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KSU Tarim ve Doga Dergisi’nin 2019 yili 22. Cilt 2. Sayisinda yer alan “Idikut L, Zulkadir G,
Polat C, Ciftci S, Onem AB 2019. Farkli Lokasyonlarda ve Ekim Zamanlarinda Yetistirilen
Boriilcenin Agromorfolojik Ozellikleri. KSU Tarim ve Doga Derg 22(2): 164-169. DOI:
10.18016/ksutarimdoga.vi. 447677” referansli makalede yazarlar tarafindan makalede yer alan
Cizelge 3’lin dizgisi sirasinda sehven bazi yazim hatalarinin yapildig: tespit edilmistir. Makalede
yer alan Cizelge 3’iin dizeltilmis sekli agsagida sunulmustur.

Cizelge 3. Farkli lokasyon ve ekim zamanlarina goére Simal boriilce ¢esidinin incelenen 6zelliklere ait ortalamalari.

Lokasyon I 20 Nisan I 5 Mayis I 20 Mayis I 5 Haziran I 20 Haziran I 5 Temmuz I 20 Temmuz Ortalama
Ciceklenme Giin Sayis1 (giin) wE
Lokasyon1l 40.00 35.00 35.03 37.00 36.03 32.03 35.03 35.73 b
Lokasyon2 43.03 43.23 44.00 59.05 72.00 63.10 60.78 55.02 a
Ortalama** | 41.51d 39.11 e 39.51 e 48.03 b 54.01 a 47.56 ¢ 47.90 be 45.38
Tk Bakla Yiiksekligi (cm)
Lokasyonl 25.13 21.90 28.28 27.50 29.73 26.57 24.13 26.18
Lokasyon2 33.33 29.70 33.70 23.55 20.93 21.13 19.75 26.01
Ortalama** 29.23 ab | 25.80 be 30.99 a 25.53 be 25.33 ¢ 23.85 ¢ 21.94 ¢ 26.10
Bitki Boyu (cm) o
Lokasyonl 162.65 127.40 176.18 166.93 142.50 126.33 110.40 144.63 a
Lokasyon2 36.65 38.10 43.63 34.88 29.88 27.60 28.15 34.12b
Ortalama** 99.65ab | 82.75cd | 109.90 a | 100.90 ab 86.19 be 76.97 cd 69.28 d 89.37
Dal Sayis1 (adet bitki'l) *
Lokasyonl 10.08 10.43 9.35 9.05 7.83 6.53 7.97 8.75 a
Lokasyon2 10.55 9.28 9.33 8.25 6.35 6.13 6.25 8.02b
Ortalama** 10.31 a 9.85 ab 9.34 ab 8.65 Db 7.09 ¢ 6.33 ¢ 7.11c¢ 8.38

0.016nemli (**), 0.05 6nemli (*)

/ Cilt-Volume 24 Say1-Number 2 vil-Year 2021
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ABSTRACT

Research Article

The aim of this study was to investigate the antioxidant properties of
the root extract of Onosma armeniacum and its cytotoxic effect against
human liver (HepG2), lung (A549) and colon (WiDr) cancer cell lines
compared with a normal fibroblast cell line. Antioxidant properties of
the extract was determined using the colorimetric methods. The
cytotoxic effect of the extract were investigated using MTT assay. The
total phenolic content and reducing power values of extract were
26.1+0.4 mg gallic acid equivalent and 52.6+1.1 mg trolox equivalent
per g sample, respectively. The extract exhibited selective cytotoxic
effect in all studied cancer cell lines, especially HepG2 (3.6-fold). The
results of this study reveal that O. armeniacum, which has been found
to have acceptable antioxidant and cytotoxic effects, should be
examined with more comprehensive studies.
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Onosma armeniacum

Onosma armeniacum Ekstraktinin Cegitli Kanser Hiicrelerindeki Sitotoksik Etkisinin
Degerlendirilmesi
OZET Aragtirma Makalesi
Bu c¢alismanin amaci O. armeniacum kok ekstraktinin antioksidan
ozellikleri ile normal bir fibroblast hiicre hattina kiyasla insan Makale Tarihgesi
karaciger (HepG2), akciger (A549) ve kolon (WiDr) kanser hiicre Gelis Tarihi  :30.04.2020
hatlarindaki  sitotoksik  etkisini  arastirmaktir.  Ekstraktin Kabul Tarihi :18.06.2020
antioksidan  Ozellikleri  kolorimetrik  yontemler kullanilarak

belirlenmigtir. Ekstraktin sitotoksik etkisi MTT yontemi kullanilarak
arastirilmigtir. Ekstraktin toplam fenolik icerik ve indirgeyici glig
degerleri, g 6rnek basina sirasiyla 26.1+0.4 mg gallik asit esdegeri ve
52.6£1.1 mg troloks esdegeri olarak hesaplanmigtir. Ekstrakt,
calisilan tiim kanser hiicre serilerinde, 6zellikle HepG2 (3.6 kat),
secici sitotoksik etki gostermigtir. Calismanin sonugclari, kabul
edilebilir antioksidan ve sitotoksik etkilere sahip oldugu saptanan O.
armeniacum'un daha kapsaml galigmalarla incelenmesi gerektigini
ortaya koymaktadir.

Anahtar Kelimeler
Antioksidan aktivite
Hiicre kulturi
Kanser

Onosma armeniacum
Sitotoksisite

To Cite: Demir S, Ayazoglu Demir E, Turan I, Ozgen U 2021. Evaluation of Cytotoxic Effect of Onosma armeniacum
Extract on Various Cancer Cells. KSU J. Agric Nat 24 (2): 252-259. https://doi.org/10.18016/ksutarimdoga.vi.
729814
INTRODUCTION cell cycle control and avoiding apoptotic death of the

Cancer, a non-communicable disease, is one of the
largest causes of death, and is expected to increase by
75% over the next two decades to reach nearly 25
million cases (Wellington, 2015). Developing country
populations are inexplicably affected by an increasing
number of cancer cases (Pereyra et al., 2019). Africa,
Asia, Central and South America account for over 60%
of total cases worldwide and about 70% of cancer
deaths in the world (Wellington, 2015). The loss of the

cells are two of the most important factors in
transforming a normal cell into a malignant state
(Wellington, 2015; Erdogan et al., 2020). Surgery,
radiotherapy and chemotherapy are the three main
approaches to cancer treatment (Pereyra et al., 2019).
Although chemotherapy is a frequently used method in
the treatment of cancer, some disadvantages reduce
the success rate of chemotherapy (Boulos et al., 2019).
The most important disadvantages of chemotherapy
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are developing of drug resistance against
chemotherapeutics in cancer cells and formation of
harmful effect in normal cells in time (Pereyra et al.,
2019). Both reasons prevent the administration of drug
doses high enough to kill of all cancer cells in the body
(Boulos et al., 2019). Therefore, there is an urgent need
for new generation drugs with improved
pharmacological properties for cancer treatment. Since
60% of the current anticancer drugs are derived from
natural products, the search for new drug candidates
from mnatural products is logical and promising
(Albagami et al., 2018; Boulos et al., 2019).

Mankind has been looking for ways to deal with
diseases since ancient times, and this seeking still
continues (Calhan and Gundogan, 2019). People have
used the traditional herbal remedies to treat many
diseases for centuries (Stankovié et al., 2020). Today,
the use of traditional medicines is increasing daily in
developed and developing countries. According to the
World Health Organization, more than half of the
world population uses traditional treatment methods
to relieve their ailments (Singh, 2015). The use of
traditional medicine and medicinal plants has
therefore attracted considerable interest in the
scientific arena in recent years, and the plants are still
considered to be the main source for the largest natural
antioxidant and anticancer components (Moghaddam
et al., 2012). Natural products are drug raw materials
that need to be further tested due to their anticancer
properties (Pereyra et al., 2019). However, many
plants have been used in traditional therapy for
centuries but have not been scientifically studied
(Asadi-Samani et al., 2019). Turkey has a wide variety
of plant species diversity due to its geographical
location and climate (Calhan and Gundogan, 2019).
The genus Onosma L. belongs to Boraginaceae family
and contains more that 200 species which mostly
spreads of China, Turkey, Iran and Pakistan. In
particular, Anatolia is a central geography for 95
Onosma species and 48 of these species are endemic
(Kumar et al., 2013). One of these species is also
Onosma armeniacum Klokov which is especially grown
in Eastern Anatolia Region in Turkey (Ozgen et al.,
2004). Traditionally, Onosma species are used to treat
rheumatism, bladder pain, kidney irritation,
hypertension, tonsillitis, hemorrhoids, bronchitis,
dyspnea, gynecological problems, asthma, cancer and
infectious diseases (Mazandarani et al., 2011; Kumar
et al., 2013; Engel et al., 2016; Stankovié et al., 2020).
The main secondary metabolites of this genus are
alkaloids, naphthoquinones, phenolics, phytosterols,
terpenoids and fatty acids (Mazandarani et al., 2011;
Engel et al., 2016). Wound-healing, antioxidant, anti-
inflammatory, antimicrobial and anticancer activities
of this genus have been demonstrated in previous
studies and these activities are attributed to the above
mentioned compounds (Moghaddam et al., 2012;
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Kumar et al., 2013; Engel et al., 2016). In addition,
some Onosma species have been used in the cosmetic
industry in recent years (Sivaci et al., 2015).

Researching the cytotoxic effect of Boraginaceae
species has become very popular in recent years and
the number of scientific works in this field is increasing
daily. Poma et al (2018) reported that Glandora
rosmarinifolia extract exhibits antiproliferative effect
on human liver and breast cancer cells through
inducing oxidative stress, while Aissaoui et al. (2019)
demonstrated that Heliotropium bacciferum extract
has selective cytotoxic effect on human colon cancer
(HCT-116 and DLD1) cells compared with human
normal fibroblast cells. Recently, Erdogan et al (2020)
demonstrated that Paracaryum bingoelianum extract
has moderate cytotoxic effect on human breast (MCF-
7) and colon (HT-29) cancer cells through inducing
apoptosis. However, to the best of knowledge, the
cytotoxic effect of Onosma armeniacum is not explored
yet. The aim of this study was to investigate the
antioxidant properties of Onosma armeniacum extract
and its cytotoxic effect against human liver (HepG2),
lung (A549) and colon (WiDr) cancer cell lines
compared with a normal fibroblast (BJ) cell line.

MATERIALS and METHODS
Chemicals

All the chemicals and solvents used in extract
preparation, antioxidant activity analysis and
cytotoxicity experiments were purchased from Sigma-
Aldrich (St. Louis, MO, USA). All the chemicals and
solutions used in cell culture studies were purchased
from Lonza (Verviers, Belgium) and Biological
Industries (Kibbutz Beit Haemek, Israel).

Plant Material

The roots of Onosma armeniacum were collected from
Erzurum province of Turkey. The plant samples were
authenticated by Professor Ufuk Ozgen (Karadeniz
Technical University, Faculty of Pharmacy,
Department of Pharmacognosy). A voucher specimen
was deposited in the Herbarium of the Faculty of
Pharmacy of Ankara University (AEF-23796).

Preparation of Extract

The root samples were left to dry at room temperature
for 15 days. The root parts of the dried plant were
carefully powdered using a mechanical grinder (Retsch
ZM 200, Haan, Germany). For preparing stock extract,
1 g of the powder material was weighed and mixed
with 20 mL dimethyl sulfoxide (DMSO) and then
mixture was continuously stirred at 45°C for 24 h. At
the end of the period, the mixture was filtered through
filter paper (Whatman Grade 1) and 0.2 uM filter and
stored at -20°C by aliquoting (Mazandarani et al.,
2011; Demir et al., 2018a).
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Total Phenolic Content (TPC) Analysis

The total phenolic content of the extract was
determined with Folin-Ciocalteu reagent using the
method of developing by Slinkard and Singleton
(1977). Gallic acid was used as a standard and the
result was expressed as mg gallic acid equivalent per g
powder of dry plant (mg GAE g sample!) (Aliyazicioglu
et al., 2017).

Total Flavonoid Content (TFC) Analysis

The total flavonoid content of the extract was
determined with aluminium chloride method (Moreno
et al., 2000). Quercetin was used as a standard and the
result was expressed as mg quercetin equivalent per g
powder of dry plant (mg QE g sample?) (Demir et al.,
2018b).

Reducing Power Analysis

The ferric reducing power of extract was determined
using the method of developing by Oyaizu (1986).
Trolox was used as a standard and the result was
expressed as mg trolox equivalent per g powder of dry
plant (mg TE g sample-!) (Ozkan et al., 2017).

Cell Culture

A549, WiDr, HepG2 and BdJ cell lines were obtained
from American Type Culture Collection (Manassas,
VA, USA). All cells were cultivated in Eagle's
minimum essential medium (EMEM) supplemented
with 10% fetal bovine serum, 1%
penicillin/streptomycin solution and with a 5% CO:z
supply at 37°C (Demir et al., 2019a).

3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyl-
Tetrazolium Bromide (MTT) Assay

The cytotoxic effect of extract and cisplatin (was used
as a positive control) was determined using
colorimetric MTT assay (Mosmann, 1983) with slight
modifications (Turan et al., 2018). Cancer cells were
seeded in 96-well plates at 5000 cells per well, while
Bd cells were seeded at 2500 cells per well and
overnight incubated at 37°C. After incubation, the
medium was discarded and the cells were exposed with
different concentrations of extracts (2.5-250 pg mL™1)
(Engel et al., 2016) and cisplatin (0.09-12 pg mL)
(Demir et al., 2019b) for 72 h. DMSO concentration to
which cells were exposed was kept below 0.1% (v/v),
and only cells treated with 0.1% (v/v) DMSO formed
the negative control group (Engel et al., 2016). At the
end of the period, the media were removed and fresh
medium containing 0.25 mg mL! MTT dye was added
to each well. After two hours of incubation, the media
were removed, and the formed formazan crystals were
dissolved in DMSO. The absorbance value in wells
were read using a microplate reader reader (Versamax
Molecular Devices, CA, USA) at 570 nm. Cell viability
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(%) was calculated used with following formula (Turan
et al., 2017):

Cell Vlablhty (%) = (ODtreatment group/ ODcontrol group)X 100

The dose-response curves were drawn using
%logarithmic concentrations against cell viability and
the ICso value of extract and cisplatin were calculated
for each cell line (Demir et al., 2020). The ICso values
calculated for extract and cisplatin in all cell lines were
used to determine the selectivity index (SI) value with
the following formula (Turan et al., 2019):

SI = BJ cells ICs0 / Cancer cells ICso

Statistical Analysis

All experiments were performed at least four times.
The distribution of the data was examined with the

Kolmogorov-Smirnov test. Data showing normal
distribution  were  expressed as  arithmetic
meantstandard deviation. Statistical analyzes

between the groups were revealed by ANOVA and
post-hoc Tukey tests. p<0.01 was regarded as
significant.

RESULTS and DISCUSSION

The situation that endogenous and exogenous redox
reactions do not balance by the antioxidant system is
called “oxidative stress” (Turkmen et al., 2016). It is
known that increased oxidative stress causes cell
damage and cell death and oxidative stress is among
the most important causes of fatal diseases, such as
cancer, diabetes, neurodegenerative and
cardiovascular diseases (Yalcin et al., 2016).
Antioxidant molecules prevent diseases by preventing
the formation of free radicals, scavenging the free
radicals or repairing the harmful effects of free
radicals (Misir et al., 2018). There is no doubt that
plants are a good source for biologically active

phytochemicals and to date more than 4000
phytochemicals have been identified in plants,
including phenolic acid, tannine, coumarin,

anthraquinone, flavonoid, phenolic diterpene and
anthocyanin subgroups (Mazandarani et al., 2011).
Phenolics are known to have various biological
activities, such as antioxidant, anti-inflammatory,
antimicrobial and anticancer (Mazandarani et al.,
2011; Yalcin et al., 2016). The determination of
phenolic content and antioxidant activity in plant
materials is seen as a starting point for investigating
potential health benefits (Stankovié¢ et al., 2020). The
antioxidant potential of the extract were therefore
determined using the TPC, TFC and reducing power
methods and the results were shown in Table 1.

In other studies examining the antioxidant properties
of different Onosma species, Ebrahimzadeh et al
(2010) reported that TPC and TFC values of O.
demawendicum extract are 47.2+2.2 mg GAE g
samplel, and 13.7+0.8 mg QE g sample!, respectively.
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Table 1. Antioxidant properties of O. armeniacum extract
(n=6)
Cizelge 1. O. armeniacum ekstraktinin antioksidan
ozellikleri (n=6)

Antioxidant Parameters

Total Phenolic Content (mg GAE g sample?)  26.1+0.4
Total Flavonoid Content (mg QE g samplel)  13.7+0.9
Reducing Power (mg TE g samplel) 52.6+1.1

While Mazandarani et al. (2011) reported that TPC
and TFC values of different O. dichroanthum extracts
are range from 4.5 to 125.6 mg GAE g sample!, and 9.8
to 41 mg QE g sample?, respectively. Gharib and
Godarzee (2016) demonstrated that TPC and TFC
values of different Onosma species (O. bulbotrichum,
O. microcarpum and O. sericeum) are range from 3.4
to 19.3 mg GAE g samplel, and 2.5 to 14.5 mg QE g
samplel, respectively, while Khaledi et al (2018)
reported that TPC and TFC values of O. sericeum
extract are 54.5 mg GAE g sample?, and 13.8 mg QE g
samplel, respectively. Calhan and Gundogan (2019)
reported that TPC and TFC values of different O.
sericeum extracts are range from 58.4 to 93.3 mg GAE
g samplel, and 21.8 to 60.3 mg QE g samplel,
respectively, while Stankovi¢ et al (2020) reported
that TPC and TFC values of different Onosma species
(0. sericea and O. stenoloba) are range from 32.5 to
69.8 mg GAE g samplel, and 8.4 to 52.6 mg rutin
equivalent g samplel. This results were consistent
with the findings of many research groups
investigating the antioxidant properties of different
Onosma extracts. The minor differences between this
results and the results of other studies may be due to
the plant species, the extraction method and the
solvent type.
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Cancer 1s one of the most dangerous and rapidly
spreading diseases today, and colon, lung and liver
cancer are among the most common types of cancer
(Erdogan et al., 2020). Herbal products with the ability
to inhibit cell proliferation and induce apoptosis are
widely researched for the development of anticancer
drugs (Albagami et al., 2018). Although there are some
reports about the cytotoxic effect of various
Boraginaceae species (Poma et al., 2018; Aissaoui et
al., 2019; Erdogan et al., 2020), there is no study about
the cytotoxic effect of Onosma armeniacum. Therefore,
this study aimed to determine the cytotoxic effect of O.
armeniacum extract on various cell lines, including
A549, HepG2 and WiDr, representing common
cancers. The cytotoxic effect of the extract on these cell
lines was determined using MTT assay and the growth
curves of the cells were shown in Figure 1.

When all cells are evaluated together, statistically
significant cytotoxic effect of extract was emerged
starting at a concentration of 5 pg mL?! and extract
exhibited cytotoxic effect in all studied cancer cells in
a dose-dependent manner.

Cisplatin was used as a positive control in cytotoxicity
experiments and the growth inhibitor effect of cisplatin
on all studied cell lines was shown in Figure 2.

When all cells are evaluated together, statistically
significant cytotoxic effect of cisplatin was emerged
starting at a concentration of 0.09 pg mL?! and
cisplatin exhibited cytotoxic effect in all studied cancer
cells in a dose-dependent manner. In order to make the
results more understandable, the ICso values (ug mL1)
of extract and cisplatin in all studied cell lines were
calculated and presented in Table 2.

10 m20 m25 m50 100 m 250

Figure 1. The cytotoxic of O. armeniacum extract on cancer and BdJ cell lines.

*Denotes statically significant differences in comparison with control (p<0.01).

Sekil 1. O. armeniacum ekstraktinin kanser ve BJ hiicre hatlari tizerindeki sitotoksik etkisi.
*Kontrol ile kiyaslandiginda istatistiksel olarak anlamli fark: belirtir (p<0.01).
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Figure 2. The cytotoxic of cisplatin on cancer and BJ cell lines.

*Denotes statically significant differences in comparison with control (p<0.01).
Sekil 2. Cisplatinin kanser ve BJ hiicre hatlari tizerindeki sitotoksik etkisi.
*Kontrol ile kiyaslandiginda istatistiksel olarak anlamli farki belirtir (p<0.01).

Table 2. ICs0 values (ug mL) calculated for O. armeniacum
extract and cisplatin (n=4)
Cizelge 2. O. armeniacum ekstrakti ve cisplatin i¢in
hesaplanan ICso (ug mL) degerleri (n=4)

Extract Cisplatin
Ab549 17.5+0.5 0.73+0.02
HepG2 12.840.5 4.11%0.01
WiDr 18.3+0.3 0.78+0.03
BJ 45.9+1.0 5.15+0.09

When Table 2 is examined, it is seen that the ICso
values for extract ranged from 12.8 to 45.9 ug mLL
According to the US National Cancer Institute, the
extract with an ICso value lower than 30 pg mL?
against tumor cell lines in in wvitro conditions are
considered promising for anticancer drug development
(de Oliveira et al., 2016). From this point of view, it is
seen that the cytotoxic effect of the extract on all three
cell lines meets this condition. In previous studies
showing the cytotoxic effect of different Onosma
species, Engel et al (2016) reported that Onosma
hispida extract exhibits moderate cytotoxic effect on
two bone (MG-63, Saos-2) and two breast (BT-20,
MCF-7) cancer cell lines, while Vukic et al (2018)
reported that Onosma visianii extract exhibits
antiproliferative effect on human colon (HCT-116) and
breast (MDA-MB-231) cell lines through inducing
apoptosis and cell cycle arrest at G2/M phase.
Albagami et al (2018) reported that Onosma
bracteatum extract exhibits cytotoxic effect on human
prostate (PC-3), lung (A549) and breast (BT549) cancer
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cells in a dose-dependent manner through inducing
caspase-3 activity, while Asadi-Samani et al (2019)
reported that Onosma sericeum extract exhibits pretty
low cytotoxic effect (IC50>300 pg mL1) on human
breast cancer (MCF-7 and MDA-MB-231) cells.
Recently, Calhan and Gundogan (2019) reported that
Onosma sericeum extract exhibits cytotoxic effect on
human breast cancer (MCF-7) cells in a dose-
dependent manner.

Selectivity is one of the most important criteria for a
compound to be evaluated as a chemotherapeutic
(Aliyazicioglu et al., 2019). For this reason, one normal
cell line (BJ) was used along with three cancer cells in
the study. The SI of extract and cisplatin for all studied
cancer cells were calculated using the formula
described in the "Materials and Method Section" of the
ICs0 values obtained for each cell and results were
presented in Table 3.

Table 3. SI values of O. armeniacum extract and cisplatin
Cizelge 3. O. armeniacum ekstrakti ve cisplatin i¢in
hesaplanan SI degerleri

Extract Cisplatin
A549 2.6 7.0
HepG2 3.6 1.3
WiDr 2.5 6.6

The results showed that the extract exhibited a highly
selective cytotoxic effect, especially in the HepG2 cell
lines. It is emphasized that the SI value for a
compound or extract whose cytotoxic activity has been
investigated should be at least 2 (de Oliveira et al.,
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2016). From this point of view, the SI value of the
extract in all three cell series satisfied this condition.

Onosma species are reported to be rich in phenolics
(benzoic acid, caffeic acid, chlorogenic acid, coumaric
acid, ferulic acid, protocatechuic acid, rosmarinic acid,
apigenin, catechin, kaempferol, quercetin and luteolin)
and naphthoquinones (shikonin derivatives) (Ozgen et
al., 2004; Kumar et al., 2013; Stankovié et al., 2020).
Various studies reported that phenolic and
naphthoquinone derivatives exhibit antiproliferative
effect on various types of cancer, such as leukemia,
melanoma, glioma, prostate, liver, breast, bladder,
gastric, thyroid, cervix, colon and lung. The
antiproliferative activities of these compounds are
explained by several cellular mechanisms, such as
their ability of modulating apoptosis, necroptosis,
reactive oxygen species (ROS) formation, glycolysis,
inflammation, angiogenesis, metastasis, autophagy,
ferroxitosis, cell cycle arrest, mitochondrial function,
endoplasmic reticulum stress, cytoskeleton formation,
and PISK/AKT/mTOR and RAS/RAF/MEK/ERK
signaling pathways (Zhou et al., 2016; Abotaleb et al.,
2019; Boulos et al., 2019; Wang et al., 2019). Therefore,
it could be considered that the selective cytotoxic
activity of the extract may be due to the synergistic
effect of its phenolic and naphthoquinone content.

CONCLUSION

This 1s the first study to determine the antioxidant
potential and selective cytotoxic effect of Onosma
armeniacum in the literature. It is believed that it
would be beneficial to identify the active compounds of
the plant and the cytotoxic mechanisms of these
compounds, as well as to support studies with in vivo
experiments.
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OZET Aragtirma Makalesi

Bu calismada Biiyiilk Menderes Nehrinde (Aydin) yakalanan

Scardinius erythrophthalmus (kizilkanat) ve Anguilla anguilla (yilan Makale Tarihgesi

balig)) tatli su balgi tiirlerinin kas dokusundaki yag asidi Gelig Tarihi  :20.04.2020
bilesimlerinin karakterize edilmesi ve ®w3/w6 yag asidi oranlarinin Kabul Tarihi :27.07.2020

belirlenmesi amaclandi. Baliklarin kas doku o6rneklerinden elde

edilen yag asidi metil esterleri gaz kromatografisi (GC) ile analiz Anahtar Kelimeler

edildi. En bol bulunan doymus yag asitleri S. erythrophthalmus
tiiriinde stearik asit C18:0 (%24.554+0.249); A. anguilla tiiriinde ise
palmitik asit C16:0 (%19.49+0.643) olarak tespit edildi. Her iki balik
turindeki tekli doymamis yag asitleri i¢in ise en buytik yiizdeye sahip

Anguilla Anguilla

Buyiik Menderes Nehri
Scardinius erythrophthalmus
Yag asidi kompozisyonu

olanlar oleik asit C18:1 &9 (S erythrophthalmus tiiriinde ®3/®6 orani
%18.03+0.520; A. anguilla tiiriinde %33.44+0.336) ve palmitoleik asit
C16:1 o7 (S. erythrophthalmus tiriinde %9.916+0.484; A. anguilla
tiriinde %10.96+0.753) olarak belirlendi. Eikosapentaenoik asit
(EPA) C20:5 03 ve dokosaheksaenoik asit (DHA) C22:6 »3 degerleri
S. erythrophthalmus ve A. anguilla turleri igin analiz edildi ve
sirasiyla  %5.68+0.406; %3.72+0.242 ve %3.87+0.505; %9.24+0.583
oranlarinda tayin edildi (p<0.05). ®@3/@6 ¢coklu doymamig yag asitleri
oram S. erythrophthalmus turinde 1.48; A. anguilla tirinde ise 2.29
olarak belirlendi (p<0.05). Bu ¢alismada insan beslenmesinde 6nemli
rol oynayan »-3 PUFA ailesinden EPA ve DHA'nin toplam miktar:
yonunden A. anguilla ‘min daha zengin oldugu tespit edildi. ®3/w6
oranlarinin 1’den yiiksek oldugu bulgusu her iki tath su baliginin ©-3
yag asitlerinin iyi bir kaynagi oldugunu gosterdi. Buyik Menderes
Nehri'nde yasayan bu balik tiirlerinin bélge halkinin beslenmesine
uygun oldugu ve daha verimli tiketilmesi adina c¢alismalarin
arttirilmas: gerektigi sonucuna varildi.

Investigation of Total Fatty Acid Compositions in The Muscle Tissues of The Two Freshwater Fish
Species Living in The Big Menderes River (Aydin)

ABSTRACT
In this study, it was aimed to characterize the fatty acid compositions
in the muscle tissue of Scardinius erythrophthalmus (rudd) and

Research Article

Article History

Anguilla anguilla (eel) freshwater fish species which were caught in Received ©20.04.2020
Biiyiik Menderes River (Aydin) and to determine the ©3/w6 fatty acid Accepted ©27.07.2020
ratios. Fatty acid methyl esters obtained from muscle tissue samples
of fish were analyzed by gas chromatography (GC). The most Kengrds :

Anguilla Anguilla

abundantly found saturated fatty acid types were determined as

stearic acid C18:0; (24.554%=0.249) in the S. erythrophthalmus and
palmitic acid C16:0 (19.49%+0.643) in the A. anguilla species. As for
monounsaturated fatty acids in both fish species, those with the
highest percentages were determined as oleic acid C18:1 ®9
(18.03%+0.520 in S. erythrophthalmus; 33.44%=0.336 in A. anguilla)
and palmitoleic acid C16:1 07 (9.916%+0.484 in S. erythrophthalmus;
A. anguilla 10.96%=0.753). Eicosapentaenoic acid (EPA) C20:5 3 and
docosahexaenoic acid (DHA) C22:6 »3 values were analyzed for S.

The Big Menderes River
Scardinius erythrophthalmus
Fatty acid composition

®3/w6 ratio
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erythrophthalmus and A. anguilla species and it was determined at
the rates of 5.68%+0.406, 3.72%=+0.242, 3.87%=+0.505 and 9.24%+0.583,
respectively (p<0.05). The ratio of ®3/w6 polyunsaturated fatty acids
in muscle tissue was 1.48 for the S. erythrophthalmus and 2.29 for A.
Anguilla (p<0.05). In this study, A. anguilla was determined to be
richer in terms of total amount of EPA and DHA from »-3 PUFA
family which play an important role in human nutrition. The finding
that ©3/06 ratios were greater than 1 showed that both freshwater
fish were good sources of @3 fatty acids. It is concluded that these fish
species living in The Buyluk Menderes River are suitable for nutrition
of the people of the region and studies should be increased in order to

consume more efficiently.

Ataf Icin:

Bayar I, Inci A, Uniibol Aypak S, Bildik A 2021. Biiyitk Menderes Nehri'nde (Aydin) Yasayan Iki Tath Su Balizi

Tirinin Kas Dokularindaki Total Yag Asidi Kompozisyonunun Arastirilmasi. KSU Tarim ve Doga Derg 24 (2):
260-266. https://doi.org/10.18016/ksutarimdoga.vi.723089

To Cite:

Bayar I, Inci A, Uniibol Aypak S, Bildik A 2021. Investigation of Total Fatty Acid Compositions in The Muscle

Tissues of The Two Freshwater Fish Species Living in The Big Menderes River (Aydin). KSU J. Agric Nat 24
(2): 260-266. https://doi.org/10.18016/ksutarimdoga.vi.723089

GIRIS

Balik, insan diyetinin 6énemli bir unsurudur. Son
derece zengin besin degerine sahip olan baliklarin
ozellikle icerdikleri yag asitleri 6nemli bir arastirma
konusudur. Bir enerji kaynagi olan yag asitleri; hiicre
biiylimesi, farklilagsmasi1 ve metabolizma i¢in énem arz
eder, hiicresel membran yapisi ve fonksiyonlarini
etkiler (Kamler ve ark., 2008). Balik yaglar
kompozisyonunu olusturan iki temel yag asidi tira
doymus (SFA) ve doymamis yag asitleridir. Doymamis
yag asitleri tekli doymamis (MUFA) ve coklu
doymamig (PUFA) yag asitleri olarak iki gruba
ayrilirlar. Ozellikle Omega-3 (@3) (C18:3 linolenik asit)
ve Omega-6 (©6) (C18:2 linoleik asit) coklu doymamis
yag asitleri (PUFA’lar), insan saghg {izerindeki
yararl1 etkileri nedeniyle O6nem arz etmektedir
(Ozparlak, 2013). ®3 PUFA ailesinden DHA (22:6 ©3)
ve EPA (2015 ©3), diger yag asitleri ile
karsilastirildiginda farkl biyolojik etkilere sahiptirler
(James ve Cleland, 1966; Dunbar ve ark., 2014). Uzun
zincirli ®3 PUFA’lar insanlar tarafindan
sentezlenemez ve mutlaka disaridan diyetle
alinmalidirlar (Ackman, 2002; Cengiz ve ark., 2010).
DHA, EPA ve arasidonik asit (AA) hiicre
membranlarinin temel yapisal bilesenleridir (Innis,
1991). EPA kolesterol esterlerinde, trigliseridlerde ve
fosfolipidlerde; DHA ise ¢cogunlukla fosfolipidlerde yer
alir. DHA; miyokard, retina ve beyinde daha yuksek
konsantrasyonlarda bulunur ve bu dokularin diizgiin
isleyisi ve biiyiimesi icin gereklidir (Simopoulos, 1991;
Jump, 2002; Lee ve Lip, 2003). Doymus yag asitleri ve
kolesterol bakimindan zengin yag asitleri tiiketimi
aterojenezi arttirirken, MUFA ve PUFA’lardan zengin
lipidlerin tiiketimi aterogenezis ve trombogenezisi
dolayisiyla kardiyovaskiler hastaliklarin riskini
azaltirlar (Varljen ve ark., 2003). EPA ve DHA’ nin
kardiyovaskiiler = hastaliklarda ve kan lipid
seviyelerinin  kontroliinde, diabetes mellitus,
depresyon, oto immiin bozukluklar, romatoid artrit ve
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diger inflamatuar bozukluklarda faydali etkileri
oldugu kanitlanmistir (Darlington, 1988; Kinsella ve
ark., 1990; McManus ve ark., 1996; Edwards ve ark.,
1998). Bunun yaninda 3 ve @6 yag asitleri dengesi
normal gelisim adina olduk¢a Onemlidir ve ikisi
arasindaki oran oldukga yararh bir saglik belirleyicisi
endeksi olarak kabul edilmektedir (Simopoulos, 2002).
Saglikli bir beslenme diyeti i¢in ®3/w6 oram 1:1-1:5
olarak bildirilmistir (Osman ve ark., 2001).

Balik tirlerindeki yag asidi gesitliligi farklilig: baligin
bulundugu cografi kogul, mevsim, suyun sicaklig1 ve
kirlilik, tretim siklusu, besin yapisi ve ortami gibi
parametrelere baghh olarak ortaya c¢ikmaktadir
(Henderson ve Tocher, 1987). Deniz ve tatli su
baliklarinin yag asitlerindeki farkhiliklar, turlerin
yasam alanina baghh olmanin yanminda o6zellikle bir
turtin otgul, omnivor veya etc¢il olup olmadigim
gosteren dogal diyetlerine dayanarak da degisim
gosterir. (Sargent ve ark., 1995). Tath su baliklar,
deniz  baliklar1 ile karsilastinldiginda yuksek
miktarda C16 ve C18 yag asitleri ve dugliik miktarda
C20 ve C22 yag asitlerine sahiptir ve bu farkliliklar
temel olarak diyet yag kaynaklidir (Ackman, 1967;
Ozparlak, 2013). Baliklar farkli beslenme rejimi
velveya baligin yasam ortamlarina fizyolojik
adaptasyonu i¢in PUFA’lara 6zel olarak ihtiya¢ duyar
(Bagc1 ve Can, 2015). Her iki balik tiirii de PUFA
icerikleri bakimindan zengin kaynaklar olmakla
beraber tatli su baliklar:1 deniz baliklarindan daha az
miktarda ®3 PUFA, daha yluksek oranda ise ®6 PUFA
icerirler (Vlieg ve Body, 1988; Luczynska ve ark.,
2014). Tath su balklarinin total lipidlerinde »3/06
PUFA degeri cogunlukla 0.5 ve 3.8 arasinda iken deniz
baliklarinda bu deger 4.7 ile 14.4 araliginda
degismektedir (Henderson ve Tocher, 1987).

Aydin Biiyiik Menderes Nehri'nin Sazlikoy ile Bafa
Golu arasindaki boélgesinden yakalanan
S.erythrophthalmus ve A.anguilla tath su balhig
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turlerinin yag asidi kompozisyonlarinin belirlendigi ve Biiytiik Menderes Nehri'nden Subat-Mart aylar: icinde
karsilagtirildig: bir ¢alisma hentliz rapor edilmemigtir. avlanan bu 30 baligin agirlik ve uzunluklar: belirlendi
Yapilan c¢alismanin amaci bu turlerin  kas (Cizelge 1). Balgin kas dokusu, hem insanlar
dokusundaki yag asidi bilesimleri agisindan tarafindan baliklarin ¢ok tiiketilen bir kismi olmasi
karakterize edilmesi, ©3/w6 yag asidi oranlarinin hem de baligin ¢gesitli diger organlarina goére lipitleri
belirlenmesi ve kargilastirilmasidar. daha yuksek diizeyde depolama 6zelligine sahip olmasi
nedeniyle (Kandemir ve Polat, 2007) yag asidi analizi
MATERYAL ve METOD icin uygun goruldi ve her bir numunenin dorsal
Materyaller kisimlarindan yaklagik 5 gram yenilebilir kas dokusu

ayrildi. Ayrilan dokular plastik bir tiipe konularak

Calisma, 15’er adet S. erythrophthalmusve A. anguilla analiz edilinceye kadar -20°C’de saklandi.

tird olmak tizere 30 numune ile gergeklestirildi. Aydin

Cizelge 1. Calismada incelenen iki balik tiiriiniin ortalama agirlik(g)+SD ve ortalama uzunluk(cm)+SD degerleri
Table 1. Average weight (g) + SD and average length (cm) + SD values of the two fish species examined in the study

Tiir Spesifik isim Ornek sayis1  Ortalama agirlik (g)+SD  Ortalama standart
Species Specific name Number of Mean total weight (g) uzunluk (cm)+ SD
samples mean = SD Mean standard length
(cm) mean + SD
Yilan Balg (Eel)  Anguilla anguilla 15 470+194 58+6
Kizilkanat (Rudd) Scardinius 15 948+116 36+2
erythrophthalmus
Metod BULGULAR ve TARTISMA
Yag asidi analizi S. erythrophthalmus ve A. anguilla kaslarindan elde
Her bir balik 6rneginin toplam lipidi, Folch ve ark., edilen yag asitleri profili Cizelge 2'de gosterilmektedir.
(1957) metoduna gore kloroform / metanol (2:1 v/v) ile Her iki balik tirtinde de kas dokusu yag asitleri
ekstrakte edildi Yag asidi metil esterlerinin analizi yizdesinin ~ en  biyik  kismm  SFA (S

i¢in, vidali kapakl tupler i¢gine 1 mg lipid tartildi, 10 erythrophthalmus igin %49.11 ve A. anguilla igin
ml hekzan ilave edildi, ¢6ziildi, ardindan 0.5 ml 2N %30.27) ve MUFA’larin (S. erythrophthalmus igin
metanolik KOH ¢ozeltisi  eklendi. Vorteksleme %30.33 ve A. anguilla igin %47.28) olusturdugu
isleminden sonra kas numunelerinin ust fazlar gozlenmistir. S. erythrophthalmus tirinde toplam
berraklasana kadar yaklasik 1-2 saat beklendi. Metil SFA  miktarn A. anguilla tﬁrundekinden daha
esterlerini igceren Ust faz 0.45 ul'lik kromatografik yiksektir (p<0.05). Doymus yag asitlerinin (SFA)

filtreden gegirilip viallere alindi ve analiz igin biiytik bir bélimi palmitik asit ve stear’ik asitten
metillendirilmis yag asidi numunelerinden 1pl gaz olugmaktadar. En baskln' SFAIar S.
kromatografi (GC) cihazina enjekte edildi. erythrophthalmus'da C18:0 stearik asit (%24.55), A.

anguilla ‘da ise C16:0 palmitik asit (%19.49) olarak
kaydedilmigtir. Bu yag asitlerini S. erythrophthalmus
turinde aragidik asit ve A. anguilla tirinde miristik
asit takip etmektedir. Miristik asitin A. anguilla'da %
4.11 ve S. erythrophthalmus da ise %3.27 oranlari ile
birbirlerine yakin degerlerde olduklar1 gortlmistir
Tki tath su balig: tiirtinde de palmitik asit miktarlari
benzer iken stearik asit miktarlari birbirinden farkh
tespit edilmistir (p<0.05). S. erythrophthalmusda
palmitik asit ve stearik asidi %4.25 oranm ile doymus
yag asitlerinden olan arasidik asit izlemektedir.

Yag asidi metil esterlerinin analizi, alev iyonlagma
detektorlii Agilent 6890 seri gaz kromatografisi (GC)
ile yapildi. Ayirma islemi 60 m uzunlugunda 0.25 mm
i¢ capinda kapiller kolon ile saglandi. Metil
esterlerinin kolon i¢inde taginmasi igin tasiyic1 gaz
olarak azot (1.2 ml dk1) gazi secildi. Detektér ve
injeksiyon sicakligi 200°C’ye ayarlandi. Kolon sicakligi
1lk 15 dakika boyunca 165°C idi ve daha sonra sicaklik
5°C dk?! 'da 200°Cye yukseltildi. Bu sicakhik
kogulunda 50 dakika boyunca analiz stirdirildd.

Kromatogramlardaki piklerin hangi yag asidine ait R 5
oldugu "Supelco™ FAME Mix 37" standartlarinin Balik yag asitlerinin %20-30 oraninda doymus yag

bagil alikonma zamanlar: (relative retention time) ile as?tler%nden, %70-80 orgpmda da. doymamis yag
karsilastirilarak belirlendi. Sonuclar yiizde alan (%) asitlerinden olustugu bilinmektedir (Cakl, 20_07)-
seklinde ii¢ gaz kromatografik analiz sonucunun Benzer sonuglar daha 6nce yapilan ¢alismalarda diger
aritmetik ortalamasi + Standart sapma olarak tablo tatli su baliklar: i¢in de elde edilmistir. Citil ve ark.,
halinde verildi. Elde edilen verilerin SPSS programi (201‘%)’ IS}kh Baraj Gélii’r}dgn elde edilen Cyprinus
kullanilarak p<0.05 anlamhilik diizeyinde istatiksel carpio, Tincatinca, Scardinius erythrophthalmus ve
degerlendirilmeleri (One-Way ANOVA)  yapild Carassius carassius balik tiirlerinde sirasiyla %30.55,
(Cizelge 2). %35.34, %33.52 ve %26.41 oranlarinda SFA belirlemis

ve en baskin SFAnin palmitik asit oldugunu rapor
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Cizelge 2. Biiyiik Menderes Nehrinden yakalanan S. erythrophthalmusve A. anguilla tath su balig: turlerinin yag

asidi profilleri

Table 2. Fatty acid profiles of S. Erythrophthalmus and A.anguilla freshwater fish species caught from the Bliyiik

Menderes River

Yag Asitleri (Fatty acids) Yilan Bahg ( Eel) Kizilkanat (Rudd)
(A.anguilla) (S.erythrophthalmus)

C14:0 miristik asit 4.11+0.452 3.27+0.66P
C16:0 palmitik asit 19.49+0.642 15.85+0.47b
C17:0 margarik asit 0.60+0.102 0.64+0.042
C18:0 stearik asit 5.29+0.562 24.55+0.24b
C20:0 arasidik asit 0.30+0.122 4.25+0.46P
C22:0 behenik asit 0.05+0.022 0.30+0.10P
C24:0 lignoserik asit 0.41+0.062 0.23+0.14P
Toplam Doymus Yag Asidi (ZSFA) 30.27+0.26= 49.1140.25b
Total Saturated Fatty Acids (NSFA)
C14:1 »5 miristoleik asit 0.16+0.052 0.52+0.11b
C15:1 w5 pentadekanoik asit 0.46+0.052 0.46+0.052
C16:1 o7 palmitoleik asit 10.96+0.752 9.91+0.48P
C17:1 »8 heptadesenoik asit 0.93+0.14~ 0.44+0.06P
C18:1 w9 oleik asit 33.44+0.332 18.03+£0.52P
C20:1 ®9 eikosenoik asit 1.03+0.222 0.94+0.212
C22:1 @9 erusik asit 0.28+0.15 ND
Toplam Tekli Doymamis Yag Asidi(ZMUFA) 47.28+0.257 30.33+0.20°
Total Monounsaturated Fatty Acids (XMUFA)
C20:3 »3 eikosatrienoik asit 0.36+0.24~ 1.61+0.06>
C20:5 »3 eikosapentaenoik asit (EPA) 3.87+0.502 5.68+0.40P
C22:5 ®3 dokosapentaenoik asit (DPA) 1.95+0.502 1.20+0.19>
C22:6 3 dokosaheksaenoik asit (DHA) 9.24+0.582 3.72+0.24P
Y ®3 15.42+0.222 12.22+0.09>
C18:2 w6 linoleik asit 2.48+0.912 4.58+0.22b
C18:3 w6 linolenik asit 1.47+0.582 3.25+0.49b
C20:2 w6 eikosadienoik asit 0.35+0.04 ND
C20:3 06 eikosatrienoik asit 1.47+0.24 ND
C20:4 »6 arasidonik asit 0.95+0.44~ 0.42+0.17>
2 w6 6.73+0.322 8.25+0.17P
Toplam Coklu Doymamis Yag Asidi (CPUFA) 22.15+0.27= 20.47+0.11>
Total Polyunsaturated Fatty Acids (XPUFA)
®3/06 2.292 1.48b
% Yag Asidi (5 Fatty Acid) 99.71a 99.92:
Tanimlanamayan (Unidentified) 0.292 0.082

*ND=Algilanamayan (ND=Undetectable)

*Aymi satirdaki farkl harfler istatiksel olarak énemliligi belirtmektedir (p<0.05).

etmiglerdir. Onu izleyen ikinci énemli SFA ise stearik
asit olmustur. S. erythrophthalmus tirundeki kas
lipitlerinin yag asidi bilegimleri ve bunun mevsimsel
degisimlerinin incelendigi baska bir ¢aligmada, SFA
igeriklerinin mevsimlere gore %26.79 ile %41.54
araliginda degisim gosterdigi ve en temel SFA'min
palmitik asit oldugu (%18.89-30.41) gézlenmistir
(Kalyoncu ve Abuoglu, 2017). Serban Baraj Gélii'nde
yasayan Sgualius cephalusda palmitik asit orani
%19.3 ve stearik asit orani ise %5.7 olarak
belirlenmistir (Bulut ve Mert, 2014) ve bu sonucun bu
calismada A. anguilla tirinden elde edilen SFA profili
ile ¢ok benzer oldugu gorilmektedir. Tirkiye disinda
Ghazali ve ark., (2013), Tanus Lagiiniinde
yvakaladiklarn A. anguilla kas Orneginde gida
kisitlamas1 altinda yapilan bir yag asidi analizi
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calismasinda, toplam doymus yag asidi fraksiyonu kas
yag asitlerinin %29una ulagsmistir ve esas olarak
palmitik asit, stearik asit ve miristik asitten olustugu
belirlenmistir. Kemer Baraj Gélii'ndeki (Aydin), yilan
(A. anguilla) ve yaym (Silarus glanis) baliklarinin
mevsimlere goére yag asidi bilesimleri incelenmis ve
SFA ylizdesini olusturan en yliksek ylizdeye sahip yag
asitleri yine palmitik, stearik ve miristik asit olarak
kaydedilmistir (Algan, 2009).Yiiksek oranda oleik asit
ve palmitoleik asidin tath su baliklarn ig¢in
karakteristik oldugu bilinmektedir (Ackman, 1967;
Bulut ve Mert, 2014). Algan (2009), Kemer Baraj
Goli'nde yilan ve yaymn baligi lzerine yaptig:
¢aligmada tiim mevsimler i¢in her iki balik tiiriinde de
en baskin MUFA’larin oleik asit ve palmitoleik asit
oldugunu gostermistir. Citil ve ark., (2014) da, Isikh



KSU Tarim ve Doga Derg 24 (2): 260-266, 2021
KSU J. Agric Nat 24 (2): 260-266, 2021

Arastirma Makalesi
Research Article

Baraj Goli'nden elde ettikleri S. erythrophthalmus
tiiriinde oleik asidin (%16.07) majér MUFA oldugunu
tespit etmiglerdir. Mevsimsel farkhliklara bagh
incelenen calismada ise S. erythrophthalmus turinde
oleik asit, mevsim ayirt etmeksizin en baskin MUFA
olarak kaydedilmistir. Bunu palmitoleik asit (%4.8-
6.11) izlemektedir (Kalyoncu ve Abuoglu, 2017).
Turkiye'deki cesitli gol, nehir ve barajlardan farklh
tatli su baliklari ile yapilan birgok ¢alismada da benzer
sonuclar elde edilmistir (Ozogul ve ark., 2007; Cengiz
ve ark., 2010; Cakmak ve ark., 2012; Misir ve ark.,
2013; Ozparlak, 2013; Bulut ve Mert, 2014; Ozyilmaz
ve Palali, 2014).

Yapilan bu c¢alismada MUFA degerleri S
erythrophthalmusda %30.33 ve A. anguillada %47.28
olarak belirlenmisgtir. Her iki balik tiirtinde de baskin
MUFAnin literatiirlerle ortisen sekilde oleik asit

oldugu (A. anguilla tirinde %33.44,
S.erythrophthalmus tirinde %18.03) ve bunu
palmitoleik asidin (A. anguilla tiiriinde %10.96, S.
erythrophthalmus turinde %9.91) izledigi

gorilmektedir. Her iki balik tiirtinde de palmitoleik
asit ve pentadekanoik asit oranlarinin birbirine yakin
oldugu gorulmustir. A. anguillada erusik asit %0.28
olarak bulunmus olup, S. erythrophthalmus tirinde
erusik asit tespit edilememistir. Erusik asit (C 22:1)
deniz baliklarinin yag asidi bilesiminde bulunurken
tathh su baliklarinin bilesiminde nadiren gérilen bir
yag asidi tiiriidiir (Ackman, 1999).

Baliklar o6zellikle ©3 serisi yag asitleri bakimindan
zengin 6nemli bir PUFA kaynagidirlar. ®3 ve 06 serisi
uzun zincirhi ¢oklu doymamig yag asitlerinden bazilari
esansiyel olarak kabul edilmektedir (Guil-Guerrero ve
ark., 2011). Uzun zincirli @3 serisi coklu doymamis yag
asitlerinden o&zellikle eikosapentaenoik asit (EPA,
C20:5n-3) ve dokosaheksaenoik asit (DHA, C22:6n-
3)in insan saghg icin oldukca o6nemli oldugu
bilinmektedir (Harlioglu, 2011). Calismada toplam
PUFA degerleri S. erythrophthalmusda %20,47,
A.anguilld da ise %22.15 olarak kaydedilmis ve
degerlerin  birbirine yakin oldugu goéralmistir
(p<0.05). A. anguilli da DHA (%9.24), &
erythrophthalmusda ise EPA (%5.68) en yiiksek
PUFA tiirleri olarak belirlenmistir. Iki balik tiiriinde
birbirine benzer DPA yiizdeleri (A. anguilla da %1.95
ve S erythrophthalmusda %1.20) elde edilmistir.
C20:3 w3, C20:5 w3 EPA, C22:5 3 DPA ve C22:6 »3
DHA'min iginde bulundugu toplam ®3 degeri S.
erythrophthalmus da %12.22 ve A. anguillada %15.42
olarak kaydedilmistir (p<0.05). Toplam w6 degeri ise S.
erythrophthalmusda %8.25 ve A. anguillada %6.73
olarak tespit edilmistir (p<0.05). Baz1 ®6 yag asitlerine
kizilkanat turinde rastlanmamistir. Literatiurlerden
farkli olarak bu ¢alismada her iki balik i¢in de elde
edilen PUFA degerleri, SFA ve MUFA degerlerinden
oldukca distiktir.

Baliklarin  beslenmedeki rolinde 6nemli bir
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gostergenin  PUFA’lardaki  ©3/06 orani oldugu
bildirilmistir (Bulut ve Mert, 2014). Bu degerin yiiksek
olmasi insan saghgim olumlu yénde etkilemektedir.
Plazma lipidlerini azaltarak koroner kalp hastaliginin
onlenmesine yardimci olmak i¢in insan diyetindeki
»3/w6 yag asidi oraninda bir artigin 6nemli oldugu ileri
sturiilmektedir (Kinsella ve ark., 1990; Ozparlak,
2013). Bu yag miktarlarinin insan diyetindeki
miktarlarinin dengeli olmasi viicudun eikasonoid
kontrollii fonksiyonlar: icin de temeldir (Cengiz ve
ark., 2010). ®3/06 oranimin tatli su baliklarinda
genellikle 1-4 arasinda degistigi rapor edilmigtir
(Bulut ve Mert, 2014). Tath su baliklarinin en iyi ©3/06
PUFA degerinin 1.79 oldugu bildirilmistir (Altair ve
ark., 2001). Yapilan calismalarda ©3 ve o6 PUFA
sonuglari hem ortam kogullarina hem de balik
tiirlerine gore farkhiliklar gostermektedir. Ozparlak
(2013), kis ve yaz mevsimlerinde yag asidi
kompozisyonlarin1  inceledigi  Cyprinus  carpio,
Carassius gibelio, Leuciscus lIlepidus ve Sander
Iucioperca balik tiirlerinde toplam ©®3iin hem yaz hem
de kis mevsimlerinde toplam w6 yag asidinden daha
yiksek bulundugunu ve ©3/06 degerlerinin 1.06 ile
3.19 arasinda degistigini gozlemlemistir. Cengiz ve ark
(2010), inceledikleri 9 farkli balik tiirtinde 2 tiiriin
(Alburnus mossulensis ve Liza abu) ®3 degerlerini »6
degerlerinden daha diisiik tespit etmistir. Inceledikleri
diger 7 balik tiurinde ise w3/w6 degerleri 1.04-3.53
araliginda degismektedir. Ozogul ve ark (2007), Adana
Seyhan Baraj Goli’'nden ¢ikardiklar: tatli su baliklar:
olan Cyprinus carpio, Siluris glanis, Tinca tinca,
Rutilus frisi, Sander Iucioperc tirlerinde ®3
yiuzdelerini w6 ylzdelerinden daha yuksek, Clarias
gariepinus tiiriinde ise ayn oranda (#3/w6 degeri 1)
tespit etmislerdir.

Yapilan calismada iki balik tiirinde de toplam ©3
degeri, toplam ©6 degerine gore daha yiiksek oranda
tespit edilmigtir. 3/w6 degerleri A. anguilla'da 2.29 ve
S. erythrophthalmus'ta 1.48 olup, bu sonuclarin tath
su baliklarinin karakteristigini yansittigi sGylenebilir.
Citil ve ark., (2014), S. erythrophthalmus tiiriiniin kas
ornegindeki ©3/06 PUFA degerini 2.15, Kalyoncu ve
Abuoglu (2017), S. erythrophthalmusun mevsimsel
farklara gore kas lipidlerindeki ©»3/06 PUFA degerini
1.08-1.98 araliginda tespit etmiglerdir. Yapilan
calismada kizilkanat turinde elde edilen w3/w6 degeri
Citil ve ark., (2014)'min bildirdigi degerden diisiik,
Kalyoncu ve Abuoglu (2017)' nun bildirdigi deger
aralig1 ile ise uyumlu bulunmustur. Algan (2009),
incelemis oldugu A. anguilla baliginda sonbahardan
yaza kadar toplam ®3 degerlerini %5.5-%9.3, toplam
»6 degerlerini ise %5-6 araliginda ve ®3/w6 degerini ise
sirasiyla 0.92, 1.4, 1.5, 1.7 olarak rapor etmistir. Bu
¢alismada yilan balhiginin ©3/06 degeri Algan
(2009)'nin bildirdigi sonu¢ araligindan daha yiiksek
olarak tespit edilmigtir. Elde edilen veriler yilan
baliginin kizilkanata gére »3 yoniinden daha iyi bir
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kaynak oldugunu gostermigtir. Biiyik Menderes
Nehri'nde (Aydin) yakalanan S. erythrophthalmus ve
A.anguilla tirlerinin her ikisinin de SFA ve MUFA
yoninden daha zengin oldugu gorilmustir. Bu
turlerden elde edilen ®3/w6 degerlerinin 1’den yuksek
olmasi sebebiyle ise insan sagligi i¢in 6nerilebilir besin
kaynaklari olabilecegi kanisina varilmigtir.

SONUC

Bu calismada Aydin Buyuk Menderes Nehrinde
yasayan S.erythrophthalmus ve A. anguilla tiirlerinin
yag asidi kompozisyonlar1 karsilastirilmigtir. Elde
edilen DHA, EPA, »3/06 seviyeleri acisindan
bakildiginda 6zellikle yilan baligi insan diyeti igin
tavsiye edilen kriterlerde ve verimli bir besin kaynag:
olarak belirlenmistir ve her iki balik tiiriiniin de bélge
halk: tarafindan tiiketimlerinin arttirilmas: gerektigi
diisinulmektedir. Ancak tiiketicilerin daha bilingli
balik secimi yapabilmesi ve baliklarin yag asidi
bilesiminin ekolojik ve fizyolojik kosullardan ne 6lgtide

etkilendigini butiinsel olarak goérebilmek adina
mevsimsel yag asidi degisimine yonelik ek
calismalarin da yapilmasi 6nerilmektedir.
Aragtirmacilarin Katk: Orani 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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ABSTRACT

The present study related the nutritional contents, fatty acid
compositions, in vitro antioxidant, anticancer and antimicrobial
activities of different solvents extracts of Pleurotus eryngii. The
nutritional contents of the P. eryngii were investigated in detail.
Crude protein (g 100 kg-1), carbohydrate (g 100 kg-1), lipid (g 100 kg-
1), ash (g 100 kg-1), dietary fiber (g 100 kg-1) and energy value (cal
100 g-1) of fruiting bodies were analysed. Fatty acid compositions of
total lipid, phospholipid and triacylglycerol fractions of Pleurotus
eryngii were investigated by Gas chromatography. Totally 13 different
fatty acids constituents were identified. Antioxidant properties
including total antioxidant activity, free radical scavenging activity,
reducing power activity, metal chelating activity, and superoxide
anion radical scavenging activity were evaluated using different tests.
The highest total antioxidant, DPPH scavenging, metal chelating, and
superoxide anion radical scavenging activities were determined in
ethyl acetate extracts. The potential of cytotoxic activity on PC-3
(prostate cancer) cell lines was found to depend on the concentration
and the type of the tested extracts fractions. It was determined that
hexane, ethyl acetate, and methanol extracts of Pleurotus eryngiihave
inhibition effect on the growth of tested microorganisms. The present
results suggested that used as a daily nutrient, the Pleurotus eryngii
could be a novel source for new drug developments and promising in
some cancer treatment.

OZET

Bu calisma Pleurotus eryngirnin farklhh c¢ozicu ekstraktlarinin
besinsel igerikleri, yag asidi bilesimleri, in vitro antioksidan,
antikanser ve antimikrobiyal aktiviteleri ile ilgilidir. P. eryngiinin
besinsel icerigi ayrintili olarak arastirildi. Meyve govdesinin ham
protein (g 100 kg-1), karbonhidrat (g 100 kg-1), lipit (g 100 kg-1), kiil
(g 100 kg-1), diyet lifi (g 100 kg-1) ve enerji degeri (100 g-1) analiz
edildi. Pleurotus eryngiinin toplam lipit, fosfolipid ve triacilgliserol
fraksiyonlarinin yag asidi bilesimleri Gaz kromatografisi ile
aragtirildi. Toplam 13 farklh yag asidi bileseni belirlendi. Toplam
antioksidan aktivite, serbest radikal slipiirme aktivitesi, indirgeme
giicii aktivitesi, metal selatlama aktivitesi ve sliperoksit anyon
radikali stipurme aktivitesini igeren antioksidan o6zellikler farkli
testler kullanilarak degerlendirildi. En yiiksek toplam antioksidan,
DPPH radikali stiplirme, metal selatlama ve stiperoksit anyon radikal
siiplirme aktiviteleri etil asetat 6ziitiinde belirlendi. PC-3 (prostat
kanseri) hiicre hatti tizerindeki sitotoksik aktivite potansiyelinin, test
edilen o6zut fraksiyonlarinin konsantrasyonuna ve tipine bagh oldugu
bulundu. Pleurotus eryngiinin heksan, etil asetat ve metanol
ekstraktlarinin, test edilen mikroorganizmalarin biiyiimesini inhibe
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edici etkiye sahip oldugu belirlendi. Mevcut sonuglar, giinlik besin
olarak kullamilan Pleurotus eryngirnin yeni ila¢ gelismeleri ve bazi
kanser tedavilerinde umut vaat eden yeni bir kaynak olabilecegini

disundirmektedir.
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INTRODUCTION

People have consumed wild mushrooms since ancient
times as part of their nutrients due to their unique
taste, nutritional value, and rich mineral contents.
Wild edible mushrooms have been identified as a
source of many chemical and nutritional components.
They are quite rich in terms of some minerals, water,
protein, fibre, carbohydrates and vitamins such as Ca,
Mg, K, selenium, choline, thiamine, riboflavin, ascorbic
acid and ergocalciferol. On the other hand fatty acids,
mono-, di- and triglycerides, sterols, and phospholipids
contents are very low. Therefore, they are attractant
and considered as low-calorie foods by the people for
daily dietary consumption (Heleno et al. 2009; Kalac
2009; Kalac 2012). Various medicinal and nutritional
properties of fungi have been notified in much
research. They are including many bioactive
compounds, such as phenolics. These compounds have
antioxidant, antitumor, anti-inflammatory,
antibacterial and antifungal activities (Dundar et al.
2013; Ferreira et al. 2010; Ren et al. 2016; Taofiq et al.
2015; Alves et al. 2013). Pleurotus eryngii is known as
king oyster mushroom, compared to other species of
Pleurotus, it has a unique flavour, different aromatic
structure, high nutrient content, important medicinal
properties, economic importance, longer shelf life,
fleshy structure and other characteristics related to
cookery (Rodriguez and Royse, 2007; Moonmoon et al.
2010). Recently it has become an extremely preferred
species among North African, Asian and European
consumers (Jeong et al. 2010). Nutritional contents of
Pleurotus species such as chemical composition, macro
and micronutrients, amino acids, proteins have been
investigated (Ahmed et al. 2013; Oyetayo and Ariyo
2013; Musieba et al. 2013). But, the nutrient contents
of the Pleurotus species may vary according to the
physical and chemical differences in the habitat,
substrate composition, pileus size and harvest seasons
(Khan and Tania 2012). Genus Pleurotus contains a lot
of substances that are biologically active including
polysaccharides, proteoglycans, lectins, B- and o-
glucans lipids, peptide, sterols, dietary fibre and low-
molecular-weight compounds such as terpenoids, fatty
acid esters and polyphenols (Liu et al. 2010; Iwona et
al. 2018). Hwang et al. (2003) reported that the water
extract of Pleurotus eryngii showed inhibitory activity
on the human colon cell lines (HT-29) and the human
colorectal adenocarcinoma (Caco-2) cell lines. Diindar
et al. (2013) reported that cultured P. eryngii mycelium
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ethanol extract showed 60.68% antioxidant activity in
the B-carotene—linoleic acid test system at a
concentration of 10 mg/ml. P. ostreatus, a selenium
accumulator, has been reported to show antitumor
activity by inhibiting DNA cytosine methyltransferase
(Ferreira et al. 2010). Llaurado et al. (2012) reported
that the Pleurotus sp. water, and methanol extract had
an immunomodulatory effect (on murine spleen cells)
in mice, and the stimulation index was 1.90 and 1.28
respectively in 72 hours. In a study, researchers
reported that the water-soluble polysaccharide extract
(6.4 mg/mL) of P.eryngii increases the activities of
antioxidant enzymes and effectively removes the
DPPH free radicals (90.46%) in the CCl4-induced
hepatotoxicity (Chen et al. 2012). In another study,
researchers reported that the HepG-2 cells which were
treated with 100 mg/mL P. eryngii polysaccharide
extract showed antiproliferative effect (20% of early
apoptotic cells) at 6 h (Ren et al. 2016). Also B-glucans
and a-glucans have anticancer properties (Jedinak et
al. 2010; Wu et al. 2011). Furthermore, Pleurotus
eryngil has phenolic and flavonoid compounds with
antioxidant properties such as p-coumaric acid,
gentisic acid, chlorogenic acid, syringic acid, caffeic
acid, quercetin, rutin, kaempferol, catechin,
protocatechuic acid, ferulic acid, t-cinnamic acid,
vanillic acid, gallic acid, luteolin, naringenin, benzoic
acid, 4-hydroxybenzoic acid, 2,5-Dihydroxybenzoic acid
(Li and Nagendra 2013, Gasecka et al. 2016). However,
the cytotoxic activity of the P. eryngii extracts on PC-3
cell lines has not been reported yet. These studies are
very important in terms of better evaluation of P.
eryngil as an alternative nutrient source and in
obtaining new comparative data for the investigation
of new therapeutic alternatives. Herein, the
antioxidant properties, fatty acid compositions,
nutritional content, the antimicrobial and cytotoxic
activity of different solvents extracts of Pleurotus
eryngii were investigated in detail.

MATERIALS and METHODS
Material

Pleurotus eryngii samples were collected from the field
study in the province of Hakkari/Tirkiye between
April to May 2016. Taxonomic identification of
material was according to Phillips (1994), using
ecological, macroscopic data.
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Tested Microorganisms

Commercially purchased S. aureus (ATCC 25923), S.
pyogenes (ATCC 19615), E. coli (ATCC 25922), B.
subtilis (ATCC 11774), P. aeruginosa (ATCC 27853)
standard bacterial strains and C. albicans (ATCC
10231) yeast were used for antimicrobial activity
essay.

Standard antibiotic discs

Ofloxacin (OFX, 5 pg), Imipenem (IPM, 10 pg),
Netilmisin (NET, 30 pg), Amoxycillin (20
ng)/Clavulanic acid (10 pg) (AMC, 30 pg), Netilmisin
(NET, 30 pg) and Nystatin (N, 60 pg) (Thermo
Scientific Oxoid) were purchased commercially.

Determination of nutritional contents of Pleurotus
eryngii

Energy value, crude protein (nitrogen), ash, lipids and
carbohydrate amounts of mushroom samples (of dry
material%) were investigated according to the methods
specified in the literature (Kjeldahl 1883; AOAC, 1990;
Dundar et al. 2009). Khejdahl system was used for
nitrogen determination. Energy value was determined
by using the calorimeter (IKA C 200). Cauterization at
600+15 degrees C was used for the determination of
ash. The dietary fibre amount was determined
according to AOAC 993.21 method (AOAC 1990).
Amino acid concentrations in the fungus sample were
determined by using the HPLC accoutered with a
combined system with an Agilent 1260 Infinity HPLC-
DAD (Das et al. 2014). Each experiment was repeated
3 times and the results were given with mean and
standard deviations.

Fatty Acid Compositions of Total Lipid, Phospholipid
and Triacylglycerol Fractions of Pleurotus eryngii

The isolation and transmethylation of fatty acids were
carried out as described by Kacar et al. (2016).
Shimadzu GC 2010 PLUS model Gas Chromatography
device, flame ionization detector (FID) and DB-23
(Bonded 50% cyanopropyl) (J & W Scientific, Folsom,
CA, USA) capillary column (30m x 0.25mm inside
diameter x 0.25 pm film thickness) were used for the
analysis of fatty acids methyl esters. Firstly, 5 g of
ground mushrooms were extracted into a mixture of
chloroform-methanol (2: 1 v/v). Secondly, the total
lipids in the sample were separated by thin-layer
chromatography into phospholipids and triacylglycerol
fractions. Total lipids; 80: 20: 1 ratio was carried out in
a mixture of petroleum ether-diethyl ether-acetic acid.
Air-drying plates were sprayed with 2.7-
dichlorofluorescein to make lipid fractions visible
under the UV lamp. The bands of phospholipids and
triacylglycerol were determined using the standards
(Sigma-AldrichChemicals of fatty acids). Finally, the
per cent content of the fatty acids of the hexane-
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extracted material was analyzed by gas
chromatography, with the conversion of fatty acids to
fatty acid methyl esters. Total amounts of fatty acids
were obtained by the GC Solution (Version 2.4)
computer program. SPSS 15 computer program was
applied to compare the percentages of fatty acids of
fungi. The t-test was used to compare the fatty acid
percentages of the two groups. Duncan's multiple
range tests were used to determine the difference
between means (Duncan 1955).

Preparation of macrofungi extracts for in vitro assays

The fruiting bodies of the P. eryngii, dried at room
temperature, were made ready for analysis by milling.
The 50 g powdered mushroom samples were taken in
a flask and extracted with series of organic solvents
(200 ml hexane, ethyl acetate, and methanol) with
different polarities in the constant stirring rate at 250
rpm for 24 hours and then filtered. This procedure was
repeating three times for each solvent. Finally, solvent
of hexane, ethyl acetate, and methanol extracts has
been evaporated in the rotary evaporator at 40 °C
under vacuum. Crude extracts were re-dissolved in
methanol/DMSO (8:2) for preparing stock solution (7
mg/ml) and stored at -20°C for later use. The polarity
index of hexane, ethyl acetate, and methanol were
reported as 0, 4.3, and 6.6 respectively (Keskin et al.
2018).

In vitro antioxidant assays

The total antioxidant activity of mushroom extracts
was determined by the B-carotene-linoleic acid method
(Dapkevicius et al. 1998). DPPH radical scavenging
activities of mushroom extracts were performed
spectrophotometrically according to Cu et al. (2000).
Superoxide anion radical scavenging activity was
performed according to the riboflavin-methionine-
light-NBT method (Zhishen et al. 1999). The metal
chelating activity of the mushroom extract was
detected by the method of Dinis et al. (1994). The
reducing power activity of the mushroom extracts was
determined according to Oyaizu, (1986).

Cytotoxic activity of mushroom extracts

Cytotoxic activity of P. eryngii extracts was evaluated
according to the method of Alley et al. (1998). MTT test
was used to evaluate the PC-3 (prostate cancer) cell
line. MTT solution: 5 mg MTT was dissolved in
phosphate buffer solution (CMFPBS) (pH = 7.0)
without 1 ml divalent cations (Ca** and Mg*). The
solution was stored in the dark at 4 °C. Serum media
for PC-3 (CRL-1435, ATCC) cell culture: 10 ml
inactivated FBS (Fetal Bovine Serum) (10%), 1 ml
penicillin (100 U)/streptomycin (100 mg/ml) solution
(1%) DMEM-F12 (Dulbecco's Modified Eagle Medium:
Nutrient Mixture F-12). 24-h culture phases were
applied in each well for PC-3 cells in 200 ul medium
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with 105 cells. The 96-well microplate was incubated
for 24 hours in a humidified incubator containing 5%
CO2 at 37 °C. After 24 hours, the culture medium was
removed from the wells using an 8-channel automatic
pipette. 50 ul of PBS and 90 ul of fresh media was
added to each well. Subsequently, 10 pl of the test
substance was applied to the wells at a concentration
of % per cent dilution to the MTT test. Cytotoxicity
tests were performed 7 times, 4 replicates for each
concentration and 8 repetitions in the same order for a
second day.

20 pl of MTT solution was added to each well of the 96-
well microplate containing the cell line incubated for
24 hours at 37 °C 5% CO2 with P. eryngii extracts.
After shaking at 150 rpm for 5 min, it was incubated
at 37 °C for 2-3 hours. The top liquid in the wells was
discarded. 100 ul of DMSO was added to the wells.
Shaken at 150 rpm for 5 min. The intensity of the
resulting colour was measured at 590 nm (versus 670
nm reference wavelength). By comparing the
absorbance value of the tested compounds and the
solvent control group, the number of cells killed %
(Inhibition concentration, IC) was calculated. The
absorbance values of the wells (solvent controls)
containing the solution of the test substance instead of
the test sample showed 100% wviability. It was
determined that DMSO used as 1% in the experiment
had no cytotoxic effect on the cells. The absorbances at
590 nm for the MTT test were measured against the
690 nm reference wavelength. Corrected absorbance
values were obtained by subtracting the blind
absorbance from each solvent control and sample
absorbance. Calculations were made by taking the
average of absorbance values for repeats in a
microplate. The relative inhibition activity (IC) was
calculated according to the following formula as a
percentage of the solvent control;

Inhibition%= (corrected mean Absorbance
sample/corrected mean Absorbance solvent control)
x100

Viability % was calculated using solvent control for
MTT testing. The inhibition % curve against the
exposure concentration was plotted. The concentration
corresponding to 50% inhibition from the curve was
determined as ICso. Studies on cytotoxic activity were
performed at the laboratories of Istanbul University
Faculty of Pharmacy.

Determining antimicrobial activity of mushroom
extracts

Antimicrobial activity of obtained extracts was
determined by the disk diffusion test taking into
consideration the National Committee for Clinical
Laboratory Standards rules. The disk diffusion test
was performed using Nutrient Agar and Sabouraud
Dextrose Agar medium. Before the microorganisms
were inoculated, the solid media were incubated at 35-
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36 °C for 30 minutes. It was sterilized and cooled to 45-
50 °C, Nutrient Agar and Sabouraud Dextrose Agar
(SDA Merck) were poured into 25 ml sterile petri
dishes with a diameter of 9 cm. It was sterilized and
cooled to 45-50 °C, Nutrient Agar and Sabouraud
Dextrose Agar (SDA Merck) were poured into 25 ml
sterile petri dishes with a diameter of 9 cm. The
mediums were incubated at 37 degrees for overnight
for contamination control. Bacteria (108 pieces / mL)
and yeast (107 pieces/mL) were added to the water
bath and 150 pL of them were collected and distributed
to the sterile petri dishes with sterile cotton swabs. 30
mg/L (210 pg/disc) of mushroom (7 mg/mL) solutions
were impregnated on 6 mm sterile blank paper discs.
Discs impregnated with fungal solutions were placed
on the solidified agar by lightly pressing. Petri dishes
prepared in this way were incubated in the oven at 37
°C for 24/48 hours, after which the inhibition zone
diameters on the medium were measured as mm using
a ruler.

RESULT and DISCUSSIONS

In this study, nutritional contents, fatty acid
composition, antioxidant, anticancer and antimicrobial
activities of extracts obtained with solvents that vary
from non-polar to polar (hexane to methanol) were
investigated.

Determination of nutritional contents

Macrofungi have the essential nutrients for human
health because of their structures. Mushrooms are an
edible fungus that can ensure diverse major nutrients.
The many varieties of mushroom have different
compositions and nutritional profiles. Mushrooms are
in rich with protein, vitamins, minerals, and
antioxidants. These natural compounds have various
health benefits. For this purpose, data on nutrients
(fibre, protein, fat, carbohydrate, ash and energy
amounts) of P. eryngii were analyzed in detail. Crude
protein (Nx4.38), carbohydrate, lipids, ash, dietary
fibre and energy value of P. eryngii fruiting bodies (%
of dry substance) were determined as 15.93+0.06 g 100
kg-1, 68.4+0.59 g 100 g-1, 3.34+0.02 g 100 g-1, 9.9+0.01
g 100 g-1, 24.6+0.05 g 100 g-1 and 3888+0.23 cal 100 g-
1 respectively. There are many studies on the different
nutritional contents of Pleurotus species. Ahmet et al.
(2013) investigated the nutritional content of P
high-king (PHK), P. ostreatus (PO3), P. geesteranus
(PG1), P. geesteranus (PG3), and P. ostreatus (PO2)
strains also they reported that the highest Ca
(338+1.0), Mg (122+2.0), and K (14+0.0) amount was
found in PG3 and the highest amount of Fe (468+11)
and Cu (3.6£0.0) was in PHK type. However, they
reported that the highest protein and ash content was
found in strain PG1, while the highest lipid and crude
fiber content was found in strains PO2 and POS3,
respectively. Oyetayo et al. (2013) reported that the
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rates of Mg (3.57+0.01), Ca (8.87+0.006), phosphorus
(56.77+0.006), protein (20.11+0.05), fat (3.57+0.01),
and dietary fiber (17.51+0.02) contents of P. ostreatus,
which they cultivated on different wood substrates,
were higher in those grown in Pycnanthus ongoleubis.
Musieba et al. (2013) reported that ash, protein, fat
and fiber contents of P. citrinopileatus were 9.12+1.57,
22.10+2.0, 1.32+2.03 and 20.78+2.72 g/100 g dry
matter, respectively. Mazi et al. (1999) reported that
ash content was between 6.9% and 10.5% and
potassium and magnesium content was higher than
other elements in a study they conducted on different
types of edible mushrooms (P. ostreatus, P. eryngii, P.
pulmunarius and Lentinula edodes). Also, they
reported the most abundant amino acids in edible
mushrooms, expressed as percentages of total amino
acids, were glutamic acid (12.8+20.9%), aspartic acid
(9.1£12.1%), and arginine (3.7+11.7%). In another
study, the chemical composition of Pleurotus ostreatus
(raw g/100g edible weight) was investigated and the
protein, fat carbohydrate, ash energy, and nutritional
fiber content were reported as 1.61+0.02, 0.36+0.02,

6.69+0.01, 0.89+0.01, 36 kcal
respectively (Manzi et al. 2001).

and 4.10+0.06,

P. eryngii has rich carbohydrate and protein content
and has a small amount of ash and oil compared to
other edible fungi. This rich nutritional composition
ensures that this fungus is the perfect food for use in
low-calorie diets. Some researchers have suggested
that the essential amino acid content of mushrooms
can be compared to animal proteins (Longvah and
Deosthale 1998; Mattila et al. 2001). Figure 1 shows
the essential amino acid content of P. eryngii. It was
detected eight essential amino acids for humans, and
the total contents of essential amino acids varied
between 0.05 mg 100g-1 to 9.83 mg 100g-1. The major
components of the essential amino acid were found as
threonine, methionine and leucine. Edible mushroom,
Pleurotus contains 40% of the essential amino acids
which humans need to intake, and thus it is considered
as the potential diet for individuals having
malnutrition problems (Pushpa and Purushothoma
2010).

oo ~
P. eryngii 2
rt;
oo
10 (o))
9
8
7
6
S o
- g
= n
4 - ™
- S
3 b S ~ Q
A & g = s
2 sal i = A =3 g
¥ @ g SO0
) A - 2 g
— = - O
0
S S S S S S S s
3 Y © 3 S S N Y
N N N & N & «© 3
O é *\Y‘ Qg\ *Q
O K\ S N &
QQ\

Essential amino acid content of P. eryngii fruiting bodies

Figure 1. The essential amino acid content of P. eryngii fruiting bodies (mg 100 g-1) (n=3, +SEM)
Sekil 1. P. eryngii meyve gévdesinin esansiyel amino asit icerigi (mg 100 g-1) (n=58, +tSEM)

Determination of fatty acid compositions of total lipid
(TL), phospholipid (PL) and triacylglycerol (TG)
fractions

Fatty acids are the main unit of lipids such as
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phospholipids, triglycerides, and monoglycerides.
Fatty acids can be formed as saturated (SFA),
monounsaturated (MUFA), or polyunsaturated

(PUFA). Triacylglycerols (TGs) are the main neutral
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lipids and they are the primary storage molecules of
metabolic energy in most living organisms.
Phospholipids (PLs) are the presence in nature, and
they are key elements of the lipid bilayer of the cell
membrane. Additionally, TGs are utilized in the food
industry. PLs have favourable effects on human health
(Aparicio and Aparicio-Ruiz 2000). Nevertheless, no
reports have been published about the fatty acid
compositions of TL, TG and PL fractions of P. eryngii.
From this point of view, TL, TG and PL fatty acid
fractions of P. eryngii were investigated in detail
(Table 1). The following main fatty acids were
identified in total lipid, triacylglycerol and
phospholipid fractions: C8:0, C12:0, C13:0, C14:0,
C15:0, C16:0, C17:0, C18:0, and C20:0 as saturated
fatty acids (SFAs); C16:1n-7, C18:1n-9, and C20:1n-9
as monounsaturated fatty acids (MUFAs); and C18:2n-
6, C18:3n-3, as polyunsaturated fatty acids (PUFAs). C
8:0 was identified only in the TG fraction at a trace
amount. The results show that XMUFA percentages
(44.5%) were higher than ZSFA (18.25%) and XPUFA
(37.2%) in total lipid fraction. In the phospholipid
fraction, the PUFA ratio (50.14%) was the significantly
highest when compared with SFA (11.85) and MUFA

(30.54). The MUFA (52.95%) percentage was found
higher than SFA (11.17%) and TPUFA (29.71%) in
triacylglycerol fraction. Linoleic (C18:2n-6), oleic
(C18:1n-9) and palmitic (C16:0) acids were found as
major fatty acids in all fractions (Table 1). Oleic acid is
the most abundant fatty acid in the human body and
makes up almost half of the fatty acids. Fats with high
oleic acid in its composition have been reported to have
many advantages for human well-being. It is stated
that oleic acid, a bioactive compound, is an effective
glucosyltransferase inhibitor and inhibits high levels
of human telomerase activity in a cell-free enzymatic
assay (Oda et al. 2002; Won et al. 2007). Linoleic acid
is an essential fatty acid because it cannot be
synthesized in the human cells and it must be taken
from the diet. In its insufficiency reported that
retardation in growth, reproductive disorders and
dermatoses in the skin, pathological changes in the
liver and kidney (Dimou et al. 2002). We conclude that
the presence of linoleic (C18: 2n-6) and oleic acids (C18:
1n-9) in P. eryngii and the abundance of essential fatty
acids may create a new perspective in formulating new
mushroom-based dietary supplements in further
studies.

Table 1. Fatty acid composition of TL, PG and TG fractions of P. eryngii fruiting bodies
Cizelge 1. P. eryngii meyve govdelerinin TL, PG ve TG fraksiyonlarinin yag asidi bilesimi

Fatty acid TL (Mean+S.E.M.)*
C8:08 -
C12:0 -
C14:0 0.17+£0.03P
C15:0 1.75+0.08P
C16:0 11.58+0.902
C17:0 0.12+0.072
C18:0 4.31+0.90¢
C20:0 0.31+0.04P
YSFA 18.25+0.972
C16:1n-7 0.54+0.01¢
C18:1n-9 43.57+2.09¢
C20:1n-9 0.39+0.02a
YMUFA 44.542.45°
C18:2n-6 37.03+2.67¢
C18:3n-3 0.17+0.03¢
YPUFA 37.9+2.05¢

PL (Mean+S.E.M.)* TG (Mean+S.E.M.)*
- 0.04+0.012
0.04+0.012 0.03+0.01P
- 0.25+0.022
2.67+0.092 -
11.85+1.012 11.17+1.002
- 0.13+0.082
1.74+0.872 5.27+0.98P
1.57+0.562 0.39+0.06P
17.87+1.21a 17.28+1.292
1.41+0.092 0.29+0.06P
30.54+2.212 52.66+2.34bP
31.95+2.302 52.95+1.88b
50.01+2.092 29.63+1.90P
0.13+0.022 0.08+0.01b
50.1442.452 29.71+1.66P

* KEach data is the average of 3 replicates. Three injections were performed per repeat. § The data determined by the same
letters in each line are not different from each other at the level of p> 0.05 probability. SEM.: Standard error mean, SFA:
Saturated Fatty Acids, MUFA: Monounsaturated Fatty Acids, PUFA: Unsaturated Fatty Acids. The percentages of fatty acids
in total, triacylglycerol and phospholipid fusion were evaluated in their own right.

Determination of antioxidant properties

In living organisms, free radicals are formed in
different ways. They react with membrane lipids,
nucleic acids, proteins, enzymes and other small
molecules to cause cellular damage. Low doses of
synthetic antioxidants were able to inhibit cancer but
some studies with experimental animals, indicate that
they caused carcinogenesis and liver damage when
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used in high doses. This has led to increased interest
in natural antioxidant sources. Mushrooms contain
antioxidant substances to reduce oxidative damage in
humans’ cell (Kosanié et al. 2012; Khatua et al. 2013;
Adebayo et al. 2014). Radicals scavenging activity,
reducing power activity, metal chelating activity, total
antioxidant activity and superoxide anion radical
scavenging activity methods were applied to determine
antioxidant properties. The highest results (DPPH,
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metal chelating, total antioxidant and superoxide
radical extinguishing activity) were determined in
ethyl acetate extract, except for reduction power
activity. It was determined that the activities
increased with the concentration and the results
changed with the used solvents. The data obtained
from ethyl acetate extract was quite close to the
standards used as the positive control (Table 2). P.
eryngii methanol extract had the highest reducing

power activity, but it was found that they had
moderate activity in comparison with positive controls
(BHT, BHA, Ascorbic acid, Trolox). These differences
might be due to chemical alteration in the active
compounds present in this mushroom caused by using
the organic solvent extraction process. Similar results
have been reported in different research (Le et al.
2007; Tan et al. 2015).

Table 2. Antioxidant activities of Pleurotus eryngii extracts®
Cizelge 2. Pleurotus eryngii ekstraktlarinin antioksidan aktiviteleri

DPPH

Total antioxidant Super oxide

Pleurotus eryngii scavenging Re}i.l}cing power Metal_cl_lelating activity % anion radical

extracts/ . activity (A562 nm) activity % ) o

standards activity (10 mg/mL) (4 mg/mL (0.1 mg/ mL, activity %

% (5 mg/mL 48th h) (2 mg/mL)

HEG 74.16+0.56 1.57+0.28 80.10+3.11 62.69+0.89 77.41£1.28
EtOAc 88.82+1.02 1.39+0.09 88.84+3.04 57.97+0.06 83.24+3.08
MeOH 78.82+0.09 1.78+0.09 83.60+2.63 63.62+0.09 73.11£2.09
BHA 89.85+0.38 3.23+0.00 - 69.49+0.35 70.34+0.00
BHT 89.16+2.04 3.26+0.08 69.04+0.52 82.93+3.08
Askorbik asit 92.544+2.55 3.76+0.03 63.71+1.26 68.58+2.06
Trolox 92.14+1.23 3.58+0.08 = 59.43+0.18 82.74+3.22
EDTA - - 91.18+0.04 -

*QOnly the results of the highest activities are given. Each value three times (n=3, £SEM) are given by calculating; BHA: Butylated
hydroxyanisole; BHT: Butylated hydroxytoluene; HEG: Hexane extracts; EtOAc: Ethyl acetate extracts; MeOH: Methanol extracts

Determination of cytotoxic activity

The result of the cytotoxic activity of P. eryngii extracts
on the PC-3 cell lines and 50 % growth inhibition (IC50)
shown in Table 3. In recent studies reported that
different types of the extract obtained from fruit bodies
or mycelium of Pleurotus mushrooms may have been
as potential anticancer agents on different cancer cell
lines (Hwang et al. 2003; Sun et al. 2017). However, no
studies have been set against the PC-3 cell line.
Cytotoxic activity (against PC-3 cell lines) of P. eryngii
was investigated by using the various solvent extract.
Ethyl acetate extract of P. eryngii showed significant
inhibitory activity at the concentration of 530 pg ml-
1 (86.203 %) against PC-3 cell lines with ICso
109.89+2.01 pg mL-1 (Figure 2). Methanol extracts did
not show any cytotoxic activity. It has been found that
the potential of cytotoxic activity is depended on the
concentration and solvent type of extracts. There has

been increasing attention regarding the minimal
toxicity fungal metabolites and potent bio
pharmacological activities in cancer therapy. In
particular, it can be said that naturally occurring
anticancer compounds with low toxicity and high
potency to normal cells should be in human diets. The
positive results obtained from the ethyl acetate extract
may have positive consequences for other cancer cells.

Determination of antimicrobial activity

There are several reports in the literature regarding
the antimicrobial activity of extracts from the genus of
Pleurotus (Mondal et al. 2013; Neelam and Singh 2013;
Rahman et al. 2013). P. eryngii extracts have
inhibitory activity against a group of Dbacterial
reference strains were stated in some studies (Shang
et al. 2013; Schillaci et al. 2013; Akytiz and Kirbag

Table 3. Cytotoxic activity of P. eryngii extracts and 50% growth inhibition (IC50)2
Cizelge 3. P. eryngii ekstrelerinin sitotoksik aktivitesi ve %50 biiyiime inhibisyonu (IC50)2

Mushroom Exposure Concentrations (1g/mL)
EtOAc MeOH

530 680

265 i
132.5
66.25
33.13
16.56

8.28

P. eryngii

% Inhibition ICso (ug/mL)

EtOAc MeOH EtOAc MeOH
86.203 51.868 109.89+2.01

61.131 ND

52.909 ND

36.578 ND

29.954 ND

18.555 ND

8.103 ND

a]Csovalues were expressed as the mean+SEM, determined from the results of MTT assay in triplicate experiments. EtOAc:
Ethyl acetate extracts; MeOH: Methanol extracts, ND: Not Detected
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Effect of EtOAc extracts on Pc-3 cell line
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Figure 2. Cytotoxic activity of ethyl acetate extract
Sekil 2. Etil asetat ekstresinin sitotoksik aktivitesi
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Figure 3. Antimicrobial activity assay
Sekil 3. Antimikrobiyal aktivite deneyi

2009). In the current study, the highest antimicrobial
activity was  obtained against Pseudomonas
aeruginosa ATCC 27853 (11 mm) in ethyl acetate
extract. P. eryngiihexane extract showed weak growth
inhibition on P. aeruginosa, B. subtilis, S. aureus
bacterial strains and C. albicans yeast. The methanol
extract showed moderate growth inhibition against P.
aeruginosa, S. aureus, S. pyogenes bacterial strains

» S. pyogenes ATCC 19615
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» P. aeruginosa ATCC 27853 = B. subtilis ATCC 11774
» C. albicans ATCC 10231

and C. albicans yeast. The ethyl acetate extracts only
inhibited P. aeruginosa growth. However, none of the
tested extracts showed an inhibitory effect on the
growth of E. coli bacteria strain (Figure 3). In this
regard, the Pleurotus eryngii extracts were not showed
strong antimicrobial activities when compared with
standard antibiotics but we believe that the values
may change when solvent differences considered.
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CONCLUSIONS

Mushrooms are very rich in classes of phenolic
compounds such as coumaric acid, chlorogenic acid,
syringic acid, caffeic acid, quercetin, rutin, catechin,
protocatechuic acid, ferulic acid, gallic acid, which are
considered as secondary metabolites. These
compounds are very important in terms of antioxidant
metabolism. They eliminate the effects of free radicals
caused by cellular activities. Also, by directing the cells
to apoptosis, they prevent cancer cell proliferation and
tumour generation. Furthermore, Pleurotus
mushrooms are noted as one of the richest and well-
balanced sources in terms of human nutrition and
commonly human food and nutraceutical industries.
Moreover, due to high nutritional values, these
mushrooms can  help  significantly against
malnutrition disease and can have positive effects on
general health. In this respect, the further
chromatographic and structural study needs to be
conducted to know which compounds are in charge of
from which activity. Also, in vivo studies are needed to
understand how mushrooms are efficacious in living
creatures. Following these studies, we suggest that
usage of these potentials of mushrooms in the
pharmaceutical and food industry may be beneficial to
reduce the utilization of synthetic compounds. The
believe that results will provide new baseline
information for further study on Pleurotus eryngii.
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ABSTRACT
Jurinea brevicaulis is a perennial herbaceous plant belonging to the
Asteraceae family. J. brevicaulis is an endemic genus and grows

Research Article

Article History

Erzincan and Gumiushane provinces in Turkey. Jurinea species are Received ©24.04.2020
known to have anticancer, antibacterial, antifungal and antioxidant Accepted 07.09.2020
effects. In this article, it is aimed to evaluate the antioxidant capacity
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and cytotoxic effects of . brevicaulis. Results indicate that, TPC
values were between 41.7 - 537.5 GAE pg g!, FRAP values were
between 109.52 - 1076.2 uM Trolox equivalent g'!, CUPRAC values
were between 231.4 - 3083.3 uM Trolox equivalent g1, ICso values in
DPPH determination were between 0.0102 - 3.4174 mg mL?. The
extracts caused cell death in a concentration-dependent manner in,
ICs0 values were calculated to be between 3.67-10.2 pg mLl In
conclusion, the cytotoxic effects in cancerous cells and the high
antioxidant capacity indicates that . brevicaulis could be an
1mportant herb in developing new drugs.

Jurinea brevicaulis
Antioxidant Capacity
Cytotoxicity

Jurinea brevicaulis'in Biyolojik Aktivitesi; Sitotoksisite ve Antioksidan Aktivitesi

OZET
Jurinea brevicaulis, Asteraceae familyasina ait ¢ok yillik otsu bir
bitkidir. /. brevicaulis endemik bir cinstir ve Turkiye'de Erzincan ve

Gumughane illerinde yetigir. Jurinea tirleri antikanser,
antibakteriyel,  antifungal, antioksidan  etkiler  gosterdigi
bilinmektedir. Bu makalede, . brevicaulisin antioksidan

kapasitesini ve sitotoksik etkilerini degerlendirmek amaclanmistir.
Sonuclar, TPC degerlerinin 41.7- 537.5 GAE ug g! arasinda, FRAP
degerlerinin 109.52- 1076.2 uM Troloks esdegeri g!, CUPRAC
degerlerinin 231.4- 3083.3 uM Trolox esdeger g'l, DPPH tayininde
ICs0 degerleri 0.0102- 3.4174 mg ml-1 arasinda oldugunu
gostermektedir. Ekstreler, konsantrasyona bagl bir bicimde hiicre
olumiine neden olmustur, ICso degerleri 3.67-10.2 ug mL! arasinda
hesaplanmigtir. Sonug olarak, kanser hucrelerdeki sitotoksik etkiler
ve yiksek antioksidan kapasite, . brevicaulisin yeni ilaclarin

Aragtirma Makalesi

Makale Tarihgesi
Gelig Tarihi  :24.04.2020
Kabul Tarihi :07.09.2020

Anahtar Kelimeler
Jurinea brevicaulis
Antioksidan Kapasite
Sitotoksisite

gelistirilmesinde 6nemli bir bitki olabilecegini gostermektedir.

To Cite :

ksutarimdoga.vi.772989

Abudayyak M, Kanpolat S, Batur S, Ergene RS, Aliyazicioglu R 2021. The Biological Activity; Cytotoxicity and
Antioxidant Activity of Jurinea brevicaulis. KSU J. Agric Nat

24 (2): 278-284. https://doi.org/10.18016/

INTRODUCTION

Herbs are used in almost all cultures as remedies
under different names like traditional therapy,
complementary therapy, and natural therapy (Singh,
2015; Acibuca and Bostan Budak 2018). Recently, the
interest in herbal remedies increases dramatically in
both developing and developed countries. WHO
reported that about 70-80% of people preferred herbs
as primarily health care products (Maiti et al., 2011).

Reports show that the herbal medicinal preparations
are more in demand than the main pharmaceutical
products in Japan. It was estimated that more than 2.5
billion $ of income of United States in the mid 90's was
due to herbal medicine sales. Studies from China show
that about 40% of total medical consumption 1is
attributed to traditional medicines. Plant derived
substances were also 39% of the prescriptions in
Colombia (Jiménez et al., 2015; Singh, 2015).



KSU Tarim ve Doga Derg 24 (2): 278-284, 2021
KSU J. Agric Nat 24 (2): 278-284, 2021

Arastirma Makalesi
Research Article

Turkey is the intersection point of the eastern Iran-
Turan, the southern Mediterranean and the humid
Euro-Siberian geographical regions. The intermixture
of these three phytogeographic regions has led to a rich
vegetation and herbs diversity especially in Eastern of
Anatolia (Ozgokce and Ozcelik 2004; Kilic et al., 2013).
This flora diversity offered resources for Anatolian
medicine-culture. Studies show that the vast majority
of Turkish people especially how living in rural areas
use herbs traditionally under the name of folk
medicine practices. Some of these herbs have been
used in the development of many drugs in modern
medicine (Faydaloglu, 2011; Polat et al., 2013).

Jurinea brevicaulis i1s a plant belonging to the
Asteraceae family, the second largest family of Turkish
flora, which has the largest number of species in
Turkey's Flora. One of the most important breeds of

—

this family is Jurinea Cass. which contains about 200
species in total spread in Central Asia, Iran, Turkey
and the Mediterranean basin. /. brevicaulis is one of
the five Jurinea species endemic to Turkey (Dogan et
al., 2011).

Jurine abrevicaulis is a perennial herbaceous plant
that habitats on stony magmatic hills, steppes, and
bare slopes at 1400-1900 m altitude. Its roots are erect
and 15-20 cm in tall, the leaves attached to the stem
and they are oblong-lanceolate at the base, petiolate in
the middle, papillose-arachnoid at the top. The flowers
are purplish-pink (Davis, 1975). J. brevicaulis grows in
and around the Anatolian Dialogue, one of the major
centers of endemism and considered as the hot spot of
biodiversity in Turkey, and widely distributes in
Erzincan and Giimiishane provinces (Figure 1)
(Tubives; Dogan et al., 2007; Gemici et al., 2008).

Ty

Figure 1: J. brevicaulis’distribution over Turkey. Herb spreads in Erzincan and Giimiishane provinces (Tubives)
ve Giimiishane illerinde yayilmas: (Tubives)

Sekil 1 J. brevicaulis'in Tiirkiye'de dagilimi; Erzincan

Previous studies show that Jurinea species have been
used traditionally as aphrodisiac and in the treatment
of eye infections, fever, gout and rheumatism (Singh et
al., 2016); And have different biological activities as
antioxidant and anti-lipid peroxidation (Shah et al.,
2014; Taherkhani 2015, Ayad et al., 2017),
antibacterial (Dwivedi and Wagay, 2014; Ayad et al.,
2017), antifungal and DNA Protection Activity (Singh
et al.,, 2016) and in vitro cytotoxic potential against
cancerous cell lines (Taherkhani and Rustaiyan 2016).
However, there is no studies evaluate the biological
activity of Turkey endemic oJ. brevicaulis; Therefore, as
a preliminary study of antineoplastic activity, the
cytotoxicity and the antioxidant activity were
evaluated for methanol, water, chloroform and ethyl
acetate . brevicaulis extracts. For that, MTT assay
was used in cytotoxicity evaluation while Total
Phenolic Content Determination (TPC), ferric reducing
antioxidant power (FRAP), cupric reducing
antioxidant  capacity = (CUPRAC), and 2,2-
diphenylpicrylhydrazyl (DPPH) radical scavenging
activity assays were used to estimate the antioxidant
activities.
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Material and Method
Material

Acetic acid, acetonitrile, Dimethyl sulfoxide, Folin-
Ciocalteu’s, MTT dye, methanol, Trolox (6 hydroxy—
2,5,7,8-tetramethylchroman 2-carboxylic acid) and
TPTZ (2,4,6-tripyridyl-s-triazine) were purchased from
Sigma Aldrich (St. Louis, MO, USA). All cell culture
materials were purchased from Multicell Wisent
(Quebec, Canada).

Herbal Extraction

Jurinea. brevicaulis were collected in July 2017 from
the Erzincan (Turkey) and identified by Professor Ali
KANDEMIR. The voucher specimens were kept in the
herbarium of Erzincan University, Faculty of Science
(Herbarium number: 10958). The roots and
aboveground parts were dried in the shade, powdered
in the grinder. 25 g of powder was extracted with 100
mL methanol, water, chloroform or ethyl acetate with
continuous stirring for 24 h at room temperature. The
extracts filtered using filter paper (Whatman No. 1)
and were concentrated by a rotary evaporator at 40°C
under reduced pressure.
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Antioxidant Activity
DPPH - Radical Scavenging Activity

DPPH radical scavenging activity is based on the
antioxidant’s DPPH cation radical scavenging capacity
(Molyneux, 2004). For that, 0.75 mL of DPPH reagent
(0.1 mM in methanol) was mixed with 0.75 mL of the
sample or standard and vortexed vigorously, incubated
in the room temperature and darkness for 50 mins.

spectrophotometrically at 517 nm and the absorbances
were plotted against the sample concentrations (mg
mL1) (Figure 2). Median scavenging percentage SCso
values (mg sample per mL) were calculated using the
equation obtained from the graph (Equation 1).
Butylated hydroxytoluene (BHT) was used as a
standard.

Equation 1: SCso value = ((y/2) - n) / m)
Esitlik 1: SCso value = ((/2) - n) / m)

The discoloration of DPPH was measured
0,60 y=mx-+n
z 0,50 -
c
~ 0,40 -
L
2 0,30 -
(&)
8 0,20 -
E b
o
2 0,10 -
<
0,00 T T )
0,00 0,02 0,04 0,06

Sample concentrations (mg mL™)

Figure 2: Example of a graph of absorbances againist sample concentrations for DPPH+ Radical Scavenging

Activity

Sekil 2: DPPH * Radikal Temizleme Aktivitesi igin absorbanslara karsi numune konsantrasyonlarina ait bir grafik

ornegi

Total Phenolic Content (TPC)

The total phenolics amount in the extracts was
estimated according to Folin-Ciocalteu procedure
(Maiti et al., 2011). In alkaline medium, Folin-
Ciocalteu reagent reacts with the phenolic compounds
to form a blue colored complex, that could be measured
by spectrophotometer. For that, 50 uLi of the sample
was mixed with 250 pL of 0.2 N Folin-Ciocalteu
reagent and 750 pL of 7.5% sodium carbonate,
incubated for 2 h at room temperature. Then the
absorbance was measured at 765 nm
spectrophotometrically. Gallic acid was used as a
standard, and the total phenolics were expressed as pug
of gallic acid equivalents (GAE) per g of sample.

Ferric Ion Reducing Antioxidant Power (FRAP)

To estimate the iron reducing capacities of the extracts
(Korkmaz et al., 2014). 0.05 mL of the extracts was
mixed with 1.5 mL of the freshly prepared FRAP
reagent (25 mL of 0.3 M acetate buffer at pH 3.6 mixed
with 2.5 mL of 10 mM 2,4,6-tripyridyl-S-triazine
(TPTZ) solution in 40 mM HC1 and 2.5 mL of 20 mM
FeCls.6H20) and incubated at 25 °C for 20 minutes.
Spectrophotometry at 595 nm was used to measure the
absorbance. Trolox was used as standard, FRAP values

280

were expressed as pM Trolox equivalent per g (TE pM
g'1) of sample.

Cupric Reducing Antioxidant Capacity (CUPRAC)

Apak et al., (2006) method was used to investigate the
reducing mass levels of antioxidant capacity
(CUPRAQC) of the extracts (Apak et al., 2006; Dogan et
al., 2015). Briefly, 0.5 mL of the extracts was added to
1 mL of CuCls solution (1.0x102 M). After that, 1 mL
of neocuproine solution (7.5x103 M) and 1 mL of
ammonium acetate buffer solution were added. The
mixture incubated for 20 minutes at 25 °C.
Spectrophotometer at 450 nm was used to measure the
absorbance. The CUPRAC values were expressed as
uM Trolox equivalent per gram of sample.

Cytotoxic Activity (MTT Test)

The cytotoxic potential of /. brevicaulis was evaluated
by MTT test which estimate the mitochondrial activity
in the cells. In this test, the water soluble yellowish
MTT dye metabolized to produce hydrophobic purple
formazan crystals by the mitochondrial succinate
dehydrogenase enzyme in the viable cells and the
changes in color accept as a sign for the viability (Alley
et al., 1988). For that, human lung cancer A549 cells
(CRL-1571TM, ATCC®) were maintained in DMEM:
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F12 Medium supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin, incubated at 37°C in
5% COz2 humidified incubator. 96-well plates were used
in this test and the cell density was 103 - 104 cells per
well. The cells were exposed for 24 hours to /.
brevicaulis extracts at concentrations between 3.12 -
100 pg mLt. After that, 30 uL of MTT solution (5 mg
mL1) were added to each well, and incubated for
farther 2 hours. Whereupon, the supernatant was
removed, and the formazan crystals were dissolved in
100 pL. DMSO. The optical density (OD) of formazan
product was read at 590 nm (reference wavelength was
670 nm) using a microplate reader. The percentage of
enzyme inhibition was calculated compared to the
solvent control (1% DMSO) according to the formula
below. The results were expressed as median
inhibition concentration (ICso0), that the concentration
of sample which responsible for a 50% inhibition of
enzyme activity in the cells.

RESULTS
Antioxidant Activity

Several procedures are often used to elucidate the
antioxidant potential of a substance or a complex
mixture. For that, DPPH, CUPRAC, FRAP and TPC
tests were used in this study to evaluate the
antioxidant potential of /. brevicaulis extracts.

DPPH - Radical Scavenging Activity

Results indicate that all extracts have a concentration-
dependent radical scavenging activity of DPPH and
the SCs0 was calculated to be 0.0102 — 3.4174 mg mLs
1. Compared to BHT ( SCso values were 0.0731, 0.0589
and 0.0325 at 1, 5 and 10 mg mL respectively) and the
other extracts the SCso values indicate that methanol
extract (at 10 mg mL?) has the lowest SCso value
(0.0102 + 0.0008 mg mL® ) and exhibits the highest
antiradical activity against the DPPH free radical,
while the chloroform extract of /. brevicaulis at a

concentration of 1 mg mL?! shows the lowest

antiradical activity.

Total Phenolic Content (TPC)

The TPC of J. brevicaulis increases in concentration-
dependent manner and ranges between 41.67 — 537.5
GAE pg g1 (Table 1). Methanol and water extracts TPC
values were higher than ethyl acetate and chloroform
extracts.

Ferric Ion Reducing Antioxidant Power (FRAP)

The FRAP J. brevicaulis extracts found to be
concentration dependent. FRAP values were
calculated to be between 109.52 — 1076.19 TE pM g1
Methanol extract showed the highest antioxidant
capacity, while chloroform extract had the lowest
(Table 1).

Cupric Reducing Antioxidant Capacity

J. brevicaulis extracts gave a CUPRAC values with a
total antioxidant capacity ranging between 231.43 and
3083.33 TE uM g?'. The antioxidant capacity was
increased In a concentration dependent manner.
Methanol extract showed higher antioxidant capacity
than aqueous extracts. Both water and methanol
extracts showed a higher activity than chloroform and
ethyl acetate extracts.

Cytotoxic Activity

Different concentration between 3.12 — 100 ug mL! /.
brevicaulis extracts’ were evaluated for the cytotoxic
potential by MTT assay in A549 human lung cancer
cells. Results indicate a concentration dependent
cytotoxicity for all the extracts. ICso values calculated
tobe 3.67 —10.19 pg mL! (Table 2). Chloroform extract
show the highest cytotoxicity while water extracts
show the lowest.

Table 1. The antioxidant activities of /. brevicaulis extracts
Cizelge 1. J. brevicaulis ekstrelerinin antioksidan aktiviteleri

extracts ekstreler TPC FRAP CUPRAC DPPH
mgmL?! | GAE ug g’ (TE uM g!) (TE uM g!) (mg mL?)
Methanol Metanol 1 122.08 £ 1.61 | 410.48 + 2.52 776.67 +2.19 0.3151 £ 0.0038
extract ekstrakti 5 321.25 +£ 2.48 | 659.05 £ 4.25 2137.62 + 7.64 0.0511 £ 0.0011
10 537.50 £ 3.63 | 1076.19+ 5.65 | 3083.33 + 8.21 0.0102 + 0.0008
Water Su 1 56.67+0.75 | 201.90+1.09 | 748.10+ 2.07 0.4721 + 0.0045
extract ekstrakti 5 168.33 +£1.97 | 519.52+3.36 | 1699.52 + 5.67 0.2618 + 0.0024
10 446.67+2.93 | 949.05+5.17 | 2236.67 £ 7.83 0.1420 + 0.0023
ethyl Etil asetat | 1 58.75+0.59 | 117.62+1.38 | 368.10+ 2.03 2.6436 + 0.0133
acetate ekstrakti 5 166.25+ 1.42 | 331.43 £ 2.47 532.86 + 3.45 2.0135 £+ 0.0102
extract 10 261.25+1.50 | 578.57+ 3.49 | 866.67 = 4.31 1.5046 + 0.0097
Chloroform | Kloroform | 1 41.67+0.61 109.52 +1.32 | 231.43 +£2.30 3.4174 +£0.0178
extract ekstrakti 5 158.33 +1.34 | 265.71 +2.43 | 292.86+2.14 2.6067 + 0.0132
10 245.83+2.31 | 452.86 + 3.45 | 367.14 + 3.26 2.0307 = 0.0104

281




KSU Tarim ve Doga Derg 24 (2): 278-284, 2021
KSU J. Agric Nat 24 (2): 278-284, 2021

Arastirma Makalesi
Research Article

Table 2. The cytotoxic activity of /. brevicaulis by MTT test in A549 cell line.
Cizelge 2. A549 hiicre hattinda MTT testi ile J. brevicaulis'in sitotoksik aktivitesinin degerlendirmesi.

Extract Concentration (ug mLY) (Konsantrasyon (ug mL?)
FEkstreler 3.125 6.25 12.5 25 50 100 1Cs0
Methanol Metanol 41.47 56.56 70.25 73.40 | 75.15 77.32 5.22
Water Su 36.38 46.42 61.21 64.77 70.44 82.80 10.19
Ethyl acetate FEtil asetat 36.67 55.02 67.35 72.39 83.22 84.43 5.55
Chloroform Kloroform 42.85 60.96 74.42 77.03 | 84.07 84.87 3.67
DISCUSSION pg mL1) was lower; they concluded shirazolide and so

A high ratio of world's population uses the herbal
medicinal products. In both the Eastern and Western
cultures herbal products have been using as remedies
for hundreds of years, Chinese medicine is an example
for intensive use of herbs the treatment of many
diseases including cancer (Chan, 2003; Lau et al.,
2004; Pan et al., 2004).

People are exposed to the harmful effects of reactive
oxygen species (ROS) by many sources. The
endogenous defense system of the human body shows
weak effects against ROS, depending on both aging
and environmental factors. As a result, many of the
components in the body are damaged causing the
degenerative disease to appear. For this reason, the
demand for exogenous antioxidants is gradually
increasing in order to help the body to cope with
oxidative stress (Zaporozhets et al., 2004).

Oxidative stress is known to be associated with many
disorders and diseases such as cancer, atherosclerosis,
aging, inflammation, Parkinson, and Alzheimer's
(Gupta et al., 2014, Yalcin et al., 2017). ROS affects
both membrane-bound protein kinases, growth factors
and receptors, as well as causing signal transduction,
oncogene activation, inactivation of suppressive genes
and cancer formation (Yokus and Cakir, 2012).
Polyphenolic compounds exhibit strong antioxidant
properties. Thus, they can prevent the development of
cancer by eliminating the harmful effects of ROS.
Furthermore, flavonoids possess biomolecular
activities such as apoptosis rate increase, cell
proliferation inhibition, lipid peroxidation inhibition,
angiogenesis inhibition, DNA oxidation inhibition
(Chahar et al., 2011, Yalcin et al., 2017). Most of the
Jurinea species are rich in flavonoids such as
sesquiterpene lactones and triterpenes (Shah et al.,
2014, Singh et al, 2016, Ayad et al, 2017). In
phytochemical studies, Jurinea species have been
found to contain flavonoids such as apigenin, catechin,
caffeic acid and routine (Shah et al., 2014, Ayad et al.,
2017), That known for their anticancer activities in
various cancer cell lines (Yin et al., 1999, Wenzel et al.,
2000, Chahar et al., 2011).

Taherkhania and Rustaiyan (2016) show that
shirazolide extracted from Jurinea leptoloba show
cytotoxicity in HeLA cells (ICso value was 2.8 pg mL1).
As the cytotoxicity in normal lymphocyte (ICs0, 9202.2
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J. leptoloba are promising in antineoplastic
chemotherapy development. In other study,
Taherkhani (2015) evaluated the antioxidant and
cytotoxicity of the essential oil of J. leptoloba DC; The
results suggest /. leptoloba essential oil has moderate
antioxidant as the TPC was 16.563 GAE pg mg? oil,
DPPH ICso value was 24.50 mg mL1, and could be used
for anticancer development especially that the
essential oil show cytotoxicity in Hela cells (ICs0 was
290.7 ng mL1) and normal lymphocyte (ICs0 2901 pg
mL7).

Jurinea dolomiaea Roots were shown to have an
antioxidant activity when evaluated by TPC and total
flavonoid contents diverse antioxidant assays (Shah et
al., 2014). In a study evaluated Jurinea humilis for the
antimicrobial and antioxidant activities, it was
indicated that . humilis has a good antioxidant
(DPPH assay ICso was 0.16 mg mL'1; TPC, 169.14 GAE
mg g1 and antimicrobial properties because of the
high amount of phenolic and flavonoid contents (Ayad
et al. 2017). Similarly, Jurinea dolomiaea found to
have antibacterial activity (Dwivedi & Wagay 2014).
Oztirk et al (2011) evaluated the antibacterial,
anticholinesterase and antioxidant activities of
Jurinea consanguinea by 'TPC, total flavonoid
contents, b-carotene bleaching and DPPH free radical
scavenging assays. While their results indicated
insignificant antibacterial activities compared with
drugs in use, they highlighted a potent
anticholinesterase and antioxidant activities. In this
work, J. brevicaulishas been found to have antioxidant
activity by TPC, FRAP, CUPRAC and DPPH Radical
scavenging antioxidant activity determination assays.
A difference in antioxidant activities between the
extracts was detected, While the methanol extract has
the higher activities, chloroform and ethyl acetate
have lowest. Besides that, antioxidant activities for all
extracts found to be concentration dependent. The
results of cytotoxicity test show that . brevicaulis
extracts induced concentration-dependent cytotoxicity
with ICso values arrange between 3.67-10.2 pg mL1.

In conclusion, the cytotoxic effects in cancerous cells
and the high antioxidant capacity indicates that /.
brevicaulis could be an important herb in the
developing of new drugs. In this context, more
pharmacognostical, in vivo and in vitro studies are
required to obtain the active compounds of .
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brevicaulis, investigate its pharmacological effects and
to evaluate its safety.
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OZET Aragtirma Makalesi

Bu calismada, Karadeniz (Sinop-Samsun kiyilar1), Marmara Denizi

(istanbul kiyilar1) ve Ege Denizi (Izmir kiyilar1) olmak tizere 3 farkli Makale Tarihgesi

denizden avlanan hamsinin mineral madde ve agir metal igeriklerinin Gelig Tarithi  :22.05.2020
tespit edilmesi amaclanmigtir. Hamsilerin mineral madde ve agir Kabul Tarihi :17.08.2020

metal kontaminasyon diizeyleri, indiktif eslesmis plazma emisyon

spektroskopisi (ICP-MS) ile tespit edilmistir. Ege Denizi, Marmara
Denizi ve Karadeniz'den avlanan hamsilerin ortalama Na, Mg, K, Ca,
Mn, Fe, Cu, Zn, Hg ve Pb icerikleri sirasiyla; 911.04, 975.24, 1181.87;
403.85, 420.45, 509.44; 265.55, 3534.09, 4274.65; 1056.81, 978.26,
1265.,53; 0.,57, 1.39, 1.55; 13.062, 10.29, 17.93; 0.88, 0.77, 1.31; 20,03,
15.79, 30.72; 0.63, 0.16, 0.14 ve <0.00, 0.03, 0.10 mg kg-1 olarak tespit

Anahtar Kelimeler
Hamsi

Mineral madde
Agir metal
Kontaminasyon
Halk sagligi

edilmigtir. Farkli denizlerden avlanan baliklarin Zn, Fe, As, Rb ve Cd
icerikleri birbirlerinden farkhdir (p<0.05). Elde edilen agir metal
verileri genel olarak incelendiginde, Ege Denizi'nden avlanan
hamsilerin Hg igerikleri hari¢ diger agir metal igeriklerinin saghk
acisinda sakincali olmadiklar: belirlenmisgtir.

Mineral Matter Content and Heavy Metal Contamination of Anchovy (Engraulis encrasicolus Linnaeus
1758) captured from different seas

ABSTRACT
Objective of this study was to determine the mineral and heavy metal
contents of anchovy caught from 3 different regions, namely the Black

Research Article

Article History

Sea (Sinop-Samsun coast), Sea of Marmara (Istanbul coast) and the Received £ 22.05.2020
Aegean Sea (Izmir coast). Mineral material and heavy metal Accepted ©17.08.2020
contamination levels in anchovy were determined by inductively

coupled plasma emission spectroscopy (ICP-MS). The average Na, Mg, Eﬁggjgs

K, Ca, Mn, Fe, Cu, Zn, Hg and Pb content of the anchovies caught from
the Aegean Sea, Sea of Marmara and the Black Sea respectively;
911.04, 975.24, 1181.87; 403.85, 420.45, 509.44; 265.55, 3534.09,
4274.65; 1056.81, 978.26, 1265.,53; 0.,567, 1.39, 1.55; 13.062, 10.29,
17.93; 0.88, 0.77, 1.31; 20.03, 15.79, 30.72; 0.63, 0.16, 0.14 and <0.00,
0.03, 0.10 mg kg-1. Overall, Zn, Fe, As, Rb, and Cd content of the fish
caught from different seas were different from each other (p<0.05).
When the heavy metal data obtained were analyzed in general, it was
determined that the anchovy caught from the Aegean Sea were not
objectionable in terms of health, except for the Hg content.

Mineral matter
Heavy metals
Contamination
Public health
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GIRIS
Balik ve diger deniz uriinleri, insanlarin en eski besin

kaynaklarinin baginda gelmektedir. Bitkisel kaynaklh
besinlerin 1slah1 ve hayvanlarin besin olarak

ehlilestirilmesinden ¢ok 6nceki déonemlerde dahi kolay
elde edilebilen, bu nedenle de en c¢ok tiiketilen
besinlerin deniz urunleri oldugu bilinmektedir. Su
urlnlerinin  kimyasal kompozisyonunda protein
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miktarlar1 genel olarak sigir, koyun, domuz etleri gibi
kirmizi etlere ve kiimes hayvanlarinin etleri ile benzer
iken (%18-22); yag ozellikle de yag asitleri, mineral
madde miktarlari ve vitamin igerikleri yoninden
onemli bir besin maddesidir (Baysal, 2002). Su
urinleri kaliteli protein igerigi, yiiksek omega-3 orani,
¢oklu doymamis yag asitleri ve bir¢ok vitamine sahip
olmasi nedeniyle saghkli bir diyet i¢in de gerekli
goriilmektedir (De Lorgeril ve ark., 1994).

Turkiye’de hem su trunleri aveiligr hem de tiiketimi
acisindan degerlendirildiginde, hamsi birinci sirada
gelmektedir. Hamsiler, Engraulidae ailesine ait olup,
tropikal, subtropikal ve kismen 1iliman denizlerde
yasayan, kara sularinda bir tari bulunan ve
yumurtalarini orta derinlikte sulara birakan kisa
omiurla baliklardir. Pelajik ve gogmen bir balik olup,
ilkbahar baglangicinda ve sonbaharda biyiik siiriler
halinde s1g sulara, kisin Karadeniz’de 50-70m,
Akdeniz'de 100-150m derinligindeki sulara gogerler
(Tiirksénmez ve Diler, 2019). Hamsi Karadeniz ve
Marmara Boélgelerinde, yogun avlandigi dénemlerde
yiksek miktarlarda tiikketilmektedir. Tirkiye’de balik
tiketimi AB {lkeleriyle kiyaslandiginda oldukea
distik diizeydedir. TUIK (2019) verilerine gére
Turkiye’'de; 2017 yilinda yaklagik 158,1 bin ton, 2018
yilinda ise yaklagik 96 bin ton hamsi avlanmigtir, aynm
yillarda ortalama kisi bagina diisen balik tiiketimi ise
5.49 ve 6.14 kg olarak kayitlara gecmistir (TUIK,
2019).

Geligsen endiistri, niifusun hizla artmasi1 ve agiri
tiketim gibi insanlarin sebep oldugu olumsuz etkiler-
den dolay1 dogada ge¢misten giiniimiize kadar devam
etmekte olan dengeli iligkiler, hizla bozulmaktadir
(Tirksénmez ve ark., 2017). Sularin kirlenmesi,
endustriyel ve tarimsal atiklarin sulara karismasi gibi
durumlarda, bazi agir metaller, suda yasayan
canlhilarin yapisinda birikmektedir ve bu da tiiketiciyi
dogrudan etkilemektedir. Boylece bu zarardan dolay:
biyolojik sistemlerde cevresel bulagan olarak bilinen
metalik kirleticilerin  diizeyi, bulasmanin yogun
oldugu boélgelerde yasayan hayvanlarda ve yetisen
bitkilerde yiiksek boyutlara ulagmaktadir (Ozturan ve
Atasever, 2018). Yasadiklar1 ortam ile etkilesim
icerisinde olan su urtlnleri, suyun fiziksel, kimyasal ve
biyolojik durumunda meydana gelen  tim
degisikliklerden etkilenirler. Sonug olarak karsilagilan
tim bu degisimler viicutlarimin fiziksel yapisina
yansidig:r gibi kas ve i¢ organlarinda da degisiklikler
meydana getirir (Tiirksénmez ve Diler, 2019). Béylece,
gida zinciri boyunca siirekli artis gosterip birikerek,
zincirin ilk halkasindan baglayip son halkasinda
bulunan insanlara kadar ulasmaktadir (Ozturan ve
Atasever, 2018). Agir metale maruz kalma durumuna
gore kigilerin organlarinda, sinir sisteminde ve iskelet
yapisinda ¢esitli bozukluklar meydana gelebilecegi,
ayrica bazi zehirlenme tiirleri ile de karsilagilabilecegi
bildirilmektedir (Boran, 2010; Andayesh ve ark., 2015;
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Elal Mus ve Cetinkaya, 2017; Akalin, 2018). Agir
metaller cevre ile etkilesimi sonucunda c¢esitli

rahatsizliklara sebep olmakta ve insan saghg
acisindan risk olusturmaktadir (Keskin, 2019).
Guniumuzde baliklardaki agir metal

kontaminasyonunun tespit edilmesine yonelik artan
bir ilgi vardir (Bat ve Arici, 2018). Hamsilerlerde agir
metallerle ilgili cok sayida calisma yapilmistir (Baltas
ve ark., 2017; Bat ve ark., 2014; Gungoér ve Kara 2018;
Alkan ve ark., 2016;).

Agir metaller biyolojik etki degerlerine gére esansiyel
ve esansiyel olmayan olarak simiflandirilirlar.
Cogunlukla enzimatik bir tepkimede yardimci olarak
rol oynayan, organizma yapisinda belirli bir derigimde
bulunmasi1 gerekli olan vitamin ve hormonlarin
bilegenlerinde bulunanlar yasamsal olarak
smiflandirilirlar. Bunun aksine belirli bir derisimden
(1-10 mg kg -1) sonra toksik olarak etki gosterirler (Fe,
Hg, Cu, Zn, Ni ve Se). Buna karsin, yasamsal olmayan
agir metaller, baslangictan itibaren toksik etki
gostermekte ve c¢ok dusik yogunluklarda bile
psikolojik yapiya etki ederek saglik problemlerine yol
acabilmektedirler (Ozpolat ve Tuli, 2016). Ozellikle Hg
ve Cd, 0.001-0.1 mg kg -1 gibi ¢ok diigiik oranlarda bile
toksik olabilmektedir (Jarup, 2003; Bliefert, 2004;
Nadal ve ark., 2008; Copat ve ark., 2018). Pb, Hg, Cd
gibi agir metaller suda c¢ok az miktarlarda
bulunmasina ragmen toksiktir. Agir metallerin
cogunun 1 mg kg-1’1 bile viicuda alindiginda tosik etki
yaratabilmektedir (Hu ve ark., 2003). Ornegin Cd ve
Hg bobrek hastaliklari, yiksek tansiyon, kanser,
karaciger fonksiyon bozukluklari, isitme kaybi ve
zihinsel iglev bozukluklari, kadinlarda ise ureme
sistemi bozukluklarina sebep olmaktadir (Iwegbue,
2011). Bununla birlikte bu risklerin yaninda dengeli
bir diyette baligin vazgecilmez oldugu bilinmekte olup,
pek cok arastirmaci tarafindan deniz urinlerinin
faydalarinin risklerinden ¢ok daha fazla oldugu
vurgulanmaktadir (FAO/WHO, 2011a; Larsen ve ark.,
2011; Lund, 2013).

Bu ¢alismanin amaci Turkiye'nin t¢ farkli denizindeki
kiyilardan aymi ayda avlanan hamsinin mineral
madde ve agir metal igerikleri agisindan
kargilagtirnlmas1  ile  halk  saghg  agisindan
degerlendirilmesidir.

MATERYAL ve METOT
Materyal

Calismada 2017 yili ekim ayinda eszamanl olarak
Izmir, Istanbul ve Samsun-Sinop kiyilarindan (FAO
bolge kodlar;; Karadeniz: (Sinop-Samsun Bélgesi)
37.4.2.1; Marmara (Istanbul bolgesi) 37.4.1; Ege (Izmir
Bolgesi) 37.3.1) avlanan ortalama boy ve agirliklar:
Samsun-Sinop, Izmir ve Istanbul kiyilar: icin sirasiyla
10.68+0.10 cm ve 8.88+0.42 g, 12.27+0.10 cm ve
13.78+0.28 g, 12.21+0.13 c¢cm ve 14.12+0.37 g olan
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hamsiler (Engraulis encrasicolus Linnaeus 1758)
kullamlmigtir. Ornekleme amaciyla, her Dbirinden
12'ser kg olmak tuzere toplamda 36 kg hamsi,
teknelerden direkt tedarik edilmistir. Baliklar
buzlanarak soguk =zincir kosullarinda frigorifik
araclarla Sinop Universitesi Su Uriinleri Fakiiltesi
Isleme Teknolojisi laboratuvarmma ulagtirilmigtir.
Laboratuvarda hamsilerin filetolara c¢ikarilmis ve
homojenize edilerek analize hazir hale getirilmigtir.

Mineral madde ve Agir metal analizi

Spektroskopik yontemle mineral madde tayini i¢in yas
ornekler, kontrolli sicaklikta mikrodalga ¢6zdiirme
iinitesi (Ethos D 260, Milestone Inc. Sorisole, Italy)
kullanilarak asitle (7 ml %65HNO3, 1 ml %30 H20s:
Merck, Darmstadt, Almanya) muamele edilmistir.
Calismada 28 elementin analizi (Makro elementler:
Na, Mg, K, Ca; Iz elementler: Li, Be, Al, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Ag, Sb, Cs, Ba, TI,
Cd, Hg, Pb) Indiktif Eslesmis Plazma- Kiitle
Spektrometresi (ICP-MS) (Agilent Technologies /
7700X ICP-MS Systems) kullanilarak
gerceklestirilmistir. Analitik kalite kontrol ise Agilent
referans materyaller (Std. 1: Agilent 8500-6940 2A (10
mg kg -1 in %5 HNOs): Li, Be, Na, Mg, K, Ca, Rb, Sr,
Cs, Ba, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd, Al, Ga,
As, Se, T1, Pb; Std. 2: Agilent 8500-6940 Hg (10 mg kg
-1 in %5 HNOs3): Hg) kullamilarak saglanmistir.
Calisma sonuclar1 mg kg-1 yas agirlik olarak verilmis
olup metallerin tespit limitleri sirasiyla; Li: 0.1132,
Ga: 0.02863, Be: 0.002037, As: 0.6655, Na: 0.3834, Se:
0.2816, Mg: 0.07421, Rb: 0.002855, K: 0.7839, Ag:
0.04828, Ca: 8.166, Cd: 0.004838, V: 0.02506, Sh:
0.01398, Cr: 0.02936, Cs: 0.002211, Fe: 0.1959, Hg:
0.03357, Co: 0.006183, Pb: 0.003045, Ni: 0.05721, U:
0.002152, Cu: 0.06849, Al: 0.426, Mn: 0.03901, Zn:
2.676, Sr: 0.01669, Ba: 0.03248’ dir (Milestone, 2018).

Halk saghgi Risk Analizleri
Metal Kirlilik Endeksi (Metal Pollution index —MPI)

Metal kirlilik endeksinin hesabinda balik etinde
bulunan tim iz element igerikleri g6z Onlinde
tutulmustur. Bu endeks iz elementlerin geometrik
ortalamalarinin alinmasi ile hesaplanmaktadir (Usero
ve ark., 1997).

MPI = (C1xC2x ...xCn) Y/™

Cn, balik eti icerisindeki iz elementlerin

konsantrasyonudur (mg/kg)

Tahmini Haftahk Alim (EWI -Estimated weekly
intake)

Tahmini haftalik alim miktari, 2017 yilinda tiketilen
Turkiye ortalamasi tizerinden, 70 kg agirhigindaki bir
kisi i¢in balik eti icinde bulunan ilgili element
miktarlarinin hesaplanmasiyla hesaplanmistir (2017
yilinda 5.49 kg / kisi / yil; 0.106 kg / kisi / haftalik)
(TUIK, 2018). Tahmini haftalilk alm miktar
hesabinda Marengo ve ark. (2018) tarafindan verilen
esitlik kullanilmigtir.

ewi = (CMxIRw) /s
w

CM = Balik eti iz element konsantrasyonu (mg.kg -1)

IRW = Haftalik alim oran1 (kg)

BW = Viicut agirlig1 (kg), (70 Kg)

Halk sagligi risklerini degerlendirmek i¢in haftalik
balik alimi, FAO/WHO Gida Katkilar1 Uzman
Komitesi (FAO/WHO) tarafindan onerilen Gegici
Tolere Edilebilir Haftalhlk Alim (PTWI- provisional
tolerable weekly intake) ile karsilagtirilmistir
(FAO/WHO, 2011b).

Istatistiksel analizler

Aragtirma sonunda elde edilen veriler Minitab Release
17 paket programi kullanmilarak, ANOVA ile
degerlendirilmig, Farkli deniz kiyilarindan avlanan
baliklardaki element duzeyleri ve elementler
arasindaki farklihklar karsilagtirnlmigstir ve Onem
derecesinin belirlenmesinde Tukey testi (F<0.05)
kullanilmistir (Stimbiiloglu ve Siimbiiloglu, 2007).
Sekil ve cizelgeler MS Office 2018 yazilimlar
kullanilarak hazirlanmigtir.

BULGULAR ve TARTISMA

Gruplarin makro element bulgular1 ort.tstd. hata
olarak, Cizelge 1’de, iz element bulgular: Cizelge 2’de,
agir metal bulgular: ise Cizelge 3’te verilmistir.

Izmir kiyisi, Istanbul kiyis1 ve Sinop-Samsun
kiyisindan avlanan hamsilerin Ca, Mg, K ve Na
icerikleri  swrasiyla  1056.81+0.00, 978.26+3.54,
1265.53+2.12; 403.85+0.37, 420.45+0.79, 509.64+0.65;
2655.48+0.00, 3534.09+0.00, 4274.65+1.17 ve
911.04+0.44, 975.24+0.48, 1181.87+1.37 mg kg-1 yas

Cizelge 1.Farkl bolgelerden avlanan hamsilerde makro element icerikleri (mg kg -1yas agirhk).
Table 1.Macro element contents in anchovies captured from a different region (mg kg-1 wet wt.).

Makro Elementler Ege Denizi Marmara Denizi Karadeniz
(Macro Elements) (The Aegean Sea) (Sea of Marmara) (The Black Sea)
Na 911.04+0.442 975.24+0.48b 1181.87+1.37¢
Mg 403.85+0.372 420.45+0.79> 509.44+0.65¢

K 2655.48+0.00 2 3534.09+0.00P 4274.65£1.17¢
Ca 1056.81+0.00 " 978.26+3.54 2 1265.53+2.12¢

a, b, ¢ —: Aym satirda farkl harflerle ifade edilen gruplar arasindaki farklar énemlidir (P<0.05) (n=6).
Cizelge 2. Farkl bolgelerden avlanan hamsilerin iz element icerikleri (mg kg -1 yas agirhik).
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Table 2. Trace element contents of anchovies captured from different regions (mg kg-1 wet wt.).

Iz elementler Ege Denizi Marmara Denizi Karadeniz

(Trace Element) (The Aegean Sea) (Sea of Marmara) (The Black Sea)

Zn 20.03+0.11b 15.80+0.07¢ 30.72+0.052

Fe 13.6+£0.01P 10.29+0.06¢ 17.93+011a

As 9.33+0.052 1.75+0.01¢ 2.17+0.01>

Sr 2.93+0.042 2.83+0.092 2.86+0.062

Al 1.44+0.04b 1.16+0.09v 2.27+0.022

Cu 0.88+0.01= 0.77+0.01=2 1.31+0.01>

Mn 0.57+0.02b 1.39+0.01= 1.55+0.042

Rb 0.67+0.01¢ 0.80+0.02P 1.03+0.02a

Se 0.48+0.032 0.37+0.012 0.63+0.032

Ba 0.31+0.01= 0.20+0.002 0.21+0.01=

Li 0.20+0.01" 0.40+0.022 0.24+0.01b

Ni 0.14+0.22b 0.13+0.23> 0.65+0.522

Co 0.03+0.002 0.03+0.002 0.04+0.002

Cr 0.03+0.002 0.03+0.002 0.04+0.012

Ag 0.01+£0.00 2 0.01£0.00 2 0.04+0.00b

a, b, ¢,—! Aym1 satirda farkli harflerle ifade edilen gruplar arasindaki farklar énemlidir (P<0.05) (n=6).

Cizelge 3. Farkl bolgelerden avlanan hamsilerin toksik metal icerikleri (mg kg-1 yas agirhik)
Table 8. Toxic metal contents of anchovies obtained from the Aegean Sea, Sea of Marmara and the Black Sea (mg

kg-1 wet wt.).
Mineral Madde Ege Denizi Marmara Denizi Karadeniz Kabul Edilebilir sinir
(Mineral Matter) (The Aegean Sea) (Sea of Marmara) (The Black Sea) (Acceptable limit)
Cd 0.03+0.00°¢ 0.01+0.002 0.02+0.00b 0,051/ 0,251
Hg 0.63+0.01P 0.16+0.002 0.14+0.002 0,51/ -1
Pb 0.00+0.002 0.03+0.00 2 0.10+0.01b 0,31/ -1

a, b,—: Ayni satirda farkli harflerle ifade edilen gruplar arasindaki farklar énemlidir (P<0.05) (n=6).

I: Tirk Gida Kodeksi (2011), II: EU (2014)

agirhik olarak tespit edilmigtir. Yapilan analizlerde
Sinop-Samsun kiyisindan avlanan hamsinin makro
element igerikleri diger kiyilardan avlanan
hamsilerden 6nemli o6lgiide ylksek bulunmustur
(P<0.05). EU (2011) ve Agency for Healtcare Research
and Quality (2013)e gore (AHRQ); Ca’un Beslenme
Referans Degeri (BRD) 800-1000 mg giin diizeyindedir,
farkli bolgelerden avlanan hamsilerin Ca icerigi
oldukca yiksek duzeydedir. Mg ic¢in ise bu deger 375
mg giin olup, hamsilerin Mg icerikleri de yogundur.

Yapilan iz element analizi sonucunda T1, V, Cs, Sb, U,
Ga ve Be tespit edilebilir limit degerlerin altinda
bulunmustur. Farkli deniz kiyilarindan avlanan
hamsilerin iz element igerikleri incelendiginde
sirasiyla  Zn>Fe>As>Sr>Al igeriklerinin diger iz
elementlere kiyasla daha yiiksek oldugu tespit
edilmigtir. Tim gruplarin Zn, Fe ve As igerigi
istatistiksel olarak birbirinden farkhdir (P<0.05).
Buna kargin Sr, Ba, Co ve Cr igerikleri birbirleri ile
benzer bulunmustur (P>0.05). EU (2011), JEFCA
(2003) ve Department of Enviromental Affairs (2010)
Ni, Zn, Fe, As, Mn, Se, Cu ve Co'in Beslenme Referans
Deger’ini sirasiyla; 0.2, 10, 8, 0.03, 0.24, 0.05, 0.4 ve 0.1
mg gin olarak bildirmiglerdir. Bu degerler g6z 6niinde
tutuldugunda; 100 g tiuketilen Karadeniz hamsisini
yetigkin bir bireyin gunlik alinmasi gereken Ni
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ihtiyacinin tamamini karsiladig: gérilmektedir.

Yunanistan kara sularindan avlanan hamsilerin
(Sofoulaki ve ark., 2019) Fe ve Zn icerikleri bu
calismada incelenen Ege Denizi Izmir kiyisindan
avlanan hamsi ile benzerdir. Yiiksek Zn aliminin Cu
toksitetisini azalttigi bildirilmistir (Yuan ve ark.,
2016). Gruplar arasinda en yiiksek Cu ve Zn icerigi
Karadeniz’de Sinop-Samsun kiyisindan avlanan
hamside tespit edilmistir (P<0.05). Yiiksek Zn igerigi
bagisiklik sistemini destekleyici 6zellikte olup, Sinop-
Samsun kiyisindan avlanan hamsisinin igerdigi Zn
oraninin diger bdlgelere kiyasla olduk¢a yuksek
oldugu gézlenmektedir. Yilmaz ve Oktem (2007) ton
baliklar1 tizerine yaptiklari bir ¢calismada Zn miktarini
12.64 ve 20.47 mg kg-1 arasinda, Capar ve Yess (1996)
Amerika’da farkli su driinlerinde ortalama Zn
miktarim1 17 mg kg-1 olarak, Dalman ve ark. (2006)
glney Ege’den avlanan baliklarda ise Zn'mun 0.5 ve 7.2
mg kg-1 arasinda oldugunu bildirmiglerdir. Bu
calismada tespit edilen degerler yapilan
calismalardaki Zn degerleri ile benzerlik
gostermektedir.

Cr insan saglign acgisindan o6nemli bir mineral
maddedir, ozellikler insulin fonksiyonun
diizenlenmesi ve yag metabolizmasinda kilit rol
almaktadir (Ahmed ve ark., 2015). Dogu Avustralya
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CGida ve Ila¢ mevzuatinda énerilen maksimum Cr
aliminin 5.5 mg  kg-1 olmasi gerektigi
vurgulanmaktadir (Plaskett ve Potter, 1979).
Calismada maksimum Cr miktar1 Sinop-Samsun
kiyisindan avlanan hamsisinde belirlenmis olup, diger
gruplar ile arasinda istatistiksel fark saptanmamigtir
(P>0.05).

Giingér ve Kara (2020) yaptiklar1 bir ¢alismada
Marmara hamsisinin Se, Cu, Ni ve Fe igerigini
sirasiyla; 0.12, 0.22, 0.03 ve 0.98 mg kg-1 olarak
bildirmig olup, elementlerin igerikleri bu ¢aligsmada
elde edilen sonuglarla farklilik géstermektedir.

Hg, Cd ve Pb gibi toksik olan metallerin insan sagligi
izerinde hicbir yararli etkisi yoktur (Bat, 2019).
Birlesmis Milletler Gida ve Tarim Orgiti (FAO) ve
Diinya Saglk Orgiitii (WHO), toksik metallerin sinir
degerlerini; Hg i¢in 0.5, Cd i¢in 0.1-0.5, Pb i¢cin 1 mg kg
-1; Fe ve Cu i¢in ise 20 mg kg -1 olarak bildirilmistir,
Bunlarin disindaki agir metallerin ise 1 mg kg -11
gecmemesi gerektigi ifade edilmistir (FAO/WHO,
1986).

Turk Gida Kodeksi Bulasanlar Yonetmeligime gore
(TGK, 2011), balik iiriinlerinde izin verilen maksimum
civa, kadmiyum ve kursun degerleri sirasiyla 0.50,
0.30 ve 0.050 mg/kg yas agirlik olarak bildirilmigtir.

Yapilan analiz sonuclarina gére, Ege Denizi Izmir
kiyisindan avlanan hamsilerin Hg igeriginin limit
degerleri agtig1 ve diger gruplardan istatistiksel olarak
farkl oldugu tespit edilmistir (P<0.05). Nisbet ve ark.
(2010)da yaptiklar1 calismada Orta Karadeniz
Bolgesinden avlanan hamsi baliklarinda Hg tespit
edilmedigini bildirmiglerdir. Benzer olarak
Karadeniz’den avlanan hamsi baliginin agir metal
iceriginin incelendigi calismalarda, insan saghg
acisindan  herhangi  bir risk  olusturmadig:
bildirilmistir (Aygiin ve Abanoz, 2011: Bat ve ark.,
2014). Bat ve ark. (2013), hamsi balignin civa
miktarinmi 0,09-0,26 pg metal g-1, kadmiyum miktarini
ise 0.09-0.17 pug metal g-1 olarak bildirmiglerdir.
Tirksénmez ve ark. (2017), Marmara bolgesinde
avlanan hamsinin mevsimsel olarak agir metal
icerigini incelemigler ve elde ettikleri sonuglara gore
c¢ikan degerlerin, ulusal ve uluslararasi standartlarin
belirttigi limitleri agsmadigini rapor etmislerdir.
Tiirkmen ve ark. (2008) yaptiklar: bir calismada Ege
ve Sinop’tan avlanan hamsilerin Cd diizeylerinin 0.02-
0.07 arasmnda degistigini, Iskenderun Korfezinde
avlanan hamsilerde bu degerin 0.20 ve 0.55 mg kg-1
arasimnda oldugunu ifade etmiglerdir Unsal ve ark.
(1993), Inebolu'dan alnan hamsi 6rneklerinde Hg
degerini 0.03 mg kg -1, Cu 0.51 1 mg kg -1 arasinda,
Pb ise 0.02-0.045 mg kg -1 olarak bulmuglardir.
Yapilan bazi ¢alismalarda baliklarin Hg miktarlarini
0.07-0.47 mg kg-1 (Yilmaz ve Oktem 2007), 0.02—0.74
mg kg-1 Tkem ve Egiebar (2005) ve 0.01-0.25 mg kg-1
Stange ve ark. (1996) oldugunu bildirmislerdir.
Calismada tespit edilen degerler yapilan diger
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arastirmalarin sonuglar ile benzerlik géstermektedir.
Bat ve ark. (2014), Karadeniz’'de Inebolu, Sinop ve
Trabzon’u kapsayan bolgelerden avlanan hamsilerin
agir metal icerigini incelemigler, hamsinin yenilebilir
kisimlarinda Cu, Hg, Cd ve Pb’nin tespit edilmedigini
bildirmiglerdir.

Yilmaz ve Oktem (2007) yaptiklari ton baliklar:
uzerine yaptiklar1 bir c¢alismada baliklarda Pb
degerini 0.058-0.0863 mg kg-1 arasinda bulmusglar,
Tayvan’da Lin ve ark. (2004) su diriinlerindeki
arastirmalarinda Pb 0.17 mg kg-1 bulmuslar, Capar ve
Yess (1996) su iiriinlerindeki Pb miktarim 0.27 mg kg-
1 tespit etmiglerdir. Bu c¢alismada tim bdélgelerden
avlanan hamsilerin Pb igerigi verilen literatiirlere
kiyasla oldukc¢a diguktiir.

Bat ve ark. (2020) Karadeniz hamsisinin Cd, Hg ve Pb
iceriginin sirasiyla 0.033, 0.055 ve 0.09 mg kg-1 olarak
bildirmistir. Calismada bulunan Pb igerigi ile bu
calisma ile benzer, Hg igerigi yluksek, Cd igerigi ise
daha disgiik olarak tespit edilmigtir.

Bu c¢alismanin diger calismalarla
kargilastirildiginda, hamsideki toksik metal
diizeylerinin genellikle daha disik veya son
incelemelerdekilere benzer oldugu goriillmektedir (Bat,

2017a; Bat, 2017b; Bat ve Aricy, 2018).

Farkl deniz kiyilarindan avlanan hamsilerin MPI ve
EWI degerleri Cizelge 4’te verilmistir. MPI, doku
kontaminasyon derecesini  degerlendirmek igin
kullanilir; endeks ne kadar yiiksek ise, kontaminasyon
o kadar fazladir (Usero ve ark., 1997). Calismada farkl
denizlerden avlanan hamsilerin MPI degerlerin 1'in
altinda bulunmustur. JEFCA (FAO/WHO Gida
Katkilari Uzman Komitesi) viicutta birikebilecek
kirleticiler icin PTWI (Gegici Toleransl Haftalik Alim)
terimini kullanir. Herrman ve Younes (1999) bircok
maddenin vicuttan atilamadigini, bu nedenle gegici

sonuclari

tolerans haftallk alim oranlarimin  kullanildig:
bildirmektedir. Tabloda FAO/WHO (2011Db)
tarafindan, haftalik balik tiketimi g6z O©ntinde

tutularak hazirlanan baz1 iz elementlerin PTWI
degerleri ile farkli denizlerden avlanan hamsilerin
EWI degerleri verilmistir. Elde edilen sonuglar
degerlendirildiginde ¢ denizden avlanan hamsi
baliklarinin EWI  degerlerinin  6nerilen PTWI
degerlerinden daha diisik oldugu, insan sagligi
acisindan risk tagimadigi séylenmigtir.

SONUC

Farkli su kaynaklarinda ve farkli su triinlerinde
mineral madde ve agir metal igerikleri ile ilgili yapilan
¢alismalar, degerlerin kabul edilebilir sinir degerleri
igerisinde kaldigini gostermektedir. Genel anlamda
yapilan arastirmalarda, 6zellikle hamsi gibi gé¢cmen ve
pelajik baliklarin mineral madde agisindan zengin
olduklari ve genel anlamda risk tasimayacak diizeyde
agir metal icerdikleri tespit edilmistir. Bu ¢calismada
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da benzer olarak Izmir kiyilarindan, Istanbul
kiyilarindan ve Sinop-Samsun kiyilarindan avlanan
hamsilerde agir metaller acisinda sadece Izmir
kiyilarindan avlanan hamsilerin Hg igerikleri harig,
risk tespit edilmemistir. Turkiye denizlerinden
avlanan pelajik baliklarin kas dokularinda agir metal
seviyelerinin diigik olmasi, bu kiyilardan en azindan

simdilik guvenli oldugunu géstermektedir. Bununla
birlikte endistrilesmenin hizla gelistigi dinyada,
cevre kirliligi ile birlikte Turkiye denizleri de hizl bir
sekilde kirlenmektedir. Kirlilik konusunda c¢evreye
kars1 son derece duyarh olunmali, her tirli 6nlemler
alinmali ve kaynaklarin korunmasi i¢in ¢aligilmalidir.

Cizelge 4. Faklh denizlerden avlanan hamsilerin MPI ve EWI degerleri.
Table 4. MPI and EVI values of anchovy fishing from different seas.

Ege Denizi Marmara Denizi Karadeniz

(The Aegean Sea) (Sea of Marmara) (The Black Sea)
Elementler * e . -
(Elements) PTWI EWI EWI EWI
As 1050.00 14.13 2.65 3.29
Cd 490.00 0.05 0.02 0.03
Cr 44.59 0.05 0.05 0.06
Cu 245.00 1.33 1.17 1.98
Fe 392.00 20.59 15.58 27.15
Pb 1750.00 0.00 0.05 0.15
Zn 490.00 30.33 23.93 46.52
Metak Kirlilik Endeksi
(Metal Pollution Index) 0.47 0.32 0.51

*PTWI: 70 kg agirhgindaki bir yetigkin icin verilmistir (ug/hafta/70 kg viicut agirligy).
**EWI: 70 kg agirhgindaki bir yetigkin icin verilmistir (ug/week/70 kg viicut agirlign) (FAO/WHO 2011b)

Cikar Catigmasi Beyani

Tum yazarlar makalelerinde, sonuglari veya yorumlar:
etkileyebilecek herhangi bir maddi veya diger asli
cikar catismasi olmadigini beyan ederler.

Aragtirmacilarin Katki Orani Beyan

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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ABSTRACT
The aim of the study was to investigate some major parameters on
production lactic acid using wheat wastewater by Rhizopus oryzae
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agitation (shaking speed) and spores concentration on lactic acid
production were examined. After fermentation process, the highest
values of lactic acid obtained from wheat wastewater and glucose were
analyzed using high-performance liquid chromatography with
ultraviolet detectors (HPLC-UV). The maximum L (+) Lactic acid
production in shake flasks was investigated at pH 6, 1.0x106
spores/mL, 150 rpm, 30 C at 8 days. The maximum lactic acid content
for wheat wastewater and glucose were obtained at a concentration of
100% (5.638 g/L) and 150 g/L (5.042 g/L). The maximum lactic acid
amount of 5.568 g/L. was obtained at pH value of 6 for wheat
wastewater. However, the maximum lactic acid amount of 2.463 g/LL
was obtained at pH value of 6 for glucose. The maximum lactic acid
values for wheat wastewater and glucose were obtained 5.603 g/L and
2.483 g/l at 150 rpm speed, respectively. The maximum lactic acid
values for wheat wastewater and glucose were obtained 5.804 g/L and
5.646 g/Li at the 1.0x106 spores/mL respectively.

Lactic acid
Rhizopus oryzae NRRL-395
Fermentation

Atik Bulgur Suyu Kullamlarak Rhizopus oryzae NRRL-395 ile Uretilen Laktik Asite Baz

Parametrelerin Etkisi

OZET

Bu ¢alismanin amaci, Rhizopus oryzae NRRL-395 tarafindan bulgur
atik suyu kullanilarak tretilen laktik asit tiretimine bazi 6nemli
parametrelerin etkisi denenmistir. Bu amag ile filamentli bir yapiya
sahip olan Rhizopus oryzae fungusunun gelisimi ve laktik asit tretimi
icin bulgur atik suyu ve glukoz gibi karbon kaynaklari bu ¢alismada
kullanilmigtar. Karbon kaynaklarinin konsantrasyonunun,
pH’larinin, ¢alkalama hizlarinin ve spor konsantrasyonlarinin tiretim
uizerine olan etkileri incelenmistir. Fermentasyon igleminden sonra,
bulgur atik suyu ve glukozdan elde edilen yiiksek laktik asit degerleri
yiiksek performansli sivi kromatografisi (HPLC-UV) kullanilarak
analiz edilmigtir. Calkalamali sistemde en yiiksek laktik asit degerleri
icin pH 6, 1.0x106 spor/mL konsantrasyonunda, 150 rpm hizinda ve
30C de 8 guin olarak arastirilmigtir. Bulgur atik suyu i¢in maksimum
laktik asit miktar1 %100 konsantrasyonda (5.638 g/L) ve glukoz icin
150 g/L konsantrasyonda (5.042 g/L) olarak elde edilmistir. Bulgur
atik suyu ve glukoz i¢cin maksimum laktik asit oranlar1 siras: ile pH
6’da 5.568 ve 2.463 g/L,, 150 rpm hizinda 5.603 ve 2.483 g/L. ve 1.0x10¢
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spor/mL konsantrasyonunda ise 5.804 ve 5.646 g/L olarak elde

edilmigtir.

To Cite : Goceri A, Alma MH, Gezging Y, Karaogul E 2021. The Effect of Some Parameters on the Production of L(+) Lactic Acid
Using Wheat wastewater by Rhizopus oryzae NRRL-395. KSU J. Agric Nat 24 (2): 293-298. https://doi.org/10.18016/

ksutarimdoga.vi.739225.

INTRODUCTION

Wheat is a very important carbohydrate source located
at the base of the food pyramid. Wheat wastewater is
obtained after the wheat cleaning and boiling process.
Besides, the production increases every year, it is
concluded that wheat wastewater can be used for lactic
acid production and other products in the future
(Géceri, 2013; Anonim, 2020).

Lactic acid is used for a long time to protect human’s
foods (Davidson et al., 1995). It was firstly found in the
sour milk by Scheele in 1780 (Benninga, 1990). In
order to produce lactic acid by biotechnological
methods, the raw material must be accessible and
inexpensive. Because polymer producers demand a
vast amount of lactic acid at a low cost. Raw materials
should have; cheap, fewer contaminants can be
produced quickly, high efficiency, a small number of
by-products, to be fast fermentation, and no
pretreatment will be required and year-round
availability (Akerberg and Zacchi, 2000). Some low-
cost raw materials, which contain carbohydrates,
starch, cellulose, wheat wastewater, whey, and

molasses, is used for lactic acid production (Géceri,
2013; Hofvendahl, 2000). The wheat used for
producing lactic acid (Akerberg, 1998, 2000
Hofvendahl, 1997; Oh et al., 2005). Lactic acid was
used as the starting material of polylactic acid (PLA),
which has recently been used in the production of
biodegradable plastics (Vert et al., 1992). Lactic acid
was obtained using both lactic acid bacteria (Bibal et
al., 1991; VickRoy et al., 1982) and Rhizopus oryzae
NRRL-395 could produce considerable quantity of L-
lactic acid and use both wheat wastewater and glucose
as carbon sources (Gogeri, 2013). Lactic acid-producing
fungi, such as Rhizopus oryzae, lately gain attention.
The important benefit of applying the fungi over the
bacteria is that the economic costs, owing to the use of
raw and waste substances as well as no need for
particular nutrients (Datta et al., 1995; Hofvendahl et
al., 1999; Khalaf, 2001). According to the production
capacity of lactic acid, microorganisms are divided into
two groups as bacteria and fungi. Some organisms
producing lactic acid in recent years are given Table 1
(Wee et al., 2006).

Table 1. Biotechnological production of lactic acid of some microorganisms
Cizelge 1. Biyoteknolojik olarak laktik asit iireten bazi mikroorganizmalar

Microorganism Lactic acid (g/L) Yield (g/g) Productivity g/(Li-h)

(Mikroorganizma) (Laktik asit) (g/L) (Uriin) (g/g) (Verimlilik) g/(L-h)
Rhizopus oryzae ATCC 52311 83.0 0.88 2.6
Rhizopus oryzae NRRL 395 104.6 0.87 1.8
Enterococcus faecalis RKY1 144.0 0.96 5.1
Lactobacillus rhamnosus ATCC 10863 67.0 0.84 2.5
Lactobacillus helveticus ATCC 15009 65.5 0.66 2.7
Lactobacillus bulgaricus NRRL B-548 38.7 0.90 3.5
Lactobacillus case1 NRRL B-441 82.0 0.91 5.6
Lactobacillus plantarum ATCC 21028 41.0 0.97 1.0
Lactobacillus pentosus ATCC 8041 21.8 0.77 0.8
Lactobacillus amylophilus GV6 76.2 0.70 0.8
Lactobacillus delbrueckii NCIMB 8130 90.0 0.97 3.8
Lactococcus lactis ssp. lactis IFO 12007 90.0 0.76 1.6

Lactic acid could be produced by humans,
microorganisms, plants and animals. In terms of
nutritional point, the L(+) form of lactic acid is mainly
demanding for the food and industry; as known, the
human body is merely designed to absorb this form and
just produce L-lactate dehydrogenases (LDH) (Soccol,
1992). Lactic acid is a valuable organic acid commonly
used for the food and chemical industry as a
preservative, acidulent, flavoring and solvent. Besides,
some lactic acid salts are used in the formulation of
pharmaceutical products (Kascak et al., 1996; Vick
Roy, 1985). Lactic acid can be goods chemical for the

294

production of lactate, propylene glycol and oxide,
acrylic acid, propanoic acid acetaldehyde and dilactide
(Vardarajan et al., 1999). According to the US FDA
(Food and Drug Administration); It has been reported
that the L (+) form of lactic acid can be used as a food
additive but form D (-) will be harm human metabolism
(Datta, 1995). Production of lactic acid by Rhizopus
oryzae appears to be an applicable option that could
increase in minimum condition both liquid and solid
medium (Soccol et al., 1994). This experiment was
achieved to 1identify the best conditions for the
production of L(+) Lactic acid by Rhizopus oryzae
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NRRL-395

MATERIALS and METHODS
Microorganism and Inoculums

The fungus used in the study was provided from the
Izmir Ege University culture collection laboratory. The
fungus was grown on potato dextrose agar (PDA) and
transferred to fresh slants every four months and
stored at 4 C for regular sub-culturing. Inoculums
preparation; spore cultures provided by suspending
spores from 7 days old culture slants of Rhizopus
oryzae. Spores were grown on PDA slants in 250 mL
flask at 30 °C with sterilized distilled water containing
0.2% Tween 80 and filtered with sterile cotton. Spore
concentration calculated using by hemocytometer.
Erlenmeyer flask culture was inoculated with the
latest concentration of 1.0x105 spores/mL.

Medium and Cultivation

The study was conducted using a 250 mL Erlenmeyer
in shaking culture and wheat wastewater and glucose
were used as the carbon sources. Culture medium
concentration containing; (10%, 25%, 50%, 75% and
100%) wheat wastewater, and (50, 100, 150, 200, 250
g/L) glucose, 2 g (NH4)2SO4, 0.65 g KH2PO4, 0.25 g
MgS04.7H20 and 0.05 g ZnSO4.7H20. The medium pH
was set 6.0, autoclaved at 121 °C for 15 min than waited
at room temperature, inoculated with 1.0x10%
spores/mL, and incubated for 8 days at 30°C on a rotary
shaker at 150 rpm/min. In order to stop the decrease
in pH 60% sterilized CaCOs was added to every flask
following 24 hours of cultivation.

Analytical Methods

The fermentation medium was heated for 10 min at
70°C to dissolve precipitated calcium lactate. The pH of
the medium calculated by a pH meter (Thermo-
Scientific Orion). The samples were centrifuged for 12
min at 4000 rpm (Sigma-3-16P). The samples were
filtered to remove solids and precipitated (pore size of
0.45 pm). The samples were analyzed by high-
performance liquid chromatography (HPLC-UV
detector) using a Bio-Rad Aminex HPX-87H, 300 mm
x 7.8 mm column with 0.008 N sulphuric acid (H2SOu
as the mobile phase at 35 C and a flow rate of 0.6 ml/dk
(Ott et al., 2001; Karaogul et al., 2016).

RESULTS and DISCUSSION

Along with the present study, wheat wastewater which
is a significant waste of food industry is evaluated for
production of lactic acid which is used as the raw
material of polylactic acid (PLA) production, which is a
biopolymer which can be degraded spontaneously and
rapidly in nature. Those studies are also great
interests in prevention of the environmental pollution.
In this context, many microorganisms were
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documented to possess lactic acid production capacities
in the previous reports (Zhou et al., 2006). Some of
these organisms produce L-(+) form of lactic acid and
some form D-(-). Microorganisms such as Rhizopus
oryzae have few limited aliments demand also could
use starch feedstocks (Narayanan et at., 2004).

The Effect of Wheat wastewater and Glucose
Concentration

As it 1s known, wheat wastewater is a lignocellulosic
waste, and glucose is a source of carbon that can be
easily digested by many microorganisms. These two
carbon sources are being used in the fermentation
process (Goceri, 2013). The results concerned with the
effects of wheat wastewater and glucose concentration
on the production of lactic acid with R. oryzae fungus
are collectively represented in Table 2. Herein, lactic
acid yield increased as substrate concentration
increased as a result of fermentation. The highest
amount of lactic acid obtained in the experiments was
obtained from 100% wheat wastewater concentration.
An increase in the amount of lactic acid was observed
with the increase in glucose concentration until 150
g/L.. The maximum lactic acid yield was obtained at
150 g/L glucose concentration (Table 2). After the 150
g/L the decrease was attributed to the inhibitory effect
dependent on increase in glucose concentration in
media and subsequently adversely affects the
production by microorganisms. In another study
concentration, a decrease in production was observed.

Table 2.The effect of concentration on production
Cizelge 2. Konsantrasyonun itiretime etkisi

Concentration Lactic acid (g/L) Amount (%)
(Konsantrasyon) (Laktik asit) (g/L) (Miktar) (%)
Wheat wastewater (%) (Bulgur atik suyu) (%)

10 0.056+0.0082 2.51
25 1.016+0.009 16.23
50 2.424+0.009 19.40
75 3.005+0.064 19.74
100 5.638+0.013 22.09
Glucose(g/L)(Glikoz)(g/L)

50 2.393+0.006 14.45
100 3.365+0.009 20.26
150 5.042+0.012 24.17
200 2.315+0.008 14.95
250 2.035+0.009 13.47

aValues expressed are means + S.D. of three parallel measurements

Concentration of the glucose, sucrose, molasses, carob,
and wheat bran effect on lactic acid production; the
best yield was acquired from the glucose concentration
of 150 g/L. Glucose has not been used totally in the
present glucose concentration medium and nearly 40-
50% unused in the fermentation process (Bulut, 2004).

Effect of pH

The effect of pH was evaluated by the previous pH and
controlled pH throughout the fermentation process.
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Production of lactic acid related to the pH cause
medium pH strongly effects a lot of enzymatic
processes (AbdulRauf, 2010). The medium pH was set
at 4, 6 and 8 during the cultivation. The maximum
lactic acid amount of 5.568 g/L. was obtained at pH
value of 6 for wheat wastewater (100 mL). The results
are presented in Table 3. However, the maximum
lactic acid amount of 2.463 g/L. was obtained at pH
value of 6 for glucose (50 g/L). Thus; pH 6 was selected
as optimum pH for the experiments. pH control
method was tested in the experiment by adding NaOH
solution at 4 an hour-time period while the cultivation.
The pH of close to 6 could be intended to obtain a
hopeful microbial success for lactic acid production
(Hofvendahl et al., 2000; Iyer and Lee., 1999). In
researching the effect of different pH values on
production of lactic acid with R. oryzae; 0.71 g-g, 0.68
g-g, 0.62 g-g, 0.71 g-g, 0.68 g-g and 0.71 g-g products
were obtained at pH 3.5, 4.0, 4.5, 5.0, 5.5 and 6.0,
respectively (Dominquez and Vazquez, 1999).

Table 3. Effect of pH on production
Cizelge 3. pH'nin tliretime etkisi

Lactic acid (g/L) (Laktik asit) (¢/L)

pH Wheat wastewater Glucose
(Bulgur atik suyu) (Glikoz)

4 4.936+0.0132 1.485+0.001

6 5.568+0.01 2.463+0.019

8 5.485+0.009 1.804+0.001

aValues expressed are means + S.D. of three parallel measurements

Effect of Agitation (shaking) Speed

In the study conducted to determine the agitation
speed, experiments were carried out at 100, 150 and
200 rpm for carbon sources. It was determined that the
best yield for wheat wastewater (100 mL) and glucose
(50 g/L) were obtained at 150 rpm. The result
represented in Table 4. It was chosen as the optimum
shaking rate for wheat wastewater because of the fact
that there was much difference between 150 rpm and
100-200 rpm. By the way most of the literature studies
were performed at 150 rpm (Tanyildiz1 et al., 2012). As
the agitation rate increases, the amount of oxygen in
the fermentation medium increases and this increase
causes the microorganism to use more oxygen and
produce lactic acid and some organic acids in the
medium. As we know that, the lactic acid is merely
produced under the anaerobic condition. Despite that
lactic acid production is related to the dissolved oxygen
in medium. Another reason could be the amount of
lactic acid determined by the total biomass in the
medium, which interrelating directly with the
dissolved oxygen in the medium. In addition, the
fungal have mycelia like cotton form which could
reduce the oxygen and nutrition mass and finally
affected the amount of lactic acid. According to these
results some organic acid may influence the decrease
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in the amount of lactic acid (Liu et al., 2005; Tkacz and
Lange, 2004; Goceri, 2013).

Table 4. Effect of agitation speed on production
Cizelge 4. Calkalama hizinin tliretime etkisi
Lactic acid (g/L) (Laktik asit) (/L)

Agitation (rpm) Wheat Glucose
(Calkalama)(rpm) wastewater (Gliko2)
(Bulgur atik
suyu)
100 2.727+0.0092 2.1414+0.011
150 5.603+0.009 2.463+0.009
200 2.937+0.019 1.612+0.012

aValues expressed are means +S.D. of three parallel measurements

Effect of Spore Concentration

In order to determine the effect of spore concentration
on lactic acid production by Rhizopus oryzae, different
spore concentrations including 1.0x104, 1.0x105,
1.0x108 to 1.0x107 spores/mL were injected into wheat
wastewater (100 mL) and glucose (50 g/L) media (Table
5). As a result of the production, it was determined that
the best yield values for wheat wastewater and glucose
were obtained at 1.0x106 spores/mL. Inoculation above
106 spore/mL concentration caused a decrease in the
amount of lactic acid because the spore concentration
increased. Increasing concentration of spores led to
starts competition among microorganisms and affected
the rapid depletion of carbon sources in the media and
the decrease in the amount of lactic acid (Géceri, 2013).
Rhizopus oryzae NRRL-395 in their work in the
bioreactor using cornstarch to obtain lactic acid with
different rates of the effect of vaccination on the
production of the spores examined. Spores
concentrations were 2x103, 2x104, 2x105, 2x108 and
2x107 spores/mL respectively. The highest lactic acid
production was obtained from 2x10¢ spores/mL (Yin et
al., 1997). Much increase inoculum rate effected in a
decrease in production because increasing the
inoculums rate caused extreme density of spores that
decrease the production (Abood, 2017).

Table 5. Effect of spore concentration on production
Cizelge 5. Spor konsantrasyonunun tiretime etkisi

Spore Lactic acid (g/L)/ (Laktik asit) (g/L)
COI’IC((E:(I)‘?UOD Wheat wastewater Glucose
Konsantrasyont) (Bulgur atik suyu) (Glikoz)
1.0x104 2.352+0.0122 1.411+0.008
1.0x105 5.603+0.011 2.254+0.014
1.0x106 5.804+0.004 5.646+0.008
1.0x107 2.677+0.011 2.608+0.009

aValues expressed are means+ S.D. of three parallel measurements

CONCLUSION

In this study, Rhizopus oryzae mediated lactic acid
production was examined using wheat wastewater
which is discharged to the environment as a waste of
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wheat production factories. Overall, the best yield and
efficiency values of lactic acid were obtained from
wheat wastewater using Rhizopus oryzae NRRL-395
fungus. This microorganism was used in all
subsequent stages. Based on these results, the
production of lactic acid using wheat wastewater by
Rhizopus oryzae at pH 6, 150 rpm and 1.0x1086
sporess/ml. was the appropriate condition for
production. In this experiment shows that wheat
wastewater is better than glucose for producing lactic
acid. Besides, 60% percent of the water used as one
liter in the wheat production phase is wheat
wastewater, of which 5.804 g/L lactic acid was
obtained. Accurately, wheat wastewater is appropriate
for the lactic acid fermentation and could be used as
the unique nutrient for lactic acid production by
Rhizopus oryzae fungi. Further investigation will be
needed to get higher yields, quantities and to optimize
condition for the production of L-lactic acid by R.
oryzae
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OZET

Elazig ekolojisine uygun fasulye cesitlerinin belirlemek amaciyla,
Onceler 98, Géyniik 98, Yunus 90, Topcu, Aras 98, Alberto, Bermaz,
Noyanbey 98, Akman 98, Goksiin, Karacasehir 98 cesitleri Elazig-
Maden ilgesi kosullarinda 2017 fasulye yetistirme sezonunda
denenmigtir. Deneme tesaduf bloklari deneme deseninde 4
tekrarlamali, 50 cm sira arast ve 10 cm tizeri mesafesinde
kurulmustur. Arastirmada c¢esitlerinin ¢igeklenme stiresi, bakla
baglama sturesi, bitki boyu, bakla yuksekligi, bakla sayisi, dolu bakla
sayisl, olgunluk siiresi ve tane verim degerleri incelenmistir.
Aragtirma sonuclarina gore ciceklenme surelerinin 53.0 — 60.0 giin,
bakla baglama stirelerinin 77.0-91.00 giin, bitki boylarinin 33.2-62.4
cm, bakla yiksekliginin 12.9-27.05 cm, bakla sayisinin 17.15-43.60
adet, dolu bakla sayisinin 16.57-43.40 adet, tane verimi 141.43-333.10
kg/da arasinda saptanmigtir. Tane veriminin 318 kg da’ yiiksek,
bakla baglama siiresi 77-82 giin arasinda ve olgunlagma siiresi 115
giin olan Onceler 98, Géyniik 98, Yunus 90, Aras 98 cesitlerin Elazig
yoresi i¢cin uygun oldugu sonucuna varilmistir.

The Research of Suitable Dry Beans Varieties for Elazig Conditions

ABSTRACT

In order to determine the suitable bean varieties for Elazig ecology,
Onceler 98, Goyniik 98, Yunus 90, Topcu, Aras 98, Alberto, Bermaz,
Noyanbey 98, Akman 98, Goksiin, and Karacasehir 98 varieties were
grown in Maden district of Elazig, in 2017. The trial was designed as
a random blocks design as 4 replicates with 50 cm inter row and 10
cm intra row density. The flowering period, seed set period, plant
height, pod height, pod number, filled pod number, ripening period
and grain yield of the varieties were determined. The investigated
characters were ranged 53.0 - 60.0 days for flowering times, 77.0-91.00
days for seed set time, 33.2-62.4 cm for plant height, 12.9-27.05 cm for
height of pods, 17.15-43.60 for number of pods, 16.57-43.40 for number
of filled pods, 115.00-16.25 days for maturity period and 141.43-333.10
kg da’! for grain yield. It was concluded that Onceler 98, Goyniik 98,
Yunus 90, Aras 98 varieties which had 318 kg da-1 higher grain yield,
77-82 days bean seet setting time and 115 days ripening period were
suitable for Elazig region.
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GIRIS tiriinlerinden oldugu igin iiretimi de 6nemlilik arz

Dinya’da ve Turkiye’de yaygin olarak yetistirilen
fasulye 6nemli bir tarim trintdur. Fasulye protein
yoninden zengin olmasi nedeniyle tiikketimine talebi
de fazladir. Fasulye bitkisi; taze fasulye, konserve ve
kuru tane olarak ticareti yapilmakta ve insanlarin
kullanimina sunulmaktadir. Ayrica basta Turkiye
olmak tlzere birgok tlke mutfaginin temel

etmektedir.

Fasulye baklagiller grubunda yer alan bir bitkidir.
Iklim kogullarinin uygun olmas: halinde ¢imlenmesini
tamamlayip, toprak yilizeyine c¢ikan her bitki gibi,
fasulye bitkisi de gelismesini strdirmek igin
topraktan suyla birlikte besin almaktadir. Baklagiller
bitkileri topraktan besin alirken gelismesini
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sturdirirken, nodozitelerini olusturarak havanin
serbest azotunu koklerine baglayarak hem kendi i¢in
gerekli azotu saglar, hem de bir miktar azotu
kendinden sonra gelecek bitkiye sunar. Bu nedenle
baklagiller iyi bir ekim ndbeti bitkisi olarak goriliir.
Fasulye bitkisinin diger tarla bitkileriyle rotasyona
tabi tutulmasi, ekilebilir alanlarda giibre ve enerji
kullaniminin azalmasinda ve dolayisiyla sera gazi
saliniminin da azaltmasinda 6nemli roli
iistlenmektedir (Stagnari ve ark. 2017). Bitki
artiklarinin yem olarak kullanilmasi da diger bir art:
katkisini olusturmaktadar.

Iklim kosullarmmin el verdigi her yorede ciftciler
tarafindan fasulye tarimi yapilmaktadir. Kuru
taneleri normal oda sicakliginda saklanabilmesi yani
depolanmasi1 kolay oldugu i¢in  mutfaklarin vaz
gecilmez trinlerinden biridir. Bitkisel tretimde
sicaklik ve su faktorleri, bitkinin gelismesine ve verimi
uzerine en etkili olan faktorler oldugu bilinmektedir.
(Masaya ve White, 1991, Onder ve Kahraman, 2010).
Fasulye kazik kokli, 1liman iklimi seven, soguga karsi
cok hassas bir yapiya sahiptir. Cimlenmek i¢in fasulye
bitkisi, toprak sicakliginin en az 8 °C, optimum c¢imlenme
sicakliginin 18 °C, gelisim sicakhigi 20-25 °C olmasina
gereksinim duymaktadir. Gelisme déneminde 15 °C’ n
altindaki sicaklikta gelismenin yavaglamasindan, 32 °C
nin ustinde ise déllenmenin engellenmesinden dolay1
verim diisiisii gerceklesmektedir (Porch and Jadn, 2001).
Fasulye bitkisi, organik maddesi az, toprak drenaj zayif
ve fazla asit barindiran topraklari sevmez. Dogu
Anadolu’daki karasal iklimin hikim strdugi Elazig
yoresinde kuru fasulye ekim tarihi 15 Mayis-15 Haziran
tarihleri arasinda yapilmaktadir. Fasulye bitkisi suyu ¢ok
seven bir bitki olup baklalarinda % 90a yakin su
bulundurmaktadir (Salcedo, 2008)

Fasulye bitkisinin Anadolunun her yerinde farkl
varyetelere rastlanmasi, insan besini olarak gerekliligi
ve toprak koruma o6zelligi yoéniinle o6nemlilik arz
etmesi, Dbolgelere uyum  saglayan gesitlerin
arastirilmasinin gerekliligini ortaya koymaktadir.
Elazig ilinde fasulye ekim alani 6045 dekar olup verim
ise 100 -212 kg da’! arasinda degismektedir (Anonim

2020). Bolgeye uyum saglayan ve yiiksek verimli
gesitlerin  tespiti bolge kosullarinda yapilacak
calismalarla belirlenmektedir. Bu nedenle Dogu
Anadolu bélgesinde yer alan Elazig yoresinde 11
fasulye c¢esidi tarla kosullarinda denenmigtir.

MATERYAL ve METOD

Deneme 2017 yilinda Dogu Anadolu Bélge sinirlari
icinde Elazig ili Maden ilgesinde 11 farkli fasulye
(Onceler 98, Goyniik 98, Yunus 90, Topcu, Aras 98,
Alberto, Bermaz, Noyanbey 98, Akman 98, Goksun,
Karacagehir 98) cesidi kullamilarak yiiriitiilmiistiir.
Deneme alaninin toprak hazirligi Mayis ayinin ikinci
haftas1 yapilmigtir. Ekim elle 27 May1s 2017 tarihinde,
50 cm sira arasi mesafesi ile 10 cm sira uzeri
mesafesinde, 5 m uzunlugunda 4 swra ve dort
tekerriirli olarak, tesadif bloklari deneme planina
gore yapilmigtir. Ekimle beraber dekara 6 kg saf fosfor
(P205) ve 2.2 kg azot (N) diisecek sekilde giibre
uygulanmiastir. Bitki boyu 10 cm oldugu zaman ust
giibre olarak dekara saf 4 kg azot (N) diisecek sekilde
azotlu giibre uygulanmigtir. Yabanci ot miicadelesi iki
kez el capasi geklinde uygulanmigtir. Bitkilerin su
gereksinimi Haziran ayinin sonundan itibaren salma
sulama ile karsilanmistir. Sulama araligi bitkini
durumu ve toprak durumu gozlenerek 5-8 giin
araliklarla uygulanmigtir. Hasat Eylil ayinin son
haftasinda bitkiler kurumaya baglayinca elle
sokulerek gerceklesmistir.

Denemede kullanan fasulye cesitlerinin c¢iceklenme
stireleri, bakla baglama stireleri, bitki boylari, bakla
yukseklikleri, bakla sayilari, dolu bakla sayilari, tane
verim degerleri incelenmigtir. Arastirilan 6zelliklerin
gozlem ve 6l¢imlerinde Cinar (2015)’den
yararlanilmigtir.

Deneme alaninin bulundugu Elazig ili Maden ilgesi
karasal iklim 6zelligi gésterip yazin sicak ve kurak,
kisgin soguk ve kar yagsli bir iklime sahiptir.
Denemenin yurituldagi sezonda Mayis ay1 hari¢ diger
aylarda yagis yok sayilacak kadar az dustigu ve
havanin nispi neminin de ¢ok diisiik oldugu Cizelge
1T’de gorulmektedir.

Cizelge 1. Deneme alaninin 2017 yilina ait bazi meteorolojik verileri
Table 1. Some meteorological data of the trial area for 2017

Aylar Sicaklik (C°) (Temperature) Ortalama nem (%) Yags (mm)

Min. Max. Ort (Mean). (Mean humidity) Precipitation)
Mays (May) 7.7 29.5 17.3 53.6 59.0
Haziran (June) 13.9 39.0 24.5 30.9 0.2
Temmuz (July) 19.4 40.6 30.1 21.0 0.2
Agustos (August) 18.2 42.0 29.7 21.0 2.2
Eyliil (September) 13.5 38.6 26.3 21.0 -

(Anonim, 2017)

Deneme alaninin 0-20 c¢m derinlikten alinan toprak
analizinde potasyum oranmin 15.25 kg/da(az), fosfor
oraninin  1.85 kg/da (cok az), kirec oranin

%3.156(kirecli), organik madde miktarinin %2.54
(orta), toplam tuz oranin %0.065 (tuzsuz), Ph oraninin
8.15 (alkali), saturasyon’un 70.4 (killi) oldugu tespit
edilmistir (Anonim, 2018).
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Istatistik Analizler

Incelenen ozelliklerden elde edilen veriler Anova
yontemine gore SAS istatistik programi kullanilarak
analiz edilmistir. Istatistiki olarak 6nemli farklilik
gosteren oOzelliklerin  ortalamalari Duncan ¢oklu
kargilastirma testine gore (p< 0.01) gruplandirilmistar.

BULGULAR ve TARTISMA

Aragtirmada kullanan 11 farklh fasulye ¢esidinin,
cigeklenme siiresine, bakla baglama siiresine, bitki
boyuna, bakla yiksekligine, bakla sayisina, dolu bakla
sayisina, tane verimine ait degerlerin ortalamalari ve
olusan gruplar Cizelge 2’de verilmistir. Fasulye
cesitleri arasinda cigeklenme stireleri, bakla baglama
stireleri, bitki boylari, bakla yukseklikleri, bakla
sayllar: yoéniinden istatistiki olarak énemli (p< 0.01)
farkliliklarin oldugu kaydedilmistir.

Elazig bolgesinde 11 fasulye c¢esidi ile yiritilen

caligmada en erken ¢iceklenme stiresi 53 glinle Aras 98
ve Karacasehir 98 cesitlerinde gerceklestigi ve diger
cesitlerden istatistiki  olarak 6nemli farklihk
olusturdugu gorilmistir. Fasulye cesitlerinde en gec
¢igeklenme 60 glinle Akman 98 gesidinde kaydedildigi
diger  ¢esitlerden istatistiki  olarak  farklihik
olusturdugu belirlenmigtir. Ge¢ ¢i¢eklenmeyi ikinci
sirada 59 giinle Topgu ve Alberto ¢esidinin izledigi ve
bunlarin diger cesitlerden istatistiki olarak 6nemli
derece farkliliga sahip oldugu kaydedilmistir. Onceler
98, Yunus 90 ve Noyanbey 98 cesitlerinin 58 giinde
ciceklenme gostererek tUglincii sirada yer aldigr ve
digerlerinden istatistiki olarak farklihk gosterdigi
tespit edilmigtir. Goynik 98, Goksu, Bermaz
cesitlerini cigeklenme streleri sirasiyla 57, 56, 55
giinde gergeklestirdigi, kendi aralarinda istatistiki
farklilik olusturmadigi, diger cesitlerden ise istatistiki
olarak 6nemli farklilik olusturdugu gézlemlenmistir.

Cizelge 2. Fasulye cesitlerinin ¢igeklenme siiresi, bakla baglama stresi, bitki boyu, bakla ylksekligi, bakla sayisi

ortalamalar: ve gruplari.

Table 2. The average and groups of flowering period, seed set period, plant height, pod height, pod number of bean

varieties.
Genotipler Ciceklenme Bakla baglama | Bitki Bakla Bitkide bakla
(Genotypes) siireleri(giin)** | siireleri(giin)** | boylari(cm) ** | yiikseklikleri(cm)** | sayilar
(Flowering (Seed set | (Plant height) (Pod height) (adet) ** (Pod
period) period) number)
Onceler 98 58.00+2.3 ¢ 78.00+£2.3 f 54.00+0.55 ¢ 19.45+0.44 d 22.55+3.88 cd
Goyniik 98 57.00+2.3 d 80.00+£2.3 e 55.80+0.28 ¢ 21.30+0.62 ¢ 34.55+8.98 ba
Yunus 90 58.00+2.3 ¢ 77.00£2.3 f 60.57+0.45 b 27.05+0.34 a 30.50+12.50 be
Topcu 59.00+2.3 b 85.00+£2.3 be 52.85+0.47 d 14.65+0.44 f 22.85+6.91 cd
Aras 98 53.00+2.3 g 82.00+£2.3 d 62.45+2.27 a 22.40+0.36 b 25.40+6.69 bed
Alberto 59.00+£2.3 b 91.00+2.3 a 49.90+0.47 e 12.92+0.49 h 17.15+6.32 d
Bermaz 55.00+2.3 f 86.00£2.3 b 48.85+0.33 e 20.90+0.57 ¢ 23.55+4.25 cd
Noyanbey 98 58.00+2.3 ¢ 80.00+2.3 e 48.85+0.25 e 18.10+£0.41 e 33.70+7.25 b
Akman 98 60.00+£2.3 a 84.00+£2.3 ¢ 35.324+12.49 f 13.80+0.28 g 34.75+9.75 ab
Goéksun 56.00+2.3 e 81.00+2.3 de 33.22+0.50 g 13.65+0.34 g 28.95+6.03 bc
Karacagehir 98 53.00+2.3 g 78.00£2.3 f 34.90+062 g 13.70+0.11 g 43.60+11.68 a
C.V. 4.043 4.93 1.839 1.823 10.70

**: p <0.01, Ayni harflerle gésterilen ortalamalar arasindaki farkliliklar istatistiki olarak 6nemsizdir.

Fasulye genotipleri ciceklenme siliresi yoninden
birbirlerinden farkl 7 grup olusturdugu
kaydedilmistir (Cizelge 2). Alt1 fasulye genotipi ile iki
yillik calismada Peksen (2005) ciceklenme periyodu
23.50-64.80 glin arasinda degistigini belirlemigtir.
Fasulyenin c¢iceklenme siirelerinin, Atici (2013)
Giresun kogullarinda 30-88 giin, Servia ve ark (2016)
Meksika’da farkl eyaletlerde yerel ¢esitlerin bolgelere
gore 44-92 glin arasinda degistigini tespit etmiglerdir.
Mideksa Egu ve Tesfaye (2018), Melkassa’da 25
fasulye genotipiyle yapmis olduklarn ¢alismada
cigeklenme giin sayisinin stres kosullarinda % 12.6
azaldigini vurgulamiglardir. Cigeklenme siiresinin
Yeken ve ark.(2019) 80 fasulye genotipinde 45-69 giin,
Nadeem ve arkadaslar1 (2020) 183 fasulye genotipinde
lokasyonlara goére 61-68 glin arasinda degistigini
kaydetmiglerdir. Daha o6nceki arastirmalardan da
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anlasildig1 gibi fasulyenin ¢iceklenme stiresi ceside,
iklim kosullarina, c¢evre o6zelligine, uygulanan
faktorlere gore degisim gosterdigi belirlenmigtir.
Yapilan arastirmada kullanilan cesitlerin ciceklenme
glin sayis1 yoninden birbirinden farkli 7 grup
olusturmasi, cesitler arasindaki farkhligin 6nemini
ortaya koymaktadir.

Denemede kullanilan fasulye gesitlerinin % 50 bakla
olusuncaya kadar gegen siirenin 77 gin ile 91 gin
arasinda degistigi tespit edilmigtir. Alberto ¢esidinin
91 giinle en ge¢ bakla bagladig1 ve istatistiki olarak
diger cesitlerden 6nemli farklihik olusturdugu
kaydedilmigtir. Bakla  baglamayr 86  gilinde
gerceklestiren Bermaz c¢esidi, 84 giinle Akman 98
¢esidi kendi aralarinda ve diger cesitlerden istatistiki
olarak 6nemli farklihk olustururken, Topgu cesidi
Bermaz ve Akman 98 ¢esidi arasinda gecis grubunu
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olusturdugu kaydedilmistir. Géynik 98 ve Noyanbey
98 cesitlerinin 80 ginde bakla bagladign kendi
aralarinda istatistiki farklilik olusturmadigr diger
cesitlerden ise istatistiki olarak ©nemli farklilik
olusturdugu, Goéksiin ¢esidinin 81 giinde, Goyniik 98
ve Noyanbey 98 ile Aras 98 ¢esidi arasinda gecis
grubunu olusturmustur. Aras ¢esidi 82 ginde bakla
baglayarak istatistiki olarak diger cesitlerden 6nemli
farklilik olusturdugu kaydedilmigtir. En erken 77
giinle bakla baglayan Yunus 90 ¢esidi, 78 giinde bakla
baglayan Onceler 98 ve Karacasehir 98 cesitleri kendi
aralarinda istatistiki farklilik olusturmadigr diger
cesitlerden ise istatistiki olarak o©nemli farklilik
olusturdugu belirlenmistir (Cizelge 2). Fasulyede
bakla baglama siiresini, Anlarsal ve ark.(2000)
Cukurova ekolojik sartlarinda yaptiklar: iki yil stiren
calismada Seker-Malatya cesidinin 46 giin, Boylu
(2019) Kahramanmaras kosullarinda 16 yerel fasulye
cesidiyle iki yil ylratilen arastirmada 62.2-78.3 giin
arasinda, Yeken ve ark. (2019) 80 fasulye genotipinde
53-73 giin arasinda degistigini kaydetmislerdir. Daha
onceki arastiricilarin yapmig oldugu ¢alismalardan da
anlagildig1 gibi bakla baglama siiresinde gesit faktori
etkili olurken, Cukurova kosullarinda daha erken
olmasi sicaklik faktorunin etkisi oldugu
anlasilmaktadir. Bakla baglama siiresinin daha 6nceki
arastiricilarin sonuclarina goére daha uzun olmasi,
arastirmanin yapildigi yerde daha serin iklim yapisina
sahip olmasindan kaynaklanmustir.

Fasulye ¢esitlerin bitki boylar1 62.45 cm ile 33.22 cm
arasinda degistigi kaydedilmigtir. Aras 98 ¢esidinin
62.45 cm(a grubu) ile en yiiksek bitki boyuna sahip
oldugu ve istatistiki olarak diger g¢esitlerden 6nemli
farklilik olusturdugu tespit edilmigtir. Yunus 90
cesidinin 60.57 cm(b grubu) ile ikinci sirada olup
istatistiki olarak diger cesitlerden 6nemli farklilik
olusturdugu tespit edilmigtir. Géyniik 98 ¢esidinin ve
Onceler 98 cesidinin aym (¢) grubta yer alarak diger
cesitlerden ise istatistiki olarak o©nemli farklilik
olusturdugu gozlemlenmistir. Topcu cesidinin 52.85
cm bitki boyu(d grubu) ile istatistiki olarak diger
cesitlerden o6nemli farkhilik olusturdugu tespit
edilmistir. Alberto, Bermaz, Noyanbey ayn1 grupta (e)
yer alarak diger cesitlerden istatistiki olarak ¢nemli
farklihik olusturdugu goézlemlenmigtir. Akman 98
cesidinin 35.32 cm (f grubu) ile diger cesitlerden
onemli farklilhik olusturdugu tespit edilmistir.
Karacagehir 98 ve Goksiin ¢esidinin kendi aralarinda
istatistiki farklhilik olusturmadig: diger cgesitlerden ise
istatistiki olarak oOnemli farklihk olusturdugu
gozlemlenmistir (Cizelge 2). Bitki boylarinin,
Diizdemir (1998), Tokat ilinde kosullarinda fasulye
genotiplerinde 44.85-133.78 cm arasinda, Kahraman
ve Onder (20090 Konya kosularinda 42 fasulye
cesidinde 31.23-112.23 c¢m arasinda degistigini
kaydetmislerdir. Cavusoglu ve Akgin (2007) iki bodur
fasulye gesidiyle yapmis olduklari ¢alismada; Roma-II

302

cesidi 41.15 cm ile Nassau cesidine gore (35.18 cm) %5
onem seviyesinde farklihk gosterdigini
kaydetmiglerdir. Fasulye bitkisinin bitki boylarinin,
Giiclii ve Onder (2019) Konya kosullarinda ti¢ standart
ve 100 genotipde 5.28-218.61 cm arasinda, Yeken ve
ark. (2019) 80 fasulye genotipinde 25.25-261.50 cm
arasinda, Nadeem ve arkadaslar: (2020) 183 fasulye
genotiplere gore 21.0-168.7 cm ve lokasyonlara gore
25.2-52.1 ¢cm arasinda degistigini tespit etmiglerdir.

Daha o6nceki arastiricilarin  yapmig olduklari
calisgmalardanda anlagilacagi gibi, fasulyede bitki boyu
cesitlere  ve  lokasyonlara  goére  degiskenlik
gostermektedir, bu nedenle c¢esitler arasindaki
farklihk  bolgesel  olarak  denenerek  ortaya
cikarilabilinecektir.

Arastirmada kullamilan 11 farkli cesitlerin bakla
yiksekliklerinin 12.92 c¢m ile 27.05 c¢m arasinda
degistigi gozlemlenmigtir. Yunus 90 ¢esidinin 27.05
cm(a grubu) ile en yiiksek bakla yiiksekligine sahip
olarak diger cesitlerden 6nemli farklilik gosterdigi,
onu 22.40 cm ile Aras 98 cesidinin izledigi tespit
edilmigtir. Goynik 98 ¢esidinin 21.30 cm ve Bermaz
cesidinin ise 20.90 cm bakla yiiksekligi ayn1 grupta (c)
yer aldig1 diger cesitlerden istatistiki olarak onemli
farklilik olusturdugu tespit edilmigtir. Akman 98,
Karacagehir, Goksin kendi aralarinda istatistiki
farklilik olusturmadigr diger c¢esitlerden istatistiki
olarak 6nemli farklilik olusturdugu goézlemlenmistir.
Alberto cesidinin ise 12.92 cm(h grubu) ile en az bakla
yiksekligine sahip oldugu ve diger cesitlerden
istatistiki olarak onemli farklilik olusturdugu tespit
edilmigtir. Bakla ylksekligi yoniinden cesitler
birbirinden farkli 7 grup olusturmustur (Cizelge 2).
Bakla yiiksekliklerini, Babagil ve ark. (2011) Erzurum
iklim kosullarinda 13.3 cm, Girgel ve ark (2018)
Bayburt kosullarinda 3 ¢esit ve 13 yerel genotipte 6.7-
11.1 cm arasinda, Gigcli ve Onder (2019) Konya
kogullarinda fasulyenin t¢ standart cesit ve 100
genotip lUzerinde 6.78-24.45 cm arasinda, Nadeem ve
arkadaslar1  (2020) 183 fasulye genotipinin
lokasyonlara gore 8.0-15.5 cm arasinda degistigini
belirtmiglerdir. Bakla ylksekligi cesit o6zelliklerine

bagli olmakla birlikte, toprak yapisi, gelisme
déneminde havalarin sicak gitmesi ve sulama
faktorlerden  etkilemektedir. Bakla  yiiksekligi

tarimsal uygulamalar yoniinden énemli bir 6zelliktir.
Arastirmada kullanilan ¢esitler arasinda varyasyonun
elde edilmesi, ¢esit se¢cimini kolaylastirmaktadir. Cesit
secimi tek bir 6zellikle degil, vejatasyon sliresi, verim
gibi Gzelliklerde dikate alinarak yapilmalidir. Daha
onceki arasticilarin yapmis olduklari ¢aligmalarda da
varyanyon elde edildigi goriilmektedir.

Fasulye c¢esitlerinin bitkideki bakla sayilar1 17.15-
43.60 adet arasinda degistigi kaydedilmistir.
Karacasehir 98 cesidi 43.60 bakla sayisi(a grubu) ile en
yiksek bitkide bakla sayisina sahip oldugu, onu ikinci
sirada Akman 98, liglincii sirada Goyniik 98 gesidinin
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izledigi, kendi aralarinda istatistiki farklihk
olusturmadigr diger cesitlerden istatistiki olarak
onemli farklilik olusturdugu tespit edilmistir. En
diisiik baklada sayisini 17.15 adet (d grubu) ile Alberto
cesidinde goriildiigii, onu sirasiyla Onceler 98, Topeu,
Bermaz, Aras 98 gesitlerinin izledigi, Alberto ¢esidi ile
aralarinda istatistiki olarak farklilik olusturmadig:
gecis grubunu olusturdugu kaydedilmigtir. Alberto
cesidi Goynuk 98, Yunus 90, Noyanbey 98, Akman 98,
Goksun, Karacasehir 98 gesidinden istatistiki olarak
énemli farklilik olusturdugu belirlenmistir (Cizelge 2).
Bitkideki bakla sayisiyla ilgili yapilan c¢alismada
Feher ve Pitig (1971) 5.6 adet, oldugunu
gozlemlemislerdir. Chung ve Goulden (1971)
yaptiklar: ¢alismada yeni Zelenda iklim kosullarinda
tane verimi ile bitkide bakla sayis1 arasinda énemli ve
pozitif bir baglanti oldugunu tespit etmislerdir.
Mourice ve Tryphone (2012) farkli fosfor doz
uygulamasimi denedikleri yedi fasulye genotipide
bitkideki bakla sayisinin ¢esitlere gore degistigini
vurgulamislardir. Duarte ve Adams (1972) ABD’de
yaptiklar1 ¢alismada fasulyede alinan verimde bakla
sayisinin 6nemli bir etken oldugunu belirtmiglerdir.
Bakla sayisini, Vakali ve ark(2009) Yunanistan'da
yerel fasulye c¢esitlerinde 49-101 adet arasinda,
Mideksa (2016), Melkassa-Ethiopia’da, 12 fasulye
genotipinde 25.3-37.6 adet ve kuraklik stresi
uyguladiginda 18.1-30.9 adet arasinda, Girgel ve ark.
(2018) Bayburt kosullarinda 3 cesit ve 13 yerel
genotipte 10.0-24.1 adet arasinda degistigini a
kaydetmistir. Mideksa Egu ve Tesfaye (2018)
Melkassa 25 fasulye genotipiyle yapmis olduklar
calismada bitkideki bakla sayisinin genotiplere gore su
stresi  karsisinda %  11.5- 40.7 azaldigim
vurgulamiglardir. Bakla sayisini, Yeken ve ark. (2019)
80 fasulye genotipinde 6.67-63 adet arasinda, Nadeem
ve arkadaslar1 (2020) 183 fasulye genotipinde
lokasyonlara gore 9.8-18.5 adet arasinda degistigini
belirtmiglerdir. Fasulyede bakla sayilarinin, iklim,
cevre, uygulama faktorleri ve cesit 6zeliklerine gore
farklihk gésterdigi daha o6nceki arastiricilar
tarafindan vurgulanmigtir. Bakla sayisi tane verimini
belirleyen faktorlerden biridir. Bu nedenle, cesitler
arasinda bakla sayisi yoninden farklihklarin elde
edilmesi 6nemlilik arz etmektedir.

Elazig boélgesinde 11 fasulye c¢esidi ile yapilan
calismada dolu bakla sayilarina 43.40-16.57 adet
arasinda degistigi gézlemlenmistir. En ylksek 43.40
adet dolu bakla sayisi(a grubu) ile Karacasehir
¢esidinin diger gesitlerden istatistiki olarak 6nemli
farklilik olusturdugu tespit edilmigtir. Akman 98,
Géyniik 98, Noyanbey 98 cesitleri aym (b) grupta yer
alarak, Yunus 90, Géksun ve Aras 98 ¢esidi harig, diger
cesitlerden istatistiki olarak oOnemli farklilhik
olusturdugu tespit edilmistir. Onciiler 98, Topcu ve
Bermaz cesitleri 22.40, 22.35 ve 23.40 adet dolu
baklaya sahip oldugu ve istatistiki olarak
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birbirlerinden farklhlik olusturmayip ayni grupta yer
aldig1 kaydedilmigtir. En az dolu bakla sayis1 16.57
adet ile Alberto cesidinin sagladigi ve diger cesitlerden
istatistiki olarak énemli farklilik olusturdugu tespit
edilmistir (Cizelge 3). Mideksa Egu ve Tesfaye (2018),
Melkassa’da 25 fasulye genotipiyle yapmig olduklari
calismada bitkideki bakla sayisinin genotiplere gore su
stresi kargisinda %11.5-40.7 azaldigini
vurgulamislardir. Boylu (2019) Kahramanmaras
kosgullarinda 16 yerel fasulye ¢esidiyle iki y1l yiiriitilen
arastirmada dolu bakla sayisimin 2.55-16.75 adet
arasinda degistigini kaydetmistir. Iklim ve cevresel
kogullar1 dolu bakla sayisini etkilenmektedir. Bakla
doldurma doneminde Dbitkinin sicaklara tepkisi
onemlidir. Sicaklara toleransa, bitkinin kokinun
derinlere yayilmasi yam sira, yaprak yapisi da etkili
olmaktadir. Topraktaki besin maddesi, toprak yapisi
ve nem durumu da bakladaki doluluk oranina etkide
bulunmaktadir.

Elazig iklim kogullarinda yapilan ¢alismada fasulye
cesitlerinin hasat siirelerinin Onceler 98, Goyniik 98,
Yunus 90, Aras 98, Bermaz, Noyanbey 98, Karacasehir
98 cesitlerinde 115 giin, Géksiin ve Topgu ¢esitlerinde
115.75 gin, Akman 98 ve Alberto cesitlerinde ise
116.25 gin oldugu tespit edilmistir. Cizelge 3’den de
goruldigi gibi fasulye cesitleri hasat streleri
yoninden o¢nemli farklilik gostermedigi tespit
edilmistir. Olgunluk siirelerini, Giiclii ve Onder (2019)
Konya kosullarinda ug¢ standart fasulye gesidi ile 100
genotipte 95.94-138.27 giin, Yeken ve ark. (2019) 80
fasulye genotipinde 90-141 giin arasinda degistigini
kaydetmislerdir. Nadeem ve arkadaslar1 (2020) 183
fasulye genotipte olgunluk giin sayisinin cesitlere gore
99-161 gun, lokasyonlara gore 107-129 gin arasinda
degistigini, olgunlasma gun sayisinin se¢im Kriteri
olarak 6nemlilik arz ettigini belirtmiglerdir.

Elazig iklim kogullarinda denenen fasulye ¢esitlerinde
en az tane verimin Alberto cesidinde 141.43 kg da’l
Topcgu ¢esidi 171.80 kg da'l, Akman 98 ¢esidi 193.13 kg
da’l, Goksiin c¢esidinin 235.70 kg dal ile izledigi ve
kendi aralarinda istatistiki farkhilik olusturmadig,
diger cesitlerden istatistiki olarak onemli farklilik
olusturdugu kaydedilmistir. Fasulye ¢esitleri arasinda
en yiksek tane verimi 333.10 kg dal ile Aras 98
¢gesidinden saglandigi, onu sirasiyla Yunus 90
¢esidinin 326.68 kg dal, Goynik 98 cesidinin 325.28
kg dal, Onceler 98 cesidinin 318.13 kg da’!, Bermaz
¢esidinin 287.58 kg da'Noyanbey 98 ¢esidinin 282.60
kg dal, Karacagehir 98 cesidinin 268.65 kg dal ile
izledigi tespit edilmigtir. Aras 98, Yunus 90, Goyniik
98, Onceler 98 cesitleri istatistiki olarak Alberto,
Topgu ve Akman 98 cesitlerinden tane verimi
yoniinden oOnemli derecede farklilik olusturdugu
belirlenmigtir. Fasulye bitkisinin tane verimiyle ilgili
yapilan calismalarda, Ciftci ve Yilmaz (1992), Van
ilinde 124-198 kg da! arasinda degistigini, Bozoglu ve
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Giiliimser (2000) Samsun kosullarinda 162.7-237.7 kg
dalarasinda, Hakyemez ve ark, (2005) Canakkale
ilinde en yuksek tane verimini Goynik-98 cesidinden
116.4 kg da’t, Firtina (2006) Van ilinin Gevas ilgesinde
en yluksek verimin 472.0 kg dalile Aras-98 ¢esidinde,
en az verimi ise 285.0 kg dal Seker cesidinde, Ceyhan
ve ark. (2009) 322.2-850 kg da! arasinda degistigini
tespit etmislerdir. Mourice ve Tryphone (2012) farkh
fosfor doz uygulamasini denedikleri yedi fasulye
genotipinde tane veriminin 299-514 kg dalarasinda
degistigini belirmislerdir. Mideksa (2016), Melkassa-
Ethiopia’da 25 fasulye genotipinin tane verimleri
147.5-194.7 kg da! ve kurakhik stresi uyguladiginda

72.5-125.3 kg dal arasinda oldugunu kaydetmistir.
Mideksa Egu ve Tesfaye (2018), Melkassa’da 25
fasulye genotipyle yapmis olduklari ¢alismada tane
veriminin 147.7-195.8 kg da! arasinda degistigini
tespit etmislerdir. Daha onceki arastiricilarin elde
ettikleri sonuglardan da anlagilacag: gibi, tane verimi
ceside, cevresel faktorlere ve kiiltiirel uygulamakara
gore varyasyon gostermektedir. Ekoloji uyum
arastirmasinda, g¢esitler arasindaki varyasyonlar
dikate alinirken, verime bagh o6zeliklerin birlikte
incelenmesi ve vejatasyon stiresinin dikkate alinmasi
yapicak gesit seciminde bagariy: artiracaktir.

Cizelge 3. Fasulye gesitlerinin dolu bakla sayilari, olgunluk siireleri, tane verimlerinin ortalamalari ve gruplar:
Table 3. The average and groups of filled pod number, ripening period and grain yield of bean varieties.

Genotipler (Genotypes) Dolu bakla sayilari(adet) **
(Filled pod number)
Onceler 98 22.40+3.88 cd
Goyniik 98 33.90+9.85 b
Yunus 90 29.70+12.50 be
Topgu 22.35+7.38 cd
Aras 98 25.40+6.69 bed
Alberto 16.57+6.50 d
Bermaz 23.40+3.97 cd
Noyanbey 98 33.25+7.02 b
Akman 98 34.20+9.50 b
Goksun 28.27+5.97 be
Karacasehir 98 43.40+11.94 a
C.V. 21.00

Olgunluk siireleri(giin) | Tane verimleri(kg da’l) **
(Ripening period) (Grain yield)
115.00+0.81 318.13+93.00 a
115.00+0.81 325.28+156.15 a
115.00+0.81 326.68+204.24 a
115.75+0.95 171.80+ 128.58bce
115.00+0.81 333.10+152.58 a
116.25+0.95 141.43+80.24 ¢
115.00+0.81 287.58+172.72 ab
115.00+0.81 282.60+158.81 ab
116.25+0.95 193.13+88.97 be
115.75+0.95 235.70+82.45 abe
115.00+0.81 268.65+94.24 ab
0.667 28.494

** p <0.01, Ayn1 harflerle gosterilen ortalamalar arasindaki farkliliklar istatistiki olarak 6nemsizdir.

SONUC

Dogu Anadolu bélgesinin Elazig yoresinde 11 farkl
fasulye c¢esidi kullanilarak yuritiulen calismada,
Onceler 98, Goyniik 98, Yunus 90, Aras 98 cesitlerinin
diger cesitlerden daha yliksek kuru fasulye tane
verimine sahip olmasi ve ayni zamanda olgunlasma
sliresini tamamlamalar: nedeniyle 6nerilecek ¢esitler
olarak kabul edilmigtir. Aragtirmanin sonraki yillarda
da strdiriulmesinde yarar vardir.

TESEKKUR
Aragtirma Tolga KARABACAK'1n Yiksek Lisans

tezinden Uretilmigtir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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ABSTRACT
The aim of research about irrigation and nutrition of peanut is to
determine most suitable irrigation level and nitrogen fertilizer dose

Research Article

Article History

for peanut in the Harran conditions (Sanliurfa, Turkey).In this study, Received :03.07.2020
different amounts of the nitrogen (N1:0, N2:40, N3:80, and N4:120 kg N Accepted $13.08.2020
ha'l) were applied as ammonium nitrate in two times as planting and

flowering times to peanut plants. The irrigation levels were Kgywords -

determined as 100, 75, 50, and 25% of the irrigation required and Nitrogen fertilizer

labeled as I (first irrigation), I» (second irrigation), Is (third  1rrigation

irrigation), and I+ (fourth irrigation), respectively. In this study, Peanui.:

positive and significant effect were found that the need protein and ‘;111; ii];f hypogaea L.

the increasing of peanut yield with its components were increased
with 120 kg ha! nitrogen fertilization (N4 and no-deficit water
(100%:11) while the variable 100 fruit weight were increased with 80
kg hal nitrogen fertilization (N3) and no-deficit water (100%:I1)
application on plant. The plant height and 100 seed weight except 2nd
year were also increased with 80 kg ha! nitrogen (N3) and no-deficit
water (100%:11).

Giineydogu Anadolu Bélgesi Sartlarinda Farkh Sulama Diizeyleri ve Azot Oranlarinin Yerfistign Verimi
ve Kalitesi Uzerine Etkisi

OZET Aragtirma Makalesi

Bu calisma ile Harran kogullarinda (Sanliurfa, Tiirkiye) yerfistig1 icin

en uygun sulama seviyesini ve azotlu gibre dozunu belirlemek Makale Tarihgesi
amaclanmistir. Azotlu giibre uygulamalar: (N1: 0, N2 40, N3: 80 ve N4 Gelig Tarthi  :03.07.2020
120 kg N ha'l) amonyum nitrat olarak, ekimden sonra % 50’si, digeri Kabul Tarihi :13.08.2020

ciceklenmede) uygulanmistir. Sulama seviyeleri; sirasiyla gerekli
sulama seviyesinin % 10074 (I1), % 751 (I2), % 50’si (Is) ve % 25'1 (I1)
olarak belirlenmigtir. Bu c¢alismada, uygulamalara bagli olarak

Anahtar Kelimeler
Azotlu guibreleme

protein ve yerfistig1 veriminin 120 kg N ha'! azot giibrelemesi (N4) ve Sulama

% 100 (I) sulama uygulamasi ile arttig1 bulunmustur. En fazla bitki Yerfistigi

meyve agirlign 80 kg N ha azot giibreleme (N3) ve % 100 sulama Apachis B L
uygulamasi ile elde edilmistir. Yine en yiiksek bitki boyu (2. y1l haricg) Haiiar;g ypogaea <.

ve en fazla 100 tohum agirlig1 da yine 80 kg N ha! azot (N3) ve % 100

sulama uygulamas ile tespit edilmigtir.

To Cite : Boydak E, Simsek M, Demirkiran AR 2020. The Effects of Different Irrigation Levels and Nitrogen Rates on Peanut
Yield and Quality in Southeastern Anatolia Region of Turkey. KSU J. Agric Nat 24 (2): 306-312. https://doi.org/

10.18016/ksutarimdoga.vi.763481.

INTRODUCTION

In the world, peanut (Arachis hypogaea L.) is an
important summer oil and food grain legume, and it
contains fiber (approximately 5%), carbohydrate
(20%), protein (25-30%), oil (50%) and ash for human
food (Arioglu et al., 2016). Peanut is grown in semiarid
and arid regions and needed irrigation to produce for

more yields. Plant yields are controlled by
environment conditions. Peanut plants are most
sensitive to water stress in the flowering time and pod
filling like other plants. Adequate irrigation and soil
moisture in the plant production are critical factors for
formation of peanut pods (Reddy et al., 2003).

Trostle (2004 and 2005) found that the legume
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response to N fertilization 1s inconsistent. The
response of peanut to N fertilizer has been attributed
to differences in environmental and edaphic conditions
(Reddy et al.,, 2003; Lanier et al., 2005). Nitrogen
element is an important and critical nutrient for
developing and producing of plant (Erisman et al.
2010).  Nitrogen is also present in the plant
metabolisms as amino acids in the functional proteins
positively affects the content of protein and increases
the scope of amino acids (Kasap et al., 1999; Rowland
et al., 2012; Arioglu et al., 2016).

Some studies (Sun et al., 2010; Chen et al., 2015) have
shown that fixation of N in the nodules could occur only
40 to 50% of nitrogen needed by peanut growth. This
condition has indicated that more than half of the N
requirement by peanuts has been taken up from soil
and fertilizer. It was reported by Kandil et al. (2007)
that the rising to 40 kg/ha nitrogen level increased
some plant characteristics such as leaves numbers,
pods, stems, and its dry weight per plant. It was also
determined by Ali and Seyyed (2010) and Ali and
Ebrahim (2011) underlined that use of N fertilizer
resulted in the increasing of the kernel and pod yield.
Wen et al. (2001) reported that the maximum
recommendable amount of nitrogen was 120 kg N ha-
1 for the sandy soil condition in Japan.

Barbieri et al. (2017) designed an experiment that 4
evapotranspiration levels (30, 70, 110 and 150%, ETo)
and different nitrogen doses (0, 30, 60, 90 and 120
kg/ha) were studied with two peanut varieties in
Brazil. Irrigation stages were 110% of ETo. In the 150%
of ETo application showed higher husk yield, and lower
grain yield. Hu et al. (2018) conducted the experiment
that they used peanut with different N treatments (No:

Table 1. Meteorological data in Sanliurfa.
Cizelge 1. Sanliurfa’nin meteorolojik verileri.

0 kg, N1: 40 kg, N2: 60 kg and Ns: 80 kg) and irrigation
managements (Wo: the rain-fed circumstance and Wi:
the supplemental irrigation based on the soil moisture
with lower limit of soil water of 55% of field capacity,
FC) in China. The yield of peanut increased with rising
nitrogen application except decreasing at Ns
application. N levels, irrigation managements and
their interactions affected significantly on the peanut
yield. Researchers also stated that the highest yield
had in the W1Ng treatment.

In this study, the response of peanut, in its various
doses of nitrogen fertilizations with different irrigation
levels on growth has been studied in Sanliurfa
agricultural conditions, Turkey. Irrigation methods
and the quantities of water needs were applied to
determine the some growth and yield characteristics of
Arachis hypogaea L., NC7 var.).

MATERIAL and METHODS
Study Area Conditions

The used soil results were generally given as follows:
moderately alkaline (pH:7.5), clayey, highly lime and
low organic matter content. Field capacity (FC) of soils
was 32.71-33.84%, permanent wilting point was 21.18-
22.55% and bulk density between 1.37 and 1.41 g cm 3.
The maximum air temperature, maximum rainfall and
moisture of this area were 43.3 °C (in July), 93.1 mm
(in January) and 71% (in January) respectively. In this
study, peanut (Arachis hypogaea L., NC-7 var.) was
grown two years (in 2004 and 2005 years from June to
October). The meteorological data of this area are
presented belonging to the season of peanuts planted
in Table 1.

Year Month (Ay) June July August September  October

(y1l) (Haziran)  (Temmuz)  (Agustos)  (Eyliil) (Ekim)

2004 Av. temperature, °C (Ortalama sicaklik, °C) 29.0 32.8 30.8 27.3 21.7
Max.temperature, °C (Maksimum sicaklik,°C) 39.4 43.3 43.1 38.5 35.0
Min. temperature, °C (Mniumum sicaklik,°C) 17.3 21.1 20.0 16.4 11.3
Relative humidity, % (Nem, %) 33.5 27.0 40.7 34.8 35.2
Total rainfall, mm (Toplam yagis, mm) 0 0 0 0

2005 Av. temperature, °C (Ortalama sicaklik, °C) 27.4 33.0 32.1 26.3 18.6
Max. temperature, °C (Maksimum sicaklik,°C) 38.5 43.7 43.5 37.2 32.0
Min. temperature, °C (Mniumum sicaklik,°C) 15.1 20.4 20.0 16.0 6.8
Relative humidity, % (Nem, %) 35.9 32.8 44.7 46.0 52.9
Total rainfall, mm (Toplam yagis, mm) 31.3 0 2.3 0 17.4

The experiment was set up in the Harran University Research Field Area, Turkey located at 37°07°23” N and 38049’02” E. The altitude of the

study area is 467 m.

Experimental Design

In the experiment, peanut selected as NC-7 variety
was grown from May 14 to September 10 in 2004 and
from May 17 to September 14 in 2005. The study was
carried out to determine the effects of different
amounts of nitrogen (N1:0, N2:40, N5:80, and N4:120 kg
N ha! on the peanut yield and other parameters. The
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nitrogen fertilizer source was ammonium nitrate (26%
N) and the nitrogen of 50% during was applied the
planting time the other 50% of it was applied at the
flowering stage. The plots were fertilized with 60 kg
P205 hal as phosphorus fertilizer as TSP with
planting. The seeds were sown with 20 cm row spacing
and 5 cm rows. The row spacing was 70 ¢cm in 4 row-
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plots. The experiment was designed as split-plots
which main plot is nitrogen with three replicates.
Irrigation levels were calculated with class A
evaporation pan which measured the volume of
evaporating water. Irrigation levels (I) were planned
as 100%, 75%, 50%, and 25% of the required irrigation
methods (represented with Ii:first, Is:second, Is:third,
and Is:fourth, respectively) to determine most suitable
irrigation level for peanut in the Harran conditions.
The sprinklers were lined 6 m apart from each other
and flow rate was 3 atm pressures. Irrigation level was
100% at the closest line to the sprinklers, and followed
by 75%, 50%, and 25%, respectively. The pesticides
were not used in the experiment. It was performed
until the plants covered inter rows by hoeing.

Statistical Analysis

The statistical analyses of data were carried out using
Statistical Analysis System, JMP. The significant
differences were founded by using the Least
Significant Difference (LSD) multiple range test at
p<0.05.

RESULTS and DISCUSSION
Agronomic Characteristics of Peanut Plant

The data of the treatment on the some yield
components of peanut as brunch number, fruit weight
and seed weight is shown in Table 2.

In this study, water deficits reduced the plant height
of peanuts leaves, brunch number in per plant, 100
fruit weight and 100 seed weight. The effect of nitrogen
applications as N3 (1st year) and N2 (2nd year) on the
plant height increased. The brunch number of plants
also increased with nitrogen applications as N4 (1st
year) and with nitrogen application and irrigation 2
method, Ns+I2 (20 year). The 100 fruit numbers of
plants also increased with nitrogen applications as N3
(1%t year and 274 year) in the study (Table 2).

Statistically, deficit irrigation significantly affected
some agronomic characteristics of peanut. The some
yield components of the plant are statistically
significant between full irrigation (I1) and deficit
irrigation treatments (I, I3, and I4). The plant height
of peanut was reduced by in Iz, Is and I+ with
comparing full irrigation (I1). N-fertilization of 80 kg N
ha in first year and 40 kg N ha'! in second year were

more effective in increasing of the plant height. The
brunch numbers of plants were generally reduced by
application of the deficit irrigation level in two years.
Nitrogen fertilization of 120 kg N ha! in two years was
founded more effective in increasing of the plant
brunch number with the highest plant brunch number
was determined at I2 application in the second year.
The 100 fruit weight and 100 seed weight of the plants
were also reduced by application of the deficit
irrigation in two years. 80 kg N ha in two years was
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determined that it is effective in increasing of the 100
fruit weight. 80 kg N ha'! was determined that it is
effective with Iz irrigation level in first year and with
I1 irrigation level in second year.

The vegetative growth of peanut and its components
were sensitive to water stress (Reddy and Reddy, 1993;
Reddy et al. 2003). Nitrogen also most important
element to develop for plants (Erisman et al. 2010).
Jana et al. (1990) stated that 40 kg N ha! produced a
pod yield. Kandil et al. (2007) founded that the
nitrogen level was increased stems, leaves number,
total pods, and pod dry weight in per plant. Barbieri et
al. (2017) stated that the treatments of EToas 30% and
70% of the allowed more growth as height, but small
productivity. Chung et al. (1997) found that water
deficits reduce the number of leaves per plant, leaf
areas and leaf weight. Findings are in agreement with
the these researchers.

Yields of Peanut

Deficit water application on peanut (NC7) were
generally reduced the peanut yield (as g plant! and kg
hal) and seed percent in this study. Nitrogen
application (at I:Ns application in 1st year and I1Nu
application in 27 year) with deficit water application
on peanut (NC7) increased the yield (g plant?). In
general yield (kg ha'l), nitrogen application (at I1N4 in
1t year and at IiNs in 2nd year) with deficit water
application on peanut (NC7) were increased this study.
Nitrogen application (at IsN2, IsNs, Nals and Is N
applications in 1st year and IiN2, Ii1N3 and IiN4
applications in 214 year) with deficit water application
on peanut (NC7) were found highest increased the seed
percent (%) (Table 3).

Protein and Oil Levels of Peanut

Peanut (Arachis hypogaea L.) is an oil seed crop and
contain over 50% oil and 25% protein. Nitrogen is most
important for level of amino acids and proteins. Also,
nitrogen is the element that is more taken with plants.
It is also fundamental element for the photosynthetic
process (Erisman et al., 2010; Rowland et al., 2012;
Neto et al., 2012: Arioglu et al., 2016).

Decreasing of irrigation levels with increasing nitrogen
applications have significantly affected and increased
to the protein ratio of peanut seeds in both years (Table
4). The effect of deficit irrigation applications and
nitrogen fertilizing was found different effect on oil
contents of peanut seeds in both years in which as the
oil content was in the same group statistically no-
nitrogen application with 100% irrigation method.
Therefore, a lot of application on the oil content of
peanut seed was found statistically in the same group
(as* N1-I1, No-Io, N3-Ih, Ns-I and Nu-I2 in 1st year and
Ni1-Ii, Ni1-Ig, N1-Is, No-T1, No-Is, No-Is, No-14, N3-T1, Na-T,
Nu-I2 and Nu-I4 in 204 year).
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Table 2. Means of some agronomic traits on peanut in 2004 and 2005.
Cizelge 2. Yerfistiginda 2004-2005 yillarindaki bazi tarimsal ozelliklerin ortalamalar:

Plant height, cm (Bitki boyu, cm)

1%t year (1. y1l)

2nd year (2. yil)

Ni N2 Ns Ny Mean (Ort) Ny N2 Ns Ny Mean (Ort.)
I5} 23.30 +£0.53d 27.30 £0.29b 29.37 +0.59 a 22.53+0.56 de  25.63 £0.88 28.43 £1.15 be 32.50 +0.80 a 31.10 £1.76 ab 30.90 £1.47 ab 30.73 £0.72
I 16.27 £0.46g 21.53 +0.38e 25.80 +0.17 ¢ 16.93+0.15 fc 20.13 £1.17 21.33£1.04d 26.83 £0.73 ¢ 29.30 £0.35 be 21.06 £0.55d 24.63 £1.11
Is 13.20 £0.70h 17.67 £0.56f 16.57 £0.46 fg 15.97+0.58 g 15.85 +0.56 16.67 £1.21 ef 19.23 £1.01 de 20.30 £0.82 d 19.87 £1.37d 19.02 +0.64
in 8.03 £0.62k 10.20 +£0.27j 11.40 £0.63 1 11.80 +0.401 10.36 +0.49 10.13 £0.69 h 12.97 £0.35 gh 13.20 +1.13 g 15.13 £0.90 fg 12.86 +0.64
Mean (Ort..) 15.20 +£1.68 19.18 +1.88 20.78 £2.17 16.81 £1.17 19.14 +£2.06 22.88 £2.26 23.47 £2.23 21.74 £1.80
LSD,5% 0.67 1.51
CV (%) 4.46 8.29
Brunch number, per plant (Bitkideki Dal sayis1)
L 7.20 £0.06 b 7.10+£0.12 b-d 7.00 £0.06 b-e 7.83+0.12 a 7.28 £0.11 5.50 £0.06 e 5.53 £0.09 e 5.93+0.13 ¢ 5.83 £0.09 cd 5.70 +0.07
I 7.20 £0.06 b 6.97 £0.12 c-e 6.80 £0.06 e 6.90 +0.06 de 6.97 +£0.06 4.80 +£0.06 gh 4.93 +£0.09 fg 5.93 £0.09 ¢ 6.93 £0.07 a 5.65 +0.26
Is 7.00+0.06be 7.08 £0.03 b-d 7.06 £0.09 b-d 6.93 £0.09 c-e 7.00 £0.03 4.63 £0.03 h 5.20 £0.06 f 5.97 £0.09 ¢ 6.67 £0.17 ab 5.62 +0.24
in 6.90 £0.06 de  7.13 +£0.09 bc 6.90 +0.06 de 7.13 £0.03 be 7.02 £0.04 4.80 +£0.06 gh 4,13 £0.121 5.60 £0.06 de 6.63 £0.09 b 5.29 +0.28
Mean (Ort.) 7.08 £0.05 7.06 +£0.05 6.94 +0.04 7.20 £0.12 4.93 £0.10 4.95 +0.16 5.86 +£0.06 6.51 £0.13
LSD 5% 0.11 0.13
CV (%) 1.80 2.89
100 Fruit weight, g (100 meyve agirligi, g)
I8 159.37+4.90b 156.03 +£2.58 b  170.47+2.83a 165.93+2.09a 162.954+2.20 187.17+8.33 ac  180.23+3.94bc  195.67 £3.04 a 191.67+7.50ab 188.68 +3.13
Is 109.30+0.59 e 130.10 £1.46 ¢ 130.50 £2.92 ¢ 156.83 +£1.36 b  131.68+5.16 129.43 +4.96 157.30 £0.90 d 154.77+2.26 de  176.53 +2.83¢ 154.51 +£5.22
I3 105.23+1.56 e 119.67+£099d 119.47+2.11d 129.80+3.65c¢ 118.5442.81 114.13+7.43gh 150.57+3.18 de 143.77+1.74 e 161.00+1.95de 142.37 £5.56
i 88.53+1.83 gh 92.57+0.46 fg 95.40 £2.66 82.60+1.38h 89.78+£1.63 102.77+4.02h1 119.77+1.28fg 116.93 +1.55¢g 98.60 £4.071 109.52 +3.01
Mean (Ort.) 115.61+8.06 124.59 +£6.89 128.96 +8.25 133.79 £9.83 133.38 £10.17 151.97 £6.61 152.78 +£8.59 156.95 +10.85
LSD,5% 3.12 6.24
CV (%) 2.97 5.02
100 Seed weight, g (100 tohum agirlig1, g)
I 76.08 +2.46bc 64.84 £4.65de  79.38+224ab  64.67 £3.26d-f 71.24 +£2.43 77.33+4.78 b 75.83+£091bc  73.63+3.82b-d 88.80+1.54a 78.90 +2.23
I 62.77 £3.36e-g  69.87+295c-e 67.78+2.07de 85.16+226a  71.39+2.77 76.17+1.68 bc  71.80£1.62b-e 70.77+3.22c-e 76.33+044bc  73.77+1.14
Is 65.96 £0.21 de  50.69 £1.58 h 66.87+2.11de  71.90+1.94cd 63.85+2.49  51.03+3.931 61.10+1.44fg  68.80+2.17de  57.63+1.22gh  59.64 +2.19
in 57.51+0.70 f-h  51.37+0.17 h 56.38 £1.06 gh  56.91+3.50gh 55.54 +1.08 57.53+1.52gh 51.60+2.65h1  66.03+1.71ef 53.70+1.55h1  57.21 +1.85
Mean (Ort.) 65.58 +2.23 59.19 £2.80 67.61 £2.59 69.66 £3.36 65.52 +£3.73 65.08 £2.95 69.81 +1.48 69.12 £4.32
LSD,5% 3.64 3.09
CV (%) 6.67 5.49
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Table 3. Means of peanut yields, yield per plant and seed percentage.
Cizelge 3. Yerfistig1 verim, bitkibagsina verim ve i¢ orani ortalamalari.

Yield per plant, g (Bitki bagina verin, g)

1st year 2nd year

Ni N2 Ns Ny Mean (Ort) N N2 Ns Ny Mean (Ort.)
L 50.00+1.01d  59.87+3.48¢ 62.13 £0.88 be 64.37+2.26b 59.09+1.90 91.80+0.98d 95.70+2.52 cd 104.20 £2.23b  116.20+3.71a  101.98 £3.02
I 46.47+2.84de 44.10+2.46 e 45.67 £1.63 de 72.83+1.36a 52.27+3.71 69.30 +0.51 ef 72.87+1.16e 100.47+4.28bc  99.80+3.38 be 85.61 +4.56
Is 21.27+0.38 gh  35.37+1.10f 38.73 £1.07 f 39.33+£1.87f 33.68+2.27  46.37+3.48 gh  42.20+1.46 h 52.33 £2.81¢g 64.36+1.71 f 51.32 +£2.74
in 16.17 +£0.741 21.93+1.25¢g 18.83 £1.09 g1 17.17+1.09h1  18.53+0.80  24.60 +0.90 k 31.63+0.411j 28.50+0.42jk 34.53+0.431 29.81 +1.14
Mean (Ort.) 33.48 +4.55 40.32 +4.27 41.34 +4.71 48.43 +6.63 58.02 £7.61 60.60+7.66 71.38 £9.76 78.73 £9.61
LSD,5% 2.20 3.00
CV (%) 6.46 5.36

Yield, kg da'! (Verim, kg da')

I 410.89+14.61 f 477.75+6.66 be 495.66+8.25 b 527.68+8.13 a 477.99+13.54 556.11+£10.45d 645.57 £20.19¢ 762.63+£19.88a 708.28 +£8.60 b 668.15+24.11
Lo 444.12+9.05 e 356.80+11.45 g 452.83+6.46 de 469.01+9.58¢cd 430.69+13.73  482.43+9.39% 551.09 £10.23d 664.85+5.15¢ 559.59+18.563d  564.49+20.30
Is 240.32+£2.771 274.85+£6.70 h 281.82+9.48 h 337.55+11.72g 283.64+11.10  360.66+8.06f 370.40 £8.77f 466.62+6.98¢ 482.72+12.76 e  420.10+17.05
Iy 124.244+4.60 m 151.43+5.601 176.27+5.66 k 208.80+6.60 j 165.19+9.71 214.78+7.42¢g 227.83+9.38 g 242.2846.67g 235.37+4.63 g 230.07+4.35
Mean (Ort.) 304.89+39.33 315.21+36.03 351.65+39.04 385.76+37.35 403.49+39.20 448.72 +48.97 534.10+60.31 496.49 +51.88
LSD,5% 10.80 16.29
CV (%) 3.82 4.14
Seed percent, % (Tohum yiizdesi, %)
I 55.19+1.61ef 57.40 £1.83 c-e 57.29 £2.11 c-e 58.55+2.73b-e  57.11 £0.97 51.70 £0.84 ef 62.33 £0.84 a 60.37 £1.27 ab 62.10 £0.78 a 59.13 £1.37
Is 58.57+0.28be 62.07 £1.82 ab 61.54 £1.81 a-c 61.34+1.91a-c  60.89 =0.80 49.03 £0.22 52.23 £1.33 d-f 52.30 £0.67 def 58.17+1.26a-¢c  52.93 £1.08
Is 56.65+2.42df 60.47 £2.09 a-d 59.33 £1.82 a-e 63.66+1.23a 60.03 £1.12 40.77 £2.27 gh 55.97 £1.30 c-e 51.47+1.45f 56.43 £2.59b-d 51.16 £2.08
Is 56.32+1.27df 52.51 £1.67f 59.89 £1.35 a-d 60.90+1.64a-d 57.41 £1.18 42.73+1.39 ¢ 37.53£1.85h 52.70 £1.78 def  48.67 +£2.34 f 45.41 £1.91
Mean(Orta) 56.68+0.77 58.12+1.35 59.51 +0.89 61.12+1.00 46.06 +1.47 52.02 £2.81 54.21 £1.22 56.34 +1.68
LSD,5% 2.32 2.14
CV.% 4.72 4.91
Table 4. Means of protein and oil content of peanut.
Cizelge 4. Yerfistigi yag ve protein igerigi ortalamalari.
Protein, % (Protein, %)
1t year 2nd year
Ni N N3 Ny Mean Ni No N3 Ny Mean (Ort.)
L 22.22 £0.15 e 24.61 +1.04 cd 25.76 £0.13 ¢ 25.85 +0.16 ¢ 24.61+0.50  22.11+0.81g 24.74 +0.27 def 26.5540.58b-d  25.43+0.51c-f  24.7120.55
L 23.45+032de  25.18+0.79 cd 25.54 £0.22 ¢ 25.23 +0.88 cd 24.85+0.36  24.15+0.94 f 26.26 +0.31 b-d 26.84 +0.86 be 26.66 £0.66 be 25.98 £0.45
Is 22.68 £0.89 e 26.04 £0.37 ¢ 26.42 +0.27 be 27.86+1.27 ab 25.75+0.67  24.4240.95 ef 27.23 +0.56 a-c 27.3240.13ab  27.00 £0.23 be 26.49 +0.44
Ly 22.49 £0.50 e 25.37+0.53 ¢ 25.10 £0.35 cd 28.29 +0.98 a 25.31+0.68  26.02+0.88 b-e 27.11 £0.54 be 28.97+0.45 a 29.01+0.43 a 27.78 £0.46
Mean (Ort.) 22.71 40.27 25.30 £0.35 25.71 +0.18 26.81 £0.55 24.18 £0.57 26.34 £0.35 27.42 £0.37 27.03 +0.44
LSD,5% 0.91 0.92
CV (%) 4.34 4.19
0il, % (Yag, %)
L 61.84+2.02a 54.35+2.20 d-f 59.20+1.97ac  54.71+1.42¢f 57.55+126  51.71+1.67 a-d 53.02 +1.93 a-c 54.53 £1.53 ab 54.97 =1.96 a 53.56 +0.85
I 52.73 £1.31 ef 57.32 +1.60 a-e 58.04+1.82a-c  60.26+0.50 ab 57.09+1.02  53.4142.07 ac 53.7142.33 a-c 48.09 +1.67 d 53.33+1.13a¢c  52.14+1.06
Is 52.51 1.18 ef 51.85+0.32 f 51.66+1.92 f 53.09 £2.40 ef 52.28+0.73  53.70 £1.01 a-c 52.93 +1.97 a-c 50.42 £1.36 ¢d 50.19 1.73 cd 51.81 +0.81
i 53.06 £2.16 ef 52.73 £0.30 ef 55.43+1.65bf  52.01+1.99 f 53.30 £0.82  42.94+0.93 e 51.33 +1.79 a-d 50.85+1.36b-d  51.25+1.37a-d  49.09+1.23
Mean (Ort.) 55.04 +1.40 54.06 +0.86 56.11 £1.18 55.02 £1.21 50.44 +1.47 52.75 +0.90 50.98 +0.94 52.43 +0.88
LSD,5% 3.81 1.99
CV (%) 5.29 4.61
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Reddy et al. (2003) implied that peanut is important
legume crop for the agricultural activity and its seeds
highly comprise protein level (25—-28%) and edible oil
(43-55%). Conkerton et al. (1989) reported that
drought stress early or late time in the growing season
had little effect on seed oil, proteins and mineral
contents in the 7 varieties of peanut tested.

DISCUSSION

Peanut was implied that it is about the production of
seed and its oil has important potential in comparison
to plant consist oil and protein. The peanut plant with
efficiently fertilization and irrigation especially
nitrogen application is effected plant growth, growth
mechanisms, water wusing, phonological and
physiological characteristics.

In this study, positive and significant effect and was
found that the need protein and the increasing of
peanut (Arachis hypogeae L. yield with its
components were increased with nitrogen fertilization
(120 kg N ha'!, N4) and no-deficit water (100%:11) while
the variable 100 fruit weight were increased with
nitrogen fertilization (80 kg N ha'l, N3) and no-deficit
water (100%:11) application on plant. The plant height
and 100 seed weight except 2nd year were also
increased with nitrogen fertilization (80 kg N ha'!, N3)
and no-deficit water (100%:I1) in the study.

Anzum et al. (2011) and Duarte et al. (2013) also stated
to effect of water availability and deficiency on peanut
growth. Nitrogen element for plants is the element
most absorbed and used from soil because of being
necessary in the all stages of plants. It also presents in
the protein and the other synthesis of metabolites of
peanut plants as implying Neto et al. (2012) and
Rowland et al. (2012).

The nitrogen fertilizer recommendation for peanut
growth and yield is important as balancing fertility
program. The fertilizer program also effects on
irrigation level and method for high yield. On the plant
growth, yield and yield components (oil, protein etc.),
effects of the water and nitrogen applications rise and
theirs availability is critical. In this research, results
have shown that nitrogen and water demand has the
greatest effect on peanut yields. In addition to the
above references with regarding to effect of the
irrigation and fertilization on peanut, it can be implied
to continue with different previous studies mentioned
in introduction section of the research.
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ABSTRACT
As a result of pruning operations in olive orchards, large amounts of
biomass material are produced every year. In this study, it was aimed

Research Article

Article History

to determine the pruning residual coefficients in olive varieties grown Received $17.02.2020
in Southern Marmara Region of Turkey. Amount of pruning residuals Accepted 1 15.09.2020
and its energy potential due to olive cultivation of the region was

determined.. The coefficients were compared with the values obtained Keywords

from different countries. Possible uses of the residual biomass were Pruning residue

also investigated. The study material consisted of young (0-25 years), Olive

full-yield (25-50 years) and old (over 50 years) trees of Ayvalik, Gemlik Coefficient

and Domat, widely grown olive varieties in the Southern Marmara Energy potential

Region. The experiment used a randomized plot design sampling 5
trees for each age and variety. The average coefficients of
determination for pruning residues were calculated as 33.62 kg tree-
lyear! and 5668.63 kg halyear!. Energy potential from pruning
residues were determined to be 5.16 PJ for Southern Marmara
Development Region.

Zeytin Agac1 Budama Artik Potansiyelinin Hesaplanmasina Yonelik Katsayinin Belirlenmesi

OZET Aragtirma Makalesi

Zeytin bahcelerinde budama islemleri sonucu her yil buyluk

miktarlarda biyokiitle materyali ortaya ¢ikmaktadir. Bu arastirmada, Makale Tarihgesi
Turkiye’de Guney Marmara Kalkinma Boélgesi kapsaminda Gelig Tarihi  :17.02.2020
yetistirilen zeytin cesitlerinde, budama artik katsayilarinin Kabul Tarihi :15.09.2020

belirlenmesi amag¢lanmigtir. Calismada cesitlere yonelik budama
kiitle miktarlar1 dikkate alinarak belirlenen katsayilar ile bolgenin
zeytin tarimi kaynakli budama artik ve enerji potansiyeli de
belirlenmigtir. Biyokiitleye konu olan s6z konusu artiklarin
degerlendirilme olanaklar:1 arastirilmig, arastirma sonucunda elde
edilen katsayilar farkl tlkelerde ve bolgelerde elde edilen degerlerle
kargilagtirnlmigtir.  Arastirmada Giney Marmara Kalkinma
Bolgesi'nde yaygin olarak yetistirilen Ayvalik, Gemlik ve Domat
zeytin cesitlerinde, genclik devresinde (0-25 yil), verim devresinde
(25-50 y1l) ve yashlik devresinde (50 yil {istii) olan bahcelerde tesadiif
parselleri deneme desenine gore belirlenmis 5er agagta budama
yapilmigtir. Yapilan c¢alismalar sonucunda aga¢ basina budama
katsayis1 33.62 kg agac-1y1l-1, alan bazli budama katsayis1 5668.63 kg
ha-1y1l1-1 bulunmustur. Bu degerden yararlanarak zeytinliklerin
birim alaninin 50711.18 MdJ ha-1yi1l-1, Gliney Marmara Kalkinma
Bolgesi'nin ise 5.16 PJ budama artigi kaynakli enerji potansiyeline
sahip oldugu belirlenmisgtir.

Anahtar Kelimeler
Budama artigi
Zeytin

Katsay1

Enerji potansiyeli
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INTRODUCTION

Turkey, one of the important olive producers in the
world, produce 8.98% of olive and 2.42% of olive oil in
the world (FAOSTAT, 2016). The olive production is
practiced as many as 35 provinces throughout the
country (Tan, 1995). About 10% of olive trees are in
Canakkale and Balikesir provinces, collectively named
as Southern Marmara Development Region (SMDR)
(Table 1).

One of the factors that cause serious yield and quality
losses in olive cultivation is improper or untimely
pruning. Pruning is considered as the most important
cultural practice for reasons such as establishing and
maintaining the proper shape of crown, ensuring
vegetative and generative growth balance, preventing
periodicity or reducing its effect, rejuvenating the trees
and bringing the C / N balance back to an optimum
level (Can and Ozer, 2018). The main purpose of
pruning is to keep real yield as close to potential yield
as possible (Castillo-Ruiz et al., 2017). As a result of
pruning in orchards, large amounts of biomass

material are produced annually. Some of these
residues are as burning material, some are shredded
and mixed into the soil, and most of them are burned
and destroyed without any use. Pruning residues from
orchards are not only creating environmental
pollution, but also obstructing working conditions in
production areas (Kocer and Kiirkli, 2018). Olive
growing countries develop different pruning systems to
facilitate cultural processes such as care and harvest
and to reduce costs (Atmaca and Ulger, 2017). Pruning
olive trees is a periodic cultural operation in which less
productive branches are cut and the trees are
rejuvenated (Toledano et al., 2012). The pruning
activities, which are generally performed lightly every
year and heavily in alternating years (Al-Masri, 2012),
yields the highest amount of the residues (62% of the
total) in olive production (Martin-Lara et al., 2017).
These pruning residues consist of thick branches (25%
by weight), thin branches (50% by weight) and leaves
(25% by weight) (Romero-Garcia et al., 2014; Fillata et
al., 2018).

Table 1. Data for the olive production in Turkey and SMDR (TUIK, 2019)
Cizelge 1. Tiirkiye ve Giiney Marmara Kalkinma Bolgesi'nde zeytin tiretim ve agag verileri

Balikesir Canakkale SMDR* Turkey SMDR/Turkey, %
Number of trees (Aga¢ say1s1)) 11512614 5458284 16970898 177843966 9.54
Area (ha) (4lan) 82990 32467 115457 864428 13.36
Production (Tones) (Uretim) 109902 44288 154190 1500467 10.28

*South Marmara Development Region

Reduced tillage, conservation of natural vegetation,
organic fertilization and use of olive oil residues are
supported by the European Commission in olive
groves. However, the environmental impact of
applications related to olive tree pruning management
is not taken into account, residues are considered
useless and burned (Gomez-Munoz et al., 2016).
Bellitiirk et al. (2018) stated that these materials were
used as firewood in many regions of Turkey. In recent
years, the importance given to the recovery of organic
residues in the world has increased rapidly and
techniques that biomass can be utilized without direct
burning have been introduced. In the
Intergovernmental Panel on Climate Change, it was
reported that the increase of greenhouse gases in the
atmosphere is caused by the intensive use of fossil fuels
(Acampora et al., 2013; Stimer et al., 2016a). Biomass
is a renewable energy type that can be effectively used
to reduce the effects of fossil fuels on the global
environment in energy production and can be
converted into useful energy forms using different
processes (Amirante et al., 2016). Solid olive waste is
also a source of biomass, which contains a significant
amount (15.58—-19.81 MJ kg'!) of energy (Acampora et
al., 2013; Christoforou and Fokaides, 2016). Although
the use of agricultural waste as energy plays an
important role in reducing the consumption of fossil
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fuels, this is not as common as expected in the regions
where agricultural waste is abundant (Amirante et al.,
2016).

Romero-Garcia et al. (2014) reported that
approximately 2.5 tons of olives and 1.5 tons of pruning
residues were obtained from the 1 ha olive grove.
Naturally, this value varies from country to region
depending on the country. For example, pruning
residues obtained from the pruning of the olive tree
have been reported to vary between 1-5 tons hal in
Spain and 4-11 tons ha'® in Italy (Spinelli and Picchi,
2010; Romero-Garcia et al., 2014). This subject has
been studied to some extent in Turkey as well.
Demirbas (1997) calculated the energy content of
agricultural waste. Bascetincelik et al. (2005)
conducted studies on energy conversion from
agricultural and animal waste. Melikoglu (2013) has
analyzed the feasibility of the renewable energy
requirements in Turkey. Siimer et al. (2016a)
determined the potential of olive residues in
Canakkale province by using the coefficient and rates
reported by other researchers. Karaca and Oztirk
(2017) determined the energy potential of agricultural
waste in Osmaniye. Siimer et al. (2016b) determined
the residual and energy potential of field crops in
Canakkale. Cicek et al. (2019) determined the
coefficient that could be used in the calculation of the
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potential of pruning peach trees. In Turkey, however,
there is no study on how to determine a coefficient for
the amount of oil tree pruning residues. Turkish
researchers aiming to determine the potential of olive
pruning residues used the coefficients that were
calculated by different studies in other countries.
Therefore, the objective of this study was to determine
the coefficients that could be used to calculate the
potential of olive pruning residues for SMDR of
Turkey. By use of these coefficients, the amount and
energy potential of olive pruning residues as well as
the possibilities for different uses of these material in
the region were investigated.

MATERIAL and METHOD

The plant material consisted of Ayvalik, Gemlik and
Domat olive varieties, grown widely in the SMDR.
Pruning was performed on 5 trees from young (0-25
years), full-yield (25-50 years) and old (over 50 years)
trees (Kaleci, 2015) of these 3 varieties, according to a
randomized plot design, totaling 45 trees. Shears and
saws were utilized for pruning and the residues were
weighed with a 10-gram precision digital hand scale.
Based on the amount of the pruning residues produced,
pruning residual coefficients (kg tree'l year! and kg ha
lyear!) were determined. The availability of pruning
residues was designated as 50%, in accordance with
Blasi et al. (1997) and Bascetingelik et al. (2005). The
determined coefficients were adapted to the SMDR,

and the amount of olive pruning residues and their
annual energy potential value were calculated. The
possibilities of using this material as an energy source
in alternative energy production have been evaluated.
Energy content of olive pruning residues was reported
as 18.1 MJ kg! by Bascetingelik et al. (2005), at least
16.91 MJ kg'! by Blandzija et al. (2012) and at most 22
MJ kg1 by Blasi et al. (1997). In the calculations made
in this study, when calculating the energy content in
this study, the value of 18.1 MdJ kg?! were used in
accordance with Bascetincelik et al. (2005).

The data obtained in the study were subjected to one-
way analysis of variance (ANOVA) using the SPSS
Statistical Package v.20.0 program and the
significance control of the difference between the
averages was made by Duncan test.

RESULTS and DISCUSSION

The amount of annual pruning per tree and per unit
area belonging to varieties and age groups is given in
Table 2. The highest pruning residual per tree was
obtained from Ayvalik, while the lowest value was
from Gemlik. There was no statistical difference
between Ayvalik and Domat varieties. Similarly,
Ayvalik and Gemlik varieties yielded the highest and
the lowest pruning vresiduals per unit area,
respectively. Domat variety sustained the highest
number of trees per unit area and did not change the
order of the residual amount obtained (Table 2).

Table 2. Annual pruning values of the investigated varieties
Cizelge 2. Cesitlerin agag¢ basina ve birim alanda yillik budama miktarlar:

. Pruning amount Number of

Pruning amount for age groups, kg Coefficients trees

Variet, 5 ;

(Ces I-t)y (Yag gruplarina gore budama miktars, kg) (Budama miktar: katsayilari) (Agag sayis1)
0-25 25-50 >50 kg treelyear! kg halyear! tree hal

Ayvalik 53.03+14.87a 30.57+24.88ab 38.39+5.16ab 40.67+14.98 a 6913.9 170

Gemlik 18.30+6.31b 17.62+5.86b 38.12+13.91ab 24.68+8.49 b 3702 150

Domat 27.72+5.05b 39.80+5.12ab 39.00+£2.17ab 35.5+4.11 a 6390 180

Average 33.02+8.74a 29.34+11.96a 38.5+7.08a 33.62+9.19 5668.63 166.67

The average amount of pruning residues from olive
trees of trials was found as 33.62 kg treel. The amount
of pruning residues obtained from the unit area was
determined as 5668.63 kg halyear!.

Different values were obtained in various studies on
olive pruning residue. Bilandzija et al. (2012) obtained
2524.2 kg ha! and 9.08 kg wood! pruning residue in
Croatia. Cohen et al. (2018) obtained 5-20 tons of ha-1
residue in a 2-year intervals olive pruning in Sierra
Magina region of France. In studies conducted in Italy;
Pantaleo et al. (2009) reported an average value of 10-
30 kg tree! year! depending on the structure and size
of the tree, and Blasi et al. (1997) observed an average
of 1.7 tonhal- Spinelli et al. (2011) found 2, 7.1, and
14.9 kg tree! in light, medium and heavy pruning
applications, respectively. They reported 18.2 kg tree’!
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in heavy pruning on a different variety.

In Spain; Toledano et al. (2012) found the same
numbers (3000 kg hal), while Vera et al. (2014)
reported 2500-3000 kg ha'l olive pruning residue.
Similarly, Gomez-Munoz et al. (2016) found 1300-3000
kg halin Eastern Spain.

Romero-Garcia et al. (2014) reported 4-11 tons ha! for
Italy, and Spinelli and Picchi (2010) 1-5 ton ha’l for
Spain. It is seen that the coefficient values referred
here agrees with these researchers’ general ranges.
The amount of pruning residues may vary depending
on several factors (country, region, number of trees per
unit area, frequency of pruning, variety, pruning
worker etc.). In this study, an average of 5.7 tons ha'!
pruning residue was obtained. Although the amount of
pruning per unit tree is higher compared to other
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countries, it is seen that the pruning residual amount
obtained in the unit area is close to other countries, due
to the fact that olive producers use fewer number of
trees per unit area in Turkey. Oil growers prefer hard
pruning, generally in every three years, because of
lacking skilled pruners and expensive labor. Therefore,
the amount of pruning obtained per unit tree is higher
compared to other countries. Also, the high numbers
for Ayvalik variety (53.03 kg) in young trees (0-25
years) could be explained with this hard pruning
application. The difference among the varieties lost
significance in older age groups (Table 2).

When the tree age groups were examined, the most
pruning residue was obtained from the oldest trees,
while the least amount was obtained from the trees
between 25-50 years old. However, the statistical
analysis revealed that these differences among the
groups were not significant. It is necessary to do hard
pruning for older trees to make new shoots (Dursun,
2019), which can be seen as a reason for having more
residues from 50+ years old olives (Table 2).

In the olive groves evaluated for this study, spacing of

the trees varied across the groves even for the same
variety. It is observed that spacing was not a factor
that the growers paid attention in older (25+ years)
groves, whereas in those established in recent years,
more conscious production is carried out from planting
to harvest. New groves contain more trees per unit
area, resulting in more pruning residues in 0-25 age
group compared to 25-50 age group.

The energy potential of pruning residues was 304.26
MdJ for a tree per year, while it was 50711.18 MJ for
one hectare per year, as calculated by using the
coefficients, energy value and availability ratio (Table
2 and 3). Bilandzija et al. (2012) reported these values
as 153.5 MdJ tree! year! and 42672 MJ hal year’l,
respectively. Although the energy potential per tree
from this research is about twice as big as Bilandzija
et al’s study, the energy values for unit area are close,
as a result of the differences in the number of trees per
unit area in olive groves.

The energy potential of olive pruning residues in the
SMDR was determined as 5.16 PJ (Table 3).

Table 3. Energy potential of olive pruning residues in SMDR and Turkey
Cizelge 3. Giiney Marmara Kalkinma Bolgesi ve Tiirkiye'de zeytin budama artiklarinin enerji potansiyeli

Number of Residue Total residue Availability Amount of Unit heating Energy

trees amount(kg  amount (tons) ratio (%) available value (MJkg!) potential

(Aga¢ treet) (Toplam artik (Kullanilabilir ~ residue (tons)  (Birim 1511 (PJ)

sayis1) (Artik miktar1) oran) (Kullanilabilir  deger) (Enerji

miktari) artik miktari) potansiyeli)
Ayvalik 15023887 40.67 611021 50 305511 18.1 5.53
Gemlik 1923853 24.68 47481 50 23740 18.1 0.43
Domat 23158 35.5 822 50 411 18.1 0.01
SMDR 16970898 33.621 570562 50 285281 18.1 5.16
Turkey 177843966 33.621 5979114 50 2989557 18.1 54.11
lthe average coefficient
CONCLUSIONS

The 3 olive varieties discussed in this study constitute
over 99% (Ayvalik 88.53%, Gemlik 11.34%, Domat
0.14%) of the region's olive production (Anonymous,
2020a; Anonymous, 2020b). A 13.57% difference was
detected between the calculations using variety-based
coefficients and the average coefficient (Tablo 3). The
calculations based on varieties would give more
realistic results. However, the use of the average
coefficient to make estimations for the other regions
and/or Turkey in general, will be able to provide
reasonable numbers to make comparisons with other
studies. The share of these 3 varieties in Turkey is
about 76.97%; (Gemlik 48.71, Ayvalik 20.66%, Domat
7.56) (Ozaltas et al., 2016). For the coefficients
representing Turkey in general, similar studies should
be conducted for the other varieties. However, in order
to provide a general approach, energy potential due to
olive pruning residues in Turkey can be calculated as
54.11 PJ considering the coefficient calculated and
total olive pruning olive trees for the country.
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The results of this study suggest that Southern
Marmara Development Region, which contain 9.54% of
olive trees and 13.36% of olive growing areas in
Turkey, has an important share in terms of energy
potential from pruning residues. Literature contain a
variety of reports on pruning residue values, which
vary according to species, variety, country and region.
With this study, olive pruning residue coefficients were
determined that could represent certain regions and
varieties. Since the distribution of olive tree per unit
area varies depending on the country, region and
variety, the use of the coefficient per tree will give more
accurate and comparable results for determining the
potential of olive pruning. Biomass is the most
important renewable energy source in many countries.
Olive pruning residues, an important source of
biomass, are not utilized in any way and are usually
burned and destroyed. Pruning residues obtained from
olive trees in large areas have an important energy
source potential. In order to determine the
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transportation and storage costs of olive pruning
residues, an economic analysis should be made and the
possibilities of using these residues for energy recovery
should be investigated.
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OZET

Bu calismada, Tiirkiye Istatistik Kurumu (TUIK) verilerine gore
Tiirkiye’nin ve on tarim bélgesinin; son 10 yila (2010-2019) ait
tarimsal mekanizasyon diizeyi gosterge degerleri (kW ha'l, traktor
say1s1t 1000 hal, ha traktor!, makina traktoér?) belirlenmis ve gelecek
yillar (2020-2030) icin kW ha'! degeri trend analizi yardimiyla tahmin
edilmis ve degerlendirilmistir. Tiurkiye’nin on tarim bdlgesi ve
Turkiye genelinde yillara gore mekanizasyon diizeyi gostergelerinden
kW hal ve traktor 1000 ha! degerleri artmis, makina traktor! degeri
ise azalmistir. kW ha'l degeri; en yiiksek Ege Bolgesinde (2.86-3.72
kW ha'l), en diisiik Dogu Karadeniz Bolgesinde (0.35-0.44 kW ha'!)
olusmus, Tirkiye genelinde son on yilda ortalama %3.22 artig
gostermis ve 1.67-2.22 kW ha'!l olarak gerceklesmistir. Gelecek yillar
(2020-2030) icin kW ha! degeri; Tiirkiye ve tiim tarim bolgelinde
yillara gore artis gosterecegi tahmin edilmistir. Gelecek yillar (2020-
2030) icin ortalama artis degerleri %0.89-3.18 arasinda gerceklesecegi
ongorilmektedir. k€W ha'l degeri; Tirkiye geneli i¢in 2020 yilinda
2.27, 2025 yilinda 2.55 ve 2030 yilinda 2.84 olmasi1 tahmin
edilmektedir. Makina traktor?! oranindaki azalma; on yillik siirecte
makina sayilarindaki artig oranlarinin traktor sayilarindaki artig
oranlarindan daha az olmasindan kaynaklanmaktadar.

ABSTRACT

In this study, agricultural mechanization level indicator values (kW
ha'l, number of tractors 1000 hal, ha tractor!, machine tractor?) for
the last ten years (2010-2019) of Turkey and ten agricultural regions
was determined based on the Turkey Statistical Institute (TSI) data,
and kW ha'! value for the next ten years (2020-2030) was estimated
and evaluated with the help of trend analysis. kW ha'l, and tractor
1000 hal values from the mechanization level indicators increased,
and machine tractor! value decreased in Turkey's ten agricultural
regions and in Turkey overall by years. The highest kW ha! value was
found in the Aegean region (2.86-3.72 kW ha'!), while the lowest was
seen in the Eastern Black Sea region (0.35-0.44 kW ha'!). Overall, kW
ha! value have increased with an average of 3.22%, and occurred as
1.67-2.22 kW ha'! in the last decade in Turkey. kW ha! value for the
next ten years (2020-2030) in Turkey and all agricultural regions is
estimated to increase by years. Average increase values for the
upcoming ten years (2020-2030) are expected to be between 0.89-
3.18%. kW ha'! value anticipated as 2.27 in 2020, 2.55 in 2025 and as
2.84 in 2030 in Turkey. The decrease in the ratio of machine tractor?
is due to the fact that the increase rates in the number of machines in
the ten-years period is less than the increase rates of the tractor
numbers.
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GIRIS 2014; Korucu ve ark., 2015; Altuntag, 2016; Saglam ve
Tarim sektorii; ekonomik, sosyal ve cevresel Kus, 2016; Abdikoglu, 2019) yapilmistur.
boyutlariyla, dinyadaki tim toplum kesimlerini Tarim igsletmelerinde, yapilan faaliyetlerin

yakindan ilgilendirmektedir. Tarimsal tiretim; bitkisel
ve hayvansal Uirtinlerin tretilmesi, kalite ve veriminin
yikseltilmesi, uygun kosullarda korunmasi, iglenip
degerlendirilmesi ile pazarlanmas: alaninda faaliyet
gostermektedir (Dogan ve ark., 2015). Giiniimiizde
kalitatif ve kantitatif olarak artan tarim urinleri
talebi ancak daha yogun makinalagsma
(mekanizasyon) ile karsilanabilecektir (Ulusoy ve ark.,
2020). Gelismis {lkelerin tarimdaki verimliligi
saglamada 6nemli bir payr olan tarimda makina
kullanim1 veya mekanizasyon, ileri teknolojilerin
uygulanmasini, ayrica toprak, su, giibre, ila¢ vd.
girdilerin etkin kullanimini olanakli kilarak tarimda
verimliligi saglayan énemli bir iiretim aracidir (Eveim
ve ark., 2010). Tarimsal iiretimde mekanizasyon,
toprak hazirhigindan uriin hasadina kadarki dénem
icinde, toplam tarimsal Uretim girdilerinin yaklagik
%40-50’sini olusturmaktadir (Ruiyin ve ark., 1999;
Landers, 2000). Bu durum tarim isletmelerinde
mekanizasyonun 6nemini artirmaktadir.

Bir tlkenin tarimsal mekanizasyon durumunun iki
onemli gostergesi “Traktér Parki:” ile “Tarim
Makinalar1 Parki” ve bunlarin yillar itibariyle
degisimidir. Bu degisim, dogru istatistik yontemlerle

ve amaca uygun swmiflandirmalarla izlenebilirse
“Tarimsal Mekanizasyon Gelisme Yonleri” ne,
dolayisiyla “Tarim Sektorinin Gelecegi” ne de 1sik
tutabilecektir (Ulusoy ve ark. 2020). Tarimsal
Mekanizasyon durumunu “Traktér+Makina”
butinluginde degerlendirmek i¢in ozellikle
uluslararast  karsilagtirmalarda yaygin  olarak

kullanilan bazi gostergeler vardir. Bunlar; traktor
sayis1 1000 ha'l, ha traktor?!, kW ha’l, makina sayisi
traktor? ’diir (Sabanci ve ark., 2003; Koctiirk ve
Onurbag Avcioglu, 2007; Evcim ve ark., 2010; Korucu
ve ark., 2015; Altuntas, 2016; Ulusoy ve ark., 2020).
Biitiin bu gostergeler, yerine gore kabul goren 6l¢titler
olsa da temel bir eksiklik vardir. Ulkeleri traktér ve
tarim  makinalari  bakimindan karsilagstirmak,
“Tarimsal Isletme Yapis©” ve “Tarimsal Uretim
Paterni” farkliysa anlamsiz kalir. Bir tilkenin genel
ortalama degerleri, daha dar alanda “Bolge Bazli”,
“Isletme Bazl”, “Uriin Bazl” yorumlamrsa, hem
degisim ve gelismeyi daha dogru yansitir hem de
gelecege yol gosterir (Ulusoy ve ark. 2020).

Son on yilda Turkiye ve bolgelerine iligkin tarimsal

mekanizasyon dizeyi ile ilgili baz1 ¢alismalar
(Ozgiiven ve ark. 2010; Gokdogan, 2012; Baran ve ark.,
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verimliliginin izlenmesi i¢in mekanizasyon diizeyinin
her tiretim sezonunda mutlaka bilimsel esaslara
dayali olarak degerlendirilmesi gerekmektedir. Bunun
temel amaci gerek ayni bdélge simirlarinda gerekse
farkli tlkelerde benzer tretim kosullarinda tretim
yapan  isletmelerin mekanizasyon  uygulama
yogunluklari ve etkinlikleri acisindan
karsilagtirilmalarina ve degerlendirilmesine olanak
saglamasidir. Tarimsal mekanizasyon  dlzeyi
bolgelerin teknik ve ekonomik yapisina bagh olarak
degisim gosterebilmektedir (Koctiirk ve Onurbas
Avcioglu, 2007; Say ve ark., 2010; Korucu ve ark.,
2015; Abdikoglu, 2019). Tarimsal mekanizasyon
dizeyinin, gincel verilerle ortaya konulmasi; tilkesel
ve bolgesel diizeydeki tarimsal kalkinma planlarina
katki saglayarak gelecege yonelik dogru kararlarin
alinmasinda 6énemli rol oynayacaktir (Bayram ve
Altuntasg, 2016).

Bu ¢alismada, Turkiyenin tarim bolgeleri bazinda, son
10 yila (2010-2019) ait tarimsal mekanizasyon diizeyi
gosterge degerlerinin (traktoér sayist 1000 hal, ha
traktér!, kW ha’l, makina sayws1 traktoér?l)
hesaplanmasi yapilarak, yillar icerisinde
mekanizasyon diizeyinde meydana gelen degisimin
belirlenmesi ve trend (egilim) analizi ile gelecek yillar
(2020—2030) icin iglenen alana diisen traktér giiciiniin
(kW hal) tahmin edilmesi ve degerlendirilmesi
amaglanmigtir. Calismanin Turkiye ve tarim
bélgelerinin  mekanizasyon planlamalarina yo6n
vermede katk: saglayacagi tiumit edilmektedir.

MATERYAL ve METOD

Calismanin verileri (tarim alanlari, traktér sayilar,
traktor giicleri ve tarim alet/makina sayilar1), Tiirkiye
Istatistik Kurumu (TUIK) kayitlarndan alinmistir
(TUIK, 2020). Veriler 2010-2019 yillarim1 kapsayip, on
tarim bolgesine goére (Ekinci ve ark., 2010)
olusturulmustur (Cizelge 1).

Tarim alanlari belirlenirken ekili alanlar ve nadas
alanlarinin toplamlar1 dikkate alinmistir. Tarim alet
ve makina sayilari belirlenirken Cizelge 2'de verilen ve
traktorle caligtirllan alet ve makinalar dikkate
alinmigtir. Traktér sayilar1 belirlenirken sadece
tekerlekli traktorler dikkate alinmis, paletli traktor
sayilar1 hesaplamalara dahil edilmemistir. Oncelikle
traktorler tek aksh ve ¢ift aksh olarak gruplandirilmisg
sonrasinda her grup igerisinde de gii¢ degerleri dikkate
alinarak (Cizelge 3) simiflandirmalar ve hesaplamalar
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yapilarak belirlenmistir. Traktor giic degerleri beygir

glicii cinsinden olup, 0.73

donusturilmustir.
6 ile carpilarak kW’a

Cizelge 1. Turkiye'nin tarim bolgeleri ve kapsadiga iller
Table 1. Agricultural regions and provinces of Turkey

Tarim bolgesi

Mler

Akdeniz
Bat1 Anadolu

Bat1 Karadeniz

Dogu Karadeniz

Ege

Giiney Dogu Anadolu
Kuzey Dogu Anadolu

Marmara

Orta Anadolu
Orta Dogu Anadolu

Adana, Antalya, Burdur, Hatay, Isparta, Kahramanmaras, Mersin, Osmaniye
Ankara, Karaman, Konya

Amasya, Bartin, Karabiik, Kastamonu, Samsun, Sinop, Tokat, Zonguldak, Cankiri,
Corum

Artvin, Giresun, Gimtushane, Ordu, Rize, Trabzon

Afyonkarahisar, Aydin, Denizli, Kiitahya, Manisa, Mugla, Usak, Izmir

Adiyaman, Batman, Diyarbakir, Gaziantep, Kilis, Mardin, Siirt, Sanliurfa, Sirnak
Agr1, Ardahan, Bayburt, Erzincan, Erzurum, Igdir, Kars

Balikesir, Bilecik, Bolu, Bursa, Diizce, Edirne, Eskigehir, Kocaeli, Kirklareli,
Sakarya, Tekirdag, Yalova, Canakkale, Istanbul

Aksaray, Kayseri, Kirikkale, Kirgehir, Nevsehir, Nigde, Sivas, Yozgat

Bingol, Bitlis, Elazig, Hakkari, Malatya, Mus, Tunceli, Van

Cizelge 2. Hesaplamalarda kullanilan tarim alet/makina isimleri
Table 2. Agricultural tool/machine names used in calculations

Kulakl traktér pullugu

Kombine hububat ekim makinesi  Yerfistig1 hasat makinesi

Kulakli amiz pullugu
Ark agma pullugu

Dip kazan (subsoiler)

Diskli amiz pullugu (vanvey)
Diskli tirmik (diskaro)
Diskli traktor pullugu

Digli tirmak

Kombikiiriim (karma tirmik)

Kultivator

Merdane

Toprak frezesi (rotovator)
Sap parcalama makinesi
Set yapma makinesi
Aniza ekim makinesi

Pnématik ekim makinesi
Fide dikim makinesi

Patates dikim makinesi

Capa makinesi

Kimyevi giibre dagitma makinesi
Ciftlik giibresi dagitma makinesi
Kuyruk milinden hareketli
pulverizator

Atomizor

Motorlu piilverizator

Biger baglar makinesi

Orak makinesi

Misir hasat makinesi

Pancar sokme makinesi
Kombine pancar hasat makinesi

Yerfistigr harman makinesi
Traktorle ¢ekilen cayir
makinesi

Ot tirmig1

Balya makinesi

Ot silaj makinesi

Misir silaj makinesi

Sap dover ve harman makinesi
(batoz)

Sap toplamali
makinesi
Roémork (tarim arabas)

Meyve hasat makineleri

Findik harman makinesi

Su tankeri (tarimda kullanilan)
Tasg toplama makinesi

Toprak burgusu

bigme

saman yapma

Traktorle
makinesi

Universal ekim makinesi (mekanik)

cekilen hububat

ekim Patates sokme makinesi Toprak tesviye makinesi

Kombine patates hasat makinesi  Yem dagitici rémork

Cizelge 3. Traktorlerin

kullanilan ortalama gii¢ degerleri
Table 3. Average power values used in calculations of

tractor power

giic hesaplamalarinda

Tarim bolgeleri ve 2010-2019 yillarina gore belirlenen;
toplam tarim alanlar1 Cizelge 4’de, toplam traktor

Traktor grubu

sayllar1 Cizelge 5de, ortalama traktor gilic degerleri

Ortalama gii¢ (BG) Cizelge 6’da, toplam traktor glic degerleri Cizelge 7'de

Tek aksli (1-5 BG)

Tek aksli (5 BG’den fazla)
Tek aksli (1-10 BG)

Tek aksh (11-24 BG)

Tek aksl (25-34 BG)

Tek aksh (35-50 BG)

Tek aksh (51-70 BG)

Tek akslh (70 BG’den fazla)

3.0 ve toplam tarim alet/makina sayilari ise Cizelge 8'de
7.5 verilmigtir. Son on yilda, hem tarim bélgelerinde hem
5.5 de Turkiye genelinde; islenen tarim alanlarinda bir
17.5 azalma (Cizelge 4), traktér sayilarinda artis (Cizelge
29.5 5), ortalama traktoér giic degerlerinde Dogu ve Bat1
42.5 Karadeniz Bolgeleri haric bir artis (Cizelge 6), toplam
65?55 traktor giic degerlerinde bir artis (Cizelge 7) tarim

alet/makina sayilarinda bir artig (Cizelge 8) olmustur.
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Cizelge 4. Tarim bélgelerinin 2010-2019 yillarindaki toplam tarim alanlari (ha)
Table 4. Total agricultural areas (ha) of agricultural regions in 2010-2019

N -
B g
o] =] ) =]
= S < =) = 3
S = s £y & » S 2
N s = v A = = = 5 g S =B o
g < 4 > o %—8 g < [y >
) =] ot O < < S i
= 3 g 2 % 5 2 5 2 5 £ ® £ E
< M =) a ) G < b << = o o< =
s s s s s s s s s s s
&8s s &8s &8s & s 8w & s R s R s
=<, =8 < o - = L, =£ , =& » =<, &4 » =2 = 2 »
s §8 & §8 = 8 E £33 = §3 &E §8 = g8 = §38 E §8 &E §8 & §8 5
=5 g2 ¥ gs = =S = gg o« 29 = gg «w gg 0« g49e = g2g 0« 22 % BS hy
T = G R S = D R BX R HX = BX R BX £ HX £ HX £ BX R BHX £ @HHX X
2010 2464.8 3497.3 2126.4 664.5 2839.8 3212.3 1263.9 3043.0 3993.4 1288.8 24394.2
2011 2388.1 -3.11 3371.3 -3.60 2058.6 -3.19 699.4 525 2752.3 -3.08 3028.3 -5.73 1286.5 1.79 2980.7 -2.05 3788.1 -5.14 1260.5 -2.20 23613.8 -3.20

2012 2318.0 -2.94 3380.2 0.26 20875 140 702.8 049 27999 173 2980.7 -1.57 14849 1542 2970.6 -0.34 3786.0 -0.06 1271.4 0.86 23782.0 0.71
2013 2338.5 0.88 3450.0 2.06 2050.6 -1.77 675.7 -3.86 2809.5 0.34 3152.6 5.77 1297.7 -12.61 3047.3 2.58 3686.4 -2.63 1297.1 2.02 23805.5 0.10
2014 2354.6 0.69 3473.1 0.67 2077.7 132 6704 -0.78 2784.7 -0.88 3129.1 -0.75 1274.5 -1.79 3112.9 2.15 37414 1.49 1322.3 1.94 23940.7 0.57
2015 2321.9 -1.39 3486.9 040 2061.2 -0.79 667.8 -0.39 27953 0.38 3110.9 -0.58 1271.4 -0.24 31344 0.69 3774.8 0.89 1309.0 -1.01 23933.6 -0.03
2016 2301.6 -0.87 3503.5 0.48 2031.6 -1.44 663.4 -0.66 2769.5 -0.92 3026.3 -2.72 1242.1 -2.30 3148.6 0.45 3725.7 -1.30 1298.8 -0.78 23711.2 -0.93
2017 2273.6 -1.22 3399.2 -2.98 2014.3 -0.85 668.5 0.77 27576 -0.43 2966.6 -1.97 12556.1 1.06 3131.9 -0.53 3620.9 -2.81 1258.8 -3.08 23346.6 -1.54
2018 2251.9 -0.95 34079 0.26 1971.2 -2.14 678.8 1.64 27583 0.03 2912.5 -1.82 1266.3 0.89 3086.3 -1.46 3609.8 -0.31 1242.6 -1.29 23185.5 -0.69

2019 2204.0 -2.13 3358.0 -1.46 1997.0 131 666.4 -1.83 2760.0 0.06 2901.6 -0.37 1280.4 1.11 3071.5 -0.48 36089 -0.02 1247.2 0.37 23094.9 -0.39

Ort -1.23 -0.44 -0.68 0.06 -0.31 -1.08 0.37 0.11 -1.10 -0.35 -0.60
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Cizelge 5. Tarim boélgelerinin 2010-2019 yillarindaki toplam traktor sayilar:
Table 5. Total number of tractors of agricultural regions in 2010-2019

N -
= g
=]
= 5 % =] =] 3
o =} < on o0 =} =]
"C% g ~ Q Q [ao] V] o
8 g 3 v Az A2 = > o= o
a < A >0 > O g < Ao >
5 = 3 o3 « < i
el ix} ix} ) ) [ N « ~ I S ® ~
4 © < <} o0 Bog ==t < - je ! 5
< s s A = O < M < = S O < =
- - - - - - - - - — r~
2 2 @ 2] 2] 2] @ @ 2] . 4
5 5 Y 5 5 5 5 5 > > 5
< < [as] < < < (] (] < [as] (2]
w w wn w w w wn wn w wn w
~ ~ — ~ ~ ~ — — ~ ~ ~
Q. 4 SR - Q. 4 Q. 4 Q. < Q. < Q. 4 Q. < Q. 4 Q 4 Q. -~
E X3 & X3 E X% E X% E X¥my E xXx E X®» B X® & xXw & X3 E x3 5
-0 - b= T - BN BB - - SR~ - S - SR & SRR - R - SRR §- B
5o e 2 A3 2 £S 2 gZ2 2 g2 2 £ZS 2 £Z 2 83 2 £S 2 £S & g2 ¥
2010 131949 93823 150691 7389 230698 56068 35289 241416 118791 30307 1096421

2011 136521 3.46 94866 1.11 156018 3.54 31.24 234462 1.63 56967 1.60 37196 5.40 245446 1.67 121752 2.49 31671 4.50 1124596 2.57

7.93 247565 5.59 63087 10.74 37959 2.05 254473 3.68 124340 2.13 32935 3.99 1177815 4.73

,_.
o K
)
>

> BN

2012 148262 8.60 94375 -0.52 164353 5.34
2013 151468 2.16 108325 14.78 171048 4.07 12335 17.86 252014 1.80 63810 1.15 39543 4.17 256211 0.68 122618 -1.38 35764 8.59 1213136 3.00
2014 157198 3.78 111823 3.23 176278 3.06 13181 6.86 258933 2.75 65186 2.16 40658 2.82 257282 0.42 126128 2.86 36243 1.34 1242910 2.45
2015 159458 1.44 113411 1.42 181642 3.04 13487 2.32 258992 0.02 66189 1.54 41938 3.15 259074 0.70 129153 2.40 36624 1.05 1259968 1.37
2016 161742 1.43 113589 0.16 181579 -0.03 14000 3.80 261494 0.97 66690 0.76 42577 1.52 262720 1.41 131757 2.02 37069 1.22 1273217 1.05
2017 165740 2.47 116190 2.29 183665 1.15 14881 6.29 274251 4.88 68334 2.47 46700 9.68 264412 0.64 134304 1.93 37950 2.38 1306427 2.61
2018 168399 1.60 117312 0.97 186244 1.40 15147 1.79 279795 2.02 69340 1.47 48829 4.56 266798 0.90 137218 2.17 42748 12.64 1331830 1.94

2019 171670 1.94 118194 0.75 188823 1.38 15387 1.58 286717 2.47 71476 3.08 51504 5.48 268238 0.54 138802 1.15 43992 2.91 1354803 1.72

Ort 2.99 2.69 2.55 8.85 2.46 2.77 4.32 1.18 1.75 4.29 2.38
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Cizelge 6. Tarim bolgelerinin 2010-2019 yillarindaki ortalama traktér giicii (kW) degerleri
Table 6. Average tractor power (kW) values of the agricultural regions in 2010-2019

N -
-~ g
=]
= ) 3 o 5 S
o o] < a0 on e o]
"c% S ~ Q o « [ on
E g 5 3 o S 2 g g 2 2 °
g < N4 > o > O g < A S >
) = o T o T < < S e
=] 3 3 >o0 ) IS N « | s o ~
o~ < < <) a0 S og S g o 5 5 g =]
< = = = 5 S < M < = S O < =
Hol He He Hal Hal Hal He] Hal He Hel Hel
Q Q Q Q Q Q (] Q O ] ]
Ha) Hal Hal Hal Hal Hal Ha) Hal He) Hal Hal
o0 o0 o0 o0 o0 o0 oo o0 on o0 o0
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
He) He) He) He) He) He) He) :Q He) :Q :Q
et =t et et et et Pt et Pt et et
G G G G G G G G G G G
5 8 s B s B q E ERR- s B - R - R g B E
< - [avd Lo < R < - [av - < - [av] - < - [av] L [avd - < - [avd
= e o 5 N 5 o 5 R v R v R = R = R v R = R = R
> o= N o= =X o= = o= = o= = o= X o= = o= X o= X o= = o= X
2010 35.38 40.54 34.99 31.24 356.21 39.91 42.78 37.36 38.87 37.86 37.06

2011 35.20 -0.51 40.55 0.02 34.67 -091 2565 -17.89 35.11 -0.28 39.85 -0.15 42.78 0.00 37.26 -0.27 38.78 -0.23 37.48 -1.00 36.87 -0.51
2012 35.79 1.68 41.06 1.26 34.67 0.00 24.39 -4.91 35.22 0.31 3954 -0.78 4293 035 37.38 0.32 3895 044 37.33 -0.40 36.98 0.30
2013 3591 0.34 41.89 2.02 34.73 0.17 20.44 -16.20 35.26 0.11 3963 023 43.00 0.16 3741 0.08 39.14 049 3723 -0.27 37.09 0.30
2014 35.63 -0.78 41.73 -0.38 34.09 -1.84 19.60 -4.11 356.11  -0.43 40.04 1.03 4292 -0.19 3745 0.11 39.64 1.28 37.13 -0.27 36.98 -0.30
2015 35.76 0.36 41.89 0.38 33.97 -0.35 19.63 0.15 35.14 0.09 40.24 050 44.16 289 37.80 093 3968 010 37.58 1.21 37.14 0.43
2016 35.86 0.28 4198 0.21 33.98 0.03 19.39 -1.22 35.28 0.40 40.25 0.02 44.24 0.18 37.94 0.37 39.71 0.08 37.62 0.11 37.23 0.24
2017 36.08 0.61 4242 1.05 34.21 0.68 19.18 -1.08 35.61 0.94 40.40 0.37 44.73 1.11  38.12 047 40.05 086 37.67 0.13 3749 0.70

2018 36.24 0.44 42,73 0.73 34.30 0.26 19.12 -0.31 35.72 0.31 40.39 -0.02 45.05 0.72 38.18 0.16 4036 0.77 39.04 3.64 37.68 0.51
2019 36.39 0.41 43.87 2.67 34.41 0.32 1891 -1.10 35.81 0.25 40.38 -0.02 45.25 044 3825 0.18 40.58 0.55 39.28 0.61 37.88 0.53

Ort 0.32 0.89 -0.18 -5.19 0.19 0.13 0.63 0.26 0.48 0.42 0.24
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Cizelge 7. Tarim bélgelerinin 2010-2019 yillarindaki toplam traktor giicii (kW) degerleri
Table 7. Total tractor power (kW) values of the agricultural regions in 2010-2019
N -
o~ s
s g 5} =
3 < S & kA S
Fc% S ~ o Q o] < )ED
N = < ;2 = R = = g o3 o
= < M >3 >0 £ < A 2
(5] = — = et QT < < S e
= 2 5 2 % 5 g E 5 = E £ E
< s s = &= O < M <€ = ) O < e
Ha Hol Hol Ho} Hol Hol Hal Hal Ho Hai Hai
o Q Q Q Q Q o o Q (&) (&)
Hel Hol Hol He] Hal Hal Ha} Ha} He] He} He}
on on on o0 on on on on oo oo oo
~ =~ =~ ~ ~ ~ ~ ~ ~ ~ ~
Q He) He) Hel He) He) He) O He} QO QO
+ = = + = = = = ~+ 2 2
g o o o o S o So o Eo S S
4 4 d d d A A A A A A
. f3 % Es % Eg % g % fg i g % g i Es i g : Es i Eg %
S ES ¢ 5§ 25 F 25 4 £5 & 28 & 25 & 25 & 25 & 25 & 25 &
SR A S R R R R S I S RGN S I R S R BEX X B¥ R agX 0= BEX X
2010 4668.7 3803.8 5273.0 230.8 8123.6 2237.6 1509.6 9020.5 4617.7 1147.5 40632.9
2011 4805.3 293 3847.2 1.14 5409.5 2.59 248.7 7.76 8232.5 1.34 2270.3 1.46 1591.1 5.40 9146.2 1.39 4721.3 2.24 1187.0 3.44 41459.1 2.03
2012 5306.8 10.44 3874.9 0.72 5698.0 5.33 255.2 2.61 8718.7 591 2494.4 9.87 1629.5 2.41 9511.0 3.99 48427 257 1229.3 3.56 43560.5 5.07
2013 5439.8 2.51 4537.9 17.11 5939.7 4.24 252.1 -1.21 8886.0 1.92 25285 1.37 1700.4 4.35 9584.3 0.77 4799.6 -0.89 1331.5 8.31 45000.0 3.30
2014 5601.7 298 4666.5 2.83 6010.1 1.19 258.3 2.46 9090.2 2.30 2610.2 3.23 17449 2.62 9634.8 0.53 4999.5 4.16 1345.8 1.07 45961.9 2.14
2015 5702.8 1.80 4751.1 1.81 6169.9 2.66 264.8 2.52 9102.3 0.13 2663.2 2.03 1852.0 6.14 9793.5 1.65 5124.8 2.51 1376.3 2.27 46800.7 1.82
2016 5800.0 1.70 4768.9 0.37 6170.0 0.00 271.5 2.53 92259 1.36 2684.4 0.80 1883.7 1.71 9968.2 1.78 5231.7 2.09 1394.7 1.34 47399.0 1.28
2017 5980.1 3.11 4929.0 3.36 6282.8 1.83 285.3 5.08 9767.4 5.87 2760.9 2.85 20889 10.89 10079.9 1.12 5379.0 2.82 1429.5 2.50 48982.8 3.34
2018 6103.4 2.06 5012.6 1.70 6387.7 1.67 289.6 1.51 9994.3 2.32 2800.5 1.43 2199.5 5.29 10185.7 1.05 5538.6 2.97 1668.8 16.74 50180.8 2.45
2019 6247.7 2.36 51855 3.45 6498.0 1.73 291.0 0.48 10267.9 2,74 28859 3.056 2330.5 596 10260.0 0.73 5632.2 1.69 1727.9 3.54 51326.6 2.28
Ort 3.32 3.61 2.36 2.64 2.65 2.90 4.97 1.45 2.24 4.75 2.64
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Cizelge 8. Tarim bolgelerinin 2010-2019 yillarindaki toplam tarim alet/makina sayilari
Table 8. Total agricultural tool/machine numbers of the agricultural regions in 2010-2019
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2010 635790 590771 668585 53985 1177805 282738 185505 1276037 645956 167743 5684915

2011 654194 2.89 598406 1.29 685866 2.58 56104 3.93 1188642 0.92 294468 4.15 196157 5.74 1276472 0.03 655641 1.50 171726 2.37 5777676 1.63
2012 683315 4.45 612106 2.29 688046 0.32 55378 -1.29 1204241 1.31 315401 7.11 200838 2.39 1304148 2.17 664737 1.39 175794 2.37 5904004 2.19

2013 693732 1.52 619504 1.21 687705 -0.05 56075 1.26 1219642 1.28 321012 1.78 209543 4.33 1303346 -0.06 670745 0.90 180106 2.45 5961410 0.97
2014 710427 2.41 613620 -0.95 691928 0.61 51559 -8.05 1239686 1.64 331827 3.37 217819 3.95 1298762 -0.35 683969 1.97 181987 1.04 6021584 1.01
2015 718683 1.16 620710 1.16 697266 0.77 51264 -0.57 1242961 0.26 337460 1.70 224073 2.87 1322053 1.79 694115 1.48 183978 1.09 6092563 1.18
2016 735413 2.33 623310 0.42 708170 1.56 54593 6.49 1251994 0.73 342806 1.68 227673 1.61 1337507 1.17 702802 1.25 186244 1.23 6170512 1.28
2017 753269 2.43 644370 3.38 714642 0.91 57783 5.84 1272423 1.63 350854 2.35 239537 5.21 1350719 0.99 715882 1.86 193403 3.84 6292882 1.98
2018 771520 2.42 655718 1.76 717648 0.42 58368 1.01 1285382 1.02 352908 0.59 246801 3.03 1371079 1.561 730205 2.00 198446 2.61 6388075 1.51

2019 789145 2.28 666349 1.62 723583 0.83 57736 -1.08 1297768 0.96 360078 2.03 256243 3.83 1382428 0.83 740317 1.38 202436 2.01 6476083 1.38

Ort 2.43 1.35 0.88 0.84 1.08 2.74 3.66 0.90 1.53 2.11 1.46
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Mekanizasyon diizeyinin belirlenmesinde yaygin olan;
birim alana diisen traktér giicii (kW hal), 1000 ha
alana diigen traktor sayisi (traktér 1000 ha'l), bir
traktore diisen toplam alan (ha traktér!) ve bir
traktére diigen makina sayis1 (makina traktor?)
gostergeleri  esas alinmistir. Bu  gostergelerin
hesaplanmasinda Cizelge 4-8'den yararlanilmistir.

Elde edilen verilerden Tiirkiye'nin on tarim bélgesine
goére; mekanizasyon diizeyi gosterge degerleri (kW ha’
1 traktér 1000 ha'l, ha traktér!, makina traktor?)
belirlenerek c¢izelgelere ve grafiklere aktarilmis ve
degerlendirilmigtir.

Gelecek yillar (2020-2030) icin mekanizasyon diizeyi
(kW ha'l) gosterge degerinin tahmin edilmesinde trend
analizi kullanilmistir. Trend (egilim) analizi bir zaman
serisinin  uzun donemdeki ana egilimi olarak
tanimlanan egilimin bir dogru veya bir egri ile ifade
edilmesidir (Yavuz, 2016). Trend analizinde ele alinan
zaman serisini en iyi temsil edecek trend denklemi
belirlendikten sonra, gelecek dénem ic¢in tahminler
elde edilir. Trendin tahmini, en kugik kareler
yontemi, hareketli ortalama ve yariyil ortalamalar
yontemi ile yapilabilir (Abdikoglu, 2019). Bu
calismada trend egrisinin denklemini bulmak i¢in en
kiicik kareler yontemi kullanilmigtir. Ancak trend
egrisinin denklemini bulmak igin en kiugik kareler
yonteminin farkli denklem tiirlerinin (dogrusal,
logaritmik, {issel, vd.) incelenmesi gerekmektedir
(Witt ve Witt, 1992). Bu calismada farkli denklem
tiirleri incelenmis ve determinasyon katsayis1 (R?) en
yiiksek olan lineer trend denklemi uygulanarak analiz
yapilmigtir.

BULGULAR ve TARTISMA

Turkiye’nin tarim bolgelerinin; 2010-2019 yillarindaki
mekanizasyon diizeyi gosterge degerleri Cizelge 9-12
ve Sekil 1-4'te, 2020-2030 yillarinda trend analizi ile
belirlenen islenen alana diigen traktér giicii (kW ha')
degerleri ise Cizelge 13 ve Sekil 5’te verilmistir.

Son on yilda (2010-2019), islenen alana diisen traktor
giicii (kW ha'!) degeri; Tiirkiyenin on tarim bélgesinde
ve Tirkiye genelinde yillara gore artmis ve en yiiksek
degerler (2.86-3.72 kW ha'!) Ege Bélgesinde, en diisiik
degerler (0.35-0.44 kW hal) ise Dogu Karadeniz
Bolgesinde gerceklesmigtir. Turkiye genelinde ise kW
hal degeri son on yilda ortalama %3.22 artig géstermis
ve 1.67-2.22 kW ha'! olarak gerceklesmistir (Cizelge 9,
Sekil 1). Tiirkiye ve tarim bélgelerinde, islenen alan
basina diigen traktér giici (kW hal) degerlerinin
yillara gore giderek artmasi, yillara gore traktor sayisi
(Cizelge 5) ve gii¢ degerlerinin (Cizelge 6-7) artmas1 ve
az da olsa iglenen tarim alanlarinin azalmasindan
(Cizelge 4) kaynaklanmaktadir. Ayrica, ekonomik
omrini dolduran traktorlerin yerine daha yiksek
glice sahip traktorlerin satin alinmasi da iglenen alan
bagina traktor giiciinii arttiran bir faktordir.

Son on yilda, traktér 1000 ha! degeri; tim tarim
bélgelerinde ve Turkiye genelinde yillara gére artig
gostermistir (Sekil 2). On yillik (2010-2019) ortalama
artis degerleri %1.09-8.75 arasinda gerceklesmigtir
(Cizelge 10). Traktér 1000 ha'l degerinin artmasi;
yillara gore traktér sayisinin artmasi (Cizelge 5) ve
islenen tarim alanlarinin azalmasindan (Cizelge 4)
kaynaklanmaktadir.

On yillik (2010-2019) zaman siirecinde, ha traktor?!
degeri; tum tarim bdlgeleri ve Tirkiye genelinde
azalma gostermistir (Sekil 3). On yillik ortalama
azalma; en fazla Dogu Karadeniz Bolgesinde (-%7.56),
en az Marmara Bélgesinde (-%1.04) gerceklesmistir.
Turkiye’de ortalama azalma degeri ise -%2.91
olmustur (Cizelge 11). ha traktoér! degerindeki azalma,
mekanizasyon diizeyinin arttigl veya iyilestiginin bir
ifadesidir.

Turkiyenin  ve tarim  bdélgelerinin, 2010-2019
yillarinda traktér basina diisen alet/makina sayisi
(makina traktér?); azalmistir (Sekil 4). On yilhk
ortalama azalma; en fazla Dogu Karadeniz Bolgesinde
(-%6.84), en az Giiney Dogu Anadolu Bélgesinde
(%0.01) gerceklesmistir. Tiirkiye’de ortalama azalma
degeri ise -%0.89 olmustur (Cizelge 12). Makina
traktor?! oranindaki azalma; on yillik siirecte makina
sayllarindaki artis oranlarinin (Cizelge 8) traktor
sayillarindaki artis oranlarindan (Cizelge 5) daha az
olmasindan kaynaklanmaktadir.

2010 yili verilerine gore AB’de 1 ha uretim alanina
diisen traktor giicti 6 kW, traktor basina diisen tiretim
alanm1 11.30 ha, 1000 ha tarim alanina diisen traktor
sayis1 89, traktér basina diisen makina sayisi ise
10°dur (fleri, 2010; Gokdogan 2012). Bu rakamlar
Turkiye'nin tarimsal mekanizasyon diizeyinin gecen
on yillik stiregteki tiim gelismelere ragmen hala yeterli
dizeyde olmadigini géstermektedir.

Tirkiye'nin ve tarim bélgelerinin gelecek yillar (2020-
2030) icin mekanizasyon gosterge degerlerinden,
islenen alana diigen traktér giici (kW ha'l)
degerlerinin belirlenmesi i¢in 2010-2019 yillarindaki
kW ha! degerlerinin degisiminden trend analizi
yardimiyla tahmin edilmigtir. Buna gére kW ha'!
degeri; tim tarim bdélgelerinde ve Tirkiye genelinde
gelecek yillara gére artis olacag beklenmektedir (Sekil
5). Gelecek on bir yillik (2020-2030) ortalama artig
degerleri  %0.89-3.18 arasinda  gergeklesecegi
ongorilmektedir. kW ha! degeri; Tlrkiye geneli i¢in
2020 yilinda 2.27, 2025 yilinda 2.55 ve 2030 yilinda
2.84 olmas1 tahmin edilmektedir (Cizelge 13).

SONUC ve ONERILER

Bu ¢aligmada, tarimsal mekanizasyon
planlamalarinda; etkinligi arttirma ve yén vermede
katki saglayacagr amaciyla, Tirkiye ve on tarim
bélgesinin, son 10 yila (2010-2019) ait tarimsal
mekanizasyon diizeyi gosterge degerleri (traktor sayisi
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Cizelge 9. Tiirkiye'nin tarim bélgelerinin 2010-2019 yillarinda islenen alana diisen traktér giicii (k€W hat)
Table 9. Tractor power per unit cultivated area (kW ha'l) of the Turkey’s agricultural regions in 2010-2019
N 3
o~ a
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s 2 F : E : E : E : :F : FE 2 % : P : % : B = %
: Z = 7 = 7 s B s 7 < B = 7 = 7 2 B = Z = Z =
2010 1.89 1.09 2.48 0.35 2.86 0.70 1.19 2.96 1.16 0.89 1.67
2011 2.01 6.35 1.14 4.59 2.63 6.05 0.36 2.86 2.99 455 0.75 7.14 1.24 4.20 3.07 3.72 1.25 7.76 0.94 5.62 1.76 5.39
2012 2.29 13.93 1.15 0.88 2.73 3.80 0.36 0.00 3.11 4.01 0.84 12.00 1.10 -11.29 3.20 4.23 1.28 2.40 0.97 3.19 1.83 3.98
2013 2.33 1.75 1.32 14.78 2.90 6.23 0.37 2.78 3.16 1.61 0.80 -4.76 1.31 19.09 3.15 -1.56 1.30 1.56 1.03 6.19 1.89 3.28
2014  2.38 2.15 1.34 1.52 2.89 -0.34 0.39 541 3.26 3.16 0.83 3.75 1.37 4.58 3.10 -1.59 1.34 3.08 1.02 -0.97 1.92 1.59
2015 2.46 3.36 1.36 1.49 2.99 3.46 040 2.56 3.26 0.00 0.86 3.61 1.46 6.57 3.12 0.65 1.36 1.49 1.05 2.94 1.96 2.08
2016  2.52 2.44 1.36 0.00 3.04 1.67 0.41 2.50 3.33 2.15 0.89 3.49 1.52 4.11 3.17 1.60 1.40 2.94 1.07 1.90 2.00 2.04
2017 2.63 4.37 1.45 6.62 3.12 2.63 0.43 4.88 3.54 6.31 0.93 4.49 1.66 9.21 3.22 1.58 1.49 6.43 1.14 6.54 2.10 5.00
2018 2.71 3.04 1.47 1.38 3.24 3.85 0.43 0.00 3.62 2.26  0.96 3.23 1.74 4.82 3.30 2.48 1.53 2.68 1.34 17.54 2.16 2.86
2019 2.83 4.43 1.54 4.76 3.25 0.31 0.44 2.33 3.72 2.76  0.99 3.13 1.82 4.60 3.34 1.21 1.56 1.96 1.39 3.73 2.22 2.78
Ort 4.65 4.00 3.07 2.59 2.98 4.01 5.10 1.37 3.37 5.19 3.22
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Cizelge 10. Tiirkiyenin tarim bélgelerinin 2010-2019 yillarinda 1000 ha alana diisen traktér sayisi (traktér 1000 ha't)
Table 10. Number of tractors per 1000 ha areas (tractor 1000 hal) of the Turkey’s agricultural regions in 2010-2019
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2010 53.53 26.83 70.87 11.12 81.24 17.45 27.92 79.33 29.75 23.52 44.95

2011 57.17 6.80 28.14 488 7579 6.94 13.87 24.73 85.19 4.86 1881 7.79 2891 3.55 82.34 3.79 32.14 8.03 2513 685 47.62 594
2012 63.96 11.88 27.92 -0.78 7873 3.88 14.89 7.35 88.42 3.79 21.17 1255 2556 -11.69 85.66 4.03 32.84 218 2590 3.06 49.53 4.01

2013 64.77 1.27 31.40 12.46 83.41 594 1825 2257 89.70 1.45 20.24 -4.39 3047 19.21 84.08 -1.84 3326 128 2757 6.45 50.96  2.89

2014 66.76  3.07 32.20 2.55 84.84 1.71 19.66 7.73 92.98 3.66 20.83 2.92 31.90 4.69 82.65 -1.70 33.71 1.35 27.41 -0.58 51.92 1.88

2015 68.67 2.86 3252 0.99 88.13 3.88 20.20 275 92.65 -0.35 21.28 2.16 3299 3.42 82.66 0.01 3421 1.48 2798 2.08 52.64 1.39

2016 70.27 233 32.42 -0.31 89.38 1.42 21.10 4.46 94.42 191 22.04 3.57 3428 391 83.44 094 3536 3.36 2854 2.00 53.70  2.01

2017 7290 3.74 34.18 543 91.18 2.01 22.26 5.50 99.45 533 23.03 449 37.21 8.55 84.43 1.19 3709 4.89 30.15 5.64 55.96 4.21

2018 74.78 258 34.42 0.70 9448 3.62 2232 0.27 101.44 2.00 23.81 3.39 3856 3.63 86.45 239 38.01 248 3440 14.10 5744 2.64

2019 77.89 416 3520 2.27 9456 0.08 23.09 3.45 103.88 2.41 24.63 3.44 40.23 4.33 87.33 1.02 3846 1.18 3527 2.53 58.66  2.12

Ort 4.30 3.13 3.28 8.75 2.78 3.99 4.41 1.09 2.92 4.68 3.01
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Cizelge 11. Tiirkiyenin tarim bélgelerinin 2010-2019 yillarinda traktér basina diisen iiretim alan (ha traktér?)
Table 11. Production area per tractor (ha tractor’) value of the Turkey’s agricultural regions in 2010-2019
N 3
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2010 18.68 37.28 14.11 89.93 12.31 57.29 35.82 12.60 33.62 42.53 22.25
2011 17.49 -6.37 35.54 -4.67 13.19 -6.52 72.12 -19.80 11.74 -4.63 53.16 -7.21 34,59 -3.43 12.14 -3.65 31.11 -7.47 39.80 -6.42 21.00 -5.62
2012 15.63 -10.63 35.82 0.79 12.70 -3.71 67.15 -6.89 11.31 -3.66 47.25 -11.12 39.12 13.10 11.67 -3.87 30.45 -2.12 38.60 -3.02 20.19 -3.86
2013 15.44 -1.22 31.85 -11.08 11.99 -5.59 54.78 -18.42 11.15 -1.41 4941 457 32.82 -16.10 11.89 1.89 30.06 -1.28 36.27 -6.04 19.62 -2.82
2014 14.98 -2.98 31.06 -2.48 11.79 -1.67 50.86 -7.16 10.75 -3.59 48.00 -2.85 31.35 -4.48 12.10 1.77 29.66 -1.33 36.48 0.58 19.26  -1.83
2015 14.56 -2.80 30.75 -1.00 11.35 -3.73 49.51 -2.65 10.79  0.37 47.00 -2.08 30.32 -3.29 12.10 0.00 29.23 -1.45 35.74 -2.03 19.00 -1.35
2016 14.23 -2.27 30.84 0.29 11.19 -1.41 47.39 -4.28 10.59 -1.85 45.38 -3.45 29.17 -3.79 11.98 -0.99 28.28 -3.25 35.04 -1.96 18.62 -2.00
2017 13.72 -3.58 29.26 -5.12 10.97 -1.97 44.92 -521 10.06 -5.00 43.41 -4.34 26.88 -7.85 11.84 -1.17 26.96 -4.67 33.17 -5.34 17.87 -4.03
2018 13.37 -255 29.05 -0.72 10.58 -3.56 44.81 -0.24 9.86 -1.99 42.00 -3.25 2593 -3.53 11.57 -2.28 26.31 -2.41 29.07 -12.36 17.41 -2.57
2019 12.84 -3.96 28.41 -220 10.58 0.00 43.31 -3.35 9.63 -2.33 40.60 -3.33 24.86 -4.13 11.45 -1.04 26.00 -1.18 28.35 -2.48 17.05 -2.07
Ort -4.04 -2.91 -3.13 -7.56 -2.68 -3.67 -3.72 -1.04 -2.80 -4.34 -2.91
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Cizelge 12. Tiirkiyenin tarim bélgelerinin 2010-2019 yillarinda traktér basina diisen alet/makina sayis1 (makina traktor1)
Table 12. Number of tools/machines per tractor (machine tractor’) value of the Turkey’s agricultural regions in 2010-2019
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2010  4.82 6.30 4.44 7.31 5.11 5.04 5.26 5.29 5.44 5.53 5.18
2011 479 -0.62 631 0.16 440 -0.90 579 -20.79 507 078 517 258 527 0.19 520 -1.70 5.39 -092 542 -199 514 -0.77
2012 461 -3.76 649 285 419 -477 529 -864 486 414 500 -329 529 0.38 512 -154 535 -0.74 534 -148 501 -2.53

2013 458 -0.65 572 -11.86 4.02 -4.06 4.55 -13.99 484 -041 503 060 530 019 509 -059 547 224 504 -5.62 4.91 -2.00
2014 452 -1.31 549 -4.02 3.93 -2.24 391 -14.07 479 -1.03 509 119 536 1.13 5.05 -0.79 542 -091 5.02 -0.40 4.84 -1.43
2015 451 -0.22 5.47 -0.36 3.84 -229 380 -2.81 4.80 0.21 510 020 534 -0.37 510 099 537 -092 502 0.00 4.84 0.00
2016 455 0.89 549 0.37 3.90 1.56  3.90 2.63 479 -021 514 078 535 019 509 -020 533 -0.74 502 0.00 4.85 0.21
2017 454 -0.22 5.55 1.09 3.89 -0.26 3.88 -0.51 464 -3.13 513 -019 513 -411 511 039 533 0.00 5.10 1.59 4.82 -0.62
2018 458 0.88 5.59 0.72 3.85 -1.03 3.85 -0.77 459 -1.08 5.09 -0.78 505 -1.56 514 059 532 -0.19 4.64 -9.02 4.80 -0.41

2019 460 0.44 5.64 0.89 3.83 -0.52 3.75 -2.60 4.53 -1.31  5.04 -0.98 498 -1.39 5.15 0.19 5.33 0.19 460 -0.86 4.78 -0.42

Ort -0.51 -1.13 -1.61 -6.84 -1.32 0.01 -0.59 -0.29 -0.22 -1.97 -0.89
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Sekil 1. Tiirkiye'nin tarim bolgelerinin 2010-2019 yillarinda islenen alana diigen traktor giicii (kW ha)
Figure 1. Tractor power per unit cultivated area (kW ha'l) of the Turkey’s agricultural regions in 2010-2019
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Sekil 2. Tiirkiye'nin tarim bélgelerinin 2010-2019 yillarinda 1000 ha alana diisen traktor sayis: (traktér 1000ha™®)
Figure 2. Number of tractors per 1000 ha areas (tractor 1000 ha') of the Turkey’s agricultural regions in 2010-2019
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Sekil 3. Tiirkiye’nin tarim bélgelerinin 2010-2019 yillarinda traktér basina diisen tiretim alam (ha traktérl)
Figure 3. Production area per tractor (ha tractor) value of the Turkey’s agricultural regions in 2010-2019

332



KSU Tarim ve Doga Derg 24 (2): 319-336, 2021 Arastirma Makalesi
KSU J. Agric Nat 24 (2): 319-336, 2021 Research Article

15

- Ege -6 Tiirkiye =+~ Bat Anadolu
™ E Marmara =¥-Kuzey Dogu Anadolu Giiney Dogu Anadolu
~#—Bati Karadeniz =#—0rta Dogu Anadolu =+—Dogu Karadeniz

= Akdeniz =&—0Orta Anadolu

Traktor basina diisen alet‘makina sayist (makina traktor I)
wn
w
T

as 1 1 | 1 1 1 | 1 | 1 )
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Yillar
Sekil 4. Tiirkiye'nin tarim bélgelerinin 2010-2019 yillarinda traktér basina diisen alet/makina sayis1 (makina
traktor)
Figure 4. Number of tools/machines per tractor (machine tractor’) value of the Turkey’s agricultural regions in
2010-2019
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Sekil 5. Turkiye'nin tarim bélgelerinin 2020-2030 yillarinda trend analizi ile belirlenen iglenen alana diisen traktor
giicii (kW ha'!) degerleri
Figure 5. Tractor power per unit cultivated area (kW hal) values of the Turkey’s agricultural regions for the years
2020-2030 determined by trend analysis
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Cizelge 13. Tiirkiye'nin tarim bélgelerinin 2020-2030 yillarinda trend analizi ile belirlenen islenen alana diisen traktor giicii (kW ha'?) degerleri
Table 13. Tractor power per unit cultivated area (kW ha’l) values of the Turkey’s agricultural regions for the years 2020-2030 determined by trend

analysis
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2020 2.93 1.59 3.38 0.45 3.78 1.02 1.86 3.34 1.60 1.36 2.27
2021 3.02 3.07 1.64 3.14 3.47 2.66 0.46 2.22 3.87 2.38 1.05 2.94 1.94 4.30 3.37 0.90 1.64 2.50 1.41 3.68 2.32 2.20

2022 3.12 3.31 1.69 3.05 3.55 2.31 0.47 2.17 3.96 2.33 1.07 1.90 2.02 4.12 3.40 0.89 1.68 2.44 1.46 3.55 2.38 2.59
2023 3.21 2.88 1.73 2.37 3.63 2.25 0.49 4.26 4.05 2.27 1.10 2.80 2.09 3.47 3.43 0.88 1.72 2.38 1.51 3.42 2.44 2.52
2024 3.31 3.12 1.78 2.89 3.71 2.20 0.50 2.04 4.14 2.22 1.13 2.73 2.17 3.83 3.46 0.87 1.77 2.91 1.56 3.31 2.50 2.46
2025 3.40 2.72 1.83 2.81 3.80 2.43 0.51 2.00 4.23 2.17 1.16 2.65 2.25 3.69 3.49 0.87 1.81 2.26 1.61 3.21 2.55 2.00
2026 3.50 2.94 1.88 2.73 3.88 2.11 0.52 1.96 4.32 2.13 1.19 2.59 2.33 3.56 3.53 1.15 1.85 2.21 1.66 3.11 2.61 2.35
2027 3.60 2.86 1.93 2.66 3.96 2.06 0.53 1.92 4.41 2.08 1.22 2.52 2.40 3.00 3.56 0.85 1.89 2.16 1.71 3.01 2.67 2.30
2028 3.69 2.50 1.98 2.59 4.05 2.27 0.54 1.89 4.50 2.04 1.25 2.46 2.48 3.33 3.59 0.84 1.93 2.12 1.76 2.92 2.73 2.25
2029 3.79 2.71 2.03 2.53 4.13 1.98 0.55 1.85 4.59 2.00 1.28 2.40 2.56 3.23 3.62 0.84 1.98 2.59 1.81 2.84 2.78 1.83
2030 3.88 2.37 2.07 1.97 4.21 1.94 0.56 1.82 4.68 1.96 1.31 2.34 2.63 2.73 3.65 0.83 2.02 2.02 1.86 2.76 2.84 2.16

Ort 2.85 2.67 2.22 2.21 2.16 2.53 3.53 0.89 2.36 3.18 2.27
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1000 ha'l, ha traktoér?!, kW ha'l, makina sayis1 traktor
1) belirlenmis ve gelecek yillar (2020-2030) icin
mekanizasyon diizeyi (kW ha'l) gésterge degeri trend
analizi yardimiyla tahmin edilmig ve
degerlendirilmigtir. Tirkiye Istatistik Kurumundan
alinan veriler (islenen tarim alanlari, traktor sayilar:
ve giic degerleri, tarim alet/makina sayilar) tarim
bolgelerine gore islenmis ve mekanizasyon dizeyi
gosterge degerleri hesaplanmistir.

Calismada elde edilen sonuglar sekilde

ozetlenebilir:

su
e Son on yilda, hem Tirkiye genelinde hem de on
tarim bolgesinde; iglenen tarim alanlarinda bir
azalma, traktor sayilarinda artis, ortalama traktor
glic degerlerinde Dogu ve Bat1 Karadeniz Bolgeleri
hari¢ bir artis, toplam traktér giic degerlerinde bir
artig, tarim alet/makina sayilarinda bir artig
olmustur.

Son on yilda, hem Turkiye genelinde hem de on
tarim bolgesinde mekanizasyon duzeyi gosterge
degerleri; kW ha! ve traktor 1000 ha! ’da artis, ha
traktor! ve makina traktor! ’de azalma olmustur.
kW ha'! degeri; en yiiksek Ege Bélgesinde (2.86-
3.72kW ha™1), en diisiik Dogu Karadeniz Bolgesinde
(0.35-0.44 kW ha'l) olusmustur.

Mekanizasyon diizeyinin artmasi/iyilesmesi traktor
sayis1 ve glg degerlerinin artmasi ve az da olsa
islenen tarim alanlarinin azalmasindan
kaynaklanmaktadir. Ayrica, ekonomik Omrini
dolduran traktorlerin yerine daha yiksek gilce
sahip traktérlerin satin alinmasi da islenen alan
basina traktor giicini arttiran bir faktordir.
Tirkiye genelinde kW hal degeri son on yilda
ortalama %3.22 artig gostermig ve 1.67-2.22 kW ha-
1 olarak gerceklegsmistir.

ha traktor! degerindeki azalma, mekanizasyon
diizeyinin arttig1 veya iyilestiginin bir ifadesidir.
Makina traktor! oranindaki azalma; on yillik
sirecte makina sayilarindaki artig oranlarmin
traktor sayilarindaki artis oranlarindan daha az
olmasindan kaynaklanmaktadir.

kW ha! degeri; tim tarim bolgelinde ve Turkiye
genelinde gelecek yillara gore artig olacagi
beklenmektedir.

kW hal degeri; Turkiye geneli i¢in 2020 yilinda
2.27, 2025 yilinda 2.55 ve 2030 yilinda 2.84 olmasi
tahmin edilmektedir.

[ )

Bu calismada elde edilen bulgular ve degerlendirmeler
sonucunda konuya iliskin asagidaki Oneriler
siralanabilir:

o Tirkiye'de tarim arazilerinin parcali ve daginik
olmasi traktor ve alet/makina kullanim etkinligini
simirlamaktadir. Arazi toplulastirma g¢aligmalari

yvayginlastirilarak hem yeni tarim alanlarinin
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acilmasi saglanabilecek  hem de tarim
makinalarinin etkinligi arttirilabilinecektir.

Cogunlukla kuguk olgekli igletmelerin yer aldig:
ulkemizde, daha ekonomik bir uretim igin

isletmelerin ihtiya¢ duydugu tarim alet/makinalari

kullanabilmesini  saglayacak ortak makina
kullanim sistemleri desteklemeler ile tegvik
edilebilir.

e Igletmelerin, makina secimi ve kullamm

konusunda egitim almalar1 saglanarak teknik bilgi
ve becerileri arttirilmalidir.

Ekonomik Omrint tamamlamis, is saghg ve
guivenligi yoniinden de risk teskil edebilecek traktor
ve alet/makinalarin yerine uygun tesvik ve
hibelerle yeni teknolojilerin kullanilmas1
saglanarak isletmeler desteklenmelidir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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OZET Aragtirma Makalesi

Bu calismada, 10 farkli toprak bakteri izolatinin, domates

(Lycopersicon Iycopersicum cv. Dynamo) bitkisinde ii¢c nematod Makale Tarihgesi
inokulasyon seviyesinde (0, 500 ve 1000 L2 veya yumurta/saksi) Gelig Tarihi  :08.06.2020
bulastirilan Meloidogyne javanicaya olan etkileri arastirilmistir. Kabul Tarihi :27.07.2020

Deneme, Kahramanmaras Siit¢ii Imam Universitesi, Ziraat Fakiiltesi
seralarinda 10x3x6 (10 adet toprak bakteri izolati, 3 nematod

Anahtar Kelimeler

inokulum seviyesi, 6 tekerriir) tesadiifi bloklar deneme desenine gore Bionematisit
kurulmustur. Arastirma sonuclarina gore; ZHA287 (Bacillus subtilis), Kok-ur nematodu
ZHA246 (Mycobacterium confluentis) ve ZHA579 (Tanimlanmamais) Meloidogyne javanica
izolatlarinin bitki kék-ur sayisini ve yumurta paket sayisini azalttig, Nematod kontrol
ancak bitki blUylimesine etki etmedigi gozlenmistir. Tsukamurella Toprak bakterileri

paurometabolanin ZHA569 izolatinin kok-ur nematodu
poplilasyonunu bask: altinda tuttugu ve bitki kék yas ve kuru, gévde
yas ve kuru agirhiklarimi arttirdigr gozlenmistir. Paenibacillus
castaneaénin ZHA178 izolat1 ve Mycobacterium Iimmunogeum
ZHAS5T izolat1, kontrole (+) gore yumurta paketi ve kék-ur sayilarina
etkili olmadiklar1 fakat bitki buyumesini arttirdigr gozlenmistir.
Calisilan 10 bakteri arasinda, ZHA246 (M. confluentis), ZHA579
(Tamimlanmamis), ZHA569 (7. paurometabola) ve ZHA287 (B,
subtilis) izolatlarinin gelecekte bitki paraziti nematodlarinin biyolojik
micadelesinde kullanilabilecek potansiyele sahip olabilecekleri
diisinulmektedir.

The Effect of Some Soil Bacteria on Root-Knot Nematode Meloidogyne javanica (Treub) Chitwood

Populations on Tomatoes

ABSTRACT
In this study, the effect of 10 bacterial isolates against Meloidogyne
javanica (inoculated at three levels of 0, 500 and 1000 J2 or eggs pot)

Research Article

Article History

were determined on tomato (Lycopersicon Iycopersicum cv. Dynamo). Received - 08.06.2020
The trial was designed as a randomized complete block design, Accepted $27.07.2020
consisting 10 plant soil bacteria strains and 2 control group (-, +)

treatments with 6 replications, conducted in Kahramanmaras Stit¢ta K.eywords. .

Imam University, Agricultural Faculty green houses. Results of the Bionematicide

study indicated that (Bacillus subtilis) ZHA287, (Mycobacterium Root-Knot Nematode
confluentis) ZHA246, (unidentified) ZHA579 isolates reduced root Meloidogyne javanica

galling and the number of egg masses, however they did not have
effect on the plant growth. Isolate ZHA569 of 7Tsukamurella
paurometabola repressed the root knot nematode numbers and
increased the dry and fresh root weight, and dry and fresh green plant
part weights. Isolate ZHA178 of Paenibacillus castaneae and ZHA57
Mpycobacterium immunogeum did not affect the root galling
nevertheless, increased the plant growth as compared to control (+).
Results indicated that among 10 bacterial isolated studied, ZHA246
(Mycobacterium confluentis), ZHA5T9 (unidentified), ZHA569
(Tsukamurella paurometabola) and ZHA287 (Bacillus subtilis) could
be promising as bio control agents for the future nematode disease
managements.

Nematode control
Root bacteria



KSU Tarim ve Doga Derg 24 (2): 337-343, 2021
KSU J. Agric Nat 24 (2): 337-343, 2021

Aragtirma Makalesi
Research Article

Atif Icin:  Akbay NG, Cetintas R, Kiisek M 2021. Baz1 Toprak Bakterilerinin Domates Bitkisindeki Kék-Ur Nematodu
Meloidogyne javanica (Treub) Chitwood Populasyonlarina Etkisi. KSU Tarim ve Doga Derg 24 (2): 337-343.
httpsi//doi.org/10.18016/ksutarimdoga.vi.749425

To Cite: Akbay NG, Cetintas R, Kisek M 2021. The Effect of Some Soil Bacteria on Root-Knot Nematode Meloidogyne
Jjavanica (Treub) Chitwood Populations on Tomatoes. KSU J. Agric Nat 24 (2): 337-343. https://doi.org/10.18016/
ksutarimdoga.vi.749425

GIRIS Bu baglamda, bu calismada; domates bitkilerinde
Diinya’da ve Tirkiye'de en ¢ok tretilen ve tiiketilen Me]ozdogyn? Javanica (Treub) Chitwood’ya  karst,
sebzelerin basinda domates (Lycopersicon entegre micadelenin bir pargasi olan biyolojik

Iycopersicum cv. Dynamo) gelmektedir. Ana vatam
Giney Amerika ve Peru olan domates, Solanaceae
familyasina ait olup, giiniimizde dinyanin hemen
hemen tim bolgelerinde uretilmektedir. Tirkiye'de
sebze tretiminde ilk siralarda yer alan domatesin
tarla ve ortu alt1 iretimi yapilmaktadir. Gida ve Tarim
Orgiti  (FAO) 2013 verilerine gére, Tiirkiye
11.820.000 ton domates tretimi ile Dinya’da Cin,
Hindistan ve ABD’den sonra doérdiinci sirada
gelmektedir (Anonim, 2015).

Domates, taze olarak tiiketildigi gibi dondurulmus,
konserve, sal¢a, ketgap, tursu formunda da tiiketilen
bir sebze tiridir (Giinay, 2005). Tirkiye’de domatesin
tiuketimine ek olarak islenmis veya taze olarak
ihracati nedeni ile ekonomisine buyuk katk:
saglamaktadir (Erkan ve ark., 1992). Insan beslenmesi
ve sagligi acisindan igerdigi A, B, B1, B6, C ve K
vitaminleri, niacin, protein, yag, karbonhidrat,
potasyum, kalsiyum, demir ve diger besin maddeleri
domatesin 6nemini arttirmaktadir (Capanoglu ve
Boyacioglu, 2010).

Domates bitkisinin ana zararlilardan olan bakteri,
fungus, virtis gibi mikroorganizmalar ile akarlar,
bocekler ve diger hayvansal zararlilara ek olarak, kok-
ur nematodlar1 da (Meloidogyne spp.) 6nemli zararhlar
icerisinde yer almaktadir. Diunya’da ekonomik
anlamda sebzelerde biiyiik zararlar meydana getiren
kok-ur nematodlari, obligat endoparazit olup genis
alanlara yayilan ve ¢ok fazla sayida konukg¢uya sahip
olan bir zararh tiirdiir (Bleve-Zacheo ve ark., 2007).

Toprak ve bitki dokulari i¢inde yasamlarini devam
ettiren nematodlarin miicadelesi olduk¢a zordur.
Micadelede; dayanikli  gesitlerin  kullanmilmasa,
solarizasyon, biyolojik ve kimyasal savasim gibi
yontemlere bagvurulmaktadir. Nematodlarin fazla
sayida tiir kapsamasi ve konukg¢u dagilimlarinin genis
olmasi, kimyasal miicadele diginda kullamilan
miicadele yontemlerinin uygulayigini
sinirlandirmaktadir. Fakat kimyasal nematisitlerin
kullanilmasinin dogal yasama, ¢evreye ve insan sagligi
{izerine zararl etkileri bulunmaktadir (Stirling, 1991).
Bu sebeplerden 6tiri kok-ur nematodlariyla
micadelede son yillarda bazi etkili pestisitlerin
kullanim1 yasaklanmistir (Devran ve Ségiit, 2010).
Ayrica nematisit uygulamalarinin son derece pahali ve
zor olmasi, bilim adamlarini kék-ur nematodlariyla
miicadelede alternatif yontem arayislarina
yoneltmistir.
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micadele kapsamai igerisinde, sera kosullarinda, bitki
gelisimini uyarici 10 farkh toprak bakterisi izolatinin
(Tablo 1) [ZHA246 (Mycobacterium confluentis),
ZHA235, ZHA212 (Paenibacillus castaneae), ZHA287
(Bacillus subtilis), ZHA579, ZHA178 (Paenibacillus
castaneae), ZHABT (Mycobacterium immunogeum),
ZHA569 (Tsukamurella paurometabola), ZHA296
(Paenibacillus castaneae) ve ZHA88 (Paenibacillus
castaneae)l, M. javanica popiilasyon yogunluklarina ve
bitki gelisimlerine olan etkileri arastirilmigtir.

Tablo 1. Meloidogyne javanica'ya kars1 etkinligi
arastirilan toprak bakteri izolatlari
Table 1. Soil bacterial isolates whose efficacy was
Investigated against Meloidogyne javanica
Izolat No Izole Edildigi Konukgu Bitki Tiir
(Isolation no) (Host Plant Is Isolated)  (Type)

ZHA246 Biber Mycobacterium confluentis
ZHA235 Biber Tanimlanmamisg
ZHA212 Biber Paenibacillus castaneae
ZHA287 Biber Bacillus subtilis ss. subtilis
ZHA579 Biber Tanimlanmamisg
ZHA178 Biber Paenibacillus castaneae
ZHA57 Biber Mpycobacterium immunogeum
ZHA569 Biber 7Tsukamurella paurometabola
ZHA296 Biber Paenibacillus castaneae
ZHAS88 Biber Paenibacillus castaneae

MATERYAL ve METOT

Materyal

i}gﬂi calisma Kahramanmaras Siitcii  Imam

Universitesi, Avsar yerleskesinde bulunan Ziraat
Fakiiltesine ait cam seralarinda ve bitki koruma
laboratuvarlarinda yuratilmustir. Bitkisel materyal
olarak domates (Lycopersicon Iycopersicum cv.
Dinamo) fideleri kullamilmistir. Saksilarda, %70 kum,
%20 killi toprak ve %10 perlit olan bir karigim
kullanilmigtir. Hazirlanan kum-toprak karigimi steril
haldeki 1.5 L buytkligindeki saksilara doldurulmus
ve fideler bu saksilara sasirtilmistir. Denemede
kullanilan nematod (Meloidogyne javanica) materyali
ve bakteri izolatlarni Kahramanmaras Stut¢i Imam
Universitesi, Ziraat Fakiiltesi, Bitki Koruma Bélimii
Laboratuvarlarindan saglanmistir.
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Denemede kullanilan Meloidogyne javanica yumurta
kiimelerinin elde edilmesi

Daha 6nce nematod bulastirilmig hassas Falkon c¢esidi
domates bitkilerinin koklerinden yumurta
kiimelerinin elde edilmesinde Hussey ve Barker (1973)
metodu kullanilmigtir. Bitki kokleri, tizerinde bulunan
urlara ve urlarin tizerinde bulunan nematod yumurta
paketlerine zarar gelmeyecek sekilde topraktan su ile
yikanarak arindirilmistir. Bitki kokleri musluk
altinda yikanarak kiicik parcalara ayrilmig ve bitki
kokleri 4 L hacimdeki bir kaba konulduktan sonra 500
ml %0.5lik sodyum hipoklorit (NaClO) soliisyonu
icinde % dakika ovalanmistir. Bu uygulamadan sonra
¢ozelti 200, 500 mesh’lik eleklerden gecirilerek 500
mesh acgikligina sahip elek icerisinde kalan M.
javanica yumurtalar1 ve 1ikinci doénem larvalari
NaClO’dan ari olmasi i¢in musluk altinda iyice
yikandiktan sonra petrilere aktarilmigtir. Elde edilen
yumurta ve ikinci donem larvalar, fidelere asilanmak
tizere +4°C’de muhafaza edilmistir.

Denemede kullanilan toprak bakteri izolatlarinin
cogaltilmas1 ve bakteri slispansiyonunun
hazirlanmasi

KSU Ziraat Fakiiltesi, Bakteriyoloji Laboratuvar:
stoklarinda yer alan 10 toprak bakteri izolati
uygulama icin NGA (Nutrient Glikoz Agar) besin
ortaminda canlandirilmigtir. Hazirlanan karigim
121°C’de otoklav edilmis besiyer, steril kabinde
petrilere dokulup bakteri ekimi icin katilagsmaya
birakilmigtir. Her bir toprak bakteri izolat1 8 cm’lik
petrilerdeki NGA besiyerine 6ze yardimiyla ¢izgi ekim
yapilmis ve 48 saat 24°C’de inkiibatorde bekletilerek
bakteri gelisimi saglanmistir. Denemenin bitin
asamalarinda sadece NGA besi tird kullanilmistir
(Lelliott ve Stead, 1987). Hazirlanan toprak bakteri
izolatlari kolonileri biiyutuldikten sonra, 8.5 g NaCl'yi
1 L damitilmis suda c¢ozerek bir fizyolojik ¢ozelti
icerisinde bakteri kaynag: hazirlanarak kiitle koloni
bakterileri plastik petri kabindan sterilize edilmig ve
fizyolojik ¢ozeltiye aktarildiktan sonra hafifce
karistinlmigtir.  Inokulasyon  sivistmin  bakteri
yogunlugu %50’ye ayarlanmigtir.

Denemenin kurulmasi

Calisma Kahramanmaras Siit¢i Imam Universitesi,
Avsar yerlegkesinde bulunan Ziraat Fakiiltesi'ne ait
cam seralarda, 14.07.2017 tarihinde, domates bitki
koklerinin toprak bakteri siispansiyonlari igerisinde
10 dakika bekletilip koke daldirma yoluyla
uygulanmigtir. Denemede 15.07.2017 tarihinde ise
nematod inokulasyonu gerceklestirilmigtir. Deneme
bitkileri, M. javanica yumurta ve ikinci dénem
larvalarinin saksilara bulastirilma tarihinden takiben
77+1 gin sonra 30.10.2017 tarihinde saksilardan
soktulmistir.
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Toprak bakterilerinin uygulamas:

Muamele o6ncesi, NGA besi ortaminda 24-48 saat
icerisinde geligsen bakteri kultiirleri saf su ile 109 cfu
ml yogunlugunda silispanse edilmistir. Dikimden
hemen o6nce domates fide viyolleri koke daldirma
seklinde uygulanmistir. Bu uygulama her bir bitki i¢in
10 dakika bekletilip saksiya sasirtilmistir. Dikim
islemi nemli ortamda gerceklestirilmis olup, dikimden
hemen sonra fide viyollerine uygulanan toprak
bakterilerinin tutunmasi agisindan ve yikanma riskini
ortadan kaldirmak amaciyla can suyu 24 saat sonra
uygulanmigtir.

fidelere

Elde edilen kiimelerinin

bulastirilmasi

yumurta

Daha once viyollerde yetistirilen domates gesitleri 1.5
L’lik sterilli saksilara ve 10 farkl: toprak bakterleri 10°
cfu ml yogunlugunda bitki kéklerine stispanse edilerek
sasirtilmistir. Bu iglemden bir giin sonra domates
saksilarindaki topraga, her bir bitkinin bitki kok
bogazindan 3-4 cm mesafede, 4-5 cm derinlik ve 1-1.5
cm capinda ¢ oyuk agilmistir. Acilan her bir oyuga,
bulagik bitkiden elek yontemiyle elde edilen yumurta
paketi ve ikinci déonem larvalariin karigik bulundugu
inokulasyondan 500 veya 1000 L2/yumurta saksi
gelecek sekilde iki farkli nematod inokulasyonu

homojen bir gekilde verilerek oyuklarin tzeri
kapatilmigtir.
Bitki bakim iglemleri

Bitkiler her gin aymi oranda sulanmig ve Dbesin
elementi eksikligine kars1 iki haftada bir 20-20-20
NPK giibresi (1 g L) verilmistir. Bitkide olusabilecek
zararhlara (beyazsinek, yaprakbiti, kirmizi ériimcek

vs.) karsi gerektiginde insektisit uygulamalar:
yapilmigtir.

Uygulanan toprak bakterilerinin Meloidogyne
Javanicaya kars1 etkisinin degerlendirilmesi ve
verilerin istatiksel analizi

Deneme bitkileri, M. javanica ikinci dénem

larvalarinin saksilara bulagtirilma tarihi takiben 77
gliin sonra saksilardan hasat edilmigtir. Hasat edilen
domates bitkilerinin yesil aksam ve kék yag agirliklar
(g bitki) ve kuru agirliklar: (g bitki), bitki boyu, bitki
koklerinde olugsan ur sayisi, yumurta paket sayisi
verileri elde edilmistir. Ayrica bitki kok boélgesinden
(saksidan) alinan 100 cm? topraktan Baermann Huni
Yéntemi (Southey, 1986) yoéntemiyle elde edilen
toplam 6lii-canli nematode larva sayis1 ({ireme orani)
verileri kayit altina alinmigtir. Kéklerde meydana
gelen yumurta paket indeksi ve kék-ur nematodunun
koklerdeki urlanma indeksi Taylor ve Sasser (1978)’in
0-5 skalasina gore degerlendirilmigstir. Topraktan izole
edilen M. javanica ikinci dénem larva 6li ve canh
sayis1 (iireme oran1) RF = R¢/ Ri formiiliine (RF =
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ureme orani, Ri = baglangi¢c popiilasyonu, Rt = son
popiilasyonu) gére hesaplanmistir. Sasser ve ark.
(1984)na gére RF > 1 iyi konukcu, 0.1 < RF > 1 kéti
konuk¢u, RF < 0.1 konuk¢u olmayan seklinde
belirtilmistir.

Elde edilen veriler, SPSS programi yardimi ile ANOVA
uygulanarak istatistiksel analizler yapilarak, adi
gecen 10 farkli toprak bakteri muamelelerinin, M.
javanica Uzerindeki etkinligi istatistiki olarak
saptanmaya caligilmigtir. Duncan’in Coklu
Kargilagtirma Test’ine gére P<0.05 diizeyinde elde
edilen ortalamalarinin karsilagtirmalar: yapilmigtir.

BULGULAR ve TARTISMA

Baz1 toprak bakterilerinin domates bitkisindeki kok-
ur nematodu M. javanica popiilasyonlarina etkisi
uzerine yapilan ¢calismada elde edilen veriler Tablo 2
ve Tablo 3’de verilmistir. Bu calismada, toprak bakteri
izolat1 ZHA246 (M. confluentis’min domates bitki
koklerinde urlanma oranini ve yumurta paket sayisini
baski altinda tutarak olumlu etki géstermistir. Fakat
kontrol grubuyla karsilagtirildiginda diger
parametrelere olumlu etki géstermemistir. ZHAS57
(Mycobacterium immunogeum) toprak bakteri izolat
ise, bitki boyu ve bitki yas agirhiklarmi arttirdigi ve
diger parametreler TUzerinde ise etkili olmadig:
gorilmustir. Bu farklihk, Mycobacterium cinsi
bakterilerin toprakta N2 sabit tutmasi1 yetenegi ile
(Sellstedt ve Richau, 2013), indole-3-asetik asit (IAA)
iiretim kapasitesine sahip olmalarindan (Tsavkelova
ve ark., 2005), kaynaklanabilecegi tahmin
edilmektedir.

ZHA569 (T. paurometabola) kok-ur nematodunun
lireme orani, urlanma ve yumurta paket sayisim
azaltarak nematod popiilasyonu tizerinde etkili oldugu
gorilmustir. Aym izolatin ayrica bitki yas ve kuru
parametreleri lizerinde etkili oldugu ve dolayisiyla
agirhklarin1 arttirdign gézlenmigtir. Marin ve ark.
(2013)  tarafindan  yiiriitilen calismada T
paurometabolanin misir bitkisinin gelisimini arttirici
ve kok-ur nematod populasyonunun sayisini azaltici
bir etki gosterdigi tespit edilmigtir.

ZHA579 1zolatina bakildiginda, denemenin genelinde,
bitki koklerindeki urlanmayi ve yumurta paket
sayisimi azalttig, fakat diger parametreler lizerinde
olumlu etki géstermedigi goriilmustir.

Toprak bakteri izolat1 ZHA287 (B. subtilis) domates
bitkisinde M. javanicanin koklerde meydana getirdigi
urlanma ve yumurta paket sayis1 tizerine azaltic etki
gosterip bitki kok, govde agirhiklarini arttirdig:
gbzlenmigtir.

Zavaleta-Mejia ve Van Gundy (1982) tarafindan
yapilan c¢alismada, domates, hiyar ve yonca
bitkilerinde M. incognitaya kars1 uygulanan B.
thurigensisin BT izolatlarinin nematod popiilasyonu
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ve  koklerindeki ur olusumunu  bastirdigim
bulmuslardir. Khan ve ark. (2010)'nin yaptigi bir
calismada, B. thurigensisin 10 BT izolatlarinin
laboratuvar ve sera kogullarinda yapilan denemelerde
M. javanicdya karsi nematisit olma etkinligini
degerlendirmiglerdir. Laboratuvar ¢aligmasinda,
yumurta ve ikinci dénem larvalar, BT izolatlarina
farkli zaman araliklarinda (24, 48, 72 ve 96) maruz
birakmiglardir. Bakteriyel izolat BT-64, BT-16, BT-14
ve BT-10'nun, 96 saat maruz birakildiktan sonra,
yumurta sayisinda azalma meydana getirdigini
gormuslerdir. BT izolatlarimin yumurta agilimini
onledigi ve larva sayisimi azalttigini gérmuslerdir.
Sera denemelerinde ise bamya (Abelmoschus
esculentus (L.) Moench cv. Arka anamika) ve fasulye
(Vigna radiata [L.] Wilczek cv. MN-95) bitkilerine M.
javanicdya karst savasimda BT izolatlarinin
uygulanmasi sonucu, bitki biiylimesini arttirdigini ve
kok-ur indeksini azalttigim1 gérmislerdir. Fasulye
bitkisinde Bacillus thurigensisizolatlar1 BT-64 ve BT-
14’in, kok-ur sayisinda belirgin azalma meydana
getirdigini saptamiglardir. Test edilen tim bakteri
izolatlarinin M. javanica larvalarinin sayisi tizerinde
onemli 6l¢iide etki ettigini ve bununla birlikte BT-16
ve BT-64'in, 24 saatlik zaman araliginda %100
larvalarin 6limine sebep oldugunu belirtmiglerdir.

Baghaee Ravari ve Mahdikhani Moghaddam (2015), B.
thuringiensisin Tolr65 ve Tolr67 iki izolatin M.
Jjavanica'ya karsi etkinliklerini degerlendirmek tizere
laboratuvar ve saksi kogullarinda test etmislerdir.
Tolr65 ve Tolr67, in vitro olarak SCM’ye kiyasla %70
nematisit aktivite gosterdigi ve saksi1 denemelerinde
Tolr65in  nematodlarin  urlanma oranimi %51
azalttigini, ayni zamanda domatesde biiyimeyi
arttirdigini bulmuslardir. Bt-Tolr65in M. javanicanin
kontrolii i¢in  bir biyo-kontrol ajam1 olarak
kullanilabilecegi onerilirken, Tolr67nin M.
javanica'ya karsi etkili olmadiginmi belirtmiglerdir.

ZHA178 (P. castaneae) izolat1 ise 1. ve 2. denemedeki
bitki boyu parametresi tUzerinde 6nemli derecede
arttirmigtir. Ayrica genel anlamda kok yas ve govde
kuru parapetleri tizerinde de etkili olmustur. Fakat
urlanma ve yumurta olugsumuna azaltici etkide
bulunmayip kontrol (+) ile hemen hemen ayni
degerleri gostermektedir. ZHA296; 212; 88 bakteri
izolatlar ise ZHA178 gibi belirgin derecede etkili
olmayip, yuratilen i1ki deneme parametrelerinde
farkliliklar gozlenmistir. Paenibacillus cinsinin bazi
turleri azot fiksasyonu, fosfor ¢ozuntrlugu ve bitkiyi
toprak kaynaklh hastaliklara karsi antagonistik etki
gibi  baz1i  mekanizmalarla  bitki  gelisimini
arttirabilmektedir (Govindasamy ve ark., 2010). Bitki
gelisimini tegvik eden rizobakterilerin fitotoksit etkisi,
yiksek konsantrasyonda zehirli indole-3-asetik asit
(IAA) iiretimine baglh olmaktadir (Lebuhn ve ark.,
1997).
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Tablo 2. Birinci deneme Lycopersicon lycopersicum cv. Dynamo domatesine bulastirilmis M. javanicanin ii¢ ayr1 nematod seviyelerinde (0, 500 ve 1000
L2 saks1) 10 toprak bakteri izolatlar: (1x10° cfu ml saks1) ile muameleleri sonucunda elde edilen bitki boyu, kék yas ve kuru agirhik, gévde yas
ve kuru agirlik, urlanma indeksi, yumurta paketi indeksi ve iireme oram ortalamalarinin karsilastirilmasi (Ortalama + Standart Hata)

Table 2. The first trial of Lycopersicon Iycopersicum cv. Dynamo tomato infected M. javanica in three different nematode levels (0, 500 and 1000 L2 pot),
resulting in treatment with 10 soil bacteria isolates (1 x 109 cfu ml pot) and dry weight, body wet and dry weight, scrub index, egg package
index and reproduction ratio averages (Mean + Standard Error)

Bakteri Nematod Seviyesi Bitki Boyu (cm) Kok Yas Kok Kuru Govde Yas Govde Kuru Urlanma Yumurta Ureme Oram
Muameleleri (nematod saks1) (Plant height (cm))  Agirhik (g) Agirhik () Agirhk () Agirhik (g) Indeksi Paket Indeksi  (RF)
(Bacterial (Nematod levels (Root fresh  (Root dry (Green part (Green part (Gallindex) (Egg mass (Reproduction
treatments) (nematodes flower weight (g)) weight (g)) fresh weight dry weight (g) index) rate (RF))
pot)) (g))
I({C(,)OI;I\’/.F;%)OI}E ?) 0L2 23.99+0.99a 18.00+1.11ab 3.80+0.36ab 5.40+0.34abc 2.40+0.16a 0.00+0.00 0.00+0.00d 0.00+0.00d
I({C(’)Olj\r/FT%)OLZE?) 24.93+0.75a 16.90+1.47ab 3.80+0.25ab 3.90+0.41e 2.00+0.21ab 4.90+0.10a 5.00+0.00a 1.13+0.09ab
ZHA178 23.52+0.76ab 17.50+1.91ab 2.33+0.33bc 4.67+0.42bcde 2.50+0.22a 4.50+0.22bc 4.83+0.17a 1.18+0.09ab
ZHA57 20.77+1.01c 18.00+1.46ab 3.17+0.8bc 6.17+0.31a 2.00+0.26ab 4.67+0.21ab 4.83+0.17a 1.01+0.09abc
ZHA212 20.42+1.14c 10.83+1.25c¢ 1.33+0.21c 4.17+0.40cde 2.00+0.26ab 4.00+0.00d 4.00+0.00c 1.09+0.05ab
ZHA296 20.02+0.75¢ 13.00+1.44bc 2.83+0.40bc 4.33+0.21cde 1.83+0.31ab 4.83+0.17ab 5.00+0.00a 0.90+0.06abc
ZHA235 20.96+0.83c¢ 17.00+1.86ab 3.83+1.01ab 4.33+0.33cde 2.00+0.26ab 4.33+0.21cd 5.00+£0.00a 1.07+0.17ab
ZHAS88 20.90+0.77c 15.50+1.23abc 3.83+0.40ab 4.50+0.22cde 1.50+0.22ab 4.00+0.00d 4.33+0.21b 0.86+0.15abc
ZHA287 22.06+0.60bc 14.00+1.51bc 3.33+0.92abc 5.33+0.21abed 2.67+0.21a 4.00+0.00d 4.00+0.00c 0.83+0.09bc
ZHA569 19.92+0.95¢ 20.33+2.03a 5.33+1.15a 5.50+0.22abc 2.50+0.22a 4.00+0.00d 4.00+0.00c 0.63£0.07¢c
ZHA246 20.02+0.74c¢ 15.33+1.09abc 4.17+0.40ab 5.83+0.31a 2.33+0.21ab 4.00+0.00d 4.00+0.00c 1.26+0.15a
ZHA579 19.77+0.83c 13.17+1.01bc 2.83+0.54bc 5.67+0.56ab 2.00+0.37ab 4.00+0.00d 4.00+0.00c¢ 1.16+0.21ab
%{5)0%1‘7%)012(72) 22.35+0.60bc 13.70+1.31bc 2.80+0.33bc 2.90+0.18e 2.00+0.15 5.00+£0.00a 5.00+£0.00a 0.9240.10a
ZHA178 22.69+0.97bc 19.17+2.27a 5.17+0.95a 4.50+0.43cd 2.17+0.31 4.67+0.21ab 4.83+0.17ab 0.83+0.06ab
ZHA57 24.19+0.80ab 18.17+2.12ab 4.50+0.99abc 6.67+0.33a 1.50+0.22 4.17+0.17c 4.50+0.22abc 0.57+0.05¢
ZHA212 25.81+0.45a 15.50+2.49abc 2.83+0.75bc 5.50+0.62abc 2.00+0.26 4.50+0.22bc 4.50+0.22abc 0.75+0.08ab
ZHA296 22.71+0.95bc 13.00+1.92bc 2.33+0.33c 6.00+0.37ab 2.00+0.26 4.33+0.21bc 4.50+0.22abc 0.60+0.07ab
ZHA235 21.69+0.89¢c 14.67+1.45abc 4.67+0.92ab 4.83+0.31bcd 2.17+0.17 4.33+0.21bc 4.67+0.21ab 0.56+0.06¢
ZHAS88 24.67+0.86ab 15.17+1.28abc 4.00+0.26abc 4.83+0.40bcd 2.17+0.17 4.33+0.21bc 4.67+0.21ab 0.87+0.15ab
ZHA287 21.33+1.06cd 12.67+1.45¢ 2.83+0.40bc 4.00+0.45de 2.17+0.31 4.00+0.00c¢ 4.00+0.00c¢ 0.68+0.12ab
ZHA569 19.40+0.37de 15.00+0.73abce 4.50+0.81abc 4.83+0.60bcd 1.83+0.17 4.17+0.17¢ 4.83+0.17ab 0.55+0.10c¢
ZHA246 19.04+0.45e 10.33+0.88¢c 3.17+0.60abc 4.33+0.62cd 2.17+0.17 4.00+0.00c¢ 4.33+0.21bc 0.54+0.11c
ZHA579 18.85+0.37e 11.83+0.95¢ 3.50+£0.62abc  4.17+0.48cde 2.00+0.26 4.00+0.00c 4.00+0.00c¢ 0.72+£0.11ab

Aymi stitunda bulunan farkl harfler Duncan Coklu Karsilastirma Testine gére birbirinden farklidir (P<0.05). Urlanma indeksi: 0-5skalasina gére O : 0 ur yok, 1 1-2 ur,
2:3-10 ur, 3:11-30 ur, 4 : 31-100 ur, 5 : >100 ur (Taylor ve Sasser, 1978) (P<0.05).Yumurta paket indeksi: 0-5 skalasina gére 0 : 0, 1 : 1-2 yumurta paketi, 2 : 3-10
yumurta paketi, 3 : 11-30 yumurta paketi, 4 : 31-100 yumurta paketi, 5 : >100 yumurta paketi (Taylor ve Sasser, 1978) (P<0.05). Ureme oran1 RF = Rf/Ri, iyi konuk¢u
(RF>1), kétii konukeu (0.1<RF>1), konukcu olmayan (RF<0.1) (Sasser ve ark., 1984).
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Tablo 3. Ikinci deneme Lycopersicon Iycopersicum cv. Dynamo domatesine bulastirilmis M. javanicanin ii¢ ayr1 nematod seviyelerinde (0, 500 ve 1000
L2 saks1) 10 toprak bakteri izolatlar: ile (1x109 cfu ml saks1) muameleleri sonucunda elde edilen bitki boyu, kék yas ve kuru agirlik, gévde yas
ve kuru agirlik, urlanma indeksi, yaumurta paketi indeksi ve iireme orani ortalamalarinin karsilastirilmas: (Ortalama + Standart Hata)

Table 3. The second trial of Lycopersicon lycopersicum cv Dynamo tomato infected M javanica at three separate nematode levels (0, 500 and 1000 L2
pot), resulting in treatment with 10 soil bacteria isolates (1 X 109 cfu ml pot), plant height and dry weight, body wet and dry weight, scrub index,
egg package index and reproduction ratio averages (Mean + Standard Error)

Nematod Seviyesi

Bakteri ( ) Bitki Boyu Kok Yas Agirhk Kok Kuru Govde Yas Govde  Kuru Ul e Pak Ureme orani
Muameleleri (nj\?matoddsak]m y (cm) (2 Agirlik (g)  Agirlik (g) Agirlik (g) i rdalr{m.la i udm11{1 rta  Paket RF)
(Bacterial G emato CVeIS plant  height (Root fresh (Root dry (Green part (Green — part o oSt naekst (Reproduction
‘nematodes flower . . . . (Gall index)  (Egg mass index)
treatments) pot) (em)) weight (2) weight (g))  fresh weight (g)) dry weight (g)) rate (RF))
I({gONA}I‘;%)OLL()) 0L2 23.18+0.50abc 15.60+0.95b 3.90+0.41a 4.20+0.36¢ 2.10+0.23ab 0,00+0,00¢ 0,00+0,00d 0,00+0,00c
I({C(’)OI}I\;‘;;?OLL(+-/)-) 500 L.2 20.61+0.43 16.60+1.77ab 3.10+0.38 4.20+0.29¢ 2.20+0.20 4.80+0.13a 5.00+0.00a 1.22+0.18a
ZHA178 22.29+0.91 14.83+1.74b 5.17+0.79 5.33+0.42bc 2.33+0.21 4.50+0.22a 4.50+0.22a 1.14+0.11ab
ZHA57 20.15+0.86 19.50+1.57ab 3.67+0.21 5.50+0.22abc 2.00+0.26 4.00+0.00b 4.00+0.00b 1.01+0.06ab
ZHA212 19.02+0.63 22.00+2.58a 4.83+1.17 5.17+0.60bc 2.17+0.31 4.00+0.00b 4.00+0.00b 1.13+0.11ab
ZHA296 19.77+£1.08 18.67+1.99ab 4.00+0.52 5.33+0.33bc 2.17+0.31 4.50+0.22a 4.50+0.22a 0.94+0.07ab
ZHA235 20.92+0.60 21.83+1.35a 5.33+0.95 6.83+0.48a 1.83+£0.31 4.50+0.22a 4.50+0.22a 1.08+0.09ab
ZHAS88 20.81+0.36 22.67+1.36a 5.00+1.03 6.83+0.40a 2.50+0.22 4.00£0.00b 4.00+0.00b 0.97+0.15ab
ZHA287 20.81+1.83 19.00+1.34ab 4.67+0.61 6.00+£0.63ab 2.17+0.48 4.00£0.00b 4.00+0.00b 0.79£0.11ab
ZHA569 20.29+1.33 18.17+£1.19ab 4.50+0.89 6.50+0.43ab 2.50+0.22 4.00£0.00b 4.00+0.00b 0.72+0.10b
ZHA246 20.54+1.34 21.50+2.39a 4.00+0.45 5.83+0.40ab 1.83+0.31 4.00+0.00b 4.00+0.00b 0.86+0.11ab
ZHA579 19.50+1.00 22.33+3.01a 4.83+1.05 5.67+0.33ab 2.17+0.31 4.00+0.00b 4.00+0.00b 0.85+0.12ab
I({C(?Olj\}‘jli{}?OI}E-‘:/)-) 1000 L2 21.90+0.62cd 10.20+1.02f 1.60+0.22b 3.40+0.31d 2.10+0.28ab 5.00+0.00a 5.00+0.00a 0.844+0.07a
ZHA178 23.63+0.64abc 25.17+1.68a 4.33+0.61a 6.17+0.31ab 2.33+0.21a 4.33+0.21b 4.67+0.21ab  0.68+0.04ab
ZHA57 25.35+0.42a 18.83+1.99bed 3.84+0.75a 5.67+0.21abc 1.83+0.31ab 4.33+0.21b 4.50+0.22b 0.68+0.09ab
ZHA212 24.40+1.07ab 21.50+2.54abc 4.33+0.61a 5.50+0.43abc 1.33+0.21b 4.33+0.21b 4.67+0.21ab  0.55+0.08b
ZHA296 20.63+0.78def 14.33+1.31def 3.33+0.56ab  4.67+0.61c 2.00+0.26ab 4.33+0.21b 5.00+0.00a 0.61+0.06ab
ZHA235 21.65+0.73cd 21.83+1.83ab 3.83+0.65a 5.17+0.31abc 2.17+0.31ab 4.50+0.22b 4.50+0.22b 0.52+0.06b
ZHAS88 21.40£0.94cd 20.50+2.59abc 4.50+0.81a 5.33+0.42abc 1.83+0.17ab 4.33+0.21b 4.50+0.22b 0.58+0.11ab
ZHA287 22.73+1.00bed 16.17+£1.49cde 3.33+0.76ab  5.83+0.31abc 1.83+0.31ab 4.00£0.00b 4.00+£0.00c¢ 0.54+0.10b
ZHA569 18.77+0.79ef 16.83+1.25bcde 3.50+0.56a 6.33+0.56a 2.17+0.31ab 4.33+0.21b 4.83+0.17ab  0.49+0.10b
ZHA246 18.23+0.75f 13.17+0.54ef 3.00+0.26ab  5.00+0.37bc 1.67+0.21ab 4.00+0.00b 4.00+0.00¢c 0.57+0.10b
ZHA579 20.75+0.98de 13.33+£1.87ef 2.67+0.56ab  6.00+0.37ab 1.50+0.22ab 4.00+0.00b 4.00+0.00c 0.51+0.06b

Ayni siitunda bulunan farkl harfler Duncan Coklu Karsilagtirma Testine gére birbirinden farklidir (P<0.05). Urlanma indeksi: 0-5 skalasina gére 0 : 0 ur yok, 1: 1-2 ur,
2:3-10 ur, 3:11-30 ur, 4 : 31-100 ur, 5 : >100 ur (Taylor ve Sasser,1978) (P<0.05).Yumurta paket indeksi: 0-5skalasina gére 0 : 0, 1 : 1-2 yumurta paketi, 2 : 3-10 yumurta
paketi, 3 : 11-30 yumurta paketi, 4 : 31-100 yumurta paketi, 5 : >100 yumurta paketi (Taylor ve Sasser, 1978) (P<0.05). Ureme oran1 RF = Rf/Ri, iyi konuk¢u (RF>1), kotii
konukcu (0.1<RF>1), konukcu olmayan (RF<0.1) (Sasser ve ark., 1984).
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Bu calismada elde edilen sonuglar genel olarak
degerlendirildiginde, toprak bakteri izolatlarindan
ZHA569, ZHA246, ZHA579 ve ZHA287; domates bitki
koklerinde meydana gelen urlanma, yumurta paket
miktar1 ve M. javanica Ureme oranini azalttigi tespit
edilmigtir. Buna karsin kok bakteri izolat1 ZHA178 ve
ZHA57nin uygulamasi1 bitkinin boyu, yas ve kuru
agirhiklarinin gelisiminde olumlu etki géstermiglerdir.
Bu baglamda, ZHA569, ZHA246, ZHA579 ve ZHA287
toprak bakteri izolatlarinin, kok-ur nematodu M.
Jjavanicanin kontrol i¢in bir biyo-kontrol ajani olarak
kullanilabilme potansiyeline sahip olabileceklerini
gostermektedir.

Aragtirmacilarin Katki 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 calismada, Adana ilinde Balcali yoresinde farkli turuncgil
cesitlerinde Thysanoptera (thrips) tiirleri ve ayrica en yaygin {i¢ Makale Tarihgesi

thrips turinin; Bati c¢icek thripsi, Frankliniella occidentalis Gelig Tarthi  :12.06.2020
(Pergande), Hawaii cicek thripsi, 7Thrips hawaiiensis (Morgan) ve Kabul Tarihi :27.07.2020
sogan veya pamuk thripsi, Thrips tabaci Lindeman’in 2017 ve 2018

yillarinda popiilasyon degisimleri incelenmistir. Bu ¢alismayla Anahtar Kelimeler,
toplam 13 Thysanoptera tiirti saptanmagtir. Ana thrips tiri olarak F. Turuncgil
occidentalis bulunmus olup, bunu ikinci sirada tilkemize 2015 yilinda Thysanoptera
giren ve hizli bir gsekilde yayilan 7. hawailensis izlemistir. Popiilasyon

Frankliniella occidentalis ve T. tabaci esas olarak c¢iceklenme
doneminde toplanirken, 7. hawailiensis mayis ayl sonunda meyve
donemindeki agacglarda c¢ok az sayida bulunan c¢iceklerde
kaydedilmistir. Ayrica, 7. hawailensis, 2018 yilinda ¢iceklenmenin
nispeten daha yiiksek oldugu Kiitdiken ve Euroka limon cesitlerinde
daha yiiksek sayida saptanmistir. Frankliniella occidentalis
ciceklenmenin daha yuksek oldugu Washington portakalinda ve
Meyer limonunda 6nemli ve yiiksek sayida kaydedilmistir (P<0.0001).
Thrips hawaiiensis nedeniyle sadece Kiitdiken limon ¢egsidine 2018
yilinda diisiik oranda (%2) lekelenme saptanmistir. Bu sonuclar,
limon agaclar1 dahil, F. occidentalis ve T. tabacinin turuncgillerde
sorun olusturmayacagini, ancak, 7. hawailiensisin Adana ilinde
ozellikle yediveren limon cesitlerinde sorun olabilecegini gosterebilir.

Thrips (Thysanoptera) Species Associated With Different Citrus Varieties in Balcali Location, Adana
Province, Turkey

ABSTRACT Research Article

In this study, Thysanoptera (thrips) species in different citrus

varieties in Balcali location of Adana province, Turkey was Article History
determined and also population fluctuations of the three common Received *12.06.2020
thrips species namely, the western flower thrips, Frankliniella Accepted £ 27.07.2020

occidentalis (Pergande), Hawaiian flower thrips, Thrips hawaiiensis

(Morgan) and onion or cotton thrips, 7hrips tabaci Lindeman in 2017 IC{.eywords

and 2018 were investigated. A total of 13 Thysanoptera species were Tlllt rus "

identified with the study. Frankliniella occidentalis was found as the ysanoptera
Population

main species of thrips, followed by 7. hawaiiensis, which was the first
detected in Turkey in 2015 and spread rapidly. While F. occidentalis
and 7' tabaci were mainly observed during the flowering period, 7.
hawaiiensis were recorded in flowers in the fruit-bearing trees in late-
May. Besides, 7. hawaiiensis was found to have higher numbers on
flowers of Kiitdiken and Euroka lemon varieties, where flowering was
relatively higher in 2018. Frankliniella occidentalis was noted in
significantly high numbers in Washington orange and Meyer lemon,
where flowering was higher than those of other citrus varieties
studied. Because of 7. hawaiiensis infection, a low rate (2%) of
staining was recorded only on the lemon variety (Kiitdiken) in 2018.
This result may show that F. occidentalis and 7. tabaci, will not cause
problems in citrus fruits, including lemon but 7. hawariiensis may be
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problematic in Adana, especially in lemon varieties flowering year-

round.

Atif Icin:  Atakan E, Pehlivan S 2021. Adana Ili Balcali Yéresinde Farkl Turunggil Cesitlerinde Thrips (Thysanoptera)
Tiirlerinin Saptanmasi. KSU Tarim ve Doga Derg 24 (2): 344-352. https://doi.org/10.18016/ksutarimdoga.vi.
752092
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GIRIS 2006). Tirkiye’de Thysanoptera faunasi agirhkh

Turunggiller, diinyada yaklagik 135 milyon ton tiretim
ile en fazla turetilen meyve grubundan biridir. Brezilya
en biyik tretici ilke konumunda olup onu sirasiyla
ABD, (in, Meksika, Ispanya ve Hindistan
izlemektedir. Dlinya uretiminin % 52’si portakal, %
230 mandarin, % 11’1 limon, % 5’1 altintop ve kalan
kism1 da diger turuncgillerdir (FAO, 2019). Tiirkiye
yaklasik olarak 1.354.660 dekar alanda yapilan
4.293.007 tonluk tretim ile Akdeniz tilkeleri igerisinde
onemli bir tretici konumundadir. Tirkiye turuncgil
tretiminin % 43’0 portakal, %311 mandarin, % 20’si
limon ve % 51 altintoptur (TUIK, 2016). Cukurova
Bolgesi ise bu iretimin yaklagitk % 571ik kismini
kargilamaktadir. Bu bolge igerisinde bulunan Adana
ve Mersin illeri ise sirasiyla 1.142.686 ton ve 1.052.992
tonluk tiretim ile tlkemiz icerisinde en buylk uretici
konumundadirlar (TUIK, 2016).

Yapilan bu iretimin yaninda turuncggil alanlarinda
ekonomik kayip meydana getiren pek cok hastalik,
zararli ve yabanci ot etmeni bulunmaktadir.
Turkiye'de turunggil bahgelerinde yapilan ¢aligmalar
sonucunda; 34 hastalik etmeni ile 89 =zararli, 16
nematod ve 155 yabanci ot tiiri saptanmistir (Uygun
ve ark., 2010). Bu saptanan tiirler arasinda
Thysanoptera takimina bagh thrips tirleri de
bulunmaktadir. Yaklasik olarak tanimlanmis 5500
tiru iceren Thysanoptera takimina bagh thripsler, 1
mm’den kiigiik vicut biytukligine sahip olup, firsatgi
ve 1istilaci turleri biinyesinde barmdirmaktadirlar.
Beslenme aligkanliklari oldukc¢a farklh olmakla
birlikte, fitofag (bitki ile beslenen), mikofag (fungus ile
beslenen) ve avcl olan thrips tiirleri bulunmaktadir
(Morse ve Hoodle, 2006; Atakan ve ark., 2015). Ug
igneli sokucu emici agiz yapisina sahip thripsler,
bitkilerin ¢igek, tomurcuk, meyve ve yaprak gibi
organlarinda emgi yaparak dogrudan zarar
vermelerinin yaninda, farkli kaltiir bitkilerinde virts
tagsimalar1 sebebiyle de ekonomik anlamda zarar
meydana getirmektedirler. Ozellikle Frankliniella,
Scirtothrips ve Thrips cinslerine ait olan turlerin
ekonomik anlamda en ¢ok zarar meydana getiren
yayilic1 tiirler olduklar:i bilinmektedir (Morse ve
Hoodle, 2006; Marullo ve De Grazia, 2017). Oldukca
genig konukgu dizisine sahip olmalari, kisa stirede gok
fazla sayida dol vermeleri, farkli iklim kosullarina
cabuk adapte olmalar1 ve riizgar ile kolayca uzun
mesafelere taginmalari bu gruba bagh turlerin
énemini daha da arttirmaktadir (Morse ve Hoodle,

345

olarak Antalya ilinde cahsilirken (Tuncg, 1990; Tunc,
1991; Tung, 1992) Manisa ilindeki baglarda da thrips
faunas1 cikarilmistir (Ozsemerci ve ark., 2006). Dogu
Akdeniz Bélgesi'nde turuncgillerde (Nas ve ark., 2007;
Olgiili, 2014) thrips tirleri belirlenirken, ayrica
Adana ili ve cevresinde sebzelerde (Atakan, 2007a;
Atakan 2010), meyvelerde (Atakan, 2007b) ve siis
bitkilerinde (Atakan, 2011) de bu familyaya ait
bireyler tespit edilmigtir. Bat1 c¢icek thripsi
Frankliniella occidentalis (Pergande)’in 1993 yilinda
Turkiye’ye girip, birgok bolgeye hizla yayilarak farklh
kiiltiir bitkilerinde (6rnegin biber, nektarin, erik ve
baz1 siis bitkilerinde) zararli olmasi thrips tiirlerine
olan ilgiyi bir kat daha arttirmistir. Bolgede 2015
yilinda farklh kultir bitkilerinde yapilan sorvey
¢alismalari sonucunda F. occidentalisin en fazla tespit
edilen tir oldugu, Hawaii cicek thripsi olarak da
bilinen 7hrips hawaiiensis (Morgan, 1913)in de
%18’lik oran ile en fazla tespit edilen ikinci tir oldugu
saptanmistir (Pehlivan ve Atakan, 2017). Bu tiir
tulkemizde ilk kez Mersin ilinde 2015 yilinda
limonlarda saptanmig olup, kisa siire igerisinde
Cukurova Bélgesi'ne yayilmistir (Atakan ve ark., 2015;
Pehlivan ve Atakan, 2017).

Thrips hawaiiensis beslenmesi nedeniyle, Mersin
ilindeki yediveren limon c¢esitlerinde lekeli meyve
oranminin %50’den fazla oldugu ftreticiler ve teknik
elamanlar tarafindan bildirilirken, Mersin ili Erdemli
ilgesindeki limon bahgelerinde thrips nedeniyle zarar
goren meyve oranmnin %2-25 arasinda degistigi,
Tarsus ilgesinde ise bu oranin %1’den daha az oldugu
kaydedilmistir (Atakan ve ark., 2015). Bu tiiriin
zararinin ozellikle diger limon cesitlerine (Meyer ve
Enterdonata) gére nispeten daha fazla sayida cicek
veren “yediveren” tiirii (Lamas-Kiitdiken) limonlarda
yogun oldugu gozlenmistir (Atakan ve ark., 2015).
Olciilic  (2014), Dogu Akdeniz Bolgesi turuncgil
bahgelerinde 2009 ve 2010 yillarinda, toplam 12 thrips
tura belirlerken, bu tiirler igerisinde en fazla bulunan
turlerin swrasiyla F. occidentalis, Thrips tabaci,
Pezothrips kellyanusve T. major oldugu saptanmigtir.
Bir Akdeniz iilkesi olan Italya’da (Sicilya) 1998 yilinda
ilk defa turunggillerde kaydedilen Kelly turunggil
thripsi, Pezothrips kellyanus Bagnall
(Thysanoptera:Thripidae)'un ana zararhlardan biri
oldugu, ayrica turunggil alanlarinda farkl yillarda bu
thrips ile birlikte 7Thrips flavus, T. tabaci ve F.
occidentalis tirlerinin de tespit edildigi bildirilmistir
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(Conti ve ark., 2001; Conti ve ark., 200; Marullo 2001).
Pezothrips kellyanusun Sicilya’da en fazla limonlari
tercih ettigini (Conti ve ark., 2001), Ispanya’da ise P.
kellyanus nedeniyle bulagik limon meyve oraninin %
7-12 oldugunda ticari kaybin ortaya c¢iktig1 rapor
edilmistir (Navarro-Campos ve ark., 2012).

Thripslere karsi kimyasal ve biyolojik miicadeleyi
iceren miicadele c¢alismalari, thripsler dahil bécek
turlerinin  ekolojik  ve  biyolojik  6zelliklerin
saptanmasiyla en st diizeye ¢ikarilabilir. Bu durum,
T. hawaiiensis Turkiye’ye girmesinden sonra ¢ok daha
onem kazanmigtir. Bu zararl thrips tiirtiniin biyolojisi
laboratuvar kogullarinda farkli sicakliklarda detayli
bir sekilde ¢alisilmistir (Murai, 2001; Zhank ve ark.,
2014). Konukcu bitki, béceklerin yumurta birakmasini
ve beslenme davraniginm etkileyen énemli bir biyolojik
faktordir. Bu baglamda, konukgu bitki; bocegin
gelismesini, hayatta kalmasini, émir uzunlugunu,
dogurganligin ve popilasyon dinamigini
degistirebilir.

Turuncgillerde zararli olan thrips turlerinin farklh
turunggil gruplarinda ekonomik o6nemi farkliliklar
gosterebilir (Nas ve ark., 2007). Bu baglamda 7.
hawaiiensisin Turkiye'ye girmesinden sonra farklh
turunggil c¢esitlerinde thrips tlrleri ve bunlarin
onemleri konusundaki bilgiler olduk¢a simirlidir. Bu
calisma bu amagla yuritilmistir. Elde edilen

verilerin  turuncgillerde  thripslerle  yapilacak
micadele c¢alismalarina katki saglayabilir ve
miicadele calismalarini yonlendirebilir.

MATERYAL ve YONTEM

Calismanin ana materyalini Adana ili Balcali
yoOresinde turuncgil bahgelerinden toplanan
Thysanoptera takimina ait thrips turleri

olusturmustur. Thrips turlerinin 6rneklenmesinde,
beyaz kiivet (40 X 30 X 7 cm), emgi tiipli, samur firca,
alkol, AGA sivis1 ve 2mllik ependorf tipleri
kullanilmigtar.

Thrips Tiirlerinin Orneklenmesi

Thrips tirlerinin (Pezothrips kellyanus ve Thrips
hawaiiensis) 6zellikle genc meyvelerde zarar yaptig
bilinmektedir. Bu amacla o6zellikle c¢iceklenme
déneminden itibaren turunggil cesidine bagh olarak
meyveler 4-5 cm c¢apinda buyiklige ulasincaya
kadarki dénemde sorvey galigmalar1 yuritilmiustir.
Orneklemeler 4 giin ara ile sabah saat 08:00-10:00
saatleri arasinda yapilmigtir.

Her bahgede ¢igeklenme doéneminde ¢icekler thrips
tirleri i¢in Orneklenmistir. Bu amacgla bahge
biytkligine bagh olarak her bahgede en az 6
turuncgil agaci tesadufii olarak secilmigtir. Agacin
gliney, glineydogu yoniinden alinan bir adet toplamda
4 adet c¢igekli siirgiin (20-25 cm uzunlugunda) ve
meyve dali igerisine silkelenmigtir. Disen thrips
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bireyleri emgi tipi ya da samur firca yardimiyla
icerisinde %60’lik alkol bulunan ependorf tiiplerine (2
cc) aktarilmistir. Laboratuvara getirilen ornekler
stereoskobik mikroskop altinda incelenerek teshisi
yapilmak tizere AGA sivisi igerisine yerlegtirilmigtir.
Bu soliisyonda bir-iki glin bekletilen thrips 6rnekleri
daha sonra icinde % 60lik etil alkol (Atakan, 1998)
bulunan kii¢lik plastik tiiplere alinip etiketlenmigtir
Thysanoptera tiirlerinin teghisleri birinci yazar
tarafindan yapilmigtir.

Thrips tiirlerinin preparati

Preparat yapimini kolaylastirmak i¢in toplandiktan
sonra AGA sivisinda 2 gin bekletilen ve daha sonra
alkol icerisine (% 60 etil alkol) alinan thrips 6rnekleri,
%5’1ik NAOH sivisinda bireylerde hafif renk degisimi
oluncaya kadar bekletilmistir. Daha sonra bu sivinin
thrips viicudu igerisine girmesi saglanmig olup, viicut
icerigi temizlenmistir. Ornekler % 96 etil alkolde 5 dk
bekletildikten sonra Hoyer ortamina alinarak
mikroskop slaytlari yapilmigtir. Preparatlar
(mikroskop slaytlar1) kurumalar icin etiivde 47°C de
yaklasik 3 hafta bekletilmistir.

Thrips zararinin saptanmasi

Bu ¢alisma geng¢ meyvelerde thrips zararini belirlemek
amaciyla yapilmigtir. Meyvelerin  gorilmesiyle
birlikte, her bahcede tesadifii olarak 100 adet meyve
toplanarak tek tek kontrol edilmigtir. Thrips zarar
gosteren meyveler zarar gérmiis (diizensiz veya hale
seklinde glimiisiimsii-bronzlasmis meyveler) meyve
olarak kabul edilmigtir. Bu tir simptomlari
gostermeyen meyveler saghkli olarak dikkate
alinmistir. Her thrips oOrneklemesinden sonra her
érnekleme bahgesinde meyve kontrolleri (1 ile 3-4 cm
capinda meyveler) 4 giin araliklarla yapilmistir.

Bitki fenolojisi

Orneklenen ticari bahcelerdeki agaclarin ¢igeklenme
durumlari, meyve donemleri gozlenerek
kaydedilmigtir. Boylelikle zararli turtin bitki
fenolojisine gbére en yogun gorildugu doénem
saptanmistir.

Istatistiksel Analiz

Farkh cesitlerde ii¢ thrips tlrinin ortalama birey
sayllar1 yenilemeli istatistiksel analiz (Repeated
Measure: RM-ANOVA) ile P<0.05 seviyesinde
incelenmigtir. Bu analiz yontemiyle 6rnekleme tarihi,
thrips tiird, ¢esit ve 6rnekleme yilinin etkisi ile birlikte
bunlar arasindaki degisik interaksiyonlar
degerlendirilmigtir. Ayrica farkli cesitlerde ti¢ thrips
turinin mevsimsel ortalama yogunluklar: tek yonla
varyans analizi (Tukey HSD) ile P<0.05 &énem
seviyesinde kargilagtirilmigtir.
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BULGULAR ve TARTISMA
Turuncgillerde saptanan Thysanoptera tiirleri

Balcali (Adana) yéresinde 2017 ve 2018 yillarinda
saptanan  Thysanoptera tlrleri Cizelge 1'de
verilmigtir. Her iki yil birlikte degerlendirildiginde
toplam olarak 13 tiir teshis edilmistir.

Bunlar; Aeolothripidae (2 tiir), Thripidae (9 tiir) ve
Phlaeothripidae (2 tiir) familyalarina baghdir.
Aeolothrips gloriosus avci tir olup, thripslerle de
beslenmektedir. Melanthrips tiri daha ¢ok polenlerle
beslenen bir tir olarak bilinmektedir. Thripidae
familyasina bagh tiirlerin ¢ogu zararh olup, bitkilerde
beslenmektedirler. Bu 6rnekleme alaninda en fazla

sayida toplanan tiur Frankliniella occidentalis
olmustur. Bu tiirden toplam 4495 adet birey teghis
edilmigtir. Bu tiri ikinei sirada ilkemize 2015 yilinda
giren ve kisa sirede boélgeye yayilan Thrips
hawaiiensis izlemistir (1375 adet). Thrips tabaci
bireyleri toplam 365 adet olarak kaydedilmistir. Diger
saptanan tiirlerin sayisi 10 bireyin altinda olmustur.
Teksam ve Tung (2009) Antalya ili turuncgil
bahgelerinde 36 thrips tiri bulmuslardir. Dogu
Akdeniz Bolgesi turunggil alanlarinda yapilan
calismada 8 Thysanoptera tiirii kaydedilmistir (Nas ve
ark. 2007). Antalya ilinde Thrips major dominant tiir
olurken, Dogu Akdeniz Bolgesinde F. occidentalis
hakim tiir olmustur (Olgiilii, 2014).

Cizelge 1. Balcali (Adana) yéresinde 2017 ve 2018 yillarinda degisik turuncgil cesitlerinde saptanan Thysanoptera

tirleri

Table 1. Thysanoptera species associated with various citrus varieties in Balcali (Adana) location during 2017~

2018

Familya (Family) Tiir (Species)

Bocek sayisi (adet) (Number of insects)

2017 2018 Toplam (Total)
Aeolothripidae Aeolothrips gloriosus 3 0 3
Melanthripidae Melanthrips fuscus 1 5 6
Thripidae Frankliniella occidentalis 3608 887 4495
Limothrips cerealium 5 0 5
Thrips hawaiiensis 298 1077 1375
Thrips major 33 2 35
Thrips tabaci 293 72 365
Thrips meridionalis 3 1 4
Thrips vulgatissimus 2 0 2
Rhipidothrips gratiosus 1 0 1
Rubiothrips vitis 2 0 2
Phlaeothripidae Haplothrips aculeatus 0 1 1
Haplothrips reuteri 1 2 3
Degigik turuncgil cesitlerinde bazi Thysanoptera 2003). Ciceklerdeki bal ve pollenlerin besinsel
tirlerinin popiilasyon degisimleri degerleri bir¢cok c¢alismayla ortaya konulmustur.

Ornekleme tarihi, 6rnekleme tarihi (giin) x yil,
ornekleme tarihi X thrips tiri, 6rnekleme tarihi X
bitki ¢esidi, 6rnekleme tarihi X yil X thrips, 6rnekleme
tarihi X yil X cesit, ornekleme tarihi X thrips X ¢esit,
Gin X yi1l X thrips X c¢esit interaksiyonlari énemli
bulunmustur (Cizelge 2).

Yili, thrips ve bitki ¢esidi thrips popiilasyonunu énemli
6lctide etkilemistir. Yil X thrips, Yil X gesit, Thrips X
cesit, Yil X thrips X gesit interaksiyonlar1 da énemli
gorillmiistiir (Cizelge 2).

Thripsler ¢ogunlukla c¢igeklenme déneminde nispeten
daha yiiksek yogunlukta saptanmislardir (Sekil 1).
Bircok thrips tiirii yagsamak beslenmek igin ¢igekleri
tercih etmekte olup, renk, koku, ve diger c¢icek
ozellikleri thripsleri cezbetmekte rol oynamaktadirlar
(Mound, 2005; Mainali ve Lim, 2011). Bu tercih,
ciceklerin besinsel kompozisyonunun uygunlugu ile
ilgili olabilir. Cigekler; karbonhidratlar, proteinler gibi
thripslerin ¢ogalma ve gelismesine 6nemli rol oynayan
besinsel elementlere diger bitki kisimlarina gére daha
fazla sahiptirler (Brobeck ve ark., 2001; Brown ve ark.,
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Yiiksek karbonhidrat igeren bal, bir ¢ok bécegin
(faydali bécekler dahil) &zellikle kitle iiretiminde
besine ilave edilerek kullanilmaktadir (Jervis ve ark.,
2008). Polenler de belli tip aminoasit, protein yag
vitamin ve diger bazi besinleri igererek bdéceklerin

gelismesini, yasamasini (6miir uzunlugunu) ve
Uremisini olduk¢a olumlu yonde etkilemektedir
(Millar ve ark., 2003).

Balcal1 yoresinde 2017 yilinda farkli turunggil

gesitlerinde F. occidentalisin populasyon degisimleri
Sekil la’da gosterilmigtir.  Ortanik c¢egsidinde F.
occidentalis ortalama popiilasyon yogunlugu 0-1.58
birey/gigekli slirglin arasinda degismis olup, disik
yogunluklarda bulunmusgtur. Benzer durum
W.Murcott mandalina g¢esidinde de saptanmis olup,
zararlinin en yiiksek ortalama sayisi ilk 6rnekleme
tarihinde 1.54  Dbirey/gigekli  stirgin  olarak
kaydedilmistir. Frankliniella occidentalis Washington

portakal c¢esidinde en yiksek yogunlukta ilk
ornekleme  tarihinde  saptanmistir  (6.25+0.76
birey/cicekli siirgiin). Bu tarihten sonra zararh



KSU Tarim ve Doga Derg 24 (2): 344-352, 2021
KSU J. Agric Nat 24 (2): 344-352, 2021

Arastirma Makalesi
Research Article

populasyonu azalmis olup, mayis ayinda yaklasik 4
birey/cigekli slirglin duzeyinde kalmigtir. Euroka
limon ¢esidinde F. occidentalis popilasyonu nispeten
ciceklenme doéneminde daha yuksek sayilarda
saptanmig olup, meyve déneminde ¢ok az sayida bu
tirin bireyi kaydedilmistir. Frankliniella occidentalis
incelenen turuncgil gruplarinda en yiiksek yogunlukta
tim 6rnekleme tarihi boyunca Meyer limon ¢esidinde
kaydedilmigtir. Bu thrips tiri ¢igeklenme déneminde
en yuksek yogunluga ilk ornekleme tarihinde
(13.95+2.07 birey/cicekli siirgiin) ulasmistir, meyve
donemindeki yogunlugu 8-11 birey/cicekli slirgiin
arasinda degismigtir. Zararlinin bu limon c¢esidinde

diger iki limon ¢esidine gore daha yliksek yogunlukta
goriillmesi, bu limon ¢esidinin olduk¢a yiksek cigek
yogunluguna sahip olmas: ile ilgili olabilir. Ozellikle
Kutdiken limon c¢esidinde 2017 yili o6rnekleme
periyodunda agaclarda g¢ok az sayida gigek
kaydedilmigtir. Bu gesitte zararl en yiiksek yogunluga
¢igeklenme doneminin sonuna dogru 22 Nisan
tarihinde (5.83+0.84 birey/cicek) ulagsmistir. Diger
mandalina cesitlerine benzer olarak bu thrips tira
Dobeshibeni mandalina ¢esidinde distik
yogunluklarda kaydedilmis olup, ortalama birey sayisi
0.10-1.35/cigekli siirgiin arasinda degigmistir.

Cizelge 2. Yenilemeli (Repeated measure-ANOVA) istatistiki analiz sonuclar:
Table 2. Results of repeated measure statistical analysis (Repeated measure-ANOVA)

Varyasyon kaynaklar1 (Sources of variation) df MS F P
Gin(Day) 8 1.912 27.184 0.0001
Giin x y1l(Day X year) 8 1.092 15.529 0.0001
Giin X thrips tiirii (Day X thrips species) 16 2.252 32.021 0.0001
Giin X cesit (Day x variety) 48 0.628 8.927 0.0001
Giin x y1l x thrips (Day X year X thrips) 16 1.571 22.341 0.0001
Giin x y1l X ¢esit (Day X year X variety) 48 0.637 9.061 0.0001
Giin x thrips X gesit (Day X thrips X variety) 96 0.462 6.571 0.0001
Giin X y1l x thrips X cesit (Day X year X thrips X variety) 96 0.512 7.281 0.0001
Hata (giin) (Error (day)) 1664

Y1l (Year) 1 40.976 857.060 0.0001
Thrips (Thrips) 2 46.392 406.187 0.0001
Cesit(Varzety) 6 13.749 120.455  0.0001
Yil x thrips (Year x thrips) 2 36.028 315.675 0.0001
Yil x gesit (Year X variety) 6 10.546 92.407 0.0001
Thrips X ¢esit(Thrips X variety) 12 9.537 83.567 0.0001
Y1l X thrips X cesit(Year X thrips X variety) 12 7.526 65.944 0.0001

Thrips tabaci 2017 yilinda 6rneklenen tim turuncggil
gruplarinda F. occidentalise gore cok daha disuk
sayillarda kaydedilmistir (Sekil 1c). Bu zararh tiiriin
Meyer limon c¢esidi harig, diger turunggil gruplarinda
ortalama popilasyon yogunlugu 1 bireyin oldukca
altinda kalmigtir. En yiiksek yogunlugu Meyer limon
cesidinde olmak tlzere 22 Nisan'da kaydedilmistir
(1.00+0.23 birey/cicekli siirgiin).

Thrips hawaiiensis 2017 yilinda ¢iceklenme ve
ciceklerin petal yapraklarimi doéktiikleri dénemde
oldukca az sayida saptanmistir (Sekil 1e). Tiirkiye'de
2015 yilinda limonlarda saptanan bu zararli thrips
turinin en ylksek popiilasyon yogunlugu, meyve
déneminde az sayida bulunan ¢igeklerde saptanmis
olup, 4.41+0.63 birey/gigekli  siirglin  olarak
kaydedilmistir. Yine benzer yogunlukta son 6rnekleme
tarithinde Meyer ¢esidinde kaydedilmigtir. Bu
cesitlerde nispeten daha yiiksek yogunlukta
saptanmasi zararlinin bu ¢esitlerin meyve déneminde
olsa bile daha yiiksek ¢icek yogunluguna sahip olmasi
ile ilgili olabilir.

Tim turunggil gruplar1 birlikte dikkate alinip, 7.
hawaiiensis hari¢ tutuldugunda, 2018 yilinda, F
occidentalis ve T. tabaci bir énceki yila goére daha
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diisiik yogunluklarda saptanmiglardir (Sekil 1b ve d).
Bunun nedeni ciceklenme déneminde ani sicaklik
artis1 ve buna paralel olarak cigeklerin ¢ogunun
doékiilmesi olabilir. Nisan ayimin ilk haftalarinda bazi
ginlerde maksimum sicakhiklar 30 dereceye
ulagmigtir. Bu durum, 7. hawaiiensise gore daha
erken donemde ortaya c¢ikan diger iki tlrin
yogunlugunu daha ¢ok olumsuz etkilemis olabilir.
Diger dikkati ¢ekici bir durum meyve dénemindeki az
sayida olan ¢iceklerde bu iki zararlhi tlrin
gorilmemesidir. Frankliniella occidentalisin Ortanik,
W. Murcott, Washington, Euroka ve Dobasibeni
gesitlerinde popililasyon yogunlugu oérnekleme tarihi
boyunca 1 bireyin altinda olmustur. Bir o6nceki
ornekleme yilindan farkli olarak bu thrips tirinin
Kitdiken limon cesidinde 2018 yilinda daha yuksek
yogunlukta gorilmesi (Ciceklenme ve petal
yapraklarin dokiim doéneminde zararli yogunlugu 2
birey/gigekli sitirgiin dlizeyinin biraz lizerinde
seyretmistir.), bu o6rnekleme yilinda bu limon
gesidinde c¢igeklenmenin nispeten daha ylksek
yogunlukta olmasi ile ilgili olabilir.

Thrips tabacimin 2018 yilinda tim cesitlerde
poptiilasyon yogunlugu 0.5 birey/cicekli slirgin’in
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altinda  kalmistir  (Sekil  1d). Frankliniella
occidentalise benzer olarak, meyve dénemindeki
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Sekil 1. Balcali (Adana)’da 2017 ve 2018 yillarinda farkl turuncgil cesitlerinde Frankliniella occidentalis (a ve b),
Thrips tabaci (c ve d) ve Thrips hawaiiensis (e ve f)’'in bitki fenolojisine gére ortalama birey sayilari.

Figure 1. Mean numbers of Frankliniella occidentalis (a, b), Thrips tabaci (c, d) and Thrips hawaiiensis (e, ) on
different citrus varieties in Balcali (Adana) location during 2017 and 2018.

Thrips hawaiiensisin 2018 yilinda Kitdiken ve
Euroka limon gesitleri harig, popiilasyon yogunlugu 1
birey/cicekli siirgiin altinda olmustur (Sekil 1f). Bir
onceki yildan farkli olarak bu zararl thrips turd,
Nisan ay1 sonlarinda dikkat ¢ekmis olup, popilasyon
yogunlugu meyve déneminde belirgin olarak artmastir.
Zararlinin populasyon yogunlugu mevsim sonunda
yaklagik 10 birey/cicekli siirgiin diuzeyine ulagmigtir.
Zararhinin gen¢ meyve doneminde daha ¢ok goriillmesi
aslinda az sayida ¢i¢egi disarindan bu tirtn ergin
bireylerinin gogu ile ilgili olabilir. Thrips hawailensis
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esas olarak limonlarda sorun olan bir tirdir.
Zararlinin Mayis ay1 sonlarina dogru ¢iceklerde daha
yiksek yogunlukta goriilmesinin bir nedeni bu
donemde sicaklik artisiyla da ilgili olabilir. Benzer
durum, yediveren limon (Lamas ve Kiitdiken)
¢esidinin daha yaygin olarak yetistirildigi Mersin
ilinin Erdemli ilgesine bagh yérelerde de gérilmustir.
Zararli c¢icek petal yapraklarinin dokiilmesinde
sonraki 3. ve 4. haftalarda yogun olarak c¢igeklerde
ortaya citkmakta ve once ¢igeklerde beslenmekte daha
sonralar1 yumurta birakmaktadir. Zararlh bu dénemde
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ciceklerde yogun olarak ortaya ciktig icin (6rnegin 50-
80 adet 7. hawaiiensis/cicek) cicekler dokiilmekte ve
daha sonralari ergin ve larvalar (6zellikle larvalar)

gen¢ meyvelere gecerek lekelenmelere neden
olmaktadirlar. Bu c¢alismada thrips larvasi yok
denecek diizeyde saptanmistir. Balcali yoresinde

zararl tirin daha disik yogunlukta ve kisa siireli
olarak mevsim sonunda meyve déneminde ortaya
citkmas1 ekolojik faktorlerle (besin uygunlugu,
alternatif konukculari, dogal diismanlar1 vb) ilgili
olabilir. Zira Balcali yoresi polikiltir alani olup,
degisik sebze ve meyve gruplar: ticari veya arastirma
amacli olarak yetigtirilmektedir. Bu yo6rede limon

tretimi  olduk¢ca smmirlidir ve ¢ogu yediveren
grubundan degildir.
Farklhi turunggil cesitlerinde thrips tiirlerinin

mevsimsel ortalama popiilasyon yogunluklar:

Uc¢ thrips tirintn farkll turuncgil gruplarinda
ortalama populasyon yogunlugu Cizelge 3 ve 4’de
verilmigtir.

Frankliniella occidentalisin 2017 yilinda en ylksek ve
énemli mevsimsel ortalama yogunlugu (76.54+4.44

birey/cicekli siirgiin) Meyer limonunda kaydedilmistir
(Fe35 = 112.423, P = 0.0001; Cizelge 3). Benzer sekilde
T tabaci Meyer limonunda en yiiksek (4.31+0.46
l¢igekli siirgiin) ve énemli sayida bulunmustur (Fe 35 =
7.105, P = 0.0001). 7. hawiiensis de siklikla Meyer
limonu ve  Washington  portakali {izerinde
saptanmistir (Fe 35 = 10.976, P = 0.0001; Cizelge 3).

Farkli turuncggil c¢esitlerinde 2018 yilinda thrips
tlirlerinin mevsimsel ortalama populasyon
yogunluklar1 Cizelge 4’de gorilmektedir. 2017
yilindan farkli olarak F. occidentalis, Kiitdiken ve
Meyer limonlarda benzer ancak diger gesitlere gore ise
daha yiiksek ve 6nemli birey sayisina sahip olmustur
(Fe35 = 118.117, P = 0.0001). Thrips tabacinin tiim
cesitlerde benzer ortalama yogunluga sahip oldugu
gorilmektedir. 7. hawaiiensis mevsimsel ortalama
yogunlugu Kiitdiken c¢iceklerinde en yuksek
(23.54+1.10 /gigekli siirgiin) ve énemli olmustur (Fe ss1
=148.683, P =0.0001). Bu ortalama yogunlugu Euroka
limon c¢iceklerinden elde edilen deger izlemis olup,
ortalama birey sayis1 13.85+1.46 /¢i¢ekli stirgiin olarak
kaydedilmigtir.

Cizelge 3. Balcali (Adana) da 2017 yilinda farkl turuncgil ¢esitlerinde {i¢ thrips tiiriiniin toplam ortalama sayilar:

(adet/cicekli siirgiin)

Table 5. Total mean numbers of three thrips (number/ inflorescence) species on various citrus varieties in Balcali

(Adana) location in 2017

Cesitler (Varieties)

Frankliniella occidentalis

Thrips tabaci Thrips hawaiiensis

Ortanik (mandalina) (Ortanik mandarin) 4.57+0.57d 0.87+0.38b 0.0£0.0b
W. Murcot (mandalina) (W, Murcott mandarin) 5.1442.54d 1.58+0.48b 0+0b
Washington (portakal) (Washington orange) 30.58+3.43b 1.91+0.91b 6.70+1.01a
Kitdiken (limon) (Kiitdiken lemon) 14.97+1.81c 1.00+0.26b 0+0b
Euroka (limon)(Euroka lemon) 15.79+1.95¢ 0.81+0.27b 0+0b
Meyer (limon)(Meyer lemon) 76.54+4.44a 4.31+0.46a 5.75+0.86a
Dobashibeni (mandalina) (Dobashibeni mandarin) 4.25+1.33d 1.70+0.48b 0.04+0.04b

Cizelge 4. Balcali (Adana)’da 2018 yilinda farkl turuncgil cesitlerinde ¢ thrips tiiriiniin toplam ortalama sayilar:

(adet/cicekli siirgiin)

Table 4. Total mean numbers of three thrips (number/ inflorescence) species on various citrus varieties in Balcali

(Adana) location in 2018

Cesitler Frankliniella occidentalis Thrips tabaci Thrips hawaiiensis
Varieties

Ortanik (mandalina) (Ortanik mandarin) 0.87+0.19c 0.12+0.08a 0.16+0.08c

W. Murcot (mandalina)( W. Murcott (mandarin) 2.20+0.35bc 0.33+0.16a 2.00+0.30c
Washington (portakal) (Washington (orange) 1.50+0.12bc 0.16+0.16a 0.20+0.10c
Kiitdiken (limon) (Kiitdiken (lemon) 12.12+0.62a 0.37+0.13a 23.54+1.10a
Euroka (limon) (Euroka (lemon) 3.67+0.55b 0.08+0.08a 13.15+1.46Db

Meyer (limon) (Meyer (lemon) 14.33+0.95a 0.54+0.13a 3.12+0.34c
Dobashibeni (mandalina)(Dobashibeni (mandarin) 2.00+0.20bc 0.04+0.04a 2.25+0.33c

Thrips tirlerinin farkli turunggil ¢esitlerindeki farkl
popiilasyon  yogunluklar, konuk¢u  bitkilerin
morfolojisi fiziksel 6zellikleri, besin icerikleri ve gida
kalitesi ile ilgili olabilir. Thrips performansindaki
farkliliklarin konukgu bitkiler arasinda biyokimyasal
farkliliklar, 6zellikle koku, renk ve besinsel farkliliklar
ile 1ilgili oldugu yapilan o6nceki c¢aligmalarla
bildirilmistir (Zhang ve ark., 2007; Li ve ark., 2015; Fu
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ve ark., 2019).

Thrips zarari

Balcali yoéresinde 2017 yilinda orneklenen farklh
turunggil grup ve gesitlerinde thrips zaran
saptanmamastir. Thrips hawaiiensisin nispeten daha
yaygin oldugu Kitdiken limon ¢esidinde 6rneklenen ve
incelenen limon meyvelerinin sadece %2’sinde
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muhtemelen bu thrips tiirii nedeniyle lekelenme
gbzlenmigtir

SONUC

Bu ¢alismada F. occidentalisve T. tabacinin en yaygin
ve yogun oldugu doénemlerde cicek ve meyvelerde
thrips zarari ortaya ¢itkmamgtir. Thrips
hawailensisin nispeten yogun oldugu doénemde
Kitdiken parselinde sadece %2 oraninda lekelenme
goérilmustir. Bu durum Adana ilinde yediveren grubu
limonlarin yetistirilmesi durumunda yayilicr (istilaci)
bir tir olan 7. hawaiiensisin sorun olabilecegini akla
getirmektedir. Buna karsin  Adana ilinde
turunggillerde thripslere kargi ila¢g kullanildigi ve
thripslerin sorun oldugu seklinde duyumlar da
alinmaktadir. Turuncggil ureticileri, thrips zarariyla
dal siirtmesi nedeniyle meyvelerde gériilen lekeleri (bu
lekeler genelde benzerlik gosterse de) birbirine
karigtirmaktadirlar. Oysa Adana ilinde su an
potansiyel bir zararli olarak ortaya c¢kan 7.
hawailensisin zarar tipiktir ve bu zarar sekli 6nceki
calismalarda tamimlanmistir (Atakan ve ark., 2015;
Atakan ve Pehlivan, 2020). Adana ili genelinde bu

amacgla limonlarda  thrips zarar1  yoninden
arastirmaya gereksinim vardir. Bu c¢alismada
gosterildigi sekilde limonlarda thrips tirlerinin
saptanmas1 O6nemlidir. Frankliniella occidentalis

yogun olarak gorilse bile zararli olarak ortaya
cakmamistir, sadece ¢igeklerde nektarlar ve pollenler
ile beslenen bir tiirtdir. Mersin ili Tarsus ilgesinde
yapilan ¢alismada da benzer bulgular rapor edilmigstir
(Atakan ve ark., 2012). Ciceklenme doéneminde
thripslere kars: ilaglama yapmak anlamli degildir,
ozellikle bal arilar1 gibi tozlayici (polinatoér bécekler)
béceklere olumsuz etkileri  vardir. Thrips
hawaiiensisin yaygin olarak gorildigii donemde

(mayis ay1 ortast ve sonu), limon agaclarinin
(yediveren grubu limon cesitleri) gen¢ meyve
doneminde thripslere karsi meyve agaglarinda

ruhsath spinosyin grubu ilaglarla ila¢lama yapilabilir.
Bu kritik dénemde ilaglamalarin haftalik araliklarla
yapilmasi Onerilir. Haziran ay1 ortasindan sonra
limonda thripslere karsi ilagh miicadele yapmak
anlamli goérilmemektedir. Zira bu doénemde geng
meyve orani disiktiir, meyveler irilegsmistir ve ayrica
agaclarda c¢ok az sayida cigcek vardir.

Cikar Catigmasi1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Birinci yazar Ekrem ATAKAN; thripslerin toplanmasi,
preparatlarinin yapimi, sayimlari, verilerin analizi ve
makalenin yazimini gerceklestirmistir. Ikinci yazar
Serkan PEHLIVAN béceklerin toplanmasi ve verilerin
diizenlenmesinde katk: saglamigtir.
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OZET Aragtirma Makalesi
Patates (Solanum tuberosum L.), Tirkiye’de en fazla tiiketilen
sebzelerin basinda gelmektedir. Konya ilinin Cumra ilgesinde 2019 Makale Tarihgesi

yilimin Temmuz ayinda patates yetistirilen alanlarda gerceklestirilen Gelig Tarihi  :03.04.2020
sorveyler sirasinda eksi koku yayan patates yumrularinda beyaz Kabul Tarihi :26.08.2020
miselyum ile kaplanmis suya batirilmis yumusak lastik curiiklik

lezyonlar1 seklinde yeni hastalik belirtileri gézlenmistir. Yiizey Anahtar Kelimeler
dezenfeksiyonu yapilan enfekteli yumrulardan alinan dokular Patates

Patates Dekstroz Agar (PDA) besiyeri iizerine yerlestirilmis ve Lastik c¢uriklik
25°C’de inklbasyona birakilmigtir. Enfekteli dokulardan hizli Geotrichum candidum
buylyen beyaz, diiz ve siietimsi-tozlu goriiniimlii pigmentsiz fungal MALDI-TOF
koloniler gelismigtir. Geligsen kolonilerin miselyumlar1 dichotomous ITS

olarak dallanmig, seffaf ve bolmeli yapida olup, hiflerden oldukc¢a

farkli boyutlarda gseffaf, tek hiicreli ve silindirik yapida havai

artrokonidilerin gelistigi gozlenmigtir. Fungal etmenin kiltiirel ve

morfolojik ozellikleri Geotrichum candidum ile tutarhidir. Yapay

inokulasyon yapilan patates yumrulari tizerinde dogal enfekteli

patates yumrularinda goriilen belirtilerin benzeri gézlenmis olup

fungal etmen bu dokulardan yeniden izole edilmistir. Izole edilen

fungal etmenin morfolojik tanisi, Matrix Assisted Laser Desorption

Ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS)

cihaz kullanarak protein profili ve Internal Transcribed Spacer (ITS)

gen bolgesi (ITS1-5.8S rDNA-ITS4) cogaltilip dizilenmesi ile

molekiler olarak da teyit edilmistir. Gen bankasina kaydedilen

temsili izolatin sekans sonucu G. candidum izolat1 ile %99 oraninda

benzerlik gostermistir. G. candidum’un sebep oldugu patates lastik

curiklik hastaliginin varhigi Turkiye’de onceden bildirilmemistir.

Turkiye'de yetistirilen patates yumrularinda lastik c¢urakluga

hastaligi etmeni (. candidum’un morfolojik ve molekiiler

karakterizasyonu ilk kez bu ¢aligsma ile ortaya konulmustur.

Isolation, Morphological and Molecular Characterization of Rubbery Rot Disease Disease Agent
Geotrichum candidum on Potato Tubers Grown in Konya Province

ABSTRACT Research Article

Potato is the one of the most consumed vegetable in Turkey. During

field surveys in June of 2019, new disease symptoms on potato tubers, Article History

displaying a water-soaked soft rubbery rot with a sour, fermented Received - 03.04.2020
smell, and white mycelial growth, were observed in commercial fields Accepted £ 26.08.2020
in Cumra district of Konya, Turkey. Diseased tubers were collected

and small tissue pieces from surface disinfected symptomatic tuber Keywords

were placed on potato dextrose agar (PDA) and incubated at 25°C. Potato

Fast growing, flat, white to cream, dry and finely suede-like with no Rubbe'ry 1ot .

reverse pigmented fungal colonies were subsequently developed from Geotrichum candidum
infected tissues. Hyphae were hyaline, dichotomously branched and %LDI-TOF

septate, producing aerial chains of hyaline, smooth, one-celled,
cylindrical arthroconidia. Cultural and morphological characters were
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consistent with Geotrichum candidum. All artificially inoculated
tubers displayed the same symptoms as seen for naturally infected
tubers and the fungus having same morphological characters was re-
isolated from inoculated tubers. Morphological identification of
disease agent was confirmed molecularly based on protein profiling by
using MALDI-TOF MS and also by sequencing amplified Internal
Transcribed Spacer (ITS) region ((ITS1-5.8S rDNA-ITS4). The
sequence was 99% identical and a representative sequence of isolate
was submitted to GenBank. The presence of potato rubbery rot disease
caused by G. candidum has not been previously reported in Turkey.
This 1s the first report of morphological and molecular
characterization of G. candidum causal disease agent of rubber rot on

potato tubers grown in Turkey.
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GIRIS

Ana vatanmi Gliney Amerika’da yer alan Peru ve Sili
olan patates (Solanum tuberosum L), insan
beslenmesinde 6nemli bir yeri olan bir sebze tiiradur.
Solanum cinsine bagh olan patates bitkisinin diinya
genelinde 8 turunin tarimi ve tretimi yapilmaktadar.
Ingiltere’de en fazla tiiketilen sebze olan patates,
diinya genelinde ise misir, piring ve bugday’dan sonra
381.000.000 ton tretimi ile en fazla tiiketilen 4. 6nemli
tarim iriiniidiir (Ezekiel ve ark., 2013; Zhang ve ark.,
2017). Diinya Gida Tarim Orgitinin (FAO) 2016 yili
dinya patates uretim istatistiklerine gore oOnemli
patates tretimi yapan ilk 10 tlkelerin sirasi ile Cin
(99.065.00 ton), Hindistan (43.770.000 ton), Rusya
(31.107.797 ton), Ukrayna (21.750.290 ton), ABD
(19.990.950 ton), Almanya (10.772.100 ton), Banglades
(9.474,099 ton), Polonya (8.872.000 ton), Fransa
(6.834.680 ton) ve Hollanda (6.534.338 ton) oldugu
bildirilmistir (Anonymous, 2017). Tiirkiye'de en fazla
patates uretimi 527.554 da alanla Orta Anadolu
bélgesinde yapilirken, bu bolgeyi 276.641 da ile Ege,
147.257 da ile Bat1 Anadolu bolgeleri izlemigtir. Orta
Anadolu bélgesinde Nigde (237.851 da alanda 892.297
ton) ve Nevsehir (58.856 da alanda 255.773 ton) illeri
Turkiye'nin en fazla patates tariminmin yapildig: iller
arasinda olup, bu illeri Afyon (139.956 da alanda
476.900 ton), Konya (135.824 da alanda 549.802 ton)
ve Izmir (104.974 da alanda 367.706 ton) illeri takip
etmektedir (Anonim, 2017).

Tirkiye i¢in énemli bir iriin olan patatesin iretimi,
verimi ve kalitesi farklh tirlere ait toprak kokenli
fungal hastalik etmenleri tarafindan ciddi tehdit
altindadir (Koike ve ark., 2007). Diinyanin énemli
patates yetistiriciliginin yapildig1 tlkelerde oldugu
gibi, Turkiye’de Fusarium sambucinum, Phytophthora
cryptogea, Rhizoctonia solani, Sclerotinia
sclerotiorum, Synchytrium endobioticum ve
Verticillium dahliae gibi fungal etmenler patates
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uretimini kistlayan en énemli toprak kokenli fungal
hastalik etmenleri olarak bildirilmistir (Cakir, 2005;
Yanar ve ark., 2005; Cakir ve Demirci, 2012; Gore ve
ark., 2015; Aydin ve ark., 2016; Kurt ve ark., 2017).
Tarla kosullarinda oldugu kadar, depolarda yer alan
patates yumru érneklerinde Colletotrichum coccoides,
F. sambucinum (Gibberella pulicaris), F. solani, F.
culmorum, F. oxysporum ve Pythium ultimum
etmenlerinin farkli patates cesitleri tizerinde siddetli
hastalik belirtilerine neden olduklari1 bildirilmigtir
(Eken ve ark., 2000; Ozer ve ark., 2018; Cakir ve ark.,
2019).

Bu calismada, Konya ilinin Cumra ilgesinde yapilan
sorveyler sirasinda karsilasilan, yumrularda sulu ve
yumusak c¢uriklik seklinde belirtilere neden olan
hastalik etmeninin morfolojik, patolojik ve molekiiler
olarak tanilanmas1 amacglanmigtir.

MATERYAL ve METOD

Hastalk Etmeninin Izolasyonu,
Patojenik Ozelliklerinin Belirlenmesi

Morfolojik ve

Hastalik etmeni, Konya ilinin Cumra H(;esinde
hastaligin gozlendigi tarlalardan temin edilen 8 farkl
hastalik belirtisi gésteren patates yumrularindan izole
edilmistir. Bu amagcla, yumrularin yari hastalikli ve
yar1 saglam dokularindan bistiiri yardimiyla kiigiik
parcalar kesilmigtir. Kesilen parcalar, %2’lik sodyum
hipoklorit (NaOCl) soliisyonunda 2 dakika yiizey
dezenfeksiyonu yapilip steril saf su ile durulanmigtir.
Dezenfekte edilen yumru dokular1 steril kurutma
kagidina alinarak kurumaya birakilmigtir. Kurumus
olan yumru pargalar: petri kaplarindaki 100 pg ml—!
streptomycin sulphate iceren Patates Dekstroz Agar
(PDA, Merck, Darmstadt, Germany) besiyeri iizerine
yerlegtirilerek 25°C’de 5-7 giin stre ile inkiibasyona
birakilmigtir. PDA igeren petrilerde gelisen fungal
kolonilerin tanis1 morfolojik ve mikroskobik olarak
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gerceklestirilmistir (Kim ve ark., 2011). Fungus, tek
spor izolasyon teknigi ile saflagtirilmigtir. Elde edilen
tek spor izolati, egik tiip igerisinde PDA besiyerine
alinmig ve +4°C’de saklanmastir.

Spreyle puskirtme inokulasyon yonteminin
kullanildig1 patojenisite denemeleri i¢in, saglikli
patates yumrular1 (cv. Lady Anna) kullanilmigtir.
Patojenite testinde, PDA ortaminda 5-7 giin boyunca
25°C’de inkiibe edilen boélge izolatina ait kultirler
kullanilmistir. Patojenite testinde kullanilan konidi
slispansiyonunu hazirlamak igin, tek spordan elde
edilmis fungal izolatin (GCP19MKU) kiiltiirii iceren
petri kabina steril saf su eklenerek ve miselyum
yuzeyinden steril spatula yardimi ile kazima yapilarak
konidi stispansiyonu hazirlanmagtir. Konidi
slispansiyonu, sporlar1 miselyal parcalardan ayirmak
icin 2 kath tulbent yardimi ile stiziilmiistir. Elde
edilen konidi stispansiyonu, hemositometre yardimai ile
hesaplanarak 1x105 konidi ml! konsantrasyona
ayarlanmistir. Patates yumrular: uygulama
yapilmadan 6nce, cesme suyu ile yikanip %2’lik NaOCl
¢ozeltisi ile 2 dakika ylzeyde steril edilmis, steril saf
su i1le 2 kez durulanmis ve yaralanmadan o6nce
yumrular kurutma kagidi tuzerinde fan altinda
kurutulmustur. Daha sonra yikanmip kurutulan bu
yumrulara, ekvatoral boélgede yumru tlzerinde esit
acilarla ug¢ farklh noktadan 2 mm derinliginde 5 mm
capmnda bir yara olusturmak icin steril bir mantar
delici yardimi ile yaralar agilmigtir. Yaralanmig
yumrulara, 1x10> konidi ml?! konsantrasyonunda
hazirlanmis olan 20 ml hacmindeki spor slispansiyonu
spreyle puskurtilerek inokulasyon
gerceklestirilmistir (Hameed ve ark., 2019). Kontrol
olarak, sadece steril saf su ile muamele edilmig
yumrular  kullamilmigtir.  Inokulasyon  sonrasi
yumrular zemini steril su ile 1slatilmis kagit
havlularin bulundugu 20x20x10 ¢cm ebadinda plastik
seffaf saklama kutularina yerlestirildikten sonra, 20
°C, %85 bagil nem ve 12 h fotoperiyot kosullarina
ayarlh inkubatérler icerisinde inkiibasyona
birakilmiglardir.  Yapay  olarak  enfektelenmig
yumrulardan hastalik gelisimi inokulasyondan 7 giin
sonra degerlendirilmigtir.

MALDI-TOF MS Analizi

Dogal olarak enfekteli yumrulardan elde edilen ve
patojenisite c¢alismalarinda hastalik belirtilerine
neden olan izolatlarin tiir teshisleri, Hatay Mustafa
Kemal Universitesi Bitki Saglig1 Klinigi Uygulama ve
Arastirma Merkezinde bulunan MALDI-TOF MS
(Matrix Assisted Laser Desorption Ionization- Time of
Flight Mass Spectrometry, Bruker Daltonics GmbH,
Bremen, Almanya) Mikroorganizma Tanimlama cihaz
kullanilarak tanmilanmistir (Kara ve ark., 2017; Soylu
ve ark., 2020). Bu asamada saf fungus kiiltiirlerinden
protein izolasyonu, etanol-formik asit ekstraksiyon
yontemi kullanilarak yapilmistir. Cihazin flex kontrol
yazilim programi (Biotyper 3.0; Microflex LT; Bruker
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Daltonics GmbH, Bremen, Germany) ile elde edilen
spektrumlar, Maldi Biotyper Real-Time Classification
(RTC) yazilimi ile karsilastirilarak tanmi islemi
sirdirialmustiir. Analiz sonucunda, 2.000-3.000
arasinda yesil renkli olarak belirlenen veriler, yiksek
giivenilirlige sahip skor degeri olarak kabul edilmistir
(Carolis ve ark., 2012; Chalupova ve ark., 2014).

Molekiiler Karakterizasyon

Morfolojik ve MALDI-TOF yontemi kullanilarak 6n
teshisleri yapilmig bélge ve patojenite testinden geri
elde edilen fungal izolatlarin besi ortaminda gelisen
tek spor kiiltiirlerinden alinan misellerinden (100 mg)
toplam genomik DNA izolasyonu DNeasy Plant Mini
Kiti (Qiagen, GeneMark Teknoloji Co, Valencia, CA,
Katalog No. 69104) ile iiretici firmanin o6nerdigi
protokollerin uygulanmasi suretiyle yapilmistir. PCR
calismalar1 Internal transcribed spacers (ITS) ITS1 (5"
TCCGTAGGTGAACCTGCGG-3) ve ITS4 (5-
TCCTCCGCTTATTGATATGC-3") primer cifti (White
ve ark., 1990) kullanilmak suretiyle
gerceklestirilmigtir. PCR c¢alismasinda her bir
reaksiyon i¢in 1X enzim buffer, 0.2 pl ANTP, 0.5 pl
primer, 1.5 ul MgCls, 0.2 pl (ng) DNA, toplam 25 pl
olacak sekilde tizeri steril saf su ile tamamlanmigtir.
DNA amplifikasyonu Thermal cycler PCR cihazinda
(Applied Biosystems, Singapore) yapilmistir. PCR
amplifikasyon kosullari igin, 95°C’de 1 dk. baslangig
denatirasyonu, 95°C'de 20 sn. denatiirasyon,
annealing sicakhigs 55°C’de 25 sn., 72°C’de 1 dk. ve
final adimi olarak 72°C’de 10 dk. olarak belirlenmigtir.
PCR urtnlerinin kalitesini belirlemek i¢in Kapiler jel
elektroforez cihazi kullamilmistir (QIAxcel Advanced,
Qiagen, Almanya). Bantlarin kalitesine goére PCR
urinia sekanslanmigtir. Sekans sonuglar1 BLAST
programina yuklenerek fungus tiri belirlenmigtir.
PCR drtntne ait DNA niikleotid dizisi, NCBI
(National Center for Biotechnology Information)
kitiphanesinde yer alan BLASTn algoritmasim
kullanarak (Boratyn ve ark., 2013)
gerceklestirilmistir. Bu sonuglara gore tanisi yapilan
izolatin, NCBI Gen Bankasi kiitiiphanesinden erigim
numarast almmigtir. (. candidum GCP19MKU
izolatini, farkli konuk¢u bitkilerden elde edilen
referans izolatlarla karsilastirmak icin (Cizelge 1),
MEGA 7 programini kullanarak ITS gen bélgesi i¢in
akrabalik derecelerine goére molekiiler filogenetik
analizleri gerceklestirilmigtir. Izolatlar arasindaki
genetik akrabaligi gosteren dendrogram UPGMA
(unweighted pair group method with arithmetic mean)
yontemi kullanilarak olusturulmusg ve elde edilen
filogenetik agacin teyidi, 1,000 tekrarli olarak
(Bootstrap, p-distance, pairwise deletion) yapilmistir
(Kumar ve ark., 2016).

BULGULAR ve TARTISMA

Hastalk Etmeninin Izolasyonu, Morfolojik ve
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Patojenik Ozelliklerinin Belirlenmesi

Konya ilinin Cumra ilgesinde patates yetistirilen
tarlalarda 2019 yilinin Temmuz ayinda
gerceklegtirilen sorveyler sirasinda eksi koku yayan

patates yumrular: ylizeyinde i¢ dokuya kadar ilerleyen
suya batirilmis yumusak ¢tirtklik lezyonlar1 ve bu
lezyonlarin yuzeyinde kabarik beyaz miselyum ile
kaplanmig yeni bir hastalik belirtileri gozlenmigtir.

Cizelge 1. NCBI veri tabanindan alinarak filogenetik analizlerde kullanilan G. candidum referans izolatlara ait
konukgu bitki, izole edildigi tilke ve GenBankasi erisim kayitlari
Table 1. Host plant, location and GenBank accession numbers of G. candidum isolates registered in NCBI database

used 1n phylogenetic analysis

Tir Izolat No. Konuke¢u Tiri Mensei GenBank Erisim No.
(Species) (Isolate No.) (Host species) (Origin) (GenBank Accession No.)
Geotrichum candidum GCP19MKU Patates Turkiye MN621396
Geotrichum candidum T5.01 Toprak Brezilya MK943787
Geotrichum candidum UCDFST:09-582 Muz ABD MH153550
Geotrichum candidum S001 Dut Cin KY486783
Geotrichum candidum GC111 Seker pancari ABD MK436200
Geotrichum candidum GC222 Seker pancari ABD MK436202
Geotrichum candidum PD10019 Seftali Pakistan KY495323
Geotrichum candidum PD2018 Havug Pakistan MH729185
Geotrichum candidum PD2018B Havug Pakistan MK215811
Geotrichum candidum UoS001 Meyve Pakistan KF975700
Geotrichum candidum ET 13 Havug Turkiye Kayith Degil
Geotrichum citri-aurantii MKUGCA2 Turunggil Turkiye Kayitli Degil

i

Sekil 1. (A ve B) Patates yumrularinda Geotrichum candidum enfeksiyonlariin neden oldugu tipik hastalik belirtileri
ve beyaz misel kitleleri (ok). (C) Enfekteli dokulardan gelisen G. candidum izolatinin misel gelisimi (ok).
Figure 1. (A and B) Typical disease symptoms and white mycelial masses caused by Geotrichum candidum infections in
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potato tubers (ok). Mycelial growth of G. candidum isolate developing from infected tissues (arrow).

Tipik hastalik belirtilerin goézlendigi yumrulardan
(Sekil 1A,B) Patates Dekstroz Agar besiyeri {izerinde
hizli bluylyen diz, beyaz ve siiet-tozlu gérintimli
pigmentsiz fungal koloniler gelismistir (Sekil 1C, Sekil
2A). Gelisen kolonilerin miselyumlar1 2.5-6.0 pum
capinda, dichotomous olarak dallanmig, seffaf ve
b6lmeli yapidadir. Dichotomous dallanma gosteren
hiflerden, 4.5-12.5 X 3.5-7.0 um boyutlarda, tek hiicreli

I

havai uzun zincir gseklinde siralanmig seffaf, uclar
kesik ve silindirik yapida artrokonidilerin gelistigi
gozlenmistir (Sekil 2B). Konidiler genelde uctan
cimlenme gostermislerdir. Hastalikl1 bitki
orneklerinden yapilan izolasyonlar sonucunda PDA
besi yeri lizerinde geligsen tipik izolatlardan tek spor
izolatlar: elde edilmistir (Sekil 2A).

)
.

N e

Sekil 2. (A) Hastalikli dokulardan izole edilmis saf tek spor Geotrichum candidum MKUBK-GCP19 izolatinin PDA
besiyerinde 5 giinliik misel gelisimi. (B) G. candidum izolatina ait tipik artrokonidileri (ok)

Figure 2. (A) Mycelial development of pure single spore culture of Geotrichum candidum MKUBK-GCP19 isolate
obtained from diseased tissues at the PDA medium 5 days after inoculation. (B) Typical arthroconidia of G.

candidum isolate.

Fungus izolatinin hif ve konidilerinin morfolojik ve
taksonomik  karakterlerine dayanarak etmen,
Geotrichum candidum Link 1809 (Syn. Galactomyces
geotrichum) olarak tanimlanmistir (de Hoog ve ark.,
1986; Watanabe, 2010). Etmenin saghkl patates
yumrulart lizerinde yapilan patojenite  testi
sonucunda, patates yumrularindaki inokulasyon
noktalarinda tarla oOrneklerinde gorilen lastik
curiklik hastalik belirtilerine benzer lezyonlar
inokulasyondan 7 giin sonra gelismistir. Hastahk
etmeni yapay olarak inokulasyon yapilmis dokulardan
geri izole edilmigtir. Fungusun patojenite testinde
kullanilan ve geri elde edilen re-izolatlarin tek spor
kiltturleri Hatay Mustafa Kemal Universitesi, Bitki
Saglhigi Klinigi Kiltiir Koleksiyon Merkezi'nde koruma
altina alinmistir (Kayit numarasi: MKUBK-GCP19).

MALDI-TOF MS Analizi

Mikroorganzimalarin tanilanmasinda kullanilan yeni
nesil yontemlerinden biri olan Matrix Assisted Laser
Desorption  Ionization-Time of Flight Mass
Spectrometry (MALDI-TOF MS), proteomik yaklasim
ile 6zellikle bitki patolojisinde fungal ve bakteriyel
mikrobiyal tiirlerin tanmilamasinda, kromatografik ve
DNA’ya bagl molekiiler yontemlere alternatif olarak
kullanim1 gittikce yayginlasmaktadir (Pulcrano ve
ark., 2012; Aktan ve Soylu, 2020; Bozkurt ve ark.,
2020). Gerek dogal enfekteli yumrulardan elde edilen,
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gerekse patojenite testinden yeniden izole edilen (re-
izolat) G. candidum fungal izolatlarin tanis1 MALDI-
TOF MS analiziyle teyit edilmigtir. Yapilan analiz
sonucunda fungal izolatlarin MALDI-TOF
kitiphanesinde yer alan referans izolat G. candidum
DSM 1240 ile 2.197 gibi yuksek benzerlik indeks
degerinde eslesmistir (Sekil 3).

Molekiiler Karakterizasyon

Gerek morfolojik, gerekse MALDI-TOF ile tanilamas1
yapilmig patojenite testinde belirtilere neden olmus G.
candidum GCP19MKU izolatin kesin tur tanisi,
izolatin ITS bolgesini sekanslama yapmak suretiyle
molekiiler diizeyde belirlenmistir. Ribozomal DNAnin
internal transcribed spacer (ITS) bélgesinin
amplikonlari, evrensel ITS1 ve ITS4 primerleri
kullanarak PCR ile ¢ogaltilmigtir. Elde edilen izolatin
genomik DNA gen dizileri, %99 benzerlikle diinyanin
farkli bolgelerinde farkli konukg¢u bitkilerden izole
edilmis G. candidum izolatlarinin GenBank’taki DNA
dizileri (erisim numaralarn MK943787, MH153550,
MK436202) ile eslestigi belirlenmis olup, analizde
kullanilan patates izolatinin (GCP19MKU) genomik
DNA dizisi GenBank’a kayit edilmistir [GenBank
erisim No: MN621396]. Gerek bu calismada elde
edilen, gerekse NCBI kayith farkli konukgu
bitkilerden/kaynaklardan elde edilmis G. candidum ve
yvakin akraba G. citri-aurantii izolatlarin niikleotid
dizileri (Cizelge 1), UPGMA yoéntemi kullanilarak
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MEGA 7 yazilimi ile ITS gen bélgesi i¢in filogenetik
dendrogrami elde edilmistir (Sekil 4). Bu dendrograma
gore patateste lastik ¢liriiklik hastaligina neden olan

muz meyvesinde eksi ¢liriikliik hastaligina neden olan
G. Candidum UCDFST:09-582 ve T5.01 izolatlar:
(MK943787 ve MH153550) ile ayni alt grupta yer

G. candidum GCP19MKU izolat1 toprak kokenli ve

Aanalytel

Analyte Name: E1l
Analyte Description:
Analyte T1D:

Analyte Creation Date/ Titne:
Applied RSP Library(ies):
Applied Taxonomy Tree:

Patates 19

ayrilmigtir.

[EeBrulcer Logo

2018-10-01T12:18:10.486

Taxonomy. Bruker Taxonomy, Projects

(Qlf_l:?:liil:y) Biatched Batters f;;?.: Idfrﬁﬁ"fer
C i 5 Geotrichum candidum ST 1240 TOSMT 2197 27317
¢ _'_2_'_ 3 Geotrichum silvicola 04 322 T BE 2.072 215419
C i ) Geotrichum silvicola 04 007 T BK 1.94 215419
C i 3 Geotrichum silvicola 04 188 1T . BK 1.907 2154190
C ?) Geotrichwum candiduim CBS 184 S6 CBS ! 27317

Sekil 3. Hastalikli patates yumrusundan izole edilen ve patojenite testinde kullanilan G. candidum MKUBK-
GCP19 izolatinin MALDI-TOF teghis sonucu.

Figure 3. MALDI-TOF identification result of G. candidum MKUBK-GCP19, isolated from the diseased potato
tuber and used in the pathogenicity test.

Geotrichum candidum-T5.01
Geotrichum candidum-UCDFST:09-582
Geotrichum candidum-GCP19MKU

Geotrichum candidum-S001

1 Geotrichum candidum-GC111
Geotrichum candidum-GC222

Geotrichum candidum-PD10019

Geotrichum candidum-PD2018

Geotrichum candidum-PD2018B

'— Geotrichum candidum-UoS001

Geotrichum citri-auranti-MKUGCAZ2

Geotrichum candidum-ET 13

0300 0250 0300 0150 0100 0.050 0.000

Sekil 4. G. candidum GCP19MKU izolat1 ile GenBank'tan alinan farklh G. candidum izolatlarinin nikleotit
sekanslarinin dizilerine dayanilarak olusturulan izolatlar arasindaki filogenetik iligki. Filogenetik
dendrogram, MEGA 7.0 programi kullanilarak UPGMA y6ntemi ile olusturulmustur.

Figure 4. Phylogenetic relationship between G. candidum GCPI19MKU and reference isolates of G. candidum
retrieved from GenBank based on alignment of nucleotide sequences. The tree was constructed by the

UPGMA method using MEGA version 7.0.
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Turkiye’de simdiye kadar . candidunm’un sebep
oldugu eksi ¢uriklik hastaligi havu¢ meyvelerinde
bildirilmistir (Tiilek ve Dolar, 2011; Tozlu, 2016).
Filogenetik analiz sonucunda olusan dendogramda
(Sekil 4) goriilecegi gibi Tozlu (2016) tarafindan
Turkiye'de yetisen havu¢ meyvelerinden izole edilip
molekiiler karekterizasyonu yapilmis ancak NCBI
kayidi olmayan G. candidum ET13 izolat ile etmeninin
yakin akraba tiri olan ve Hatay ilinde yetistirilen
turuncgillerde eksi ¢uriuklik hastaligina neden olan
Geotrichum citri-aurantii MKUGCA2 1izolatlarinin
(Kara ve Soylu, 2020) patatesten izole edilen G.
candidum GCP19MKU izolatina kiyasla dig grupta yer
almigtir. Elde edilen filogenetik ¢alisma sonucuna
gére, havug¢ ve turunggil izolatlarinin patates
izolatindan farkli bir genetik yapiya sahip oldugu
belirlenmistir (Sekil 4).

Yapilan morfo-kiltiirel, patojenite denemeleri ve
molekiiler analizler sonucu Konya ili Cumra il¢esinde
yetistirilen patates yumrularinda lastik curuakliga
hastaligina neden olan fungal etmenin G. candidum
oldugu kesinlik kazanmigtir. Toprak kokenli hastalik
etmeni olan G. candidum, aym1 zamanda depolanmisg
triinlerde de sorun olan 6nemli bir fungal etmendir.
Etmenin depolanmig trunlerdeki hastaligi genelde
eksi curukluk olarak adlandirilmaktadir. Hastalik
etmenin geftali, elma, armut, domates, patlican, hiyar,
dut, havug, kabak ve turp gibi bitkilerin meyvelerini
enfekte edebildigi bilinmektedir (Koike ve ark., 2007;
Kim ve ark., 2011; Hafeez, ve ark., 2015; Hussain ve
ark., 2016; Horita ve Hatta, 2016; Punja ve ark., 2016;
Alam ve ark., 2017; Zhang ve ark., 2018; Kahn ve ark.,
2019.

Turkiye’de simdiye kadar . candidun’un sebep
oldugu eksi cuiriklik hastalignt havu¢ meyvelerinde
bildirilmistir (Tilek ve Dolar, 2011; Tozlu, 2016).
Yapilan kapsamli literatiir arastirmasinda (Farr ve
Rossman, 2020), Tirkiye'de yetistiriciligi yapilan
patates yumrularinda lastik ¢tirtikliga hastaligindan
sorumlu fungal hastalik etmeni oldugu ilk kez bu
calisma ile ortaya konulmustur. Fungal etmenin
patates bitkisinde hastaliga neden oldugu bugline
kadar sadece Papua Yeni Guinea (Shaw, 1984) ve

Giiney Kore (Kim ve ark., 2011) iilkelerinde
bildirilmistir.
SONUC ve ONERILER

Sonug olarak, bazi tilkelerde patates bitkilerinde
hastaliga neden oldugu bildirilen G. candidum’un
Turkiye’de varlhigi bazi sebzelerde eksi ¢uriklik
hastaligina neden oldugu bildirilmig olmakla birlikte,
patates yumrularinda sebep oldugu lastik c¢lrtiklik
hastalig1 ilk kez bu ¢alisma ile ortaya konulmustur.
Etmenin genis bir konuk¢u dizisinin bulunmasi, gigli
patojenitesi ve cegitli Urtinlerde hastaligin ortaya
citkmasi, patates uretiminde ciddi bir tehdit
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olusturabilecegini ortaya koymaktadir.
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OZET

Findik yesil kokarcas1 Palomena prasina L. (Hemiptera: Pentatomidae)
ve Findik kurdu Curculio nucum L. (Coleoptera: Curculionidae) findik
bahgelerinin ana zararhlaridir. Bu iki zararh tir findigin meyvelerinde
beslenerek ©nemli ekonomik kayiplara neden olmaktadirlar. Bu
calisma Bati Karadeniz Bolgesinde Sakarya ilinde 2017-2018
yillarinda ilaghh miicadele yapilan dort findik bahgesinde Findik yesil
kokarcas1 ve Findik kurdu’nun popiilasyon yogunluklarini belirlemek
amaciyla yurutilmustur. Zararli turlerin orneklemeleri 1ki yil
slresince vejetasyon boyunca her hafta periyodik olarak yapilmistir.
Her bahceden 10 ocak! secilmis ve ocaklarin altina serilen 2x2 m’lik
beyaz renkli c¢arsaflara disen zararlilar kaydedilmigtir. Calisma
sonucunda; Sakarya ilinde, Findik yesil kokarcas: erginleri ve nimfleri
ilk y1l 30 Nisan- 24 Eylil tarihleri arasinda belirlenmistir. Ikinei yilda
ise Findik yesil kokarcas: nimfleri ilk kez 6 Mayis’ta, ilk erginler ise 22
Nisan tarihinde tespit edilmigtir. Findik kurdu erginleri 2017 yilinda
findik bahcelerinde 16 Nisan ile 11 Haziran tarihleri arasinda
belirlenmis olmasina ragmen, 2018 yilinda Findik kurdu bahgelerde
bulunamamagtir.
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Population Dynamics of Green Shield Bug (Palomena prasina L.) and Nut Weevil (Curculio nucum L.)

in Sakarya Province of Turkey

ABSTRACT

The green shield bug, Palomena prasina L. (Hemiptera: Pentatomidae)
and Nut weevil, Curculio nucum L. (Coleoptera: Curculionidae) are the
main pests of hazelnut orchards. Two pests feed on the hazelnut fruits
and cause significant economic yield losses. This study was carried out
in order to determine the population dynamic of the Green shield bug
and Nut weevil in conventional four orchards in the Sakarya province
of Western Black Sea Region between 2017 and 2018. The sampling of
pest species was periodically carried out every week during the
vegetation period for two years. The fallen pests on 2x2 m white sheets
placed under these trees were collected from randomly chosen the 10
“ocak?” (“ocak”, which is grown together with many hazelnut trees in
Turkey) for each orchard. According to the result of study, Green shield
bug adults and nymphs were determined in the first year of the study
in Sakarya from April 30 to September 24. In second year, Green shield
bugs nymphs were firstly determined in May 6, while adults were
observed in April 22. The nut weevil adults were determined in
hazelnut orchards between April 16 and June 11 in 2017, but no found
in 2018.
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GIRIS

Diinya tizerinde sinirh alanlarda yetistirilmekte olan
findik (Corylus avellana L.) kendine o6zgii iklim
isteklerine sahip bir bitki tirddir. Findik yillik
ortalama sicakligin 13-16 °C oldugu alanlarda, en
uygun gelisme géstermektedir. Ayrica, bu alanlarda en
diisik sicakligin -8 ile -10 °C’yi, en yiliksek sicakligin
36-37 °C’yi ge¢memesi, yillik yagis toplaminin 700
mm’nin  Ustlinde olmas1 ve haziran-temmuz
aylarindaki oransal nemin %60 1n altina diismemesi
gerekmektedir (Ustaoglu, 2012). Tiirkiyenin uygun
ekolojik kosullar: nedeniyle binlerce yildan beri findik,
genis bir alana yayilma gostermistir (Ayfer ve ark.,
1986; Yilmaz, 2009). Tiirkiye 776 bin ton iiretimle,
Diinya findik tretiminde ilk sirada yer almakta ve
iretimin %58 ni karsilamaktadir (FAO, 2020). Tiirkiye
genelinde en 6nemli findik yetistirilen alanlar Dogu
Karadeniz Bolgesi'nde Ordu, Giresun ve Samsun, Bat1
Karadeniz Bolgesi'nde ise Sakarya ve Diizce illerinde
yer almaktadir (TUIK, 2020).

Turkiye  findik  bahgelerinde  yapilan  fauna
calismalarinda 150’den fazla bocek ve akar tura
belirlenmigtir. Bunlardan 120 bécek ve 2 akar tiirtin
findik faunasina ait olmakla birlikte, 44 bocek ve 2
akar tiirtin findiklarda zararli ve 13 bécek tiirtiniin de
faydali oldugu kaydedilmistir (Isik ve ark., 1987). Bu
tirlerden Findik yesil kokarcasi veya Findik kokarcasi
adi verilen Palomena prasina L. (Hemiptera:
Pentatomidae) ve Findik kurdu, Curculio nucum L.
(Coleoptera: Curculionidae) en 6nemli ana zararhlar
olarak bildirilmistir. Iki zararh tiir erken dénemde
findik meyvelerinde sar1 karamuk, kara karamuk
zararl meydana getirirken, ayrica Findik kurdu geg
donemde de igli kurt zararina sebep olarak meyvelerin
kalite ve kantitesinin bozulmasi sonucu ciddi
miktarda trin kaybina yol actiklari bildirilmigtir
(Ural, 1957; Kurt, 1975; Lodos, 1986; Isik et al., 1987;
Tuncer ve ark., 2002; Akca, 2003; Tavella ve ark., 2001;
Tuncer ve ark., 2005; Ak¢a ve Tuncer, 2009; Saruhan
ve Tuncer, 2009; Saruhan ve Sen, 2012). Italya’da P.
prasinanin meydana getirdigi lekeli i¢ zarar1 %1.3-4.0
oldugu belirlenmistir (Tavella ve ark., 2001).
Samsun’da Findik kokarcasi’min findik meyvelerinde
%1.9-22 arasinda verim kaybina neden oldugunu
bildirmislerdir (Kiper ve Yiicetin, 1971; Kurt, 1975;
Tuncer ve ark., 2005). Ayrica sinirh bir alanda Samsun
ilinde P. prasinamin populasyon takibi yapilmigtir
(Kiper ve Yiicetin, 1971; Tuncer ve ark., 2005; Saruhan
ve Tuncer, 2009; Tuncer ve ark., 2009). Findik kurdu
zararinin Italya’da %2.6-52 ve %0.6-%24 arasinda
degistigi bildirilmistir (Guidone ve ark., 2007
Valentini ve ark., 2015). Tiirkiye’de de Findik kurdu
ile ilgili pek cok calisma yapilmistir (Isik ve ark., 1987;
Ecevit ve ark., 1995; 1999, Toros ve Hancioglu, 1997;
Tuncer, 1995; Tuncer ve Ecevit, 1996; 1997; Sezen ve
ark., 1999; Saruhan ve Tuncer, 2001; Tuncer ve ark.,
2002; Akca, 2003; Akca ve Tuncer, 2005). Samsun’da
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kafes denemeleri sonucunda Findik kurdu zarari
nedeniyle larvali ve delikli meyve oraninin Cakildak
¢esidinde %12.6, Palaz’da %5.9 ve Yagli'da ise %0.4
olarak belirlemistir (Akca, 2003). Diizce ilinde
depolardan alinan findiklarda %0.67-5.33 zarar
belirlemislerdir (Karabérkli ve Altin, 2018). Findik
kurdu populasyon takibi ile ilgili Samsun ili findik
alanlarinda yapilmis az sayida ¢alisma bulunmaktadir
(Akca, 2003; Akca ve Tuncer, 2005).

Marmara ve Bati Karadeniz boélgelerinde findik
zararhlariyla ilgili ¢cok az sayida ¢alisma yapilmigtir.
Bu c¢alismada, findik Dbahgelerinde meyvelerle
beslenerek lriin ve kalitede zarara neden olan Findik
yesil kokarcas1 ve Findik kurdunun Sakarya ilinde
popiilasyon gelisimleri belirlenmistir. Ayrica Findik
kokarcasi’nin beslendigi yabanci konukcular tespit
edilmigtir. Boylelikle zararlilarin yil boyunca findik
bahgelerinde ne zaman gorilmeye baglandigi, en
yiksek sayiya ne zaman ulastigi, ka¢ dol verdigi, ne
zaman kiglamaya bagladigi, ara konukcular: tespit
edilmis ve =zararhlarla miucadele esas Kkriterler
belirlenmigtir.

MATERYAL VE METOT

Bahce ile Ilgili Bilgiler

Bu ¢alisma Findik yesil kokarcas: ve Findik kurdu'nun
poptilasyon gelisimlerini belirlemek amaciyla Sakarya
ilinde findik bahgelerinde yuritilmistir. Ayrica
Findik yesil kokarcasi’nin yabanci ot konuk¢ular:1 da
belirlenmigtir. Bu amagla Sakarya ilinin Serdivan
ilgesi, Begevler Koyii'nde bulunan doért farklh findik
bahcesi (Koyalti, Nalbant Kopriisii-1, Nalbant
Kopriisii-2 ve Nalbant Kopriisii-3) belirlenmistir.
Caligsmalar, findik vejetasyon sturesi boyunca, 2017-
2018 yillar1 arasinda nisan ayir basindan ekim ayi
sonuna kadar diizenli olarak haftada bir kez
yapilmigtir. Bahgelerin  6zellikleri ve yapilan
uygulamalar ayr1 ayr1 verilmistir. Kéyalt1 mevkiinde
bulunan bahge 54 da olup giiney dogu yoninde;
c¢ogunlukla Sar1 yagh findik ¢esidiyle tesis edilmigtir.
Bu bahce 25 yasinda, toplam 3.240 ocaktan olusmakta,
dikim mesafesi 4x4 m olarak tesis edilmigtir. Nalbant
Koprisii-1 de bulunan 20 yasindaki findik bahcesi 6 da
olup gluney yoninde kurulmustur. Bu bahcge,
¢ogunlugu Sivri findik ¢esidinden olusan toplam 360
ocak da 4x4 m dikim mesafesinde tesis edilmigtir
Nalbant Kopriisii-2 bahgesi, 10 da olup giiney yoniinde
tesis edilmigtir. Bu bahge 20 yasinda olup, ¢gogunlugu
Sar1 yagh findik ¢esidinden olusan toplam 600 adet
ocak bulunmakta ve dikim mesafesi 4x4 olarak tesis
edilmigtir. Nalbant Kopriisii-3 findik bahgesi ise 15
yvasinda Sar1 yaglh findik g¢esidinden olusan, giliney
yonunde tesis edilmis 14 da dikim mesafesi 4x4 m olan
toplam 840 adet ocaktan olusmaktadir. Bahgelere iki
yil boyunca ocak ayinda “18-16-
15+3Ca0+2MgO+B+Zn”  icerikli  giibre  (Siiper
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Cotanak) ve mayis ayinda da Kalsiyum Amonyum
Nitrat (CAN %26) uygulanmigtir. Bahcelere ilk yil 11
Haziran’da ve ikinci yi1l 25 Haziran da Findik kurdu
icin %50 Methiocarb etkili insektisit uygulanmigtir.
Ayrica 200 g/1 Fluopyram + 200 g/l Tebuconazole etkili
fungusit ile ilaglama yapilmistir.

Yontem
Findik Yesgil Kokarcast1 ve Findik Kurdu'nun
Popiilasyon Takibi

Findik yesil kokarcasti ve Findik kurdu'nun
popllasyon takibi i¢in her bahceden rastgele secilen 10
findik ocaginda 6rneklemeler yapilmistir. Her bahcede
bulunan bir ocakta ortalama 15-20 arasinda govde
bulunmaktadir. Orneklemelerde her ocak altina 2x2
m’lik beyaz renkli ¢arsaf serilerek, ocakta bulunan
biitin dallar silkelenmigtir. Carsafa disen Findik
yesil kokarcas1 ve Findik kurdu’nin ergin ve nimf
donemleri sayilarak kaydedilmistir. Bu iglem sabah
erken, akgsam tlizeri veya bulutlu, sakin riizgarsiz ve
yagigsiz zamanlarda yapilmistir (Akca ve Tuncer,
2005; Saruhan ve Tuncer, 2009; Anonim, 2011).

Ayrica, arazi ¢cikiglarinda bahce i¢indeki ve etrafindaki
yabanci otlar kontrol edilerek Findik yesil
kokarcasinin yumurta, nimf ve ergin doénemleri
belirlenmigtir. Bahgeyi temsil edecek sekilde tesadifii

olarak 10 noktada 0.5 m? alandaki tim yabanci otlar
kontrol edilmis, Findik yesil kokarcasimin yasam
doénemleri kaydedilmigtir. Burada amag; sadece Findik
yesil kokarcasinin beslendigi yabanci otlarin
belirlenmesi olup, yabanci otlarda popilasyon takibi
yapilmamigtir.

Bu iglemler yapilirken, findigin fenolojik dénemleri
izlenmis ve kaydedilmigstir. Caligsmalar iki yil boyunca
gerceklestirilmistir. Findik  bahcgelerinde erkek
¢igekler kasim ay1 ortasinda baslayip ocak ay1 sonuna
kadar stirmiigtiir. Erkek ¢iceklerin goriilmesi ve polen
salim1 ocak ay1 sonunda baslayip mart ayi ortasina
kadar devam etmigtir. Bitkilerde ilk tomurcuklarin
kabarmasi1 subat basi-mart ay1 sonuna kadar,
tomurcuklarin patlamasi subat-mart aylar1 arasinda,
yapraklarin agilmasi subat sonu- mart sonu arasinda
meydana gelmistir. Cotanaklar nisan ortasinda
belirginlesmeye baslamig, nisan-mayis aylarinda
mercimek biyikligine ve temmuz sonu agustos
basinda normal  buyukliklerine ulagsmaglardir
(Cizelgel ve Sekil 1).

Ayrica meteorolojik veriler (sicaklik, nem, yagis) en
yakin meteorolojik istasyondan alinmistir. Bu veriler
sicaklik ve nem pentat olarak, yagis ise aylik olarak
verilmigtir.

Cizelge 1. Findik bitkisinin fenolojik dénemleri (Anonim, 2011)

Table 1. Phenological periods of hazelnut plant

Fenolojik dénemleri (Phenological periods)

Z
o

Disi ¢iceklerin agilmasi, erkek ciceklerin uzamaya baglamas

Erkek cigeklerin fenerlenmesi ve polen salimi
Tomurcuklarin kabarmas:

Tomurcuklarin patlamasi

Yapraklarin agilmasi

Tam yaprak acimi, siirglin uzamasi ve ¢otanaklarin belirginlegsmesi

Meyve mercimek biytkluginde
Meyve nohut buyukliginde

© 0 IO Ot W+

Meyve normal buyuklikte

'\ " . A ‘q‘ be 'y
Sekil 1. Findigin fenolojik dénemleri (Foto: S. ATES)

Figurel. Phenological periods of hazelnut plant (Photo by S. ATES)
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SONUCLAR

Findik Yesil Kokarcasi’nin Popiilasyon Takibi

Findik yesil kokarcasimin 2017 yilinda vejatasyon
stiresinde populasyon degigsimi Sekil 2 ve 3’de, iklim
verileri ise Sekil 4’de verilmigtir. Calismanin ilk yili
Findik yesil kokarcasi ilk erginleri ¢otanaklarin

mercimek biytkliginde oldugu nisan sonu-mayis ayi
basinda tespit edilmigtir. En yiiksek ergin yogunlugu
ise genel olarak ¢otanaklarin mercimek biiytkliginde
oldugu mayis ayinn ilk yarisinda (ortalama pentat 15
°C, %86 nem) belirlenmistir.
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Sekil 2. Populasyon takibi yapilan bahgelerde 2017 yilinda tespit edilen Findik yesil kokarcas: nimf sayilar
Figure 2. The numbers of Green shield bug nymphs detected in the orchards where were carried out the population dynamic in

2017
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Sekil 3. Popiilasyon takibi yapilan bahgelerde 2017 yilinda tespit edilen Findik yesil kokarcasi ergin sayilar,
Figure 3. The numbers of Green shield bug adult detected in the orchards where were carried out the population dynamic in

2017
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Sekil 4. Sakarya ili 2017 y1ili iklim verileri
Figure 4. Climate data of Sakarya province in 2017

Zararlinin nimfleri ise ilk olarak ¢otanaklarin nohut
buyukliginde oldugu mayis ayinin son haftasinda
(ortalama pentat 17 °C, %91 nem), en yiiksek nimf
yogunlugunun da 41 nimf/10 ocak! bu dénemde
gorildigi belirlenmigtir. Popiilasyon takibi yapilan
dort bahcede genel olarak Findik kokarcasi’nin nimf ve
erginleri eyliil ay1 sonundan itibaren bulunamamigtar.

Findik yesil kokarcasimin 2018 yili vejatasyon
stiresinde popilasyon degisimi Sekil 5 ve 6’da, iklim
verileri ise Sekil 7’da verilmistir. Ikinci yilda Findik
yesil kokarcasi ilk erginleri c¢otanaklarin mercimek
buyukliginde oldugu nisan aymin ikinci yarisinda
tespit edilmigtir. En ylksek ergin yogunlugu ise
¢otanaklarin nohut buyukliginde oldugu mayis
ayimnin ikinci yarisinda (ortalama pentat 26 °C, %82
nem) ve agustos aymin basinda (ortalama pentat 32
°C, %82 nem) belirlenmistir. Zararlinin nimfleri ise ilk
olarak cotanaklarin mercimek buytkliginde oldugu
mayis aymnin ilk haftasinda (ortalama pentat 22 °C,
%89 nem), en yiiksek nimf yogunlugu ise 42 nimf/10
ocak? ile g¢otanaklarin nohut biyikligini aldig:
dénem olan haziran aymin ilk haftasinda (ortalama
pentat 27 °C, %72 nem) belirlenmistir. Popiilasyon
takibi yapilan dort bahcede Findik kokarcasi’nin nimf
ve erginleri genel olarak eylil ay1 sonundan itibaren
bulunamamasgtir.

Findik bahgelerinde bulunan yabanci otlar lzerinde
yapilan orneklemelerde; Findik yesil kokarcasi’nin
farkli donemleri belirlenmigtir. Yabanc otlar tizerinde
yapilan kontrollerde Findik kokarcasi’nin; bogtirtlende
1. dénem nimf, Kazayagi'nda 2. donem nimf, Sekerci
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s Giinliik Ortalama Sicaklik (°C)

s Gunlik ortalama yagis miktar: (mm)

Boyas’nda 1. dénem nimf, Tarla sarmasigi’nda 1.
dénem nimf, Sinir otu'nda 4. dénem nimf,
Ebegiimeci’'nde ergin, Coban c¢antasinda ergin,
Isirgan’da 1. dénem nimf, Efelek’te ergin ve Yabani
hardal’da ergin dénemleri belirlenmistir (Sekil 8).

Findik Kurdunun Popiilasyon Takibi

Calisma sonucunda 2017 yilinda; Serdivan ilgesinde
Koyalti’'nda en digsiik Findik kurdu ergin sayis1 2 adet
10 ocak ile g¢otanaklarin belirgin oldugu 16 Nisan
tarihinde (pentat 15 °C, %78 nem) tespit edilmistir. En
yiksek Findik kurdu sayis1 ¢otanaklarin nohut
buyukluginde oldugu dénemde 28 Mayis tarihinde
(pentat 16 °C, %92 nem) 3.5 adet 10 ocak! olarak
belirlenmigtir. Bu bahcede c¢otanaklarin nohut
biiyiikligiinde oldugu 11 Haziran tarihinde (pentat 21
°C, %71 nem) ilaglama yapilmis ve bu tarihten sonraki
sayimlarda Findik kurdu'na bulunamamagtir. Nalbant
Koprisi-1'de bulunan bahcede en disuk Findik kurdu
sayist cotanaklarin belirginlestigi nisan ayinda ile
mayis ayl basinda ortalama 1 adet/ 10 ocak™! olarak
bulunurken, en yiksek 3 adet/10 ocak! olarak
¢otanaklarin nohut biyikligine ulastigi mayis ay1
sonu haziran ay1 basinda belirlenmistir. Bu bahcede
¢otanaklarin nohut biyikligiinde oldugu 11 Haziran
tarihinde (pentat 21 °C, %71 nem) ilaclama yapilmis ve
bu tarihten sonra Findik kurdu tespit edilmemigtir.
Nalbant Kopriisi-2’de bulunan bahgede en dusiik
Findik kurdu sayis1 ¢gotanaklarin belirginlestigi nisan
ayinda ortalama 3 adet/10 ocak! olarak tespit
edilirken, en yiiksek Findik kurdu sayis1 ise 4 adet/10
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Sekil 5. Popiilasyon takibi yapilan bahgelerde 2018 yilinda tespit edilen Findik yesil kokarcasi nimf sayilar:
Figure 5. The numbers of Green shield bug nymphs detected in the orchards where were carried out the population
dynamic in 2018
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Sekil 6. Popiilasyon takibi yapilan bahgelerde 2018 yilinda tespit edilen Findik yesil kokarcas1 ergin sayilar

Figure 6. The numbers of adult Green shield bug detected in the orchards where were carried out the population
dynamic in 2018
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Sekil 7. Sakarya ili 2018 yil1 iklim verileri
Figure 7. Climate data of Sakarya province in 2018

Sekil 8. Yabanci otlar {izerinde Findik yesil kokarcasi’nin farkli dénemler (Foto: S. ATES)
Figure 8 The different stages of Nut weevil on Weeds (Photo by S. ATES)
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ocak! ile ¢otanaklarin nohut biiyikliginde oldugu
mayis ay1 ortalarinda tespit edilmistir. Ilaclamanin
yapildigr 11 Haziran (pentat 21 °C, %71 nem) sonrasi
bahgede Findik kurdu belirlenmemigtir. Nalbant
Ko6prisii-3 bulunan bahgede cotanaklarin mercimek
buyukliginde oldugu dénem olan nisan ay1 sonu ile
mayls aymin basinda Findik kurdu'nun en disuk
yogunlugu 3 adet/10 ocak?! olarak belirlenmis,
¢otanaklarin nohut buyukliginde oldugu mayis
aymin ikinci yarisinda ise en ylksek yogunluk 4
adet/10 ocak! bulunmustur (Sekil 7 ve 9). Calismanin

10

[44]
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ikinci yilinda 6rneklemeler diizenli olarak yapilmasina
karsin zararh bulunamamigtar.

Sonu¢  olarak, Serdivan ilgesindeki yapilan
calismalarda Findik kurdu'nun ilk olarak ¢otanaklarin
belirginlestigi nisan ayi ortalarina tespit edilmis,
zararli en yuksek popilasyon seviyesi cotanaklarin
nohut biiytikliginde oldugu gunlik ortalama sicaklik
18 °C ve %82 nispi nemde mayis ayinin ikinci yarisinda
belirlenmigtir. Haziran ayinin basinda bahgelerin

ilaclanmasindan sonra Findik kurdu bireyleri
bulunamamasgtir.
e T T T TR e S

Ornekleme Tarihleri

= K Gyalty =y Nalbant Képritsi-1
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Sekil 9. Populasyon takibi yapilan bahcgelerde 2017 yilinda tespit edilen Findik kurdu ergin sayilari
Figure 9. The numbers of Nut weevil adult detected in the orchards where were carried out the population dynamic

in 2017
TARTISMA ve KANI

Findik yesil kokarcasi erginleri ise ilk olarak
¢otanaklarin mercimek buytkliginde oldugu nisan
ay1 sonunda belirlenmis olup en yiksek yogunluga
¢otanaklarin normal buytkliginde oldugu eylil ay:
baslarinda ulastigi  saptanmistir. Findik yesil
kokarcasi nimfleri ise ilk olarak yine ayni tarihlerde
gorulmiis ve en yliksek yogunluga haziran ay:1 basinda
ulastig1r belirlenmistir. Saruhan ve Tuncer (2009)
Findik yesil kokarcas: kiglamig erginlerini ilk olarak
nisan ay1 ortalarinda, nimflerini ise Ordu ilinde
temmuz aymin basinda, Giresun ve Samsun illerinde
ise haziran ayinin sonunda tespit etmiglerdir. Yine,
Kurt (1975) de Findik yesil kokarcasi erginlerinin
nisan aymin basindan itibaren  popiilasyon
olusturdugunu bildirmistir. Kése ve ark. (2014) ise
Giresun ilinde temmuz sonu-agustos ay1 basinda
Findik yesil kokarcas1 popilasyonunun en yiiksek
oldugu dénem olarak tespit etmislerdir. Boselli (1932)
Italya’da Findik yesil kokarcasrmin  kiglamig
erginlerinin nisan aymnin ortalarina kadar tespit
edilebilecegini ifade etmistir. Tuncer ve ark. (2009)
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Samsun’da bu zararlinin esas zararinin hazirandan
agustos sonuna kadar findik olugsgumundan sonra
ortaya ¢iktiginmi bildirmiglerdir. Sonug olarak, Sakarya
ilinde Findik yesil kokarcasi erginlerinin ¢otanaklarin
mercimek buytkliginde oldugu dénem olan nisan ay1
ikinci yarisinda goriilmeye baslandigi, dolayisiyla bu
zararhyla ilk micadelenin bu dénemde yapilmasi
gerektigi, zararlinin ¢otanaklarin normal blytiklige
ulastigl agustos ay1r basinda tekrar cogaldigi ve bu
donemde ikinci miicadelenin yapilmasi gerektigi
belirlenmigtir.

Ayrica Findik yesil kokarcas: nimf ve erginleri birgok

yabanci ot tzerinde belirlendiginden, zararlinin
kontroliinde yabanci otlarin miicadelesi ihmal
edilmemelidir. Findik kurdu erginlerinin ilk

goriillmeye bagladig1 zaman, findiklarda ¢otanaklarin
belirginlesmeye bagladigi nisan ay1 ortasinda
belirlenmistir. Benzer sekilde, Akca (2003) Samsun,
Ordu ve Giresun illerinde Findik kurdu erginlerinin
nisan ortasinda ortaya ciktigim1 ve sicakligi bagh
olarak mayis ay1 ortalarinda popiilasyonun en yiiksek
seviyelere ulastig1 bildirilmistir. Tuncer ve ark. (2005)
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Findik kurdu erginlerinin nisan baslarinda gitkmaya
bagladigin1  ve c¢ikan boceklerin  karanfillerle
beslendigini énceki ¢aligmalarda bildirilmiglerdir.

Diger bir ¢calismada ise Akca ve Tuncer (2005) Findik
kurdu erginlerinin benzer sekilde Nisan ayinda
goriilmeye baslandigi ve maksimum yogunluga ise
mayis ayinin ortalarinda ulagtigini ve temmuz basinda
erginlerin  sonlandigimi  bildirilmiglerdir. Aym
calismada Findik kurdu ergin sayisinin yillara gore
degismekle ocak basina 1-10 arasinda oldugu
kaydedilmistir. Guidone ve ark. (2007) ise Italyanin
kuzey-batisinda bulunan findik alanlarinda Findik
kurdu erginlerinin sezon boyunca goérildigiini ve en
yiiksek popiilasyon yogunluguna haziran ayinin ikinci
yarisinda ulastigim bildirmiglerdir. Italya’min orta
kesimlerinde yapilan calismalarda 29 Mayis ile 18
Haziran tarihlerinde ortalama sicakligin 18 °C Findik
kurdunun olgun yumurtalarinin tespit edildigi
kaydedilmistir (Paparatti, 1990; Pucci, 1992). Guidone
ve ark. (2007) da benzer sekilde Findik kurdu
disilerinin olgun yumurtalarinin sicakligin 18 °C’yi
gectigi  haziran ayinda gorilmeye basglandigini
bildirmiglerdir. Bu ¢calismada da benzer sekilde Findik
kurdunun erginlerinin siire boyunca ortalama
sicakligin 18.6 °C oldugu kaydedilmistir.

Calisma sonucunda bélgede Findik kurdu erginlerinin
¢otanaklarin mercimek buytkliginde oldugu dénem
olan nisan ay1 ortasinda ¢gikmaya bagladigi, mayis ay1
ortasinda pik yaptig1 belirlenmistir. Tim bahgelerde
Nisan ay1 ortast itibariyle Findik kurdu
popiilasyonunun miicadele egiginin (2 ergin 10 ocak')
uzerinde oldugu belirlenmistir. Dolayisiyla, bolgede bu
zararliyla micadeleye nisan ay1 ortasi itibariyle
baslanmasi gerekmektedir. Calismanin yurataldagi
bahgelerden ¢ Sari yaglik cesidi ile kuruluyken,
digeri Sivri findik cesidiyle kurulu (Nalbant Képriisii-
1) olup, bu bahcede daha diisiik Findik kurdu
poplilasyonu belirlenmigtir. Bu sonuglar dikkate
alinarak sonraki ¢aligmalarda Turkiye’de de genel
olarak yetigtiriciligi yapilan findik cesitlerinin Findik
kurdu tercihi acisindan incelenmesi gerektigi
sonucuna varilmigtir.
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Iki yazarda projenin hazirlanmas,
yazilmasinda gorev almistir.

yurutme ve
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Cikar Catismasi Beyam

Yazarlar arasinda herhangi bir ¢ikar c¢atigmas:

bulunmamaktadar.
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OZET Aragtirma Makalesi

Bu c¢alismada, Canakkale Ezine’de bulunan Ulukéy ve Alemsah . —

goletleri sedimentlerinin baz fiziko-kimyasal 6zelliklerinin ve agir Gal' a; ?}:’_1 99.514 06.9020
tal ki t 1 belirl i farkli ekolojik risk elis Tarihi : 14.06.

diddering ot doporlendinilmes . amaclanmst. . Alamn  Kabul Tarihi :17.08.2020

indislerine  gore  degerlendirilmesi  amaglanmigtir.  Alanin
belirlenmesi, 6rneklerin alinmasi ve analizlerin gergeklestirilmesi
(Nisan 2019-Nisan 2020) tarihleri arasinda bir yillik bir siire¢ icinde
gerceklestirilmistir. Sediment o6rneklerinde tekstiir, pH, elektriksel
iletkenlik, kireg¢, organik karbon ile agir metal konsantrasyonlari
belirlenmistir. Ilaveten sedimentlerdeki agir metallerin kirlenme
indisleri de (zenginlesme faktérii, jeobirikim indeksi ve kirlilik yiik
indeksi) saptanmigtir. Agir metallerin zenginlesme faktérii Ulukoy
sulama goletinde Cu>Pb>Zn>Mn>Cr>Ni iken Alemsah sulama
goletinde ise Cu>Pb>Zn>Mn>Cr=Ni siralamasinda belirlenmigtir.
Ulukoy sulama goletinde jeobirikim indeksi Fe i¢in 8.55, Mn i¢in 4.82,
Cr i¢in 3.06; Alemsgah sulama géletinde ise Fe i¢in 8.72, Mn igin 5.13,
Cr i¢in 3.22 ve Zn i¢in 3.12 olarak saptanmistir. Hem Ulukoy hem de
Alemsah sulama goletleri sedimentlerinde agir metallerce kirlenme
saptanamamistir. Kaynaklarin siirdirilebilir ve etkin kullanilmasi
icin bu tur izleme ve degerlendirme ¢alismalarina énem verilmesi
onerilmektedir.

ABSTRACT

Objective of this study was to determine some physico-chemical
properties and heavy metal concentrations of Ulukdy and Alemsah
pond sediments and to evaluate them based on different ecological risk
indices in Canakkale Ezine. Within the time frame of one year (from
April of 2019 to April 2020), the decided study area were constructed,
samples were collected and the data analysis were performed.
Texture, pH, electrical conductivity, lime and organic carbon content,
heavy metal concentrations of sediment samples were determined.
Pollution indices of sediment heavy metals (enrichment factor,
geoaccumulation index, pollution load index) were also determined.
Heavy metal  enrichment  factors  were ordered as
Cu>Pb>Zn>Mn>Cr>Ni in Ulukdy dam and as Cu>Pb>Zn>Mn>Cr=Ni
in Alemsah dam. In Ulukéy dam, geoaccumulation index was
identified as 8.55, 4.82, and 3.06 for Fe, Mn, and Cr, respectively. In
Alemsah dam, however, this value was 8.72, 5.13, 3.22 and 3.12 for
Fe, Mn, Cr, and Zn, respectively. Heavy metal pollution was not
detected in sediment samples of both dams. It was concluded that
more of monitoring and assessment studies should be recommended
for effective and sustainable use of natural resources.
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GIRIS MATERYAL ve METOT
Sucul ekosistemlere agir metal girdileri ya dogal Caligsma Alam

kaynaklardan (kayacglarin ayrismasi, toprak erozyonu,
atmosferik birikim) ya da antropojenik kaynaklardan
(hizli kentlesme ve sanayilesme, tarim aktiviteleri)
olmaktadir (Liu ve ark., 2018; Kiikrer ve ark., 2019;
Zhuang ve ark., 2019). Agir metaller sedimentlerin
fiziksel ve  kimyasal  oOzelliklerini  dogrudan
etkileyebilir ve mikrobiyal aktiviteyi azaltabilirler. Bu
arada agir metaller besin zinciri yoluyla dogrudan
insan saghgini etkileyebilirler ve deriyle temas
edebilirler. Agir metaller parcalanmayan yapilari
nedeniyle uzun sirede sedimentlerde birikebilir ve
daha sonra besin zinciri yoluyla insan vicudunda
birikebilirler.

Sulama goletleri sadece c¢evrelerindeki tarim
arazilerinin  sulanmasinda  kullamilmayip ayni
zamanda farkli amaclar (tagkin kontrolii, balikeilik,
rekreasyon alani, sediment kontroli, dogal hayatin
korunmas1) icinde kullanilmaktadirlar (Akiizim ve
Oztiirk, 1996). Tiirkiyenin farkli yerlerindeki sucul
ekosistemlerde sedimentlerin agir metal iceriklerine
iliskin arastirmalar 6rnegin, Atatiirk Baraj Goliinde
(Karadede and Unlii, 2004), Biiyiik Menderes ve Gediz
Nehrinde (Akcay ve ark., 2003), Nigde Giimiisler
Cayrinda (Yalcin ve ark., 2008); Seyhan Barajinda
(Cevik ve ark., 2009), Nigde Akkaya Barajiinda
(Keskin, 2012), Cildir Golivnde (Kiikrer ve ark., 2015),
Gokcekaya Baraj Goletinde (Akin and Kirmizigiil,
2017), Mustafakemalpasa Cayr’'nda (Omwene ve ark.,
2018), Mogan Gélii'nde (Kucukosmanoglu and Filazi,
2020), Giresun’daki ¢aylarda (Ustaoglu ve Islam, 2020)
yapilmig olmasina ragmen sulama goleti
sedimentlerinde yaymlanmig arastirmaya
rastlamilmamigtir. Calisma alanmi 6nemli bir tarimsal
potansiyele sahip bolgedir. Bolgede yaz aylarinda
yetistirilen karpuz ve taze fasulye erkencilik 6zelligi
tasimasi nedeniyle ekonomik ac¢idan ¢iftcilere 6nemli
avanta] ve katki saglamaktadir. Bu baglamda
bolgedeki toprak ve su kaynaklarinmin strdiirilebilir
kullanilmas1 acisindan izleme ve degerlendirme
calismalarinin yapilmasi1 6nem arzetmektedir. Bu
arastirmanin amaci iki sulama géletindeki (Ezine
Ulukéy ve Ezine Alemsah) sedimentlerin baz fiziksel
ve kimyasal 6zellikleri ile baz1 agir metallerin (Fe, Cu,
Mn, Zn, Cr, Ni ve Pb) konsantrasyonlari ile agir metal
kirliligini zenginlesme faktori, jeobirikim indeksi ve
kirlilik yiik indeksi yardimiyla hesaplamaktir. Ayrica
sediment 6rneklerindeki agir metaller ile bagka sucul
ekositem sedimentlerdeki agir metal
konsantrasyonlarin1  karsilagtirmakta c¢alismanin
amaclarindan birisidir.
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Ulukoy Goleti; Canakkale ili Ezine ilge merkezinin 35
km giineybatisinda Ulukoy koyline 2 km uzaklhiktaki
Ulukdy Goleti (431874 D 4397347 K) (Sekil 1) 1993-
1994 yillar1 arasinda tarimsal sulama amagh olarak
yapilmistir. Golet gévdesi homojen dolgu tipinde olup,
talvegden 22 m, temelden 25 m yiiksekliktedir.
Depolama hacmi 2900 hm?, aktif hacim 2745 hm?, 6li
haemi 0.200 hm? diir. Sulama sistemi, ana kanal klasik
beton kaplama, yedek ve tersiyerler kanalet
seklindedir. 285 ha olan sulama sahasinda en fazla
yetigtiriciligi yapilan triinler domates, taze fasulye,
kavun, karpuz, misir ve yoncadir. Sulama sahasinin
buytik bir b6éliminde damla ve yagmurlama sulama
yontemi uygulanmaktadir (Biiyiikgaga ve Tasg, 2014).

Alemsah Goleti i1se Canakkalenin Ezine ilge
merkezinin 24 km giineybatisinda (432276 D, 4392803
K), Alemsah kéyiine bir km uzaklikta, Alemsah deresi
tzerine 2004-2006 yillar1 arasinda sulama amagh
olarak inga edilmigtir. Golet gévdesi kil cekirdekli
kaya dolgu tipinde olup, talvegden 22.5 m, temelden 29
m yiksekliktedir. Depolama hacmi 0.850 hm?, aktif
hacim 0.700 hm?, 6l hacmi 0.100 hm?® diir. Sulama
sistemi kapali borulu sistem olup 138 ha olan sulama
sahasinda en fazla yetistiriciligi yapilan {rtnler
domates, biber, taze fasulye olup; bu tirtina kavun ve
karpuz izlemektedir. Sulama sahasimin blyik bir
kisminda basinghi sulama yontemlerinden damla
sulama yéntemi uygulanmaktadir (Biiyiikgaga ve Tas,
2014).

Calisma alaninin jeolojik yapis1 Oligosen yasl,
magmatik kokenli granitik kayag topluluklarindan
olusmaktadir (Everest ve Ozcan, 2018).

Analize

Sediment Orneklerinin  Alinmasi

Hazirlanmasi

ve

Ulukéy ve Alemgah Sulama goletlerinden fiziki
imkanlar elvermedigi icin az sayida sediment
orneklemesi (Ulukéy Sulama Goéletinden 8 tane,
Alemgah Sulama Géletinden ise 4 tane) yapilabilmistir
(Sekil 2). Sediment ornekleri sulama gbletlerinin
kenarindan plastik kiirekle alinarak kapakli numune
kaplarina konulmug ve en kisa siirede laboratuvara
getirilmigtir. Sediment 6rnekleri laboratuvarda hava
kuru hale gelene kadar bekletilmistir. Kuruyan
sediment oOrnekleri 2 mm’lik elekten gegirilerek
analizlere hazir hale getirilmigtir.

Sediment Analizleri

Tane biiytikligi dagilimi (biinye) icin sediment
ornekleri sodyum hekza metafosfat ¢o6zeltisiyle
kimyasal dispersiyona ve toprak mikseri ile 6-10
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dakika karistirildiktan sonra (fiziksel dispersiyon) belirlenmistir (Gee and Or, 2002). Sediment
1130 mllik silindirlere aktarilmis ve hidrometre orneklerinde pH ve EC (elektriksel iletkenlik)
yardimiyla tane Dbiyiikligi dagilimi (biinye) olgimleri saturasyon ¢amurunda yapilmistir.

. Lejant
% © Ornekleme noktalar
U: Ulukdéy sulama goleti
© A: Alemgsah sulama goleti

Sekil 1. Calisma alaninin konuu '
Figurel. Location of study area

™

Sekil 2. A ve B. Ulukoy Sulama Goéleti C ve D. Alemgah Sulama Goleti
Figure 2. Ulukéy Irrigation Pond (A and B) Alemsah Irrigation Pond (C and D)
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(Thomas,1996;  Rhoades,1996).0rganik  karbon ~ Bu esitlikte Ci: sedimentteki ~agir metal
modifiye edilmis Walkley Black ydnteminde konsantrasyonu gostermektedir. PLI 1’ den biiyiikse

belirtildigi gibi sediment Orneklerinin K2Crz207 ile
oksidasyonu ve FeSOs4 c¢ozeltisiyle titrasyonu
sonucunda belirlenmistir (Nelson and Sommers,
1996). Sediment &rneklerinde kire¢ ise Scheibler
kalsimetresinde acgiga c¢ikan CO:z miktarina gore
belirlenmistir (Loeppert and Suarez,1996). Sediment
érneklerinin toplam agir metal (Fe, Cu, Mn, Zn, Cr, Ni
ve Pb) icerikleri nitrik asit ve perklorik asit
karisimiyla 3/1 oraninda yas yakildiktan sonra
(USEPA,1996) ICP-OES cihazinda okuma yapilarak
saptanmistir.

Zenginlesme faktérii (EF) ve jeobirikim indeksi (Igeo)
sedimentlerdeki agir metal iceriginin antropojenik
veya jeolojik kdékenli olup olmadigini belirlemek igin
kullanilmaktadir (Zhang ve ark., 2019; Varol ve ark.,
2020). Zenginlesme faktérii (EF) sedimentteki metalin
demire oraninin yerkabugundaki metalin demire
oranina béliinmesiyle elde edilmistir (Boliikbast ve
Akin, 2016; Ustaoglu and Islam, 2020).

EF 5 smifa ayrilmaktadir. 1.sinif EF<2 minimum
zenginlikten dusik; 2.sinif EF= 2-5 orta zenginlikte;
3.smif EF= 5-20 yeterli oranda zenginlikte; 4.sinif EF=
20-40 yuksek oranda zenginlikte; 5.simif EF>40 agir
derecede ylksek zenginlikte oldugunu géstermektedir
(Sutherland, 2000).

Jeobirikim indeksi (Igo) asagidaki esitlik yardimiyla
hesaplanmigtir.

Ige=1oga(Ci/ 1.5 x By) (n

Bu esitlikte Bit yerkabugundaki elementin ortalama
degeri (Wedepohl, 1995), 1.5= Litonejik etki nedeniyle
temel matriks diizeltmesidir.

Yerkabugunda elementlerin ortalama degerleri
Wedepohl (1995)’ e gére; Fe, Cu, Mn, Zn, Cr, Ni ve Pb
sirasiyla 43200 mg/kg, 25 mg/kg, 716 mg/kg, 65 mg/kg,
126 mg/kg, 56 mg/kg ve 14.8 mg/kg’dir.

Jeobirikim indeksi (Igeo) 7 siniftan olusmaktadir: 0.
sinif (kirlenmemis): Igeo <0; 1.simif (kirlenmemis ile
orta derecede kirlenmis): 0< Igeo 1; 2.simif (orta
derecede kirlenmis): 1< Igeo <2; 3.s1f (orta derece ile
asir1 derecede kirlenmig): 2< Igeo < 3; 4.smnif (agir1
derecede kirlenmis): 3< Igeo <4; 5.s1if (asir1 derecede
ile yogun olarak kirlenmis): 4< Igeo< 5; 6.smif (yogun
olarak kirlenmis): Igeo > 5.

Sediment kalitesini belirlemek igin agir metallerin
(Fe, Cu, Mn, Zn, Cr, Ni, Pb) kirlilik yiik indeksleri
(PLI) asagidaki formiil yardimiyla hesaplanmigtir
(Suresh ve ark. 2011).

E
Y Ci
PLI = |1_[—
1 1Bi

4 i=1

(2
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kirlenme mevcuttur.

Istatistik Analiz
Sedimentlerin baz fiziksel ve kimyasal 6zellikleri ile
agir metallerin  tamtict istatistikleri (ortalama,

standart sapma) Minitab 16 bilgisayar paket programi
yardimiyla hesaplanmigtir.

BULGULAR ve TARTISMA

Ulukoy sulama goletleri sedimentlerinin biinyesi tinli
kum, kum ve kumlu tin iken Alemgah sulama
goletlerinki ise tinli kum ve kum olarak belirlenmigtir.
Ulukéy sulama géleti sedimentlerinde pH, EC(dS m™),
kireg(%) ve organik karbon(%) igerikleri sirasiyla 6.18
(hafif asidik), 0.28, 0.65 ve 1.96 iken ayn1 parametreler
Alemgah goéleti sedimentlerinde ise sirasiyla
6.76(nétr), 0.16, 1.08 ve 0.57 olarak saptanmistir. Hem
Ulukéy hem de Alemgah  sulama  géleti
sedimentlerindeki agir metal konsantrasyonlar:
Fe>Mn>Zn>Cu>Cr>Pb>Ni siralamasinda
belirlenmistir (Cizelge 1).

Cizelge 1. Sulama goleti sedimentlerinin baz fiziksel
ve kimyasal ozellikleri ile agir metal
kapsamlari (ortalama+standart sapma)

Table 1. Some physical and chemical properties and

heavy metal contents of Irrigation pond
sediments (meantstandart deviation)
Ulukéy(n=8)  Alemsah(n=4)

Kil(%) 6.76+3.37 5.56+2.38
Silt(%) 7.19+4.43 4.10+3.27
Ince kum(%) 55.50+11.24  63.52+4.81
Kaba kum (%) 30.55+14.55 26.83+1.04
pH 6.18+0.96 6.76+0.39
EC (dS m) 0.28+0.22 0.16+0.08
Kireg( %) 0.65+0.53 1.08+0.13
Organik karbon(%)  1.96+0.88 0.57+0.42
Toplam Fe(mg/kg) 12786+3377 18505+4550
Toplam Cu(mg/kg)  21.77+10.23 23.03+2.38
Toplam Mn(mg/kg)  158.80+83.40  296.40+84.60
Toplam Zn(mg/kg) 22.05+5.15 30.99+7.44
Toplam Cr(mg/kg) 14.81+6.52 21.52+9.37
Toplam Ni(mg/kg) 5.88+4.12 9.44+3.40
Toplam Pb(mg/kg) 12.05+8.52 8.39+2.73
Agir metal konsantrasyonlar1 yerkabugundaki
degerlere (Wedepohl, 1995) gore daha diisiik

bulunmustur. Ulukéy ve Alemgah Sulama Goéletleri ile
diger tulkelerdeki ve Turkiye’ deki baraj goli ve
goletlerdeki sedimentlerde agir metallerin
kargilagtirilmas: Cizelge 2’ de verilmistir. Ulukody ve
Alemgah sulama goletlerindeki sedimentlerin Fe
kapsamlar1 Etueffont Goéleti, Uzungayir ve Geyik
Baraj Goli'nden daha yiksek saptanmigtir. Cu
icerikleri Hammam Grouz Baraj Gola ile Loje Baraj
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Goli'nden yiiksek, digerlerinden (Etueffont Géleti,
Aras Baraj Goli, Uzuncaywr ve Geyik Baraj Goletleri)
diisik bulunmustur. Calisilan iki géletin Mn igerikleri
Etueffont Goéleti ve Uzungayir Baraj Goli'nden dusik
saptanmistir. Zn kapsamlar1 digerlerine (Hammam
Grouz Baraj Goli, Etueffont Goleti, Aras, Loje,
Uzuncayir ve Geyik Baraj Golleri) gore daha diisiik
saptanmigtir. Cr i¢erikleri Hammam Grouz Baraj Go6li
ve Loje Baraj Goli'nden yiiksek, Etueffont Goéleti ve
Uzungayir Baraj Goli'nden dusuk bulunmustir.
Ulukéy Sulama Goéleti’ndeki sedimentlerin Ni kapsami
digerlerine (Etueffont Baraj Géleti, Aras, Loje,

Uzuncayir ve Geyik Baraj Golleri) gére daha diisiik
saptanmigken, Alemgsah ‘daki degerler Aras ve Loje
Baraj Goli'nkinden yiiksek, Etueffont Goleti ile
Uzuncgayir ve Geyik Baraj Goli'nkiinden dusiik
saptanmigtir. Ulukdy sulama goéleti sedimentlerindeki
Pb icerigi Hammam Grouz Baraj Goli, Aras ve
Uzuncayir Baraj Goli’ nden yuksek, Etueffont Goéleti,
Loje ve Geyik Baraj Goli'nden disik saptanmigtir.
Alemgah Sulama Goleti’'ndeki Pb igerigi ise Aras Baraj
Golii haric digerlerinden (Hammam Grouz Baraj Gélii,
Etueffont Goleti, Loje, Uzungayir ve Geyik Baraj
Golleri) daha diistik bulunmustur.

Cizelge 2. Ulukoy ve Alemgah Sulama Goletleri ile diger baraj golu ve goletlerdeki sedimentlerin agir metal

kapsamlarinin (mg kg!) karsilastirilmas:

Table 2. Comparison of heavy metal contents (mgkg') of sediment in Ulukdy and Alemsah irrigation pond with

other dams and lake ponds

Alan Ulke Fe Cu Mn Zn Cr Ni Pb Kaynak

(Site) (Country) (Fe) (Cu) (Mn) Zn) (Cr) (Ni) (Pb)  (Reference)

Ulukoy Sulama Goleti Turkiye 12786 21.77 158.80 22.05 14.81 5.88 12.05 Bu arastirma

Alemsgah Sulama Goleti Tiurkiye 18505 23.03 296.40 30.99 21.52 9.44 8.39  Bu arastirma

Hammam Grouz Baraj Cezayir - 2.86 67.50 5.60 - 11.86 Aissaoui ve ark.

Golu 2017

Etueffont Goleti Fransa 36.42 120.17 2459 252 62.57 42.17 39.71 Salem ve ark. 2014

Aras Baraj Go6lu Iran - 102.10 78.50 - 6.00 7.93  Farsani ve ark. 2019

Loje Baraj Golu Polonya - 7.20 39.90 11 9.10 20.50 Cymes ve ark. 2017

Uzuncayir Baraj Golu Turkiye 31.74 29.45 631.60 62.81 97.25 237.84 11.32 Kutlu, 2018

Geyik Baraj Golu Turkiye 6730  65.50 182 68 212 29.65 Ozdemir ve ark.
2010

Her 1ki sulama goletinin ¢evresindeki arazilerde tarim
yapilmaktadir. Agir metallerden bazilar: (Cu, Mn, Zn,
Cr, Ni ve Pb) tarimda kullanilan giibreler ve tarim
ilaclariyla topraga ve yeralti sularina karismaktadir
(Fuge, 2005). Agir metaller yiizey akisla sulama
goletlerine tasinabilmektedir. Sekil 2.D’ de goruldigu
gibi tarim ila¢larmin kutulari ile plastik siseler
sulama goéletlerine atilmaktadir. Ancak agir metal

konsantrasyonlari yerkabugundaki ortalama
degerlerden dugiik saptanmigtir.
Ulukéy ve  Alemsah  sulama  géletlerindeki

sedimentlerden Mn, Zn, Cr ve Ni’ in zenginlesme
faktorleri minimum zenginlikten disiik saptanmisken
Cu ‘in zenginlesme faktora ve Ulukdy'deki Pb’un
zenginlesme faktori orta zenginlikte saptanmastir.
Ulukéy’deki  sedimentte Cu ise asir1  derecede
kirlenmis sinifina  girmistir. Ulukéy sulama
goletindeki agir metallerin zenginlesme faktorleri
¢oktan aza dogru Cu>Pb>Zn>Mn>Cr>Ni
sirasindayken  Alemgah sulama goéletinde ise
Cu>Pb>Zn>Mn>Ni=Cr siralamasinda belirlenmigstir.

Ulukéy ve Alemsah sulama goéletlerindeki Fe'in
jeobirikim  indeksi  yogun olarak  kirlenmisg
sinifindayken(bunun  nedeni  jeolojik  kékenden

kaynaklanmis olabilir); Cu ve Ni’ in jeobirikim indeksi
orta derecede ile agir1 derecede kirlenmis sinmifinda
belirlenmigtir. Ulukoy goéletindeki Mn'in jeobirikim
indeksi orta derece ile asir1 derecede kirlenmis,
Alemsgah’daki Mn ise yogun olarak kirlenmig sinifinda
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saptanmigtir. Ulukoy goletindeki Zn'un jeobirikim
indeksi orta derecede ile asir1 derecede kirlenmis,
Alemsgah sulama géletindeki Znun jeobirikim indeksi
ise agir1 derecede kirlenmig sinifinda belirlenmigtir.
Ulukoéy ve Alemsah sulama goletlerindeki Cr’ un
jeobirikim indeksi ise agir1 derecede kirlenmig
sinifinda saptanmistir. Her iki sulama géletinde
kirlilik yuk indeksi 1’ den kicik oldugu icin kirlenme
bulunamamistir (Cizelge 3).

SONUC ve ONERILER

Ulukoy sulama goleti sedimentlerinin ortalama Fe,
Cu, Mn, Zn, Cr, Ni ve Pb icerikleri sirasiyla 12786,
21.77, 158.80, 22.05, 14.81, 5.88 ve 12.05 mg/kg iken
Alemsah sulama goletinde ise Fe, Cu, Mn, Zn, Cr, Ni
ve Pb icerikleri sirasiyla 18505, 23.03, 296.40, 30.99,
21.52, 9.44 ve 8.39 mg/kg olarak saptanmistir. Hem
Ulukoy hem de Alemsgah sulama goleti sedimentlerinin
agir metal igerikleri yerkabugundaki ortalama
degerlerden diisiik saptanmigtir. Ulukdy ve Alemsah
sulama goletleri sedimentlerinde zenginlesme faktori,
jeobirikim indeksi ve kirlilik yiik indeksine gore
sedimentlerin agir metallerce kirlenmemis ile yogun
kirlenmis  araliginda  olduklar1  belirlenmistir.
Sedimentlerdeki agir metal konsantrasyonlar: dizenli
araliklarla izlenmeli ve sulama  géletlerinin
etrafindaki tarim alanlarinda kullanilan gtbre ve
tarim ilaglari  kullanimi  mimkin oldugunca
azaltilmalhidir.
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Cizelge 3. Farkli sulama goéletlerinden alinan sedimentlerdeki agir metallerin zenginlesme faktorleri, jeobirikim

ve kirlilik yiik indeksleri

Table 3. Enrichment factor, geoaccumulation and pollution load indices of heavy metals in sediments collected

from difterent irrigation ponds

Zenginlesme Faktorii (Enrichment Factor)

Fe Cu Mn 7n Cr Ni Pb
Ulukdy Sulama Goleti 3.05+£1.49 0.74+0.35 1.26+0.35 0.39+0.09 0.33+0.21 2.83+2.25
(Ulukoy Irrigation Pond)
Alemgah Sulama Goéleti 2.23+0.44 0.98+0.26 1.11+0.06 0.39+0.10 0.39+0.12 1.34+0.37
(Alemgsah Irrigation Pond)
Jeobirikim Indeksi (Geoaccumulation Index)
Ulukdy Sulama Goleti 8.55+0.12 2.53+0.18 4.82+0.25 2.97+0.09 3.06+0.17 2.24+0.28 1.99+0.28
(Ulukoy Irrigation Pond)
Alemgah Sulama Goéleti 8.72+0.10 2.58+0.05 5.13+0.13 3.12+0.11 3.22+0.19 2.52+0.18 1.91+0.13
(Alemgsah Irrigation Pond)
Kirlilik Yiik Indeksi (Pollution Load Index)
Ulukéy Sulama Goleti 0.08 0.80 0.19 0.33 0.11 0.08 0.66
(Ulukoy Irrigation Pond)
Alemsah Sulama Gdéleti 0.42 0.92 0.40 0.47 0.16 0.16 0.55
(Alemgsah Irrigation Pond)
Cikar Catigmas1 Beyani Cymes I, Glinska-Lewczuk K, Szymczyk S, Sidoruk M,
Makale yazarlari aralarinda herhangi bir cikar Potasznik A 2017. Distribution and Potential Risk

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.
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OZET

Calismada gida sanayisine ham madde olusturmasi, insan saghgina
sundugu katkilar, enerji kaynag: ve glibre olarak kullanilabilmesi gibi
ozellikleriyle her gecen giin 6nemi artan seftali piyasasinin analizi
amaclanmigstir. Veri seti; TUIK ve TOB istatistiklerinden temin edilen
2003-2017 yillarina ait; tiretici fiyati, tiketici fiyati, tretim, tiiketim,
ihracat, ithalat ve girdi fiyatlarina iligkin verilerden olusturulmustur.
Turkiye seftali piyasasimi analiz etmek amaciyla; arz ve talep
fonksiyonlar ile ilgili modeller tahmin edilmis, pazarlama marj ve
zincirleme indeks hesaplamalari yapilmigtir. Regresyon tahmin
sonuclari, Uretim tizerinde; giibre fiyatlarinin negatif yonli, tarimsal
iggiicii Ucretlerinin ise pozitif yonli bir iligki icerisinde oldugunu
ortaya koymustur. Talep tizerinde pozitif yonlu etkiye sahip faktorin
niifus oldugu belirlenmistir. Reel fiyatlara gore; ortalama pazarlama
marjy 0.60 TL kg1, {reticinin eline gecen deger %53.92 olarak
hesaplanmigtir. 2008-2011 yillar1 arasinda ortalama %60.92 olan reel
ureticinin eline gecen degerin 2017 yilina gelindiginde %48.28 oranina
gerilemesi; piyasada her gegen yil elde edilen kazangtan tireticiye
daha az pay distiiginiin gostergesidir. Ureticinin eline gecen deger
artarken pazarlama marjinin azalmasi hem tiretici hemde tiikketicinin
lehine olacagi i¢in, ureticilerin kooperatifler gibi pazarlama marjini
azaltabilecek olugumlara tesvik edilmesi 6nem tagimaktadir.

ABSTRACT

In the study, it is aimed to analyze the market of peaches, which is
becoming more and more important with its features such as creating
raw materials for the food industry, contributing to human health,
being an energy source and fertilizer. Data set is based on data
between 2003-2017 obtained from TUIK and TOB statistics. The data
includes; producer and consumer prices, production, consumption,
export, import, and input prices. In order to analyze the Turkey peach
market, models related to supply and demand functions were
estimated, marketing margin and chain index calculations were made.
Regression estimation results show that fertilizer price has a negative
relationship with the production and labor price has a positive
relationship with the production. It has been determined that the
factor that has a positive effect on demand is population. It has been
calculated that according to real prices, the average marketing margin
is 0.60 TL kg1, share of the producer in consumer’s price is 53.92%.
The share of producer in consumer's price, which was average 60.92%
between 2008 and 2011, decreased to 48.28% by 2017. This is an
indication that the producer receives a lower share of the market
earnings every year. For the benefit of both producers and consumers,
it is important to encourage farmers to establish foundations such as
cooperatives, that can reduce the marketing margin and increase the
profit of the producer.
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GIRIS istatistiklerinden elde edilen 2003-2017 yillarma ait;

Sert c¢ekirdekli meyveler grubunda yer alan seftali;
ulke ekonomisi, yetigtiriciligli yapilan yorelerdeki
kirsal kesim ve insan beslenmesi i¢in 6nemli bir tarim
tiriintidiir (Okan ve Engindeniz, 2016). Taze olarak
tiketilebildigi gibi meyve suyu konsantresi, pulp
olarak, kurutularak veya derin dondurma
yontemleriyle uzun stre saklanabilen geftali; recel ve
marmelat vb. mamiiller haline de getirilebilir (Birinci
ve Er, 2006a). Bu yoniiyle seftali, gida sanayi icin ham
madde niteligi tasimaktadir (Engindeniz ve Cukur,
2003).

Turkiye; 2018 yilinda gergeklestirdigi 789 bin ton
geftali tretimi ile diinyanin en biyuk 5. treticisi ve
110 bin tonu asan ihracati ile de diinyanin en biyuk 4.
ihracatcisi  konumundadir (Anonymous , 2020a;
Anonymous, 2020b). Illere gére seftali tiretimi
verilerine bakildiginda basta marmara boélgesi illeri
olmak lzere Tirkiye'nin pek ¢ok ilinde seftali tiretimi
yapildigr gorilebilir. 2018 yili verilerine gore; 2
milyonu asan agag¢ sayis1 ve yillik 146568 ton
tretimiyle Canakkale ili, Tirkiyenin en biiyik seftali
ureticisi konumunda yer alirken; bunu sirasiyla
136810 tonluk uretimiyle Mersin ve 121984 tonluk
iiretimiyle Bursa takip etmektedir (Anonim, 2020b).

Calismada gida sanayisine ham madde olusturmasiyla
ulusal ekonomi; diinyanin en biyik treticileri ve
ihracatgilari arasinda yer almasi nedeniyle de
uluslararas1 ekonomi i¢gin énem arz eden Tirkiye
seftali piyasasimin analizi amaglanmistir. Bu amacla;
arz ve talep fonksiyonlar: ile ilgili modeller tahmin
edilmig, zincirleme indeks ve pazarlama marjlar
hesaplanmigtir. Literatiir incelendiginde, ge¢miste;
sarimsak (Askan ve Dagdemir, 2015), mercimek
(Kiizeci ve Ark., 2019a), kuru fasiilye (Kiizeci ve Ark.,
2019b) ve portakal (Ertek ve Ark., 2020) piyasalarini;
benzer metotlar yardimiyla inceleyen c¢alismalar
bulundugu gorulmektedir. Seftali i¢in gec¢miste
yapilan calismalara bakildiginda, Karacabey’'de
(Birinci ve Er, 2006a; Birinci ve Er, 2006b) ve
Samsun’da (Cinemre ve Kilic, 1999) iiretim
maliyetlerini ve/veya pazarlama yapisini inceleyen
caligmalar bulunsa da, Tirkiye seftali piyasasini
inceleyen bir galismaya rastlanmamigtir. Calismanin
literatiirdeki bu agig1 gidererek karar vericilerin

seftali Uretimi ve pazarlamasi ile ilgili uygun
politikalar geligtirmesine yardimci olacagi
distiniilmektedir.

MATERYAL ve METOD

Calismanin ana materyalini Tarim ve Orman

Bakanligi (TOB) ve Tirkiye Istatistik Kurumu (TUIK)
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seftali Gretimi, seftali tiikketimi, giibre fiyatlari, mazot
fiyatlari, tarimsal igglcu tcretleri, niifus, Uretici
fiyatlar1 ve tuketici fiyatlarina iligkin veriler
olusturmaktadir (Anonim, 2020a; Anonim, 2020b;
Anonim, 2020c; Anonim, 2020d; Anonim, 2020e).
Ulusal ve uluslararasi 6lgekli yayinlar ve raporlar ise
caligmanin ikincil kaynaklaridir.

Yillik tretici ve tiiketici fiyatlar; TUIK tarafindan
UFE (UFE ve TARIM UFE) ve TUFE madde fiyatlar:
bélimlerinde ayhik fiyat seklinde paylasilan geftali
fiyatlarinin, yillik ortalamalar: alinarak
olusturulmustur. Benzer sekilde TOB istatistiklerinde
aylik mazot fiyatlarinin yillik ortalamasi olarak
paylasilan veriler, yillik mazot fiyati olarak kabul
edilmigtir.  Yillhk  giibre fiyatlar1 ise TOB
istatistiklerinde yillik fiyat seklinde paylagilan 6
giibre cinsinin (%21 A.S., %26 CAN, %33 A.N., URE,
DAP ve 20.20.0) ortalamalar: alinarak
olusturulmustur.

Calismada turetime iligkin geftali tretici fiyatlari,
giibre fiyatlari, mazot fiyatlari, tarimsal isgiici
ticretleri gibi degiskenler tarimsal tiretici fiyat endeksi
(2003=100) yardimiyla; tiiketici fiyat1 degiskeni ise
tiiketici fiyat endeksi (2003=100) yardimiyla reel hale
getirilmigtir. Deflate iglemi i¢in yararlanilan formiile
Esitlik 1’de verilmistir:

FR =28+ FC (1)
EC

Formiilde yer alan FR, reel fiyati; EB, baz yil1 endeksi;
EC, cari yi1l endeksi ve FC ise cari fiyatlar1 temsil
etmektedir.

Tuketici fiyatlar: ve lretici fiyatlar1 arasindaki fark
pazarlama marji olarak kabul edilerek reel fiyatlar
i¢in hesaplama yapilmigtir (Kohls ve Uhl,1998; Ozkan
ve Ark. 2003; Topgu, 2003; Askan ve Dagdemir, 2015;
Ertek ve ark., 2020). Cari fiyatin bir énceki yila gére
ne oranda arttigim veya azaldigini gézlemlemek
amaciyla zincirleme fiyat indeksinden
yararlanilmistir. Bu yontemde sabit bir baz yih
belirlenmeksizin; herhangi bir yila ait indeks degeri,
bir onceki yilin fiyat1 temel alinarak
hesaplanmaktadir (Kadanali ve ark., 2010).
Zincirleme indeks degeri i¢in yapilan hesaplamalar
Esiklik 2’deki gibi formiile edilebilir;

Z=-" 4100

n—-1 (2')

Formiilde yer alan Z, n yili igin zincirleme indeks
degerini; Fn, n yilinin dretici veya tiketici fiyatini; Fu-
1ise n yilindan bir yi1l 6nceki fiyat1 temsil etmektedir.
Indeks farki ise n yili i¢in elde edilen zincirleme indeks
degerinden 100 ¢ikartilmasiyla elde edilmektedir.

Pek ¢ok tarim Urtniinde tretim, bir 6nceki yilin fiyati
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ile 1iligki icerisindedir. Ancak seftali gibi ¢ok yillik
bitkilerde bu durum gegerliligini yitirmektedir. Ctinka
bir yil onceki fiyatlardan etkilenerek dikilecek bir
seftali agacinin ilk meyvelerini vermesi yillar
stirecektir. Uretici fiyatinin, n yili seftali tiretimine
etkisini saglikli bir bicimde inceleyebilmek icin (n-3),
(n-4) ve (n-5) yillarindaki {iretici fiyatlarinin dahil
edildigi bir modelin kullanilabilecegi
diistintilmektedir. Ancak gézlem sayisinin yetersizligi
calismada béyle bir model kurulmasina imkan
vermemektedir. Bu nedenle sgeftali uretimi igin
olusturulan modelde {retici fiyatlarina  yer
verilmemis, sadece Ttretim Ttizerinde etkili olan
girdilerin fiyatlar1 gbéz ontinde bulundurulmustur.
Belirlenen arz modeli Esitlik 3’de verilmigtir;

INURTM = By + By MAZF, + B,GUBF, + B5ISGF; + €, (3.)
URTM: Seftali Uretim Miktar: (Ton)

MAZF: Mazot Reel Fiyat1 (TL ton)

GUBF: Giibre Reel Fiyat1 (TL ton™”

ISGF: Tarimsal Isgiicii Reel Ucreti (TL ay?)

Seftali, insan beslenmesi i¢in 6nem tasiyan bir tarim
uruniadir. Her Griinde oldugu gibi tarim triinlerinde
de talep tizerinde etkili pek ¢ok faktor bulunmaktadar.
Niifus, tarim trtnleri igin talebi etkileyen faktorler
arasinda 6nemli bir konuma sahiptir (Dinler, 1993).

Cizelge 1. Tamimlayic1 Istatistikler
Table 1 Descriptive Statistics

Fiyat faktoriiniin ise her irtinde oldugu gibi tarim
Urinleri tizerinde de etkisi bulunmakla birlikte; tarim
urunlerinin  genellikle beslenme gibi  zorunlu
ihtiyaglar: kargilamak i¢in kullanilmasindan dolay: bu
etki simirlidir. Yani tarim Urtnlerinde talebin fiyat
esnekligi katidir. Tarim Urtnleri talebine etki eden
genel Ozellikler dikkate alinarak geftali talep modeli
olusturulmustur. Modele, Esitlik 4’de yer verilmistir;

INTKTM = B, + B, TUKF, + B,NFS, + €, (4.)

TKTM:  Seftali  Tiiketimi ((Seftali  Uretim
Miktari+Ithalat)-(Uretim
Kayiplari+Kayiplar+Ihracat)) (Ton)

TUKF: Seftali Tiiketici Fiyati (TL ton™)

Niifus: Kisi Sayisi

Seftali piyasasinda arz ve talep fonksiyonlarinin
tahminini gergeklestirmek amaciyla en kiigiik kareler
(EKK) yénteminden yararlanilarak regresyon analizi
yapilmistir. Her iki fonksiyonun tahmini i¢in de, en
uygun istatistiki sonuclar1 veren yari-logaritmik (Log-
Dog) modellerden yararlamilmistir. EKK tahmini icin
Eviews 10 paket programindan yararlanilmigtir.

Arz ve talep modellerinde kullanilan degiskenlere ait
tanimlayici istatistiklere Cizelge 1’de yer verilmigtir.

Degiskenler Ortalama Standart Sapma Maksimum Minimum
Variables Mean Standard Deviation Maximum Minimum
Seftali Uretim Miktar1 (Ton)

Peach Production Quantity (Tonnes) 571612.2 92897.14 771459.0 372000.0

Seftali Tiiketim Miktari(Ton)

Peach Consumption Quantity (Tonnes) 468996.8 70805.28 587582.0 308579.0

Seftali Tiiketici Reel Fiyat1 (TL ton'?)

Peach Real Consumer Price (TL tonnes™) 1297.333 168.0334 1590.000 990.0000

Niifus (Kisi) Population (person) 73750500 4412590 80810525 67187251
Mazot Reel Fiyat1 (TL ton'!)

Real Diesel Price (TL tonnes?) 1577.231 181.0842 1941.010 1276.200

Tarim Iscisi Reel Ucreti (TL ay™!)

Real Wages of Agricultural Worker (TL month) 463.8493 104.4646 602.2800 290.4200

Giibre Reel Fiyat1 (TL tonnes)

Real Fertilizer Price (TL tonnes™) 380.5027 78.05195 587.4300 303.3000

BULGULAR ve TARTISMA

Turkiye'nin geftali iretimi ile 1ilgili gesitli gostergeleri
iceren Cizelge 2’ye bakildiginda meyve veren agag
sayisinin yillar icerisinde dalgali bir seyir izlemekle
birlikte 2011 yilindan itibaren siirekli olarak arttigi
meyve vermeyen aga¢ sayisinda ise yillar igerisinde
dalgali bir seyir gerceklesmesine ragmen, 2018 yilinda
2003 yilina gore meyve vermeyen aga¢ sayisinda
%82.60 oraninda artig gerceklestigi gorilmektedir.

Uretim verileri incelendiginde 2003 yilinda tiretimin
470 bin ton oldugu; bu rakamin 2010 yilinda 2003
yilina gére %14.76 artigla 539403 tona ulastigi, 2018
yilinda ise 2003 yilinda gore %67.96 artigla 789457 ton
seviyesine ulagtig1 gorilebilir. Verime iligkin verilere
bakildiginda, 2003 yilinda bir meyve veren agagtan
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ortalama 35.33 kg seftali hasat edilirken, 2017 yilina
gelindiginde ortalama verimin %27.93 artigla 45.20 kg
seviyelerine ¢iktigi, 2018 yilinda ise verimin 45.97 kg
seviyelerine ulastig1 gézlenmektedir.

2003-2017 yillar1  i¢cin  ortalama  degerlerine
bakildiginda; meyve veren aga¢ sayisinin 14587,
meyve vermeyen agag sayisinin 2899, tiretimin 571612
ton ve verimin 39.04 kg oldugu gériilmektedir.
Toplam geftali tiiketimi, ithalat1 ve ihracatina iliskin
istatistiklere Cizelge 3’de yer verilmigtir.

Veriler incelendiginde toplam tiiketimin 2003 yilina
gore 2010 yilinda %20.35, 2017 yilinda %47.32
oraninda arttigy; kigi basina tiikketimin 2003 y1lina gére
2010 yilinda %8.70, 2017 yilinda %30.17 oraninda
arttign  gorilebilir. Dig ticarete iliskin veriler
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incelendiginde; Turkiyenin 2003 ve 2004 yillarinda
seftali ithalat1 gergeklestirmedigi, 2005 yilindan
itibaren ithalatin bagladigi goérulmektedir. Ancak,
toplam tiiketim igerisindeki ithal edilen {iriin oraninin
2005 yilinda %0.003, 2010 yilinda %0.01, 2017 yilinda
%0.005 ve 2018 yilinda  %0.003  oldugu
distinildigiinde; 2005 yili ve sonraki yillarda ithalati
gerceklestirilen seftalinin, toplam seftali tiiketiminin

olduk¢a disiik bir miktarimi olusturdugu ifade
edilebilir. Thracata iligkin verilere bakildiginda; 2003-
2016 yillar1 arasinda 58 bin ton ile 22 bin ton
araliginda ihracat gergeklestiren Tirkiyenin; 2017
yilinda 107727 ton, 2018 yilinda ise 114312 ton ihracat
gerceklestirerek 6nceki yillara gore ihracatini 6nemli
6lctide arttirdigi gorilmektedir.

Cizelge 2. Tirkiye’de 2003-2018 Yillar1 Seftali Agac¢ Sayisi, Uretim ve Verim Istatistikleri
Table 2 Peach Production, Number of Trees and Productivity Values in Turkey Between 2003-2018

Yillar Years

Agac Sayis1 (Bin) Number of Trees (Thousand)

Uretim (Ton) Verim (kg) (iiretim

Meyve Veren

Meyve Vermeyen

Production (Tonnes) meyvve veren agag)

Bearing Non Bearing Yield (kg)
(Kilogramme Number
of Bearing Trees)

2003 13300 2150 470000 35.33
2004 13650 2130 372000 27.25
2005 13900 2588 510000 36.69
2006 13840 2321 552775 39.94
2007 14375 2546 539435 37.52
2008 14076 2632 551906 39.20
2009 13928 2736 547219 39.28
2010 14364 3065 539403 37.55
2011 13447 2261 545902 40.59
2012 14181 3537 611165 43.09
2013 14546 3683 637543 43.82
2014 15149 3420 608513 40.16
2015 16338 3280 642727 39.33
2016 16647 3574 674136 40.49
2017 17064 3575 771459 45.20
2018 17170 3926 789457 45.97
Ortalama (Mean) 14748.44 2964 585227.50 39.46

Kaynak: Anonim, 2020b; Orijinal Hesaplamalar.

Cizelge 3. Seftali Tiiketimi ve Dis Ticaretine Tliskin Géstergeler (2003-2018)

Table 3 Indicators Related to Peach Consumption and Foreign Trade (2003-2018)
Yillar Tiiketim (Ton) Kisi Bagina Tiketim (kg) Yeterlilik Derecesi Ithalat (Ton) Ihracat (Ton)
(Years) (Consumption) (Per Capita Consumption) (%) (Degree of Self- (Import)(Tonnes) Export(Tonnes)

(Tonnes) (kg) Sufficiency (%))

2003 375278 5.59 111.0 44699
2004 308579 4.54 106.8 - 22824
2005 416385 6.05 108.5 1322 39860
2006 454204 6.51 107.8 1955 40577
2007 461414 6.54 103.6 2955 20934
2008 450457 6.30 108.5 1550 43407
2009 454811 6.27 106.6 2993 35605
2010 447644 6.07 106.8 8285 41160
2011 455711 6.10 106.1 7010 37376
2012 501324 6.63 108.0 3977 47612
2013 533838 6.96 105.8 4623 38318
2014 507949 6.54 106.1 9965 43844
2015 523031 6.64 108.9 7134 57568
2016 556745 6.98 107.3 2737 46772
2017 587582 7.27 116.3 3488 107727
2018 596114 7.26 117.3 2015 114312
Ortalama
Mean 476941.63 6.39 107.87 4286.36 48912.19

Kaynak: Anonim, 2020b; Orijinal Hesaplamalar.
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Tuketim ve dis ticarete ait géstergelerin 2003-2017
ortalamalary; tiiketim i¢in 455018 ton, kisi bagina
tiketim i¢in 6.33 kg, yeterlilik derecesinin i¢in
%107.88, ithalat i¢in 3866 ton ve ihracat igin ise 44552

ton olarak hesaplanmigtir.

Seftali reel fiyatlar: ve bu fiyatlardan yararalanilarak
olusturulan pazarlama marj1 hesaplarina Cizelge 4’de
yer verilmigtir.

Cizelge 4. Tirkiye’de 2003-2017 Yillar: icin Reel Fiyatlara Goére Seftali Pazarlama Marjlar: (2003=100)
Table 4 Peach Marketing Margin by Real Prices in Turkey Between 2003-2017 (2003=100)

Uretici Tiketici Pazarlama Ureticinin Aracinin

Fiyatlar: Fiyatlari Marj1 Eline Gegen (%)  Eline Gegen (%)

(TL kg (TL kg (TL kg') Producer’s Middlemen’s
Yillar Producer Price  Consumer Price Marketing Share (%) Share (%)
Years (TL kg') (TL kg') Margin(TL kg'!)
2003 0.66 1.35 0.69 48.89 51.11
2004 0.90 1.59 0.69 56.60 43.40
2005 0.66 0.99 0.33 66.67 33.33
2006 0.71 1.35 0.64 52.59 47.41
2007 0.72 1.55 0.83 46.45 53.55
2008 0.65 1.13 0.48 57.52 42.48
2009 0.86 1.35 0.49 63.70 36.30
2010 0.74 1.32 0.58 56.06 43.94
2011 0.85 1.28 0.43 66.41 33.59
2012 0.58 1.10 0.52 52.73 47.27
2013 0.59 1.19 0.60 49.58 50.42
2014 0.62 1.40 0.78 44.29 55.71
2015 0.69 1.47 0.78 46.94 53.06
2016 0.64 1.23 0.59 52.03 47.97
2017 0.56 1.16 0.60 48.28 51.72
Ortalama
Mean 0.70 1.30 0.60 53.92 46.08

Kaynak: Anonim, 2020a; Orijinal Hesaplamalar.

Seftali reel fiyatlar: incelendiginde 2003 yilinda 0.66
TL kg olan tiretici fiyati; 2010 yilinda 2003 yilina gore
%12.12 artigla 0.74 TL kg seviyelerine ¢ikmig, 2017
yilina gelindiginde ise 2003 yilina gore %15.15 dustsle
0.56 TL kg?! seviyelerine gerilemigtir. Tiiketici
fiyatlarina bakildiginda 1 kg seftali 2003 yilinda 1.35
TL seviyelerindeyken, 2010 yilinda bu rakam 1.32 TL
seviyesine 2017 yilina gelindiginde ise 1.16 TL
seviyesinde gerceklesmistir. Reel pazarlama marjina
bakildiginda; 2003 yilinda 0.69 TL kg! olan marjin
yillar i¢erisinde dalgali bir seyir izlemekle beraber en
disiik seviyesini 2005 yilinda 0.33 TL kg1 ile gordugi,
en yiksek seviyesine ise 2007 yilinda 0.83 TL kgt ile
ulastigr gorilebilir. Reel fiyatlara iligkin ortalamalara
bakildiginda; iiretici fiyat1 0.70 TL kg'?, tiiketici fiyat1
1.30 TL kg ve pazarlama marj1 0.60 TL kg olarak
saptanmigstir.

Ureticinin eline gegen ve aracinin eline gecen degere
iliskin oranlara Cizelge 4’de yer verilmigtir. 2003
yilina bakildginda 1 kg seftalinin tiiketiciye satigindan
elde edilen gelirin %48.89’u tureticinin eline %51.11°1
ise aracinin eline gegerken; 2010 yilina gelindiginde
ireticinin eline gegen oran %56.06 seviyelerine ¢ikmasg,
aracinin eline gegcen oran ise %45.94 seviyelerine
gerilemigtir. 2017 yilina gelindiginde oranlarin 2003
yilina gore yliksek oranda degisim gostermedigi;
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ureticinin eline gecen oranin %48.28, aracinin eline
gecen oranin ise %51.72 oldugu goérulmektedir.
Ortalama treticinin eline gegen oran %53.92,
tuketicinin eline gecen oran ise %46.08 olarak
hesaplanmigtir. 2008-2011 yillar1 arasinda ortalama
%60.92 olan reel lireticinin eline ge¢en deger oraninin
2017 yilina gelindiginde %48.28’e gerilemesi; piyasada
her gecen yil elde edilen kazangtan lreticiye daha az
pay distiginun gostergesidir.

Cizelge 5de cari fiyatlara gore turetici ve tiiketici
zincirleme indeks degerleri hesaplanmis; elde edilen
indeks farklari, tiretici fiyat endeksi (UFE) ve tiketici
fiyat endeksi (TUFE) degerleriyle karsilagtirilmigtir.

Sonuglar tretici indeksinin 2004, 2006, 2007, 2009,
2011, 2014 ve 2015 yillarinda UFE'den daha yiiksek
oldugunu; tiiketici indeksinin ise 2004, 2006, 2007,
2009, 2010, 2013, 2014 ve 2015 yillarinda TUFE den
daha yiiksek oldugunu géstermistir. Indeks farkinin
UFE’den daha yiiksek olmas1 iireticinin faydasina
olacagi icin Dbelirlenen yillarda fiyatin geftali
Ureticisinin lehine geligtigi ifade edilebilir. Tiketici
indeks farkinin TUFE’den daha yiiksek oldugunu
yillarda seftali tiiketici fiyatlarindaki artis, genel
tuketici fiyatlarindaki artistan daha yuksektir. Bu
nedenle indeks farkimn TUFE’den yiiksek oldugu
yillarda tiketicinin, diger {riinlerle mukayese
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edildiginde seftali satin alma glicinln zayifladig: ifade
edilebilir.

Cizelge 6’da seftali arz fonksiyonu i¢in gergeklegtirilen
yar1 logaritmik regresyon sonuglarina yer verilmistir.

Model incelendiginde igglicii ticreti ve glbre fiyati
degigkenlerinin istatistiksel olarak anlamli bulundugu
gorilebilir. Mazot fiyat1 degiskeni ise istatistiksel
olarak anlamli bulunmamaistir.

Cizelge 5. Turkiye’de 2003-2017 Yillar1 igin Uretici ve Tiiketici Zincirleme Indeks Degerleri
Table 5 Producer and Constumer Chain Index Values in Turkey Between 2003-2017

Uretici Cari Uretici Uretici UFE | Tiiketici Cari Tuketici Tuketici TUFE
Fiyat1 Zincirleme  Indeks PPl | Fiyat1 (TL kg!)  Zincirleme  Indeks CPI
(TL kg'1) Indeks Fark: Current Indeks Fark:
Current Producer Producer Consumer Price  Consumer Consumer
Yillar Producer Price Chain Index Index (TL kg-1) Chain Index Index
Years (TL kg') Difference Difference
2003 0.66 100 13.9 | 1.35 100 18.4
2004 1.11 168.18 68.18 13.8 | 1.72 127.41 27.41 9.3
2005 0.82 73.87 -26.13 2.7 1.16 67.44 -32.56 7.7
2006 0.96 117.07 17.07 11.6 1.74 150 50 9.7
2007 1.05 109.38 9.38 5.9 2.17 124.71 24.71 8.4
2008 1.06 100.95 0.95 8.8 1.75 80.65 -19.35 10.1
2009 1.42 133.96 33.96 5.9 2.21 126.29 26.29 6.5
2010 1.47 103.52 3.52 8.9 2.36 106.79 6.79 6.4
2011 1.78 121.09 21.09 13.3 | 2.43 102.97 2.97 10.5
2012 1.28 71.91 -28.09 2.5 2.27 93.42 -6.58 6.2
2013 1.29 100.78 0.78 7 2.65 116.74 16.74 7.4
2014 1.53 118.60 18.60 6.4 3.39 127.92 27.92 8.2
2015 1.86 121.57 21.57 5.7 3.82 112.68 12.68 8.8
2016 1.78 95.70 -4.30 9.9 3.45 90.31 -9.69 8.5
2017 1.75 98.31 -1.69 15.5 | 3.64 105.51 5.51 11.9
Kaynak: Anonim, 2020a; Orijinal Hesaplamalar.
Cizelge 6. Arz Fonksiyonu icin Hazirlanan Yari-Logaritmik (Log-Dog) Regresyon Sonuglar:
Table 6 Semi-Logarithmic (Log-Lin) Regression Results of Supply Function
Degiskenler Katsay1 Standart Hata t-Istatistik
Variables Coefficent Standard Error t-Statistic
C 12.40233 0.196619 63.07802***
ISG 0.001527 0.000235 6.505513***
MAZ 0.000255 0.000155 1.649082
GUB -0.000710 0.000391 -1.816791*
Dizeltilmis R2 F-istatistik
Adjusted R? 0.77 F-statistic 13.24336%**
Durbin-Watson istatistik
Durbin-Watson statistic 2.44
t-istatistik degerlerine; P<0.01 ise ***, 0.01<P<0.05 ise **, 0.05<P<0.1 ise * konulmustur.
Modelin diizeltilmis R? degeri 0.77 olarak hesaplanmisg artigin  {retimi  arttwrmaktan  gok  azaltmasi
olup; F istatistik degeri %1 onem diizeyinde anlamlh beklenecegi i¢in elde edilen sonqglarm iktisadi f)larak
bulunmustur. Diizeltilmig R? ve F istatistigi sonuglari, anlgmh ' 91mad}§1 dﬁs,_i'%niileblhr. Ancak  igglicl
modelin fonksiyonu analiz etmede yeterli bir arac degiskeninin diger degiskenlerden farkh olarak

oldugunu gostermigtir. Durbin-Watson istatistik
degeri 2.44 olarak belirlenmis, bdylece modelde
otokorelasyon sorunu olmadig teyit edilmistir.

Seftali tretiminde, 6zellikle hasat zamaninda igsgiicti
kullanimina yogun olarak ihtiya¢ duyulmaktadir. Oyle
ki, isglicli girdisinin geftali yetistiriciligi i¢in en 6nemli
girdilerden  biri  oldugunu  séylemek  yanlhg
olmayacaktir. Nitekim calisma kapsaminda
hazirlanan model de bu iligkiyi %1 6nem diizeyinde
dogrulamaktadir. Tki degisken arasindaki iligkinin
yonl incelendiginde, bir girdi fiyatinda gerceklesen
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igerisinde insani barindirmasi, bu degiskenin farkli
dinamiklere sahip olmasina neden olmaktadir.
Dinyanin pek c¢ok bélgesinde yapilan g¢aligmalar,
igglicli Ucreti ile verimlilik arasinda pozitif yonli bir
iligkinin  oldugunu dogrular niteliktedir. = Bu
calismalar; Banglades'te daha ylksek piring veriminin
tarimda tcretleri artirdigini (Emran ve Shilpi, 2018)
ve 1950'lerin ortalarindan 2001 yilina kadar yapilan
incelemede Kanada'da iggilici tcretleri ile isgiicii
verimliliginin birlikte hareket ettigini (Fisher ve
Hostland, 2002) géstermistir. Bu baglamda; bireysel
beslenmenin, isgiicii iicretleri (veya ciftlik ciktilar:)
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tzerindeki etkisini inceleyerek beslenme
durumu/isgiicii verimliligi iliskisine deginen (Haddad
ve Bouis, 1989), niteliksiz isgiiciiniin verimi ve
dolayisiyla isglicii tcretlerini azalttigini  belirten
(Makal, 2001) ve Tiirkiye tarim sektoriinde
c¢alisanlarin 6nemli bir boliminin {cretsiz aile
ig¢ilerinden olugmasinin diisiik verimlilige neden olan
onemli faktorlerden biri oldugunu belirten (Agazade ve
Estiirk, 2019) calismalarin da o6nem tasidig
distiniilmektedir. Tirkiye’de gesitli piyasalar igin
hazirlanan arz fonksiyonlarinda ise farkli sonuglara
ulagilmistir. Kuru fasiilye (Kiizeci ve Ark., 2019b) igin
olusturulan modelde iggtlicti licreti ile tiretim arasinda
z1t yonlii bir iliski ile karsilasilirken, portakal (Ertek
ve Ark., 2020) icin yapilan calismada ise istatistiksel
olarak anlamli bir iligkiye rastlanmamigtir. Kuru
fastilyenin tarla bitkileri sinifina girmesi nedeniyle
uretim esnasinda isglicine duyulan ihtiya¢ ve bu
ihtiyacin siddeti seftaliye gore farklilhik
gostermektedir. Dolayisiyla seftali ile bahsi gecen bitki
arasinda sonuglar tizerinden kargilagtirma yapimak
hatali bir yargiya varilmasma neden olabilir. Isgiicii
kullanim1 konusunda sgeftaliye benzerlik gosteren
portakal i¢cin hazirlanan arz fonksiyonunda ise
istatistiksel olarak anlamli sonuglara ulagilamamigtir.

Modelde istatistiksel olarak anlamli kabul edilmeyen
tek degisken reel mazot fiyati olarak belirlenmistir. Bu
durumun temel nedeninin, geftali yetigtiriciliginde
makine ¢ekigiicii kullanimina kiyasla biyiik o6lgtide
iggiici kullanilmas1 olabilecegi distntlmektedir.
Turkiye’deki diger tarimsal Uriin piyasalar: igin
hazirlanan modellerden de benzer sonucglar elde
edilmigtir. Seftali ile mukayese edildiginde makine
glcinden daha fazla yararlanilabilen kuru fasilye
(Kiizeci ve Ark., 2019b) icin hazirlanan arz
fonksiyonunda, mazot ve tretim arasinda zit yonli ve
istatistiksel olarak anlaml bir iligkiyle karsilagilirken;
makine ve iggiicti kullanim miktar: seftaliye benzeyen
portakal (Ertek ve Ark., 2020) icin hazirlanan arz
fonksiyonunda, mazot ve liretim arasinda istatistiksel
olarak anlamli bir iligki bulunamamaistir.

Cizelge 7’de seftali talep fonksiyonu ic¢in hazirlanan
dogrusal regresyon sonuc¢larina yer verilmigtir.
Sonuclar nifus artisinin geftali tiiketimini pozitif
yonlu etkiledigini ortaya koymustur. Sabit terim ve
nifus degiskenleri %1 6nem diizeyinde istatistiksel
olarak anlamli bulunurken, tiiketici fiyat1 degiskeni
istatistiksel olarak anlamli bulunmamistar.

Cizelge 7. Talep Fonksiyonu i¢in Hazirlanan Yar1 Logaritmik (Log-Dog) Regresyon Sonuclari
Table 7 Semi-Logarithmic (Log-Lin) Regression Results of Demand

Degiskenler Katsay Standart Hata t-Istatistik
Variables Coefficent Standard Error t-Statistic
NFS 0.0000000305 4.69E-09 6.498835%**
TUKF -0.000201 0.000123 -1.629993

C 11.05829 0.409150 27.02747%**
Diizeltilmis R2 Adjusted R? 0.77 F-istatistik (F-statistic)  25.50290%**
Durbin-Watson istatistik (Durbin-Watson sta?) 1.44

t-istatistik degerlerine; P<0.01 ise ***, 0.01<P<0.05 ise **, 0.05<P<0.1 ise * konulmustur.

Gergeklegtirilen F testi, modelin %1 6nem diizeyinde
istatistiksel olarak anlamli oldugunu go6sterirken,
Diuzeltilmis R2? degeri 0.77 olarak tespit edilmigtir.
Durbin-Watson istatistigi incelenerek, modelin
otokorelasyon sorunu olmadig1 sonucuna ulagilmigtir.

SONUC ve ONERILER

Bu ¢alismada Tirkiye seftali piyasasini analiz etmek
amaciyla; pazarlama marj1 ve zincirleme indeks
hesaplar1 yapilmig, arz ve talep fonksiyonlari igin
hazirlanan modeller tahmin edilmistir. Aga¢ sayisi,
iretim ve verime iligkin istatistikler incelendiginde;
meyve veren aga¢ sayisinin 2014, tretim miktarinin
2012 ve verimin ise 2011 yilindan itibaren 2003-2018
yillar1 ortalamasinin tizerine ¢iktig1 goriilebilir. Agag
miktar1 ve verimde esanli olarak gerceklesen artis
2017 yilindaki tretimi; 2010 yilina gére %43.02, 2003
yilina goére %64.14 arttirmistir. Yakalanan bu artig
trendi 2018 yilinda da devam ederek bir 6nceki yila
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gore %2.33 oraninda tiretim artig1 saglanmigtir. Buna
gore son yillarda tiretimi arttirma konusunda 6nemli
bir yol katedildigi ifade edilebilir. Tiketime iligkin
istatistiklere bakilacak olursa; kisi basina tiiketimdeki
artig oraninin toplam tiiketimdeki artig oranina gore
dustik oldugu gozlemlenmistir.

Uretici fiyatlar1 incelendiginde, seftali tiretici reel
fiyatinin 2017 yilinda 2003 yilina gore %15.15
oraninda azaldig1 goriilebilir. Ayn1 donemde giibre reel
fiyat1 %12, mazot reel fiyat1 %6 ve iggiicii reel Ucreti ise
%98 oraninda artig gostermistir. Yine ayn1 dénemde
meyve veren agac basina verimlilikte %30.11 oraninda
artig gerceklesirken, tiretimde %64.14 oraninda artig
gerceklesmistir. Gerceklesen verim ve uretim artisi
i¢cin ka¢ birimlik girdi kullanildigi bilinmedigi igin
yalnizca fiyatlardaki degigsimler tizerinden uretici kari

lUzerine yorum yapmak  yanilticti  sonuglara
ulagilmasina neden olabilir. Ancak Uriin satis
fiyatlarinda ve girdi fiyatlarinda gergeklegen

degisimler nedenliyle, Turkiye’'de seftali tiretimi yapan
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isletmelerinin ekonomik analizi tzerine calismalar
yapilarak tretici karinin belirlenmesi ve gegmiste

yapilan c¢alismalarla karsilagtirilmasi  gerektigi
diisinulmektedir.
Seftali pazarlama marjlar1 incelendiginde; reel

pazarlama marjinin seneler igerisinde azalig egilimi
gbstermesine karsgin ureticinin eline gegen degerin
2012 yilindan itibaren genel ortalamanin altinda
kaldig1 saptanmigtir. Ortalama lreticinin eline gegen
deger, reel fiyatlara gore %53.92 olarak belirlenmigtir.
Pazarlama marjlarinin azalmasi tiretici ve tiiketicinin
lehine olacagi 1i¢in, pazarlamada ureticilerin
hakimiyetinin arttirmasi, ¢ift¢ilerin kooperatifler gibi
uretici 6rgiitlenmelerine 6nem vermeleri ve 6rgiitlerin
devlet tarafindan etkili gekilde desteklenmesine
sektorin buytk ihtiyaci bulunmaktadar.

Arz modelinde Uretim azalisina neden olan
istatistiksel olarak anlamli tek degiskenin reel giibre
fiyat1 degigskeni oldugu saptanmigtir. Tarimsal

tretimde vazgecilmez bir girdi olan giibrenin fiyatinin
uretimi sekteye ugratmayacak seviyeye getirilebilmesi
icin yerli glbre sanayinin uretim kapasitesi
arttirilmali ve AR-GE faaliyetlerine 6nem verilmelidir.
Uretim tizerinde olumlu etkileriyle 6n plana cikan
degisken ise isgiicii ticreti olarak belirlenmistir. Isgiicii
icin Ucret artisinin Uretim tuzerinde pozitif etkiler
yaratiyor olmasi, igglici fiyatlarinin artmasiyla hem
ureticinin hem de tarim ig¢isinin gelir diizeyinin
artacagi anlamina gelebilir. Genellikle kirsal kesimde
yasamini slirdiiren Ureticiler ve tarim isgileri i¢in gelir
artig; kirsal kalkinma tizerinde de olumlu etkiler
yaratacaktir. Bu nedenle gelecek calismalarda isgiicu
fiyat1 ile Uretim arasindaki iligki tzerinde daha ¢ok
durularak; iligkinin yoni ve etkilerinin arastirilmasi
gerektigi disiniulmektedir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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ABSTRACT Research Article

The continuity of the organizations is directly proportional to the

satisfaction of the service recipients. The presence of many partners, Article History
beneficiaries and employees in cooperatives requires high cooperation. Received $26.07.2020
Therefore, it is important to reveal the service quality of the Accepted 115.10.2020

cooperatives and to determine the expectations of the partners. This
study was carried out in Cukobirlik, which ranks third in Turkey Keywords

cooperatives and first among the agricultural cooperatives in terms of Agricultural Sales Cooperatives
number of partners, with the aim of determining the partners’ service Partner Satisfaction
satisfaction, their perception related to cooperative activities and their Cukobirlik

intentions for diversification of these activities. 831 surveys were Turkey

applied. 94.8% of the participants in the study are men and the
agricultural production experience of 76.4% of them is over 21 years.
It was seen that the satisfaction level of the partners from Cukobirlik’s
services is high in all dimensions, and the dimensions of assurance,
competency and enthusiasm came to the fore compared to other
dimensions. With the global pandemic of Covid-19, it has once again
manifested itself that agricultural production is an activity that is the
first and most affected by all extraordinary situations and affects all
humanity with its results. The collective production model is a
guarantee of sustainability.

Yeni Diinya Diizeninde Kooperatif Ortaklarinin Memnuniyet Diizeyleri: Cukobirlik Ornegi

OZET Aragtirma Makalesi
Orgiitlerin devamlhihigi hizmet alanlarin memnuniyeti ile dogru

orantilidir. Kooperatiflerde ¢ok sayida ortak, yararlanici ve Makale Tarihgesi
calisanlarin varligi is birliginin ylksek olmasini gerektirir. Bu Gelis Tarithi  :26.07.2020
nedenle kooperatiflerin hizmet kalitesinin ortaya konulmasi ve Kabul Tarihi :15.10.2020

ortaklarin beklentilerinin belirlenmesi 6nemlidir. Bu c¢alisma,
Turkiye’deki kooperatifler icerisinde ortak sayisi bakimindan 3.
sirada olan, tarimsal kooperatifler arasinda da ilk sirada yer alan

Anahtar Kelimeler
Tarim Satis Kooperatifi

tarim satis kooperatiflerinde ortaklarin hizmetlerden memnuniyeti, Orfl;l\/[l('ellinnumyetl
kooperatif faaliyetleri ile ilgili algilar1 ve faaliyetlerin ¢esitlenmesine %u l?' 1
yonelik niyetlerini belirlemek amaciyla Cukobirlik 6zelinde urkiye

yapilmigstir. Cukobirlik’in faaliyetinin oldugu 11 ilde gonulluluk
esasina gore 831 ortakla ylz yiize olarak anket uygulanmigtir.
Calismaya katilanlarin %94.8’1 erkek olup, %76.4iintin tarimsal
uretim deneyimi 21 yilin tuzerindedir. Ortaklarin Cukobirlik’in
hizmetlerinden memnuniyet diizeyleri her boyutta yiksek oldugu
gorilmis olup, giivence ve yeterlilik boyutu ile heveslilik boyutu diger
boyutlara nazaran 6ne ¢gikmigtir. Tarimsal Gretim faaliyetinin tim
olaganiistii durumlardan ilk ve en fazla etkilenen, sonuglar: ile tiim
insanlig1 etkileyen bir faaliyet oldugu, kuresel diizeyde yasanan
COVID-19 kaynakl pandemi ile bir kez daha kendisini géstermigtir.
Kolektif tiretim modeli stirdurilebilirligin bir giivencesidir.

To Cite: Haseki Mi, Giindiiz S, Délekolu CO 2021. Satisfaction Levels of Cooperative Partners in The New World Order:
Case of Cukobirlik. KSU J. Agric Nat 24 (2): 388-400. https‘//doi.org/10.18016/ksutarimdoga.vi.774043.
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INTRODUCTION

Agriculture takes place under different risks and
uncertainties due to its nature. It is very important to
support agricultural production and producers
through various tools and policies to reduce these risks
and uncertainties. One of the important tools to
eliminate risks is the organization of producers. The
basis of agricultural organization is based on
cooperatives, and its purpose is for people to come
together and cooperate (Bilgin et al., 2007). As
cooperatives dating back to 1800’s still continues to be
an important model in the world, cooperatives in
Turkey have begun to decline after the year 1980
(Altinkaya, 2010). The largest shareholder of the
economic organization in the agricultural sector in
Turkey are agricultural cooperatives (Yercan, 2007). In
addition to their important duties and responsibilities
in the continuity of agricultural production, creating
added value and trade, the role of cooperatives,
including producers in a wide range of products, in
regulating the market and protecting the rights of
their partners is also important. One of the most
important factors that distinguish cooperative
enterprises from other types of companies is that the
priority and benefit of the society are their main
objectives. In addition, it is a priority to create an
organization in which the works that are beneficial to
do together are made in cooperation and to continue
this organization by considering social responsibilities.
The most important factors for the creation of such a
structure are that the partners have unity of purpose,
know each other and have socio-economic relations
with each other (Ertan and Kaya, 2012).

The wide field of activity and the number of partners
require observing the services provided by cooperatives
from a larger perspective. Scientific researches on
cooperatives started in the early 20ttt century. The first
studies were carried out in France, the Soviet Union,
Greece, USA, Belgium and Germany and continued to
be the subject of research for many years. First edition
in Turkey is Ethem Nejat’s (1910) “Our Country and
Cooperative Companies” that he wrote in the Journal
of Ottoman Agriculture and Commerce. Research on
cooperatives, especially in the agricultural sector,
increased after the 1980’s. Regional, local studies are
more dominant in the literature. Although it has been
done in different regions and with different
cooperatives, many studies have been directed to
evaluate the activities of cooperatives (Sahin et al.,
2013; Erdem, 20185 Topuz and Bozoglu, 2016;
Cayabatmaz, 2014; Duguid et al., 2015; Aktoprak,
2019). In addition, research that determines the socio-
economic structures of cooperative partners (Yercan,
1996; Acar and Yildirim, 2000; Dedeoglu and Yildirim,
2006; Unal and Yercan, 2006; Ozdemir, 2005; Serinikli
and Inan, 2007; Yiicel and Acar, 2018) have been
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widely covered in the literature over the years.
Researches about the satisfaction and partner
relationships of cooperative partners have revealed
important findings in increasing the efficiency of
cooperatives (Kendircioglu, 2008; Ozdemir et al., 2014;
Topuz and Bozoglu, 2015; Ertan and Kaya, 2012;
Everest and Yercan, 2016; Ertan and Turan, 2001;
Bilgin et al., 2007; Alcicek and Karli, 2016; Kili¢, 2011;
Kinikli and Yercan, 2017; Engin, 2018; Kara et al.,
2016). In recent years, beyond being an intermediary
institution, cooperatives have expanded their fields of
activity and started to take on the role of producers and
retailers. In addition to consumer and cooperative
relations, they have brand and advertisement oriented
works (Oguz and Mete, 2017; Bas and Géral, 2018;
Everest et al., 2018; Alagoz et al., 2018).

The continuity of agricultural production is more
important in extraordinary situations such as wars,
economic crises, embargoes, natural disasters, and
pandemic risks. Providing food safety is possible with
strong organization. Production planning in line with
the country’s needs, crop processing, distribution and
delivery to consumers at affordable prices can only be
created with a culture of solidarity. The address of this
organization and culture are cooperatives. It is
essential that cooperatives are effective and
productive. Organizing and acting together in the
fields with a large number of beneficiaries is of great
benefit to the producer, organization, consumer and
society in general. In a sector with many producers,
intermediaries and buyers, such as the agricultural
sector, the success of the organization depends on the
commitment of the members to the organizations, their
trust and satisfaction. It is very important in terms of
widespread effect in organizations that have many
partners/members and operate in large geographies.

This study was carried out to reveal Cukobirlik
partners’ satisfaction from cooperative activities, their
perceptions about these activities and their intentions
for diversification of activities. Although many studies
on cooperatives are encountered in the literature,
these studies include limited number of partners and
results at a local level. Apart from the study which
Bilgin and Kuzey (2013) investigated the cooperative
managers’ charismatic leadership behavior, partner
cooperation and performance satisfaction and put
forward the fact that the loyalty of the partners
strongly affects the cooperation, no study particular in
Cukobirlik was identified that aimed to participate in
the activities of the cooperative. It is obvious that the
results obtained with the originality of this research in
terms of scope and purpose will cover a wide audience.

Cooperatives and the Importance of Cooperatives in
Agriculture

It is an indisputable fact that acting with organization
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and cooperation is as old as human history. In the early
ages, while people were still living in tribal form, they
first used their physical power in the caves. In
particular, they were frightened by the natural
phenomena that they could not understand and make
sense of, and therefore could not define, with their
power of understanding. They needed to hunt to
survive and come together in small groups to be
protected from wild animals and neighbors’ looting.
For these basic needs, coming together, doing shared
work, working together and solidarity, which are a
feature of human nature, have manifested themselves
under various purposes for many thousands of years.
This basic motive has become an integral element of
the general characteristics of societies and, on the one
hand, has been influenced by the development of
societies, and on the other hand has developed
societies. Acting together for solidarity and common
benefit is not just for economic interests.

The root of cooperatives is based on the word
“Cooperatio”, which means cooperation in Latin
language. The word “cooperatis”, on the other hand,
actually means “to cooperate”. “The broad meaning of
cooperatives or cooperation 1is collective activity,
combining the effort and opportunities and working
together in a harmonious way to achieve a result that
a large audience is looking for” (Cikin and Karacan,
1994). Another frequently used definition of the
cooperative is “the unification attempt of people who
come together with their main desires and wills such
as production collaboration, credit, employment,
residence procurement, and create a workplace and
business with their own economic efforts to meet these
needs” (Findikoglu, 1967). On the other hand, from
economic perspective, cooperatives are to bring
together economic powers through solidarity in order
to offer the consumers the things they cannot do alone
or benefit from doing together in the best way, at cost
price (Miilayim, 1992).

Cooperatives also come to the fore with their social
aspects as producers’ organizations that provide
solutions to many common problems of the society in
the most appropriate way and also provide space, time
and material benefits (Haseki, 2007). The organization
system provides producers with advantages such as
getting more shares from added value, reducing
agricultural input costs, better product prices, ease of
obtaining technical information, and increasing
bargaining power. In addition to this, organization
gives an opportunity to the authorities that determine
the agricultural policies to make balanced decisions by
establishing a dialogue with one or more organizations
representing the producers. In short, the knowledge
that farmer organizations constitute the basic element
of agricultural development in developed countries
shows that organization is inevitable and necessary
(Ceylan, 2019).
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Cooperatives, dating back to the 1800’s, form an
important social economic model in the world.
Cooperatives, which are a social institution as well as
an economic institution, are based on the seven basic
principles of cooperatives accepted by the
International Cooperative Union. Beyond the active
economic participation of the partners, these principles
are the elements that support the economic and
financial success of the cooperative.

Cooperatives, which had important roles and
successful practices in the past, lost its power from
time to time in the face of rapid industrialization.
However, the fact that the organized, collective
approach has gained strong market and marketing
capability since the 1990’s has led to re-appreciation of
cooperatives. Thus, it has entered a reconstruction
process. As a result of the changes in economic and
social life and public administration understanding,
the world has turned towards reducing the role of
states in economic and social areas, liberalizing and
localizing administrative, political and economic
structures, moving from planned economy to market
economy and balancing the development of different
economic sectors. In this process, the need for
formations that can meet the unmet economic and
social needs of the society in the best way by playing
an active role in the areas discharged by the public
authority has increased rapidly. In many developed
countries, economic solidarity organizations, such as
cooperatives, which have their own responsibilities,
have largely filled this gap (Ministry of Customs and
Trade, 2012). At the same time, the positive results of
the organized movements of the producers in the
European Union, the efforts of the World Trade
Organization to support the collective structures such
as cooperatives among the practices that do not disturb
the competition conditions, and efforts to shorten the
distance between the producer and the consumer have
become the factors motivating the reconsturction. As a
part of the “short supply chain” concept, which was
first included in the EU Rural Development Program
in 2016, the role of cooperatives has become even more
important. In the legislation published within the
scope of this program, it was pronounced as “the
proximity of social and geographical relations among
local development and producers, manufacturing
industry and consumers, including a limited number of
intermediaries”. The main purpose is to confront both
producers and consumers with less cost, in a
sustainable food quality. This coincides with the basic
principles of cooperatives.

Cooperatives, which i1s regarded as the third sector
besides the private and public ones in the economic and
social development of developed countries, continues to
be the most common model that can enable people to
organize in line with common goals (Sayin and Sayin,
2004). Today, cooperatives have performed better than
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many multinational companies as part of a network
system at local, regional and global levels in many
parts of the world. According to the International
Cooperatives Union’s Global 300 study in 2019, the
2017 turnover of the world’s top 300 cooperatives ($
2,035 billion) is higher than the 12 EU member and
candidate countries’ (Croatia, Montenegro, North
Macedonia, Albania, Bosnia and Herzegovina,
Bulgaria, Hungary, Kosovo, Poland, Romania, Serbia
and Turkey) GDP ($ 1,942 billion). It is also close to the
GDP of Association of Southeast Asian Nations
countries (Indonesia, Malaysia, Philippines, Thailand,
Vietnam) (International Cooperation Alliance, 2019).
This high turnover, is equivalent to approximately 3
times the GDP Turkey which ranks 20th in the 2017
ranking of world GDP (IMF, 2020). While Turkey has
the highest number of cooperatives in Europe along
with Italy, France, and Spain, it is not among the
countries that has the highest annual turnover. France
(307 € billion), Germany (195 € billion), Italy (150 €
billion) and the Netherlands (81 € billion) are the
countries with the highest annual turnover in Europe.
Agriculture is an industry with an annual turnover of
more than 39% (347 € billion) of the total cooperative
turnover in Europe (Cocolina and Cooperatives
Europe, 2016). There are 250,000 cooperatives in the
EU that hold 163 million citizens (one third of the EU
population) and employ 5,4 million people
(Anonymous, 2020a).

Products in Turkey that carry the brand of agricultural
cooperatives are also located on the shelves. Many local
cooperative products such as Torku, which has the
widest production line, Atatirk Forest Farm, Trakya
Birlik, Taris, Agricultural Credit Cooperatives,
Fiskobirlik, products of university faculties of
agriculture and Ovacik Agricultural Development
Cooperative are offered to consumers.

Agricultural Cooperatives in Turkey

In the Turkish society, cooperatives are a concept that
1s based on assistance and collaboration with names
such as “give and take”, “guild” and “akhism which
means working together (Basaran et al. 2015). Even
though similar practices dates much back in Turkey,
in cooperative approach began to show itself with the
increasing importance of the State’s regulatory aspect
in the Republican Era.

According to 2017 data, there are 30,659 cooperatives
with 5,788,239 partners operating in Turkey. 40% of
them is related to agricultural activity and 68% of the
total partners are registered in these cooperatives
(National Cooperative Union of Turkey, 2018). The
most active cooperatives in the agricultural sector
belong to the agricultural development cooperatives.
The highest number of partners is in the Beet Planters
Cooperative, depending on the width and prevalence of
the production area in the historical process
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(1,409,721). This is followed by the Agricultural Credit
Cooperative (911,218), the Agricultural Development
Cooperative (758,801) and the Agricultural Sales
Cooperative (533,456).

Cukobirlik, where this study was designed, is a
Cooperative Union formed by 275 partners in Adana,
Ceyhan and Tarsus Agricultural Sales Cooperatives on
the date 15.10.1940 in order to evaluate the products
of cotton producers in Cukurova region and to provide
support to the producer. It was reconstrusted in 1985.
In 1989, it was assembled with the “Peanut
Agricultural Sales Cooperatives Union” of which the
short name was “Yerfiskobirlik” and the title of the
institution was changed as “Cukurova Cotton, Peanut
and Oilseeds Agricultural Sales Cooperatives Union”.
As it can be clearly seen from the Cukobirlik 2019-2023
Strategic Plan prepared in 2019, Cukobirlik serves
approximately 34,000 productive partners with 36
Cooperatives covering 11 provinces from Mersin to
Bismil, from Batman to Hatay. Cukobirlik, which

processes cotton, sunflower, peanut, canola and
soybean, which it bought through Affiliated
Cooperatives, has 7 SAWGIN factories and 5

ROLLERGIN enterprises. Because the machinery
technology of the factories is old, the enterprises work
at 60% capacity. Total capacity is 1,048,320 kg per day
(20 hours). Some of the enterprises are rented out and
some of them are not operated since there is no product
to process (Cukobirlik, 2019). The construction of the
biodiesel facility, which will produce in accordance
with the EU norms, was completed on the basis of
providing service to Cukobirlik partners with the
understanding of “Bring the oilseed, take the biodiesel”
within the Cukobirlik Center Integrated Facilities.
This facility has a processing capacity of 120 tons/day
with 2,000 m? open and 800 m? closed area (Cukobirlik,
2019).

Cukobirlik has a Central Oil Factory on Adana —
Mersin highway and an Oil Factory in Ceyhan.
Cukobirlik’s Central Oil Factory can process oilseeds
such as cottonseed, sunflower, canola and soy with its
modern extraction system. The Central Oil Factory has
an average of 330 tons/day cottonseed, 250 tons/day
soy, 250 tons/day sunflower and 230 tons/day canola
processing capacity. The Central Oil Factory has
30,000 tons of cottonseed, 5,000 tons of shell, 3,000
tons of pulp, 18,000 tons of crude and neutral oil, 500
tons of refined oil and 8,000 tons of soy storage
capacity. In the factory, while soap is produced as a by-
product and pulp and linter used in the feed industry
as waste product. Ceyhan Oil Factory, on the other
hand, has an average of 220 tons/day soy, 190 tons/day
sunflower and 180 tons/day canola processing capacity
(Cukobirlik, 2019).

The market value of mass cotton, sunflower and
soybean prices in the region is formed by the price
determination of Cukobirlik. The waiting of
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institutions and organizations operating in the same
field of activity in the market for the price to be
announced by Cukobirlik and explaining their prices
then, also show the presence, effectiveness and
balancing role of Cukobirlik in the market.

MATERIAL and METHOD

The main material of the research consists of the data
obtained from the face-to-face survey conducted with
the Cukobirlik partner producers. In this
questionnaire, besides the questions asked to
determine the socio-demographic characteristics of the
partners, there is also the SERVQUAL service quality
scale adapted by the authors. The surveys were
conducted in 11 provinces in the Cukobirlik field of
activity, on a voluntary basis and 831 questionnaires
that were pre-checked were evaluated.

In the analysis of the data, besides descriptive
statistical methods, factor analysis and reliability
analysis, which are among the multivariate statistical
analysis methods, were also used. In addition, IBM
SPSS Statistics 26 Beta version and Excel program
were used in the analysis of the data.

Sampling Method:

While determining the people to be included in the
study, stratified random sampling technique which is
one of the probability sampling methods was used. The
main mass of the study was grouped according to the
provinces in which Cukobirlik operates, and then
randomly, people were included in the sample in
proportion to the number of members from each
province. A questionnaire was requested by reaching
all the identified partners, but some partners refused
to participate in the study. For this reason, a number
of people as much as the number of people who did not
answer the questionnaires were chosen randomly
again and the data collection process was completed.
Also, since some partners were found to fill the
questionnaire sloppy, their responses were not
evaluated.

The sample size representing the population of the
number of active partners in Cukobirlik has been
calculated by the formula (1).
x2 Npq

T d3(N—-1)+ x%pq @

Here, n; the sample large size, x?; table value (3.841
for 5% significance), N; population large size
(approximately 11000), p; population ratio (0.5 was
accepted) and d; accuracy or margin of error (taken as

0.05). When these values are written in the formula (1);
It 1is obtained as n = 371

n

(3,841). (11000). (0,5). (0,5)

= ~ 371.
"= 0,052(11000— 1) + (3,841). (0,5). (0,5)
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As can be seen, with an margin of error 5%, the
minimum sample size required for the study was
calculated as approximately 371 persons. For of the
study is more reliable, the sample size in the study was
kept higher than this value (831 people).

Analysis Method:

In the study, the SERVQUAL scale, which is
frequently used in the literature in the measurement
of service quality, was adapted and used. SERVQUAL
and SERVPERF scales come first among the methods
used to measure service quality. SERVQUAL scale is a
five-dimensional scale consisting of 22 items developed
by Parasuman et al. (1988). In this scale, the items of
physical structure, equipment and field staff, refer to
the tangibility dimension, reliable and fast delivery of
the promised service refer to the reliability dimension,
willingness/enthusiasm to assist the consumer in
service-related situations refers to the responsiveness
dimension, the employers’ knowledge and sense of
trust they create on interlocutors refer to the
assurance dimension and, finally, the employers’
individual empathy and attention to the customers
refer to the empathy dimension. The 5-point Likert-
type proposals prepared to reveal their perceptions
were asked for the evaluation of the partners in the
service area of Cukobirlik.

Explanatory factor analysis was applied to the
obtained data. As a result of the analysis, the KMO
(Kaiser-Meyer-Olkin) sampling adequacy measure
was calculated as 0.940, Bartlett’s spherical test chi-
square value was calculated as 11320.309 (p< .05) and
it was determined that the data was suitable and
sufficient for factor analysis. Cronbach’s Alpha value
was obtained as 0.931 when reliability analysis was
performed, thus, it was determined that the reliability
of the data was very high. As a result of the
explanatory factor analysis, the dimensions of the
SERVQUAL scale were determined as reliability,
enthusiasm, tangibility, empathy, responsiveness and
assurance. Regarding the expressions belonging to
these dimensions, the average of satisfaction levels of
the partners was calculated and which expressions are
above and which are below the average were
determined.

RESEARCH FINDINGS
General Findings

In order to reveal the satisfaction of the agricultural
sales cooperative partners from the cooperative and
their opinions about diversification of the cooperative
activities particularly in Cukobirlik, an analysis of the
face-to-face survey data was conducted. Descriptive
findings related to this are first presented in Table 1.
According to this table, it is seen that only 5.2% of the
participants are women, about half of them are over 50
years old and therefore 76.4% of them have farming
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experiences more than 21 years. As general population
is aging in Turkey, farming population is also aging
rapidly. According to TURKSTAT data, the middle age
increased from 28.3 in 2007 to 32.4 in 2019 (TUIK,
2020) and the average age of rural residents was 55
(Arisoy, 2019). In addition, rapid migration from rural
to urban areas continues due to the low level of
agricultural income, shortcomings in the social and
cultural infrastructure of rural areas, terrorism,
finding new job opportunities and education. In 2019,

Table 1 Descriptive Statistics.
Cizelge 1. Tanimlayici Bulgular.

the share of people living in towns and villages fell by
0.5 points to 7.2% compared to the previous year, and
the ratio of people older than 65 increased by 2 points
to0 9.1% (TUIK, 2020). The education level of 43.6% of
those living in these regions is at primary school or
literacy level, and the only source of income of 52.7% of
them are agricultural activities. This also explains the
low level of income. Approximately 40% of the partners
own a workplace in parallel with agricultural activity.

Household size Percentage (%) Age Percentage (%)
1-2 23.5 <29 1.3

3-5 53.8 30-39 13.2

6-8 21.3 40-49 36.4

>9 1.4 > 50 49.1
Gender Percentage (%) Social security Percentage (%)
Female 5.2 Pension Fund 8.3

Male 94.8 Agriculture SSI 80.9
Marital status Percentage (%) Soc.ial Security Organization for 0.4

Artisans and self-employed

Married 95.4 Private Insurance 0.5
Single 4.6 None 10.0
Education Percentage (%) Non-agricultural work Percentage (%)
Literate-Primary School 43.6 Self-employed 40.1
Elemantary School 19.3 Officer 3.2

High School 28.3 Employer 4.0
Undergraduate and above 8.8 None 52.7
Income (Month) Percentage(%) Agricultural experiences (year) Percentage (%)
<1500 13.6 <10 5.3
1501-3000 42.4 11-20 18.2
3001-4500 14.3 21-30 29.3
4501-600 15.1 31-40 26.6
>6001 14.6 >41 20.5

Use of Internet Percentage (%) Willingness to use mobile app Percentage (%)
Yes 57 Yes 67

No 43 No 33

Ercan et al. (2019) stated that modern practices should
be followed in order for Turkey to remain strong in
agriculture and emphasized that breaking the
prejudices about the use of these practices will be
possible by encouraging cooperative and shared use.
Although there are weaknesses such as high average
of age, low level of education, inadequate
infrastructure studies and policies, and dependency on
foreign countries, they stated that farmers’ starting to
have knowledge and awareness about smart
agriculture will create positive results in this regard.
In this study, it is supported by the findings that the
partners are more likely to use mobile technologies. In
order to lead its partners in line with the principles of
education, training, information, cooperation and
social responsibility, and to get their opinions on the
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use of technology in agriculture, the voluntary use of a
mobile application developed by the cooperative was
determined. In the findings, it was seen that the use of
internet among “the employees of agriculture, forestry
and fishery” (38.6%) (OIKR, 2018a) is above the
Turkey average (57%) and willingness to use the
mobile application was determined as 67%. The use of
smart technologies in agriculture will increase
productivity, quality and added value, by working less
but smarter and obtaining more quality products with
fewer resources (OIKR, 2018b).

Findings on the Production Activities of the Partners
and their Relationship with the Cooperative

The total area covered by the surveyed partners is
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164,250 decares, 78% of which is property (Fig. 1). The
largest production area (68,765 decares) is devoted to
cotton agriculture, the main field of activity of the
cooperative. Wheat comes second and its total area is
37,649 decares. Although the cooperative covers a wide
geographical area and spans the region with wide
ecological features, the product diversification of the
partners is for products purchased by the public and
cooperatives, especially wheat, which has the market
guarantee. However, there is also a smaller scale
herbal production suitable for the production pattern
of the region (Fig. 2). Partners agree to sell these
products significantly if they are bought by the
cooperative (86.5%). Many successful cooperative
brands in the world have been in the market for many
years. In the mid-1970s, more than 80 cooperatives
sold 300 food products under their own brand in the
USA. Many cooperatives have served as leaders in
creating quality and standards of diversity and
logistics, using test laboratories, and labeling (USDA,
1990). Agricultural cooperatives are important and
have a strong market presence in the European food
supply chain. Agricultal cooperatives’ market share is
83% in the Netherlands, 79% in Finland, 55% in Italy
and 50% in France (EPRS, 2019).

In Finland, S group, which has 2,4 million partners
and serves as a roof for 19 regional and 6 local
cooperatives, operates in the retail and service sector
with 1841 types of goods and services. It has the
largest fruit and vegetable retail share in Finland and
has generated 11,525 million Euro sales revenue in
2018 (S-Ryhma, 2018). In Japan, 37% of households
use the products and services of consumer
cooperatives. The share of total production of
agriculture, forestry and fishery sold by cooperatives is
50% (Anonymous, 2019). 75% of wheat and cereals in
Canada, 97% of milk and 96% of flower in the
Netherlands, 76% of milk, 70% of cereals, 60% of fresh
vegetables and fruits and 55% of all agricultural
products in Germany, and 70% of olive oil in Spain are
processed and marketed by cooperatives (Vural, 2014).

The high share of cooperative products in the market
is a result of consumers' demand for these products.
There are also studies showing that in Turkey there is
a notable demand for the cooperative products in the
market and this demand will increase significantly. In
a study conducted in Canakkale, it was determined
that 60% of consumers consume cooperative products
regularly and 57.7% of those who do not consume have
the potential to become consumers in the future
(Everest et al., 2018). In a study conducted in Ankara,
it was determined that 22% of consumers prefer the
cooperative brand during shopping and the brands
they know most are Torku (68%) and Marmarabirlik
(14%) (Bas and Goral, 2018). In a study conducted in
Konya, it was determined that the use of the image of
cooperatives in the brand advertisements of
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cooperatives producing food will have a positive effect
on consumers (Alagéz et al., 2018). With the idea that
Cukobirlik’s strong infrastructure and wide range of
ecological diversity will be a great opportunity to be
active with many products in the market, the
volunteers were asked to sell other products they
produced to Cukobirlik and a yes response of 87% was
received (Table 2). The partners are highly supportive
of the cooperative not only in producing but also in
selling to the consumer (4.2), and especially expect it
to produce vegetable oil (4.4). The rate of willingness to
purchase this oil was determined as 4.2 (Fig. 3).
Cukobirlik’ purchasing and processing other products
not only ensures the sales of the partners’ products but
also allows consumers to access the products through
this channel, which is a short supply chain.

The main task of the cooperatives is not only to buy
products that are within the scope of the cooperative’s
core activities, but also to provide in-kind and cash
support to ensure the continuity of production and to
meet the needs of the partners. Cukobirlik supports
the producers of the region as the prices of agricultural
fertilizers, pesticides and seeds distributed to the
producers are favorable in comparison to market
conditions. Prices are not determined in the market
until Cukobirlik determine pesticide and fertilizer
prices. According to the results of the questionnaire,
while its partners supply seeds and pesticides
significantly from the cooperative, they supply other
inputs from non-cooperative sources. However, there is
a high expectation for these inputs to be provided by
the cooperative (Table 3).

Cooperative Satisfaction Analysis of Partners

In the marketing field, SERVQUAL model, which is
the most used model for measuring service quality,
consists of 5 sub-dimensions. In this study, comments
were made considering the mean, standard deviation
and satisfaction percentage of the items in each sub-
dimension (Table 4).

Tangibles include the material elements of the
enterprise, the service provider. The partners’
satisfaction with these elements is 74.4%. Although
this rate is high, satisfaction with the equipment and
appearance of buildings and offices is low. It was
determined that the element that attracts attention
and increase reliability in the reliability dimension,
which is defined as the ability to perform the promised
service accurately and fully, is the sensitivity in
keeping error-free records. This is important for the
principles of “Economic Participation of the Partner”,
“Autonomy and Independence”, “Education, Training
and Informing” which are among the cooperative
principles to be fully realized. The overall reliability
average was also found noteworthy. Another issue of
trust is the impression that employees make on
working. In the level of enthusiasm expressed as the
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knowledge and kindness of employees and the ability
to awaken trust, the satisfaction level of the partners
were found to be high and the enthusiasm of the
employees for helping the partners came to the fore.

Considering the education level and age group of the
partners, it is very important that this level of
satisfaction is high. The highest level of satisfaction is
calculated in assurance and competency dimension.
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Table 2. Sale of Products
(Cizelge 2. Uriinlerin Satisi)

Others
Barley
Pulses

Soybean

Products

Maize

Cotton

0 10,0 20,0 30,0 40,0
Production Pattern (%)

Figure 2. Production Pattern (%)

Sekil 2. Uretim Deseni (%))

Sold place (Satis yeri) Percentage (%) Willingness to sell (Satis goniilliiltigii) Percentage (%)
Dealer 60.7 Yes 86.5
Cukobirlik 19.6 No 4.3
Cukobirlik and Dealer 8.4 Changeable 0.1

T™O 2.5 Missing value 9.1
Missing value 8.8

I want it to produce oil

I constantly purchase vegetable oil to be produced

It does not matter if it is a union brand

I want it to purchase corn

I want it to purchase olives

I want it to purchase canola

| want it to purchase citrus

The opportunities of the union are reassuring for the consumer
Not only producing but also selling to the consumer

Figure 3. Opinions on Activity Diversification

(Sekil 3. Faaliyetlerini Cesitlendirmeye Iliskin Goriisler)

Table 3. Attitudes and Behaviours Related to The
Supply of Agricultural Inputs (%)

Cizelge 3. Tarimsal Girdilerin Alimi ile I]gj]j Tutum ve
Davranislar (%)

Well-Supplied Requested
(Saglanan) (Talep edilen)
Fertilizer 44.4 55.6
Seed 63.7 36.3
Pesticide 65.2 34.8
Credit 28.6 71.4
Provender 12.5 87.5
Farming Tool 6.0 94.0
Agricultural vehicle 6.5 93.5

Employees’ ability to work and the perception of
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assurance and competency they give to the partners in
carrying out the transactions create the impression
that the cooperative 1s successful in terms of
employment policy and employee training. Bilgin et al.
(2007) in their study with Taris partners stated that
the increasing trust between the cooperative and the
partner positively affects the performance, whereas
Sahin et al. (2013) stated that trust in being a partner
to the cooperative is an important factor. Employees’
personal interest towards partners also has a high
sense of satisfaction (empathy). The situation that
draws attention in this dimension and creates
relatively lower satisfaction is that the working hours
are not arranged in accordance with the partners.


https://tureng.com/tr/turkce-ingilizce/changeable
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Agricultural activity cannot be carried out within the
standard time frame existing in many branches of
business, it is inevitable that the working hours of the
partners and the working hours of the cooperative are
partially incompatible. Although the studies
investigating common cooperative relations were
mostly focused on providing administrative and
agricultural input, satisfaction level was found high in
Agricultural  Sales  Cooperatives.  While in
Kendirlioglu’s study (2008) conducted with Taris

Table 4. SERVQUAL Scale Dimensions
(Cizelge 4. SERVQUAL Olgek Boyutlari)

partners the presence of satisfaction was revealed, in
the study of Kara et al. (2016) conducted with the
partners of agricultural development cooperatives in
Bolu and Diizce, it was stated that there was 63.8%
level of dissatisfaction. Alcicek and Karh (2016) stated
in their study in Burdur that 57.69% of Agricultural
Credit Cooperative members, 42.31% of Beet Growers
Cooperative members, and 20.00% of Fishery
Cooperative members were satisfied with the current
management.

Expressions
(Ifadeler)

Satisfaction

Standart o
Average Deviation Percentage (%)
(Ort.) (Memnuniyet

(Std. Sapma) — y 060

Tangibles (Somut Ozellikler)

Cukobirlik has a modern-looking equipment. 3.25 1.235 64.99
Cukobirlik buildings and offices are pleasing to the eye. 3.37 1.185 67.50
Cukobirlik employees have clean and proper looking. 4.40 719 88.00
The items and materials used while serving in Cukobirlik are pleasing to 3 3 1017 76.64
the eye.

Total 3.72 .829 74.40

Reliability (Giivenilirlik)

Cukobirlik fulfills its promises on time 4.15 172 83.00
Cukobirlik employees show a sincere interest in solving the partners 496 714 35.15
problems.

Cukobirlik provides the right service at the first time. 4.16 .740 83.15
Cukobirlik provides a service as previously promised. 4.18 734 83.68
Cukobirlik is very sensitive about keeping the records error-free. 4.52 .628 90.40
Total 4.25 .584 85.00

Enthusiasm (Heveslik)

Quk(.)blrhk employees tell their partners exactly when a service will be 497 632 85.47
provided.

Cukobirlik employees provide fast service to their partners. 4.30 .694 85.97
Cukobirlik employees always want to help their partner. 4.40 .657 87.94
Cukobirlik employees are never too busy to answer their partners 4.30 763 35.99
requests.

Total 4.31 .568 86.25

Assurance and Competency (Giivence ve Yeterlilik)

The behavior of Cukobirlik employees arouses confidence in their 439 695 37.71
partners.

Cukobirlik partners feel safe while their transactions are being made. 4.45 .685 89.07
Cukobirlik employees are always kind to their partners. 4.45 .621 89.07
Cukobirlik employees have the knowledge to answer the questions of their 439 652 37.89
partners.

Total 4.42 .572 88.49

Empathy (Empati)
Cukobirlik takes care of each partner individually. 4.26 .648 85.12
Cukobirlik working hours are arranged in accordance with all partners. 4.21 756 84.18
Cukobirlik has employees who are personally interested in each partner. 4.25 711 85.00
Cukobirlik keeps the benefits of its partners above everything else. 4.09 .878 81.76
Cukobirlik employees understand the special requests of their partners. 3.92 .967 78.39
Total 4.15 .625 83.02
RESULTS working together and cooperating. Agriculture, which

Since the existence of mankind, people have been
trying to make their life easier by collaborating,
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is as old as the history of humanity, has been practiced
in cooperation. Social and economic development in
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developed and developing countries is based on
cooperatives. Cooperatives are used as an important
tool in spreading democracy, ensuring peace,
protecting the environment, creating employment,
mobilizing resources and creating investments in the
world (Topuz and Bozoglu, 2015). Cooperatives have a
wide range of practices from production to
consumption. However, it 1s more common in
agriculture and rural life due to its population and
widespread effect. Democracy, which is the main
feature of the cooperatives principle, is focused on
increasing the benefits of all partners within the
framework of equal rights regardless of the farmers’
property assets. In addition to the high diversity of
agricultural activities, the fact that the production
factors of farmers are not equal, the uncertainties
arising from the nature of agricultural production, the
production depends on certain periods and conditions,
the low capital turnover, and the low share of the
producer in the product value chain necessitates the
organized movement. With the full implementation of
the principles and articles of association, cooperatives
offer advantageous opportunities for the economic and
social development of rural residents engaged in
agricultural activities.

The success of all stages of agricultural products
starting from the field, the garden and the feedlots to
consumption depends on the success of the
organization in this field (Inan, 2001). The question of
what the economic and social effectiveness of the rural
development and agricultural sales cooperatives as an
economic and social initiative in Turkey that increase
their activities in the market is comes forward. The
ability of cooperatives to increase their this
effectiveness is to reveal what their partners’
perceptions and thoughts regarding the cooperative
are and to make improvements in the areas where
there is dissatisfaction. In the study, it was determined
that the partners have the highest satisfaction from
Cukobirlik services in the field of assurance and
competency, but it was also observed that their
satisfaction level is low in terms of tangibles.
Improving the physical elements in all units in this
sense will be effective in the partners’safety and
satisfaction levels.

Producing cost-effective and quality goods and services
can be counted among the values of cooperatives.
Cooperatives are also businesses that are sought after
for fair pricing, solidarity, and uniting producers and
consumers without intermediaries. Due to these
functions, it facilitates the producers’ service or
production under free market conditions. It makes the
producer more durable in the competitive environment
and ensures its survival. It guarantees to the
consumers that the goods or services they will receive
are of good quality and reasonable prices.
Cooperatives, in a sense, act as insurance in the
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market by ensuring that there are also businesses that
have the power to compete with businesses operating
in the private sector in the free market. Continuation
of this is possible by supporting sustainable production
with a strong brand. The market share of cooperative
brands is increasing day by day. For cooperatives with
wide production patterns such as Cukobirlik, the value
of creating a retail brand will be unquestionably high.
Volunteering and willingness of the partners to sell
their products to Cukobirlik (86.5%) is an important
data that the attempts to be made in this regard will
be successful. However, Haseki’s determination (2007)
about Cukobirlik’s having a marketing mentality that
is far from being consumer oriented is taken into
consideration, the competency and initiatives of the
cooperative management in this regard should be
focused rather than the producers’ volunteering. In the
field of agriculture, if the enterprises cannot
differentiate against the similar products of their
competitors with the brand they own, consumers
cannot see any difference as a reason of preference
when comparing with similar products at the time of
purchase. Differentiation is very important for
customer loyalty. For this differentiation, the creation
of a cooperative brand such as Torku, Taris,
Marmarabirlik is essential. Differentiation in the eyes
of the consumer is also important in terms of the extent
to which the product and service differ against
competitors and whether this differentiation carries
any value. The most important difference in food
products can be created by highlighting “safety”.
Because, consumers’ looking for healthier and safier
food and their consumption have been increasing.
Cooperatives are the institutions that will give the
most correct answer to consumers’ search for safety in
food products. Especially in the Covid-19 pandemic
process, proper hygiene conditions in agricultural
products and ensuring the continuity of agricultural
production will be possible through cooperatives.
Controlled production and packaging and flow directly
from the producer to the consumer can be done by
cooperatives. Thus, the added value 1s created by the
partners through the cooperative. On the other hand,
the continuity of the food supply is also the subject of
the discussion in the Covid-19 pandemic process. In
addition to the completion of agricultural activities
carried out with manpower, on time and under
necessary qualifications, it is possible to ensure the
continuity of this process by securing agricultural
workers. The solution to this is possible with
cooperatives. In recent years, cooperatives have
started to become widespread in order to increase
consumer benefit in addition to producer-oriented
formation. Therefore, the cooperative is an important
model not only for those who produce goods and
services, but also in the social field. These cooperatives
emerge as an organizational model that responds to
changes in the business world (Esim and Katajamaki,
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2017). Worker cooperatives are among the most
important ones in social cooperatives. There are 84,799
worker cooperatives in the world. These cooperatives
have 4,369,600 members and their annual turnover is
US $ 124 billion (Anonymous, 2020b). The Covid-19
pandemic once again left the agricultural sector
vulnerable to nature due to quarantine and social
isolation. Many countries have limited or stopped their
exports of agricultural products in case of a food crisis.
In this process, the disruption of agricultural activity
not only put the nutrition of the whole society at risk,
but also put the employment of agricultural workers at
the bottom of the income distribution at risk. In
addition, disruptions in producers’ transactions such
as timely harvesting on time and transportation
caused a decrease in income. World history has
witnessed many crises and it is doubtless that it will
happen from now on. For this reason, in order to
ensure reliable production of basic consumption goods,
cooperatives should act as workers’agencies in order to
ensure healthy production. These measures need to be
taken faster for a region such as Cukurova, where
production continues for 4 seasons continuously and
has an important share in the country’s herbal
production.

Cooperatives, which balance the economic life, have
the power to make social life more balanced.
Cooperatives, especially the institutions where small
and medium-sized producers come together, will
ensure the continuity of production and prevent
unemployment by ensuring their institutional
sustainability under competitive free market
conditions. It will increase living standards, create a

safer social environment by ensuring economic
security, and prevent individuals from becoming
disadvantaged.
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OZET Aragtirma Makalesi
Calismanin temel amac1 Balikesir Ili, Susurluk ilcesindeki Cataldag- ; :
Kargiyaka Sefligine bagli igne ve genis yaprakli ormanlik alanlardaki Maljlale T.ar.lhge.s1

(Pinus pinea L., (1753), P. brutia Ten., (1811), P. nigra J.F.Arnold ~ Gelis Tarihi = :08.06.2020
(1785), Abies sp., Fagus orientalis Lipsky, (1898), Carpinus sp., Kabul Tarihi - 27.08.2020
Quercus sp. ve Alnus sp.) dokuz farkl biyotopta yasayan kinkanatl Anahtar Kelimeler

(Coleoptera) takimina ait tiirlerin belirlenmesidir. Bu ¢alismada, Balikesir
2017- 2018 yillar1 Nisan—Kasim aylari arasinda ¢ukur tuzak yontemi Coleoptera
kullanilarak toplanmis olan 268 birey icerisinde Curculionidae, Fauna
Tenebrionidae,  Buprestidae, Lucanidae, Scarabaeidae, ve Kirmiz liste
Staphylinidae familyalarina bagli 26 cinse ait 32 tir kaydedilmistir. Saproksilik

Tespit edilen 19 tiir Balikesir Ili lokal faunasi icin ilk kayit
niteligindedir. Belirlenen Curculionidae familyasina bagh bir
(Hylobius abietis (L., 1758)), Tenebrionidae familyasina ait bes (Blaps
tibialis Reiche, 1857, Idahelops alpagutae Keskin &Nabozhenko,
2012, Opatrum sabulosum (L., 1761), Pseudoprobaticus granipennis
(Allard, 1876), Euboeus obesus (Frivald., 1835)), Buprestidae
familyasina bagh yedi (Anthaxia hungarica (Scopoli, 1772), Buprestis
dalmatina Mann., 1837, Capnodis miliaris Klug, 1829), C. carbonaria
(Klug, 1829), Chalcophora detrita (Klug, 1829), Trachypteris picta
decostigma (Fabr., 1787), Perotis chlorana Laporte&Gory, 1836),
Lucanidae familyasina ait iki (Dorcus parallelipipedus (L., 1758),
Lucanus cervus (L., 1758)), Scarabaeidae familyasina bagh bir
(Protaetia cuprea (Fabr., 1775)) ve Staphylinidae familyasina ait bir
tiir (Gyrohypnus angustatus Steph., 1833) saproksiliktir. Dorcus
parallelipipedus sadece IUCN Avrupa Kirmizi Listesinde yer alirken
Lucanus cervus ayrica Akdeniz havzasi kirmizi listesinde de yer
almaktadir.

Determination of Polyphaga Species Distributed in Different Biotopes in Cataldag Karsiyaka Sub-
District Directorate (Balikesir) by Pitfall Trap Method

ABSTRACT Research Article
The main purpose of the study was to determine the species belonging
to Oder Coleoptera living in 9 different biotopes in the coniferous and
broadleaf forest areas (Pinus pinea, P.brutia, P.nigra, Abiessp., Fagus
orientalis, Carpinus sp., Quercus sp. ve Alnus sp.) of Cataldag-
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Karsiyaka Chief in the Susurluk district of Balikesir Province. In this Keywords
study, 32 species of 26 genera were identified under the Balikesir
Curculionidae, Tenebrionidae, Buprestidae, Lucanidae, Scarabaeidae Coleoptera
and Staphylinidae families for 268 individuals using pitfall trap Fauna
method on April and November in between 2017 and 2018. Overall, Red list

19 species identified were reported for the first time for the local fauna Saproxylic

of Balikesir province. Identified Curculionidae, Tenebrionidae,
Buprestidae, Lucanidae, Scarabaeidae and Staphylinidae families,
contained one (Hylobius abietis), five (Blaps tibialis, Idahelops
alpagutae, Opatrum sabulosum, Pseudoprobaticus granipennis,
Probaticus obesus), seven (Anthaxia hungarica, Buprestis dalmatina,
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Capnodis miliaris, C. carbonaria, Chalcophora detrita, Trachypteris
picta decostigma, Perotis chlorana), two (Dorcus parallelipipedus,
Lucanus cervus), one (Protaetia cuprea) and one (Gyrohypnus
angustatus) saproxylic species, respectively. Furthermore, Dorcus
parallelipipedus was included only in the IUCN European Red List,
while Lucanus cervus was also included in the Mediterranean basin

Red List.

Atif I¢in:

Varli SV, Tiiven A, Siirgiit H, Jansson N 2020. Cataldag Karsiyaka Sefligine Bagh (Balikesir) Farklh

Biyotoplarda Yayilis Gosteren Polyphaga Tiirlerinin Cukur Tuzak Yontemi ile Belirlenmesi. KSU Tarim ve Doga
Derg 24 (2): 401-413. https://doi.org/10.18016/ksutarimdoga.vi.

To Cite: Varli SV, Tuven A, Siirgtit H, Jansson N 2020. Determination of Polyphaga Species Distributed in Different
Biotopes in Cataldag Karsiyaka Sub-District Directorate (Balikesir) by Pitfall Trap Method. KSU J. Agric Nat
24 (2): 401-413. https://doi.org/10.18016/ksutarimdoga.vi.
GIRIS bocekler incelendiginde yeterli veri bulunmadig

Turkiye'nin en 6nemli ekolojik zenginliklerinden biri
olan ormanlar, bir¢ok canlinin beslenme, barinma ve
Uremesi i¢in vazgecilmez dogal alanlar olduklarindan
dolay1 bocek cesitliligi acisindan da en Onemli
biyotoplardan bir tanesidir. Bu cesitlilik bir tlkenin
en buyik zenginliklerinden biri oldugundan son
yillarda yurtdiginda yapilan c¢alismalarin c¢ogu da
stirdirilebilir bir dinya i¢in ekolojik dengenin ve

biyolojik gesitliligin korunmasina yonelik
yapilmaktadir. Ozellikle arastirmalar boceklerin
biyolojik goOsterge olarak kullanilmasi ve dogal

ekosistemdeki besin donglsi, ¢uirime ve tozlagsmadaki
onemli  goérevleri ve  ormanlarin  kalitesini
yansitmalarindan dolay:1 saproksilik bécekler tizerine
yogunlasmistir (Giilper¢in ve Tezcan, 2016).

Orman ekosistemi igerisinde oli aga¢ olarak
tamimlanan dikli kuru, yatik veya devrilmis agac
govdeleri biyolojik siirecte énemli rol oynamaktadir.
Ozellikle de Coleoptera takimina ait tiirler yagam
dongllerinde kismen veya tamamen Oli agaclara
bagimlhilik goésterirler ve saproksilik bocekler olarak
adlandirilirlar (Atay ve Ogur, 2011).

Avrupa, saproksilik boécek faunasinin en ¢ok
arastirildigr bolgelerden biri olup, saproksilik bécek
faunasi ve endemizm oranlar: hakkinda yeterli oranda
veri saglamaktadir (Nieto ve Alexander, 2010).
Ozellikle son yillarda Turkiye’de orman
ekosistemlerinde bulunan béceklerin tiir zenginligi ve
oneminin ortaya konulmasi igin 6zellikle genis
yaprakli mese ve kayin ormanlarinda elle toplama,
cukur, eleme ve 151k tuzak gibi yontemler kullanilarak
Coleoptera tiirleri belirlenmistir (Tezcan ve ark., 2000,
2004, 2012, 2013, 2016; Schillhammer ve ark., 2007;
Unal ve Kiiciik, 2007; Jansson ve Cogkun, 2008; Sama
ve ark., 2011; Novak ve ark., 2011, 2014; Atay ve ark.,
2012; Manzur ve ark., 2013; Avgin ve ark., 2014; Varh
ve ark., 2018). Coleoptera takimina ait tiirler iizerine
tulkemizde yapilan ¢alismalarda Staphylinidae 1600,
Curculionidae 456, Bubrestidae 386, Scarabaeidae
514, Tenebrionidae 542 ve Lucanidae familyasindan
17 kadar tirin bulundugu bildirilmektedir. 2018
yilinda Uluslararast Doga Koruma Orgiiti TUCN)
tarafindan yayinlanan tehdit altindaki saproksilik
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gorulmektedir. Calisma alaninin yer aldigi Balikesir
ili 649.115 hektarhik toplam ormanhk alani ile
Turkiye’deki ormanlik alanlar icerisinde 5. sirada olup
Avrupa ve Akdeniz fauna elemanlarinin ge¢is noktasi
tizerinde yer aldigi i¢in her iki biyocografik alandan
turleri barindirdig: gérilmektedir. Bu ¢alisma ile igne
ve genis yaprakli ormanlarda zeminde yasayan
Coleoptera tirlerinin belirlenmigstir. Ayrica Akdeniz

ve Avrupa ormanhk alanlarindaki bocek
biyogesitliligine ve slrekli glincellenen tehlike
altindaki  boceklerin  yasam  alanlari, tehdit

kategorileri ve koruma statiileri konusunda énemli bir
veri tabani olusturan Kirmizi Liste caligsmalarina
katk: saglanmasi1 amaglanmisgtar.

MATERYAL ve METOD

Aragtirma materyalini  Balikesir ili  Susurluk
ilgesindeki Cataldag igne ve genis yaprakli ormanlik
alanlarindaki 9 farkli biyotopta, (235-863 m.) 2017-
2018 yillarn Nisan—Kasim aylar1 arasinda kurulan
gukur tuzaklardan gikan 6rnekler olusturmaktadir.

Calisma alaninda belirlenen c¢ukur tuzak kurulan
biyotoplarin harita tuzerinde gosterimi Sekil 1’de
koordinat ve rakim bilgileri i1se Cizelge 1-2'de
verilmektedir.

Her biyotopu temsil edecek sekilde yaklasik 0,5
hektarlik alan segilip ve bu alanda her 1000
metrekareye bir adet gelecek sekilde agag aralarina ve
yakinlarina aralarindaki mesafe en az 20 m olacak
sekilde beser adet ¢cukur tuzak kurulmustur.

Cukur tuzak icin 250 ml’lik, tst ¢api1 6,5 cm olan
plastik kaplar kullanilmigtir. Tuzaklar agiz kisimlar
toprak ist yiizeyl ile ayni seviyede olacak sekilde
toprak icerisine yerlestirilip, 1:1 oraninda etilen glikol
ve su doldurulup tas ve bitki parcalariyla kamufle
edilmistir (Sekil 2). Nisan-Kasim aylar1 boyunca iicer
haftalik periyotlar halinde diizenli olarak tuzaklar
yenilenmigtir.

Belirlenen tirlerin Avrupa ve Akdeniz havzasi Kirmiz
Liste kategori durumlari igin www.iucnredlist.org
sitesi kullanilmigtir. Listeye gore tehdit altinda tiirler
icin; Kritik (CR), Tehlikede (EN) ve Duyarlh (VU)
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olmak tlzere li¢ katergori belirlenmigtir. Ayrica tehdit
altinda olmayan fakat yakin gelecekte tehdit altinda
olma ihtimali yiiksek tiirler icin Yakin Tehdit (NT);
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Sekil 1. Calisma Alanlarinin Genel Goériinimi
Figure 1 The Map of the study fields

Sekil 2. Calisma Alanla
Figure 2 Pitfall Traps Established in the Study Areas.
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tehdit altinda olmayan genis yayilimli tirler igin
Diisiik riskli (LC) kategorileri kullanilmaktadir.
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Cizelge 1 Caligma Alanlarina Ait Bilgiler

Table 1 The Information belonging to Cataldag study fields

N Lokalite Koordinat Rakim Biyoton (Biotope)
© (Localty) (Coordinate) (Altitude) yotop Lbiotope

1 Yardop Sahasi 1 39°48'59"K 28°12'24"D 295 m. Pinus pinea

2 Yardop Sahasi1 2 39°48'29"K 28°11'30"D 235 m. P. brutia

3 Yardop Sahas1 3 39°49'27"K 28°11'28"D 363 m. P. pinea

4 Bozen Mevkii 39°49'47"K 28°13'91"D 264 m. P. brutia

5 Havuz Mevkii 39°52'39"K 28°14'42"D 863 m. Abies sp.

6 250 nolu yol 39°51'46"K 28°18'32"D 863 m. Fagus. orientalis

7 Baraj Mevkii 39°56'40"K 28°16'37"D 536 m. Carpinus sp. ve Quercus sp.

8 Susurluk Cay1 Mevkii 39°57'23"K 28°14'53"D 529 m. Alnus sp.

9 Isi‘;’i:lpasa - Cataldag | 5005057k 28°14'59"D 581 m. P. nigra

Cizelge 2 Calisma sonucunda tespit edilen turler; saproksilik tirler; toplandiklar: yerin koordinat, biyotop, tarih,
tuzak numaralary; 6rnek sayilari ve yeni lokalite bilgileri

Table 2 Species determined as a result of the study; saproxylic species; coordinate, biotope, date, trap numbers of

the place where they were collected; sample numbers and new locality information

§ o Tuzak | Ornek Yeni Lokalite
3. E—‘- Tir Koordinat Biyotop Tarih No Saya1 Kayd: .
TS | (Species) (Coordinate) | (Biotopes) | (Date) (Irap | (Number | (New Locality
~ P P No) of Record)
Samples)
Q 28°14'42'"D Abies sp. 11.IV.2017 | 2C 283
§ 39°52'39"K
= 28°14'42"D Abjessp. | 11.IV.2017 | 4C 19
= 39°52'39"K
o 28°14'42"D Abies sp. 16.VIII.2017 | 3C 299
39°52'39"K )
28°14'42"D Abies sp. 16.VII1.2017 | 5C 19 Balkesir  Ili
Hylobius  abietis | 39°52'39"K lokal faunas:
(Linnaeus, 1758)* | 28°14'42"D Abies sp. 14.X.2017 1C 3399 icin ilk kayit
39°52'39"K
28°18'32"D F. 30.V.2017 2C 19
39°51'46"K orientalis
28°18'32"D F 23.X1.2017 3C 19
39°51'46"K orientalis
28°18'32"D F 15.V1.2018 5C 19
39°51'46"K orientalis
P 28°14'42"D Abjessp. | 16.VIIL2017 | 4C 200
5. 39°52'39"K
5. 28°14'59"D Pnigra 151X.2017 | 4C 19
. 40°00'15"K
5 28°12'24”D P pinea 11.X.2018 4C 19 Balikesic i
Blaps ocreata | 39°48'59"K lokal faunas:
Allard, 1880 28°13'09"D P.brutia 20.VIL.2018 | 4C 3999 icin ilk kayit
39°49'47"'K
28°14'42"D Abies sp. 29.VI1.2018 2C 19
39°52'39"K
28°14'59"D P.nigra 20.VI1.2018 3C 249
40°00'15"K
28°12’24”D P.pinea 16.VIII.2017 | 1C 299 Balikesir Il
Blaps tibialis | 39°48'59"K lokal faunas:
Reiche, 1857* 28°14'42"D Abies sp. 24.V1.2017 2C 19 i¢in ilk kayit
39°52'39"K

404



KSU Tarim ve Doga Derg 24 (2): 401-413, 2021

Arastirma Makalesi

KSU J. Agric Nat 24 (2): 401-413, 2021 Research Article
28°18'32"D F. 23.VII1.2017 | 5C 19
39°51'46"K orientalis
28°11'28"D P.pinea 15.V.2018 1C 299
39°49'27"K
28°13'09"D P.brutia 17.VII1.2018 | 1C 23Q
39°49'47"K
28°16'37"D Quercus 15.VI1.2018 5C 19
39°56'40"K sp.
28°16'37"D Quercus 15.1X.2017 2C 19 Balikesir 1Ili
Dailognatha 39°56'40"K Sp. ¥o.ka1 faunasi
quadricollis igin ilk kayit
(Brullé, 1832) 28°16'37"D Carpinus | 17.VIIL.2018 | 5C 2QQ
39°56'40"K sp.
28°16'37"D Quercus 21.VI1.2017 | 3C 3339
39°56'40"K sp.
Dendarus 28°18'32"D F. 29.1X.2017 | 1C 19 Balikesir  1li
. . | 39°51'46"K orientalis lokal faunasi
messenius (Brullé, AN
1832) icin ilk kayit
28°16'37"D Quercus | 20.VIL.2018 | 5C 200
39°56'40"K sp.
28°11'30"D P.brutia 03.V.2017 4C 3399
39°48'29"K
28°14'59"D P.nigra 16.VII1.2017 | 2C 19
Idohelops 40° 00'15"K
alpagutae Keskin | 28°13'09"D P.brutia 29.VI1.2018 | 3C 200
&Nabozhenko, 39°49'47"K
2012* 28°14'53"D Alnus sp. 17.VII1.2018 | 1C 249
39°57'23"K
28°14'59"D P.nigra 11.X1.2018 3C 19
40°00'15"K
19 Balikesir  Ili
lokal faunasi
Opatrum 98°18'3991) B icin ilk kayit
sabulosum 39°51'46"K orientalis 31.V.2017 1C
(Linnaeus, 1761)*
28°16'37"D Quercus 21.VIL.2017 | 4C 299
Pachyscelis 39°56'40"K SP. Balikesir  1Ili
. 28°14'53"D Alnus sp. 21.VI1.2017 | 2C 19 lokal faunasi
quadricollis Brulle, .
1839 39°57'23"K i¢in ilk kayit
28°16'37"D Carpinus 28.1X.2018 3C 239
39°56'40"K sp.
19 Balkesir 1Ili
Pimelia subglobosa | 28°18'32'D | . lokal faunasi
(Pallas, 1787) 89°5146'K | orientalis | 2022017 |20 i¢in ilk kayit
. 28°18'32"D F. 21.VIL.2017 | 2C 19 Balikesir  1Ili
Probaticus obesus | 39°51'46"K | orientalis lokal faunas:
(Frivaldsky, 28°1637'D | Quercus | 23.VIIL2017 | 5C | 2997 icin ilk kayit
1835)* 39°56'40"K | sp.
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28°16'37"D Carpinus 29.VI1.2018 | 4C 19
39°56'40"K sp.
Pseudoprobaticus | 28°18'32"D F 21.VI1.2017 | 5C 284 Balikesir Ili
granipennis 39°51'46"K orientalis lokal faunasi
(Allard, 1876)* 28°14'53'D | Alnussp. | 291X.2017 | 4C 10 igin ilk kayit
39°57'23"K
28°14'53"D Alnus sp. 29.VI1.2018 | 2C 299
39°57'23"K
% 19 Balikesir 1li
% | Anthaxia ot e e lokal faunas:
f_"’bf hungarica (Scopoli, 28014,53,,]) Alnus sp. 03.V.2017 4C i¢in ilk kayit
= | 1779 39°57'23"K
O
[¢)
Buprestis 28°11' 68”D P.brutia 16.VII1.2017 | 2C 19
dalmatina 39°48'76” K
Mannerheim, 28°11'30"D P.brutia 11.X1.2018 1C 19
1837* 39°48'29"K
28°12’24”D P.pinea 03.V.2017 3C 299
39°48'59" K
28°14'42"D Abies sp. 15.1X.2017 4C 19
39°52'39"K
Capnodis 28:16:37::D Carpinus 23.X1.2017 3¢ 3399 Balkesir 1li
carbonaria (Klug, 39°56'40"K Sp. _ ¥o.ka1 faunasi
1829)* 28°12°24”D P.pinea 17.VII1.2018 | 3C 299 i¢in ilk kayit
39°48'59" K
28°16'37"D Quercus 29.VI1.2018 | 5C 299
39°56'40"K sp.
28°16'37"D Quercus 29.VI1.2018 | 1C 19
39°56'40"K sp.
28°18'32"D F. 16.VIII.2017 | 1C 299
Capnodjs mj]jarjs 39°51'46"K Ol".l.eﬂta]js
(Klug, 1829)* 28°18'32"D F 16.VII1.2017 | 2C 19
39°51'46"K orientalis
28°11'28"D P.pinea 11.X1.2017 1C 19
39°49'27"K
28°18'32"D F. 21.VI1.2017 | 3C 18
39°51'46"K orientalis
28°16'37"D Quercus 21.VIL.2017 | 2C 19
Chalcophora 39°56'40"K sp. Balikesir  1Ili
. 28°11'30"D P.brutia 15.V1.2018 1C 239 lokal faunasi
detrita (Klug, o f aroan L
1829)* 39°48'29"K icin ilk kayit
28°16'37"D Quercus 28.1X.2018 3C 3999
39°56'40"K sp.
28°16'37"D Carpinus 11.I1X.2018 3C 19
39°56'40"K sp.
28°14'59"D P.nigra 29.VIL.2018 | 2C 209
40° 00'15"K
DS 165 7D c 239 Balkesir 1Ili
°16'37" arpinus lokal faunas:
Perotis chlorana | 39°56'40"K Sp. 31.V.2017 4¢ icin ilk kayit
Laporte&Gory, "
1836 28°16'37"D Quercus
39°56'40"K p. 17.VIIL.2018 | 5C
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Trachypteris picta | 28°18'32'D F 27.X.2017 5C 200
decostigma 39°51'46"K orientalis
(Fabricius, 1787)* | 28°16'37"D Quercus sp | 16.VII1.2017 | 4C 299
39°56'40"K
E 28°14'42"D Abies sp. 24.V1.2017 4C 244
8 39°52'39"K
= 28°16'37"D Quercus | 23.VIIL.2017 | 2C 10
8 39°56'40"K Sp.
28°16'37"D Carpinus 30.V.2017 5C 19
39°56'40"K sp.
28°11’88” D | P.brutia 15.VI1.2018 3C 299
Dorcus 39°49°'50” K Balikesir  1li
. . 28°14'42"D Abies sp. 13.X1.2018 3¢ 19 lokal faunasi
parallelipipedus 30°59'39"K cin ilk kavit
(Linnaeus, 1785)* e L Kayt
’ 28°18'32"D F. 20.VI1.2018 | 5C 299
39°51'46"K orientalis
28°16'37"D Quercus 17.VII1.2018 | 3C 28
39°56'40"K sp.
28°16'37"D Carpinus 28.1X.2017 2C 19
39°56'40"K sp.
28°14'53"D Alnus sp. 17.VII1.2018 | 3C 244
39°57'23"K
Lucanus  cervus | 28°16'37"D Quercus 15.1X.2017 1C 19 Balikesir 1Ili
(Linnaeus, 17568)* | 39°56'40"K sp. lokal faunasi
28°14'53"D Alnus sp. 29.1X.2017 5C 19 i¢in ilk kayit
39°57'23"K
28°14'53"D Alnus sp. 30.V.2018 4C 19
39°57'23"K
om: 28°16'37"D Quercus 27.X.2017 2C 19
2 39°56'40"K sp.
c 28°1637'D | Quercus | 27.X.2017 | 3C 299
o o ' "
8 | Aphodius  fossor 39056’40"K °b-
© | (Linnaeus, 1758) 28°14'53"D Alnus sp. 29.1X.2017 4C 334
39°57'23"K
28°14'53"D Alnus sp. 29.VI1.2018 2C 343
39°57'23"K
28°16'37"D Quercus 17.VIIL.2018 | 4C 299
39°56'40"K sp.
Onthaphogus 28°14'42"D Abies sp. 24.V1.2017 5C 533999 | Balikesir Ili
coenobita (Herbst, | 39°52'39"K lokal  fauna
1783) icin ilk kayt
28°16'37"D Quercus 30.V.2017 2C 3399
39°56'40"K sp.
28°12'24"D P, pinea 15I1X.2017 | 4C 3339
39°48'59"K
28°11'30"D P. brutia 03.V.2017 1C 19
39°48'29"K
28°18'32"D F 21.VI1.2017 5C 299
O_Xv"t]’}‘]”' Sk 39°51'46"K | orientalis
ilslifff 4 WSehaum, 7o2916'37"D Quercus | 24.N1.2017 | 5C 19
39°56'40"K sp.
28°14'53"D Alnus sp. 27.X.2017 2C 14
39°57'23"K
28°12'24"D P. pinea 15.V1.2018 | 1C 14
39°48'59" K
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28°11'28"D P. pinea 20.VI1.2018 | 4C 19Q
39°49'27"'K
28°13'09"D P. brutia 20.VI1.2018 | 4C 19
39°49'47"K
28°14'42"D Abies sp. 15.V1.2018 4C 19
39°52'39"K
28°18'32"D F 17.VIII.2018 | 3C 18
39°51'46"K orientalis
28°18'32"D F 20.VI1.2018 | 4C 19
39°51'46"K orientalis
28°16'37"D Quercus 15.V.2018 4C 19
39°56'40"K sp.
28°16'37"D Quercus 28.1X.2018 2C 19
39°56'40"K sp.
28°16'37"D Carpinus 15.V.2018 4C 18
39°56'40"K sp.
28°14'59"D P. nigra 15.V1.2018 4C 19
40° 00'15"K
28°12’24”D P.pinea 16.VII1.2017 | 3C 299
39°48'59"K
28°11'28"D P.pinea 03.V.2017 2C 19
39°49'27"K
28°14'42"D Abies sp. 03.V.2017 4C 19
39°52'39"K
28°18'32"D F 16.VIII.2017 | 1C 248438
39°51'46"K orientalis
28°18'32"D F 24.V1.2017 3C 19
39°51'46"K orientalls
28°16'37"D Carpinus 31.V.2017 5C 19
39°56'40"K sp.
Polyphylla  fullo | 28°16'37"D Quercus 23.VII1.2017 | 4C 19
(Linnaeus, 1758) 39°56'40"K sp.

28°12°24”D P. pinea 20.VI1.2018 2C 19

39°48'59"K

28°11'28"D P. pinea 15.V1.2018 1C 19

39°49'27"K

28°13'09"D P. brutia 17.VIII.2018 | 5C 18

39°49'47"K

28°18'32"D F. 29.VI1.2018 | 4C 19

39°51'46"K orientalis

28°16'37"D Quercus 15.V1.2018 5C 19

39°56'40"K sp.

28°16'37"D Carpinus 29.VI1.2018 | 3C 19

39°56'40"K sp.

28°11'30"D P. brutia 14.X1.2017 5C 299

39°48'29"K

28°18'32"D F 03.V.2017 4C 19Q

39°51'46"K orientalis

28°14'59"D P. nigra 24.V1.2017 1C 3499 . C
Protaetia cuprea | 40°00'15"K 1B ?{hll{eswf i
(Fabricius, 1775)* | 28°16'37"D Quercus | 27.X.2017 3C 239 oxal - lauha

39°56'40"K sp. icin ilk kayit

28°12'24”D P. pinea 17.VIIL.2018 | 4C 19

39°48'59" K

28°13'09"D P brutia | 11.IX.2018 | 2C 43399

39°49'47"'K
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28°16'37"D Quercus | 29.VIL.2018 | 1C 200
39°56'40"K sp.
28°16'37"D Quercus 29.VI1.2018 | 3C 299
39°56'40"K sp.
28°1224"D P. pinea 16.X.2017 1C 19
39°48'59" K
28°12’24"D P. pinea 11.IV.2017 5C 19
39°48'59" K
28°14'42"D Abies sp. 11.XI1.2017 1C 14
39°52'39"K
28°14'42"D Abies sp. 23.VII1.2017 | 3C 19
39°52'39"K
28°16'37"D Carpinus 21.VI1.2017 | 1C 19
39°56'40"K sp.
28°16'37"D Quercus 29.1X.2017 2C 19
39°56'40"K sp.
28°14'53"D Alnus sp. 23.VII1.2017 | 2C 19
39°57'23"K
28°12’24”D P. pinea 30.V.2018 2C 18
39°48'59" K
28°12’24”D P. pinea 28.1X.2018 4C 299

. 39°48'59" K
Sisyphus 28°11'28"D P, pinea 15.V.2018 3C 19
schaefferi R
(Linnaeus, 1758) 39°4927'K -
’ 28°11'28"D P. pinea 15.V.2018 2C 19
39°49'27"K
28°13'09"D P. brutia 30.V.2018 4C 19
39°49'47"K
28°14'42"D Abies sp. 20.VI1.2018 1C 299
39°52'39"K
28°18'32"D F. 11.IX.2018 3C 19
39°51'46"K orientalis
28°16'37"D Quercus 17.VIIL.2018 | 3C 19
39°56'40"K Ssp.
28°16'37"D Quercus 20.VII.2018 | 4C 284
39°56'40"K Ssp.
28°16'37"D Quercus 11.X.2018 1C 19
39°56'40"K sp.
28°16'37"D Quercus 30.V.2018 3¢ 19
39°56'40"K sp.
28°16'37"D Carpinus 18.VIIL.2018 | 4C 19
- 39°56'40"K Ssp.
%:’; ?,Soiéé?ug P. pinea 03.IV.2017 | 4C 3389
= 28°18'32"D F. 29.1X.2017 1C 299
5 39°51'46"K orientalis
& 28°14'53"D Alnussp. | 31.V.2017 | 2C 43999
Gabrius anatolicus | 39°57'23"K
Smetana, 1953 28°11'30"D P. brutia 30.V.2018 2C 3999
39°48'29"K
28°14'42"D Abies sp. 17.VII1.2018 | 4C 43399
39°52'39"K
28°16'37"D Carpinus 20.VI1.2018 | 3C 19
39°56'40"K sp.
Gyrohypnus 28°12'24”D P. pinea 15.X1.2017 2C 19
angustatus 39°48'59" K
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Stephens, 1833* 28°14'42"D Abies sp. 16.VIII.2017 | 3C 299
39°52'39"K
28°18'32"D F 31.V.2017 2C 299
39°51'46"K orientalis
28°16'37"D Quercus 23.VII1.2017 | 2C 19
39°56'40"K sp.
28°12’24”D P. pinea 29.VI1.2018 | 1C 19
39°48'59" K
28°11'30"D P. brutia 29.VI1.2018 | 3C 19
39°48'29"K
28°11'28"D P. pinea 17.VIIL.2018 | 4C 148
39°49'27"K
28°13'09"D P. brutia 29.VI1.2018 | 5C 19
39°49'47"'K
28°14'42"D Abies sp 20.VI1.2018 | 1C
39°52'39"K
28°18'32"D F. 15.V1.2018 3¢ 299
39°51'46"K orientalis
28°16'37"D Quercus 15.V1.2018 1C 19
39°56'40"K sp.
28°16'37"D Carpinus 17.VII1.2018 | 4C 19
39°56'40"K sp.
. 28°16'37"D Quercus 21.VIL.2017 | 5C 18
Othius 39°56'40"K sp.
laeviusculus -
Stephens, 1833 28°16'37"D Carpinus 29.VI1.2018 | 4C 3999
39°56'40"K sp.
28°12°24”D P. pinea 24.VI.2017 1C 43329
39°48'59" K
28°16'37"D Quercus 03.V.2017 3C 19
(Olivier. 1795) 28°12°24”D P. pinea 11.IX.2018 2C 19
’ 39°48'59" K
28°16'37"D Quercus 30.V.2018 3¢ 19
39°56'40"K sp.
28°12°24”D P. pinea 24.VI1.2017 4C 19
39°48'59"K
28°14'42"D Abies sp. 03.V.2017 1C 19
39°52'39"K
28°18'32"D F. 23.VII1.2017 | 4C 18
39°51'46"K orientalis
Quedius Ilateralis 28:16:37::D Quercus 29.1X.2017 1C 299
(Gravenhorst 39°56'40"K SP.
1802) ’ 28°16'37"D Carpinus 23.VII1.2017 | 2C 19
39°56'40"K sp.
28°11'28"D P, pinea 13.X1.2018 | 3C 14
39°4927"K
28°13'09"D P. brutia 11.X.2018 2C 18
39°49'47"K
28°16'37"D Quercus 30.X1.2018 2C 19
39°56'40"K sp.
28°11'30"D P. brutia 24.V1.2017 3C 19Q
. . 39°48'29"K
Quedius  unicolor o ea17.0qr) P, pinea 15IX.2017 | 3C 19
Kiesenwetter, oA cre
1847 39°4927"K
28°14'53"D Alnus sp. 21.VI1.2017 | 3C 19
39°57'23"K
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28°11'28"D
39°49'27"'K

P. pinea

29.VI1.2018 | 2C 18

28°13'09"D
39°49'47"K

P, brutia

28.IX.2018 | 2C 19

28°14'53"D
39°57'23"K

Alnus sp.

20.VIL.2018 | 5C 19

* Saproksilik tirler

BULGULAR

Calisma sonucunda 2017-2018 Nisan-Kasim aylari
arasinda 9 farkli biyotopta c¢ukur tuzak yontemi
kullanilarak toplam 268 birey elde edilmistir. Elde
edilen bireylerin tiir teshisleri sonucunda Coleoptera
takimindan 6 familyaya bagli 26 cinse ait toplam 32
tir tespit edilmistir. Belirlenen tiirlerin toplandig yer,
tarih, biyotop bilgileri, tirlere ait érnek sayilari ve
yeni lokalite kayitlar: agagida belirtilmigtir.

TARTISMA ve SONUC

Turkiye‘nin biyocesitliliginin strdirulebilirligi
acisindan korunmasi gereken en 6nemli alanlar olan
orman ekosistemleri son yillarda uygulanan
ormancilik faaliyetleri, artan nifus ve diger beseri
faaliyetlerden dolayr tehlike altindadir. Yapilan
calismalara bakildiginda, Tirkiye'nin konumu ve
ekolojik zenginligi de dustunildiginde ozellikle
ormanlarda  tespit edilen tir  ¢esitliliginin
belirlenenden fazla olmasi beklenmektedir. Ayrica
IUCN tarafindan 2018 yilinda yaymnlamis olan
Akdeniz havzasi ve Avrupa saproksilik bécek tiirleri ve
tehdit kategorilerine dair arastirma bulgularina goére
Tirkiye'nin olasi tir zenginligini yansitmadigi ve gok
sayida tur ile ilgili yeterli veri olmadigi gorulmektedir.

Alnus sp.
Carpinus sp.
Quercus sp.
.S Fagus orientalis

Abies sp.

Agac Turleri

Pinus nigra
Pinus brutia

Pinus pinea

A Tur Sayisi

Bu nedenle orman ekosistemlerine ait faunanin
belirlenmesi i¢in daha ¢ok ¢alismaya ihtiyag
duyulmaktadir. Calisma sonucunda Curculionidae,
Tenebrionidae, Buprestidae, Lucanidae, Scarabaeidae
ve Staphylinidae familyalarina baghh 268 birey
icerisinde 26 cinse ait 32 tir tespit edilmistir. Bu
tiirlerden 19'u Balikesir Ili lokal faunasi i¢in ilk kayit
niteligindedir. Cizelge 2’de verilen 17 tir saproksilik
turlerdir. Orman ekosisteminde fitofag, zoofag ve
saproksilik beslenme rejimine sahip olan boéceklerin
belirlenmesi ve korunmasi ekolojik islevlerinin
stirduralmesi ile tir cesitliliginin korunup gelecege
aktarilmas1 icin 6nemlidir (Giilpercin ve Tezcan,
2016). Ayrica bu saproksilik tiirlerden Lucanus cervus
IUCN Akdeniz Kirmizi listesinde LC
kategorisindeyken ITUCN Avrupa Kirmizi listesinde
NT kategorisindedir. Dorcus parallelipipedus ise
TUCN Avrupa Kirmiz listesinde LC kategorisinde yer
almaktadir.

Tespit edilen tirlerin  bulundugu biyotoplara
bakildiginda Sekil 3A ‘da gosterildigi gibi P. pinea
alaninda 13, P. brutia alaminda 14, P. nigra alaninda
5, Abies sp. alaminda 12, F. orientalis alaninda 18,
Quercus sp. alaninda 21, Carpinus sp. alaminda 14,
Alnus sp. alaninda 10 tiir belirlenmigtir.

igne
Yaprakli;
18 Tur

4

25

B

Sekil 3 A Farkl biyotoplarda tespit edilen tir sayilari; B Sekillerine gére orman tirlerinde belirlenen tiir sayisi
Figure 3 A Number of species detected in different biotopes; B Number of species determined in forest types

according to their shape

Ozellikle mese gibi uzun émiirlii ve ¢iirtime siirecinde
cesitli turleri barindiran ve diger genis yaprakl
agaglar da eklendiginde bu alanlardaki tir sayisinin
igne yaprakli agaclarin kapladigi alanlardaki tir
sayisindan fazla olmasi beklenilmektedir ki ¢alisma
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sonucu da bu durumu desteklemektedir (Sekil 3B).

TESEKKUR

Tam yazarlar olarak Prof. Dr. Serdar Tezcan’a
Buprestidae, Dog¢. Dr. Bekir Keskin'ne Tenebrionidae
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ve Dr. Nicklas Jansson’a diger familya teshigleri ve
teshis edilemeyen orneklerin uzmanlara
gonderilmesindeki degerli katkilarindan dolay:
tesekklr ederiz. Bu calisma Bilimsel Arastirmalar
Projeleri Birimi koordinatorligiinde 2016/03-08 no’lu
proje ile desteklenmisgtir.

Aragtirmacilarin Katk: Orani1 Beyan Ozeti

Yazarlar bu c¢alismaya ait verilerin Dr. Ogr. Uye.
Sakin Vural VARLI, Uzman Aylin TUVEN ve Uzman
Hakan SURGUT tarafindan toplandigini, caligmanin
yiriitiilebilmesi icin Balikesir Universitesi, Bilimsel
Aragtirmalar Proje Koordinatorligu tarafindan destek
saglandigini, ¢alismaya ait laboratuvar analizlerinin
Dr. Ogr. Uye. Sakin Vural VARLI, Uzman Aylin
Tiven, Uzman Hakan SURGUT ve Dr. Nicklas
JANSSON tarafindan, istatistik analizlerin ise Dr.
Ogr. Uye. Sakin Vural VARLI, Uzman Aylin TUVEN,
Uzman Hakan SURGUT ve Dr. Nicklas JANSSON
tarafindan yapildigini, makale metninin, Dr. Ogr. Uye.
Sakin Vural VARLI ‘nin gézetiminde Uzman Aylin
TUVEN ve Uzman Hakan SURGUT tarafindan
yazilmis oldugunu beyan ederler.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar

catismasi olmadigini beyan ederler.
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ABSTRACT

Research Article

In this study, 702 specimens belonging to the genus Medon Sephens
were examined. The material was obtained from various field trips
between 2010-2019 by using aspirator, sifter, pitfall trap, berlese
funnel and MSS trap methods. As a result of the study, 15 of the 22
known species from Turkey were identified. Medon brunneus
(Erichson, 1839), M. ferrugineus (Erichson, 1840), M. lanugo Assing,
2004 and M. subfusculus Fagel, 1969 from the Aegean Region, /M.
semiobscurus (Fauvel, 1875), M. abantensis Bordoni, 1980 and M.
lamellatus Assing, 2004 from the Central Anatolian Region are
reported for the first time. Besides, M. rufiventris Nordmann, 1837)
is recorded for the first time from both the Aegean and Central
Anatolian Regions. In addition, many new locality records of the
recorded species were presented. The distributions of all Medon
species in Turkey were mapped.

OZET

Bu c¢alismada, Medon Stephens cinsine ait 702 birey incelenmistir.
Incelenen materyal, 2010-2019 yillar1 arasinda aspirator, elek, cukur
tuzak, berlese hunisi ve MSS tuzak yontemleri kullanilarak yapilan
arazi calismalarindan elde edilmigtir. Calisma sonucunda
Turkiye'den bilinen 22 tirden 15'1 tespit edilmistir. Bu tiirlerden,
Medon brunneus (Erichson, 1839), M. ferrugineus (Erichson, 1840),
M. lanugo Assing, 2004 ve M. subfusculus Fagel, 1969 Ege
Bélgesinden, M. semiobscurus (Fauvel, 1875), M. abantensis Bordoni,
1980 and M. lamellatus Assing, 2004 I¢ Anadolu Bélgesi'nden ilk kez
rapor edilmistir. Ayrica, M. rufiventris (Nordmann, 1837) Ege ve I¢
Anadolu Bolgeleri’nden ilk kez kaydedilmistir. Ek olarak, bir¢ok tiire
ait yeni lokalite kaydi verilmistir. Tiirlerin Turkiye’deki yayilislar:
haritalandirilmigtir.
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INTRODUCTION from the Palearctic Region are known. These species

Schiilke and Smetana (2015) listed 111 species of the
genus Medon Stephens, 1833 from Palaeractic Region.
After the catalog, eight new species were reported in
this region. (Anlas, 2015; Assing, 2016; 2018; Shibata
and Fujimoto, 2017). Thus, the number of known
species increased to 119. However, Assing (2013 a)
added 31 of these species to Medonina incertae sedis
list and reported that these species are suspicious
species that must be confirmed, which may be included
in other genera in the Medonina. Therefore, 88 species

are classified into five species groups called Medon
apicalis, M. ferrugineus, M. brunneus, M. fusculus and
M. profundus (Assing, 2014 a).

In Turkey, the genus Medon contains 22 species in four
species groups (M. apicalis group, M. ferrugineus
group, M. brunneus group, M. fusculus group) and nine
of them are endemic to Anatolia (Anlag, 2009; 2015).
Seven species from the M. apicalis group (M. assingi
Anlas, 2015 (endemic); M. beydaghensis Fagel, 1969
(endemic); M. caricus Fagel, 1970; M. maronitus



KSU Tarim ve Doga Derg 24 (2): 414-424, 2021
KSU J. Agric Nat 24 (2): 414-424, 2021

Arastirma Makalesi
Research Article

(Saulcy, 1865); M. reliquus Assing, 2007 (endemic); M.
seleucus Bordoni, 1975 (endemic); M. subquadratus
Assing, 2004 (endemic)) with the highest endemism
rate, are known and five of them are endemic for
Anatolia. Three species are classified into the M.
ferrugineus group (M. dilutus pythonissa (Saulcy,
1865); M. ferrugineus (Erichson, 1840); M. rufiventris
(Nordmann, 1837)) and two species are classified into
the M. brunneus group (M. brunneus (Erichson, 1839);
M. semiobscurus (Fauvel, 1875)). The M. fusculus
group (M. abantensis Bordoni, 1980; M. fusculoides
Coiffait, 1969; M. fusculus (Mannerheim, 1830); M.
lamellatus Assing, 2004 (endemic); M. lanugo Assing,
2004 (endemic); M. lindbergi Scheerpeltz, 1958; M.
Iydicus Bordoni, 1980; M. meybohmi Assing, 2007
(endemic); M. solitarius Assing, 2009 (endemic); M.
subfusculus Fagel, 1969), which has the most
diversity, is represented by 10 species and four of these
species are endemic in Anatolia.

Ecologically, the Medon species are the most commonly
inhabit the litter layer. In addition, it can be found in
damp meadows and under the rocks near the stream.
Species that associated with subterranean small
mammal nests such as M. ripicola (Kraatz, 1854) and
M. castaneus (Gravenhorst, 1802) are also known
(Assing, 2006). There were also species recorded from
the caves (e.g. M. fusculus and M. semiobscurus)
(Anlasg, 2015). But most of them are not troglobionts.

The main purposes of the present paper were to
contribute to determining the Turkish Medon fauna.

MATERIAL and METHODS

Aegean and Central Anatolia Regions material was
obtained from various field trips within two project
supported by Scientific and Technological Research

Council of Turkey Projects between the years 2013-
2019 (TUBITAK, Project no: 112T907 and 215Z080).
Other regions material was collected between the
years 2010-2019. Also, some of the material of the
genus Medon found in the Alasehir Zoology Museum,
Manisa (AZMM) was re-examined. Samples were
collected using aspirator, sifter, pitfall trap, berlese
funnel and MSS trap methods. All material in this
study is deposited in the AZMM.

Classification and nomenclature were made according
to Assing (2004 a, 2007 a, 2013 a) and Schiilke and
Smetana (2015). Google Earth Pro was used to create
the maps. All known records were used with the
records in this paper while creating maps.

RESULTS

A total of 702 individuals belonging to the genus
Medon were examined and 15 of the 22 known species
from Turkey were identified. These species;

Medon apicalis group
Medon caricus Fagel, 1970

Material examined: Izmir: 143, 399, 25.XI1.2014,
Odemis, Bozdaglar, 38°24'46"N, 28°08'01"E, 950 m,
berlese funnel, leg. Yagmur & Orgel. Mugla: 19,
21.V.2015, Dalaman, 36°53'37"N, 28°53'37"E, 127 m,
sifter, leg. Yagmur & Orgel.

Distribution in Turkey: Aydin, Canakkale, Isparta,
Izmir, Mugla (Anlas, 2009, 2015) (Figure 1).

Distribution in the world: The known distribution of
M. caricus is confined to Amorgos Island (in the
Aegean Sea) and West Anatolia (Assing, 2004 a, 2007
b; Anlas and Rose, 2009; Anlag, 2015; Schiilke and
Smetana, 2015).

Figure 1. Distributions of Medon caricus Fagel (circles) and M. reliquus Assing (squares) in Turkey.
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Sekil 1. Medon caricus Fagel (daireler) ve M. reliquus Assing (kareler) tiirlerinin Tiirkiye deki yayilislari.

Medon reliquus Assing, 2007

Material examined: Manisa: 13, 26.X.2016, Alasehir,
Dagarlar, 38°11'49"N, 28°24'51"E, 576 m, berlese
funnel, leg. Yagmur & Orgel; 19, 11.X.2013, Kiraz 10
km E, 722 m, 38°12'17"N, 28°26'25"E, sifter, leg. Ozgen
& Orgel.

Distribution in Turkey: Aydin, Izmir (Anlas, 2009).
The species is reported from Manisa Province for the
first time (Figure 1).

Distribution in the world: The species is most probably
endemic to the Bozdaglar and the Aydin Mountains in
western Anatolia (Assing, 2007 a; Schiilke and
Smetana, 2015).

Medon maronitus (Saulcy, 1864)

Material examined: Afyonkarahisar: 243, 19,
15.IV.2013, Thsaniye, Déger 2 km E, 39°09'13"N,
30°25'52"E, 1286 m, under stone, leg. Anlas, Yagmur
& Orgel. Aydin: 14, 22.I11.2015, Dilek Peninsula
National Park, 37°39'49"N, 27°12'57"E, 969 m, sifter,
leg. Yagmur & Orgel. Denizli: 13, 3929, 30.V.2014,

Babadag, 37°47'43"N, 28°48'47"E, 903 m, sifter, leg.
Orgel. Kiitahya: 1J, 13.IV.2015, Simav, Akdag,
39°14'58"N, 28°49'41"E, 1670 m, under stone, leg.
Anlag, Yagmur & Orgel. Manisa: 333, 529,
11.IV.2014, Alasehir-Kiraz road, 38°13'N, 28°35'E, ca.
500 m, sifter, leg. Ozgen & Orgel (as M. religuus in
Anlas, 2015). Nigde: 13, 19, 02.V1.2016, Ulukisla,
Horoz, 37°28'47"N, 34°47'55"E, 1049 m, sifter, leg.
Anlag, Orgel & Yaman. Ugak: 13, 299, 03.V.2015,
Murat Mountain, 38°55'N, 29°36'E, 1756 m, under
stone, leg. Yagmur & Orgel.

Distribution in Turkey: Adana, Antalya, Artvin,
Aydin, Bursa, Denizli, Erzurum, Hatay, Isparta,
Istanbul, Izmir, Kahramanmaras, Manisa, Mersin,
Mugla, Osmaniye, Samsun (Anlas, 2009; 2015; Assing,
2009, 2013 a; b). The species is reported from
Afyonkarahisar, Kiitahya, Nigde and Usak Provinces
for the first time (Figure 2).

Distribution in the world: The distribution of this
species ranges from the Eastern Mediterranean to
Central Asia. (Assing, 2004 a; b; 2007 b, 2009, 2013 a;
b, Anlas, 2015; Schiilke and Smetana 2015).

Figure 2. Distribution of Medon maronitus (Saulcy) in Turkey.
Sekil 2. Medon maronitus (Saulcy) tiiriiniin Tiirkiye deki yaylsi.

Medon brunneus group
Medon brunneus (Erichson, 1839)

Material examined: Afyonkarahisar: 138, 19,
02.V.2015, Ahir Mountains, Buylikhacet Hill,
38°39'42"N, 30°06'05"E, 1925 m, under stone, leg.
Yagmur & Orgel. Bursa: 233, 02.VI1.2015,
Biytikorhan 5 km NE, 39°47'18"N, 28°54'51"E, 780 m,
sifter, leg. Yagmur & Orgel. Kiitahya: 18, 299,
13.IV.2015, Simav, Akdag, 39°14'58"N, 28°49'41"E,
1670 m, under stone, leg. Anlag & Orgel.

Distribution in Turkey: Balikesir, Edirne, Istanbul,
Kirklareli, Kocaeli, Sakarya (Anlas, 2009; Assing, 2013
a; b) (Figure 3). This species, known only from the
Marmara Region in Turkey, is reported for the first
time from the Aegean region (Afyonkarahisar
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Province). It is also reported from the Bursa Province
for the first time.

Distribution in the world: This species, which 1s
widespread in the West Palearctic, is known from
northwestern Turkey, the Balkans, Crete, Italy,
Central Europe, northeastern Spain, southern France,
northern Europe (Assing, 2004 a, 2006, 2009, 2013 a;
b; Anlas, 2015; Schiilke and Smetana, 2015).

Medon semiobscurus (Fauvel, 1875)

Material examined: Adana: 14, 19, 13.V.2015,
Pozanti, 37°20'57"N, 34°54'30"E, sifter, leg. Karakas &
Kunt. Adiyaman: 283, 03.1V.2017, 2 km SE Tasgedik,
37°50'40"N, 38°18'56"E, 979 m, sifter, leg. Yagmur,
Orgel & Yaman; 14, 03.IV-22.VII1.2017, 2 km SE
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Taggedik, 37°50'40"N, 38°18'56"E, 979 m, pitfall traps,
leg. Yagmur; 783, 529, 05.1V.2017, 3 km N Gerger,
38°00'44"N, 39°00'12"E, 587 m, sifter, leg. Yagmur,
Orgel & Yaman. Afyonkarahisar: 243, 15.IV.2015,
Hocalar, Kirseli Mountain, 38°33'44"N 30°02'17"E,
1460 m, under stone, leg. Anlag & Orgel. Ankara: 17,
19, 9.IV.2017, Beypazari,, Uregil, 40°17'07"N,
32°04'11"E, 1375 m, sifter, leg. Orgel & Yaman.
Antalya: 14, 11.I11.2016, Kumluca, 386°21'27"N,
30°18'04"E, 85 m, sifter, leg. Kunt. Aydin: 15, 12,
12.V.2017, 4 km S Glzelcamli, Dilek Peninsula,
37°41'26"N, 27°14'14"E, 163 m, berlese funnel, leg.
Yagmur. Balikesir: 14, 299, 25.X.2017, Havran,
Egmir, 39°35'50"N, 27°16'11"E, 249 m, sifter, leg. Sak
& Bulut; 14, 10.XI1.2017, Susurluk, Ekinlik,
39°54'32'N, 28°12'49"E, 452 m, sifter, leg. Sak &
Bulut. Izmir: 13, 19, 28.X1.2014, Bozdaglar, Odemis,
Horzum 5 km SE Subatan Plateau, sifter, leg. Yagmur
& Orgel. Konya: 14, 10.07.2018-11.10.2018,
Derebucak, 37°22'37"N, 31°29'36"E, 1349 m, MSS
trap. Manisa: 13, 01.IV-12.X.2017, Alasehir, Dagarlar,
Kiraz road, 38°11'49"N, 28°28'51"E, 576 m, MSS trap;
544, 12, 01.IV-12.X.2017, Alagehir, Turcuk,

38°13'49"N, 28°35'00"E, 376 m, MSS trap; 13, 19,

30.X1.2014, Spil Dagi, 38°33'44"N, 27°23'10"E, 1100 m,
sifter, leg. Yagmur & Orgel; 243, 399, 07.IV.2015,
Soma, Yagcili 3 km E, 39°20'53"N, 27°42'24"E, 380 m,
sifter, leg. Yagmur & Orgel. Mugla: 233, 299,
20.111.2015, Dalaman Valley, 36°48'41"N, 28°53'19"E,
99 m, sifter, Yagmur & Orgel; 13, 19, 21.I11.2015,
Datga 36°43'38"N, 27°34'16"E, 994 m, sifter, Yagmur
& Orgel. Usak: 3343, 299, 03.V.2015, Murat
Mountain, 38°55'N, 29°36'E, 1756 m, sifter, leg.
Yagmur & Orgel.

Distribution in Turkey: This species has been reported
from many provinces in western and southern Anatolia
(Anlas, 2009, 2015; Assing, 2009, 2013 a; b; Ozgen et
al., 2010) (Figure 3). It is recorded for the first time
with this study from Central Anatolia (Ankara and
Konya Provinces). It is also reported from the
Adiyaman, Afyonkarahisar and Usak Provinces for the
first time.

Distribution in the world: The known distribution of
M. semiobscurus is confined to Turkey, Middle East
and Rhodes, Kos, Samos Islands (in Aegean Sea)
(Assing, 2004 a, 2013 a; Schiilke and Smetana, 2015).

Figure 3. Distributions of Medon brunneus (Erichson) (circles) and M. semiobscurus (Fauvel) (squares) in Turkey.

Sekil 5. Medon brunneus (Erichson) (daireler) ve M. semiobscurus (Fauvel) (kareler) tiirlerinin Ttirkiye deki

yayihglar.

Medon ferrugineus group
Medon dilutus pythonissa (Saulcy, 1865)

Material examined: Afyonkarahisar: 2343, 19,
15.IV.2015, Hocalar, Kirseli Mountain, 38°33'44"N
30°02'17"E, 1460 m, under stone, leg. Anlas & Orgel.
Ankara:® 483, 329, 21.V1.2016, Nallihan, 40°05'56"N,
31°02'30"E, 800 m, sifter, leg. Orgel & Yaman; 1034,

399, 22.XI1.2018, Polatl, "Avsar, 39°45'24"N,
32°06'36"E, 1067 m, sifter, leg. Orgel & Yaman; 247,
19, 22.XI1.2018, Polatly, Canakci, 39°26'23"N,

32°05'35"E, 900 m, sifter, leg. Orgel & Yaman; 484,
399, 18.X.2018, Kizilcahamam, 2 km S Sazak,
40°23'43"N, 32°36'16"E, 1029 m, sifter, leg. Orgel &
Yaman. Aydin: 13, 299, 21.I11.2015, Dilek Peninsula,
37°40'05"N, 27°13'10"E, 803 m, sifter, leg. Yagmur &
Orgel. Balikesir: 13, 299, 15.X.2017, Susurluk,
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Ekinlik, 39°54'32"N, 28°12'49"E, 452 m, sifter, leg. Sak
& Bulut; 283, 329, 09.X1.2017, Kepsut, Bikdere,
39°44'43"N, 28°15'03"E, 113 m, sifter, leg. Sak &
Bulut; 283, 02.X.2017, Kepsut, Biikdere, 39°44'48"N,
28°14'53"E, 84 m, sifter, leg. Sak & Bulut; 13, 822,
15.X.2017, Manyas, Hamamli, 40°06'29"N, 27°53'53"E,
47 m, sifter, leg. Sak & Bulut; 283, 529, 25.X.2017,
Gomeg¢, Hacihiiseyinler-Kumgedik road, 39°21'23"N,
26°55'10"E, 294 m, berlese funnel, leg. Sak & Bulut;
14, 18.V.2017, Kepsut, Biikdere, Ulupinar Cave road,
39°47'46"N, 28°21'05"E, berlese funnel, leg. Bulut;
244, 09.X.2017, Bigadi¢, Bademli road, 39°26'17"N,
28°04'08"E, 249 m, sifter, leg. Sak & Bulut; 247, 12,
10.X1.2017, Manyas, Hamaml, 40°06'29"N,
27°53'53"E, 47 m, sifter, leg. Sak & Bulut; 13, 222,
09.X1.2017, Sindirg, Akhisar-Sindirg: road,
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39°13'27"N, 28°07'22"E, 237 m, berlese funnel, leg. Sak
& Bulut; 14, 16.X.2017, Savastepe, Dikmenler,
39°22'45"N, 27°44'47"E, 484 m, sifter, leg. Sak &
Bulut; 2443, 399, 16.X.2017, Ivrindi, Topuzlar,
39°36'44"N, 27°25'43"E, 310 m, berlese funnel, leg. Sak
& Bulut; 34J&, 19, 10.X1.2017, Susurluk, Ekinlik,
39°54'32"N, 28°12'49"E, 452 m, berlese funnel, leg. Sak
& Bulut; 18, 429, 10.XI1.2017, Erdek, Kirazh
Monastery road, 40°27'36"N, 27°54'17"E, 375 m, sifter,
Sak & Bulut; 244, 299, 15.X.2017, Goénen,
40°06'52"N, 27°45'20"E, 125 m, berlese funnel, leg. Sak
& Bulut; 483, 899, 15.X.2017, Erdek, 40°27'36"N,
27°54'36"E, 202 m, berlese funnel, leg. Sak & Bulut;
3343, 19, 02.X.2017, Sindirg1, 39°13'27"N, 28°07'22"E,
237 m, sifter, leg. Sak & Bulut; 844, 592, 19.X.2017,
Kepsut, Biikdere, 39°44'34"N, 28°14'12"E, 142 m,
berlese funnel, leg. Yagmur & Bulut; 1483, 2622,
20.X.2017, Erdek, 40°27'36"N, 27°54'36"E, 202 m,
berlese funnel, leg. Sak & Bulut; 8443, 1329,
02.X.2017, Bigadi¢, Bademli road, 39°26'17"N,
28°04'08"E, 249 m, berlese funnel, leg. Sak & Bulut;
Burdur: 13, 2992, 30.IV.2017, Salda Lake environs,
37°30'33"N, 29°41'59"E, 1558 m, sifter, leg. Yagmur.
Bursa: 283, 28.VII1.2016- 02.I1.2017, Harmancik,
39°41'21"N, 29°07'28"E, 609 m, pitfall, leg. Yagmur;
18, 24.11.2017, Karacabey, Yenikoy, berlese funnel,
leg. Yagmur; 283, 229, 02.VI.2015, Biiyiikorhan 5 km
NE, 38°48'40"N, 28°56'04"E, 779 m, sifter, leg. Yagmur
& Orgel; 14, 02.V1.2015, Keles, Pelitoren, 39°54'56"N,
29°18'38"E, 955 m, sifter, leg. Yagmur & Orgel; 2473,
19, 02.VI.2015, Harmancik, Yegilyurt 2 km S,
39°43'41"N, 29°13'20"E, 963 m, sifter, leg. Yagmur &
Orgel. Denizli: 13, 699, Cal, Cokelez Mountain,
38°04'03"N, 29°23'16"E, 936 m, berlese funnel, leg.
Yagmur & Orgel; 14, 22.I111.2016, Bozkurt, Inceler,
Eseler Mountain, 37°42'32"N, 29°34'16"E, 1300 m,
berlese funnel, leg. Orgel & Yaman. Izmir: 483, 19,
25.111.2017, Odemis, Bozdaglar, 38°17'25"N,
28°09'02"E, 774 m, berlese funnel, leg. Yagmur; 17,
02.11-28.V1.2017, Karaburun, Bozksoy, 38°38'45"N,
26°27'48"E, 52 m, pitfall, leg. Yagmur; 15, 299, 01.06-
20.10.2018, Kemalpasa, Nif Dag), 38°23'03"N,
27°21'17"E, 1453 m, MSS trap; 18, 17.04-22.10.2017,
Kemalpasa, Nif Mountain, 38°23'03"N, 27°21'17"E,
1453 m, MSS trap; 38d3, 292, 09.1X.2015-20.11.2016,
Kemalpasa, Spil Mountain, 38°32'18"N, 27°27'35"E,
1052 m, MSS trap; 2443, 12, 09.1X.2016-24.111.2017,
Kemalpasa, Spil Mountain, 38°32'18"N, 27°27'35"E,
1052 m, MSS trap; 24J3, 329, 15.IV-25.X1.2017,
Kemalpasa, Spil Mountain, 38°32'18"N, 27°27'35"E,
1052 m, MSS trap; 5383, 2992, 26.VI-16.X.2016,
Kemalpasa, Spil Mountain, 38°32'18"N, 27°27'35"E,
1052 m, MSS trap; 18, 19, 01.IV-12.X.2017, Odemis,
Bozdaglar, 38°17'25"N, 28°01'02"E, 774 m, MSS trap;
14,19, 01.VII-08.1X.2015, Kemalpasa, Spil Mountain,
38°32'18"N, 27°27'35"E, 1052 m, MSS trap; 14, 25.11I-
12.X.2017, Odemis, Géleiik, 38°18'40"N, 28°00'46"E,
1154 m, pitfalll Kahramanmaras: 135, 229,
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21.VII1.2017-27.VI1.2018, Pazarcik, 7 km S Narl,
37°19'16"N, 37°10'10"E, 855 m, pitfall. Kirgehir: 1037,
899, 15.X.2018, Akcakent, 3 km W Yetikli,
39°38'18"N, 34°08'36"E, 1220 m, sifter, leg. Orgel &
Yaman; 788, 429, 01.V.2019, Akcakent, 2 km NE
Yetikli, 39°38'10"N, 34°11'10"E, 1505 m, sifter, leg.
Orgel & Koksal. Konya: 244, 429, 15.X1.2018,
Seydigehir, 4 km N Bahgelievler, 37°29'564"N,
31°49'05"E, 1175 m, sifter, leg. Orgel & Yaman.
Kiitahya: 233, 13.1V.2015, Simav, Akdag, 39°14'58"N,
28°49'41"E, 1670 m, under stone, leg. Anlag & Orgel.
Manisa: 243, 19.VI.2016, Alasehir, Dagarlar,
38°11'49"N, 28°28'51"E, 576 m, berlese funnel, leg.
Yagmur & Orgel; 643, 13.V1.2017, Alagehir, Turcuk,
38°13'49"N, 28°35'00"E, berlese funnel, leg. Yagmur &
Orgel; 13, 26.X.2016, Alagehir, Dagarlar, 38°11'49"N,
28°24'51"E, 576 m, berlese funnel, leg. Yagmur &
Orgel; 243, 01.06-20.10.2018, Spil Mountain,
38°34'07"N, 27°24'04"E, 1028 m, MSS trap; 38J, 19,
01.VII-08.1X.2015, Manisa, Alasehir, Turcuk,
38°13'49"N, 28°35'00"E, 376 m, MSS trap; 283, 229,
01.I1X-01.X.2018, Manisa, Alagehir, Turcuk,
38°13'49"N, 28°35'00"E, 376 m, MSS trap; 14, 19,
19.VI-26.X.2016, Manisa, Alagehir, Turcuk,
38°13'49"N, 28°35'00"E, 376 m, MSS; trap; 13, 29,
01.IV-12.X.2017, Alasehir, Dagarlar, Kiraz road,
38°11'49"N, 28°28'51"E, 576 m, MSS trap. Nevsehir:
483, 999, 18.X1.2018, Hacibektas, Hirkatepesidelik,
38°51'50"N, 34°36'06"E, 1357 m, under stone, leg.
Orgel & Yaman. Osmaniye: 337, 15.V1.2014,
Kugcgubeli Pass, sifter, leg. Orgel. Usak: 233,
26.111.2015, Mesudiye Koyu, 38°42'42"N, 29°31'08"E,
972 m, sifter, leg. Yagmur & Orgel. Yozgat: 15,
15.X.2018, Aydincik, Kussaray, 40°05'48"N,
35°11'11"E, 1266 m, sifter, leg. Orgel & Yaman.

Distribution in Turkey: Widespread in Turkey (Anlas,
2009, 2015; Anlag and Cevik, 2008; Anlas and Rose
2009; Assing, 2004 a; b, 2006, 2007 a; b, 2009, 2010,
2013 a; b; Tezcan and Anlas, 2009) (Figure 4). But It is
reported from the Afyonkarahisar, Burdur, Kirsehir,
Kiitahya, Osmaniye and Yozgat Provinces for the first
time.

Distribution in the world: The species is widespread in
the Eastern Mediterranean (Assing, 2004a,b; Schiilke
and Smetana, 2015).

Medon ferrugineus (Erichson, 1840)

Material examined: Afyonkarahisar: 399, 143,
02.V.2015, Ahir Mountains, Buyukkavsak Hill,
38°43'08"N, 30°03'48"E, 1810 m, under stone, leg
Yagmur & Orgel. Ankara: 244, 299, 18.V.2018,
Kizilcahamam, Egerlibagkéy 2 km NE, 1860 m,
40°35'24"N, 32°48'52"E, under stone, leg. Orgel &
Yaman; 18, 29.IV.2019, Akyurt, 4 km SE Samut,
40°03'52"N, 33°11'27"E, 1720 m, under stone, leg.
Orgel & Koksal. Gankiri: 13, 299, 20.V.2018, Korgun,
Cukuréren 3 km SW, 1390 m, 40°38'55"N, 33°22'05"E,
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under stone, leg. Orgel & Yaman. Denizlii 1J,
12.1V.2015, Haytabey, 38°00'41"N, 29°10'46"E, 1116
m, sifter, leg. Anlas, Yagmur, Orgel & Altin. Eskigehir:
33848, 799, 27.IV.2019, Saricakaya, 6 km N Igdir,
40°05'50"N, 30°37'11"E, 1120 m, sifter, leg. Orgel &
Koksal. Kayseri: 14, 09.1V.2018, Akkisla, Gémiirgen 7
km E, Hinzir Mountains, 1970 m, 39°01'19"N,
36°17'52"E, 1970 m, under stone, leg. Yagmur & Orgel,
Yaman. Konya: 2438, 322, 03.V.2018, Hadim,
Ciftepmar 5 km S, 36°58'21"N, 32°41'05"E, 2020 m,
under stone, leg. Orgel & Yaman. Manisa: 1J,
07.IV.2015, Soma, Yagcili, 39°20'05"N, 27°40'23"E, 306

m, sifter, leg. Yagmur & Orgel. Sivas: 13, 19.IV.2018,
Divrigi, Ulugayir 2 km S, Leke Mountain, 39°11'45"N,
37°59'26"E, 1830 m, under stone, leg. Anlas & Orgel,
Yaman; 1J, 12.1V.2019, Yildizeli, Yukaricakmak 2 km
W, 39°57'02"N, 36°41'43"E, 1560 m, under stone, leg.
Anlag, Orgel & Koksal; 14,14.IV.2019, Dogansar,
Bagekin 3 km W, 40°07'20"N, 37°28'15"E, 1900 m,
under stone, leg. Anlag, Orgel & Yagmur. Yozgat: 13,
07.IV.2018, Caywralan, Kiilek¢i 3 km SE, 39°22'58"N,
35°41'42"E, 1570 m, under stone, leg. Yagmur Orgel &
Yaman.

Figure 4. Distribution of Medon dilutus pythonissa (Saulcy) in Turkey.
Sekil 4. Medon dilutus pythonissa (Saulcy) tiirtiniin Tiirkiye deki yayilisi.

Distribution in Turkey: This species has been reported
from many provinces in northern Turkey (Anlas, 2015;
Assing, 2004 a; b, 2007 a; b, 2013 a; b 2014 b) (Figure
5). It is recorded for the first time with this study from
Aegean Region (Afyonkarahisar, Denizli and Manisa
Provinces). It is also reported from the Cankiri,
Kayseri, Sivas and Yozgat Provinces for the first time.

Distribution in the world: This species is known from
Turkey, the Balkans and southeast of Central Europe
(Assing, 2004 a, 2013; Schiilke and Smetana, 2015).

Medon rufiventris (Nordmann, 1837)

Afyonkarahisar: 13, 23.V.2015, Sandikli, Akdag,
38°21'08"N, 30°01'23"E, 1508 m, under stone, leg.
Yagmur & Orgel. Ankara: 13, 10.I11.2018, Mamak,
Kutludiigiin Plateau, 39°52'11"N, 33°06'04"E, 1436 m,
under stone, leg. Orgel & Yaman. Eskigehir: 15, 19,
21.V1.2016, Saricakaya, 39°52'22"N, 30°38'13"E, sifter,
leg. Orgel & Yaman. Nevgehir: 14, 25.111.2018, Urgiip,
Hodul Mountain, 38°30'43"N, 35°01'30"E, 1950 m,
sifter, leg. Orgel & Yaman.

Turkey.

Figure 5. Distributions of Medon ferrugineus (Erichson) (circles) and M. rufiventris (Nordmann) (squares) in

Sekil 5. Medon ferrugineus (Erichson) (daireler) ve M. rufiventris (Nordmann) (kareler) tiirlerinin Ttirkiye deki
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Distribution in Turkey: Adana, Antalya, Isparta, Distribution in Turkey: Artvin, Bolu, Denizli,

Mersin, Sinop (Anlas, 2009, 2015; Assing, 2004 a,
2009) (Figure 5). This species is recorded for the first
time from the Aegean (Afyonkarahisar) and Central
Anatolia (Ankara, Eskigehir, Nevsehir) Region.

Distribution in the world: This species, which is rare
but has a widespread in the Western Palearctic, is
known from the Caucasus to Spain and from the south
of Northern Europe (Assing, 2004 a, 2013 a, Schiilke
and Smetana, 2015).

Medon fusculus grup
Medon abantensis Bordoni, 1980
Material examined: Afyonkarahisar: 148, 19,

15.I1V.2015, Hocalar, Kirseli Mountain, 38°33'44"N
30°02'17"E, 1460 m, under stone, leg. Anlas & Orgel.
Ankara: 13, 26.1X.2017, Kizilcahamam-Cerkes road,
40°36'19"N, 32°39'50"E, 1150 m, under stone, leg.
Orgel & Yaman. Cankir1: 14, 17.10.2018-30.VI1.2019,
Ilgaz Mountains, 41°02'49"N, 33°42'46"E, 1926 m,
MSS trap. Denizli: 38%, 12, 30.V.2014, Babadag,
37°47'43"N, 28°48'47"E, 903 m, sifter, leg. Orgel;
333,12, 22.X1.2014, Cal, Kiiciik Cokelez Mountain,
1575 m, 38°02'48"N, 29°22'11"E, under stone, leg.
Yagmur & Orgel. Kiitahya: 13, 13.IV.2015, Simav,
Akdag, 39°14'58"N, 28°49'41"E, 1670 m, under stone,
leg. Anlas & Orgel. Manisa: 13, 26.X.2016, Alagehir,
Dagarlar, 38°11'49"N, 28°24'51"E, 576 m, sifter, leg.
Yagmur & Orgel.

Eskisehir, Izmir, Manisa, Rize, Samsun, Tokat (Anlas,
2009, 2015; Anlas and Rose, 2009; Assing, 2004a,
2007b, 2013a) (Figure 6). It is recorded for the first
time from Central Anatolia Region (Ankara and
Cankir1). It is also reported from the Afyonkarahisar
and Kiitahya Provinces for the first time.

Distribution in the world: This species is known only
from Turkey and the Caucasus (Assing, 2004 a; b;
Schiilke and Smetana, 2015).

Medon fusculoides Coiffait, 1969

Material examined: Elazig: 14, 07.VII1.2014, Gezin,
Beltasi, under stone. Malatya: 14, 12, 25.VI1.2007,
Hekimhan, Ipekyolu, Girmana, under stone, leg. Anlas
& Yagmur (as M. abantensis in Anlag, 2015). Tunceli:
5343, 792, 13.X.2007, Halvoru su kaynagi, Karsilar 2
km D., 39°10'42"N, 39°27'41"E, 965 m, under stone,
leg. Anlas (as M. abantensisin Assing, 2009; Anlas and
Rose, 2009).

Distribution in Turkey: Diyarbakir, Hakkari, Tunceli
(Assing, 2004 a) (Figure 6). It is reported from the
Elazi1g and Malatya Provinces for the first time.

Distribution in the world: The known distribution of
M. fusculoides is confined to Armenia, Eastern
Anatolia and Iran (Assing, 2004 a; Schiilke and
Smetana, 2015).

Figure 6. Distributions of Medon abantensis Bordoni (circles) and M. fusculoides Coiffait (squares) in Turkey.

Sekil 6. Medon abantensis Bordoni (daireler) ve M. fusculoides Coiftait (kareler) tiirlerinin Tiirkiye deki yayilislari.

Medon fusculus (Mannerheim, 1830)

Material examined: Afyonkarahisar: 13, 19,
02.V.2015, Ahir Mountains, Buylikhacet Hill,
38°39'42"N, 30°06'05"E, 1925 m, under stone, leg.
Yagmur & Orgel. Ankara: 13, 29.IV.2019, Akyurt, 4
km SE Samut, 40°03'52"N, 33°11'27"E, 1720 m, under
stone, leg. Orgel & Koksal. Antalya: 13, 299,
VIL.2011, Alanya, Kagbeleni Plateau road, sifter, leg.
Anlas. Aydin: 399, 22.1I1.2015 Dilek Peninsula
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National Park, 37°39'49"N, 27°12'57"E, 969 m, sifter,
leg. Yagmur & Orgel. Bahkesir: 243, 22.VI.2017,
Sindirg;, 39°13'27"N, 28°07'22"E, 237 m, berlese
funnel, leg. Bulut; 283, 19.X.2017, Kepsut, Biikdere,
39°44'43"N, 28°15'03"E, 113 m, berlese funnel, leg.
Yagmur & Bulut; 148, 15.X.2017, Erdek, Kirazh
Monastery environs, 40°27'36"N, 27°54'36"E, 202 m,
sifter, leg. Sak & Bulut. Bilecik: 14, 21.I11.2018,
Kayabeli, sifter. Cankir: 13, 21.V.2018, Ilgaz, Ilgaz
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Mountains, 1926 m, 41°02'49"N, 33°42'46"E, under
stone, leg. Orgel & Yaman. Elamg 18, 19,
01.VII.2013, Yedigoze, sifter. Gaziantep: 1J,
07.IV.2006, Sahinbey, Gulltce, Ellezi Mountain, sifter,
leg. Yagmur. Izmir: 234, 19, 28.X1.2014, Bozdaglar,
Odemis, Horzum 5 km SE, Subatan Plateau, sifter, leg.
Yagmur & Orgel. Kastamonu: 247, 09.VIL.2013,
Pinarbasi, Valla Valley, 41°42'19"N, 33°05'02"E, sifter,
leg. Kunt. Kayseri: 14, 19, 05.VI.2016, Yahyals,
38°03'01"N, 35°24'01"E, 1427 m, sifter, leg. Yagmur,
Orgel & Yaman; 14, 19, 10.VIL.2016, Yahyal,
Kapuzbag1 Waterfall, 37°46'31"N, 35°23'35"E, 750 m,
sifter, leg Yagmur, Orgel & Yaman; 243, 399,
07.V.2018, Develi, Yaylactk 6 km S, 38°04'26"N,
35°45'27"E, 1735 m, under stone, leg. Orgel & Yaman.
Konya: 14, 19, 15.IV.2016, Seydisehir, Geyik
Mountains, Rizebeli Pass, 37°27'18"N, 31°42'06"E,
1825 m, under stone, leg. Orgel & Yaman; 2343,
15.I1V.2016, Seydisehir, Geyik Mountains, 37°27'36"N,
31°23'35"E, 1477 m, under stone, leg. Orgel & Yaman;
14, 19, 14.IV.2016, Beysehir, Dumanl, 37°28'24"N,
31°19'46"E, 1760 m, under stone, leg. Orgel& Yaman;
14, 15.IV.2016, Seydisehir, Geyik Mountains,
37°27'36"N, 31°43'54"E, 1477 m, under stone, leg.
Orgel & Yaman; 18, 19.V.2016, Beysehir, Erenler
Mountain, 37°47'20"N, 31°58'31"E, 1770 m, under
stone, leg. Orgel & Yaman. Kiitahya: 13, 19. IX. 2013,

Gediz, Sandikli 2 km S, 38°55'03"N, 29°25'44"E, 854 m,
sifter, leg. Ozgen & Orgel; Manisa: 243, 19.V1.2016,
Alagehir, Dagarlar, 38°11'49"N, 28°28'51"E, 576 m,
sifter, leg. Yagmur & Orgel; 13, 699, 16.111.2017,
Alagehir, Dagarlar, 38°11'49"N, 28°28'51"E, 576 m,
berlese funnel, leg. Yagmur & Orgel; 13, 26.X.2016,
Alagehir, Dagarlar, 38°11'49"N, 28°24'51"E, 576 m,
sifter, leg. Yagmur & Orgel; 243, 25.V-01.X.2018,
Alagehir, Dagarlar, Kiraz road, 38°11'49"N,
28°28'51"E, 576 m, MSS trap; 243, 399, 01.VII-
10.IX.2015, Alasehir, Dagarlar, MSS trap; 138, 19,
07.IV.2015, Soma, Yagcili, 39°20'05"N, 27°40'23"E, 306
m, sifter, leg. Yagmur & Orgel. Nigde: 13, 299,
12.1V.2018, Bor, Hala¢ 8 km NE, Pozant1 Mountains,
37°51'28"N, 34°48'01"E, 1960 m, under stone, leg.
Anlas & Orgel, Yaman; 14, 12.IV.2018, Bor, Pozanti
Mountains, 37°50'51"N, 34°50'39"E, 2220 m, under
stone, leg. Anlag & Orgel, Yaman; 14, 02.V1.2016,
Ulukigla, Horoz, 37°28'47"N, 34°47'55"E, 1049 m,
sifter, leg. Anlag, Orgel & Yaman. Sivas: 2473, 12,
19.IV.2018, Divrigi, Mursal 5 km W, Leke Mountain,
39°09'08"N, 37°55'43"E, 2080 m, under stone, leg.
Anlas & Orgel, Yaman. Usak: 243, 26.111.2015,
Altintas Village Pond, 38°43'04"N, 29°30'27"E, 918 m,
sifter, leg. Yagmur & Orgel; 243, 19, 24.X1.2014,
Banaz, Susuz, 924 m, 38°38'47"N, 29°43'17"E, sifter,
leg. Yagmur & Orgel.

Figure 7. Distribution of Medon fusculus Mannerheim) in Turkey.
Sekil 7. Medon fusculus (Mannerheim) tiiriiniin Tiirkiye deki yayilisi.

Distribution in Turkey: This species is widespread in
Turkey, except in northeastern Anatolia (Anlas, 2009,
2015; Assing, 2004 a; b, 2006, 2007 a; b, 2009, 2013 a;
b, 2014 b) (Figure 7). It is reported from the
Afyonkarahisar, Bilecik, Cankiri, Elazig, Kayseri,
Nigde Sivas and Usak Provinces for the first time.

Distribution in the world: Middle East, Turkey, the
Balkans, the Black Sea region, Central Europe and
South Britain (Anlag, 2009, 2015; Assing, 2009, 2013
a; b, 2014; Schiilke and Smetana, 2015).

Medon lamellatus Assing, 2004

Material examined: Adiyaman: 14, 06.IV-
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21.VIII.2017, Golbasi, 5 km S Karakuyu, 37°41'59"N,
37°36'24"E, 1140 m, pitfall, leg. Yagmur; 13, 19,
21.VIII-30.VIII.2018, Goélbagsy, 5 km S Karakuyu,
37°41'59"N, 37°36'24"E, 1140 m, pitfall traps, leg.
Yagmur. Kayseri: 383, 1199, 17.V.2019, Sariz, 4 km
SW Degirmentag, 38°25'06"N, 36°18'11"E, 1770 m,
under stone, leg. Orgel & Koksal.

Distribution in  Turkey: Gaziantep, Hatay,
Kahramanmaras, Osmaniye, Tunceli (Assing, 2004 a;
b) (Figure 8). It is recorded for the first time from
Central Anatolia Region (Kayseri). It is also reported
from the Adiyaman Province for the first time.

Distribution in the world: This species is endemic to
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Anatolia (Assing, 2004 a; b; Schiilke and Smetana,
2015).

Medon lydicus Bordoni, 1980

Material examined: Balikesir: 14, 09.X1.2017, Kepsut,
Biikdere, 39°44'43"N, 28°15'03"E, 113 m, berlese
funnel, leg. Sak & Bulut; 14, 02.X.2017, Kepsut,
Biikdere, 39°44'48"N, 28°14'53"E, 84 m, berlese funnel,
leg. Sak & Bulut; 283, 3 29, 19.X.2017, Kepsut,
Biikdere, 39°44'43"N, 28°15'03"E, 113 m, berlese
funnel, leg. Yagmur & Bulut; 13, 4922, 09.X.2017,
Dursunbey, 39°34'36"N, 28°25'21"E, 569 m, sifter, leg.
Sak & Bulut; 14, 529, 25.X1.2017, Edremit, Camlibel,
39°36'19"N, 26°52'12"E, 173 m, berlese funnel, leg. Sak
& Bulut; 33&, 22.VI.2017, Bigadic, Bademli,
39°26'17"N, 28°04'08"E, 249 m, berlese funnel, leg.
Bulut; 243, 22.V1.2017, Kepsut, Biikdere, 39°44'48"N,
28°14'53"E, 84 m, sifter, leg. Bulut; 1&, 02.X.2017,
Sindirgi, 39°13'27"N, 28°07'22"E, 237 m, sifter, leg.
Sak & Bulut; 748, 22.V1.2017, Sindirg1, 39°13'27"N,
28°07'22"E, 237 m, berlese funnel, leg. Bulut; 22 37,
19.X.2017, Kepsut, Bilikdere, 39°44'43"N, 28°15'03"E,
113 m, berlese funnel, leg. Yagmur & Bulut. Bursa: 17,
299, 14.VI.2017, Mustafakemalpasa, Kosehoroz

Waterfall road, 39°54'10"N, 28°30'41"E, 333 m, sifter,
leg. Yagmur. Denizli: 333, 629, 12.X.2013, Kara
Mountain, 37°44'22"N, 28°58'37"E, 920 m, sifter, leg.
Ozgen & Orgel (as M. abantensisin Anlag, 2015); 533,
499,

12.X.2013, Karci Mountain, 37°44'53"N,

28°58'56"E, 724 m, sifter, leg. Ozgen & Orgel (Anlas,
2015; M. abantensis); 3373, 12.X.2013, Kara
Mountain, 37°44'31"N, 28°58'36"E, 928 m, sifter, leg.
Ozgen & Orgel. Izmir: 2343, 299, 10.IV.2014, Kiraz,
Karayavrular, sifter, leg. Ozgen & Orgel (as M.
abantensis in Anlas, 2015); 24¢&, 28.X1.2014,
Bozdaglar, Odemis, Horzum 5 km SE, Subatan
Plateau, sifter, leg. Yagmur & Orgel. Manisa: 173,
26.X.2016, Alasehir, Dagarlar, 38°11'49"N,
28°24'51"E, 576 m, sifter, leg. Yagmur & Orgel; 13,
09.IX.2016-17.111.2017, Manisa, Salihli, Bozdaglar,
38°25'00"N, 28°05'03"E, 922 m, MSS trap. Mugla: 234,
529, 30.V.2015, Koycegiz, Yaylakéy 10 km S,
37°00'49"N, 28°43'40"E, 571 m, sifter, leg. Yagmur &
Orgel. Ugak: 2443, 692, 16.X.2013, Ulubey-Karahall
road, Banaz Creek, 38°21'59"N, 29°19'38"E, 551 m,
sifter, leg. Ozgen & Orgel (as M. abantensis in Orgel
and Anlag, 2016).

Distribution in Turkey: Aydin, Bursa, Eskisehir,
Izmir, Kirklareli, Manisa, Mugla, (Anlas, 2015; Anlas
and Cevik, 2008; Asing, 2004 a, 2007 b, 2013 a) (Figure
8). It is reported from the Balikesir, Denizli and Usak
Provinces for the first time.

Distribution in the world: This species is distributed
from western Anatolia and the Aegean Sea islands
Rhodes, Samos, Ikaria, and Lesbos across the Balkans
(Assing, 2004 a, 2006, 2013 a; Schiilke and Smetana,
2015).

Figure 8. Distributions of Medon lamellatus Assing (circles) and M. Iydicus Bordoni (squares) in Turkey.

Sekil 8. Medon lamellatus Assing (daireler) ve M. lydicus Bordoni (kareler) tiirlerinin Tiirkiye'deki yayilislari.

Medon lanugo Assing, 2004

Material examined: Antalya: 23, 10.II1.2016, Kemer,
Goyniik Valley, 36°41'00"N, 30°31'37"E, 104 m, sifter,
leg. Kunt. Denizli: 14, 30.IV.2015, Civril, Akdag,
38°19'45"N, 29°59'18"E, 1631 m, under stone, leg.
Yagmur & Orgel. Elazig: 13, 19, 01.IV.2018, Yedigoze,
sifter. Kayseri: 6J4d, 3922, 10.VI.2016, Yahyal,
Derebag, 38°05'30"N, 35°16'43"E, 1508 m, sifter, leg.
Yagmur, Orgel & Yaman. Nigde: 13, 02.VI.2016,
Ulukisla, Horoz, 37°28'47"N, 34°47'55"E, 1049 m,
sifter, leg. Orgel & Yaman; 14, 299, 12.IV.2018, Bor,
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Hala¢ 8 km NE, Pozanti Mountains, 37°51'28"N,
34°48'01"E, 1960 m, under stone, leg. Anlag & Orgel,
Yaman. Osmaniye: 243, 15.V1.2014, Kuscubeli Pass,
sifter, leg. Orgel. Yozgat: 13, 15.X.2018, Aydincik,
Kussaray, 40°05'48"N, 35°11'11"E, 1266 m, sifter, leg.
Orgel & Yaman; 13, 399, 28.VI.2016, Aydincik,
Kussaray, 40°05'07"N, 35°11'24"E, 1317 m, sifter, leg.
Orgel & Yaman.

Distribution in Turkey: Adana, Amasya, Antalya,
Hatay, Isparta, Konya, Mersin, Mugla, Nigde,
Osmaniye, Samsun, Tunceli (Anlas, 2009, 2015;
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Assing, 2004 a; b, 2006, 2007c, 2009, 2013 a; b) (Figure
9). This species is recorded for the first time from
Aegean Region (Denizli). It is also reported from the
Elazig, Kayseri and Yozgat Provinces for the first time.

Distribution in the world: This species is endemic to
Turkey (Assing, 2004 a; b, 2006, 2009, 2013 a; b; Anlas,
2015; Schiilke and Smetana, 2015).

Figure 9. Distribution of Medon lanugo Assing in Turkey.
Sekil 9. Medon lanugo Assing tiirtiniin Tiirkiye'deki yayiligsi.

Medon subfusculus Fagel, 1969

Material examined: Kayseri: 14, 10.VI1.2016, Yahyali,
Kapuzbag1 Waterfall, 37°46'31"N, 35°23'35"E, 750 m,
sifter, leg Yagmur, Orgel & Yaman. Mersin: 333, 899,
18.VII.2010, Central province 20 km N, Aladag 1,5 km
W, 36°56'21"N, 34°29'09"E, 640 m, sifter, leg. Anlas (as
M. abantensis in Anlas, 2015); 13, 299, 22.VII1.2010,
Camliyayla, Korucak 1 km E, 37°08'566"N, 34°42'51"E,

715 m, sifter, leg. Anlas (as M. abantensis in Anlas,
2015). Mugla: 13, 21.V.2015, Dalaman, 36°53'37"N,
28°53'37"E, 127 m, sifter, leg. Yagmur & Orgel.
Distribution in Turkey: Adana, Antalya, Mersin
(Anlas, 2009, 2015; Assing, 2004 a). This species is
recorded for the first time from Aegean Region
(Mugla). It is also reported from the Kayseri Province
for the first time.

Figure 10. Distribution of Medon subfusculus Fagel in Turkey.
Sekil 10. Medon subfusculus Fagel tiirtiniin Tilirkiye'deki yayilisi.

Distribution in the world: The known distribution of
M. subfusculus is confined to Turkey and Aegean Sea
island Kos (Assing, 2004 a, 2009).
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ABSTRACT

Research Article

The current study was carried out based on fungi specimens collected
from Rhus coriaria in Bolu province in July 2018. As a result of field
and laboratory studies, Synnemasporella aculeans (Schwein.) X.L.
Fan & J.D.P. Bezerra (Synnemasporellaceae) was reported for the
first time from Turkey at species, genus and family level and RhAus
coriaria was represented as a new host species for S. aculeans.
Description of this species was provided together with its photographs
and scanning electron microscope (SEM) images related to macro and
micromorphologies and discussed briefly.

OZET

Bu c¢alisma, Temmuz 2018' de Bolu ilinde Rhus coriaria tizerinden
toplanan mantar érneklerine dayanarak gergeklestirilmigtir. Arazi ve
laboratuvar c¢alismalar1 sonucunda, Synnemasporella aculeans
(Schwein.) X.L. Fan & J.D.P. Bezerra (Synnemasporellaceae) tiir, cins
ve familya seviyesinde Tirkiye'den ilk kez rapor edilmistir ve Rhus
coriaria, S. aculeans i¢in yeni bir konakg¢ kaydidir. Bu tirin
betimlemesi, makro ve mikromorfolojilerine ait fotograflar ve tarama
elektron mikroskobu (SEM) gériintiileri ile birlikte saglanmis ve
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INTRODUCTION

Diaporthales is an order of the class Sordariomycetes
within the division Ascomycota and it contains over
1250 species belonging to 186 genera and 29 families
(Wijayawardene et al., 2020). Members of the order,
also known as diaporthalean fungi, are saprobes,
endophytes or pathogens of many plants and
characterized by dark perithecia immersed in a stroma
or the substrata, absence of true paraphyses at
maturity, and unitunicate asci that float free within
the centrum at maturity and having a characteristic
refractive ring in the ascal apex (Barr, 1978; Samuels
and Blackwell, 2001). Asexual morphs of the order are
usually coelomycetous, producing phialidic, often
annellidic conidiogenesis, and generally non- or 1-
septate conidia in pycnidia or acervuli with or without
stromata (Rossman et al., 2007).

Synnemasporellaceae, a small family in the order

Diaporthales, was established in 2018 based on both
morphological and the analysis of partial ITS, LSU,
rpb2 and tefl-a gene sequences. It is represented by
the single genus Synnemasporella and two currently
exist species (S. aculeans (Schwein.) X.L. Fan & J.D.P.
Bezerra and S. toxicodendri X.L. Fan & J.D.P.
Bezerra). The presence of long-necked perithecia,
clavate asci, fusoid-ellipsoid, 1-septate, hyaline
ascospores, usually with a short, hyaline, bristle-like
appendage at both ends, and synnematal and/or
pycnidial conidiomata producing smooth, cylindrical to
clavate, and pale brown conidia are characteristic
features of members of the family (Fan et al., 2018).

S. aculeans was proposed as a new combination in the
new genus Synnemasporella based on the description
of Cryptodiaporthe aculeans (Schwein.) Wehm. (Fan et
al., 2018), characterised by perithecial ascomata, and
an asexual morph producing sporodochial and/or
pycnidial conidiomata (Wehmeyer, 1933). The species
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represents two kinds of conidiomata, namely pycnidia
and synnemata (Wehmeyer, 1933).

According to literature on Turkish diaporthalean fungi
(Akgiil et al., 2014; 2015; Stoykov, 2016), there was not
any report related to the family Synnemasporellaceae
in Turkey. This study aims to introduce a new family
for Turkish diaporthalean fungi.

MATERIALS and METHODS

Synnemasporella specimens were collected from Bolu
province of Turkey. Host plant were identified using
the Flora of Turkey and East Aegean Islands (Davis
1967). Thin fungal sections prepared from host tissue
were examined under a Leica DM E light microscope
and measured from mounts in tap water. Infected host
surfaces were photographed using a Leica EZ4D
stereomicroscope. For scanning electron microscopy
(SEM), infected branches were mounted on stubs with
double-sided tapes. They were coated with gold in
Polaron SC 502 Sputter Coater and examined with
Jeol JSM 6060 SEM at 5-10 kV in the Faculty of
Science, Gazi University, Ankara, Turkey. S. aculeans
was identified using relevant literature (Wehmeyer,
1933; Fan et al., 2018). All examined specimens are
deposited into the Kirgehir Ahi Evran University,
Faculty of Agriculture, Kirgehir, Turkey.

RESULTS

Description, host plant, habitat, locality, collection
date, voucher number, distribution, microphotographs
of the species were arranged below according to the
systematics given in Index Fungorum (2020). All
descriptions are based on the Turkish specimens.
Fungi

Ascomycota Caval.-Sm.

Sordariomycetes O .E. Erikss. & Winka

Diaporthales Nannf.,

Synnemasporellaceae X.L.. Fan & J.D.P. Bezerra
Synnemasporella X.L.. Fan & J.D.P. Bezerra
Synnemasporella aculeans (Schwein.) X.L. Fan &
J.D.P. Bezerra

Sexual and asexual morph (synnematal) were found
together on branches of Rhus coriaria L. Pycnidial
conidiomata was not observed in the this specimen.

Sexual morph: Pseudostroma at first immersed in host
tissue, later erumpent with large dense fascicles of
elongate-cylindrical ostioles, 0.5—3 mm diam, covered
by a whitish pulverulence. Stromatic areas are absent.
Perithecia spherical or flattened, 100—-350 pm diam.,
brown; necks elongate-cylindrical, 400-970 x 100-230,
grayish to black. Asci 8—spored, unitunicate, clavate,
58-65 X 9-12 pm. Ascospores biseriate, fusiform-
cylindric, straight or slightly curved, attenuate at both
ends, l-septate, septum median, constricted at the
septum, 14-20 X 4-5 pm, guttulate, hyaline, ends
bearing a small, bristle-like, 1.5-2 pm long, hyaline
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appendage (Figure 1).

Asexual morph: Conidiomata synnematal. Synnemata
immersed in host tissue, later becoming erumpent,
long, determinated, straight to curved, single or
branched at the base, with convex and black
conidiogenous cells zone, 770-1710 X 280-540 pum,
grayish to black. Conidiophores straight to curved,
aggregated, aseptate, 18-40 X 1.5-2 pm, hyaline.
Conidiogenous cells cylindrical, straight to curved,
aggregated, hyaline. Conidia ellipsoid, oblong to
subcylindric, one—celled, smooth, with a not distinct
hilum, guttulate, 8—11 x 3—3.8 (—4.2) um, pale brown
(Figure 2).

Material examined: Turkey—Bolu, Bagiglar Village, on
branches of Rhus coriaria L. (Anacardiaceae),
40°50'48"N, 31°45'12"E, 1012 m asl, 22.07.2018, in
forest, GD 1499.

Distribution: On Rhus chinensis in China (Fan et al.,
2018; Jiang et al., 2019), on Rhus copallina and Rhus
glabrain Georgia (Hanlin, 1963), on Rhus javanica and
Rhus javanica var. roxburghii in Japan (Kobayashi,
1970; Otani, 1995), on Rhus copallina, Rhus
diversiloba, Rhus glabra, Rhus typhina and Rhus
vernix in USA (Farr and Rossman, 2020).

DISCUSSION

S. aculeans resembles S. toxicodendri in terms of
morphology but the former species can easily be
separated from the latter by having shorter
synnemata, a convex conidiogenous cells zone at the
apex of synnemata, and larger, oblong-cylindrical
conidia (Fan et al., 2018).

The Turkish samples are compatible with other
reports of S. aculeans in pseudostroma, asci,
ascospores, synnemata and conidia morphology. The
only observable differences being the larger
dimensions of pseudostroma, asci, ascospores and
synnemata. Wehmeyer (1933) described 0.3—1 mm
diam. pseudostroma, 47—65 X 5—8 pm asci, 14—20 X 4—
5 um ascospores. Fan et al. (2018) described 1100—1500
x 200—400 pm synnemata and conidia with a distinct
hilum. We have observed that the hilum in conidia is
not distinct in the Turkish specimen.

With this study, S. aculeans was reported for the first
time from Turkey at species, genus and family level.
Additionally, R. coriaria was recorded as a new host
species for S. aculeans.
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Figure 1. Synnemasporella aculeans: a. pseudostroma, b, c. pseudostroma (SEM), d. longitudinal section through
pseudostroma, e. longitudinal section through pseudostroma (SEM), f. ascus and ascospores, g.
ascospores, h. ascospores (SEM).

Sekil 1. Synnemasporella aculeans: a. pseudostroma, b, c. pseudostroma (SEM), d. pseudostromadan boyuna kesit,
e. pseudostromadan boyuna kesit (SEM), £ askus ve askosporlar, (G) askosporlar, (H) askosporlar (SEM).
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Figure 2. Synnemasporella aculeans: a. synnemata, b. synnemata (SEM), c. longitudinal section through synnema,
d. convex conidiogenous cells zone (SEM), e. conidiophores and conidiogenous cells, f, g. conidia, h. conidia
(SEM).

Sekil 2. Synnemasporella aculeans: a. sinnemalar, b. sinnemalar (SEM), c. sinnemadan boyuna kesit, d. konveks
konidiojen hiicre zonu (SEM), e. konidioforlar ve konidiojen hiicreler £, g. konidiumlar, h. konidiumlar

(SEM).
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ABSTRACT

Stigmaeus shabestariensis Haddad Irani-Nejad,Lotfollahi and
Akbari, 2010 and Prostigmaeus khanjanii Bagheri and Ghorbani,
2010 were determined in Afyonkarahisar and Manisa provinces and
identified as new records for the Turkish fauna. Mites taken from soil
and litter samples, beneath of Populus alba, Vitexagnus-castus
and Verbascum sp. were extracted using Berlese funnels and mounted
on slides in a modified Hoyer’'s medium. Then, the specimens were
measured and illustrated using a drawing tube attached microscope.
In this study, similarities and differences of two new records species
for the Turkish fauna were discussed and compared the other type
species in Iran.

Research Article

Article History

Tiirkiye Faunas: I¢in Iki Yeni Stigmaeid Akar (Acari: Stigmaidae) Kaydi

OZET

Afyonkarahisar ve Manisa illerinden tespit edilen Stigmaeus
shabestariensis Haddad Irani-Nejad, Lotfollahi and Akbari, 2010 and
Prostigmaeus khanjanii Bagheri and Ghorbani, 2010 tirleri Turkiye
faunas1 i¢in yeni kayit olarak tamimlanmistir. Populus alba, Vitex
agnus-castus and Verbascum sp. alt1 toprak ve dokuntii 6rneginden
alinan akarlar, Berlese diizenegiyle ayristirilarak modifiye Hoyer
ortaminda preparati hazirlanmigtir. Daha sonra orneklerin ¢izim
tipti atasmanli mikroskop kullanilarak ¢izimleri ve oOl¢gtimleri
yapilmigtir. Bu ¢calismada,Tirkiye faunas: i¢in iki yeni kayit olarak
tamimlanan tirler, Iran’daki diger tip ornekleri ile karsilagtirilarak
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INTRODUCTION

The family Stigmaeidae is the largest, within the
superfamily Raphignathoidea, and contains more than
630 species of 34 genera (Fan et al., 2016, 2019; Beron,
2020 ). Members of the the family are predators and
known from about all zoogeographical regions (Fan
and Zhang, 2005). Stigmaeusis the most diverse genus
in the this family containing about 163 species (Fan et
al., 2016; Khaustov et al., 2017; Akyol, 2019; Stathakis
et al., 2019; Beron, 2020; Dogan and Dogan, 2020). By
now, 47 species of the genus Stigmaeus are known
from Turkey and this genus is dominantly diversed
within the family Stigmaeidae (Akyol, 2019; Dogan,
2019a, b; Dogan and Dogan, 2020).

Prostigmaeus Kuznetzov is another genus within the
family Stigmaeidae. Members of this genus are
beneficial organisms of soil habitats and active in the
soil. Worldwide, 6 species of this genus are known,
namely P. amplius Dogan et al., 2020; P. integrius
Donel and Dogan, 2011; P. khanjanii Bagheri and

Ghorbani, 2010; P. molaviae Khanjani, Ashali and
Dogan, 2012; P. tauricus Kuznetzov, 1984 and P.
vrystaatensis Ueckermann and Meyer, 1987
(Kuznetzov, 1984; Ueckermann and Meyer, 1987;
Bagheri et al., 2010; Doénel and Dogan, 2011; Khanjani
et al., 2012, 2015; Dogan et al., 2020). Two species of
Prostigmaeus are known from Turkey.

In this paper, two new records species for the Turkish
fauna, S. shabestariensis Haddad Irani-Nejad,
Lotfollahi and Akbari, and P. khanjanii Bagheri and
Ghorbani were identified.

MATERIALS and METHODS

The mite specimens were collected from soil and litter
under Populus alba (Salicaceae), Vitex agnus-castus
(Verbenaceae) and Verbascum sp. (Scrophulariaceae),
in Afyonkarahisar and Manisa provinces (Turkey), and
brought to the laboratory and separated by Berlese-
Tullgren funnels for seven days.

The mites that accumulate in the collection bottles
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with 70% alcohol in the bottom of the funnel were
removed from the soil under a dissecting microscope
(stereo microscope) and left to be bleached in petri
dishes containing lactophenol (lactic acid 50 ml, phenol
25 ml, pure water 25 ml) and then put on slides in
Hoyer’s medium (50 ml of pure water, gum arabic 50g,
chloral hydrate 125 g, glycerin 30 ml).

The specimens were measured and illustrated using a
drawing tube attached microscope (Nikon Eclipse E
400). The setal nomenclature follows those of
Grandjean (1944) and Kethley (1990). All
measurements were given in micrometres (um). The
specimens slide were deposited in the Zoological
Research Laboratory of Manisa Celal Bayar
University, Manisa, Turkey.

RESULTS and DISCUSSION

Results

Family: Stigmaeidae Oudemans, 1931
Genus: Stigmaeus Koch, 1836

Stigmaeus shabestariensis Haddad, Lotfollahi and
Akbari, 2010

Female (n=2). Length of body (minimum and
maximum measurements) (excluding gnathosoma)
390-395, width 198-213 (Figurel).

Gnathosoma. Chelicerae 68-70 long (Fig. 1A) Palp
117-120 long. Number of setae and solenidion on palpi
(femur-tarsus): 3 serrate setae, 1 tactile setae, 2 tactile
setae + 1 claw +1 spine-like claw, 5 tactile setae +1
solenidion + 1 tridentate eupathidium (Fig.1G).
Subcapitulum with adoral setae (ori2) and
subcapitular setae m 18, n 26 (Fig.1B).

Idiosoma, dorsum (Fig.1A). Dorsal shields reticulated.
Propodosomal shield with three pairs of setae (vi, ve,
sc),and a pair of auxillary shields with setae sce, eyes
and post-ocular bodies absent. Setae sce on minute
platelets. Opisthosoma with an elongate central shield
bearing two pairs of setae ¢l anddl, a pair of elongate-
oval lateral (marginal) shield bearing setae d2 , a pair
of median zonal shields bearing setae el, setae e2
located on minute platelets, a pair of intercalary shield
bearing setae f1 and a pair of no-setae bearing small
platelets. Suranal shield entire with three pairs of
setae (A1-3). Humeral shield ventero-lateral with
setae 2. Lengths and distances of dorsal idiosomal
setae as follows: vi 16, ve 18, sci 18, sce 21, 113, c2 18—
21, d1 13, d2 13, el 13, 2 13, f1 16, Al 21, A2 26-29,
h3 18, vi-vi 34-39, ve-ve 47-52, vi-ve 21-23, sci—sci
7578, ve—sci 39—-42, sce—sce 130-135, sci—sce 26-31,
sce—cl 68-78,cl—cl 4244, cl1-c2 83-91, cl-dl 60-62,
dl—dl 42—44, dl—el 57, el—el 3944, el—e2 4247, e2—
e2 112-130, el-A1 29-31, AA-A1 60-62, A—hl 47-49,
hl-h1 23-26, h1-h2 18-21, h2—h2 62-65, h2—h3 16—
18, h3—h3 94-96.

Idiosoma,venter (Fig. 1B). Venter striated; coxisternal
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shields (coxae I-II and III-IV) smooth and with three
pairs of setae (1a =3a=4a 21-23). Aggenital area with
4pairs of setae(agl and ag2 on same platelet and ag3
and ag4 on same platelet, agl= ag2= ag3= agd 18);
anogenital area with 2 pairs of genital setae(gl=g2 13—
16), and 3 pairs of pseudanal setae(psl=ps2=ps3 21—
23).

Legs (Fig.1C-F). Length of legs (from base of femur to
tip of tarsal claw): Leg I 198-213, leg II 138-140, leg
IIT 130, leg IV 161. Coxae 2—2—2-2; trochanters 1-1—
2-1; femora 4-4-3-2, genua 5+1x-5-2-2; tibiae
5+1¢ptlpo-5+1po-5+tlpp-5+1gp; tarsi 13+1w-9+1w—
T+lo-T+lw.

Male and immature stages: Unknown.

Studied material and habitat: Two females from soil
and litter under the Populus alba, 990 m a.s.l,
Cobanlar, Afyonkarahisar, 09.VI. 2019, Turkey, coll.
M. Akyol.

Distribution: Iran (Haddad et al., 2010).
Genus: Prostigmaeus Kuznetsov, 1984
Prostigmaeus khanjanii Bagheri and Ghorbani, 2010

Female (n = 2): Body length (minimum and maximum
measurements) (excluding gnathosoma) 429455,
width 200-218 (Figure 2).

Gnathosoma. Subcapitulum with setae, m 13-16 and
n13-16, setae, ori-2 (Fig.2B). Palp tarsus with four
setae + onesolenidion (@), four subterminal
eupathidia; palp tibia with three setae + one claw;
palp genu with two setae and palp femur with three
setae (Fig.20).

Idiosoma, dorsum (Fig.2A). Prodorsal shield
reticulated and with setae vi, ve and sc; setae sce on
integument lateral prodorsal shield; opisthosoma with
a narrow, longitudinal reticulated mesonotal shield
with setae c1 and di; setae @ on individual platelets
lateroventrally; setae e1 and £ on separate small,
reticulate shields; setae @ and e in striated
integument lateral mesonotal shield; A1, A2 and As on
entire and reticulate suranal shield; dorsal body setae
slightly serrated. Length and distances between dorsal
setae! vi13-16, ve 21, sc1 21, sce 18, c110-13, & 26, di
10-13, @2 10-16, e1 13, e213, £i 16, h1 18-21, h2 21-23
and A3 18, vi—vi 31, vi—ve 21-26, ve—ve 42, ve—sci 47,
sci—scl 52, sci—sce 34, sce—sce 120, sce—c1 86, c1—c1 31—
34, a1—99,c1—d1 52-55, di—d1 3439, di—e1 5265, ei—e1
39-52, e1—fi 39, fi—fi 49-52, fi—h1 4249, h—M 23-29,
h1—h213-16, ho—h2 5262, ho—h3 13, hs—h3 62.

Idiosoma, venter (Fig.1B). Endopodal shields (coxae I-
II, coxae III-IV) with three pairs of setae Ia 13-16, 3a
23-26 and 4a 18-21; venter with three pairs of genital
(g1= g=g3 13) and four pairs of aggenital setae
(agi=agr=ags=ag: 16); setae agi on platelets, ag»—s on
longitudinal plates lateral genital area; anal plates
with three pairs of pseudanal setae(psi=pss=pss 16—18)
Legs (Fig.2C—F). Length of legs (femur-tarsal claw):
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Figure 1. Stigmaeus shabestariensis (female): A. Idiosoma, dorsal view, B. Idiosoma, ventral view, C. Leg I, D.
LegII, E. Leg III, F. Leg IV, G. Palp.
Sekil 1. Stigmaeus shabestariensis (Disi): A. Viicut, tistten goriiniim, B. Viicut, alttan goriiniim, C. I. bacak, D. II.
bacak, E. IIl. bacak, F. IV. bacak, G. Palp.
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Figure 2. Prostigmaeus khanjanii (female): A. Idiosoma, dorsal view, B. Idiosoma, ventral view, C. Leg I, D. Leg
II, E. Leg I1I, F. Leg IV, G. Palp.
Sekil 2. Prostigmaeus khanjanii (Disi). A. Viicut, iistten gériiniim, B. Viicut, alttan goériiniim, C. I. bacak, D. II.
bacak, E. III. bacak, F. IV. bacak, G. Palp.
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Leg I 156-169; leg II 130; leg TIT 117-125; leg V 143—
156. Coxae 2—2—2-2; trochanters 1-1-2—1; femora 6—
4-3-2, genua 5+(1x)—-5+(1x)—2-2; tibiae 5+(1pp+lp—
5+(1po)-5+(1po)—-5+(1gp); tarsi 13+(1w)-9+(1w)-
T+(1o)-7T+(1w).

Male: Known

Studied material and habitat: One female from soil
and litter under Verbascum sp., 1600 m.a.s.l.,
Emirdaglari mountain, B. Karabag, Bolvadin,
Afyonkarahisar, 4.IX. 2017; one female from soil and
litter under Vitex agnus-castus, 80 m.a.s.l., Muradiye,
Yunusemre, Manisa, Turkey, 21.XI. 2019, coll. M.
Akyol.

Distribution: Iran (Bagheri et al. 2010).

DISCUSSION

Stigmaeus shabestariensis Haddad Irani-Nejad,
Lotfollahi and Akbari, 2010 was described by Haddad
Irani- Nejad et al., from soil of an apple orchard at
Shabestar (Shendabad), East Azarbaijan, Iran
(Haddad Irani- Nejad et al., 2010). The samples in this
study were found from soil and litter under Populus
alba from Afyonkarahisar province in Turkey. This
species was differed from similar species of Stigmaeus
with extra isolated shields.

Body size of S. shabestariensis is 361 (354-373) and
width 165 (165—185), but 390—-395 long and 198-213
wide in the Turkish specimens. Turkish specimens are
therefore bigger than the type specimen. Turkish
specimens like that given by Akbari et al., 2010, but
some measurements length of body setae (m 18, n 26;
la=8a=4a 21-23; g1=g2 13-16 in Turkish specimens)
different than Iran specimens (m 25, n 38-41; Ia 24—
27, 3a 24-27, 4a 24-29; g119-23, g2 20-25 in Iran
specimens).

Prostigmaeus khanjanii Bagheri and Ghorbani, 2010
was described by Bagheri et al., from soil in East
Azarbaijan province, Iran (Bagheri et al., 2010). The
samples in this study were found from soil and litter
under Verbascum sp., and Vitex agnus-castus from
Afyonkarahisar and Manisa provinces in Turkey. This
species is differ from similar species of Prostigmaeus
in with 6 setae on genu I and II, and suranal shield
entire and reticulated.

Body size of P. khanjanii is 437 (421-440) and width
225 (220-227), 429-455 long and 200-218 wide in the
Turkish specimens. Body size of Turkish specimens
are almost similar with the type specimen. Turkish
specimens like that given by Bagheri et al., 2010, but
some measurements length of body setae (c1 10-13, e

26, d1 10-13, e1 13, 213, AA 16, m 18-21, A2 21-23 and
hs 18 in Turkish specimens) different than Iran
specimens (c1 16-19, @ 31-35, di 15-17, e1 15-17, e
15-17, fi 20, M 25-26, h2 25-27 and hAs 22-23 in Iran
specimens).
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ABSTRACT
This study was conducted on samples collected from 13 different
localities in the province of Batman and Hasankeyf district between
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2017-2019. The samples were consisted of various leaves, bark, iecelvei 12852838
decayed plant material and animal waste. All of the samples collected ooz +18.07.
were cultured in moisture chamber technique to develop myxomycetes Keywords
sporophore. In addition, myxomycetes were collected from natural Myxomycetes
area on materials. As a result of field and moist chamber collection, Taxonomy
33 taxa obtained and identified belonging to 5 ordo, 7 families and 12 Diversity
genera and added to mycetozoa of Turkey. Batman
Turkey
Batman Sehir Merkezi ve Hasankeyf ilgesinin Myxomycetes Cesitliligi
OZET Aragtirma Makalesi
Bu calisma, 2017-2019 yillar1 arasinda Batman ili ve Hasankeyf Makale Tarihcesi
ilgesindeki 13 farkli yerlesim yerinden toplanan 6rnekler tizerinde Gal‘ a'I? ,a}f_l Qe'sif) 05.2020
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¢urumis bitki materyali ve hayvan atiklaridir. Toplanan tim
ornekler tizerinde miksomiset sporoforunu gelistirmek i¢in nem odasi

Anahtar Kelimeler

teknigine uygulanmistir. Ayrica, miksomisetler dogal alanlarinda Miksomiset
materyaller izerinde toplanmistir. Saha ve laboratuvar calismalari Taksonomi
sonucunda 5 takim, 7 aile ve 12 cinse ait 33 takson elde edilmis ve Cesitlilik
tanimlanmistir ve Tiirkiye'nin mycetozoasina eklenmistir. Batman
Turkiye
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Agric Nat 24 (2): 435-441. https://doi.org/10.18016/ksutarimdoga.vi.737714.

INTRODUCTION

Myxogastria are expressed as plasmodial slime mold
and simple eukaryotic creatures that reproduce by
spores. They live mainly in wet and damp areas, on
decaying vegetable or animal materials, on leaves and
wood. In the vegetative stage, myxamoeba or
myxoflagellates move. They do not have distinctive
shapes and cell walls, are multi-core, one or more spore
formations are observed (Everhart and Keller 2008).

The life cycle of myxomycetes is characterized by two
different stages, vegetative and generative. In the
vegetative phase, plasmodium occurs from the
germinated spore, feeds, develops, sometimes with
synchronized mitosis, it often turns into a large
number of nuclei, spore and generative formation. In
the generative phase, it turns into a structure similar
to the sportive reproductive structures (fructification)
of macrofungi. Identification of myxomycetes is based
on the morphological features of these fructifications,
which are completely fragile and small (usually less
than 2 mm). There are many types of myxomycetes

that can survive in very different habitats by showing
a very cosmopolitan spread, as well as some species
that can survive in specific habitats (Stephenson
2003).

The number of Myxomycetes defined in the world is
about 1045 (Lado, 2005-2021). Turkey is located
between mild and subtropical climates and surrounded
by sea on three sides. The extension of the mountains
and the diversity of the landforms led to the emergence
of different climate types. This situation also provide
richness in terms of vegetation, fauna, mycota and
myxobiota. Myxogastria reported number is 290 in
Turkey (Baba and Sevindik, 2019; Baba et al. 2021).
There are limited studies only in provinces with some
regions (Ocak and Hasenekoglu, 2003; Yagiz and
Afyon, 2005; Ergul et al., 2005a; Ergil et al., 2005b;
Ergiil et al., 2016; Demirel et al., 2006). In this study,
myxomycetes of Batman city center and Hasankeyf
district (Turkey) were determined. This study
considered as first in the Southeast Anatolia Region
and in Batman.
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MATERIAL and METHOD
Research Area:

Batman is located in Southeast Anatolia Region of
Turkey. The northern region and northeast of Batman
are high with steep and mountainous, and the
southern region is mountainous and rugged. Batman
province is located in the north of the province of Mus,
Diyarbakir is in the west, Bitlis and Siirt in the east
and Mardin in the south of the city (Figure 1). It has
an land size of 4.477 km2. Batman province is located
between 41°10'-41°40' East longitudes and 38°40'-
37°50' North latitudes. It has a altitude of 550 meters.
Hasankeyf district belongs to Batman province. Its
geographic location is 37°41'49" North and 41°29'58"
East coordinates. Its land size is about 529 km2. The
Dicle River, which gives life to the region, also affects
the climate of the region. The river ensures that the
winter are mild (Alaeddinoglu 2010).

Diyarbakir

Mardin

Figurel. Research Area
Sekil 1. Arastirma Sahasi

Terrestrial climate is generally dominant in Batman
province and Hasankeyf district. The winter season in
Batman is cool and rainy and the summer season is hot
and dry. Rainfall is high in the form of snow and
lowlands in the form of rain. The highest temperatures
are experienced in the June-September period and the
lowest temperatures in the December-March period.
The average annual temperature of Batman is 25 °C,
the highest average temperature is 43 °C, the lowest
average temperature is between 6 °C. The average
annual total precipitation is seen to be 487.5 mm for
Batman. Provincial lands are covered with steppes and

do not show richness in terms of vegetation. In high
parts, there are forests mixed with oak (Quercus robur
L., juniper (Juniperus communis L.), plane-tree
(Platanus orientalis L.) and wild peanut (Peanuts
feram C.M. Schultz). At lower levels, steppe plants and
river-sized, poplar (Populus sp.), and willow trees
(Salix sp.) form natural vegetation (Alaeddinoglu
2010).

Collection and Identification of Samples:

By field trips samples were collected from the different
regions of Batman city center and Hasankeyf district,
to cover the four seasons of the year during 2017-2019.
In field studies, myxomycetes samples were collected
with substrate. Tree shells, pieces, leaves, branches,
cones, fruit residues such as leaves, branches, cones,
fruit residues that do not contain sporophore but are
considered to contain myxomycet spores were placed in
locked storage bags. The Moist Chamber Culture
Technique developed by Gilbert and Martin (1933) was
used isolation and identification of the species. Field
samples collected in the sporophore stage or obtained
from the moist chamber technique were dried in room
temperature by laying a two layer of blotter paper in
petri dishes and turned into fungarium material (Baba
and Tamer, 2007). Identification of myxomycetes were
made using Martin and Alexopoulos (1969), Farr
(1976), Thind (1977), Farr (1981), Martin et al (1983),
Neubert et al (1993, 1995, 2000), Stephenson and
Stempen (1994), Alexopoulos et al (1996), Alvarado
and Stephenson (2017), Ziimre et al. (2019); Baba and
Sevindik (2019, 2020) .

RESULT and DISCUSSION

As a result of the field studies conducted around
Batman city center and Hasankeyf district in the 2017-
2019, a total of 33 species were identified belonging 5
ordo, 7 families and 12 genus. The taxa detected are
listed below. In addition, the locality, altitude,
substrate, collector number, frequency (F) of species
(FC: Field Collection, MC: Moist Chamber technique)
density data (D) and were determined respectively. If
the ratio of the number of individuals of the species to
the total number of individuals was less than 0.5%, it
was expressed as rare (R), between 0.5-1.5%
uncommon (0), between common 1.5-3% (C) and
greater than plenty 3% (A) (Stephenson et al.,1993).

List of species
Eukaryota
Protozoa
Amoebozoa
Mycetozoa
Myxogastria
Echinostellida
Echinosteliaceae
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1- FEchinostelium minutum de Bary

Syn: Heimerlia hyalina Hohn.

Specimen examined: Turkey: Batman Province,
Zorkdy, altitude 532 m, on wood, 01.11.2017, Altas 265,
F/4, MC, D/C.

Liceida

Liceaceae

2- Licea kleistobolus G.W. Martin

Syn: Klerstobolus pusillus C. Lippert

Orcadella pusilla (C. Lippert) Hagelst.

Specimen examined: Turkey: Batman Province,
Zorkdy, altitude 528 m, on wood and bark of Vitis
vinifera L., 23.10.2017, Altas 267, F/2, MC, D/O.

3- L. pescadorensis Chao H. Chung & C.H.Liu.
Specimen examined: Turkey: Batman Province,
Yenikoy, altitude 530 m, on bark of V. vinifera L.,
02.06.2018, Altas 39, F/1, MC, D/O.

4- L. scyphoides T.E. Brooks & H.W. Keller

Syn: Licea tanzanica Ukkola, Hark. & Gilert,
Specimen examined: Turkey: Batman Province,
Zorkdy, altitude 532 m, leaf litter, 23.10.2017, Altas
268, F/1, MC, D/O.

Reticulariaceae

5- Reticularia Iycoperdon Bull

Syn: Enteridium Iycoperdon (Bull.) M.L. Farr

Fuligo Iycoperdon (Bull.) Schumach.

Specimen examined: Turkey: Batman Province,
Yenikoy, altitude 530 m, on Salix sp. trunk,
02.01.2017, Baba 264, F/1, FC, D/O.

Trichiida

Arcyriaceae

6- Arcyria cinerea (Bull.) Pers.

Syn: Arcyria albida Pers.

Stemonitis cinerea (Bull.) J.F. Gmel.

Trichia cinerea Bull.

Specimen examined: Turkey: Batman province,
Hasankeyf, altitude 485 m, on wood, 14.05.2018, Altas,
10, F/1, MC, D/O.

7- Perichaena pedata (Lister & G. Lister) Lister
ex E. Jahn

Syn: Perichaena variabilis var. pedata Lister & G.
Lister,

Specimen examined: Turkey: Batman province,
Yenikoy, altitude 530 m, on leaf litter, 19.05.2018,
Altas, 260, F/1, FC, D/O.

8- P. vermicularis (Schwein) Rostaf

Syn: Ophiotheca vermicularis (Schwein.) Massee
Physarum vermiculare Schwein.

Specimen examined: Turkey: Batman province,
Zorkoy, altitude 532 m, on wood of V. wvinifera
L.23.10.2017, Altas, 263, Hasankeyf, altitude 485 m,
on wood, 01.01.2017, Altas, 250, F/2, MC, D/O.
Physarida

Didymiaceae

437

9.
Schokn
Specimen examined: Turkey: Batman Province,
altitude 570 m, on leaf, 01.10.2017, Altas 23, on bark,
02.06.2018, Altas 13, Atatiirk park, altitude 580 m, on
leaf, 01.10.2017, Altas, 26, High school, altitude 552 m,
on leaf litter, 24.02.2018, Baba 87, Cemetery, altitude
575 m, on fallen twigs, 02.06.2018, Altas 119,
Hasankeyf, altitude 478 m, on twigs, 07.10.2017, Altas
68, F/7, FC- MC, D/A.

10- D. bahiense Gottsb.

Syn: Didymium bahiense var. microsporum Hochg.,
Specimen examined: Turkey: Batman Province,
Atatiirk park, altitude 580 m, on leaf litter, 15.11.2017,
Baba 24, F/1, MC, D/O.

11- D. difforme (Pers.) Gray

Syn: Chondrioderma difforme (Pers.) Rostaf.

Diderma difforme Pers.

D. nitens Klotzsch

Physarum difforme (Pers.) Link

Specimen examined: Turkey: Batman Province,
altitude 590 m, on leaf litter, 01.10.2017, Altas 15,
Ataturk park, altitude 580 m, on leaf litter, 03.01.2018,
Baba 25, High school, altitude 552 m, on leaf litter,
24.01.2018, Altas, 233, Yenikoy, altitude 530 m, on
rash wood, 19.05.2018, Altas 230, School, altitude 530
m, on rash wood, 24.02.2018, Altas 98, Hasankeyf
town, altitude 480 m, on rash wood, leaf, bark and
filter paper, 07.10.2017, Altas 12, 19, 21, 30, Balpinar,
altitude 536 m, on rash grape, 26.10.2017, Altas, 32,
Zorkoy altitude 530 m, on rash wood and leaf,
01.11.2017, Altas, 20, 31, Bicake, altitude 569 m, on
plastic petri dishes, 02.06.2018, Altas, 34, F/46, FC-
MC, D/A.

12- D. dubium Rostaf.

Syn: Didymium wilczekii Meyl.,

Specimen examined: Turkey: Batman province,
Hasankeyf, altitude 476 m, on rash bark, 07.10.2017,
Altas, 22, Zorkoy, altitude 530 m, on rash wood,
23.10.2017, Altas, 266, Cemetery, altitude 575 m, on
decaying twigs and leaf, 21.04.2018, Altas 138, 142,
F/4, MC, D/O.

13- D. megalosporum Berk. & M.A. Curtis

Syn: Didymium fulvellum Massee,

Didymium discordeum K.S. Thind & H.S. Sehgal,
Specimen examined: Turkey: Batman province,
altitude 582 m, on plastic petri dishes, 02.06.2018,
Altasg, 50, Hasankeyf, altitude 476 m, on rash leaf,
01.01.2017, Altas, 67, Hasankeyf town, altitude 478 m,
on the bark and wood body, 07.10.2017, Altas, 70, High
school, altitude 552 m, on rash leaf, 12.03.2018, Altas,
69, F/6, FC-MC, D/O.

14- D. melanospermum (Pers.) T. Macbr.
Syn: Cionium farinaceum Link
Diderma melanospermum (Pers.) Fr.

Didymium annulisporum H.W. Keller &
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Didymium farinaceum Schrad.

Physarum farinaceum (Schrad.) Pers.

P. melanospermum Pers.

Trichia farinacea (Schrad.) Poir.

Specimen examined: Turkey: Batman province,
Balpinar village, altitude 540 m, on litter grape
remains, 26.10.2017, Altas, 32, F/1, MC, D/O.

15- D. squamulosum (Alb.& Schwein) Fr &
Palmquist.

Syn: Cionium squamulosum (Alb. & Schwein.) Spreng.
Diderma squamulosum Alb. & Schwein.

Didymium effusum Link

Physarum effusum Link

Specimen examined: Turkey: Batman province,
altitude 577 m, on filter paper, 02.06.2018, Altas, 51,
High school, altitude 552 m, on rash and wood body,
06.02.2017, Altas 33 K, Cemetery, altitude 575 m, on
leaf and plastic petri dishes, 02.01.2018, Baba 139,
Esentepe, altitude 650 m, on rash wood, 02.06.2018,
Altas 253, Hasankeyf, altitude 480 m, on rash thorn
bush, School, altitude 490 m, on rash leaf, 17.05.2018,
Altas 64, School, altitude 490 m, on leaf litter, filter
paper, and plastic petri dishes, 22.03.2018, Bicakci
village, altitude 570 m, on leaf litter and wood,
02.06.2018, Altas 270, 9, 97, 104, F/48, N- MC, D/A.

16- D. trachysporum G. Lister
Specimen examined: Turkey: Batman province,
Hasankeyf discrict, altitude 482 m, on leaf litter,
07.10.2017, Altas, 66, F/1, FC, D/O.

Physaraceae

17- Badhamia dubia Nann.-Bremek.

Specimen examined: Turkey: Batman Province,
Cemetery, altitude 575 m, on pine cone, 02.01.2018,
Altas, 133, F/1, MC, D/O.

18- B. foliicola Lister

Syn: Badhamia alpina G. Lister

Specimen examined: Turkey: Batman Province,
altitude 575 m, plastic petri dishes, 25.04.2018, Altas,
5, Hasankeyf, altitude 485 m, on litter thorns,
01.01.2017, Altas 74, F/4, FC-MC, D/C.

19- B. panicea (Fr) Rostaf.

Syn: Physarum paniceum Fr.

Specimen examined: Turkey: Batman province, High
school, altitude 552 m, on plant debris, 14.05.2018,
Altag, 84, Hasankeyf, altitude 485 m, on litter bark,
01.01.2017, Altas 73, F/2, FC-MC, D/O.

20- Fuligo septica F.H. Wigg.
Syn: Aethalium septicum (L.) Fr.
A. septicum (L.) Fr. f. septicum

A. septicum (L.) Fr. var. septicum
F. septica (L) F.H. Wigg. f. septica
F. varians Sommerf.

Mucor septicus L.

Reticularia septica (L) With.
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Specimen examined: Turkey: Batman province, Dilek
village, altitude 625 m, on plastic petri dishes,
02.06.2018, Altas, 192, F/1, MC, D/O.

21- Physarum album (Bull.) Chevall.

Syn: Mucor albus (Bull.) Sobol.

Sphaerocarpus albus Bull.

Stemonitis alba (Bull.) J.F. Gmel.

Tilmadoche alba (Bull.) T. Macbr.

Trichia alba (Bull.) Raeusch.

Specimen examined: Turkey: Batman province,
Hasankeyf town, altitude 485 m, on rash wood,
14.05.2018, Baba, 77, F/1, MC, D/O. Baba, 77

22- P, cinereum (Batsch) Pers.

Syn: Badhamia cinerea (Batsch) J. Kickx

Didymium cinereum (Batsch) Fr.

Lignydium cinereum (Batsch) Kuntze

Lycoperdon cinereum Batsch,

Specimen examined: Turkey: Batman province,
Bicakg village, altitude 570 m, on litter thorns and
fallen twigs, 02.06.2018, Altas, 61, F/2, FC, D/O.

23- P. leucophaeum Fr.& Palmquist

Syn: Physarum nutans subsp. leucophaeum (Fr.) G.
Lister

P. nutansvar. leucophaeum (Fr.) Lister

Tilmadoche leucophaea (Fr.) Fr.

Specimen examined: Turkey: Batman province, High
school, altitude 552 m, on leaf litter, 17.05.2018, Altas,
8, F/1, MC, D/O.

24- P. leucopus Link

Syn: Didymium leucopus (Link) Fr.

D. squamulosum var. leucopus (Link) Berl.
Lignydium leucopus (Link) Kuntze

Specimen examined: Turkey: Batman province,
Cemetery, altitude 575 m, on decaying bark,
21.04.2018, Altas, 131; Yenikoy, altitude 530 m, on
wood, 19.05.2018, Altas, 261, F/4, MC, D/C.

25- P. notabile Macbr.

Syn: Didymium connatum Peck,

Physarum connatum (Peck) G. Lister

Specimen examined: Turkey: Batman province,
Yenikoy, altitude 530 m, on bark, 02.06.2018, Altas,
30; Hasankeyf, altitude 485 m, on wood, 07.10.2017,
Altas, 28, F/2, MC, D/O.

26- P. robustum (Lister) Nann-Bremek

Syn: Physarum nutans var. robustum Lister,
Specimen examined: Turkey: Batman province,
altitude 575 m, on leaf litter, 01.10.2017, Altas, 17;
Cemetery, altitude 575 m, on leaf litter, 02.01.2018,
Altag, 140; Hasankeyf, altitude 485 m, on wood,
14.05.2018, Altas, 11; School, altitude 497 m, on leaf
litter, 10.11.2017, Altas, 7, F/4, MC, D/O.

27- P. vernum Sommerf.
Syn: Badhamia verna (Sommerf.) Rostaf.
Physarum styriacum Gottsb.,
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Specimen examined: Turkey: Batman province,
Yenikoy, altitude 530 m, on fallen twigs, 19.05.2018,
Altas, 215, F/1, MC, D/O.

28- P, viride (Bull.) Pers.

Syn: Physarum nutans var. viride (Bull.) Fr.
P. nutans B viride (Bull.) Fr.

P. viride (Bull.) Pers.

P. viride (Bull.) Pers. f. viride
Sphaerocarpus viridis Bull.

Stemonitis viridis (Bull.) J.F. Gmel.
Tilmadoche mutabilis Rostaf. var. mutabilis
T. viridis (Bull.) Sacc.

T viridis (Bull.) Sacc. var. viridis

Trichia viridis (Bull.) Raeusch.

Specimen examined: Turkey: Batman province,

Bicakgr village, altitude 567 m, on leaf litter,
02.06.2018, Altas, 271, F/1, FC, D/O.

Stemonitida

Stemonitidaceae

29- Comatricha ellae Hark.

Syn: Comatricha nannengae Hark.,

Specimen examined: Turkey: Batman province, High
school, altitude 552 m, on wood, 06.02.2017, Altas, 231,
F/1, MC, D/O.

30- C. laxa Rostaf.

Syn: Stemonitis laxa (Rostaf.) Massee

Specimen examined: Turkey: Batman province,
Atatiirk park, altitude 580 m, on pine cone, 01.10.2017,
Altas 27, F/1, MC, D/O.

31- C. nigra (Pers. ex J . F.Gmel.) J.Schrét.

Syn: Comatricha obtusata Preuss,

Comatrichoides nigra (Pers.) Hertel,

Stemonitis atrofusca B nigra Pers.

S. nigra Pers. ex J.F. Gmel.

S. obtusata Fr.

S. ovata var. atrofusca (Pers.) Alb. & Schwein.

S. ovata var. nigra (Pers. ex J.F. Gmel.) Pers.
Specimen examined: Turkey: Batman province,
Atatiirk park, altitude 580 m, on pine cone, 25.04.2018,
Altas, 29, F/1, MC, D/O.

32- Lamproderma arcyrioides (Sommerf.) Rostaf
Syn: Lamproderma violaceum Rostaf.

L. violaceum var. arcyrioides (Sommerf.) Torrend
Stemonitis arcyrioides Sommerf.,

S. violacea Fr.

Specimen examined: Turkey: Batman province, High
school, altitude 552 m, on leaf litter, 24.01.2018, Altas,
75, F/6, FC, D/A.

33- Stemonitopsis amoena (Nann.-Bremek.)

Syn: Comatricha amoena Nann.-Bremek.

Specimen examined: Turkey: Batman province,
Hasankeyf, altitude 485 m, on twigs, 14.05.2018, Altas,
11, F/2, MC, D/O.
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Within the scope of this study conducted in Batman
Central and Hasankeyf district, a total of 33 species
belonging to 5 ordo, 7 families and 12 genus were
determined. 702 substrate samples were collected from
the research area and used to prepare moist chamber
cultures in the laboratory. A total of 163 myxomycete
recorded. Overall, 114 (70%) of these samples were
obtained with the moist chamber technique. 49 species
(30%) were from field collection. It is known that
myxomycetes are mostly invisible and the collection
rate in the land is low. In a study conducted in the
forests of Istanbul, Belgrade, 251 myxomycete were
recorded and only 71 of them were collected from the
natural environment (Oran et al., 2006). In another
study, 23% (7) of the species defined from Izmir were
obtained from the natural environment and 77% (23)
of them were from moist chamber culture studies
(Oskay and Tiiziin 2015). In other study, 7 of the
samples identified from Hatay province were obtained
from their natural habitats and 115 from moist
chamber culture (Baba and Dogan 2018). The vast
majority of the species obtained in this study were also
obtained in the laboratory from the moist chamber
culture.

In this study, 33 taxa belonging to 7 different families
were obtained. Considering the distribution of these
families, genus numbers were as follows
Echinosteliaceae (1), Liceaceae (3), Reticulariaceae (1),
Arcyriaceae (3), Didymiaceae (8), Physaraceae (12) and
Stemonitidaceae (5). Among these, Physraceae,
Didymiaceae, Stemonitidaceae families contain 25 out
of 33 taxa. These percentages of the related ordo and
families are in line with the studies conducted in
Turkey (Yagiz and Afyon, 2005; Ergiil and Akgiil,
2011; Oskay and Tiizlin., 2015; Baba, et al., 2019). The
genus and species numbers detected in this research
field are represented by Didymium 8, Physarum 8,
Badhamia 3, Comatricha 3, Licea 3, Perichaena 2,
Arcyria 1, Echinostelium 1, Fuligo 1, Lamproderma 1,
Reticularia 1, Stemonitopsis 1 species.

In this study, only one species of the genus
Fchinostelium was determined. It was observed that
this sample was less common in previous studies (Oran
et al., 2006; Demirel et al., 2006; Yagiz and Afyon,
2006; Baba et al., 2018). In this study, species of the
genus Didymium and Physarum were found the most.
In previous studies, it was also more common to
examples of this breed in the world and Turkey. The
world and the most common of the species known in
Turkey, Didymium (world: 93, Turkey: 23) and
Physarum (World: 149, Turkey: 38) is located within
the genus (Baba and Sevindik, 2019; Lado, 2020).

According to the results, the ratio of the number of
species to the number of genera (S/G) is used as an
indicator of taxonomic diversity. The low rate of this
rate indicates that the taxonomic diversity is high, and
the high rate is the indication that the taxonomic
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diversity in the study is low (Stephenson et al., 1993).
In this study, S/G ratio is 2.75. It was calculated as
2.24 for Southeast India and 4.13 for North America,
in temperate or tropical regions S/G value has been
reported to be between 2.2 and 4.6 (Stephenson and
Stempen, 2000). In studies conducted in Turkey, the
S/G ratio of 2.3 (Baba, 2015), 1.8 (Baba and Ziimre,
2015), 2.7 (Baba et al., 2016), 2.38 (Baba and Atay
2019), 2.42 (Baba and Arslan 2017), 2.66 (Baba and
Dogan 2018) and 2.04 (Baba et al 2019).

Density of each of the 33 taxa in 163 myxomycete
record gives the degree of abundance of the taxa.
Abundance estimates of the species are based on the
ratio of the species to the total number of
samples (Stephenson et al., 1993). Considering the
abundance of samples, 24 of 33 species were found
between 0.5-1.5% and rare (O), 4 of them between 1.5-
3% and common (C), 5 of them were larger than 3% and
abundant (A). Among the species obtained, Didymium
annulisporum, D. difforme, D. megalosporum, D.
squamulosum and Lamproderma arcyrioides were
detected in almost all stations as abundant species.
The reason for this may be that these species are
cosmopolitan and their ecological tolerance is high. D.
squamulosum was determined as the densest species
with 48 record in 6 locations. The altitude value of the
related sample has been found in different locations
and different substrates. Apart from that, D. difforme
(46) is the densest species after D. squamulosum.

CONCLUSION

As a result of the studies, 33 taxa belonging to 5 ordo,
7 families and 12 genera were determined and
contributed to mycetezoa of Batman and Turkey. A
total of 163 myxomycete recorded, 114 (70%) of were
obtained with the moist chamber technique and 49
species (30%) are field collection. Among these,
Physraceae, Didymiaceae, Stemonitidaceae families
contain 25 out of 33 taxa. In this study, species of the
genus Didymium and Physarum were found the most.
Considering the abundance of samples, 24 of 33 species
were found between 0.5-1.5% and rare (O), 4 of them
between 1.5-3% and common (C), 5 of them were larger
than 3% and abundant (A). In this study, S/G ratio is
2.75 and this rate indicates that the taxonomic
diversity of myxobiota in Batman province is high.
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OZET

Dogrusal olmayan temel bilesenler analizi (NLPCA), aralarinda dogrusal
ya da dogrusal olmayan iligki bulunan ¢ok degigkenli veri setlerinde,
degiskenler arasindaki iligkileri inceleyen ve sonuglari sayisal ve gorsel
olarak gésteren, agiklayici bir boyut indirgeme yontemidir. Bu ¢calismada,
dogrusal olmayan temel bilesenler analizi (NLPCA) hakkinda temel
aciklayici bilgilerin sunulmasi ve uygulamasi yapilarak
kullanilabilirliginin vurgulanmasi amaclanmigtir. Calismada 3 biber
cesidine ait 17 suirekli degisken igin 270 ornekten elde edilen veriler,
Temel bilesenler analizi (PCA) ile degerlendirilmistir. PCA sonucunda
elde edilen 4 temel bilesen ile ¢esit, depolama siiresi ve uygulama olmak
uzere 3 kategorik degisken, NLPCA ile analiz edilmistir. PCA ile yapilan
analizde toplam varyansin yaklagik %74’lik kismi, NLPCA ile yapilan
analizde ise yaklagik % 58’1ik kismi agiklanmistir. Analiz sonucunda; PC1
1le depolama suiresi ve gesit ile PC3 ve PC2 degiskenleri arasinda gtgla bir
iliski oldugu gozlenirken, PC4 ve uygulama degiskenleri ile tim
degigkenler arasindaki iligkilerinin diisiikk oldugu gézlenmigtir. Sonug
olarak; ¢ok degiskenli veri setlerinde yer alan degiskenler arasindaki
dogrusal ve dogrusal olmayan iligkilerin incelenerek, bu iligkilerin kolay
yorumlanabilir ve basit anlagilabilir sekilde iki boyutlu uzayda
sunulabilmesi agisindan; NLPCA'nin tek basina ve/veya diger ¢ok
degiskenli analiz yontemleri ile birlikte kullanilabilecegi vurgulanmigtir.
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Introduction and Applicability of Nonlinear Principal Components Analysis

ABSTRACT

Nonlinear principal component analysis (NLPCA) is a descriptive dimension
reduction method that examines the relationships between variables and
displays the results numerically and visually in multivariate datasets that
have a linear or nonlinear relationship between them. In this study, it was
aimed to present the basic explanatory information about nonlinear
principal components analysis (NLPCA) and to emphasize its usability by
performing application. In the study, data obtained from 270 samples for 17
continuous variables concerning 3 pepper varieties were evaluated by
Principal components analysis (PCA). With the 4 principal components
obtained as a result of PCA, being 3 categorical variables Variety, storage
time and Application were analyzed by NLPCA. In the analysis made with
PCA, approximately 74% of the total variance was explained and in the
analysis made with NLPCA, approximately 58% was explained as well. As
a result of the analysis; it was observed that there was a strong relationship
between PC1 and storage time and variety, and PC3 and PC2 variables,
while the relationship between PC4 and application variables and all
variables was low. As a result; by examining the linear and nonlinear
relationships between the variables in the multivariate datasets, these
relationships intended to be presented in an easily interpreted and easily
understandable way in two-dimensional space; it was emphasized that
NLPCA can be used alone and/or together with other multivariate analysis
methods.
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GIRIS iliski bulunan ¢ok degiskenli veri setlerindeki

Dogadaki olaylar1 incelemek ve mevcut veya olasi
sorunlar ¢ézebilmek amaciyla gelistirilen bilimlerden
biri de veri analizi bilimidir. Veri analizi biliminde
amag, verl yapisina uygun yodntem ve teoriler
kullanilarak sinmirli sayida gézlem ile tizerinde durulan
konuyu belirli bir olasilikla agiklayabilmek ve
gelecekteki arastirmalara 1sik tutabilmektir (Keskin,
2002). Dogadaki olaylar, birbiri ile iliskili olan cok
sayida degiskenin ya da faktérin ayri ayri1 ya da
birlikte etkilesimleri sonucu ortaya ¢ikan karmasik
yapidaki durumlardir. Bu karmasik yapida, ilgili olaya
etki eden degiskenlerin belirlenmesi, bunlarin
birbirleriyle olan iligkilerinin ¢6zilmesi ve olusum
mekanizmalarinin basit ve anlagsilir bir gekilde
aciklanmasi kolay olmayabilir. Zira belirli bir
zamanda ve belirli sayida veri ile bu yap1 i¢indeki
olayin, dogru ve giivenilir bir sgekilde ortaya
konulabilmesi, ancak dogru istatistik yontemlerin
kullanilmasi ile miimkiindiir (Demir, 2010).

Istatistik veri analizinde kullamlan degiskenler
arasindaki iligkiler her zaman dogrusal olmayacagi
gibi cevap degiskeni sayisi tek de olmayabilir. Boyle
durumlarda  degiskenler arasindaki iligkilerin
dogrusal olmayan ¢ok degiskenli istatistik yontemlerle
belirlenmesi daha makuldir. Zira degiskenler
arasindaki  dogrusal iligkilerin belirlenmesinde,
dogrusal yontemlerin kullanilabilmesi i¢in bunlarla
ilgili baz1 varsayimlarin saglanmasi gerekmektedir.
S6z konusu varsayimlar saglanmadiginda veya veri
yapisina uygun olmayan analiz  yontemleri
kullanildiginda, elde edilen sonuglar ve yorumlamalar
yanlig olabilmektedir.

Degiskenler arasindaki iligkiyi belirlemede kullanilan
cok degiskenli istatistik analiz yontemlerinden birisi
de temel bilegenler analizidir (PCA: Principal
Component Analysis). Bu analizde degiskenler
arasindaki iligkilerin dogrusal ve degigkenlerin
niimerik (arallk veya oran) olcekte olmasi
gerekmektedir. Bununla birlikte, genellikle
arastirmalarda nimerik degigkenlerin yanm sira,
sirali, kategorik veya kesikli degigkenler de
kullanilabilmektedir. Bu iki varsayim saglanmadigi
takdirde PCA hatali sonuglar verebilmektedir. Ancak,
basta sosyal bilimler olmak tizere bir¢ok alanda
yapilan caligmalarda PCA'nin varsayimlari
saglanmadiginda, alternatif bir yontem olarak
dogrusal olmayan temel bilegenler analizi (NLPCA:
Nonlinear principal component analysis)
kullanilabilmektedir (Linting ve ark, 2007; Kapucu,
2016).

NLPCA, aralarinda dogrusal ya da dogrusal olmayan
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degiskenler arasindaki iligkilerin yoniinii ve derecesini
belirleyen, sonuglar: sayisal ve gorsel olarak gosteren,
aciklayici bir boyut indirgeme yontemidir. NLPCA’da
amag, PCA’da oldugu gibi p boyutlu bir veri setinin &
(k<p) boyuta indirgenerek degiskenler arasindaki
iliskinin belirlenmesidir (Kramer, 1991; Kapucu,
2016).

Bu baglamda c¢alismada, NLPCA hakkinda temel
aciklayic1 bilgilerin sunulmasi ve bir uygulama
yapilarak, basta ziraat olmak tlzere fen, saghk ve
sosyal bilimler gibi bir¢cok alanda kullanilabilirliginin
vurgulanmasi amaclanmistir.

MATERYAL ve METOD

Calismada, Akra F1, Melek F1 ve Gokkusagi F1 olmak
iizere iic biber cesidinden; Agirhk kaybi (g), L, a, b, c
Hue, Toplam Fenolik, Toplam Antioksidan, Oz, COsg,
N3, Solunum, Etilen, SOD (Siiperoksit dismutaz), CAT
(Katalaz), APX (Askorbat peroksidaz) ve MDA
(Malondialdehit) olmak tizere 17 adet siirekli
degigskene ait elde edilen veriler kullanilmistar.

Elde edilen toplam 270 adet veri, PCA ile analiz
edilmis ve ozdegerler dikkate alinarak ilk dort temel
bilegsene ait skor degerleri elde edilmistir. Daha sonra
gesit, depolama stresi, uygulama ve PCA ile elde
edilen ilk dort temel bilesen NLPCA ile analiz edilmis,
elde edilen sonuclar sayisal ve grafiksel olarak
gosterilerek yorumlanmistar.

Istatistik Analizler

PCA’'nin amaci, k& sayida orijinal degigkenin
(X4, X,, ..., Xi) dogrusal bilesenlerini elde ederek, temel
bilesen olarak adlandirilan daha az sayida (p) yeni
degiskene donustirmektir. Boylece PCA ¢ok
degigkenli veri setlerinde, etkili bir boyut indirgeme
yontemi olarak kullanilmaktadir. PCA’da maksimum
elde edilebilecek temel bilesen sayisi, orijinal degisken
sayisina esittir. Ancak analiz sonuclari, daha az sayida
ve genellikle de ilk iki veya ilk li¢ temel bilesen dikkate
alimarak yorumlanmaktadir. Oyle ki, ¢ogu zaman,
orijinal degiskenlerdeki varyasyonun biiyiik bir kismi
ilk iki temel bilesenle agiklanabilmektedir. Boylece
orijinal degigkenlerin, 6nemli bir oranda 6zetlenmesi
ve daha kolay yorumlanabilmesi saglanmaktadir
(Jolliffe, 1986; Demir ve ark., 2016). PCA’da uygun
temel bilesen sayisini belirlemede; 1’den buyiik
6zdegere sahip bilegenler ya da toplam varyansin en az
%67’sini  aciklayabilen temel bilesenler dikkate
alinabilir (Ozdamar, 2010).

Kategorik iki degisken arasindaki iligkiyl incelemek
amaciyla Ki-kare veya basit uyum analizi



KSU Tarim ve Doga Derg 24 (2): 442-450, 2021
KSU J. Agric Nat 24 (2): 442-450, 2021

Arastirma Makalesi
Research Article

kullanilmaktadir. Ancak degisken sayisi ikiden fazla
oldugu durumlarda optimal 6lgekleme yontemlerine
bagvurulmasi 6nerilmektedir (Giic, 2015). Optimal
olceklemenin temelini ALS (Dalgali En Kiiciik
Kareler) algoritmasi olusturmaktadar.

Albert Gifi (1990) tarafindan, optimal o6lgeklemeye
dayali dogrusal olmayan ¢ok degigskenli istatistik
analiz yontemleri ayrintili bir sekilde ele alinmistir.
Bu nedenle bu yontemler Gifi yontemleri olarak da
adlandirilmakta ve bu yontemlerin temelini kategorik
verilere dayanan gosterge (G) matrisi olusturmaktadir.

Gosterge  matrisi ile  kategorik  degiskenler
sayisallagtirildiktan sonra bilinmeyen nesne ve
kategori  skorlarimi  iceren kayip fonksiyonu
olusturulmaktadir. Kayip fonksiyonu, en kiigiik

degerini alana kadar iterasyon surdirilmekte ve bu
islem optimal 6lcekleme stireci olarak
adlandirilmaktadir. Gifi yontemleri temel olarak,
degiskenler coklu olarak ele alindiginda olugabilecek
bilgi kaybmm (aciklanmayan varyansi veya kayip
fonksiyonunu) minimize etmeyi amaclamaktadir
(Mair ve De Leeuw, 2010).

Dogrusal olmayan ¢ok degiskenli analiz yontemlerinde
kategorik degiskenler cesitli dontigimlerle
sayisallagtirilmakta ve kayip fonksiyonu ile c¢ok
degiskenli analiz yontemlerinin uygulanmasina imkan
saglanmaktadir. Boylece minimum kayipla gercek
uzaydaki iligkiler daha diisik boyutlu bir uzayda
gosterilmektedir (Karaman, 2019).

Cok sayida degisken arasindaki iligkinin etkili bir
sekilde yorumlanmasi ¢ogu kez zordur. Bu durumda
orijinal degiskenler, orijinal degiskenlerde bulunan
bilgilerin c¢ogunu temsil eden daha kiugik iligkisiz
bilesenler kimesine indirgenmektedir. Boylece, ¢ok
sayida degisken yerine birka¢ bilesenle sonuglar
yorumlanmaktadir. Bu baglamda, kategorik temel
bilesenler analizi (CATPCA) olarak da bilinen NLPCA,
boyut indirgemekte ve kategorik degiskenleri
sayisallagtirmaktadir (quantifies).

NLPCA, geometrik olarak ele alindiginda gercek uzay
yerine daha disik boyutlu bir uzayda degisken ve
kategorileri grafiksel olarak gostermeyi
amaglamaktadir. Diger bir ifade ile NLPCA, sayisal
dontigiimler yaparak Xin nesne skorlarini bulmayi ve
Y;’nin bir dizisini ¢esitli yollarla kisitlayarak minimize
etmeyi amaclamaktadir (Michailidis ve De Leeuw,
1998; Karaman, 2019). Bu amagc dogrultusunda jeJise
c=p ile ve j&J ise c=1 ile Esithk 1 minimize
edilmektedir (Demir, 2010).

o (X;Y) = nv‘vlz Lo ((X - GY) MW (X - GY)) (1)
J
j=1,..,m
Kayip fonksiyonu olarak bilinen Egitlik 1’de, X, nxp
boyutlu nesne skorlari;
Y, Olcekleme

degigkenlerin ¢oklu seviyesindeki
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sentroid koordinatlar (¥;) ve ¢oklu nominal olmayan
6lcekleme seviyesindeki vektoér koordinatlari (yj, aj)
toplami;

n,,, Y=, w; esitligi ile agirhiklandirilmis gézlem sayisi;
G; elemanlarn1 i=1,..,n ve r=1, . olan nxk;
boyutlu j. degiskeninin ikili gésterge matrisi (i. gézlem
j. degiskenin r. kategorisinde ise g(j); = 1; i. gozlem, j.
degiskenin r. kategorisinde degilse g(j; =0 olur.)
(Gifi, 1990; Giig, 2015);

Y;, kjx p boyutlu sentroid koordinatlar:;

M;, diyagonal elemanlari m;; olan nxn diyagonal
matris (i. gozlem eksik ve j. degisken pasif oldugu
zaman veya i. gozlem, j. degiskenin r. kategorisinde
oldugu ve r. kategori sadece tamamlayic1 gozlemler
tarafindan kullanildigi zaman mg); =0 ve diger

durumlarda ise m;); = v; olur.);
W, diyagonal elemanlar: olan nxn boyutlu

diyagonal matrisi;

Wi

m, analiz edilen degisken sayisi ve

J, hangi degiskenlerin ¢oklu nominal 6l¢eklendirme
seviyesine sahip oldugunu belirleyen indeks degeridir.
Ayrica, Esitlik 1'in ¢6zimi igin gerekli olan diger
notasyonlar ise;

n, toplam analiz edilen tamamlayici gézlem sayisi; p,
boyut sayisi; y;, k; boyutlu ¢oklu nominal olmayan
Olcekleme seviyesindeki degiskenlere ait kategori
sayis, w;, i. gozlemin agirhgn  (i. gozlem
agirhiklandirnlmamigsa w; =1 ve i. go6zlem
tamamlayic1 gézlemse w; = 0 olur.) ve k;, j. degiskenin
kategorilerinin sayis: seklinde agiklanabilir.

Coklu nominal degiskenlerde bir boyut i¢in agiklanan
varyans Esitlik 2 ile hesaplanmaktadir.

VAF1, = n‘;lzvjtr(yj; DY) s=1,..p )
jeJ

Esitlik 2'de v;, degisken agirh@idir (j. degiskenin

agirhg belirlenmemisse v; = 1 olur). D;, kjxk; boyutlu

diyagonal matrisi olmak tlizere agirliklandirilmis tek

degiskenli marjinal degerler igerdiginden G;nin
agirliklandirilmig stitun toplamlar1 Esitlik 3 ile
hesaplanmaktadir.

Coklu nominal olmayan degiskenlerde bir boyut i¢in
aciklanan varyans ise Egitlik 4 ile hesaplanmaktadir.

VAF2, = Z vjak (4)
jéJj
Esitlik 4’te a;, p. boyutta ¢oklu nominal olmayan

s=1,..,p

olgekleme seviyesindeki
yiikleridir (Demir, 2010).

Boyutlara ait 6zdegerler, toplam 6zdeger olarak ifade
edilen toplam agiklanan varyans ve NLPCA i¢in vektor
koordinatlar1 sirasiyla Esitlik 5, 6, ve 7 ile

degiskenlere ait bilesen
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hesaplanmaktadar.
JAs =VAF1,+VAF2, s=1,..,p (5)
Esitlik 5’te A, A'nin s. diyagonal elemanidir.

tr(vVA) = p—lz VAF1, + Z VAF2, s=1,..,p (6)
S S

VAFjs = vja} €] ()
Optimal 6lgekleme sonrasi elde edilen degiskenler i¢in
korelasyon matrisi Egitlik 8 ile hesaplanmaktadar.

R =n5' Q'WQ ()
Analizde ¢oklu nominal olmayan degiskenler varsa,

kayip gozlem yoksa ya da pasif olarak belirlenmigse
Esitlik 8 kullanilmakta ve q; = G;y; ile korelasyon

s=1,..,p ve

matrisi hesaplanmaktadir. R'nin ilk p 6zdegeri VA e
esittir.

Analizde ¢oklu nominal degiskenler varsa p korelasyon
matrisleri,

Cizelge 1. Orijinal degiskenler arasi korelasyonlar
Table 1. Correlations among the original variables

Ry = ny' QsWQ s=1,..,p )
Esitlik 9 ile hesaplanmaktadir. Esitlik 9'da qj, ¢coklu
nominal olmayan degiskenler i¢in G;y; olarak ve ¢oklu

GjYjs

nominal degiskenler igin ise olarak

Yjs Dj¥js
hesaplanmaktadar.

R, matrisinin 1’'nci 6zdegeri genellikle daha yuksek
olup fA/e esittir. VA'nin daha disiik degerleri
genellikle Ri'nin 2'nci ve daha sonraki 6zdegerlerine
aittir. Ozdegerlerin hesaplanmasinda; R matrisinin
tekil deger ayrigimi i¢in j degiskeni tamamlayici
degiskense, 6nce R matrisinden ilk siitun ve j. satir
gikarilir, sonra R;;, \/v;v; ile carpilir (IBM SPSS, 2011).

BULGULAR ve TARTISMA

Calismada, ele alinan degiskenlere ait Pearson
korelasyon katsayilar1 Cizelge 1’de verilmistir.

£ . s g
Q @ P < o E = A > 4
D L - R - - - T - R - - R -
L 0.20
a 0.11 0.38
b 0.05 0.58" -0.15
c 0.02 0.42 -0.31 0.97
Hue -0.14 -0.71* -0.75" -0.52* -0.37
To. Fe 0.69° 0.09 0.28 0.10 0.03 -0.31
To. An 0.55 0.01 0.25 0.08 0.04 -0.27 0.90*
O2 -0.31 0.09 -0.28 0.38 0.42 0.00 -0.20 -0.08
CO2 0.31 -0.14 0.27 -0.40 -0.43 0.02 0.13 0.01-0.95*
N2 0.21 -0.08 0.25 -0.33 -0.38 0.00 0.14 0.03 -0.86° 0.79"
Solunum 0.34 -0.36 -0.48 0.27 0.36 0.23 -0.08 -0.06 0.05 -0.01 -0.10
Etilen 0.18 -0.14 -0.25 0.20 0.25 0.07 -0.06 -0.07 -0.08 0.10 0.02 0.55"
SOD 0.40 0.05 0.31 -0.17 -0.23 -0.16 0.41 0.25 -0.48 0.41 0.42 -0.11 -0.05
CAT 0.12 0.05 0.10 -0.01 -0.03 -0.09 0.07 0.03 -0.27 0.28 0.23 0.06 0.07 0.16
APX 0.01 0.07 0.37 -0.35 -0.41 -0.10 -0.07 -0.22 -0.47 0.46 0.43 -0.25 -0.09 0.42 0.21
MDA 0.70° -0.45 -0.08 -0.13 -0.11 0.15 0.37 026 -0.28 0.32 0.18 0.37 022 0.24 0.14 0.03

“(p<0.05), *“(p<0.01); A. Kayb1: Agirlik Kaybi, To. Fe: Toplam Fenolik, To. An: Toplam Antioksidan, SOD: Siiperoksit dismutaz,
CAT: Katalaz, APX: Askorbat peroksidaz, MDA: Malondialdehit,

Cizelge 1 incelendiginde, agirhik kaybi1 ile toplam
fenolik, toplam antioksidan ve MDA arasinda
istatistik olarak o6nemli (p<0.05) pozitif iliskinin
oldugu gorilmektedir. Ayrica, b ile L ve b ile ¢ arasinda
pozitif; Hue ile L, a ve b arasinda negatif; toplam
fenolik ile toplam antioksidan arasinda pozitif; Oz ile
CO:z ve N2 arasinda negatif; CO2 ile N2 arasinda ve
solunum 1le etilen arasinda istatistik olarak 6nemli
pozitif korelasyonlar bulunmustur. Buna karsilik,
SOD, CAT ve APX degiskenlerinin kendi aralarinda ve
diger degiskenlerle olan korelasyonlar1 6nemli

bulunmamastir.

Uygulanan temel bilegenler analizi sonucunda, ilk dort
temel bilesene ait sonucglar Cizelge 2’de verilmigtir.
Cizelge 2’ de goruldugu tuzere; toplam varyansin
%27.024’1ik kismi ilk temel bilesenle, %45.8791ik
kisma ilk iki temel bilegenle, %63.129'1ik kism ilk g
temel bilegenle ve %74.071’lik kismi1 ise ilk dort temel
bilesenle acgiklanmigtir. Bdylece onyedi orijinal
degigken, toplam varyansta meydana gelen yaklagik %
25’lik kayipla dért (temel) bilesene indirgenmistir.
Birikimli varyans oran1 %67'den biyik oldugu
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durumda orijinal veri setini agiklamak amaciyla p
degigsken yerine ilk 4 temel bilesen kullanilabilir
(Ozdamar, 2010). Bu nedenle calismanin sonraki

Cizelge 2. Ilk dért temel bilesen icin analizi sonuclar

asamalarinda ilk doért temel bilesen (%74.071)
alinarak iglemler yuratilmustir.

Table 2. Analysis results for the first four principal components

Bilesen Ozdeger Acgiklanan varyans % Birikimli varyans %
(Componen?) (Eigenvalue) (% of explained variance) (Cumulative variance %)
1 4.594 27.024 27.024
2 3.205 18.855 45.879
3 2.932 17.250 63.129
4 1.860 10.941 74.071
Cizelge 3. Ilk dért temel bilegene ait yiikler
Table 3. Loadings of the first four principal components

PC1 % PC2 % PC3 % PC4 %
A. Kayb1 0.471 6.106 0.430 7.460 0.642 11.349 -0.125 2.464
L -0.217 2.818 0.638 11.074 -0.540 9.542 0.314 6.215
a 0.450 5.841 0.484 8.411 -0.542 9.582 -0.093 1.846
b -0.580 7.522 0.641 11.124 0.157 2.772 0.415 8.215
¢ -0.642 8.332 0.514 8.917 0.260 4.603 0.403 7.974
Hue -0.016 0.205 -0.840 14.592 0.357 6.307 -0.200 3.956
Top. Fen. 0.389 5.043 0.688 11.948 0.324 5.734 -0.415 8.218
Top. An. 0.254 3.294 0.630 10.941 0.316 5.587 -0.517 10.218
02 -0.875 11.354 0.050 0.869 0.001 0.013 -0.320 6.324
CO2 0.848 10.999 -0.107 1.861 0.023 0.401 0.343 6.795
Ne 0.787 10.204 -0.074 1.289 -0.071 1.257 0.316 6.257
Solunum -0.174 2.254 -0.108 1.877 0.773 13.673 0.367 7.258
Etilen -0.058 0.754 -0.041 0.705 0.527 9.320 0.514 10.169
SOD 0.642 8.323 0.267 4.636 0.005 0.096 0.013 0.263
CAT 0.298 3.867 0.095 1.649 0.039 0.686 0.361 7.144
APX 0.580 7.524 -0.113 1.968 -0.390 6.886 0.258 5.112
MDA 0.428 5.557 0.039 0.683 0.689 12.186 -0.080 1.580

Orijinal degiskenler ile temel bilesenler arasindaki
korelasyonlar: ifade eden temel bilegsen ytikleri Cizelge
3’te verilmistir. Cizelge 3’te; agirlhik kaybi, a, b, ¢, Og,
COg2, N2, SOD, APX ve MDA degiskenleri ile ilk temel
bilesen arasinda yiiksek korelasyon bulunmustur.
Ancak bunlar icerisinde de 6zellikle Oz, CO2 ve N2'nin
o6nemli oldugu gozlenmistir. Bu degiskenlerden b, ¢ ve
02 i1le PC1 arasinda pozitif korelasyon bulunurken,
kalan diger 7 degisken ile PC1 arasinda ise negatif
korelasyon bulunmustur. Ikinci temel bilegen; agirhik
kaybi, L, a, b, ¢, Hue, toplam fenolik ve toplam
antioksidan degigkenleri ile tamimlanmaktadir. Bu
degiskenlerden Hue ile PC2 arasinda negatif
korelasyon, diger degiskenlerle PC2 arasinda ise
pozitif korelasyon gozlenmigtir. Ugtincii temel bilegen
agirhk kaybi, L, a, solunum, etilen ve MDA
degigkenlerinden olusurken, dérdiincii temel bilesen
ise toplam antioksidan, etilen, toplam fenolik, b ve ¢
degiskenlerinden olugsmaktadir.

On yedi orijinal degiskenden indirgenen dort temel
bilesen ve 1ii¢ faktér (Cesit, depolama siiresi ve
uygulama) arasindaki iliski yapisi, dogrusal olmayan
temel bilegenler analizi (NLPCA) ile incelenerek,
degisken kategorilerinin iki boyutlu uzaydaki
konfigiirasyonu Sekil 1’de gosterilmistir.

Optimal 6lgeklemede, degiskenlerin yapisi géz 6niine
alinmadan degiskenlerin dogrudan analiz edilmesi
saghikli  sonuglar vermeyebilir. Bu nedenle,
degigkenlerin yapilar1 g6z oOnitine alinarak bazi
dontsumler yapilmali ve degiskenler optimal
6lcekleme i¢in uygun bir sekle doniistirmelidir. Bu
baglamda, ntmerik bir degisken kategorik bir
degiskene donusturilerek dogrusal olmayan
yontemlerle daha kigik boyutlu c¢6ztimler elde
edilmektedir (Meulman ve Heiser, 2011, Giig, 2015).
PCA ile elde edilen temel bilesenlerin skor degerleri,
nimerik olarak elde edilmistir. Ancak, NLPCA igin
kullanilan ilk dort temel bilesenin skorlari, 3 gruplu
kategorik degiskene doniistirilmiustiir.

Kategorilerin boyutlara olan katkisinin ve ayirma
glicinin artmasina paralel olarak, boyutlara ait
katsay1 degerleri de artmaktadir. Diger bir ifade ile
herhangi bir kategorinin boyutlarda almig oldugu
degerlerinin orijinden uzaklagsmasi, adi gegen
kategorinin boyutu belirlemede etkisinin daha yiiksek
oldugunu goéstermektedir. Buna gore, birinci boyutta
0.913 ile PC2'nin “0.613-3.044” kategorisi en yuksek
pozitif degeri alirken, -1.119 ile depolama siiresinin O.
giin kategorisi en yiliksek negatif degeri almigtir.
Boylece bu iki kategorinin, birinci boyuta gére birbiri
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ile iligkisinin negatif yonde oldugu séylenebilir. Ayrica,
ikinci boyuta belirgin bir katki saglayan PC3in
“0.640-2.827” kategorisi pozitif ve depolama siliresi

degigkeninin 0. gin kategorisi ise negatif katki
saglamaktadir. Bu iki kategori arasindaki iligki ikinci
boyuta gore negatif yonludiir.

0-2 Vektor koordinatlar:
Degisken Kategori (Vector coordinates)
10 (Variable) (Category) 1.Boyut 2.Boyut
Akra F1 (Dim.1) (Dim.2)
o N Akra F1 -0.981 0.755
2B 6in ?‘f;;je - Melek F1 0.884 -0.681
05 . Gokkusag F1 0.096 -0.074
o i / 5 Kontrol 0.096 -0.020
n /424 Giin Uygulama 50 -0.065 0013
10 50800 0-2 (Application) pbm ’ ’
2000, 00 100ppm -0.031 0.006
& 108 3 il . 0 Giin -1.119 -1.532
2 100ppny| 8 Korfror——_ 03 Dige i 7 Giin 0.171 0.234
@ o aix Ah suresl 15 Giin 0.268 0.367
o 00\ (tii"e‘;age 24 Giin 0.291 0.398
s ™ 28 Giin 0.389 0.532
“\Melek F1 -2.267- -0.678 -1.092 -1.149
o PC1 -0.572- 0.609 0.452 0.475
0 Gesit 0.616- 2.983 0.263 0.277
40 o Depo Suresi -1.906- -0.619 -0.777 0.148
' 4 PC1 PC2 -0.604- 0.589 -0.085 0.016
* PC2 0.613- 3.044 0.913 -0.174
PC3 -1.788- -0.619 0.294 -0.455
1 PC4 PC3 -0.604- 0.522 0.260 -0.402
15 © Uygulama 0.640- 2.827 -0.757 1.173
-2.374- -0.632 -0.588 0.014
15 410 05 00 05 10 PC4 -0.588- 0.577 0.291 -0.007
ig 0.644- 2.921 0.058 -0.001
. Boyut

Sekil 1. Iki boyutlu diizlemde kategorilere ait konumlar
Figure 1. Locations of categories in two-dimensional plane

Sekil 1 de Akra F1 c¢esidinin, 0. giin depolama
stiresinde; PC1'in “-2.267- -0.678” kategorisi, PC2'nin

“1.906- -0.619” kategorisi, PC3in “0.640-2.827”
kategorisi ve PC4’in “-2.374- -0.632” kategorisi ile
birinci  boyuta gére pozitif iligkili = oldugu

gorilmektedir. Benzer sekilde Melek F1 ¢gesidi ise 15,
24, ve 28. giin depolama siirelerinde; PC2'nin “0.613-
3.044” kategorisi, PC1’in “-0.572-0.609”, “0.616-2.983”
kategorileri, PC3iin “1.788- -0.619”, “-0.604-0.522”
kategorileri ve PC4in “-0.588-0.577" kategorisi ile
pozitif iligkili bulunmustur.

Ikinci boyuta gére Melek F1 cesidi 0. giin depolama
stiresinde; PC1’in “-2.267- -0.678” kategorisi ve PC3iin
“-1.788- -0.619”, “-0.604-0.522” kategoriler1 ile pozitif
iligkili bulunmustur. Akra F1 c¢esidi, depolama
slresinin 7, 15, 24 ve 28. giin kategorilerinde; PC1’in
“-0.572-0.609”, “0.616-2.983” kategorileri ve PC3’lin
“0.640-2.827”  kategorisi  ile  pozitif  iligkili
bulunmustur.

Her iki boyut birlikte ele alindiginda, depolama siiresi
ile PC1 arasinda guglia bir iligkinin oldugu
gorulmektedir. Ayrica ¢esit, PC2 ve PC3in birbiriyle
iligkili oldugu, ancak bu ¢ degiskenin depolama
stresi ve PC1 degiskenleri ile yok denecek kadar
disiik iligkili oldugu soéylenebilir. Boylece, depolama
stresinin 0. giin kategorisi ile PC1’'in “-2.267- -0.678”
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kategorisinin ve depolama siiresinin 28. giin kategorisi
ile PC1’in “-0.572-0.609” kategorisinin pozitif iligki
oldugu soéylenebilir. Buna karsilik; depolama stliresinin
0. gtin kategorisi ile PC1’in “-0.572-0.609” kategorisi ve
depolama suresinin 28. gin kategorisi ile PC1’'in “
2.267- -0.678" kategorisi negatif iligkilidir. Ayrica
depolama siiresi 15 ve 24. glin kategorilerinin, PC1’in
“0.616-2.983” kategorisi ile pozitif iligkili oldugu
gozlenmigtir. Akra F1 ¢esidi ile PC2’in “-1.906- -0.619”
kategorisi ve PC3un “0.640-2.827” kategorisi
arasinda, Melek F1 g¢egidi ile PC2in “0.613-3.044”
kategorisi, PC3in “1.788- -0.619”, “0.604-0.522”
kategorileri arasinda pozitif iligki belirlenmigtir. Akra
F1 kategorisi ile PC2nin “0.613-3.044”, PC3uin “
1.788- -0.619”, “-0.604-0.522” kategorileri arasinda;
Melek F1 cesidi ile PC2nin “-1.906- -0.619” ve PC3’iin
“0.640-2.827” kategorileri arasinda da negatif iligki
gbzlenmistir.

Orijine yakin olan kategorilerin, etkilerinin dusiik
oldugu ve bunlarin diger kategorilerle iligkilerinin
olmadig1 sdylenebilir. Bu baglamda, o6zellikle
uygulama degigkenine ait etkinin ¢ok disiik oldugu ve
diger degiskenler ile iligkili olmadig1 gézlenmistir.
Ayrica temel bilesenler analizinde her zaman ilk
bilesenin varyans ac¢iklama orani daha yiliksek
olmaktadir. Ilk bilesenden sona dogru gidildikge



KSU Tarim ve Doga Derg 24 (2): 442-450, 2021
KSU J. Agric Nat 24 (2): 442-450, 2021

Arastirma Makalesi
Research Article

varyans agiklama orani da buna bagh olarak
dismektedir. Dolayisiyla, NLPCA’da kullanilan diger
temel bilegsen degiskenlerine gére PC4 degiskenine ait
varyans aciklama oranimin dasik olmasi, bu

degigskenin diger degiskenler ile olan iligkisini de
etkilemektedir. Zira PC4 degiskeni, diger degiskenler
ile dustk iligkili bulunmustur.

Cizelge 4. Optimal ¢lgekleme sonras: degigkenler arasindaki korelasyonlar
Table 4. Correlations the among variables after optimal scaling

(Viriots) _ niiation)  (Storage mg). el Pe2 Pes Ped
Cesit 1.000
Uygulama 0.000 1.000
Depolama Siiresi 0.000 0.000 1.000
PC1 0.085 -0.052 0.858 1.000
PC2 0.546 0.148 0.220 0.192 1.000
PC3 -0.736 0.060 0.221 0.036 -0.132 1.000
PC4 -0.260 -0.104 -0.097 -0.155 -0.066 0.032 1.000
Boyut (Dimension) 1 2 3 4 5 6 7
Ozdeger (Eigenvalue) 2.121 1.911 1.112 0.941 0.676 0.148 0.091

Cizelge 4'te NLPCA ile analiz edilen degigkenler
arasindaki korelasyonlar verilmigtir. Cizelge 4’'te en
yiksek korelasyonun 0.858 degeri ile PC1 ve depolama
stiresi degiskenleri arasinda oldugu gorilmektedir.
Ayrica c¢esit ile PC3 (-0.736) ve PC2 (0.546)
degigkenleri arasindaki korelasyonun da yiiksek
oldugu gorulmektedir. Ancak c¢esit, uygulama ve
depolama siiresi degiskenleri arasinda herhangi bir
korelasyon belirlenmemistir. En ytiksek ti¢ korelasyon
degeri g6z 6niine alindiginda, depolama stiresi ile PC1
ve gesit ile PC2 degiskenleri arasindaki korelasyonlar
pozitifken, c¢esit ile PC3 arasindaki korelasyon
negatiftir.

Ozdegerler, varyans aciklama oraninin degisken sayisi
ile carpimina (A = VAF * m) esittir (Meulman ve ark.,
2004). Buna gére birinci boyut icin 6zdeger
(%30.303*7) 2.121, ikinci boyut icin (%27.298*7) 1.911
ve her iki boyutun toplami icin de 4.032 olarak
bulunmustur.

Sekil 2’de iki boyutlu uzayda degiskenlere ait bilesen
yikleri konumlarinin yani sira vektor koordinatlari,
bilesen yiik koordinatlar1 ve ilk iki boyuta ait varyans
aciklama oranlari verilmigtir.

Sekil 2 incelendiginde, birinci boyuta gére cesit (0.764),
PC2 (0.677), PC1 (0.639), depolama siiresi (0.564) ve
uygulama  (0.070) degiskenleri pozitif  yiikli
degiskenleri, PC3 (-0.457) ve PC4 de (-0.373) negatif
yiklii degigkenleri olugturmaktadir. Ikinci boyuta
gére depolama siiresi (0.772), PC3 (0.708), PC1 (0.672)
ve PC4 (0.009) pozitif yiiklii degiskenleri, cesit (-0.588),
PC2 (-0.129) ve uygulama (-0.014) negatif yiikli
degigkenleri olusturmaktadir. Ayrica, PC1l ve
depolama siiresi arasinda yiksek pozitif iligki
goriliirken, bu iki degiskenin diger degiskenler ile yok
denecek kadar dustiik iligkili oldugu soéylenebilir.
Bunun yanm sira gesit, PC2 ve PC3 arasinda da bir
iligkinin oldugu gorulmektedir. Cesit ile PC3
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arasindaki iligki, gesit ile PC2 arasindaki iligkiden
daha gugludir. Ancak, cesit ile PC3 arasinda negatif
iligki mevcutken, ¢esit ile PC2 arasinda da pozitif iligki
mevcuttur. Kismen de olsa PC4 ile cesit arasinda bir
iligki gorilmesine ragmen, genel olarak PC4 ile
uygulama  degigkenlerinin  diger degiskenlerle
iligkisinin ¢ok diigiik oldugu gérilmektedir.

Birineci boyut tarafindan toplam varyansin %30.303'4,
ikinci boyut tarafindan ise toplam varyansin %27.2981
aciklanmigtir. Boylece her iki boyut tarafindan toplam
varyansin %57.601’1 agitklanmigtir.

Boylece analize dahil edilen yirmi degiskenden;
depolama siiresinin artmasi ile agirlik kaybi, a, COsg,
Nz, SOD, APX ve MDA’nin artabilecegi, b, ¢ ve O2nin
ise azalabilecegi sOylenebilir. Ayrica geriye kalan 9
degiskenin depolama siiresinden c¢ok az etkilendigi
soylenebilir. Diger yandan; agirlik kaybi, L, a, b, c,
Hue, toplam fenolik, toplam antioksidan, solunum,
etilen ve MDA degerlerinin de geside gore degistigi
ifade edilebilir.

Oryjine yakin olmasi nedeniyle, 6zellikle uygulama
degigskenine ait etkinin ¢ok digiik oldugu ve diger
degigkenlerle iligkili olmadig1 gézlemlenmigtir. Buna
ek olarak, NLPCA’de kullanilan diger temel bilesen
degigkenlerine gére PC4 degiskenine ait varyans
aciklama oraninin diisiik olmasi, bu degiskenin diger
degiskenler ile olan iligkisinin de diigsiik olmasi ile
iligkilendirilebilir.

Bircok ¢alismada genellikle ¢ok degiskenli veri setleri
ile ¢alisilmakta ve mimkiin olduke¢a ¢ok az bilgi kayb1
ile boyut indirgeme yapilmaktadir. Genel olarak, bu
tir degiskenleri minimize etmede PCAnin uygun bir
yéntem oldugu ifade edilmektedir (Jolliffe, 1986).
Ancak bu analiz yonteminin uygulanabilmesi igin
degigskenler arasindaki iligkinin  dogrusal ve
degiskenlerin nimerik 6lgekte olmasi gibi iki 6nemli
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Vektor Koordinatlar: Bilesen Yiikleri
Depo_Suresi (Vector Coordinates) (Component Loadings)
0,75 Fe .. Boyutlar Toplam Boyutlar
Deg1§kenler (Dimensions)  (Tota)  (Dimensions)
(Variables) —_— _—_—
1 2 1 2
950 Cesit (Variety) 0.584 0.346  0.930  0.764 -0.588
?yg‘ﬂ?‘m".‘ 0.005 0.000 0.005 0.070 -0.014
Application)
3 025 Depolama
o stiresi 0.318 0.596 0.914 0.564 0.772
e (Storage time)
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Figure 2. Component loads of variables in two-dimensional space

varsayimin saglanmasi gerekmektedir (Jolliffe, 1986).
Bircok calismada bu varsayimlar saglanamamaktadar.
Bu durumda, PCA yonteminin etkinliginde azalma
olabileceginden, alternatif bir yéntem olarak, PCA ile
ayn1 amaci tasiyan ve PCA’'nin dogrusal olmayan bir
uzantisi olan NLPCA o6nerilebilir. NLPCA'nin temelini
olusturan optimal élgekleme yaklagimi, degiskenlerin
farkl diizeylerde 6l¢eklendirilmesine 1zin
vermektedir. Bu sayede kategorik degiskenler,
istenilen boyutta en uygun sekilde ¢lgceklenmekte ve
boylece, degiskenler arasindaki dogrusal iligkilerin
yami  sira  dogrusal olmayan iligkiler de
modellenebilmektedir (Meulman ve Heiser, 2011; Mori
ve ark., 2016). Boylece, NLPCA dogrusal olmayan
iligki yapilarinda bu iligkileri de yakalayabildiginden
daha iyi sonuclar vermektedir (Kramer, 1991). Ayrica
normallik ve dogrusallik gibi varsayimlara gerek

duymamasi, PCA'min aksine nominal ve ordinal
Olcekteki degiskenlerle yapilan analizlerde iyi
sonuglar vermesi, nlmerik olmayan verilerin

analizinde yontemin daha az kisitlayici ve dolayisiyla
daha yuksek varyans agiklama oranina sahip olmasi
NLPCA'nin avantajlaridir. Bunlarin aksine, stirekli
degiskenlerin kategorize edilerek analiz edilmesi,
boylece belli bir miktarda bilgi kaybina yol agmasi ve
herhangi bir istatistik 6nemlilik testinin olmamasi bu
yontemin dezavantajlari olarak goriilebilir.

NLPCA, PCA ile ayn1 problemlere uygulanabilecegi
gibi birlikte de kullanilabilir. Nitekim bu c¢alismada
ziraat alaninda kalite 6zelliklerinden olan 17 degigken
alinarak, PCA ile boyut indirgeme yapilmis ve
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yaklasik %74 aciklanabilen varyans oram ile 17
degisken 4 temel bilegene (degiskene)
indirgenebilmistir. Daha sonra, 4 temel bilesenin;
uygulama, depolama siiresi ve gesit ile iliskisi NLPCA
ile incelenmigtir. NLPCA sonucunda da % 54
aciklanabilen varyans orani ile 7 degisken 2 boyuta
indirgenmigtir. Boylece, kategorik ve surekli
degiskenlerden olusan toplam 20 degisken arasindaki
dogrusal ve/veya dogrusal olmayan iligkiler, iki
boyutlu uzaya indirgenerek, kolay anlagilabilir ve
yorumlanabilir bir sekilde gorsel olarak sunulmustur.

SONUGC

Sonug olarak, farkli birgok bilim dalinda dogrusal ve
dogrusal olmayan iligkileri iceren ve farkli degisken
turlerinden olugsan ¢ok degiskenli veri setleri
bulunmaktadir. Bu veri setlerinde yer alan
degigkenler arasindaki dogrusal ve dogrusal olmayan
iligkilerin  incelenerek, bu iligkilerin  kolay
yorumlanabilir ve basit anlagilabilir sekilde iki
boyutlu uzayda sunulabilmesi agisindan; dogrusal
olmayan bir boyut indirgeme yontemi olan NLPCA’nin
tek bagina vel/veya diger ¢ok degiskenli analiz
yontemleri ile birlikte kullanilabilecegi 6nerilebilir.
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ABSTRACT

The aim of the current experiment was to evaluate the possibility of
the use of gyttja as an alternative litter material to wood shavings in
broiler production. In the current experiment 3150 chicks were used
in two experimental groups consisting of 1575 chicks with three
repetitions (3x525 chicks). The experiment last for 39 days. During
the experiment chicks in two experimental groups with same diets.
There were no significant differences between experimental groups in
terms of live weight, feed consumption, feed conversion ratio and
mortality. However, foot pad dermatitis (FPD) was found to be higher
in the gyttja litter group and the difference between the groups was
significant (P=0.011). In conclusion, gyttja could be used instead of
wood shavings as litter in broiler houses without compromising the
growth parameters. However, it should be known that there will be
more FPD when using gyttja as litter in broiler production compared
to using wood shavings.
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Etlik Pili¢ Kiimeslerinde Gidya Materyalinin Altlik Olarak Kullanimi

OZET

Bu ¢alismada etlik pili¢ kiimeslerinde, gidya materyalinin agac talas:
yerine, alternatif bir altlik olarak kullanabilme
arastirnlmigtir. Deneme grubunda gidya materyali althk olarak
kullanilirken control grubunda althk olarak agag
kullanmilmigtir. Mevcut denemede, ii¢ tekrarl (3x525 civeiv) 1575
civcivden olusan 1ki muamele grubunda toplam 3150 civciv
kullanilmis ve deneme 39 gin strdurilmustiur. Denemede her iki
grup civcivlere ayni yemler verilmistir. Deneme gruplar:1 arasinda
canli agirlik, yem tiketimi, yem doniisim orani ve 6lim orani
acisindan 6nemli bir fark bulunmamistir. Ancak, kontrol grubuna
gore gidya altllk grubunda daha fazla FPD (foot pad dermatitis)
geligtigl gorilmus ve gruplar arasindaki fark énemli bulunmustur
(P=0,011). Sonug olarak gidya materyali, biiyiime parametrelerinden
6din vermeden broyler kiimeslerinde odun talas: yerine altlik olarak
kullanilabilecegi goérulmisg, ancak althk olarak gidya kullanilan
grupta, aga¢ talagi kullanilan kontrol grubuna gore pili¢lerin ayak
tabanlarinda yangilarin (FPD) daha fazla olabilecegi gozden
kagirilmamalidir.
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INTRODUCTION hazelnut husk (Sarica and Cam, 2000), dried rose

The use of litter is inevitable in the floor-based raising
system which is the most commonly used system in the
world for the broiler raising. The need for litter
material increases due to the increase in broiler
raising. Recently investigations have been carried out
to find out alternative litters such as tree leaves
(Chakma et al., 2012; Sharma et al., 2015), rice husk,
sugar cane bagasse, wheat straw (Monira et al., 2003),

(Aktan and Sagdic, 2004), reversible trimmed paper
products (Hector et al., 2006), factory wastes of tea
plant (Atapattu and Wickramasinghe, 2007), paper
industry waste (Ozlu et al., 2017), sand, zeolite,
vermiculite, sepiolite, pumice stone as litter material
(Bilgili et al., 1999; Eleroglu and Yalcin, 2004; Hafeez
et al., 2009; Atencio et al., 2010; Miles et al., 2011;
Bintas et al., 2014; Duman and Sekeroglu, 2016).
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Nevertheless, wood shavings are generally accepted to
be the most preferred litter material. Recently the
price of wood shaving has been increased due to high
use of fuel in heating during the winter (Sekeroglu et
al., 2013; Ritz et al., 2016).

The use of litter accounts for 2-3% of the total cost in
broiler production (Sekeroglu et al., 2013). Therefore
the litter material should be cost-effective, easy to
obtain, dust-free, mildew-free and free from solid
bodies. At the same time, it should be environmentally
friendly, non-toxic to human and animal health,
comfortable bed for animals, high water holding
capacity and can be used for other purposes (fertilizer,
fuel, etc.) after it's as litter use (Munir et al., 2019). The
litter materials should also be promptly managed in
order to control its moisture, ammonia and prevent the
disease factors and dust production (Sorbara et al.,
2000; Toghyani et al., 2010). Litter material affects
broiler’s behavior, physiological features (Munir et al.,
2019), some welfare parameters and immunity
systems along with their performances (Shao et al.,
2015). Depending on the type of litter material that is
used, lessions appear in breast, feet joints, foot pad and
toes, by that, development and carcass characteristics
are adversely affected. This situation, sometimes
results with decrease in meat quality as well as
economic loss (Bilgili et al., 1999; Meluzzi et al., 2008).
High levels of litter moisture cause FDP (Takase et al.,
2011).

Also one of the major problems regard to large broiler
production stems from the accumulation of litter
material that i1s mixed with the animal feces. This type
of waste’s use as a source of organic matter in plant
production is deemed to be a practical method (Singh
et al., 2010). However, its large extent accumulation
harms environment and causes environmental
pollution (Sharpley et al., 2007; Bolan et al., 2010).
Broiler houses’ waste texture varies depending on
several factors, and it consists average of 62% feces,
31% broiler house litter material, 3% shed feed, 2%
feather and 2% other waste. (Adiyaman, 2009).

Gyttja is a waste material with organic contents that
is found on the upper lignite layer, and it has semi-
formed lignite features. But, its low energy levels do
not allow for it to be used as a fuel resource
(Demirkiran and Cengiz, 2011). Thus, after being dug
from the lignite’s upper layer it is used as a filling
material for where it’s dug from. (Saltali and Yildirim,
2016). It features an organomineral structure formed
by the mixture of organic and mineral substances lay
on the beds of Lake Floor, with its color ranging from
light grey to brownish black and containing fossilised
lake creatures. Gyttja has characteristics as such as
containing nutrient elements beneficial for plants and
humic acid and having a high organic matter rate. It
can also be used as soil conditioner since it 1is
compatible with the regulations on organic fertilizer

(Gulser et al., 2014). The reserves of gyttja which can
be used for agricultural purposes is approximately 1.8
billion tons in Afsin-Elbistan coal basin and it is
reported that this figure is 4.8 billion tons with areas
to be opened for new production (Kadioglu et al., 2015).
Yakupoglu et al. (2013) reported the gyttja features as
follows; C / N ratio; 12.6, EC (dSm™) 0.77, CaCOs;
specific gravity of 39.1%; 2.25 g/em?®, water holding
capacity; 206%, total N; 1.76%, P; 19.4 mg kg1, K; 183
mg kg1, Ca; 122628 mg kg1, Mg; 2348 mg kg Na;
183.8 mg kg'! Fe; 53.4 mg kg 1 Cu; 6.62 mg kg1, Zn;
5.86 mg kgl and Mn; 28.7 mg kg1

In this study, it was aimed to determine whether it is
possible to use gyttja which is cost effective and
abundant, as an alternative litter material in broiler
production.

MATRIALS AND METHODS

This study was carried out in University of
Kahramanmaras Sutcu Imam, Animal Production,
Application and Research Center; by the license
numbered 2017/03-01 issued by the KSU Agricultural
Faculty’s Local Board of Animal Experiments. In the
current experiment two identical poultry houses with
a same ventilation rate and lighting program were
used to prevent the treatment contamination such as
moisture odor and ammonia etc. The diameters of each
house feature 7 m of width, 19 m of length and 3 m of
height, in an enclosed setting with full environment
control. The trial was carried out in three replications
in each of the pine wood shaving and gyttja groups. The
gyttja used as the litter material in the experimental
house was supplied from lignite deposit of Thermal
Power Plant in Afsin-Elbistan. The gyttja material
used in the study was directly obtained from the mine
having diameter spectrum in respect of its particles
ranging from powder-size to orange-watermelon sizes,
and featuring a near-black color. Large pieces were
shrunken by crushing, and the pieces ranging in sizes
from chickpea-bean to powder were laid on the
experimental house floor by a spread of 6 kg/m2. Along
with that, in control house, pine wood shavings were
used as a litter material by a spread of 3 kg/m2. Each
repetition is divided into 3 sections (44.27 m?) with a
2.3 m wide, 19 m long and 60 cm high wire fence which
prevents chicks from passing. As animal material, day-
old Ross 308 produced from 54 weeks old parent stocks
were used. The study was conducted with 3150 chicks
placed to the control house and experimental groups,
each house hosting three replications, as each
replication consisted of 525 number of one day old
chicks (11.86 chicks/m?) belonged to mixed sex groups.
The houses were heated with infra-red electric heaters.
In each house, 3 thermostat controlled heaters were
used, and the temperature values were kept similar
during the experiment. The composition of diets used
in the experiment are given in Table 1.
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Table 1. The composition of diets used in the experiment

Nutrient Contents Starter 1 Grower 1 Grower 2 Finisher
Feed form Granular Granular Pellets Pellets
Days 0-10 11-21 22-31 32-39
Dry matter (%) 88 88 88 88
Crude protein% 24 23 21 19
Crude cellulose % 6.0 6.0 6.0 6.0
Crude ash % 8.0 8.0 8.0 8.0
Insoluble ash in HC1 % 1.0 1.0 1.0 1.0
Calcium% 1.0-1.5 1.0-1.5 0.9-1.5 0.8-1.2
Phosphorus % 0.70 0.70 0.65 0.60
Sodium % 0.15-0.30 0.15-0.30 0.15-0.30 0.15-0.30
NaCl (Salt) % 0.35 0.35 0.35 0.35
Lysine % 1.30 1.20 1.10 0.90
Methionine % 0.60 0.50 0.50 0.35
Cystine % 0.32 0.40 0.30 0.30
Metabolic Energy (Kcal kg'1) 3200 3200 3200 3200

The experiment last for 39 days. At the end of the
experiment, broilers in the experimental groups were
individually weighed. Broilers in both groups were
given no feed during 12 hours prior to body weight
measuring.

Foot pad dermatitis (FPD) was evaluated at the end of
the trial (39 days) from the both foot of each chicken.
In case where FPD did not develop equally in both feet,
the most affected foot was considered. FPD scores were
recorded as follows: 0 no lesions;1: small point lesions,

2: lesions covering more than 25% of the foot; 3: lesions
covering more than 50% of the foot; 4: lesions covering
the entire sole of the foot (Figure 1; Hocking et al.,
2008; Sarica et al., 2014). FPD score value of each
repetition is calculated by the following formula
(Kyvsgaard et al., 2013). Repetition score = Ox(num. of
foot with the score 0)+1x(num. of foot with the score
1+2x(num. of foot with the score 2)+3x(num. of foot
with the score 3)+4x(num. of foot with the score 4). The
result found was divided by the number of broilers to
obtain a coefficient.

Score 0 Score 1

Litter’s moisture measurement was carried out at the
end of the experiment by taking 10 samples from
different areas from the each house. The samples were
weighed separately and placed in the oven, dried at
105 °C for 12 hours; then the average values were
obtained by weighing the samples again and
determining their moisture contents.

Score 2
Figure 1. Foot pad dermatitis scores

Score 4

Score 3

Statistical analysis were made by using t-test SPSS
V22.0 statistical package program (SPSS, 2013).

RESULTS AND DISCUSSION

The 1initial chick weight, live weights, feed
consumption, FCR mortality and FPD scores in this
study are given in Table 2.

Table 2. The effect of litter type on the live weight, feed consumption, feed conversion ratio mortality and foot pad

dermatitis (n=3%)

Parameters Wood shavings litter Gyttja litter P-value
Initial chick weight (g) 48.20+0.208 48.20+ 0.173 1.00
Live weight (g) 2519.70+15.407 2513.33+9.514 0.74
Feed consumption (g) 4114.00+11.846 4128.33+3.844 0.31
Feed conversion ratio 1.633+0.010 1.643+0.005 0.44
Mortality (%) 2.99+0.127 2.86+0.290 0.72
FPD Scores 0.99+0.098" 1.44+0.022* 0.011

Values are given as means + SE, in the same row. * Each repetition is the average of 525 chicks
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There were no significant differences between
experimental groups in terms of live weight, feed
consumption, feed conversion ratio and mortality. It is
interesting that some researchers also found no
significant differences between the treatment groups
(Aktan and Sagdic, 2004; E1-Wahab et al., 2013; Bintas
et al., 2014; Sharma et al., 2015; Yamak et al., 2016;
Lima et al., 2018). However other researchers found
significant differences between the treatment groups
(Atencio et al., 2010; El-Deek et al., 2011; Chakma et
al., 2012; Ritz et al., 2016).

Compared to the control group using wood shavings as
litter, in the gyttja group FPD score was found
significant (P<0.05). Contrary to this study,

Benabdeljelil & Ayachi, (1996) observed no significant
differences in FPD scores in all groups using six types
of different litter materials. But in some studies it was
reported that the use of litter material (Yamak et al.,
2016; Zikic et al., 2017) and the moisture content of the
litter materials (Ekstrand et al., 1997; Takase et al.,
2011) have an effect on the FPD. It is also reported that
there is a significant difference in terms of FPD scores
when the litter was used for the second time (Yamak
et al., 2016).

At the beginning of the experiment, the litter moisture
content of experimental groups were 11.55% and
18.07%. At the end of the experiment these values was
67.0% and 56.50% respectively (Table 3).

Table 3. Moisture content of the litter materials used in the trial at the beginning and end of the study

Used litters in experiment

Initial moisture (%)

Post-experiment moisture (%)

Wood shavings litter 11.55 67.00
Gyttja litter 18.07 56.50
At the end of the 39-day trial, when the water holding CONCLUSION

capacity was examined among the materials used as
litter, the wood shavings were observed to hold more
water than the gyttja. However, at the end of the trial,
the gyttja litter also suffered from FPD formation even
though it had less moisture content. This is because
the gyttja litter material contains chickpea-bean sized
particles that are thought to physically trigger the
formation of FPD on the footpad of the broilers.

This result is in agreement with findings of other
studies in which wood shavings used as litter in control
group was determined to have a similar initial
moisture content (Sarica and Cam, 2000; Ipek et al.,
2002; Eleroglu and Yalcin, 2004; Atapattu and
Wickramasinghe, 2007; Hafeez et al., 2009; El-Deek et
al., 2011; Bintas et al., 2014).

The wood shavings and rice hulls litter mixed with
poultry house is not recommended as a fertilizer for
plant production due to slow degradation of wood
shavings and rice hulls in soil. It is very interesting to
notice that the wood shavings and gyttja litters mixed
with broiler feces obtained from experimental groups
were used as a fertilizer in vetch and triticale
production in another experiment carried by Iric
(2019) who suggested that fertilization with gyttja
litter mixed with broiler feces improved the triticale
hay yield and quality. The N and organic matter
content of gyttja litter is likely increased when it is
mixed with broiler feces, thereby resulting in improved
in the hay yield and quality as in the experiment
carried by Iric (2019). Gyttja mixed with broiler feces
not only can be utilized as a soil conditioner but also
fertilizer for plant production when the results
obtained in the current experiment and that by Iric
(2019) were taken into consideration.

There are no significant differences between treatment
groups in terms of liveweigth, feed consumption, feed
conversion ratio and mortality In conclusion, gyttja
could be used instead of wood shavings as litter in
broiler houses without compromising the growth
parameters. However, it should be known that there
will be more FPD when using gyttja as litter in broiler
production compared to using wood shavings. New
studies can be done by changing the gyttja material to
smaller particle form, to eliminate the FPD problem.
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OZET Aragtirma Makalesi
Mastitis, tiretim kaybi, meme hasari ve buna baglh tedavi maliyetleri

acisindan sit endiistrisi i¢in biyik bir maliyettir. Somatik hiicre Makale Tarihgesi

sayist (SHS), mastitin bir gostergesi olarak yaygin olarak Gelig Tarithi  : 04.06.2020
kullanilmaktadir. Bu ¢calismada inek siitlerinde siit amiloid A (SAA), Kabul Tarihi :18.07.2020

elektriksel iletkenlik (EI) ve pH gibi biyokimyasal gostergelerin SHS

ile kargilastirilmasi amaglanmistir. Afyon ili inek sttt treticilerinden
toplamda 50 adet inek sttt toplanmistir. Toplanan sutler SHS na gore
200 bin hiicre mL? altinda olan Grup I (GI) ve 200-400 bin hiicre mL-
1 garasinda olan Grup II (GII) ve 400 bin hiicre mL! {istiinde olanlar
ise Grup III (GIII) olmak iizere 3 gruba ayrilmistir. Toplanan siitlerin
SHS gruplarina géore SAA degerlerinin istatistiksel olarak anlaml
farklihk gosterdigi ve SHS degerleri arttikca SAA medyan
degerlerinin de arttifi gozlenmistir (p<0.05). Buna karsin SHS
gruplarina gore pH ve EI degerlerinin istatistiksel olarak anlaml
farklihik gostermedigi tespit edilmigtir. Sonug¢ olarak SAA test
verilerinin EI ve pH él¢timlerine gore SHS ile iligkisinin daha yiiksek
oldugu tespit edilmistir. Cig inek siutinde SAA'min belirlenmesiyle
saglikli ve mastitisli stitin karismasinin 6nune gecilebilecegi ve
yararh bir tan1 géstergesi olabilecegi diistintilmektedir. Ayn1 zamanda
SAA 6lgimunin kalite indikatori olarak kullanilmas: da st kalitesi
i¢in 6nemlidir.

ABSTRACT

Mastitis is a great cost for the dairy industry in terms of production
loss, breast damage and associated treatment costs. Somatic cell count
(SCQ) is widely used as an indicator of mastitis. In this study, it was
aimed to compare biochemical indicators such as milk amyloid A
(MAA), electrical conductivity (EC) and pH with SCC. A total of 50
cow milk was collected from cow milk producers in Afyon province.
The collected milk is Group I (GI) below 200 thousand cells ml!
according to SCC and Group II (GII) between 200-400 thousand cells
mL! and those above 400 thousand cells mL? are Group III (GIID). is
divided into groups. It was observed that the MAA values of the milk
collected showed a significant difference compared to the SCC groups
and the median values of MAA increased as the SCC values increased
(p <0.05). However, it was found that pH and EC values did not show
statistically significant difference according to SCC groups. As a
result, it was determined that MAA test data sustained a higher
relationship with SCC than EC and pH measurements. It is thought
that the mixing of healthy milk with mastitis could be prevented by
determining MAA in raw cow milk and might be a useful diagnostic
indicator. Also, it can be considered that using MAA measurement as
a quality indicator is important for milk quality.
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GIRIS kadar) daha once arttign bildirilmistir (Jacopsen ve

Mastitis, siit sigirciliginda en sik goriilen, siit verimini
ve siit kalitesini olumsuz etkiledigi i¢in ekonomik
kayba neden olan 6nemli bir meme hastaligidir. Klinik
mastitisin  varliginin  degerlendirilmesi  oldukca
kolaydir, oysa subklinik formun teghisi daha zor
olabilir ve laboratuvar tahlilleri gerektirir. Cig siitte
kalitenin degerlendirilmesinde yararlanilabilecek en
onemli 6lciitlerin baginda somatik hiicre sayis1 (SHS)
gelmektedir (Harmon, 2001; Yavuz ve Kaygisiz 2015).
Somatik hiicreler kanda stirekli dolagir, memede hasar
veya enfeksiyon olustugunda viicut enfekte veya yaral
bolgeye lokositleri yiuksek oranda gonderir. Lokosit
sayilar1 patojen mikroorganizma saldirisinda cevap
olarak belirgin bir sekilde artar ve akut mastitis
durumlarinda her mL basina milyon sayida
konsantrasyona ulagabilir. Bu ylzden yiiksek SHS
mastitis belirtisi olabilir (Anitas ve ark. 2017).
Subklinik mastitisin tespitinde SHS'nin belirlenmesi
en etkili ve ¢abuk yontem olarak kabul edilmektedir.
Avrupa Birligi (AB) siit hijyeni yénetmeligine gére ¢ig
sitin insan gidas1 olarak kullanimi i¢in 400 bin
somatik hiicre mL! ve/veya 100 bin bakteri mLden
yiiksek olmamas1 gerektigi belirtilmistir (Anonim,
1992; Berglund ve ark., 2004). Tiirk Gida Kodeksi Cig
ve Isil Islem Gérmiis Igme Siitleri Tebliginde ise ¢ig
inek siitlerinde SHSnin < 500 bin hiicre mL?! olmasi
gerektigi bildirilmistir (Anonim, 2018). Normal bir
sitte SHS genellikle mL’de 200 bin hiicrenin
altindadir (Caraviello, 2004). SHS’ nin mI’de 250-300
bin hicrenin tUzerinde olmasi genellikle mastitis
gostergesi olabilir (Rice ve Bodman, 1997; Kirk, 2005;
Dogan ve ark. 2020). Kaygisiz ve Karnak (2012)
stirtilerde ortalama SHS diizeyinin yasal tst simirin
altinda olmasina ragmen bireysel SHS degerlerine
gore suriidde SHS>200 bin hiicre mL! olan ineklerde
meme ici enfeksiyonun 6nemli diizeyde arttigini tespit
etmiglerdir.

Akut faz proteinleri enfeksiyon ve stres sirasinda
viicutta salgilanan bir grup proteindir. Stt amiloid A
(SAA) ise temel akut faz proteinlerinden biri olup
enfeksiyon sirasinda siite gecmektedir (Whelehan ve
ark., 2011; Ceciliani ve ark., 2012). Escherichia coliile
olugturulan arastirilmalarda mastitislerde Serum
Amiyloid A ve SAA seviyeleri oldukg¢a yiiksek
bulunmug ve mastitis olgularinda SAA diizeyinin
glvenilir bir parametre oldugu belirtilmistir. Deneysel
mastitis vakalarinda SAA saghkh slitte
belirlenememistir. Mastitisli stitte ise SAA miktarinin
(etkenin verilmesinden 12 saat sonraya kadar), kan
serumundaki miktarindan (12 ile 24 saat sonrasina
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ark., 2003). SAA'nin hem subklinik mastitis (Eckersall
ve ark, 2006; Gerardi ve ark., 2009) hem de klinik
mastitis igin guvenilir bir belirte¢ oldugu
kanmitlanmistir (Molenaar ve ark., 2009; Kovac ve ark.,
2011; Pyérila ve ark., 2011).

Mastitisin teghisinde kullanilan diger yoéntem de
elektriksel iletkenliktir. Stitteki elektriksel iletkenlik,
stitiin yapisinda bulunan kalsiyum, sodyum, laktoz
gibi elektrolitlerin yapisina bagh olarak degisiklik
gostermektedir (Timurkan, 2014). Normal bir siitiin el
cihazlar ile 6l¢ilen elektriksel iletkenlik 25 °C ’de 4-
5.5 mS cm?l araligindadir. EI 6lciimiiniin esasim
mastitisli  sttlerdeki iyon konsantrasyonundaki
degisimleri belirlemektedir. Mastitisten kaynakl
meme dokusundaki tahribata bagh olarak stutte laktoz
ve K* konsantrasyonu azalmakta, Na* ve Cl iyonu
konsantrasyonlarinda ise artis olmaktadir. Bu ise
siitiin elektriksel iletkenligini artirmaktadir (Wong,
1988).

Sut pH degerinin nétr'e yakin olmasi asitligin makul
diizeyde oldugunun belirtisidir ve taze siitler zaman
gectikce bakteriyel bozulmaya maruz kalarak 6.6-6.8
olmas1 gereken normal pH degeri dismeye baglar
(Diler ve Baran, 2014). Siitiin pH diisiisii/artis1 veya
yiksek sicakliklar proteinlerin pihtilagmasina sebep
olur (Homan ve Wattiaux, 2009). Siitte pH degerinin
artmasinin baglica sebepleri ise nétralize edici madde
ilavesi, mastitis, sap vb. hastaliklara bagh siltin
yapisinda meydana gelen degisimlerdir (Metin, 2003).

Bu c¢alisma Afyonkarahisar ilinde Holstein ve
Simental 1rki ineklerden elde edilen siitlerde SHS nin
SAA, EI ve pH ile iligkisinin ortaya konulmasi
amaclanmaktadir.

MATERYAL ve METOT

Afyon ilinde farkh kigilere ait beg farkl 6zel ¢iftlikten
toplamda 50 adet inek sutu toplanmistir. Holstein ve
Simental 1rki inekler farkli laktasyon dénemlerinde
olup yaslar1 3-10 arasinda ve benzer bakim ve
beslenmeye tabi tutulan hayvanlardan sec¢ilmigtir. Siit
ornekleri her inekten meme lobu bazinda sabah sagimi
sonras1 alinmis ve toplanmadan once meme baslar
yikanip kagit havlu ile kurutulmugtur. Meme baslari
%95’lik alkollii pamuk ile iyice dezenfekte edilmistir.
Ornek kaplarina siit alinmadan 6nce 6n siitler atilmig
ve sut oOrnekleri, steril plastik tlpler ic¢inde
toplanmisgtir.
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Somatik Hiicre Sayimi

Metilen mavisi, %951ik etil alkol, asetonitril, glasiyel
asetik asit karisimi hazirlanmis ve Uluslararasi
Sutgilik Federasyonunun metoduna gore sayim
yapilmigtir (Anonim, 1981; Ozeng ve ark., 2008).

Elektriksel Iletkenlik Ol¢iimii ve pH Analizi

Konduktometreler, elektrotlar vasitasiyla igerisine
daldirilan sivinin igerdigi anyon ve Kkatyonlarin
elektrigi iletme kabiliyetlerinden faydalanilarak
iletkenlik derecesinin 6lglilmesi prensibine gore
caligir. Ol¢iim oncesi cihazin kalibre edilmesi icin
hazirlanan potasyum kloriir ¢ézeltilerinin elektriksel
iletkenlikleri ¢lgiiliir. Sonra cihazin probu ve
termometresi numuneye daldirilir, bir-iki tur ¢evrilir
ve cihazin gosterdigi deger sabitlestikten sonra okuma
yapilir. Iletkenlik 6lgiimleri icin c¢ig siitler falkon
tuplere alinarak hiicre sabiti k= 0,341 1/cm kabul
edilen WTW marka (Cond 330i/SET) portatif bir
kondiiktometre ile 6l¢iilerek sonuglar mS ¢cm olarak
verilmistir (Géncii ve Yesil, 2018). pH degeri, oda
sicakhiginda portatif bir pH metre (InolaLWTW series
pH 720) ile belirlenmistir. Cihaz probu siitle dolu
ornek tipline daldirilarak ve ekranda stabilite
gostergesi goriindiigiinde kayit yapilmistir (Géncii ve
Yesil, 2018).

Siit Amiloid A Analizi
Stit orneklerinde SAA konsantrasyonlari ticari kit
(Tridelta Development, Maynooth, Ireland)

kullanarak belirlenmigtir. SAA kiti bir solid faz ELISA
kitidir. SAA i¢in spesifik monoklonal antikorlar
kuyucuklara kaplanmistir. Stt 6rnekleri ve bilinen
miktarda SAA igeren standartlar kuyucuklara eklenir.
Kuyucuktaki SAA, playtte kapli immobilize antikor
tarafindan yakalanir. Bir adimlik bir prosediir ile
konjugat antikor ile isaretlenir. Baglanmamig
materyalin uzaklastirilmasi i¢in yikama iglemi yapilir
ve Streptavidin- Horse Radish Peroxidaz (Streptavidin
HRP) konjugati eklenir ve inkiibe edilir. Ikinci
inkiibasyonu takiben TMB substrat eklenir. Olugan
rengin yogunlugu, orijinal numunede bulunan SAA
konsantrasyonu 1ile orantilidir. Optik yogunluklar
otomatik pleyt okuyucuda (Model ELx 800; Bio-tek Inc,
Winooski VT, USA) 450 nm'de okunmustur. SAA
konsantrasyonlar:, tretici tarafindan saglanan
referanslar  kullanilarak standart bir egriye
dayanilarak hesaplanmigtir. Sut Ornekleri 1:50
oraninda seyreltilerek iki kez Ol¢im yapilmigtir.
Orneklerin konsantrasyonlar:, uygun diliisyon faktérii
ile carpilarak ug mL! olarak belirlenmigtir. Siit
numuneleri i¢gin ¢aligma araligi 0.438 - 7.5 ug mL! ve
testin duyarhhg: 0.10 ug mL! dir

Istatistiksel Analiz
Toplanan inek siitlerinde SHS diizeyi 200 bin hicre
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mL 1 altinda olan Grup I (GI) ve 200-400 bin hiicre mL-
larasinda olanlar Grup II (GII) ve 400 bin hiicre mIL!
iistiinde olanlar ise Grup III (GIID) olmak iizere 3
gruba ayrilmigtir. Calismadan elde edilen SAA, pH,
EI, SHS degerlerinin Shapiro Wilk testi sonucunda
normal dagilim géstermedigi tespit edilmistir (p<0.05).
SAA, pH ve iletkenlik degerlerinin SHS degiskenine
gore olusturulan gruplara iligkin istatistiksel olarak
farklihiginin  degerlendirilmesinde  Kruskal-Wallis
analizinden yararlamilmistir. Kruskal-Wallis analizi
sonucunda gruplar arasindaki farkliligi belirlemek
amaciyla yapilan post hoc testlerinden Dunn testi
kullanilmigtir. Ayrica degiskenlerin  birbiri ile
iligkisinin analizi Spearman korelasyon analizi ile
gerceklestirilmigtir. Istatistiksel analizler icin SPSS
22.0 paket programi kullanilarak p<0.05 anlamlilik
seviyesi secilmigtir.

BULGULAR ve TARTISMA

Bu arastirmada, stit 6rneklerinde SHS, SAA diizeyleri,
EI ve pH degerleri 6l¢tilmustiir. Saghkh stitte SAA 0.6
mg L1 diizeyinde seyreder (Kumar ve ark. 2014).
SAA'min hem bireysel ineklerde hem de siiri
diizeyinde meme sagliginin dogru ve guvenilir bir
Olctisti oldugunu ve mastitisli ineklerde yiiksek SAA
seviyeleri bildirilmistir (Petersen ve ark., 2004; Berry
ve ark., 2005; Kovac ve ark., 2011; Kovacevié-Filipovié
ve ark., 2012; Safi ve ark. 2009). Bu calismada, GIII'iin
SAA konsantrasyonu, GII'nin degerlerinden neredeyse
(sirasiyla 3.88 ve 2.03 pg mL1). %50 daha fazladir.
Berry ve ark. (2005) saglikli ineklerin siitiindeki SAA
konsantrasyonunun diisik oldugunu ve bu degerin
500 ng mLlye yukselmesinin meme bezindeki
bagisiklik  yamitinin  bir  goéstergesi  oldugunu
belirtmiglerdir. Staphylococcus aerous ile deneysel
olusturulan kronik mastitis olgularinda stitteki SAA
seviyelerinde artig surekli tespit edilirken, kronik
subklinik mastitis sturesince yalniz SAA seviyesinde
artis goézlenmistir (Gronlund ve ark. 2003). Jaeger ve
ark. (2017) ¢oziilmiis siit numunelerinde Kscherichia
coli, Staphylococcus aureus, streptococci kaynakl
mastitisi tespit etmek i¢in SAA-ELISA degerini 3.9 ug
mL! ve majér patojenler arti olarak Corynebacterium
bovis, koagiilaz negatif stafilokoklar, Bacillus spp.,
Streptomyces spp. kaynakli mastitis tespit etmek icin
1.6 ug mL1! egik degerlerini 6nermektedir. Baska bir
¢alismada, SAA igin en iyi esigin 13.43 ug mL!
oldugunu ve bu degerinin klinik mastitis tespitinde
altin standart olarak % 100 duyarlihk ve % 100
ozgiilliik ile sonuclandig bildirilmistir (Haghkhah ve
ark. 2010). Bu calismada 50 inekten alinan siit
orneklerinde SAA seviyeleri ortalama olarak 3.04
+2.23 ug mL! tespit edilmistir. Yapilan calismalar gz
onltine alindiginda SAA degerlerinin literatiirde
belirtilen saghklh stit SAA degerlerine gore yiiksek
cgiktig1 tespit edilmistir. SAA seviyesindeki artis
genellikle siitte SHS'deki artigla iliskilidir (Petersen
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ve ark., 2004; Suojala ve ark., 2008; Gerardi ve ark.,
2009; Bochniarz ve ark. 2017) Calismada SHS
gruplarina gére SAA degerlerinin istatistiksel olarak
anlaml farklilik gosterdigi belirlenmistir (p<0.05)
(Cizelge 1). Bu calismada, akut faz proteini olan
SAA’min siitteki konsantrasyonlari, artan SHS ile
onemli 6l¢lide artmagtir. Bu sebeple artan bu degerin
hastaliktaki siddetin bir gostergesi olarak degerli

Cizelge 1. SHS gruplarina gore SAA, pH ve EI degerleri
Table 1. MAA, pH and EC values according to SCC groups

olabilecegini soyleyebiliriz. SAA ile SHS arasinda
istatistiksel olarak anlaml, pozitif yonde, orta
derecede bir iliski oldugu belirlenmistir (p<0.05;
r=0.557) (Cizelge 2). SHS ve SAA arasindaki orta
derecede korelasyon, meme enfeksiyonunun uzunlugu
veya ciddiyetindeki farkhiliklara baglanabilir (Nielsen
ve ark. 2004; Bochniarz ve ark.,2017).

Degiskenler (Variables) N Medyan (Q1-Q3)IQR) (Median) P
SAA <200000 21 2.03 (0.53-3.25)(2.72)a 0.004*
(MAA) 200000-400000 7 2.31 (1.40-3.16)(1.76)ab
>400000 22 3.88 (2.55-6.52)(3.97)b
pH <200000 21 6.77 (6.73-6.80)(0.07) 0.747
200000-400000 7 6.76 (6.70-6.88)(0.18)
>400000 22 6.77 (6.72-6.92)(0.20)
El <200000 20 3.73 (3.41-3.90)(0.49) 0.119
(EC) 200000-400000 6 3.55 (3.46-4.00)(0.54)
>400000 22 3.99 (3.46-4.29)(0.83)

*p<0.05; IQR:Inter Quantile Range; a,b’ Farkli harfler gruplar arasindaki farkliig1 temsil etmektedir. Somatik hiicre sayisi: SHS: Siit amiloid

A: SAA; Elektriksel iletkenliki: ET

Stutin pH degeri trin isleme teknolojisi acgisindan
olduk¢a énemlidir (Tekingen ve ark. 2002). Siitte pH
degerinin diisiik olmasi asitligin yiiksek olmasinin bir
gostergesi olup, pH degerinin nétr'e yakin olmasi
asitligin ideal diizeyde oldugunun belirtisidir (Diler ve
Baran, 2014). Bu calismada pH degerleri GI'de 6.77
GIT'de 6.76 ve GIIT’de 6. 77 olarak belirlenmistir. SHS
gruplarina gére pH degerlerinin istatistiksel olarak

Cizelge 2. SAA, pH ve EI degerlerinin SHS ile iligkisi

anlamli  farkhillk goéstermedigi tespit edilmistir
(p>0.05). Bircok calismada iyi kaliteli siitlerde pHin
6.5-6.8 arasina bulundugu bildirilmistir (Metin, 2003;
Raynal-Ljutovac ve ark., 2007; Homan ve Wattiaux,
2009). Bu calismada belirlenen pH degeri bazi calisma
sonuclarindan yiiksek (Gayretli, 2013; Diler ve Baran,
2014; Tuncer, 2015) Ceylan ve ark., 2013 ile benzer
bulunmustur.

Table 2. Relationship of MAA, pH and EC values with SCC

SAA(MAA) pH EL(EC) SHS (sce)

SAA r 1.000 .083 .313 557
(MAA) p ) .565 .030" .000™*

N 50 50 48 50
pH r .083 1.000 .287 179

p .565 ) .048* 214

N 50 50 48 50
El r .313 .287 1.000 .292
(EC) p .030" .048* ) .044*

N 48 48 48 48
SHS (hiicre mL) r 557 179 .292 1.000
SCC (cells mL ) p .000™* 214 .044* )

N 50 50 48 50

*p<0.05; **p<
Iletkenliki: ET

Mastitisin teshisi amaciyla sttin elektriksel (EI)
kullanimi, SHS yonteminden daha kolay, yiiksek
giivenilirlige sahip olmasi ve mastitisle arasinda orta-
yiksek iligki bulunmasi nedeniyle diger tam
yontemleri 1ile birlegtirilmesinin yararli olacag:
bildirilmistir (Bastan ve ark., 1997; Atasever ve
Erdem, 2008)
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‘p<0.001; N: Numune sayisi’ r’ Spearman korelasyon katsayisi Somatik hiicre sayisi: SHS; Sit amiloid A: SAA; Elektriksel

Saglikl ineklere ait siitlerin 25 °C’deki EI degerleri 4-
5,560 mS cm?l olarak bildirilirken uluslararas:
standartlara gore 5.6 mS/cm 'den buyuk degerlerin
mastitis stipheli olarak kabul edildigi, 6rnegin Staph.
aureus enfeksiyonunda 7.1-7.5 mS cm! tespit edilmesi
6.0 mS cm™Vnin Gizerindeki degerlerin meme bezlerinde
patolojik olusumlardan kaynaklanabilecegini
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diisindiirmektedir (Nielen ve ark., 1992; Bastan ve
ark. 1997; Spauskas ve ark., 2006). Tuncer (2015) dort
ilde bulunan 22 adet siit toplama tankindan alinan stt
orneklerinin ortalama EI degeri 2.90+0.007 olarak
belirlemistir. Calismada EI degerleri ortalama
3.85+0.65 mS cm! tespit edilmigtir. SHS gruplarinda
El anlaml farklilhk gostermese de, EI ile SHS
arasinda istatistiksel olarak anlamli, pozitif yonde,
diisiik derece bir iliski oldugu belirlenmistir (p<0.05;
r=0.292) (Tablo 2). EI 6l¢iimii mastitis tamsi i¢in SHS
gibi masraf ve daha ¢ok ig yiiku getiren bir analizden
daha ekonomik olsada EI'ni etkileyen bircok faktor soz
konusudur. Bu faktérler (siitiin bilesimi, miktari, 1s1s1,
hayvanin irki, mevsim, mikrobiyal flora, laktasyon
sayisi, laktasyon donemi, meme lobu, sagim siklig1
,gunlik degisimler, kizginlik, hastaliklar, beslenme
diizeyi ) (Nielen ve ark., 1992; Bastan ve ark. 1997;
Norberg, 2005; Spauskas ve ark., 2006 ) diisiiniiliirse
¢ig inek sitinde EI calismalarmin artmasi
gerekmektedir. Bu acidan siitiin El'ne gére yapilan

degerlendirmelerde bu faktorlerinde g6z oOntinde
bulundurulmasi1 ve diger tam1 yontemleri ile
birlegtirilmesininde faydal olacagi kanisina
varilmigtir
SONUC

Bu c¢alismanin sonuglari, SAAnin siit kalitesinin ve
ayrica subklinik mastitin tanimlanmasinda dogru,
duyarli ve spesifik bir belirte¢ olarak yiiksek 6nemi
sebebiyle siitte SAA o6l¢gimlerinin, hayvan sagligi
acisindan inek ¢ig sttinin hizli takibi igin yararh
olabilecegi distiniilmektedir

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan ederler.
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