similarly, we found improvement in the
Langerhans islets of the DM + Aa group compared to
the DM group that the size and number of islets were
increased and B-cell recovery was observed (Fig 1D).

The morphometric measurements conducted in the
Langerhans islets showed that STZ induction caused a
significant decrease (109.08 = 5.54 um) in the diameter
of the islets when compared to the control (188.34 +
11.59 pm) and Aa (178.60 + 8.27 um) groups (P < 0.05).
A significant increase (130.15 + 5.82 um; P < 0.05) in
the islet diameter was observed in the DM + Aa group
when compared to the DM group; however, this
increase was less effective than those measured in the
islets of the DM + Gli group (138.61 + 7.96 um; P < 0.05)
(Fig 2).
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Flgure 1. Pancreas sections stained with H&E from the different experlmental groups. A) Islet of Langerhans from control
group showing normal architecture and integrity. B) Distorted or shrunken islet of Langerhans of a diabetic animal
from the DM group showing B-cell loss, cytoplasmic vacuolation (arrows) and darkly stained and condensed nuclei
(arrowheads). C) Islet of Langerhans from a Gli-treated animal showing amelioration of diabetic features. D) Islet of
Langerhans from an Aa treated diabetic animal showing a marked improvement.

Sekil 1. Farkli deneysel gruplara ait H&FE ile boyanmis pankreas kesitleri. A) Kontrol grubuna ait normal yap: ve biitiinliik

gosteren Langerhans adacigi. B) DM grubuna ait diyabetik bir hayvanin, B-hiicre kaybi, sitoplazmik vakuolizasyon
(oklar) ve koyu veya yogun boyanmis nukleuslara sahip olan (ok baslari) bozulmus ve biiziilmiis Langerhans adacigi.
C) Diyabetik ozeliklerin iyilesme gosterdigi glibenklamid ile muamele edilen bir hayvana ait Langerhans adacigr. D)
Aa ile muamele edilmis bir diyabetik hayvanin, belirgin bir iyilesme gosteren, Langerhans adacigi.

Islet diameter

100 -
50
0

Aa DM+Aa DM+GIli

Figure 2. The mean islet diameters for the experimental groups. Data are means = SE, (n = 6). Different letters indicate
significant differences between the columns.
Sekil 2. Deneysel gruplara ait ortalama adacik ¢aplari. Veriler ortalama + standart hata olarak sunulmustur (n = 6). Farkl
harfler, siitiinlar arasindaki anlamii farkliliklar: gostermektedir.
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The same trend was also found in the measurement of
the mean islet area. As shown in Fig 3, the mean islet
area significantly decreased (10.51 + 1.56 mm?2) in the
DM group when compared to the control (31.61 £ 3.01
mm?) and Aa (29.35 + 1.82 mm?2) groups (P < 0.05). The
islet area was significantly increased in both the DM +
Aa and DM + Gli groups (16.08 + 1.32 mm? and 16.76
+ 1.99 mm2, respectively; P < 0.05) when compared to

those observed in the DM group. The increase in the
islet area in the DM + Aa group was significantly low
when compared to that of the DM + Gli group (P <
0.05). On the other hand, both the mean islet diameter
and area values in the DM + Aa and DM + Gli groups
were still significantly lower than the levels found in
the NC and Aa groups (P < 0.05).
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Figure 3. The mean islet areas for the experimental groups. Data are means + SE, (n = 6). Different letters indicate significant

differences between the columns.

Sekil 3. Deneysel gruplara ait ortalama adacik alanlari. Veriler ortalama + standart hata olarak sunulmustur (n = 6). Farkli
harfler, siittinlar arasindaki anlamii farkliliklar: gostermektedir.

Immuno-stained sections from the control (Fig 4A) and
Aa groups (not shown) displayed a strong cytoplasmic
immune-reactivity of B-cells, which are located mainly
in the core of the Langerhans islets. In rats with DM,
no or a few sporadic immune-positive B-cells were
observed in the islets, and some of them exhibited a
vacuolated cytoplasm (Fig 4B). A marked
reconstitution in the immune-positive B-cells was
detected in the DM + Gli and DM + Aa groups (Figs 4C
and 4D, respectively). In accordance with those
observations, the p-cell index was dramatically
reduced in the DM group (5.95 + 1.01%) when
compared to the control (68.13 = 3.06%) and Aa (68.33
+ 4.14%) groups (P < 0.05). Significant increases in the
DM + Gli and DM + Aa groups (43.70 + 6.53% and
28.37 + 11.27%, respectively; P < 0.05) were revealed
in the B-cell index when compared to the DM group.
However, the B-cell index values in both the DM + Aa
and DM + Gli groups were still significantly lower than
those determined in the control and Aa groups (P <
0.05) (Fig 5).

The plasma insulin level exhibited a significant
decrease in the DM group (0.72 = 0.19 mIU/L) when
compared to the control (1.72 + 0.30 mIU/L) and Aa
(1.94 + 0.16 mIU/L) groups (P < 0.05). In both the DM
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+ Aa and DM + Gli groups, insulin levels increased
significantly (1.38 + 0.20 mIU/L and 2.04 + 0.12 mIU/L,
respectively) to near normal levels compared to the DM
group (Fig 6). The plasma C-peptide level was also
considerably decreased in the DM group (135.03 =
48.91 pg/mL, P < 0.05) when compared to the control
(794.00 + 114.74 pg/mL) and Aa (719.68 + 32.28 pg/mL)
groups. In both the DM + Aa and DM + Gli groups,
significant increases in the plasma C-peptide levels
(365.43+107.98 mIU/L and 927.78 49.56 += 0.12 mIU/L,
respectively) were observed when compared to the DM
group. The DM + Gli group exhibited plasma C-peptide
levels near normal concentration, whereas for DM + Aa
group, the Aa extract was less effective than Gli in
returning the plasma C-peptide to normal levels (Fig
7).

DM is a metabolic disorder that has been reported
worldwide, and is defined by hyperglycemia sourced
from a lack of insulin production or deficiency of
insulin action, or both, and the disease is still a
significant cause of death. Chronic elevation of blood
glucose levels leads to complications, including
cardiovascular diseases, nephropathy, retinopathy,
and neuropathy. Several plant extracts, such as
phytochemicals or plant-derived natural compounds,
are attractive agents that have been investigated
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Figure 4. Pancreas sections immunostained with anti-insulin antibody. A) B-cells exhlblt strong cytoplasmic immunostaining
(brown) and occupying mainly the core of the islet from an animal from the control group. B) Decreased number of
B-cells in a shrunken islet from the DM group; some cells exhibit cytoplasmic vacuolation. C) Islet of Langerhans
from a Gli-treated animal showing increased number of B-cells compared to DM group. D) Islet of Langerhans from
Aa treated diabetic animal showing reconstruction of B-cells comparing to the DM group.

Sekil 4. Anti-insiilin antikoru ile immun boyanan pankreas kesitleri. A) Kontrol grubuna ait bir hayvanin, giicli sitoplazmik
Immun boyanma gésteren (kahverengi) ve ¢ogunlukla adactk merkezini kaplayan f-hiicreleri. B) DM grubuna ait
biiziismiis bir adacikta az sayidaki [-hiicreleri; baz1 hiicreler sitoplazmik vakuolizasyon giostermektedir. C) DM
grubuna kiyasla p-hiicre miktarinin artis gosterdigi, glibenklamid ile muamele edilen bir hayvana ait Langerhans
adacig1. D) Aa ile muamele edilmis bir diyabetik hayvanin B-hiicrelerinin, DM grubuna kiyasla yeniden yapilanma
gosterdigi, Langerhans adacigl.
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Figure 5. B-cell index values of the islets of Langerhans of different experimental groups. Data are means + SE, (n = 6). Different
letters indicate significant differences between the columns.
Sekil 6. Farkli deneysel gruplara ait Langerhans adaciklarinin f3-hiicre indeks degerleri. Veriler ortalama + standart hata
olarak sunulmustur (n = 6). Farkli harfler, siitiinlar arasindaki anlaml farkliliklar: gostermektedir.
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Figure 6. Plasma insulin levels for experimental groups. Data are means + SE, (n = 6). Different letters indicate significant

differences between the columns.

Sekil 6. Deneysel gruplara ait plazma insiilin seviyeleri. Veriler ortalama + standart hata olarak sunulmustur (n = 6). Farkl
harfler, stitiinlar arasindaki anlamii farkliliklar: gostermektedir.
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Figure 7. Plasma C-peptide levels for experimental groups. Data are means = SE, (n = 6). Different letters indicate significant

differences between the columns.

Sekil 7. Deneysel gruplara ait plazma C-peptid seviyeleri. Veriler ortalama + standart hata olarak sunulmustur (n = 6).
Farkli harfler, siittinlar arasindaki anlamii farkliliklar: gostermektedir.

because of their ameliorative benefits on DM
complications, especially over the last 2 decades
(Bnouham et al., 2006; Hosseini et al., 2015; Oh, 2015).
Members of the genus Achillea L. have been
traditionally used in many countries for different
purposes in the treatment of many diseases, such as
fevers, hypertension, hemorrhage, hemorrhoid,
wounds, abdominal pain, rheumatic pain, etc.
(Hammad et al. 2013). Scientific research has shown
that aerial parts of Aa, especially the flowers, have
exhibited antioxidant and antitumoral capabilities
(Baharara et al., 2015; Al-Said et al., 2016; Varasteh-
Kojourian et al., 2017); however, its antidiabetic
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impact has been less studied and their actions of
mechanisms on diabetic complications remain
unknown. Therefore, the specific aim herein was an
investigation of the protective effects of Aa flower
ethanolic extract on pancreatic B-cells and its
antidiabetic role in STZ-induced diabetic Wistar albino
rats.

The histological and morphometric analyses performed
in the H&E stained pancreas sections showed that the
islets were shrunken and distorted by STZ. Moreover,
degenerative and necrotic changes, such as
cytoplasmic vacuolation and dark-stained pynotic
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nuclei, were observed in the islet cells, especially
located in the central part. The morphometric
measurements also supported these observations,
where the islet diameter/area were significantly
decreased in the STZ-induced diabetic rats. These
findings were in agreement with previous studies that
used the same dose of STZ to induce DM (Ahmed et al.
2010; Abdel Aziz et al., 2013; Yang and Kang 2018).
STZ leads to alkylation of the DNA, after being taken
up into the B-cell via a glucose transporter (GLUT 2).
Poly ADP-ribosylation, as a result of DNA damage,
causes NAD+ and adenosine triphosphate (ATP)
depletion in  the B-cell.  Increased  ATP
dephosphorylation provides a substrate for xanthine
oxidase, which demonstrates high activity in this cell.
Superoxide radicals then develop and following that,
hydrogen peroxide and hydroxyl radicals appear, and
the cytotoxic action of STZ is demonstrated by the
generation of reactive oxygen species. Finally, the -
cell are degenerated and necrosis occurs (Szkudelski,
2001). In the DM + Aa group, the negative impacts
induced by STZ were improved, where the
histopathological changes observed were lower and the
islet diameter/area were significantly increased when
compared to the DM group. Supporting those findings,
the immuno-histochemical staining showed that
decreased numbers of B-cells by STZ-inducement were
reconstructed and the p-cell index significantly
increased to the levels observed in the DM + Gli group.
C-peptide, which is an important protein for insulin
synthesis, connects to the a- and pB-chains of insulin in
proinsulin. This molecule possesses an insulin-
mimicking effect via the activation of insulin receptors
and increases in the uptake of amino acid and the
synthesis of glycogen. Insulin action is promoted by C-
peptide at low levels of hormone and inhibited at high
levels, which suggests an effect that regulates insulin
signal transduction (Grunberger and Sima, 2004;
Cersosimo et al., 2014). Additionally, in this study,
insulin, as well as C-peptide deficiencies, in diabetic
rats, caused by the damage in B-cells as a consequence
of the impact of STZ were improved by the
administration of ethanolic Aa extract. It has been
reported that plant-derived compounds display their
mechanisms of action by increasing the size and
number of cells in the islet of Langerhans, protecting
B-cells from destruction, regenerating and/or repairing
the B-cells, enhancing insulin secretion, preventing -
cell apoptosis, preventing oxidative stress, and
modulating B-cell differentiation and proliferation
(Jarald et al., 2008; Hosseini et al., 2015; Oh et al.,
2015; Uyar et al., 2017; Yaman et al., 2017). The
flavonoids and phenolic compounds derived from
plants are well-known to exert antidiabetic and
antioxidant activities (Lii et al., 2014; Dra et al., 2018;
Sekiou et al., 2019). Phenolic compounds, such as
quercetin and rutin, protect B-cells from STZ-induced
oxidative stress, elevate blood insulin and C-peptide

697

levels, and participate in the regeneration of B-cells
(Ahmed et al., 2010; Coskun et al., 2005; Yang and
Kang, 2018). On the other hand, flavonoids, such as
quercetin and (—)epicatechin, may, at least in part,
cause an insulin release changing Ca?* metabolism in
isolated islet cells (Hi and Howell, 1985). The
phytochemical screening of methanolic Aa extract from
showed rich phenol and flavonoid contents of its leaves
and inflorescence ranging from 149-1657 mg of gallic
acid equivalent per 100 g dry weight (dw) and 59-264
mg of quercetin equivalent per 100 g dw, and it has
been shown to possess antioxidant activity (Varasteh-
Kojourian et al., 2015). In an another study, 8 phenolic
compounds, including quercetin 3-B-D-glucoside,
ferulic acid, rutin, quercetin, kaempferol, myricetin,
luteolin, caffeic acid, were identified in the aqueous
and ethanolic extracts of the flowering aerial parts of
Aa, and the major phenolic compound was detected as
quercetin 3-B-D-glucoside, and it was reported that the
extract from Aa showed radical scavenging activity
(Hammad et al., 2013). The main components of Aa
essential oil were determined as borneol (4.4%),
chrysanthenone (8.2%), camphor (8.8%), eucalyptol
(13.0%), and piperitone (34.9%), which comprise 68.3%
of the part (S6kmen et al., 2004). Aa essential oil has
been shown to be hepatoprotective and it has shown
antioxidant activity on CCls-induced liver fibrosis in
rats (Al Said et al. 2016). Abd-Alla et al. (2016) isolated
3 sesquiterpene lactones and 4 derivatives of 3-
methoxy flavones from extract of the aerial parts of Aa,
and the extract protected rats against ethanol-induced
gastric ulcers and inhibited a-amylase activity that
resulted in a postprandial hyperglycaemia lowering
effect. In accordance with in this study, the other
members of the genus Achillea L. have been shown to
possess antidiabetic and antioxidant activities. For
example, extracts from aerial parts of A
fragrantissima, containing polyphenols (gallic acid
quivalent) and flavonoids (rutin equivalents),
displayed therapeutic potential in the amelioration of
a high-fat diet and diabetic rats by exhibiting very
promising antidiabetic, hypolipidemic,
aninflammatory, and antioxidant activities (Abd El-
Fattah et al. 2018). In another study, the methanolic
extract of A. Ilingustica, constituting mainly the
triterpene moretenol, showed radical scavenging and
antidiabetic activities (Conforti et al. 2005). Thus, the
mitigating and secretory effect of Aa might be
attributed to its phenolic and flavonoid content,
showing its free radical scavenging and protective
activity, and regenerative role on [-cells in the
Langerhans islets.

CONCLUSION

The data obtained in this study showed that i.p.
administration of STZ caused histopathological
alterations, decreases in the B-cell number in the islets,
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and decreased levels of blood insulin and C-peptide
levels in rats. However, the administration of ethanolic
Aa extract at a dose of 400 mgke bv attenuated the
pathological alterations and partly regenerated the 8-
cell number comparing Gli-treated rats, leading to
insulin and C-peptide secretion. Hence, it can be
concluded that the plant has a islet-protective
potential, but more research is necessary to determine
the exact mechanism of action of Aa in a protective role
on the islet architecture and function in STZ-induced
DM.
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ABSTRACT
Paulownia tomentosa, used in traditional Chinese medicine, is used
in the treatment of diseases such as bronchitis and asthma thanks to
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its biological activities. In addition, it is known to have antimicrobial, Received $02.10.2020
antioxidant, anticancer effects and it is also used in the treatment of Accepted 103.12.2020
diseases such as dysentery, gonorrhea, hemorrhoids. In this study, the

antimicrobial activity of extracts obtained from methanol solvent of Keywords

flower and petal parts of P. tomentosa was determined according to Medical Plant

the disk diffusion method. The antioxidant activity of the different
concentrations of the extracts obtained from methanol solvent of
flower and petal extracts was determined via the 2,2-diphenyl-1-
picrilhydrazyl (DPPH) radical scavenging capacity method.
Anticancer activity of different concentrations of extracts obtained
from solvents such as methanol, ethanol and hexane was determined
using the 3- (4,5-dimethylthiazole-2-yl) -2,5-diphenyl tetrazolium
bromide (MTT) test method. As a result, it was found that methanol
extract of the flower part of P. tomentosa showed the best
antimicrobial activity against S. aureus (18 mm). It was determined
that antioxidant activity of P. tomentosa increased depend to
increasing concentrations. It was concluded that P. tomentosa has the
best cytotoxic effect in hexane extract.

OZET

Geleneksel Cin tibbinda kullanilan Paulownia tomentosa sahip
oldugu biyolojik aktiviteler sayesinde brongit ve astim gibi
hastaliklarin tedavisinde kullanilmaktadir. Bunun yam1 sira
antimikrobiyal, antioksidan, antikanser gibi etkilerinin oldugu ve
dizanteri, bel soguklugu, hemoroid gibi hastaliklarin tedavisinde de
kullanildigr bilinmektedir. Bu calismada P. ftomentosanin cicek,
petal, kabuk, yaprak ve odun kisimlarinin metanol ¢éziiciisinden elde
edilen ekstraklarinin antimikrobiyal aktivitesi disk diftizyon
metoduna gore belirlenmigtir. Cigek ve petal kisimlarinin metanolden
elde edilen ekstraktinin farklh konsantrasyonlarinin antioksidan
aktivitesi 2,2-difenil-1-pikrilhidrazil (DPPH) radikal stipiirici
kapasitesi yontemine gore tespit edilmigtir. Metanol, etanol ve hekzan
gibi ¢oziciilerden elde edilen ekstraktlarinin farklh
konsantrasyonlarinin antikanser aktivitesi 3- (4,5-dimetiltiyazol-2-
iil) -2,5-difenil tetrazolium bromiir (MTT) test yéntemi kullanilarak
belirlenmigtir. Sonugta en iyl antimikrobiyal aktiviteyi P.
tomentosanin ¢icek kisminin metanol 6ziiti S. aureusa (18 mm) kars:
gosterdigi  tespit edilmistir. P tomentosanin antioksidan
aktivitesinin artan konsantrasyonlara bagli olarak arttigi
belirlenmigtir. P. tomentosanin en iyi sitotoksik etkiyi hekzan
ekstresinde gosterdigi tespit edilmistir.
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INTRODUCTION

Since ancient times, societies have benefited primarily
from plants to obtain nutrients and treat diseases. It
has come to date day with some changes and
developments in usage patterns (Adigiizel and
Kizilaslan, 2016). Especially with the increasing
number of chronic diseases, the importance of the drug
used in treatment, the amount of the drug and the
desired physiological response have increased the use
of herbal medicine in the World (Dogan & Aveci, 2018).
These herbal medicines used are known to be effective
in the treatment of cancer prevention, joint pain,
treatment of anxiety and depression, back pain, heart
disease and kidney diseases (Eisenberg et al., 1998;
King and Pettigrew, 2003; Faydaoglu and Siirtcioglu,
2011; Kardas, 2019). For this purpose, studies and
evaluation of the biological activities of plant extracts
are needed.

The Paulownia tomentosa Steud., called the princess
tree, belongs to the Scrophulariaceae family, is tree a
fast growing and deciduous has economic value (San
Jose Mdel et al., 2014). The bark, timber and flowers
of the paulownia tree are used in the treatment of
infectious and inflammatory diseases in traditional
Chinese medicine (Ji et al., 2015). It is also known to

be used in the treatment of diseases such as
hemorrhoids, traumatic bleeding, bacteriological
diarrhea, hypertension, dysentery and as an

expectorant in upper respiratory diseases (Uguz, 2018;
Lee et al., 2018).

In this study, It was aimed to determine the
antimicrobial activity of the extracts of P. tomentosa
obtained from methanol solvent of its flower and
petals, and to determine antioxidant activity of
different concentrations of flower and petal extracts
obtained from methanol and to determine anticancer
activity of different concentrations of extracts obtained
from solvents including methanol, ethanol and hexane.

MATERIAL and METHODS
Collection and Identification of the Material

P. tomentosa was collected from the Elazig-Firat
University campus in 2019. The taxonomic
identification of plant material was determined by
using the Flora of Turkey (Davis, 1970, 1984, 1985)
and with help of systematic-botanic specialist Prof. Dr.
Semsettin Civelek from Firat University.

Obtaining and Preparing the Material

The flower and petal parts of P. tomentosa were dried
and grounded and 5 g of each extrac were taken.
Extraction performed for 7 hours in a soxhlet device
using 150 ml of %96 methanol, ethanol and hexane
solvents. Then, the alcohol remaining in the extracts
was concentrated at 40°C using a rotary evaporator.
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Test Microorganisms

In this study; Staphylococcus aureus ATCC25923,
FEscherichia coli ATCC25322, Candida albicans
FMC17 and Trichophyton sp. microorganisms were
used. Microorganism cultures were obtained from
Firat University, Faculty of Science, Department of
Biology, Microbiology Laboratory culture collection.

Preparation of Microorganism Cultures and Testing
Antimicrobial Effect

Antimicrobial activity of the methanol extracts of
flower and petal parts of P. tomentosa was determined
according to the disk diffusion method (Collins and
Lyne, 1987). Bacterial strains (Staphylococcus aureus
ATCC25923, Escherichia coli ATCC25322) were
inoculated in Nutrient Buyyon (Difco) and incubated
at 35+1°C for 24 hours. Yeast strains (Candida
albicans FMC17) were inoculated in Malt Extract
Buyyon (Difco), dermatophyte fungi (Trichophyton sp.)
were inoculated in Glucose Sabouroud Buyyon (Difco)
and incubated at 25 + 1°C for 48 hours. The culture of
prepared bacteria, yeast and fungi in broth are
respectively; was inoculated into Mieller Hinton Agar,
Sabouraud Dextrose Agar and Potato Dextrose Agar at
a rate of 1% (108 bacteria ml, 10* yeast ml, 10* fungi
ml). After shaking thoroughly, 25 ml was poured in
sterile petri dishes with a diameter of 9 cm and
homogeneously of the medium was dispersed. The
discs (6 mm diameter) each of which 100 pl of different
extracts were 1mpregnated, and added to the
appropriate agar media inoculated with
microorganism. Then, petri dishes were stored at 40 °C
for 2 h. The inoculated petri dishes were incubated at
37+0.10 °C at 24 h for bacterial strains and also at
25+0.10 °C at 72 h for yeasts and dermatophyta fungi.
As a control, different standard discs were used for
bacteria (Streptomycin sulfate 10 ug disk) and yeasts
(Nystatin 30 pg disk). Dimethyl sulfoxide (DMSO) was
used for negative control. Inhibition zones formed on
the medium at the end of the period were evaluated in
mm.

Testing the Antioxidant Effect

The antioxidant activity of the different concentrations
of the methanol extract of the mixture of flower and
petal parts (1:1) of P. tomentosa was determined
according to the 2.2-diphenyl-1-picrilhydrazyl (DPPH)
radical scavenging capacity method (Cuendet et al.,
1997; Kirby and Scmidt, 1997). The solution was
prepared in methanol at a concentration of 2 mg ml of
the extract obtained. The prepared solution was
diluted four times and the calibration curve of DPPH
was obtained. By taking 40 pl of the prepared solution,
160 pl of DPPH solution was added. After thorough
mixing, the mouth was closed and kept in the dark for
30 minutes. The same procedures were repeated for all
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concentrations and methanol was used as a control. At cells were removed from the surface, trypsin-EDTA
the end of this period, the absorbances of each mixture was inactivated by adding 5 ml medium. Cells were
were read at 517 nm in the spectrophotometer. % removed from the flask and centrifuged at 1200 rpm
inhibition values were calculated; for 5 minutes. The supernatant was discarded and the
1(%) = (Acontol - Asample | Acontrol)x 100 1) pellet was dissolved in a new medium. Then, the cells
were counted and their concentration adjusted to 5000
Testing The Cytotoxic Effect cells per well. 100 ul was added to 96 well plate wells.

Then, it was incubated for 24 hours at 37°C in 5% CO:
medium. After incubation, 100 pl from different
Breast cancer cell line used in this study was supplied  concentrations (1/1000, 1/2000, 1/4000) of methanol,
from In6énti University and Erzurum Technical ethanol and hexane extracts of P. tomentosa were
University and cultured in DEMEM medium added and incubated for 24 hours at 37°C in 5% CO:

supplemented with 2 mM L-Glutamine, 1% Penicillin- medium. At the end of the incubation, 20 pl of MTT
Streptomycin and 10% FBS CellS were Incubated at solution was added and at the end of 4 hours

Cell culture

37°C in a 5% COz incubator. The stock solution was incubation, absorbance measurements at 570 and 540
prepared in DMSO. nm wavelengths were made. Doxorubicin was used as
positive control and DEMEM as negative control.
MTT reduction assay
The anticancer activity of hexane, ethanol and Statiscial Analyses
methanol extracts of P. tomentosa was determined by The absorbance values measured by ELISA plate
using 3-(4,5dimethylthiazol-2-iyl)-2,5-diphenyl reader were compared with the control groups and
tetrazolium bromide (MTT) assay method. MTT, which plotted. Statistical analysis was performed using SPPS
is one of the tetrazolium salts, is transformed into a 21, Paired Samples T Test was used to determine the
structure called formazan by the reduction of the differences between the groups. Quantitative data
electron and provides the color change. Briefly, the were expressed as mean + standard deviation (Mean +
tetrazolium rings that are broken by the active SD) and p <0.05 was considered significant level.
mitochondria causing the color change in the livinge
cells (Mossman, 1983). RESULTS and DISCUSSION

The MDA-MB-231 cell line, grown in 25 cm? flasks, Antimicrobial Effect
was confluent and the medium was removed by
washing with 5 ml sterile PBS solution. Then, 1 ml of
Trypsin-EDTA was added to the flask and incubated
for 2 minutes at 37°C in 5% CO2 medium. After the

Antimicrobial activity results against S. aureus, FE.
coli, C. albicans and Trichophyton sp. of the methanol
extracts of P. tomentosa's flower and petal parts are
given in Table 1.

Table 1. Antimicrobial effect of flower and petal parts of P. tomentosa
Cizelge. P. tomentosa’nin ¢icek ve petal kisimlarinin antimikrobiyal etkisi

S. aureus E. coli C. albicans Trichophyton sp

P.T- Flower (P.T-Cigek) 18 16 - 13

P.T- Petal (P.T-Petal) - 12 8 9

Control (Kontro)) 12 10 30 11
P.T Flower: Flower part of P. tomentosa; P.T Petal: Petal part of P. tomentosa
Methanol extracts of flower part of P. tomentosa petal parts of P. tomentosa against Trichophyton sp.
showed antimicrobial effects against S. aureus were determined as 13mm and 9mm, respectively
(18mm). But, it was determined that the methanol (Table 1).
extract of petal part sustained no antimicrobial effect In a study, it was determined that some C-granile
(Table Cizelge 1). flavanones selected from P. tomentosa fruits have
Inhibition zones of methanol extracts of the flower and minimum inhibitor concentrations between 2-64 pg ml

petal parts of P. tomentosa against E. coll were against MRSA 287, MRSA 4211, MRSA 6975, MRSA
determined to be 16mm and 12mm, respectively (Table 630 and MRSA 62059 strains (Navratilova et al,
1). 2013). The antiviral effect of methanol extract of
flowers of the same species against enterovirus 71 and
coxacivirus A16 has been tested and the results have
only been reported to show antiviral effects against

It was determined that methanol extracts of the petal
part of P. tomentosa had little antimicrobial effect

against C. albicans (8mm) and the flower part had no enterovirus 71 (Ji et al.,, 2015). Minimum inhibitor

antl.rr%l(.:roblal effects (Table 1). concentrations of C6 granulated compounds of P.
Inhibition zones of the methanol extracts of flower and tomentosa (30-O-methyl-50-hydroxydiplacon, 30-O-
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methyl-50-O-methyldiplacone, 30-O-methyldiplacol,
30-O-methyldiplacone, mimulo and diplacone) have
been found between 2-64 pg ml against MRSA 1903,
MRSA 63718, MRSA 3202, MRSA 62097, MRSA 67755
and MRSA 1679 strains (Navratilova et al., 2016). The
antiviral effect against Brunhilde strain poliovirus
type 1 and Leon strain type 3 was studied using P.
tomentosa Hela cells. IC50 values were determined to
be 0.3 pg mL and 0.6 pg mL, respectively (Kang et al.,
1999). Eight different C-6-geranilflavonoids were
isolated from the ethanol extract of the fruits of P.
tomentosa and their antibacterial effect was tested.
According to the results obtained, it shown
antibacterial activity against at 2-16 pg mL against B.
cereus, 4-8 pg mL against B. subtilis, 4-8 pg mL
against FE. faecalis, 2-32 pg mL against L.
monocytogenes, 2-16 pg mL against S. aureus, 2-32 pg
mL against S. epidermidis but it didnt show
antibacterial activity against £P. aeruginosa, S.
enteritidis and E. coli (Smejkal et al., 2008). It was
reported in the study that the inhibition zones of P.
elongata leaves and silage extract against S. enterica,
P. aeruginosa, S. aureus, S. pyogenes, P. alvei and C.
albicans ranged between 12.7-17.3 mm (Popova and
Baykov, 2013). The extract from the epicarp of the
fruits of P. fortunei and P. tomentosa showed
antimicrobial activity against S. aureus and B.
subtilis, while showed lower antimicrobial activity
against S. carlsbhergensis and E. coli (Cercos, 1982). In
a different study, the antibacterial and antifungal
activity of the DMSO extract of the oil obtained from
the seed of Ceplararia syriaca (L.) was investigated. In
the results obtained, it has been determined that it
shows different antimicrobial effects (10.66-2.6 mm) at
different concentration against K. pneumoniae, S.
aureus, P. vulgaris, E. coli, S. marcescens, &S.
epidermis, E. faecium, P. aeruginosa, B. subtilis, S.
typhimurium, S. enteritidis, L. innocua, E. faecalis, P.
fluorescens, S. infantis, E. aerogenes, S. kentucky, E.
durans. It created a 2.16 mm inhibition zone against
C. albicans at a concentration of 70 ul ml (Atalan et al.,
2020). While A. acerosum created different inhibition
zones 1n different concentrations against FE.coll and
S.aureus, it did not show antifungal activity against C.
albicans. In the same study, it was reported that
extracts of A,  microcephalum at different
concentrations did not show antimicrobial effects
against F.coli, S.aureus and C. albicans (Biilbiil et al.,
2018). It has been determined that Gypsophila
laricina, Centaurea aphrodisea, Centaurea polyclada
and Limoniopsis davisii form 3-16.6 mm inhibition
zone against S. aureus at different concentrations
(Tozyi1lmaz et al., 2020). When the obtained results are
compared with the results from previous studies and
species such as Gypsophila laricina, Centaurea
aphrodisea, Centaurea polyclada and Limoniopsis
davisii, A. acerosum, A. microcephalum, Ceplararia
syriaca, it 1s seen that their antibacterial and
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antifungal effects deffered with the particular
solvents, microorganisms and plant materials used in
the studies.

Antioxidant Effect

The inhibition percentage of the DPPH radical of
different concentrations of the methanol extract of the
flower and petal parts of P. tomentosa in 1is shown in
Table 2.

Table 2. Percentage of inhibition of the DPPH radical
of flower and petal parts of P. tomentosa
Cizelge 2. P. tomentosa’nin ¢igek ve petal kissmlarinin
DPPH radikalinin inhibisyon ylizdesi

Concentration  Percentage of inhibition of the DPPH radical
Konsantrasyon DPPH radikalinin inhibisyon yiizdesi

2 mg ml 28.195

1 mg ml 23.684

0.5 mg ml 10.902

0.25 mg ml 9.022

0.125 mg ml 1.127

According to the results obtained, DPPH radical
scavenging effect of the methanol extract of flower and
petal parts of P. tomentosa on the was increased
depend to increasing concentrations (Table 2).

The IC50 values of the DPPH radical scavenging effect
of P. tomentosa's butanol, ethylacetate, chloroform,
methanol and hexane extracts were determined to be
%0.008, %0.007, %0.0166, %0.0316, and %0.74 mg ml,
respectively (Smejkal et al., 2007). The antioxidant
effect of some flavanides of the same species was tested
using different methods. TEACasrs and TEACprpu
were determined to be in the range of 3.2-0.97 and
1.06-0.12 respectivelly. (Zima et al., 2010). It is known
that P. tomentosa's leaf (1104,908 pmolTE g) and
flower (223,280 umolTE g) extracts have a sweeping
effect on the DPPH radical (Uguz and Kara, 2019). In
a different study of the same species, IC50 value of
DPPH radical scavenging effect was determined as
0.025 + 0.001 mg mL. TEACagts value was calculated
as 0.821 £ 0.013 mM Trolox eq. mg and FRAB value as
1.647 + 0.018 mM FeSO4 eq. mg (Jo and Kim, 2019).
The components of the flower extract of P. tomentosa
were separated using ethanol elution and it was
determined that these components have strong
antioxidant properties (Meng et al., 2014). DPPH
radical scavenging effect of P. coreana's shell using
50°C hot water and 25°C methanol was %32.51 and
%87.22, respectively (Lee and Jeong, 2013). The
percentage of DPPH scavenging inhibition percentages
at concentrations 70 pl ml, 35 pl ml, 17.5 pl ml, 8.75 pl
ml and 4.375 pl ml of the oil obtained from the seed of
Ceplararia syriaca (L) was calculated 9.27 + 8.16, 7.4 +
3.79, 879 + 0.58, 2.06 + 1.57 and 8.7 + 4.98,
respectively (Atalan et al., 2020). IC50 values of DPPH
radical scavenging effect of Gypsophila Iaricina,
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Centaurea aphrodisea, Centaurea polyclada and
Limoniopsis davisii were reported as 1.51, 2.11, 10.7
and 0.48 mg ml, respectively (Tozyilmaz et al., 2020).
When we compare the obtained results with other
results in the literature, it is seen that the antioxidant
effect of P. tomentosais higher than some plant species
and lower than others. Because the concentrations

used affect the study results.

Cytotoxic Effect

The cytotoxic effects of different concentrations of
hexane, ethanol and methanol extracts of P. tomentosa
against the MDA-MB-231 cell line at 540 nm
wavelength are shown in Table 3.

Table 3. Cytotoxic effect of P. tomentosa at 540 nm wavelength against MDA-MB-231 cell line
Cizelge 3. P. tomentosa’nin MDA-MB-231 hiicre hattina karsi 540 nm dalga boyundaki sitotoksik etkisi

1/1000 1/2000 1/4000
Doxorubicin (Doksorubisin) 0.0982 0.0982 0.0982
(*) Control ((-)Kontrol) 0.4395 0.4395 0.4395
P.tomentosa-H 0.241 0.633 0.4665
P. tomentosa-E 0.3712 0.7202 0.5287
P. tomentosaM 0.3807 0.9792 0.6252

P. tomentosa-H: Hexane ectract of P. tomentosa; P. tomentosa-E: Ethanol ectract of P. tomentosa; P. tomentosa-M: Methanol

ectract of P. tomentosa

According to the results obtained, the hexane, ethanol
and methanol extracts of P. tomentosa showed the best
cytotoxic effect at a concentration of 1/1000 against the
MDA-MB-231 cell line at a wavelength of 540 nm. The
cytotoxic effects of these extracts were determined as
0.241, 0.3712 and 0.3807, respectively. However, it has
been observed that 1/2000 and 1/4000 concentrations
of P tomentosa's hexane, ethanol and methanol
extracts have no cytotoxic effects compared to control
(Table 3).

In the cytotoxicity study of the active component
1solated from P. tomentosa against HEPG2, A-549 and
MCF-7 cell lines, IC50 values were reported as 14.5,
68.4 and 3.5 ng 1¥104, respectively (Ali et al., 2019).
Some flavanoids isolated from P. tomentosa have
shown different levels of cytotoxic effect against
human erythro-leukemia K562 cells. In especially, it
was determined that diplacone shows the best
cytotoxic activity with the IC50 value of 4.4 puM
(Smejkal et al., 2008). In the cytotoxic study of
different concentrations of the same species (25, 50,
100, 200 ng mL) against the RAW264.7 cell line, it was
observed that it did not affect cell wviability at
concentrations of 200 pg mL or less and was non-toxic
(Jo and Kim, 2019).

CONCLUSION

Since plants are more frequently used in pharmacology
in recent years, it is medically important to be
preferred as natural agents in the treatment of
diseases. For this purpose, we think that P. tomentosa
may be a natural antibiotic or a therapeutic agent.
Espesically, we anticipate that its antimicrobial,
antioxidant and cytotoxic effects may be due to of the
flavonides that it contains. The better understanding
of the role of P. tomentosa componnents in medicine
reqires further studies for upcomimg years.
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ABSTRACT

In the present study, forty-five bacterial isolates were obtained from
previously unstudied soil samples in Baliklig6l, Sanlhurfa. Based on
their enzyme production capacities, six bacterial isolates designated
as BGL-22, BGL-26, BGL-27, BGL-37, BGL-38 and BGL-39 were
selected for further studies. Conventional and molecular identification
results showed that the bacteria belonged to Bacillus genus. Among
these strains, the highest activities for amylase (11.44 U mL), lipase
(1.12 U mL) and protease (2.61 U mL!) were determined for Bacillus
sp. BGL-37. Enzymatic characterization studies demonstrated that
the activities of acid-stable amylase and alkaline-stable lipase
remained unchanged up to 50°C, while alkaline-protease was retained
about 90% of its activity up to 40°C. The findings suggested that these
enzymes providing environmentally compatible processes under
relatively mild conditions have potential to be used in several fields
such as food processing and detergent industry.
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Balikligol, Tiirkiye’den Izole Edilen Bacillus Suglar1 Tarafindan Uretilen Hidrolitik Enzimlerin Kismi

Karakterizasyonu
OZET Aragtirma Makalesi
Bu ¢alismada, Baliklig6l, Sanliurfa’dan elde edilmis ve daha 6nceden
calisilmamig toprak orneklerinden kirk bes bakteriyel izolat elde Makale Tarihgesi
edilmigtir. Enzim tretim kapasitelerine gore bu izolatlar arasindan Gelig Tarthi - 12.10.2020
BGL-22, BGL-26, BGL-27, BGL-37, BGL-38 ve BGL-39 olarak  Kabul Tarihi :03.12.2020

1simlendirilen alt1 bakteriyal izolat ileriki denemeler i¢in secilmigstir.
Konvansiyonel ve molekiiler tanilama sonuclari, bu bakterilerin
Bacillus cinsine dahil oldugunu goéstermistir. Bu suslar arasindan
Bacillus sp. BGL-37, amilaz (11.44 U mL"), lipaz (1.12 U mL1) ve
proteaz (2.61 U mL) acisindan en yiiksek aktiviteyi gdstermistir.
Enzimatik karakterizasyon calismalari, alkali proteazin 40°C’ye
kadar yaklagsik %90 aktivitesini korudugunu, asit-kararli amilaz ve
alkali-kararli lipazin ise 50°C’ye kadar aktivitelerinde herhangi bir
diisiis yasanmadan aktivite gosterdiklerini ortaya koymustur. Elde
edilen bulgular, nispeten 1limli kosullar altinda cevresel olarak
uyumlu stireglerin gerceklesmesini saglayan bu enzimlerin, gidalarin
islenmesi ve deterjan endustrisi gibi gesitli alanlarda kullanilma
potansiyeline sahip oldugunu gostermigtir.

Anahtar Kelimeler
Bacillus sp.

Hiicre dis1 enzimler
Karakterizasyon
16S rRNA dizileme

To Cite: Uyar E, Corbaci C 2021. Partial Characterization of Hydrolytic Enzymes Produced by Bacillus Strains Isolated
from Balikhigsl, Turkey. KSU J. Agric Nat 24 (4): 707-714. DOI: 10.18016/ksutarimdoga.vi.809131.
INTRODUCTION chemo-, regio-, and stereo-selectivity of the enzymes

Enzymes from microbial origin have been mostly
preferred due to the countless advantages that they
offer as compared to traditional catalysts. Preventing
formation of impurities, reducing overall cost of the
products, and performing the reactions under mild
conditions were among the superiorities resulting from

(Sanchez and Demain, 2017; Prasad and Roy, 2018).
Although the first industrial enzyme production dates
back to the late part of 19th century, the early processes
were based on microbial enzymes from Bacillus
licheniformis and Aspergillus niger demonstrated to be
safe and thereby indicating the applicability of these
enzymes in multifarious food processes (Rastall, 2007;
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Ray and Rosell, 2017; Raveendran et al., 2018). Mostly
being hydrolytic in action, commercial microbial
enzymes serve versatile areas such as food, detergent,
leather, agriculture, feed, and textile industries. Thus,
the market for industrial enzymes is predicted to reach
from $5.01 billion in 2016 to $6.32 billion in 2021
(Chapman et al., 2018). Amylase, lipase and protease
constitute the largest market share within industrial
enzymes.

For over 500 biotechnological substances, at present,
are industrially produced by microbial enzymes.
Notwithstanding, some insufficiencies of the enzymes
such as low tolerance to solvents or activity lost under
extreme temperature and pH conditions restrict the
yield of industrial processes which in turn results in an
increase in the product cost (Adrio and Demain, 2014;
Sanchez and Demain, 2017). Thus, search for the novel
enzymes that match specific requirements of the
relevant industrial processes will undoubtedly remain
an important research topic in the future.
Microorganisms, especially bacteria and fungus, are
the largest sources of industrial enzymes. Among the
bacteria, members of Bacillus genus possess varied
biochemical pathways and thereby are able to
synthesize enzymes as well as other secondary
metabolites. High growth rates that shorten
production times, extracellular secretion capability of
the proteins into the fermentation media, and their
long history in industrial use along with the knowledge
of their biochemistry and genetics make these bacteria
favorable for the synthesis of various biotechnological
products (Schallmey et al., 2004; Parrado et al., 2014).
Therefore, they continue to be dominant bacterial
workhorses in numerous medical, pharmaceutical and
agricultural processes.

The aim of this study was to isolate novel Bacillus
strains capable of producing amylase, lipase and
protease with biotechnological importance. To the best
of the knowledge, this is the first study investigating
the extracellular enzyme production potential of
indigenous bacteria from terrestrial areas of Balikligol.
Following successive bacterial isolation and screening
steps, six bacterial strains identified as Bacillus sp. by
conventional and molecular identification techniques
were selected for comparison of enzyme production.
Moreover, partial characterization of the enzymes
showing the highest production activities from the best
producing strain was performed.

MATERIALS and METHODS
Samples and isolation of bacteria

To select potential extracellular enzyme producing
Bacillus isolates, soil samples aseptically collected
from various locations of Balikligél-Sanliurfa were
exposed to heat treatment at 80°C for 10 min to
eliminate vegetative form of any kind of bacterial
species. Serially diluted soil samples in sterile 0.85%
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(w/v) physiological saline solution were spread on
Nutrient Agar (NA) plates to allow the germination of
remaining spores in order to form vegetative colonies.
Morphologically different colonies were chosen and
purified by consecutive streaking several times on NA
plates. Pure bacterial cultures were stocked in 20%
(v/v) glycerol at —80°C.

Screening for enzyme production

Bacterial isolates were scored for enzyme production
by spotting onto NA plates including the following
components per L of distilled water: peptone, 5.0 g;
beef extract, 1.5 g; yeast extract, 1.5 g; NaCl, 5.0 g;
agar, 15.0 g. For screening of amylolytic, lipolytic and
proteolytic activities, NA plates were supplemented
with soluble starch (0.5%, w/v), tributyrin (1%, v/v),
and skim milk (10%, w/v), respectively. All plates were
incubated at 37°C for 2 days before the measurements
of hydrolysis zones. Amylase activities were visualized
by flooding with Lugol’s solution, comprised of iodine
(I2) and potassium iodide (KI).
Morphological and biochemical identification of
bacteria

The isolates were initially subjected to morphological
examination as well as Gram and endospore staining.
The Gram-positive, spore forming, rod-shaped bacilli
were then subjected to additional identification tests.
For the genus level identification, biochemical tests
were performed as described in Bergey’s Manual of
Determinative Bacteriology (Bergey and Holt, 1994).

Molecular identification and phylogenetic analysis of
bacteria

DNA isolation was performed from pure cultures
grown overnight in Luria—Bertani (LB) medium using
the PureLink Genomic DNA kit (Invitrogen, USA). By
using universal primer pair 27F (5-
AGAGTTTGATCCTGGCTCAG-3) and 1492R (5™-
GGTTACCTTGTTACGACTT-3), 16S rRNA genes
were amplified by TrueStart Hot Start Taq DNA
polymerase (Thermo Scientific, USA) under the
following PCR conditions: DNA polymerase activation
at 95°C for 2 min, denaturation at 95°C for 30 sec,
annealing at 60°C for 30 sec, and extension at 72°C for
90 sec was repeated for 35 cycles and the reaction was
terminated with the final extension at 72°C for 7 min.
After which the PCR amplicons were purified,
sequencing analysis of the fragments was carried out
by ABI 3130XL automated sequencer (Applied
Biosystems, USA). Comparisons of the sequences were
performed by the BLAST search at the NCBI database.
The sequences for 16S rRNA genes of all six newly
isolated bacteria were deposited in GenBank under the
Accession numbers MH647664 to MH647669.

The evolutionary distances of 16S rRNA regions of the
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bacteria were computed using the p-distance method
(Nei and Kumar, 2000) and phylogenetic analysis was
inferred by using the Neighbor-Joining method (Saitou
and Nei, 1987) in MEGA 7 (Kumar et al., 2016). The
confidence values were obtained from the bootstrap
analysis using 1000 replicates are presented next to
the branches (Felsenstein, 1985).

Production of hydrolytic enzymes

The extracellular productions of amylase, lipase and
protease were carried out by using submerged
fermentation (SmF) in amylase medium (g L' soluble
starch, 10.0; yeast extract, 3.0; peptone, 5.0; NaCl, 3.0;
MgS04.7H20, 0.5) (Deljou and Arezi, 2016); lipase
medium (g L tributyrin, 10.0; yeast extract, 5.0;
peptone, 5.0; NaCl, 0.5; CaCls, 0.05; Tween 80, 5.0)
(Kumar et al., 2005); and protease medium (g L1: D-
glucose, 10.0; yeast extract, 5.0; peptone, 5.0; KeHPO4,
1.0; MgSO04.7H20, 0.2) (Mehrotra et al., 1999),
respectively. 50 mL of the production media buffered
with phosphate buffer (pH 7.0) in Erlenmeyer flasks
were inoculated with one mL of overnight cultures of
the bacterial strains and incubated at 37°C for 3 days
on a rotary shaker at 150 rpm. After the incubation,
crude enzyme solutions were obtained by centrifuging
the production media at 8000 rpm and 4°C for 10 min.

Enzyme assays

For amylase, the analysis was performed by using the
dinitrosalicylic acid (DNS) method (Rick and
Stegbauer, 1974). 500 pL of the enzyme solution and
500 pL of 1% soluble starch were incubated at 37°C for
15 min. Then, one mL of DNS reagent was pipetted,
and the tube was incubated in boiling water for 5 min.
After cooling at room temperature, it was diluted up to
10 mL with distilled water. The absorbance was
measured spectrophotometrically in a microplate
reader (BioRad iMark, USA) at 546 nm. A unit of
amylase was defined as the amount of enzyme
catalyzing the hydrolysis of soluble starch to one pmol
of maltose per mL per min under assay conditions.

The lipase activity was analyzed by quantifying the
release of p-nitrophenol from p-nitrophenyl palmitate
(pNPP) according to the slightly modified method by
Rapp and Backhaus (1992). The enzyme solution (500
pL) was added to 750 uL pNPP solution and incubated
at 37°C for 15 min. By adding 100 pL of 1 M sodium
carbonate (NasCOs) into the tube, the reaction was
terminated and then re-incubated at 37°C for 15 min.
The absorbance of the filtrate was measured at 415 nm
using a microplate reader. A unit of lipase activity was
expressed as the amount of the enzyme that releases
one pmol of p-nitrophenol from pNPP per mL per min
under assay conditions.

The protease activity was determined using Sigma’s
universal protease assay with minor modifications.
320 pL of the enzyme solution was mixed with 800 uL
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of 0.65% casein solution. After 15 min incubation at
37°C, the reaction was terminated by pipetting 800 uL
of 0.11 M trichloroacetic acid (TCA) solution. The tube
was allowed to stand at 37°C for 30 min. Then, 500 pL
of the filtrate obtained by centrifuging at 8000 rpm,
1.25 mL of 0.5 M Na2COs solution and 250 pL of Folin-
Ciocalteu reagent (1:4 dilution) were mixed, and the
mixture was incubated at 37°C for 30 min. The
absorbance was read at 655 nm by a microplate reader.
A unit of protease activity was expressed as the
amount of the enzyme that catalyzes the hydrolysis of
casein to one pmol of tyrosine per mL per min under
assay conditions.

Estimation of protein content

Protein concentrations in the crude extracts were
quantified by using Bradford reagent (Bradford, 1976)
and bovine serum albumin was used as a standard.

Effects of pH and temperature on enzyme activity and
stability

The optimum pH values for the enzymes were
determined with soluble starch, casein and pNPP as
substrates, dissolved in 50 mM of different buffers
(citrate-phosphate, pH 5.0 and 6.0; phosphate, pH 7.0
and 8.0; glycine-NaOH, pH 9.0 and 10.0). The effect of
pH on stability was investigated by incubating the
enzyme solution without substrate at varied pH
conditions ranging from 3.0 to 10.0 adjusted with 0.2
M HCI or 1 M NaOH for 2 h at 37°C.

The effect of temperature on enzyme activity was
evaluated by performing the analysis procedure within
a temperature range of 30-60°C in 50 mM phosphate
buffer (pH 8.0) containing substrate solutions as
described above. Thermostability was assessed by
incubating the enzyme solution at different
temperatures varied from 20 to 70°C for 2 h.

Statistical analysis

All tests in the study were analyzed triple and the
findings were presented as the mean of three
independent experiments.

RESULTS AND DISCUSSION
Screening of bacteria producing hydrolytic enzymes

For evaluation of enzyme production, forty-five
bacteria were isolated from soil samples collected from
Balikligol. Preliminary screening for amylase, lipase
and protease were carried out on agar plates including
starch, tributyrin and skim milk, respectively. Among
the isolates, the bacteria designated as BGL-39 (17
mm), BGL-26 (13 mm) and BGL-37 (27 mm) exhibited
the highest clearing zones for amylase, lipase and
protease, respectively (Table 1).
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Table 1. Hydrolysis zones formed on the agar plates
including starch, tributyrin and skim milk
individually for screening of hydrolytic
enzymes

Cizelge 1. Hidrolitik enzimlerin taranmasi igin

nigasta, tributirin ve yagsiz stitii ayri ayri
igeren agar petrilerinde olusan hidroliz

zonlari
. Hydrolysis zones (mm)
Strain no. Amylase Lipase Protease
BGL-22 2 10 20
BGL-26 6 13 24
BGL-27 14 4 25
BGL-37 12 9 27
BGL-38 8 9 14
BGL-39 17 2 14

The isolates showing an ability to produce all three
enzymes, including strains BGL-26, BGL-37 and BGL-
39, were selected for conventional and molecular
identification studies.

Phenotypic characterization of potential enzyme-
producing bacteria

Morphological identification results demonstrated that
all isolates were Gram-positive, spore forming rod
shaped bacteria. Biochemical tests including motility,
citrate hydrolysis, Voges-Proskauer (VP), Methyl Red
(MR), indole production, oxidase, urease, catalase,
starch and gelatin hydrolysis, nitrate reduction,
glucose fermentation and production of H2S were
performed for genus level identification of the bacterial
isolates. The results were summarized in Table 2.
Although some biochemical test results were different
among the bacterial isolates, it was determined that
the isolates belonged to the Bacillus genus.

Table 2. Morphological and biochemical characteristics of bacteria
Cizelge 2. Bakterilerin morfolojik ve biyokimyasal karakteristikleri

Ch toristi Strain no.
aractenshes BGL-22 BGL-26 BGL 27 BGL-37 BGL 38 BGL 39

Gram’s reaction + + + + + +
Morphology Rod Rod Rod Rod Rod Rod
Spore formation + + + + + +
Motility + + + + +
Indole production - - - — _ _
Methyl red - - - - + +
Voges-Proskauer + + + + + +
Citrate utilization + - - — _ _
Catalase + + + + + +
Oxidase - - - - - +
Urease - - - - - _
H2S production - - - — - _
Starch hydrolysis + + + + + +
Gelatin hydrolysis + + + + + +
Glucose fermentation + + + + + +

Molecular identification and phylogenetic analysis of
bacteria

To gain further insight on the bacterial identification,
a molecular technique whose reliability is more than
that of conventional identification, was also used. 16S
rRNA regions of the isolates were amplified using
27F/1492R primer pair and the amplification yielded a
single PCR product ranging from 1429 to 1392 bp. The
BLASTN tool-based assignment of all isolates against
the NCBI database found out that the selected bacteria
belonged to the Bacillus genus with 100% homology.
Phylogenetic tree constructed with Neighbor-Joining
method also showed that newly isolated Bacillus
strains share close relationships with other members
of Bacillus genus (Figure 1). Despite occasional
inconsistencies between conventional and molecular
identification techniques, the identification results we
obtained supported each other.

Production and characterization of hydrolytic enzymes

Extracellular production of the enzymes was
investigated using SmF in media buffered at pH 7.0
and the findings were presented in Table 3. Briefly, the
enzymes from strain BGL-37 showed the highest
activities for the production conditions tested. On the
other hand, for amylase and protease, the highest
specific activities were obtained by strains BGL-38
(82.00 U mg?) and BGL-27 (23.27 U mg™)) respectively
due to the low amounts of total proteins expressed.
Compared to the findings with other results in the
literature, we found that strain BGL-37 was a good
producer of the hydrolytic enzymes (Divakaran et al.,
2011; Jamrath et al., 2012; Sharma et al., 2014) and
therefore, the enzymes from this strain were selected
for further studies for determining the influences of pH
and temperature on activity and stability.
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The optimal pH and temperature conditions for strain
BGL-37 amylase were pH 7.0 and 37°C (Figure 2). The
enzyme displayed the highest stability at acidic pHs,
followed by neutral and alkaline values. The enzyme
showed over 95% of its relative activity for 2 h at 37°C
in acidic conditions while it was found to be stable
approximately 80% of the activity at alkaline pH
values (Figure 2a). The enzyme remained nearly 100%

100

stable up to 50°C. After that temperature, the enzyme
activity rapidly decreased. However, the enzyme still
showed 66% of its activity at 70°C (Figure 2b).

Compared to the stability of strain BGL-37 amylase
with results in literature, we observed that amylase
from this study had greater pH and temperature
stability (Mahdavi et al., 2010; Dahiya and Rathi,

Bacillus halotolerans strain K11 (MF375880.1)
Bacillus sp. strain BGL-27
Bacillus axarquiensis strain GS3 (JX843765.1)

Bacillus sp. strain BGL-37

63

100

100

Bacillus sp. strain BGL-26

Bacillus tequilensis strain HBUM07031 (MF662457.1)
Bacillus cereus strain FMDD 3 (KU323658.1)

Bacillus pumilus strain IP5 (KY621522.1)

Bacillus sp. strain BGL-22

Bacillus subtilis strain YNA61 (JQ039972.1)

i

89

Bacillus licheniformis strain 129 (KU922363.1)

Bacillus sp. strain BGL-38

100l Bacillus thuringiensis strain L26 (KU179338.1)
Bacillus anthracis strain 263AG6 (KF836530.1)
Bacillus sp. strain BGL-39

Bacillus wiedmannii strain FJAT-40008 (MG905880.1)

75

Sulfobacillus thermotolerans strain P5 (MG386696.1)

0.020

Figure 1. Phylogenetic tree constructed based on 16S rRNA of bacterial strains and closely related species.
Sulfobacillus thermotolerans was used an out-group taxon. Bootstrap percentages are shown at branch

points

Sekil 1. Bakteri suslari ve yakin tiirlerin 16S rENA'larina gore olusturulmus filogenetik agag. Out-group takson
olarak Sulfobacillus thermotolerans kullanilmistir. Bootstrap ytizdeleri, dal noktalarinda gosterilmistir

Table 3. Extracellular production of hydrolytic enzymes by Bacillus sp. strains (values represent mean of three

experimental results)

Cizelge 3. Bacillus sp. suslari tarafindan hidrolitik enzimlerin hiicre disi liretimi (degerler ii¢ deneysel sonucun

ortalamasini temsil etmektedir)

Enzymes
Amylase Lipase Protease
. [ - oo By - O By - O o
Strain no. 27 =53 S B =9 =53 s B 23 =8 2w
2 < 3 8 TEE 2 2 X8 o > > - 2 8 SIS
_SE o ©° CD~.—<S SE © o CD""E 5‘8 o o CD""E
3 B oS o 25 3 £ S o 2.5 31 S 25
<2 2 g n L <=2 e g n e <2 8 g n e
BGL-22 0.92 0.05 18.40 0.16 0.08 2.00 2.13 0.18 11.83
BGL-26 11.13 0.23 48.39 0.58 0.10 5.80 1.97 0.27 7.30
BGL-27 6.17 0.18 34.28 1.04 0.17 6.12 2.56 0.11 23.27
BGL-37 11.44 0.14 81.71 1.12 0.11 10.18 2.61 0.12 21.75
BGL-38 3.28 0.04 82.00 0.24 0.11 2.18 0.67 0.12 5.568
BGL-39 1.61 0.13 12.38 0.54 0.10 5.40 0.67 0.03 22.33
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Figure 2. Effects of pH (a) and temperature (b) on activity and stability of amylase produced by strain BGL-37. Bars

represent standard errors of means, n=3

Sekil 2. pH (a) ve sicakligin (b) BGL-37 susu tarafindan iiretilen amilaz aktivitesi ve stabilitesi iizerine etkileri. Barlar
standart hatalarin ortalamalarini temsil etmektedir, n=3

2015). Mahdavi et al. (2010) aimed to characterize an
a-amylase from acid-neutralizing Bacillus cereus and
investigated its thermal stability. Although the
enzyme remained stable more than 80% at 60°C for 1
h, complete inactivation was detected after incubation
at 70°C for 25 min. In another study, Dahiya and Rathi
(2015) studied an alkaline amylase for application as a
detergent additive from B. licheniformis MTCC1483.
The researchers indicated that about 80% of the
original activity of the amylase remained relatively
stable for 45 min at 40°C at varied pH values from 6.0
to 10.0. However, the enzyme lost nearly 50% of its
relative activity at pH 10.0 for 1 h. As a result of
thermo-acid-stable properties, amylase from strain
BGL-37 has potential usage in baking, fruit juice
processing and starch liquefaction.

Lipase from strain BGL-37 showed activity at the pH
values ranging from 5.0 to 10.0, and the optimal
activity was observed in alkaline condition at pH 8.0
(Figure 3a). Further increasing or decreasing in the pH
value of the solution reduced the enzyme activity
dramatically. The enzyme remained stable 69% at pH

3.0, and its stability increased as pH value increased.
It was found to be stable 100% at pH 10.0. BGL-37
lipase was optimally active at 37°C (Figure 3b). Below
or above this temperature, the activity rapidly
decreased. As stated for strain BGL-37 amylase, the
lipase enzyme retained 100% of its activity up to 50°C
and its relative stability decreased with increasing
temperature. Even so, it was stable more than 60% at
70°C for 2 h. Compared to other lipases in literature,
strain BGL-37 lipase showed higher pH and
temperature stability. For instance, in a study,
Saraswat et al. (2017) investigated a thermotolerant
alkaline lipase from Bacillus sp. and found that the
lipase remained stable more than 85% of its relative
activity at pH 8.0 while over 60% at pH 6.0, 7.0 and
9.0. According to these results, the researchers
indicated that this enzyme could be used in the leather
industry and detergent formulation. The authors also
studied the thermostability of the enzyme, and 40% of
the lipase activity was observed at 50°C, while this rate
decreased to about 20% at 55 and 60°C.
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Figure 3. Effects of pH (a) and temperature (b) on activity and stability of lipase produced by strain BGL-37. Bars

represent standard errors of means, n=3

Sekil 3. pH (a) ve sicakhigin (b) BGL-37 susu tarafindan iiretilen lipaz aktivitesi ve stabilitesi iizerine etkilersi.
Barlar standart hatalarin ortalamalarini temsil etmektedir, n=3
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In another study, Sharma et al. (2002) studied an
alkaline and thermostable lipase from Bacillus sp.
RSJ-1 and revealed that the enzyme remained stable
nearly 40% of its relative activity at 70°C for 2 h.
Considering the lipase activity of strain BGL-37 in a
wide range of pH and temperature, the enzyme might
have a potential application in enhancement of cheese
ripening or enzyme modified cheese processes.
Protease from strain BGL-37 showed its highest
activity at pH 8.0, followed by at pH 7.0 and 9.0 (Figure
4a). Unlike many other proteases studied before, the
enzyme was able to preserve over 90% of its activity at
the pH conditions tested. The protease showed its
maximal activity at 37°C followed by at 45 and 30°C
and remained stable nearly 90% up to 40°C. Above this
temperature, the stability decreased sharply and 31%
of the activity was observed at 70°C for 2 h (Figure 4b).
In several studies, researchers obtained alkaline and
thermotolerant proteases from different Bacillus

strains and investigated their pH and thermal stability
(El Hadj-Ali et al., 2007; Bhunia et al., 2011; Gomaa,
2013; Yilmaz et al., 2016). The stability of BGL-37
protease was at a comparable level to those of above-
mentioned enzymes, even in some cases protease from
this study had higher pH stability and thermostability.
For example, the alkaline protease from Bacillus
pumilus ATCC7061 retained about 80% of its activity
at pH 8.0 and 9.0 for 1 h at 40°C (Gomaa, 2013)
although protease from strain BGL-37 remained stable
over 90% at all tested pH wvalues. In the study
conducted by El Hadj-Ali et al. (2007), a detergent
stable protease from B. licheniformis NH1 showed no
activity at 70°C regardless of presence or absence of
CaClz, while strain BGL-37 protease remained stable
more than 30% of its activity. Consequently, strain
BGL-37 protease might be used as flavor enhancing
agent in food products due to its alkali tolerance.
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Figure 4. Effects of pH (a) and temperature (b) on activity and stability of protease produced by strain BGL-37. Bars

represent standard errors of means, n=3

Sekil 4. pH (a) ve sicakligin (b) BGL-37 susu tarafindan iiretilen proteaz aktivitesi ve stabilitesi lizerine etkileri. Barlar
standart hatalarin ortalamalarini temsil etmektedir, n=3

CONCLUSIONS

Industrial enzyme market will continue to grow
steadily for improved outcomes such as environmental
sustainability and efficiencies in biotechnological
processes. Needless to say, interest in microorganisms
capable of producing compatible enzymes that can
meet all the requirements of a specific biotechnological
process will increase. The majority of the enzymes
produced by biotechnology companies over the world
are originated from Bacillus species. Thus, we focused
on the Bacillus members from the local environments
to evaluate the production potentials for extracellular
enzymes including amylase, lipase and protease. To
isolate novel Bacillus species, we selected terrestrial
areas of Balikligél which has not been studied before.
Partial characterization studies indicating that all
three enzymes produced by the novel Bacillus strains
were alkali-tolerant and fully functional at 40°C
suggest that these enzymes are good prospect for their
potential substitution especially in food and detergent
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industries. When considering the ease of genetic
manipulation, Bacillus sp. BGL-37 might be used as a
source for evaluation of possible modification of these
enzymes offering a better alternative in different
greener industrial processes not only by energy saving
but also reducing hazardous substances/wastes.
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ABSTRACT Aragtirma Makalesi

The Alyssum L. genus which is spread in the Eastern Mediterranean

is known by the public as ‘Rabid weed’ or ‘Kevke’. Many of these Makale Tarihgesi

species are seen as a way to prevent disasters such as erosion, both Gelig Tarihi  :21.10.2020
due to drought resistance and low soil selectivity. Also Alyssum known Kabul Tarihi :03.12.2020

as ‘Tooth weed’, it has been used to reduce tooth sore, bladder stones

and spasm. In this study, in order to examine antibacterial and Anahtar Kelimeler

antifungal activities, extracts obtained from three naturally growing
plants (Alyssum caricum T.R.Dudley and Hub.-Mor., Alyssum discolor
T.R.Dudley and Hub.-Mor. and Alyssum sibiricum Willd.) in Turkey
were examined on seventeen bacteria and two fungal strains by disc
diffusion method. In addition, antimicrobial activity was supported by
the Minimum Inhibition Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) method. DPPH (2,2-diphenyl-1-
picrilhydrazyl) method was used to investigate the antioxidant
activities of plant extracts, and crystal violet binding method was used
to prevent biofilm formation. As a result, A. caricum ethanol extract
showed the best effects in antimicrobial activities. None of plants were
effective against fungi. A. sibiricum shows the best activity in
antibiofilm activity and A. caricum was showed the best result in
antioxidant activity.

OZET

Dogu Akdeniz'de yayilis gosteren Alyssum L. cinsi, halk tarafindan
‘Kuduz otu’ veya ‘Kevke' olarak bilinir. Alyssum turlerinin c¢ogu
kurakliga karsi dayanmikli olmasi ve toprak segimlerinin olmamasi
sebebi ile erozyon gibi felaketleri 6nlemede 6nemlidir. Ayrica Alyssum
dis otu olarak bilinmekte olup dis agrilarinda, spazm ve mesane
taglarim1  duglirmede kullanilan bir bitkidir. Bu c¢alismada,
antibakteriyel ve antifungal aktiviteleri incelemek i¢in tilkemizde
dogal olarak yetisen ii¢ bitkiden (Alyssum caricum T.R.Dudley ve
Hub.-Mor., Alyssum discolor T.R.Dudley ve Hub.-Mor. ve Alyssum
sibiricum Willd.) elde edilen ekstraktlar, disk difiizyon yéntemi ile on
yedi bakteri ve iki mantar susu Uzerinde incelenmistir. Ayrica,
antimikrobiyal aktivite Minimum Inhibisyon Konsantrasyonu (MIC)
ve Minimum Bakterisidal Konsantrasyonu (MBC) yoéntemi ile
desteklenmigtir. Bitki ekstraktlarinin antioksidan aktivitelerini
arastirmak icin DPPH (2,2-difenil-1-pikrilhidrazil) yéntemi, biyofilm
olusumunu o6nlemek icin ise kristal viyole baglama yontemi
kullanilmigtir. Sonug¢ olarak, antimikrobiyal c¢alismasinda en iyi
sonucu A. caricum etanol ekstrakti gosterdi. Bitkilerin higbiri
funguslara karsi etki gosteremedi. Antibiyofilm ¢alismasinda en iyi
sonucu A. sibiricum gésterirken antioksidan ¢alismasinda ise en iyi
aktiviteyl A. caricum ekstrakti gosterdigi tespit edildi.
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INTRODUCTION Belonging to Brassicaceae family, Alyssum L. genus is

Turkey, Asia, Europe and Africa are rich areas in
terms of plant flora due to their location. Generally
plant species are abundant in phyto-geographical
areas such as Iran-Turanian, Euro-Siberian and
Mediterranean (Biilbiil et al., 2018). Some Medicinal
plants are used to treat living being and have active
substances obtained from their certain parts (Yaldiz
and Kulak, 2014). Previous studies by World Health
Organization (WHO) indicated that there were about
20.000 medicinal plants (Ulgen et al., 2020). The
plants used in treatment have attracted the attention
of microbiologists over time and studies on the
antimicrobial activities of plants have begun to
intensify (Erdogrul, 2002; Altuner and Cetin, 2018;
Biilbiil et al., 2018). Medicines obtained from plants
are used in the treatment of diseases caused by
microorganisms. In research on plants, by determining
the chemical composition of plants and dosage level of
treatment of diseases depends on the resolution of the
antimicrobial mechanism (Erdogan and Everest,
2012). Antimicrobial research was accelerated with the
discovery of penicillin and antibiotics was started to be
produced from microorganisms (Shinji, 1993; Iwu et
al., 1999).

Biofilms are microorganism communities where
bacteria live on a damp surface and live-in harmony
with each other in the extracellular matrix (Ceyhan,
2008). Organic molecules like proteins, have a role in
the binding of bacteria to the surface. Furthermore,
some of them lead to biofilm formation in the presence
of extracellular polymeric structure (Tozyilmaz et al.,
2020). The biofilm community can be found in many
suitable areas such as wood, glass, tissue, plastic
(Kokare et al.,, 2009). Microorganisms provide to
communicate with chemical signals after they are
attached to a surface (Taga and Bassler, 2003; March
and Bentley, 2004). With the formation of biofilms,
resistance of bacteria against antibiotics started to
increase and researchers righted to find new
alternative methods against antibiotic resistance of
bacteria (Ceyhan, 2008). It is very important for
scientists to work on the characterization of new
antimicrobial agents in order to eliminate bacteria
resistant to antimicrobial agents used for commercial
purposes (Altuner et al., 2018).

Brassicaceae family is ranked on the top for the United
States with a total 616 species. including 148 endemic
species, while Turkey is ranked the second with a total
606 species, including 226 endemic species (Al-
Shehbaz et al., 2007; Mutlu, 2012). While the family
contains cultural products such as radish, cabbage,
cress and mustard it also contains ornamental plants
such as gillyflower, venus (Couvreur et al., 2010).
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among the largest with consisting of 107 species and
subspecies for flora of Turkey (Babaoglu et al., 2006).
Brassicaceae family is rich in antioxidant compounds,
including polyphenols, owing to its beneficial health
effects, and contains medically important components
in terms of showing anticancer and antioxidant

activities (Cartea, 2011). Therefore, directly
consuming products or vegetables that contain
important health-related ingredients provides

protection against many common diseases (Duthie et
al.,, 2000; Pandey and Rizvi, 2009; Avato and
Argentieri, 2015).

The aim of this study was to contribute to the
literature by obtaining extracts from the above-ground
parts of the A. caricum, A. discolor and A. sibiricum in
Anatolian flora and examining their antibacterial,
antifungal, antibiofilm activities and antioxidant
capacities on 17 different bacteria and 2 different
fungus strains. It was aimed to provide guidance in the
medical and industrial plants used in the flora of
Turkey as well as in the world.

MATERIAL and METHOD
Plant Material

Alyssum caricum T.R. Dudley and Hub.-Mor., Alyssum
discolor T.R. Dudley an Hub.-Mor. and Alyssum
sibiricum Willd. plants which are grown naturally in
Turkey and used in this study, collected by Metin
Armagan from various locations of Anatolia. A list of
taxa and full voucher data is provided in Table 1. The
above-ground parts of the plants were washed in tap
water and dried in a cool and moisture-free condition
and made ready for grinding.

Extraction

Soxhlet device was used for extraction. Aboveground
parts of all Alyssum species were crushed by means of
liquid nitrogen and ground. Each milled plant sample
and solvent were placed in the soxhlet device.
Extraction was performed at 55°C for 8 hours. At the
end of the period, the plant extract dissolved in ethanol
was kept in the evaporator for 30 minutes at 40°C to
remove it from the solvent. The plant extract dissolved
in dimethyl sulfoxide (DMSO) and made ready for use.

Determination Antimicrobial Activity

Test microorganisms and culture medium

In order to investigate the antibacterial and antifungal
activities of the plant extracts preparated after
extraction process, seventeen bacteria (Salmonella
kentucky, Salmonella enteritidis ATCC 13075,
Staphylococcus aureus ATCC 25923, Staphylococcus
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epidermidis DSMZ 20044, Listeria monocytogenes,
Listeria innocua, Bacillus subtilis DSMZ 1971,
Enterobacter aerogenes ATCC 13048, Escherichia coli
ATCC 25922, Klebsiella pneumoniae, Enterococcus

faecium, Enterococcus faecalis ATCC 29212,
Enterococcus durans, Pseudomonas aeruginosa DSMZ
50071, Pseudomonas  fluorescens, Salmonella

typhimurium, Salmonella infantis) and two fungi

Table 1. Collection data of Alyssum L. species.
Tablo 1. Alyssum L. tiirlerinin toplanma verileri.

(Candida albicans DSMZ 1386, Candida albicans)
strains were activated on Luria-Bertani (LB) broth
medium. Furthermore, LB broth medium was also
used for minimum inhibition concentration (MIC)
determination. Nutrient Agar (NA) was used for the
development of bacterial strains and minimum
bactericidal concentration (MBC), while Sabouraud
Dextrose Agar (SDA) was used for fungi development.
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A. A. caricum 36° 59" 324"N 7 2017 Rocky Eastern Mugla: Koycegiz, west of
7356 28° 39'15.3"E area mediterra  Toparlar
nean
A. A.discolor 36° 52' 25.8"N 81 2017  Step Eastern Mugla: Marmaris, Beldibi
7443 28° 16' 29.6"E mediterra  neighborhood, Mugla
nean highway exit
endemic
A. A.sibiricum 37° 12' 53.1"N 736 2017 Rocky Mugla: Center,
7353 28° 23' 4.3"E area -t Kargiyakaneighborhood

Determination of disc diffusion method

Disk diffusion susceptibility test of Kirby and Bauer
was used to determine the antibacterial activities of
plant extracts (Dagct and Digrak, 2005). The dry
extracts of the plants were dissolved in DMSO and
three different concentrations (200 mg/ml, 100 mg/ml
and 50 mg/ml) were prepared under sterile conditions.
The prepared concentrations were absorbed into sterile
discs. Furthermore, Tetracycline (TE 30) standard
antibiotic disk was used for positive control. The test
microorganisms were activated in LB broth medium
for 16-18 hours and prepared a dilution of 1.5x108
cell/ml with 0.5 McFarland turbidity. Microorganisms
were cultured in the sterile petri dishes involved NA
agar for bacteria and SDA agar for fungi. After a while,
discs with extract placed in petri dishes properly.
Bacteria were incubated at 37°C for 16-18 hours and
fungi were incubated at 25°C for 24-48 hours and the
end of time, zones diameters of the inhibitions around
the discs were measured. This study was replicated
three times for each of the three plants and the
arithmetic mean of the results were measured in
millimeters.

Determination minimum inhibition concentration

(MIC)

The MIC values of the extracts were determined using
the Microwell Dilution method specified by Sahin et al.
(2003). Microorganisms were grown according to
McFarland 0.5 turbidity. Sterile LB broth was added
into all wells and 200 mg/mL plant extracts were
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diluted in an equal volume (200-6,25 mg/ml) and added
into all wells. In addition, seventeen of different
strains of microorganisms were inoculated in each
well. Moreover, positive and negative control wells
were prepared were comparison of absorbance values
and control of the medium. Finally, microplates were
incubated at 37 ° C for 16 hours, and the absorbance
values of the samples were evaluated by measuring
against the positive control at 600 nm in the
spectrophotometer to  determine the lowest
concentration that the plant extracts inhibit the
microorganism.

Determination minimum bactericidal concentration

(MBC)

After obtaining the MIC results, MBC results were
obtained against bacterial strains of plant extracts In
the MIC results, wells that bacteria could not
reproduce were determined. Samples taken from these
wells cultivated on NA and incubated during for 18-24
hours at 37°C.

Determination Antibiofilm Activity

Biofilms means the community living in a
polysaccharide layer on the surface where
microorganisms adhere (Tozyilmaz and Bulbul, 2018).
Antibiofilm activities the prepared were determined
using the method described by Atalan et al. (2020).
Firstly, after the MIC results obtained in antimicrobial
activity, the bacterial solutions in the microplate were
incubated for an additional 24 hours at 37°C. After the
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incubation, the microplate wells were completely
drained, washed with distilled water and allowed to
dry at room temperature. Then, 130 pl of 95%
methanol was added to the wells and left for 15
minutes. At the end of the time, the wells were emptied
and allowed to dry. Following by this, 125 pl of a 0.1%
crystal violet solution was placed in the wells and
allowed to incubated at room temperature for 10
minutes. Thenmicroplate was washed again with
distilled water and allowed to dry. It was placed in 33%
glacial acetic acid solution for gram positive bacteria
and 95% ethanol solution for gram negative bacteria
and incubated under room conditions for 15 minutes.
At the end of the period, microplates were measured at
600 nm on a spectrophotometer. All these procedures
were also performed for the positive control and the
percentage reduction of Dbiofilm inhibition was
calculated by comparing the data optained from the
positive control in the evaluation of the antibiofilm
activity of the plant extracts against bacteria.

% Decrease: (1- (T/C) x100 was made according to the
formula. According to this formula;

C: Positive control
T: Test

Determination of Antioxidant Activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) is a
commercially produced nitrogen radical (Huang et al.,
2005). DPPH method is frequently used to measure the
antioxidant activity of extracts obtained from nature
(Mot et al., 2011). The DPPH radical sweep stage used
in the study was carried out according to the method of
Blois (Blois, 1958). Dilute concentrations of plant
extracts (12.5-0.39mg/ml) and diluted concentrations
of ascorbic acid solution (12.5-0.39 mg/ml) were mixed
well by adding 1/4 of 0.1 mM DPPH solution. 1/4 of 0.1
mM DPPH solution and ethanol was added for the
sample control. Then, the absorbance values were
measured with a spectrophotometer at a wavelength of
517 nm for 30 minutes under dark room conditions.
The standard material (ascorbic acid) used and the
DPPH solution were prepared daily. The DPPH radical
scavenging activity of extracts and standard supstance
concentrations was calculated by the following
formula;

% DPPH scavenging activity: ((C-T)/C) x100 was made
according to the formula. According to this formula;

C: Control absorbance

T: Test absorbance

Concentrations of standard substances and plant
extracts that inhibition the DPPH radical by 50% are
defined as ECso (Effective Concentration). Three

parallel repetitions of each concentration were made
plotted graphs according to the measurement results.
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RESULT
Disk Diffusion Results
In Table 2 shows the antimicrobial activities of

Alyssum species and standard antibiotics studied by
disc diffusion method. Accordingly, determined it does
not show inhibition zone against the strains B. subtilis
DSMZ 1971, C. albicans, C. albicans DSMZ 1386, E.
aerogenes ATCC 13048, E. faecalis ATCC 29212, L.
monocytogenes and P. fluorescens which at three
concentrations (200, 100 and 50 mg/ml) for three plant
species.

MIC and MBC Results

According to the MIC and MBC results shown in Table
3, it was observed that three plant extracts at the
specified concentrations showed antimicrobial activity
against 17 applied strains of bacteria.

Alyssum caricum extract had a minimum inhibitory
effect against £. coli ATCC 25922 bacterial strains
(MIC), while a minimum inhibitory effect against other
bacterial strains at a concentration of 100 mg/ml. In
addition, A. caricum extract was found to have the
lowest bactericidal concentration that inhibits
bacterial strains at a concentration of 100 mg/ml and
200 mg/ml. Alyssum discolor extract showed minimal
inhibition against the Listeria innocua bacterial strain
at a concentration of 100 mg/ml, while it showed a
minimal inhibitory effect at the other bacterial strains
at a concentration of 50 mg/ml (Figure 1). In addition,
It was also found that extract had the lowest
bactericidal concentration, which inhibited all
bacterial strains at a concentration of 100 mg/ml.
Alyssum sibiricum extract shows minimum inhibition
against K. durans, E. faecium, K. pneumoniae, P.
fluorescens bacterial strains at a concentration of 100
mg/ml, while it showed minimum inhibitory effect
against other bacterial strains at a concentration of 50
mg/ml. In addition, at concentration 200 mg/ml, A.
sibiricum extract showed the lowest bactericidal
concentration that inhibited P. aeruginosa DSMZ
50071 and Z. duransbacterial strains, while 50 mg/ml
against B. subtilisDSMZ 1971 and E. aerogenes ATCC
13048 bacterial strains and it was found to have the
lowest bactericidal concentration at 100 mg/ml against
other microorganisms.

Antibiofilm Results

The effects of three plant extracts on biofilm formation
of test microorganisms were investigated, as shown in
Table 4. Accordingly, it was determined that Alyssum
caricum extract at 50 mg/ml concentration inhibited
biofilm formation of Enterococcus faecium and
Pseudomonas aeruginosa DSMZ 50071 strains by
12,6% but did not inhibite biofilm formation of other
bacterial strains. Similarly, when the effects of
Alyssum discolor extract on the biofilm formation of
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the test microorganisms were examined, no antibiofilm
activity was observed against the bacteria tested in all
three concentrations. When antibiofilm activity of
Alyssum sibiricum extract was tested against test
microorganisms, it was observed that biofilm
formation was usually inhibited at concentrations of

100 mg/ml and 50 mg/ml. However, Enterobacter
aerogenes ATCC 13048 observed no antibiofilm
activity at all three concentrations against
FEnterobacter faecium and Listeria monocytogenes
bacterial strains.

Table 2. Antimicrobial zone measurements (mm) of Alyssum L. species.
Tablo 2. Alyssum L. tiirlerinin antimikrobiyal zon él¢timleri (mm).

Species Alyssumcaricum Alyssumdiscolor Alyssum sibiricum (+) Control
Microorganisms 200 100 50 200 100 50 200 100 50 TE30 mg/ml
B. subtilis DSMZ 1971 - - - - - - - - - 28
C. albicans - - - - - - - - - 14
C. albicans DSMZ 1386 - - - - - - - 14
E. aerogenes ATCC 13048 i i i i S S S S 0 17
E. durans 4 2 2 - - - - 16
E. faecalis ATCC 29212 - - - - - - - - - 15
E. faecium 4 - - - 7.6 7 6.3 20
E. coli ATCC 25922 - 6.3 - - - - - - - 19
K. pneumoniae 2.3 - 6.6 4 4 4 - - 16
L. innocua 7 6.6 7 - - - - - - 16
L. monocytogenes - - - - - - - 23
P. aeruginosa DSMZ 50071 6 2 6 o o o o o o 16
P, fluorescens - - - - - - - - 13
S. enteritidis ATCC 13075 2 6.6 2 14 10 9.6 7 6.3 - 23
Salmonella infantis 6.6 6.6 4.3 4.6 6 4 - - 10
S. kentucky 4 - - - - - - - - 15
S.typhimurium 6.6 6.6 7 - - - - 14
S. aureus ATCC 25923 7.3 6 2 - - - - - - 25
S. epidermidis DSMZ 20044 7.3 7 6.6 - - - - 18

(-): No inhibition.

ATCC: American Type Culture Collection.

DSMZ: German Cell Culture and Microorganism Collection.
TE: Tetracycline

H o

l’F’:contm\

0

Figure 1. Antimicrobial activities of Alyssum species against the tested microorganisms at concentrations of 200,
100 and 50 mg/ml (+ Control: Tetracycline (TE 30), a: Effect of A. discolor extract against S. Enteritidis
ATCC 13075 strain, b: Effect of A. caricum extract against L. innocua strain, c¢: Effect of A. sibiricum
extract against S. enteritidis ATCC 13075 strain).

Sekil 1. Alyssum tiirlerinin 200, 100 ve 50 mg / ml konsantrasyonlarda test edilen mikroorganizmalara karsi
antimikrobiyal aktiviteleri (+ Kontrol: Tetrasiklin (TE 30), a° A. discolor ekstresinin S. Enteritidis ATCC
183075 susuna etkisi, b - A. caricum ekstresinin L. innocua susuna etkisi, ¢’ A. sibiricum ekstresinin S.

enteritidis ATCC 13075 susuna etkisi).
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Table 3. MIC and MBC results of Alyssum L. species (mg/ml).
Tablo 8. Alyssum L. tiirlerinin MIC ve MBC sonuglar: (mg / ml).

Species Alyssum Caricum Alyssum discolor Alyssum sibiricum
Microorganisms MIC MBC MIC MBC MIC MBC
B. subtilis DSMZ 1971 100 100 50 100 50 50
E. aerogenes ATCC 13048 100 200 50 100 50 50
FE. durans 100 200 50 100 100 200
E. faecalis ATCC 29212 100 100 50 100 50 100
E. faecium 100 200 50 100 100 100
E. coli ATCC 25922 50 100 50 100 50 100
K. pneumoniae 100 200 50 100 100 100
L. innocua 100 200 100 100 50 100
L. monocytogenes 100 200 50 100 50 100
P.aeruginosa DSMZ 50071 100 100 50 100 50 200
P. fluorescens 100 200 50 100 100 100
S. enteritidis ATCC 13075 100 200 50 100 50 100
S. infantis 100 100 50 100 50 100
S. kentucky 100 100 50 100 50 100
S. typhimurium 100 100 50 100 50 100
S. aureus ATCC 25923 100 200 50 100 50 100
S.epidermidis DSMZ 20044 100 200 50 100 50 100

Table 4. Biofilm inhibition (%) of Alyssum species.
Tablo 4. Alyssum tiirlerinin biyofilm inhibisyonu (%),

Species

Alyssum Caricum

Alyssum discolor Alyssum sibiricum

Microorganisms 200 100
B. subtilis DSMZ 1971

FE. aerogenes ATCC 13048
E. durans

E. faecalis ATCC 29212

E. faecium
E. coli ATCC 25922

K. pneumoniae

L. innocua
L.monocytogenes

P. aeruginosa DSMZ 50071
P. fluorescens

S. enteritidis ATCC 13075
S.infantis

S.kentucky
S.typhimurium

S. aureus ATCC 25923

S. epidermidis DSMZ 20044

50

12.6

12.6

200 100 50 200 100 50
- - - - 26.1 23.8
15.7 46.4 37.7
- - - . 35 34
- - - 26.5 31.6
- 38 41.5
- - - 14.1 31.3 36.3
- - - 40.4 43.8
- 39.3 -
- - - 13 41.5 42.3
16.3 52.4 55.3
- - - - 24.7 24.7
18.1 47.5 44
- - - - 21.8 22.9
39.1 32.6

(9): No biofilm inhibition

Antioxidant Activity Results
DPPH Radical Sweeper Activity Determination

Basen on comparative DPPH radical scavenging
activities studies in different concentrations of the
Alyssum species, three Alyssum species showed close
antioxidant activity at the compared concentrations
(Figure 1). However, plant extracts found to have lower
antioxidant activity when compared with ascorbic acid.
Alyssum species generally sweep DPPH radical at 1.56
mg/ml, 3.12 mg/ml, 6.25 mg/ml and 12.5 mg/ml (Figure
2). The best results in all concentrations respectively
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were; Alyssum caricum> Alyssum sibiricum> Alyssum
discolor showed antioxidant activity .

The effective concentration that enables removal of the
DPPH radical of 50% of the studied plant extracts is
defined as the ECs0 value. The low ECso value indicates
that the antioxidant activity is high. After DPPH
removal percent inhibition values of extracts were
determined on the chart, ECso values are shown in
Table 5.
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Antioxidant Activity
100
90
P 80
§ 70
=S 60
L5 50
S2 40 — /
é 'E 30 /
S
L 10—
o 0
a 0,39 0,78 1,56 3,12 6,25 12,5
== Alyssum caricum 33 45,9 59,2 69,9 69 59
== Alyssum sibiricum 10 21 36,8 57 61,7 62,2
Alyssum discolor 8,2 28 30 47,1 58,6 51,5
== Ascorbic asid 93 94,1 94 94 94,5 95

Figure 2. Plant extracts and the activity of the standard substance to sweep the DPPH radical (%)
Sekil 2. Bitki ézleri ve standart maddenin DPPH radikalini stipiirme etkinligi (%)

Effective concentration (EC50) values

obtained from DPPH radical removal

results of the studied plant extracts and

~ standard substance.

Tablo 4. Incelenen bitki éziitleri ve standart maddenin
DPPH radikal giderme sonuglarindan elde
edilen etkin konsantrasyon (EC50) degerleri,

Table 5.

Plant Species ECso0 Values
A. caricum 1.08
A.sibiricum 3.63
A. discolor 5.72

Ascorbic asid --

DISCUSSION

Benli et al. (2007) investigated antimicrobial activities
against K. faecalis ATCC 29212, B. subtilis, E. coli
ATCC 25922, S. aureus ATCC 29213, L.
monocytogenes ATCC 7644, P. aeruginosa ATCC
27853, C. albicans 845981 strains in their study on six
endemic plant species. Alyssum pateri subsp. pateri
(seed) extract was observed to show no antimicrobial
activity against any strain. Kumar et al. (2017) found
that the ethanol and methanol extracts of Camelina
sativa (Brassicaceae) which is from the same family as
Alyssum L. plant showed a good antimicrobial effect
against Trichoderma ressei, Tilletia indica and
Phanerochaete chrysosporium strains.

Tozyilmaz and Biilbiil (2018), reported their
antimicrobial activities against some microorganisms
with disc diffusion, MIC and MBC method against
methanol extract from Alyssum corsicum and Alyssum
caricum plants at 50 mg/ml concentration and
observed that plant extracts showed low activity on
microorganisms. A. corsicum extract showed the best
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effect against Staphylococcus aureus ATCC 25923 and
Enterococcus faecium strain, while A. caricum extract
was showed the best activity against FEnterobacter
aerogenes ATCC 13048, Enterococcus faecium and
Salmonella infantis.

In this study, Alyssum caricum extract showed the
best results against Staphylococcus strains. It was
determined that the MIC of the extract was 100 mg/ml
against most bacteria and the MBC value was 200
mg/ml. Although Alyssum discolor ethanol extract
showed low activity against S. infantis, K. pneumoniae
and L. innocua strains, it was found that it showed
good antimicrobial activity against S. enteritidis ATCC
13075 strain and also no antimicrobial activity against
other microorganisms. It was also observed that the
extract had a MIC value of 50 mg/ml and a MBC value
of 100 mg/ml against most bacteria.

Alyssum sibiricum extract was also unable to show
antimicrobial activity against any of the other test
bacteria except for FEnterococcus faecium and
Salmonella enteritidis ATCC 13075 bacterial strains.
It was determined that the MIC of the extract was 50
mg/ml against most bacteria and the MBC value was
100 mg/ml. Since antimicrobial studies related to some
species are not sufficient in the literature, comparison
has been made with some antimicrobial studies from
family belonging to the species. Accordingly, it was
observed that the ethanol extracts used in the studies
may vary according to the plant species in
antimicrobial activities and the effect level is low. In
this study, it was found that the plant extract did not
affect most bacteria except for a few Dbacteria
mentioned in the evaluation against bacterial strains.
It is believed that the antimicrobial effect of Alyssum
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discolor species will be contributed to the literature by
repeating in different solvent or different
concentrations.

Antioxidant activity methods are frequently used to
purify plants directly or indirectly and to determine
their biological effect capacities. Therefore, free radical
removing methods such as DPPH and ABTS using
determine the total antioxidant effect (Giilcin 2006).

Martinez-Sanchez et al. (2008), reported that
Nasturtium officinale plant belonging to Brassicaceae
family is high in flavonoid amount, while Diplotaxis
tenuifolia (L.) DC. plant high in vitamin C. It was
examined that the antioxidant effect of plants with
DPPH, FRAP and ABTS methods and polyphenols
showed high value in terms of vitamin C content as a
result. Akagiin (2009), examined the DPPH radical
scavenging activity of Brassica oleracea var.
gongylodes (Brassicaceae) plant extract and reported
that ethanol extract has antioxidant activity.
Consequently, it was determined that ethanol strain.

Extract had 52.4% radical removal activity at a
concentration of 750 pg/ml, while was observed 67.5%
activity at a concentration of 1000 pg/ml. In this study,
Alyssum discolor ethanol extract exhibited the highest
DPPH removal activity at 6.25 mg/ml with 58.6%, and
also it was found that the effective concentration
(EC50) value was 5.72 mg/ml. Alyssum caricum
extract exhibited the highest DPPH removal activity
with 69.9% at 3.12 mg / ml and it was found that the
effective concentration (EC50) value was 1.08 mg/ml.
In addition those, Alyssum sibiricum extract exhibited
the highest DPPH relieving activity with 62.2% at a
concentration of 6.25 mg/ml and it was determined
that the effective concentration (EC50) value was 3.63
mg/ml. Also the antioxidant values of all three
Alyssum extracts were found to be lower than the
standard substance. Due to the lack of sufficient
resources about the plant species in the literature,
studies regarding the family of the plant have been
taken into consideration. The antioxidant activity of
ethanol extracts from family-owned plants showed
close radical scavenging activity although the ethanol
extract of the plants used 1 at different concentrations
in this study. Especially, since the good effect of the
Alyssum caricum species compared to the others, it is
necessary to carry out studies that support this study
with different antioxidant methods.

Biofilm consists one or more microorganisms coming
together and organized and materials that absorb the
extracellular matrix of the surface they adhere to and
the chemicals that form it (Franklin et al., 2015).
Biofilms prevent the antibiotics from infecting bacteria
and cause microorganisms to be more resistant to
antimicrobial agents (Franklin et al., 2015; Oliveira et
al., 2016).

Based on the results of the antibiofilm belonging to
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Alyssum species, A. caricum extract F. faecium and
Pseudomonas aeruginosa DSMZ 50071 strains
inhibited biofilm by 12.6%, while A. sibiricum extract
showed antibiofilm activity against most
microorganisms, showed the highest biofilm inhibition
against 55.3% Salmonella Infantis strain at a
concentration of 50 mg/ml. However, it was determined
that A. discolor plant does not show any biofilm
inhibition against test bacteria. The antimicrobial,
antibiofilm and antioxidant activities of all plants used
in the study were studied for the first time and the
literature studies of the families belonging to the
species were low. Therefore, it can be said that in this
study is an original study.

CONCLUSION

Recently, there is growing interest in medicinal herbal
products due to the resistance of microorganisms
against artificial drugs used as antimicrobial and the
side effects of artificial drugs are high. It is extremely
important to investigate the medical plant components
which contain antimicrobial agents. Phenolic
compounds in the structure of plants play an
important role especially in determining antimicrobial
activity. It is important to ensure that the active
substance 1s obtained without damage and the
appropriate dosage is used for therapeutic use of plants
that are rich in the components they contain. In
addition, the use of extracts, which are used in the
industry to extend food storage times, is increasing day
by day. It is predicted that plant extracts will be used
more in many industries, especially in the food
industry, because the plants are natural and do not
leave residue.

Researchers have focused on researching plants that
may have natural antioxidant activity instead of
artificial antioxidants in terms of human health. So,
studies have started to supplement natural
antioxidants to be obtained from plants. In diseases
such as cancer, it is increasing that foods containing
antioxidants are consumed directly and such extracts
are being used as preservatives in the foods we
consume.

Some plant extracts have antibiofilm properties as well
as antimicrobial activity. Biofilm-forming bacteria
show higher antimicrobial resistance than non-biofilm-
forming bacteria. Biofilm structure bacteria clustering
into living or inanimate surfaces as colonies can cause
antimicrobial resistance to decrease by extensively
producing polymeric components outside the cell.
Therefore, in cases where antimicrobial agents are
insufficient against biofilm-forming bacteria, new
antimicrobial agents and alternative treatment
methods are searched. The plants used in the study
were shown to have a weak effect in terms of
antibiofilm. Plants are thought to can be effective
using different solvent and dosage.
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ABSTRACT
In this study, decoctions (herbal tea) of sage (Salvia officinalis L..) and
lemon balm (Melissa officinalis 1), two of the important medicinal

Research Article

Article History

plants, were analysed for antioxidant activity, antioxidants, and Received ©15.10.2020
minerals (K, Na, Mg, Ca, Fe, Ba, Ag and Ga) were determined in each Accepted :03.12.2020
sage and lemon balm dry leaves as well as decoctions by inductively

coupled plasma-mass spectrometry (ICP-MS). The antioxidant Keywo.rds

activities of decoctions were evaluated by scavenging activities Decqctlon .

against 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and hydrogen Mg]zssa officinalis
peroxide (H202) radicals, and varied from 19.4 to 109.1 mg trolox Mlne.ral L.
equivalent (TE) cup for DPPH and from 35.0 to 168.0 mg ascorbic g igg;ﬁf“ﬂa]l‘g

acid equivalent (AAE) cup! for H2O2. The highest antioxidant activity
and antioxidants such as total phenolic, flavonoid and flavanol
contents were found in the decoction of lemon balm. The analysed
minerals were most efficiently observed in sage decoctions. The study
also showed that the best sample amount in terms of the minerals was
3 g for both species, but decoction time was statistically insignificant
for sage and 10 min more effective for lemon balm. As a result, it was
tried to determine the most appropriate sample amount and decoction
time for the decoctions of both species according to the analysed
parameters.
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Bu calismada, 6nemli tibbi bitkilerden olan tibbi adacayr (Salvia

officinalis L.) ve ogul otu (Melissa officinalis L.) dekoksiyonlarinin Makale Tarihgesi
antioksidan aktivitesi ve antioksidantlar: analiz edilmistir. Ayrica bu Gelig Tarthi  :15.10.2020
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Ca, Fe, Ba, Ag and Ga) indiiktif eslesmis plazma kiitle spektrometresi
(ICP-MS) tarafindan tespit edilmistir. Dekoksiyonlarin antioksidan

Anahtar Kelimeler

aktivitesi 1,1-difenil-2-pikril-hidrazil (DPPH) ve hidrojen peroksit Dekoksiyon
(H202) radikalleri ile belirlenmis, DPPH radikalli icin 19.4 - 109.1 mg Melissa officinalis
trolox esdegeri (TE) / fincan ve H2Oz radikali i¢in 85.0 - 168.0 mg Mineral

askorbik asit esdegeri (AAE) / fincan! arasinda degismistir. En Salvia officinalis
yiksek antioksidan aktivite ve toplam fenolik, flavonoid ve flavanol Fenolikler

gibi antioksidantlar ogul otu dekoksiyonlarindan elde edilmigtir.
Analiz edilen mineraller en verimli tibbi adacgay1 dekoksiyonlarinda
gozlenmigtir. Ayrica mineraller agisindan en iyi 6rnek miktarinin her
iki tiir i¢cin 3 g oldugu, ancak dekoksiyon siiresinin tibbi adagayi igin
istatistiksel olarak 6nemsiz ve ogul otu igin 10 dk uygulamanin daha
etkili oldugu saptanmistir. Sonug olarak, analiz edilen parametrelere
gore her iki tirlin dekoksiyonlar: i¢in en uygun 6rnek miktar1 ve
kaynatma siiresi belirlemeye ¢aligilmigtir.

To Cite:  Yaman C 2021. The Effect of Sample Amount and Decoction Time on The Phytochemicals and Antioxidant
Activities of Decoction Lemon Balm and Sage. KSU J. Agric Nat 24 (4): 725-732. DOI: 10.18016/ksutarimdoga.vi.
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INTRODUCTION

Natural botanical resources have long been used as
therapeutical, disease preventive or refreshment, in
many forms of traditional medicine, usually in the
form of herbal teas which known also as tisanes
(Biiyiikbalci and El, 2008; Poswal et al., 2019). Herbal
teas are infusions or decoctions made from flowers,
leaves, roots, seeds or twigs of herbs, spices, or other
plants in hot water, usually devoid of caffeine. Since
the infusions or decoctions are rich in antioxidants,
their consumption is becoming more and more
preferred among health-conscious people (Ivanova et
al., 2005). They are usually consumed individually or
as a mixture of herbs (Guimarées et al., 2011).

Sage (Salvia officinalis 1..) and lemon balm (Melissa
officinalis 1.), well-known medicinal herbs of
Lamiaceae commonly used as herbal tea since very
early times, are aromatic plants and are still in wide
use today. Although well-established traditional uses
of sage and lemon balm include the treatment of
various cancers, respiratory and cardiovascular
problems, diabetes, and as a memory enhancer,
sleeping aid, cardiac tonic, and antidepressant (Walch
et al., 2011; Shakeri et al., 2016). Especially, the
decoction of lemon balm is consumed due to these
ethnopharmacological benefits and other uses in many
countries such as Brazil, Greece, Kosova and Turkey
(Walch et al., 2011).

The therapeutic properties of sage and lemon balm are
generally related to their phytochemical content such
as phenolics, flavonoids, triterpenes and volatile
compounds as the main active constituents. Most of the
polyphenolic compounds consist of rosmarinic acid,
quercetin, rutin, caffeic acid, chlorogenic acid and
gallic acid in both sage and lemon balm (Ghorbani and
Esmaeilizadeh, 2017; Shakeri et al., 2019). These
compounds are related to impressive many health
benefits, such as antidepressant, improved brain
health and support memory, reduce blood sugar levels
and cholesterol (Fonteles et al., 2016; Alagawany et al.,
2017; Ghorbani and Esmaeilizadeh, 2017; Asadi et al.,
2018; Khedher et al., 2018). These are especially due
to the high antioxidant and inflammatory activities of
these compounds (Nunes et al., 2017; Shinjyo and
Green, 2017). Antioxidant compounds help fortify your
body’s defenses, reducing the harmful effects of free
radicals that are related to many diseases (Khansari et
al., 2009).

Also, sage and lemon balm herb parts are rich sources
of minerals like potassium, sodium, magnesium,
calcium and iron. The minerals have many effects on
human health. Potassium is an important mineral of
cell and body fluids, which helps control heart rate and
blood pressure (Nowak et al., 2019). Magnesium acts
as a cofactor for many enzymes (Al Alawi et al., 2018).

There are many studies on the leaves of these species
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and their herbal teas (Arceusz et al., 2013; Herrera et
al., 2018). There are no comprehensive reports about
the variations in antioxidant activities, antioxidants
and minerals of decoctions made from sage and lemon
balm prepared with different sample amount and
decoction time. Therefore, the aim of this study is to
investigate the effect of different sample amounts and
decoction time on the antioxidant activities,
antioxidants and mineral compositions in decoctions of
sage and lemon balm.

MATERIAL and METHOD
Plant material

Cultivated and exported populations of the lemon balm
(Melissa officinalis 1) and sage (Salvia officinalis L.)
species grown in Yalova province of Turkey were used
to prepare herbal teas. The fresh leaves of the plants
containing thirty individuals of each species were
harvested at the end of flowering in 2018, mixed and
used to prepare herbal tea.

Preparation of Decoctions

The fresh leaves of both species were dried and
powdered. As indicated in Fig. 1, the decoctions for
both species were prepared by adding two different
amounts (2g and 3g) in 100 ml of distilled water and
heated (heating plate, Mipro MHP Series) until
boiling. The mixtures of each amount were left to stand
at boiling temperature for two different decoction
times (5 min and 10 min) in order to determine the
optimum decoction time, and at room temperature
until cooled (Guimaraes et al., 2011). Each experiment
was conducted for 4 replicates. Each decoction
obtained was filtered through Whatman filter papers
and kept at -20 °C until the analyses. The samples
were diluted 1/1 before mineral analysis.

Analysis of Antioxidant Capacity

The antioxidant capacity was evaluated by DPPH (1,1-
diphenyl-2-picryl-hydrazyl) and H20: (hydrogen
peroxide) radical scavenging activities, according to
procedures previously described by the authors
(Yaman et al., 2019 and Ruch et al., 1989).

DPPH and H:0:2 radical scavenging activities of
decoctions were calculated from the graphs of trolox
and ascorbic acid standards, respectively. The results
were expressed as equivalents of trolox (TE) cup* (150
ml) and equivalents of ascorbic acid (AAE) cup? of
decoction.

Evaluation of Antioxidants

Total phenolics, flavonoids (Yaman et al., 2019) and
flavanol (Quettier-Deleu et al., 2000) in the decoctions
of lemon balm and sage were measured following
spectrophotometer assays described by the authors.



KSU Tarim ve Doga Derg 24 (4): 725-732, 2021
KSU J. Agric Nat 24 (4): 725-732, 2021

Arastirma Makalesi
Research Article

Total phenolics and flavonoids were calculated using
gallic acid and quercetin to obtain the standard curves.
The results were expressed as mg gallic acid
equivalents (GAE) cup! (150 ml) and mg quercetin
equivalent (QE) cup! of decoction sample, respectively,
for phenolics and flavonoids. The flavanol content was
calculated on the basis of the calibration curve of
authentic catechin and the results were expressed as
ug catechin equivalent (CE) cup™ of decoction sample.

Analysis of Mineral Content

Method for digestion of the samples as reported by
Turksoy et al. (2019) was used to solubilize leave of the
sage and lemon balm with a few modifications. 200 mg
of samples were weighed and added to microwave
Teflon tubes. After adding 5 ml suprapure HNOs, 2 ml
H20:2 and 3 ml ultrapure water to the samples, the caps
were closed and digested with Microwave Digestion
System (Milestone Stat D). The tubes cooled to the
room temperature. On the other hand, their herbal tea
samples were analyzed directly (without digestion).
The digested samples were diluted to 1/1 with distilled
water. Appropriately diluted samples were measured
by an ICAPQc ICP-MS (Thermo Scientific, USA). The
internal standard (Hafnium, Hf) for the minerals was
used, and all analyses were performed at least three
times. Calibration curves of all tested minerals were

found at least R2>0.9918 for all minerals.
Determination of the minerals in sage and lemon balm
as well as their herbal teas and were analyzed using
ICP-MS with the following operating conditions: RF
power, 1550 W; RF matching, 1.80 V; carrier gas, 0.97
1 min'l; spray chamber temperature, 2.7 °C.

Statistical Analysis

The results were expressed as mean values and
standard deviations (=SD). The experiments of total
bioactive contents and antioxidant activities were
conducted by using one-way analysis of variance
(ANOVA). Differences between the means were
compared by Duncan’s multiple range tests using
SPSS (IBM SPSS 20.0 statistical software) computer
program. The Pearson correlation analysis (p < 0.05)
was used to evaluate the correlation between
antioxidant activities and total phenolic contents, as
well as minerals of the two species.

RESULTS and DISCUSSION
Antioxidant Capacity

The antioxidant capacities of decoctions prepared from
sage and lemon balm with different sample amounts
and decoction time were evaluated by two different
assays: DPPH and H20: radical scavenging activities
(Figure 1).

Lemon balm H202 (mg AAE/cup)
Lemon balm DPPH (mg TE/cup)
Sage H202 (mg AAE/cup)

==@==Sage DPPH (mg TE/cup)
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Figure 1. Antioxidant capacities of decoctions obtained from sage and lemon balm prepared with different sample

amount and decoction times

Sekil 1. Farkli 6rnek miktar: ve dekoksiyon siiresi ile hazirlanan tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidan kapasiteleri

Antioxidant activities of the decoctions were ranged
from 19.4 to 109.1 mg TE cup® for DPPH, and 35.0 to
168.0 mg AAE cup! for H2O2. Among the decoctions of
both species, the highest DPPH and H20:2 radical
scavenging activities were observed in the decoctions
prepared with 3 g sample amount and 10 min decoction
time. In addition, the decoction of lemon balm for both
radicals exhibited a very stronger antioxidant activity
than the sage decoction. Many researchers reported
the similar results on the antioxidant activity of their
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teas or extracts of both species (Atanassova et al.,
2011; Albayrak et al., 2013; Toydemir et al., 2015).

Sage and lemon balm teas have very strong
antioxidant activity because of rich phenolic
components (especially, rosmarinic acid) (Lima et al.,
2005; Petkova et. al., 2017). Lemon balm contains
higher rosmarinic acid than sage (Nicolai et al., 2016).
However, previous studies have noticed that some
samples with higher rosmarinic acid exhibit no higher
antioxidant activity than the samples with lower
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content (Nicolai et al., 2016; Petkova et al. 2017). This
can be attributed to the presence of other compounds
or their synergistic effects that have an important
effect on antioxidant activity.

Interestingly, the differences in antioxidant activity
between 5 and 10 min decoction times in 2 or 3 g
sample amounts of sage were higher than that of 2 and
3 g sample amounts in 5 min or 10 min decoction times.
The decoction time was more effective than the sample
amount on the antioxidant activity of sage. On the
contrary, increasing the amount of sample used for
lemon balm was found to be more important on its

antioxidant power.

Antioxidants

Infusion and decoction of medicinal plants are
important sources of polyphenolics in the human diet
and for the treatment of diseases as these compounds
are among the most widely occurring phytochemicals
in plants (Balasundram et al., 2006). Antioxidant
compounds such as phenolics, flavonoids and flavonol
in decoctions obtained from sage and lemon balm
prepared with different sample amounts and decoction
times are given in Table 1.

Table 1. Antioxidants of decoctions obtained from sage and lemon balm prepared with different sample amount

and decoction times

Cizelge 1. Farkli ornek miktar1 ve dekoksiyon stiresi ile hazirlanan tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidantlari

Treatments (Uygulamalar)

The sample amount (Ornek miktari)

2g 3g

The decoction time (Dekoksiyon siiresi)

5 min (5 dk)

10 min (70dk) 5 min (5dk) 10 min (10 dk)

Abbreviated name of decoction herbal teas

Sage . Dekoksiyon herbal ¢aylarin kisaltilmis ismi
Tibbi adagay1
S1 S2 S3 S4

Total Phenolics (mg GAE cup12) 81.7+0.05d 106.1+0.26b 92.9+0.25¢ 191.7+0.18a
Toplam fenolikler (mg GAE/ fincan-!)
Total Flavonoids (mg QE cup) 18.1+0.20d 25.6+0.07b 22.3+0.34c 55.1+0.95a
Toplam flavanoidler (mg QE/ fincan™)
Total Flavanol (ug CE cup™) 0.56+0.03b 0.62+0.03b 0.99+0.06a 1.11+0.06a
Toplam flavanol (ug CE/ fincan'1)
Lemon balm Abbreviated name of decoction herbal teas
Ogul otu Dekoksiyon herbal ¢aylarin kisaltilmis ismi

LB1 LB2 LB3 LB4
Total Phenolics (mg GAE cup2) 201.8+0.28d 228.6+0.08c 232.1+0.25b  234.6+0.17a
Toplam fenolikler (mg GAE/ fincan-"
Total Flavonoids (mg QE cup) 58.9+0.20d 77.3£0.27¢ 86.6+0.46b 98.2+2.11a
Toplam flavanoidler (mg QE/ fincan)
Total Flavanol (ug CE cup™) 1.18+0.06b 1.18+0.04b 1.38+0.02b 1.91+0.13a

Toplam flavanol (ug CE/ fincan)

Statistically, each line was evaluated separately and indicated in small letters (<0.01)

acup(fincan)=150 ml

Clearly, all the decoctions investigated exhibited a
generally high total phenolic (81.7 - 234.6 mg GAE cup’
1), flavonoid (18.1 - 98.2 mg QE cup!) and flavonol
contents (0.56 - 1.91 pug CE cup). All decoctions of
lemon balm had higher antioxidants than all
decoctions of sage. Similarly, Atanassova et al. (2011)
reported that methanolic extract of lemon balm had a
higher total phenolic and flavonoids than that of sage.
The highest antioxidants for both species were
recorded in decoctions prepared with 3 g sample
amount and 10 min decoction times.
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On the other hand, the lowest antioxidants were
recorded in decoction prepared with 2 g sample amount
and 5 min decoction times. Similar to the antioxidant
activity of decoction samples, the decoction time for
sage and the sample amount for lemon balm was
remarkably effective on antioxidants.

Polyphenol compounds react with active oxygen
radicals such as superoxide anion, hydroxyl and lipid
peroxyl radicals (Afanasiev et al., 1989; Hussain et al.,
1987), therefore, have a broad spectrum of biological
activities including radical scavenging properties. The
antioxidant capacity measured by DPPH and H202
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radicals was a highly positive correlation with the
polyphenols (except total flavanol) for the decoctions of
sage and lemon balm (r2>0.891)(Table 2). Total
flavanol displayed a high correlation, but lower than
other antioxidants (0.690< r2<0.851). Previous studies
on sage and lemon balm reported a strong correlation
between phenolic content and antioxidant activity
(Boneza and Niemeyer, 2018; Albayrak et al., 2013).

Mineral content in leaves and decoctions of sage and
lemon balm

The knowledge of minerals in plants or traditionally
used plant teas is essential for knowing their
nutritional importance, considering the vital role of
minerals in the human health. The composition of
macrominerals (K, Mg, Ca, Na) and microminerals (Fe,
Ba, Ga, Ag) in leaves and their decoctions of sage and

lemon balm are detailed in Table 3.

Table 2. Correlation between antioxidant activity and
antioxidants of sage and lemon balm
decoctions

Cizelge 2. Tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidantlar1 ve antioksidan aktiviteleri
arasindaki korelasyon

o Sage Lemon balm

jntl.o)]ild.z;nts] Tibbi adagay: Ogul otu

ntioksidantlar DPPH — HsOs DPPH HaO»
T. phenolic
T fenolik 0.997 0.999 0.891 0.980
T. flavonoid
T flavonoid 0.998 0.998 0.960 0.959
T. flavanol
T flavanol 0.719 0.700 0.851 0.691

Table 3. The concentrations of major (ppm) and minor (ppb) minerals in leaves and their decoctions of sage and

lemon balm

Cizelge 3. Tibbi adagay1 ve ogul otu'nun yapraklar: ve onlarin dekoksiyonlarindaki major (ppm) ve minor (pph)

minerallerin konsantrasyonlari

Minerals (Mineraller) K Ca Mg

Na Fe Ba Ga Ag

ppm (mg kg?)

ppb (pg kg1

Sage 34171.2" 10731.3" 2935.9" 430.0" 428.7  9.8" 469  3.00
Leaves Tibbi adagay:
Yapraklar L bal
P CMONDAMN 197184 84563 21665 60.8 4354 2.4 461  2.86
Ogul otu
p <0.01 <0.01 <0.01  <0.01  0.602  <0.01 0.703  0.085
ppm (mg 1) ppb (ug 1)
Decoctions Sage 469.80  69.28 306.89" 77.25"  4.36 0.95** 1.61  0.20
(Average) Tibb1 adagayi
Dekoksiyonlar Lemonbalm o0 59 g g9 167.67 56.67  4.41 0.32 1.37  0.20
(Ortalama) Ogul otu
P 0.248 0.194 <0.01  <0.01  0.921  <0.01 0.081  0.929

p<0.01. **; p<0.05.*

As can be seen from Table 3, K is the major element
detected in sage and lemon balm leaves as reported in
Pytlakowska et al. (2012) and in their decoction with
469.80 and 429.09 mg 1!, respectively. Ozcan et al.
(2008) noted that lemon balm had higher K content in
its decoction than that of many medicinal plants such
as Sideritis spp., Salvia fruticosa, and Rosmarinus
officinalis.

In spite of the high Ca content of leaves of both plants,
Ca content reported to decoction was very low (69.28
mg 1 for sage and 60.60 mg 1" for lemon balm). The Ca
content in decoction sage and lemon balm is more
higherthan that in infusion and decoction of Fragaria
vesca's wild roots (3.65 and 3.24 mg 100 ml7,
respectively) (Dias et al., 2015) and in infusions and
decoctions from stems and flowers of Crithmum
maritimum L. (2.93-4.13 mg 200 ml1), but it is lower
than the decoction of C. maritimum leaves (19.9 mg
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200 ml?) (Pereira et al., 2017).

In terms of macromineral content, Mg in leaves of both
plants after K and Ca minerals were detected with
noticeable amounts, followed by Na and Fe. However,
the contents of Ag and Ga were detected as trace and
toxic elements in the decoction of both plants.
Interestingly, the Mg contents in the decoction of sage
and lemon balm (306.89 and 167.67 mg 17,
respectively) are higher than that in the herbal teas
from stems, leaves, flowers of Crithmum maritimum L.
(1.69-55.5 mg 200 ml!) (Pereira et al., 2017) and in
decoctions of Fragaria vesca L. (2.32-7.30 mg/100ml).
Ozcan et al (2008) reported that herbal tea of lemon
balm (20.11 mg 100 ml') had higher Mg content than
Salvia fruticosa, Rosa canina, Camelia sinensis (black
tea), Coriandrum sativum, Matricaria chamomilla,
Sideritis spp., Artemisia dracunculus, Foeniculum
vulgare, Pimpinella anisum, and lower than
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Rosmarinus officinalis, Ocimum basilicum, Thymbra
spicata, Casia angustifolia, Urtica dioica. Ca in leaves
of both plants was the mineral with the highest content
after K whereas it was less than the Mg content in the
decoction.

The analyzed minerals had a higher concentration in
sage leaves than in lemon leaves except for Fe.
Chizzola (2012) reported that Fe consent in leaves of
lemon balm was higher than that of sage. On the
contrary, the decoction of sage had a lower
concentration of analysed minerals than the decoction
of lemon balm. Sage was found to accumulate the
minerals better than lemon balm, also the
concentrations of the minerals in the decoction of sage
were higher than lemon balm except for Fe.

Although the concentrations of minerals in sage leaves
are higher, no statistical difference was found between
the concentrations of K and Ca minerals in decoction
samples of both species. This indicated that there was
a greater transition amount of those minerals from
lemon balm leaves to decoction samples than sage.

Recommended dietary intakes of minerals were 4500—
4700 mg day! for K, 1200-1500 mg day! for Na, 1000-
1300 mg day! for Ca, 240—420 mg day! for Mg, 8-18
mg day! for Fe (Ross et al., 2011). In general, people
take in less mineral than the recommended daily
amount. For example, the average dietary Ca intake in
most societies is between 500 and 800 mg day’
(Wimalawansa et al., 2018). Thus the herbal teas are
likely to be a significant source of dietary minerals.

When effects of the sample amount and decoction time
on minerals in decoctions are examined (Table 4), it
could be inferred that the application of a sample
amount of 3 g significantly affects the mineral
concentration in decoction of sage and lemon balm
than 2 g application. Although, the decoction time had
no statistically significant effect on mineral content in
sage decoctions, the 10 min decoction time exhibited a
higher effect on the concentration of minerals in the
decoction of lemon balm than the 5 min duration.

Table 4. The effect of sample amount and infusion time on concentrations of minerals in decoctions of sage and

lemon balm

Cizelge 4. Tibbi adagayi ve ogul otu dekoksiyonlari i¢indeki minerallerin konsantrasyonlari tizerine ornek miktari

ve dekoksiyon siiresinin etkileri

Sage (T1bbi adagay1)

Minerals (Mineraller) K Ca Mg Na Fe Ba Ga Ag
ppm (mg 1') ppb (ug 1)
Sample
amount Infusion time
Ornek Dekoksiyon stiresi
miktari
2g 419.19 58.61 264.08 75.27 3.61 0.82 1.41 0.33
3g 520.42 79.96™ 349.69" 179.23 5.11* 1.08™ 1.8" 0.07"
D 0.13 <0.01 <0.01 0.568 <0.01 <0.01 0.023 0.039
5 min (5 dk) 461.35 64.37 290.24  80.01 4.19 0.89 1.53 0.16
10 min (70 dk) 478.26 74.2 323.53 74.49 4.53 1.01 1.69 0.25
p 0.722 0.302 0.363 0.423 0.589 0.320 0.405 0.507
Lemon balm (Ogul oud)
Minerals (Mineraller) K Ca Mg Na Fe Ba Ga Ag
ppm (mg 1Y) ppb (ug 1Y)
S::;lglli Infusion time
Ornek Q'ekolfszy on
. stiresi
miktari
2g 365.44 51.51 144.22 51.75 3.65 0.28 1.16 0.20
3g 492.75" 69.70" 191.117 61.59" 5.16" 0.37" 1.57" 0.19
D <0.01 0.041 0.045 0.049 0.011 0.012 0.020 0.761
5 min (5 dk) 370.19 49.11 136.69 49.86 3.65 0.28 1.15 0.21
10 min(70 dk) 488.00" 72.09™ 198.65 63.48™ 5.16" 0.37 1.58" 0.18
p 0.015 <0.01 <0.01 <0.01 0.011 0.017 0.012 0.468

<0.01. **; p<0.05.*
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CONCLUSION

The sample amount and decoction durations had
different effects on antioxidant activity, antioxidants
and minerals of decoctions of sage and lemon balm
plants. The decoctions of lemon balm had higher
antioxidant activity and antioxidants than that of
sage, however, were lower in terms of mineral content.
Especially, the decoctions of sage contained high
amounts of Mg. The most efficient antioxidant activity
and phytochemicals for decoctions of both species were
observed in their decoctions prepared with 3 g sample
amount and 10 min decoction time. As the sample
amount increased, the mineral content analysed in
decoctions of both plants increased. The 10 min
decoction of lemon balm was enough for the most
efficient minerals, and 5 min decoction of sage was
statistically found to be enough to prepare a mineral-
rich tea. In this study, antioxidants and antioxidant
activities and important minerals of decoctions of sage
and lemon balm that are beneficial for human health
were investigated. In future studies, analysing
whether different chemical formations in decoctions of
plants that occur during the boiling of plant decoction
samples used for human consumption may be harmful
to human health, will shed light on human health.
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OZET Aragtirma Makalesi
Menengic (Pistacia terebinthus L.), Isgin (Rheum ribes L.) ve Ciris

Otu (Asphodelus aestivus) tiim diinyada yaygin olarak bulunur ve Makale Tarihgesi
genellikle taze olarak tiiketilir. Bu ¢alismada, gévde ve yapraklari Gelig Tarihi  :02.11.2020
secilen g bitkinin antioksidan aktivitelerinin incelenmesi amaclanda. Kabul Tarihi :22.12.2020
Menengic¢, 1sgin ve ciris otu Kahramanmaras boélgesinde farkh

marketlerden alindi. Secilen bitkilerin govde ve yapraklarinda Anahtar Kelimeler
antioksidan enzimler olarak superoksit dismutaz (SOD) ve katalaz Asphodelus aestivus

(CAT) aktiviteleri ile oksidatif stresin gostergesi olarak olarak Pistacia terebinthus

malondialdehit (MDA) diizeyi spektrofotometrik olarak 6lctildii. Rheum ribes
Menengi¢, 1sgin ve g¢iris otu 'mun SOD ve CAT aktiviteleri
kargilastirildiginda; en yliksek CAT aktivitesi 1sgin’da odlgtlirken,

¢iris otu’nda ise en diisiik bulundu (p <0.05). Ayrica SOD aktivitesi en

yiiksek 1sgin’da iken, en diisiik SOD aktivitesi menengic'te bulundu (p

<0.05). MDA seviyeleri 1sgin’da en yiiksek iken, en digiik MDA

diizeyleri ciris otu’nda bulundu (p <0.05). Bu sonuclar gostermistir ki,

calisilan bitkilerin 6nemli antioksidan aktivitelere sahip olmasi;

bitkilerin sahip oldugu metabolik aktivitelerinden ve fitokimyasal

igeriklerinden kaynaklanabilir.

Investigation of Antioxidant Activity In Menengic, Isgin and Ciris Otu

ABSTRACT Research Article

Menengic (Pistacia terebinthus L.), Isgin (Rheum ribes L.) and Ciris

otu (Asphodelus aestivus) are widely available worldwide and are Article History

generally consumed as fresh. In this study, it was aimed to examine Received - 02.11.2020
the antioxidant activities stem and leaves of three plants. Menengic, Accepted ©22.12.2020

1sgin and ¢iris otu were purchased from different markets in the
Kahramanmaras region. Superoxide dismutase (SOD) and catalase
(CAT) activities as antioxidant enzymes and malondialdehyde (MDA)
level as an indicator of oxidative stress were spectrophotometrically
determined in referred plant parts. When the SOD and CAT activities
of menengig, 1sg1n and ¢iris otu seed were compared; While the highest
CAT activity was measured in 1sgin, ciris otu sustained the lowest (p
<0.05). In addition, while SOD activity was the highest in 1sgin, the
lowest SOD activity was found in menengic (p <0.05). MDA levels were
highest at 1sgin, while the lowest MDA levels were found at ¢iris otu
(p <0.05). These results show that the plants studied have important
antioxidant activities caused by the metabolic activities and
phytochemical contents of plants.

Keywords
Asphodelus aestivus
Pistacia terebinthus
Rheum ribes
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GIRIS semptomlar1  6nlemek, anormallikleri normale
Cesitli insan hastaliklarin tedavi etmek igin bitkilerin ~ dondirmek i¢in kullanilir. Baz1 bitkilerin antioksidan
kullanimi uzun bir tarihe sahiptir. Yaprak, gévde, aktiviteleri ile ilgili bilimsel c¢alismalar olmasina

agac kabugu, kok gibi bitkilerin cesitli kisimlari ~ ragmen, simrhdir.
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Serbest oksijen radikallerinin neden olduklar:
muhtemel zararlara ¢ok sayida hiicre koruyucu
enzimler yardimiyla kars1 koyulur ve meydana gelen
radikal hasar antioksidan maddeler ile
sinirlandirilmaya ¢ahigilir. Viicudumuzda bulunan
serbest radikaller ve antioksidan maddeler arasindaki
iligki strekli denge durumundadir. Antioksidanlar
hiicre igerisinde oksijen olusan yerlerde oksijen ara
metabolitlerini azaltmak i¢in enzimatik olarak
calismaktadirlar. Antioksidan savunmada sisteminde
birincil olarak enzimatik antioksidanlar etkilidirler.
Bunlar stliperoksit dismutaz, katalaz, glutatyon
peroksidaz ve glutatyon rediiktaz gibi enzimlerdir
(Delaber ve ark., 1987). Serbest radikallere maruz
kalan insan vicudunun, olusan oksidatif stresi
ortadan kaldirabilmek i¢in en oOnemli silahi1 olan
antioksidanlar, hiicre hasarini engelleyebilmeleri
acisindan da olduk¢a 6nemli maddelerdir.

Antioksidanlar hem vicut tarafindan sentezlenebilir
hem de diyet ile disaridan da alinabilirler. Canh
organizmalarda antioksidan sistemler, metabolizmada
iiretilen (endojen) ve disaridan diyet ile alinanlar
(ekzojen) olmak tizere iki gruba ayrilir. Endojen
antioksidan sistemi, antioksidan enzimler, hasarh
molekilleri uzaklagtirici proteazlar ve fosfolipaz gibi
enzimler, yeni bilesikleri sentezleyen sistemler,
glutatyon, trik asit ve gesitli metal baglayicilarindan
olusmaktadir. Tim antioksidanlar serbest radikal
stipuriuci olarak gorev yaparlar. Antioksidanlarin,
kanser, kalp hastaliklari, inflamatuar ve diyabet gibi
birgok hastaligin baglamasina sebep olan oksidatif
stres ve serbest radikallerin hasarlarina karsi koruma
gorevi uUstelendigi bilinmektedir. Bu 6zelliklerinden
dolayi, savunma sisteminin etkisini artirmak suretiyle
hastalik riskini de azaltmis olurlar (Bursal, 2009; Sen
ve ark., 2010; Shinde ve ark., 2012).

P.  terebinthus, Anacardiaceae (Sakizagacigiller)
familyasina ait bir turdar. P terebinthus c¢alh
formunda, kiicik agac yapisina sahip olup, yapragim
doken bir tirdir. Melengic / Menengi¢c olarak
bilinmekte olup, Tirkiye'de en yaygin tirlerden
birisidir. Ucgucu yag igerigi sebebiyle ekonomik
anlamda 6nem arz eden bitkinin Akdeniz Bolgesi,
Giney Dogu Anadolu Bolgesi ve Ege kiyilarinda
yayilis gosterdigi bilinmektedir. Alternatif tibbi bitki
ve gida olarak olarak kullanmilmaktadir (Baytop, 1984).

Polygonaceae familyasinin bir liyesi olan ve ¢ok yillik
otsu bir yapiya sahip olan Isgin bitkisi, Iran—Turan
fitocografik bdélgesinin bir elamanidir. Turkiye ile
birlikte ve Tirkiye'ye komsgu olan bazi tlkelerde
yetismektedir (Davis, 1967). Siirgiinleri 40 cm
yikseklige kadar biiyliyebilir ve bu stirglinler tabanda
yaprakli, lustte ise yapraksiz bir yapiya sahiptir.
Genellikle kayalik ve g¢akil yapiya sahip olan
yamaglarda yetistigi bilinmektedir. Halk arasinda
bitkinin strginleri ve yaprak sap1 taze olarak
tiketilmektedir. Isgin bitkisinin gévdesi ve yapraklari
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oldukea eksi bir lezzete sahip olmakla birlikte, mideyi
kuvvetlendiren, kusmay1 énleyen ve kabiz etkiye sahip
olan faydalarimin oldugu belirtilmektedir (Baytop,
1984).

Ciris otu Asphodelaceae familyasina ait bir tirdir.
Yapraklar: kili¢ seklinde olan ¢irig otunun boyu 50-150
cm civarinda, 3 cm eninde bir yapiya sahiptir.
Genellikle nisan ile mayis aylarinda cicek agtigi
bilinmektedir. Bezelye sekilli yesil meyvelere sahip
olan ¢irig otu butiin yil boyunca yesil bir bitkidir. Halk
arasinda hemoroid, romatizma, adet soktiirici, idrar
soktiriaci, sackiran, siut artirici, egzama, sivilce ve
¢ibanlarin tedavisinde ila¢ olarak kullanildig:
belirtilmektedir. Bu bitkinin beyaz kan hiicrelerini
(WBC) artirdig1 ve bu 6zelliginden dolay1 da savunma
sistemi i¢in Onemli bir etkiye sahip oldugu rapor
edilmektedir (Baytop, 1984; 1997; Karatas ve ark.,
2011).

Bu calismada kullanilan bitkilerinin halk tarafindan
hem gida maddesi olarak hem de gesitli hastaliklarin
tedavisinde kullanmildigi bilinmektedir. Glintimiuzde

birgok ilacin hammaddesini tibbi ve aromatik
bitkilerin sentezlemis oldugu bilesikler
olusturmaktadir. Literatir taramalarinda, bu g

bitkiyle ilgili antioksidan aktiviteyi inceleyen in vitro
bir ¢alismaya rastlanilmamistir. Bu sebeple yapilan
calismada bu bitkilerinin antioksidan aktivitelerinin
incelenmesi aragtirildi.

MATERYAL ve METOD

Menengic¢, ciris otu ve 1sgin Kahramanmarag
bélgesinde farkli marketlerden alindi. Biyokimyasal
analizler i¢in laboratuvara gonderildi.

Biyokimyasal Analizler

Biyokimyasal analiz igin  bitki ekstresinin
hazirlanmasi

Bu Dbitkilerin gévde ve yapraklarindan %1.15
potasyum Kklor ile homojenize edilerek ekstreler
hazirlanda. Hazirlanan  yaprak  ekstrelerinde
antioksidan enzim duzeyleri ve MDA dizeyleri
olguldi.

Antioksidan Aktivitenin Saptanmasi

CAT  aktivitesi ekstrede Beutler yontemiyle
saptanmistir (Beutler, 1984). Reaksiyon karisimi 1 M
Tris-HCI pH 8.0 tampon, 10 mM hidrojen peroksit,
belirli miktarda saf su ve enzim igeren ekstreden
olusmaktadir. Tepkime, 37 °Cde enzim tarafindan
yikilan hidrojen peroksit'in 230 nm dalga boyunda 1s1k
yolu 1 ¢cm olan kuvars kiivetlerde 10 dakika siireyle

her 5 dakikadaki absorbans degisimi izlenerek
gerceklestirilmistir.  SOD  aktivitesi  Fridovich
yontemiyle saptanmistir (Fridovich, 1995). SOD

aktivite tayini i¢in ekstre 1:65 oraninda 0.01 M Fosfat
tampon pH 7.0 ile dilue edilmis, bu dilisyonda aktivite
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tayini yapilmistir. Reaksiyon karisimi ekstre, ksantin
ve INT (p-iyodonitrotetrazoliyum viyolet) iceren miks
substrat ve ksantin oksidazdan olusur. Kér de tipk:
numune gibi hazirlanir fakat érnek yerine fosfat
tamponu konmustur. Tepkime, 37 °C'de 151k yolu 1 cm
olan kuvars kiivetlerde numunenin 505 nm dalga
boyunda havaya kargi ilk 30 saniyedeki baglangic
absorbanslari (A1) okunarak gerceklestirilmistir. Aym
anda kronometre caligtirilarak 3 dakika sonra son
absorbanslar1 (A2) okunmus ve degerler standart
egriden degerlendirilmistir. MDA diizeyi ekstrede
Ohkawa yontemiyle saptanmistir (Ohkawa, 1979).
Aerobik sartlarda pH 3.4’de tiyobarbitiirik asit (TBA)
ile numunenin inkibasyonu sonucu olusan lipid
peroksidasyonun sekonder tirtinii olan MDA'nin TBA
ile pembe renkli kompleks olusturma esasina dayanir.
Olusan renk siddeti ortamdaki MDA konsantrasyonu
ile dogru orantilidir; 532 nm’de spektrofotometrik
olarak degerlendirilmistir. Protein diizeyi ekstrede
Lowry metoduyla 6lcilmiistiir (Lowry, 1951). Sigir

bovin serum albumin standart olarak kullanilmistir.

Istatistik Analizler
Istatistiksel degerlendirmeler SPSS 22.0 paket
programinda yapildi. Bitkilerin birbirleriyle

karsilagtirilmalarinda Mann Whitney U testi ve
varyans analizi kullanildi. Istatistiksel anlamlilik
olarak p<0.05 diizeyi alindi.

BULGULAR

En yiksek CAT aktivitesi Isgin’da 6l¢uliirken, Cirig
Otu'nda ise en diisiik bulundu (p <0.05). Ayrica SOD
aktivitesi en yuksek Isgin’da bulunurken, en disik
SOD aktivitesi Menengic¢'te bulundu (p <0.05). MDA
seviyeleri Isgin’da en yiiksek iken, en disuk MDA
diizeyleri Ciris Otu'nda bulundu (p <0.05).

Isgin, c¢iris otu ve menegi¢ bitkilerinin antioksidan
enzim aktiviteleri (SOD, CAT) Cizelge 1’de, MDA
dizeyleri ise Sekil 1’de gosterilmistir.

Cizelge 1. Isgin, menengic ve ciris otunda antioksidan enzim aktiviteleri (CAT ve SOD)
Table 1. Antioxidant enzyme activities (CAT and SOD) in Rheum Ribes L (Isgin), Pistacia Terebinthus (Menengig),

and Asphodelus Aestivus (Ciris Otu)

Rheum Ribes L Pistacia Terebinthus Asphodelus Aestivus
(Tggin)** (Menengic) (Cirig Otu)

CAT (U/mg protein) 0.413+0.03* 0.01+0.008* 0.065+0.007*

SOD (U/mg protein) 0.34+0.01* 0.065+0.003* 0.12+0.005*

*Sonuclar ortalama + standart hata olarak verildi.

**[sgin’da CAT ve SOD aktiviteleri diger bitkilere kiyasla daha yiiksek bulundu (p<0.05).

MDA

RHEUM RIBES ( ISKIN )

3,Pz
4

PiSTACIA TEREBINTHUS (MENENGI()

2,Tzs

ASPHODELUS (GiRiS )

Sekil 1. Isgin (rheum ribes L.), Menengic (pistacia terebinthus L) ve Cirig Otu (asphodelus aestivus) MDA

seviyelerinin kargilagtirilmas.

Figure 1. Comparison of MDA levels of Isgin (rheum ribes L.), Menengi¢ (pistacia terebinthus L) and Ciris Otu

(asphodelus aestivus).

TARTISMA ve SONUC

Tarih boyunca tibbi ve aromatik bitkiler hem tibbi
amagcli olarak hem de gida maddesi olarak kullanilmisg
ve bu bitkilerin 6nemi giderek artmistir. Gintimiizde
ise bu bitkilerin alternatif ve modern tipta siklikla
kullanildigin1 gérmekteyiz. Tibbi ve aromatik etkiye
sahip olan bitkilerin kok, yaprak, ¢icek ve meyve gibi
b6limlerinden elde edilen ekstrelerin, pek ¢ok tibbi
ilacin ana maddesini olusturdugu bilinmektedir.
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Insanlarin biyiik cogunlugu hastaliklarin tedavisinde
ilk olarak tibbi bitkilere bagvurmaktadir ve gelismis
ulkelerde kullanilan tibbi ilag¢larin %25’inin ana
maddesi bitkisel kokene sahiptir (Farnsworth, 1985).

Birgok hastaligin baglamasina 6nculiik eden oksidatif
stres ve serbest radikallerin, canli organizmalara olan
zararlarin1 gidermek agisindan, antioksidan yapiya
sahip maddelerin radikal giderme aktivitelerinin
bilinmesi biiyiik 6neme sahiptir (Kurutas, 2015). Bu
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sayede sentetik antioksidanlarin yerini dogal
antioksidanlarin almasi ag¢isindan yogun arastirmalar
yapilmaktadir.

Tabata ve ark. (1994) gére, 15gin bitkisinin koékleri
geleneksel olarak diyabet, hemoroit, lilser ve ishalin
tedavisinde kullamilmakta ve ayni zamanda
antelmentik ve balgam soktlricti aktivitelerinin
oldugunu bildirmektedirler. Menengi¢ yapraklarinin

halk tarafindan mide ve karin agrilarinin
giderilmesinde, astim hastaliginin tedavisinde ve
iltihap  gidermek i¢in  kaynatilarak  igildigi

bilinmektedir. Bununla birlikte yine ates disiiriic,
romatizma, 6ksirik, ayak terlemesi, yara, yanik ve
idrar soOkiiriici olarak menengi¢c yapraklarindan
faydalanildig: ifade edilmektedir. Ciris otu hemoroid,
romatizma, adet sokturici, idrar soktirici, sagkiran,
slit artirici, egzama, sivilce ve ¢ibanlarin tedavisinde
ila¢ olarak kullanmildig1 belirtilmektedir (Baytop,
1999).

Yapilan bu ¢alismada, Isgin’in en yiiksek antioksidan
enzim kapasitesine sahip olmasi; yiksek oranda
fenolik iceriginden kaynaklanabilir. Nitekim Ozbek ve
ark. (2004) gére 1sgin bitkisinin alloksan uygulanan
farelerde hipoglisemik etkisi oldugu belirtilmigtir.
Baska bir calismada ise Raafat ve ark. (2014) 1sginin
antioksidan etkiye sahip oldugunu, 1sgin ekstraktinin
farelerde glukoz dengesini diizenledigini ve diyabetik
nefropatiye karsi onleyici etkiye sahip oldugunu
belirtmiglerdir. Meral (2017) ise yapmis oldugu
calismasinda, 1sgin bitkisinin antioksidan etkiye sahip
oldugunu ayni zamanda yiuksek miktarda fenolik
bilesen icerdigini belirtmektedir. Bu ¢aligsma ise 1sgin
bitkisinin yiiksek antioksidan enzim kapasitesine
sahip oldugunu géstermistir. Giizel ve ark. (2013)
yapmis oldugu calismaya gore ¢irig otu ekstreleri orta
derecede serbest radikal 6nleyici etkiye sahip, dogal
bir antioksidan kaynagidir. Bu calismada ise ise diger
iki bitkiye nazaran g¢iris otunda CAT aktivitesi ve
MDA diizeyleri bakimindan en diisiik oldugu gézlenda.

Giilsoy ve ark. (2013) yapmis oldugu c¢alismaya gére,
menengic bitkisinin kisimlarindan sabit ve ugucu yag
elde edilmis ve bu ozelliklerinden dolayr ila¢ ve
kozmetik gibi alanlara katki saglayabilecek bir bitki
tird oldugu saptanmig olup, arastirilmaya deger bir
tur olarak gorilmektedir. Bu ¢alismada ise menengig
bitkisinin orta diizeyde antioksidan aktivitesi ve MDA
diizeyine sahip oldugu saptandi. Ciris otunun C
vitamini agisindan olduk¢a zengin bir yapiya sahip
olmasiyla birlikte, glutatyon ve B3 vitamini miktarlar
acisindan ise zengin yapida oldugu tespit edilmistir
(Karatas ve ark., 2011). Bunun yamisira, bu calismada
bitkiler icinde en fazla antioksidan aktivitenin 1sginda
saptanmasi; g¢esitli hastaliklarin tedavisinde 6zellikle
1gginin~ gévde  kisimlarimin  tabletler  halinde
kullanilabilecegini diistindiirmektedir.

Secilen bitkilerin literatir taramalarinda, in vitro
olarak SOD, MDA ve CAT parametreleri agisindan
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antioksidan aktiviteyi g0steren bir c¢aligmaya
rastlanilmadi. Ulkemizin sahip oldugu bitki cesitliligi
g6z onunde bulundurulunca bu ¢alisma, hem bu degere
katkl saglamis olacak hem de ileriki dénemlerde,
radikal tutma 6zelligi olan baska bitki tiirleriyle ilgili
yapilacak ¢alismalara 1s1k tutacaktir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT
Valerian (Valeriana dioscoridis Sm.) is a perennial herb of the
Caprifoliaceae family. The aim of this study was to determine the
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and in vitro antioxidant and antimicrobial activity values. In this

study, roots and rhizomes of V. dioscoridis Sm. were collected from Keyyvorfls

eight different locations in Antalya province. The obtained materials Ant}ok.s1dar}

were ground in a blender and extracted with 80% ethanol. The macro Antur‘uk]?obly al
Caprifoliaceae

and micro-nutrient elements contents of the powdered plant samples
were evaluated and the antioxidant and antimicrobial activities of the
extracts were investigated. Based on the data obtained, there were
different values in the antioxidant, antimicrobial activities, nutrient
content and chemical composition content of extracts of V.dioscoridis
Sm. plants grown in different locations.

Makro ve Mikro Elements
Valeriana dioscoridis

Valeriana dioscoridis Sm. Ekstraktlarinin Biyoaktivite ve Fitokimyasal Kompozisyon Degigimleri

OZET Aragtirma Makalesi

Kedi otu (Valeriana dioscoridis Sm.) Caprifoliaceae familyasinin cok

yillik bitkisidir. Bu calismanin amaci tiuketimi gittikge artan Makale Tarihgesi
bitkilerden olan V. dioscoridis bitkisinin besin degerleri, ekstrakt Gelis Tarithi  :24.09.2020
igerikleri, antioksidan ve antimikrobiyal aktivite degerleri gibi kalite Kabul Tarihi :17.12.2020

kriterleri yoniinden, farkli bolgelerde yetigsen bitkilerin toplandig:

bélgelere gore her hangi bir farklilik olusturup olusturmadiginin Anahtar Kelimeler

belirlenmesi i¢indir. Bu ¢alismada Valeriana dioscoridis Sm. kok ve Antioksidan
rizomlar: Antalya ilinin sekiz farkli bolgesinden toplanmistir. Elde Antimikrobiyal
edilen materyaller toz haline getirilmis ve % 80 etanol ile ekstrakte Caprifoliaceae

edilmigtir. Toz halindeki bitki 6rneklerinin makro ve mikro besin
elemet icerikleri degerlendirilmis ve ekstraktlarin da antioksidan ve

Makro ve Mikro Element
Valeriana dioscoridis

antimikrobiyal aktiviteleri degerlendirilmistir. Elde edilen verilere
gore farklh bolgelerde yetisen Valeriana dioscoridis Sm. bitki
ekstratlarinin antioksidan, antimikrobiyal aktiviteleri ve besin
icerikleri ve kimyasal kompozisyonunda farkli degerler elde
edilmigtir.

To Cite : Ucar E, Atag M, Cilesiz Y, Cinbilgel I, Eruygur N, Karakdy T, 2021. Variation of Bioactivities and Phytochemical
Compositions of Valeriana dioscoridis Sm. Extracts. KSU J. Agric Nat 24 (4): 738-746. DOI: 10.18016/ksutarimdoga.
vi.799598.

INTRODUCTION

Valeriana L. contains 14 species and belongs to the
Caprifoliaceae family (Richardson, 1972; Davis et al.,
1988; Guner at al., 2000; Piccinelli et al., 2004; Giiner
et al., 2012). Valeriana dioscoridis Sm. is a perennial

herbaceous plant having rhizomes. The dried roots and
rhizomes of this plant have lipophilic compounds (0.5
%) and have sedative, sleep transmitter, wound
healing, nerve- calming, and spasm relief effects
(Bulut, 2006; Lopez-Munoz et al., 2006; Guarrera et



KSU Tarim ve Doga Derg 24 (4): 738-746, 2021
KSU J. Agric Nat 24 (4): 738-746, 2021

Arastirma Makalesi
Research Article

al., 2008). Previous studies explored that the extracts
and essential oils of V. dioscoridis have antifungal and
antioxidant activity (Tzakou et al., 2004; Karadeniz et
al.,, 2015). Although the use of this plant is very
common for medicinal purposes, however there is
scarcity of information about reliability (Bogacz et al.,
2014).

Valerianic acid present in the plants of genus
Valeriana has a palliative property, especially for
anxiety. Anxiety is caused by stress conditions and can
create difficulties in dealing with some problems
arising from the intensity of daily and work life.
Therefore, it is an important and very common
problem affecting the quality of life of people in the
modern world. People use different treatment
methods, such as drugs or alternative medicine to
relieve this anxiety. There is a tendency of higher
usage of natural products because of the side-effects
resulted by the intake of synthetic drugs. Considering
this factors, various plant parts are used for medicinal
and aromatic purposes including substances such as
cellulose, corn starch, pectin, protein and sugar, in
addition to the active substance components with
pharmacological effects (Ceylan, 1987). Generally, the
essential oils within these plants contain major
components, however some other components are also
present even in small concentrations. These different
components increase the power of major components
by facilitating the intake of major components. A better
effect may be provided according to the pure
substances of the essential oils. The use of medicinal
components may be preferred when the pure drugs
cannot be used or when it is not economic to do so.
These plants gained popularity and more
concentration among the medicinal industry and
interest is also increasing for the cultivation of these
plants. However, where these plants grow naturally
and under what conditions they are collected is of
importance. Just as plants collected from the roadside
could contain heavy metal components and there may
be variations in the active substance content according
to the conditions around where they are found.
Moreover, collection of the plants at the wrong time
could also affect the quality of the active substance of
the plant. The aim of this study was to determine
whether or not there was any difference in V.
dioscoridis plants grown in different regions in respect
of the quality criteria such as nutrient values, extract
contents and I1n vitro antioxidant and antimicrobial
activity values.

MATERIAL and METHOD

The research was carried out in 2019 in the
laboratories of Cumhuriyet University Advanced
Technology Research Center (CUTAM). Valeriana
dioscoridis Sm. plants were collected from eight
different locations used as the study materials. The

739

collected materials were dried and have been stored in
CUTAM laboratory.

Supply of plant materials

Valerian (Valeriana dioscoridis Sm.) was collected
from eight different locations (LOC1: Burdur, C2,
Altinyayla District, Ballik Village, Ballik Canyon road,
35S 0715480-UTM 4081603, 1479 m, rocky places on
mixed Cedar forest, 22.IV.2016, Cinbilgel 10352,
LOC2: Antalya, C3, Ibradi District, Baslar Village, 36S
0358486-UTM 4122760, 1200 m, rocky places on mixed
Torch pine forest, 15.1V.2016, Cinbilgel 10336, LOCS3:
Antalya, C3, Manavgat District, Ahmetler Village
road, 36S 0383468-UTM 4076318, 605 m, moist places,
11.II1.2016, Cinbilgel 10271, LOC4: Antalya, C3,
Manavgat District, Ahmetler Village, 36S 0383784-
UTM 4076925, 639 m, Red pine forest-moist places,
19.11.2016, Cinbilgel s.n., LOC5: Antalya, C3,
Manavgat District, Beskonak-Sagirin neighborhood,
Akpinar plato, 36S 0352351-UTM 4113161, 1436 m,
rocky places on mixed Juniper forest, 14.IV.2016,
Cinbilgel sn., ) LOC6: Antalya, C3, Manavgat District,
Ahmetler Village road, 36S 0383440-UTM 4076188,
569 m, maquis-moist places, 19.11.2016, Cinbilgel s.n.,
LOC7: Antalya, C3, Ibradi District, Urtnli Village,
Altinbegsik Cave National Park, 36S 0377622-UTM
4100098, 646 m, maquis-rocky places, 15.I1V.2016,
Cinbilgel 10340, ) LOCS8: Burdur, C2, Yesilova District,
Salda Lake, 35S 0740188-UTM 4158060, 1155 m,
rocky places on maquis, 22.1V.2016, Cinbilgel 10355.
The collected plant specimens were determined by Dr.
Cinbilgel according to the Flora of Turkey and East
Agean Islands (Richardson, 1972). The obtained roots
and rhizomes were dried and pulverized with a
laboratory grinder.

Obtaining the Extracts

The powdered plant materials were macerated with
80% ethanol. After one day of agitation in the shaker,
the plant particles were filtered. The filtrates were
dried in an oven (40 °C) to obtain the extracts.

Gas Chromatography-Mass Spectrometry (GC / MS)
and GC analysis of extracts

Gas Chromatography / Mass Spectrometer was used to
identify the components of the extracts and Gas
Chromatography was used to determine the relative
percentages (Sacchetti et al., 2005). GC—MS analyses
were worked with mass spectrometer detector. Helium
gas was used as a carrier gas at a constant flow rate of
1.5 mL in minutes, and 1 pl Linjection volume using
splitless mode was programmed among 80-300 at rate
of 5 per minutes. Post run was set at 300 °C for 2 min.
Total run time was 60 minutes (Eruygur and Dural,
2019).
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Determination of Macro-Micro element contents

First, the samples were ground for further analysis.
The N (nitrogen) content was determined using the
modified Kjeldahl method (Bremner, 1965). For the P
(phosphorus), K (potassium), Fe (ron), Mn
(manganese), Zn (zinc) and Cu (copper) contents, 0.200
g plant samples were weighed in porcelain crucibles
and dried in the oven at 550 °C for 5 hours to obtain
ash. After removing the samples from the oven, 1/3
HCI and distilled water were added to the extracted
samples. Using a P 880 nm UV-spectrophotometer
(Murphy and Riley, 1962), K, Fe, Mn, Zn and Cu were
determined with Atomic Absorption
Spectrophotometry (AAS) (Giizel et al., 1992).

Raw protein value (%) is calculated by the formula
below: Raw protein value (%): N value x 6,25

In vitro antioxidant activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging activity of the extract was evaluated
according to the methodology of Blois method (1958)
with slight modification. ABTS (2,2"-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) radical
scavenging activity was evaluated by the method of Re
et al. (1999) with minor modifications. Total phenolic
content was determined with spectrophotometric
method (Clarke et al., 2013) and expressed as gallic
acid equivalents. Flavonoid contents were determined
with the aluminum chloride colorimetric method of
Molan and Mahd (2014). Total flavonoids content was
expressed as milligrams of catechine equivalent per
gram of the dry weight of the extract.

Antimicrobial activities of V. dioscoridis extracts

In this study, the microdilution Broth method (Eloff,
1998) was used to determine the Minimum Inhibition
Concentration (MIC) of V. dioscoridis extracts against
micro-organisms of Staphylococcus aureus (ATCC
29213), Pseudomonas aeruginosa (ATCC 27853),,
Escherichia coli (ATCC 25922), Bacillus cereus (ATCC
27853), Candida albicans (ATCC10231) and Candida
tropicalis DSM11953).

The extract was dissolved in DMSO (50 mg mL1). 90
ul of media were added to the first row of the microtiter
plates and 50 pl of the remaining wells. The 11t wells
were used as the reproductive controls and 100 pL
broth was added. 10 pL extract was added in the first
line of the microtiter plate and serial two-fold dilutions
were prepared. The concentration of the extract in the
wells was ranging from 2.5 to 0.004 mg mL. The
bacteria and fungi suspensions (50pnL) were added to
prepared samples. The final inoculum size was 5x105
CFU mL1 in the bacteria wells and 0.5-2.5x103 CFU
mL1 in the Candida sp. wells (CLSI, 2002, CLSI,
2012). The microtiter plates were incubated at 37 °C
and the MICs were recorded after 24 h of incubation.
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The MIC was defined as the lowest concentration of the
extract that produced an 80% reduction in visible
growth compared with control.

Statistical Analysis

Range, coefficient of variation and east significant
difference (LSD) for various macro and micro elements
was investigated using using the statistical software
XLSTAT (www.xlstat.com). Similarly, distribution
graphs for total phenol contents and antioxidant
activity were also devloped wusing XLSTAT
(www.xlstat.com) software.

RESULTS and DISCUSSION

The effect on the quality criteria of the extracts of
Valeriana dioscoridis plants collected from eight
different locations were evaluated.

GC-MS analysis values of the extracts obtained

In the evaluation of the chemical composition of the
extracts obtained from the V. dioscoridis collected from
eight different locations, a total of 43 components were
determined, both single and common for each location
(Table 1). Maximum components (total 18) were
determined in LOC 1 and minimum components (total
8) in LOC 8. Ispiro [2.1.2.4] undecane, 8-methylene-,
Tricyclo [4.4.0.0(2,8)] decan-3-ol, Tricyclo [4.4.0.0(2,8)]
decane, 5-hydroxy-, acetate, (-)-Caryophyllene oxide,
Cyclopentanol, 2-cyclopentylidene-, 2H-3,9a-Methano-
1-benzoxepin, octahydro-2,2,5a,9-tetramethyl-, [3R-
(3.alpha.,5a.alpha.,9.alpha.,9a.alpha.)]-, Limonen-6-ol,
pivalate, 1-Propene-1,2,3-tricarboxylic acid, tributyl
ester, Decanedioic acid, dibutyl ester (CAS), Tributyl
acetylcitrate, Benzyldiethyl-(2,6-xylylcarbamoyl
methyl)-ammonium benzoate, Stigmast-5-en-3-ol,
(3.beta.)- (CAS) components were found in 4 or more
common locations. For LOC 1, LOC 2, LOC 3, LOC 4,
LOC 5, LOC 6 and LOC 8, the components of Tributyl
acetylcitrate (22.26, 20.58, 14.81, 18.22, 14.71, 19.13
and 15.87, respectively), and for LOC 7, 2H-3,9a-
Methano-1-benzoxepin, octahydro-2,2,5a,9-tetra
methyl-, [3R-(3.alpha.,5a.alpha.,9.alpha.,9a. alpha.)l-
(17.46) were determined as major components (Table
1). According to Bogacz et al. (2014) and Dimpfel
(2007), the most important chemical component of the
genus Valeriana plants is valerianic acid.

Macro-Micro Nutrient Content

The evaluations of the macro and micro-nutrient
elements content of the V. dioscoridis plants collected
from eight different locations are shown in Table 2.
Various macro elements, such as phosphorus and
potassium ranged 0.15-0.50 and 1-6 mg kg1,
respectively. The P content of the V. dioscoridis in
different locations varied between 0.476% (LOC 5)-
0.950% (LOC 6) and was found to be 0.688% on
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average. P deficiency in plants results in a decreased
growth and low resistance to biotic and abiotic stresses
(Plaster, 1992; Aktas and Ates, 1998). Maximum
potassium content in this plant was 3.813% in LOC 1,

at the lowest in LOC 7 (1.290%) and 2.274% on

average. In the V. dioscoridis collected from different
locations, the N content varied between 0.680% (LOCT7)
and 1.733% (LOC6) and the crude protein content is
varied 4.250% (LOC7)-10.60% (LOCS6).

Table 1. Components of 80% ethanol extracts of Valeriana dioscoridis plants collected from eight different locations
Tablo 1. Sekiz farkli lokasyondan toplanan Valeriana dioscoridis bitkisinin % 80 etanol ekstraktinin bilesenleri

Relative Percentage (%)

(3.alpha.,5a.alpha.,9.alpha.,9a.alpha.)]-

No |RT Components Locations of Valeriana | o, (oo oo o1
dioscoridis ¢ P Y.
1 18,648 Benzaldehyde, 2-hydroxy-6-methyl- LOC5 1.96
2 18,683 2-Hydroxy-4-methylbenzaldehyde LOC7 1.67
3 20,295 Dispiro[2.1.2.4lundecane, 8-methylene- igg; LOC3, LOCs, 1.07,1.12, 2.17, 2.12
4 20,759 2-iodo-1-adamantyl acetate LOC6 2.26
5 21,091 Nerolidol-epoxyacetate LOC3 1.43
6 21,937 1-Ethyladamantan-2-ol LOC1 1.24
7 21,956 2,6,6-Trimethyl-1-cyclohexene-1-acetaldehyde LOC7 2.10
8 22,754 Decanoic acid (CAS) LOC6 1.87
9 22,852 Quinic acid LOC5 1.97
10 23,686 3-Buten-2-ol, 3-methyl-4-(2,6,6-trimethyl-2- LOCT 92.07
cyclohexen-1-yl)-
11 24,085 .beta.-D-Glucopyranoside, methyl LOC7 1.86
12 24,375 Patchouli alcohol LOC5 1.47
13 | 24,745 Dimethyl{bis[(2Z)-pent-2-en-1-yloxyl}silane LOC1 1.57
14 | 26,155 Naphth[2,3-bloxirene, decahydro- LOC5 14.08
15 26,218 Tricyclo[4.4.0.0(2,8)]decan-3-0l igg%’ LOC3, LOC4, 12.59, 6.37, 13.23, 7.83
16 | 26,344 1,4-Benzenediol (CAS) LOC6 1.57
17 | 28,203 Silane, dimethyldi(but-2-enyloxy)- LOC2 7.23
18 gg’ggg p-Mentha-1,8-dien-7-yl acetate LOC1, LOC5 8.28, 2.93
. R ) LOC1, LOC2, LOC3, | 5.28, 5.15, 13.30, 14.22,
19 | 29,316 Tricyclo[4.4.0.0(2,8)]decane, 5-hydroxy-, acetate LOC4. LOC5, LOCT 9.53. 7.72
20 | 30015 2-Cyclopenten-1-one, 4-hydroxy-3-methyl-2-(2- | LOC1 1.70
propenyl)-
LOC1, LOC2, LOCS3,
21 | 30,109 | ()-Caryophyllene oxide LOC4, 1L.OC 5, LOC7, | 194 1.48, 10.94, 10.96,
4.58, 2.06, 4.05
LOCS8
22 | 30,249 2,2-Dimethyl-1-(3-oxo-but-1-enyl)- LOC5 95
cyclopentanecarboxaldehyde
23 | 30,484 10,12-Docosadiynedioic acid ditms LOCe6 2.80
94 30,262 1a,2,5,56Tetramethyl-trans-1a,4a,5,6,7,8- LOC1 1.03
hexahydro-gamma-chromene
25 31,395 Cyclopentanol, 2-cyclopentylidene- igglé LoC2, LOCY, 7.04, 16.61, 9.22, 7.08
26 31,411 t;i?(rils-&Hydroxytrlcyclo[4.4.0.0(3,8)]-4-carboxyhc LOC4 3.38
27 31,477 Albuterol LOC3 6.89
28 32,054 Pentanoic acid 1-methylpropyl ester LOC3 0.31
29 | 33,766 1,5-Heptadien-4-ol, 3,3,6-trimethyl- LOC2 2,32
30 33,955 Andrographolide LOC6 3.91
31 | 34,175 Neoplatyphylline LOC5 1.67
39 34,248 Succinic acid, 3,7-dimethyloct-6-en-1-yl heptadecyl | LOC2 1.92
ester
33 34,282 Platyphylline LOC7 8.05
2H-3,9a-Methano-1-benzoxepin, octahydro- | LOC3, LOC4, LOCS5,
34 35,521 2,2,5a,9-tetramethyl-, [3R- | LOC7 6.34,1.47, 2.65, 17.46
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35 37,186 Limonen-6-ol, pivalate 58818’ LOC3, LOCs, 1.20, 1.10, 1.17, 1.09
. N LOC1, LOC2, LOC4, | 2.08, 2.31, 1.80, 2.11, 1.73,
36 38,629 1-Propene-1,2,3-tricarboxylic acid, tributyl ester LOC5, LOC6, LOCS 197
LOC1, LOC2, LOCS,
37 | 38,753 Decanedioic acid, dibutyl ester (CAS) LOC4, LOC5, LOCS, 7.31, 6.82, 7.59, 6.17, 5.49,
LOCS 5.44, 6.18
38 | 39,244 Butyl citrate LOC1, LOC2, LOCS8 1.04,1.90, 1.80
LOC1, LOC2, LOCS,
39 | 40,847 | Tributyl acetylcitrate LOC4, LOC5, LOCs, | 2226, 2058, 14,81, 18.22,
14.71, 19.13, 15.87
LOCS8
40 | 41,205 1-Docosanol (CAS) LOC7 1.74
a1 | 45796 Benzyldiethyl-(2,6-xylylcarbamoylmethyl)- LOC1, LOC2, LOC4, | 2.58, 2.23, 2.06, 1.57, 2.31,
’ ammonium benzoate LOC5, LOC6, LOC8 2.9
42 | 57,434 .gamma.-Sitosterol LOC1, LOC7 2.47, 5.92
. LOC1, LOC2, LOCS,
43 | 57,413 Stigmast-5-en-3-ol, (3.beta.)- (CAS) LOC4. LOC5 0.84,1.21,1.78,1.10, 2.16

RT: Retention Time

Table 2. Macro and micro element contents of Valerrana dioscoridis plant collected from eight different locations
Tablo 2. Sekiz farkli lokasyondan toplanan Valeriana dioscoridis bitkisinin makro ve mikro element igerikleri

LOCATIONS N(%) P (%) K (%) Ca (%) Mg (%)
Range values 0.15-0.50 1-6 1.5-2.5 0.3-1
LOC1 0.720+0.01 f 0.720%0.02 b-d 3.8131006 a 8.803+0.28 e 0.493+0.01 b
LOC2 0.876+0.02 d 0.560+0.01 d-e 2.130+0.01 c-d 3.420+0.02 ¢ 0.880+0.01 a
LOC3 1.453+0.01 b 0.630+0.02c-e 1.993+0.02 d 1.500+0.00 d 0.500+0.00 b
LOC4 0.800+0.01 e 0.513+0.01 e 2.010+0.01d 1.500+0.03 ¢ 0.600+0.00 b
LOC5 1.230£0.01 ¢ 0.4'76+0.00 e 2.197+0.01 ¢ 0.830+0.01 e 0.590+0.01 b
LOCe6 1.733+0.04 a 0.950+0.00 a 1.33040.01 e 0.220+0.00 a 0.510+0.00 b
LOC7 0.680+0.02 f 0.78010.03 b-c 1.290+0.01 e 0.117+0.02 e 0.543+0.00 b
LOCS8 1.287+0.00 ¢ 0.880+0.01 a-b 3.4330.02 b 0.083+0.01 b 0.527+0.00 b
Average 1.097 0.688 2.274 2.059 0.580
F %% %% *% %% *%
LSD 0.07554 0.1602 0.1602 0.1602 0.1602
CV (%) 3.99 1.25 0.61 4.58 0.79
LOCATIONS Mn (mg kg) Fe (mg kg) Cu (mg kg Zn (mg kg?) Raw Protein (%)
Range values 30-100 100-250 6-20 20-50
LOC1 408.3+0.00 b 4186+3.53 ¢ 28.26+0.15 52.63+0.17 d 4.443+0.06 f
LOC2 186.1+0.69 d 3668+6.23 e 24.3140.15 g 42.37+0.23 f 5.533+0.10 e
LOC3 86.55+5.03 g 4116+2.35d 44.70+0.18 d 59.44+0.37 ¢ 9.060+0.06 b
LOC4 63.97+0.47 h 3073+1.27 g 29.42+0.48 f 51.91+0.33 e 5.333+0.10 e
LOC5 144.6+0.16 e 4662+14.47 a 47.74+0.31 ¢ 70.79+£0.26 a 7.620+0.06 d
LOC6 111.6+0.96 f 3126+12.48 f 36.75+0.63 e 40.75+0.22 g 10.60+0.00 a
LOC7 1200+4.08 a 4279+10.49 b 63.09+1.26 a 63.86+0.30 b 4.250+0.13 f
LOC8 284.7+0.82 ¢ 4123+7.78 d 51.61+0.18 b 35.87+0.41 h 8.060+0.00 ¢
Average 310.73 3904.1 40.73 52.20 6.862
F %% %% *% *% %%
LSD 3.535 13.95 1.523 0.5123 0.3462
CV (%) 0.67 0.21 2.21 0.58 3.00

CV (%): Coefficient of Variation, Standart sapmanin ortalamaya gore % degisimi [CV= 100+ (s/x)], LSD: Least Significant Difference.

dioscoridis was in LOC 7 (63.09 mg kg1), the highest
Zn content of the V. dioscoridis was in LOC 5 (70.79 mg
kg!). Furthermore, the highest Mn and Fe contents of
the V. dioscoridis were determined as 1200 mg kg! in
LOC 7 and 4662 mg kg! in LOC 5, respectively.
According to Ekbic et al. (2017) determined that the Fe
(1384-2092 ppm) content in the root of the cucumber
plant was very high.

Different micronutrients, such as Mg, Ca, Fe, Zn, Mn
and Cu were found in the range of 0.3-1, 1.5-2.5, 100-
250, 20-50, 30-100 and 6-20 mg kg1, respectively. The
limit value of the micronutrients such as Zn, Mn and
Cu are in the range of 23.2-39.4, 55-104.3 and 4.8-13.5
ng g1, respectively (Petenatti et al., 2011). It was
determined that the obtained data, for Zn and Cu
exceeded the limit values in plants grown in different
environments. The maximum Cu content of V.
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Antioxidant activity
DPPH and ABTS radical scavenging activity

Chemical components which have a reactive structure
because of an imbalance in the structures and which
are found in an unmatched electron in the orbit of an
atom or electron, are known as free radicals. These
may interact with all the components forming the cell
and may cause a deterioration in the functions of the
biological molecules. Free radicals are formed in the
body with the natural metabolism and are eliminated
with antioxidants taken in externally or with the
organism’s own antioxidant system. However, when
the metabolic system cannot combat the free radicals,
cytotoxicity develops with the formation of oxidative
stress. Consequently, free radicals may cause several
severe diseases such as cardiovascular diseases and
cancer (Halliwell, 1997; Yen and Wu, 1999; Halvorsen
et al., 2002; Inglet et al., 2011; I¢li 2017).

During this study, high absorbance values and low
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antioxidant activity was observed during the radical
scavenging activity analysis. Data obtained with the
microplate reader were evaluated in the light of the
information, and the DPPH and ABTS radical
scavenging capability percentage of extracts of the V.
dioscoridis plants collected from eight different
locations are illustrated in Fig 1. The scavenging effect
of extract on DPPH radical increased with increasing
concentration from 0.1 to 2.0 mg ml1, although this
was lower than the standard gallic acid.

As the passage of both polar and nonpolar substances
could be provided, generally 80 % ethanol or methanol
extract showed more antioxidant activity for different
in vitro systems. This may have been because 80%
ethanol/methanol is the best extraction solvent for
phytochemical compounds.

The radical scavenging activities of 80 % ethanol
extracts are presented in Figure 1.

LOC1
LOC2
LOC3
LOC4
LOC5
LOC6
LOCY
LOC8
Gallic acid

LOC1
LOC2
LOC3
LOC4
LOCS5

LOC6

LOC7
LOC8
Galllic acid

Figure 1. (1) DPPH radical scavenging activity of 80% ethanol extracts of Valeriana dioscoridis plants collected from eight
different locations, (2) ABTS radical scavenging activity of 80% ethanol extracts of Valeriana dioscoridis plants

collected from eight different locations

Sekil 1. (1) Sekiz farkli lokasyondan toplanan Valeriana dioscoridis bitkisinin % 80 etanol ekstraktinin DPPH radikal stipiiriicii
etkisi (2) Sekiz farkl lokasyondan toplanan Valeriana dioscoridis bitkisinin % 80 etanol ekstraktinin ABTS radikal

stiptirticti etkisi

When the results of the analysis made according to
DPPH method were evaluated, the highest antioxidant
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composition structure and the lowest antioxidant effect
was seen in the samples of V. dioscoridis collected from
LOC 7. When the results of the analysis were
compared with ABTS radical scavenging activity
method, the antioxidant activity results, even if lower
than the reference substance, were determined to be at
a level that could be said to be an antioxidant effect.
According to Karadeniz et al (2015), the aqueous
extracts of V. dioscoridis have an antioxidant effect.

Total Flavonoid Content (TFC) and Total Phenol
Content (TPC)

Phenolic components are defined as the two sub-
classes of flavonoids and phenolic acids, which are
found in many hydroxyl groups in at least one aromatic
ring. Flavonoids are polyphenolic antioxidants found
in the natural structures of fruit, vegetables and
herbal teas (Naczk and Shahidi, 2004).

Generally, biological activity such as antioxidant
activity 1s mostly related to components such as
flavonoids and phenolic acids (Saddige et al., 2010). In
this study, evaluation was made to explore the
differences in the total phenol and flavonoid values of

Concentration (mg/mL)

the V. dioscoridis collected from different locations.
Results revealed that total flavonoid value could not be
determined in any of the plants collected from any of
the locations, while the highest phenol content was
determined in LOC 8, followed by LOC 3 (Figure 2).

Antimicrobial Activities

The antimicrobial activity results of all the V.
dioscoridis extracts are shown in Table 3. According to
the results, there was not much difference between the
extracts in terms of antimicrobial activity. The
antimicrobial activity of plant extracts are accepted
significant if the MIC value is <0.1 mg ml!, moderate
if MIC is 0.1 - 0.625 mg ml! and weak if MIC > 0.625
mg ml! (Kuete, 2010; Awouafack et al., 2013). Among
the tested micro-organisms, S. aureus was more
susceptible to some extracts, with MIC values ranging
between 0.312 and >2.5 mg mL. The MIC values of
ethanol extract from LOC2, LOC5, LOC6, LOC7 and
LOCS8 were found to be moderate. The results of the
microdilution broth assay for B. cereus showed that the
best result was observed in the samples from LOCS8
(0.625mg mL1) against all the tested micro-organisms.

~ 250~
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< 200 == | OC2
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Figure 2. Total phenol content of the 80% ethanol extracts of Valeriana dioscoridis plants collected from eight different locations
Sekil 2. Sekiz farkli lokasyondan toplanan Valeriana dioscoridis bitkisinin % 80 etanol ekstraktinin Toplan fenol igerigi

Table 3. Antimicrobial capacity (MIC (minimum inhibitor concentration)) of the 80% ethanol extracts of Valeriana dioscoridis

plants collected from eight different locations

Tablo 3. Sekiz farkh lokasyondan toplanan Valeriana dioscoridis bitkisinin % 80 etanol ekstraktinin antimikrobiyal aktivite
(MIC (minimum inhibitor konsantrasyon)) kapasitesi

Growing area E. coli S. aureus P. aeruginosa B. cereus C. albicans C. tropicalis
ATCC 25922 ATCC 29213 ATCC 27853 ATCC11778 ATCC10231 DSM11953
(ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml) (ug/ml)
LOC1 >2.5 >2.5 >2.5 1.25 >2.5 >2.5
LOC2 >2.5 0.312 >2.5 1.25 >2.5 >2.5
LOC3 >2.5 >2.5 >2.5 1.25 >2.5 >2.5
LOC4 >2.5 >2.5 >2.5 1.25 >2.5 >2.5
LOC5 >2.5 0.625 >2.5 1.25 >2.5 >2.5
LOC6 >2.5 0.312 >2.5 1.25 >2.5 >2.5
LOC7 >2.5 0.312 >2.5 1.25 >2.5 >2.5
LOC8 >2.5 0.312 >2.5 0.625 >2.5 >2.5
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CONCLUSION

In this study, the antioxidant, antimicrobial and
nutrient contents of Valeriana dioscoridis plants
grown 1in different locations were investigated.
Maximum chemical components were present in LOC
1 and minimum in LOC 8. Generally, the amount of
plant macro and micro nutrient elements were
moderate in all growing conditions but wasn't obtained
in the same proportions in plants grown in all
environments. The highest antioxidant effect was
observed in LOC 1, but there were no significant
different value for antioxidant activity between the
locations. Maximum phenol contents were observed in
LOC 8, followed by LOC 3. The results of the
microdilution broth assay for B. cereus showed that the
best result was in the samples from LOC 8 against all
the tested micro-organisms. Oxidative stress 1is
associated with many chronic disease. Therefore,
herbal products can play an important role in the
management of these diseases due to the rich
antioxidant compound content. However, the synthesis
of the secondary metabolites, which are responsible for
the main effect in the plant, varies according to the
regions where the plant grows, so the biological effect
of the plant also changes. In this regard, the V.
dioscoridis plants of in different locations were
evaluated and it was determined that the different
locations were created differences in the content values
of the plant.
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OZET Aragtirma Makalesi

Bu calismada milli pompalarin farkli dalma derinliklerinin pompayj

parametrelerine etkilerinin incelenmesi amaglanmigtir. Farkli anma Makale Tarihgesi

capina sahip iic adet milli pompanin (Mi1,M2,Ms) ii¢c farkh su giris Gelig Tarihi  :04.05.2020
alanlarinda (KA1, KA2,KAs) ve farkli dalma derinliklerinde (S) Kabul Tarihi :03.12.2020

pompalarin debi (Q), ¢ikis basinc1 (Pb), sebekeden cekilen giic (N) ve
gliriiltii seviyeleri (G) o6lciilmiis, toplam dinamik yiikseklik (TDY)
degeri ise hesaplanmigtir. Her ii¢ milli pompa anma ¢ap1 ve su giris

Anahtar Kelimeler
Dalma Derinligi

kesit alan1 seviyelerinde debinin artmasi ile TDY degerleri azalmagtir. Gurualta
M; (@ 78 mm), Mz (@ 105mm) ve Ms (& 128 mm) pompalarinin tiim Vorteks
debi, su giris kesit alanlari ve farkli dalma derinliklerinde sebekeden Milli Pompalar

cektikleri giic ortalamalari sirasiyla 5.06-5.2-7.21 kW, guralta
seviyeleri ortalamalar: ise sirasiyla 78.58-80.06 ve 81.2 dBA olarak
Olgtilmustiur. Pompa anma ¢aplarinin artmasi hem sebekeden ¢ekilen
gic¢ degerlerini hem de giirulta seviyelerini artirmistir. Pompalarin
sebekeden ¢ektikleri glic bakimindan %20 buyttulmis su girig
kesitinin, glrilti seviyesi bakimindan ise orijinal su girig kesitinin
kullanilmasinin uygun oldugu ortaya ¢cikmistir. Dalma derinliklerinin
¢ok dustrilmesi sonucu vorteks olusmus ve pompalara hava girisi
olmustur. Bu durumun sonucunda TDY ve sebekeden c¢ekilen gl
degerlerinde ani azalmalar, giirilti seviyelerinde ani yiikselmeler
Olculmiistir. Pompalarin TDY, cektikleri gii¢ ve gurultii seviyeleri
degisimlerinin diizenli takibi ile verimli ¢alismalar: saglanabilir.

ABSTRACT
The aim of this study was to investigate the effects of different
plunging depths of the shaft pumps on the pumping parameters. In

Effects of Submergence Change in Shaft Pumps on Some Pump Parameters

Research Article

Article History

three different nominal diameters of pumps (Mi, Mz, Ms) three Received :04.05.2020
different water inlet areas (KAi, KAs, KAs) and in different Accepted $03.12.2020
submergence (S) output pressure (Pb), power and noise levels were

examined, the pumps total dynamic head (TDH) were calculated. Keywords

TDH values decreased with the increasing flowrate of the pumps in Submergence

each nominal diameter and water inlet cross-section. M1 (@ 78 mm), ggﬁgx

M: (@ 105 mm) and Ms (@ 128 mm) pumps average power drawn from
the mains in all flow, water inlet cross-section and different
submergence were measured as 5.06-5.2-7.21 kW and noise levels
averaged as 78.58-80.06 and 81.2 dBA, respectively. Increasing the
pump nominal diameters increased both the power values drawn from
the network and the noise levels. In the pumps, it has been found that
it was appropriate to use the water inlet section 20% enlarged in terms
of the power drawn from the mains, and the water inlet section orginal
in terms of the noise level. As a result of the very low submergence,
vortexes have formed and air enters the pumps. As a result of this
situation, a sudden decrease in power drawn from the mains and TDY
values, a sudden increase in noise levels were measured. Efficient
operation can be achieved by measuring regularly the changes in
power drawn from the mains, TDY and noise levels of the pumps.

Shaft Pumps
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GIRIS Bu su seviyesindeki degisimlerin pompa

Tarimsal agidan biiyik o6neme sahip olan su,
akarsulardan, gollerden, goletlerden vb. kaynaklardan
yeterince ve uygun sartlarda elde edilemeyince yeralt1
su kaynaklar1 devreye girmektedir. Tarima agilan
arazi varligimizin yaklasik %20'sini  olusturan
sulamaya agilmig arazinin %38'1 kuyulardan, %281
akarsulardan, %10u kaynaklardan, %3 goletlerden
geriye kalan kisimlar ise diger su kaynaklarindan
saglanmaktadir (Anonim 2016). Gorildiigi gibi
sulanan arazilerimizin biiylik ¢ogunlugunda yer alt1 su
kaynaklarimiz kullanilmaktadir. Yer altindan suyu
yuzeye c¢ikarmak i¢cin derin kuyu pompalar
kullanilmaktadir. Bir kuyunun derin kuyu olarak
isimlendirilebilmesi i¢in, kuyu derinliginin yilizeyden
en az 7 m derinlikte olmasi gerekmektedir. Derin kuyu
pompalar1 6zel olarak agilan derin kuyulardan su
saglamak i¢in kullanilir. Derin kuyu pompalar:
kademeli olarak yapilir ve kademe sayisina bagh
olarak 300-400 m derinlikteki suyu yer ylizeyine
cikartabilirler. Sondaj makinalar1 ile agilan bu
kuyulara uygun cap ve kademe sayisina sahip derin
kuyu pompalar: belirli standartlar altinda yerlestirilir.
Kuyuya yerlestirilen derin kuyu pompalarinin debisi
genel olarak agilan kuyunun debisi ile sinirlidar.
Pompa debisi ile kuyu debisi birbirine uyumlu
olmalidir. Kuyu debisinin diisiik olmasi halinde su
seviyesi dliser ve pompa emisini kaybeder. Bu sebeple
kuyu ve pompa benzer karakteristikleri icermelidir
(Calisir 2009; Driscoll 2010).

Pompa su girig agz1 ile su seviyesi arasindaki diisey
mesafe dalma derinligi olarak adlandirilmaktadir.
Pompaj esnasinda dalma derinligindeki asir1
azalmalar (su seviyesindeki agir1 diigiimler) pompanin
su giris agzinda vorteks olugsmasina hatta pompa
icerisine hava girmesine sebep olur (Chen ve ark.
2012). Pompa icerisine giren hava kavitasyon
olusmasina sebep olabilir. Kavitasyon pompalarin
ekonomik Omriini ve verimlerini olumsuz yonde
etkiler (Nagahara ve ark. 2001; Yildirim ve ark. 2011).

Kuyulardaki su seviyelerinin azalmasina etkili diger
etkenler iklim  degisikligi ve  bilingsiz/asiri
sulamalardir. Gécmez ve ark. (2008) Konya’'da yer alt1
su seviyesindeki azalmalarin %60 oranidan iklimin,
geri kalanda ise asir1 su ¢ekilmesinin etkili oldugunu
bildirmistir. Ozellikle Konya Kapali Havzasi son 30-40
yildir yagis olarak kurak bir dénem yasamaktadir
(Dogdu ve ark. 2007; Gécmez ve ark. 2008; Anonim
2015). Bu kurakhk yer alti su seviyelerindeki
azalmalari dogrudan etkilemektedir. Konya
Karapinar ilgesinde 1980 yillarindan itibaren havzada
6lcim yapilan kuyularda su seviyesindeki diismenin
0.7 m/y1l oldugu belirlenmistir (Dogdu ve ark. 2007).

performansina etkisinin incelenmesi gerekmektedir.

Bu calismada farkli dalma derinliklerinin milli
pompalarin pompaj parametrelerine etkilerinin
incelenmesi amac¢lanmigtir. Bu baglamda fakli anma
capina sahip ¢ adet milli pompanin her birinin g
farkli su giris agizinda ve farkli dalma derinligi
sevilerinde: pompalarin toplam dinamik yiikseklikleri
(TDY), sebekeden cektikleri giic ve giiriiltii seviyeleri
incelenmisgtir.

MATERYAL ve METOT
Materyal

Denemeler Selguk Universitesi Ziraat Fakiiltesi Tarim
Makineleri ve Teknolojileri Mithendisligi Bolumiinde
Derin Kuyu Test Unitesinde yapilmistir. Test
unitesinin genel 6lgiileri ve bazi derin kuyu terminoloji
ifadeleri Sekil 1’de verilmigtir.
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Sekil 1. Derin kuyu test tinitesi
Figure 1. Deep well testing unit
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Derin kuyu ile depo arasina ¢api 4" ve 6" olan iki adet
boru baglanarak kuyunun beslenmesi saglanmigtir.

Deneylerde kullanilan diisey tip derin kuyu
pompalarinin pompa grubu Sekil 2’de ve pompalara ait
baz1 teknik 6zellikler ise Cizelge 1’de verilmigtir.

Deneylerde milli pompalarin tahrik edilmesinde
kullanmilan dik milli elektrik motorunun (Siemens)

Cizelge 1. Milli pompalarin teknik 6zellik ve 6lgtileri

glct, ¢ektigi akim degeri ve devir sayis1 sirasiyla 5.5
kW, 11.1 A ve 2910 min Vdir.

Tim milli pompalarin deneme kombinasyonlarinda
2000 mm uzunlugunda bir adet kolon borusu
kullanilmigtir. Calismada kullanilan 6l¢iim aletlerinin

Table 1. Technical characteristics and dimensions of shaft pumps

bazi teknik 6zellikleri Cizelge 2'de verilmigtir.

Pompa tipleri 3" 4" 5"
Pompa anma ¢ap1 (mm) (Pump nominal diameter) 78 105 128
Pompa gévde malzemesi (Material of pump body) Pik Pik Pik
Pompa cark malzemesi (Material of pump impeller) Piring Piring Piring
Pompa mil malzemesi (Material of pump shaft) CP;isll{anmaZ glzll?ll{anmaz (;P(;ahsllianmaz
Giris kesit alanm1 (KAs) (cm?) (Input cross-sectional area) 72 90 108
Pompa mili cap1 (mm) (Diameter of pump shaft) 25 25 25
Pompa kademe sayis1 (Number of pump stage) 2 1 1
Klerens (mm) (Clearance) 4.5 4.5 4.5
Kanat sayis1 (adet) (Blade number) 5 5 5
Kanat kalinlig1 (mm) (Blade thickness) 5 5 5
Cark cikis cap1 (mm) (Impeller outlet diameter) 93.5 136 150
Cark gikis genigligi (mm) (Impeller output width) 15 16 17.5

Cizelge 2 Kullanilan 6l¢gme aletlerinin bazi teknik 6zellikleri
Table 2. Some technical features of measuring instruments used

Ekipman cinsi Bazi teknik 6zellikleri

Debimetre (Flowmeter)

S MAG 100 TIP, DN 80-100-125 flang baglantili elektromanyetik debimetre, 220 V
beslemeli dijital gostergeli, anlik debi, yiizde akis ve toplam gdsterimli. Ayarlanabilir
4-20 m/A plus ve frekans ¢ikigli. Olgim hatas1 %0.5

Manometre WIKA, 0-10 bar, Alttan Baglantili, 4-20 m/A ¢ikigl.

(Manometer)

Seviye o6lcer (Level | Hydrotechnik marka, 010 tip/1.5 V, 150 m’lik 6lceklendirilmis kablolu, ses ve 1sik
meter) ikazli tip.

Giriiltiic  6lger (Noise | CT-2012 model, giris 4 mA, giic kaynag1 cikist DC 24V, Transmitter modeli : TR-
meter) SLT1A4, Ol¢iim arali$1:30-80 dBA, 50-100 dB, 80-130 dB, ¢ikis 4-20 mA, 90-260 ACV

50Hz/60Hz.

Sicaklik (Temperature
sensors)sensorleri

Turck marka, 10-24 VDC, -50...100 °C, 4-20mA output.

Asus intel core 17.

Bilgisayar (Computer)

Yontem

Denemelerde debi, pozitif basing, sebekeden cekilen
glg, girilti ve sicaklik gibi fiziksel biiyiikliiklerin
kaydedilmesi i¢in yazilim ve otomasyon sistemi
kullanilmigtir. Sensoérlerden alinan bilgiler merkezi
bir veri toplama kart1 {izerinden kablosuz (Bluetooth)
olarak  Bilgisayar’a  aktarilmaktadir.  Merkezi
iglemcide depolanan bilgiler bilgisayarda hazirlanan
yazilim ara ylzi araciligr ile operatoér tarafindan
istenilen  araliklarda uygun isimlerle kayit
edilmektedir. Kayit etme iglemi, saniyede birer adet
verileri alabilecek tarzda hazirlanmigtir. Pompa
rejime girdikten sonra kayit iglemine baslanilmig ve
bir sensér den 50 adet veri alinmigtir.

749

Pompalarin optimum c¢alisma devrinde ve her bir
pompanin 5 degisik debi araliginda ve 5-7 farkli dalma
derinligi seviyesinde oOl¢imler alinmigtir. Pompa
belirlenen herhangi bir debi degerinde c¢aligtirilarak
ilk degerler kayit altina alindiktan sonra kuyu
besleme borularinda bulunan vanalarin (Sekil 1)
kisilmas ile dalma derinligi seviyesi degistirilmistir.
Dalma derinliginin degismesi ile degisen debi degeri
cikis borusundaki vana 1ile tekrar eski haline
getirilerek dalma derinligi seviyesi i¢in kayit islemi
yapilmigtir. Bu sekilde bir debi degeri i¢in 5-7 farkh
dalma derinliginde degerler alinmigtir. Caligmaya ait
deneme plam Sekil 2’de verilmistir.
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Sekil 2. Deneme deseni
Figure 2. Test design

Pompa 1880 mm sabit hidrolik yuk altinda denemelere
baglanmigtir. Pompa isletme karakteristiklerinin
Olcilmesinde ve yapilan hesaplamalarda ilgili
standartlar ve literatiir dikkate alinmistir (Tezer
1978; Baysal 1979; Atmaca 1998; Karassik ve ark.
2001; Anonim 2002; Calisir 2009) Giiriiltii seviyesi,
gurilti o6l¢gme cihazi ile kule kumanda merkezi
platformundan pompa kolonu ile kapali te¢hiz borusu
arasindaki bosluktan 6lgilmistir (Cdina 2003;
Cudina ve Prezelj 2009; Maxime ve Chen Li 2016).
Gurulti  olgim cihaz1  tegchiz borusu igerisine
yerlestirildigi i¢in dig ¢evre ortaminda olusacak
seslerden izole edilmistir.

Pompalarin orijinal giris agz1 kesit alanina ek olarak,
kesit alanini buytitmek i¢in bir adet daha alt adaptor
kullanilmigtir. Bu adaptoére gegirilen bur¢ yardimiyla
kiigiik kesit elde edilmistir (Sekil 3). Cizelge 3’de kesit
alanlarinin (KA) biiyiikliikleri verilmistir.

Pompalarin farklh kesit alanlarina, pompanin alt
adaptorlerine, kesit sekli bozulmaksizin mudahale

M;:3" Pompa

M,:4" Pompa

M,:5" Pompa
KA ;:%20 kiigiiltiilmiis
kesit alani

' KA:%20 kiiciiltiilmiig
kesit alani

KA;3:%20 kiigiiltiilmiis
kesit alan1

Q: Debi

S: Dalma derinligi

Pb: Cikis basmct

G: Giirtiltii seviyesi
N: Sebekeden cekilen gii¢
T,:Ortam sicaklig

T,: Su sicaklig

edilerek hazirlanmigtir. Pompalarin, farkli her bir
anma capi i¢in birer adet (toplam 6 adet) alt adaptor
temin edilmistir. Bunlardan birer tanesi her bir pompa
icin orijinal kesit alanina sahip (KAs) alt adaptér
olarak kullanilmigstir. Diger her bir alt adaptér, pompa
anma ¢api i¢in orijinal kesit alanina gore yaklagik %20
daha buyuk kesit alami olusturacak gekilde
genigletilerek KAs 6lgiilerinde elde edilmistir.

Denemeler siiresince ortam sicaklig: ortalamasi 18 °C
ve suyun ortalama sicakligi ise 14 °C olarak
Olgiilmustir. Pompalar ¢alistirilmadan énce 1880 mm
sabit hidrolik yik ve 890 mm statik su seviyesi
yiksekliklerine ayarlamigtir.

Aragtirmada pompalarin farkli anma g¢aplari, su giris
kesit alanlari (KA) ve dalma derinliklerinde (S) toplam
dinamik yiikseklik (TDY), kuyu icindeki giiriiltii
seviyesi (G), sebekeden cekilen giic (N) degerleri
incelenmigtir.

a b c d

Sekil 3 M; pompasina ait farkl giris agz1 kesit alanlari (a: %20 biiyiitiilmiis, b’ orjinal, c: %20 kiiciiltiilmiis) ve

degistirme burcu (d)

Figure 4. Different inlet cross-sectional areas (a: 20% magnified, b: original, ¢ 20% reduced) and replacement

device of the M1 pump
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Cizelge 3 Pompalar ve pompa giris kesit alanlar1 (mm?)

Table 3. Pumps and pump inlet cross-sectional areas

(mm?)
Pompalar KA: KA: KAs (%20
(Pumps) (%20 (Orjinal)  biiyiik)
kiigiik) (Orginal) (%20 large)
(%20 Small)
J\% 51 3800 4800 5800
M- 7200 9000 10800
Ms 13500 16800 20000
BULGULAR ve TARTISMA

Pompalarin tiim debi degerlerinde ve kesit alanlarinda
dalma derinligine bagh olarak: giirilti seviyesinin ve

sebekeden cekilen gii¢ degerlerinin sag¢ilim grafigi
incelenmistir (Sekil 4).

Pompalara ait genel degerlendirme agisindan pompa
anma capi arttik¢a sebekeden ¢ekilen gii¢ degerleri de
genel olarak artmistir (Sekil 4). Mi, Mz ve Ms
pompalarinin su girigs kesit alanlari ve debilerinde
sebekeden c¢ektikleri gli¢ ortalamalar1 sirasiyla 5.06-
5.20-7.21 kW olarak o6lgiilmustiir. Pompalarin dalma
derinliginin belirli bir seviyeye kadar azalmasi
sebekeden ¢ekilen giic degerlerini genel olarak
artirirken dalma derinliklerinin daha da azalmasi ile
sebekeden c¢ekilen gii¢ degerlerinde ani azalmalar
saptanmistir.
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Sekil 4. Pompalarin dalma derinligi ile sebekeden ¢ekilen gii¢ degerleri arasidaki iligkinin sacilim grafigi
Figure 4. Scatter plot belonging to values of submergence and power drawn from the mains the pumps.

Pompalarin dalma derinligine ve gurilti seviyesine
ait sagilim grafigi Sekil 5'de verilmigtir. M1, M2 ve M3
pompalarimin su giris kesit alanlar1 ve debilerinde
guirilti seviyeleri ortalamalar: sirasiyla 78.58, 80.06
ve 81.2 dBA olarak olgilmustiir. Pompa anma capi
arttikga ortalama giiriilti seviyesi degeri de artmistir.
Sekil 5 ‘de gorildugu gibi pompalarda girilti seviyesi

dalma derinligine bagh olarak ¢ok degisim
gostermemisgtir. Ancak ¢ok distuk dalma
derinliklerinde pompalara hava girmesi gurulti

seviyesini yikseltmigtir.

Dalma derinligi degisiminin toplam dinamik
yiikseklik (TDY) {izerine etkisi

Pompa cikis basinci (Pb) degerleri, toplam dinamik
yiksekligin hesaplanmasinda kullanilan 6nemli bir
parametredir. Bu nedenle milli pompalarin deneme
kombinasyonlarinda 6l¢tilen Pb degerleri yardimiyla,
toplam  dinamik  yiikseklik (TDY) degerleri

751

hesaplanmis olup degisimleri Sekil 6’da verilmistir.
Denenen milli pompalarin sabit debi degerlerinde
farkli dalma derinligi seviyelerinde olusan TDY
degerlerinin ortalamasi en yiiksek 201.6 kPa ile
M:sKA:2 kombinasyonunda 40 m3 h''lik debi degerinde
elde edilirken, en diisiik TDY degeri ortalamasi ise 86
kPa deger ile M2KA2 kombihasyonunda 80 m3 h'lik
debi degerinde elde edilmistir. Her ti¢ milli pompa
anma c¢ap1 ve giris kesit alani seviyelerinde debinin
artmasi ile TDY degerleri azalmigtir.

Dalma derinliginin toplam dinamik yiikseklik (TDY)
uzerine etkisi genel olarak degerlendirildiginde,
pompa cikis basinc degerinin (Pb) ayni debi degerinde
diustik dalma derinliklerinde ani olarak diismesine
bagli TDY degerlerinde de ani dustisler gézlenmigtir.
TDY degerlerindeki ani distigler sonucunda pompa
verimi olumsuz etkilenmektedir. Yapilan
calismalarda, yetersiz dalma derinliklerinde vorteks
olusma riskinin bulundugunu ve emme hattina hava
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giriginin olabilecegini, béylece pompa veriminde
azalmalar goriilebilecegini Yildirim ve Kocabasg (1998),

Pompalarda hava girislerinin

gorildugi disiik dalma
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Sekil 5. Pompalarin dalma derinligi ile giirtiltii seviyesi arasindaki iligkinin sa¢ilim grafigi
Figure 5. Scatter plot belonging to values of submergence and noise level the pumps.
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Sekil 6. Pompalarin ve kesit alanlarinin dalma derinligine bagh toplam dinamik yiik (TDY) degisimi
Figure 6. Total dynamic load (TDY) change depending on the submergence of the pumps

Dalma derinliginin ¢ekilen gii¢ tizerine etkisi

Denemeye alinan milli pompalarin sabit debi
degerlerinde farkli dalma derinligi seviyelerinde
cekilen gii¢ degerlerinin ortalamalari incelendiginde,
en ylksek deger 8.09 kW ile M3KA:1 kombinasyonunda
90 m3 hl debi degerinde elde edilirken, en disik
cekilen gitic degeri ise 4.65 kW ile M:KAs3
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kombinasyounda 40 m3 h'l debi degerinde elde
edilmistir. M3 pompasinin gii¢ tiiketim degerinin
yiksek ¢ikmasi, pompa anma ¢apinin biyimesinden
ve debi degerinin yiksek olmasindan
kaynaklanmaktadir.

M1 pompasinin pompa giris kesit alanina ve dalma
derinligine baglh olarak 60 m3h7'lik debi degerinde
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elde edilen gii¢ degerlerinin degisimi Sekil 7’de, M2
pompasi ve M3 pompasina ait degisimler ise ayni debi
degerinde Sekil 8 ve 9°da verilmisgtir.
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Sekil 7. M: pompasinin 60 m3 h'! debi degerinde pompa
giris kesit alanina ve dalma derinligine baglh
olarak elde edilen gii¢ degerleri

Figure 7. The power values of the M; pump depending on

the pump Inlet cross-section and the
submergence at 60 m? h! flow rate
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Sekil 8. M2 pompasinin 60 m3h! debi degerinde pompa
giris kesit alanina ve dalma derinligine bagh
olarak elde edilen gii¢ degerleri

Figure 8. The power values of the M2 pump depending on

the pump Inlet cross-section and the
submergence at 60 m? h? flow rate
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Sekil 9. M3 pompasinin 60 m3 h'! debi degerinde pompa
giris kesit alanina ve dalma derinligine bagh
olarak elde edilen gii¢ degerleri

Figure 9. The power values of the M; pump depending on

the pump 1inlet cross-section and the
submergence at 60 m? h! flow rate
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Denenen M2 pompasina ait 60 m3 h''’lik debi degerinde
ve orijinal pompa giris agz1 alaninda (M2KAs) farkh
dalma derinliklerinde elde edilen ortalama gili¢ degeri
5.5 kW olarak saptanmigtir. Kesit alaninin degisimine
bagli olarak elde edilen ortalama gili¢ degerleri
M:KArde 5.26 kW ve M2KAs'de ise 5.05 kW olarak
bulunmustur. Sekil 8'de goruldigu gibi orijinal kesit
alanindaki giic degerleri, kiicik (M2KA1) ve biiyiik
pompa giris kesit alanin1 degerlerinden (M2KAs) daha
yiksek bulunmustur.

Sekil 7nin incelenmesiyle 60 m3h1l sabit debi
degerinde M1 milli pompasinin orijinal kesit alani olan
M:KA2'de farkli dalma derinliklerinde elde edilen giig
degerlerinin ortalamasi 5.07 kW olarak tespit
edilmigtir. Kesit alaninin degisimine bagli olarak elde
edilen gli¢ degerlerinin ortalamasi1 MiKA:'de 5.1 kW ve
M:KAs'de ise 5.16 kW olarak bulunmustur. Orijinal
kesit alanm degerlerinden daha kiiciik kesit (M1KA1) ve
daha biiyiik pompa giris kesit alanin da (Mi1KA3) giic
degerleri biraz daha dugik degerlerde bulunmustur.

Ms milli pompasinin 60 m3h'lik debi degerinde
MsKA2'de kombinasyonunda farkl dalma
derinliklerinde belirlenen ortalama gii¢ degerleri 7.05
kW olarak bulunmustur. Kesit alaninin degisimine
bagli olarak elde edilen ortalama gii¢ degerleri kiigiik
pompa giris kesit alaninda (MsKA1) 7.27 kW ve biiyiik
giris kesit alaninda (M3KAs) ise 7.2 kW olarak
bulunmustur. Kugcik giris kesit alaninda ve buylk
giris kesit alaninda elde edilen gii¢ degerleri, orijinal
giris kesit alami degerlerinden daha yuksek
bulunmustur. Pompalarin gii¢ tiiketimi bakimindan
M: ve Ms pompasinda KAz kesit alaninin, M2
pompasinda ise KAs kesit alaninin kullanilmasi uygun
olacaktir.

Sekil 7, 8 ve 9'da goriilecegi tizere milli pompalarin
distik dalma derinligi degerlerindeki gii¢ tiikketiminde
ani dustsler meydana gelmistir. Sebekeden cekilen
gliciin ani dismeye bagladig1 noktaya karsilik gelen
dalma derinligi degeri, kritik dalma derinliginin
asilmaya baslandigimi  gostermektedir. Diger bir
deyisle vorteksin olugsmaya basladig1 derinlik olarak
degerlendirilebilecegi séylenebilir.

Dalma derinliginin giiriiltii seviyesine etkisi

Denemeye alinan milli pompalarin sabit debi
degerlerinde farkli dalma derinligi seviyelerinde
olusan giriltii dizeylerinin ortalamalar1 en yiiksek
83.13 dBA ile M3KA: kombinasyonunda 90 m3 h'lik
debi degerinde elde edilirken, en disik gurilti
seviyesi ortalamasi ise 74.47 dBA deger ile M:iKA:
kombinasyonunda 55 m3 hlik debi degerinde elde
edilmigtir. Pompalarin tim debi ve
kombinasyonlarinda, @ pompanin suyu emmesi
esnasinda, 6zellikle diisik dalma derinliklerinde hava
girigi ile glrialti seviyesi degerleri ani olarak
yikselmigtir. Ms pompasinda gurilti seviyesinin
yiksek ¢gikmasi anma ¢apinin biiyiik olmasina ve debi
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degerinin  yiksek olmasina baglanabilir. M;:
pompasinda ise girilti degerlerinin disiik ¢ikmasi,
pompa anma c¢apinin kiiciik olmasindan ve pompanin
optimum c¢alisma noktasina yakin debi degerlerinde
calismasindan kaynaklanmistir. Calisir ve ark. (2006),
arastirmasinda, farkli yatay milli santrifiij pompalarin
optimum debi degerlerinde en diusik girilti
degerlerinin elde edildigini bildirmektedirler.

M pompasinin pompa giris kesit alanina ve dalma
derinligine bagli olarak 60 m3h'lik debi degerinde
elde edilen gurulti seviyelerinin degisimi Sekil 10’da,
M: pompasi ve M3 pompasina ait degisimler ise aym
debi degerinde Sekil 11 ve 12’de verilmistir.
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Sekil 10. M1 pompasinin 60 m?3h! debi degerinde pompa
giris kesit alanina ve dalma derinligine bagh
olarak elde edilen giirilta degerleri

Figure 10. The noise values of the M; pump depending on

the pump inlet cross-section and the
submergence at 60 m? h” flow rate
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Sekil 11.M:2 pompasinin 60 m3 h'l debi degerinde
pompa giris kesit alanina ve dalma
derinligine baglh olarak elde edilen giiriilti
degerleri

Figure 11. The noise values of the Mz pump depending
on the pump inlet cross-section and the
submergence at 60 m? h'! flow rate

Sekil 10un incelenmesiyle 60 m3h! sabit debi
degerinde M1 milli pompasinin orijinal kesit alani olan
M:1KA2'de farkli dalma derinliklerinde elde edilen
ortalama girilti degerleri 72.90 dBA olarak tespit
edilmigtir. Kesit alaninin degisimine bagl olarak elde
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edilen ortalama gurulti degerleri M1KA1’'da 79.70 dBA
ve MiKAsde ise 79.20 dBA olarak bulunmustur.
Orijinal kesit alan1 degerlerinden daha kucuk kesit
alaninda (M:1KA1) ve biiyiik kesit alaninin da (M1KAs)
glrilti degerleri daha yiksek bulunmustur.
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Sekil 12. M3 pompasinin 60 m3 h'! debi degerinde pompa
giris kesit alanina ve dalma derinligine bagh
olarak elde edilen guriilti degerleri

Figure 12. The noise values of the Ms; pump depending on
the pump Inlet cross-section and the
submergence at 60 m? h? flow rate

Denemede kullanilan M2 pompasina ait 60 m3h'lik
debi degerinde ve orijinal pompa giris agz1 alaninda
(M3KAz) farkli dalma derinliklerinde elde edilen
ortalama gurulti degeri 80.87 dBA olarak
saptanmigtir. Kesit alaninin degisimine bagh olarak
elde edilen ortalama gurilti degerleri M2KA: 80.7
dBA ve M2KA3 1se 79.10 dBA olarak bulunmustur.
Sekil 11’de goruldigi gibi pompanin farkh girig agz
kesit alanlarinda elde edilen glrilti degerlerinin
farkli olmadig1 goriilmektedir.

M3 milli pompasinin 60 m3h'lik debi degerinde MsKA»
kombinasyonunda farkli dalma derinliklerinde
belirlenen ortalama gurilti seviyesi degerleri 79.39
dBA olarak bulunmustur. Kesit alaninin degisimine
bagli olarak elde edilen ortalama gurilti degerleri
kiiciik giris kesit alaninda (MsKA1) 82.25 dBA ve
biiyiik giris kesit alaninda (M3KAs) ise 80.20 dBA
olarak bulunmustur. Kii¢ik giris kesit alaninda ve
biylik giris kesit alaninda elde edilen gurilta
degerleri, orijinal kesit alani degerlerinden daha
yiksek bulunmustur.

Aymi debi degerinin (60 m3 h1) farkh
derinliklerinde Olciilen glriltu seviyelerinin
ortalamalari pompa anma g¢apr artikca artig
gostermistir. Pompalarin  giris kesit alanlarinin
degisiminin girilti seviyesinde etkili oldugu ortaya
¢gikmigtir.

Genel olarak milli pompalarda degisik dalma
derinliklerinde elde edilen ortalama girilti
degerlerinin orijinal kesit alanlarina baghh olarak
yiksek ¢ikmasina, degistirilen alt adaptoriin pompa
carki ile olan uyumsuzlugu ve pompalarin galisma

dalma
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esnasinda dalma derinliklerine bagli olarak debi
degerlerinde goriillen dalgalanmalarin (M2 ve Ms
pompalarinda  optimum  debiden uzak  debi
degerlerinde calismas1) etkili oldugu séylenebilir.
Ayrica Sekil 10, 11 ve 12’nin incelenmesiyle gurulti
degerlerinin pik yaptigr dalma derinliklerinin disiik
degerlerde olmasi, pompanin vorteks olusumuna
bagladigi anlamina gelmektedir. Diger bir deyisle dis
cevre kogullarindan arindirilmig giraltd seviyesi
6l¢ctimleri ile vorteks olusumunun baglama ani ile ilgili
dalma derinliklerinin belirlenebilecegi sdylenebilir.
Benzer sonuglari Cdina (2003); Cudina ve Prezelj
(2009) yaptiklar1 calismalarinda pompalarin ses
frekanslarinin  vorteks (kavitasyon) durumunda,
pompanin degisik c¢alisma rejimlerine gére net bir
sekilde ayristigini bildirmektedirler.

SONUC ve ONERILER

Pompa anma cap1 arttikca sebekeden cekilen gii¢ ve
gurilti seviyesi ortalamalari artmistir. Pompalarin
dalma derinliginin belirli bir seviyeye kadar azalmasi
sebekeden c¢ekilen glu¢ degerlerini artirmistir.
Pompalarin ¢ok disik dalma derinliklerinde
sebekeden c¢ekilen gilic degeri azalirken guralta
seviyeleri artmistir. Pompalarin KA1, KAz ve KAs kesit
alanlar1 bakimindan gsebekeden cektikleri gic
ortalamalar: sirasi ile 5.89, 5.84 ve 5.73 kW gurultiu
seviyesi ortalamalarin ise sirasiyla 80.69, 78.69 ve
80.47 dBA olarak bulunmustur. Pompalarin
sebekeden c¢ektikleri gii¢ bakimindan KAs su giris
kesitinin, gurilti seviyesi bakimindan ise KAz su girig
kesitinin kullanilmas: uygundur.

Dugiik dalma derinliklerinde pompa giriglerinde
vorteks olugsmasi1 ve hava girmesi sebekeden cekilen
gli¢ degerlerinde ani distimlere sebep olurken gurulta
seviyelerinde ani yilikselmelere neden olmustur.
Ozellikle arazi sartlarinda seviye Gl¢iimlerinin zor
oldugu derin kuyu pompalarinda diizenli debi, gii¢ ve
gurulti 6l¢imleri ile pompalarin statik ve dinamik
seviye durumu, calisma karakteristiginin degisimi
rahathkla takip edilebilir.
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OZET Arastirma Makalesi
Tuz stresi (100 mM NaCl) altindaki Beith Alpha hiyar (Cucumis
sativus L.) cesidinde ekzojen askorbik asit uygulamasinin fotosistem Makale Tarihgesi

IT aktivitesi tizerindeki etkileri klorofil a floresansi teknigi yardimiyla Gelig Tarihi  :04.05.2020
arastirilmigtir. Tuz stresi hiyar yapraklarinda fotosistem II'nin hem Kabul Tarihi :17.12.2020
donér hem de akseptor bolgesindeki elektron hareketlerini inhibe

etmigtir. Ayrica tuz stresinin hiyar bitkisinde aktif reaksiyon merkezi Anahtar Kelimeler
miktarim1 ve kinonA ile plastokinonun indirgenme yetenegini Hiyar

azalttig1, indirgenmis reaksiyon merkezlerinin birikimini ve termal Cucumis sativus L.
disipasyon enerjisini artirdigl belirlenmigtir. Askorbik asit Askorbik asit
uygulamasi ise hiyar bitkilerinde tuz stresinin fotosistem II’'nin donor PSII aktivitesi

ve akseptor bolgesindeki elektron hareketleri tizerindeki olumsuz Tuz toleransi

etkisini ortadan kaldirmistir. Ek olarak askorbik asit uygulamasi
hiyar yapraklarindaki aktif reaksiyon merkezi miktarini ve kinonA
ile plastokinonun indirgenme yetenegini artirirken, indirgenmis
reaksiyon merkezi miktarin1i ve termal disipasyon enerjisini
azaltmistir. Sonug¢ olarak askorbik asidin hiyar yapraklarinda tuz
toleransini artirdigr ve bu yaklagimin tarimsal amaglarla
kullanilabilecegi s6ylenebilir.

Effects of Exogenous Ascorbic Acid Application on Photosystem II Activity in Cucumber Plants under
Salt Stress

ABSTRACT Research Article

The effects of the exogenous ascorbic acid application on photosystem

II activity were investigated in salt-stressed (100 mM NaCl) cucumber Article History

(Cucumis sativus L.) cv. Beith Alpha through chlorophyll a Received + 04.05.2020
fluorescence technique. Salt stress inhibited electron movements both Accepted 17.12.2020
in donor and acceptor site of photosystem II in cucumber leaves. In
addition, salt application led to the decreased level of active reaction
centers, the accumulation of the reduced reaction centers, the
decreased ability of quinonA and plastoquinon to reduce and the
increased thermal dissipation in cucumber leaves. Ascorbic acid, on
the other hand, ameliorated the adverse effect of salt stress on
electron movements in donor and acceptor site of photosystem II in
cucumber plants. Moreover, ascorbic acid caused to the increased level
of active reaction centers, the decreased level of accumulation of the
reduced reaction centers, the increased ability of quinonA and
plastoquinon to reduce and the decreased thermal dissipation in
cucumber leaves. As a result, it might be concluded that ascorbic acid
application improved salt tolerance in cucumber plants and it may be
used for agricultural purposes.
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Cucumber
Cucumis sativus L.
Ascorbic acid

PSII activity

Salt tolerance
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GIRIS
Bitkilerin blytimesini ve verimini engelleyen
topraktaki yiksek tuz konsantrasyonlari, kurak

bolgelerdeki tarimsal faaliyetler i¢in sik karsilagilan
bir problemdir. Sulama suyunun kalitesi, tuz birikimi
ve tarimsal verimliligin azalmasina neden olan ana
faktorlerden  biridir  (Dolatabadian ve Saleh
Jouneghani, 2009). Ozmotik stres, iyon dengesizlikleri
ve iyonlarin metabolik siire¢ tzerindeki dogrudan
toksik etkileri, tuz stresinin neden oldugu en 6nemli
fizyolojik bozukluklardir (Munns ve ark., 2006). Tuz
stresi, reaktif oksijen tiirlerinin (ROS) neden oldugu
oksidatif hasari da indiiklemektedir (Azevedo-Neto ve
ark., 2006). Bunun yaninda tuz stresinin fotosentez
tuzerinde de o6nemli zararh etkileri bulunmaktadir
(Jajoo, 2013). Mehta ve ark. (2010a, b) yiiksek tuz
stresinin, fotosistemII'nin dondr bolgesinde elektron
tasima oranlarim1 yaklagsik %75 ve akseptor
bélgesinde yaklasik %25 oraninda inhibe ettigini rapor
etmiglerdir. Bu nedenle nihai bir ¢6ziim olmasa da,
bitkilerde tuz toleransinin 1iyilestirilmesi, tarimda
verim istikrari saglayabilmektedir (Flowers ve Yeo,
1995).

Askorbat (AsA) veya askorbik asit / C vitamini, yiiksek
bitkilerin sitozoliinde sentezlenen, suda ¢ézlinen ve
ROS'un zararhh etkilerini azaltan en gilgli
antioksidandir. Birgok bitki hiicresi tipinde, 6zellikle
fotosentetik hiicrelerde organellerde, meristemlerde
ve bazi meyvelerde apoplastlarda bulunur. AsA’nin
bitkilerdeki biiyime, farklilasma ve metabolizma gibi
cesitli fizyolojik stireglerde 6nemli bir roli oldugu
gosterilmigtir. Bir dizi oksijenaz ve hidroksilaz enzimi
icin bir kofaktér olmasinin yani sira (De Tullio, 2004),
membranlarin korunmas: (Li ve Jin, 2007), bircok
serbest  radikal indirgenmesi, birgok enzim
aktivitesinin artirilmasi ve boylece oksidatif stresin
neden oldugu hasarin en aza indirilmesi konusunda
fonksiyoneldir (Foyer ve Noctor, 2005a, b). Bitki
hiicrelerinde H20: detoksifikasyonu i¢in en &énemli
indirgeyici substrat AsA’tir. Bunun yaninda bir¢ok
ROS (102, O2'", HO - gibi) ve lipit hidroperoksidazlarla
da reaksiyona giren oOnemli bir antioksidandir
(Shigeoka ve ark., 2002; Foyer, 2004). AsA icerigi daha
yiksek olan bitkiler oksidatif strese karsi daha iyi
koruma goéstermektedir. Bu nedenle, oksidatif stresi
en aza indirmek ve Dbitki metabolik silireglerini
diizenlemek i¢in daha yiliksek AsA seviyeleri 6nemlidir
(Athar ve ark., 2008).

AsA, bitki stres toleransinda o6nemli rol oynar.
Askorbik asit seviyeleri azalmig mutantlar strese karg:
agirn duyarhdir (Conklin ve ark., 1996). Bircok
calisma, askorbik asidin abiyotik strese karsi bitki
toleransini iyilestirmede o6nemli bir rol oynadigini
ortaya koymustur (Shalata ve Neumann, 2001; Athar
ve ark., 2008; Ahmad ve ark., 2008a, b, 2009, 2010a, b,
¢, 2011; Ahmad ve Umar, 2011). Tuz stresi altinda
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askorbat seviyelerindeki artig ve hiicrede redoks
homeostazinin saglanmas1 kok buylmesi igin ¢ok
énemlidir (Hernandez ve ark., 2010). Tuzluluk
nedeniyle AsA konsantrasyonunda artis diger
arastirmacilar tarafindan da rapor edilmistir (Panda
ve Upadhyay, 2004; Parida ve ark., 2004). Baz
bulgular bitkilerde tuzluluga bagh solgunlugun, zarar
verici ROSun hucresel aktivitesindeki artisiyla iligkili
oldugunu ve AsAnin bitkilerin hayatta kalmasi
uzerindeki artan etkisinin ROS i{retiminin kismi
inhibisyonu ile ilgili oldugunu géstermistir. Tuz stresi
altinda ekzojen askorbik asit uygulamasiyla kok,
govde ve yaprak dokularinda ROS ile lipit
peroksidasyon seviyesinde azalma gozlenmigtir
(Shalata ve Neumann, 2001). Farkli calismalar, stresli
bitkilerin yapraklarindaki AsA igeriginin artan tuz
stresi diizeyleriyle artma egiliminde oldugunu
gostermistir (Mohamed ve ark., 2010). Agarwal ve
Shaheen, (2007) Momordica charantianin
yapraklarindaki AsA konsantrasyonunun kontrole
kiyasla NaCl stresi altinda arttigimi bildirmigtir.
Hamada ve Al Hakimi, (2009), ekzojen olarak
uygulanan AsA’nin, 6zellikle orta ve dugik tuzluluk
seviyelerine maruz kalan bitkilerde uyarici bir etki
saglayarak tuz stresinin net fotosentetik hiz, pigment
biyosentezi ve membran bltinligl tizerindeki kismen
veya tamamen engelleyici etkilerini raporlamigtir.
Beltagi (2008), NaCl (40 mM) ile AsA uygulamasi
arasinda 6nemli bir sinerjistik etki gozlemlemigtir;
burada AsA, Cicer arietinum’da Chl a ve Chl b stabilite
indeksini artirmistir. Khafagy ve ark. (2009), AsA
uygulanmis tuz stresi altindaki biber (Capsicum
annuum L.) tohumlarimin Chl a ve b miktarlarinin,
sadece tuza tabi tutulanlara kiyasla 6nemli 6lgtide
arttigin1 kaydetmistir. Azzedine ve ark. (2011), C
vitamini uygulamasinin, artan yaprak alani, klorofil
ve karotenoid igerikleri, artan prolin birikimi ve
azalmig H20:2 igerigi nedeniyle tuz stresinin bitki
biylumesi tzerindeki olumsuz etkisini hafifletmek i¢in
etkili oldugunu bildirmistir. Dehghan ve ark. (2011),
ekzojen olarak uygulanan AsA’nin, tuz stresinin, soya
(Glycine max (L) Merr.) fidelerinin biiyiimesi
tizerindeki olumsuz etkilerini 6nledigini bildirmistir.
AsA, CAT, POD ve SOD aktivitelerinde bir artisla
birlikte tuz stresli bitkilerin bliylimesinde artisa
neden olmustur. /n vitro yetistirilen seker kamigi
bitkilerine askorbik asit 6n iglemi, CAT ve POD
aktivitelerinin ve ¢6zlinlir protein igeriklerinin yani
sira koék uzunlugunu artirarak tuz toleransini
artirmistir (Munir ve Aftab, 2011). Ekzojen askorbik
asit uygulamasinin patates (Solanum tuberosum L.)
bitkisindeki CAT ve SOD aktivitelerini artirarak
tuzluluk toleransimi 1iyilestirdigi de bulunmustur
(Sajid ve Aftab, 2009).

Tarimsal topraklardaki tuzluluk her gegen giin
Tirkiye topraklarinin tarimsal verimliligi igin
biiyliyen bir tehdit olusturmaktadir. Hiyar diinyada ve
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Turkiye’'de 6zellikle sera yetistiriciliginde 6nemli ekim
alanina sahip bir bitki taridar. Buna goére, bu
calismanin amaci, tuz stresi altindaki hiyar bitkilerine
ekzojen olarak uygulanan askorbik asidin fotosistem II
aktivitesi Uzerindeki etkilerini klorofil a floresansi
teknigi yardimiyla aragtirmaktir.

MATERYAL ve METOD

Bu calismada bitki materyali olarak hiyar (Cucumis
sativus L.) cesidi Beith Alpha kullanilmistir.

Biiyiime Kosullar: ve Deneysel Plan

Esit buytklikte ve saglam olan tohumlar segilerek
cam petri kaplarinda bidistile su ile 1slatilmig kurutma
kagitlar1 arasina yerlestirilmistir. Petri kaplar1 24 °C
sicaklik ve %40-50 oransal neme sahip olan iklim
dolabinda karanlik ortamda ¢imlenmeye birakilmigtir.
Uc giin sonra birérnek fideler perlit ve % oraninda
sulandirilmis Hoagland besin ¢6zeltisi iceren saksilara
transfer edilerek 25/18 °C sicaklik (giindiiz/gece), 16/8
saat fotoperiyot (giindiiz/gece), %5045 oransal nem ve
200 pmol foton m?2 g1 1s1tk giddetine sahip iklim
dolabina yerlestirilmistir. On glinliik olan bitkiler her
grup icin 20 saksi olacak sekilde dort gruba
ayrilmigtir. Birinci grupta bulunan kontrol bitkileri
calismanin sonuna kadar % oraninda sulandirilmig
Hoagland besin ¢6zeltisi ile sulanirken; ikinci gruptaki

bitkilere Hoagland co6zeltisinde hazirlanmig tuz (100
mM NaCl) stresi, iiciincii gruptaki bitkilere Hoagland
Besin cozeltisine karigtirilarak askorbik asit (150
ppm), doérdiincii gruptaki bitkilere ise Hoagland
¢Ozeltisinde tuz stresi 1ile birlikte askorbik asit
uygulamas1 (100 mM NaCl+150 ppm askorbik asit)
yapilmistir. Uygulamalardan 5 giin sonra klorofil a
floresans1 oOlgimleri yapilmigtir. Uygulama Tesaduf
Parselleri Deneme Deseni'nde iki faktorli ve 3 tekrarli
yuriatilmustur.

Klorofil a Floresans1 Olgiimleri

Klorofil a floresansi 6l¢giimleri bitkilerin yapraklarinda
bitki verimlilik analizatérii (HandyPEA florometresi
Hansatech Instruments Ltd., Pentney, King’s Lynn,
Norfolk, England) yardimiyla gerceklestirilmistir. Bu
amagla 6l¢iim i¢in kullanilacak iyi gelismis yapraklar,
yaprak klipsleri yardimiyla 45-60 dakika karanlk
adaptasyonuna maruz birakilmigtir. Daha sonra
yaprak ylzeylerine 3,500 umol m2 s giddetinde 151k
uygulanmis ve elde edilen parametrelerin
degerlendirilmesi  PeaPlus ve  Biolyzer adh
programlarla uygulanan JIP testi ile yapilmistir
(Bussotti ve ark., 2007). JIP testi fotosentetik
organizmalar tizerindeki ¢evresel etkileri analiz etmek
i¢in kullanilan kolay uygulanabilir hizli bir testtir. JIP
testi ile ilgili terminoloji Cizelge 1’ de verilmigtir.

Cizelge 1. Klorofil a floresansi 6l¢iimlerine bagl olarak élciilen ve hesaplanan JIP testi parametreleri (Dogru, 2019).
Table 1. JIP test parameters measured and calculated based on chlorophyll a fluorescence measurements (Dogru,2019)

Parametreler (Parameters)

Fo Karanhik adaptasyonu saglanmis 6rnekte tim FS II reaksiyon merkezlerinin a¢ik oldugu andaki minimum
floresans

Fm Karanhik adaptasyonu saglanmis ornekte tiim FS II reaksiyon merkezlerinin kapali oldugu andaki
maksimum floresans

Fv Fotokimyasal olmayan tiim prosesler minimum seviyede iken maksimum degisken floresans

Fv/Fm FS I’ nin maksimum kuantum etkinligi

Fv/Fo Hill reaksiyonu (fotoliz) etkinligi

ABS/REC Reaksiyon merkezi bagina FS I'nin ortalama anten boyutu

ETyV/RC FS I’de reaksiyon merkezi bagina Qa’dan sonraki basamaklardaki maksimum elektron taginimi

TRv/RC FS I’'de reaksiyon merkezi basina yakalanan ve Qa’nin indirgenmesini saglayan maksimum enerji

DIvREC FS I’de reaksiyon merkezi bagina fotokimyasal olaylar diginda kaybedilen dissipasyon enerjisi

RC/ABS FS II'deki anten klorofilleri bagina aktif reaksiyon merkezi miktar:

Alan OJIP egrisinin iizerinde kalan, F, ile Fm arasinda bulunan ve indirgenmis plastokinon (PQ) havuzunun
boyutunu ifade eden bolge

tFm Fun'ye ulagilmasi i¢in gereken zaman

AV/AL, Kapali (indirgenmis) reaksiyon merkezlerinin birikim hiz

N Fu'ye ulagilincaya kadar gecgen stirede Qa’nin indirgenme sayisi

Plaps Performans indeksi

SFlaBs FS II'nin yapisal ve fonksiyonel durumunun indikatéri

Sur Tim reaksiyon merkezlerinin indirgenmesi i¢in gereken enerji

¥ Yakalanan bir eksitonun bir elektronu Qa’dan elektron taginim sistemine hareket ettirme etkinligi

@Do Termal dissipasyonun kuantum verimi

@E0 Qa’dan PQ’ya elektron tagimiminin kuantum verimi

@ro Primer fotokimyasal olaylarin maksimum kuantum verimi

@o/(1-po) Isiga bagiml olan fotokimyasal reaksiyonlarin performans géstergesi

Yo/(1-¥p) Isiga bagimli olmayan karanlik reaksiyonlarin performans gostergesi
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Istatistik Analizler

Elde edilen verilerin aritmetik ortalama ve standart
hatalar1 hesaplanmis, daha sonra verilere SPSS 22.0
paket programi kullanilarak, istatistiki varyans
analizi (ANOVA) uygulanmistir. Her bir bagimsiz
degisken ic¢in uygulamalarin kontrole gére neden
oldugu farkin énem kontrolii (Anlamli Onemli Fark;
AOF) %5 dizeyinde Duncan testi ile hesaplanmigtar.

BULGULAR

Tuz stresi (100 mM NaCl), askorbik asit (150 ppm AsA)
ve tuz+askorbik asit (100 mM NaCl+150 ppm AsA)
uygulamalarinin hiyar yapraklarindaki bazi klorofil a

floresans1 parametreleri tizerindeki etkisi Sekil 1’de
verilmigtir. Buna goére trm (maksimum floresansa
ulasilincaya kadar gecen siire) ve Fo’da (minimum
floresans) uygulamalar sonucunda kontrol bitkilerine
gore istatistiksel bir degisim gdzlenmemistir (P>0.05)
(Sekil 1a ve b). Tuz stresi uygulamasi hiyar
yapraklarindaki Fm (maksimum floresans) degerini
kontrole gére %32, Fv/Fm (fotosistem II'nin
maksimum kuantum etkinligi) oranimi %15, Fv/Fo
(Hill reaksiyonu etkinligi) oranimi %41 ve PI'y
(performans indeksi) ise %73 oraninda ve istatistiksel
olarak belirgin derecede azaltmistir (P<0.05) (Sekil 1c,
d, e ve f).
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Sekil 1. Kok yoluyla uygulanan askorbik asidin

(150 ppm) tuz stresi (100 mM NaCl) altindaki hiyar
yapraklarindaki (a) tFm, (b) Fo, (¢c) Fm, (d) Fv/Fm, (e) Fv/Fo ve (f) PI iizerine etkisi (Barlarin iizerindeki

farkli harfler uygulamalar arasindaki farkin Duncan testine gére P=0.05 seviyesinde farkli oldugunu,
barlarin igindeki rakamlar ise kontrole gore degisimi % olarak gostermektedir, kontrol=100; AsA:

askorbik asit).

Figure 1. Effect of root-applied ascorbic acid (150 ppm) on (a) tFm, (b) Fo, (c) Fm, (d) Fv/Fm, (e) Fv/Fo and () PI
in cucumber leaves under salt stress (100 mM NaCl) (The different letters on the bars show that the
difference between the applications is different at the level of P = 0.05 according to the Duncan test, and
the numbers in the bars show the change in% of the control, control = 100; AsA: ascorbic acid)
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Sadece  askorbik asit uygulamasi ise bu tasitniminin  kuantum verimi) %41, SFIABSyi
parametrelerde kontrollere gore istatistiksel bir (fotosistem II'nin yapisal ve fonksiyonel durumunun

degisime yol agmamistir (P>0.05). Ancak tuz stresi
altindaki hiyar bitkilerinde gergeklestirilen askorbik
asit uygulamalari Fm, Fv/Fm, Fv/Fo ve PI'y1 sadece
tuz stresi uygulanan bitkilerle karsilastirildiginda
sirasiyla %36, %17, %46 ve %68 oraninda artirmig ve
istatistiksel olarak kontrol bitkilerinde elde edilen
degerlere ulasmasim saglamistir (P<0.05).

Tuz stresi (100 mM NaCl), askorbik asit (150 ppm AsA)
ve tuz+askorbik asit (100 mM NaCl+150 ppm AsA)
uygulamalarinin hiyar yapraklarindaki bazi JIP testi
parametreleri Uzerindeki etkisi Sekil 2’de verilmigtir.
Buna gére SM (tiim reaksiyon merkezlerinin
indirgenmesi i¢in gerekli enerji), N (Fm’ye ulasilincaya
kadar gecen siirede kinonA'min indirgenme sayis1) ve
TRo/RC (fotosistem II'de reaksiyon merkezi basina
yakalanan ve kinonA'nin indirgenmesini saglayan
maksimum enerji) parametrelerinin uygulamalardan
kontrollerle karsilagtirildiginda istatistiksel anlamda
etkilenmedigi gozlenmistir (Sekil 2).

Tuz stresi alan (OJIP egrisinin {izerinde kalan ve Fo
ile Fm arasindaki bélgenin biiyiikligii) parametresini
kontrolle karsilastirildiginda %47, @o1 (yakalanan bir
eksitonun bir elektronu kinonA’dan elektron taginim
sistemine hareket ettirme etkinligi) %30, Wo/(1-Wo)1

indikatérii) %55, RC/ABS’yi (fotosistem II'de anten
klorofilleri basina aktif reaksiyon merkezi miktari)
%29,  @o/(1-90)1  (fotokimyasal reaksiyonlarin
performans gostergesi) %41, PI'y1 (performans indeksi)
%74 ve ETo/RC’yi (fotosistem II'de reaksiyon merkezi
basina kinonA’dan sonraki basamaklardaki
maksimum elektron tasinimi1) %20 oraninda
azaltmistir (P<0.05) (Sekil 2). Ancak tuz stresi
altindaki hiyar bitkilerine uygulanan askorbik asit
ETo/RC hari¢ bu parametreleri, sadece tuz stresi
uygulanan bitkilerle karsilastirildiginda istatistiksel
olarak 6nemli derecede artirmistir (P<0.05) (Sekil 2).
Sadece  askorbik  asit uygulamasi i1se bu
parametrelerde istatistiksel olarak oOnemli bir
degisime yol acmamistir (P>0.05). Tuz stresi hiyar
yapraklarindaki ~ AV/Ato'yu  (kapali  reaksiyon
merkezlerinin birikim hizi1) kontrole gére %50, eDo1
(termal disipasyonun kuantum verimi) %62,
ABS/RC’yi (reaksiyon merkezi basina fotosistem II'nin
ortalama anten boyutu) %47 ve DIo/RC’yi (fotosistem
II’de reaksiyon merkezi basina non-fotokimyasal yolla
kaybedilen disipasyon enerjisi) %156 oraninda
artirmistir (P<0.05) (Sekil 2). Sadece askorbik asit
uygulamasi bu parametrelerde istatistiksel bir
degisime neden olmamistir (P>0.05). Ancak tuz stresi

(12;%2rm2?1§1mh ésggazsir)l k;];a5nhk Ei?lkSIY(O Tﬁig altindaki hiyar bitkilerine uygulanan askorbik asit, bu

?otokimyasal olgaylari maksironur,n ktql)antum \Iz)erimi) parametreleri sadece tuz stresi altindaki bitkilerle

%18, @Eo1 (kinonA’dan plastokinona elektron karsilagtirildiginda  belirgin  oranda  azaltmistir

’ (P<0.05) (Sekil 2).
ABS/RC
o/(1-p0)_ 300 = _TRo/RC
(po.-""(l-(pO),/ ’/200 E = \\ETO-‘"RC
// // : -: \\

—Kontrol
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0

oDo”

S
[T

w150 ppm AsA
=—NaCl+150 ppm AsA

Sekil 2. Kok yoluyla uygulanan askorbik asidin (50 pM) tuz stresi (100 mM NaCl) altindaki hiyar yapraklarindaki
baz1 JIP testi parametreleri lizerindeki etkisi (AsA: Askorbik asit).
Figure 2. Effect of root-applied ascorbic acid (50 uM) on some JIP test parameters in cucumber leaves under salt

stress (100 mM NaCl) (AsA: Ascorbic acid).
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TARTISMA ve SONUC

Bitkilerde tuz toleransinin gelismesi ekonomik
bakimdan 6nemlidir. Tuz toleransi bir bitkinin tuzlu
kogullar altinda yagsam dongiisiinii tamamlayabilme
yetenegi olarak tanimlanmistir (Dogru ve Canavar,
2020). Geleneksel 1slah yontemlerinin kullanilmasiyla
glinimiize kadar tuz stresine belli oranda tolerans
gelistirmis genotipler elde edilmistir (Noble ve ark.,
1984; Ashraf, 1994; Shannon, 1998; Ashraf, 2002).
Ancak bitkilerde tuz toleransi kavrami oldukca
karmagik bir mekanizmaya sahiptir. Bunun sebepleri
arasinda tuz toleransinin hem farkl bitki tturleri hem
de aym tirin farkli genotipleri arasinda oOnemli
varyasyonlar gostermesi de bulunmaktadir (Ashraf,
1994; Ashraf, 2002; Dogru ve Yilmaz Kacar, 2019).
Bunun disinda ekonomik 6neme sahip olan bitkilerde
tuz toleransinin artirilmasi i¢in yapilan 1slah
calismalarinda  kullanilabilecek  giivenilir  bir
parametrenin eksikligi de séz konusudur (Kalaji ve
Pietkiewicz, 2004). Ancak yapilan calismalar
bitkilerde tuz stresine verilen metabolik cevaplarin
temel amacinin fotosentetik aygiti tuz stresinin
olumsuz etkilerinden korumak ve fotosentetik
etkinligin strdurilmesini saglamak oldugu ortaya
cikarilmistir (Papageorgiou ve Murata, 1995; Kalaji ve
Guo, 2008; Tanaka ve ark., 1999). Bu da stres altindaki
bitkilerde fotosentez olayinin stirekliliginin 6nemini
gostermektedir. Fotosentetik aktivitede meydana
gelen degisimler gelismig bitkilerde bir stres sensori
olarak kabul edilmektedir (Dogru ve Canavar, 2020).
Gunumizde fotosentetik aktivitenin 6l¢liilmesi i¢in en
modern ve guvenilir teknigin klorofil a floresansi
oldugu bildirilmistir (Maxwell ve dJohnson, 2000;
Dogru, 2019, Dogru ve Cakirlar 2020a, 2020b). Bu
calismada hiyar bitkilerine uygulanan tuz stresi
FSI'nin maksimum kuantum etkinligini (Fv/Fm)
kontrole gore belirgin derecede azaltmigtir. Fv/Fm
orani bircok gelismig bitkide sayisal deger olarak 0.83
civarindadir ve bu degerin azalmasi bir fotoinhibisyon
gostergesi olarak kabul edilmektedir (Bjérkman ve
Demmig, 1987). Bu sonu¢ hiyar bitkisinde tuz
stresinin etkisiyle FSII birimlerindeki elektron
tagimim reaksiyonlarinin belli oranda inhibe edildigini
gostermektedir (Dogru ve Cakirlar, 2020a).
Calismanin sonuclari tuz stresinin hiyar
yapraklarinda minimum floresansi (Fo)
etkilemedigini, ancak maksimum floresans (Fm)
degerini kontrole g6re azalttigim1 géstermistir.
Georgieva ve Lichtenthaler (1999) Fm degerinin
FSI'nin akseptor bolgesinin indirgenme durumunu
gosterdigini bildirmigtir. Buna gére bu g¢aligmada
uygulanan tuz stresinin hiyar bitkilerindeki FSII
birimlerinin akseptér boélgesinin indirgenmesini
engelledigi sonucuna varilabilir. Bitki 1slahi olduk¢a
uzun zaman alan bir siiregtir. Bu nedenle 1slah
calismalarindan elde edilen basari oraninin sinirl
kaldign rapor edilmistir (Ashraf ve ark., 2008).
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Gunumuzde bitkilerde tuz toleransinin geligtirilmesi
i¢in antioksidan etkinlige sahip bazi molekillerin, bazi
bitki besin elementlerinin ve bitki buylime
diizenleyicilerinin uygulanmasi s6z konusudur.

Askorbik asit suda ¢oziinme o6zelligine sahip olan
antioksidan bir molekiildiir (Mittal ve ark., 2018).
Askorbik asit bitkilerdeki direkt antioksidan
fonksiyonunun yami sira fotosentezin regiilasyonu,
hormon biyosentezi, hlicre bdélinmesi, ¢iceklenme,
senesens, hiicre biiyimesi ve diger antioksidan
molekiillerin rejenerasyonu gibi fizyolojik olaylarda
onemli fonksiyonlar1 vardir (Pastori ve ark., 2003).
Askorbik asidin ayn1 zamanda tuz stresi kogullarinda
bazi bitki tiirlerinin dokularinda birikim gosterdigi ve
tuz toleransinin saglanmasinda 6nemli bir bilesen
oldugu belirlenmistir (Irfan ve ark., 2019). Askorbik
asit uygulamalarinin bazi bitkilerde tuz toleransinin
artmasini sagladig1 da rapor edilmistir (Davey ve ark.,
2000; Mohamed ve ark., 2010; Billah ve ark., 2017;
Hegazi ve El-Shraiy, 2017). Bu ¢alismanin sonuglar
tuz stresi altindaki hiyar bitkilerine uygulanan
askorbik asidin, tuz stresinin FSII birimlerindeki
elektron hareketleri tizerindeki kisitlayici etkisini
ortadan kaldirdigini ve FSII'nin akseptér bélgesinin
daha kolay indirgenmesini sagladigin1 gostermigtir.
Nitekim askorbik asit uygulamasi tuz stresi altindaki
hiyar bitkilerinde Fm ve Fv/Fm'nin énemli derecede
artmasini saglamistir. Benzer sekilde bu c¢alismada
Hill reaksiyonunun etkinligi (Fv/Fo) tuz stresi
uygulanan hiyar bitkilerinde kontrole gore azalmus,
ancak askorbik asit uygulamasi bu oranin artmasini
saglamistir. Bu oran FSII'nin limene bakan kisminda
bulunan ve suyu parcalamaktan sorumlu olan yapinin
etkinligini ifade etmektedir. Bu yap1 tuz stresi gibi
cevresel stres faktorlerine kars: fotosentetik elektron
taginim sisteminin en duyarh bélgesidir. Pereira ve
ark. (2000) bu oranda meydana gelen azalmanin
fotosentetik elektron tasiniminda meydana gelen
azalmanin bir gostergesi oldugunu rapor etmigtir.
Fricke ve Peters (2002) ile Dogru ve Canavar (2020)
tuz stresi altindaki bitkilerde su aliniminin belli
oranda engelledigini bildirmistir. Bu durum tuz stresi
altindaki hiyar bitkilerinde Fv/Fo oraninin azalmasina
neden olmus olabilir. Askorbik asit uygulamasi ise tuz
stresine maruz birakilmig olan hiyar bitkilerinin
ortamla olan su iligkilerini regiile ederek veya suyu
parcalayan sistemi koruyarak bu oranin artmasim
saglamig olabilir. Bu sonu¢ ayni zamanda askorbik
asit uygulamasimin FSII'nin donér bélgesinin
oksitlenme yetenegini artirdigimi  da  acgikga
gostermektedir. Bunun yam sira bu calismada tuz
stresi uygulamasi1 hiyar bitkilerinde fotokimyasal
reaksiyonlarin performansinm (0/(1-90)) da
azaltmigtir. Muhtemelen fotokimyasal reaksiyonlarin
yavaglamasi ve buna bagl olarak fotosentezin elektron
taginim reaksiyonlarinin ATP ve NADPH gibi
Urtinlerinin sentez hizinin azalmas1 fotokimyasal



KSU Tarim ve Doga Derg 24 (4): 757-765, 2021
KSU J. Agric Nat 24 (4): 757-765, 2021

Arastirma Makalesi
Research Article

olmayan karanlik reaksiyonlarin peformansinin
(W0/(1-W0)) da azalmasina yol acmistir. Elde edilen
sonuclara gore tuz stresi altindaki hiyar bitkilerinde
fotosentetik  elektron tasinim  reaksiyonlarinin
yavaglamasinin  bir nedeni de aktif reaksiyon
merkezlerinin miktarinin (RC/ABS) azalmas: olabilir.
DIo/RC  (FSI'de reaksiyon merkezi basina
fotokimyasal olmayan olaylarda kaybedilen disipasyon
enerjisi) ve @DO (termal disipasyonun kuantum
verimi) parametrelerinde tuz stresi uygulamasi
sonucunda meydana gelen azalmalar da bu fikri
destekler niteliktedir. Nitekim Kalaji ve ark. (2011) de
tuz stresi altindaki arpa bitkilerinde aktif reaksiyon
merkezi miktarindaki azalmanin nedeni olarak
DIo/RC ve @DO0’daki artisi gostermistir. Askorbik asit
uygulamasi ise tuz stresi uygulanan hiyar bitkilerinde
fotokimyasal ve fotokimyasal olmayan reaksiyonlarin
performansini ve aktif reaksiyon merkezi miktarini
artirmigtir. Buna paralel olarak fotokimyasal olmayan
olaylarda kaybedilen disipasyon enerjsi ve termal
disipasyonun kuantum verimi de azalmistir. Bu
calismada ayrica kapali reaksiyon merkezlerinin
birikim hizi (AV/At0) tuz stresi uygulamasi altindaki
hiyar bitkilerinde 6nemli derecede artis gostermigtir.
Bu sonu¢ da reaksiyon merkezlerinin tuz stresi
etkisiyle indirgenemedigini ve kinonA'nin indirgenme

yeteneginin  azaldigimi  acik¢a  gostermektedir.
Askorbik asit uygulamasi ise AV/At0 degerini
azaltarak kinonA’nin indirgenme yetenegini

artirmigtir. Sonuglar ayni zamanda hiyar bitkilerinde
tuz stresinin etkisiyle elektron tasinim sisteminin
kinonA’dan sonraki bolimiinde de elektron taginim

reaksiyonlarinin belli oranda inhibe edildigini
gostermistir. Nitekim FSII'de reaksiyon merkezi
basina kinonA’dan sonraki basamaklardaki

maksimum elektron taginimi (ETo/RC), kinonA’dan
plastokinona elektron tasiniminin kuantum verimi
(pE0), yakalanan bir eksitonun bir elektronu
kinonA’dan elektron tasinim sistemine hareket
ettirme yetenegi (W0) ve indirgenmis plastokinon
havuzunun boyutu (alan) parametrelerinde tuz stresi
etkisiyle belirgin azalmalar tespit edilmigtir. Ancak
askorbik asit uygulamasi bu parametrelerin
istatistiksel olarak artmasina ve kontrol seviyesine
ulagmasini saglamigtir. Tim bu degisimlerle uyumlu
olarak, FSII'nin yapisal ve fonksiyonel durumunun
indikatori olan SFIABS parametresi de tuz stresi
etkisiyle azalirken, tuz stresi altindaki hiyar
bitkilerine yapilan askorbik asit uygulamas ile artig
gostermigtir.

Sonug olarak; askorbik asidin bitkilerdeki fotosentetik
etkinligi ve fotokimyasal aktivitesi tizerindeki
caligmalar oldukga sinirlidir ve bu konuda ¢ok az bilgi
mevcuttur. Elde edilen sonuglar tuz stresinin hiyar
bitkilerinde fotosentezin elektron taginim
reaksiyonlarini sistemin farkl bélgelerinde belirgin
derecede inhibe ettigini goéstermigtir. Sonucglar tuz
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stresinin hiyar bitkilerinde FSII'nin hem donér hem de
akseptor bolgesindeki elektron hareketlerini belirli
derecede inhibe ettigini, askorbik asit uygulamasinin
ise bu inhibisyonu ortadan kaldirdigini géstermigtir.
Bunun diginda tuz stresi aktif reaksiyon
merkezlerinin miktarini azaltmig ve reaksiyon
merkezlerinin  oksitlenmesini  ve  kinonA ile
plastokinonun indirgenme yeteneklerini azaltmas,
termal disipasyon enerjisini artirmig ancak askorbik
asit uygulamasi bu olumsuz etkileri ortadan
kaldirarak FSII'nin yapisal ve fonksiyonel olarak daha
iyi durumda olmasini saglamistir. Buna gore, kok
yoluyla gerceklestirilen askorbik asit uygulamalarinin
hiyar bitkilerinde tuz stresinin PSII aktivitesi
uzerindeki inhibitor etkisini ortadan kaldirdigini ve bu
yaklagimin tarimda kullanilmasiyla tuz stresinin yol
actigr ekonomik kayiplarin Onitine gecilebilecegi
sonucuna varilabilir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar
catismasi olmadigini beyan ederler.
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OZET Aragtirma Makalesi

Bu calisma 2019 yihi vejetasyon doneminde, Trakya Bolgesi’nde yogun

olarak yetistirilen Papazkarasi (Klon 289), Adakaras1 (Klon 153), Makale Tarihgesi
Karalahana, Yapincak (Klon 175), Vasilaki, Cabernet-Sauvignon ve Gelis Tarithi  :16.05.2020
Sauvignon Blanc asma cesitlerinde, yari kontrolli kosullarda Kabul Tarihi :17.12.2020

yurtatilmistir. Uziim cesitlerinin olusturulan farkli kisintil sulama

senaryolar1 altinda yaprak ve stoma ozelliklerinde meydana gelen Anahtar Kelimeler
degisimler incelenmigstir. Cesitlerin genetik karakterleri, incelenen Vitis

kriterler bakimindan istatistiki olarak o6nemli bulunurken, Iklim degisikligi
uygulamalarin etkisi yalnizca yaprak alanlarinda one cikmagtir. Yerel tizim cesitleri
Sonu¢ olarak, bagciligi yasanan iklim krizinin etkileri altinda Adaptasyon
stirdirulebilir kilmak i¢in gelistirilen adaptasyon stratejilerinde, Kuraklik

cesitlerin  morfolojik ve fizyolojik  6zelliklerinin  mutlaka

degerlendirilmesi gerektigi diistintilmektedir.

The Effects of Water Deficit on Leaf and Stoma Morphological Properties of Wine Grapes in Thrace
Region

ABSTRACT
This study was conducted on the semi-controlled conditions on
Papazkarast1 (Clone 289), Adakarasi (Clone 153), Karalahana,
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GIRIS

Biyocgesitliligin ve yerel cesitlerin 6nemi bir ¢ok
arastirmaci tarafindan defalarca vurgulanmigtir
(Ergiil ve ark., 2011; Meneghetti ve ark., 2012; Balda
ve ark., 2013). Yerel cesitlere yonelik artan ilginin

iklimindeki siirdirilebilirligini saglamak igin yerel
cesitlerin  adaptasyon  kabiliyeti ve  genetik
cesitliliginden faydalanmak zorunlu gérilmektedir.

Yapraklar, asmada fotosentez, transpirasyon ve
karbon dengesinin  olusturulmasinda, ta¢ igi

nedeni tarih boyunca sirip giden dogal bir olgu
olmasina ragmen iklim degisikliginin hi¢ olmadig
kadar hizli gergeklesiyor olusu ve bu duruma insan
etkisinin buyukligudir. Bagciligin Akdeniz

mikroklimanin diizenlenmesinde, bitki ve toprak su
butgesi dengesinin kurulmasinda o6nemli fizyolojik
gorevleri olan organlardir (Nicotra ve ark., 2011; Wang
ve ark., 2019). Asma tarafindan iiretilen toplam
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biyokiitle, yapraklarin fotosentez stirecinde
6zumsedigi karbon miktariyla dogrudan iligkilidir.
Yapragin fizyolojik etkinligi; yaprak biyukluga
velveya yas1 (Tozer ve ark., 2015), yilin iklim durumu
ve bagclik yapilan bolgenin genel karakteristik
ozellikleriyle alakalidir (Peppe ve ark., 2011). Aym
zamanda asma Ulzerindeki toplam yaprak alani, verimi
ve olgunlagsma periyodundaki biyokimyasal siirecleri
etkiler. Ancak yaprak sekli ve buyuklugi kimi
durumlarda etkisiz de olabilir (Chitwood ve ark.,
2016b). Bitkiler iizerinde yapraklarin diger organlarla
orantili (allometrik) gelisme siirecleri, tiirler arasinda
degisim gosterir (Das Gupta ve Nath, 2015), bu durum
hiicre bélinmesi ve ardindan hiicre geniglemesi ile
yonetilir.

Ayni bitki tizerinde farkli bogumlarda gorilen sekil ve
buytklik degisimleri de heteroblasti, meristem
dokularindaki gelisim sireclerinin ve hicrelerin
farklilagsmasi yoluyla ortaya cikar (Poethig, 2010). Bu
heteroblastik etki, klasik goriise gore gevresel etkiler
nedeniyle meydana gelirken, Chitwood ve ark.
(2015)'na gore bitkilerin molekiiler seviyede verdikleri
tepkiler, cevresel etkilerden daha once
diizenlenmektedir. Chitwood ve ark. (2016a), ise
yaprak sekli ve buyikliginin farklilagsmasinda
cevresel etmenlerin c¢esitliligine karsi gelistirilen
adaptasyonun (cevresel plastidite/esneklik) ozellikle
asma gibi ¢ok yillik odunsu bitkilerde, evrimsel ve
gelisimsel  etkilerden  farkli  olarak  ortaya
cikabilecegini bildirmigtir. Ayrica, yapragin meydana
gelis strecindeki etkilerin cevresel, gelisimsel ve
genetik faktorlerin etkisi altinda oldugu ve ortalama

goriinimden saptamalar olabilecegi de
bildirilmektedir (Chitwood ve ark., 2016b). Bu
baglamda yapraklarin, morfolojik ve fizyolojik

ozellikleri cesit karakteri, stirgiindeki pozisyonu ya da
cevresel etkilerden farkl bir nedenle ortaya ¢ikabilir.
Yaprak buytuklugi arttikca yaprak ylizey direnci
artmaktadir. Bu ytizden kiigiik yapraklarda 1s1, gaz ve
su buharimin akigkanlhigi, tagimnimi buytik yapraklara
gore daha fazladir. Bu yolla 6zellikle sicak ve kurak
iklimlerde, yiliksek 1s1k sgiddetine maruz kalinan
durumlarda kii¢iik yapraklarin, daha disik yaprak
sicakliklarinda tutunarak asiri isinmadan kagindigi
bilinmektedir. Bliyik yapraklar ise daha serin, neml
ve diisiik 151k ortaminda daha diisiik enerji degisim
kapasiteleriyle daha avantajli olabilirler (Tozer ve
ark., 2015; Wang ve ark., 2019). Ayrica kullanilabilir
suyun azalmasiyla da yaprak alanlarimin azalma
egilimi gostermesi beklenir (Cramer ve ark., 2009).

Stoma, bitki ve dig ortam arasindaki hayati bir gegis
noktasidir ve bitkinin c¢evresel etmenlere verdigi
tepkilerde merkezi bir rol oynar (Montoro ve ark.,
2016). Yaprak, yiizeydeki stomatal gozenekler
vasitasiyla fotosentez i¢in COg'yi  yakalarken,
kaginilmaz olarak su kaybedilir. Genotiplere ve gevre
kosullarina bagli olarak stoma gbzeneklerinin
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yogunlugu, goézenek acikligi ve bunlarin diizenledigi
fotosentez ve transpirasyon oranlari cesitlilik gosterir.
(Lawson ve Blatt, 2014).

Kuraklik donemlerinde asmalar, COz 6ziimlemesi i¢in
gereken gaz degisimi siirdirmek ve ayni zamanda
asir1 su kaybini engellemek ikilemiyle karsi karsiya
kalir. Bu durumda turgor basincindaki dizenlemeler
ile stomalar aktif olarak gorev alir (Ledru ve ark.,
2016). Stomalar cogunlukla yaprakta bulunurlar.
Yapraktaki yerleri ise bitki tiirlerine gore farklilik
gosterebilir. Birgok tiirde yapraklarin hem alt hem st
yiizeyinde bulunabilirken (amfistomatik), asmanin da
icinde bulundugu c¢ogu tir, hipostomatik olarak
gruplandirilir ve stomalar yapraklarin alt ylizeyinde
yer alir (Lebon ve ark., 2006; Alonso-Villaverde ve ark.,
2011).

Vitis tirleri ve ¢esitleri arasinda stoma morfolojisinde
ve agcma ve kapama mekanizmalarinda ve fizyolojik
stireglere katilimlarinda farkhiliklar oldugu
bilinmektedir (Franks ve Farquhar, 2007; Rogiers ve
ark., 2011).

Degisken cevresel kogullar altinda stoma kontrol
davramiglarina dayanarak, bitkiler izohidrik ve
anizohidrik olarak gruplandirihir. Izohidrik bitkiler,
kurakliga maruz kalan veya kalmayan bitkilerde
neredeyse sabit yaprak su potansiyelinin korunmasini
saglayan siki bir stoma dizenlemesine sahiplerdir.
Buna karsilik anizohidrik bitkiler, toprak suyu agig1 ve
buharlagsma talebi altinda yaprak suyu potansiyelinde
buytk dalgalanmalara yol acar ve daha diisiik stoma
kontroliinii gosterir (Prieto ve ark., 2010).

Stoma morfolojisi ve fizyolojik stureclere katilim
mekanizmalar1 6zellikle son donemde tizerinde ¢okc¢a
calisgilmig bir konudur. Stomalarin yogunlugu ve
biiyiikliigiiniin bag mildiyésii (Plasmopara viticola) ile
iligkisi (Lu ve ark., 2010; Boso ve ark., 2016), stoma
ozelliklerinin yaprak ylizeyindeki konumu, bulundugu
siirgiiniin yas1 ve kékenine gore degisimi (Palliotti ve
ark., 2000), stoma sayis1 ve yaprak o&zelliklerinin
iliskisi (Santiago ve ark., 2007), atmosferik COq
degisiminin stoma sayisi ve yogunlugu tizerine etkileri
(Moutinho-Pereira ve ark., 2009; Rogiers ve ark., 2011;
Kunter ve ark., 2015), stoma iletkenligi (gs) ile stoma
sayisinin ve stoma acikligl oraninin iliskileri (Franks
ve Beerling, 2009), su stresi (Marasali ve Aytekin,
2002; Costa ve ark., 2012), toprak sicakliklar1 (Rogiers
ve ark., 2011), farkh yetistiricilik uygulamalar1 (Atik
ve Dardeniz, 2018), riizgar (Gékbayrak ve ark., 2008)
ve yaprak yuzeylerindeki mikroorganizmalarin
stomalar ile etkilesimleri (Konnlecher ve Sauner,
2016),_ana(; ve cesitlerin genetik farkliliklar: (Gargin,
2009; Isci ve ark., 2015; Bekigli ve Gursoz, 2016; Uyak
ve ark., 2016) cesitli calisma alanlar1 olarak one
¢ikmaktadir.

Bu ¢calismada, Trakya Bolgesi'nde yetistirilen saraplik
uzim cesitlerinin farkl kisintili sulama uygulamalar:
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altinda, baz1 yaprak ve stoma 6zelliklerinde meydana
gelen degisimler incelenmistir.

MATERYAL ve METOD
Lokasyon ve Bitkisel Materyal

Calisma, 2019 yilinda Tekirdag Bagcilik Arastirma
Enstitisii  deneme alanlarinda, yar1 kontrolli
sartlarda yuritilmustir. Bitkisel materyal olarak
Trakya  Bolgesi yerli saraplik  c¢esitlerinden;
Papazkarast (Klon 289), Adakarast (Klon 153),
Karalahana, Yapincak (Klon 175), Vasilaki ve diinya
genelinde iyi taninan ve kuraklik stresi karsisinda
farkli tepkiler gosteren Cabernet-Sauvignon ve
Sauvignon Blanc cesitlerinin bir yillik celikleri
kullanilmigtir. Klon oldugu belirtilen c¢esitlerin
seleksiyonu, daha 6nce Tekirdag Bagcilik Arastirma
Enstitusi’nce yapilmigtir.

Metod

Enstitii parsellerinden, 6nemli virtsler bakimindan
daha Once testlenmis ve virtisten ari oldugu bilinen
saghikli omcalardan, budama zamani dip¢ikli ve 7-8
gozli olarak alinan celikler, hizl1 daldirma metoduyla
4000 ppm’lik IBA uygulanip, yaklasik 4 hafta boyunca
ortalama 24-26°C sicaklik, %70 nem ve 8 saat aydinlik
ve 16 saatlik kisa glin sartlarinda torfiperlit (1:1)
karisiminda koéklendirilmigtir.

Koklendirilmig ve stirmis gelikler, Mayis ayimin ilk
haftasi, deneme alaninda 14 litrelik ve yetistirme
ortam1 olarak tarim perliti (Kale Perlit, Tiirkiye)
kullanilan, altlikli saksilara, 3-4 géz (bogum) perlit
icinde (ve gozler koreltilerek) ve 3-4 goz disinda
(iistiinde) kalacak sekilde dikilmistir. Adventif kok

gelisiminin basladigi (en tist yazhik siirgiinlerde
siiliikkler goériildiigiinde) dénemde, en {istteki 2-3
stirgiin dipten kesilerek ¢ikarilmig, boylece perlitin tst
seviyesinde kalan 2-3 g6zden olusan yeni strglinlerin
daha kuvvetli gelismesi saglanmigtir.

Lorenz ve ark. (1995)e gore salkimlar goriiliir hale
geldiginde (EL  15-17) tamami  koparilarak
uzaklagtirilmig ve tiim omcalarda fazla strglnler
c¢ikarilarak 2’ser slirgiin birakilmstir. Strglnler
yaklasik 170-175 cm uzunluga ulastiginda (EL 29-31)
tepe alma yapilip, deneme sonuna kadar (koltuk
yapraklariyla Dbirlikte) ayni siirgiin  uzunlugu
korunmustur. Her saksiya herek dikilerek siirglinler
baglanmig, dik sekilde gelismeleri saglanmigtir.
Olusturulan parsellerin altina jut orta serilerek sira
bas1 direkleriyle desteklenmis, her siradaki her
saksinin heregi ust seviyeden gegirilen baglama teline
baglanmisgtir.

Bitki besleme iglemleri i¢in enstitide bulunan
bilgisayar kontrolli sulama ve giibreleme sistemi
kullanilmigtir. Tim omcalar homojen siirgiin
uzunluguna sahip olacak seviyeye geldiginde, bu
déneme kadar perlitin su tutma kapasitesi
hesaplanarak standart miktarlarda sulanmis olan
bitkiler su stresinin yaratilmasi i¢in sulama dizeyi
onceden hesaplanmis olan saksi bagina giinlik sulama
diizenine gecilmistir. Tim vejetasyon suresince
hastalik, zararli ve yabanci ot miucadelesi standart
olarak stirdirilmistir. Vejetasyon donemi boyunca
uygulanan besin solisyonlar1 ve uygulama tarihleri
Cizelge 1’de paylasilmigtir. Uygulanan soliisyonlar
dénem iginde 4 kez analiz edilerek kalibrasyonlari
saglanmagtir.

Table 1. Nutrient solutions applied during the vegetation period and application dates.
Cizelge 1. Vejetasyon donemi boyunca uygulanan besin sollisyonlar: ve uygulama tarihleri.

Besin Elementi  Aralik Degerleri Soliisyon 1 ve 2 (ppm)  Soliisyon 3 (ppm) Soliisyon 4 (ppm)
14.05.2019-02.07.2019  02.07.2019-30.07.2019  30.07.201-09.09.2019

>N 50-200 - 85.9 112.1

P 40-60 17.5 - 18.2

K 175-350 15.7 152.5 137.0

Ca 100-150 50.0 58.0 99.4

Mg 30-90 16.5 34.7 65.6

S 75-150 18.5 21.7 45.0

Fe 1-12 3.85 12.6 5.6

Cu 0.02-0.2 0.22 0.15 0.15

Zn 0.05-1 0.46 0.14 0.29

Mn 0.4-1 0.86 0.42 0.41

B 0.008-0.5 0.25 0.16 0.18

Mo 0.001-0.2 0.38 0.11 0.38
Celiklerin saksilara dikilmesiyle birlikte, Ilahi ve gin i¢inde 5 farkli zamanda sulama yapilarak
Ahmad (2017)’e gére giinliik 4 litre olarak hesaplanan hesaplanan  toplam  giinlik sulama  siiresi

perlit sulama miktari, buharlagma ve bitkinin fiziksel
durumu go6zlenerek Cizelge 2'deki miktarlarla
diizenlenmigtir. Saatte 4 litre sulama yapan
damlaticilar kullanilarak uygulamalarin sulama
stireleri diizenlenmigtir. Bilgisayar konrollii sistemle
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tamamlanmigtir. Kisintili sulama uygulamalarinin
baslamasiyla birlikte saksilarin tzerleri kapatilarak,
istenmeyen yagislarin denemeyi etkilemesi
onlenmigtir.
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Table 2. Amounts of water applied during the vegetation period.
Cizelge 2. Vejetasyon donemi boyunca uygulanan su miktarlar.

Tarih araligi

Gunliik sulama siiresi (dk)

Gunliik verilen su (litre)

15.05-14.06.2019 75
14.06-28.06.2019 110
28.06-16.09.2019 120
16.09-04.10.2019 100
04.10-11.10.2019 40
11.10-31.10.2019 30

5.00
7.33
8.00
6.67
2.67
2.00

Tum bitkilerin yaklasik 170-175 ¢cm uzunluga ulastig:
29.07.2019 tarihi  itibariyle %100 sulama
uygulamasinda giinlik 8 litre olarak verilen su
miktart %75, %50, %25 ve %0 olarak azaltilmis ve

deneme sonu olan 16.09.2019’a kadar (210. ve 249.
takvim gilinleri arasinda) bu sulama rejimi
strdiirilmustiir (Cizelge 3). Calisma bulgularinda %0
uygulamasinin bitkileri yer almamigtir.

Table 3. Amounts of water applied during the water deficit period.
Cizelge 3. Kisintili sulama dénemi boyunca uygulanan su miktarlari.

Tarih aralig Uygulama  Giinliik sulama siiresi (dk) Giinliik verilen su miktar1 (litre)
%100 120 8.00
%75 90 6.00
29.07.2019 — 16.09.2019 %50 60 4.00
%25 30 2.00
%0 0 0.00

Iklim Verileri

Deneme stiresince iklim verilerinin takibi, deneme
alaninin  igine kurulan bulut tabanli iklim
istasyonundaki (Mrme AR-GE Bilisim, Tirkiye)
sicaklik ve nem (THGR810 Oregon scientific, ABD),
riizgar hizi ve yonii (WGR 800,0regon scientific, ABD),
yagis (PCR 800, Oregon scientific, ABD) ve 151k siddeti
(SQ-520 quantum Sensor, Apogee Instruments Inc.,
ABD.) duyargalarindan saglanmigtir.

Yaprak Alani

Her uygulamanin her tekerririndeki 5 asmanin, aym
yone bakan (giineydogu) 8. ve 9. bogumlarmindan
alinan 10’ar adet tam gelismis, saglikli, ana ve koltuk
yapraklar: ayr etiketlenerek, plastik torbalar i¢inde
laboratuvara getirilmis, tarayicida (382, Seiko epson
corp. Japonya) taranmis, elde edilen gériintiiler acik
kaynak kodlu Imaged yazilimiyla (Loci, Wisconsin
Universitesi, ABD) iglenerek yaprak alanlar
hesaplanmigtir.

Stoma Morfolojik Ozellikleri

Ayni1 yontemle toplanan 10 adet yapragin alt
yizeyindeki ana damar ile sag ve sol lateral
damarlarin arasindaki yaprak ucu kismindan yaklagik
1 x 1 cm'lik alana (Flormar, Kosan Kozmetik San. ve
Tic. Anon. Sir., Tirkiye) bir iki kat tirnak cilasi
stirilmustir. Yizey kisa siire kuruduktan sonra
bistliri ve pens yardimiyla sokiilerek 10x40 biyttmeli
151k mikroskobuda (DM 1000 LED, Leica, Almanya)
incelenerek goriuntileri bilgisayara kaydedilmigtir.
Kaydedilen goriintiller LAS X (Leica, Almanya)
yazilimiyla 0.064 mm?lik alan tizerinden 6lgiilmis ve
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sayillmig, 1 mm?deki stoma sayilar1 hesaplanmigtir.
Yaprak yiizeyinde % stoma alani Zobayed ve ark.
(2001)’dan modifiye edilerek,
&85 100
YTSA= yapraktaki toplam stoma alani
YA= yaprak alani

YTSA= bir stoma alani . yapraktaki toplam stoma sayist (Formiil 1)

% stoma alani.yaprak! =

formiline gére hesaplanmigtir. Yaprak alanlar1 ve
stoma o6zellikeri verileri 06.09.2019 glinti alinmigtar.

Deneme Deseni ve Istatistik Analizler

Aragtirma tesaduf bloklarinda bolinmis parseller
deneme desenine gore 7 cesit, 3 tekerriir, 5 sulama
uygulamasiyla, her tekerriurdeki 8 omcanin 5’ inden
veri alinarak yuriatilmustiir. Alinan veriler SPSS 15.0
versiyonlu istatistik programinda varyans analizi
yapildiktan sonra, gesit ana etkisi, sulama uygulamasi

ana etkisi ve interaksiyonlari olugsmustur. Ana
etkilerin ortalamalari Duncan c¢oklu karsilagtirma
testi ile kargilagtirilmig ve istatistiki

degerlendirmeleri yapilmistir.

BULGULAR ve TARTISMA
iklim Verileri

Tekirdag’'da 2019 yili sicaklik ortalamasi 14.79°C
olarak kaydedilirken 1939-2019 ortalamasi1 14.00°C
olmustur. Vejetasyon dénemi sicaklik ortalamasi ise
2019 yilinda 20.19°C ile 19.48°C olan uzun yillar
ortalamasindan 0.71°C daha sicaktir. 580.90 mm olan
uzun yillar toplam yagis ortalamasi 2019 yilinda
379.20mm olarak kaydedilmigtir. 2019 yilinda
vejetasyon siiresince 130.60 mm yagis alinmistir. Bu
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deger uzun yillar ortalamasi1 dikkate alindiginda
188.70 mm olarak hesaplanmaktadir. Tekirdag ve tiim
Trakya Bolgesi'nde goriilen ortalama sicakliklarin

w— ] 022019 ydllar

(!

Toplam vagy

O

nishi artis1 ve yagis rejiminin dalgah seyri 2019 yilinda
da goriillmektedir (Sekil 1).
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Sekil 1. Deneme alaninda 1939-2019 arasi ve 2019 yilina ait baz1 iklim verileri.
Figure 1. Some climate data from 1939 to 2019 and 2019 in the trial area.

01.05.2019-06.09.2019 tarihleri aras1 deneme alaninda
kaydedilen bazi iklim verileri Sekil 2'de
paylasilmigtir. Kisintili sulama uygulamalarinin
sturduruldagi 210. ve 249. giinler arasindaki ortalama

Vaisy (mm

Tgak shdddetd {pned =

Socakhik Clwe N

sicaklik 31.16°C, ortalama nem %63.26 ve ortalama 1s1k
siddeti 1467.88 pmol m2 s? olarak hesaplanmigtir.
Ayrica bu glnler arasinda hi¢ yagis alinmadig:
gorilmektedir.

Igek oadets Guoood m-2 »-1)

Sekil 2. Deneme alaninda 01.05.2019(121. takvim giinii) ve 06.09.2019 (249. takvim giinii) arasinda goriilen baz1
iklim verileri. Dikey yesil gizgiler kisintili sulama uygulamasi tarihlerini ifade etmektedir.

Figure 2. Some climate data seen in the trial area between 01.05.2019 (1215 calendar day) and 06.09.2019 (249
calendar day). Vertical green lines indicate limited irrigation application dates.

Yaprak Alan: (cm?)

Incelenen yapraklar arasinda cesit ana etkisi
bakimindan en buylk ana ve koltuk yaprak alanlarina
Adakaras: gesidi sahiptir. En kicuk yapraklarin ise
cesit ana etkisi agisindan Cabernet-Sauvignon
cesidinden olguldugi goérulmektedir. Ana yaprak
alanlar1 Gizerine c¢esitlerin ana etkisi istatistiki olarak
onemli bulunmustur. Koltuk yapraklar: da gesitler ve
uygulamalar agisindan istatistiki olarak anlaml ve
farkli buyukliklere sahip olmustur. Cesit uygulama
interaksiyonlari ise hem ana yapraklar hem de koltuk
yapraklarinda istatistiki olarak onemsizdir. Ana ve
koltuk yapraklarinda kisintili sulama uygulamalarina

baghh olarak ol¢ulen buyuklikler Cizelge 4’de
paylasilmigtir.
Kisintili sulama uygulamalar1 bakimindan, ana

yapraklarda énemli olmasa da, azalan kullanilabilir su
ile birlikte yaprak alanlarinin azalma egilimi
sergiledigi gorilmektedir. Bu egilim genel goris ile
uyumludur (Cramer ve ark., 2009). Diger yandan
kuguk yapraklarin morfolojik yapilar itibariyle, daha
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dusik yaprak ylizey direncine sahip olmalar1 ve
yaprak sicakliklarini diisurmeleri kurak sartlara
faydali bir adaptasyon olarak bilinmektedir (Leigh ve
ark., 2017). Ancak Chitwood ve ark. (2016b)'na gore
fizyolojik yarayislihk acisindan yaprak sekli ve
buytukliginin her zaman anlamli olmadig1 da
unutulmamalidir. Yine de izohidrik olarak bilinen
Cabernet-Sauvignon (Simonneau ve ark. 2017)
¢esidinin en kii¢iik yaprak alanlarina sahip olmasi,
karasal iklime adapte olmus bir ¢esit olan
Papazkarasi’nin ve giddetli rizgarlara adapte olmus
Vasilaki cesidinin istatistiki olarak 6nemli ve disiik
gruplarda yer almasi  bakimindan  anlamh
bulunmustur.

Stoma Sayis1 (mm? adet?)

Sicak hava dalgalari, asir1 151k siddeti, kurak donemler
ve asir1 riizgar gibi olumsuz kosullara maruz kalan
bitkiler, stoma iletkenliginin azalmasiyla basa ¢ikmak
icin stoma sayisini artirir (Lebon ve ark., 2006). Stoma
sayilar: bakimindan Cabernet-Sauvignon tiim cesitler
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icinde yuksek sayiya ulagan ve kurakliga en dayanikh
genotip olurken, kuraga hassas oldugu bilinen
Sauvignon Blanc (Fraga, 2019) bu anlamda
beklenilenin aksine davranis géstermistir (Cizelge 5).
Genetik farkliligin stoma sayisi bakimindan 6nemli
olmas1 beklense de, bu kriterin dormansi dénemi ve

vejetatif donemdeki yagis ve sicaklik gibi abiyotik
faktorlerden etkilendigi (Montoro ve ark., 2016) ve
belirli iklim senaryolar1 altinda gorilen stoma
ozelliklerinin, farkli c¢evre sartlarinda ortaya
cikmayabilecegi de bildirilmektedir (Tardieu, 2011).

Table 4. The effect of varieties and applications on the main leaf (cm?) and lateral leaf area (cm?).
Cizelge 4. Ana yaprak alani (cm?) ve koltuk yaprag: alani (cm?) iizerine cesitlerin ve uygulamalarin etkisi.

Ana yaprak alani (cm?)

Kisintili sulama uygulamalari

Cesit %25 %50 %75 %100 CAR
Adakaras: 186.21+£17.93  199.90+41.78  190.66+10.22  201.34+5.72 194.51+£10.18 a
Cabernet sauvignon  100.37+7.31 88.89 £10.37 111.35+16.65  119.90+12.46 105.15+6.27 d
Karalahana 158.51+5.67 144.30+14.54 156.74+3.35 154.24+22.11 153.47+6.04 b
Papazkarasi 117.88+19.82 110.00+24.62 136.16+27.94 125.75+44.28 122.45+10.91 ed
Sauvignon blanc 139.29+8.46 146.60+10.80 131.61+26.24  138.40+1.44 138.99+6.52 bc
Yapincak 58.18 £1.89 147.00+£26.18 137.95+£8.15 144.40+34.07 121.90+14.52 ed
Vasilaki 115.06+4.99 147.71+15.86 96.64 +14.36 125.20+24.02 121.16+8.89 ed
UAE 125.08+9.29 140.63+£10.24 137.30+8.39 144.20+£8.79
Koltuk yaprak alanmi (cm?)

Kisintili sulama uygulamalar: CAE
Cesit %25 %50 %75 %100
Adakaras: 113.98+3.74  96.62 +£14.77 106.63 £16.43 125.01 £14.07 110.56 £22.23 a
Cabernet sauvignon  76.01 +£3.70  67.33 +2.34 70.33 £15.02 73.45 +3.38 71.78 £3.55 ¢
Karalahana 90.55 +6.02  80.83 £19.32 99.43 £22.98 94.00 +4.86 91.20+4.53 b
Papazkarasi 79.81 +£16.83 84.54+18.84 82.27 +7.26 87.15 +14.40 83.44 +6.44 bc
Sauvignon blanc 66.35 +5.02  77.86 +6.24 88.01 £7.21 86.70 +6.66 79.73 +3.75 be
Yapincak 47.32 +0.97  80.89 +£13.53 96.81 +£11.24 104.35 +£8.99 82.34 +£7.83 bc
Vasilaki 60.05 +£1.33  82.89 £7.77 81.59 +21.50 93.94 +14.47 79.62 £6.86 bc
UAE 76.29 £5.04 ¢ 81.57 £4.16 bc 89.30+5.11 gab 94.94+4.73 a

*Ayn1 stitun ve/veya satirda farkli harflerle ifade edilen degerler Duncan testine gére P<0.05 diizeyinde istatistiksel olarak
onemlidir. Veriler tekerriir ortalamalar: ve standart hatalariyla paylasilmistir. CAE: Cesit ana etkisini, UAE: Uygulama ana
etkisini belirtmektedir.

*Values expressed with different letters in the same column and/or row are statistically significant at the P <0.05 level according
to the Duncan test. Data are given as repetition averages and with standard errors. CAE: Represents variety main effect, UAE:
Indicates application main effect.

Table 5. The effect of varieties and applications on stoma number (mm?2 pcs™?).
Cizelge 5. Stoma sayisi lizerine gesitlerin ve uygulamalarin etkisi (mm? adet).
Stoma sayis1t (mm?2 adet?)

Kisintili sulama uygulamalari CAE
Cesit %25 %50 %75 %100
Adakarasi 91.83+23.31 94.48+40.55 116.08+33.05 142.07+37.52 111.11+£15.81 ab
Cabernet sauvignon 141.21+3.77 159.40+16.52 143.81+48.14 116.09+16.52 140.13+£12.35 a
Karalahana 67.57+6.00 70.17+6.54 81.43+25.52 35.09+2.25 63.56+7.65 ¢
Papazkaras: 127.35+13.75  119.55+23.43  142.07+57.67 93.56+6.00 120.63+14.64 ab
Sauvignon blanc 115.22+15.03  119.55+6.00 130.10+£18.17 114.35+6.00 119.81+5.66 ab
Yapincak 114.35+21.00 102.22+25.52  89.23+28.64 93.56+18.00 99.84+10.49 b
Vasilaki 137.74+4.50 143.81+£13.563  116.09+17.06 106.56+ 4.50 126.05+6.67 ab
UAE 113.61£7.10 115.60+9.30 116.97+12.31 100.18+8.77

*Ayn1 stitun ve/veya satirda farkli harflerle ifade edilen degerler Duncan testine gére P<0.05 dizeyinde istatistiksel olarak
onemlidir. Veriler tekerriir ortalamalar1 ve standart hatalariyla paylagilmigtir. CAE: Cesit ana etkisini, UAE: Uygulama ana
etkisini belirtmektedir.

*Values expressed with different letters in the same column and/or row are statistically significant at the P <0.05 level according
to the Duncan test. Data are given as repetition averages and with standard errors. CAE: Represents variety main effect, UAE:
Indicates application main effect.
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Yine de kurak ve rizgarhh orijine adapte olmus
Adakarasi ve benzer siddetli riizgarlarin hakim oldugu
bir kékene sahip Vasilaki gesitleri, olumsuz sartlarda
stoma sayisinin arttigi diglincesine uygun davranis
sergilemigtir. Ote yandan kismtih  sulama
uygulamalarinin  gerceklestigi dénemde sicaklik
ortalamasinin 31.16°C ve ortalama nemin %63.26
seviyelerinde seyretmesi bu gorlisii desteklemektedir.

olarak 6nemsiz de olsa artan kisintili sulamayla stoma
sayilariminda yiikseldigi gériilmektedir.

Stoma Genisgligi ve Uzunlugu (um)

Stomalarin su kaybini engelleme kabiliyetinin kismen
stoma boyu ile aciklanabildigi  bilinmektedir
(Fanourakis ve ark., 2015). Sulama uygulamalar:

bakimindan da  istatistik acidan farklilhik

Stoma say1si, kls}?tlll sularfla" uygulamalari goriilmemektedir (Cizelge 6).

bakimindan incelendiginde en dusiik stoma sayisi

degerleri %100 uygulamasinda gorilirken, istatistiki

Table 6. The effect of varieties and applications on stoma width (um) and stoma length (um)

Cizelge 6. Stoma genisligi (um) ve stoma uzunlugu (um) lizerine cesitlerin ve uygulamalarin etkisi.

Stoma genisligi (um)
Kisintili sulama uygulamalari CAE
Cesit %25 %50 %75 %100
Adakarasi 12.39 £1.38 11.46 £0.89 14.82 £2.32 11.63 £1.08 12.57+£0.76 b
Cabernet sauvignon 15.27 £0.32 14.49 +0.38 14.69 £0.25 15.14 +£1.12 14.90+ 0.28 a
Karalahana 11.97 £0.40 15.58 +£0.43 14.51 £1.61 15.42 +0.25 14.37+ 0.57 a
Papazkarasi 12.38 £1.51 12.86 +0.74 13.42 +£0.62 12.20 £0.06 12.71+£ 0.40 b
Sauvignon blanc 13.04 +0.19 13.77 £0.33 13.90 £0.57 14.72 £0.23 13.86+ 0.23 ab
Yapincak 14.51 +0.68 16.40 £1.80 15.92 £1.95 13.93 £0.96 15.19+ 0.69 a
Vasilaki 15.38 £1.45 14.45 +£0.71 15.14 +0.18 12.47 £0.37 14.36+ 0.49 a
UAE 13.56 £0.43 14.14 £0.44 14.63 £0.45 13.64 +0.39
Stoma uzunlugu (um)
Kisintili sulama uygulamalar: CAE

Cesit %25 %50 %75 %100
Adakarasi 22.07 £1.53 20.62 +£1.32 18.85 £0.87 20.11 +2.00 20.41+0.72 b
Cabernet sauvignon 25.72 £1.14 24.48 +0.99 24.32 £1.13 24.43 £1.59 24.74+ 0.55 a
Karalahana 20.94 +0.76 25.53 £0.50 26.02 £3.88 22.93 £0.77 23.85+ 1.06 a
Papazkaras: 23.61 £1.47 22.56 £1.70 26.25 £0.91 24.16 £0.12 24,14+ 0.65 a
Sauvignon blanc 23.82 £0.70 24.02 +0.83 24.97 £0.85 25.41 +£0.08 24.55+ 0.35 a
Yapincak 22.96 £0.67 27.17 £0.89 26.56 £3.53 25.02 £0.32 25.43+0.93 a
Vasilaki 23.71 £2.25 25.48 +1.59 28.12 +0.88 23.65 £1.28 25.244+ 0.87 a
UAE 23.26 £0.52 24.26 +0.58 25.01 £ 0.91 23.67 +0.51

*Ayn1 siitun ve/veya satirda farkl harflerle ifade edilen degerler Duncan testine gore P<0.05 diizeyinde istatistiksel olarak
onemlidir. Veriler tekerriir ortalamalar: ve standart hatalariyla paylasilmistir. CAE: Cesit ana etkisini, UAE: Uygulama ana

etkisini belirtmektedir.

*Values expressed with different letters in the same column and/or row are statistically significant at the P <0.05 level according
to the Duncan test. Data are given as repetition averages and with standard errors. CAE: Represents variety main eftect, UAE:

Indicates application main effect.

Yaprak boyutu ile stoma boyutu veya sayis1 arasinda
ya da stoma sayis1 ve boyutu arasinda bir iligki
goriilmedigi Bosso ve ark. (2016) tarafindan
bildirilmistir. Yaprak alani bakimindan Adakarasi
cesidi, tim cgesitler arasinda en biiyik alana sahip
olmasina ragmen stoma boyutlari bakimindan en
distuk 1istatistiki grupta yer almistir. Goériilen bu
durum  arastiricilarin  ¢alismasiyla  paraleldir.
Karalahana ise en digsiik stoma sayisina sahip iken,
stoma geniglik ve boylar1 istatistiki olarak daha
yiksek sinifta yer almigtir.
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Stoma Alan1 (um?2)

Stoma alani1 degerleri Cizelge 7’de paylasilmigtir. Bu
veriler de stoma genigligi ve uzunlugunda oldugu gibi
degerlendirilebilir. Fakat bu acidan bakilsa bile
Adakaras1 diisgik stoma boyutlarina ragmen
Sauvignon Blanc ¢esidiyle birlikte en fazla vejetatif
gelisme gosteren cesit olmustur. Artan stoma alaninin
genel olarak stoma iletkenligi degerini yiikselttigi
kabul edilmektedir. Ancak Adakarasi ¢esidinin ylksek
vejetatif gelisme  kuvveti  gostermesi, stoma
alanlarinin gercek bitki su kullamim etkinligi [(net
fotosentez(A)/stoma iletkenligi(g)] ve anlik su
kullanim etkinligi [net fotosentez(A)/transpirasyon(E)]
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degerleriyle iligkilendirmenin daha dogru sonuglar
verecegini distindirmektedir.

Yaprak Yiizeyinde Stoma Alani (%)

Adakaras: ile Karalahana cesitleri en disiik yaprak
yuzeyinde stoma alani degerine sahip oldugu
belirlenmigtir. Cabernet-Sauvignon cesidi en kiiguk
yaprakli ¢esit olmasina ragmen yaprak ylzeyindeki %

stoma alanm1 bakimindan en ylksek degere sahip
bulunmustur. Karalahana c¢esidi stoma alani
bakimindan yliksek sinifta iken, yaprak ytuzeyindeki %
stoma alami acisindan en dusik degerleri almigtir.
Sulama uygulamalari incelendiginde istatistiki olarak
onemli olmamakla birlikte, suyun azalmasiyla birlikte
% stoma alanlarinda azalma egilimi gorilmiustir
(Cizelge 7).

Table 7. The effect of varieties and applications on the stoma area (um?2) and % stoma area on leaf surface
Cizelge 7. Stoma alani (um?) ve yaprak yiizeyinde % stoma alani iizerine gesitlerin ve uygulamalarin etkisi.

Stoma alani (um?)

Kisintili sulama uygulamalari

Cesit

%25

%50

%75

%100

CAE

Adakaras:

Cabernet sauvignon

Karalahana
Papazkarasi

Sauvignon blanc

277.77 £85.97
393.46 +£44.48
251.28 £30.78
296.65 £88.95
310.74 £16.17

238.73456.10
355.61+40.12
397.39£5.53

292.06+65.14
330.78+23.09

275.62 +56.76
357.03 £20.43

387.73 £154.34

353.47 £49.51
348.20 £45.69

237.09+68.52
373.53+85.54
354.16+30.79
294.91+0.15

374.19+10.16

257.30+ 17.71 ¢
369.91+ 13.88 ab
347.64+ 26.36 ab
309.277+ 16.75 be
340.98+ 9.72 ab

Yapincak 334.07 £44.30 445.37+86.04 434.02 £172.13  349.07+47.43 390.63+ 29.11 a
Vasilaki 371.40+£119.85 370.44+68.66  426.21 £29.41 296.05+43.02  366.02+ 22.91 ab
UAE 319.34+ 16.60 347.20+17.38  368.90 £20.53 325.57+13.91
Yaprak yiizeyine stoma alani (%)

Kisintili sulama uygulamalari CAE
Cesit %25 %50 %75 %100
Adakarasi 2.37 +£0.52 2.51+1.14 3.30 £1.24 3.66 +£1.29 2.96+ 0.49 be
Cabernet sauvignon 5.563 +£0.21 5.569+0.18 5.03 £1.55 4.22 +0.56 5.09+ 0.39 a
Karalahana 1.67 £0.03 2.78 £0.02 2.86 £0.96 1.25+0.14 2.14+ 0.29 ¢
Papazkaras: 3.77 +£0.83 3.56 +0.94 5.33 £2.46 2.75 +£0.17 3.85+ 0.65 ab
Sauvignon blanc 3.60 £0.56 3.97 +£0.35 4.61 +£0.98 4.27 +£0.23 4.11+ 0.28 ab
Yapincak 3.71 +0.41 4.29+0.73 4.03 £1.53 3.35 +£0.89 3.85+ 0.43 ab
Vasilaki 5.17+1.12 5.30 £0.72 4.91 £0.65 3.13+0.13 4.63+1.43 a
UAE 3.69 £0.34 4.00 +0.32 4.29+ 0.49 3.23+ 0.29

*Ayn1 stitun ve/veya satirda farkli harflerle ifade edilen degerler Duncan testine gére P<0.05 diizeyinde istatistiksel olarak
onemlidir. Veriler tekerriir ortalamalar: ve standart hatalariyla paylasilmistir. CAE: Cesit ana etkisini, UAE: Uygulama ana

etkisini belirtmektedir.

*Values expressed with different letters in the same column and/or row are statistically significant at the P <0.05 level according
to the Duncan test. Data are given as repetition averages and with standard errors. CAE: Represents variety main eftect, UAE:

Indicates application main effect.

Yaprak boyutu, stoma boyutu, stoma sayis1 ve stoma
alanlar1 arasinda her zaman iligki bulunmamasi
(Bosso ve ark, 2016), bu 6rnekte de goriildiigii gibi
asma gesitlerinin evrimsel siire¢ i¢indeki adaptasyon
mekanizmalarinin farkhiliklarini aciklamasi
bakimindan dikkate deger bulunmustur.

SONUC ve ONERILER

Bu c¢alismada, Trakya Bolgesinde yogun olarak
yetistirilen ve ¢ogu otokton olan cesitlerin, farkli su
kisintis1 sartlari altinda yaprak boyutlar1 ve stoma
ozelliklerinde meydana gelen degisimler
incelendiginde sonug olarak; sulama uygulamalariyla
bu o6zellikler arasindaki iligkiler koltuk yapraklari
disinda istatistiki olarak anlamli bulunmamistir.
Calismanin metodu geregi olgunlasmis yapraklarin
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toplandig1 dénemde, kisintili sulama uygulamalarinin
etkileri erken olusan yapraklarda henliz tam olarak
goriilmeyebilmektedir. Yapragin ve stomalarin
morfolojik gelisme siire¢lerinin hem genetik hem de
gevresel etkilerin altinda oldugu bilinmektedir.

Ote yandan beklendigi gekilde cesitlerin genetik
farkliliklar1 incelenen Kkriterler bakimindan daha
anlamli sonuclar vermigtir.

Daha sonra yapilacak olan ¢aligmalarda, morfolojik
ozelliklerin yaninda o6zellikle fotosentez, stoma
iletkenligi, transpirasyon ve su kullanim randimani
hesaplamalar1 stoma fiziksel o6zellikleriyle birlikte
degerlendirilmelidir. Ayrica bu etkiler molekiiler
seviyede incelenmelidir.

Sonug olarak, iklim krizi nedeniyle ¢evresel etmenlerle
miicadele ve adaptasyon stratejileri gelistirilirken,
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cesitlerin morfolojik ve fizyolojik 6zellikleri mutlaka
dikkate alinmalidir, bu konular gelecekteki 1slah
programlarinda éncelikli olarak degerlendirilmelidir.
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OZET Aragtirma Makalesi
Calisma, farkli kizilcik genotipleri (21, 22, 24, 25 ve 44-05) ve Erolbey-

77 c¢esidinin yari-odun celikleri ile ¢ogaltilma olanaklarinin Makale Tarihgesi
belirlenmesi amaci ile yiirtatiilmustir. Incelenen kizileik genotiplerine Gelig Tarihi  :01.07.2020
ait yari-odun celikleri 15 Temmuz 2014 tarihinde alinmigtir. Kabul Tarihi :20.08.2020
Hazirlanan ¢elikler iki gruba ayrilarak, yarisina herhangi bir

uygulama yapilmamis (kontrol grubu), diger yarisina ise 4000 ppm Anahtar Kelimeler

indol 3-butirik asit (IBA) uygulamasi yapilmistir. Kéklendirme Kizileik

ortamina dikimden 5 hafta sonra sokilen ¢eliklerde kéklenme orani, Genetik kaynak
kalliislenme orani, en uzun ve en kisa kok boyu, yasayan ¢elik orani, Koklenme

kok dallanmasi1 ve koklenme kalitesi parametreleri incelenmistir. Kalliislenme

Incelenen  kiziletk  genotiplerinde  kontrol  uygulamasinda
koklenmenin meydana gelmedigi tespit edilmigtir. IBA uygulanan
yarr-odun celiklerinde koklenme orani %0.0 (21) ile %40.0 (25), kok
say1s1 0.0 adet celik1(21) ile 1.93 adet celik ! (Erolbey-77), kalliislenme
oran1 %33.3 (44-05) ile %86.6 (22), en uzun kok boyu 0.0 mm (21) ile
3.86 mm (25), en kisa kék boyu 0.0 mm (21) ile 1.27 mm (Erolbey-77)
ve koklenme kalitesi 0.0 (21) ile 0.35 (25) arasinda belirlenmistir.
Sonug olarak, kéklenme orani, koklenme kalitesi ve diger kéklenme
ozellikleri bakimindan genel olarak 25 nolu genotip diger genotiplere
gore daha iyi sonuclar vermigtir.

ABSTRACT

This study was conducted to determine propagation possibilites with
semi-hardwood cuttings of different cornelian cherry genotypes (21,
22, 24, 25 ve 44-05) and Erolbey-77 cultivar. Semi-hardwood cuttings
took from cornelian cherry genotypes investigated on 15 July, 2014.
Prepared cuttings were divided into two groups. First group was left
untreated (control teratment), the other group was treated with 4000
ppm dose of indole-3 butyric acid. After five weeks of growing,
cuttings were removed from the rooting media and rooting ratio, callus
ratio, number of roots, longest root lenght, shortest root lenght, living
cutting ratio, number of lateral roots and rooting quality were
determined. Rooting ratio, number of roots, callus ratio, longest root
lenght, shortest root lenght and rooting quality in the semi-harwood
cuttings applied IBA were determined from 0.0% (21) to 40.0% (25),
0.0 (21) to 1.93 number shoot! (Erolbey-77), 33.3% (44-05) to 86.6%
(22), 0.0 mm (21) to 3.86 mm (25), 0.0 mm (21) to 1.27 mm (Erolbey-
77) and 0.0 (21) ile 0.35 (25), respectively. Consequently, the 25
genotype sustaned better results in terms of rooting ratio, rooting
quality and other rooting properties than other genotypes.

indol-3 butirik asit
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GIRIS koklenme oraninin disiik oldugu ve hormon
Kiziletk  Cornaceae familyasinin, Cornus cinsi uygulamasinin koklenme oranini artirdig

igerisinde yer almakta olup, bu cinsin diinya lizerinde
yayilis gosteren yaklasik 65 tird bulunmaktadir
(Hosseinpour-Jaghdani ve ark., 2017). Bu tiirlerden en
onemlisi Cornus mas L. olup, meyve kalitesinin iyi
olmasi1 nedeni ile ticari kizilcik yetigtiriciliginde
kullanilmaktadir (Seeram ve ark., 2002). Kizilak
diinya tzerinde Tirkiye, Balkanlar, Kafkasya ve
Akdeniz Havzasi’nmin da i¢inde bulundugu Guneybati
Asya, Orta ve Glneydogu Avrupa’da dogal olarak
yayilis gostermektedir (Ercigli 2004; D’Antuono ve
ark., 2014). Bu boélgelerde kizilaagin cogunlukla
tohumdan cogaltilmas: dolayisiyla zengin bir genetik
cesitlilik ortaya cikmistir (Yilmaz ve ark., 2009;
Mranitic ve ark., 2015).

Diinya kizileik tretimi yaklagik 723 bin tondur.
Kizileik tretim miktar: bakimindan Amerika Birlesik
Devletleri (404 880 t) ilk sirada yer almakta olup, bu
iilkeyi siras1 ile Kanada (195 196 t), Sili (106 180 t),
Tiirkiye (11 481 t) ve Azerbaycan (2 874 t) izlemektedir
(Anonim, 2020a). Ulkemiz diinya kizileik {iretiminde
ilk siralarda yer almasina karsin, kizilaik tretimdeki
payr yaklasik %1.6'dir. Turkiye’de kizileik tretimi
bakimindan Samsun (1 243 t), Bolu (1 225 t), Bartin
(847 t), Erzurum (594 t) ve Balikesir (570 t) illeri 6ne
cikmaktadir (Anonim, 2020b).

Kizileik insan sagligini tesvik eden maddelerce zengin
olup, glnimiizde tip alaninda kullanmilmaktadir
(Hassanpour ve ark., 2011). Son yillarda insanlarin
dogal antioksidan kaynagi olan meyve tilirlerine olan
talebinin artmasindan dolayr kizileik yetistiriciligi
artis gostermistir (Gunduz ve ark., 2013; Bijelik ve
ark., 2012). Bu bakimdan iilkemizin diinya kizileik
uretimindeki paymin arttirilmasi ve ekonomik gelir
saglanmasi acisindan kizileik ile kurulacak kapama
bahgelerin sayisinin arttirilmasi 6nem arz etmektedir.
Bu nedenle tulkemizde kizilaak tzerine yapilan
seleksiyon 1slahi c¢alismalari neticesinde secilen
genotiplerin ve standart kizilcik ¢esitlerinin ¢ogaltilma
olanaklarinin belirlenmesi, kiziletk meyve tiiri ile
kurulacak kapama bahcgelerin fidan ihtiyacinin
karsilanmas1 bakimindan énemlidir (Balta ve ark.,
2019).

Kizilek tohum (Pirlak, 1997a; Hocoglu, 2013), as1
(Kalkigim, 1997), celik (Ivanicka ve Cvopa, 1997;
Yavas, 2000; Kalyoncu ve ark., 2008; Markovic ve ark.,
2013, Yavuz, 2015; Balta ve ark., 2019) ve doku
kiiltiirdi (Ayan ve Feyzioglu, 2002; Durkovic, 2008) ile
cogaltilabilmektedir. Bu yontemlerden c¢elik ile
cogaltma kizilcigin ¢ogaltilmasinda en fazla kullanilan
yontemlerden biridir. Basit ve ucuz bir yontem olan
celik ile cogaltma kéklenme kabiliyeti yiksek olan bazi
meyve tirlerinin c¢ogaltilmasinda yaygin olarak
kullanilmaktadir. Kizilcikta yesil, yari-odun ve odun
celikleri kullanilarak yapilan ¢ogaltma ¢aligmalarinda
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bildirilmistir (Pirlak, 1997b; Markovic ve ark., 2013,
Balta ve ark., 2019). Bunun yan1 sira erken haziran
geliklerinin kizilcikta kéklenmeyi 6nemli 6l¢iide tegvik
ettigi belirtilmektedir (Kalyoncu ve Ecevit, 1995).
Kizilcik tizerine yapilan gogaltma ¢alismalarinda yesil
celikler icin 3500 ppm (Yavuz, 2015), yari-odun
celikleri icin 4000 ppm (Pirlak, 1997b) ve odun celikleri
icin 6000 ppm (Pirlak, 2000) IBA dozlarinin
koklenmeyi tesvik etmek i¢in ideal konsantrasyonlar
oldugu bildirilmigtir.

Celiklerde kéklenme iizerine etki eden icsel (genetik
yapi, hormanlar, depo maddeleri vb.) (Hartmann ve
ark., 2011) ve digsal (sicakhik, nem, 151k, kéklendirme
ortami, celik alma zamani) Dbircok faktér
bulunmaktadir (Agaoglu ve ark., 2019). Bu faktérlerin
celiklerde koklenme orani, koéklenme kalitesi ve
koklenme o6zelliklerini 6nemli derecede etkiledigi
(Agaoglu ve ark., 2019) ve indol-3 biitirik asit (IBA)’in
celiklerde adventif kok olusumunun tesvik edilmesi
bakimindan en iyi bitki biiyime diizenleyici oldugu
belirtilmektedir (Kaska ve Yilmaz, 1974).

Bu calisma farkli kizileik genotipleri ve Erolbey-77
kizileik c¢esidinin yari odun celikleri ile ¢ogaltilma
olanaklarimnin belirlenmesi amaci ile ylUriitilmustir.

MATERYAL ve METOD
Materyal
Calismanin materyalini Malatya Meyvecilik

Aragtirma Enstitist bunyesinde yuritiulen ‘Kizileik
Genetik Kaynaklarinin Toplanmasi, Muhafazas1 ve
Degerlendirilmesi’ projesi kapsamindan segilen 5
kizileik genotipi (21, 22, 24, 25 ve 44-05) ile, Erolbey-
77 kizileik ¢esidi olusturmustur. Kizileik genotiplerine
ait celiklerin koéklendirilmesi i¢cin Malatya Meyvecilik
Aragstirma Enstitiisii bunyesindeki cogaltma seralar:
kullanilmigtar.

Metod

Incelenen kizileik cesit ve genotiplerine ait 7 yash
bitkilerde 15 Subat 2014 tarihinde sert budama
yapilmistir. Budama yapilan kizileik bitkilerinin yillik
stirglinlerinden yumusak odunlagsmanin bagladig:
noktanin 20-25 cm tuzerinden 15 Temmuz 2014
tarihinde c¢elik alma iglemi yapilmigtir. Alinan
geliklerde hem yaprak hem de g6z olmasina dikkat
edilmigtir. Celikler nem kaybinin olmamasi i¢in nemli
bezlere sarilarak, gélge bir ortama transfer edilmistir.
Alman c¢elikler 15-20 cm boyunda olacak sekilde
hazirlanmis ve ¢eligin en ugtaki bir veya iki yaprak
¢ifti hari¢ diger yapraklar kesilerek uzaklagtirilmigir.
Hazirlanan c¢elikler iki gruba ayrilarak, yarisina
herhangi bir uygulama yapilmamis (kontrol grubu),
diger yarisina ise 4000 ppm indol 3-butirik asit (IBA)
uygulamasi yapilmigtir. IBA dozunun se¢iminde
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Pirlak  (1997b)1in  kizilekta yesil ve yari-odun
celiklerini kullanarak yaptigi1 c¢alismanin sonuglari
dikkate alinmigtir. Uygulama yapilan celikler 2/3lik

kismi1 koéklendirme ortaminda kalacak sekilde
koklendirme tavalarina dikilmistir. Koéklendirme
ortami1 olarak iri tarim perliti (0.0-0.5 mm)

kullanilmigtir. Koéklendirme ortaminin nem igerigi
%85-90 ve sicakhigr ise 18-20°C olacak gekilde
ayarlanmigtir. Kéklendirme ortaminin nem igeriginin
saglanmas i¢in mistleme tinitesi kullanilmigtir.

Calisma tesaduf parselleri deneme desenine gore 4
tekerrirli ve her tekerrirde 15 bitki olacak sekilde
planlanmigtir.  Koklendirme  ortamina  dikilen
celiklerde 5 hafta sonra sokiim iglemi gergeklestirilmig
ve kéklenme orani, kalliislenme orani, en uzun ve en
kisa kok boyu, kok dallanmasi, yasayan ¢elik orani ve
koklenme kalitesi 6zellikleri belirlenmigtir.

Koklenme orani (%): Koklenen celiklerin sayilarak,
tiim celiklere oranlamasi ile belirlenmistir (Kalyoncu,
1996; Kalyoncu ve ark., 2008).

Kalliislenme orani (%): Kalliislenmenin gerceklestigi
celiklerde gozlem yolu ile belirlenmis ve % olarak ifade
edilmistir (Kalyoncu, 1996; Kalyoncu ve ark., 2008).

En uzun (mm) ve en kisa kok boyu (mm): Koklenen
celiklerde en uzun ve en kisa kok boyu 0.01 mm’ye
duyarh dijital kumpas (Mitutoyo, Japonya) yardimiyla
olciilmiistiir (Kalyoncu, 1996; Kalyoncu ve ark., 2008).

Kok dallanmas:i (adet celik'): Kok dallanmasi
meydana gelen  c¢eliklerde sayim  yapilarak
belirlenmistir (Kalyoncu, 1996; Kalyoncu ve ark.,
2008).

Yasayan celik orani (%): Incelenen kizleik cesit ve
genotiplerinde 6lu celiklerin sayisinin yasayan celik
sayisina oranlanmasiyla tespit edilmistir (Kalyoncu,
1996; Kalyoncu ve ark., 2008).

Koklenme kalitesi: Kéklenen geliklerde 1-3 skalasina
(1-zayif, 2-orta, 3-iyi) goére degerlendirme yapilarak
belirlenmistir (Pirlak, 1997b).

Istatistiksel analiz

Incelenen kizileik ¢esit ve genotipleri arasinda
koklenme o6zellikleri bakimindan goriilen farklihiklar
Tukey coklu karsilagtirma yontemi kullanmilarak, %5
onem seviyesinde belirlenmistir. % olarak ifade edilen
ozelliklere ait degerlerin istatistiksel analizinde ag1
transformasyonu uygulanmisgtir. Istatistiksel analizler

icin  Minitab 17 istatistik paket program
kullanilmigtar.

BULGULAR ve TARTISMA

Koklenme Orani (%)

Koklenme orani1 bakimindan IBA uygulanmis kizileik
cesit ve genotipleri arasinda istatistiksel olarak 6nemli
farkhilhiklar (p<0.05) belirlenirken, herhangi bir
uygulamanin yapilmadigi kontrol konusunda ise
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koklenmenin olmadig gbrilmustur. IBA
uygulamasinda kéklenme orani %0.0 (21 nolu genotip)
ile %40.0 (25 nolu genotip) arasinda degisiklik
gostermistir. Bunun yani1 sira IBA uygulamasinda
koklenme orani bakimindan 25 nolu genotip ve 44-05
nolu genotip ile Erolbey-77 ¢esidi ve 22 nolu genotip ile
24 nolu genotip istatistiksel olarak ayni grupta yer
almistir (Cizelge 1). Pirlak (1997b) farkh kizileik
genotiplerine ait yari odun g¢elikleri ile yaptigi
¢alismada koklenme oraninin genotiplere bagl olarak
degisiklik gosterdigini ve kontrol uygulamasina
kiyasla (%0.0-5.0) en iyi koklenmenin 4000 ppm IBA
uygulamasinda (%30-60) oldugunu belirlemistir. Yine
kiziletk  yari-odun ¢elikleri kullanilarak yapilan
¢ogaltma c¢alismalarinda benzer sonuglar rapor
edilmistir (Yavas, 2000; Yavuz, 2015). Mevcut
calismada da koklenme orani lizerine genotipin ve
hormon uygulamasinin énemli bir etkisinin oldugu
belirlenmigtir. Bunun yam sira 25, 44-05 genotipleri
ile  Erolbey-77 ¢esidinin  koklenme  oraninin
arastiricilarin bulgular: ile benzerlik gosterdigi, diger
genotiplerin ise koklenme oraminin disik oldugu
tespit edilmigtir. Goriilen farkliliklarin genetik
yapidan (Hartmann ve ark., 2011) ve celiklerin bitki
iizerinden alindignr yerden (Yildiz ve ark., 2009)
kaynaklanabilecegi  ifade  edilebilir. Nitekim,
celiklerde kok olusumu tuzerine genetik yapinin,
hormanlarin, depo maddelerinin (Hartmann ve ark.,
2011; Azad ve ark., 2016) sicaklik, nem, 1sik,
koklendirme ortami (Agaoglu ve ark., 2019), celik alma
zamani, ¢elik yas1 ve geligin bitki tizerinden alindigi
yerin 6nemli bir etkisi bulunmaktadir (Yildiz ve ark.,
2009).

Kok Sayis: (adet gelik'1)

Kok sayisi, celiklerde koklenme kalitesi ve sonraki
asamada fidan kalitesini etkileyen 6nemli bir 6zelliktir
(Yildiz ve ark., 2009). Celiklerde kok sayisi iizerine
genetik yapi, celik yas1 (Azad ve Matin, 2015) ve
hormonlar (Cristofori ve ark., 2010) etki etmektedir.

Incelenen kizileik gesit ve genotiplerinde kék sayist
bakimindan yalmizca IBA wuygulamasinda o6nemli
farkhihklar  (p<0.05)  tespit  edilmistir. IBA
uygulamasinda kok sayis1 0.0 adet celik! (21 nolu
genotip) ile 1.93 adet celik? (Erolbey-77) arasinda
belirlenmigtir. 25 nolu genotip ve 44-05 nolu genotip
kék sayis1  bakimindan Erolbey-77 cesidi ile
istatistiksel olarak benzer grupta yer almistir (Cizelge
1). Kok sayisim1 Yavas (2000) kizilak yari-odun
geliklerinde kontrol grubunda 52.80 adet ¢elik! ve
3500 ppm IBA uygulamasinda ise 135.20 adet ¢elik!
olarak belirlemistir. Bunun yam sira kizilcikta yesil
¢elik kullanilarak yapilan c¢alismalarda kok sayinin
genetik yapiya bagh olarak degistigi (Balta ve ark.,
2019) ve kok sayisi tizerine IBA uygulamasinin 6nemli
bir etkisinin oldugu bildirilmistir (Kalyoncu ve Ecevit,
1995; Kalyoncu ve ark., 2008; Balta ve ark., 2019).
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Calismada da kok sayis1 tlizerine genetik yapinin ve

hormon

uygulamasinin
belirlenmisgtir.

6nemli bir
Aragtiricilarin

etkisi

bulgular ile

kiyaslandiginda incelenen genotiplere ait kok sayisi

degerlerinin diisiik oldugu tespit edilmigtir. Yurutilen
caligmalarda dikkate alindiginda bu durumun genetik
yapidaki farkhiliklardan (Azad ve Matin, 2015)
kaynakli olabilecegi diiginilmektedir.

Cizelge 1. Kizilcik genotiplerinin kéklenme orani (%) ve kék sayis1 (adet celik™)
Table 1. Rooting ratio (%) and number of root of (number cutting!) cornelian cherry genotypes

. Koklenme Oram (%) Kok Sayisi (adet gelik™l)

(C;‘r;enof;lpler Rooting Ratio (%) Number of Roots (number cutting?)

crotypes Kontrol 4000 ppm Kontrol 4000 ppm
21 0+0.0 0.0+0.0 ¢ 0+0.0 0.0+£0.0 ¢
22 0+0.0 13.33£1.53 b 0+0.0 0.73£0.29 ab
24 0+0.0 6.67+2.08 b 0+0.0 0.20£0.13 b
25 0+0.0 40.00+6.24 a 0+0.0 0.80+0.13 ab
44-05 0+0.0 33.331£8.14 a 0+0.0 1.33+0.57 ab
Erolbey-77 0£0.0 33.33+6.11 a 0£0.0 1.93+£0.90 a

Aym siitiinda ayn1 harf ile gosterilen ortalamalar arasindaki farklilik 6nemsizdir (p<0.05)

Kalliisslenme Orani (%)

Kalliislenme orani celiklerde koklenme orani etkileyen
onemli bir o&zelliktir (Kalyoncu ve ark., 2008).
Incelenen kizileik cesit ve genotiplerinde kalliislenme
orani bakimindan o6nemli farkliliklar belirlenmigtir
(p<0.05). Kalliislenme orami kontrol grubunda %40.0
(44-05) ile %100 (24) arasinda tespit edilmistir. 24 nolu
genotipin diger genotiplere kiyasla belirgin bir sekilde
daha yuksek kallislenme oranina sahip oldugu
belirlenmigtir. IBA uygulamasinda ise kalliislenme
oran1  %33.3 (44-05) ile %86.6 (22) arasinda
belirlenmigtir. 22 nolu genotip diger genotiplere gore
onemli derecede daha yiiksek kallislenme oranina
sahip olmustur (Cizelge 2).

Kizilcik ile yapilan ¢ogaltma galismalarinda genotipe

bagli olarak kallislenme oraninin 6nemli olgiide
degistigi (Pirlak, 1997b; Yavuz, 2015) ve kontrol grubu
geliklerinde kalliislenme oraninin IBA uygulanmisg
celiklere gore daha yiksek oldugu belirlenmistir
(Kalyoncu ve ark., 2008; Balta ve ark., 2019). Nitekim,
Markovic ve ark., (2013) kizilcik yari-odun celiklerinde
kallislenme oranini kontrol uygulamasinda %73.3
olarak belirlerken, IBA uygulamasinda ise %33.3
olarak tespit etmiglerdir. Mevcut calismada da
kallislenme orani bakimindan genotipler arasinda
onemli farkhliklarin oldugu ve IBA uygulanmis
geliklerde kalliislenme oraninin kontrol ¢eliklerine
gore daha dusik oldugu belirlenmistir. Bu durum,
hormon uygulamasinin geliklerde kallis olusumunu
azaltmas1 ve buna bagh olarak kok olusumunu
arttirmas ile iligkili olabilir (Kalyoncu, 1996).

Cizelge 2. Kizilcik genotiplerinin kalluslenme ve yasayan celik orani (%)
Table 2. Callus and survival cutting ratio (%) of cornelian cherry genotypes

Kalluslenme Orani (%)

Yasayan Celik Orani (%)

(22231;11)12; Callus Ratio (%) Survival Cutting Ratio (%)
yP Kontrol 4000 ppm Kontrol 4000 ppm

21 80+5.0 b 53.3+6.81 bc 100+0.0 100+0.0
22 60+4.36 ¢ 86.6+6.11 a 100+0.0 100+0.0
24 100+0.0 a 53.3+£5.51 be 100+0.0 100+0.0
25 80+4.58 b 66.6+£3.21 ab 100+0.0 100+0.0
44-05 40+£9.54 d 33.3£10.02 ¢ 100+0.0 100+0.0
Erolbey-77 60+7.0 c 46.6+12.86 be 100+0.0 100+0.0

Aymni siitiinda aym harf ile gosterilen ortalamalar arasindaki farklilik istatistiksel olarak énemsizdir (p<0.05)

Yasayan Celik Orani (%)

Yasayan ¢elik orani tzerine celiklerde bulunan dogal
oksin icerigi (Baul ve ark., 2010) ve kalliis olusumu
etki etmektedir (Kalyoncu, 1996). Bunun yami sira
ozellikle yesil ve yari-odun celikleri kullanilarak
yapilan c¢ogaltma c¢alismalarinda ortam neminde
meydana gelebilecek nem kayiplarinin minimum
dizeyde tutulmasi1 yasayan g¢elik oraninin yiiksek
olmas1 agisindan énemli oldugu ifade edilmektedir
(Kamaluddin ve Ali, 1996).
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Mevcut ¢alismada yasayan ¢elik oran1 bakimindan her
iki uygulamada da incelenen kizileik genotipleri
arasindaki farklihk 6énemsiz bulunmustur (p>0.05).
Incelenen kizilcik gesit ve genotiplerinde yasayan celik
orani1 hem kontrol grubunda hem de IBA
uygulamasinda %100 olarak belirlenmistir (Cizelge 2).
Pirlak (1997b) yasayan celik orani {izerine hormon
uygulamasinin etkili oldugunu ve genotipe bagh
olarak yasayan ¢elik oraninmin farklhilik gosterdigini
bildirirken, farkli arastiricilar kizileikta yasayan celik
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orani Uzerine hormon uygulamasinin o6nemli bir
etkisinin olmadiginm1 ve tim uygulamalarda yasayan
celik  oranimin %100 oldugunu bildirilmiglerdir
(Kalyoncu ve ark., 2008; Balta ve ark., 2019). Nitekim
mevcut calismada da yasayan ¢elik orani ilizerine
genotipin ve hormon uygulamasinin 6nemli bir
etkisinin olmadig: tespit edilmigtir.

En Uzun ve En Kisa Kék Boyu (mm)

Kok uzunlugu, koklenen celiklerde koéklenme
kalitesinin belirlenmemesinde kullanilan énemli bir
ozelliktir (Yildiz ve ark., 2009). Incelenen kizileik gesit
ve genotiplerinde en uzun kék boyu ve en kisa kok boyu
bakimindan yalmizca IBA uygulamasinda oénemli
farklihklar  (p<0.05)  tespit edilmistir.  IBA
uygulamasinda en uzun kék boyu 0.0 mm (21 nolu
genotip) ile 3.86 mm (25 nolu genotip) arasinda
Olculmistir. En uzun kék boyu bakimindan 25 nolu
genotip ile Erolbey-77 cesidi, 22 nolu genotip ve 24
nolu genotip ile 44-05 nolu genotip istatistiksel olarak

(Erolbey-77) arasinda ol¢iilmiistiir. En kisa kék boyu
bakimindan en yiiksek degere sahip Erolbey-77 ¢esidi
ile 25 nolu genotip ve 44-05 nolu genotip istatistiksel
olarak benzer grupta yer almistir (Cizelge 3).

Yavuz (2015) kizileikta  yariodun  celiklerini
kullanarak yurittigi calismada kok uzunlugunun
genotipe bagh olarak degisiklik gosterdigini ve kok
uzunlugunun kontrol uygulamasinda 2.48-4.10 mm,
3500 ppm IBA uygulamasinda ise 8.50-14.00 mm
arasinda degistigini belirlemistir. Yine kizilcik ile
yapilan farkli ¢aligmalarda koék uzunlugu tuzerine
hormon uygulamasimnin (Pirlak, 1997b; Markovic ve
ark., 2013) o6nemli bir etkisinin oldugu ve kok
uzunlugunun genetik yapiya (Balta ve ark., 2019)
bagli olarak degistigi rapor edilmistir. Mevcut
calismada da benzer sonucglar elde edilirken, kok
uzunluguna ait degerlerin ise arastiricilarin
bulgularindan dusiik oldugu belirlenmigtir. Bu
durumun genetik yap1 (Balta ve ark., 2019) ve
celiklerde bulunan dogal oksin miktar1 (Husen ve Pal,

ayni grupta yer almistir. IBA uygulamasinda en kisa 2006; Baul ve ark., 2010) ile iligkili oldugu
kok boyu 0.0 mm (21 nolu genotip) ile 1.27 mm diistiniilmektedir.
Cizelge 3. Kizilcik genotiplerinin en uzun ve en kisa kék boyu (mm)
Table 3. Longest and shortest root lenght (mm) of cornelian cherry genotypes
Genotipler En Uzun Kék Boyu (mm) En Kisa Kok Boyu (mm)
Genotypes Longest Root Lenght (mm) Shortest Root Lenght (mm)
Kontrol 4000 ppm Kontrol 4000 ppm
21 0+0.0 0.0£0.0 c 0+0.0 0.0£0.0 ¢
22 0+0.0 0.77+0.14 b 0+0.0 0.37+0.18 ab
24 0+0.0 0.20+0.09 b 0+0.0 0.13+0.13 b
25 0+0.0 3.86+0.52 a 0+0.0 1.15+0.49 ab
44-05 0+0.0 1.29+0.34 b 0+0.0 0.61+0.33 ab
Erolbey-77 0£0.0 3.15+0.93 a 0+0.0 1.27£0.64 a
Aymi siitiinda ayn1 harf ile gosterilen ortalamalar arasindaki farklilik istatistiksel olarak énemsizdir (p<0.05)
Koklenme Kalitesi farkhiliklar tespit edilmistir (p<0.05). Incelenen

Koklenme kalitesi kok olusumunun meydana geldigi
celiklerin fidan kalitesini etkileyen Onemli bir
ozelliktir (Yildiz ve ark., 2009). Koklenme kalitesi
bakimindan incelenen kizilcik cesit ve genotipleri
arasinda yalnizca IBA uygulamasinda &nemli

kizileik ¢esit ve genotiplerinde kéklenme kalitesi 0.0
(21 nolu genotip) ile 0.35 (25 nolu genotip) arasinda
belirlenmigtir. Kéklenme kalitesi bakimindan 25 nolu
genotip ve 44-05 nolu genotip Erolbey-77 cesidi ile
istatistiksel olarak ayni grupta yer almistir (Cizelge 4).

Cizelge 4. Kizileik genotiplerinin koklenme kalitesi ve kok dallanmasi
Table 4. Rooting quality and root branching of cornelian cherry genotypes

Koklenme Kalitesi (1-3 skalasy)

Kok Dallanmasi (adet gelik)

gzzz?plgz Rooting Quality (1-3 scale) Root Branching (number cutting™?)
JP Kontrol 4000 ppm Kontrol 4000 ppm
21 0+0.0 0+0.0d 0+0.0 0+0.0
22 0+0.0 0.13+0.10 be 0+0.0 0+0.0
24 0+0.0 0.06+0.03 c 0+0.0 0+0.0
25 0+0.0 0.35+0.05 a 0+0.0 0+0.0
44-05 0+0.0 0.26+0.04 ab 0+0.0 0+0.0
Erolbey-77 0+0.0 0.33+£0.03 a 0£0.0 0£0.0

Ayni siitiinda aym harf ile gosterilen ortalamalar arasindaki farklilik istatistiksel olarak énemsizdir (p<0.05)

Pirlak (1997b) kizilakta koklenme kalitesi {izerine
hormon uygulamasinin énemli bir etkisinin oldugunu
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ve uygulanan hormon dozu arttikca koklenme
kalitesinin de arttigini bildirmigtir. Benzer sekilde
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Balta ve ark. (2019) kizileikta koklenme kalitesinin
hormon uygulamas: ile arttigini ve genotipe bagh
olarak o6nemli 6l¢iide degisiklik gosterdigini tespit
etmiglerdir. Nitekim arastiricilar farklh kizileik
genotiplerinde koklenme kalitesini kontrol
uygulamasinda %0.0-0.5 arasinda belirlerken, hormon
uygulamasinda 1.56-3.00 arasinda belirlemiglerdir
(Pirlak, 1997b; Balta ve ark., 2019). Mevcut calismada
da benzer sonuglar elde edilirken, kéklenme kalitesine
ait degerlerin ise arastiricilarin bulgularindan disiik
oldugu tespit edilmistir. Bu durumun genetik yapidaki
farkliliklardan kaynakli olabilecegi ifade edilebilir.

Kok Dallanmas:

Incelenen kiziletk cesit ve genotiplerinde kok
dallanmas: meydana gelmemistir (Cizelge 4). Kizilaik
yari-odun c¢eliklerinde kok dallanmasini, Pirlak
(1997b)  farklh kiziletk  genotiplerinde  kontrol
uygulamasinda 0-2 adet ve 4000 ppm IBA
uygulamasinda 15-17 adet; Markovic ve ark. (2013)
kontrol grubunda 5.5 adet, %1’lik IBA uygulamasinda
ise 6.5 adet olarak belirlemigtir. Bunun yani sira farkl
arastiricilar kizileikta yesil celik ile yapilan ¢ogaltma
calismalarinda koék  dallanmasinin  olmadigin
bildirmislerdir (Kalyoncu ve ark., 2008; Balta ve ark.,
2019). Benzer sekilde mevcut calismada da incelenen
kizilcik genotiplerinde kok dallanmasinin olmadig
belirlenmigtir. Gorilen farkliliklarin genetik yapidan
kaynakli olabilecegi ifade edilebilir.

SONUC

Farkl kizilcik genotipleri ve Erolbey-77 ¢esidinin yar1-
odun celikleri ile ¢ogaltilma olanaklarinin arastirildig:
calismada, kizileigin celik ile cogaltilmasi {izerine
hormon uygulamasinin 6nemli bir etkisinin oldugu ve
koklenme ozelliklerinin genetik yapiya bagh olarak
onemli ol¢ide degisiklik gosterdigi belirlenmigtir.
Koklenme orani, koklenme kalitesi ve diger kéklenme
ozellikleri bakimindan 25 nolu genotip diger
genotiplere ve Erolbey-77 cesidine goére daha iyi
sonuclar vermistir. Genel olarak degerlendirildiginde
incelenen kizilcik gesit ve genotiplerinin yari-odun
celikleri ile ¢ogaltilma olanaklarinin sinirh oldugu, bu
nedenle incelenen genotiplerden farkli dénemlerde
alinacak celiklerin kéklenme orani ve kalitesi lizerine
olumlu bir etkisinin olabilecegi diistiniilmektedir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye egit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Besni tiztim ¢esidi Giineydogu Anadolu Bélgesi'nde yetistirilen beyaz
renkli ve cekirdekli kurutmalik bir tizim g¢esididir. Bu ¢alisma ile
Kahramanmaras ili Pazarcik Ilgesinde tiretimi yapilan Besni tiziim
cesidinin pomolojik 6zellikleri, toplam fenolik madde miktar1 ve
antioksidan kapasite gibi o6zellikler arastirilmigtir. Bu survey
calismasinda Akcalar, Kizirli ve Yumaklicerit koylerindeki 12 farkh
liziim bagindan ve bu baglarda bulunan farkli omcalardan salkim
ornekleri alinmigtir. Salkim ve tane 06zellikleri ile tizim sirasinda
SCKM (suda ¢oziiniir kuru madde miktary), titrasyon asitligi, pH
degerleri belirlenmistir. Ayrica tizim 6rneklerinde renk 6lger cihazi
ile L*, a*, b*, Chroma ve Hue agis1 degerleri kaydedilerek tane kabuk
rengi belirlenmistir.

ABSTRACT

Besni grape variety i1s a white seeded and dryable grape grown in the
Southeastern Anatoia Region. In this study, the pomological
properties such as total phenol compound content and antioxidant
capacity of (Pazarcik District of Kahramanmaras province produced)
this variety were investigated. In this research, different cluster
samples were collected from 12 different vineyards of Akcalar, Kizirli
and Yumaklicerit villages. For this purpose, TSS (total soluble solids),
titration acidity, pH levels were determined in grape cluster, berry
properties and grape must. Additionally, berry skin color was
determined with the color meter by recording L*, a*, b*, Chroma and

Arastirma Makalesi

Makale Tarihgesi
Gelig Tarthi  :7.07.2020
Kabul Tarihi :1.03.2021

Anahtar Kelimeler
Besni

Tane Kabuk Rengi
Toplam Fenolik Madde
Antioksidan Aktivitesi
Kurutmalik Uztim

Investigation of Pomological and Some Phytochemical Properties of Besni Grape Variety

Research Article

Article History
Received
Accepted

$17.07.2020
©1.03.2021

Keywords

Besni

Berry Skin Color

Total Phenol Compound
Antioxidant Activity

Hue angle values in the grape samples.

Dried Grapes

Ataf I¢in: Balbaba N, Bage1 S 2021. Besni Uziim Cegidinin Salkim, Tane ve Baz Fitokimyasal Ozelliklerinin Incelenmesi. KSU
Tarim ve Doga Derg. 24 (4): 784-794. DOI: 10.18016/ksutarimdoga.vi.765359.

To Cite : Balbaba N, Bagc1 S 2021. Investigation of Pomological and Some Phytochemical Properties of Besni Grape Variety.
KSU J. Agric Nat 24 (4): 784-794. DOI: 10.18016/ksutarimdoga.vi.765359

GIRIS

Bagcilik i¢in yerkiirenin en elverigli iklim kusagi
izerinde yer alan ilkemiz asmanin gen merkezi
olmasinin yani sira, son derece eski ve kokli bir
bagcilik kultirine de sahiptir. Anadolu’da bagcilik
kiltirinin tarihi oldukga eskidir. Yapilan arkeolojik
kazilardan, Anadolu’da bageilik kiiltiiriiniin M.O. 3500
yillarina dayandigi saptanmistir (Celik, 1998). Tarih
oncesi c¢aglarda kiltire alinan asma ve bagcilik
kiltird, dogu ve bati medeniyetlerinin sosyal ve
ekonomik yapisi i¢inde her dénemde 6nemli bir yer
tutmustur (Celik ve ark., 1998). Ulkemizin Diinya
tuzerindeki cografi konumu ve ekolojik faktorlerin
elverigli olmasi nedeniyle bagcilik, yurdumuzda uygun
kogullara sahip olan tarimsal ugrasilardan birini
olugturmaktadir. Iklim farkhliklarina bagh olarak
uygun yetistirme teknikleri gelismis, tiiketim ve

degerlendirme sekilleri artmigtir (Celik, 1998).

Turkiye’de 2019 yili itibariyle 4.054.387 dekar alanda
2.050.000 ton sofralik, 1.599.000 ton kurutmalik,
451.000 ton saraplhik tGzim olmak kaydiyla toplam
4.100.000 ton izim iretimi yapilmistir.
Kahramanmarag ilinde, 139.748 dekar bag alaninda
50.630 ton cekirdekli sofralik, 753 ton cekirdeksiz
sofralik, 18.096 ton ¢ekirdekli kurutmalik olmak tizere
toplam 69.479 ton {iziim iiretilmistir (Tiiik, 2020).

Sekil 1 ve Sekil 2’de goruldiugi tizere Kahramanmarag
ili  kurutmahk tzim dretim miktarn1 Turkiye
kurutmalik tzim uretim miktarmin % 1.18ine
karsilik gelmektedir (Tiik, 2020).

Kahramanmarag ilinin Dulkadiroglu,
Pazarcik ve  Tirkoglu ilgelerinde
kurutmalik tzim tretimi yapilmaktadir.

Onikigubat,
cekirdekli
Sekil 3’de
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gortildigiu gibi Pazarcik ilgesi kurutmalik tzim
turetimi bakimindan diger ilgelere gore daha yuksek

uretim duzeyi
2020).

ile ilk sirada yer almaktadir (Tiiik,

Tirkiye kurutmalik iiziim alan ve liretim miktar:
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Sekil 1: Turkiye kurutmalik tizim Gretim alan ve Gretim miktar:
Figure 1. Turkey dried grape production area and production quantity

Kahramanmarag ili kurutmalik tiziim alan ve
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Sekil 2: Kahramanmaras ili kurutmalik tiziim Gretim alan ve tretim degeri
Figure 2. Kahramanmaras province dried grape production area and production value
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Sekil 3. Kahramanmaras ili ilgelerinde kurutmalik iziim tiretim miktar:
Figure 3. The amount of dried grape production in Kahramanmaras province districts

Calismaya konu olan Besni lzum  ¢esidi
Kahramanmarag ili Pazarcik ilgesinde yogun olarak
tiretilmektedir.  Ilcede  bulunan  Yumaklicerit-
Tagdemir-Kizirli-Akgalar kéyleri tiretim bakimindan
ust sirada yer almaktadir. Pazarcik Havzas1 Akdeniz

785

ve Giineydogu Anadolu Boélgesi iklim 6zelliklerinin
etkisi altinda kalmaktadir. Havzanin rakimi 700-1200
m arasinda degismektedir. Havzanin en 6nemli ¢esidi
Besni (Peygamber iiziimii) olup iilkemizin en kaliteli
beyaz c¢ekirdekli kuru tizim tretiminde ilk sirada yer
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almaktadar. 1slahiye Karas1 tiziim ¢esidi 1se havzanin
onemli siyah kurutmalik Gzim c¢esidi olarak
degerlendirilmektedir.

Yaz aylarinda taze, kig aylarinda ise kurutulmus
olarak tiiketilen Besni (Peygamber iiziimii) cesidi;
fenolik madde, flavonoid, antosiyanin ve resveratrol
gibi insan saghig1 uzerine fonksiyonel 6éneme sahip
fitokimyasallar: icermektedir (Kavaz ve ark.,2016).

CIE (International Commission on Illumination) Lab
renk sistemine gore renk koordinatlar1 (L*, a*, b*)
meyvelerde bir renk 6lger cihaziyla belirlenmektedir.
L* degeri O ile 100 arasinda bir deger olarak siyah
renkten beyaza dogru olan parlakligi belirtmektedir.
Yatay eksende pozitif a* degeri kirmizi mor; negatif a*
degeri ise mavimsi-yesil rengi ifade etmektedir. Dikey
eksende pozitif b* degeri sar1 rengi, negatif b* degeri
ise mavi rengi ifade etmektedir (McGuire,1992) (Sekil
4).

Y

"~
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ORANGE

GREENISM VILLOW -
>
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Sekil 4. CIE renk koordinatlar: (a* ,b* ve hue acis1)
Figure 4. CIE color coordinates (a *, b * and hue angle)
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Fitokimyasallar; karotenoidler, alkoloidler, azot iceren
fitokimyasallar, stlfur iceren fitokimyasallar ve
fenolik bilesikler olarak 5 ana gruba ayrilir. Son
yillarda fitokimyasallar fonksiyonel gida ve nutrasétik
olarak isimlendirilir. (Yahia, 2017).

Uztimler; fenolik bilegikler, pigmentler ve askorbik
asit igeren zengin fitokimyasallar igerir. Sekonder
metabolit olan fenolik bilegikler bocek ve hayvan
zararina karsi bitkiyi korurlar. Fenolik bilegikler,
flavonoidleri (antosiyaninler, flavan-3-ollar,
flavonollar, flavonlar ve flavononlar) ve flavonoid
olmayanlar1 (hidroksibenzoik ve hidroksisinamik
asitler, stilbenler) kapsar. Fenolik bilesiklerin bir
kismi acilik ve burukluk gibi iki 6nemli tat unsurunun
olusmasinda bir kismi da sari, kirmizi, mor ve mavi
gibi  renklerin olugmasini saglar. Antioksidan
maddeler serbest radikallerin neden oldugu
reaksiyonu durdurarak, oksidasyonun tegvik ettigi
zararlanmay engeller. Fenolik bilegikler; kanser, kalp
damar hastaliklar1, katarakt, diyabet ve alzhemier
hastaligi ile yaglanmaya kars1 olumlu etkiye sahiptir.
Ayrica fenolik maddelerin gbéz hastaliklarim
engelledigi ve yaslanmayr geciktirdigi ifade
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edilmektedir (Nizamlioglu ve Nas 2010, Yahia, 2017).
Fenolik Dbilegiklerin besin degeri ve antioksidan
aktivite kapasitesi yluksektir. Taze tizimler ve tzim
suyu milkemmel bir antioksidan kaynagidir.
Uztmlerde bulunan fenolik bilegiklerin tipleri ve
diizeyi insan saghginda 6nemli rol oynar. Uziimde
toplam fenolik bilegiklerin miktariyla dogrudan
baglantili olan antioksidan aktivite; antifungal,
trombosit agregasyonu ile LDL (diisiik yogunluklu
lipoprotein)’yi énleyici etkiye sahiptir. Ayrica fenolik
bilesiklerin  antimikrobiyal aktivite, antitoksik,
antienflamatuar ve antioksidan gilici nedeniyle
sagliga oldukca yararl oldugu bilinmektedir (Yahia,
2017).

Bu caligma ile, Kahramanmaras ili Pazarcik Ilcesinde
yogun olarak uretimi yapilan ve kurutmalik olarak
degerlendirilen Besni tiziim ¢esidinin; salkim agirhig,
salkim boyu, salkim eni, tane boyu, tane eni, tane
agirligl, tanede bulunan cekirdek sayisi, SCKM (suda
coziinebilir kuru madde miktar), pH ile titrasyon
asitligi, tane kabuk rengi (L*, a*, b*, Chroma ve Hue
acis1 degerleri) gibi pomolojik 6zellikleri ile toplam
fenolik madde miktar: ve antioksidan aktivite diizeyi
belirlenmigtir.

MATERYAL ve YONTEM
Materyal

Besni (Peygamber iiziimi): Salkim formu konik ve
dolgun, 400-500 g salkim agirlig1 olan, tane sekli uzun
eliptik, tane iriligi 7-8 g, kabuk rengi yesil- sari,
cekirdek sayis1 1-4, tadi noétral, orta mevsimde
olgunlasan ve kurutmalik olarak degerlendirilen bir
cesittir (Celik 2006). Besni iiziim cesidi 6rnekleri
Pazarcik havzasinin, farkli kdéylerindeki tretici
baglarindan 29 Agustos 2018 tarihinde hasat edilerek
toplanmagtir. 29 Agustos 2018 tarithinde SCKM dizeyi
% 16'dan daha yiiksek degerde olunca derim
yapilmigtir. Turk Standartlarn Enstitisi, TS101
Sofralik Gziim standardina gore cekirdekli gesitlerde
(SCKM) suda c¢oziinebilir kuru madde degerinin en az
% 13 olmasi gerektigini bildirmektedir.

Bu survey c¢alismasinda Akgalar, Kizirli ve
Yumaklicerit koylerinde 12 farkli tizim bagindan ve
bu baglarda bulunan farkli omecalardan salkim
ornekleri alinmigtir. Bu ti¢ farklh lokasyonda bulunan
baglarin toprak pH diizeyi 8den yukar: olarak alkali
diizeydedir. Akgalar ve Kizirli'de bulunan baglarin
toprak yapisi kirecgli, Yumaklicerit bag alanlar1 tinl-
killi yapidadir. Ak¢alar kéyi bag alanlar1 Gliney dogu
ile Glney yoneyinde, % 10-20 egimli arazide; Kizirli
bag alanlar1 kuzey ve kuzey bat1 yoneyinde, % 10-15
egimli arazide; Yumaklicerit bag alanlar1 diiz arazide
kurulmustur.

Calisma igin O6rnek alinan baglarda ortalama omca
yasi 15-20 yas arasinda, yoresel olarak serpene olarak
isimlendirilen terbiye sekillerinden olugsmakta ve bu
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omcalar yerli fidan olup dikim 3*3 m

seklindedir.

siklig1

Her bagdan alinan ornekler, 6rnek kodu 1’den
baslamak tizere siralandirilmigtir. Ilk 4 6rnek Akcalar
koytnden, 5, 6, 7, 8 no’lu 6rnekler Kizirli, 9, 10, 11 ve
12 numarali 6rnekler Yumaklicerit koylerinden elde
edilmistir. Orneklerin elde edildigi koylere ait rakim
ve koordinat bilgileri Cizelge 1’de verilmigtir.

Cizelge 1. Besni bag alanlarinin rakim ve koordinat bilgileri
Table 1. Altitude and coordinate information of vineyard
areas of Besni

Ornek Kodu Rakim (m) Koordinat

Sample Code  Altitude Coordinate

1 987 37031'55.62"K-37027'05.66" D
2 947 37031'33.95"K-37027'27.29" D
3 935 37032'32.78"K-37926'09.64" D
4 870 37030'37.48"K- 37°30'04.90"D
5 1005 37032'10.56"K- 37028'32.76"D
6 970 37032'25.19"K- 37029'11.47"D
7 946 37032'02.82"K- 37028'42.78"D
8 1054 37932'23.51"K- 37028'16.74"D
9 1019 37934'43.42"K- 37°31'57.66"D
10 963 37934'50.53"K- 37°32'36.59"D
11 1031 37934'25.63"K- 37031'37.12" D
12 998 37934'11.38"K- 36°31'47.01"D

Yoéntem

Pomolojik analiz

Salkim agirhg (g): Havzayr temsil edecek sekilde
uzium baglarindaki farkli omcalardan tesadiifi olarak
salkim ornekleri alinmigtir. 3 tekerrirli ve her
tekerrirde 10 adet salkim 6rnegi tartilarak ortalamasi
alinmigtir. Salkim boyu (ecm) ve Salkim eni (cm):
Salkim boyu ve salkim eni 6lgiilmustir. Tane boyu
(mm) ve Tane eni (mm): Salkim &érneklerinin farkh
kisimlarindan alinan tanelerde dijital kumpas ile
olclilmiistiir. Tane agirhg (g): Hassas terazide
kaydedilmistir. Tanede bulunan gekirdek sayis1 (n):
Tane orneklerindeki g¢ekirdek sayisi kaydedilmistir.
SCKM (suda ¢oziinebilir kuru madde miktary) (%):
Uziim swrasinda refraktometre ile kaydedilmistir.
Titrasyon asitligi (%): Uztim 6rneklerinde 0.1 N NaOH
kullanilarak titrasyon yontemiyle belirlenmigtir. pH:
pH metre ile 6lgilmisgtiir.

Tane Kabuk Rengi Analizi

Tane kabuk rengi, ¢ tekerrirli olarak ve her
tekerriirde 5 adet Gizim tanesinin 2 farkl bélgesinde
renk olger cihazi (Hunter-lab, ColorFlex) ile
olciilmiistir. CIE (International Commission on
Illumination) Lab renk sistemine goére L*, a* ve b*
degerleri olcilmiistiir (McGuire,1992). L* degeri
parlakligi, +a* degeri kirmizi rengi —a* degeri yesili,
+b* degeri sar1 rengi ve —b* degeri mavi renk araligini
belirtir (Piccardo ve ark., 2019). Hue renk tonu acisini,
Chroma renk yogunlugunu ifade etmektedir. CIE Lab

787

renk koordinat sistemine goére; 0° kirmizi-mor rengi,
900 sari, 180° mavi- yesil, 2709 mavi rengi
tanimlamaktadir.

Hue agis1, Esitlik 1’deki gibi belirlenir.

Esitlik 1: ho= arctan(b*/a*) (McGuire, 1992).

Renk doygunlugu olan Chroma degeri ise, Esitlik
2’deki gibi hesaplanir.

Esitlik 2: Chroma = (a*2+b*2) 1/2
Belafi-Bako ve Nemestothy, 2017).

(McGuire,1992;

Toplam Fenol Bilegiklerin Analizi

Toplam fenol bilesiklerin belirlenmesi i¢in, Folin
Ciocalteu kolorimetrik metodu kullanilarak Singleton
ve Rossi (1965)ye gére yapilmistir. Folin Ciocalteu
reagent, Merck; Gallic asit ise Sigma-Aldrich
firmasindan elde edilmistir. Tanelerdeki toplam
fenolik bilesik miktar1 spektrofotometrede gallik asit
cinsinden mg GAE 100 g! olarak okunmustur.

Antioksidan Aktivite Analizi

Uziim ekstraktlarinda antioksidan aktivite analizi,
DPPH (2.2-diphenyl-1-picrylhydrazyl) serbest radikali
kullanilarak yapilmistir (Ozden ve Vardin, 2009;
Kelebek 2009). DPPH Sigma-Aldrich firmasindan elde
edilmigstir. Her 6rnegin serbest radikalleri indirgeme
kapasitesi asagida Dbelirtilen formul araciligiyla
antioksidan aktivite olarak belirlenmistir.

DPPH inhibisyonu (%)= [(Ac — As)/ Ac *100]
Ac: Kontrol absorbans1
As: Orneklerin absorbansi

Istatistiki Analiz

Bu calismada, Akcalar, Kizirli ve Yumaklicerit gibi
farkli koylerden alinan tiziim orneklerinin kalite
ozellikleri ortaya konulmustur. Deneme Tesadif
Parselleri Deneme Deseni seklinde 3 tekerriirli olarak
diizenlenmistir. Standart sapma degerleri
kaydedilmigtir.

BULGULAR ve TARTISMA

Calismada salkim ve tane o6zellikleri incelendiginde
(Cizelge 2), salkim agirhgimin 167.72 g ile 294.21 g,
salkim uzunlugu 12.97 ¢cm-19.97 cm, salkim eninin
9.75 c¢cm-14.11 cm, salkim buytkligi degerleri ise
127.75 cm?2-28.21 cm? arasinda degistigi
gorilmektedir.

Cizelge 2 incelendiginde, salkim agirhig ortalama
degerinin 230.96 g, salkim uzunlugu ortalama
degerinin 16.47 cm, salkim genigliginin ortalama
11.93 cm olarak belirlenmesi ile OIV ( Office
International De La Vigne) notasyon degerlerine gore;
Besni iiziim cesidinin salkim agirhgn (Kod: 502),
salkim uzunlugu (Kod: 202) ve salkim genigligi (Kod:
202) bakimindan orta diizeyde oldugu kaydedilmistir

(Anonim 2009).



KSU Tarim ve Doga Derg 24 (4): 784-794, 2021

KSU J. Agric Nat 24 (4): 784-794, 2021

Arastirma Makalesi
Research Article

Cizelge 2. Besni lizlim ¢esidinin salkim 6zellikleri
Table 2. Cluster properties of Besni grape variety

Ornek Kodu
Sample Code

Salkim agirhg (g)

Salkim uzunlugu (cm)
Cluster weight (g)  Cluster length (cm)

Salkim genigligi (cm)
Cluster width (cm)

Salkim biiyiikliigii (cm?)
Cluster size (cm?)

1 239.63+10.35 17.10+0.42 10.43+0.21 179.31+4.72
2 280.09+12.15 19.97+0.52 11.37+0.32 228.21+6.43
3 219.87+8.34 14.33+0.38 10.30+0.25 147.03+3.60
4 235.37+8.59 13.62+0.33 11.94+0.28 163.05+4.36
1.Lokasyon ort. 243.74+9.86 16.25+0.41 11.01+0.26 179.40+4.77
5 181.93+8.11 13.45+0.30 14.11+0.39 187.05+£5.23
6 245.70+£9.55 13.54+0.36 9.79+0.22 129.41+4.06
7 294.21+£13.02 18.55+0.48 11.01+0.27 203.93+5.95
8 167.72+7.69 12.97+0.32 9.87+0.26 127.75+3.81
2.Lokasyon ort. 222.39+9.59 14.63+0.36 11.19+0.28 162.03+4.76
9 252.18+11.46 14.24+0.29 12.55+0.36 176.51+£5.47
10 213.43+9.93 15.34+0.45 9.75+0.23 143.06+4.19
11 241.30+8.88 14.83+0.35 11.27+0.24 168.04+4.06
12 237.65+9.19 14.33+0.28 11.30+0.33 161.81+4.53
3.Lokasyon ort. 236.14+9.86 14.68+0.34 11.22+0.29 162.35+4.56
Min 167.72 12.97 9.75 127.75
Max 294.21 19.97 14.11 228.21
Ort. 230.96 16.47 11.93 177.98
Standart sapma 34.38 1.27 0.96 15.70
Cizelge 3. Besni tizlim ¢esidinin tane 6zellikleri
Table 3. Berry properties of Besni grape variety

Ornek Kodu Tane agirhg (g) Tane uzunlugu (mm) Tane genigligi (mm)  Cekirdek sayis1 (n)

Sample Code Berry weight (g) Berry length (mm) Berry width (mm) Number of seeds (n)

1 7.21+0.03 30.59+0.39 18.89+0.14 2.0+0.05

2 7.43+0.02 30.72+0.31 19.97+0.13 4.0+0.09

3 6.52+0.01 29.84+0.28 18.51+0.15 2.0+0.06

4 8.07+0.03 29.25+0.26 20.26+0.21 3.0+£0.08

1.Lokasyon ort. 7.31+0.02 30.10+0.31 19.40+0.16 2.75+0.07

5 5.91+0.01 28.88+0.30 18.42+0.12 1.0+£0.05

6 6.360.02 28.32+0.25 19.69+0.16 2.0+0.06

7 7.70+0.03 30.76+0.42 20.03+0.20 3.0£0.07

8 6.35+0.02 31.15+0.32 18.29+0.12 2.0+0.06

2.Lokasyon ort. 6.58+0.02 29.77+0.32 19.11+0.15 2.0+0.06

9 6.85+0.02 34.056+0.45 20.563+0.18 2.0+0.05

10 7.11+0.03 31.34+0.37 20.56+0.17 3.0+0.09

11 5.75+0.01 27.76+0.26 19.12+0.13 2.0+£0.05

12 6.82+0.02 30.34+0.32 19.24+0.14 2.0+£0.06

3.Lokasyon ort. 6.63+0.02 30.87+0.35 19.86+0.15 2.25+0.05

Min 5.75 217.76 18.29 1.0

Max 8.07 34.05 20.56 4.0

Ort. 6.91 30.90 19.42 2.5

Standart sapma  0.08 1.11 0.53 0.23

Boz ve ark. (2011), Adiyaman Gélbas1 Tlcesinden elde
edilen Besni (Peygamber iiziimii) cesidinde salkim
seklinin W. konik oldugunu ifade etmiglerdir.

Dogan ve ark. (2017), Besni (Peygamber iiziimii)
¢esidinde salkim uzunlugunun kiigiik oldugunu
(126.2£70.50), salkim sikhigimin  orta, salkim
agirhigimin kiiciik (208.2+30.74), bildirmislerdir.

Besni ilzim g¢esidi ile ilgili yeterli literatlr
bulunamadigindan elde edilen bulgular diger beyaz
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uzim cesitleri ile kiyaslanmigtar.

Yilmaz ve Dardeniz (2009), Amasya iiziim cesidi
salkimlarinda salkim agirligini 261.6 g, salkim boyunu
13.84 cm, salkim enini ise 10.00 cm olarak elde
etmiglerdir. Kamiloglu ve Polat (2009), Yalova Incisi
gesidiyle yaptiklari bir calismada salkim agirhigim
260.2 g, salkim boyunu 17.8 cm, salkim enini ise 9.3
cm olarak belirlemislerdir. Akin (2011), calismasinda
Miugkiile Giztim ¢esidine ait kontrol grubu omcalarinda,
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salkim agirhigim 250.89 g, salkim uzunlugunu 25.59
cm, salkim genigligini 8.76 cm olarak elde edilmigtir.

Calismada, Besni uzim c¢egidi orneklerinde tane
agirhigr 5.75 g ile 8.07 g, tane uzunlugu 27.76 mm ile
34.05 mm, tane genigligi 18.29 mm-20.56 mm arasinda
kaydedilmistir (Cizelge 3).

Rolle ve ark. (2015), sofralik iiziimlerde tane ¢apinin
kigik tanelerde 16-17 mm, orta buytklikteki
tanelerde 18-19 mm, blyik tanelerde ise 20-21 mm
oldugunu belirlemistir.

Melo ve ark. (2014), saraplik iiziimlerde tane ¢capinin
kiiclik tanelerde <13 mm, orta biiytikliikteki tanelerde
13-14 mm, blyik tanelerde ise >14 mm oldugunu
belirlemistir.

Bu calismada, ortalama olarak tane agirhigi 6.91 g,
tane uzunlugu 30.90 mm ve tane genigligi 19.42 mm
seklinde belirlenmistir (Cizelge 3). OIV notasyon
degerlerine gore; tane agirligi (Kod: 503) agir olarak,
tane boyu (Kod:220) orta- uzun, tane eni (Kod:221)
orta-genis olarak kaydedilmistir (Anonim 2009).

Adiyaman Besni Giziim ¢esidi; tane 6zelligi bakimindan
iri olup, (347,11+65,59 mm?2), homojen, orta uzunlukta
(21,02+2,24 mm), kisa oval (ters yumurtams1) seklinde
ve 2-3 c¢ekirdekli bir Uzim c¢esidi olarak tescil
ettirilmistir (Anonim 2018).

Boz ve ark. (2011), Adiyaman Gdélbas: Ilgesinden elde
edilen Besni (Peygamber iiziimil) cesidinde tane
seklinin L ovoid, kabuk rengini beyaz, tatli ve 2-3
cekirdekli olarak ampelografik tanimlamasim
yapmiglardir. Derim tarihinin Agustos ay1 ortalarinda
oldugunu belirlemiglerdir.

Tekirdag Bagcilik Arastirma Enstitiisii tarafindan
Adiyaman Ilinde yetistirilen Peygamber tzimiu
(Besni) cesidinde kaydedilen tane uzunlugu degerleri
OIV degerlendirme sikalasina gore tane agirligi (9 g)
agir tane seklinde, tane uzunlugu uzun tane (28 mm)
olarak, tane genigligi (23 mm) iri tane seklinde elde
edilmistir (Boz, 2012).

Dogan ve ark. (2017), Besni (Peygamber iiziimii)
cesidinde, tane uzunlugunu uzun (23.45+3.53), tane
genigliginin genis tane (18.06+1.56), tanelerin bir
ornek oldugunu, tane geklinin kisa oval ve yuvarlak
oldugunu, tane kabuk renginin yesil-sar1 ve uniform
oldugunu, tane kabugu ince, tane sulu, sira verimi
yiiksek (83.4+3.26), meyve eti sertliginin yiiksek,
cekirdek uzunlugunu orta (5.1£1.92), cekirdek
genigligini enli tane (4.88+1.86), tane agirhigimi orta
(5.23+1.70), siradaki seker kapsaminin cok yiiksek
(%26), siradaki toplam asitligin diisiik (4.46) oldugunu
bildirmiglerdir.

Liang ve ark. (2011), Coudsi, Iskenderiye Misketi,
Beyaz Korint, Sultana Moschata, Chasselas Ciotat,
Muscat Oliver, Solferino, Muscat St. Laurent, Pearl of
Zola gibi beyaz tizim gesitlerinde tane iriligini
sirasiyla; 4.25 g, 5.70 g, 0.75 g, 2.75 g, 1.60 g, 1.55 g,
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3.20 g, 2.40 g, 1.65 g olarak belirlemiglerdir. Kamiloglu
ve Polat (2009), Yalova Incisi iiziim cegidinde tane
agirligin 6.70 g, tane boyunu 26.0 mm, tane enini ise
20.6 mm olarak belirlemislerdir. Akin (2011),
¢alismasinda Migkiile tiziim ¢esidine ait kontrol grubu
omcalarinda, tane agirhgimm 4.54 g olarak
kaydetmistir.

Cizelge 4’de sira ozellikleri incelendiginde SCKM
diizeyi % 16.1- 23.0 arasinda, titre edilebilir asitligin
0.310-0.544, pH dizeyinin 3.81 ile 4.06 arasinda
degistigi gorilmektedir.

Cizelge 4. Besni tiziim gesidi sira 6zellikleri
Table 4. Must characteristics of Besni grape variety

Ornek Kodu SCKM (%) Asitlik (%) pH

Sample Code 7SS (%) Acidity (%)  pH

1 23.0+0.13 0.355+0.01 4.01+0.02
2 20.8+0.09 0.361+0.01 3.99+0.02
3 18.5+0.06 0.377+0.01 3.99+0.02
4 21.1+0.08 0.379+0.02 4.03+£0.02
1.Lokasyon ort. 20.8+0.09 0.368+0.01 4.00+0.02
5 20.4+0.07 0.448+0.02 3.90+0.01
6 19.9+0.06 0.408+0.02 3.92+0.01
7 22.44+0.12 0.372+0.01 3.99+0.02
8 20.4+0.07 0.544+0.02 4.02+0.03
2.Lokasyon ort. 20.7+0.08 0.443+0.02 3.96+0.01
9 19.7+0.06 0.358+0.01 4.06+0.03
10 16.1+0.06 0.555+0.02 3.81+0.01
11 22.0+0.10 0.310+0.01 3.93+0.02
12 22.24+0.09 0.381+0.01 3.81+0.01
3.Lokasyon ort. 20.0+0.07 0.401+0.01 3.90+0.01
Min 16.1 0.310 3.81

Max 23.0 0.544 4.06

Ort. 19.5 0.427 3.93

Standart sapma 0.26 0.05 0.07

Uziim meyvesinde dikkate alinan tat metabolitleri
arasinda, SCKM ve titrasyon asitliginin o6l¢imu ile
seker ve organik asit kompozisyonu vardir.
Tuketicinin damak tadina gore, sofralik {izimde
kalite; seker kapsami, organik asit ve bunlar
arasindaki dengeye baghdir. Derim doéneminde
sofralik tizimdeki titrasyon asitligi diizeyindeki
farkliliklar ceside, cevresel kogullara, depo kosullarina
ve diger faktoérlere bagh olarak degiskenlik gosterir.
Tad1 etkileyen titrasyon asitligi ile birlikte SCKM
(tathlik) olgunlasmanin bir gostergesidir. Pek cok
ticari gesitte olgunlagsma déneminde SCKM diizeyi %
15-18 arasinda degisir. Ayrica, lizimlerin kimyasal
kompozisyonu olgunlagsma, genotip ve blylime
kosullar1 gibi baz1 faktérlerden etkilenir (Munoz-
Robredo ve ark., 2011).

Besni tiziim ¢esidinde SCKM diizeyi ortalama olarak
% 19.5, titrasyon asitligi degeri % 0.427, pH diizeyi
3.93 olarak belirlenmesi ile OIV notasyon degerlerine
gore; SCKM (Kod: 505) degerinin orta-yiiksek,
titrasyon asitligi (Kod: 506) degerinin diisiik diizeyde,
pH kapsami diisik-orta seviyede olarak belirlenmistir
(Anonim 2009).

Adiyaman Tlinde yetigsen Besni tizlim cesidinin cegit
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tescil raporunda; kuru madde duzeyi % 82.40,
titrasyon asitligi % 0.47 ve pH diizeyi 4.41 olarak
belirlenmistir (Anonim, 2018).

Yalcinkaya (2016), Besni {iziim cesidiyle yaptig1
calismada Kontrol grubu olan yag tizim 6rnekleri ile
kurutulmug Uzim orneklerinde SCKM duzeyini
sirasiyla; % 20.16 ile 73.70 arasinda, titrasyon asitligi
degerlerini 0.26 g1 100 g ve 1.05 g 1100 g, pH diizeyini
ise 4.29 ile 4.52 arasinda kaydetmigtir.

Lung ve ark. (2016) lokal {iziim cesidi olan Timpuriu
de Clujy’de SCKM diizeyini 20.9 olarak belirlemiglerdir.
Bellincontro ve ark. (2006), lokal {iziim g¢esidi olan
Aletico uzim c¢esidinin kontrol grubunda SCKM
diizeyini % 20.5 olarak kaydetmistir. Akin (2011),
calismasinda Miigkiile tizim cesidine ait kontrol grubu
omcalarindan elde edilen tizimlerde SCKM diizeyini
% 17.76, titrasyon asitligini 0.26 g 1! olarak
kaydetmistir.

Bellincontro ve ark. (2006), lokal iiziim cesidi olan

Aletico Uzum c¢esidinde, kontrol grubunda titre
edilebilir asitlik dizeyini 2.5 g I'? olarak, pH miktarim

oranda karbonhidrat igerir. Ayrica, pek ¢ok vitamin
(Bs, C, E ve K) ve mineral madde (potasyum, fosfor,
kalsiyum ve magnezyum) kaynagidir. Uziimde kalite
ozelliklerinden bir olan titrasyon asitligi, tzimde
baskin organik asit olan tartarik asit orani ile elde
edilir. Uziim suyunda bulunan hidrojen iyonlarmin
konsantrasyonu pH olarak tanimlanmir. pH dizeyi
titrasyon asitligi ile baglantili olarak iizlimde renk
diizeyini de etkilemektedir (Creasy and Creasy, 2009).

Besni tiziim ¢esidi tane kabuk rengi parametreleri
incelendiginde L* degeri 32.92 ile 44.44, a* degeri -6.31
ile -0.99, b* degeri 22.33 ile 30.50, Chroma 21.00 ile
30.79, Hue agis1 77.42 ile 85.96 arasinda belirlenmistir
(Cizelge 5). Bu calismada belirlenen Hue acis1 ile
CIELAB renk koordinat sisteminde, Besni uzim
¢esidinin  tane kabuk renginin sar1 oldugu
belirlenmigtir. Adiyamanda yetisen Besni tiziim tizim
¢esidi renginin altin sarisina yakin kehribar renkte
oldugu cesit tescil raporunda yer almaktadir (Anonim,
2018). Tekirdag Bagciik Arastirma Enstitiisii
tarafindan Adiyaman Ilinde yetistirilen Peygamber

da 4.1 seklinde belirlemistir. liziimi .(Besni) cesidinde _ tane rengi  OIV
. o degerlendirme skalasina gére yesil-sar1 renkte

Uzlimde olgunlagsma esnasinda tanede seker birikimi belirlenmistir (Boz ve ark., 2012).

meydana gelir. Seker kapsami; ceside, yetistirme

sekline ve cevresel kogullara baghdir. Uziimler yiiksek

Cizelge 5. Besni tizim ¢esidi tane kabuk rengi 6zelligi

Table 6. Feature of berry skin color of Besni grape variety
Ornek Kodu L* a* b* Chroma Hue agis1
Sample Code L* a* b* Chroma Hue Angle
1 42.16+0.68 -3.01+0.29 26.18+0.29 26.36+0.35 83.40+0.69
2 44.18+1.01 -6.31+0.23 30.09+0.45 30.79+0.55 78.12+0.45
3 44.02+0.93 -4.16+0.27 28.57+0.35 28.89+0.43 81.77+0.61
4 41.26+0.63 -1.00+0.40 24.46+0.28 24.48+0.32 80.73+0.49
1.Lokasyon ort. 42.91+0.81 -3.62+0.30 27.32+0.34 27.63+0.41 81.00+0.56
5 38.07+0.60 -3.80+0.28 23.68+0.25 24.02+0.32 80.95+0.55
6 40.66+0.65 -6.26+0.23 27.35+0.31 28.13+0.41 77.42+0.44
7 33.24+0.58 -4.09+0.26 22.33+0.26 22.71+0.29 79.48+0.46
8 32.92+0.55 -2.26+0.37 20.87+0.25 21.00+0.29 83.83+0.65
2.Lokasyon ort. 36.22+0.59 -4.10+0.28 23.556+0.27 23.96+0.33 80.42+0.52
9 42.96+0.80 -2.59+0.34 27.39+0.30 27.52+0.33 84.54+0.75
10 41.69+0.75 -4.47+0.25 27.86+0.34 28.79+0.37 81.12+0.53
11 44.07+0.86 -2.13+0.32 30.50+0.48 30.62+0.50 85.96+0.82
12 44.44+1.13 -4.95+0.26 30.10+0.42 30.51+0.46 80.63+0.51
3.Lokasyon ort. 43.29+0.88 -3.53+0.29 28.96+0.38 29.36+0.41 83.06+0.65
Min 32.92 -6.31 22.33 21.00 77.42
Max 44.44 -1.00 30.50 30.79 85.96
Ort. 38.68 -3.65 26.41 25.89 81.69
Standart sapma 2.26 0.98 1.18 1.23 1.83

Ayrica, 0-100 rakamlar: arasinda yer alan ve koyudan
agik renge dogru ilerleyen L* degerine gore tane kabuk
renginin orta diizeyde parlak oldugu, kirmizi rengi
ifade eden +a* degerinin ise sari rengi belirten +b*
degerinden daha distk diizeyde oldugu
kaydedilmigtir.
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Ekonomik olarak tiretimi yapilan tiziimlerde gérinim
onemlidir. Uziimde renk olusumu ceside 6zgi
pigmentin olusumuna bagli olarak tane geligiminin
son asamasinda meydana gelir. Beyaz tzlimlerde
renk, seffaf veya yesil-sar1 renkte olabilir (Carreno ve
ark., 1998).
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Yalcinkaya (2016), Besni iiziim cesidiyle yaptig
calismada Kontrol grubu olan yag tizim 6rnekleri ile
kurutulmus Gzim  Orneklerinde renk analizi
sonuclarina gore; L* degeri sirasiyla 39.86 ile 25.02, a*
degeri 1.17 ile 6.53, b* degeri 9.09 ile 13.13, Chroma
degeri 9.25 ile 15.10, Hue acis1 degeri ise 90.36 ile
55.25 arasinda Dbelirlemigtir. Bu degerler, bu
¢alismanin sonuglar: ile benzerlik géstermektedir.

Akin (2011), Miigkiile {iziim cesidinde kontrol grubu
omcalarindan alinan tzim orneklerinde L*, a* ve b*
degerlerini sirasiyla; 42.43, -2.47, 8.48 olarak
bildirmistir. Dardeniz ve ark. (2018), Yalova
cekirdeksizi kontrol grubu tzim orneklerinde L*
degerini ortalama 39.34, Chroma degerini 14.76, Hue
acisini1 110.2 seklinde ifade etmiglerdir.

Sayman ve Akin (2015), Razak: iiziim cesidi kontrol
grubu orneklerinde L* degerini 46.92, a* degerini -

5.05, b* degerini 15.70 olarak belirlemigtir.

Carreno ve ark. (1998) baz iiziim cesitlerinin renk
6lcim degerlerini  belirlemiglerdir. Buna gore;
Superior Seedless, Perlette, Thompson Seedless, Perle
de Csaba ve Italia lzlim c¢esitlerinin L* degeri
sirasiyla; 48.00, 53.67, 46.23, 47.14 ve 43.34 olarak, a*
degeri sirasiyla -6.42, -7.76, -5.10, -6.28 ve -4.31 olarak,
b* degerini sirasiyla; 17.56, 20.51, 15.66, 18.12, 13.14,
Hue agisinm1 110.08, 110.73,108.05, 109.11 ve 108.15
olarak, Chroma degerleri ise sirasiyla; 18.70, 21.93,
16.48, 19.18 ve 13.82 olarak bildirilmigtir. Sari-yesil
renkli tiziim gesitlerin ortalama olarak renk degerleri;
L* 43.82, a* -4.72, b* 13.47, Hue acis1 108.97 ve
Chroma degeri 14.30 seklinde kaydedilmistir.

Cizelge 6 incelendiginde, Besni lUzum cesidi toplam
fenol duzeyi 114.3 mg GAE 100 g ile 247.1 mg GAE
100 g1 arasinda oldugu gorulmektedir.

Cizelge 6. Besni tizlim c¢esidi 6rneklerinin toplam fenol ve antioksidan aktivite diuzeyi
Table 6. Total phenol and antioxidant activity levels of Besni grape samples

Ornek Kodu Toplam Fenol (mg GAE 100 g'1) Antioksidan aktivite (%)
Sample Code Total phenol (mg GAE 100 g'1) Antioxidant activity (%)
1 136.6+£1.55 40.6+0.72
2 123.2+1.60 53.44+0.80
3 186.3+1.71 42.9+0.74
4 197.8+1.85 77.8+£1.05
1. Lokasyon ort. 160.9+1.68 53.7+0.83
5 188.3+£1.77 76.0+1.22
6 240.6+2.26 79.1+1.13
7 216.0+1.92 63.3+0.86
8 247.1+2.62 54.3+0.77
2. Lokasyon ort. 223.0+£2.14 68.2+0.99
9 114.3+£1.51 59.4+0.83
10 138.8+1.60 37.2+0.70
11 224.8+2.13 71.8+0.99
12 246.3+2.42 71.5+0.89
3. Lokasyon ort. 181.0+£1.91 59.9+0.93
Min 114.3 37.2

Max 247.1 79.1

Ort. 180.7 58.1
Standart sapma 6.387 2.983

Uziimde bulunan fenolik madde miktarinin cesit,
tiretim yili (yildan yila iklimsel degisimler), iiretim
alan1 (izim tiretimine cografik alana etkisi, toprak
kompozisyonu ve giibreleme) ile olgunlasma diizeyi
gibi 6nemli dort faktor tarafindan etkilendigini ifade
etmistir (Boonterm, 2010).

Yalcinkaya (2016), Besni {iziim cesidiyle yaptig
calismada Kontrol grubu olan yag tizlim 6rnekleri ile
kurutulmus Gziim 6rneklerinde sirasiyla; toplam fenol
miktarim 292.86 mg! GAE 100 g ve 285.11 mg! GAE
100 g arasinda kaydetmistir. Bu c¢alismaya gore
kurutulan Besni uziim orneklerinde toplam fenol
miktarinin azaldigini ifade etmigtir. Candemir ve ark.
(2015), kurutulmus Besni iiziim cesidinin toplam
fenolik madde miktarini 518.79 mg GAE L1 olarak
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belirlemigtir.

Genova ve ark. (2012), Iskenderiye Misketi tiziim
¢esidinde toplam fenol dizeyini 252.9 mg! GAE 100 g
seklinde kaydetmistir.

Lung ve ark. (2016), beyaz iiziim ¢esitleri olan Aromat
de Iasi ile Timpuriu de Cluj Uzam gesitlerinin
kabuklarinda toplam fenol diizeyini sirasiyla 13.4 mg
ile 25.3 mg kg'! olarak belirlemiglerdir. Kok ve Bal
(2017), Italy, Tekirdag misketi, Chardonnay ve
Riesling Uzim c¢esitlerinde toplam fenol miktarini
sirasiyla 205.53 mg, 192.52 mg, 2277.38 mg ile 2107.5
mg GAE kg1 seklinde kaydetmiglerdir. Liang ve ark.
(2011), Coudsi, iskenderiye Misketi, Beyaz Korint,
Sultana Moschata, Chasselas Ciotat, Muscat Oliver,
Solferino, Muscat St. Laurent, Pearl of Zola gibi beyaz
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tzim cesitlerinde toplam fenol miktarini sirasiyla;
0.242, 0.303, 0.359, 0.362, 0.429, 0.580, 0.614, 0.662,
0.848 mg g1 olarak elde etmiglerdir. Genova ve ark.
(2012), Iskenderiye Misketi tiziim cegidinde toplam
fenol miktarini, 252.9 mg GAE 100 g1 seklinde
belirlemistir. Yang ve Xiao (2013), Chardonnay iiziim
cesidinin meyve etinde, toplam fenol bilesiklerinin
miktarinin 1.92 mg GAE g! oldugunu bildirmistir.
Bellincontro ve ark. (2006), lokal iiziim cesidi olan
Aletico tiziim ¢esidinin kontrol grubunda toplam fenol
miktarim1 500 mg 11 katesin olarak kaydetmistir.

Vitis vinifera tirinde bulunan fenolik bilegikler (
fenolik asitler, stilbenler, flavonoidler (flavonol,
flavanol ve antosiyaninler) {iziim kalitesinin
olusumunda o6nemli rol oynar. Fenolik bilesiklerin
tziimdeki miktari tiir, ¢esit ve farkl dokularda degisik
diizeylerde olabilir (Yahia, 2017). Meyve sebzelerde
bulunan fitokimyasallarin kapsamai ve bilegimi tizerine
genetik ve cevresel kosullar etkilidir. Iklim, yetigme
donemi, sicaklik, yagis, toprak mineral kompozisyonu,
bitkinin vejetatif gelisimi, verim, kiiltiirel islemler ve
hasat sonrasi1 depolama ve igleme kogullar
fitokimyasallarin icerigi iizerine etkilidir (Lutz ve ark.,
2012; Yahia, 2017).

Uziimde bulunan fenolik bilesikler, kardiyovaskiler
hastaliklar, kanser, Alzheimer veya demans gibi
hastaliklarni  6nleyen veya  destekleyici olan
antikarsinogenik ve antioksidan o6zellik gosterirler
(Artes Hernandez, 2003).

Besni tiztim ¢esidi antioksidan aktivite diizeyi % 37.2-
% 79.1 arasinda belirlenmistir (Cizelge 6).

Candemir ve ark., (2015) kurutulmus Besni {iziim
cesidinin antioksidan aktivite duzeyini 0.56 mmol
TELolarak bildirmiglerdir.

Kelebek ve ark. (2013), Besni iiziim cesidinde DPPH
yoéntemiyle antioksidan aktivite diizeyini 36.67 (mmol
L1 Trolox kg-1) olarak belirlemislerdir.

Genova ve ark. (2012), 24 saat 4 °C’de depolanan
Iskenderiye Misketi tliziim c¢esidinde antioksidan
aktivite miktarmni 31.9 TE L1t olarak belirlemistir.
Elfogohi (2019), Narince iiziim cesidinde antioksidan
aktivitenin % 100 civarinda oldugunu bildirmistir.
Karaca Sanyiirek ve ark. (2018), beyaz iiziim cesidi
olan Hasani ¢esidinde antioksidan aktivite dizeyini
40.1, pg ml! olarak belirlemiglerdir.

SONUCLAR

Kahramanmaragin ¢ekirdekli kurutmalik tzim
Uretiminin en fazla oldugu Pazarcik Havzasinda,
Besni tiziim ¢esidinin kalite 6zellikleri ile toplam fenol
ve antioksidan aktivite diizeyi bu galigma ile ortaya
konmustur.

Calismada, lokasyon ortalama degerlerine
bakildiginda; salkim, tane ve sira Ozellikleri
bakimindan 1. Lokasyondan alinan o6rnekler

digerlerine goére daha st sirada yer almaktadir.
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Toplam fenol ve antioksidan aktivite diizeyi
bakimindan 2. Lokasyon ortalama degerleri one
¢ikmigtir.

Besni iiziim g¢esidinde Pazarcik Havzasindan elde
edilen 2 numarali Akcalar ve 7 numarah Kizirli
koyltnden alinan salkim 6rnekleri agirhik ve biiytkluk
bakimindan diger orneklere gére ilk sirada yer
almaktadir. Tane agirligr bakimindan ise 2 numaral
Akgalar ve 7 numarali Kizirli 6rnekleri biraz daha 6ne
¢itkmaktadir. Tane uzunlugu ve genigligi, SCKM
miktari, farkli kéylerden alinan 6rneklerde birbirine
yakin diizeyde kaydedilmistir. Besni tizim ¢esidinde
renk kriteri acgisindan; tane kabugunda Hue acgis1
degerlerinin CIELAB renk koordinat sisteminde sar1
renge karsihik geldigi kaydedilmigtir.

Toplam fenol diizeyi ile antioksidan aktivite
bakimindan c¢alismada incelenen butin o6rnekler
i¢erisinde Kizirli koyi tiziim 6rneklerinin ilk siralarda
yer aldig1 gorilmektedir.

Kahramanmaras 1li Pazarcik Ilcesi  ekolojik
kosullarinda yetisen Besni {izlim gesidinde bu ¢alisma
sonucunda elde edilen bulgularin Kahramanmarag Ili
ve c¢evre illerde o6nemli bir tretim potansiyeli
barindiran kurutmalik tizim tretim sektori ve Besni
uzum cesidi ile yapilacak arastirmalar acisindan
onemli oldugu disuntlmektedir.
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ABSTRACT

The study investigated the residual contact toxicity of spinetoram
suspension, which is spinosyn (semi-synthetic) insecticide, against
Blatella germanica (L..) adults on the surfaces of concrete, ceramic
floor tile and parquet. On three different surfaces, B. germanica
adults were exposed with spinetoram suspension at the rates of 2.5, 5,
7.5, 10, 15, 25, 50, 75, 100 mg™2 and mortality of B. germanica adults
were recorded at the day of 1, 3, 5, 7 and 9. In all surface applications
of spinetoram, exposure times and concentrations caused significant
effect on mortality rates of B.germanica adults. Lower concentrations
of spinetoram (2.5 and 5 mg™2) on the all-applied surfaces caused low
mortality of adults of B. germanica. However, 75 and 100 mg/m?2
concentrations caused 100% mortality of B. germanica adults after 5
day of exposure time. In general, while mortality rate of B. germanica
adults increased with exposure time, 100% mortality was not achieved
for the concentrations of spinetoram (7.5, 10, 15, 25 and 50 mgm2).
There were significant differences in the efficacy of spinetoram
concentrations against B. germanica adults on all three applied
surfaces. At 100 mg™2 concentration of spinetoram, mortality of B.
germanica adults was higher on concrete surface than the other
surfaces. However, other concentrations of spinetoram, mortality of
adults was generally similar on all three surfaces. As a result,
spinetoram has potential to control of house pest, B. germanica, and
decreases using of dangerous conventional synthetic insecticides.

OZET

Mevcut calismada laboratuar kosullarinda yari-sentetik spinosin
insektisidi Spinetoram’ in soliisyon halinde tg¢ farkli uygulama
yiizeyinde (beton, fayans ve parke) Alman Hamam bécegi ‘nin ergin
donemine karg1 kontak toksisitesi aragtirilmigtir. Ug farkl yiizeyde B.
germanica erginlerine karg1 1, 3, 5, 7, 9 guin stireyle Spinetoram’ in
2.5, 5, 7.5, 10, 15, 25, 50, 75, 100 (mg aktif madde™2) konsantrasyon-
larinda biyolojik testler yapilmistir. B.germanica erginlerinin 6lim
oranlar1 Uzerinde spinetoram’ 1n tim uygulama yiizeylerinde
spinetoram konsantrasyonu ve maruz birakma siiresi 6nemli etkiye
sahip olmustur. Spinetoram’ 1n diisiik konsantrasyonlari (2.5 ve 5 mg
m2) tiim uygulama yiizeylerinde B.germanica nimf ve erginlerini
disiik oranlarda 6ldurmiustiir. Diger yandan Spinetoram’ in 75 ve 100
mg ™2 konsantrasyonlar: her li¢ uygulama yiizeyinde uygulamanin 5.
glinlinde B.germanica erginlerinde %100 o6liime sebep olmustur.
Genel olarak, B. germanica erginlerinin 6lim orani maruziyet stresi
ile artarken, spinetoram konsantrasyonlari icin (7.5, 10, 15, 25 ve 50
mg™2)% 100 6liim saglanamamistir. Uygulanan ii¢ yiizeyin hepsinde
B. germanica erginlerine karsi spinetoram konsantrasyonlarinin
etkililigin de 6nemli farkhiliklar olusmustur. 100 mg / m?2 spinetoram
konsantrasyonunda B. germanica erginlerinin 6lim orani beton
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yuzeyde diger ylzeylere gore daha ylksek gergeklesmigtir. Bununla
birlikte, diger spinetoram konsantrasyonlarda, erginlerin 6lim orani
genellikle l¢ yuzeyde de benzer olmustur. Bu calismadan ¢ikan sonug
Spinetoram’ in ev ve diger binalarda sorun olan B.germanica

miucadelesinde kullanilabilme potansiyeline
Spinetoram’ 1 bu zararhya kars:
kimyasallarin oranini azaltacagi distintilebilir.

sahip oldugu ve
kullanilan c¢evreye zararh
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24 (4): 795-804. DOI: 10.18016/

INTRODUCTION

Cockroaches are widely distributed in the World
(Demirsoy, 1990) and are found in hot and humid
places and generally in places with common living
areas such as houses, restaurants, bakeries, hotels.
Besides causing harmful effect to people, they also
contaminate food stuffs. They also transmit infectious
diseases such as cholera, plague, childhood paralysis
(Bitter and Williams, 1949; Oden, 1962; Burgess et al.,
1973; Cetin et al., 1973). They also cause allergies in
humans, as they carry pathogens (Waldvogel et al.,
1999). In addition to continuing their life activities in
this way, they are vectoring various diseases,
especially by carrying a variety of pathogenic
microorganisms on the countertops due to wandering
around. Most food poisoning occurs when humans
consume foodstuffs that cockroaches leave their saliva,
feces and eggs. They infect bacteria and protozoans
when they get stuck and then they get on the food.
Therefore, they are harmful, medical and economical
pests (Roberts, 1996). Synthetic pesticides are applied
intensively for managements of pest insects in homes
and in food-producing areas. Cockroaches are
commonly controlled by synthetic insecticides (Rust et
al., 1993). Long-term use of broad-spectrum synthetic
insecticides is known to be a very harmful effect on the
environment, human health and beneficial organisms
(Pimentel et al., 1992; Mansouri et al., 2004). However,
cockroaches have improved resistance to a wide range
of insecticides (Rust and Reierson, 1991; Dong et al.,
1998; Holbrook et al., 1999; Zhang et al., 2007). In
addition, the cost of production required to develop a
new insecticide is high (Thacker, 1999). Therefore, as
German cockroaches threaten human and animal
health, damage to natural biological equilibrium,
resistance to insecticides, it is necessary to develop
alternative control methods against cockroaches in
order to minimize their damage or to reduce their
populations. In recent years, increasing consciousness
of people towards the environment and natural
pesticides have been searched for alternatives that
have less impact on the environment and non-target
organism. It can be also broken down more quickly
and easily than synthetic pesticides which is negative
effects on human health (Arnason et al., 1989; Feng
and Isman, 1995; Wewetzer, 1995; Hedin et al., 1997;
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Momen et al., 2004).

The semi-synthetic spinosin insecticide spinetoram
that are both protective and contact active has lower
toxicity to the environment, mammals and birds.
Spinetoram needs to be investigated in the control of
German cockroaches for the reason that it is not done
up to now with the spinetoram against German
cockroaches. Spinosad, derived from the fermentation
product of the Saccharopolyspora spinosa bacterium
from the Actinomycete class, naturally found in the
soil, is a commercially available insecticide (Mertz &
Yao 1990). Spinosad is active on the insect nervous
system 1n an uncertain location on nicotinic
acetylcholine receptors, and it is contact and stomach
effects (Dripps et al., 2011). Spinosad has a low toxicity
to mammals (acute oral oral LD50 > 5000 mg / kg) and
a rapid decrease in activity when exposed to sunlight
(Thompson et al., 2000; Dow AgroSciences, 2006).
Spinetoram is a new member of semi-synthetic
spinosin 1insecticides. Spinetoram 1s a low-risk
insecticide (DeAmicis et al., 2011; Dow AgroSciences,
2006; EPA, 2009; FAO, 2010) resulting from the
chemical modification of Spinosine (spinosin L and J)
resulting  from  the  fermentation of the
Saccharopolyspora spinosa bacterium from the
Actinomycete class. Spinetoram is a new spinosin
insecticide with faster and higher potency compared to
spinosad (Dripps et al., 2008; Sparks et al., 2008).
Spinetoram 1s a broad-spectrum insecticide against
many pest  insects including  Lepidoptera,
Thysanoptera and Diptera in many plants. Low doses
of spinetoram (10 pg / ml) show low toxicity against the
pretadors such as Chrysopidae and Hemiptera
(Copping et al., 2001; DeAmicis et al., 1997; Gamal et
al., 2007; Kirst et al., 1992; Mahmoud et al., 2007;
Williams et al., 2003). This active substance has also
low toxicity to birds and mammals (Bret et al., 1997).
It has been shown by the US Environmental Protection
Agency as one of the insecticides with low toxicity to
the environment (Dow AgroSciences, 2008). The
spinetoram acts quickly when taken by the stomach
and stops feeding within 24 hours and death occurs.
When the mechanism of action of the spinetoram is
examined, it is effective on nicotinic acetylcholine and
gamma amino butyric acid (GABA) receptors (Williams
et al., 2003).
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Because of the low negative effect of the semisynthetic
spinosin insecticide spinetoram on the environment
and lack of studies on German cockroaches with this
insecticide, this study investigates to determine the
residual contact toxicity of spinetoram against adult
stages of German cockroaches using spraying
technique on three different application surfaces
(concrete, ceramic floor tile and parquet).

MATERIALS and METHODS
Insect

Blatella germanica colonies were grown in plastic cups
(60 liters) and kept at room temperature. The habitat
of B. germanica (L.) was provided with egg containers
placed in plastic boxes. We supplied water in glass
tubes with cotton stoppers and dry dog food to the
insects. For biological tests, the adult stages of B.
germanica (L.) were used.

Surfaces Used in Biological Tests
Parquet Surface

Laminated parquet, which is produced in accordance
with HDR and 717 E-1 standards, is 8 X 195 X 1200
mm in dimensions and is cut to dimensions of 100 X
100 mm and dimensioned for use in the tests.

Tile Surface

The tile surfaces used in the study are 150 X 150 X 5.5
mm in size, according to TS202 standards, from the
mixture of clay, kaolin, quartz, feldspar and limestone
materials and they are reduced to 100 X 100 mm
dimensions.

Concrete Surface

Concrete surface used in biological tests The mortar
obtained from a mixture of 200 g cement + 50 ml water
was poured into plastic boxes (100 X 100 X 60 mm) and
then the plastic boxes which were poured with mortar
were left to dry to form the concrete surface.

Pressure Adjustable Machine for Surface Spraying

The Airbrush compressor is used in surface spraying
for biological tests. HSENG Airbrush AS18 (Ningbo
Haosheng Pneumatic Machinery Co., Zhejiong China).
On the pressure gauge, pressure regulator, air filter
and airbrush (paint gun), start at 30 psi, adjustable
pressure, stop at 60 psi (available special pressure).
Airbrush compressor, power: 1/5 HP, voltage: 220-240
V, frequency: 50 HZ, size: 25.5 X 13.5 X 17 cm, net
weight: 3.6 kg. Paint gun, nozzle: 0.2 mm, working
pressure: 15 - 50 psi, reservoir capacity: 2 ml.
Spinetoram Surface Applications in Laboratory
Conditions against German cockroach

Biological tests were conducted in a completely dark
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climate room of 25 + 1 °C temperature and 65 £ 5%
relative humidity. In the biological tests, adult
German cockroach was used, spinetoram, commercial
preparation Delegate 250 WG, was used on concrete,
tile, parquet surfaces in plastic boxes. In the biological
tests, the control and experiments were conducted in 5
replications and 10 insects were used for each
replicate. The amount of active substance
corresponding to the concentrations of 2.5, 5, 7.5, 10,
15, 25, 50, 75, 100 mg/m?2 (mg active substance /m?2
surface area) was weighed with a precision scale
(0.0001 g). Ten ml of pure water was added to the glass
beaker (50 ml) with glass cylinder (10 ml) and the
weighed amount of insecticide was transferred into a
glass beaker and mixed with magnetic stirrer for 10
min. One ml of spinetoram was used for each repetition
of each concentration application in surface spraying.
In each concentration application, the spinetoram
suspension, which was used for each concentration,
was sprayed homogeneously on the application
surfaces with the spraying pump by putting the
micropipette (1000 ul) into the reservoir of the
pressurized spraying pump. After the surfaces were
dried and holes were opened to provide air inlet and
outlet to the lids of the plastic box, 10 adult insects
were placed in plastic boxes for each replication.
Experiments were kept in a dark climate room of 25 +
1°C temperature and 65 + 5% relative humidity. In the
experiment daily motility rates were recorded.
Compared to control insects, insects with no antennas
and legs movements were considered dead (Toews et
al., 2003).

Evaluation of Data and Statistical Analysis

The mortality rates (%) of B. germanica were
calculated for each surface application and subjected to
Arcsine transformations and bi-directional (factors,
exposure duration and application concentration)
variance analysis (ANOVA) (Proc GLM; SAS Ins.,
2009) was applied. The differences between the means
were determined according to the 5% significance level
LSD (SAS Ins., 2009).

RESULTS

Mortality Rates of Blatella germanica Adults Exposed
to Different Concentrations of Spinetoram on Concrete
Surface

The mortality rate (%) of B. germanica exposed to
different concentrations of spinetoram on the concrete
surface for 9 days is given in Table 1. Significant
differences were found among mortality rates of all
concentrations of spinetoram in all exposures (Table 1,
P < 0.0001). There was no statistically significant
difference between the mortality rates of the controls
and low concentrations of spinetoram (2.5, 5 mg/m?)
(Table 1) at day 1 and the lowest mortality rates were
obtained at day 1 at all the concentrations of
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spinetoram. Mortality rates for 75 and 100 mg/m?
concentrations on the 7th and 9th day were
statistically similar. Mortality rates for spinetoram 75
and 100 mg/m?2 concentrations were significantly
higher than those of spinetoram 2.5, 5, 7.5, 10, 15, 25,
50 mg/m?2 concentrations at the exposure times (days
3, 5, 7 and 9) except first day of exposure time. Overall,
there was a significant increase in mortality rates at
subsequent concentrations of 25 mg/m?2 of spinetoram
in all other exposure times except day 1. Although the
slowing of movement in insects was observed from day
3, 100% mortality of B. germanica adults was obtained
at day 7 with concentrations of 75 and 100 mg/m2.
Tested all the concentrations of spinetoram caused
very low mortality of the B. germanica adults after one
day exposure. On the other hand, at the end of 7th and
9th day, high concentrations of spineoram (50, 75, 100
mg/m?) resulted in 100% and nearly 100% of deaths of
the adults.

Horizontally, there was a statistically significant
difference in the mortality rates of B. germanica adults
exposed to all concentrations of spinetoram at the
concrete surface (Table 1, P < 0.0001). The highest
mortality rate at all concentrations was obtained on
day 9 while the lowest mortality was obtained on day
1 (Table 1). The mortality rates at 3, 5, 7 and 9 days at
all concentrations were significantly higher than those
obtained at day 1. When the table is examined
horizontally, it is found that the mortality rates at day
9 are significantly higher than those at day 7 at 2.5, 5
and 25 mg/m? concentrations Table 1). In general, the
mortality rates at 9th day and 7th day in the
concentrations of spinetoram 75 and 100 mg/m?2 were
statistically similar while mortality rates at 9th day in
the concentrations 2.5 and 5 mg/m? were higher than
at 7th day (Table 1).

Mortality Rates of Blatella germanica Adults Exposed
to Different Concentrations of Spinetoram on Tile
Surface

The mortality rate (%) of B. germanica exposed for 9
days to different concentrations of spinetoram on the
tile surface is given in Table 2. Statistically significant
differences between mortality rates for all
concentrations of spinetoram in a majority of
exposures, if not all, when examined vertically (Table
2, P <0.0001). In general, an increase in the mortality
rate was observed with increasing concentrations of
spinetoram during all exposure periods (Table 2).

Horizontally, there was a statistically significant
difference in the mortality rates of B. germanica adults
exposed to all concentrations of spinetoram on the tile
surface (Table 2, P < 0.0001). At all concentrations, the
highest mortality rate was obtained on day 9 while the
lowest mortality rate was obtained on day 1 (Table 2).
As a result, the mortality rates of the adults of B.
germanica at 3rd, 5th, 7th, and 9th day were higher
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than the mortality rates in 1st day at all
concentrations except 7.5 and 50 mg/m?2.

Mortality Rates of Blatella germanica Adults Exposed
to Different Concentrations of Spinetoram on Parquet
Surface

The mortality rate (%) of the adults of B. germanica
exposed to different concentrations of spinetoram on
the parquet surface for 9 days is given in Table 3.
Statistically significant differences were found
between mortality rates for all concentrations of
spinetoram in all exposure times (Table 3, P < 0.0001).
The lowest mortality rates of the adults of B.
germanica were obtained on day 1 at all concentrations
applied. On day 9, concentrations of 75 and 100 mg/m?2
were statistically similar. Mortality rates at
concentrations of 75 and 100 mg/m? at day 9 were
statistically significantly higher than the mortality
rates at concentrations of 2.5, 5, 7.5, 10, 15, 25 and 50
mg/m2,

When examined Table 3. horizontally, there was a
statistically significant difference in the mortality
rates of B. germanica adults from all concentrations of
spinetoram on the parquet surface (Table 3, P <
0.0001). The highest mortality rate at all
concentrations was obtained on day 9 while the lowest
mortality was obtained on day 1 (Table 3). Adult
mortality rates at all concentrations other than 50 and
75 mg/m? on day 9 were statistically similar to adult
mortality on day 7.

The Effect of the Applied Surface on Blatella
germanica Mortality

Horizontally, it was observed that there was no
statistically significant difference between the
mortality rates of B. germanica adults on all
application surfaces at all concentrations except 75
and 100 mg/m2 on the 3rd day. In all concentrations
(2.5, 5, 10, 15, 25 and, 50 mg/m?2) of spinetoram except
75 and 100 mg/m2, the mortality rates on concrete, tile
and parquet surfaces were found to be statistically
similar (Table 4). In general, it was observed that
spinetoram was more effective against B. germanica
adults on concrete surface and especially at high
concentrations (75 and 100 mg/m?) than on tile and
parquet surfaces.

Mortality rates on the 5th day of B. germanica adults
exposed to different concentrations of spinetoram on
concrete, tile and parquet surfaces are given in Table
5. It was observed that there was no statistically
significant difference between the mortality rates of B.
germanica adults on all application surfaces at all
concentrations except 100 mg/m?2 on the 5th day. It was
observed that Spinetoram was more effective against
B. germanica adults on concrete surface than on tile
and parquet surfaces at concentration of 100 mg/m2.
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Table 1. Mortality rate of Blatella germanica adults exposed to different concentrations of spinetoram on concrete surface for 9 days
Cizelge 1. Beton ytizey lizerinde Spinetoram’n farkli konsantrasyonlarina 9 giin sitireyle maruz birakilan Blatella germanica erginlerinin oliim orani
Concentration Mortality rate (%) * = S.E
(mg / m?) 1.day 3.day 5.day 7.day 9.day Fand P value LSD value
2.5 0+0Cd 8 + 2 EFe 16 & 2.44 DEe 32+ 2Eb 56 4+ 2.44 Da Fa20 = 81.45; P <0.0001 6.0466
5 2+2Cd 12 + 2 DEFe 22 + 2 De 40 + 3.16 DEb 60 + 3.16 CDa Fa20=65.08; P <0.0001 6.5905
7.5 4 £ 2.44 BCe 16 + 2.44 CDEb 30+ 3.16 CDb 52 + 3.74 CDEa 60 + 3.16 CDa Fa.20=3649; P <0.0001 7.9713
10 4 £ 2.44 BCe 28 + 3.74 BCDb 48 + 2 BCa 54 + 2.44 CDa 66 + 4 CDa F420=47.70; P <0.0001 7.8893
15 8 £ 3.74 BCe 30 + 4.47 BCDb 50 + 3.16 BCab 60 + 3.16 CDa 70 + 3.16 CDa Fa20=31.94; P <0.0001 9.1284
25 8+ 2BCd 32 + 6.63 BCe 58 + 3.74 Bb 66 + 2.44 Cab 80 & 4.47 BCa Fy20=36.63; P <0.0001 9.4334
50 12 + 2 ABd 38+ 2 Be 68 + 3.74 Bb 88 4+ 3.74 Ba 92 + 3.74 ABa Fa20 = 45.56; P < 0.0001 10.406
75 16 + 4 ABd T4 44 8 90 + 4.47 Ab 100 £ ( Aa 100 £ ( Aa Fa20=75.28; P <0.0001 9.4972
100 28 £ 2 Ac 72 + 2 Ab 98 + 2 Aa 100 + 0 A= 100 £ 0 As F420=193.58; P <0.0001 5.4598
Control 0+0Ca 44+2.44Fa 6+ 2.44 Ee 8+ 3.74 Fa 8+ 3.74 Ea Fy20=1.45; P =0.2540 -
F and P value F9,40=9.73 Fo,40=34.61 Fo.40=56.57 F9.40=85.01 F9.40 = 59.06
P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001
LSD value 9.4962 8.2654 8.8151 7.5522 8.4936

*Two-way analysis of variance (ANAVO) was applied to the data and the differences between the averages were determined according to LSD test at 5% significance level.
Different upper-case letters in the same column and different lower-case letters in the same line are statistically different from each other.

Table 2. Mortality rate of Blatella germanica adults exposed to different concentrations of spinetoram on tile surface for 9 days
Cizelge 2. Fayans ytizey lizerinde Spinetoram’in farkli konsantrasyonlarina 9 giin sitireyle maruz birakilan Blatella germanica erginlerinin oliim orani

Concentration Mortality rate (%)* + S.E F and P val LSD
(mg/m?) 1.day 3.day 5.day 7.day 9.day and T vatue value
2.5 2 + 2 DEd 12 + 2 Ee 20 + ( Ebe 32+3.74 50 + 3.16 Ea F4,20=47.95; P <0.0001 6.6105
5 4 + 2.44 CDEd 14 + 2,44 DEe 32 + 3.74 DEb 46 + 2.44 EFab 52 + 2 Ea F4.20=38.39; P <0.0001 7.6046
7.5 10 £ 3.16 BCDe 20 + 3.16 CDEc 38 + 3.74 CDb 54 + 2.44 DEab 60 + 3.16 DEa F4,20 =29.60; P <0.0001 7.8154
10 12 + 2 ABCd 28 + 3.74 BCDe 46 + 4 BCDb 62 + 2 CDEa 72 + 3.74 CDEa F420=56.71; P <0.0001 6.0195
15 14 + 2.44 ABd 30 + 3.16 BCDe 50 + 3.16 BCDb 64 + 4 CDEb 80 + 3.16 BCDa F420=60.87; P <0.0001 6.2428
25 18 + 3.74 ABe 36 + 4 BCd 54 + 2.44 BCe 70 + 3.16 BCDb 86 + 2.44 BCa F420=61.63; P <0.0001 6.3904
50 18 + 3.74 ABd 36 £ 5.09 BCcd 60 + 3.16 Bbe 74 + 4 BCb 90 + 4.47 BAa F4,20=30.68; P <0.0001 10.558
75 22 + 3.74 ABe 40 + 3.16 Bad 60 + 3.16 Be 82 + 3.74 Bb 100 + ( Aa F420=131.73; P <0.0001 6.2301
100 28 + 3.74Ad 56 + 4 Ac 84 + 4 Ab 100 + 0 A= 100 £ 0 Aa F4,20=162.70; P < 0.0001 5.9302
Control 00 2 + 9 Fab 5+ 2.44 Fab 12 + 3.74 Ga 12+ 3.74 Fa F420=4.14; P =0.0132 11.88
F and P value Fo40=12.91 Fo .40 = 26.06 F9.40=40.34 Fo.40 = 62.32 F9.40=58.68

P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001
LSD value 8.5161 6.9917 6.8479 6.9156 8.2441

*Two-way analysis of variance (ANAVO) was applied to the data and the differences between the averages were determined according to LSD test at 5% significance level.
Different upper-case letters in the same column and different lower-case letters in the same line are statistically different from each other.
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Table 3. Mortality rate of Blatella germanica adults exposed to different concentrations of spinetoram on parquet surface for 9 days

Cizelge 3. Parke yltizey ilizerinde Spinetoram’in farkli konsantrasyonlarina 9 giin stireyle maruz birakilan Blatella germanica erginlerinin 6liim orani
Concentration Mortality rate (%)* + S.E F and P val LSD
(mg / m? 1.day 3.day 5.day 7.day 9.day and rvatue value
2.5 4+ 2.44 CDd 10 + 3.16 EFed 18 + 2 Dbe 28 + 3.74 FGab 46 + 4 Ea F4,20=17.43; P <0.0001 9.6312
5 4 +2.44Chd 14 + 2.44 DEe 26 + 2.44 CDbe 40 + 3.16 EFab 48 + 2 Ea Fa20 = 33.26; P <0.0001 7.4412
7.5 8 + 3.74 BCDd 16 + 2,44 DEcd 32 + 3.74 Cbhe 46 + 2.44 DEsb 56 + 2.44 DEa Fa20=24.65; P <0.0001 8.6038
10 12 £ 3.74 ABCDc 24 + 2.44 CDe 44 + 4 BCb 58 + 3.74 CDEab 72 + 2 CDa F420=33.31; P <0.0001 8.1686
15 16 = 509 ABCDd 30 + 3.16 BCDed 44 + 2.44 BChe 62 + 3.74 CDab 78 + 3.74 CBa F420=25.33; P <0.0001 9.4487
25 18 + 3.74 ABCd 36 + 2.44 ABCe 54 + 2.44 Bbe 68 + 3.74 Cab 82 + 3.74 CBa Fa20 = 45.35; P <0.0001 6.83
50 24 + 2.44 ABd 40 + 3.16 ABCed 56 + 5.09 Bbe 70 +£3.16 ¢ 88 4+ 3.74 Ba Fa420=31.70; P <0.0001 8.6062
75 26 + 5.09 ABd 44 + 2.44 ABe 60 + 4.47 ABe 86 + 2.44 Bb 100 £ ( Aa Fa20=108.53; P <0.0001 6.6591
100 30+ 3.16 Ad 54 + 4 Ac 76 + 4 Ab 98 + 2 Aa 100 + (0 A= F420=61.90; P <0.0001 8.8563
Control 2+ 2Db 4 + 2.44 Fab 6+ 2.44 Esb 14+ 2.44 Ga 14+ 2.44 Fa F420=15.48; P =0.0038 10.414
F and P value Fo,40=6.70 Fo40=22.88 Fo40=231.95 Fo,.40=65.01 Fo40=65.25

P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001

LSD value 11.681 7.4092 7.2923 6.517 7.3919

*Two-way analysis of variance (ANAVO) was applied to the data and the differences between the averages were determined according to LSD test at 5% significance level.
Different upper-case letters in the same column and different lower-case letters in the same line are statistically different from each other

Table 4. Mortality rates of Blatella germanica adults on day 3 exposed to different concentrations of spinetoram on different surfaces
Cizelge 4. Farkl1 yiizeyler tizerinde Spinetoram’in farkli konsantrasyonlarina maruz birakilan Blatella germanica erginlerinin 3. giindeki 6liim oranlari

Concentration (mg | Mortality rate (%)* + S.E Fand P LSD val
/ m2?) Concrete surface Tiles surface Parquet surface value value
2.5 8+ 2 FEa 12 £ 2 Ea 10 + 3.16 EFa Fa.12 =0.63; P = 0.5509
5 12 + 2 FEDa 14 + 2,44 EDa 14 + 2,44 EDa F212=0.26; P =0.7828
7.5 16 + 2.44 CEDa 20 + 3.16 ECDa 16 + 2.44 EDa Fa,12 =0.65; P =0.5392
10 28 + 3.74 CBDa 28 + 3.74 BCDa 24 + 2.44 DCa F212=0.46; P =0.6439
15 30 + 4.47 CBDa 30 + 3.16 BCDa 30 + 3.16 BDCa F2,12=0.00; P =0.9990
25 32 + 6.63 CBa 36 + 4 BCa 36 + 2.44 BACa F212=0.32; P=0.7288
50 38+ 2Ba 36 + 5.09 BCa 40 + 3.16 BACa Fa,12=0.33; P =0.7273 -
75 74 + 4Aa 40 + 3.16 BAb 44 + 2.44 BAb F2,12 = 31.18; P <0.0001 6.1556
100 72 + 24Aa 56 + 4 Ab 54 + 4 Ab F2,12 = 8.34; P =0.0054 -
Control 4+2.44Fa 2+ 2Fa 4+2.44Fa F212=0.25; P =0.7828
F and P value Fo40=34.61 F9.40 = 26.06 Fo.40=22.88
P <0.0001 P <0.0001 P <0.0001
LSD value 8.2654 6.9917 7.4092

*Two-way analysis of variance (ANAVO) was applied to the data and the differences between the averages were determined according to LSD test at 5% significance level.
Different upper-case letters in the same column and different lower-case letters in the same line are statistically different from each other.
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Table 5. Mortality rates of Blatella germanica adults on day 5 exposed to different concentrations of spinetoram on different surfaces
Cizelge 6. Farkli ylizeyler lizerinde Spinetoram’in farkli konsantrasyonlarina maruz birakilan Blatella germanica erginlerinin 4. giindeki 6liim oranlari

Concentration (mg Mortality rate (%)* + S.E Fand P

/ m2) Concrete surface Tiles surface Parquet value LSD value
surface

2.5 16 + 2.44 EDa 20 £ 0 Ba 18 + 2 Da F212=1.20; P =0.3349

5 22 4+ 2 Da 32 + 3.74 EDa 26 + 2.44 DCa F212=3.11; P=0.816

7.5 30+ 3.16 CDa 38 + 3.74 CDa 32 & 3.74 DCa F212=1.35; P =0.2964

10 48 + 2 CBa 46 + 4 CBDa 44 + 4 BCa F212=0.34; P=0.7169

15 50 + 3.16 CBa 50 + 3.16 CBDa 44 + 2,44 BCa Fo10=1.38;, P =0.2877

25 58 + 3.74 Ba 54 + 2.44 CBa 54 + 2.44 Ba F212=0.63; P =0.5495

50 68 + 3.74 Ba 60+ 3.16 Ba 56 + 5.09 Ba Fo10=2.27; P=0.1461 -

75 90+ 4.47 A= 60+ 3.16 Ba 60 & 4.47 BAa F212=13.20; P =0.0009 12.167

100 98 + 2 Aa 84 + 4 Ab 76 + 4 Ab F212=16.81; P =0.0003 9.9217

Control 6+ 2.44 Ba 5+ 244 Fa 6+2.44 Ea F212=0.00; P =1.0000 -

F ve P value Fo40=56.57 Fo40=40.34 Fo40=231.95

P <.0001 P <.0001 P <.0001
LSD value 8.8151 6.8479 7.2923
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*Two-way analysis of variance (ANAVO) was applied to the data and the differences between the averages were determined according to LSD test at 5% significance level.
Different upper-case letters in the same column and different lower-case letters in the same line are statistically different from each other




KSU Tarim ve Doga Derg 24 (4): 795-804, 2021
KSU J. Agric Nat 24 (4): 795-804, 2021

Arastirma Makalesi
Research Article

DISCUSSION

This laboratory study has investigated residual
contact toxicity for spinetoram to adults of B.
germanica on three different application surfaces
(concrete, tiles and parquet). Different concentrations
of spinetoram and exposure times have had significant
impact on the mortality rates of adults of B. germanica.
In general, at the end of day 1, all the tested
concentrations of spinetoram showed that adults of B.
germanica hardly ever died, and that at all
concentrations the mortality of adults of B. germanica
increased significantly after day 1. Similar to these
results, Celik (2013) investigated residual contact
toxicity of spinetoram against Acanthoscelides
obtectus adults on solution concrete, tile and parquet
surface in solution and determined that the duration
and concentration of spinetoram as a result of the
study had a significant effect on the insect mortality
rate. Risvanli (2015) also investigated the residual
contact toxicity of spinetoram against P. americana
adults on concrete, tile and parquet surface and it was
determined that spinetoram had a significant effect on
the mortality rate of P. americana adults. Low
concentrations of Spinetoram (0.001 and 0.002 mg/cm?)
on all application surfaces caused a low mortality rate
in P. americana adults. In addition, concentrations of
Spinetoram 0.005 mg/cm? and above on all application
surfaces caused 100% mortality in P. americana
adults. All of these results indicate that the
effectiveness of spinetoram may vary depending on the
insect species tested and application concentration. In
addition, in the present study, as in these studies, it
was found that spinetoram exposure time and
concentration had a significant effect on mortality. In
the present study, it was seen that with the tested low
concentrations of spinetoram on all application
surfaces (concrete, tiles and parquet) caused very low
mortality of B. germanica adults, but the majority of
them died especially at high concentrations (75 and
100 mg/m?). In general, low concentrations of
Spinetoram (2.5, 5, 7.5, 10, 15, 25 and 50 mg/m2) on all
application surfaces caused very low mortality of B.
germanica adults. All these results showed that
spinetoram concentrations of 75 mg/m2 and above
could successfully control B. germanica adults on all
application surfaces.

The application surface of spinetoram had a significant
effect on the mortality rates of B. germanica adults.
The efficacy of spinetoram on application surfaces
against B. germanica adults showed significant
differences in application concentrations. According to
the mortality rates on the third and 5th days, the
effectiveness of spinetoram against B. germanica
adults was found to be the same in lower
concentrations on concrete, tile and parquet surfaces.
However, it has been determined that the effectiveness
of spinetoram against B. germanica adults 1is
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significantly higher on the concrete surfaces at higher
(75 and 100 mg/m?) concentrations than the tile and
parquet surfaces. Similarly, several studies have
shown that the application surface, the insect species
tested and the insecticide formulation against the
stored product pests have significant effects on
different contact and residual insecticides (Williams et
al., 1983; Jain and Yadav, 1989; Samson and Hall,
1989; Arthur, 1997 and 2007). In addition, Toews et al.
(2003) reported that the effect of spinosad against
some stored grain pests, especially on concrete
surfaces, was higher than that of galvanized steel,
waxed and wax-free tile surfaces. Similar to these
results, in the present study, it was found that
spinetoram had higher activity against B. germanica
adults on the surface of the concrete at higher
concentrations than the tiles and parquet surfaces.
This difference is thought to be due to the insect
species tested, the formulation of the insecticides or
the active substance tested. It can also be said that
differences in the physical structure of concrete, tile
and parquet surfaces cause differences in the
effectiveness of spinetoram. In many studies
(Chadwick, 1985; Hodges and Dales, 1991; Hodges,
1993), the residual activity of insecticides is higher on
non-porous surfaces (glass, iron, ceramic tiles, etc.)
than porous surfaces (such as concrete, burlap and
mud).

As a result, concentrations of spinetoram solution 75
mg/m?2 and above showed high residual toxicity against
B. germanica adults on all application surfaces
(concrete, tiles and parquet) under laboratory
conditions. Based on the data obtained, it is thought
that the solution application of spinetoram can be used
for the controlling of B. germanica, which is a problem
in home and other buildings, and may be a potential
alternative to synthetic insecticides. However, in order
for spinetoram to be used commercially in the control
of B. germanica, it is necessary to investigate the
insecticide properties of spinetoram on real habitats of
German cockroaches beside the laboratory and to
investigate the applicability of spinetoram under
natural conditions and to determine long-term
residual contact toxicity.
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OZET Aragtirma Makalesi

Plum pox virus (PPV), sert cekirdekli meyvelerde énemli verim

kayiplarina sebep olan Sarka hastaliginin etmenidir. PPV, Makale Tarihgesi
Turkiye'nin farkli bélgelerinde simirli olarak tespit edilmesine Gelig Tarihi  :10.07.2020
ragmen, bugine kadar Burdur iline ait herhangi bir kayit Kabul Tarihi :04.12.2020

bulunmamaktadir. Bu ¢alismada, 2016-2019 yillar1 arasinda Burdur

ilinde PPVnin varhiginin belirlenmesine yonelik serolojik ve

Anahtar Kelimeler

molekiiler yontemler kullanilarak yapilan arastirmanin sonuglarina Filogenetik Analiz
yer verilmigtir. Stirveyler siiresince toplanan 47 adet sert ¢ekirdekli Sarka Hastalig1
meyve yaprak ornegi ilk olarak Double antibody sandwich enzyme Seftali

linked immunosorbent assay (DAS-ELISA) ile analiz edilmis ve 2 adet PPV-M

seftali 6rneginin PPV ile enfekteli oldugu belirlenmigtir. Calismada,
PPV’nin kilif protein bélgesi icin 767 niikleotid biiyukluginde bir
bélgeyi cogaltan bir adet dejenere primer cifti tasarlanmistir. Yeni
primerler ile gerceklestirilen Reverse transcription-polymerase chain
reaction (RT-PCR) ve sekans analizleri sonucunda elde edilen diziler
GenBank’a kaydedilmistir. Yapilan BlastN analizi neticesinde
Burdur PPV izolatlar: en yiiksek benzerlik oranini (%99.86-%98.49),
PPV-M 1rk: ile gostermistir. Neighbour-joining yontemiyle yapilan
filogenetik agac¢ta Burdur izolatlarinin, Turkiye ve farklh tlkelere ait
PPV-M izolati ile kiimelendigi belirlenmistir. Bu c¢alisma ile elde
edilen 2 adet PPV-M izolat1 Akdeniz Bélgesinin PPV agisindan ari
alanmi konumunda olan Burdur ilinde ilk kayit niteligindedir. Calisma
sonucunda enfekteli oldugu tespit edilen agacglar eradike edilerek 1
km capinda tampon boélge olusturulmus ve 3 yil boyunca Prunus
turlerinin yetistiriciliginin yasaklanmasina ve stirvey ¢calismalarinnin
devam edilmesine karar verilmigtir.

Determination of Plum pox virus and Molecular Characterization of Partial Coat Protein Gene in Burdur
Province

ABSTRACT
Plum pox virus (PPV), the causal agent of Sharka disease, causes
significant yield losses in stone fruits. Despite PPV occurrence as

Research Article

Article History

restricted in different regions of Turkey, there is no record of PPV yet Received +10.07.2020
in Burdur province. Hence, this study includes the results for Accepted - 04.12.2020
determining the presence of PPV in Burdur province between 2016- K d
2019 by serological and molecular methods. A total of 47 leaf samples eywords =

] : : Phylogenetic Analysis
collected during the surveys were first analyzed by Double antibody Sharka Di
sandwich enzyme-linked immunosorbent assay (DAS-ELISA), and - arha 1sease
only 2-peach samples were determined to be infected with PPV. A P;i;-M

degenerate primer pair that amplifies a 767 bp product was designed
for the partial coat protein region of PPV in this study. Reverse
transcription-polymerase chain reaction (RT-PCR) was performed
using designed primer pair, and novel isolates obtained by sequence
analysis were deposited in the GenBank. As a result of the BlastN
analysis, Burdur PPV isolates showed the highest similarity (99.86%
-98.49%) with the PPV-M strain. The phylogenetic tree was generated
by the Neighbor-Joining method, resulting in novel PPV-Burdur
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isolates were clustered with the PPV-M isolates belonging to Turkey
and other countries. The novel two PPV-M isolates were the first
records in the province of Burdur, the PPV-free area in the
Mediterranean Region. As a result of this study, by eradicating
infected trees, a one-kilometer diameter buffer zone was established.
It has been decided to ban the replanting of Prunus species and

continue the survey studies for three years.

Ataf I¢in: Morca AF, Coskan S, Celik A 2021. Burdur Ilinde Plum pox virus'un Tespiti ve Kismi Kilif Protein Geninin Molekiiler
Karakterizasyonu. KSU Tarim ve Doga Derg 24 (4): 805-814. DOI: 10.18016/ksutarimdoga.vi.767409
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GIRIS
Plum pox virus (PPV), Potyvirus cinsi icerisinde yer
alan, sert cekirdekli meyve agaclarinda ciddi

ekonomik kayiplara yol agabilen 6nemli bir viral
hastalik etmenidir (Nemeth, 1986). Hastalik etmeni
erik, seftali ve kayis1 basta olmak lizere sert ¢cekirdekli
meyvelerde verim ve kalite kayiplarina yol agmaktadir
(Rochon ve ark., 2003). Ilk olarak 1917-18 yilinda
Bulgaristan’da tespit edilen (Atanassov, 1932)
PPV’nin tim Avrupa ve Akdeniz ulkelerine yayilma
egiliminde oldugu bildirilmistir (Garcia ve Cambra,
2007). PPV’nin giiniimiize kadar yabani ve kiiltiire
alinmis sert cekirdekli meyve agaclarinda (James ve
Thompson, 2006; Sochor ve ark., 2012) ve dikotiledon
familyasina ait 8 farkhi bitki turinde enfeksiyon
olusturma durumlar1 arastirilarak, virtiisiin 20 farkh
afit tira ile taginmasi lzerine deneysel calismalar
yuritilmistiir (Labonne ve ark., 1994; Gildow ve ark.,
2004). Global 6lcekte yayilimi siirekli takip edilen
PPV, guntimiizde sert ¢ekirdekli meyve agaclarinin en
onemli viral sorunu haline gelmistir. Oyle ki, PPV
bitki viriisleri igerisinde en cok calisilan 10 virls
arasinda yerini almistir (Scholthof ve ark., 2011).

RNA virtsleri tipik olarak, viral RNA-dependent RNA
polymerase (RdRp) riboniikleotidleri sik sik hatal
birlestirmesi sonucu yonlendirilen yiiksek mutasyon
oranlarina sahip genetik olarak farkli yeni
popiilasyonlar olusturabilirler (Korboukh ve ark.,
2014). Bununla beraber RNA viriislerinin genetik
¢esitliligine katkida bulunan bagka bir mekanizmada
rekombinasyondur (Garcia-Arenal ve ark., 2001).
Rekombinasyon, Potiviruslerin evriminde 6nemli bir
rol oynamaktadir (Chare ve Holmes, 2006). Ancak bu
evrim net olarak bilinememekle birlikte mutasyon
degisikliklerinin rekombinasyon olaylarina kiyasla
goreceli 6nemi hala anlasilamamaktadir (Ohshima ve
ark., 2007; James ve ark. 2016). Rekombinasyon
diizeyi yuksek olan RNA viriisleri arasinda yer alan
PPV'nin guntimize kadar 10 farkli irki tespit
edilmigtir. Bu irklar siras1 ile PPV-D ve PPV-M
(Kerlan 1979), PPV-EA (Wetzel ve ark., 1991), PPV-C
(Nemchinov ve Hadidi, 1996), PPV-Rec (Glasa ve ark.,
2004), PPV-W (James ve Varga, 2005), PPV-T (Serce
ve ark., 2009), PPV-An (Palmisano ve ark., 2012), PPV-
CR (Glasa ve ark., 2013) ve PPV-CV (Chirkov ve ark.,
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2017) olarak isimlendirilmistir. PPV 1rklar1 viriisiin
biyolojik, epidemiyolojik ve niikleotid farklhiliklar:
gozetilerek ayrilmistir (Sihelska ve ark., 2017).

Tek sarmal RNA yapisinda olan PPV genomu,
yaklagik 9.8 kb buyukligiunde ve tim diger Potyvirus
uyeleri gibi tek bir okuma ¢ercevesinden olugsmaktadir
(Revers ve Garcia, 2015). Ayrica genom iizerinde P3N-
PIPO mini trans-frame proteinin kodlandig: ikinci bir
kiiciik okuma cercevesi de bulunmaktadir (Chung ve
ark., 2008). PPV’nin diinya genelinde 1rk diizeyindeki
yayginligina bakildiginda PPV-D ve PPV-M irklarinin
yaygin oldugu bildirilmis, (Candresse ve ark., 1998)
yapilan son c¢alismalarda ise PPV-Rec 1rkinin
dagiliminda da bir artisin meydana geldigi rapor
edilmistir (Garcia ve ark., 2014).

PPV’nin, ana konukgularindan olan erik, kayisi, seftali
ve badem gibi sert cekirdekli meyvelerde farklh
simptomlar meydana getirdigi goriilmustir. Konukgu
bitkide meydana gelen bu farkli simptomlar, viriisiin
wkina, bitkinin yasina ve turine gore degisiklik
gostermektedir (Deligéz ve ark., 2015). PPV genellikle,
konukgu bitki yapraklarinda klorotik bantlagma,
damarlarda renk acgilmasi, halka seklinde lekeler ve
¢igeklerde renk kirilmasi gibi belirtiler ile kendini belli
etmektedir (Akbag ve ark., 2011). Ayrica hassas
konukgularin meyve ve yapraklarinda sekil
bozukluklar: olusturdugu, bununla beraber
meyvelerin erken donemde dokiilmelerine sebep
oldugu bildirilmistir (Lopez-Moya ve ark., 2000). PPV
Turkiye’'de ilk olarak Edirne ilinde 1968 yilinda tespit
edilmistir (Sahtiyanci, 1969). Viriisiin yaklasik yarim
asirdir o6nce tespit edilmis olmasi, lzerinde ¢ok
caligilan bir organizma olmasina neden olmus ve
etmeni sert ¢ekirdekli meyve agaglarinin énemli bir
bitki patojeni haline getirmigtir. Gunumiizde
hastaligin Tirkiye'de birgok boélgesinde bulundugu
bildirilmistir (Elibiiyiik, 2003; Elibiiyiik, 2004; Citir ve
Ilbag1, 2006; Candresse ve ark., 2007; Giimiis ve ark.,
2007; Akbas ve ark., 2011; Ilbagi ve Citir, 2014;
Giircan ve Ceylan, 2016). Tiirkiye'de PPV'nin 1rk
diizeyinde tespiti iizerine yapilan ¢aligmalarda PPV-D
(Elibiiyiik, 2004; Giircan ve Ceylan, 2016; Giircan ve
ark., 2020), PPV-M (Sertkaya ve ark., 2003; Elibiiyiik,
2004; Giircan ve ark., 2019), PPV-T (Serce ve ark.,
2009; Teber ve ark., 2019) ve PPV-Rec olmak iizere
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toplam dort irki tespit edilmistir. PPV-Rec sadece
Isparta ve Bursa illerinde sinirli olarak belirlenmesine
(Candresse ve ark., 2007; Giircan ve Ceylan, 2016)
ragmen diger Ug¢ 1rk birgok ilde tespit edilmigtir.

PPV, global ol¢ekte oldugu gibi Tirkiye’de de
karantinaya tabi viral etmenler arasinda yer
almaktadir (Deligéz ve ark., 2015). Tirkiye'de

karantina sartlar1 kapsaminda izlenen PPV’nin yeni
bélgelerde tespiti ve eradikasyonu ozellikle PPV ile
miucadelede alinmasi1 gereken onlemler bakimindan
olduk¢a Onemlidir.

Bu calismada Burdur ilinde

Sekil 1. Burdur ilir216-2019 yillar arasin
gosteren harita

£\

PPV’nin takibi amaciyla yapilan stirvey calismalari
kapsaminda viriisiin ilk tespiti ve kismi kilif protein
bolgesine 6zgu gelistirilmis olan dejenere primerler ile
yapilan karakterizasyon ¢aligsmalari bildirilmektedir.

MATERYAL ve METOD
Siirvey

Strvey calismalar: 2016-2019 yillar: arasinda Burdur
iline bagli Merkez, Aglasun ve Bucak ilcelerinde (Sekil
1

da strvey yapilan Aglasun, Bucak ve Merkez ilgelerinin konumunu

Figure 1. The map showing Aglasun, Bucak, and Merkez districts of Burdur province where surveys were

conducted between 2016-2019

Tarim ve Orman Bakanhig tarafindan hazirlanmig ve
yayinlanmig olan “Siirvey Talimatlar1 Kilavuz El

Kitabi” kapsaminda  belirtilen usullere  gore
yapilmistir (Anonim, 2017). Ornekleme yapilirken
sadece ticari bahcelerden degil ayni zamanda

geleneksel olarak tabir edilen eski ev tipi bahgelerden
de 6rnekler alinmigtir. Toplanan érneklere ait gerekli
bilgiler (tarih, lokasyon, &érnek numarasi, arazi
biiyiikliigii) not edilmek suretiyle kaydedilmistir.
Ornekler PPV belirtileri acisindan ilk olarak arazide
makroskobik olarak kontrol edilmistir. Kontroller
sonucu slrvey bolgesinden PPV  benzeri belirti
gosteren 47 adet O6rnek toplanmis ve Ankara Zirai
Miicadele Merkez Arastirma Enstitisi Mudurluaga
Viroloji Laboratuvarinda analize alinmigtir.

DAS-ELISA

Strvey yapilan alanlardan toplanan 6rnekler
makroskobik gézlemlerden sonra serolojik olarak PPV
wrklarina (PPV-An, PPV-C, PPV-CR, PPV-D, PPV-EA,

807

PPV-M, PPV-Rec, PPV-T ve PPV-W) spesifik
poliklonal antiserum (Agdia Inc. Elkhart, IN, USA)
kullanmilarak ilgili firmanin 6nerileri dogrultusunda
ELISA yoéntemi (Clark ve Adams, 1977) ile test
edilmigtir. Test sonucunda ELISA mikropleytleri 405
nm dalga boyunda ELISA okuyucusunda (Tecan
Sunrise Microplate Reader 16039400) absorbans
degerleri Olgulmustir. Degerlendirmede negatif
kontroliin absorbans degerinin en az iki kat1 ve tizeri
degere sahip érnekler enfekteli (pozitif) olarak kabul
edilmigtir.

Toplam RNA Izolasyonu, Dejenere Primer Tasarimi ve
RT-PCR

ELISA sonucunda PPV pozitif olarak belirlenen
érneklerden ve PPV negatif 6rnekten (Kontrol) ticari
kit (NucleoSpin RNA Plant Mini kit-Macherey-Nagel,
USA) kullanilarak toplam RNA’lar izole edilmistir.
Elde edilen toplam RNA’larin konsantrasyonlar:
nanospektrofotometre (NanoDrop 2000, Thermo) ile
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6lctilmiis ve esit hacime getirilmigtir.

Calismada kullanilan primer ¢iftinin tasarimi igin
NCBI'dan PPV’nin tim irklarinin kilif protein
bélgesini iceren niikleotid dizileri referans alinmagtir.
Referans alinan NCBI izolatlarina ait genom dizilimi
ve 1lgili gen tuzerindeki pozisyonu Sekil 2’de
verilmigtir. Referans alinan bu izolatlar Mega 7

programinda (Kumar ve ark., 2016) Clustal W
(Thompson ve ark., 1994) teknigi kullanilarak
hizalanmigtir. Hizalama sonucunda elde edilen diziler
ile Primer-BLAST (https://www.ncbi.nlm.
nih.gov/tools/ primer-blast/) programinda tasarlanan
ve ilk defa bu calismada kullanilan 767 niikleotid
boyutunda PPV-2F/PPV-2R isimli dejenere primer ¢ifti
olusturulmustur.

Nca'ofgﬁ'\':l No' |pozisyon Niikleotid dizisi Pozisyon
[HF585103 PPV-M A >
MF370999 PPV-M A >
LT158756 PPV-D >
MF346285 PPV-T A >
HG964685 PPV-Rec A >
DQ431465 PPV-EA A >
KC347608 PPV-W A >
KJ787006 PPV-C 8786 |A A >
MG736814 PPV-CR 8783 |A A >
HF674399 PPV-An 8777 @A >
MF447179 PPV-CV 8783 |A A A >
[PPV-2F Primeri YMMACYGCRRWCTTTTGGAR
HF585103 PPV-M > A A A ABIA ABIA| 9543
MF370999 PPV-M > A A A ABIA ABIA| 9543
LT158756 PPV-D > A A A ABIA ABIA| 9543
MF346285 PPV-T > A A A ABIA ABIA| 9543
HG964685 PPV-Rec > A A A ABIA ABIA| 9543
DQ431465 PPV-EA > A A A ABIA AMMA| 9549
KC347608 PPV-W > A A A ABIA AMMA| 9546
KJ787006 PPV-C > A A A ABIA ABIA| 9552
MG736814 PPV-CR > A A A ABIA ABIA| 9549
HF674399 PPV-An > A A A ABIA ABIA| 9543
MF447179 PPV-CV > A A A ABIA ABA| 9549
PPV-2R Primeri TGTGCATGTTGCGATTMACR

Sekil 2. PPV-2F/2R dejenere primerlerinin tasariminda referans alinan GenBank PPV izolatlar1 ve niikleotid

dizileri

Figure 2. The reference GenBank PPV isolates and nucleotide sequences for designing PPV 2F/2R degenerate

primer pair

Calismada elde edilen RNA’lar ve calismaya &zgu
tasarlanan PPV-2F/PPV-2R primer cifti ile toplam 25
pl hacimdeki PCR karisimi: 8 pl 5X GoTaq Flexi
Buffer, 1.25 nl MgClz (25 mM), 0.7 pl ANTP (10 mM),
0.25 nl GoTaq polimeraz enzim (5 U nl), 1 pl ileri
(Forward) primer (10 pM), 1 pl geri (Reverse) primer
(10 pM), 0.2 pl Reverse-transcriptase enzimi (200
U/, 0.2 ul RNase inhibitéri (5000 U/ml), 2 pl RNA
icerecek sekilde hazirlanmis ve niikleaz-igermeyen
steril su ile toplam hacime tamamlanmigtir. Elde
edilen PCR karigimi ile gergeklestirilen tek asamali
RT-PCR i¢in reaksiyon kogullary; 45 dk 50 °C stire ile
gerceklestirilen cDNA agsamasinin ardindan, 95 °C’de 5
dk, 94 °C’de 45 sn, 46 °C’de 45 sn, 72 °C’de 90 sn ve 72
°‘Cde 10 dk seklinde gergeklestirilmistir. RT-PCR
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sonucunda elde edilen amplikonlar Pronosafe (Conda,
Madrid, Spain) DNA boyas: ile hazirlanan %1.5luk
agaroz jelde 80 Vda 60 dk yurutilmus ve UV
transilluminator altinda géruntilenmigtir.

Dizileme ve Filogenetik Analiz

RT-PCR sonucu pozitif olarak belirlenen amplikonlar
hizmet alimi yoéntemi ile dizilenmek tuzere ticari
firmaya (Macrogen The-BM Laboratory Systems,
Tiirkiye) génderilmistir. Elde edilen ham niikleotid
dizileri temizlenerek iglenmis ve Clustal W teknigi
kullanilarak MEGA 7 programinda konsensus dizileri
olusturulmustur (Thompson ve ark., 1994). PPV’'nin
kilif protein bolgesine ait kismi nikleotid dizilerini
iceren 2 adet izolat, GenBank’ta yer alan referans
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izolatlar ile nikleotid diizeyinde BlastN
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) analizine tabi
tutulmustur. BlastN analizinden sonra izolatlar ait
nikleotit dizileri GenBank’a kayit edilmigtir.

Izolatlarin kayit isleminden sonra filogenetik agac
olusturulmasi i¢cin NCBI'dan PPV’nin kilif protein
bé6lgesinin tamamini igeren 27 adet referans izolat ve
1 adet dis izolat (Potato virus Y) indirilerek niikleotid
diizeyinde cesitlilik saglanmistir  (Cizelge 1).
Filogenetik agac¢ olusturulurken kullanilacak model,
Mega 7 programinda yer alan en iyi model bulma
secenegi (Kumar ve ark., 2016) kullanilarak elde
edilmis ve Tamura-Nei (TN93+G+I) olarak
belirlenmigtir. Bulunan model ile 1000 Bootstrap
degeri secilerek Neighbour-Joining (NJ) (Saitou ve
Nei, 1987)  yontemi ile filogenetik  agac
olusturulmustur.

Cizelge 1. Filogenetik analizde kullanilan izolatlar
Table 1. The list of isolates subjected to phylogenetic

analyses

No GenBank Erigim  Ulke-Sehir Irk

Numarasi
1 MN877409* Tirkiye-Burdur PPV-M
2 MN901052* Tirkiye-Burdur PPV-M
3 KX423931 Tirkiye-Bursa PPV-M
4 KX423928 Turkiye-Bursa PPV-M
5 KX423929 Tirkiye-Bursa PPV-M
6 KX423905 Tirkiye-Bursa PPV-M
7 EF626549 Slovakya PPV-M
8 HF585103 Slovakya PPV-M
9 MF371001 Turkiye-Istanbul PPV-M
10 MF370999 Tiirkiye-Istanbul ~ PPV-M
11 LT158756 Slovakya PPV-D
12 AB576049 Japonya PPV-D
13  AY953266 Kanada PPV-D
14 MF346285 Tirkiye-Konya PPV-T
15 MF346290 Tirkiye-Konya PPV-T
16 EU734794 Turkiye-Ankara PPV-T
17 HG964685 Kanada PPV-Rec
18 EU117116 Polonya PPV-Rec
19 DQ431465 Misir PPV-EA
20 FN424180 Misir PPV-EA
21 K(C347608 Rusya PPV-W
22  AY912055 Kanada PPV-W
23 KJ787006 Rusya PPV-C
24 KY221840 Almanya PPV-C
25 MG736816 Rusya PPV-Cr
26 MG736814 Rusya PPV-Cr
27 HF674399 Arnavutluk PPV-An
28 MF447179 Rusya PPV-CV
29 MF447180 Rusya PPV-CV
30 KR528584** Uruguay PVY

* Calismada elde edilen izolatlar ** Dig grup olarak secilen
izolat

BULGULAR ve TARTISMA

2016-2019 yillar1 arasinda Burdur Ili merkez, Aglasun
ve Bucak ilgelerinden toplam 47 adet sert ¢ekirdekli
meyve yaprak oOrnegi  toplanmistir.  Yapilan
makroskobik ve serolojik c¢alismalar neticesinde
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toplamda 2 adet seftali 6rneginin (Brd424 ve Brd425)
PPV ile enfekteli oldugu tespit edilmistir. Sert
¢ekirdekli meyve virusleri ile yapilan calismalarda
serolojik testler yaygin olarak kullanilan test
yoéntemleri arasinda yer almaktadir (Giimiis ve ark.,
2007; Ulubas-Serce ve ark., 2009; Oztiirk ve Cevik,
2015; Celik ve Ertunc, 2019; Celik ve Ertunc, 2020). Bu
¢alismada da ilk olarak serolojik yontemle pozitif
oldugu belirlenen ornekler daha sonra hassas bir
analiz  yontemi olan RT-PCR  teknigi ile
dogrulanmigtir. PPV’nin tiim irklarmin kilif protein
gen Dbolgesini tanimlama 6zelligine sahip olmasi
amaciyla tasarlanan dejenere primer c¢ifti ile yapilan
RT-PCR calismalar: sonucunda, Burdur ilinden elde
edilen iki adet gseftali 6rnegi ve pozitif kontrol amaciyla
kullanilan PPV ile enfekteli (PPV-D) bir adet seftali
ornegi agaroz Jjel tuzerinde 767 bp buytkliginde
bantlar olugturmustur (Sekil 3).

Sekil 3. Dejenere primer c¢iftleri kullanilarak yapilan
RT-PCR amplifikasyonuna ait agaroz jel
gorintiisi. (M; 100 bp DNA Markér, 1-2;
Burdur PPV izolatlari, 3; Negatif Kontrol, 4;
Su Kontrol, 5; Pozitif Kontrol).

Figure 3. Agarose gel image of RT-PCR amplification
using degenerate primer pairs (M- 100 bp
DNA marker, 1-2 Burdur PPV isolates, 3°
Negative control, 4°- Water control, 5; Positive
control)

Elde edilen amplikonlar sekans analizi sonrasinda
BlastN analizine tabi tutulmustur. Konsensus dizileri
olusturulan iki adet izolat MN877409 (Brd424) ve
MN901052 (Brd425) erisim numaralar1 ile NCBI'a
kaydedilmigtir. BlastN analizi sonucunda Burdur PPV
izolatlari, Cizelge 2'de yer alan ve NCBI'da kayith
PPV-M izolatlar ile niikleotid diizeyinde %98.49 ile %
99.86 arasinda benzerlik gostermigtir. Bu yuksek
benzerlik oraninin, Cizelge 2’de verilmeyen ve Blast
analizinde elde edilen ilk 100 PPV-M izolatinda da
devam ettigi gorilmistir. Bu bulgular dogrultusunda
Brd424 ve Brd425 izolatlarinin PPV-M irki oldugu
kesinlegmigtir.
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Cizelge 2. Kismi CP gen boélgesi i¢in Brd424 ve Brd425 izolatlarinin GenBank veritabaninda yer alan PPV
izolatlar1 ile niikleotid diizeyinde gostermis olduklar: benzerlik oranlari
Table 2. Similarity ratios of Brd424 and Brd425 isolates at nucleotide level with PPV isolates in the GenBank

database for the partial CP gene region

]ijz]ollzt ve Irk GenBank No g/i)n zerlik %lollit ve Irk GenBank No 2/(:)11 zerlik
Brd424 Brd425
%fflzi’, o M Kx423931 99.86 ?ﬂffﬁfy@ M KX423905 99.59
%fflfi;e) M KX423930 99.86 %;Ckli?’e) M KX423904 99.59
ggfﬁie) M KX423928 99.86 ?Trgr‘fi?;e) M  KX423910 98.90
%ffé‘;e) M KX423925 99.86 %i¥£52§84 M MG686898 98.62
g&f’ée) M KX423914 99.86 ?Tfr"kli(;i) M KX423955 98.62
gfgflfiie) M KX423929 99.72 %;‘i:;;e) M KX423944 98.62
%f;kzi‘;e) M KX423897 99.72 (Cgﬁm) M  EF626558 98.62
%fflf’ige) M KX423913 99.59 ?sslfbis tan) M  EF626546 98.62
g&i} o M KX423898 99.59 ggﬁygm M MG686913 98.49
giféie) M KX423924 99.45 g‘g\gg‘gsg’ M MG686897 98.49
PPV’nin tespitine yonelik ilk defa c¢alismada amplifiye etmesi nedeniyle molekiiler karakterizasyon

kullanilan PPV-2F/2R dejenere primerlerinin oldukga
basarili oldugu goérulmustur. Tiurkiye'nin PPV
havuzunda dominant irk durumunda olan PPV-T’nin
serolojik olarak tespitini mumkin kilacak bir
monoklonal antibadi hentiz gelistirilmemistir. Bu
nedenle dizileme olmaksizin PPV-T irkinin ayrimim
yapmak miimkiin degildir (Giircan ve Ceylan, 2016).
PPV'nin 1rk ayrimi hali hazirda virtisin tam genom
dizisi, kilif protein bélgesi ve P3-6K1 bolgesinin dizi
bilgilerinin elde edilmesi ile saglanmaktadir (Giircan
ve Ceylan, 2016; Giircan, 2017). Bu baglamda PPV-
2F/R primer ¢iftinin, ¢aligma kapsaminda verilmeyen
ancak Turkiye’de varligi belirlenen PPV'nin dort irk:
(PPV-M, D, T ve Rec) icin giivenilir olarak calistig1
laboratuvar calismalarinda kanitlanmis ve farkh
literatirlerde PPV’'nin tespiti i¢in kullanilan primer
ciftlerine ilave olarak kullanilabilecegi gorilmuistur.
Dinyada PPVnin karantina kapsaminda rutin
analizlerinde ISPM 27 (International Standards for
Phytosanitary Measures) teshis protokolliinde yer
alan metotlar yaygin olarak kullamilmaktadir. Soéz
konusu protokolde en yaygin olarak iiniversal P1/P2
primer cifti (Wetzel ve ark., 1991) kullanilarak teshis
calismalar1 yapilmaktadir. Universal P1/P2 primer
¢ifti PPV'nin kilif protein bolgesinde 243 niikleotid’lik
kiiciik bir alani ¢ogaltmaktadir. P1/P2 primerlerinin
teshis ic¢in spesifikligi yuksek ancak kiigiik bir bélgeyi

calismalar1 acisindan uygun olmadigi bilinmektedir
(Gircan ve ark., 2019). Universal primer c¢ifti ile
yapilan filogenetik agaclarin dendogramlarinda
bootstrap degerlerinin diisiik ciktig1 (Kutsenko ve ark.,
2019) ve giivenilirligin azaldig: farkh calismalarda da
goriilmektedir. Bu sebeple ¢alisma igin tasarlanmig
olan 767 niikleotid uzunlugundaki dejenere primerler
ile genetik c¢esitliligi daha iyi temsil edildigi ve
filogenetik analizlerde PPV irklarinin daha iyi
ayrildig1 gérulmustir.

Cizelge 1’de verilen 10 farkli PPV izolat1 ile Burdur
izolatlar1 arasinda filogenetik iligkiler incelenmig ve
elde edilen filogenetik agagta 11 farkli grubun yer
aldign  goriilmistir (Sekil 4). Olusan bu farkh
gruplarin  filogenetik  aga¢  tzerinde  farkh
uzunluklarda ve farkli bootstrap degerlerine sahip
dallar ile belirgin bigcimde ayristigi belirlenmistir.
PPV’nin irklarindan olmayan ancak filogenetik agacta
MIs olarak belirtilen grubun Giircan ve Ceylan (2016)
tarafindan rapor edilen, Avrupa PPV-M grubundan
genetik olarak farkli oldugu bildirilen Istanbul
(Tirkiye) izolatlarindan olustugu goriillmiistiir. MIs
izolatlarinin farkh calismalarda oldugu gibi (Teber ve
Giircan 2016, Giircan, 2017) bu calismada da diger
PPV-M izolatlarindan ayr1 bir grup oldugu
dogrulanmigtir. Calismada kullanilan Brd424/Brd425
izolatlarinin BlastN analizi sonucu NCBI’da gériilen
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PPV-M izolatlar1 ile olan benzerlik durumunun
filogenetik agacta da devam ettigi ve beklenildigi gibi

KX423931 PPV-M
100| KX423928 PPV-M
K423929 PPV-M
@ MNS77409 PPV-M
@ MN901052 PPV-M
KX423905 PPY-M
EF626549 PPV-M
HF585103 PPV-M
H(964635 PPV-Rec
EU117116 PPY-Rec
MF371001 PPV-M
MF370999 PPY-M |
— HF674399 PPV-An
MF346290 PPV-T
MF346235 PPV-T
EU734794 PPY-T
- LT158756 PPV-D
AB576049 PPV.D
AY953266 PPV.D
100~ DQ431465 PPV-EA
L FN424180 PPV-EA

100 - KI787006 PPV-C
l—— KY221840 PPV-C

95
1p
B

100

—
o

D_l
40
10D _I

39

43

94
97

100
99

005

8 100 KC347608 PPV-W
AY912055 PPY.W
® 100 MG736816 PPV.CR
33—[ MG736814 PPV-CR

100 | MF447179 PPV.CV
MF447180 PPV-CV

KR528584PVY  7]DIS GRUP

PPV-M grubu izolatlar ile kiimelendigi gorilmuistir.

] PPV-Rec

PPY-MIs

Jrev-an

PPY-T

PPY-D

j|PPV-EA
}ppv C

] PPYV-W
]va-cn

] PPY-CY

Sekil 4. Brd424 (MN877409) ve Brd425 (MN901052) izolatlarinin kismi kilif protein gen bélgesine ait niikleotid
dizilerinin GenBank'da kayitli bazi1 PPV irklar ile filogenetik iligkisi.
Figure 4. Phylogenetic relationship of nucleotide sequences of the partial coat protein gene region of Brd424 and
Brd425 1solates with some PPV strains registered in GenBank.

Yukarida bahsedilen BlastN sonuglarinda Burdur
PPV-M izolatlarinin Bursa PPV-M izolatlari ile yiiksek
derecede benzerlik gosterdigi gérilmektedir. Ozellikle
Bursa ilindeki geftali fidan yetistiriciligi ve farklh
bélgelere olan fidan nakli, Burdur seftali fidanlarinin
Bursa kaynakl olabilecegi ihtimalini
giiclendirmektedir. Nitekim Giircan (2016) tarafindan
yayinlanan raporda PPV-M irkinin ilkenin cesitli
boélgelerine yayilmasinda Bursa ilinden gergeklesen
fidan trafiginin 6nemli role sahip oldugunu
bildirmigstir. Benzer olarak Aydin, Canakkale, Isparta
ve Denizli illerinde 6zellikle geng bahgelerde artan
PPV-M enfeksiyonuna, fidanliklarin kaynak
olusturdugu ihtimali bulunmaktadir (Giircan, 2016).

811

PPV-M'nin geftali enfeksiyonunun Avrupa’da ve
ozellikle Yunanistan’da yaygin oldugu rapor edilmistir
(Myrta ve Boscia, 2001; Wang ve ark., 2006). Tiirkiye
icinde PPV-M'nin, iilke geneline yayilma egiliminde
olmaya devam ettigi farkli ¢alismalarda bildirilmistir.
Irk diizeyinde yapilan bu ¢alismalarda Adana, Mersin
(Kog ve Baloglu, 2006), Antalya (Celik ve Kiitiik, 2013),
Aydin, Canakkale, Denizli, Istanbul, Isparta, Istanbul,
Kayseri ve Tekirdag (Giircan ve Ceylan, 2016; Giircan
ve ark.,, 2019) illerinde PPV-Mnin varhg
bildirilmigtir. Goruldugu tizere Akdeniz Bolgesi'nde
yer alan Burdur iline yakin bolgelerde cesith
tarihlerde PPV'nin varhig: bildirilmistir.
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SONUC ve ONERILER

Bu ¢aligsma ile Akdeniz Boélgesi'nin PPV agisindan ari
ili konumunda olan Burdur ilinde Sarka Hastalig1 ilk
kez rapor edilmektedir. PPV, EPPO-A2 listesinde yer
alan bir karantina organizmasidir. EPPO bolgesinde
yaygin olarak ya da sinirh olarak bulunan PPV bir¢ok
ulkede kayisi, erik ve geftalide buyuk risk tasiyan
onemli bir etmendir. Turkiye’de énemli bir karantina
organizmasi olarak kabul edilen PPV, karantina
listesinde EK2-B (Tiirkiye’de sinirhi olarak bulunan
karantinaya tabi zararli organizmalar) kapsaminda
degerlendirilmekte ve Tarim ve Orman Bakanlig:
tarafindan belirlenen kati bir eradikasyon programina
sahiptir. Bu c¢alisma sonucunda, PPV’nin tespit
edildigi lokasyondaki bitkiler imha edilerek, 1 km
capindaki alanda tampon bélge olusturulmustur.
Ayrica tampon boélge icerisinde 3 yil boyunca PPV’nin
dogal konuk¢usu durumunda olan Prunus turlerinin
yetigtiriciligi yasaklanmis ve virisiin taranmasi
amaciyla strvey calismalarina devam edilmesine
karar verilmigtir.

TESEKKUR

Strvey calismalarinda emegi gecen Tarim ve Orman
Bakanligi Burdur II Tarim ve Orman Midirlagi
personelleri ile Tarimsal Arastirmalar ve Politikalar
Genel Mudurligi-Zirai Miicadele Merkez Arastirma

Enstitisii  Mudirligine desteklerinden  dolay:
tesekkur ederiz.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar

catismasi bulunmamaktadar.
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ABSTRACT
Fungal samples were collected from Kazdagi National Park
(Balikesir/Turkey) on October 25, 2014, and they were identified by

Research Article

Article History

implementing both traditional methods and ITS rDNA-based Received $23.09.2020

molecular phylogenetic analysis. By taking into account the high Accepted ©23.11.2020

sequence similarity between the collected samples (ANK DNZ 023)

and Albatrellopsis flettii (Morse ex Pouzar) Audet, the collected Keywords

specimen was regarded as A. flettii, which was also verified my the Albatrellopsis flettii

morphological data. As a result, A. flettii was reported for the first Albatrellaceae

time from Turkey at the genus and species level. A short description New record

of the newly reported species was provided together with its macro- Turkey

photography, illustrations of spores and hyphae, and spore images

taken by a scanning electron microscope (SEM).

Albatrellopsis flettii, Tiirkiye Albatrellaceae’leri I¢in Yeni Bir Cins
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tanimlandi. Toplanan &érnekler (ANK DNZ 023) ve Albatrellopsis
flettii (Morse ex Pouzar) Audet arasindaki yiiksek sekans benzerligi
dikkate alinarak toplanan ornek A. flettii olarak kabul edildi ve

Anahtar Kelimeler

morfolojik veriler de bu bulguyu pekistirdi. Sonug olarak, A. flettii ﬁjﬁatrezop sis fletti
Turkiye'den ilk kez cins ve tiir seviyesinde rapor edilmistir. Yeni rapor Y qtlfe aceae
edilen tirlerin kisa aciklamasi, makro fotograflari, spor ve hifsel ent 2y

Turkiye

yapilarinin cizimleri ve tarama elektron mikroskobu (SEM) ile alinan

spor goruntiileri ile birlikte verilmistir.

To Cite : Altuntas D, Sahin E, Kabaktepe S, Alli H, Akata 1 2021. Albatrellopsis flettii, A New Genus for Turkish Albatrellaceae.
KSU J. Agric Nat 24 (4): 815-819. DOI: 10.18016/ksutarimdoga.vi.799215.

INTRODUCTION

Albatrellaceae 1s a family of order Russulales
belonging to the division Basidiomycota (Kirk et al.,
2008) and it includes sixty-three confirmed species
within the nine genera (Albatrellopsis Teixeira,
Albatrellus Gray, Jahnoporus Nuss, Laeticutis Audet,
Leucogaster R. Hesse, Leucophlebs Harkn., Mycolevis
AH. Sm., Polyporoletus Snell and Scutiger Paulet),
according to index fungorum
(www.indexfungorum.org; accessed 25 July 2020.).

Albatrellopsis is a monotypic genus of the family,
which includes A. flettii (Morse ex Pouzar) Audet,
which is characterized by convex to plane and bluish-
green to variously colored pileus, incurved to lobed or
wavy margin, circular or irregular, with eccentric to
lateral stipe, circular to angular, apricot or salmon
colored pores, thick and firm flesh, white spore print,

monomitic hyphal system, elliptic to ovoid and smooth
and weakly amyloid spores. Formerly classified under
the genus Albatrellus, A. flettii was transferred to the
newly established genus Albatrellopsis due to its
distinct molecular phylogenetic status (Audet, 2010).

According to Turkish literature (Dogan et al., 2005;
Sesli and Denchev, 2008), seven species within the
three genera (Albatrellus confluens (Alb. & Schwein.)
Kotl. & Pouzar, A. subrubescens (Murrill) Pouzar,
Laeticutis cristata (Schaeff) Audet, Leucogaster
liosporus R. Hesse, L. Iuteomaculatus Zeller & C.W.
Dodge, L. nudus (Hazsl) Hollés, Scutiger pes-
caprae (Pers.) Bondartsev & Singer) have so far been
reported for Turkish Albatrellaceae but there is not
any record related to Albatrellopsis flettii in Turkey.
The purpose of this paper was to make some
contributions to Turkish Albatrellaceae.
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MATERIAL and METHOD

Albatrellopsis specimens were collected from Kazdag:
National Park (Balikesir-Turkey) on October 25, 2014.
Macroscopic and ecological characteristics of the
specimens were recorded at the collection site. In the
fungarium, microscopic structures were scrutinized
using both simple light microscope and scanning
electron microscope (SEM). For light microscopy,
approximately 50 measurements were taken under a
light microscope (Euromex Oxion Trinocular
microscope). 100X magnification rates were utilized for
each microscopic structure and the compiled data were
statistically processed. We also benefited from some
chemicals including Melzer's reagent, 5% KOH, and
congo red. For SEM analysis, pieces of hymenium were
buried in a carbon paste, coated with gold particles,
and visualized with an EVO 40XVP (LEO Ltd.,
Cambridge, UK) scanning electron microscope by
using an accelerating voltage of 15 kV. Herbarium
materials were prepared from the identified samples
(ANK DNZ 023) and deposited into Ankara University
Herbarium (ANK).

Determination of the ITS rDNA Sequences

For the genomic DNA extraction from ANK DNZ 023,
the CTAB method was employed as previously
described (Rogers and Bendich, 1994). The extracted
genomic DNA was spectrophotometrically (Nanodrop
Lite Theromo Scientific) analyzed for the quality and
quantity measurements and then it was utilized in a
polymerase chain reaction as the template in order to
amplify the Internal Transcribed Spacer (ITS) rDNA
regions. PCR amplification of the ITS rDNA regions
was implemented by using the ITS1 forward and ITS4
reverse universal oligonucleotides as previously
represented (Stielow et al, 2015). The presence of
amplicons was electrophoretically confirmed as single
and clear bands on an agarose gel and later they were
purified with Expin Gel, PCR, and CleanUp SV Kit
(GeneAll) and sequenced with Sanger dideoxy
sequencing method. Same ITS1 and ITS4
oligonucleotides were employed for the sequencing
PCR conducted using the BigDye™ Direct Cycle
Sequencing Kit (Thermo Fisher Scientific) and the
fragment analyses were carried out using ABI Prism
3130 Genetic Analyzer. Agarose gel electrophoresis
and the Sanger sequencing were performed as
described elsewhere (Chen et al., 2014).

Molecular Phylogeny Study

For the molecular phylogeny, the sanger reads
obtained from ITS1 and ITS4 primers were assembled
using  DNAMAN Version 10 sequence assembly
software (Lynnon Corporation) and BLASTn search
was implemented with the assembled sequence for the
similarity index analysis. Based on this BLAST search,
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the in-group and the out-group members were
retrieved from NCBI GenBank for the phylogenetic
analysis. The assembled sequence and the nucleotide
sequences of the retrieved in-group and out-group
members were aligned using the ClustalW algorithm
of MEGAX software (Kumar et al., 2018). The
phylogenetic tree demonstrating the evolutionary
history of ANK DNZ 023 was inferred using the
Maximum Likelihood method and K2 nucleotide
substitution model with gamma distribution (Kimura,
1980). The bootstrap method was utilized for the
accuracy estimation using 1000 bootstrap replicates
(Felsenstein, 1985).

RESULTS

Albatrellaceae Nuss

Albatrellopsis Teixeira

A. flettii Morse ex Pouzar) Audet (2010), (Figure 1).

Syn.: Albatrellus flettii Morse ex Pouzar (1972),
Polypilus flettii (Morse ex Pouzar) Teixeira (1992),
Polyporus flettii Morse, Mycologia (1941).

Macroscopic and microscopic features

Pileus 120-160 mm broad, convex and inrolled at first,
then enlarged and becoming plane, centrally depressed
finally. Margin lobed or wavy and paler. Surface blue
or blue-green at first, later dingy ochraceous, rusty
stains in age, salmon to brick red when dry. Pores 1-4
per mm, circular to angular. Pore surface white at first,
becoming apricot or salmon when mature, brick red
when dry. Flesh white, thick, and firm. Odor and taste
not distinctive. Stipe 50-100 mm long, centric or
eccentric, circular or irregular, smooth, solid, firm,
whitish when young, salmon to brick red when mature
or dry. Spore print white. Hyphal system up to 10 pm
broad, clamped, strongly inflated in the flesh of the cap
and stem. Cystidia not seen. Basida 15-18 X 5-6 um,
four spored, clavate with basal clamp. Basidiospores
3.5-4 x 2.5-3 pm, ellipsoid to subglobose, smooth,
hyaline, and weakly amyloid.

Distribution: North America and East Asia (Zheng and
Liu, 2008).

Material examined: TURKEY—Balikesir: Kazdag
National Park, under pine, 1470 m, 39° 42' N - 26° 53’
E, 25.10.2014, ANK DNZ 023.

Molecular Phylogeny of ANK DNZ 023

The ITS rDNA sequence of ANK DNZ 023 obtained
from Sanger sequencing was deposited into NCBI
GenBank with the accession number of MT253103.1.
In a phylogenetic analysis of ANK DNZ 023,
considering the BLAST search results of the
specimen’s nuclear ITS rDNA sequence, the genera
Albatrellopsis,  Albatrellus, = Leucogaster, and
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Jahnoporus, some of the well-defined genera of the Russula delica and Lactarius salmonicolor were
family Albatrellaceae, were selected for ingroup selected for the outgroup sequences.

sequences and the nuclear ITS rDNA sequences of
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Figure 1. Albatrellopsis flettii: a-c fruit bodies, d. spores viewed under a light microscope (LM), e. spores viewed by
a scanning electron microscope (SEM).

Sekil 1. Albatrellopsis flettii’ a-c fruktifikasyon organlari, d. sporlarin 1sik mikroskobu (LM), altindaki gériiniimi,
e. sporlarin taramali elektron mikroskobundaki (SEM) gériiniimii.

As a result of the phylogenetic analysis, four apparent green pileus fleveloping dingy ochraceous, rusty stains
clades were come out along with an outgroup (Figure In age, apricot or salmon-colqred pores, clamped
2). While the clade 1 included different isolates of hyphae, small and weakly amyloid basidiospores. The

Albatrellopsis flettii and the specimen ANK DNZ 023, species may be confused with Albatrellus confluens in

the Clades 2, 3, and 4 contained species from the terms of its morphology and ecology. Like the former
genera Albatrellus, Leucogaster, and Jahnoporus species, the latter has up to 20 cm broad pileus, small
respectively. On the other side, Russula delica and and amyloid basidiospores and grow under conifers but
Lactarius salmonicolor fell into a distinct branch the former can easily be separated from the latter by
separate from the ingroup species and formed an including blue tint on its pileus (Zeng et al., 2004;
outgroup as predicted. The BLAST analysis Zheng and Liu, 2008; Audet, 2010).
implemented with the nuclear ITS rDNA sequence of For the precise identification of fungal species,
ANK DNZ 023 revealed identity rates as high as 99.3 conventional methods that relied on morphological
% between the specimen and different isolates of A. data may not be always sufficient. For this reason,
flettii. The phylogenetic analyses performed herein, conserved regions of genomic DNA including nrITS,
further strengthen the close identity relationship of nrSSU, and nrLLSU as well as sequences of protein-
this specimen with A. flettii with a high bootstrap coding genes are utilized for molecular taxonomic
value. studies for the last few decades (Raja et al., 2017).
Besides, ITS is the most generally used DNA barcoding
DISCUSSION marker for fungi and thus confers precious information
The distinct characteristics of A. flettii are bluish- for molecular phylogenetic studies. Therefore, we
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employed nuclear ITS rDNA sequences for the 100% identity between A. flettii and the specimen
molecular identification of ANK DNZ 023. Nuclear ITS (GenBank ID: MT253103.1) (Figure 2).
rDNA-based molecular phylogeny exhibited almost

Albatrellopsis flettii voucher DAVFP:27659 (JF899544.1)

55
Albatrellopsis flettii voucher UBC F-23821 (MF955016.1)

go| ANK DNZ 023 (MT253103.1)

Clade 1
100 Albatrellopsis flettii isolate 398IF62 (AY061738.1)

Albatrellopsis flettii voucher AHS 82164 (AY621802.1)

51 Albatrellopsis flettii voucher JLF1341 (MK656269.1)

— Albatrellus avellaneus isolate p820i (EU669394.1)

ao|[ Albatrellus citrinus voucher UPS F-015546 (NR 132801.1)

99 Clade 2
56 _| Albatrellus cristatus strain JWB31 (TENN) (MF773631.1)

1001 plbatrellus subrubescens voucher FLAS-F-60533 (MH211667.1)
Leucogaster microsporus voucher Trappe 27891 (KT968582.1)
100| [ Leucogaster odoratus voucher Trappe 7177 (KT968583.1) Clade 3

99l Leucogaster rubescens voucher FLAS-F-60008 (KY654721.1)

Jahnoporus brachiatus strain X3232 (KU165781.1)

100[ Jahnoporus hirtus strain X3240 (KU165784.1) Clade 4

Jahnoporus oreinus voucher J.oreinus SWAT001350 (MN178648.1)

— Lactarius salmonicolor voucher 740 (JF908283.1)

Outgroup

100 Russula delica voucher 1432 (MK409370.1)

0.1

Figure 2. The Maximum Likelihood tree revealing the phylogenetic relationships of 18 fungi estimated from the
nuclear ITS rDNA region. Percentage bootstrap values (>50) were indicated for each branch. All of the
sequences included in the phylogenetic analysis were retrieved from GenBank except for ANK DNZ 023.
Russula delica and Lactarius salmonicolor were included as the outgroup samples in the phylogenetic
analysis. GenBank accession numbers are also given. The scale bar (lower left) represents a genetic
distance of 0.11.

Sekil 2. Cekirdek ITS rDNA bolgelerine gore tahmin edilen, 18 mantarin filogenetik iliskilerini ortaya koyan en
olasi agag¢. Her dal i¢cin, yiizde ényitikleme degerleri C50) belirtilmistir. ANK DNZ 023 hari¢ filogenetik
analize dahil edilen tiim diziler GenBank’tan alinmistir. Russula delica ve Lactarius salmonicolor dis

grup ornekleri olarak filogenetik analize dahil edilmigtir.
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ABSTRACT

Myxomycetes called Plasmodial slime moulds, or true slime molds are
eukaryotic microorganisms. They live in a variety of ecosystems.
Genus Didymium Schrad. (family Didymiaceae) is a myxomycete
taxon containing calcareous peridia (order Physarida) and non-
calcareous capillitium. Didymium listeri Massee were recorded in this
study for the first time from Turkey. D. listeri sporocarp was found in
the laboratory by moist chamber culture. In addition, the description,
distribution, photograph and identification key of the taxon were
presented.

OZET

Plasmodial civik mantarlar veya gercek civik mantarlar olarak
adlandirilan miksomisetler 6karyotik mikroorganizmalardir. Cesitli
ekosistemlerde yasarlar. Didymium Schrad cinsi (Didymiaceae
familyas1), kalkerli peridia (Physarida takimi ) ve kiregsiz kapillitium
iceren bir miksomiset taksonudur. Didymium Ilisteri Massee
Turkiye'den ilk kez bu ¢alismada kaydedilmistir. D). listeri sporokarpi
nemli oda kulturi ile laboratuvarda elde edildi. Ayrica bu ¢alismada
taksonun tanimi, dagilimi, fotografi ve teshis anahtari sunulmustur.
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INTRODUCTION

Overall, 93 species belonging to the Didymium genus
species in the world (Lado 2020) including 25 species
in Turkey were reported (Baba and Sevindik 2019;
Baba and Sevindik 2020a; Baba et al., 2021a). This
calcareous material, traditionally designated lime,
varies somewhat in composition in the order
Physarida, but 1is calcium carbonate in the
Didymiaceae. Crystalline lime (as opposed to the
granular lime seen in Diderma Pers. and Physarina
Hohn.) is found in Didymium Schrad., Mucilago P.
Micheli ex Adans. and Lepidoderma de Bary. This lime
is scattered on the peridium or forms a crust
(Didymium and Mucilago), or is united into distinct
scales (Lepidoderma). Didymium (sporangial or
plasmodiocarpic), is separated from Mucilago
(aethalial) on the basis of sporocarp form (Clark and
Haskins 2018). The peridium is the outer layer of the
sporotheca. It is usually covered with stellate lime
crystals, either in a loose powder or a compact smooth
(eggshell) crust. There are also three basic subtypes of

peridia; areolate, non-areolate, and cartilaginous with
only the cartilaginous subtype correlating directly with
the hypothallus and stalk subtypes (Matsumoto 1999).
The capillitial threads are thin. Hyaline is to brownish
and run from the peridial basal plate (columella) to the
upper peridial surface. Sporadic expansions and
inclusions can occur in the capillitial threads.
However, there are only regular and distinct variations
such as vesicles in the Didymium serpula Fr. These
features have taxonomic importance. The spores are
globose (rarely ovoid), brownish, and ornamented.
There are the variations in size, color and
ornamentation within a species varying more than is
generally stated (Martin and Alexopoulos 1969; Clark
and Haskins 2018). The species of Didymium are often
widely distributed. Generally, form sporocarps on leafy
or woody litter in temperate and tropical forest. They
are probably living in the soil and litter interface and
feeding on the microorganisms in this habitat. Some
species appear to have more restricted habitats, such
as the bark of living trees, animal dung, desert plant
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litter, or the litter and plants of the snow melt zones of
snow packs (Ing 1994). Didymium genus has a rich
variety of species, the most common, most
cosmopolitan. It is one of the species with the greatest
distribution in the world and Turkey.

MATERIAL and METHOD

Myxomycete specimen was collected Hatay-Kirikhan
at 2019 (Figure 1). Field surveys for myxomycetes were
conducted at various localities. Specimens of
myxomycetes that had fruiting bodies in the field
under nature conditions were collected. In addition,
samples of dead plant material (forest floor litter,
aerial litter, wood and bark from living trees) were
obtained at a number of localities. All samples were
used to prepare moist chamber cultures. Moist
chambers cultures consisted of disposable plastic Petri
dishes lined with filter paper. The sample material in
each dish was moistened with distilled water. After a
period of approximately 24 hours, excess water in each
dish was removed. Cultures were kept at room
temperature (24°C) in diffuse daylight (Baba et al.,
2021b). Examined with a stereomicroscope on a
regular basis for a period of up to two months in order
to detect plasmodia or fruiting bodies. When necessary,
a small amount of water was added to each culture to
maintain moist conditions. Myxomycete plasmodia or
fruiting bodies were noted and recorded. Each time the
cultures were checked. All fruiting bodies were
removed. Air-dried and glued in small pasteboard
boxes for permanent storage. The samples were
photographed and 1identified. Identification of
Myxogastria was conducted with a light microscope
and a stereomicroscope. In light microscopy, the
capillitium, spore, shape, color, size, ornamentation,
branching shape, features was observed. In
stereomicroscope observation, fructification type,
structure, shape, color, macroscopic measurements,
lime color, and shape could be examined (Baba and
Sevindik 2020b). Myxomycetes were identified using
online resources, color atlases, and reference books
(Martin and Alexopoulos 1969; Farr 1976; Thin 1977;
Farr 1981; Martin et al 1983; Alexopoulos et al 1996;
Lado and Pando 1997; Ing 1994; Neubert et al 1995;
Ergil et al 2005a; Ergil et al 2005b; Ergiil and Akgtl
2011; Ergiil et al 2016; Lado and Eliasson 2017; Baba
et al 2018; Baba et al 2020a). Samples were arranged
as fungarium material and kept in the Biology
Department’s laboratory of Mustafa Kemal University
Hatay-Turkey.

RESULTS

The taxon is listed below together with descriptions,
habitats, localities, collection dates, distribution at
world and comments (eumycetozoa.com).
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Figure 1. Map of the study area
Sekil 1. Calisma alaninin haritasi

Domain: Eukarya
Kingdom: Protozoa
Phylum: Amoebozoa
Subphylum: Mycetozoa

1. Spores borne externally; fruiting bodies erect, simple
or branched, white, sometimes pink or pale yellow
columns; spores attached individually by thread-like
stalks 1. Classis: Protostelia

1. Spores borne internally

2. Sporophore development is myxogastroid; can be
stalked or sessile, can have capillitium and columella;
there are calcareous nodes or calcareous internodes
consisting of simple, branched, tubular strings;
crystalline or granular lime deposits are mostly seen in
sporophore or capillium

2. Classis: Myxogastria

2.1. Lime present in some part of the fruiting bodies;
stalk, columella, capillitium or peridium; plasmodium
type is Phaneroplasmodium; spores violaceous-brown,
deep purplish brown to black
Order Physarida

1. Capillitium not have calcareous deposits, capillitial
threads are black or dark; calcareous deposits, when
present, affecting the peridium only and there are
stellate lime crystals, or sometimes on the stipe
Didymiaceae

A. Peridium contains stellate or angular lime crystals,
fructification mostly sporangiate, capillitium not
calcareous; lime present as stellate or angular crystals
over the peridium Didymium

a. Fruiting Dbodies sessile, sporangium or
plasmodiocarps; columella represented by a thickened
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calcareous base to the myxocarp; peridium shell-like
and fragile outer peridium and membranous inner
peridium; capillitial threads is more rigid and profuse,
longer and wider with transverse connections betwen
two neighboring threads; spores completely warted-

reticulate, paler, dingy  lilac, violet-brown
................................................ Didymium listeri
Didymium listeri Massee

Description:  Fruiting bodies sporangium or

plasmodiocarps. Plasmodiocarp broad and flattened,
sessile, pulvinate, compressed, in large, irregular,
scattered patches 0.3-0.5 mm high, thick, 2-10 mm up
to 15 mm long, white. Hypothallus inconspicuous or

~— 4

Figure 2. Didymium listeri; a,b: fruiting

Specimen examined: Hatay, Kirikhan Esmigek
plateau, rotting green leaves, 36° 55' 92" N; 36° 38' 06"
E, 850 m, 15.01.2019, Baba 24.

Distribution: Austria, Costa Rica, England, Germany,
India, Mexico, Pakistan, Switzerland and USA.

Comments: This species is characterized by its shell-
like and fragile outer peridium. Columella consists of
a thickened calcareous base. Capillitium more rigid
and profuse, longer and wider with transverse
connections betwen two neighboring threads. Spores
are smaller, the surface is completely warted-
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obsolete. Peridium double, the outer layer white, with
a thick powdery layer of stellate crystals, rather
fragile, breaking away in irregular patches, eggshell-
like, the inner layer a delicate membranous, colorless,
adhering closely to the outer peridium. Columella
represented by a thickened calcareous base to the
myxocarp (sometimes absent). Capillitium abundant,
of rigid, dark brown threads connected by transverse
bars, often forming acute-angled dichotomies and
connected by transverse bars, joined by pale tips to the
peridium without free ends. Spore-mass blackish-
brown. Spores globose dingy lilac, violet-brown, 8-11
um diam., minutely roughened. Plasmodium watery
white, 3-7 mm (Figure 2).

bodies; c¢,d: spores, lime crystals and capillitium
Sekil 2. Didymium listeri; a,b: fruktifikasyon; ¢,d: sporlar, kire¢ kristalleri ve kapillitium

reticulate.

DISCUSSION

With this study a new Myxomycetes record was added
to Turkey Myxobiota and previously known 287
Mycetozoa number (Baba and Sevindik, 2019; Baba et
al., 2020b) now increased to 288.

D. Iisteri resembles to D. dubium Rostaf., but quite
distinct in the copiously anastomosing threads of the
capillitim which are entirely destitute of free, curved,
spinelike branches, distinguished by its lack of
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capillitial elasticity, the presence of a firm peridium
composed of closely aggregated crystals and smaller
paler and less warty spores (Massee, 1892).

D. Iisteri and D. difforme (Pers.) Gray have some
features in common; sessile, shell-like and fragile outer
peridium and membranous inner peridium. However,
they have some differences. In D. listers capillitial
threads is more rigid and profuse, longer and wider
with transverse connections betwen two neighboring
threads, while the capillitial threads of D. difforme are
usually very short, slender, usually dichotomously
branched, sparse and scattered in spore mass,
sometimes nearly lacking. Spores of D. listeri are
smaller, the surface is completely warted-reticulate in
contrast to the warted to subreticulate spore surface
markings of D. difforme. (Liu and Chen, 1998).
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ABSTRACT

The aim of this study was to qualify the sexual size dimorphism at the
both inter and intra-population levels of a copepod species, Cyclops
vicinus, populations living in a small-scale geographical range. Sexual
size dimorphism is evaluated by the ratio of female to male total
length. But, to deep insight into sexual size dimorphism we assumed
that the more difference between same measurements on the body
from different sexes lead to more sexual dimorphism rate. The
samples were taken from four water sources locating east and south-
east part of Turkey. The significant inter and intra population
differences were detected. The thorax width related measurements
(mostly) and abdomen length had the most effective ones with
changing order in the different populations on the sexual size
dimorphism. Pearson correlation coefficients (r) showed that there
were strong positive relationships between sexual dimorphism rate
and predator presence (r = 0.88) and water volume of lake (r=0.72),
while a moderate negative relationship both with water depth (r= -
0.50) and with lake area (r=-0.45).

Cyclops vicinus'ta Cinsel Biyiikliikk Farklilagmasi
OZET

Bu galismanin amaci, bir kopepod tiirii olan Cyclops vicinusun, kiigik
6lcekli bir cografi aralikta yasayan popililasyonlarin hem poptlasyon
ici hem de popililasyonlar arasi dizeylerinde eseysel boyut
dimorfizmini nitelendirmektir. Cinsel biytiklik dimorfizmi, disi /
erkek toplam uzunlugunun orani ile degerlendirilir. Ancak, cinsel
boyut dimorfizmi hakkinda derinlemesine bir kavrayisa sahip olmak
1¢in, farkli cinsiyetlerden viicutta ayni 6l¢iimler arasindaki daha fazla
farkin daha fazla cinsel dimorfizm oranina yol ac¢tiginmi varsaydik.
Ornekler, Tirkiye'nin dogu ve gineydogusundaki dort su
kaynagindan alinmigtir. Popiilasyon ici ve poptilasyonlar arasi 6nemli
farklihklar tespit edildi. Gogls genigligi ile ilgili olgimler
(cogunlukla) ve karin uzunlugu, cinsel boyut dimorfizminde farkl
poplilasyonlarda degisen sira ile en etkili olanlara sahipti. Pearson
korelasyon katsayilar: (v), eseysel dimorfizm orani ile avel varlig: (r =
0.88) ve goliin su hacmi (r = 0.72) arasinda giiclii pozitif iliskiler
oldugunu gosterirken, hem su derinligi (r = -0.50) hem de g6l alaniyla
(r =-0.45) orta derecede negatif bir iliski oldugunu gostermistir.
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INTRODUCTION

Sexual size dimorphism (SSD) is a widespread
phenomenon among animal groups (Fairbairn 1997;
Blanckenhorn 2005) including the Copepoda, which
are the most abundant metazoans on Earth (Humes
1994), and play an important role in aquatic food webs.
Planktonic copepods show sexually dimorphic traits,
inthat their males are generally smaller than females

(Gilbert and Williamson 1983; Ohtsuka and Huys
2001; van Someren Gréve et al. 2017).

The higher relative size of female copepods may reflect
their greater role in reproduction and posterity,
especially in species that carry eggs during their
development (Gilbert and Williamson 1983). Large
females are more fertile (Corkett and McLaren 1969;
Maly 1983), but may mature more slowly than small
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females or males (Gilbert and Williamson 1983;
Nishikawa and Maly 1996). Some females stock most
of the energy for breeding during their development, so
the adult female final size represents the maximum
potential resource base that can be invested in
reproduction (Gilbert and Williamson 1983). Mate
location and recognition are essentially asymmetrical
processes in the reproductive biology of copepods. The
male is the active partner during these phases and its
primary role is to locate and catch alargely passive
female partner. Consequently, males are adapted for
its locating role and its success can be enhanced
through signals provided by the female. This
behavioural asymmetry may have led to the evolution
of sexual dimorphism in copepods. Sexually dimorphic
appendages and structures are engaged in (1) mate
recognition by males; (2) capture of the female by the
male; (3) transfer and attachment of a spermatophore
to the female by the male; (4) removal of discharged
spermatophore(s) by the female; and (5) fertilization
and release of the eggs by the female (Blades 1977;
Blades and Youngbluth 1979; Jacoby and Youngbluth
1983; Vaupel Klein 1998).

Some authors have found that low food availability can
reduce the length of males, which may enhance food
availability for females (Maly 1978; Gilbert and
Williamson 1983). The strongest dimorphism is found
in species that occur exclusively in temporary waters,
in which harsh environmental conditions limit species
richness and thus interspecific competition (Bayly
1978). In such conditions, prominent sexual
dimorphism may improve resource use by allowing
access to an exceptionally wide range of particle sizes
(Garcia et al. 2013).

Table 1. Some features of studied locations
Cizelge 1. Calisilan lokasyonlarin bazi ozellikleri

This research was mainly focused to qualify the
different measurements taken from the body on the
sexual size dimorphism at the both inter and intra-
population levels of a copepod species, Cyclops vicinus,
populations living in a small scale geographical range.
Eventually, this approach would be highlighted the
major distance/distances on the body that contribute
the diversification of sexual size dimorphism of that
species. Also, we wanted to evaluate the relationships
of some properties of water resources and overall
sexual size dimorphisms.

MATERIALS AND METHODS:

Sampling

C. vicinus specimens were sampled from four water
sources located in the east and south-east part of
Turkey: Keban Dam Lake (38° 49/ 44.63/ N — 39° 17/
24.22/ E), Mehmetli Dam Lake (37° 30/ 28.25" N-36°
01/ 12.57" E), Tahtaképrii Dam Lake (36° 52/ 03.51/ N
— 36° 41/ 16.84" E), and Yalintas Dam Lake (38° 40/
21.83/ N 34° 20/ 07.03" E) with horizontal and vertical
draws by using 60 pm mesh sized plankton net, during
the 12 months of 2005 and 2006.

All specimens were placed into glass jars, fixed with
4% formaldehyde, then transferred into ethanol.
Sampled specimens were examined, counted and
measured using an Olympus CH40 microscope and a
micrometric ocular. Borutski (1963), Scourfield and
Harding (1966), Dussart (1969), and Kiefer and Fryer
(1978) were used to identify the zooplankton
specimens. Temperature (°C) was measured in the
field with a thermometer and a YSI 52 model oxygen
meter. Some features of sampling locations were given
in Table 1.

Features Keban Dam Tahtakdpri Mehmetli Dam Yalintag Dam
Lake Dam Lake Lake Lake

Altitude 822 m 398 m 186 m 1079 m

Water depth 160 m 35 m 40 m 13 m

Surface Area 675 km? 23.40 km?2 2.75 km? 0.80 km?

Volume 31 000 hm? 200,00 hm? 53 hm3 10 hm3

Temperature (mean + Sd, in Celsius) 15.9 +4.77 18.08 +4.25 18.8+ 4.47 15.25 +4.27

Assumption on sexual size dimorphism rate

Generally, level of sexual dimorphism is evaluated by
the ratio of female to male length (Anufriieva and
Shadrin 2014). But in this study, instead of ratio, we
used difference between female and male for both each
measurements and overall body size. Therefore,
mathematically we can assume that the more
difference between male and female measurements
lead to more sexual dimorphism rate.

Morphological measurements
Fifteen measurements or distances on Copepod body
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were taken using a binocular microscope to the nearest
0.01 mm at a magnification of 10x and 40x according
to the Béttger-Schnack (1989) (Figure 1: Table 2). For
each location 20 female and 10 male specimen were
considered to measure.

Data Analysis

Before starting main data analysis, every
measurement was checked for outliers and missing
values by simply plotting the data as xy pairs. To
reduce size effects in morphological analyses, the
model proposed by Elliott et al. (1995) was used to
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Figure 1.

Sekil 1.

Measurement applications on the body of
Cyclops vicinus

Cyclops vicinus'un govdesindeki olgiim
uygulamalari
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Table 2. Measured distances (measurements) on the body
with their corresponding abbreviations.
Cizelge 2. Viicut iizerinde dlgiilen mesafelere (Glgiimler)
karsilik gelen kisaltmalariyla birlikte.
Measured Distance (measurement) Abbreviation

Cephalozom Length CL
Cephalozom-Cross CC
Cephalozom- Width CW
Thorax-1- Width TW1
Thorax-1- Length TL1
Thorax-2- Width TW2
Thorax-2- Length TL2
Thorax-3- Width TW3
Thorax-3- Length TL3
Thorax-4- Width TW4
Thorax-4- Length TL4
Abdomen ABD
Furca- Width Fw
Furca- Length FL
Total Length TL

removes the size component from the shape
measurements (allometry). Due to sexual dimorphism,
standardization was applied for both sexes separately.
The model is defined by the following equation:

_ Ls1?
Ms = Mo [E]
Where Ms = standardized measurement, Mo =
measured character length (mm), Ls = overall

(arithmetic) mean standard length (mm) for all
individuals from all populations of each sex, Lo =
standard length (mm) of specimen, and “b” was
estimated for each character from the observed data
using the non-linear equation, M = a Lb.

Forest plot, t-test, hierarchical clustering routine,
correlation analysis and SIMPER (Similarity
Percentage) analysis were used to evaluate the inter
and intra-population diversity in the sexual size
dimorphisms of both each measurements and overall
size. Forest plots and Student t-test were used to
display and to compare the differences of each
measurements and overall size of sexes in every
populations, respectively.

Pearson correlation coefficient (r) was used to asses
relationships between sexual dimorphism versus other
factors such as altitude, depth, volume, surface area,
mean temperature, and predator presence of each
locations. Cosine similarity distance indices was used
for assessing similarity/dissimilarity among the
populations (Clarke 1993).

All calculations and statistical analysis were
conducting using MS Excel and PAST software
(PAleontologicalSTatistics, Version 3.20) (Hammer et
al. 2001).
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RESULTS

The mean (+SD) of the standardized measurements to
total length of C. vicinus specimen by sexes from
different sampling locations and the differences in

mean standardized measurement between sexes
(female-male) with their significance level (based on t-

test for 5 % significance level) were given in Figure 2
and Table 3.

Rating difference -Keban Ratng difference -Mehmeti
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Figure 2. Difference in mean standardized measurement between sexes (female-male) for each measurements
from sampling locations. Squares with horizontal bars show mean difference and their confidant limits
for each measurements, respectively (Top one shows CL, and bottom one shows FL measurement in
accordance with Table 2). Diamonds show overall differences with confidant limits between female and
male. Zero point on the top horizontal exes shows testing of Null hypothesis against the u = 0 at 5 %

significance level.
Sekil 2.

Ornekleme yerlerinden alnan her olgiim igin cinsivetler (disi-erkek) arasindaki ortalama

standartlastirilmis él¢timdeki fark. Yatay ¢ubuklu kareler, sirasiyla her 6l¢iim i¢in ortalama fark: ve
bunlarin sirdaghk Iimitlerini gosterir (Ustteki CL'yi ve alttaki Tablo 2've gore FL élgiimiinii gosterir).
Elmaslar, disi ve erkek arasindaki sirdashk sinirlariyla genel farkliliklar: gosterir. En tist yatay ekse
lizerindeki sifir noktasi, %5 anlamlilik diizeyinde u = 0'a karsi Sifir hipotezinin test edildigini gosterir.

Intra-population level: In Keban Dam Lake
population, 6 out of 14 measurements (in descending
order: TW4>TW3>ABD> and so on) were represented
very strong significant (***  p<0.05) sexual
dimorphism on behalf of female specimen. Three
(CW>TW1>TL1) were suggestive significance (*), and
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five (CL, CC, TW2 and so on) were non-significant
(p>0.05). In Mehmetli Dam Lake population, 7
measurements (TW3>TW4>TW2 and so on) were very
strong (***), 2 (CC>TW1) were moderate (**), 4
(CW>TL1>TL2>ABD> and so on) were suggestive (*),
and one (TL4) was non-significance (p<0.05).
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Table 3. The mean (+SD) of the standardized measurements to total length of C. vicinus specimen by sexes from different sampling locations and the
differences in mean standardized measurement between sexes (female-male) with their significance level (based on t-test for 5 % significance
level).

Cizelge 8. Farkli 6rnekleme yerlerinden cinsiyetlere gére C. vicinus numunesinin toplam uzunluguna standartlastirilmis él¢iimlerin ortalamasi (+ SD)

ve cinsiyetler (disi-erkek) arasindaki ortalama standartlastirilmis élgiimdeki farkliliklar (t- % & anlamlilik diizeyi igin test).

KEBAN DAM LAKE MEHMETLI DAM LAKE TAHTAKOPRU DAM LAKE YALINTAS DAM LAKE

Female Male Female Male Female Male Female Male

(mean+SD)  (meanSD)  Sig. |(mean+SD)  (mean+SD) Sig. | (mean+SD)  (mean+SD) Sig. | (mean+SD)  (mean+SD) Sig.
CL 0.747+0.027 |0.732+0.015 |ns 0.718+0.027 |0.756+0.011 **% 10,766+0.030 |0.675+0.032 **% 10,739+0.027 |0.737+0.036 | ns
CC 0.769+0.026 |0.771+0.010 |ns 0.747+0.025 |0.771+0.011 *k 0.786+0.025 |0.715+0.025 *% 10.782+0.024 |0.763+0.025 | ns
CW 0.564+0.028 |0.537+0.023 |* 0.539+0.047 | 0.500+0.040 * 0.589+0.025 |0.476+0.032 **% 10.615+0.030 |0.539+0.036 | ***
TW1 |0.507+0.021 |0.492+0.009 |* 0.511+0.034 |0.472+0.037 *k 0.554+0.022 |0.457+0.021 **% 10.5683+0.026 |0.490+0.016 | ***
TL1 0.145+0.008 |0.153+0.008 |* 0.175+0.015 |0.164+0.007 * 0.182+0.009 |0.158+0.005 **% 10.190+£0.014 |0.171+0.009 | ***
TW2 ]0.422+0.017 |0.424+0.008 |ns 0.437+0.016 |0.395+0.027 **% 10,465+0.014 |0.374+0.015 *¥*% 10.496+0.014 |0.424+0.012 | ***
TL2 0.151+0.008 |0.156+0.006 |ns 0.163+0.007 |0.155+0.009 * 0.189+0.012 |0.149+0.015 **% 10,208+0.022 |0.177+0.005 | ***
TW3 ]0.432+0.017 |0.331+0.025 |*** |0.450+0.012 |0.318+0.013 *** 10.,502+0.015 |0.301+0.013 **% 10.522+0.018 |0.325+0.011 | ***
TL3 0.195+0.011 |0.157+0.013 |*** |0.186+0.012 |0.168+0.013 **%10.219+0.024 |0.157+0.011 **% 10.235+0.009 |0.182+0.009 | ***
TW4 ]0.361+0.023 |0.246+0.011 |*** |0.338+0.011 |0.234+0.012 **%* 10.,409+0.015 |0.235+0.007 **% 10.443+0.023 |0.263+0.008 | ***
TL4 0.095+0.005 |[0.089+0.013 |ns 0.090+0.006 | 0.087+0.006 ns 0.109+0.011 |0.081+0.009 %% 10.118+0.007 |0.080+0.010 | ***
ABD |0.754+0.037 |0.680+0.021 |*** |0.712+0.021 |0.733+0.019 * 0.723+0.027 |0.543+0.016 **% 10,715+£0.031 [0.716+0.034 | ns
FW 0.034+0.002 |0.039+0.002 |*** |0.038+0.002 |0.044+0.001 **% 10.037+0.002 |0.047+0.001 **% 10.037+0.002 |0.043+0.002 | ***
FL 0.278+0.019 |0.250+0.014 |*** |0.280+0.012 |0.255+0.007 **% 10.283+0.009 |0.239+0.007 **% 10.285+0.012 |0.265+0.018 | **
Overall: 0.027 (CL: 0.013-0.041) ***10.023 (CL: 0.003-0.045) * 10.086 (CL: 0.049-0.122) *** 10.056 (CL: 0.026-0.086)  ***
ns: non- significant, *: suggestive significant, **: moderate sig., ***: very-strong sig., CL: Confidant limits at 5 % sig. level
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In Tahtaképri Dam  Lake population all
measurements were very strong significance (¥**), but
the most ones were TW3>ABD>TW4. In Yalintas Dam
Lake, 10 measurements (TW4>TW3>TW1> and so on)
were very strong significance (***), one (FL) was
moderate (**), and 3 were non significance (CL, CC,
ABD) (Table 3). The intra-population variability on
sexual size dimorphism of populations in descending
order was Tahtakopri>Yalintas>Mehmetli>Keban
(Figure 3). Mostly thorax width related (TW4, TW3,
TW1) measurements, and secondly Abdomen length
(ABD) had the most effective measurements with
changing order in the different populations on the
sexual size dimorphism (Table 3).

Inter-Population Level

The mean sexual size dimorphism rate of populations
in descending order was
Tahtaképrii>Yalintas>>Keban> Mehmetli (Figure 3).
The overall sexual dimorphism rate in Keban,
Tahtakopri and Yalintas were very significant (¥**,
p<0.05), whereas in Mehmetli was suggestive (¥,

p<0.05). In addition, considering the overall difference
between the measurements of female and male among
the populations; only Tahtaképrit Dam Lake population
was significantly difference (p<0.05) both from Keban and
Mehmetli populations. Whereas, there were not
significant differences among other populations (p>0.05)
(Figure 3, Figure 4). The similarity among the
populations were Keban-Mehmetli: 0.73, Keban-
Tahtakopra: 0.78, Keban-Yalintas: 0.76, Mehmetli-
Tahtakoprii: 0.89, and Mehmetli-Yalintas: 0.88. (Table
4).

Sexual Size Dimorphism Versus Some Variables:

The relationship of sexual size dimorphism with some
variables (surface area, volume, depth, altitude, predator
presence of lake) were evaluated. Pearson correlation
coefficient showed that there were strong positive
relationships between sexual dimorphism rate and
predator presence (r = 0.88) and water volume of lake
(r=0.72), and moderate negative relationship with water
depth (r=-0.50) and with lake area (r=-0.45) (Figure 5).

Mean overall difference
0.14
012
0.1
o
.08
0.06 +
0.04
»
0.02
0
Keban Mehmetli Tahta K. Yalintas

Lower limit 0.013 0.003 0.049 0.026

Upper limit 0.041 0.045 0122 0.086

# mean-diff 0027 0023 0.086 0.056

Figure 3. Mean overall difference between female and male specimen with their confidence limits by locations.
Sekil 3. Konumlara gore giiven sinirilari ile disi ve erkek érnek arasindaki ortalama genel fark.

Table 4. The cosine similarity among the populations
Cizelge 4. Popiilasyonlar arasindaki kosiniis benzerligi

Location Keban Dam Lake | Mehmetli Dam Lake |Tahtakopri Dam Lake | Yalintas Dam Lake
Keban Dam Lake 1.00 0.74 0.79 0.76
Mehmetli Dam Lake 0.74 1.00 0.89 0.79
Tahtakopri Dam Lake 0.79 0.89 1.00 0.88
Yalintas Dam Lake 0.76 0.79 0.88 1.00
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Figure 4. Significance level (3: very strong, 2: moderate, 1: suggestive, 0: non-significance, at a=0.05) for difference
between each of the measurements of female and male by the populations.

Sekil 4. Popiilasyonlar tarafindan disi ve erkek él¢iimlerinin her biri arasindaki fark igin anlamlilik seviyesi (3-
cok giiglii, 2 orta, 1° anlamli, 0° anlamli olmayan, a = 0,05).

Correlations (r) between sexual dimorphism versus other factors

1,00
0,80
0,60
0,40
0,20
0,00
-0,20
-0,40

-0,60

altitude depth area
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volume mean red
temp p
0,72 0,03 0,88

Figure 5. Correlations between sexual dimorphism versus altitude, mean water depth, surface area, volume,

temperature, and presence of predator.

Sekil 5. Eseysel dimorfizm ile yiikseklik, ortalama su derinligi, ytizey alani, hacim, sicaklik ve yirtici hayvan varligi

arasindaki iliskiler.

DISCUSSION

Cyclops vicinus is a common planktonic species in
littoral regions in all kinds of water environments such
as lakes, rivers, marshes, small water bodies and
prefer hot water (Dussart 1969). It has huge body size
(female: length 1.4-2.3 mm, male: Length 1.3-1.7 mm)
(Chang 2013). Temperature and food quality seem are
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the primary factors influencing C. vicinusbody lengths
(Riccardi and Mariotta 2000; McLaren 1963; Miller et
al. 1977; and Klein Breteler and Gonzales 1982.
Planktonic copepods have sexually dimorphic
properties and males and females often differ in body
size and motile behavior (Gilbert and Williamson 1983;
Ohtsuka and Huys 2001; van Someren Gréve et al.
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2017).
It was clearly observed that the thorax width related
(TW4, TW3, TW1) had the most effective

measurements with changing order in the different
populations on the sexual size dimorphism. There were
strong positive relationships between sexual dimorphism
rate and predator presence (r = 0.88) and of lake water
volume (r=0.72), and moderate negative relationship with
water depth (r=-0.50) and with lake area (r=-0.45).

There are different opinions about the sexual
dimorphism of copepods. These; nutrition and food
sources, females carry eggs, males spend more energy
on mating (Gilbert and Williamson 1983). However,
there are not enough studies investigating the
relationship between the water surface area, water
volume, water depth and altitude and sexual
dimorphism in the waters where copepods live. We
think that detailed studies on this subject are very
important for solving some problems.

It has been reported that there are 34 fish species in
Keban Dam Lake which is quite large and deep (Celayir
et al. 2006; Yildirim et al. 2015) and most of the fish
that have a wide feeding network have omnivorous
feeding feature, followed by herbivore and carnivore
feeding feature. In this regard, we think that excessive
feeding pressure is applied to all food sources,
especially on zooplankton. It is possible to say that fish
species are not generally very selective in nutrition,
which creates a general pressure on zooplankton
groups. In this case, Cyclops vicinus is thought to have
similar predator pressure on males and females.

Six fish species were reported from Tahtaképri Dam
Lake as Atherina boyeri Risso 1810 (Ekmekci et al.
2013), Barbus luteus (Heckel, 1843), Squalius kottelati
Turan, Yilmaz and Kaya, 2009, Cyprinus carpio
Linnaeus, 1758 (Sagat and Erdem, 1997), Gambusia
holbrooki Girard, 1859 (Kurtul and Sari, 2019) and
Carassius gibelio (Bloch, 1782). Among them, B.
luteus, Sq. kottelat:, C. gibelio and C. carpio are
omnivorous and usually fed phytoplankton,
zooplankton and benthic organisms (Maktoof 2013).
But, mostly A. boyeri and G. holbrooki, secondly C.
gibelio in general fed on zooplankton (Cladocera,
Copepoda and Rotifera etc.). G. holbrooki mostly fed on
zooplankton, snails, larval chironomids, molluscs,
crusustaceans, insects, and algae, floating terrestrial
insects and certain benthic insects and a variety of
zoobenthos in pond ecosystems (Hurlbert et al. 1972;
Hurlbert and Mulla 1981; Sokolav and Chavaliova
1936; Balik et al. 2003). A. boyeri is reported to be fed
with large-sized zooplanktonic organisms. It was
reported that there was a significant decrease in the
zooplankton structure of the Egridir lake after A.
boyeri formed a population in the lake. Ekmekg¢i et al.
(2013) reported that A. hoyeri may have negative
effects on biodiversity and ecosystem if it competes
with predation pressure on zooplankton, endemic
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species living in the environment and fish species of
economic importance. Therefore, it can be concluded
that in Tahtakopri Dam Lake, there was quite high
predator pressure on the zooplankton. Male copepods
typically exhibit mate-seeking behavior and swim
more frequently and faster than females (Katona 1973;
Ohtsuka and Huys 2001; Kierboe et al. 2005; Bageien
and Kierboe 2005). In that way, we were of the opinion
that especially fish fed with zooplankton often eat
moving forms more easily, thus creating greater
predator pressure on mobile males.

Only the Barbus rajanorum (Heckel, 1843) has been
reported in the Mehmetli Dam Lake, where there are
a limited number of studies (Basusta and Erdem, 1994)
and the feeding habit of this species is omnivorous
(Erdogrul et al. 2004). It was detected that insect
larvae, crustaceans, annelids, plants, molluscs,
Chironomus, Keratella and Polyarthra were found
from the digestive system of B. rajanorum.

It is thought that there is no predator pressure on the
zooplankton due to the low variety of fish in the dam
lake and in this case, there is a minimum size
difference between the Cyclops vicinus males and
females in the Mehmetli Dam Lake.C. gibelio,
Carassius auratus (Linnaeus, 1758), C. carpio,
Squalius cephalus (Linnaeus, 1758) were found in
Yalintas Dam Lake and they were fed omnivore
charecter (Yalgin Ozdilek and Jones 2014; Speczidret
al. 1997), Although they prefer different food groups at
different stages of their lives, their food are mostly
composed of algae, insects and macrophytes, mosquito
larvae and chironomid larvae Gastropoda, Diptera,
Cladocera, Copepoda, Ostracoda, Rotatoria, detritus,
and benthic and planktonic invertebrates (Baliket al.
2003; Yalgin Ozdilek and Jones 2014; Rogozin et al.
2011; Specziaret al. 1997).

CONCLUSION

The major findings for this study were given in summary
as following.

The intra-population variability on sexual size
dimorphism of populations in descending order was
Tahta>Yalintas>Mehmetli>Keban. The overall sexual
dimorphism rate in Keban, Tahta K. and Yalintas were
very significant (*** p<0.05), whereas in Mehmetli
was suggestive (*, p<0.05). Mostly thorax width related
(TW4, TW3, TW1) measurements, and secondly
Abdomen (ABD) length had the most effective
measurements with changing order in the different
populations on the sexual size dimorphism. Pearson
correlation coefficient showed that there were strong
positive relationships between sexual dimorphism rate
and predator presence (r = 0.88) and water volume of lake
(r=0.72), and moderate negative relationship with water
depth (r=-0.50) and with lake area (r=-0.45)

The intra-population variability in sexual dimorphism
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was occurred mostly in Tahtaképri Dam Lake population
followed by Yalintas Dam Lake>MehmetliDam
Lake>Keban Dam Lake. In terms of inter-population
variability, Tahtakoprii Dam Lake population was
significantly difference (p<0.05) both from Keban and
Mehmetli and populations, except from Yalintas.
Whereas, there were not significant differences in overall
sexual dimorphism among Keban, Mehmetli and Yalintas
populations (p>0.05). According to the hierarchical
clustering routine, a similarity pattern for the populations
from the most close to the farthest was [(Yalintag) <
(Keban—sMehmetli)] «>(TahtaKépri). Among the
considered factors that may effecting on sexual
dimorphism (altitude, mean water depth, surface area,
volume, temperature, and presence of predator), there
was only a significantly positive relationship (r = 0.86)
between sexual dimorphism rate and predator presence.
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ABSTRACT Research Article

Different studies even on same shrimp species and same heavy

metals from same locations may be inconsistent with each other. Article History

Because of their importance on a food safety risk, a meta-analysis is Received ©16.10.2020
required to evaluate the true risk level to human consumption for Accepted - 03.12.2020
these aquatic organisms. In this study, commercially important two

shrimp species, Penaeus semisulcatus (de Hann, 1844) and Keywords

Metapenaeus monoceros (Fabricius, 1798), from Iskenderun Bay
were subjected to a meta-analysis for some heavy metal contents
(Cadmium-Cd, Zinc-Zn, Lead-Pb, and Copper-Cu). Meta-analysis
results (mean+Sd) were evaluated according to the reference values
that are maximum permissible limit (dry-wet, mg kg?) for shrimp as
follow; Cd (1 mg kg'1), Zn (50 mg kg'1), Pb (2 mg kg'?) and Cu (20 mg
kg1). For Cd, M. monoceros (0.93+0.02 mg kg'!) was not exceeded the
reference limit (P>0.05), while, P. semisulcatus (3.93+0.12 mg kg?)
was exceeded (P<0.05). For Zn, M. monoceros (58.69+7.25 mg kg1
was exceeded the reference limit (P<0.05), but P. semisulcatus
(50.28+8.00 mg kgl) was not exceeded (P>0.05). For Pb, both A/
monoceros (10.14+4.09 mg kg!) and P. semisulcatus (6.30+2.02 mg
kg!) were exceeded the reference limit (P<0.05). For Cu, M.
monoceros (23.25+4.34 mg kg'!) was not exceeded the reference limit
(P>0.05), while P. semisulcatus (49.68+14.71 mg kg!) was exceeded
(P<0.05). Despite the meta-analysis results, the harmful effects of
heavy metals on human health only occur when long-term
consumption of contaminated crustaceans occurs, much more well-
organized studies (with more samples, suitable sampling strategy,
etc.,) are needed to make an ultimate decision on whether the
contents of these considered heavy metals in these two shrimp
species.

Meta-analysis

Heavy metal

Penaeus semisulcatus
Metepenaeus monoceros
Iskenderun Bay

Iskenderun Korfezi'ndeki Iki Karides Tiiriiniin, Penaeus _semisulcatus (de Haan, 1844)
Metapenaeus monocerosun (Fabricius, 1798) Agir Metal Icerigi Uzerine Bir Meta Analiz

OZET Aragtirma Makalesi

Ayni bolgeden alinmig ve ayni agir metaller ¢alisilmig olsa bile ayn

karides tiirlerinin agir metal igerikleri farkhh ¢calismalarda birbirleri Makale Tarihgesi

ile tutarsiz olabilir. Gida giivenligi riski a¢isindan 6nemli olmalari Gelig Tarihi  :16.10.2020
nedeniyle, bu anlamda karideslerin insan tiiketimine yonelik gercek Kabul Tarihi :03.12.2020
risk dizeyini degerlendirmek i¢in bir meta-analiz gereklidir. Bu

calismada, Iskenderun Korfezi'nden ticari acidan énemli iki karides Anahtar Kelimeler

tlirii olan Penaeus semisulcatus (de Hann, 1844) ve Metapenaeus Meta analiz

monoceros (Fabricius, 1798)'un bazi kas dokularimin agir metal Agir metal

icerikleri (Kadmiyum-Cd, Cinko-Zn, Kursun-Pb ve Bakir-Cu) bir
meta-analiz ¢aligmasi ile dikkate alinmigtir. Meta-analiz sonuglar
(ortalama+Sd) karides icin izin verilen maksimum smir (kuru-yas
agirhk, mg / kg) olan referans degerlere gore asagidaki sekilde
degerlendirilmistir; Cd (1 mg kg), Zn (50 mg kg'1), Pb (2 mg kg!) ve
Cu (20 mg kg?1). Yapilan degerlendirme sonucunda, Cd icin M.

Penaeus semisulcatus
Metepenaeus monoceros
Iskenderun Korfezi

ve
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monoceros (0.93+0.02 mg kg') referans sinir asilmamisken (P>0.05),
P. semisulcatus (3.93+0.12 mg kg) i¢in referans simir asmistir (P
<0.05). Zn i¢in M. monoceros (58.69+7.25 mg kg'!) tiirii i¢in referans
stmr (P<0.05) asilmis, P. semisulcatus (50.28+8.00 mg kg icin
referans siir asilmamistir (P>0.05). Pb icin hem M. monoceros
(10.14+4.09 mg kg!) hem de P. semisulcatus (6.30+2.02 mg kg1
referans sinir asilmistir (P<0.05). Cu icin M. monoceros (23.25+4.34
mg kg tiiriinde referans sinir (P>0.05) asilmazken, P. semisulcatus
(49.68+14.71 mg kg!) referans smir asilmistir (P<0.05). Meta-analiz
sonuglarina ragmen, agir metallerin insan sagligi tizerindeki zararh
etkileri yalnmizca kontamine kabuklularin uzun streli tiketimi
gerceklestiginde ortaya ciktigt ve bununla birlikte iki karides
turtinin agir metal igeriklerinin referans noktalarini asip asmadigi
konusunda nihai olarak karar vermek icin ¢ok daha iyl organize
edilmis calismalara (daha fazla 6rnek, uygun ornekleme stratejisi

vb.) ihtiyac oldugu da dikkate alinmalidir.

To Cite:  Can MF, Mazlum Y, Yilmaz AB, Oksiiz A 2021. A Meta Analysis on The Heavy Metal Content of Two Shrimp
Species, Penaeus Semisulcatus (De Hann, 1844) And Metapenaeus Monoceros (Fabricius, 1798) From
Iskenderun Bay. KSU J. Agric Nat 24 (4): 834-849. DOI:10.18016/ksutarimdoga.vi.811212.

INTRODUCTION using a specially designed bottom trawl called shrimp

Pollution from metals is a vital problem affecting
estuaries and coastal areas (Rushinadha et al., 2016).
Among pollutants, metals are particularly important
because of their potential toxic effects and their
ability to bioaccumulate in aquatic environments
(Censi et al., 20086).

Heavy metals contamination in shrimp has become a
major problem worldwide not only because of the
threat to shrimp but also because of the non-
carcinogenic health risks associated with shrimp
consumption. For example, kidney failure and liver
damage may occur due to the presence of lead in food
(Lee et al., 2011). Prolonged exposure to lead cause
coma, mental rejuvenation and even death (Al-Busaid
et al., 2011). Cadmium damages the kidneys and
causes chronic toxicity symptoms such as impaired
kidney function, infertility, hypertension, tumors, and
liver dysfunction (Rahman et al., 2010). Also,
Chromium can attack proteins and membrane lipids,
thus disrupting cellular integrity and functions
(Mattia et al., 2004; Brien et al., 2003). Therefore, the
global attention is increasing to heavy metal
contamination in shrimp.

Iskenderun Bay is located in the eastern part of the
Northeastern Mediterranean Sea and it 1is
characterized having dense industrial establishments
(iron steel factory, petrochemical industry, fertilizer
industry, etc.), fishing, transportation, and
urbanization. Due to its in and outer currents
systems, pollutants resulting from above activities
are spreading into the Bay and they lead it having a
potential risk of pollution. (Can et al., 2019).

Trawling fishery for crustacean in Iskenderun Bay is
highly important due to the amount and the economic
value of its landings and their fishery, particularly for
penaeid shrimp, has been carried out in this region
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trawl (Can et al., 2004). Due to its importance, many
studies have been conducted on heavy metal
accumulation in shrimp from Iskenderun Bay. Yilmaz
et al. (2017) reported a review consisting of 86 articles
and 4 theses on all heavy metal studies conducted on
aquatic organisms in Iskenderun Bay. However, in
this review, they only tabulated previous published
studies without any critical evaluation. After then,
Can et al. (2019) conducted a meta-analysis with a
geo-statistical approach on THQ (Target Hazard
Quotients) values of Cu, Zn and Fe accumulation in
some fish species in Iskenderun Bay. They concluded
that fish caught from Iskenderun Bay could be
consumed safely in terms of metals and also, they
found there was spatial structure with consistently
high THQ values along the Iskenderun Bay.

Meta-analysis is a technique used in some cases such
as quantitatively combining, synthesizing, and
summarizing data and results from different studies.
(i) When sources of heterogeneity are to be examined,
(ii)) When the relationship between environmental
exposures and health effects is not clear, (iii) When
refinement of the estimate of an effect is important,
(iv) When there are questions about the
generalizability of results, (v) When it is clear that
there is a hazard exists, but no indication of its
magnitude, and (vi) When information is needed
beyond that provided by individual or narrative
studies. Different studies even on same shrimp
species and same heavy metals from same locations
may be inconsistent with each other. Because of their
important on a food safety risk, meta-analysis is
required to evaluate the true risk level for these
aquatic organisms. Hence, a meta-analysis that based
on the previous publications from Iskenderun Bay
was conducted for the some heavy metal contents
(Cadmium, Zinc, Lead, and Copper) of the
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commercially important two shrimp species, Penaeus
semisulcatus (de-Hann, 1844) and Metapenaeus
monoceros (Fabricus, 1798).

MATERIALS and METHODS
Study area

Iskenderun Bay covers an area of approximately 2275
km?, 65 km long and approximately 35 km wide in the
northeastern corner of the Mediterranean. The bay is
known for its intense port activities, filling facilities,
industrial facilities and establishments, especially the
iron and steel industry, as well as fishing activities.

Shrimp species

Penaeus semisulcatus (de Haan, 1844) is an exotic
Indo-West Pacific species especially catching in the
Bay of Iskenderun and is thought to have reached the
Eastern Mediterranean coast via the Suez Canal and
the Red Sea. As in many parts of the world, it has a
great economic value in this region (Yilmaz et al.,
2009).

Metapenaeus monoceros (Fabricius) is an Indo-Pacific
species that is widely caught in Iskenderun Bay and
is also distributed along the Eastern Mediterranean
coasts. This species is originally a lessepsian that had
migrated from the Red Sea to the Mediterranean Sea
over the Suez Canal.

Document indexing

Most of the existing literature on heavy metal
accumulation for shrimps reported from Iskenderun
Bay was taken from Yilmaz et al. (2017) that they
reviewed and tabulated for 86 articles and 4 theses
from Iskenderun Bay. To get more update literatures,
although they were few, the searching was acquired
using some key words as "Iskenderun Bay, heavy
metal, shrimp" from Google. The studies considered in
this meta-analysis met the following criteria: (a) Zn,
Pb, Cd and Cu accumulation in the two shrimp
species, P. semisulcatus, M. monocerus, and (b)
studies reported mean accumulation values
(considered as ES-effect size), sample size (n) and any
of dispersion and variability measures (standard
deviation-Sd, standart error-SE, and Range).

Expression of the results on dry weight base

To calculate some statistics and to make more, some
measurements  reported were converted or
transformed as follows: (i) In these publications some
results are given in wet weight basis (WWB) and
some in dry weight basis (DWB). We preferred the
expression of the results on DWB from shrimp muscle
due to giving less bias. For this reason, the results
given in WWB were converted to DWB multiplying by
factor (Yilmaz, 2010). This conversion was made on
the basis of by assuming 80% moisture content of
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shrimp. (i) We used standard deviation-SD as a
measure of variability. Therefore, the results given in
the previous study as standard error-SE and range
(max-min) were converted to SD using SD = SE*(n) »
0.5 and SD = (Range) / 4, respectively.

Data Analysis

The ESCI (Exploratory Software for Confidence
Intervals) was used for Meta-analysis (2011). One-tail
tests were used to detect whether significant
differences between mean heavy metal concentrations
and maximum acceptable levels (in mg kg1) for both
shrimp species by metals. (Null hypothesis: mean
concentration po < referenced level, with 5%
significance level). Referenced levels (maximum
acceptable levels in mg kg1) of heavy metals for
shrimp species were chosen according to the Turkish
Ministry of Agriculture and Forestry (2002) as
follows: Cadmium-Cd: 1 mg kg, Pb: 2 mg kg1, Cu: 20
mg kg1, and Zn: 50 mg kg

RESULTS and DISCUSSION

Heavy metal accumulation in aquatic organisms has
been a serious problem due to environmental
pollution caused by anthropogenic activities (Yilmaz
et al., 2017). Therefore, there is an increasing interest
around the world in "food safety" and in keeping food
quality at acceptable levels for human consumptions.

Crustaceans are generally considered as key species
at the bottom of the food chain. They are benthic
organisms that live on the bottom of oceans or seas.
They are omnivores that consume foraminifera,
polychaeta, crustaceans, algae, phytoplankton and
other tiny, drifting aquatic organisms and detritus.
They are highly exposed to aquatic pollutants and are
also important food sources for human consumption
(Mazlum et al., 2016). Heavy metals taken up by
aquatic organisms can occur in multiple ways. These
can be directly from the body surface or respiratory
organs, or through food or a combination of these.
Although the most important input of heavy metal
intake is through dissolved metal in water and food
(Ali et al., 2019) and eventually accumulates in target
organs, it is still unclear which the most important
factor is. Many studies have that revealed the effect
of metals on human health. Since the edible part of
shrimps is the part consumed by humans, it is
studied more than other organs. In studies conducted
in Iskenderun Bay, when the heavy metal values
recommended by the Food and Agriculture
Organization/World Health Organization (FAO/WHO)
and the European Union (EU) (Nabavi et al., 2011)
were compared for shrimps, it was observed that
some heavy metal levels detected in some tissues
were higher. The Table 1 below shows the standard
values of metals for crustaceans.
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Table 1. Acceptable heavy metal concentration in fisheries
products set by the Ministry of Agriculture and
Forestry (Anonymous, 2002).

Cizelge 1. Tarim Orman Bakanligi tarafindan belirlenen su
trtinlerinde  kabul  edilebilir  agir  metal
konsantrasyonu (Anonim, 2002).

Metals Mazx. Level in Crustaceans (mg kg?)
Cd 1.00
Pb 2.00
Cu 20.00
7n 50.00

Iskenderun Bay is an important ecosystem in terms
of fish diversity. This ecosystem attracts attention
with studies investigating the toxic mineral effects on
aquatic organisms, especially in recent years,
depending on the development of technology and
industry (Bosch et al., 2016). Due to the increasing
technology, the Bay has recently attracted attention
with 1its intense port activities, filling facilities,
thermal power plants, industrial facilities and
businesses. Iskenderun Bay as a gateway to the
Middle East, especially in the northern part of
Iskenderun, the ports of various sizes and ISDEMIR
(Iskenderun Demir Celik A.S.) have become
important both in transportation and in the iron and
steel sector. The Bay 1is also crucial for local
fisherman for their fishing activities, and also for
economic aspect having free zone and harbor.
Therefore, the accumulation of heavy metals and
their levels in fishery product are considered to be
critical for both environmental and food safety aspect.

Among the most hazardous toxic metals, including
Cd, Pb, Hg and arsenic are widely distributed in
aquatic environment. However, arsenic in seafood 1is
the form of organic arsenic and know to be no toxic
effect on human health. Certain elements may

Cd (M Monocercs)
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become toxic when the limit exceed.

Cadmium, one of the most toxic heavy metals, has
extremely harmful effects for aquatic organisms even
at low concentrations. It has been shown in many
studies that cadmium accumulates in living creatures
in environmentally polluted seas and creates toxic
effects at different levels. Cadmium is considered a
toxic metal with teratogenic and carcinogenic effects.
Cadmium is found in the environment in the form of
salts that differ in solubility. Currently, it is reported
that the amount of cadmium released into the
environment as a result of industrial activities is 10
times higher than that of natural origin. Cadmium
found in water and sediments concentrates especially
in plankton, vegetative macrophytes, shellfish and
mollusks. Molluscs and crustaceans can concentrate
cadmium 300-10,000 times (Ray et al., 1980).
Cadmium has been defined as a wide spread source in
agriculture and industry (Sireli et al., 2006).
Fertilizers are important sources of Cd-based
agricultural chemicals commonly used in intensive
agriculture (Alloway, 1990). The presence of
significant  cadmium  concentrations in  the
exoskeleton of some decapod crustaceans may be
attributed to the role of this tissue in the excretion of
these metals (Keenan and Alikhan, 1991). It has been
determined that inhalation of cadmium metal causes
lung diseases and high blood pressure, and intake
with water and food causes many damages such as
liver, kidney, brain, nerve diseases, sensitivity in
bones and iron deficiency, and many of them can be
fatal (Barone et al., 2018; Korkmaz et al., 2017).

Meta-analysis results for cadmium accumulation on
M. monoceros (I-square = 0.000%) and P.
semiculcatus (I-square = 99.32%) were not consistent
with each other (Table 2-3, Figure 1).
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Figure 1. The squares on the horizontal bars show the mean and their confidence limit limits of Cd accumulation in M.
monoceros and P, semiculcatus according to Table 2 and Table 3, respectively. The circles at the bottom are the
result of the meta-analysis. The po point on the horizontal exes above indicates that the Zero hypothesis was tested
against the reference value at the 5% significance level (Ho: po <1 mg kg! Cd).

Sekil 1. Yatay c¢ubuklar tizerindeki kareler, sirasiyla Tablo 2 ve Tablo 3'e gore M. monoceros ve P. semiculcatus'ta Cd
birikiminin ortalama ve bunlarin giiven sinir limitlerini gostermektedir. Alt kisimda bulunan daireler meta-
analizin sonucudur. Ustte yatay eksen tlizerindeki uo noktasi, %5 anlamhlik diizeyinde (Ho: uo <1 mg kg! Cd)
referans degerine karsi sifir hipotezinin test edildigini gosterir.
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Table 2. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95 %) of the studies
on Cd accumulation in M. monoceros and tested referenced value (no) <1 mg kg! Cd, a = 0.05) with their
weighting (%) in meta-analysis.

Cizelge 2. M. monoceros i¢in Cd birikiminin ortalama ve standart sapma, ornek biiylikliigii, giiven araligi,

referans degerleri (o) <1 mg kg’ Cd, a = 0.05) ve agirlik yiizdesi (%).

P. Semiculcatus C. interval (95 %) (o) <1 mg kg

References Mean (Cd) sd n |Lower L. | Upper L. | Sig. (a =0.05) | Weighting (%)
Cogun et al. 2005 3.20 5.813 |26 |0.852 5.548 ns 4.664
Cogun et al. 2005 2.70 4.436 (26 [0.908 4.492 ns 5.888
Cogun et al. 2005 5.00 4.385 |26 |3.229 6.771 (>po)*** 5.937
Cogun et al. 2005 3.00 3.773 |26 |1.476 4.524 (Gpo)* 6.550
Aytekin et al. 2019 6.52 0.900 |10 |5.876 7.164 (>po)*** 8.745
Aytekin et al. 2019 8.33 0.130 |10 |8.237 8.423 (Gpo)**=* 9.273
Aytekin et al. 2019 7.44 0.130 |10 |7.347 7.533 (Gpo)**=* 9.273
Aytekin et al. 2019 6.59 0.100 |10 |6.518 6.662 (Gpo)**=* 9.278
Kargm et al. 2001 1.10 1.328 [10 [0.150 2.050 ns 8.184
Kargin et al. 2001 1.00 1.771 |10 |-0.267 2.267 ns 7.493
Kargn et al. 2001 1.90 2.087 [10 [0.407 3.393 ns 6.970
Kargn et al. 2001 1.10 1.676 |10 |-0.099 2.299 ns 7.647
Kaymaci, 2011 2.78 18.810 [108 |-0.803 6.373 ns 2.655
Kaymaci, 2011 0.48 5.924 [108]-0.650 1.610 ns 7.442
Meta-Analysis 3.93 0.122 [400]3.253 4.621 (>po)*=**

Table 3. Cd content (meantstandard deviation Sd) of P. semiculcatus with their sample size (n) and confidant
intervals (95 %) of the studies on Cd accumulation in tested referenced value (no) <1 mg kg Cd, a =
0.05) with their weighting (%) in meta-analysis.
Cizelge 3. P. semiculcatus igin Cd birikiminin ortalama ve standart sapma, ornek biiylikligi, giiven araligi,
referans degerleri (uo) <1 mg kg'! Cd, a = 0.05) ve agirlik yiizdesi (%).

M. Monoceros C. interval (95 %) (10)<1 mg kg!

References Mean (Cd) Sd n Lower L. | Upper L. Sig. (a =0.05) | Weighting (%)
Kargin et al. 2001 0.60 1.075 10 -0.169 1.369 ns 22.172
Kargin et al. 2001 0.50 1.360 10 -0.473 1.473 ns 13.862
Kargin et al. 2001 1.10 2.467 10 -0.664 2.864 ns 4.213

Kargin et al. 2001 0.70 1.391 10 -0.295 1.695 ns 13.239
Kaymaci, 2011 1.44 4.839 106 0.508 2.372 ns 11.603
Kaymaci, 2011 1.77 11.068 | 106 -0.362 3.902 ns 2.218
Kaymaci, 2011 1.18 2.883 106 0.625 1.735 ns 32.693
Meta-Analysis 0.93 0.026 | 358 10.620 1.247 ns 22.172

Considering the M. monoceros, none of the studies
including  resulted meta-analysis were not
statistically important (no<1 mg kg?) (Table 2 and
Figure 1). However, for P. semiculcatus, 6 out of 14
studies were statistically importance with changing
significance degrees (Table 3 and Figure 1), and the
resulted meta-analysis showed that it was also a
significantly important at a very high level (uo> 1 mg
kgl Cd **%),

These values were found above the limit (1.0 ppm)
and (0.2 ppm) allowed for consumption in shrimp by
WHO (2005) and FAO (2007), respectively. Moreover,
similar studies in P. martia, P. edwardsii and A.
antennatus (Olgunoglu et al., 2015) and P
semisulcatus (Heidarieh et al., 2013) did not exceed

the permissible limits. Therefore, these shrimp in this
area of study did not pose any threat to humans upon
their consumption. However, Cd was discovered in
other shrimp species reported by different authors
across the world.

Kaya and Tirkoglu (2017) stated that Cd levels are
0.008-0.026 mg kg. They found that all cadmium
levels were below the maximum allowable cadmium
levels by Turkish standards. 0.1 mg kg! (Anonymous,
2008) and the allowable cadmium level of the EU
commission is 0.05 mg kg-! (European Union, EU,
2001; European Union, (EU), 2008). Gékoglu et al.
(2008) Heavy metal results for Antalya Bay reported
that the cadmium concentration in the shrimp muscle
(P. semisulcatus) was 2.36 mg kg and the cadmium
concentration in the P. longirostris muscle was 0.23
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mg kg1 (Gokoglu et al., 2008). Pourang and Dennis
(2005) reported that cadmium concentrations in P.
semisulcatus muscle were between 0.001 and 1,210
mg kgl, and Cd levels in the Penaeus merguiensis
muscle were between 0.01 and 0.18 mg kg'!. Pourang
et al. (2005) in another study of P. semisulcatusin the
muscle and exoskeleton, mean Cd concentrations in
muscle were 0.103-0.790 pg g1, and 0.557 and 1.016
pg gl in the exoskeleton, respectively. In another
study conducted off the coast of Tanzania, the lowest
and highest levels of cadmium in the muscle of the
grant tiger shrimp were found to be 0.01-0.03 mg kg1
(Rumisha et al., 2016). Olmedo et al. (2013) reported
that the mean and range of cadmium concentrations
in edible parts of Sole fish were 0.001 (0.000-0.067)
mg kgl, and the mean concentration and range in
shrimp (P. longirostris) was 0.029 (0.014-0.063).
Sivaperumal et al. (2007) reported that cadmium
levels in the muscles of different shrimp species were
n.d - 0.07 mg kg! by wet weight (not detected).
Therefore, in the present some differences obtained as
a result of meta-analysis may actually be caused by a
sample size, duration of study, poor evaluation of the
results, and lack of analysis results. This situation
emerges as a situation that should be examined well
in terms of human health. We believe that it will be
better to follow the annual monitoring data and
technological developments in order to reach the right
conclusion.

High heterogeneities among the studies on Zn
accumulation in P. semiculcatus (I-square = 99.088
%) and M. monoceros (I-square = 90.387 %) were
observed. Despite of that high heterogeneity, meta-
analysis showed that zinc accumulation on P
semiculcatus was not significant (uo <50 mg kg).
Half of the studies on M. monoceros were significant
(uo> 50 mg kg Zn***), and meta-analysis yielded an
moderate significant result on zinc accumulation in
that species (uo> 50 mg kg! Zn **) (Table 4-Table 5
and Figure 2).

The organic and inorganic compounds of lead are used
as paint, accumulator, city water supply, ceramic,
rubber production, printing, pesticide, various
children's toys and gasoline additives. Lead is mixed
with natural water from limestone and lead bed and
accumulates in the bodies of fish and creatures that
join the food chain of fish. Lead salts, which are
poorly soluble in water, dissolve in the stomach with
the effect of hydrochloric acid and pass into the blood.
However, since the excretion of absorbed lead is very
slow, there is a continuous accumulation. Lead is an
element with multiple effects. The absorbed lead
passes into the blood and is distributed to various
organs (aorta, cartilage, kidney, pancreas, lung,
spleen and muscles) through the blood circulation.
The hematopoietic system, central nervous system,
peripheral nerves and kidneys suffer the most from
this distribution. Although most of lead is stored in
bones, it can also pass into the brain, fetus in the
womb and breast milk. The low rate of lead in infants
and children increases with age and lead exposure.
When it exceeds 40 mg 11 in the blood, blood pressure
increasing effect occurs. On the other hand, it is
reported that chronic lead intake limits sperm count
and morphology. According to the classification of the
World Health Organization (WHO, 2005), it has been
reported that lead is in the class 2 carcinogenic group
(Neda et al., 2017).

Ecologically, lead tends to collapse as a solid and does
not form a complex except in special circumstances.
Generally, lead released to nature forms hardly
soluble compounds [Pbs (PO4] 2, PbsO (PO4) 2, Pbs
(PO4) 30H, (PbCO3) and (PbS) Therefore lead intake
from plants in the food chain is out of question. It has
been reported that single-celled creatures and fish
can tolerate water containing 0.04-0.198 mg 11
inorganic lead, but show acute poisoning when
ingestion of lead through food in lower amounts
(Neda et al., 2017).

Table 4. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95 %) of the studies
on Zn accumulation in M. monoceros and tested referenced value (o) <50 mg kg'! Zn, a = 0.05) with their

weighting (%) in meta-analysis.

Cizelge 4. M. monoceros i¢in Zn birikiminin ortalama ve standart sapma, ornek boyutu, giiven araligi, referans
degerleri (uo) <60 mg kg Zn, a = 0.05) ve agirlik yiizdesi (%).

M., Monoceros C. interval (95 %) (po) <50 mg kg
References Mean (Zn) Sd n Lower L. Upper L. | Sig. (a =0.05) Weighting (%)
Kargm et al. 2001 61.8 3.637 10 |59.199 64.401 (Gpo)*e+ 20.192
Kargin et al. 2001 60.4 4.237 10 |57.369 63.431 (Gpo)*+ 19.930
Kargin et al. 2001 71.3 6.767 10 |66.459 76.141 (Gpo)**+ 18.513
Kargmn et al. 2001 63.2 3.953 10 |60.372 66.028 (Gpo)*** 20.058
Kaymaci, 2011 46.945 87.307 |106 |30.131 63.759 ns 6.809
Kaymaci, 2011 52.65 193.403 |106 |15.403 89.897 ns 1.872
Kaymaci, 2011 32.62 49.213 | 106 |23.142 42.098 ns 12.625
Meta-Analysis 58.69379 7.252 358 |53.416 63.972 Gpo)**
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Table 5. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95 %) of the studies
on Zn accumulation in P. semiculcatus and tested referenced value (uo) <50 mg kg Zn, a = 0.05) with

their weighting (%) in meta-analysis.

Cizelge 5. P. semiculcatus i¢in Zn birikiminin ortalama ve standart sapma, 6rnek buyikliga, given araligi,
referans degerleri (o) <50 mg kg'! Zn, a = 0.05) ve agirlik yiizdesi (%).

P. Semiculcatus C. interval (95 %) (po) <50 mg kg

References Mean (Zn) sd n |Lower L. |Upper L. |Sig. (a = 0.05) Weighting (%)
Cogun et al. 2005 50.40 11.422 |26 |45.787 55.013 ns 5.557

Cogun et al. 2005 51.50 9.127 26 [47.813 55.187 ns 5.627

Cogun et al. 2005 63.10 11.524 |26 |58.445 |67.755 | (po)*** 5.553

Cogun et al. 2005 50.10 9.892 26 146.104 54.096 ns 5.605
Aytekin et al. 2019 24.00 9.000 15 [19.016 28.984 ns 5.542
Aytekin et al. 2019 21.50 11.000 |15 |[15.408 27.592 ns 5.442
Aytekin et al. 2019 30.50 8.000 15 ]126.070 34.930 ns 5.586
Aytelkin et al. 2019 | 51.50 14.500 |15 [43.470 59.530 ns 5.232

Kargin et al. 2001 27.75 5.360 5 21.095 34.405 ns 5.529

Kargin et al. 2001 43.56 0.780 10 |[43.002 44.118 ns 5.753

Kargin et al. 2001 61.42 3.330 10 [59.038 63.802 (Gpo)*** 5.711

Kargin et al. 2001 45.12 1.870 10 |[43.782 46.458 ns 5.742
Kaymaci, 2011 37.43 2.350 10 |35.749 39.111 ns 5.733
Kaymaci, 2011 72.60 3.921 |10 [69.795 [75.405 |(Gpo)*** 5.693
Meta-Analysis 50.28 8.00 465 | 44.723 55.851 ns

Zn <M. Monoceros) Zn -(P Semiculatus)
0 20 a0 60 80 100 | 0 60 80 100 120
. i Mg a \ ) . A A ;
L O
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Figure 2. Squares with horizontal bars show mean and their confidant limits for each of studies on Zn accumulation in
M. monoceros and P. semiculcatus in accordance with Table 4 and Table 5, respectively. Circles locate on the
bottom show resulted from meta-analyses. po point on the top horizontal exes shows testing of Null
hypothesis against the referenced value at 5% significance level (Ho: po <50 mg kg! Zn).

Sekil 2. Yatay ¢ubuklar tizerindeki kareler, sirasiyla Tablo 4 ve Tablo 5'ye gore M. monoceros ve P. semiculcatus'ta Zn
birikiminin ortalama ve bunlarin giiven sinir limitlerini géstermektedir. Alt kisimda bulunan daireler meta-
analizin sonucudur. Ustte yatay eksen iizerindeki o noktasi, % 5 anlamlilik diizeyinde (Ho: o <60 mg kg Zn)
referans degerine karsi sifir hipotezinin test edildigini gésterir.

High concentrations of Pb in the marine environment
have been reported to occur from various sources such
as emissions from wastewater and industries,
emissions from leaded gasoline powered vehicles,
smoke and dust emissions from coal and gas-fired
power plants, roofers and paints and rust inhibitors.
Studies have demonstrated that lead contamination

840

of foodstuffs is caused by soldered seams of cans and
soldered lids of condensed milk cans, metal lids of
wine bottles and lead pipes used in drinking water
systems (Badr et al., 2009; Frignani et al., 1997).
Yilmaz et al. (2007) reported that seasonal lead
concentrations in the muscles of shrimp (2.
semisulcatus) caught from Iskenderun Bay were
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between 0.2 and 0.6 pg gl. Turan et al. (2009)
investigated the toxic metal concentrations in various
fish species and reported that the average lead level
was 0.426 png g in M. merlangus muscle captured
from the Mediterranean and 0.426 pg g-1 in the M.
merlangus muscle captured. They also reported that
it was 0.502 pg g1 in the Black Sea. Sivaperumal et
al. (2007) reported that the lead levels in the muscles
of different shrimp species were 0.61 mg kgl by wet
weight.

In the present study, meta-analyses of lead
accumulation in P. semiculcatus (a high heterogeneity
among studies with I-square = 99.982%) and M.
monoceros (I-square = 94.281%) yielded a very strong
significant difference (uo>2 mg kg! Pb***) (Table 6-
Table 7 and Figure 3). These values were found to be
above the acceptable limit (2.0 ppm) stipulated by
WHO (2005) and (2 mg kg!) FAO (2007) for
consumption in shrimp. In addition, the Pb
concentration in the studied shrimp was above the
risk international standards (median 2.0 pg g1 vs.
0.5-10.0 wet weight) given by the United Nations
Food and Agriculture Organization Reference Dose
(risk-based); United States Environmental Protection
Agency (USEPA, 2015). This is confirmed by the
study of Al Farraj et al (2013), who stated that this
type of domestic transport causes a significant
increase in the level of pollution. Lead concentrations
in the edible parts of the body in invertebrate samples
obtained different stations in the bay have been
studied by many researchers. Lead levels of the
Penaeus semisulcatus muscle have been reported by
many researchers and the values obtained can be
listed as follows; Kargin et al. (2001) (5.7+0.58-
8.5+0.96 dw), Cogun et al. (2005) (15.4+1.44-28.6+2.15
dw), Yilmaz and Yilmaz (2007) (0.2+0.1- 0.6+0.2 ww
for female fish) and Kaymac: (2011) (n.d.-1.035+0.516
ww). Sepia officinalis, Monodon taturbinata and

Spondylus spinosis, Duysak et al. (2013) (1.74+0.36
ww for female fish), Duysak and Ersoy (2014)
(1.44+0.32-90.8+2.61 dw) and Tirkmen et al. (2006)
(4.63-352 dw).

Mean Pb levels in Litopenaeus vannamei and
Panulirus homarus were higher than the FAO/WHO
guideline limit, but lower than the FAO/WHO
guideline limit in Metapenaeus affinis and
Fenneropenaeus indicus (FAO/WHO, 2004, 2006).

Average As levels in Panulirus homarus and Penaeus
semisulcatus were found to be higher than the
FAO/WHO guideline limit (FAO/WHO, 2004, 2006).
The average Pb in Aristaeco morphafoliacea living in
the Mediterranean and Penaeus kerathurus (Izmir
Bay) was 0.43+0.01 (Olgunoglu et al., 2015) and 0.37 -
0.86 mg kgl dw. (Dokmeci et al., 2014); This was
similar to our study, but Pb (0.51-2.12 mg kg! dw)
levels were found to be higher in Parapenaeus
longirostris (Tirkmen, 2012) living in Tekirdag, on
the Marmara Sea Coast, compared to the levels of our
study. However, depending on the technological
developments, some values in the water change
depending on the time. For example, the development
of heavy industry or the increase of factories.

Copper is an essential element in human metabolism,
and it is estimated that adults need 2.0 mg of copper
per day. In human blood, there is 0.8 mg Cu ** ions
per liter. It plays an important role in the release of
tissue iron for erythrocyte formation, bone, central
nervous system and connective tissue development.
In case of excessive intake, inflammation of the
mucosa, vascular diseases, liver and kidney diseases
and central mnervous system irritations with
depression can be seen (Jenkins, 1989). Although
copper is a widely used metal, when it is not removed
from the body, it causes Wilson's disease, which is
characterized by the accumulation of toxic levels of

Table 6. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95%) of the studies
on Pb accumulation in M. monoceros and tested referenced value (uo) <2 mg kg! Pb, a = 0.05) with their

weighting (%) in meta-analysis

Cizelge 6. M. monoceros i¢in Pb birikiminin ortalama ve standart sapma, 6rnek buyukligi, given aralig,
referans degerleri (o) <2 mg kg'! Pb a = 0.05) ve agirlik yiizdesi (%).

M. Monoceros C. interval (95 %) (no) <2 mg kg?

References Mean (Pb) Sd n Lower L. Upper L. |Sig. (a =0.05) | weighting (%)
Kargm et al. 2001 | 11.300 2.720 10 ]9.355 13.245 (Gpo)*** 15.542
Kargm et al. 2001 | 10.300 2.973 10 [8.174 12.426 (Gpo)*** 15.457
Kargin et al. 2001 | 21.600 3.542 10 |19.066 24.134 (>po)*** 15.244
Kargm et al. 2001 | 12.100 2.909 10 [10.019 14.181 (Gpo)*** 15.479
Kaymaci, 2011 3.785 26.099 106 [-1.241 8.811 ns 12.780
Kaymaci, 2011 4.005 26.820 106 |-1.160 9.170 ns 12.638
Kaymaci, 2011 4.970 25.688 |106 |0.023 9.917 ns 12.861
Meta-Analysis 10.143 4.090 358 |6.179 14.107 (Gpo)***
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Table 7. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95 %) of the studies
on Pb accumulation in P. semiculcatus and tested referenced value (uo) <2 mg kg! Pb, a = 0.05) with
their weighting (%) in meta-analysis.

Cizelge 7. P. semiculcatus i¢in Pb birikiminin ortalama ve standart sapma, 6rnek boyutu, giiven araligi, referans

degerleri ((u0) <2 mg kg Pb, a = 0.05) ve agirlik yiizdesi (%).

P. Semiculcatus C. interval (95 %) | (uo) <2 mg kg?
References Mean (Pb) Sd n Lower L | Upper L | Sig. (a = 0.05) Weighting (%)
Cogun et al. 2006 15.400 7.343 26 [12.434 [18.366 | (Gpo)*** 5.550
Cogun et al. 2006 16.200 4.946 26 [14.202 [18.198 | (Gpo)*** 5.561
Cogun et al. 2006 28.600 10.963 26 [24.172 [33.028 | (Gpo)*** 5.524
Cogun et al. 2006 16.500 8.974 26 [12.875 [20.125 | (Gpo)*** 5.539
Aytekin et al. 2019 | 1.000 0.500 15 [0.723 1.277 ns 5.571
Aytekin et al. 2019 | 3.000 1.000 15 |2.446 3.554 (Gpo)** 5.570
Aytekin et al. 2019 |2.000 1.000 15 |1.446 2.554 ns 5.570
Aytekin et al. 2019 |1.000 0.500 15 |0.723 1.277 ns 5.571
Kargin et al. 2001 4.015 23.279 108 [-0.426 8.456 ns 5.520
Kargmn et al. 2001 5.175 26.812 108 |0.060 10.290 |ns 5.504
Kargn et al. 2001 25.030 1.850 10 [23.707 [26.353 | (Gpo)*** 5.567
Kargn et al. 2001 62.750 0.580 10 [62.335 [63.165 |(>po)*** 5.570
Kaymaci, 2011 49.780 4.400 10 [46.632 |52.928 | (Gpo)*** 5.551
Kaymaci, 2011 22.180 0.620 10 [21.736  |22.624 | (Gpo)*** 5.570
Meta-Analysis 6.300 2.024 10 |4.852 7.748 (>po)***
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Figure 3. Squares with horizontal bars show mean and their confidant limits for each of studies on Pb
accumulation in M. monoceros and P. semiculcatus in accordance with Table 6 and Table 7,
respectively. Circles locate on the bottom show resulted from meta-analyses. po point on the top
horizontal exes shows testing of Null hypothesis against the referenced value at 5% significance level
(Ho® o <2 mg kg Ph).

Sekil 3. Yatay c¢ubuklar tizerindeki kareler, sirasiyla Tablo 6 ve Tablo 7'yve gére M. monoceros ve P.
semiculcatusta Pb birikiminin ortalama ve bunlarin given simir limitlerini gostermektedir. Alt
kisimda bulunan daireler meta-analizin sonucudur. Ustte yatay eksen tizerindeki po noktasi, %5
anlamhilik diizeyinde (Ho: po <2 mg kg! Pb) referans degerine karsi sifir hipotezinin test edildigini
gosterir.

copper in many organs, tissues, especially liver, brain
and eyes. The initial steps of copper absorption and
transport to the liver are normal, causing the
absorbed copper not to enter the circulation in the
form of ceruloplasmin, and its excretion into bile is
markedly reduced. Copper in excess of certain
concentrations is toxic to crustaceans because it
affects several important physiological and biological
functions at the molecular and cellular level. Copper
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is known to cause toxic liver damage with its rapid
accumulation in the liver. Copper damages cellular
microanatomy and the ultrastructure of organelles,
including mitochondria, endoplasmic reticulum, and
the nuclear membrane (Frias-Espericueta et al., 2003;
Yang et al., 2008). Generally, in a patient who
reaches the age of five, copper unrelated to
ceruloplasmin spreads into the circulation and
undergoes hemolysis and causes pathological changes
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in areas such as the brain, cornea, kidneys, bone
joints, and parathyroids. Meanwhile, the urine
excretion of copper increases significantly. Wilson's
disease manifests with mild or severe changes in the
liver. These changes are mild or moderate fatty
changes, acute hepatitis, chronic hepatitis and
cirrhosis, respectively (Yang et al., 2008).

Copper (Cu) has been reported to be one of the heavy
metals most frequently occurring in industrial
wastewater (Pamukoglu and Kargi, 2007). Copper
enters aquatic ecosystems via wastes in ionic form or
complexes organic and inorganic ligands and they can
accumulate in tissues. Copper plays a Dbiologically
important role in the growth and life of most aquatic
organisms. However, it can become toxic to marine
organisms if it exceeds a certain threshold (Kennish,
1992). Copper's entry into the marine environment; It
comes from different sources, including mining,
smelting, domestic and industrial activities, and
algaecides and antifouling paints on boat hulls
(Fabrizio, 2012). Copper is highly toxic in aquatic
environments and has effects on fish, invertebrates,
and amphibians, and all three groups are equally
sensitive to chronic toxicity (USEPA, 2015).
Crustaceans such as shrimp, lobster and crab need
Cu especially as it acts as oxygen carrier in their
blood (Fredrick and Ravichandran, 2012). Everaarts
and Nieuwenhuize (1995) found that because many
crustaceans use Cu in a blood pigment, Cu
concentrations in crustaceans can increase (60 and
140 pg g!) compared to other groups (polykets and
mollusks). In this study, the Cu level was above (u0
20 mg kg'). These values were found above the
allowable limit for shrimp set by FAO (1992) (20 ppm)
and WHO (1998) and (10 ppm). The toxicity of copper
at high concentrations is due to its coagulating effect
on cellular proteins and interfering with respiratory
processes; Copper in low concentrations causes

degenerative changes in certain tissues and inhibits
the Glutathione balance.

In contrast to a high heterogeneity among the Cu
accumulation studies on M. monoceros (I-square =
89.245%), meta-analyses showed a non-significance
difference against the referenced level (uo <20 mg kg'!
Cu). However, meta-analyses of cupper accumulation
in P. semiculcatus showed both high heterogeneity
among studies (I-square = 99.630%) and a very strong
significant difference against the referenced level (uo
< 20 mg kg'! Cu***) (Table 8 and Table 9 and Figure
4).Other studies also showed accumulation of Cu was
over standard limit values. Kaya and Tiirkoglu (2017)
observed that arsenic levels in shrimp were found to
be above all the legal limit values. Yilmaz et al. (2018)
indicated that domestic wastewater and industrial
activities in the region need to be monitor in future
perspective. Some differences between the results of
the studies conducted in this region are thought to be
due to many reasons such as sample size, duration of
study, poor evaluation of the results, and lack of
analysis results. This situation emerges as a situation
that should be examined well in terms of human
health. Since these shrimps are used in the human
diets. Since the early 2000s, concentrations of heavy
metals entering the Iskenderun Gulf have rapidly
accumulated due to rapid local population and
industrial development. This study indicates
potential contamination of shrimp samples with
metals in the different locations of Iskenderun bay
which may indicate that the Cu effluents contributed
to high levels of these metals in aquatic
environments.

Zinc, an essential element, is found in human cells,
tissues and organs. Although it is abundant as a
mineral, it is present in air, soil, water and all foods.
Usage areas of zinc; coating processes of iron and
other metals, dry cell batteries, alloy manufacturing,

Table 8. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95%) of the studies
on Cu accumulation in M. monoceros and tested referenced value (uo) <20 mg kg Cu, a = 0.05) with

their weighting (%) in meta-analysis.

Cizelge 8. M. monoceros i¢cin Cu birikiminin ortalama ve standart sapma, ornek biiyukligu, giiven aralig,
referans degerleri ((u0) <20 mg kg! Cu***, a = 0.05) ve agirhik yiizdesi (%).

M. Monoceros C. interval (95 %) (po) <20 mg kg'!
References Mean (Cuw) Sd n |LowerL. |UpperlL. |Sig.(a=0.05) |Weighting (%)
Kargin et al. 2001 22.100 3.637 10 19.499 24.701 ns 21.189
Kargin et al. 2001 20.600 3.289 10 18.247 22.953 ns 21.441
Kargin et al. 2001 30.700 3.605 10 |28.121 33.279 (Gpo)*** 21.213
Kargin et al. 2001 22.500 3.320 10 20.125 24.875 (>po)* 21.419
Kaymaci, 2011 40.155 150.316 | 106 |11.206 69.104 ns 1.871
Kaymaci, 2011 34.610 264.598 | 106 |-16.348 85.568 ns 0.640
Kaymaci, 2011 15.100 41.646 | 106 |7.080 23.120 ns 12.227
Meta-Analysis 23.250 4.348 358 119.164 27.337 ns
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Table 9. Mean and Standard deviation-Sd with their sample size (n) and confidant intervals (95 %) of the studies
on Cu accumulation in P. semiculatus and tested referenced value (uo) <20 mg kg! Cu,a = 0.05) with

their weighting (%) in meta-analysis.

Cizelge 9. P. semiculcatus igin Cu birikiminin ortalama ve standart sapma, 6rnek buyikliga, guven aralig,

referans degerleri ((no) <20 mg kg Cu

a = 0.05) ve agirhik yiizdesi (%).

P. Semiculcatus C. interval (95 %) (po) <20 mg kgt
References Mean (Cu) Sd n Lower L. | Upper L. | Sig. (a =0.05) Weighting (%)
Cogun et al. 2006 | 27.90 10.912 |26 |23.493  [32.307 | (po)** 5.593
Cogun et al. 2006 | 28.80 6.323 |26 26.246 |31.354 |(>po)*** 5.658
Cogun et al. 2006 | 41.90 13.410 |26 36.483 |47.317 | Cpo)*** 5.544
Cogun et al. 2006 | 30.40 6.527 |26 |27.764 |33.036 |Cpo** 5.656
Aytekin et al. 2019 | 87.50 8.000 |15 [83.070 [91.930 |(po)*** 5.600
Aytekin et al. 2019 | 127 38.000 |15 |105.956 |148.044 |Cpo*** 4.148
Aytekin et al. 2019 | 74.5 3500 |15 |72.562 |76.438 | (Gpo)*** 5.674
Aytekin et al. 2019|212 27.500 |15 196.771 |227.229 | (>po)*** 4.763
Kargm et al. 2001 | 34.24 11.990 |5 19.352  |49.128 |ns 5.122
Kargin et al. 2001 | 28.50 3.850 |10 |25.746 |31.254 |(po)*** 5.659
Kargin et al. 2001 | 34.23 1180 |10  |33.386 |35.074 |Cpo)*** 5.689
Kargin et al. 2001 | 26.44 1.430 |10 |25.417 |27.463 |Cupo*** 5.687
Kaymaci, 2011 19.35 1290 |10  |18.427 [20.273 |ns 5.688
Kaymaci, 2011 31.20 5439 |10 |27.309 |35.091 | CGpo)*** 5.628
Meta-Analysis 49.689 14719 421 |27.204 |32.996 |Cpo)***
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Figure 4. Squares with horizontal bars show mean and their confidant limits for each of studies on Cu
accumulation in M. monoceros and P. semiculcatus in accordance with Table 8 and Table 9,
respectively. Circles locate on the bottom show resulted from meta-analyses. po point on the top
horizontal exes shows testing of Null hypothesis against the referenced value at 5 % significance level

(Ho: po <20 mg kg! Cu).

Sekil 4. Yatay cubuklar lizerindeki kareler, sirasiyla Tablo 8 ve Tablo 9a gore M. monoceros ve P.
semiculcatus'ta Cu birikiminin ortalama ve bunlarin giiven sinir limitlerini géstermektedir. Alt
kisimda bulunan daireler meta-analizin sonucudur. Ustte yatay eksen tizerindeki no noktasi,% &5
anlamlilik diizeyinde (Ho: uo <20 mg kg! Cu) referans degerine karsi sifir hipotezinin test edildigini

gosterir.

white paint production, ceramics, rubber industry,
fertilizers, and some cosmetic and health fields
(ATSDR, 2003). Approximately 90% of the zinc in the
soil is used in plant growth. In addition, aquatic
organisms also accumulate zinc. Zinc accumulates
most in the prostate, kidney, muscle and liver.
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Insufficient intake of zine, which causes various
damages in living things when taken at high levels,
negatively affects more than 200 enzymes (ATSDR,
2003). Zinc is essential for various metabolic
processes in the human body, such as development,
skin integrity and function, egg maturation, immune
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power, wound healing and carbohydrate, fat, protein,
nucleic acid synthesis or degradation. It acts as a co-
enzyme component for more than 70 metalloenzyme
functions such as alcohol dehydrogenase, carbonic
anhydrase and carboxypeptidase. It must be present
in water and feed in small amounts (Roohani et al.,
2012). Studies conducted in the aquatic environment
revealed that zinc can be harmful not only in high
concentrations but also in low concentrations if
exposed for a long time. Zinc deficiency negatively
affects growth in young people, weakens the immune
system, and also prevents the development of babies
in pregnant women. Approximately 90% of the zinc in
the human body is found in bones and muscles.
Problems such as excessive zinc intake in humans,
decreased appetite and immune system activity,
delayed healing of wounds, and increased cholesterol
together with excessive skin sensitivity have been
identified (ATSDR, 2003).

Zinc is a naturally abundant element found in
agriculture, food waste, pesticide production, and
antifouling paints as a common contaminant. Zinc
plays an important role as an important trace
element in all living systems (Merian, 1991).
However, it is a USEPA (United States
Environmental Protection Agency) priority pollutant
(Keith and Telliard, 1979). High concentration of zinc
in water is particularly toxic to many species of algae,
crustaceans, and salmon (Leland and Kuwabara,
1985) and has strong effects on macro invertebrates
such as molluscs, crustaceans, odonates, and
ephemera (Gore and Bryant, 1986).

In the current study high heterogeneity among the
studies on Zn accumulation in P. semiculcatus (I-
square = 99.088 %) and M. monoceros (I-square
90.387 %) were observed. Despite that high
heterogeneity, meta-analysis showed that zinc
accumulation on P. semiculcatus was not statistically
important (u0 <50 mg kg!). Half of the studies on M.
monoceros were statistically important (u0> 50 mg
kg! Zn***), and meta-analysis yielded a moderate
significant result on zinc accumulation in that species
(u0> 50 mg kg'! Zn **). On the other hand, Sadiq et al.
(1982) noted that the entire body Zn of the Persian
Gulf was 148 ppm / dry shrimp. This value is
significantly higher than the level achieved in the
current study. In another study of the green tiger
shrimp northwest of the Persian Gulf, Pourang et al.
(2005) recorded the highest mean Zn concentration
(43.39 ppm / fresh weight) in the hepatopancreas.
They found that the Zn levels in the exoskeleton and
muscle were 8.56 and 8.98 ppm / wet weight,
respectively. However, for M. monoceros the Zn
concentrations in these studies were above the risk
international standards (40-100 with a median wet
weight of 50) given by the United Nations Food and
Agriculture Organization Reference Dose (risk-based);
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United States Environmental Protection Agency
(USEPA, 2015). Zn levels in this study are below the
maximum limits for P. semiculcatus (FAO, 1992) and
seafood (100 ppm) (WHO, 1998).

Aytekin et al. (2019) stated that metal concentrations
are lower in muscles than gills, liver shows higher
values. They also indicated that there were
significant accumulation of Cd and Pb in edible
tissues of P. semiculcatus. Other studies also showed
accumulation of Cd and Cu was over standard limit
values. Kaya and Tiirkoglu (2017) observed that
arsenic levels in shrimp were found to be above all
the legal limit values. Yilmaz et al. (2017) indicated
that domestic wastewater and industrial activities in
the region need to be monitor in future perspective.
Can et al. (2020) indicate that the Target Hazard
Quotients (THQ) and Total Target Hazard Quotients
(TTHQ) values based on muscle for Cr, Cu, Fe, Mn
and Zn were not exceeded 1.00 for some fish species.
Some differences between the results of the studies
conducted in this region are thought to be due to
many reasons such as sample size, duration of study,
poor evaluation of the results, and lack of analysis
results. This situation emerges as a situation that
should be examined well in terms of human health.
Since these shrimps are used in the human diets.
Since the early 2000s, concentrations of heavy metals
entering the Iskenderun Gulf have rapidly
accumulated due to rapid local population and
industrial development. This study indicates
potential contamination of shrimp samples with
metals in the different locations of Iskenderun bay
which may indicate that the Cd, Pb and Cu effluents
contributed to high levels of these metals in aquatic
environments. Literature values indicated that
almost 43%shellfish contained exceeding limit of Cd
in the edible parts of shellfish and may cause
potential health risk.

Although high concentrations of all metal ions pose a
threat to human health, some metal ions are required
at low concentrations in order to maintain metabolic
activity in the body. Therefore, the levels of heavy
metal ions in food and water consumed by humans
are important. In all sampled, Cd, Zn, Pb and Cu
levels were determined in the muscle tissue or other
part of animal, which is the consumable part of the
shrimp and these levels were determined at not
acceptable levels for human consumption (Cd: 0.050
mg kg according to the Turkish Food Codex, 2011).
Cu: 20.0 mg kg''; Pb: 0.30 mg kg'l; Zn: 50.0 mg kg
(Joint FAO/WHO, 2011). According to FAO (1992),
these values are 0.5 mg kg! for Cd and Pb; it is 30.0
mg kgt for Cu and Zn. The daily tolerable amount of
heavy metals for an individual with a body weight of
60 kg was determined by the FAO/WHO as 60 mg for
Zn, 3 mg for Cu, 214 pg for Pb, and no value for Cd
was reported (Joint FAO/WHO, 2011).
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These results can be expected due to existing systems,
industrialization and urbanization in the bay. The
main marine industry structures of the Iskenderun
Bay are ports and piers and filling facilities. These
are BOTAS Petrol Terminal and Toros Fertilizer
Terminal in Ceyhan; BOTAS Petroleum Terminal,
TPAO Pier, Aygaz LPG Filling Facilities and Pier and
Mobile Oil Filling Facilities and Pier in Dértyol;
Gubretas Fertilizer Pier and Ekinciler Iron and Steel
Industry Pier in Sariseki Organized Industrial Zone
(OIE); Iskenderun Highway Asphalt Facilities Pier,
Petrol Ofisi Filling Facilities and Pier, Shell Liquid
Cargo Filling Facilities. In addition, urbanization is
mostly concentrated in Botas and Iskenderun
locations. Looking at the current system, two main
types of circulation are seen in the Bay. During the
summer months, the water coming from the Syrian
coast enters the Gulf from close to Karatas, and two
recesses are formed, one in the inside clockwise and
the outside in anticlockwise direction. This surface
circulation pattern is also visually observed from
large collections of plastic materials at the centers of
the gyres. Ceyhan river inputs are carried inland by
the westerly winds that prevail in summer. The
cellular circulatory system in the bay begins to
deteriorate in autumn. In winter, open sea waters
enter the bay near Akinci Burnu and proceed along
the south coast towards the innermost areas. The

waters eventually curl counterclockwise and leave the
bay near the Karatag region.

CONCLUSION
In this study heavy metal accumulations in two
economically important shrimp species were

evaluated in terms of health risk to human based on
previous studies from Iskenderun Bay by a series of
meta-analyses. Findings would be very important for
mainly consumer, authorities, and fishing industry,
etc., and a summary of the major findings were
represented in Table 10. Cd, Pb and Cu metals for P.
semiculcatus were detected above except Zinc was
below the values recommended by FAO and WHO.
Also, Pb and Zn metals for M. monoceros were
observed above the values recommended by FAO and
WHO. Although, the results do not seem to be good,
but (1) detrimental impacts of heavy metals on human
health become apparent only when long-term
consumption of contaminated crustaceans occurs, (ii)
much more well-organized studies (with more
samples, suitable sampling strategy, etc.,) are needed
to make a ultimate decision on whether the contents
of these considered heavy metals in the these two
shrimp species were exceeded or not the reference
points.

Table 10. Meta-analysis results showing the accumulation exceeding status (based on legal limits) of Cd, Pb, Cu
and Zn on the edible part of two shrimp species.
Cizelge 10. Iki karides tiiriiniin yenilebilir kisminda Cd, Pb, Cu ve Zn'nin birikme durumunu (yasal sinirlara

gore) gosteren meta analiz sonuglari.

Metals (mg kg?) Metapenaeus monoceros Peneaus semiculcatus
Cd not exceed exceed

Pb exceed exceed

Cu not exceed exceed

7n exceed not exceed
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OZET Aragtirma Makalesi
Calismada, Turkiye’de ekmeklik bugday tariminda siklikla tercih

edilen gesitler, CIMMYT-Meksika’dan temin edilen Thatcher hatlar Makale Tarihgesi

ve bu genotipler arasinda yapilan melezlemeler sonucu elde edilen F: Gelig Tarihi  :15.05.2020
melez genomlarinda, SSR (Basit Dizi Tekrarlari-Mikrosatelit) Kabul Tarihi :27.10.2020
yontemi kullanmilarak, kahverengi pas hastaligina dayamkhlik

genleri arasinda 6nemli bir yere sahip olan Lr10 geninin varhgin Anahtar Kelimeler
incelenmigtir. Arastirma yer alan genotipler, 2013-2017 yetistirme Ekmeklik bugday
donemlerinde; deneme materyalinin c¢ogaltilmasi, genotipler arasi SSR (Mikrosatalit)
melezlemelerin gerceklestirilmesi ve kahverengi pas hastaliginin Lr10

arazi gozlemlerinin yapilmas1 amaciyla Bursa Uludag Universitesi Molekiler Markor

Ziraat Fakiltesi deneme alaninda yetistirilmistir. Yapilan
melezlemeler sonucu elde edilen 13 adet Fi1 hatti, 22 adet ekmeklik
(Triticum aestivum L.) bugday cesidi ile 2 adet Thatcher hat (Lr10,
TeHassas), Bursa Uludag Universitesi Tarla Bitkileri Béliimii
Tohumluk Laboratuvarinda SSR (mikrosatlit) yontemi kullanilarak
DNA analizlerine tabi tutulmustur. Yapilan analizler sonucunda
Lri0 geni; Karatopak, Kasifbey ve Giin-91 cesitlerinde tespit
edilmistir. Yapilan bu calisma; ekmeklik bugdayda SSR tekniginin
kahverengi pas dayaniklilik genlerini belirlemede kullanilabilir
oldugunu saptamis ve ayrica calismada yer alan Thatcher (yakin
izogenik) hatlarinin dar bir genetik yapiya sahip olmalari sebebiyle,
taranan dayaniklibk genlerini belirlemede iyi bir belirte¢ genom
oldugu sonucunda varnlmistir. Gelecekte yurutiulecek 1slah
programlarinda dayaniklilik genleri iceren genotiplerin
belirlenmesinde molekiiler markorlerin kullanilmasinin kisa stirede
ve kesin sonuclara ulagsmada etkili olacagi sonucuna ulagilmigtir.

Identifying Leaf Rust Resistance Gene Lri0 in Some Bread Wheat Using Simple Sequence Repeat
(SSR) Marker

ABSTRACT Research Article
In this study, the existence of the Lr10 gene, which has an important
place among the leaf rust disease genes, was investigated by using Article History
the SSR (Simple Sequence Repeats-Microsatelite) method in Received - 15.05.2020
frequently used F1 hybrid genomes bread wheat that bred from Accepted £ 27.10.2020
Thatcher lines of CIMMYT Mexico. In order to reproduce the trial
plant material, to perform cross-genotypes and to make field Keywords
observations of leaf rust disease, 13 F1 lines, 22 bread (7riticum Bread v&{heat .
aestivum L. wheat varieties and 2 Thatcher lines (Lr10, Tc SSR (Microsatellite)
susceptible) a study was conducted at the experiment fields of Bursa Lr10

Molecular Marker

Uludag University Faculty of Agriculture, Agricultural Application
and Research Center between 2013-2017. genotypes were subjected
to DNA analysis using the SSR (microsatite) method in the Seed
Laboratory of the Field Crops Department of the Bursa Uludag
University Faculty of Agriculture. The analysis results indicated the
existence of the Lri0 gene in Karatopak, Kasifbey and Gun-91
varieties. In this study; The SSR technique was found to be useful for
determining leaf rust resistance genes in bread wheat, and it was
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also concluded that the Thatcher (close isogenic) lines in the study
had a narrow genetic structure, so it was considered a good marker
genome to determine the screened resistance genes. It has been
concluded that the use of molecular markers in determining
genotypes containing resistance genes in breeding programs will be

effective in the future.

Ataf I¢in: Kurt Polat P O, Yagdi K 2021. Bazi Ekmeklik Bugday Genotiplerinde SSR (Mikrosatalit) Markoérii Kullanilarak
Kahverengi Pas Dayamklilik Geni ZLri0un Belirlenmesi. KSU Tarim ve Doga Derg 24 (4): 850-858. DOL:

10.18016/ksutarimdoga.vi.738143.

To Cite : Kurt Polat P O, Yagdi K 2021. Identifying Leaf Rust Resistance Gene LrI0 in Some Bread Wheat Using Simple
Sequence Repeat (SSR) Marker. KSU J. Agric Nat. 24 (4): 850-858. DOI: 10.18016/ksutarimdoga.vi.738143.

GIRIS

Bugday, diunyada ekilis ve Uretim bakimindan ilk
sirada yer alan, insan ve hayvan beslenmesi icin
onemli bir kiiltir bitkisidir (Yagdi 2002). Bugday
bitkisi ¢ok farkli c¢egitleri ihtiva etmesi, genis
adaptasyon yetenegi ve kullanim alanlarinin ¢oklugu
sebebiyle ekvatordan kutuplara, algak ovalardan
yuksek yaylalara kadar genig alanlara
yayilabilmistir. Yiksek nem, verimli toprak isteyen
bugday cesitlerinin yaninda, verimliligi dusuk
topraklarda yetigsebilen bugday cesitleri de vardir.
Diunya genelinde besinlerden alinan kalorinin
%20’sini saglayan ve nufusun % 35'inin temel besini

olan bugday, Tirkiye icin de stratejik trinlerden
birisidir (FAO 2018)

FAO 2018 yili verilerine gore bugday, Dinya’da 214
milyon ha ekim alanina, 734 milyon ton f{iretime
sahipken, Tirkiye’de 7,2 milyon ha ekim alanina, 20
milyon ton iiretime sahiptir (FAO 2018). Diinya’da
bugday ekilis alami olarak Hindistan, tiretim miktari
olarak 1se Avrupa Birligi ilk siray1 almaktadir.
Turkiye ise %3luk uretim miktar1 ile diinya
genelinde 9. sirada yer almaktadir.

Turkiye i¢in 6nemli bir kultir bitkisi olan bugdayin
son yillarda ekim alanlarinda azalma
gézlemlenmektedir (FAO 2019). Buna karsin niifus
her gecen gin artmakta ve bugdayin kullanim
alanlari, ihtiya¢ miktar1 da niifus artisina paralel
olarak artmaktadir. Ekim alanlar1 azalirken talebin
artiginda ki ters orantinin dengelenebilmesi i¢in
verimin arttirilmas1 tek c¢aredir. Sadece verim
artiginin  glinimiiz bugday tiketim kosullarinda
yetersiz oldugu bilinmektedir. Verim artisinin yani
sira, biyotik ve abiyotik stres kosullarina dayanikls,

ustin kalite o6zelliklerine sahip c¢esitlere ihtiyag
duyulmaktadir.
Bitkisel tretimde; giibreleme, sulama, zirai ilag

kullanimini1 ve bakim iglemleri 6nemli verim artiglar
saglamis olmakla beraber bu denli yogun tarimsal
faaliyetler cevre tuzerinde ve ekim alanlarinda
olumsuz etkiler yaratmigtir ve belirli bir noktadan
sonra istenilen verim degerlerine ulagilamamigtir. Bu
sebeple 1slah yontemleri her gecen giin Gnem
kazanmaktadir. Klasik 1slah yontemleri ve mevcut

851

tarim  alanlar1  tizerinde kullanilan  tarimsal
tekniklerle ontimiizdeki 20 yil igerisinde artacak
diinya nufusuna yetecek gida maddeleri tretimi
mimkin gorilmemektedir. Bu sebeple molekiiler
1slah yontemleri, hastalik ve zararlilara; kuraklik ve
tuzluluk gibi ¢evre kogullarina dayanikli, bitki besin
maddeleri igerigi iyilestirilmis yiiksek kaliteli ve
verimli yeni c¢esitlerin gelistirilmesi i¢in bitki
1slahgilarina  buyuk kolayliklar saglayacak yeni
yontemler olarak uygulamaya alinmistir (Cetiner
2015).

Bugday uretimini 6nemli 6l¢tide sinirlandiran biyotik
stres faktorlerinin basinda tiim dinyada oldugu gibi
Turkiye’ de de pas hastaliklar1 gelmektedir. Epidemi
yillarinda hassas cesitler lizerinde meydana gelen
erken enfeksiyonlar sonucu lriin kayiplari, % 90’lara
kadar c¢ikabilmekte (Aktas 2001) ve cesitlerin
tamamen uretimden kaldirilmasina neden
olabilmektedir. Turkiye’ de bugine kadar bugday
bitkisinde farkli pas tiirlerinin olusturdugu ortalama
kayiplarin tane veriminde 53,1 kg/da (% 9,4), 1000
tane agirhiginda ise 4,3 g (% 9,3) oldugu belirlenmistir
(Arslan ve ark. 2002). Kahverengi pas genellikle
yapraklarda olusturdugu pustiuller ile fotosentez
alamini kisitlamaktadir. Uriin kaybi, bagaktaki tane
sayisinin azalmasina, tane boyutunun kii¢iilmesine,
1000 tane ve hektolitre agirhiginin azalmasi seklinde
olmakta, protein igeriginin azalmasi ile de kalite
kaybi olugsmaktadir (Arslan ve ark. 2002).

Zirai Micadele Teknik Talimatlarin da hastalikla
micadele yontemleri agikca belirtilmekle birlikte en
etkili yontem dayamikli bugday c¢esitlerinin
belirlenerek veya geligtirilerek kullanilmasidir.

Bugdayda kahverengi pas hastaligina kars1 dayanikh
gesitler geligtirmek i¢in yapilan 1slah ¢aligmalarinda,
klasik  1slah  yontemleri  kullamilarak  farkl
dayaniklilhik genlerine sahip g¢esitler melezlenip
dayaniklillk genleri tek bir c¢esitte toplanmaya
calisilmigtir. Son yillarda ise DNA c¢alismalari 6nemli
hale gelmigtir ve molekiiler markérlerin gelistirilerek
markor  destekli  seleksiyon c¢alismalar1i  hiz
kazanmigtir bu sayede tahillarda da verim, kalite ile
hastalik ve zararhlara dayaniklilik gibi konularda
yapilan c¢alismalar artarak basarili sonucglar elde
edilmistir. Markoér destekli seleksiyon (MAS) ile 1slah
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calismalar1 daha kisa siirede ve daha az iggucu ile
tamamlanabilmekte ve bunlarin yani sira gereksinim
duyulan popiilasyon buyukligi de klasik 1slaha
nazaran ¢ok daha kiiciik olmaktadir (Gupta ve
Varshney 2000, Babu ve ark. 2004).

Bugday genomunda bulunan ¢ok sayidaki hastalik ve
zararlilara dayamiklilik o6zellikleri biiyik genler
tarafindan kontrol edildigi, genomunun buyluk ve
kompleks bir yapiya sahip olmasi, ploidi dizeyi ve
polimorfizm seviyesinin dusiik olmasi sebebiyle
yuritilen molekiiller genetik calismalar1 diger
bitkilere kiyasla daha fazla zaman almaktadir
(Hoisington ve ark. 1999). Markér destekli seleksiyon
(MAS), bu sorunlara c¢oziim getirmek amaciyla
gelistirilen bir yaklasimdir (Francia ve ark. 2004).
MAS yontemi kullanilarak yabani ve kiiltire alinmig
bugday c¢esitlerinde kahverengi pas hastaligina
dayanmikli gen tespit etme calismalar1 sonucunda
giinimiizde 80’¢ yakin kahverengi pasa dayaniklihik
geni (Lr) tespit edilmistir (Davoyan ve ark. 2014).
Zaman i¢inde yapilan c¢alismalar sonucunda
gorillmiistiir ki, tek bir dayaniklilik (Lir) genine sahip
cesitlerin kahverengi pas hastaligina kars1 gosterdigi
dayamiklilik  ilaglamalar  sonucu  kazandirilan
dayanikliliktan daha fazla olmustur (Watson ve
Singh 1952, Messmer ve ark. 2000). Bu nedenlerle
DNA  markorleri  1slah  galigmalarinda  bitki
materyallerinin seleksiyonu i¢in en iyi arag¢ olarak
goriilmektedir (Ovesna ve ark. 2002, Eserkaya 2010).

Kahverengi pas dayaniklilik genlerinin
belirlenmesinde SSR ve diger DNA markorleri
basarili bir sekilde kullanilmaktadir. SSR markérleri
haritalamada, gesitlerin belirlenmesinde, germplazm
muhafazasinda, melezlerin belirlenmesinde, gen
havuzu varyasyonu analizlerinde ve de ekonomik
oneme sahip ozellikler i¢in belirleyici markorler
olarak  kullamilmaktadir. Iglevselliginin  yiiksek
olmasinin yam sira, her bir gen tespiti i¢in spesifik
primerlere ihtiya¢ duyulmasi, mikrosatelitleri ilk
asamadan itibaren belirlemenin ve gelistirmenin
pahali ve zaman alici olmasi SSR yo6nteminin
zorlayic1 kismini olusturmaktadir (Jones ve ark.
1997).

Yirutilen bu ¢alismada; yurdumuzda yogun olarak
tarim1  yapilan ekmeklik bugday cesitlerinde,
kahverengi pas hastaligina dayamkhlik saglayan
Lri10 geninin basit dizi tekrarlar1 (SSRs) markérii ile
incelemeye alinarak genotiplerdeki varhg:
arastirilmigtir. Ayrica dayamiklhi-duyarlhh genotipler
arasinda yapilan melezlemeler ile de dayaniklilik

genlerinin aktarimi  yonlinden incelemeler de
bulunulmustur.

MATERYAL ve METOD

Bitki Materyali

Calismada Turkiyede bulunan farkli Tarimsal
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Aragtirma Enstitiileri ile Bursa Uludag Universitesi
Ziraat Fakultesinden temin edilen 22 adet ekmeklik
bugday cesidi ve 2 adet kahverengi pas hastalig1 geni
bakimindan genotipi bilinen CIMMYT-Meksika’dan
saglanan izogenik hatlar (Thatcher hat-Lr10,
TcHassas) ve bu genotipler arasinda gerceklestirilen
melezlemeler sonucunda elde edilen 13 adet F1
melezi ile beraber toplamda 37 genotip kullanilmigtir.
Calismada yer alan genotipler ; Thatcher Line-Lr10
(Pozitif Kontrol), TcHassas, Bayraktar, Bezostaja,
Cumbhuriyet, Golia, Bandirma-97, Karatopak, Goénen-
98, Kose 093/39, Pehlivan, Kasifbey, Aldane, Giin91,
Tahirova-2000, Flamura-85, Ceyhan-99, Tkizce, Izmir-
85, Atilla-12, Gerek79, Karacabey-97, Koéksal2000,
Guadalupe, KoksalxFlamura, KoksalxKaratopak,
KoksalxLr19, AldanexKaratopak, IkizcexLir10,
izmieraratopak, TcHassasxKoksal, izmirer19,
FlamuraxLr10, FlamuraxKaratopak,FlamuraxLr19,
BezostajaxKaratopak, AldanexKoksal F1
melezleridir.

Calismada bitki materyali olarak kullanilan ¢esit ve
hatlarin yetistirilmesi ve melezleme ¢aligmalar1 2013-
2017 yillarinda Bursa Uludag Universitesi Ziraat
Fakiiltesi  Arastirma ve  Deneme  alaninda
gerceklestirilmigtir. Deneme alami topraklarinin
mekanik analizi sonucunda elde edilen degerlerden
topraklarin genellikle agir biinyeli, pH
gruplandirilmasinda yarisindan fazlasinin orta lkalin
grubuna girdigi, tuzluluk gruplandirilmasinda
tamaminin tuzluluk yoniinden bir problemi olmadigi
belirtilmigtir (Deveciler 2005). Bursa Ilinde iklim ise
Karadeniz ile Akdeniz iklimleri arasinda bir gecis
niteligi gostermektedir. Yaz donemlerinde kurakhigin
gorilmedigi ilde, kig aylarm da ¢ok sert
gecmemektedir (Anonim 2010).

Calismada yer alan ve islahcilar1 tarafindan arazi
denemeleri sonucunda kahverengi pasa duyarls,
dayanikli ve dayaniksiz olduklar1 belirtilen ekmeklik
bugday cesitleri ve Thatcher hatlar 2013-2014 ve
2014-2015 dretim yillarinda tohum cogaltmak
amaciyla Bursa Uludag Universitesi, Ziraat Fakiiltesi
Aragtirma ve Deneme Arazilerine ekilmigtir. 2014-
2015 tretim yilinda ise melez bahgeleri olusturulmus
ve belirlenen genotipler arasinda Nisan 2015
tarihinde 13 farkli kombinasyonda melezlemeler
yapilmigtir. Elde edilen F1 tohumlarinin tamami ve
calismada yer alan ekmeklik bugday cesitleri ile
Thatcher hatlar genomik calisma yapilmak tizere
Bursa Uludag Universitesi Ziraat Fakiltesi Tarla
Bitkileri Tohumluk laboratuvarinda ¢imlendirilip
DNA  izolasyonlar1  yapilmigtir ve -20 ©0C
kaldirilmigtar.

Kahverengi Pas Hastaliginin Arazi Kosullarinda
Tanimlanmasi

Calismada yer alan cesitlerin, kahverengi
hastaligina dayamikhhklar1 1slahcilar:

pas
tarafindan
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arazi ve seralarda yurutilen calismalar sonucunda
gézleme dayali olarak tespit edilmis olup bu sonuglar
Cizelge 1’de verilmisgtir.

Cizelge 1. Calismada yer alan cesitlerin, 1slahcilar:
tarafindan belirtilen
hastaligina kars1 dayaniklilik durumlar

Table 1. The resistance of the cultivars in the study to
brown rust disease stated by their

kahverengi pas

breeders
Dayanikh Dayaniksiz Bilinmiyor
Resistant Non-Resistant Unknow
Lr10 Gonen Bezostaja
Flamura Koksal 2000 Ceyhan
Aldane TcHassas Guadalupe
Karacabey Tkizce-96 Gin-91
Golia Izmir-85 Gerek-79
Atilla-12 Kose
Karatopak Pehlivan
Cumbhuriyet Kasifbey
Bayraktar
Tairova
Bandirma
Baz1  cesitlerin, kahverengi pas hastaligina
dayamklilik durumlari 1slahcilar: tarafindan

belirtilmedigi igin, basta bu c¢esitler olmak tizere

calisgmada yer alan tiim genotiplerin kahverengi pas
hastaligina dayanikhlik gézlemleri tiim tretim yillar
boyunca Cobb skalasina gore gerceklestirilmistir ve
sonuclar hem molekiiler ¢alisma sonuglar ile hem de
1slahgilarin = kendi  gesitleri  i¢in  belirttikleri
dayaniklilik durumlariyla beraber bulgular kisminda
degerlendirilmigtir.

Yapilan c¢alismalarda arazide enfeksiyon oranin
belirlenmesinde, hastalik siddeti ve konukcu
reaksiyonu enfeksiyon katsayisi olarak isimlendirilen
tek bir degerle ifade edilmektedir. Bu deger, bitkinin
bayrak yapraginda goézlenen reaksiyon tipine ve
hastaligin siddetinin yiizde (%) cinsinden verilen 2
degerin ¢arpilmasi sonucu bulunmaktadar.

Kahverengi pas hastalik siddetinin belirlenmesinde,
Roelfs ve ark. (1992) gelistirdigi Cobb skalas1 teknigi
uygulanmigtir. Buna gore; arazide ki bugday
bitkilerinde, bayrak yapraginin pas pustilleriyle
kapl olan alaninin tiim yaprak alanina olan oram (%)
hesaplanarak belirlenmektedir. Cobb skalasinda; Iz
(2), 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 ve 100
kademeleri kullanilmaktadir.

Calismada yer alan genotiplerin kahverengi pas
hastaligina karsi gosterdikleri reaksiyon tipleri
Peterson ve ark. (1948) yaptiklar1 calisma sonucu
belirledikleri skala dikkate alinarak belirlenmigtir
(Cizelge 2).

Cizelge 2. Pas Hastaligina karsi gosterilen reaksiyon tipleri
Table 2. Reaction Types for Rust Disease

Konukc¢u Tepkisi Enfeksiyon Tipi | Hastalik Belirtisi

FungusResponse Infection Type Leaf Rust symptom

Dayanikli R Nekrotik ve klorotik alanlar goriilmekte, piistiller yok

Orta Dayanikli MR Nekrotik ve klorotik alanlar gorilmekte, pustiller ¢cok kigik

Orta Duyarh MS Kiigiikten orta buytklige kadar pistiiller goriilmekte, nekrotik alan
yok fakat belirgin klorotik alanlar bulunabilir

Duyarh S Orta biuytiklikte pistiiller goriilmekte, nekrotik alan yok, kiigik
klorotik alanlar gorilebilir

R=0,2; MR= 0,4; MS=0,8;

S=ise 1 degerlerini almaktadirlar.

Hastalik gruplandirmasi1 yapilirken; Enfeksiyon Katsayis1 (E.K.) 0 (sifir); reaksiyonu icin immun, E.K. 1-5 reaksiyonu igin;
Dayanikli, E.K. 6-20 reaksiyonu i¢in; Orta Dayanikli, E.K. 21-40 reaksiyonu i¢in; Orta Hassas, E.K. 41-100 reaksiyonu i¢in; Hassas
yorumu yapilmistir. Calismada yer alan her genotip icin Enfeksiyon Katsayisi1 (EK) hesaplanmis olup Bulgular kisminda detaylh

olarak agiklanmistir.

Genomik DNA Izolasyonu

Calismada yer alan tim genotipler laboratuvar

ortaminda kucik plastik kaplarin her
10ar tohum ekilerek
Genomik DNA

icerisine
¢imlendirilmistir.

oda

birinin
sicakliginda
izolasyonu igin

bitkiler 14 giin sonra yaklagik olarak 13-15 cm
arasinda boya ulagtiklarinda yani ti¢ yaprakli doneme
geldiklerinde kullamilmiglardir. DNA izolasyonu igin
Qiagen Dneasy Plant Mini Kit kullanilmigtir.

DNA analiz sonuglarinin dogru degerlendirilmesi i¢in
PCR reaksiyonlarinda yer alan her Ornekten esit
yogunlukta DNA kullamilmasi1 gereklidir. Her
ornekten PCR agsamasinda kullanilacak DNA
miktarinin yogunlugu esit olmasi i¢in 50 mg/ul olacak
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sekilde ayarlanmigtir. PCR kosullarinin ¢aligilan
laboratuvarda dogru sonucglar verebilmesi igin
standardizasyonun ve her primer igin en uygun
baglanma sicakhgn (Tm)  ¢ok iyi uyarlanmasi
gerekmektedir. Caligmada kullanilan PCR reaksiyon
hacmi ve PCR donglist sirasiyla Cizelge 3 ve Cizelge
4’te verilmigtir.

PCR igleminde LRI0 geni igin 20 baz dizilimli SSR
primeri kullanilmigtir (Lr 10 (F):
GTGTAATGCATGCAGGTTCC, Lr10 R):
AGGTGTGAGTGAGTTATGTT) bu primerin 310
bp’de bant vermesi beklenmektedir (Schachermayr ve
ark. 1994, Schachermayr ve ark. 1997).
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Cizelge 3. PCR reaksiyon hacmi
Table3. PCR reaction Volume

Genomik DNA 1ul
Primer (F) 0,5 pl
Primer (R) 0,5 ul
MgSO04 3ul
dNTP 0,5 ul
Taq DNA 1pul
10Xbuffer 5 pl
ddH:20 38,5 ul
Reaksiyon hacmi 50ul

Cizelge 4. PCR dongust
Table 4. PCR Cycle

Islem Sicaklik Siire )

On Denatirasyon | 94 CO 5 dk

Denatiirasyon 94 CO 1dk

Baglanma 62 C0 1dk [ 40
Dongii

Uzama 72 CO 1dk

Son Uzama 72 CO 10 dk

PCR drunleri Qiagen QIAxcel Advanced cihazinda
gorintilenmistir.  Urtinlerin  bant  agirhiklarim
belirlemek i¢in 100 bg¢-10 kb’lik DNA yikleme
markora  kullanilmigtir. PCR  drinlerinin  Qiagen
QIAxcel Advanced cihazina yiiklenmesinin ardindan
calismada yer alan tum genotiplerde LRI0 geni
taranmagtir. Calismalarin sonucunda ise
litaratiirlerde belirtildigi gibi; Lr10 geni i¢in 310 bp’
de, bant olusumlari elde edilmigtir.

BULGULAR ve TARTISMA

PCR turunlerinde LRI10 geninin varligimin taranmasi
icin Qiaxcell Screengel 1.4 yazilimi kullanilmigtir.
Kullanilan cihazda bantlarin hizalama islemleri
alignment marker (hizalama markor) ile
gerceklestirilmigtir. Sekil 1 incelendiginde, 1.
siradaki kuyucuga Lr10 genini tasiyan yakin izogenik
Lr10 hatt1 pozitif kontrol olarak yuklenmis ve kalan
37 genotip sekil 1'de belirtildigi sirada Oiaxcell
Advance Kapilar Sistemin kuyucuklarina
yiklenmigtir. Birinci sirada yiikli olan pozitif kontrol
(Thatcher Lr10), beklenildigi gibi 310 bp’de bant
vermigtir. Incelenen genotiplerin bazlar1 Lr10’nu
tasiyan 1 No'lu kuyucukda ki hat ile polimorfizm
gostermigtir. Buna gore jel gorlintiisinde 8 nolu
kuyucukta yikli bulunan Karatopak, 12 nolu
kuyucukta yukli olan Kasifbey, 14 nolu kuyucukta
yiukli olan Giin91 ekmeklik bugday cesitlerinde Lr10
geninin varhigi belirlenmistir. Kalan 19 cesitte ve F1
melezlerinde Lr10 geni bulunmamaktadir.

Bu calismada elde edilen bulgulara paralel sonuglar
elde eden Kolmer ve ark. (2013) Tirkiye'de pas
hastaliginin  yaygin olarak gorildigi 8 ilden
topladiklar1 pas hastalik sporlarini 20 Thacher hatta

inokule etmiglerdir ve dayaniklhiliklarini
incelemiglerdir. Calismalarinin sonucunda Lr10
geninin Turk ekmeklik bugday c¢esitlerinde az
rastlandig1 sonucuna ulagmiglardir.

Hussain ve ark. (2011) Pakistan’ da yaptiklan
calisgmalarinda 25 ekmeklik bugday c¢esidinde SSR
yontemini kullanarak Lr10 genini taramiglardir ve
sonug¢ olarak 18 ¢esitte Lr10 genine rastlamiglardir,
Stepien ve ark. (2003) Isvi¢re’ de 37 ekmeklik bugday
¢esidinde Lr10 genini taramiglar ve 16 g¢esidin Lr10
geninin  ihtiva  ettigini ortaya koymusglardir.
Hanzolavd ve ark. (20090 molekiiler markér
yonteminden SSR (mikrosatelit) kullanarak 27
ekmeklik bugday ¢esidinde Lr10 genini taramiglar ve
10 gesitte Lir10 genini bulmuglardir. Vanzetti ve ark.
(2011) Arjantinde yiiriittiikkleri ¢calismalarinda yerel
66 ekmeklik bugday c¢esitinde, Lr10 geninin de i¢inde
bulundugu toplamda 14 Lr geninin kahverengi pas
hastaligina kars1 dayamklilik giicini oélgmisler ve
Lr10 geninin tek basina ¢ok dusik dayaniklilik
gosterdigini buna karsihik bagka Lr genleri ile bir
araya geldiginde yuksek dayamiklihk gosterdigi
sonucuna ulagmiglardir.

Calismada yer alan genotiplerin pas hastaligina karsi
Cobb sikalasina gore sinmiflandirilmasi yapilmigtir ve
Enfeksiyon Katsayilar1 hesaplanarak Cizelge 5de
verilmigtir.

Cizelge 5'de Cobb skalasina gore degerlendirilen
cesitlerin, kahverengi pas hastaligina tepkileri
verilmistir. Buna gére ; L10, Izmir-85, Bandirma-97,
Tahirova, Ceyhan-99, Gerek-79, Karatopak ve Golia
gesitleri dayanikli grubunda yer alirken; Cumhuriyet,
Karacabey-97, Bayraktar, Kasifbey, Pehlivan, Kose
200/39, Guadalupe, Bezostaja orta dayanikh, Aldane,
Tkizce-96, Atilla-12, Koksal-2000, Gin-91 orta hassas,
Flamura, Goénen-98, TcHassas cesitleri ise hassas
grubunda yer almigtir.

Bugday cesitlerinin kahverengi pas hastaligina karsi
gosterdikleri  dayamklilik  giicii, genomlarinda
tagidiklar1 Lr genlerine ve bu genlerin diger genlerle
olan iligkilerine gére en alt seviyeden en lst seviyeye
kadar varyasyon gostermektedir. Bazi Lr dayaniklilik
genleri tek baslarina kahverengi pas hastaligina
karg1 dayanmikhilik gosteriyor olmasina kargin baz Lr
genleri bu kadar giiglii olamamakta ve tek baslarina
bir genomda bulunmalar1i o g¢esidin dayanikhihik
gostermesine yetmemektedir (Urbanovich ark. 2006).

Bu sonuglar dogrultusunda tiim genotiplere ait bant
olusumlarin1 yorumlandiginizda; 8 nolu kuyucukta
yer alan Karatopak cesitinde Lr10 geninin ihtiva
ettigi  belirlenmigtir. Karatopak ¢esidi arazi
kogullarinda da kahverengi pasa dayanikhilik
gostermistir ve Cobb Skalasina gére 1 (5R) degerini
almigtir.
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Sekil 1. Lr10 primerinin hatlardaki sonuclar1 (310 bp)

Figure 1. Results of Lr10 primer in lines (310 bp)
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Cizelge 5. Cobb Sikalasina genotiplerin Kahverengi Pas Hastaligina Tepkileri
Tab]e.b'. Response of Genotypes to Brown Rust Disease in Cobb Scale

Cesit Ismi Skala Degeri Cesit Ismi Skala Degeri
Genotypes Scale Value Genotypes Scale Value
Flamura 80  (80S) Bandirma-97 2  (10R)
Cumhuriyet 8  (10MS) Koksal-2000 24  (30MS)
Aldane 40  (408) Pehlivan 6 (30R)
Karacabey-97 8 (20MR) Tahirova 1 (5R)
Lr10 0,4 (2R) Kose220/39 8  (20MR)
Lr19 1 (5R) Ceyhan-99 2 (6MR)
Génen-98 60  (60S) Guadalupe 8  (20MR)
Izmir-85 1 (5R) Giin-91 32 (40MS)
TcHassas 50  (508) Gerek-79 4 (20R)
Bayraktar 16 (40MR) Bezostaja 10 (108)
Ikizce-96 40  (408) Karatopak 1 (5R)
Kasifbey 6 (30R) Golia 1 (5R)
Atilla-12 40  (408)

12 nolu kuyucukta yer alan Kasifbey ¢esidi ise 1 nolu dayaniksiz  oldugu, Bezostaja cesidinin  ise

hatta yer alan Lr10 ile polimorfizm goésteren bir diger
genotip olarak karsiya cikmaktadir. Kasifbey
genotipinin ¢esit Ozelliklerinde kahverengi pas
hastaligina dayamikliligr bilinmemektedir. Cizelge 5’
de yer alan Cobb Skalasi incelendiginde Kasifbey
cesidinin kahverengi pas hastaligina karsi, orta
dayanmikli oldugu gorulmektedir. Elde edilen sonugcta

ise Kagifbey cesidinde Lrl0 geninin varhg
belirlenmistir. Bu sonu¢ dogrultusunda Kasifbey
ekmeklik  bugday c¢esitinde kahverengi pas

hastaligina dayaniklilik genlerinden biri olan Lr10
geninin varligr kamtlanmistir ancak bu sonug
Kasifbey cesidinin kahverengi pas hastaligina
tamamen dayanikli oldugu anlamina gelmemektedir.
37 genotip i¢inde 1 nolu hatta yer alan Lr10 genotipi
ile polimorfizm gosteren son genotip ise 14 nolu
kuyucukta yer alan Gin 91 g¢esididir. Gin 91
cesitinin  de, 1slahc¢is1i  tarafindan  belirtilen
ozelliklerinde kahverengi pas hastaligina
dayamiklihigi ifade edilmemigtir. Yaplan c¢alisma
sonucunda Guin91 c¢esidinin  kahverengi pas
hastaligina dayaniklilik geni olan Lr10’nu biinyesinde
ihtiva ettigi sonucuna varilmistir. Ancak bu ¢esidin
tarla gozlemleri diger iki gesitten farklh olarak 40 MS
siddetinde orta duyarli olarak tespit edilmistir. Bu
durumda Gin 91 gesidinin Lr10 genini tasimakla

birlikte diger kahverengi pas irkalarina karsi
dayaniklilik saglayan genleri icermedigini
gostermektedir.

Genotipler arasinda yapilan melezlemelerde Lr10
genini tagidigini  belirlenen, Karatopak c¢esidi 5
kombinasyonda baba hat olarak yer almistir (Koksal
x Karatopak; Izmir x Karatopak; Aldane x Karatopak;
Bezostaja x Karatopak; Flamura x Karatopak). Melez
kombinasyonlar incelendiginde anne hat olarak
kullanilan genotiplerden Aldane ve Flamura
cesitlerinin kahverengi pas hastaligina dayaniklh
olduklari, Kéksal 2000 ve Izmir 85 cesitlerinin

dayanikliklik durumunun bilinmedigi 1slahcilar:
tarafindan belirtilmistir (Cizelge 1). Bu bilgiler
dogrultusunda kahverengi pas hastaligina dayanikl
oldugu bilinen Aldane ve Flamura ¢esitleri ile yapilan
Karatopak melezlerinin kahverengi pas hastaligina

dayanikli olmasi1 beklenmektedir. Fakat melez
kombinasyonlarinin higbirinde Lr10 genine
rastlanmamistir.  Islahcilar1 tarafindan kahverengi

pas hastaligina dayanikli oldugu belirtilen Aldane,
Flamura ¢esitlerinde de LR10 geni taranmis ve bu
geni ihtiva etmedikleri gortilmustir. Bu sebeple, F1
melezleri ebeveynleri gibi kahverengi pas hastaligini
karst dayamikli olabilirler fakat bu, Lrl0 genini
tagidiklar: anlamina gelmemektedir. Kahverengi pas
hastaligina dayamiklhilik saglayan 63 adet Lr geni
tespit edilmistir (Stepien ve ark. 2003). Dolayisiyla
bugday genotiplerinde kahverengi pas hastaligina
kargt dayaniklihk bu genlerden bir tanesiyle
saglanabildigi gibi birkag¢ tanesinin kombinasyonu ile
de saglanabilmektedir. Bu sebeple Lr10 genini ihtiva
etmemesine ragmen dayaniklilik gosteren cegsitlerin
varligi olagandir.

SONUC

Her gecen giin hizla artan Diinya niifusunun buytk
bir kisminin temel besin maddesi olan bugdayda
verimdeki artis ancak hastalik ve zararlilara
dayanikli, stabilitesi ylksek ve her yorenin kendi
ekolojik kogullarina uygun cesitlerin gelistirilmesi ile
saglanabilmektedir. Uzun yillar siiren seleksiyonlarla
genlerin belirli yonde segilmesi ve melezlemelerde
ortak anaglarin kullanilmasi1 bugdayda genetik
varyasyonu daraltmig ve istenen o6zellikleri tasiyan
gesitlerin  klasik bitki 1slahiyla geligtirilmesini
zorlagtirmistir. Markor Destekli Seleksiyon (MAS)
klasik 1slah1 tamamlayici, oldukga hizli, etkin, dogru
ve ekonomik bir seleksiyon yéntemidir (Sénmezoglu
ve ark. 2010).
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Kahverengi pas hastaligina dayanmikli cesitlerin
gelistirilmesinde klasik 1slah yontemleri ile kombine
edilerek  molekiiler  biyoteknoloji  y6ntemlerini
kullanmak; zamandan, is giciinden ve maliyetten
kazan¢ saglamaktadir. PCR temelli yontemlerden,
DNA markoérleri, ozellikle SSR  (mikrosatellit)
markorleri, en ¢ok tercih edilen markoér sistemini
olugturmaktadir (Ozsensoy ve Kurar 2012).

Yirutilen bu c¢alismada, Turkiye’de bugday
uretiminde yogunlukla yer alan ekmeklik bugday
cesitlerinde; kahverengi pas hastaligina karsi
dayaniklihk geni olan Lrifun varlign SSR
(mikrosatellite) =~ yontemi  kullanilarak  tespit
edilmigtir. Ekmeklik bugdayda SSR tekniklerinin
kahverengi pas dayaniklilik genlerini arastirmada
kullanilabilir  oldugu  saptanmistir.  Gelecekte
yurutilecek 1slah programlarinda dayaniklilik genleri
ihtiva eden cesitlerin ebeveyn olarak kullanilmasinin
daha basarili bir 1slah programi yuritilebilecegi
sonucuna ulagilmigtir.
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OZET Aragtirma Makalesi

Bu arastirma, Osmaniye’de tarim topraklarinin verimlilik

durumlarini belirlemek ve tematik olarak haritalandirilmasi amaci Makale Tarihgesi

ile yurtutilmistiir. Toprak analiz sonuglari; 6rneklerin biinyesi kumlu Gelig Tarihi  :26.09.2020
tinl ile siltli killi biinye arasinda degismekte olup %33t kaba biinyeli Kabul Tarihi :05.11.2020

ayrica %67’s1 killi bunyeye sahiptir. Toprak o6rneklerinin pH’s1

agirlikli olarak orta alkali, 6rneklerin yarisinin EC’si hafif tuzlu Anahtar Kelimeler

smifta yer almistir. Orneklerin tamamina yakim kirecli ve agirlikl
olarak organik maddece noksanhik gostermektedir. Topraklarda
degisebilir fosforun (P) %50’si yetersiz, %50’si degisebilir yeterli

Toprak verimliligi
Besin elementleri
Toprak analizi

diizeyde bulunmaktadir. Degigsebilir magnezyum Mg) yeterli
dizeyde (%8'1ik haric); degisebilir kalsiyum (Ca) yiiksek diizeyde;
degigsebilir sodyum (Na) topraklarin %5’inde yiiksek diizeyde
bulunmustur. Orneklerin tamaminda degisebilir ¢inko (Zn) diisik;
orneklerin tamamina yakininda degisebilir demir (Fe) yetersiz;
mangan (Mn) ve bakir (Cu) diizeyleri tamamina yakininda yeterli
olarak bulunmustur. Degisebilir bor (B) topraklarin %12’sinde
yetersiz diizeyde bulunmustur. Besin elementi kapsami ile toprak
ozellikleri arasinda onemli iligkiler belirlenmigtir. Toprak
ozelliklerine ait haritalar cografi bilgi sistemleri kullanilarak
yapilarak 6zelliklerin alan tizerindeki dagilimlari ¢ikarilmistir. Fe, Zn
ve P gubrelemesi yapilirken mutlaka toprak analizi son¢larina gore
yapilmalidir. EC degeri yiiksek olan topraklarin tuz seviyesini
arttirmamak i¢gin sulama, gibreleme gibi uygulamalarin EC diizeyi
dikkate alinarak yapilmalidir.

Osmaniye
Harita

Providing Sustainable Management by Mapping the Productivity Status of Agricultural Soils at
Thematic Level: Case of Osmaniye
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This research was conducted to determining the fertility of the
agricultural lands and mapping thematically in Osmaniye. Soil
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results. In order not to increase the salt level in soils with high EC
levels, applications such as irrigation and fertilization should followed

accordingly.
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GIRIS

Cukurova’da 6nemli bir tarimsal potansiyeli olan
Osmaniye 120 bin ha tarim alanina sahiptir. Bu alanin
yaklagik % 84 iinde tarla tarimi, % 13’inde meyvecilik,
% 3Unde sebze Uretimi gerceklestirilmektedir
(Anonim, 2020). Yogun tarim yapilan bu alanlarin
verimlilik  diizeylerinin  belirlenmesi ile 1ilgili
calismalar oldukga sinirhidir. Osmaniye’de dogal ortam
kogullarinin uygunlugundan dolay1 yilda iki kez triin
alinmaktadir. Sahada tarla bitkilerinin yani sira
meyve ve sebze cesitliligi de fazladir. Endistriyel
tarim Urinleri olan ve gida sektoriinde genis bir
kullanim alami olan susam, yerfistigi ve masir
uretiminde artis dikkat cekicidir.

Birim alandan maksimum verim alabilmek, toprak
analizleri sonucunda belirlenen giibreleme programai,
uygulanacak giibrenin yeter miktarda ve dengeli bir
sekilde  verilmesiyle miimkiin  olabilmektedir.
Topragin durumu ne olursa olsun, bitkiye gerekli besin
maddelerinin, yetigtirilecek bitki de g6z Ontne
alinarak optimum bir sekilde 6nerilmelidir. Yapilan
calismalar géstermistir ki besin elementince fakir bir
topraga ihtiyac lizerinde glbre verilince alinan verim,
zengin bir topraga analize dayali olarak bitki ihtiyaci
kadar giibre verilince alinan verimden azdir (Cimrin
ve Boysan, 2006). Bu bilgiler dogrultusunda bircok
arastiric1 toprak analizlerini, verimlilik ve kalitenin
artirilmasi1 amaciyla degerlendirerek sorunlara ¢6ziim
bulmaya c¢alismaktadirlar (Canézer ve ark., 1984;
Kizilgéz ve ark., 1998; Basar, 2001; Tarak¢ioglu ve
ark., 2003; Bagaran ve Okant 2005; Cimrin ve Boysan,
2006; Turan ve ark., 2010).

Manisa Alagehir tlziim bahgelerinde yapilan bir
calismada topraklarin %701 tin blinyeye sahip, %701
hafif alkali, %30'u kuvvetli alkali, %601 kiregli olup,
tuz yoninden sinirlayici olan 6rneklerin tamami OM
yetersizdir. Degigebilir  potasyumun %50’si orta
diizeyde, degisebilir magnezyumun %50’si yiiksek ve
degigebilir kalsiyumun %50’s1 yuksek diizeyde oldugu
belirlenmigtir. Alinan 6rneklerde ¢inko tamaminda
disiik, %20’sinde demir yeterli, mangan ve bakir
orneklerin tamaminda yeterli diizeydedir (Kustutan
ve ark., 2017).

Yiritilen bir ¢calismada, elde edilen bulgulara goére
topraklarin genel olarak c¢ok Kkirecli, hafif alkalin
yapida, tuzsuz ve organik madde miktarinin yetersiz
oldugu tespit edilmigtir. Yaprak ve toprak
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orneklerinde yapilan makro ve mikro besin element
analiz sonuglarindan elde edilen bulgular neticesinde
bélgede bulunan zeytinliklerin genelinde besin
element noksanliklarinin oldugu ve bahgelerin
neredeyse tamaminda P, Zn ve B i¢eriklerinin yetersiz
seviyelerde oldugu belirlenmistir (Séylemez ve ark.,
2017).

Bu ¢alismada; Osmaniye Ilinin tarimsal topraklarinin
verimlilik durumlarinin belirlenmesi amaciyla tarim
topraklarinin toprak analizlerine baghh verimlilik
durumlarinin  belirlenmesi ve tematik olarak
haritalanmas1 amaglanmigtir.

MATERYAL ve METOD

Bu calisma, 2018-2019 yillar1 arasinda Osmaniye ili ve
ilgelerinde tarimsal tretim yapilan topraklar: temsil
eden alanlardan 11 ve Ilgelerin tarimsal alan
buyukluklerine ve toprak gruplarina gore fiziksel ve
kimyasal analizler i¢in 0-20 cm derinlikten alinan 165
adet (Merkez, 40; Kadirli, 83; Diizici, 25; Hasanbeyli,
6; Toprakkale, 10 ve Bahce, 1 adet) toprak 6rnegi
belirlenerek alinmigtir.

Toprak orneklerinin alinmasi

Toprak ornek sayisini tespit etmek i¢in, 1/25000
Olcekteki toprak haritalarindan; sulu tarum, kuru
tarim, bag, bahcge, cay, zeytin, turuncgil vb tarim
yapilan alanlar dikkate alinarak c¢alisma alam
belirlenmigtir. Tirkiye haritas1 tlzerinde 2.5x2.5
km’lik gridler olusturulmus ve tarim alanlarina diisen
noktalar secilerek, alinacak oOrnek sayis1 tespit
edilmigtir. Bu gridleme sistemi icerisinde topografya,
ana toprak gruplari, arazi kullanim kabiliyet siniflari,
nehir, dag, gol, yerlesim alanlari, tarim dig1 kullanim
alanlar1 simirlamalar1 vb kullanim alanlarina gelen
noktalar iptal edilmigtir.

Metod

Yer koordinatlari (2.5x2.5) km grid sistemine gére
1/100.000 o6lgekli arazi paftalar: isaretlenmigtir. GPS
ve calisma paftas1 yardimiyla 6rneklemeler yapilirken
GPS ile koordinatlar okunmustur.

Toprak 6rneklerinin analiz yéntemleri

Laboratuvara getirilen toprak érnekleri, tag ve bitki
parcaciklarn ayiklanmig ve golgede kurumaya
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birakilmigtir. Kuruyan topraklar tokmaklarla
dovilerek 2 mm’lik ¢elik elekten gecirilmis ve asagida
belirtilen analizler yapilmistir.

Analiz yontemleri toprak oOrneklerinin pH’s1 1:2.5
oraninda saf su ile sulandirihp pH metre ile (Kacar,
1995), EC 1:2.5 oranminda saf su ile sulandirilip
kondiiktivimetre ile 6lciilmiistiir (Richards, 1954).
Toprak o6rneklerinin biinyeleri Bouyoucos (1951)
hidrometre yontemi esasina gore belirlenip, bilinye
smiflari Soil  Survey Manual (1951)e gére
degerlendirilmigtir.  Kire¢  igerikleri  Scheibler
kalsimetresi kullanilarak belirlenmistir (Kacar, 1995).
Organik madde (OM) Walkey-Black metoduna gore
(Walkley ve Black, 1934), degigebilir P, Olsen
metoduna gore (Olsen, 1954), degisebilir K, Ca ve Mg
analizleri 1IN Amonyum Asetat (pH=7) metoduna gore
(Kacar, 1995) ve degisebilir Fe, Cu ve Mn analizleri
ise DTPA metoduna gore (Lindsay ve Norvell, 1969)
yapilmistir. Topragin sicak su ekstraktindaki bor,
azometin-H ile olusturulan kompleksin renk

yogunluguna dayanilarak B miktar1 spektrometre
cihazinda belirlenmistir (Wolf, 1971; Tiiziiner, 1990).

Bouyoucos (1951) hidrometre yéntemine gére yapilan
tekstiir tayininden sonra, topraklarin tekstir
ucgeninde bulundugu sinif tespit edilmigtir. Toprak
analiz sonuglar1 Tablo 1’de verilen sinir degerlere gére
yorumlanmis ve smiflandirilmistir (Richards, 1954;
Lindsay ve Norvell, 1969; Follet, 1969; Maas, 1986;
FAO, 1990; TOVEP, 1991; Giines ve ark., 1996).

BULGULAR ve TARTISMA

Calismada alanindan alinan toprak oOrneklerinde
yapilan analiz sonuclarinin degerlendirilmesinde
kullanilan sinir degerler (Olsen ve Sommers, 1982;
Pizer, 1967; Loué, 1968; Lindsay ve Norwell, 1978;
Keren ve Bingham, 1985; Miller, 1998; Richards, 1954;
Anonim, 1988; FAO0,1990; Follet,1969) Cizelge 1'de
verilmistir.

Cizelge 1. Toprak analiz sonuglarinin degerlendirilmesinde kullanilan sinir degerler
Table 1. Limit values used in the evaluation of soil analysis results

Ozellik Siiflama (classification)
Properties Cok az Az Yeterh Fazla Cok fazla
Very low Low Adequate FExcess Very high
P (mg kg'1) <25 5-80 8.0-25 25-80 >80
K (mg kg'1) <50 0-140 140-370 370-1000 > 1000
Ca (mg kg'1) 0-380 80-1150 1150-3500 3500-10000 > 10000
Mg (mg kg™1) 0-50 50-160 160-480 480-1500 > 1500
Mn (mg kg™1) <4 4-14 14-50 50-170 > 170
Zn (mg kg1 <0.2 0.2-0.7 0.7-2.4 2.4-8.0 > 8.0
Fe (mg kg'1) Az Orta Fazla
Low Medium High
<0.2 0.2-4.5 > 4.5
Cu (mg kg'1) Yetersiz Yeterli
Inadequate Adequate
<0.2 > 0.2
CaCO3 (%) Az, Dustk Orta, Fazla, Excess Cok fazla,
Low Low Medium Very high
0-1 1-5 5-15 15-25 > 25
Bor (mg kg'1) Yetersiz Orta Yiksek Cok yliksek Agin yliksek
Inadequate Medium High Very high FExtremely
0.2-0.5 0.5-1 1-2 2-4 4-8
EC (dSm™1) Tuzsuz Hafif tuzlu Orta tuzlu Cok tuzlu
Very low Low Medium High
<2 2-4 4-8 8-15
OM (%) Cok az Az Orta Iyi Yiiksek
Very low Low Medium Adequate High
0-1 1-2 2-3 3-4 >4
pH
Kuvvetli asit  Orta asit Halfif asit Nétr Hafif alkali ~ Kuvvetli alkali
High Medium Low Low High
<4.5 4.5-5.5 5.5-6.5 6.5-7.5 7.5-8.5 >8.5
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Topraklarin tekstir, pH, EC, CaCOs ve Organik
madde bakimindan degerlendirilmesi

Aragtirma alani topraklarimin %1.2’si kumlu, tnh
kum; %31.5FT kumlu tin, kumlu killi tin; %26.19 killi
tin, tin; %30 siltli, kumlu kil; %38.2°s1 siltli kil, kil
sinifina girmektedir (Cizelge 2). Topraklarin biinye
siniflarina gore dagilimini gésteren harita Sekil 1’de
verilmigtir. Kumlu topraklara uygulanan gilibre
miktari, zamani ve sulama araligina dikkat edilmesi
gerekirken, agir bilinyeli topraklarda uygulanan
fosforun fikse edilerek yarayigsiz hale gelmesine neden
olacag1r gozoniinde bulundurulmahdir (Kacar ve

Katkat, 2009).

Bolgede turp, yerfistigl, meyve bahgeleri ve tahil
uretimi yogun olarak yapilmaktadir. Turp, yerfistigi
gibi topraklar hafif bilinyeli topraklarda daha iyi
yetismektedir.  Topraklarin  tekstiir  igeriginin
bilinmesi bu bakimdan oldukca onemlidir. Soyle ki;
Kadirli ilgesinde bulunan hafif biinyeli topraklarda
turp yetisticiligi bunun bir gostergesidir. Cok kaba ve
hafif kaba bunyeli topraklarda organik ve/veya
organomineral gilibre verilmesine ve azotun
yikanmasini azaltmak ic¢in giibrenin damlama sulama
velveya béliinerek uygulanmalidir (Spackman ve ark.,
2019).

Cizelge 2. Osmaniye Ili topraklarmin (165 adet) biinye simiflarina gére dagilimi
Table 2. Distribution of Osmaniye Province lands (165 number) by constituent classes

Semboli Binye simiflar Ismi Toprak Sayisi Dagilim1 (%)
Symbol Texture classes Name Soil numbers Distribution (%)
S, LS Cok kaba bunyeli Kumlu, tinli kum 2 1.2

SL, SCL Halfif kaba biinyeli Kumlu tin, kumlu illi tin 52 31.5
CL,L Orta-agir biinyeli Killi tin, tin 43 26.1

Si, SC Hafif agir biinyeli Siltli, kumlu kil 5 3.0

SiC, C Agir biinyeli Siltli kil, kil 63 38.2

Kum (%)
o High £ 80,1196

)

Kil (%)
oy Hih : 59,7398

Low 11,5203

silt (%)
woy Hiah 69,8588

B Low - 0.0623801

Sekil. 1. Osmaniye 1li topraklarimin kum, kil ve silt durumuna gore dagilimini gésteren harita
Figure 1. Map showing the distribution of Osmaniye Province soils according to the condition of sand, clay and silt

Toprak reaksiyonlarmna (pH), tuzluluk durumlarina
(EC) gére smiflandirilmis ve dagilimlar asagida
verilmistir (Cizelge 3). Osmaniye. Ili topraklarinin
%1.81 hafif asit; %12.1'1 nétr; % 86.1i orta alkali
sinifina girmekte ve pH durumunu gésteren harita
Sekil 2'de verilmigtir. Topraklarin %51.1'1 tuzsuz,
%47.2’s1 ¢ok hafif tuzlu, %1.82’s1 hafif tuzlu sinifina
girmekte olup, (Cizelge 3) tuzluluk durumunu
gbosteren harita Sekil 2’de verilmigtir. Bolgede yapilan
yogun tarima dayali olarak kullanmilan yiiksek
miktarlardaki kimyasal giibrelerin tuz igeriklerinin
yiksekligi, ihtiyag fazlas1 kullanimda birikim etkisiyle
ciddi sorunlar olugturabilmektedir. Ayrica gibrelerin
ayr1 veya birbirleriyle kombine kullanimlari sonucu
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tuzluluk degerinin artabilecegi gbéz Oniine alinarak
analiz  sonuglarina  goére glibre  programlari
belirlenmelidir. (Colakoglu, 2008). Yiiksek tuz
konsantrasyonu bitkilerin verim ve kalitelerinde
azalmaya neden olmakla birlikte topragin fiziksel
yapisinda da ozellikle Na iyonunun baskin olmasi
durumunda oOnemli zararlarin olugsmasina neden
olmaktadir (S6nmez ve Sénmez, 2007). Ulkemiz gibi
yar1 kurak iklim kusaklarinda diigik kaliteli sularin
kullanim1 giinimiizde zorunlu hale gelmesinden
dolay1 sulama suyu ile toprakta tuz birikimi
goriilebilmektedir. Topraklarda tuzluluk belirtisinin
goriilmesi detayl olarak arastirilmalidir (Karaoglu ve
Yalcin, 2018).
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Cizelge 3. Osmaniye Ili topraklarinin pH ve EC siniflarina gére dagilimi
Table 3. Distribution of Osmaniye Province soils according to pH and EC classes

Degeri Sinifi Toprak Sayis1 Dagilimi (%)
Values Classes Soil numbers Distribution (%)
pH 6.1-6.5 Hafif asit (low acid) 3 1.8
6.6-7.3 Notr 20 12.1
7.4-8.4 Orta alkali (medium alkaline) 142 86.1
EC (dSm™) <0.75 Tuzsuz (saltless) 84 51.0
0.75-2 Cok hafif tuzlu (light salt) 78 47.2
2-4 Hafif tuzlu (mild salt) 3 1.82
oH Tuzluluk Siniflan (EC)
B o 1 - 6.0 o ane B <075 T
| 651 - 7.30 Nowr I .75 - 2.00 Gok Maff Tuzlu
B 731 - 8.40 Oa sl B 201 - 4.00 et Tuzhs
I a0
-
[ S r———

[ osmaniye i siam

4

+

Sekil 2. Osmaniye Ili topraklarinin pH ve tuzluluk siifina gére dagilimini gésteren harita
Figure 2. Map showing the distribution of Osmaniye Province soils according to pH and salinity class

Topraklarin kire¢ ve organik madde bakimindan
degerlendirilmesi

Topraklarin %.3.1°1 kiregsiz, ¢ok az kiregli; %0.6’s1 az
kiregli; %1.2"1 orta kiregli; %7.3U kirecli; %35.7’s1 gok
kirecli; %52.11f marn-kire¢ topragi siifina girmekte
(Cizelge 4) ve kire¢ durumunu gosteren harita Sekil
2’de verilmistir. Topraklarda kire¢ miktar1 yuksek
bulunmusg, bu durum fosfor, ¢cinko vb elementlerin
yarayiglihgini azaltmaktadir (Mengel ve Kirkby, 1982;
Kacar ve ark., 1998). Asidik kaynakli giibrelerin
uygulanmasi tarimsal tUretim agisindan daha faydal
olacaktir. Kire¢ durumunu gosteren harita Sekil 3’de
verilmigtir.

Osmaniye ili topraklarinin %6.1’1 organik madde
icerigi yonunden fakir; %434 disik; %38.7‘si orta;
%11.5'u zengin; %0.7’si ¢ok zengin sinifina girmekte
(Cizelge 4) olup organik madde durumunu gésteren
harita Sekil 3'de verilmistir. Elde edilen degerlere
gore topraklarin geneli igin bir degerlendirme
yapildiginda, topraklarin %15’inin ¢ok az, %55’inin az,
%26’s1n1n orta, %3’tinln iyi ve %1’inin yluksek dizeyde
organik  madde igerdigi ortaya c¢ikmaktadir.
Topraklarda organik maddenin yetersiz oldugu
giibreleme yapilirken bu alanlara 2-3 yilda bir organik
giibre ve/veya organomineral giibre uygulamasi
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yararhh olacaktir (Bayram ve ark., 2020). Bélgede
yogun tarim ve tek yonli giibre yapildigindan organik
madde Dbirikimi saglananmamigtir. Bu nedenle
organik ve/veya organomineral giibre uygulamalarida
yapilmalidir.

Topraklarin degigebilir element analiz sonuglari

Topraklar fosfor bakimindan %13.9'u ¢ok yetersiz;
%35.7’s1 yetersiz; %36.9’u orta; %10.31 yluksek; %3.0'a
cok yiiksek siifina girmektedir (Cizelge 5). Orneklerin
yarisinda fosfor yetersiz olarak bulunmustur. Bu
durum topraklarin yarisinin kaba biinyeli olmasindan
kaynaklanabilir. Benzer sekilde kumlu topraklarda P
adsorpsiyonunun azaldigini bildirmislerdir. (Zhang ve
ark., 2019). Degisebilir potasyum bakimindan %1.82’si
zengin; %801 ¢ok zengin; %181 agir1 zengin sinifina
girmektedir. (Cizelge 5). Topraklarin fiksasyon
kapasitesinin  ylksek oldugu ve  giibreleme
programlarinda toprakta bulunan degisebilir K'un
dikkate alinmasi  gerektiginin  bildirmiglerdir
(Esencay1 ve Korkmaz, 2019). Topraklarin potasyum
bakimindan zengin olmasinin nedeni kil durumu ve
tipinden kaynaklanabilir. Kil minerallerinin cinsi,
igerdigi K miktarim1 6nemli 6lgide etkilemektedir
(Aktas 1994).
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Cizelge 4. Osmaniye Ili topraklarinin kire¢ ve organik madde simiflarina gére dagilimi (%)
Table 4. Distribution of Osmaniye Province soils according to lime and organic matter classes(%)

Degeri Sinifi Toprak Sayis1 Dagilimi (%)
Values Classes Soil numbers Distrubution (%)
0-2 Kiregsiz, ¢ok az kiregli 5 3.1
Very low
2-4 Az kirecli 1 0.6
Low
% Kireg 4-8 Orta kirecli 2 1.2
%carbonate Medium
8-15 Kiregli 12 7.30
Carbonate
15-30 Cok kirecli 59 35.7
High
> 30 Marn-kire¢ topragi 86 52.1
Very high
<1 Fakir 10 6,1
Poor
1-2 Distik 71 43.0
Low
% OM 2-3 Orta 64 38.7
Medium
3-5 Zengin 19 11.5
High
>5 Cok zengin 1 0.7
Vey high

Organik Madde (%)
N - .00 Gok Az
B 100 - 2.00 Az

..............

+

Sekil 3. Osmaniye Ili topraklarinin kire¢ ve organik madde sinifina gére dagilimini gosteren harita
Figure 3. Map showing the distribution of Osmaniye Province soils by lime and organic matter class

Degigebilir kalsiyum bakimindan %0.601 yetersiz;
%0.601  yuksek; %98.781 ¢ok yiksek sinifina
girmektedir (Cizelge 5). Bunun nedeni, topraklarda
kire¢ miktarinin yliksek olmasi ve CAN gibi kireg
icerikli giibre kullanimindan kaynaklanabilir. Benzer
sonuc¢lari Demireken ve Erdal, 2016’da Hakkari'de,
Yalgin ve ark. 2018de Hatay'da yurattikleri
calismada belirlemiglerdir. Magnezyum bakimindan
%7.81 yetersiz; %26.1°1 orta; %30.9u yiksek; %35.1’1
cok yiiksek smifina girmektedir (Cizelge 5).
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Topraklarinin degisebilir sodyum igerigi yoniinden
%5.5'1 diisiik, %34.5"1 fazla, %311 ¢ok fazla ve %29.01
ise agir1 fazla bulunmustur (Cizelge 5). Topraklarda
tuzluluk gorilmektedir. Bunun nedeni toprakta
varolan degigebilir Na varlhigindan kaynaklanabilir
(Délarslan ve Giil, 2012).  Ayrica topraklarin
degisebilir fosfor, potasyum, kalsiyum, magnezyum ve
sodyum dagilimini gosteren harita Sekil 4’de
verilmigtir.
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Cizelge 5. Topraklarin degigebilir fosfor, potasyum kalsiyum, magnezyum ve sodyum igerikleri (Silanpaa, 1990;
Sumner and Miller, 1996)
Table 6. Extractable phosphorus, potassium calcium, magnesium and sodium contents of soils

Elementler Degeri Sinifi Ornek Sayisi Dagilimi (%)
Elements Values Class Sample numbers Distribution (%)
<0-5 Cok yetersiz 23 13.9
(very inadequate)
6-12 Yetersiz (inadequate) 59 35.7
Fosfor 13-25 Orta (medium) 61 36.9
(P mg kg'1) 26-50 Yiiksek (high) 17 10.3
>51 Cok yiiksek(very high) 5 3.0
Potasyum 121-200 Zengin (high) 3 1.82
(K, mg kg1) 201-600 Cok zengin (very high) 132 80.0
>600 Asir1 zengin (Excess) 30 18
Kalsiyum 301-600 Yetersiz (inadequate) 1 0.60
(Ca, mg kg) 1001-2000 Yiiksek (high) 1 0.60
>2000 Cok yiiksek (very high) 163 98.78
Magnezyum 0-50 Cok yetersiz - -
(Mg, mg kg1 (very inadequate)
51-100 Yetersiz (inadequate) 13 7.8
101-500 Orta (medium) 43 26.1
501-1000 Yiiksek (high) 51 30.9
>1000 Cok yiiksek very high) 58 35.1
<101 Diisiik (low) 9 5.5
Sodyum 101-200 Fazla (high) 57 34.5
(Na, mg kg!) 201-400 Cok fazla (very high) 51 31.0
>400 Agir1 fazla (excess) 48 29.0

=
=
—
—
I
| s—

- —

Sekil 4. Topraklarin degisebilir fosfor, potasyum kalsiyum, magnezyum ve sodyum icgeriklerine ait dagilimlarin
haritas:

Figure 4. Map of the distributions of extractable phosphorus, potassium calcium, magnesium and sodium contents

of soils
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Topraklarin degigebilir demir, bakir, ¢inko, mangan
ve bor igerikleri

Topraklarin demir igerikleri %92.7’s1 az; %3.6’s1 orta;
3.6’s1 yuksek; bakir igerikleri 2.42’si az: %93.9’u orta;
%3.6’s1 yilksek bulunmugtur. Topraklarin %90.9u ¢ok

az; %5.45'1 az; %3.64'Unde c¢inko miktar1 orta
bulunmustur (Cizelge 6). Topraklarin mangan
kapsamlarn %12.11 yiksek; %87.9'u c¢ok yiksek

citkmigtir. Bor kapsamlari bakimindan topraklarin
%12.11 yetersiz; %81.81 orta; %6.1’1 yliksek sinifina

girmektedir (Cizelge 6). Ozellikle bu bolgede tarimi
yapilan soya ve yerfistiginda Fe ve Zn noksanlig: gozle
goriilebilmektedir. Bunun nedeni boélgedeki kaba
bunyeli topraklarin varlig: ve kire¢ miktarinin ytiksek
olmasindan kaynaklanabilir. Farklh arastiricilar
yurattikleri calismalarda benzer sonuglar:
bildirmislerdir (Shalau, 2010; Tekin, 1990; Kizilgoz ve
ark., 1999; Bozgeyik ve Cimrin, 2020). Topraklarin Fe,
Cu, Zn, Mn ve B iceriklerinin tematik haritalar1 Sekil
5’de verilmistir.

Cizelge 6. Topraklarin degigebilir demir, bakir, cinko, mangan ve bor icerikleri (Lindsay and Norwell, 1978; Follet, 1969; Wolf,

1971)

Table 6. Extractable iron, copper, zinc, manganese and boron contents of soils

Elementler Degeri Sinifi Ornek Sayis1 Dagilim1 (%)
FElements Values Class Sample numbers Distiribution (%)
Demi <2.5 Az (low) 153 92.7
emir 2.5-4.5 Orta (medium) 6 3.6
(Fe, mg kgt . .
>4.5 Yiiksek (high) 6 3.6
<0.2 Az (low) 4 2.42
Balur 0.2-2 Orta (medium) 155 93.9
(Cu, mg kg'!) .
>9 Yiiksek (high) 6 3.6
ik 0-1.5 Cok Az (very low) 150 90.9
Cinko 1.6-3 Az (low) 9 5.45
(Zn, mg kg!) .
3.1-20 Orta (medium) 6 3.64
Mangan (Mn, mg 3.1-6.0 Yiiksek (high) 20 12.1
kg1) >6.1 Cok Yiiksek (very high) 145 87.9
0.2-0.5 Yetersiz (inadequate) 20 12.1
B 0.5-1 Orta (medium) 135 81.8
or ) 1-2 Yiiksek (high) 10 6.1
(B, mg kg . ,
2-4 Cok Yiiksek (very high) 0
4-8 Asir1 Borlu (high) 0

=

Sekil 5. Topraklarin ekstraktwe edilebilir demir, bakir, ¢inko, mangan ve bor igeriklerine ait dagilimlar: gosteren harita
Figure 5. Map showing the distributions of extractable iron, copper, zinc, manganese and boron contents of soils
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Cizelge 7. Toprak ve toprak 6zellikleri arasindaki iligkiler (r)
Table 7. Relationships between soil and soil properties (r)

Kum Kil Silt pH EC Kireg OM P K Ca Mg Na Cu Zn
Sand Clay Silt Carbonate

pH -.216*%* .228**  0.057

EC  -363* 292*%*  220%* -0.117

Kire¢ -.345%* 167* .366**  -0.050 .239%*

OM - 158% 0.133 0.088 -0.021 0.025 -0.015

p -0.125 0.097 0.082 0.079 0.090 -0.051 .268%*

K -.370%%  295%*%  228** (0,116 197*  214%* .216%* .440%*

Ca -.390**  361**  .170* 0.010 .243%* | 339** .247**% -0.091 .202%*

Mg -.242%*  352**  -0,077 -.162* 0.109 -0.142 -0.086 0.078 0.031 -0.092

Na -0.152 .161* 0.036 -.311%*  184*  .424%* 0.033 -0.064 -0.030 .388**  0.143

B -0.095 0.037 0.114 0.022 0.121 -0.066 .334%*  310** 269**  0.072 -0.076 0.046

Fe B837**%  -314*%  -0.144 -473%% - 199% -.345%* -0.020 0.014 -.213** -.386** 0.004 -0.083

Cu -.291*%%  175% .261%*  0.094 .162* 0.076 0.111 .287** .170% 0.039 .156*%  -0.004

Zn 0.025 -0.074 0.061 0.039 0.002 -0.092 A77* .332*%* |189* -0.096 0.0563 -0.075 .295** 0.077 .341**

Mn B31**F -224%% - 261*%* - 489*%* -0.139 -.382** 0.087 0.092 -0.058 -.333**%  418** -0.024 .512** -0,0561 0,135

*: p<0.05 **:p<0.01 OM: organik madde (%), kire¢, kum, kil, silt (%)
EC: elektriksel iletkenlik (dSm™), P, K, Ca, Mg, Na, B, Fe, Cu, Zn ve Mn (mg kg'!)
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Baz toprak 6zellikleri arasindaki iligkiler

Arastirma kapsaminda alinan toprak oOrneklerinin
baz1 fiziksel ve kimyasal 6zellikleri arasinda 6nemli
pozitif ve negatif iligkiler belirlenmistir (Cizelge 7). pH
ile kum arasinda %1 seviyesinde o6nemli negatif
(0.216); EC ile kum arasinda %1 seviyesinde énemli
negatif (0.363); kil (0.292) ve silt (0.220) arasinda %1
seviyesinde onemli pozitif; kireg ile kum arasinda %1
seviyesinde onemli negatif (0.345), kil ile %5
seviyesinde énemli pozitif (0.167), silt (0.366) ve EC ile
(0.239) %1 seviyesinde onemli pozitif iliskiler
bulunmustur  (Cizelge 7). Bulunan degerler,
topraklarda tarimsal tretimde tuzluluk yoniinden
herhangi bir sorunun bulunmadigin1 géstermektedir
(Turan ve ark., 2010).

OM ile kum arasinda %5 diizeyinde 6nemli negatif
(0.158), P ile %1 seviyesinde énemli pozitif (0.268), K
ile %1 diizeyinde 6nemli negatif (0.370), kil (0.295), silt
(0.228), kire¢ (0.214) OM (0.216), P (0.440) ile %1
diizeyinde o6nemli pozitif iligki varken EC ile %5
diizeyinde 6nemli pozitif (0.197); Ca ile kil (0.361), EC
(0.243), kireg (0.339), OM (0.247), K(0.202) arasinda
%1 seviyesinde onemli pozitif, silt (0.170) ile %5
diizeyinde 6nemli pozitif iligkiler bulunmustur. Benzer
sekilde Akca ve ark., 2015de yuruttikleri bir
calismada benzer sonuclari buldukarim
bildirmislerdir. Kum (0.390) ile %1 diizeyinde énemli
negatif iligki belirlenmis olup (Cizelge 7), cesitli
arastirmacilar da (Saglam ve Dengiz, 2013; Akca ve
ark., 2015; Yalcin ve ark., 2018) benzer sonuclar elde
etmiglerdir.

Mg ile kum arasinda %1 diizeyinde 6nemli negatif
(0.242), kil ile arasinda %1 diizeyinde 6nemli pozitif
(0.352), pH arasinda %5 diizeyinde 6nemli negatif
(0.162); Na ile kil arasinda %5 diizeyinde 6nemli pozitif
(0.161), EC (0.184), pH arasinda %1 diizeyinde 6nemli
pozitif (0.311), kire¢ (0.424), Ca (0.388), B ile OM
arasinda (0.334), P (0.310), K (0.269) ile % 1 diizeyinde
onemli Fe ile kum arasinda (0.337) %1 diizeyinde
onemli pozitif, kil (0.314), pH (0.473), kireg (0.345), K
(0.213), Ca (0.386) ile %1 diizeyinde 6nemli negatif, EC
ile %5 diizeyinde o6nemli negatif (0.199) iligkiler
bulunmustur (Cizelge 7).

Bakir ile kum (0.291) arasinda %1 diizeyinde énemli
negatif, silt (0.261), P (0.287) ile % 1 diizeyinde énemli
pozitif; kil (0.175), EC (0.162), K (0.170), Mg (0.156) B
(0.169) ile aralarinda % 5 diizeyinde énemli pozitif
iliskiler bulunmustur (Cizelge 7). Zn ile OM (0.177) ve
K (0.189), arasinda %% diizeyinde énemli pozitif, P ile
(0.332), B (0.295), Cu (0.341) arasinda %1 diizeyinde
énemli pozitif; Mn ile kum (0.331), kil (0.224), silt
(0.261), pH (0.489), kirec (0.382), Ca (0.333) arasinda
%1 diizeyinde 6nemli negatif, Kum ile (0.331), Mg
(0.418), Fe (0.512) arasinda %1 diizeyinde énemli
pozitif iligkiler bulunmustur (Cizelge 7). Farklh yére
topraklarinda c¢alisan baz1 arastiricilarda benzer
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iligkileri bulduklarin bildirmislerdir (Taskin ve ark.,
2015; Balec1 ve ark., 2016).

SONUC ve ONERILER

Tarimsal alanlarimizin strdirilebilir kullanimini
saglamak amaciyla bilimsel yollarla toprsklarin
fiziksel ve kimyasal 6zelliklerini belirlemek ve bu yolla
elde edilen analitik verilerin analizleri, yorumlar1 ve
degerlendirmeleri ile siirdurilebilir  planlarini
hazirlamak i¢in toprak ozelliklerine ait dagilim
haritalar1 cikarilmigtir. Boylelikle ilgililer haritalar
uzerinde tarimsal alanlarin  6zelliklerini  ve
dagilimlarini daha kolay géreceklerdir. Ayrica bu tir
haritalarin dijital ortama aktarilarak tarimsal alet ve
ekipmanlara yiiklenen sonuclara goére uygulamalarda
yapilabilecektir.

Calisma alam topraklarinin 1/3’tini olusturan kumlu
topraklarda giibreleme, sulama vb uygulamalarin
topragin tekstirii dikkate alinarak yapilmasi
gerekmektedir. Topraklarin EC degerleri
incelendiginde topraklarin yarisinda tuzlanma
bagladigi, bunun nedeninin topraktaki Na varliginda
yiksek ¢itkmasindan ileri gelebilecegi
ongorilmektedir. Topraklarin yarisinda P yetersizligi
belirlenmigtir. Bu alanlarin daha ¢ok kaba biinyeli
alanlar oldugu ve fosforlu giibrelemenin dengeli bir
sekilde ve damlama sulama ile yapilmasi1 daha uygun
olacaktir. Fe ve Zn bakimindan topraklar yetersiz
bulunmustur. Bu nedenle bu alanlara demir ve ¢inkolu
giibrelerin tabandan 6zellikle soya ve yer fistig1 tarimi
yapilan alanlara bu bitkiler Fe alimi bakimindan Fe-
etkin olmadiklari i¢in yapraktan da uygulama

yapilmalidir.
TESEKKUR
Bu calisma, Antepfistifa Arastirma Enstitiisi
Mudirlaga tarafindan
TAGEM/TSKAD/13/A13/PO7/01-10 no’lu proje

kapsaminda yurutiilen projenin verileri kullanilarak
hazirlanmigtir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT

To have a healthy life and live long; to reduce health cost, risk of
illness and to obtain health protection, sustainability and increasing
consumer awareness have increased consumer demand for functional
food in developing and developed countries. The objective of this
study was to determine socio-economic factors and food consumption
affecting consumers' willingness to consume functional foods in
Mersin Province. For this purpose, a survey was conducted with 384
consumers in 2017 and obtained data was analyzed by using
Binomial Probit model. Results show that there was a positive
relationship between consumers' willingness to consume functional
food and education, income, working in the health sector and paying
attention to nutrition information on package. In fact, increasing the
level of education and income of the consumers and having
knowledge about functional foods increase the willing of consuming
these products.
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Mersin Ilinde Fonksiyonel Gida Satin Alma Istekliligini Etkileyen Faktorler

OZET

Gelismig ve gelismekte olan tilkelerde uzun ve saglikli yasam siirme,
saghik masraflarimi azaltma, hastalanma riskini azaltma, sagligi
koruma ve stirdurtlebilirligini saglama gibi etkenler tlketicilerin
fonksiyonel gidalara olan talebini artirmigtir. Bu ¢alismanin amaci
tuketicilerin fonksiyonel gidalari tiiketim istekliliginde etkili olan
sosyo-ekonomik ve gida tuketimi ile ilgili faktorlerin belirlenmesidir.
Bu amagla 2017 yilinda Mersin ilinde 384 tiiketici ile anket yapilmig
ve elde edilen verilerle calismanin amacina yonelik olarak Binomaial
Probit analizi yapilmistir. Analiz sonucunda tuketicilerin
fonksiyonel gida tiiketim istegi ile egitim, gelir, saghk sektoriinde
calisma, fonksiyonel gida tiiketme ve ambalaj tzerindeki besin
ogelerine dikkat etme durumu arasinda pozitif yonli, ailedeki birey
sayis1 arasinda negatif yonlu iligki tespit edilmistir. Calismanin
sonuglar tiiketicilerin egitim ve gelir seviyesinin artmasi ile birlikte
fonksiyonel gida hakkinda bilgi sahibi olmasinin bu urtnlere karsi
tuketim istekliligini arttiginmi géstermektedir.
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INTRODUCTION

The desire to live longer and to improve human life
quality by protecting the mind and body health is
effective in the development of healthy nutrition
knowledge (Isleroglu et al., 2005; Annunziata et al.,
2015; Kraus, 2015a). Food-based health risks and
reducing healthcare costs in recent years have led
consumers not only to consume safe food but also to
maintain health care and sustainability (Ozcicek
Dolekoglu et al., 2015; Buyukkaragoéz et al., 2014;
Krystallis, et al., 2008). Increasing awareness of the

consumers over time has led to increase research on
healthy nutrition and with the development of
technology; the food industry has begun to search for
beneficial products for human health. One of these
products is functional food (FF).

Even though the definition is not accepted
universally, (Hasler, 2002), FF is defined as a food or
food components which contains biologically active
components and benefits the individual's metabolic,
physiological and mental functions reducing the risk
of individuals becoming ill, and prolongs their
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lifespan (Frewer et al., 2003; Niva, 2007; Krystallis et
al., 2008; Messina et al., 2008).

This food contains minerals, fatty acids and
antioxidants (natural foods) such as: kefir, wheat
cheddar, and cocoa. Moreover, probiotic and prebiotic
enriched yogurt, beverages, vitamins D, and C
vitamins supplemented with calcium added products
(active supplement) and lactose-free milk, low-calorie
foods are also examples of FFs (Siro et al., 2008).

FF has entered the food market for the first time in
Japan in the 1980s and has taken its place in the US
and European markets with the increasing interest of
consumers. Increasing consumers' interest in low-
calorie foods and willingness to live healthy life has
increased (Granato et al., 2010) the demand for such
products. Although FFs are found in almost all food
categories, they cannot be reached to all segments of
the growing world food market (Siro et al., 2008).

FF global market is estimated at 299.32 billion US $
in 2017 and it is expected to be 440 billion US § by
2022 (Anonymus 2018). The largest growth in the
functional food market in Japan was in 2016. The
market value of Functional Foods was 238.2 billion
YEN 1in 2019 in this country.

Functional food revenues for the main market in Asia
and the Pacific Islands account for 34% of World. The
world's second largest market is North America,
consisting of the United States and Canada, which
account for 25% of total revenue. Functional food
consumption in Europe varies depending the
countries and the culture, yet, it is more popular in
Central and Northern European countries. The
functional food market in these countries accounts for
16% of total world revenue. In Turkey, Functional
Food Market Size has lagged behind European and
Asian countries and has not reached the desired level.
The functional food market in Turkey grew by 52%
from 2012 to 2017 reaching to $ 461.7 million in 2017
(Gok and Ulu, 2018)

In the 2000s, many studies on FF consumption was
conducted such as the factors affecting consumers' FF
awareness (Krystallis, et al., 2008; Bornkessel et al.,
2014; Buyukkaragoz et al., 2014; Annunziata et al.,
2015), the socio-demographic factors affecting FF
preference (Gaston and Gambaro, 2007), consumer’s
FF consumption decision (Brecic et al., 2014; Ozcicek
Doélekoglu et al.,, 2015; Kraus, 2015a; Boluda and
Capilla, 2017), consumer perception of FFs (Hacioglu
and Kurt, 2012; Dolgopolova et al., 2015), the role of
socio-demographic, cognitive and attitudinal variables
in accepting FFs (Verbeke, 2005), relationship
between purchasing these goods and lifestyle and
healthy eating habits (Chen, 2011), and the factors
affect the willingness to consume functional foods
(Ares and Géambaro, 2007; Goetzke, et al.,, 2014;
Siegrist et al., 2015; Pappalardo and Lusk, 2016;
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Zielinska and Zychowicz, 2017). In addition, review
studies also were conducted by providing an overview
of the development of these foods (Kaur and Singh,
2017) and their technical aspects (Granato et al.,
2010).

Factors influencing the purchasing of FFs by
consumers differ depending on a country, region,
culture and socio-economic characteristics. Therefore,
studies to increase knowledge, awareness,
consciousness and consumption of FF have a great
importance in developed and developing countries.
Thus, the purpose of this study was to determine
socio-economic factors and food consumption affecting
consumers' willingness to consume functional foods in
Mersin Province.

MATERIAL and METHODS

The main data of the study was obtained from survey
data with 384 consumers in Mersin province of
Turkey in October of 2017. Questionnaires were filled
in by researchers to minimize the errors of some
questions answered by consumers during the survey.

Nep=(l-p) 136155 « 0.5 « 0.5

"W -DvoZ+pr(1-p) (136155—1)+00025+05+05 364

n

In the formula; nisample size, N:'number of farm in

the population, o ; : variance of the ratio, r'margin of

error allowed from the average (5%), Zw2:Z value
(1.96), p: shows the possible proportion of producers
(50%).The survey questions were prepared by the
authors as a result of extensive literature review.
Later, it took its final form with interviews with
subject experts. Data was consisting of 5 sections: (1)

socio-demographic factors, (2) health-related
variables, (3) factors to be considered in food
purchasing, (4) knowledge about FF definition,

adoption and the willingness to consume FF. A 5-
point Likert scale (1:Never, 2:Rarely, 3:Occasionally,
4:Usually, 5:Always) was used to determine the
factors affecting consumers’ purchasing food.

If the dependent variable expresses the presence (1)
and absence (0) of an event, Limited Dependent
Variable Regression Models is used (Gujarati, 2006).
In this study, Binomial Probit model was used to
reach the goal of determining the factors that are
effective on the willingness to consume functional
food. The probit model has been used in calculating
the willingness to pay for FF (Munene 2006;
Markosyan et al., 2007; Pasquale et al., 2011).

While the values of zero and one were observed for
the dependent variable in the probit model, there was
a latent, unobserved continuous variable, y*
(Formulal).
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. k In the model, the willingness to consume FF was
y = Bi ¥, . T € taken as a dependent variable (Y). The dependent
k=1 @ variable FF is encoded as (1), while the unwanted
Where the symbol k is number of variable, B is variable is encoded as (0). Independent variables were
coefficient, y is independent variable, ¢ is N (u=0,0=1) gender (male = 1, female = 0), age (35 years and older
The dummy variable, y, was observed and was = 1, <356 = 0), education (<8 year=0, 9 year and
determined by y* as follows (Formula 2). more=1 ), income (households with 900% or more
Lify* >0 income = 1, others = 0), number of households
y = { ' . 2 (households with 4 or more individuals = 1, others =
0, otherwise 0), occupation (working in the health and food sector
The point of interest relates to the probability that y = 1, others = 0), FF consumption (consciously
equals one. From the above equations, we see that consumed=1, others =0) and reading labels on food

(Formula 3): products ( give attention=1, do not give attention=0).

k
Prob(y=1) = Prob( Prxp+e > O) RESULTS

. k= Socio-economic  characteristics such as, age,
— Prob (E - _Z Bix ) education, numbers of households, physical activity
k=1 k*k and income of consumers have an important role in
x FF consumption. The average age of participating
—1-® _Z Bixi consumers 'in .th'e survey was 40.05 and the average
k=1 (3) number of individuals of households was found to be

3.71 persons. Consumers spend 18.15% (149.56 $) of
average monthly income of 823.85 $ on food
expenditures (Table 1).

Where @ was the cumulative distribution function of
e (Liao, 1994).

Table 1. Socio-economic characteristics of consumers
Cizelge 1. Tiiketicilerin sosyo-ekonomik ozellikleri

Minimum Maximum Mean Std. Error

(Minimum) (Maksimum) (Ortalama) (Std. hata)
Age (year) 20 67 40.05 0.52
Household Size (person) 1 7 3.71 0.06
Income $/month 263.16 1973.68 823.85 18.55
Food $/month 39.47 526.32 149.56 3.99
Results showed that 50.39% of the respondents were rarely pay attention to the energy and nutrients
women, 87.27% were married, 67.01% were over 35 content written on the nutrition label, the place of

years old, 63.12% of the households had 4 or more production and the food safety and quality standards
individuals, and 65.71% of whom had 9 years or more such as HACCP, TSE, ISO (Table 3).

of education (high school and university). Employees The Binomial Probit model was used to determine

in the health and food sector have adequate how the socio-demographic characteristics of

knowledge and equipment on h('ealthy nutrition. consumers (gender, age, education, income, number of
Overall, 12.73% of consumers work in the health and individual households, occupation) and features

food sectors and 25.97% of whom exercise sports related to food consumption (functional food
regularly (Table 2). In a study conducted in Turkey consumption, food items of ambiguous foods)
also indicated that 44.3% of participants sustained influences consumers’ willingness to consume FF
some kind of hereditary diseases (Biiyiikkaragoz et (Table 4). A model was found to be statistically

al., 2014). significant (x2 77.069; p: 0.000). In the model,
The most important reasons for consuming FFs were education, income, household size, occupation of
to protect health, to contribute functional foods, and consumers, FF consumption status, nutrition content
the level of awareness (Urala, 2005). According to of packaged food are statistically important variables.
results, 13.51% of respondents had knowledge about Consumers with a high education level (9 years or
FF and 92.99% willing to get information. In addition, over) have a 4.02% higher willingness to consume FF
55.32% of participants wanted to consume somehow than low ones (8 years or less). As a result of the
these foods (Table 2). probit analysis, it was determined that education and
Consumers always payed attention to the production income had a significant influence on consumers'
and expiration date, the conditions of preservation willingness to consume FF. Consumers with higher
and the brand of the products that they buy, but they education and income levels were more willing to
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consume FF. Previous studies based on questionnaire
data supports the results of this study (Cranfield, et
al., 2011; Brecic, et al., 2014; Biytikkaragoz, et al.,
2014; Kraus, 2015a; 2015b; Schnettler, et al., 2016).
Similarly, there was a positive relationship between
FF consumption and income (p<0.05). The FF
consumption increased by 12.55% when participants

Table 2. Socio-demographic characteristics of consumers

Cizelge 2. Tiiketicilerin sosyo-demografik ozellikleri

had a higher income than the low-income group. FF
consumption decreases by 10.12% (p<0.05) when the
number of individuals in households is increased from
a nuclear family (consisting of 4 or fewer) to a large
family (consisting of 5 or more). Employees working
in the health and food sector are 15.47% more likely
to consume FF than others (Table 4).

N Percent N  Percent
(N) _ (Yiizde) (N) (Yiizde)
Female 194 50.39 In other occupational = gq0 g7 57
Occupation group groups
Gender Male 191 49.61 Health and food g 15 73
sector
Total 385 100.00 Total 385 100.00
. Single 49 12.73 No 285 74.03
Marital Status oo 336 8727  Sport Yes 100 25.97
Total 385 100.00 Total 385 100.00
<35 127 32.99 Havin knowledee No 333 86.49
Age (year) 35+ 258  67.01 b %F €€ Yes 52 13.51
Total 385 100.00 2ot Total 385 100.00
. <4 142 36.88 . . No 27 7.01
g‘;‘:ﬁg’ld Size 4, 243 63.12 fsgl‘;te;tF information v 358  92.99
Total 385 100.00 Total 385 100.00
<8 132 34.29 Request to consume No 172 44.68
Education (year) 9+ 253 65.71 FFq Yes 213 55.32
Total 385 100.00 Total 385 100.00
Low-
income 195 50.65 128 33.25
consumers No
Income High- FF consumption
income 190 49.35 257 66.75
consumers Yes
Total 385 100.00 Total 385 100.00
Table 3. Consumer's review of product packaging
Cizelge 3. Tiiketicilerin tiriin ambalajini inceleme durumu
Mean* (Ortalama)  Std. dev. (Std. sapma)
Date of product/expiry date 4.58 0.03
To storage the product in good condition 4.16 0.05
Brand of product 4.12 0.05
Information on the package 3.81 0.06
Additive materials 3.12 0.07
Imitated product brands that GTHB publishes 2.62 0.06
Energy and nutritional ingredients 2.48 0.06
Production place/origin 2.47 0.06
The product should have food safety and quality standards 2.34 0.06

*1: Never, 2: Rarely, 3: Occasionally, 4. Usually, 5: Always

In the study, FFs were divided into three groups:
natural foods (rich in lycopene tomatoes, beta-
carotene storage carrots etc), functional factor added
(omega-3 fatty acid eggs, calcium-rich orange juice
etc.), and foods that are removed from a harmful
compound (sodium reduced salt etc.). 32.98% of the
consumers consume natural foods, 13.45% consume
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additive food and 7.22% consume non-additive food.
However, the vast majority of interviewees do not
know if these foods are FF or not. According to the
consumers, who consciously consume the FFs, the
willingness to consume FF increases by 17.00%
(p<0.01). On the food packaging, there are
information such as the date of production/expiry
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date, the amount of production, the contents of the
product and the nutritional ingredients. There was a
positive correlation between FF consumption and
attention to nutritional ingredients information on

the packaging (p<0.10). According to those who do not
pay attention to the nutritional ingredients on the
packaging, FF consumption is increased by 3.52%
(Table 4).

Table 4. Binomial Logit Model estimation for consumers' willingness to consume functional foods
Cizelge 4. Tiiketicilerin fonksiyonel gida tiiketme istegi icin Binomial Logit Model tahmini

Coefficient Standard Error Partial Effect  Standard Error
(Katsay1) (Std. hata) (Kismi etki) (Std. hata)
Constant -0.7641%* 0.3160
Gender (Female=0, Male=1) 0.0851 0.1425 0.0284 0.0475
Age (<35 year=0, <35 years and more=1) -0.1586 0.1607 0.0536 0.0546
Education (<8 year=0, 9 year and more) 0.1203* 0.0708 0.0402* 0.0234
Income (low income=0, high income=1) 0.3630** 0.1511 0.1255%* 0.0531
Household size (<4 individual=0, <4
individual =1 -0.2979%* 0.1497 0.1012** 0.0510
Occupation group (working in the health
and food sector=1, others=0) 0.4681* 0.2450 0.1547%* 0.0777
FF consumption state (do not consume=0,
consume=1) 0.4823*** 0.1512 0.1700%** 0.0544
Attention to nutritional ingredients (do not
give attention=0, give attention=1) 0.1051* 0.0634 0.0352* 0.0210
Log likelihood function -2.261.396  Chi square test 77.06954%*%*

Note: *** ** * —=> Sjonificant at 1%, 5%, 10% level.

Foods serve not only to meet basic nutritional needs,
but also to reduce the risk of food-borne illness and to
lead a healthy and long life. In recent years, studies
were conducted in order to determine FF awareness,
acceptance and factors affecting the willingness to
pay for these foods and variables that are effective in
FF consumption (Krystallis, et al. 2008; Bornkessel,
et al., 2014; Buytikkaragéz vd., 2014; Annunziata et
al. 2015; Pappalardo and Lusk, 2016; Zielinska and
Zychowicz, 2017).

In this study, the relationship between consumers'
willingness to consume FF and social, economic and
personal variables was revealed. According to the
survey results, 86.49% of consumers did not have
knowledge about FF. One of the most important
determinants of functional food consumption was
knowledge (Brecic, et al., 2014). Knowledge has been
identified as an important variable in FF
consumption in many studies. On the other hand,
Naylor et al. (2009) found that 45% had moderate
knowledge of FF.

A negative relationship was found between the
number of members in household and willingness to
consume FF. The increase in the number of
households’ members also reduces the willingness to
consume FF.

Employees in the health and food sector are more
eager for FF consumption, which includes food /food
ingredients that protect body and mental well being,
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reduce the risk of illness, and prolong life expectancy.
Similarly, Bui (2015) indicated that as health
awareness increases, FF consumption also increases.

Consciously, consumers are willing to consume FF
compared to the others food types. As the level of
knowledge about FF increases, consumers want to
consume more as they see positive effects of them on
health. Biiyiikaragéz et al., (2014) indicated that
consumers who are knowledgeable about the content
of natural foods, active supplementary foods and
modified foods, were more willing to consume these
foods. Similarly, the frequency of consumption (Hung,
et al.,, 2016) and those who were conscious of the
relationship between FF consumption frequency and
healthy living (Schnettler, et al., 2015) and those who
thought that regular consumption prevented the
illnesses (Annunziata and Vecchio, 2011) found that
they consume more FF. It has been found that
consumers' FF consumption and purchasing decisions
are positively influenced (Barrios, et al., 2008) by the
nutritional value, the date of production/expiry date,
the quality guarantee indicators on food packages
(such as ISO, HACCP) (Kraus, 2015b).

CONCLUSIONS

In this study, it was determined that socio-economic
variables including education, income, household size,
and FF consumption situation, working in the health
sector and looking label information on packaged food
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affect the consumers’ willingness to consume FF.
According to the survey results, FF producing and
marketing firms should give a seminar on "what is
FF" which will affect consumer perceptions positively
and contribute to their awareness and increase their
knowledge about FF. Thus, as the number of
conscious consumers increase, the demand for
Functional Foods will also increase. In the marketing
phase, food properties must be specified in detail on
the packaging of functional foods and emphasis
should be made on functional food. It should be stated
that the factor is reduced or increased when
advertising these foods. In order to increase the
functional food consumption of crowded families with
low educational and income levels, advertising
campaigns can be organized for these families.
Consumers should have easy access to functional food
and the marketing network should be expanded.

To live a healthier life and reduce health costs, public
spots on foods containing fatty acids, antioxidants
(natural foods) such as kefir, wheat cheddar, cocoa
mineral in its own constitution should be organized
for consumers across the country.
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ABSTRACT

The objective of this study was to examine the level of member
satisfaction and its influencing factors in the Organic Hazelnut
Agricultural Producer Union (OHAPU) of the Samsun Province. The
data of this study was collected through surveys from 92 members in
the Samsun Province using the Simple Random Sampling Method.
The factors affecting the levels of the members’ satisfaction were
analyzed by the Ordered Probit Model. The research results showed
that while 52% of the members were highly satisfied with the union,
30% and 18% of the members were satisfied at moderate and low
levels, respectively. The empirical model results showed also that
while the variables of the education level of the member, marketing
hazelnut through the unions, participation in education, the
member’s commitment to the union and the trust level of the member
in other members had statistically positive effects on the satisfaction
level of the members towards the union, the variables of gender and
frequency of visits to the union had statistically negative effects.
Therefore, the union’s taking a more active role in marketing of the
hazelnut of the members, increasing the participation of the members
to training programs, encouraging more women to become a member
of the union, increasing the members’ trust in and commitment to
their unions could increase the members’ satisfaction to their union.
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Samsun Ili Organik Findik Tarimsal Uretici Birliklerinde Uye Memnuniyeti

OZET

Aragtirmanin amaci Samsun Ili Organik Findik Tarimsal Uretici
Birlikleri (OFTUB)'nde iiye memnuniyetini ve etkili faktorleri
belirlemektir. Arastirmanin verileri Samsun ilinde Basit Tesadufi
Ornekleme Yontemine gére belirlenen 92 tiyeden anket yoluyla elde
edilen verilerden olugsmaktadir. Uyelerin memnuniyetine etkili
faktorler ise Sirali Probit Modeli kullanilarak analiz edilmistir.
Aragtirma sonuglar1 tyelerin %52’sinin  birlikten ¢ok memnun
oldugunu, %30unun orta ve %18inin ise disiik seviyede memnun
oldugunu gostermektedir. Model sonuglari iiye memnuniyetine
Uyenin egitim seviyesi, birlik aracihigiyla findig1 pazarlama,
egitimlere katilma, iyenin birlige baghhig ve tiyenin diger iyelere
glven dlzeyi degiskenlerinin pozitif yonli, cinsiyet ve birligi ziyaret
etme degiskenlerinin ise negatif yonli etkiledigini gostermektedir.
Bu nedenle, iyelerin memnuniyetini artirabilmek igin birliklerin
findigin pazarlanmasinda daha fazla aktif rol almasi, tiyelerin egitim
programlarina katilimlarinin artirilmasi, daha fazla kadinin birlige
uyeliklerinin tegvik edilmesi, tyelerin birliklerine giiven ve
baghliklarinin artirilmasi gerekli goriilmektedir.
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INTRODUCTION

The Strategic Plan of the Ministry of Agriculture and
Forestry (MoAF) for the period of 2013-2017
emphasized that providing effective cooperation in the
agricultural sector would increase farmers’ life
standards in the rural area and contribute to rural
development goals in Turkey. It has also been
reported that the establishment of producer
organizations should be supported in order to
strengthen and develop the roles of producer
organizations in agricultural markets (Anonymous,
2017a). In 2018, 864 thousand tons of hazelnut was
produced in 966 thousand hectares of land in the
world. Turkey had 75.3% of the world hazelnut
plantations and accounted for 59.6% of the world
hazelnut production, and 64.5% of world hazelnut
exports (Anonymous, 2020a). In 2018 Turkey
produced, 515 thousand tons of hazelnut by 502
thousand farms in 36 Provinces (Turkish Statistical
Institute (Anonymous, 2020b). However, about 4
million people were directly or indirectly employed in
hazelnut production (Anonymous, 2014). In the
Samsun Province, 66 thousand tons of hazelnut were
produced in 1.145.240 hectares area. The share of the
Samsun Province in the hazelnut production of the
country was 12.8% (Anonymous, 2020b). The most
important hazelnut producer districts of the Samsun
Province are Carsamba (39.6%), Terme (19.8%),
Salipazar1 (14.7%), Ayvacik (7.5%), Tekkekoy (5.1%)
and 19 Mayis (4.5%), respectively (Anonymous, 2018).
Organizing hazelnut producers in Turkey is an
important necessity in order to solve their problems,
contribute to hazelnut policies, affect the hazelnut
market balance, reduce production costs and get
convenient prices. Hazelnut producers in the Samsun
Province have organized under the Hazelnut
Agricultural Sales Cooperatives (HASC) and Hazelnut
Agricultural Producer Union (HAPU). While HASCs
were only established in the districts of Carsamba and
Terme, HAPUs were established in the districts of
Carsamba, Terme and 19 Mayis (Anonymous, 2017b).
According to the law no 5200, HAPUs can be
voluntarily established at the district level in
minimum on the basis of product or product group
(Anonymous, 2004).

The sustainability of farmer organizations depends
generally on their members’ satisfaction and
commitment to their organizations. Satisfaction
expresses whether a person feels that a need or a
desire is fulfilled, in this case the members’ demands
from the cooperative (Nilsson et al., 2009). The more
members are satisfied the more they adhere to their
organization. This can contribute to the sustainability
of the farmer organization. Therefore, it is very
important to determine the satisfaction of the
members with their organizations. Literature review

showed that there had been a limited number of
researches on the member’s satisfaction with their
agricultural organizations. There had been many
studies investigating the effect of member satisfaction
on the trust in cooperatives (Hansen et al., 2002;
Osterberg and Nilsson, 2009; Nilsson et al., 2009;
Sultan and Kataria, 2012; George et al., 2013;
Prasertsaeng et al., 2020), underlining that the
increase in the members’ satisfaction with their
organizations could also increase the members’ trust
in their organization, eventually increasing the
performance of the organizations. Osterberg and
Nilsson (2009) emphasized that there is a need for
research on member satisfaction.

The aim of this study was to examine the level of
member satisfaction and its influencing factors in the
organic hazelnut agricultural producer union of the
Samsun Province.

MATERIALS and METHODS

The research population composed of 1.970 hazelnut
producers who were members of 3 Organic Hazelnut
Agricultural Producer Unions in the Samsun Province
of Turkey. The sample number was calculated using
the Formula 1 of the Simple Random Sampling
Method (Yamane, 1967). In the formula, hazelnut land
of the farms was used as the sampling criteria.

N(zC)? 1)

In the formula, N was the number of farms in the
population, z was the value of the standard normal
distribution (1.645), C was the variation coefficient, d
was the error margin based on the study (£%10) and n
was the number of samples required. The error
margin and confidence interval for the study were
accepted as 10% and 95%, respectively. The sample
size was calculated as 92 members of the unions.

The main data of this study was collected through
questionnaires conducted with 92 union members of 3
OHAPUs in Samsun Province during the period of
April-July 2014. Of the sample members, 66% were
members of the Carsamba Organic Hazelnut APU,
19% 19 Mayis Organic Hazelnut APU and 15% Terme
Organic Hazelnut APU. In this study, the value of
Kaiser-Meyer-Olkin Measure of Sampling Adequacy
(KMO) was 0,903, and this indicates that the
sampling size was sufficient. SPSS 17.0 and NLOGIT
5 programs were used to analyze the data of the study.
The reliability of the survey was tested using the
reliability analysis. The Cronbach's alpha coefficient
was used to measure the consistency among the
answers of the respondents. The Cronbach's alpha
coefficient was calculated as 0,945, indicating that the
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study was highly reliable.

Secondary data of the study were obtained from
institutions such as the Ministry of Agriculture and
Forestry (MoAF), Turkish Statistical Institute
(TURKSTAT), Samsun Directorate of Provincial
Agriculture and Forestry (SDAF) and Official Gazette
of the Republic of Turkey (OGRT). Nevertheless, in
the research, articles, thesis and reports etc. were
used as material.

The factors influencing the levels of the members’
satisfaction were analyzed using the ordered probit
model. Definitions of the variables used in the model
were presented in Table 1. The Variance Inflation
Factor (VIF) values for the independent variables of
the model were lower than 20, which indicates that
there was no multi correlation among the variables.

In this study, 5 Likert rating scale questions (1:
Strongly disagree to 5: Strongly agree) were used to
learn the satisfaction of the member (Table 2). The
members’ satisfaction index was determined using the
codes of answers with sixteen questions. The member
satisfaction indexes were categorized in three groups
according to their average score. The members who
scored less than 2.5 were classified as the low
satisfaction group, the members who scored from 2.5
to 3.5 were classified as the moderate satisfaction
group, and the members who scored more than 3.5
were classified as the high satisfaction group. ANOVA
and Kruskal Wallis tests were used to compare
parametric and non-parametric variables, respectively
to determine whether there was any difference among
the groups.

Table 1. Descriptive statistics of the independent variables of the models
Cizelge 1. Modelin bagimsiz degiskenlerinin tanimlayici istatistikleri

Expected
Variables (Degiskenler) Definition of the variables (Degiskenlerin tanimlar:y) VIF Bffect
(VEF) (Beklenen

etki)
PERFORMC Performance index of the union (%) 1.812 (+)
GENASSEM =1 if respondent joins general assembly; O otherwise 2.13 (+)
SUPPINP =1 if respondent is supplied inputs by the union; 0 otherwise 1.32 +)
MARKETNG :t}ll ;f» Vl;ei):sondent markets product through the union; 0 454 +)

=~ _ 1. . .

. i:; MANAGEXP thi 15 ifosﬁogifﬁgr};z ean experience in the management of 1.49 +)
— ;:: 4

"cg %; PARTRAIN =1 if respondent participates in a training at the union; 0 208 +)
~ . : .

S 55 otherwise

: ~ EXPORT = 1 if the union exports hazelnut; O otherwise 4.26 +)
g é CAPITAL = 1 if respondent pays membership fee to the union; 0 174 +)
SRS otherwise '

&  DISTANC Distance between the farm and the union (km) 2.41 )
VISITFRE Frequency of visit to the union (times/year) 1.66 +)
COMMITM Commitment index to the union 8.04 +)
TRUSTUNI Trust index in the union 8.78 +)
TRUSTEB Trust index in the union executive board 5.71 +)
TRUSTOTM Trust index in other union members 1.82 )

& = HSIZE Household size (person) 1.78 (+)
S v i.i NMEMBOR Number of memberships of other agricultural organizations  2.00 )
5 % § INSURANC = 1 if respondent insures hazelnut; 0 otherwise 1.82 +
e § INCOME Total income of the member ($/year) 1.69 )
E= % AGRLAND Property land (da) 1.71 (+)
& = NCATTLE Number of NCATTLE unit 1.68 ()

© MARSTAT = 1 if respondent is married; O otherwise 1.31 ©
S ‘5 SOCSECUR =1 if respondent has social security; O otherwise 1.37 )
_q;} \;’ = MAINPROF =1 if the main profession is farming; 0 otherwise 1.77 +)
£ = %‘l EDUCAT Education level of the member (year) 2.64 +)
§ <35 EXPERIEN Agricultural experience of the member (year) 3.18 O

E <~ GENDER = 1 if respondent is male; 0 female 1.83 +
AGE Age of the member (year) 3.83 @)
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Table 2. Members’ satisfaction with the OHAPU
Cizelge 2. OFTUB tiyelerin memnuniyeti
Low Moderate High General
Satisfaction  Satisfaction  Satisfaction (Genel)
Satisfaction to the union (Birlikten memnuniyet) (Driisiik (Orta (Yiiksek

Memnuniyet) Memnuniyet) Memnuniyet)

1. Both the union and I benefitted from relationships.*** 3.57 3.59 3.62 3.60
l2m li\(/)Igst* Bfople and I were satisfied from their interaction with the 359 369 365 365
3. I was generally sa;ciiﬁed with the relationships among the 356 358 3 62 360
members of the union.

4. Most members like to be interested in their union. *** 3.53 3.58 3.58 3.59
5. The union failed to meet their members’ needs.*** 3.74 3.75 3.80 3.78
6. I think that the members were important for the unions.** 3.94 3.93 3.96 3.96
7.1 behevi(j}*‘chat no value was created between the members and 387 393 393 393
the union.

8. My revenue was increased by being a member of the union. *** 2.59 2.67 2.69 2.68
g;dlc\/ly farm costs decreased thanks to being a member of the union. 959 9,59 959 953
10. I agreed that I could negotiate all things with the union. *** 3.63 3.65 3.66 3.65
11. Thgre vsz a continuous improvement in the services given by 366 3.69 370 3.70
the union.

12. My membership to the union increased my farm profit. *** 2.66 2.72 2.76 2.75
13. I was generally satisfied to be a member of the union. *** 3.49 3.52 3.54 3.53
14. The union fully met my expectations. *** 2.59 2.61 2.66 2.64
15. The union met all things whatever I hope. *** 2.60 2.62 2.67 2.65
16. Thg dlffgent political views negatively affected the groups in 379 374 375 376
the union.

Mean (Ortalama) 3.33 3.36 3.38 3.37

Notes. ** significance level 0.05; ***

The ordered model, for which the dependent variable
was coded 0 as low, 1 as moderate, and 2 as high each
for satisfaction, is expressed as

y=Px+e, 6~F(c]0), E(e|x)=0md Varlg|x)=l @

where y* is the unobserved “latent” dependent
variable, B is a vector of coefficients to be estimated, x
1s a vector of explanatory variables, £ a vector of error
terms and F stands for any distribution that a
researcher might consider.

Prob[y, =0]=0(-f'x )
Prob[y, =1]=® (s -p'x )-0(-px, ) (3)
Prob[y, =2]=(s-P'x,)- (4 -px)

where Iﬂ]is the normal cumulative density function,
1 and u+; represent the upper and lower threshold
values for category J, respectively. Note that p-1 = -
and po = 0.

The log likelihood function is:

logL= iiy,-,- log(cb(uj -Bx, ) -0 (f“f—l -Bx, ))

i=l j=0

:Zylzolog(d)(—ﬂ’x, ))+Zy‘:llog(d)(yl -Bx,)-0(-px))+ @
Y, log (@, ~Bx,) -0 (1 -Px))

significance level 0.01.

Marginal effects were calculated to determine a
unitary effect of each exogenous variable on each of
the three categories of the dependent variable. The
marginal effect of a continuous variable for the
ordered probit model for three categories can be
calculated as (Liao, 1994; Chen et al., 2002)

dProb(y, =0) :—¢(B'X )ﬂ
o, Ul
L4 6
dProb(y =2 LA\
%{aﬁ(ﬂl—sxlﬂm

where IIES the normal probability density function.
Marginal effects for a dummy variable, on the other

hand, can be calculated as the difference between
of the corresponding probability with and without the
presence of the variable in question. For example,

St of i )-ofin)

The standard errors of these marginal effects can be
obtained by utilizing the delta method.

RESULTS and DISCUSSION
Sixteen questions were used in determining the
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satisfaction of the members (Table 2). There were
statistically significant differences among the
satisfaction groups for each one of the 16 questions (p
<0.05). Statistically significant differences were found
among the satisfaction groups (p <0.05). The members
were the most satisfied with "/ think that the
members were Important for the unions (3.96)", but
they were the least satisfied with "My farm costs
decreased thanks to being a member of the union
2.53)".

The research results showed that 52% of the members
had high satisfaction with the union, 30% and 18%
had moderate and low satisfaction levels, respectively.
Newbery et al. (2013), in United Kingdom, found that
57.8% of the union members were very satisfied or
satisfied, 26.5% of members were neither satisfied nor
dissatisfied and 11.4 of the members had very
dissatisfied or dissatisfied. However, Osterberg and
Nilsson (2009), in Sweden, found that while 12% of the
members had high satisfaction levels with their
agricultural cooperatives, 33.6% of the members had
low satisfaction levels and 53.5% of the members were
dissatisfied.

Ninety-eight percent of the members were male, and
the average age of the members was 57. The average
educational level of the members was primary school.
Ninety percent of the members were farmers and they
had an average farming experience of 33 years. There
were statistically significant differences among the
groups in terms of the main profession (p<0.10). The
farms had an average of 28 decare land, and their
annual average total income was $ 13 thousand. As
the satisfaction of the members increased, their
incomes also increased. Fulton and Giannakas (2001)
also emphasized that the member satisfaction
increased profitability in agricultural organizations.
However, Osterberg and Nilsson (2009) stated that an
increase in income of farms led to an increase in the
commitment to and satisfaction in the cooperatives.
The farmers were members of two farmers’
organizations, and 94% of the members paid
membership fees to their unions. While none of the
members, who had low and moderate satisfaction,
were supplied input by their union, only 2% of the
members who had high satisfaction were supplied
input by their union. However, the rate of those who
sell their hazelnuts through the unions was 54%. This
rate was 71% for the members with high satisfaction.
There were statistically significant differences among
the groups in terms of marketing hazelnuts through
the union (p<0.01). Kilic Topuz and Bozoglu (2015)
found that 53% of the members of agricultural
development cooperatives were supplied agricultural
inputs by their cooperatives. The participation rate of
the members in the general assembly of the union was
71%, and as that participation rate increased, so did
the satisfaction of the members with the union. There
were statistically significant differences among the

groups in terms of participation in the general
assembly (p<0.01). The participation rate of the
members in the training programs of the union was
42%, and as this rate increased, the satisfaction of the
members with the union increased as well. There were
statistically significant differences among the groups
in terms of participation in the training program of
the union (p<0.01). Liang et al. (2015) found that the
participation rate of the members in the training
program and general assembly of the agricultural
cooperatives in China were 87% and 74%, respectively.
In this research, the average distance between the
farm and the union was 12 km, and the members
visited their union more than once a week. As the
satisfaction level of the members with the union
increased, their commitment to the union increased as
well. There were statistically significant differences
among the groups in terms of the commitment of the
members (p<0.01). There was a positive and
statistically significant relationship among the groups
in terms of the trust level of the members in the union,
the union executive board and other union members
(p<0.01). As the satisfaction of the members increased,
their trust in OHAPU, the union executive board and
other members increased (Table 3). Hansen et al.
(2002) stressed that as the member satisfaction
increased, the member trust in their organization and
organization performance increased. Prasertsaeng et
al. (2020) emphasized that trust influenced the
members level of satisfaction.

The Ordered Probit Model results showed that (Table
4) while the variables of the education level of the
member, marketing hazelnut through the unions,
participation in training programs of the union,
commitment to the union and trust level in other
members had statistically significant positive effects
on the satisfaction level of the members towards the
union. However, the variables of gender and visiting
frequency to the union had statistically significant
negative effects. Osterberg and Nilsson (2009) found
that the members’ satisfaction with the agricultural
cooperatives was affected by the variables of
profitability, age, experience, commitment and trust
towards the directors.

Members who participated in training programs of the
union, marketed hazelnut through the union and had
higher education levels were more satisfied. In
addition, as the commitment to the union and trust
level in other members increased, the satisfaction
level of the members also increased. There is a
statistically significant negative relationship between
the gender and satisfaction of the members. The
satisfaction level of female members was considerably
higher than the male members.

Osterberg and Nilsson (2009) conducted a research
with Swedish agricultural cooperatives and found that
the members who were satisfied with the profitability
of the cooperatives had the highest degree of
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commitment, but they had the lowest confidence in
cooperative management. Nevertheless, Nilsson et al
(2009), in Swedish agricultural cooperatives, found
that there was a positive relationship between
satisfaction and the trust in the executive board, and
the members who had low satisfaction with the
cooperative had also low trust in the executive board.
The research findings showed that there was a
statistically significant positive relationship between

the satisfaction level of the members and the
member’s commitment to the union and the trust level
of the member in other members. Some studies
revealed also that increases in member satisfaction
with the organization increased the trust in the
organization and organizational performances
(Hansen et al., 2002; Osterberg and Nilsson, 2009;
Sultan and Kataria, 2012; George et al., 2013; Kilic
Topuz and Bozoglu, 2015).

Table 3. Descriptive statistics of the variables used in the satisfaction models
Cizelge 3. Memnuniyet modelinde kullanilan degiskenlerin tanimlayici istatistikleri

Low  Satisfaction Moderate High Satisfaction General
(Driisiik Satisfaction (Yiiksek (Genel)
Memnuniyet) (Orta Memnuniyet)  Memnuniyet) (N=92)
(N=17) (N=27) (N=48) B
Variables (Degiskenler) Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Devw.
£ (Ort) _ (Std Sp) (Ort) (Std. Sp) _ (Ort.) (Std. Sp) _ (Ort.) (Std. Sp)
PERFORMC 48.42 7.38 49.93 8.80 50.45 9.12 49.92 8.67
GENASSEM *** 0.41 0.51 0.67 0.48 0.85 0.36 0.71 0.45
SUPPINP 0.00 0.00 0.00 0.00 0.02 0.14 0.010 0.10
TE MARKETNG*** 0.47 0.51 0.30 0.47 0.71 0.46 0.54 0.50
29 MANAGEXP*** 0.00 0.00 0.15 0.36 0.13 0.33 0.10 0.31
% ES PARTRAIN*** 0.12 0.33 0.33 0.48 0.58 0.50 0.42 0.49
'g ;a EXPORT** 0.59 0.51 0.44 0.51 0.73 0.45 0.61 0.48
: < CAPITAL 0.94 0.24 0.96 0.19 0.94 0.24 0.94 0.22
-g g DISTANC* 14.12 11.55 11.70 8.39 11.33 8.17 11.95 8.89
=} E VISITFRE** 25.88 87.54 55.81 112.79 107.04 136.55 77.00 125.3
~ COMMITM*** 2.22 0.59 3.43 0.75 4.46 0.36 3.74 1.01
TRUSTUNI*** 2.18 0.75 3.26 0.76 4.33 0.47 3.61 1.03
TRUSTEB*** 1.92 0.52 3.32 0.91 4.17 0.59 3.50 1.08
TRUSTOTM*** 2.99 0.96 3.60 0.61 4.27 0.56 3.83 0.82
. HSIZE 3.00 1.41 3.74 1.93 4.02 1.98 3.75 1.89
w
,_%; o % NMEMBOR 1.94 0.56 2.11 0.70 2.19 0.73 2.11 0.69
'5 § ?’i INSURANC* 0.24 0.44 0.11 0.32 0.19 0.39 0.17 0.38
T
EZ;A fo INCOME 9,788 7,974 12,608 8,616 14,725 12,608 13,222 10,889
o
= %ﬂ AGRLAND 26.00 37.72 32.33 31.72 27.88 29.43 28.83 31.47
A NCATTLE 2.52 5.91 3.56 7.49 5.26 13.43 4.25 10.79
3R MARSTAT*** 1.00 0.00 0.85 0.36 0.94 0.24 0.92 0.26
."c% '%') SOCSECUR* 1.00 0.00 0.96 0.19 0.94 0.24 0.95 0.20
= ﬁ MAINPROF* 0.82 0.39 0.93 0.27 0.92 0.28 0.90 0.29
2 :g"ﬁ EDUCAT 4.82 2.32 6.15 2.73 6.04 2.98 5.84 2.81
2 E EXPERIEN 37.18 14.62 32.52 16.87 31.94 13.89 33.07 14.91
g :§ GENDER 1.00 0.00 1.00 0.00 0.98 0.14 0.98 0.10
=< AGE 58.88 12.96 57.33 14.79 56.60 12.23 57.23 13.03

Notes. * Significance level 0.1; ** significance level 0.05;

*ok ok

significance level 0.01.

The results of marginal effects showed that the
likelihood of being included in a higher satisfaction
category was 77% more for the members who were
provided input by the union and 60% more for the
members who marketed hazelnut via the union.
Hence, it is obvious that economic factors had greater
influence than social ones in increasing members'
satisfaction. This research finding was also supported
by Sultan and Kataria (2012)’s study conducted in the
Chinese agricultural cooperatives. The members who
participated in the training programs of the union

were 90% more likely to be included in the high
satisfaction category than the rest. Female members
were 81% more likely to enter the high satisfaction
category than male ones.

CONCLUSIONS

This research concluded that while about half of the
members had high satisfaction, the remaining had
moderate or low satisfaction with their union.
However, it was also concluded that the variables such
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as the education level of the members, marketing
hazelnut through the unions, participation in training
programs, member commitment to the union and
trust level to other members had statistically positive
effects on the satisfaction level of the members

towards the union. However, the variables of gender
and visiting frequency to the union had statistically
negative effects on the satisfaction level of the
members.

Table 4. Ordered Probit Model estimates for the probability of members’ satisfaction
Cizelge 4. Uyelerin memnuniyet olasiligi i¢in Sirali Probit Model tahminleri

Marginal Effects (Marjinal Etkiler)

. ‘ Coefficients Low Satisfacjcion Moderate satisfacti.on High satisfaction ‘
Variables (Degiskenler) (Katsayilar) (Diistik Memnuniyet) (Orta  Memnuniyet) (Yiiksek Memnuniyet)
A Y=0 Y=1 Y=2
Constant -23.3605* - -
PERFORMC -0.06336 0.93992D-06 0.01324 -0.01325
GENASSEM 1.24677 -0.25853D-04 -0.21479 0.21482
SUPPINP 5.21008 -0.15612D-04 -0.77369%* 0.77371%*
X MARKETNG 3.23059* -0.82460D-04 -0.60954 0.60962
o2 MANAGEXP 0.88380 -0.95818D-05 -0.22969 0.22970
%Es PARTRAIN 5.45405%** -0.00015 -0.90312%** 0.90327***
'C% oy EXPORT -1.37581 0.18711D-04 0.31972 -0.31974
> 8.9 CAPITAL 1.09028 -0.27612D-04 -0.15619 0.15621
'5 :: DISTANC 0.05025 -0.74536D-06 -0.01050 0.01050
.5 i VISITFRE -0.01511*** 0.22419D-06 0.00316 -0.00316
8 COMMITM 5.25992%** -0.78023D-04 -1.09943 1.09950
TRUSTUNI 1.77364 -0.26309D-04 -0.37073 0.37075
TRUSTEB 0.41525 -0.61596D-05 -0.08680 0.08680
TRUSTOTM 4.28015%** -0.63490D-04 -0.89463 0.89470
& = HSIZE 0.36554 -0.54222D-05 -0.07640 0.07641
= E‘) NMEMBOR -0.07385 0.10954D-05 0.01544 -0.01544
5 % § INSURANC -0.10225 0.15688D-05 0.02084 -0.02084
> E § INCOME 0.02512 -0.37262D-06 -0.00525 0.00525
é =% AGRLAND -0.02293 0.34018D-06 0.00479 -0.00479
£ © NCATTLE -0.03049 0.45235D-06 0.00637 -0.00637
§ ’a MARSTAT -2.00608 0.14955D-04 0.54967 -0.54969
< '?\; SOCSECUR -1.70903 0.13085D-04 0.48132 -0.48133
.c% fﬁ MAINPROF 2.14879 -0.91055D-04 -0.24114 0.24123
; ;§ EDUCAT 0.70372** -0.10439D-04 -0.14709 0.14710
2 E EXPERIEN -0.05352 0.79390D-06 0.01119 -0.01119
;c_:; :S> GENDER -18.3972%* 0.18117D-04 0.81064*** -0.81065%**
= AGE 0.07481 -0.11097D-05 -0.01564 0.01564
Log-Likelihood -15.34161
X2 155.38614
McFadden R? 0.8350980
Mu 11.6495%**
N 92

Notes. * Significance level 0.1; ** significance level 0.05; ***
Therefore, in order to increase the satisfaction of the
members, the union’s taking a more active role in
marketing the hazelnut of the members, increasing
the participation of the members to training programs,
encouraging more women to become members of the
union, increasing the members’ trust in and
commitment to their unions. Furthermore, the
members should market their hazelnut though their
union and female farmers should be encouraged to be
members of the union. Vocational education of the
members should also be increased. There was a strong
positive relationship between the satisfaction level of

significance level 0.01.

members and both the commitment to the union and
the member’ trust in the union. Therefore, the
members’ commitment and trust levels in their unions
should be established and increased, in order to attain
overall satisfaction.
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ABSTRACT

The purpose of this study was to investigate the mutual interaction
between corruption and agricultural export variations with using
corruption perception index, exchange rate and gross domestic
product affect. Study, centers the Gambia country, but her neighbour
and competitive countries in order to make comparisons. Study
constructs a multinominal logit model to analyze the determinants of
agricultural export variations and depends on panel data belongs to
six Sub-Saharan African countries. Study shows that, the corruption
perception index had a probality on agricultural export. Value of
corruption production index in the previous year was likely to
contribute to the current agricultural export of Sub-Saharan Africa
countries. Increases at Gross Domestic Product provide benefits to
agricultural export in parallel with corruption perception index. Policy
makers, trade sector, business and civil society movements and
governmental approaches have significance on preventing corruption
climate atmosphere. To the best of authors knowledge, this study
constitutes the first attempt to build a theoretical framework to
explore how the interactions between determinants of agricultural
export variations and corruption inflluence.

OZET

Bu calismanin amaci, yozlagsma ytizdesi indeksi, doviz kuru ve Gayri
Safi Milli Hasila parametrelerini kullanarak yozlasma ve tarimsal
ihracat degiskenleri arasindaki karsilikl etkilesimleri arastirmaktir.
Calisma, Gambiya tllkesini odaga almakta ancak karsilagtirma
yapabilmek amaciyla rekabet halinde olunan komsu tlkeleri de ele
almaktadir. Calisma, alti1 Sahraalt1 Afrika tlkesini, panel data
degerlerine  dayanarak, tarimsal ihracat  degiskenlerinin
belirleyicilerini analiz etmek amaciyla multi-nominal logit model
kurmaktadir. Sonuglar, yozlasma deger indeksinin tarimsal ihracat
tizerinde belirli oranlarda etkisi oldugunu gostermektedir. Onceki
yillardaki yozlagsma uretim indeks degerlerinin, Sahraalti Afrika
ulkelerinin  mevcut yildaki tarimsal ihracatin1  etkiledigi
gorilmektedir. GSMH’deki artiglar, yozlagsma orani indeksine paralel
olarak tarimsal ihracata fayda saglamaktadir. Bu noktada, politika
yapicilar, ticaret sektorii, is ve sivil toplum hareketleri ve ¢esitli
hiikkiimet yaklagimlar:1 yolsuzluk atmosferinin énlenmesinde 6nem
tagimaktadir. Bu kapsamda c¢alisma, tarimsal ihracat ve yozlagsma
etkilesiminin nasil oldugunu kesfetme ve teorik bir ¢ergeve olusturma
noktasinda ilk 6rnegi olugturmaktadir.
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INTRODUCTION

The countries located in Sub-Saharan Africa have
pursued other developing regions of the world in the

growth for the last 50 years. The region is one of the
poorest regions in the world and remained poorer as
the rest of the world develop faster. A dramatical

describtion of Sub-Saharan Africa’s historical situation
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in a report of International Monetary Fund (2000)as
follows: “...the economic and social situation in sub-
Saharan Africa remains fragile and vulnerable to
domestic and external shocks, and the region has a
long way to go to make up for the ground lost over the
past two decades. Despite some upturn in economic
growth rates, poverty is still widespread and in many
parts of the continent extremely acute. Investment
remains subdued, limiting efforts to diversify economic
structures and boost growth. Furthermore, a number
of countries have only recently emerged from civil wars
that have severely set back their development efforts
while, sadly, new armed conflicts have erupted in other
parts of the continent. These conflicts and other
adverse factors, notably poor weather conditions and a
deterioration in terms of trade, have led to some loss in
economic momentum in the region over the past two
years”.

The phrases that was put forwarded in the above
paragraph are including delicasy, poverty, weather
conditions and weak economic growth. If we take
historical economic aspects as a guide for what is
possible in the future growth condition, we can infer
that global inequality will remain high for a long time.
In order to understand clearly, it should be known of
how long would it take for those with per capita
incomes at the poorest 10%, having 480 USD/year,
boundary to achieve the per capita incomes of the
richest 10% boundary, having 14500 USD/year. The
richest 10% boundary level is generally the level of
GDP per capita above which the poverty headcount
gets close to 0% for most countries. Unfortunately, the
answer is not at all desirable. Even under a very
optimistic scenario, it will take several decades for the
less developed countries such as sub-Saharan African
countries to reach the income level of the global top
10%. If those countries grow 2%, the answer 1s 172.1
years while they grow 6% it is 58.5 years. However, we
have not observed growth rates of more than 6% that
will enable reaching the level of intended per capita
income levels for a long time in the region (Anonymous,
2019). When anthropological factors such as domestic
conflicts and corruption added to all of these, a more
pessimistic picture emerges. Then there is no other
way to return to the beginning of agricultural
development. This fundamental field of a wusual
economy, unfortunately, is not able to adequately
support the subsequent sectors and of course larger
economic growth path in sub-Saharan African
economies. Even though agriculture has substantially
contributed to the GDP and export value in African
countries, the continents share in the global markets,
and the annual growth rates have diminished and
stagnated over the years. Global agricultural exports
by region showed that Europe (40.8%) sustained the
highest share in the world, followed by Asia (22.4%)
and North America (15.7%) and South and Central
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America (12%). Yet, Africa, which has heavily
depended on agriculture for food, economic growth,
and development, merely accounted for 3.6 of total
global food exports in 2014 (Verter, 2017).

All of these can be explained by low trade
liberalization. Indeed, there is a known phenomenon
that trade liberalization and integration to foreign
markets play an important role in economic
development. Although sub-Saharan Africa countries
have generally explored a liberalization route over the
past two decades, their economic performance has been
disappointing as stated above. Indeed, trade
liberalization has been a key part of the policy
prescriptions often made by international financial
institutions to support economic development. Yet, it
is almost impossible to achieve intended conclusions
with more than 80 per cent of the world's population
lives in over 100 developing countries that produce less
than 20 per cent of the world's products and services
(Desta and Hirsch, 2012).

As can be seen, domestic and external factors put the
Africa economies on the bottleneck. Resolving external
factors is not a matter of an individual country alone.
However, each country may progress in domestic
factors such as domestic conflicts and corruption in
order to reach a particular level of development.
Current study considers the corruption effects of this
domestic factors on agricultural exports in the selected
sub-Saharan countries, competitive ones, by featuring
the Gambia.

The corruption is stated as the abuse of entrusted
power for private gain, and the existence of the
corruption depends of three elements, which are
benefits, abuse of power and private-public sector. The
corruption 1s mostly linked with organizational
structure of a state in terms of economic and
managerial. It is seen as basic impediments to the
governmental efficiency. Indeed, private sector or
governments can be conceived to a symptom that
something has gone wrong in the management of the
state. Advices on sound policies, well-designed
incentives and efforts may not reach the desired
results when the corruption starts and grows. Finally,
economic inefficiency hit the subsistence people living
in an actually poor country. Corruption draws
attention many policy-makers and scientific
researchers across the world, that has been explained
by an index since 1995. The Corruption Perception
Index (CPD is an index published annually by
Transparency International which ranks countries by
their perceived levels of public sector corruption as
determined by expert assessments and opinion
surveys.

There are more than twenty reasons of the corruption,
and its reasons and effects are investigated by several
authors in the literature. Freedom in press,
theoretically, provides anticorruption norms and
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expose the corrupt behavior (Treisman, 2000;
Bhattacharyya and Hodler, 2015). Freedom of the
press is more of an issue affecting the general economy,
such as economic growth, investment and foreign
direct investment, FDI, (Zakharov, 2019). Therefore, in
specific studies, such as trade-corruption relationship,
statistical significance may be lower.

Excessive bureaucracy, insufficient efforts on trade
simplification and weak political management are
elements of corruption. Existence of those elements
may give a kind of monopoly power to the officials
(Kaufman and Wei, 1999). An African study stated
some limits to the FDI in post-colonial Africa (Mlambo
et al., 2019). Liberal economic policies giving chance
how to produce, sell and use your own production lead
to face lower-level corruption in a usual country.
Indeed, investigators found an evidence with a
negative association between more liberal economic
policies and corruption levels (Paldam, 2002; Saha et
al., 2009; Musila, 2019). Economic growth is one
another topic on the corruption researches. Some
authors suggest that corruption slows down growth
because investors hesitate to embark new economic
actions (Pellegrini and Gerlagh 2008; Cieslik and
Goczek, 2018). Some authors also suggest that growth
hampers the corruption due to strong government
institutions and their efficiency (Pose and Zhang,
2019).  Dincer, (2008) studied on ethnicity and
corruption relationship and observed that larger
ethnic groups in a country may increase the corruption

due to group favoritism. The resources and
opportunities are favorably allocated to group
members (Seim and Robinson, 2019). Women

employment contributes business world in terms of
productivity, patience, saving and acumen behaviors.
It is expected that women will be less prone to
corruption behavior (Glover et al., 1997). Globalization
and size of the country usually shows correlation. A
larger country integrates more into the world to meet
its needs. Foreign capital inflow may bring to a certain
extent structural activity and higher norms (Sandholtz
and Koetzle, 2000; Cai et al., 2018). Baklouti and
Baujelbene (2016) support this phenomenon indeed.
They examined country size-corruption relationships
and found that government size can lead to a decrease
in corruption if the democracy level is sufficiently high
and, in contrast, can lead to an increase in corruption
if it is too low. Decentralized government structure
draws attention to corruption researchers. It is briefly
explained by dispersed decision-making process that
prevents government-originated distortions. This may
protect many economic agents exposed to welfare
losses (Blackburn and Gonzalo, 2010; Neudorfer and
Neudorfer, 2015; Efobi, 2015). The connection of
governmental regime types and corruption has
received research interest. It 1s a widespread
phenomenon that there has been negative relationship
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between two variables. Regular voting raises the
democratic conditions and increases corruption control
(Persson and Tabellini, 2000). In addition, if fair
elections are experienced in a country, the officials who
are capable of performing governmental services and
live away from corruption are likely to remain in their
critical positions (Nur-teging and Czap, 2012).
Historical factors such as colonization, religion, legal
systems, and political stability are also investigations
by several authors. Treisman (2000) states that British
Colonies had lower-level corruption compared to
Spanish, French and Portuguese ones. Uberti (2018)
finds evidence that the corruption observed in Eastern
Europe, Central Asia and the Balkans did not arise
from socialist or Ottoman legacies. Excessive and
uncontrolled competition makes the market intensify,
and competent firms may engage in corrupt or
unethical activities (Dimant and Tosato, 2017). This is
associated with an increase in the level of corruption.
Political competition also facilitates the businesses of
certain groups and increases the tendency of
corruption. In fact, public and private sector employees
who finds their governmental organizations less
ethical and undisturbed are prone to corruption
(Gorsira et al., 2018). Corruption researchers find
evidences that community structure such as poverty
may trigger the corruption. Weak legal system cannot
prevent corruption and they are desensitized to be
more prone to accept and give bribe all socio-economic
life (Apergis et al., 2010). Yet, it is stated that such
tendencies may arise as a result of the injustice of
income and the interaction of poverty (Peiffer and Rose
2016). Urbanization have communities lose the social
control of family and religion and therefore it provides
the necessary conditions for corruption. (Holbook and
Meier, 1992). However, there are also opposite
approaches. It has been suggested that stigmatization
could be observed in urban society where urbanization
and corrupt applications can be detected more easily
(Goel and Nelson, 2010).

As can be seen in the literature review, although there
are many reasons for corruption, there is no consensus
above the reasons yet. Even if there is a general
evidence that corruption reasons depend on related
region, these reasons may affect each other Dby
influencing one another. In other words, one reason for
corruption may be the result and cause of another
corruption reason. The Gambia, which was the subject
of this study, is an agricultural country under the
influence of domestic factors such as corruption.
However, income from agriculture is low. Moreover,
the effective distribution of these revenues is one of the
problems that the Gambia has to solve as many
domestic problems.

Unlike the current literature, we assume a statistical
probability that all these corruption’s causes will
gather and affect the agricultural trade system of the



KSU Tarim ve Doga Derg 24 (4): 886-894, 2021
KSU J. Agric Nat 24 (4): 886-894, 2021

Arastirma Makalesi
Research Article

subsequent year. We employed the CPI, exchange rate,
very useful to explain the export, and Gross Domestic
Products (GDP). Variations at agricultural export is
explained by a probability involving multiple choices,
and it is stated with multinomial logit model (MNL).
Current study using a MNL model to analyze the
determinants of agricultural export variations are
different from former econometric techniques that
prefer Ordinary Least Squared (OLS) regression.

SOCIO-ECONOMIC BACKGROUND OF THE
GAMBIA

The Gambia is located west sub-Saharan Africa and
surrounded by Senegal. She has a narrow economic
base, relying heavily on agriculture which provides
employment for about 75% of the labour force and
accounting for 70% of the country's foreign exchange
earnings (Otaiku 2018). Performance of the sector has
fluctuated, contributing on average 23 per cent of
Gross Domestic Product (GDP) between the years of
2004 and 2016 and an average growth rate of 4 per cent
per year. Despite its potential, agricultural production
evidences low and unpredictable yields and high
susceptibility to droughts and erratic climate patterns.
The sector is basically rain-fed, with only 3% of the
arable land estimated under irrigation. The prevalence
of drought as a climatic phenomenon was very severe
in 2011 to the extent that the gains in the sector were
almost completely wiped-off in a single year’s drought
situation. However, Gambian agriculture is mainly
characterized by farmers who grow food mainly for
family consumption as a result leaving little for
commercial purposes. This inadequate volume of
production is mainly due to the retarded progress in
farming methods and scattered pieces of land holdings.
Most of the farm land is cultivated by small scale
farmers with traditional agricultural practices.

Smallholder farmers are caught in a vicious cycle of
risks, limited use of inputs, low productivity and low
income. The sector is predominantly subsistence, rain
fed with very little irrigation or use of improved seeds
and fertilizers. In regions where population growth is
rapid and rural population density is high, the size of
the average household’s farming system has been
rapidly declining. Thus, exposing The Gambia to be
considered as a country where food insecurity has
become endemic owing to repeated incidence of crop
failure, incidence of animal disease outbreak, rising
food prices and the lack of adequate support
mechanisms to victims (Gibba, 2017).

In the 2016 fiscal year, the agricultural, industrial and
service sectors contributed 19 percent, 13 percent and
62 percent to real GDP of the country, respectively
(GBOS, 2016). The share of the agricultural sector to
the whole economy is decreasing from time to time,
whereas the growth in service sectors increasing at
high rate while the industrial remains constant.
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Despite the agricultural sector’s decreasing
contribution to the overall GDP of the country, it is still
the country’s biggest employment provider and
contributes the largest share of raw materials for local
industries

The economy of the country is mainly dependent on the
agricultural sector thus the export sector is also highly
dependent on agricultural productivity. Since the
export sector is characterized by dependence on
primary commodities, the country faces different
problems such as: the low volume of exportable
products, the limited degree of diversification of
exports, frequent economic crises and artificial trade
barriers by trading partners among others.

In order to increase the contribution of the agriculture
sector various measures have been taken by the
government. However, agricultural exports have been
largely concentrated on three agricultural products —
Groundnuts, Cashew nuts and Fisheries — which are
incessantly subjected to fluctuations in quantity, price
and low competitiveness in the international market.
Countries competing with Gambia in agricultural
exports are Senegal, Ghana, Nigeria, Tanzania and
Guinea.

MATERIAL and METHOD

If the corruption is closely linked to the organizational
structure of a country, we should also be suspicious of
the fact that it may affect export facilitates.
Traditionally, the determinants of a country's export
potential are evident, and those are can be listed as
exchange rate, change in economic growth, historical
experience of the country, openness of the trade and
geography of the country. In addition to all of these,
corruption can be an important factor that is justified
as in the previous sections. In fact, the organization of
economic activities is also implicitly located in the CPI.
In agricultural related export, natural conditions may
become determiner of a country’s Agri-export
performance. This foresight wvaries according to
geographical location in the countries where similar
crops are cultivated. Yet, climatic conditions are
resemble for many countries located at Sub-Saharan
Africa Region. For this reason, exchange rate, CPI and
economic growth which are the closest variables to the
possibility of being an important determinant of
agricultural exports were taken into consideration in
this study.

As we may understand from the existing literature,
different authors find different results on the same
reason that explains the corruption. In fact, vast
majority of abovementioned 'corruption reason set'
having more than 20 reasons is linked with economic
growth. As known, agricultural growth and export are
main drivers of economic growth in the countries
where there is no alternative other than agriculture.
Obviously, one or more reasons feature that may raise
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or decrease the impacts of one another reason. In other
words, the variations on the agricultural exports,
depending tightly on weather conditions, are explained
by the impacts of several probabilities. We predict that
the variations at CPI, exchange rate and GDP affect
subsequent year’s agricultural export change. At this
point, we contribute to existing corruption literature.
CPI score calculation flows four basic steps: selection
of source data, standardize data sources, aggregating
the rescaled data and then reporting a measure for
uncertainty. The CPI draws upon 13 data sources
which capture the assessment of experts and business
executives on a number of corrupt behaviours in the
public sector, including: bribery, diversion of public
funds, nepotism in the civil service and state capture.
Each of this data soruces using to calculate the CPI.
Then this data sources is standardized to allow for the
aggregation into the CPI score. The standardisation
converts all the data points to a scale of 0- 100 where a
0 represents the highest level of perceived corruption,
and 100 the lowest level of perceived corruption. After
this, each country’s CPI score is calculating as a simple
average of all the available rescaled scores for that
country. At the end, the CPI score is reporting
alongside a standard error and 90 per cent confidence
interval which reflects the variance in the value of the
source data that comprises the CPI
score(Transparency International, 2019).

Current study centers the Gambia country, but her
neighbor and competitive countries, abovementioned,
are also examined in order to make comparisons.

As distinct from general logistic regression modelling
framework, several other modelling frameworks can be
used to the model relationship between categorically
dependent variable and a number of independent
variables (Motsoari et al.,, 2015). In this study,
variations at agricultural export is explained by a
probability involving multiple choices, and it is stated

Pin = 1/1+ exp(Biz + oz x;) + exp(Biz3 + Ba3x;), j =1

Diz = exp(Piz + Bazxi/1 + exp(Biz + Baz X;) + exp(Biz + Po3xi), j =2
Diz = exp(Biz + Ba3xi/1 + exp(Biz + Baz X;) + exp(Bi3 + Bozxi), j =3

The parameters $;, and f,, are specific to the second
alternative while B,; and B,;are specific to the third
alternative. The parameters specific to the first
alternative are set to zero to solve an identification
problem and to make the probabilities sum to one (Hill
et al.,, 2011). Estimation of current model is by
maximum likelihood.

RESULT AND DISCUSSION

The model was solved by SPSS statistical package that
is widespread at the social sciences area. Table 1 gives
the estimated and having statistical significance
coefficients. Country specific models have k-7
dependent outcome where k is the number of levels of
the outcome variable at the MNL estimation. Thus,

890

with MNL. Current study using a MNL model to
analyze the determinants of agricultural export
variations are different from former econometric
techniques that prefer OLS regression.

Current study depends on panel data belongs to six
sub-Saharan African countries, and the variations at
agricultural exports figures is a probability having
three alternatives. It may be increased, decreased or
not changed, and these are explained by J=3
alternative codes which are 1 if rising is observed, 0 if
decline is observed and 2 if there is no change in the
1th year. Those numerical values have no meaning, and
they are assigned arbitrarily. Explanatory variables
are also categorical variables that are CPI, exchange
rate and economic growth rate in the 7th year. We
employed one-year-previous value because it may
affect current export value. As in the dependent
variable export value change, explanatory variables’
alternatives are coded as 1 if rising is observed, O if
decline is observed and 2 if there is no change in the
Ith year.

Let 1 A be a random variable symbolizing the export
variation value observed by any investigated country
in related year. We assume that each export variation
faces a set of discrete variables of the CPI, GDP rate
and exchange rate. The MNL model for agricultural
export variation defines the following relationship
between the probability of observing option 7 A and the
set of explanatory variables X as (Hill et al., 2011):

1. (1

. P .
Prob (A; =j) = 5 )

where G i1s a vector of coefficients on each of the
independent variables X. If it is assumed that a single
explanatory factor, xi, then, in the multinomial logit
specification, the probabilities of observing
alternatives j = 1, 2, 3 at 1th year are:

2
(3
(4)

software considers the option 2 as reference group. The
code 2, as mentioned before, indicates the option that
there is no any change at the export variation. In other
words, the parameter estimates are relative to the
reference group.

The Gambia model has statistical significance on
"decreased export condition" relative to "unchanged
export condition". According to intercept, the intercept
is the multinomial logit estimate for the decreased
export condition relative to unchanged export
condition when the predictor variables in the model are
evaluated zero. In this case, the probability will be
unchanged side due to negative sign. The cpi
parameter coded 1, indicates that when the cpi value
increases a unit, log-odds of the decreased export
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condition relative to unchanged export condition would
be expected to be 18.89 unit while holding all other
variables in the model constant. However, same
interpretation is made with the increased export
condition relative to unchanged export condition in
terms of the cpi. At this statistic, the cpi parameter
coded 1, indicates that when the cpi value increases a

Table 1. Multinomial regression model results
Cizelge 1.

unit, log-odds of the increased export condition relative
to unchanged export condition would be expected to be
20.13 unit while holding all other variables in the
model constant. In this case, probability has greater
than previous one and, we can infer from this result
that the cpi has a probability on agricultural export
positively.

MNL explanatory variables* ML_Gambia ML_Senegal ML_Ghana
B Wald  Sig. B Wald Sig. B Wald Sig.
intercept -19.421 71.59 0.0
cpi=1 18.896 58.79 0.0 -16.98 87.54 0.0
0 cpi=0 -16.79 56.31 0.0
gdp=0 39.04 344.40 0.0 19.241 193.35 0.0
gdp=1 17.68 84.17 0.0
intercept -19.253 341.41 0.0
1 cpi=1 20.132 164.06 0.0
cpi=0 142.29 0.0
ML_Guinea ML_Nigeria ML_Tanzania
B Wald  Sig. B Wald Sig. B Wald Sig.
intercept
cpi=1
0 cpi=0 1.576  0.80 0.37
gdp=0
gdp=1 -1.6 0.802 0.37 1.27 047 0.49
intercept
1 cpi=1 -0.92 0.47 0.49
cpi=0
*The reference category is: 2
The GDP parameter coded 1, indicates that when the negative sign indicates that unchanged export

GDP increases according to previous year, log-odds of
the decreased export condition relative to unchanged
export condition would be expected to be 17.68 while
holding all other variables in the model constant. In
other words, the increases at GDP provides benefits to
agricultural export in the Gambia because the
coefficient of GDP coded zero (39.04) is greater than
that of GDP coded one.

The Senegal Model has statistical significance on the
GDP coded 0. The parameter value indicates that
declines at the GDP have probability on decreasing
export condition relative to unchanged export
condition. Then, the Gambian agricultural policy
makers should consider the Senegal’s GDP values
while making competition because it can affect
subsequent year’s agricultural export rate.

The Ghana Model has statistical significance on the cpi
both of coded 0 and 1. It means that the cpi of Ghana
have similar probability on the increased export
condition relative to unchanged export condition. The
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conditions have probability at the Ghana. Likewise, if
the cpi decreases at the Ghana, this effect has
probability on unchanged agricultural export
conditions.

The Guinea and Tanzania models have only statistical
significance on the GDP coded 1 on the probability of
decreased export condition relative to unchanged
export condition. In the Guinea, it is explained that
unchanged agricultural export conditions occurs when
the increases are observed at the GDP. Tanzania
model, contrary to Guinea model, the GDP coded 1 is
explained that probability of decreased agricultural
export conditions occurs when the increases are
observed at the GDP. In others word, GDP have
positive impacts at Guinea agricultural export while
Tanzania experiences inverse probability condition.

The Nigeria model have significance on the cpi values
both of probability of "decreased export condition"
relative to '"unchanged export condition" and
“increased export condition relative to unchanged
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export condition”. They have symmetric results that
the cpi values have opposite signs. Yet, unit changes
point out the zero coded cpi parameter value on the
probability of decreased export condition because the
coefficient of this probability have greater value than
that of coded 1.

According to the results of this study which is
supported by a small number of authors in the
literature review, it is possible that the value of cpi in
the previous year is likely to contribute, unfortunately,
to the current agricultural export of sub-Saharan
Africa countries as explained in (Anderson &
Marcouiller, 2002). In fact, some regions and countries’
corruption record is not clean-cut when the historical
background is examined. In the Nigeria’s oil export
created opportunities in the 1980s. Other cases are
come from Eastern Europe and former the Union of
Soviet Socialist Republic. It is because foreign
investors search stronger bargaining power relative to
domestic investors (Torrez, 2002). The motivation of
foreign investor grab is observed in transitional
economies. Although the Gambia 1s typical less-
developed country, especially, security issues and
unsupervised conditions may have occurred in the
export path.

Pervasive and cumbersome governmental conditions
prevail in corruption-efficient countries. "Speed
money" phenomenon is often observed in such
countries. It is a kind of bribes that works kickback like
legal for piece rate paying to government employees.
The speed money may play significance roles to bypass
bureaucratic delays.

However, this situation, which initially seems
innocent, 1s not suitable for both domestic and
international law. There are also views about the loss
of efficiency in the economy (Whalley, 2003). In
addition, if the fact that the people who are willing to
do business without any effort and the people who are
willing to do business is admitted same by related
community, the sustainability of her economic life will
put in jeopardy. This kind of unfair resource transfer
becomes a hidden tax loaded on transaction cost of a
country and may reduce its international trade share
in the medium and long term.

Such a diverse effect of corruption between domestic
and foreign stakeholders justifies strong corruption
reducing policies in relatively more open economies.

CONCLUSION

Despite the important contribution to national GDP,
the Gambia’s agricultural export sector continues to
perform far below its optimum potential. Its
performances are constantly undermined by series of
challenges that make it difficult to compete with other
exporting nations hence losing great economic benefits.
Today, several challenges trapped inside to the
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corruption phenomenon remain the Gambia in a very
difficult position in the international trade. Some of
these challenges include: domestic security, marketing
difficulties due to inadequate transport facilities,
perennial technical problems in the groundnut
processing factories and facilities, low producer prices,
frequent credit buying due to inadequate crop
financing capacity.

Reducing the challenges arising from corruption is
possible and it needs the establishment of an inter-
institutional collaboration that would help support the
agricultural trade sector. This will bring together both
government and private institutions, NGOs as well as
civil society organizations to formulate policies that
will help boost the exportation of agricultural products.
Research and development institutions will also have
a big role to play in terms of conducting market
researches and help in selecting crops that best adapt
to climatic conditions such as drought and pest
resistant varieties.

Policy makers, trade sector, business and civil society
movements could be the key strategic institutions
through which agricultural product export can be
improved, governmental approaches have significance
on preventing corruption climate atmosphere.

Gambia has little chance of competing in agricultural
products trade with globalization and other fast-
growing economies. However, with the improvements
in the organizational structure, it can bring foreign
trade to effective levels. Processed products industry
should be developed on an industrial project basis. The
share of basic agricultural products in the value chain
is quite low. The transition to partial organic farming
can provide certain advantages. It can provide
privilege in international agricultural products trade.

Besides the effect of the corruption on the economy,
cleaning it is also an important cost. It means a serious
monetary investment and time. However, initial costs
may return more favorably in the future.
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OZET

Bu calisma; Samsun Ili Carsamba Ilgesinde értii altinda sebze
yetistiriciligi yapan tureticilerin tretim ve pazarlama konularina
yonelik bilgi kaynaklarini tespit etmek ve bu bilgi kaynaklarinin
tarimsal yayim acisindan degerlendirilmesi amaciyla yapilmastir.
Aragtirmanin materyali, Tesadifi Tabakali Ornekleme Yéntemine
gore sebze Uretimi yapilan 37 koyden secilen 104 ureticiyle, 2019
yilinin sonbaharinda yapilan anket calismasindan elde edilen
verilerden olugmaktadir. Ureticilerin kullanmis olduklar: bilgi
kaynaklar1 modern ve geleneksel olmak tizere iki gruba ayrilarak bu
iki grup arasinda sosyoekonomik o6zellikler ve iletisim davraniglar
bakimindan herhangi bir farkin olup olmadigi bagimsiz iki 6rnek t-
testi ve ki-kare testi ile kontrol edilmigtir. Bulgulara gére; modern
bilgi kaynaklarini daha ¢ok kullanan treticilerin sosyoekonomik
ozelliklerden orta alti1 alani buyuklugl, orti alt1 Greticilik deneyimi,
traktor varligi, gelir kaynagi ve sosyal gilivence durumu; iletisim
davraniglarindan radyo dinleme sikligi, tarim kuruluslariyla goriisme
sikligi ve i1l merkezine gitme sikligi bakimindan daha avantajli
olduklar1 tespit edilmistir. Arastirmada treticilerin modern bilgi
kaynaklarini kullanmalar: ve tarimsal kuruluslarla iletisim halinde
olmalari i¢in egitim ve yayim faaliyetleri 6nerilmektedir.

ABSTRACT

This study was conducted in Cargsamba District of Samsun Province
to identify the sources of information for producers who grow under
cover vegetables, and to evaluate these sources in terms of
agricultural extension. The material of the research consists of the
data obtained from the survey conducted in the fall of 2019 with 104
producers from 37 villages. The sources of information used by the
farmers were divided into two groups as modern and traditional
sources. The differences between these two groups in terms of
socioeconomic characteristics and communication behaviors were
checked with independent sample t-test and chi-square test.
According to the research findings; producers who used modern
sources of information had more advantages in terms of greenhouse
area, farming experience, presence of tractors, income, and social
security; It was also determined that they had more advantages
regarding the frequency of meeting with agricultural institutions, and
frequency of traveling to the city center. In the research, training and
extension activities are recommended for producers to use modern
sources of information and to communicate with agricultural
institutions.
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GIRIS

Tarim sektori, ozellikle gelismekte olan iilkelerde
gerek tllke niifusunun beslenmesi gerekse ekonomik
kalkinma agisindan son derece 6nemli bir sektordir.
Gelismekte olan ilkeler kategorisinde yer alan
Tirkiye'nin ekonomik gelismesinde, tarim sektériiniin
¢ok 6nemli bir yeri vardir. Nitekim koylerde yasayan
nifus son yillarda 6énemli oranda azalmig olsa da
nifusun kayda deger bir miktar1 tarimsal tretim
faaliyeti ile ekonomiye katkida bulunmaktadar.

Turkiye’de 2019 yili verilerine gore niifus artis hizinin
yillik %1.47 (Anonim, 2019) oldugu géz 6niinde
bulunduruldugunda, artan nifusun beslenmesi
acisindan tarimsal triinlere olan talep nicelik ve
nitelik olarak artmig bulunmaktadir. Artan talebin
yeterli ve dengeli bir sekilde karsilanmasi ihtiyaci,
tarim sektériinin 6nemini daha da artirmaktadir
(Cinemre ve Kilig, 2015).

Tarimsal Uretimde verimliligin artirilabilmesi igin,
birim alandan daha yiliksek verim alinan uretim
modellerine yonelmek gerekir. Bu konuda ilk akla
gelen tretim modeli 6rti alti tretimdir. Ortii alti
uretimi, birim alandan yliksek verim avantajinin yani
sira mevsimsel olumsuzluklari minimuma indirmekte
ve yil boyu uretim yapma olanagi saglamaktadir
(Sevgican, 2002).

Turkiye'nin en oOnemli delta ovalarindan birisini
olugsturan Carsamba Ovasinin toplam arazi varlig:
777.560 dekardir. Bu arazinin %76's1 tarimsal tiretim
alani olarak kullanilmaktadir. Bu yapisi ile Tiirkiye'de
16. sirada bulunan Samsun Ilinin tarim alam i¢inde
Carsamba Il¢esinin payr %15.67'dir. Ovadaki toplam
tarim alani i¢inde sebze bitkilerinin pay: ise %21.4'dir
(Anonim, 2018). Ortii alt1 tireticilik uygulamalarinin
her gegen giin daha da 6nem kazandigi ilcede hem
gecimini bu sektérden saglayan igletme sayisi
artmakta hem de bolgedeki tiiketicilere yil boyunca
uygun fiyatlardan sebze  tilketme  olanag
sunulmaktadir. Ilcede 6rtii alt tireticilik konusunun
cesitli yonleriyle arastirilmasi ve aksak yonlerinin
tespit edilmesi, sektoriin gelisimi i¢in alinabilecek
onlemler ve geligtirilebilecek stratejilere onciiliik
yapacaktir.

Turkiye’'de 6rti alt1 sebze yetistiriciligi konusunda gok
sayida arastirma yapilmistir. Ancak 6rti altinda sebze
iretimi ve pazarlanmasi konularinda kullanilan bilgi
kaynaklar ile ilgili olarak simirli sayida arastirma
yapilmistir. Diger taraftan Carsamba Tlgesinde ortii
alt1 sebze yetistiriciligi yapan treticilerin bilgi
kaynaklarinin tespit edilmesine yonelik olarak bugiine
kadar bir aragtirma da yapilmamigstir. Dolayisiyla bu
arastirma, her ne kadar, Carsamba Ilcesi ile sinirh bir
proje olsa da tireticilerin iiretim siireglerindeki gergek
durumlarinin ortaya konmasina hizmet edecegi i¢in
0zgun bir deger tagimaktadir. Ayrica ortaya konacak
verilere dayal olarak, Cargsamba Ilgesinde 6rtii alti
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tariminin geligtirilmesine yonelik 6ngoriilerin ortaya

konabilmesine imkan saglayacak olmasi1 da
arastirmanin 6nemini ve 6zgun degerini
artirmaktadir.

Bu ¢alismada 6ncelikle 6rtii altinda sebze yetistiriciligi
yapan Ureticilerin sosyoekonomik 6zellikleri, iletisim
davraniglar: ve yakin-uzak g¢evre ile olan iligkilerinin
belirlenmesi; daha sonra da 6rti alt1 treticilikle ilgili
bilgi kaynaklarinin sosyoekonomik ézellikler, iletigim
davraniglar1 ve yakin-uzak cevre ile olan iligkiler
bakimindan karsilastirilmas: amaclanmaktadir.

Ureticiler, tarimsal faaliyetleri esnasinda, ayni tiretim
faaliyetleri i¢in birbirinden farkli bilgi kaynaklarindan
faydalanmaktadirlar. Ureticilerin farkl
uygulamalarda  kullanmis olduklari bu  bilgi
kaynaklar1 geleneksel ve modern bilgi kaynaklar:
olmak tizere iki ana gruba ayrilmistir (Boz ve
Ozcatalbag, 2010; Deliktas, 2003). Ayrica her iki
gruptan da yararlanan cift¢ilerin bilgi kaynaklar: ise
karma bilgi kaynaklar: olarak adlandirilabilmektedir.
Geleneksel bilgi kaynaklar:; tGreticinin kendi tarimsal
deneyimleri, aile uyelerinin tarimsal deneyimleri,
arkadas’komsu ve diger {Ureticilerin tarimsal
deneyimlerinden olusmaktadir. Modern bilgi kaynagi;
Tarim il/ilce Mudirligi teknik elemanlari, zirai
ilag/giibre bayi teknik elemanlari, riin satin alimi
yapan kamu veya 6zel kurulus/komisyoncular, radyo,
televizyon ve internettir.

Bugiine kadar yapilan c¢alismalarda treticilerin
tarimsal turetim faaliyetlerinde kullandiklar:1 bilgi
kaynaklarini tespit etmeye yonelik olarak birgok
calisma yapilmigtir. Bu c¢alismalarda treticilerin
geleneksel, modern ve karma bilgi kaynaklarmni
kullandiklar1 rapor edilmistir (Talug,1975; Ozcatalbas
ve Gilrgen 1992; Yavuz ve Giurbiz, 2001; Deliktas,
2003; Boz ve ark., 2004; Ozcan, 2005; Yilmaz ve ark.,
2009; Torun, 2011; Akarsu, 2012; Unli, 2017). Ancak
Cargsamba ilgesinde orti alt1 dreticiligi yapan
ureticilerin  bilgi  kaynaklarindan  faydalanma
durumlarini belirlemeye yonelik olarak bugiine kadar
kapsamli bir arastirma yapilmamigtir.

Bu alan arastirmasi ile bu eksikligin giderilmesi
amaglanmigtir.

MATERYAL ve METOD

Aragtirmanin ana materyalini, Samsun Ili Carsamba
Ilgesinde 6rtii alt1 sebzeciligi yapan treticiler ile 2019
yilinin sonbahar aylarinda, yapilan anketlerden elde
edilecek veriler olusturmaktadar.

Konu ile ilgili ikincil veriler Cargsamba Tarim ve
Orman Ilce Mudiirlugi ve Tiirkiye Istatistik Kurumu
(TUIK) verilerinden elde edilmigtir. Ayrica konu ile
ilgili ulusal ve uluslararasi arastirma bulgularindan
iiretilmis olan her tiir (tez, kitap, rapor, inceleme,
derleme) yayinlardan yararlanilmistir.
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Arastirmada anket uygulamasi yapilan treticilerin
belirlenmesinde tabakali tesadiifi 6rnekleme yontemi
kullanilmigtir. Ana kitlede yer alan 769 tretici, 6rti
alt1 Giretim alani kriterlerine goére 3 gruba ayrilmistir.
Bu ayirima gore tabakalar; 1. grup 0 - 7.5 da, II. grup
7.51 — 20.0 da ve III. grup 20.1 - 85.0 da seklinde
olusturulmustur. Arastirmada anket uygulanacak
ornek sayisi, %5 hata payr ve %95 giivenilirlikle
asagidaki formil yardimiyla 104 olarak belirlenmigtir
(Yamane, 2001).

_ NIN,S?
" T N2DZ + Y N,S?

n = Ornek hacmi, N = Ana kitle, N» = h. tabakadaki
denek sayis1, Sk = h. tabakadaki standart sapma, D? =

2
:—2 olup, d = Ana kitle ortalamasindan izin verilen hata

miktari, z = Standart normal dagilim tablosundaki z
degerini gostermektedir. Arastirmada c¢ekilen 6rnek
sayis1 oransal olarak tabakalara dagitilmis ve
tireticilerin  36’s1  (%34.3) birinci tabakada, 37’si
(%35.4) ikinci tabakada ve 31 (%30.3) iigiincii
tabakada yer almistir. Tesadufi sayilar tablosundan
anket yapilan ureticiler, ureticilerin belirli koylerde
yogunlagmamasi nedeniyle 37 koye dagilmistir.

Arastirmada veri toplamak amaciyla hazirlanan anket
konu ile 1ilgili yapilmig o6nceki calismalardan ve
yorenin genel ve  tarmmsal  oOzelliklerinden
yararlanilarak hazirlanmagtir. Aragtirmada
kullanilan anketin hazirlanmasinda agirhikli olarak
Kutlar (2019), Torun (2011), Yalcin ve Boz (2007) ve
Boz (2002) calismalarindan yararlanilmigtir. Sorular
teknik olarak acik ve kapali uclu olarak
hazirlanmigtir. Veri toplama iglemi 2019 yilinin
sonbahar aylarinda tamamlanmistir. Anketler
cogunlukla cift¢inin igletmesinde ve koy-mahalle
kahvelerinde doldurulmustur. Bir anketin
doldurulmasi yaklasik 30 dakika almigtar.

Verilerin degerlendirilmesinde SPSS istatistik paket
programi kullanilmigtir. Veri degerlendirme igleminde
sosyoekonomik o6zellikler ve iletisim davraniglarinin
belirlenmesinde frekans, ortalama, standart sapma ve
yizdelerden olusan tamimlayici istatistikler
kullanilmigtir. Ortii alt1 yetistiriciligi konularinda
kullanilan geleneksel ve modern bilgi kaynaklarini
daha ¢ok kullanan treticilerin karsilagtirilmas:
amaciyla verilerin kodlanma durumuna gére bagimsiz
iki o6rnek t-testi ve Ki-kare testleri kullanilmistir.
Arastirmada anket 1ile elde edilen verilerden
yararlanarak mevcut durumun ortaya koyulmasinin
yani sira mukayese edilebilme imkaninin dogdugu
durumlarda karsilagtirmali degerlendirmeler de
yapilmistir. Boylece yorede orti alti dretimi ve
ureticisinin kazanimlari ve handikaplari bu yolla
ortaya konulmustur.
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BULGULAR ve TARTISMA
Ureticilerin Sosyoekonomik Ozellikleri

Arastirmada ele alinan ilk sosyoekonomik o6zellik
ureticilerin yagidir. Calismaya katilan tireticilerin yas
araligl 30-76 olup ortalama yas 53'tiir. Ureticilerin
%61.5'1nin yas1 50 ve lzerindedir.Bu bulgusu ilgede
orti alt1 tarim1 yapan treticilerin ¢cogunun orta yasta
oldugunu gostermektedir (Cizelge 1).

Ureticiler  ailedeki  birey  sayis1  bakiminda
incelendiginde; ortalama aile ferdi sayisinin 5.51
oldugu tespit edilmistir. Ayrica Ureticilerin %24intn
aile fert sayisimin 2 ile 4 kisi arasinda oldugu tespit
edilmigtir. Bu durum ileride aile fert sayisinda bir
azalmanin olabilecegine isaret etmektedir. Arastirma
sirasinda yapilan gozlemler ve elde edilen izlenimlere
gore Ureticilerin  ¢ocuklarinin  kéyde durmak
istemedikleri ve tarim dis1 stirekli geliri olan bir iste
calismak istedikleri anlasilmistir (Cizelge 1).

Ureticilerin ~ egitim  diizeyi bakimindan biyiik
cogunlugunun (%84.6) ilkogretim mezunu oldugu
tespit edilmigtir. Arastirmanin saha c¢alismasi
kapsaminda yapilan gozlemler ve elde edilen
izlenimlere goére, ureticilerin egitimlerini ilkokuldan
sonra devam ettirememesinin baslica nedeninin
bolgedeki fiziki altyapi yetersizliginin oldugu tespit
edilmigstir. Ayrica ailesinin iggilicine olan ihtiyac
sebebiyle de aile fertlerinin en azindan bir béliminin

egitim hayatini yarida birakmis oldugu
anlagilmaktadar.

Ureticiler koéy yoénetimine katihm  acisindan
degerlendirildiginde biiyiikk bir kisminin (%69.2)
kendisinin  veya  ailesinin  kOy  yOnetimiyle

ilgilenmedigi tespit edilmigtir. Sosyal statii olarak koy
yoneticiliginin toplum gozindeki O6nemine ragmen;
¢alismanin yapildigi bolgedeki treticilerin  koy
yonetimiyle ilgilenmedikleri tespit edilmistir.

Ilcede isletme arazisi biiyiiklikleri 2 da ile 130 da
arasinda  degismekte olup, ortalama isletme
buytuklugi 29.84 dekardir. Isletmelerin %56.73 inlin
isletme arazisinin 25 da dan kiicik oldugu tespit
edilmistir. Ureticilerin 6rtii alt1 alam biiyiikliiklerinin
0.12 da ile 16.7 da arasinda degistigi tespit edilmis
olup, ortalama &rti alt1 buyuklugi 1.872 dekardir. Bu
bulguya gore bolgede igletme basina orta alti tiretim
yapilan alan ¢ok genis degildir. Ureticilerin %62.5' 1.5
da’ dan az Orti alti alani sahip olduklari tespit
edilmistir. Ortii alt1 yetistiriciligini igletmelerin
neredeyse tamami kendi miulk arazilerinde
yaptiklarindan bodlgede kiracilik ve ortakgilikla
isletilen 6rtii alt1 alanlarina rastlanmamistir (Cizelge
1).

Ureticilerin tarimsal deneyim siireleri 10y1l ile 55 yil
arasinda degismekte olup, ortalama deneyim siiresi 33
yildir. Ureticilerin %42.3 'iniin 29-39 yil arasinda
deneyime sahip olduklar: tespit edilmistir. Ureticilerin
ortu alt1 Ureticilik deneyimi 2 yil ile 34 yil arasinda
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degismekte olup, ortalama 6rtii alt1 Gireticilik deneyimi
16.73 yildir. Ortd alt1 dretimi yapan treticilerin
%178.81 20 yildan daha az siiredir 6rtu alt1 yetigtiricilik
faaliyeti yapmaktadir. Ureticilerin 6rti alt1 treticilik
tecriibe siireli dikkate alindiginda bu konuda belirli bir
tecrilbeye sahip olduklar:1 séylenebilir (Cizelge 1).
Ureticiler sosyal giivencelerine gore incelendiginde
%59.6’sinin Bag-Kur sigortasindan faydalandigi ve
%12.5'inin ~ ise  higbir = saghk  sigortasindan
faydalanamadiklar: tespit edilmigtir. Anket ¢alismas:
sirasinda hicbir saglik sigortasi olmayan treticilerin
saghk ile ilgili sorunlarinin ¢éziimiinde bir kisminin
yesil kart uygulamasindan yararlandiklari, bir
kisminin da Genel Saghik Sigortasi ile Kamu Saghk
Hizmetlerinden faydalandiklar1 tespit edilmistir.
Ureticiler traktér varligi bakimindan incelendiginde
%79.81nin  traktér varligina sahip olduklari
belirlenmigtir. Traktér varligina sahip olmayan

Cizelgel. Ureticilerin Sosyoekonomik Ozellikleri
Table 1. Socio-Economic Characteristics of Farmers

ureticilerin traktér varhigina sahip olmamalarinin
baglica nedenleri arazi varliginin sinirli olmasi ve
ureticiligi ana ge¢im kaynagi olarak benimsememis
olmalar: oldugu tespit edilmistir.

Arastirma bolgesinde ureticilere direkt olarak geliriniz
ne kadardir seklinde sorulan soruya geligkili yanitlar
alindigindan, gelir diizeyini belirlemeye yonelik soru
asagidaki gibi sorulmustur: “Koéyuntzde faaliyet
gosteren ureticiler gelirlerine goére yuksek, orta ve
distk olmak tzere ¢ gelir grubuna ayrildiginda, siz
bunlardan hangisine girmektesiniz?” Bu olgiite gore
giftgilerin %65’ inin ~ orta  grupta yer aldig
belirlenmistir. Ciftcilerin énemli bir kismi (%77.9)
gecimini sadece tarimsal faaliyetten saglamaktadir.
Ayrica giftcilerin %71.2’si gelirinin %81 ve daha fazla
miktarini bitkisel Giretimden elde etmektedir.

Yas Say1 Oran (%) Tarimsal deneyim Say1 Oran (%)
30-35 yas 3 2.9 0- 28 yil 31 29.8
36-50 yas 37 35.6 29-39 yil 44 42.3

51 ve usti 64 61.5 40 y1l ve tzeri 29 27.9
Toplam 104 100.0 Toplam 104 100.0
Ailede birey sayisi Say1 Oran (%) Ortii alt1 deneyimi Say1 Oran (%)
2—-4 25 24.0 0- 13 yil 32 30.8
5-6 57 54.8 14-20 yil 50 48.0
6—-12 22 21.2 21 yil ve lizeri 22 21.2
Toplam 104 100.0 Toplam 104 100.0
Egitim diizeyi Say1 Oran (%) Sosyal giivence Say Oran (%)
Ilkokul mezunu 88 84.6 Yok 13 12.5
Ortaokul mezunu 11 10.6 Bag-Kur 62 59.6
Lise mezunu 5 4.8 SSK 29 27.9
Toplam 104 100.0 Toplam 104 100.0
Koy yonetimine katilim Say1 Oran (%) Traktor varlig Say1 Oran (%)
Evet 32 30.8 Evet 83 79.8
Hayir 72 69.2 Hayir 21 20.2
Toplam 104 100.0 Toplam 104 100.0
Arazi biiyiikligi Say1 Oran (%) Ortii alt1 alam Say1 Oran (%)
0-10da 24 23.1 0-0.50 da 32 30.8
11-25da 35 33.6 0.51-1.50 da 33 31.7

26 - 40 da 21 20.2 1.51- 4.00 da 25 24.0
41-130da 24 23.1 4.10 da ve Usti 14 13.5
Toplam 104 100.0 Toplam 104 100.0
Gelir kaynaklar Say1 Oran (%) Bitkisel iiretimin toplam gelir pay1 Say1 Oran (%)
Tarim 81 77.9 %80 ve alt1 30 28.8
Tarim ve tarim dis1 23 22.1 %81 ve Ustl 74 71.2
Toplam 104 100.0 Toplam 104 100.0
Gelir grubu Say1 Oran (%)

Diisiik 23 22.1

Orta 65 62.5

Yiksek 16 15.4

Toplam 104 100.0

1letisim Davraniglar1 ve Yakin Uzak Cevreyle Olan
Iligkiler

Carsamba Ilcesindeki 6rtii alt1 iiretimi yapan
isletmelerde ureticilerin gazete okuma sikligina iligkin
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olarak elde edilen veriler neticesinde iireticilerin
%67.3inlin hi¢ gazete okumadigi, tespit edilmistir.
Aragstirma neticesinde TUreticilerin dizenli olarak
gazete okuma aligkanlhiginin yok denecek kadar az
(%2.9) oldugu anlagilmaktadir (Cizelge 2).
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Cizelge2. Iletisim Davramslari ve Yakmn Uzak
Cevreyle Olan Iligkiler
Table2. Communication Behaviors and Relations with
Near Far Environment

Gazete okuma siklig1 Say1 Oran (%)
Hi¢ okumam 70 67.3
Ayda birka¢ kez okurum 18 17.3
Haftada birkag kez okurum 13 12.5

Her giin okurum 3 2.9
Toplam 104 100.0
Radyo dinleme siklig1 Say1 Oran (%)
Hi¢ dinlemem 74 71.2
Ayda birkag saat dinlerim 4 3.9
Haftada birkac saat dinlerim 13 12.5
Giinde birkag saat dinlerim 13 12.5
Toplam 104 100.0
TV izleme siklig1 Say1 Oran (%)
Hig izlemem 2 1.9
Gunde yaklasik bir saat izlerim 19 18.3
Giinde birkag saat izlerim 83 79.8
Toplam 104 100.0
Internet kullanma siklig Say1 Oran (%)
Hi¢ kullanmam 56 53.8
Haftada birkac saat kullamirnm 3 2.9
Gunde yaklasitk bir saat 15 14.4
kullanirim

Giinde birkag saat kullanirim 30 28.8
Toplam 104 100.0
Ilce merkezine gitme siklig Say1 Oran (%)
Ayda birkag kez giderim 8 7.7
Haftada bir kez giderim 24 23.1
Haftada birkag kez giderim 42 40.4

Her giin giderim 30 28.8
Toplam 104 100.0

Il merkezine gitme siklig1 Say1 Oran (%)
Yilda birkag kez 21 20.2
Ayda birkag giin giderim 43 41.3
Haftada birkag kez giderim 40 38.5
Toplam 104 100.0
Ziraat miithendisiyle gériisme Say1 Oran (%)
siklig

Yilda birkag kez 14 13.5
Ayda birkag defa 76 73.0
Haftada birkac defa 14 13.5
Toplam 104 100.0
Tarim kuruluglariyla goériisme Sayi Oran (%)
sikliga

Yilda birkag kez 16 15.4
Ayda birkag kez 75 72.1
Haftada birkac kez 13 12.5
Toplam 104 100.0
Tarl{nsal egitimlere katilma Say1 Oran (%)
sikliga

Hig katilmadi 47 45.2

Bir veya iki defa katildi 34 32.7

Tki defadan fazla katild: 23 22.1
Toplam 104 100.0
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Radyo dinleme bakiminda iireticilerinin %71.2’sinin
hi¢ radyo dinlemedigini belirtmistir. Ureticilerin
biiyiik bir ¢ogunlugunun (%79.8) giinde birkac saat
televizyon izledigi tespit edilmistir (Cizelge 2).
Internet kullamimi acisindan treticilerinin %53.8’inin
hig internet kullanmadiklari, belirlenmigtir.
Ureticilerin internet kullanmiminin smirli olmasimn
sebepleri incelendiginde; yaridan fazlasinin (%53.8)
koyde internet kullanimina yonelik olarak altyapi
hizmetlerinin olmamasi sebebiyle internet
kullanmadiklari, internet kullanan {treticilerin de
kendi imkanlari ile internet ulagimi sagladiklari, bir
kisim treticilerin ise internet kullanmaya karsi ilgi
duymadiklar: belirlenmistir (Cizelge 2).

Ilce merkezine gitme sikhina bakimindan;
ureticilerin  %69.2’sinin  haftada bircok kez ilge
merkezine gittigi belirlenmigtir. I merkezine gitme
sikligr bakiminda; treticilerin %51'inin ayda bir
giinden daha sik gittigi tespit edilmistir. Ureticilerin
bir kisminin pazarcilik faaliyetinde bulunmasi bu
durum iizerinde etkili bir faktérdiir (Cizelge 2).

Ureticilerin %73.0i en az ayda bir defa ziraat
mihendisleri 1ile goristiklerini  belirtilmiglerdir.
Arastirma sonuncu ireticilerin genel olarak; a)
isletmelerindeki o6rtii alt1 tiretim faaliyetleri esnasinda
bir sorunla karsilagsmalari durumunda, b) tarim
kuruluglarindaki teknik elemanlarin uretici
isletmelerini  farkli kurumsal amaclarla ziyaret
etmeleri ve ¢) girdi firmalarinin teknik elemanlarinin
uretici igletmelerini Uriinlerini pazarlamak amaciyla
ziyaret etmeleri vesilesiyle ziraat miihendisleri ile
goriistiikleri belirlenmistir (Cizelge 2).

Ureticilerin ~ %82.7’si tarimla ilgili kurum ve
kuruluslar ayda bir defa veya daha seyrek ziyaret
ettiklerini  belirtmiglerdir. Ureticilerin tarim

kuruluglarim1 ziyaret etme sebepleri incelendiginde;
genel olarak biiyiik bir kisminin (%67.3) resmi islemler
amaciyla bu kuruluslar: ziyaret ettikleri belirlenmigtir
(Cizelge 2).

Ureticilerin tarimsal egitim faaliyetine katilma
sikhigina iligkin olarak elde edilen verilere gore;
%45.2’sinin  daha 6nce hicbir tarimsal egitim
faaliyetine katilmadiklari belirlenmigtir. Arastirma
sonucu bolgede tarimsal egitim ve yayim
faaliyetlerinin daha ¢ok koOy toplantilari ve turetici
ziyaretleri gseklinde yiratildigi belirlenmistir. Ortii
alt1 Gretimi yapan tureticilerin neredeyse yarisinin
(%45.2) daha énce tarimsal egitim faaliyetleri
konusunda herhangi bir egitime katilmamis olmasi
uretimin strdarilebilirligi agisindan  distindirica
bulunmustur (Cizelge 2).

Bilgi Kaynaklarinin  Sosyoekonomik Ozellikler
Bakimindan Kargilagtirilmas:
Arastirmada bilgi kaynaklarinin sosyoekonomik
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ozellikler bakimindan karsilastirilmasinda verilerin
kodlanma sekline gére bagimsiz iki 6rnek t-testi ve Ki-
kare testi kullanilmistir. T-testi sonuclar1 Cizelge 3'te
verilmigtir. Cizelgede éncelikle ¢ift¢ilerin kullanmakta
olduklar1 bilgi kaynaklarinin geleneksel ve modern
olmak tizere iki kategoriye ayrilmig ve bu kategoriler
stirekli degisken olarak &lclilen sekiz sosyoekonomik
ozellik  bakimindan  karsilagtirilmigtir. Onem
diizeyinin p<0.0,5 diizeyinde kabul edildigi bagimsiz
iki ornek t-testi karsilagtirmada iki degigken
istatistiksel olarak énemli bulunmustur. Ilk énemli
degigken ortu alt1 alan buytikligu olup, érti alti alani
daha genis olan c¢ift¢ilerin modern bilgi kaynaklarini
daha ¢ok kullandiklarini gostermektedir.
Aragtirmanin  bu bulgusu onceki c¢alismalarla
paralellik gostermektedir (Boz ve Akbay, 2002; Boz ve
ark. , 2002; Tiirkyilmaz ve ark. 2003). Ikinci 6nemli
degisken treticilerin 6rti alt1 tecriibe stresi olup bu
sire arttikca modern Dbilgi kaynaklarindan
faydalanma miktarinin arttig1 gbzlenmigtir.
Geleneksel ve modern bilgi kaynaklarinin kullanim
diizeyi diger sosyoekonomik degiskenler bakimindan
herhangi bir fark géstermemistir (Cizelge 3).

Ureticilerin ~ bilgi kaynaklarimin  sosyoekonomik
ozelliklerden traktor varligi, gelir kaynagi ve sosyal
giivence durumu bakimindan kargilagtirilmasinda i-
kare analizi yapilmig olup sonuglar Cizelge 4’te
verilmigtir. Cizelgeden bu ti¢ degiskenden sadece
traktor varligr degiskenini istatistiksel olarak 6nemli
oldugu gorilmektedir. Bu bulguya gére modern bilgi
kaynaklarimi daha ¢ok kullanan ureticilerde traktore
sahip olma oraninin geleneksel bilgi kaynaklarini
daha ¢ok kullanan ureticilere gore daha yiiksek oldugu
goriillmektedir. (Cizelge 4).

Bilgi Kaynaklarinin Iletigim Davraniglar: ve Yakin-
Uzak Cevre ile Olan Iligkiler Bakimindan
Kargilagtirilmasi

Ureticilerin 6rtii alt1 dreticilikte kullandiklar: bilgi
kaynaklarinin iletisim davramiglar1 ve yakin-uzak
cevre ile olan iligkileri bakimindan karsilagtirilmigtir.
Bu amagla geleneksel bilgi kaynaklar: ve modern bilgi
kaynaklar1 ile radyo dinleme sikhigi, tarim
kuruluglariyla goériisme sikligi, il merkezine gitme
siklig1, ziraat miuhendisleri ile goriisme siklig,
bagkalarinin goriisiine bagvurma durumu, tarimsal
egitime katilma durumu ve televizyon izleme sikligi
analiz edilmigtir.

Yapilan bagimsiz iki 6rnek t-testi sonuglar1 Cizelge
5’te verilmigtir. Cizelgeden geleneksel bilgi kaynaklar:
ve modern bilgi kaynaklarini daha c¢ok kullanan
ureticiler arasinda radyo dinleme sikligi, tarim
kuruluglariyla gorisme siklig1 ve il merkezine gitme
sikligi  bakimindan  6nemli  farklar  oldugu
goriilmektedir. Geleneksel ve modern bilgi kaynaklar:
ile tarim kuruluglarini ziyaret sikligi arasinda da
onemli bir iligkinin oldugu, yani modern bilgi
kaynagindan faydalanan ureticilerin tarim
kuruluglariyla gorisme sikligi geleneksel bilgi
kaynagindan faydalanan ireticilere oranla daha
yiksek oldugu tespit edilmistir. Benzer 6nemli iligki
ureticilerin il merkezine gitme sikliginda da
belirlenmigstir. Bu konuda yapilan onceki ¢alismalarda
da tureticilerin sehir merkezine gitme sikliginin farkh
bilgi kaynaklarim1 kullanma durumu (Talug, 1975) ve
tarimsal yeniliklerin yayilmasi ve benimsenmesi
tizerine etkili oldugu saptanmigtir (Aydin, 1992).

Cizelge3. Bilgi kaynaklarinin sosyo-ekonomik 6zellikler bakimindan karsilastirilmas: (Bagimsiz érneklem t-testi)
Table3. Comparison of information sources in terms of socio-economic characteristics (Independent sample t-test)

Sosyo-Ekonomik Ozellikler N Ort SS T P

Ortii alt1 alam buyikligi Geleneksel bilgi kaynag 44 1.134 1.258 -3.135 0.002
Modern bilgi kaynagi 60 2.414 2.801

Ortii alt: yetistiricilik tecriibesi Geleneksel bilgi kaynag 44 14.863 7.105 -2.518 0.013
Modern bilgi kaynag 60 18.100 5.973

Aile niifusu Geleneksel bilgi kaynagi 44 5.886 1.819 1.916 0.058
Modern bilgi kaynag 60 5.250 1.558

Kendi arazisi Geleneksel bilgi kaynag: 44  33.000 24.172 1.538 0.127
Modern bilgi kaynag 60 25.534 24.836

Egitim diizeyi Geleneksel bilgi kaynagi 44 2.150 0.480 -0.937 0.351
Modern bilgi kaynag 60 2.250 0.575

Deneyim stiresi Geleneksel bilgi kaynag 44 33.216 9.513 0.300 0.608
Modern bilgi kaynag 60 34.250 10.910

Yas Geleneksel bilgi kaynagi 44 53.433 9.709 0.316 0.662
Modern bilgi kaynagi 60 54.340 11.371

Bitkisel tretim ytizdesi Geleneksel bilgi kaynag 44 89.166 13.566 0.068 0.946
Modern bilgi kaynagi 60 88.977  14.289
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Cizelge4. Bilgi kaynaklar ile sosyo-ekonomik 6zellikler bakimindan karsilastirilmas: (Ki-Kare Testi)
Table4. Comparison of information sources with socio-economic characteristics (Chi-Square Test)

Sosyo-Ekonomik Ozellikler Geleneksel bilgi kaynagi Modern bilgi kaynag X 2 P
Traktor varligi sayl % Say1 %

Evet 30 68.2 53 88.3 6.397 0.011
Hayir 14 31.8 7 11.7

Toplam 44 100 60 100

Gelir kaynag sayl1 % Say1 %

Tarim 31 70.5 50 83.3 2.444 0.118
Tarim ve tarim dig1 13 29.5 10 16.7

Toplam 414 100 60 100

Sosyal glivence say1l % Say1 %

Yok 7 15.9 6 10.0 2.945 0.229
BAGKUR 22 50.0 40 66.7

SSK 15 34.1 14 23.3

Toplam 414 100 60 100

Cizelge 5. Bilgi kaynaklarinin iletisim davranislar: ve yakin-uzak cevre ile olan iliskilerine ait veriler (T-Testi)
Table 5. Communication behavior of information sources and their data with the near-far environment (T-Test)

Iletigim Davramslar: ve Yakin Uzak Cevreyle Olan Iligkiler N Ort SS t P

Radyo dinleme siklig: Geleneksel bilgi kaynagi 44 0.613 1.602 -2.524  0.013
Modern bilgi kaynagi 60 1.566 2.094

Tarim kuruluslariyla goriisme siklig1 Geleneksel bilgi kaynag: 44 1.886 0.841 -2.399  0.018
Modern bilgi kaynagi 60 2.316 0.982

Il merkezine gitme sikhig1 Geleneksel bilgi kaynag: 44 2.477 1.355 -2.264  0.026
Modern bilgi kaynag: 60 3.083 1.344

Ziraat miithendisiyle gérisme sikligi Geleneksel bilgi kaynagi 44 2.045 0.987 -1.485  0.141
Modern bilgi kaynagi 60 2.333 0.968

Tarimsal egitime katilma Geleneksel bilgi kaynagi 44 0.659 0.775 -1.224 0.224
Modern bilgi kaynag 60 0.850 0.798

Televizyon izleme siklig1 Geleneksel bilgi kaynag: 44 5.818 0.390 1,141 0.256
Modern bilgi kaynag 60 5.616 1.121

Ilce merkezine gitme siklig Geleneksel bilgi kaynag: 44 4.886 1.185 0.332 0.740
Modern bilgi kaynagi 60 4.816 0.947

SONUC ve ONERILER yetigtiriciliginden istikrarli bir gelir elde etme

Tarimda modern bilgi kaynaklarinin kullanimi
tireticilere bir¢ok avantajlar saglamaktadir. Ureticiler
modern bilgi kaynaklarindan yararlanarak, kendi
sosyal sistemleri disinda gelisen teknolojilerden daha
kolay haberdar olmakta ve bu teknolojilerin
yararlarini daha kisa siirede idrak etmektedir. Modern
bilgi kaynaklarin1 kullanmayan fireticiler ise ¢ogu
zaman degisime daha ge¢ ayak uydurmaktadir.
Ureticilerin bu iki kaynaklarin hangisini daha ¢ok
kullandiklar1 ise sosyoekonomik 6zelliklerine goére
degisiklikler  gosterebilmektedir. Modern  bilgi
kaynaklarini kullanan dreticilerin sosyoekonomik
ozelliklerden ortii alt1i alami genigligi, orti alti
yetigtiricilik deneyimi ve traktor varligi bakimindan
daha avantajli olduklar1 ortaya cikmigtir. Ozellikle
orti alt1 alami ve traktor varhig: iireticilerin ekonomik
olanaklari ile ilgili olup bu faaliyetin uzun dénemli
olarak yapilmasina bir gésterge tegkil edebilir. Ayrica
Ureticilerin orti alt1 yetistiricilik deneyimleri arttikca
orta alt1 yetistiricilik konusunda daha c¢ok modern
bilgi kaynaklarina duyulan ihtiyacin da artabilecegi
varsayimi yapilabilir. Butiin bu 6zellikler modern bilgi
kaynaklarim1 daha ¢ok kullanan treticilerin 6rtii alt
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arzusunda olduklarina birer gosterge kabul edilebilir.
Bu baglamda iireticilerin modern bilgi kaynaklarini
daha ¢ok kullanarak tiretim ve pazarlama konularinda
giincel bilgilerini yenilemek, bu bilgileri igletmelerine
uyarlamak ve kirsal alanda sturdiirilebilir bir 6rta alta
isletmecisi olma arzusunda olduklar: sGylenebilir.

Aragtirma Dbélgesinde yer alan Treticilerin kitle
iletisimden yararlanma ve yakin-uzak cevre ile olan
iligkileri bakimindan profili ortaya kondugunda;
gazete okuma ve radyo dinleme egilimi disik olan,
glinde bir ka¢ saat televizyon izleyen, internet
kullanim kisitl, haftada en az bir defa ilge merkezini
ziyaret eden, en az ayda bir defa il merkezini ziyaret
eden, en az ayda bir defa ziraat mithendisiyle goértusen,
en az ayda bir defa tarim kurum yada kurulusglarini
ziyaret eden, tarimsal egitimlere katilimi diisik ve
tarimsal konularda bagkalarinin gériiglerine bagvuran
kigiler olduklar1 belirlenmigtir. Modern bilgi
kaynaklarim kullanan ureticilerin letigim
davraniglarindan radyo dinleme sikligi, il merkezine
gitme siklig1 ve tarim kuruluslariyla gérisme sikligi
bakimindan daha avantajli olduklar: ortaya ¢ikmagtir.
Ureticilerin 6zellikle il merkezine gitme sikhig1 ve
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tarim kuruluglariyla gorisme siklign gbéz onlnde
bulunduruldugunda treticilerin daha kozmopolit bir
yapida olduklar: ve aktif bir bicimde tarimsal bilgiyi
aradiklar1  sdylenebilir.  Dolayisiyla  arastirma
bélgesinde yer alan ortii alti sebze iuretimi yapan
ureticilere yonelik olarak yapilacak egitim ve yayim
programlarinda basarinin artirilmasi i¢in, tireticilerin
kitle iletisim davraniglar: ve yakin-uzak cevre ile olan
iligkilerinin g6z o6nilinde bulundurulmasi1 gerekir.
Ozellikle yenilikler konusunda ciftcilerde farkindalik
yaratmak agisindan televizyon ve radyonun etkin bir
sekilde kullanimi yararli olabilir. Diger taraftan

yeniliklerin degerlendirme ve benimseme
asamalarinda ise yayim elemanlarinin koylere
yapacaklar1 ziyaretler ve igletmelerde kurulacak

cesitli demonstrasyon ¢alismalarinin ¢ok daha yararh
olacagr soylenebilir. Burada ¢ift¢ilerin  yayim
kuruluglar1 ve yayim elemanlar1 ile olan goériisme
saatlerinin artmasi son derece 6nemlidir.
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OZET Aragtirma Makalesi

Bu aragtirma ile yetistirici kosullarindaki Kivircik koyunlarinda

meme Ozellikleri, linear meme puanlari ve bu 6zelliklerin birbirleri ile Makale Tarihgesi

iligkisini ortaya konmustur. Arastirmada yaslari 3-5 arasinda degisen Gelig Tarihi  :17.09.2020
toplam 38 bag Kivircik koyunu kullanilmistir. Meme 6zellikleri olarak Kabul Tarihi :23.11.2020

meme ¢evresi, meme ylksekligi, meme uzunlugu, iki meme arasi
uzaklik, meme basi genigligi ve meme basi uzunlugu degerleri
sirasiyla; 37.2 cm, 17.1 cm, 22.8 cm, 16.5 cm, 18.8 mm ve 27.3 mm
olarak bulunmustur. Linear meme oOzellikleri olarak meme basi
yerlesimi, meme derinligi, ayrilma derecesi ve meme baglanti derecesi
ortalamalar1 sirasiyla; 4.6, 8.0, 3.4 ve 6.9 olarak puanlanmigtir.
Degerlendirmeye alinan meme 6zellikleri tizerine kontrol dénemleri
ve koyunlarin canli agirhiginin etkisi 6nemli (P<0.05, P<0.01), dogum
tipinin etkisi O6nemsiz bulunmustur. Linear meme 6zelliklerine
koyunlarin canli agirhgr ve dogum tipinin etkisi Onemsiz
bulunmustur.

Anahtar Kelimeler
Koyun

Kivircik

Meme Ozellikleri
Linear Meme Puani

Determination of Udder Characteristics in Kivircik Sheep under the Breeder Conditions

ABSTRACT
This study was conducted to determine udder characteristics, linear
udder scores and the relationship of these characteristics with each

Research Article
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other of Kivircik sheep in breeder conditions. A total of 38 heads of Received ©17.09.2020
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characteristics of the traits including udder circumference, udder
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depth, degree of separation and degree of suspension of the udder were
scored as 4.6, 8.0, 3.4 and 6.9, respectively. The effect of the control
periods and live weight of the sheep were significant on the udder
characteristics (P<0.05, P<0.01), and the effect of the type of birth was
insignificant. The effects of the live weight and type of birth on the
linear scores udder characteristics were insignificant.

Linear udder scores
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GIRIS

Tirkiye’de koyun yetistiriciliginin agirlikli olarak
ekstansif kogullarda strdiriilmesi elde edilen sttin
miktar ve kalitesine etki yapabilmektedir. Kaliteli bir
stit i¢in 6ncelikle koyunlarin saglikli bir memeye sahip
olmalarinin yaninda sagim sonrasi slitin maruz
kaldig1 cevresel kogullar da biiyiik 6nem tagimaktadir.
Saglikli bir meme yapisi, sut tretimi ve kalitesinin
yaninda yavrularin beslenmesi agisindan 6nemlidir.
Turkiye’de kiigikbas sagiminin genellikle elle
yapiliyor olmasi ve sagim sirasinda sagim yapanlarin

kendilerini hayvanin meme yapisina gore ayarlamasi
meme seklini 6nemli bir hale getirmektedir. Diger
taraftan son yillarda makine ile sagimin
yayginlagsmasi ile meme yapisi sagim performansin
direkt olarak etkileyen bir &zellik olarak da o6ne
¢itkmaktadir. Siit verimi yoninde 1slah edilen
hayvanlarda memenin viicuda baglantisini saglayan
meme merkez baginin kuvvetli olmasi ki bunun zayif
oldugu durumlarda sagimin ilerleyen dénemlerinde
memelerde sarkmalar ortaya c¢ikmasina neden
olabilmekte (Kumlu, 1999), ayrica sarkik yapidaki
memelerde yaralanma ve ¢evresel patojenlere maruz
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kalma ve buna bagl mastitis riski de artmaktadir Makovicky ve ark., 2013).

(Uzmay ve ark., 2003). Bu c¢alismanin amaci, yetistirici kosullarindaki
Sut koyunlar1 i¢in sit verimi ve bilesimi ana Kivircik 1rki koyunlarda meme olgiileri, meme
seleksiyon hedefi olmakla birlikte, son yillarda puanlama ve parametreleri ile bu 6zelliklerin
sagimin teknolojik yonleri, Giretim kalitesi, fonksiyonel birbirleriyle olan iligkilerini arastirmaktir. Elde

uzun Omiurlilik ve hayvan refahi ile baglantih
ozellikler modern 1slah programlarinda daha 6nemli
hale gelmigtir. Makineli sagimin siit koyunculugunda
daha yaygin kullanilmasi ile birlikte, kolay ve birérnek
bir sagim rutini saglamak i¢in yetistiriciler ve bilim
insanlar1  tarafindan memenin morfolojik  ve
fonksiyonel 6zelliklerine ilginin artmasini saglamigtir.
Koyun memesinin mekanik sagim i¢in ideal morfolojisi
Labousiére (1988) tarafindan tanmimlanmistir. Bir
memenin yaralanmasina yol ac¢mayacak sekilde
makineli sagiminin verimliligini artirmak ig¢in, bazi
meme morfolojisi 6zelliklerinin yeni se¢im Kkriterleri
olarak uygulanma olasiliklari temelinde sagilabilirlik
ile baglantili olarak ele alinmaktadir. Ispanya (De la
Fuente ve ark., 1996; Serrano ve ark., 2002) ve
Fransa'da (Marie-Etancelin ve ark. 2005) cesitli siit
koyunu 1rklarinda memenin nitelendirmesinde
dogrusal puanlar kullamilmaktadir. Fernandez ve
ark., (1997), Serrano ve ark., (2002) ve Legarra ve
Ugarte (2005), meme tipi 6zellikleri icin orta diizeyde
bir kalitim derecesi elde ederlerken, bu yonde
koyunlara uygulanacak bir seleksiyondan iyi yanit
alinabilecegini ortaya koymuslardir.

Koyunlar farkli meme tiplerine sahiptirler (Epstein,
1985). Koyunlarin damizlik seciminde meme tipinin
sit verimine etkisi oldugu bir¢ok arastirmaci
tarafindan ortaya konmustur. Meme baglarinin
memede bulunduklari yer ve meme genigliklerinin
istenilenin diginda olmasi sit akigini ve sagim
zorlagtirabilmekte bu da siitte kalitenin bozulmasina
neden olabilmektedir. Bu konudaki c¢alismalar, siit
koyunlarinda siit veriminin meme ve meme basi
ozellikleriyle  pozitif yonde iligkili  oldugunu
gostermektedir (Izadifard ve Zamiri, 1997; Iniguez ve
ark., 2009). Bununla birlikte Mavrogenis ve ark.,
(1989), siit iretim seviyeleri ile meme 6zellikleri
arasinda dustik bir korelasyon oldugunu belirtmistir.
Ayrica meme yapisini genotip (Martinez ve ark., 2011),
laktasyon sayis1 (Gelasakis ve ark., 2012) ve siit verimi
(Fernandez ve ark., 1995) gibi sagimi etkileyebilecek
bir¢ok faktor oldugu da unutulmamalidir.

Linear (dogrusal) puanlama meme parametreleri,
seleksiyonda dikkate alinan bir 6zellik olup, veri
toplamay1 basitlestirmekte blylk strilerde meme
ozelliklerinin  pratik olarak degerlendirilmesini
saglamaktadir. Linear meme o6zelliklerine gore
skalada optimum seviyeyi gecebilen hayvanlar striide
kalmakta, boylelikle siirii siirekli bir seleksiyona tabi
tutulabilmektedir. Boylece, silit¢ii hayvan siiriilerinde
etkili ve kolay uygulanabilir bir 1slah programinin
uygulanabilme kogullari da yaratilmig olmaktadir
(Trimberger ve ark., 1992; Prpié ve ark. 2012;
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edilecek sonuclarin 6zellikle meme tipleri bakimindan
yverli koyun irklari ile yapilan smirhh sayidaki
arastirmaya katki saglayacagi diisiintiilmektedir.

MATERYAL ve METOD
Arastirmada Balikesir ili Balya ilgesinde bulunan 6zel
bir koyunculuk igletmesinde, 3-4. laktasyon

déneminde olan 38 bas Kivircik koyununun meme
olciileri degerlendirilmistir. Isletmedeki koyunculuk
faaliyeti agirlikli olarak ekstansif yetistirme seklinde
stirdurulmekte olup, ilkbahar ve yaz aylarinda
herhangi bir ek yemleme yapilmaksizin sadece meraya
dayali bir yetistirme sistemi uygulanmaktadir. Mart-
Agustos aylar1 arasinda koyunlar agila sabah ve
aksam sadece sagim i¢in getirilmekte ve geriye kalan
zamanda ise merada otlatilmaktadirlar. Eylil-Kasim
aylarinda ise koyunlar merada yayilmaya devam
etmektedir. Aralik-Subat aylar: arasinda gebeligin son
dénemi ve dogumun yaklagsmasindan dolayr meraya
ilave olarak koyunlara ek yemleme yapilmaktadir.
Koyunlarin dogumlari Ocak ay1 sonunda baglayip
Subat ayinin sonuna kadar devam etmektedir.

Koyunlarin canli agirlhik gibi sturekli varyasyon
gosteren faktor kesikli hale getirilmistir. Bu amacla
ana canli agirhig: icin ortalama deger 54.0 kg olarak

belirlenmis, ortalamanin altinda kalan (<54) ve
ortalamanin  istiinde olanlar (54) olarak
gruplandirilmigtir.

Meme olgtimleri koyunlar meradan gelip bir siire
dinlendirildikten sonra aksam saatlerinde sagim
oncesi yapilarak Mart-Temmuz aylar1 arasi 14 giin
araliklar ile 9 kez alinmistir (Sekil 1).

Koyunlarin meme tiplerinin belirlenmesine dogum
yaptiktan sonraki dénem ic¢inde dogrusal bir skala ile

memenin  morfolojik  olarak  degerlendirilmesi
yapilmigtir. Bu islem memelerin fotograflar ¢ekilmek
suretiyle bilgisayar ekranina aktarilarak
uygulanmigtir. Bu degerlendirmede, koyun

memelerinin morfolojik olarak belirlemek i¢in birden
dokuza kadar olan (1-9) bir skala kullanilmistir (Sekil
2), (Casu ve ark., 2006).

Memenin morfolojik olarak degerlendirilmesinde
dikkate alinan kriterler; Meme bas1 yerlesimi (MBY),
Meme derinligi (MD), Iki yarmin ayrilma derecesi
(AD) ve Meme baglant1 derecesi (MBD) dir. Bu
degerlendirme, koyun memelerinin fotografi ¢ekilmek
suretiyle, bilgisayar ekranindan puanlanmasina
dayanmaktadir (Casu ve ark. 2006, Koyuncu ve
Altincekic 2016).
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Meme uzunlugu
(Udder length)

Iki meme bas1 aras1 uzaklik
(Teat distance)

Meme yiiksekligi
(Udder height)

Meme cevresi
(Udder circumference)

Sekil 1. Meme 6lciilerine ait degerlendirme (Kizilay 1983)

Figure 1. Evaluation of udder size

Meme bagsi yerlesimi-MBY
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(Teat length)
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Meme basi genigligi
(Teat width)

Meme derinligi-MD
(Udder depth-UD)

Aynima derecesi-AD
(Degree of separation-DSE)

GEE

Meme baglanti derecesi-MBD
(Degree of suspension-DSU)

Sekil 2. Meme 6zelliklerine ait linear élciiler (Casu ve ark. 2006)

Figure 2. Linear udder measurements

Istatistik Analizler

Elde edilen veriler Minitab 17.0 paket program ile
agsagidaki matematik model kullanilarak
degerlendirilmigtir (Minitab 2014). Gruplar
arasindaki farkhiliklarin belirlemek igin Tukey c¢oklu
kargilagtirma testi uygulanmigtir.

Yiju =
Yix = 1. dénemdeki j. dogum tipindeki,
agirligindaki dlgtilen deger

m + ai + bj+ ck + ejjk

k. canh

m = popiilasyonun beklenen ortalamasini
ai = 1. dénemin etkisini (d1, de, ds, ds, ds, ds, d7, ds, do)
bj =j. dogum tipinin etkisini (tekiz, ikiz)

ck = k. canli agirhiginin etkisini (<54, >54)
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eijkl = Ortalamasi sifir standart sapmasi 2 olan hata
etkisini géstermektedir.

Interaksiyonlar ilk 6nce modele dahil edilmistir ancak
onemli bulunmadiklar: i¢in gitkarilmigtir.

BULGULAR ve TARTISMA

Meme o6zellikleri i¢in tanimlayici degerler Cizelge 1’de
verilmigtir. Meme 6zellikleri kapsaminda meme
cevresi (MC), meme yiiksekligi (MY), meme uzunlugu
(MU), iki meme aras1 uzakhk (IMAU), meme basi
genigligi (MBG) ve meme basi uzunlugu (MBU) icin
bulunan ortalama degerler 37.2+0.27, 17.1+0.12,
22.8+0.16, 16.5+0.08, 18.8+0.21 ve 27.3£0.31cm olarak
siralanmaktadir.
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Cizelge 1. Meme o6zellikleri i¢in tanimlayici istatistikler

T{zb]e 1. Descriptive statistics for udder characteristics

Ozellikler (Parameters) N X+ Sx SD CV% Min. Max.

MC (UD) 342 37.2+0.27 4.92 22.0 13.23 49.0

MY (UH) 342 17.1+0.12 2.26 10.0 13.23 32.0

MU (UL) 342 22.8+0.16 2.99 13.0 13.14 32.0

IMAU (TD) 342 16.5£0.08 1.51 10.0 9.13 20.0

MBG (TW) 342 18.8+0.21 3.87 10.5 20.64 31.8

MBU (TL) 342 27.3+0.31 5.65 1.61 20.75 45.3

MC/UD: Meme gevresi/ Udder circumference, MY/ UH: Meme yiiksekligi/ Udder height, MU/ UL- Meme uzunlugu/ Udder length,
IMAU/TD: 1ki meme basi aras1 uzakhik/Teat distance, MBG/TW: Meme bas1 genisgligi/ Teat width, MBU/TL: Meme bag1

uzunlugu/ Teat length.

Kivircik koyunlarinda meme 6zelliklerine ait degerlere
kontrol dénemleri, canli agirlik ve dogum tipinin etkisi
ve bu faktorlere ait en kiicik kareler ortalamalar:
Cizelge 2de verilmistir. Iyi ve saghkh olarak
degerlendirilen bir meme; biiyiikk hacimli ve karna
dogru kavis yapan, meme baglar1 belirgin, meme
sarnicina dokunuldugunda dokunun yumusak ve
elastik oldugu hissedilmeli, meme orta yiikseklikte
olmali dize kadar inmemeli, meme bag dokusu
belirgin, meme baglar1 orta uzunluk ve geniglikte
olmali, yere dik olarak uzanmalidir. Bu kapsamda
laktasyon siit verimi tizerine tiim meme 6zelliklerinin
onemli diizeyde etkiye sahip oldugu ifade edilmektedir
(Gallego ve ark. 1983; Fernandez ve ark. 1995).

Degerlendirilen meme o6zelliklerinden meme cevresi
ortalama 37.2 cm Dbulunmus olup, laktasyon
déneminin etkisi 6nemlidir (P<0.01). Koyunlarin canh
agirhik degeri siirt ortalamasindan yiiksek olanlarin
(38.3 cm), diisiik olanlardan (35.7 cm) meme cevresi
daha yuksek olup aralarindaki farkin énemli oldugu
saptanmistir (P<0.01). Ikiz doguran koyunlarin tekiz
doguranlara gore meme cevresi yaklasik 1 cm daha
biyiik bulunmustur. Banchero ve ark. (2004), ikiz
doguran koyunlar tekiz doguranlara gore daha buyiik
memelere sahip oldugunu belirtmigtir. Bunun nedeni
¢oklu fetiis tasiyan koyunlarin gebelik sirasinda daha
yiksek plasenta agirhigina, daha yiksek serum
progesteronuna ve daha fazla plasental laktojen
hormonuna sahip oldugu seklinde belirlenmigtir
(Butler ve ark. 1981; Schoknecht ve ark. 1991). Sonuc
olarak, meme bezleri gebelik ve dogum sirasinda daha
iyi geligir. Bu da meme bezlerinin ikizler tarafindan
tekiz kuzulara gore daha sik emildigi anlamina
gelebilir.

Koyuncu ve Altingekic (2011) meme cevresini
Tahirova, Kivirckk ve Karacabey Merinosu irki
koyunlarin sirasiyla 43.00, 35.82 ve 34.34 cm; Sezenler
ve ark. (2016) Bandirma koyununda ise bu degeri 45.9
cm olarak bulmusglardir. Bu arastirmada farkh
donemlerde tekrarlanarak olgiimler alindigindan,
yapilan c¢alismalarda o6l¢imlerin hangi dénemlerde
alindigindan  hareket ile farklihiklarin veya
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benzerliklerin oldugu gorilmektedir.

Kivircik koyunlarinda ortalama meme yiiksekligi 17.1
cm  bulunmustur. Laktasyon doénemlerinin meme
yiiksekligine etkisi énemli bulunmustur (P<0.05).

Canli agirligin  strii  ortalamasi 1tizerinde olan
koyunlarin meme c¢evresi daha ylksek olup
aralarindaki farklilik o6nemlidir (P<0.01). Dogum

tipinin meme c¢evresl Uzerine etkisi ise Onemsiz
bulunmustur. Kivircik koyunlarindaki bu sonug,
Dogan ve ark. (2013) Anadolu Merinosu koyunlarla
bulduklar1 18.86 cm degerinden disik olmakla
beraber, Mundan ve Ozbeyaz (2004) tarafindan
Akkaraman, Kivirctk x Akkaraman ve Sakiz x
Akkaraman koyunlarda sirasiyla; 14.64, 13.29 ve
15.98 cm olarak bulduklar1 degerlerinden yiiksek
bulunmustur.

Meme uzunlugu ortalama 22.8 cm olup, déonemlerinin
meme uzunluguna etkisi o6nemli bulunmustur
(P<0.01). Koyunlarin canh agirhk gruplarinin da
meme uzunluguna etkisi énemli (P<0.01) olup, canh
agirligr ortalamadan ylksek olan koyunlarin meme
cevresi degerleride yiiksektir. Dogum tipinin meme
uzunluguna etkisi 6nemsizdir. Koyuncu ve Altingekig
(2011) Tahirova, Kivircik ve Karacabey Merinosu 1rki
koyunlarda sirasiyla 23.02, 22.11 ve 21.33 cm olarak
bulduklar1 meme uzunlugu degerleri arastirma
sonuglar ile olduk¢a benzerdir. Meme uzunlugunun
fazla olmasi1 istenen bir durum olmayip, meme
uzunlugu ne kadar fazla olursa memede yaralanma
veya enfeksiyon problemlerine yakalanma riski o
kadar yiiksek olabilmektedir.

Iki meme bagi arasi uzaklk arastirmada ortalama
16.5 cm olup, dénemin iki meme arasindaki uzakhiga
olan etkisi istatistiki olarak ©¢nemli bulunmustur
(P<0.01). Ele alinan o6zellie canli agirhgin etkisi
onemli (P<0.01), dogum tipinin etkisi ise 6nemsiz
bulunmustur. Laktasyonun boyunca meme g¢evresi,
meme uzunlugu ve iki meme bag1 aras1 uzaklik
birbirlerine benzer bir seyir izlemistir. Laktasyonun
sonuna dogru siit verimi azaldigi i¢cin meme hacmi,
meme ¢evresi ve buna bagl olarak iki meme bag1 arasi
uzaklik azalmaktadir.
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Cizelge 2. Meme o6zelliklerini etkileyen faktorler
Table 2. Factors aftecting udder characteristics
Meme. Meme .. . Iki meme bag1 arast Meme bast Meme bas1
N gevresi,cm yiksekligi,cm Meme uzunlugu, uzaklik, em genisligi, mm uzunlugu, mm
( Udder ( Udder em (Udder length) (Teat distance) (Teat width) (Teat length)
circumference)  height)
R2, % 51.92 15.33 24.86 21.48 24.03 17.11
Onemllllk X * *% %% %% %k
(Significance)
D1 38  41.2+0.572 17.6+0.29a 24.5+0.49 2 17.7+£0.21 a 19.3+0.60 ab 25.4+0.85 «d
D2 38  41.7£0.52a 17.6+0.37 2 24.1+£0.44 2 17.4+0.24 a 20.9+0.68 2 28.7+1.02 ab
D3 38  40.7+0.47 2 16.5+0.23 ab 23.7+0.38 2 17.0+0.22 ab 20.7+0.44 2 29.6+0.88 2
D4 38  37.6+£0.57"b 16.7+0.25 ab 23.0+£0.41 abe 16.24+0.22 be 19.24+0.70 ab 29.5+1.07 2
D5 38  38.1+0.70° 17.6+0.28 a 23.1+0.41 ab 16.3+0.20 be 18.3+0.58 be 27.8+0.82 abe
D6 38  35.3£0.53¢ 17.4+0.47 2 22.1£0.54 bed 15.7+£0.21 ¢ 19.0+0.53 ab 27.440.76 abc
D7 38  33.0+0.60 4 17.1+0,47 b 21.5+0.46 cd 15.7+0,23 17.3+0.54 25.2+0.96 4
D8 38  33.5+0.67 <d 17.7+£0.49 a 22.0+£0.48 bed 16,1+0.27 ¢ 18.7+0.59 b 26.8+0.92 abed
D9 38  33.3+0.674 16.0+0.26 P 21.0+0.46 ¢ 16.3+0.19 be 16.5+0.57 ¢ 25.84+0.70 bed
Canh agirhik % *k *k *k o o
(Live weight)
<54 14  35.7+0.33 P 16.4+0.20 b 21.7+0.25 b 16.0+£0.13 b 17.4+0.32 b 25.2+0.49 b
>54 24 38.3£0.24 2 17.8+0.15 2 23.7£0.18 16.7+0.09 2 19.94+0.24 2 28.7+0.37 2
o t;g’el ) OD-NS OD-NS OD-NS OD-NS OD-NS OD-NS
Tekiz (Single) 27  36.6+0.22 16.6+0.14 22.3+0.17 16.4+0.09 18.2+0.22 26.6+0.34
Ikiz (Twin) 11 387.5+0.35 17.5+0.22 23.1+£0.27 16.4+0.14 19.2+0.35 27.3+0.53
Genel(Overal) 342 37.2+0.27 17.1+0.12 22.8+0.16 16.5+0.08 18.8+0.21 27.3+0.31

* P<0.05, ** P<0.01, OD: Onemli degil, NiS: Non significant

908



KSU Tarim ve Doga Derg 24 (4): 904-913, 2021
KSU J. Agric Nat 24 (4): 904-913, 2021

Arastirma Makalesi
Research Article

Ayadi ve ark. (2011) Sicilo-Sarde 1rki koyunlarla iki
meme bag1 aras1 mesafeyi 7.5 cm; Yardime: ve Ozbeyaz
(2001) Akkaraman ve Sakiz x Akkaraman melezi
koyunlarda 15.88 ve 16.16 cm olarak bulduklar:
degerler bu arastirma sonucundan distktir. Iki
meme bas1 arasi mesafe laktasyon doénemindeki
hayvanlar icin 6nemlidir. Bu mesafenin istenilen
degerlerin disinda olmasi 6zellikle sagim ve kuzularin
emme donemlerinde problemlere yol acabilmektedir.

Meme bas1 genigligi stride ortalama 18.8 mm
bulunmustur. Kontrol doénemlerinin meme basi
genisligine etkisi 6nemli bulunmustur (P<0.01). Meme
basi genigligi kontrolin bagladig: ilk dénemlerde 19-20
mm civarinda bulunurken, sonunda 16.5 mm'ye kadar
dismistir. Koyunlarin canli agirlik degeri de meme
bas1 genisligi tizerine etkisi 6nemli olup (P<0.01), iki
grup arasindaki farklihk 2.5 cm’ ye ulagmaktadir.
Dogum tip1 agisindan ikiz doguranlarin tekizlerden 1
cm daha genig bir meme basgi degerine sahip olmasina
karsilik bu fark énemsiz bulunmustur. Legaz ve ark.
(2011) Assaf koyunlarinda meme bas1 genisligini 1.74
cm, Emediato ve ark. (2008) Bergamasca koyunlarinda
2.28 cm; Ozyiirek ve ark. (2016) Morkaraman, Tuj ve
Ivesi koyunlarda sirasiyla 2.27, 2.30 ve 2.78 cm olarak
belirlenmigtir. Meme basi genigligi stit verimi yoninde
koyunlarin damizlik se¢iminde oOnemli bir kriter
olmanin yaninda, meme baginin dar veya genis olmasi
kuzularda emme sorunlar: yaratabilmektedir.

Meme basi uzunlugu koyunlarda ortalama 27.3 mm
bulunmustur. Farkli kontrol dénemlerinin meme basi
uzunluguna etkisi énemlidir (P<0.01). Yiiksek canh
agirhk grubundaki koyunlarin meme basi uzunlugu
disiik canhi agirlik grubundan yaklasik 3.5 mm daha
yiiksek olup, bulunan farklilik snemlidir (P<0.01). Ikiz
doguran koyunlarin meme bag1 uzunlugu tek
doguranlarda ¢ok az bir farklihk géstermis olmakla
birlikte dogum tipinin etkisi 6nemsiz bulunmustur.

Ozyiirek ve ark. (2016)'1n Morkaraman, Tuj ve Ivesi
irki koyunlarda meme basi uzunluklar: sirasiyla; 2.63,
2.59 ve 2.43 cm; Thomas ve ark. (2000) %75 Dogu Friz,
Dogu Friz ve Lacaune irki koyunlarda sirasiyla; 2.7,
2.9 ve 2.5 cm olarak bulunmustur. Meme baglarinin
¢ok uzun ya da kisa olmasi istenmeyen bir durumdur.
Cunki meme baglari uzun oldugunda meme yere

yvakin olacagindan enfeksiyon kapma riski yuksek
olmanin yaninda, meme basi ¢ok kisa oldugunda ise
kuzularin emmesi gii¢ oldugu gibi sagim esnasinda
zorluklar yasanabilmektedir.

Linear meme o6zellikleri, hayvanlarin sttgtlik
ozelliklerini belirli bir puanlama esasina dayandirarak
slt¢li hayvanlarin secilmesinde kolaylik saglamasi
bakimindan ¢ok énemlidir. Linear meme 6zelliklerine
gore degerlendirme yapilarak seleksiyon ile genetik
ilerlemenin ¢ok daha guvenli bir sekilde yapilmasi
miimkiin olmaktadir (Trimberger ve ark. 1992).
Koyunlarda linear meme o6zelliklerin tanimlanmasi,
1slah ve igletmenin verimliligi agisindan da 6nemlidir.
Ayni  zamanda  linear  meme ozelliklerinin
degerlendirilmesi, koyunculuk isletmelerinin
verimliligini dogrudan ilgilendiren bir 6neme sahiptir
(Koyuncu ve Altingeki¢ 2011). Kivircik koyunlarinda
linear meme oOzellikleri i¢in tanimlayici istatistikler
Cizelge 3’de verilmistir.

Linear meme ozellikleri (meme basi yerlesimi, meme
derinligi, ayrilma derecesi, meme basi derinligi) ile
koyunlarin canli agirliklari, kuzulama tipleri ve canlh
agirlik x dogum tipi degiskenleri arasindaki varyans
analizi Cizelge 4’te verilmigtir.

Sadeghi ve ark. (2014) Ghezel, Ghezel x Arkhar
Merinos ve Moghani x Arkhar Merinos 1irki koyunlarla
yapilan meme bas1 puanlamasi sirasiyla; 4.49, 5.40 ve
4.90, Seker ve ark. (2000) Ivesi ve Ost-Friz x Ivesi
melezlerinde sirasiyla; 4.56 ve 6.10; Koyuncu ve
Altingeki¢ (2011) Tahirova, Kivircik ve Karacabey
Merinosu koyunlarinda 4.36, 5.06, 5.19 olarak
bulduklar:1 degerler calisma sonuclari ile benzerlik
gostermektedir. Koyunlarda meme  baglarimin
yerlesimi emzirme ve sagim suresi agisindan buyuk bir
oneme sahiptir. Dogum doéneminde kuzularin dogru
pozisyonda emmesi siutten yeterli bir sekilde
faydalanmas1 gerekmektedir. Meme baslar: istenilen

konumda olmazsa emme sorunlar1 meydana
gelebilmektedir. Bu ozellige yo6nelik uygulanacak
seleksiyon calismalarinda, meme baglarinin

konumunu dikkate alan ideal bir puanlama ile sonraki
generasyonlarda istenilen meme yapisina sahip
koyunlarin elde edilebilmesi ile siirtide iyilestirme
yapilabilir.

Cizelge 3. Linear meme 6l¢ileri i¢in tanimlayic istatistikler

Table 3. Descriptive statistics for linear udder sizes

Ozellikler (Parameters) N X+ S% SD CV% Min. Max.
MBY 38 4.58+0.21 1.31 28.60 1 7
MD 38 7.95+0.29 1.79 22.52 5 9
AD 38 3.42+0.24 1.46 42.69 1 6
MBD 38 6.90+0.48 2.98 43.19 1 9

MBY/TP. Meme bas1 yerlesimi/Teat placement, MD/UD: Meme derinligi/ Udder depth, AD/DSE: 1ki yarimin ayrilma
derecesi/ Degree of seperation, MBD/DSU: Meme baglant1 derecesi/ Degree of suspension
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Cizelge 4. Linear meme 6zelliklerini etkileyen faktorler

Table 4. Factors affecting linear udder characteristics

Meme bas1 yerlesimi

Meme derinligi

Ayrilma derecesi Meme baglanti derecesi

N (Teat placement) (Udder depth) (Deg. of seperation) (Deg. of suspension)

R2, % 4.54 2.58 4.02 3.67

Canli agirhik ) ) ) )

(Live weight) OD-NS OD-NS OD-NS OD-NS

<54 14 4.8+0.43 8.0+0.60 3.4+0.49 6.7+0.99

>54 24 4.3+0.29 7.8+0.40 3.3+0.32 7.1+0.66
Dogum tipi ) ) ) )

(Birth type) OD-NS OD-NS OD-NS OD-NS

Tekiz (Single) 27 4.7+0.26 8.1+0.36 3.5+0.29 6.8+0.60

Ikiz (Twin) 11 4.4+0.45 7.6+0.62 3.3+0.51 7.0+1.03
Genel (Overal) 38 4.6+0.21 8.0+0.29 3.4+0.24 6.9+0.48
OD: Onemli degil, NiS: Non significant
Koyunlardan elde edilen meme derinligi puam dénemlerinin uzun ya da kisa olmasim etkilemektedir.

ortalama 8.0 olarak bulunmustur. Meme derinliginin
arka diz eklemine yakin ve ortalama 6-7 puan
arasinda olmasi ideal kabul edilmektedir (Koyuncu ve
Altingekic 2016). Casu ve ark. (2010) Sarda x Lacaune
melezi koyunlarda bu o0zellik i¢in degeri 6.63
bulmuslar; Margetin ve ark. (2012) 381 bas koyunun
linear meme derinligi 5.04 olarak tespit etmislerdir.
Meme derinligi Tahirova, Kivircik ve Karacabey
Merinosu koyunlarinda sirasiyla; 6.77, 6.60 ve 6.49
bulunmustur (Koyuncu ve Altingekic 2011). Bu
arastirmada meme derinligi i¢cin bulunan deger diger
calismalara gore yuksek ve ideal olarak belirtilen
degerin disindadar.

Koyunlarin iki meme baginin baglanma noktalari
arasindaki ayrilma derecesi ortalama 3.4 olarak
belirlenmistir. Salaris ve ark. (2014) Sardunya irk:
koyunlarda yapilan linear meme puanlamasinda
ayrilma derecesi 6.74, Gelasakis ve ark. (2012) Sakiz
irki koyunlarla yaptig1 ¢alismada 3.83 ve Koyuncu ve
Altingeki¢ (2011) Tahirova, Kivirctk ve Karacabey
Merinosun bu degerleri sirasiyla; 3.42, 3.74 ve 3.43
olarak bulmuslardir. Koyunlarda ayrilma derecesi
disiik olan memelerde sarkmalar, laktasyonun
llerleyen doénemlerinde veya ilerleyen dogumlarda
ortaya cikabilir. Bu durum dikkate alinarak stitci
koyunlarda seleksiyon uygulamasinin
gergeklestirilmesi gerekir. Aksi takdirde laktasyon
veya yas ile birlikte memedeki sarkmalardan dolay:
meme saghgi ile ilgili problemlerin ortaya g¢ikmasi
kaginilmazdir bu da stride ayiklama hizini
artiracaktir.

Kivircik koyunlarinda meme baglanti derecesi puani
ortalamas1 6.9 olarak bulunmustur. Fernando de la
Fuente ve San Primitivo (1996) Churra 1irk:
koyunlarda bu degeri 5.14; Koyuncu ve Altingekic
(2011) Tahirova, Kivircikk ve Karacabey Merinosu
wrklarinda 1se 8.22, 7.23 ve 7.65 olarak tespit
etmiglerdir. Ozellikle memenin alt karin bolgesine
yapmis oldugu baglanma acis1 hayvanlarin laktasyon
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Baglantis1 zayif olan memeler tgliinct veya dordincii
laktasyondan sonra asir1 derecede sarkmakta, bu tip
memeye sahip koyunlar her tirli etkene acik hale
gelmektedir (Sahin 2011; Koyuncu ve Altincekic 2016).

Koyunlarda memesi buytik olanlarin sut veriminin
daha yiiksek oldugu (Labussiere ve ark. 1981), giinliik
ve laktasyon siit verimleri ile meme cevresi (Mundan
ve Ozbeyaz 2004), meme hacmi, meme baglar1 aras:
mesafe, meme genigligi, uzunlugu ve derinligi
arasinda (Labussiere ve ark. 1981) pozitif korelasyon
oldugu ifade edilmektedir. Kizilay (1983) tarafindan
yapilan bir arastirmada, meme yiiksekligi, genigligi,
derinligi ve cevresi ile siit verimi arasinda yuksek
diizeyde pozitif korelasyonlar oldugu (P<0.05; P<0.01),
meme baglarina ait fenotipik o6zellikler s6z konusu
oldugunda ise korelasyonlarin negatif ve dusik
dizeylerde kaldig bildirilmigtir.

Koyunlarda MBU-MBY, MBU-AD arasinda negatif
yonde bir korelasyon bulunmaktadir (P<0.05). Bu
durumda MBY ve AD azaldikga, MBU’nun arttig:
soylenebilir. Arastirma esnasinda yapilan gozlemlerde
MBY ve AD laktasyonun sonuna dogru azaldig1 buna
karsin MBU’nun arttigi belirlenmigtir. Diger taraftan
MBD-MU, MBD-IMAU ve MB-MBG arasinda pozitif
yonlii  bir korelasyon s6z konusudur (P<0.05).
Morfolojik meme o6zellikleri arasinda (MC-MY, MC-
MU, MC-IMAU, MC-MBG, MY-MU, MY-IMAU, MY-
MBG, MY-MBU, MU-IMAU, MU-MBG, IMAU-MBG)
yiksek ve pozitif yonli korelasyonlar bulunmaktadir
(P<0.01). Bu da ozelliklerden birinin digeriyle aym
yonde artacagr ya da azalacagimi ifade etmektedir
(Cizelge 5).

Koyuncu ve Altincekic (2011), ii¢ farkli irkta yaptiklar:
calismada linear meme 6zelliklerinden meme baglanti
derecesi ile meme derinligi arasindaki fenotik
korelasyonu Tahirova koyunu icin (0.714), (P<0.01);
Kivircik koyunu i¢in 0.357 ve Karacabey Merinos
koyunu icin 0.343, (P<0.05) olarak bulmuslardir.
Ozellikle yiiksek puanli meme baglanti derecesine
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sahip hayvanlardan daha fazla siit elde edildigi ve
damizlik seciminde bu oOzelliklerin g6z Ontnde
bulundurulmasi gerektigi belirtilmektedir. Memenin
sarkik yapida olmasi aski ligamentlerinin gevsemesi
sonucu meme baglarinin yere yakin olmasi sonucunu
dogurmakta bu durumdaki koyunlarda sagim ve
kuzular tarafindan emilmede problemler
cikarabilmektedir. Emediato ve ark. (2008) meme

6lctleri ile siit verimi arasindaki korelasyonun ancak
yavrular sttten kesildikten sonra yiksek diizeyde ve
pozitif yonde seyrettigini, oOncesinde hayvanlarin
memelerinin sitle dolu olmasina ragmen igguidusel
olarak stitlerini yavrularina ayirip vermediklerini bu
nedenle strese girdiklerini ve dolayisiyla da meme
Olctleri ile siit verimi arasindaki korelasyonlarin
diisiik ve negatif ¢iktigini bildirmiglerdir.

Cizelge 5. Morfolojik meme 6zellikleri ve linear meme degerlendirilmesi arasindaki korelasyonlara
Table 5. Correlations between morphological udder caharacteristics and linear udder evaluation?

MBY MD MBD AD MC MY MU IMAU MBG
(TP (UD) (DSU) (DSE)  (UD) (UH) (UL (TD) (TW)
MD (UD) -0.06
MBD (DSU) -0.22 -0.14
AD (DSBE) 0.11 -0.28 -0.03
MC (UD) -0.12 -0.02 0.31 0.10
MY (UH) -0.29 0.07 0.30 -0.03 0.56™
MU (UL -0.24 -0.05 0.36" 0.03 0.71* 0.84*
IMAU (7D) -0.15 0.02 0.37" -0.15 0.65 0.48™ 0.52**
MBG (TW) -0.39 0.18 0.33" -0.20 0.45" 0.45" 0.47* 0.50"
MBU (7) -0.38" 0.28 0.26 -0.37" 0.26 0.52* 0.41* 0.41* 0.83*

*P<0.05, **P<0.01, a: 9 donemin ortalamasz,
MBY/TP. Meme bas1 yerlesimi/Teat placement,

MD/UD: Meme derinligi/ Udder depth, AD/DSE: Tki yarmm ayrilma

derecesi/Degree of seperation, MBD/DSU: Meme baglant1 derecesi/Degree of suspension, MC/UD: Meme cevresi/ Udder
circumference, MY/ UH: Meme yiiksekligi/ Udder height, MU/ UL-Meme uzunlugu/ Udder length, IMAU/ TD: Tki meme bas1 arasi
uzaklik/ Teat distance, MBG/ TW- Meme bas1 genisligi/ Teat width, MBU/TL: Meme bas1 uzunlugu/ Teat length.

Memeye ait morfolojik 6zelliklerin kendi aralarindaki
fenotipik korelasyonlar linear meme o6zelliklerinden
farklh olarak agirhikli olarak pozitif ve Onemli
bulunmustur. Sar1 ve ark. (2015), Tuj koyununda
meme Ozelliklerinin  kendi aralarinda yiksek
korelasyona sahip olduklarini ve bunun 0.32 ile 0.68
arasinda degistigini, 6zellikle meme genigligi ile meme
cevresi ve meme derinligi arasindaki korelasyon
katsayillarin1 0.68 ve 0.54 olarak bildirmiglerdir.
Benzer gsekilde Tahirova, Kivircak ve Karacabey
Merinosu koyunlarinda meme morfolojik 6zellikleri ile
linear oOzellikler arasinda pozitif ve 6nemli iligkiler
saptanmistir (Koyuncu ve Altincekic 2011).

SONUC ve ONERILER

Bu calismada yetistirici kosullarinda Kivircik
koyunlarinda meme o6lglileri ve linear meme
skorlamas1  yapilmigtir.  Calismanin  yetigtirici
kosullarindaki mevcut durumu ortaya koymasi
acisindan ayri1 bir 6nemi bulunmaktadir. Dogrusal
skor, meme morfolojisini olabildigince kesin olarak
karakterize etmelidir, ancak sistemin ¢ok karmasik
olmamasi ve uygulamada ¢ok zaman alic1 olmamasi
i¢in sinirh 6lcek ve sayida kriter kullanilmas: gerekir.
Meme morfolojisinin bireysel 6zellikleri arasindaki
iligkilerin bilgisi, bunlarin toplam se¢im indekslerine
dahil edilmesi veya meme morfolojisi i¢in kismi se¢im
indekslerinin olugturulmasi i¢in de énemlidir ve siite
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yonelik secim semalarinda gelecekteki iligkili yanitlari
tahmin etmeyi mumkin kilar. Se¢cim indeksi yapisi
icin oOzellikler arasindaki genetik korelasyonlara
ihtiya¢ vardir, ancak genetik korelasyonlarin makul
tahmini biiyiik ve iyi yapilandirilmig veriler gerektirir.
Aragtirmada ele alinan meme o6zellikleri ve meme
seklinin 6zellikle meraya dayali sit koyunu
yetistiriciligl yapan isletmeler acgisindan 6nemli bir
seleksiyon kriteri olarak kullanilabilecegini, ayrica
meme oOzelliklerinin sagim performansi ve verimle
ilgisi oldugu gosteren korelasyon degerleri elde
edilmigtir.
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