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ARASTIRMA MAKALESI - RESEARCH ARTICLE

Cytotoxic and Genotoxic Effects of Oxyfluorfen on The Somatic Cells of Allium cepa
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Grape Varieties (Vitis vinifera L.)
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Vertical distribution of Root Lesion Nematodes (Pratylenchus thornei (Sher et Allen) Pratylenchus
neglectus (Rensch) Filipjev & Schuurmans Stekhoven (Tylenchida: Pratylenchidae)) and Stem and
Bulb nematode Ditylenchus dipsaci (Kiihn, 1857) (Tylenchida: Anguinidae) on chickpea growing
areas in Turkey

Kok Lezyon Nematodlariin (Pratylenchus thornei (Sher et Allen) Pratylenchus neglectus (Rensch)
Filipjev & Schuurmans Stekhoven (Tylenchida: Pratylenchidae) ve Sogan-sak nematodu
Ditylenchus dipsaci (Kithn, 1857) (Tyleneid%) 'min nohut yetistirme alanlarinda dikey dagilimi
Tohid BEHMAND Ece Bortegine KASAPOGLU ULUDAMAR Ibrahim ELEKCIOGLU

Contributions of the Cicadellidae (Hemiptera: Cicadomorpha) fauna of Sinop and Black Sea Region
of Turkey

Sinop ili ve Karadeniz Bélgesi (Tiirkiye) Cicadellidae (Hemiptera: Cicadomorpha) Faunasina
Katkilar

Rukiye TANYERI Unal ZEYBEKOGLU

Cytogenetic Analysis of Alburnus escherichii (Teleostei: Leuciscidae) in Turkey
Tiirkiye’deki Alburnus escherichii’nin (Teleostei: Leuciscidae) Sitogenetik Analizi
Zafer ALPASLAN Atilla ARSLAN

Investigation of Morphological Characteristics of Pubic lice (Pthirus pubis, Linnaeus, 1758)
Kasik Bitlerinin Morfolojik Ozelliklerinin Incelenmesi (Pthirus pubis, Linnaeus, 1758)

Ekrem KIRECCI

An Ethnobotanical Field Survey in the Kadinhani District of Konya in Turkey
Tirkiye'de Konya Ili Kadinham Ilgesi'nde Bir Etnobotanik Alan Calismas:
Yavuz BAGCI

Serada Yetistirilen Hiyarin Yar: Islatmali Sulama ve Geleneksel Kisintili Sulamaya Tepkisi
Response of Greenhouse Grown Cucumber to Partial Root Zone Drying and Conventional Deficit
Irrigation

Harun KAMAN Omer OZBEK Ersin POLAT

Noise Exposure in Olive Harvest Mechanization
Zeytin Hasad1 Mekanizasyonunda Giiriiltii Maruziyeti
Secil OZKUL Sarp Korkut SUMER

Geleneksel Yontem ve Direkt Fermantasyon ile Uretilen Maras Tarhanalarinda Biyoaktif
Peptitlerin Belirlenmesi

Determination of Bioactive Peptides in Maras Tarhana Produced by Traditional Method and Direct
Fermentation

Doganay YUKSEL Ahmet Levent INANC

Melissa officinalis L. Ekstraktinin Dondurma Uretiminde Kullanimi Uzerine Bir Arastirma
A Study on Possible Use of Melissa officinalis L. Extract in the Production of Ice Cream
Mesut CINAR Serafettin CELIK

Effects of Gyttja Applications on Some Chemical Properties of Acidic Soils
Gidya Uygulamasinin Asit Karekterli Topraklarin Bazi Kimyasal Ozellikleri Uzerine Etkisi
Kadir SALTALI Zekeriya KARA

CHAID Algoritmas: ile Uyelerin Tarimsal Orgiitlerin Genel Kurul Toplantisina Katilimim
Etkileyen Faktérlerin Belirlenmesi: Igdir Ili Ornegi

Determination of Factors Affecting Participation of The Members in The General Assembly
Meeting of Agricultural Organizations Using CHAID Algorithm: Igdir Province Example
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Analysis
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Feed Quality of New Sudan Grass Varieties
Sudan Otunun Potansiyel Besleme Degerine Cesidin Etkisi
Sergey KAPUSTIN Alexander VOLODIN Andrey KAPUSTIN Nikolay SAMOKISH

Comparison of The Growth Characteristics of Alpine X Damascus Crossbred and Damascus Kids
Alpin X Sam Kegcisi Melezi ile Sam Kegisi Oglaklarinin Biiytime Ozelliklerinin Karsilastirilmasi
Gizem MUTLUKOCA Mahmut KESKIN

Tatli Sorgumda (Sorghum bicolor var. saccharatum (L.) Mohlenbr.) Yakin Kizilétesi Yansima
Spektroskopisi ile Yem Kalitesinin Belirlenmesi

Determination of Forage Quality by Near-Infrared Reflectance Spectroscopy in Sweet Sorghum
(Sorghum bicolor var. saccharatum (L.) Mohlenbr.)

Aylin OLUK Hatice YUCEL Ilker INAL Feyza BILGIN Ertan YAZGAN Ugur SERBESTER

KISA NOT (SHORT COMMUNICATION)

Length-Length, Length-Weight Relationships and Condition Factors of Some Anatolian
Oxynoemacheilus seyhanensis (Banarescu, 1968) Populations

Anadolu'nun Baz1 Oxynoemacheilus seyhanensis (Banarescu, 1968) Popiilasyonlarinda Boy-Boy,
Boy-Agirlik Iligkileri ve Kondisyon Faktérii

Burak SECER Atta MOULUDI-SALEH Soheil EAGDERI Erdogan CICEK Sevil SUNGUR
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ABSTRACT

In this work, the cytotoxic and genotoxic influences of oxyfluorfen
herbicide were surveyed by examining of mitotic index, mitotic stages,
chromosomal anomalies, micronucleus percentage, and comet assay
parameters on the somatic cells of A/lium cepa. The roots were treated
with 0.2, 0.4, 0.8 and 1.6 ppm herbicide concentrations with 12, 24 and
36 h. application periods. Mitotic index was noticeably diminished by
oxyfluorfen in each application group when matched with their
control, except for 0.2 ppm. The percentages of mitotic stages were
altered. Oxyfluorfen enhanced drastically the aberrant cell ratio at all
application groups and application periods in contrast to their control,
excluding 0.2 ppm. Mitotic anomalies were noted as disturbed
prophase, stickiness, C-mitosis, chromatid bridges and laggards. The
micronucleus was detected at interphase and its percentage was
determined in the applied concentrations. Also, the comet assay was
employed to examine the single strand breakages. Almost all of the
used concentrations of oxyfluorfen increased DNA losses. A positive

relationship was discovered between micronucleus occurrence and
DNA loss.

OZET

Bu calismada, Allium cepa'nin somatik hiicrelerindeki mitotik indeks,
mitotik asamalar, kromozomal anormallikler, mikroniikleus ytuzdesi
ve komet test parametreleri incelenerek oxyfluorfen herbisitinin
sitotoksik ve genotoksik etkileri arastirilmistir. Kokler 0.2, 0.4, 0.8 ve
1.6 ppm herbisit konsantrasyonlar: ile 12, 24 ve 36 saat uygulama
stireleriyle muamele edilmistir. Mitotik indeks, 0.2 ppm haricinde,
kontrol ile eslestirildiginde her uygulama grubunda oxyfluorfen
tarafindan gozle gorulur sekilde azalmistir. Mitotik asamalarin
yuzdeleri degismistir. Oxyfluorfen, 0.2 ppm hari¢ olmak fzere,
kontrollerinin aksine tim wuygulama gruplarinda ve uygulama
stirelerinde anormal hiicre oranini énemli 6l¢iide artirmigtir. Mitotik
anormallikler, diizgiin dagilmayan profaz, yapiskanhk, C-mitoz,
kromatid koprileri ve kalgin kromozomlar olarak kaydedilmistir.
Mikrontikleus, interfazda  tespit edilmis ve  uygulanan
konsantrasyonlarda ytuzdesi belirlenmistir. Ayrica, comet analizi tek
zincir Kkirilmalarini incelemek ig¢in kullanilmistir. Oxyfluorfen’in
kullanilan hemen hemen tiim konsantrasyonlar1 DNA kayiplarini
artirmistir. Mikrontiikleus olusumu ile DNA kayb1 arasinda pozitif bir
iligki kegfedilmigtir.
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INTRODUCTION annual grass weeds and broad-leaved in areas of the

Herbicides are commonly used in agricultural areas for
controlling weeds (Karaismailoglu, 2015; Vieira dos
Santos et al., 2017). Oxyfluorfen is widely applied as a
herbicide utilized pre- and post-emergence to manage

vegetables (EPA, 2002; El-Rahman et al., 2019). Itis a
diphenyl ether herbicide, and inhibits photosynthesis
by impeding chlorophyll creation (Camadro et al.,
1991). Also, the major effects obtained from
oxyfluorfen analyzes are inhibition of
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protoporphyrinogen oxidase’s ensuing reticence of
heme biosynthesis in living organisms (Stagg et al.,
2012). Oxyfluorfen might not processed by the plants
and bacteria absorb it at extremely slow percentages
(Calderén et al., 2015; El-Rahman et al., 2019).

Plants are useful for monitoring of the toxic effects on
living organisms of the substances by analyzing
chromosomal abnormalities and micronucleus analysis
(Singh et al., 2008; Karaismailoglu, 2015 and 2017).
One of the most popular test plants is Allium cepa L.
(Karaismailoglu, 2015; Bonciu et al., 2018), which is
one of the most often used plants in genotoxicity
assessments because of sensitive and reliable (Grant,
1994).

The comet assay provides data of the thread breaks in
genomic DNA, caused by toxic substances. This assay
is of the great sensitivity and easiness, and it is
frequently used to explain harmfulness. Reports about
DNA loss in plants are remarkably few, though the
plants are the major receivers of toxic materials
including pesticides (Turkoglu, 2012; Karaismailoglu,
2015).

The onion is an important plant in cultivation.
Oxyfluorfen is used to control weeds such as
Amaranthus retroflexus L., Anagallis arvensis L.,
Atriplex patula L., Bifora radianis Bieb., Bromus
sterilis L., Chenopodium album L., Chrozophora
tinctoria (L.) A.Juss., Convolvulus arvensis L.,
Digitaria Sanguinalis (L..) Scop., Echinochloa colonum
(L) Link, Echinochloa crus-galli (L.) P. Beauv.,
Matricarta chamomilla L., Sinapis arvensis L.,
Solanum nigrum L., Sonchus arvensis L., Veronica
hederifolia L. and Xanthium strumarium L. in onion
agricultural areas at a concentration of roughly 0.4
parts per million (ppm) [Ministry of Agricultural and
Rural Affairs of Republic of Turkey (MARA) (2009)].
Though there are researches on the effects of
oxyfluorfen on various organisms (Stagg et al., 2012;
Dragoeva et al., 2012; Calderén et al., 2015; Vieira dos
Santos et al., 2017; El-Rahman et al., 2019), there is
currently limited information available on the
cytotoxic and genotoxic effects of oxyfluorfen on A. cepa
(Dragoeva et al., 2012). This article has revealed the
effects of oxyfluorfen on the mitotic cell division,
somatic chromosomes and DNA material of A. cepa
with different methods.

MATERIAL and METHODS

Allium cepa (2n = 16), 30—-45 mm diameter, were get
from a commercial center.

Oxyfluorfen [2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-
(trifluoromethyl) benzene; C1sH11ClFsNO4 molecular
weight: 361.7 g mol-1; CAS No: 42874-03-3] (NCBI,
2021) was obtained from a point of sale and used as
stock for analyses. At First, the outer shells of the
onions were removed without damaging the primordial
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roots, and were allowed to grow in tap water at 25°C in
the darkness to avoid fluctuations in cell divisions.
Once root lengths of onions extended 1-3 cm length,
they were exposed to 0.2, 0.4, 0.8 and 1.6 ppm
oxyfluorfen concentrations for 12, 24 and 36 h. The
applied doses were chosen according to the used
concentration in farming areas of oxyfluorfen, which is
used with a concentration of roughly 0.4 parts per
million (ppm), and its multiples (MARA, 2009). Tap
water was used as a control group.

Cellular activities in root tips of onions were stopped
with ethanol-glacial acetic acid fixative (3-1), and
stored at 4°C overnight. Afterwards, tips were cleaned
from fixative with distilled water, and they were
hydrolyzed in 1 N HCI at 60°C for 12 minutes and dyed
with Schiff’s reagent for 2 h. 5 slides were chosen
randomly from each treatment group for the mitotic
index (MI= number of dividing cells x 100 / total
number of cells), micronucleus (MN) frequency, and
chromosome aberrations (Kara et al., 1994; Yildiz and
Arikan, 2008; Karaismailoglu et al., 2013;
Karaismailoglu, 2014a, 2014b and 2015).

The comet assay (single cell gel electrophoresis) was
performed according to Gichner et al. (2004) and
Karaismailoglu (2015); however, minor changes were
made. A. cepa root tips subjected to oxyfluorfen (0.2,
0.4, 0.8 and 1.6 ppm) were received on a glass, and
were chopped with a blade to get the nuclei in a tampon
(Tris). The slides were treated with 50 ml of 0.35%
agarose gel in a saline phosphate tampon (pt) spread
and dehydrated. Nuclei (20 ml) were attached 200 ml
of agarose in pt, and when were spread over the slides.
They were stayed for 1 h and slides were rinsed in TAE
tampon (40 mM tris-acetate buffer, 1 mM EDTA) to
detached the salt. Slides were horizontally
accommodated into a gel electrophoresis tank
containing electrophoresis tampon and dyed with 70
ml ethidium bromide (20 mg ml-?) for 8 minutes. After,
50 nuclei for each slide were studied. 4 slides were
scored for each group. Each picture was classified as
for the fluorescence intensity of the comet tail and
evaluated with one of the distinct genetic harm index
classifications [tip 0 (0), 1 (1-100 arbitrary units = AU),
2 (101200 AU), 3 (201-300 AU), or 4 (301-400 AU)]
(Kocyigit et al., 2005; Cavas, 2011; Turkoglu, 2012;
Karaismailoglu, 2015).

The results were evaluated by variance analysis
(ANOVA) in SPSS (2008) computer package and grade
of importance was determined as p < 0.05. The
Dunnett multiple-range test was used for finding of
statistical importance among the detected variances.
The outcomes of statistical examines were given in
Tables 1-3.

RESULTS

The effects of different concentrations of oxyfluorfen on
mitotic index and phase frequency are given in Table
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1. Mostly, the different concentrations of oxyfluorfen
substantially decrease the mitotic index of A. cepa
somatic chromosomes when compared to the control (p
<0.05). As an exception, mitotic index does not indicate
significant change in 0.2 ppm concentration of
oxyfluorfen at all treatment periods in comparison
with the control groups (Table 2). As a result of the 1.6
ppm oxyfluorfen application, mitotic index reduce
significantly in the treatment times (Table 1). While

the mitotic phase percentages are related with the
control group in application periods, there are
statistically noteworthy results (p < 0.05) (Table 1). As
the ratio of prophase increase, the rates of metaphase
and anaphase-telophase decrease in most of the
examined cells. Also, a noteworthy increase in the
percentages of anomaly in mitotic phases with
increasing oxyfluorfen concentrations is realized
(Table 1).

Table 1. The consequences of applications of oxyfluorfen and control on A. cepa cell division.
Cizelge 1. A. cepa hiicre boltinmesi tizerine oxyfluorfen ve kontrol uygulamalarinin sonuglari.

Number of

Cell division stages (Hiicre béliinmesi asamalari)

~
2 E: analyzed cells MI+SD Prophase (%) Metaphase (%) Ana-telophase (%)
= RS (Analiz edilen (Profaz) (Metataz) (Ana-telofaz)
= 3 = W hiicre sayis1)
IR 8 )
25 ER
58 g
- g &
© g Total Aberrant Total Aberrant Total Aberrant
Toplam Anormal Toplam Anormal Toplam Anormal
Control 6000 26.19+0.14 27.48 41.55 30.97 -
0.2 ppm 6000 26.03+0.17 27.45 - 35.62* - 26.93*% -
12 0.4 ppm 6000 25.44+0.11% 27.49 2.05% 33.45% 2.31% 39.06*%  2.88*
0.8 ppm 6000 21.78+0.23*% 30.84* 3.21* 32.79* 3.17*% 36.37%  4.26*
1.6 ppm 6000 16.89+0.32* 32.31* 4.96* 30.65* 3.99*% 37.04*%  17.35%
Control 6000 25.561+0.38 31.88 - 29.13 - 38.99 -
0.2 ppm 6000 25.43+0.21 33.42* - 29.15 - 37.43% -
24 0.4 ppm 6000 24.63+0.24*% 34.71* 3.02* 32.18* 2.99*% 33.11*%  4.79*
0.8 ppm 6000 22.74+0.15% 32.95%  3.94* 29.46* 3.77* 37.59*  5.93*%
1.6 ppm 6000 16.59+0.09*% 35.62* 5.87* 33.69* 6.01% 30.69*  8.48*
Control 6000 26.10+0.12 30.48 - 32.65 - 36.87 -
0.2 ppm 6000 25.99+0.22 30.45 33.28 36.27
36 0.4 ppm 6000 24.73+0.18% 32.57* 4.71* 29.15% 5.11% 38.28 5.23*
0.8 ppm 6000 21.944+0.33*% 34.51* 6.59* 34.91* 6.78* 30.568*  7.81*
1.6 ppm 6000 14.05+0.15* 36.68* 10.22* 35.77* 9.05* 27.55%  10.02*

*Dissimilar from control group P<0.05; MI: Mitotic Index; SD: Standart Deviation
* Kontrol grubundan farkli P <0.05; MI: Mitotik Indeks; SD: Standard Sapma

Chromosome anomalies have been assessed in dividing
cells. The kinds and frequencies of chromosome
anomalies caused by herbicide treatments are
disclosed in Figure 1 and Table 2. Applications have
induced 5 types of common anomalies: disturbed
prophase, stickiness, C-mitosis, chromatid bridges and
laggards.

The results of the micronucleus test in A. cepa applied
to control sets and concentrations of oxyfluorfen are
given in Figure 1 and Table 3. The frequency of
micronucleus has been found to trigger of the
application dose and noticed to be markedly different
in all treatments when compared to the control (p <
0.05), apart from 0.2 ppm. It is noticeably greater at
1.6 ppm than the other doses of oxyfluorfen in all the
treatments (Table 3). However, 12, 24 and 36 h
treatments of 0.4 and 0.8 ppm concentrations of
oxyfluorfen importantly increased the frequency of
micronucleus.

The findings of the comet assay are given in Figure 2
and Table 3. DNA damage is noticeably higher in
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almost all the used concentrations when compared to
control group (p < 0.05), except 0.2 ppm. 1.6 ppm
concentrations have caused the most great genotoxic
aberration in comparison of other treatments (Table 3).
There is no observed difference between control and 0.2
ppm in the application times.

DISCUSSION

Random or unrestrained utilization of the chemical
substances such pesticides has commonly caused to
ecological pollution with following in damaging effects
on live organisms. Hence, evaluation of the processing
paths of oxyfluorfen and its impact on MI, somatic
chromosomes and DNA single chain, offer valuable
information about the influences of these commonly
used genotoxic materials (Karaismailoglu, 2015).
Mitotic index might use as a biological signal in the cell
increment, which gauges the ratio of cells in various
mitotic phases (Ping et al., 2012; Karaismailoglu,
2015). The influences of different concentrations of
oxyfluorfen on MI in A. cepa somatic chromosomes are
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Figure 1. Mitotic deformities produced by oxyfluorfen in somatic cells of A. cepa; 1: disturbed prophase, 2-3:
stickiness, 4: chromatid bridge, 5: C-mitosis, 6: micronucleus (Scale bars=10 pm).
Sekil 1. A. cepa'nin somatik hiicrelerinde oxyfluorfen’in sebep oldugu mitotik sekil bozukluklariy 1- diizgiin
dagilmayan profaz, 2-3: yapisiklik, 4: kromatid kopriisii, 5: C-mitoz, 6° mikroniikleus (Olgekler=10 um).

Control 0.2 ppm 0.4 ppm 0.8 ppm 1.6 ppm

Figure 2. The fluorescence pictures of single cell gel electrophoresis, displaying different concentrations of
oxyfluorfen effects on DNA

Sekil 2. DNA tizerinde oxyfluorfen’in farkli konsantrasyonlarinin etkilerini gosteren tek hiicreli jel elektroforezinin
floresans resimleri
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Table 2. Type and frequency of abnormalities in chromosomes of A. cepa treated with oxyfluorfen and control groups.
Cizelge 2. Oxyfluorfen ve kontrol gruplari ile muamele edilen A. cepa'nin kromozomlarindaki anormalliklerin tipi ve sikligi.
Period(h)

(Periot) Percent of anomalies+=SD (Anormalliklerin yiizdesi+SD) Percent of total
Concentrations anomality
(Konsantrasyonlar) Disturbed prophase Laggards (Toplam

(Diizgiin dagilmayan Chromatid bridge Stickiness  C-mitosis (Kalgin anormalligin
profaz) (Kromatid kopriisi) (Yapisikhik) (C-mitoz)  kromozom) yiizdesi)
Control -
0.2 ppm -

12 0.4 ppm 1.96+0.19% 1.56+0.12% 0.88+0.11%  1.49+0.12*  0.2440.04* 6.13*
0.8 ppm 2.78+0.12* 2.97+0.41% 1.944+0.13*  2.33+0.15%  0.89+0.06* 10.91*
1.6 ppm 3.44+0.15% 5.13+0.22* 4.55+0.27*  2.96+0.18*  1.73+0.11%* 17.81*
Control -

0.2 ppm -

24 0.4 ppm 2.81+0.09* 1.09+0.09* 4.15+0.22*  1.2940.18*  1.02+0.06* 10.36*
0.8 ppm 3.15+0.18* 3.63+0.21* 4.26+0.19%  3.12+0.09*  1.85+0.12* 16.01*
1.6 ppm 3.62+0.26* 5.39+0.27* 5.74+0.12*  4.17+0.31*  2.24+0.15*% 21.16%*
Control -

0.2 ppm -

36 0.4 ppm 5.12+0.24* 1.33+0.15* 4.61+0.17*  4.01£0.15*  1.56+0.09* 16.63*
0.8 ppm 6.78+0.18* 3.27+0.12* 6.13+0.15*  4.54+0.18*  2.88+0.27* 23.60*
1.6 ppm 6.91+0.09* 6.04+0.24* 8.79+0.36*  5.03+0.09*  3.97+0.15* 30.74*

*Dissimilar from the control P<0.05
* Kontrol grubundan farkli P <0.05
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Table 3. The influences of oxyfluorfen on the MN and DNA damage tests.
Cizelge 8. MN ve DNA hasar testleri tizerinde oxyfluorfen’in etkileri.

Period (h) (Periot)

Concentrations (Konsantrasyonlar) MN (%)

DNA damage (AU+SD) (DNA hasari)

Control
0.2 ppm
0.4 ppm
0.8 ppm
1.6 ppm
Control
0.2 ppm
0.4 ppm
0.8 ppm
1.6 ppm
Control
0.2 ppm
0.4 ppm
0.8 ppm
1.6 ppm

12

24

36

9.77+1.49

- 9.81+0.75
0.13* 13.64+1.31*
0.15% 15.15+0.62*
0.16* 19.56+2.88*
- 10.03+£0.15

- 10.21+0.39
0.16* 20.17+1.65*
0.19* 26.28+2.51*
0.23* 33.47+2.83*
- 10.45+0.35

- 10.63+0.99
0.26% 35.76+£3.51%
0.30* 39.83+4.15%
0.41* 58.02+3.66*

*Dissimilar from control group P<0.05; MN: Micronucleus; AU: Arbitrary units.
* Kontrol grubundan farkli P <0.05; MIN: Mikroniikleus: AU: Prosediir tanimli birim.

offered in Table 1. Mitotic effect is significantly
decreased with increasing oxyfluorfen concentrations
at each application period in comparison with the
control group (Table 1). Also, MI is not significantly
different at application of 0.2 ppm oxyfluorfen (Table
1). Besides, 1.6 ppm of oxyfluorfen is the greatest
genotoxic concentration, and has more mitodepressive
effect than 0.4, 0.8 and 1.6 ppm concentrations at
application periods. If the mitotic index decrease lower
22% in comparison with the control, this causes
poisonous impacts on living systems (Karaismailoglu,
2015). Also, the decreases lower 50% are of the
sublethal impacts and they are accepted as toxicity
limit (Yildiz and Arikan, 2008). In this work, sublethal
impact has found in 1.6 ppm concentration when
compared to the control in 12, 24 and 36 h treatments,
and sublethal impact valuation are defined as 35.50%,
34.96% and 46.16%, respectively. The obtained
outcomes are suitable with the results of the earlier
works (Liman et al., 2011; Dragoeva et al., 2012;
Karaismailoglu, 2015; Liman and Ozkan, 2019).

The effects of oxyfluorfen on cycle phases in the
somatic cells of A. cepa are showed in Table 1. As the
phase rates are matched with the control in all
application periods, there are statistically significant
outcomes (p < 0.05). As the frequency of prophase
increase, the frequency of metaphase and ana-
telophase decrease in examined cells. The influence on
mitotic stages of oxyfluorfen can be ascribed to the
inhibition of prophase or hold in the mitotic stages in
answer to mitotic pressure (Scolnic and Halazonetis,
2000; Karaismailoglu, 2015). Furthermore, the applied
doses of oxyfluorfen have generally caused a
significant increase in the percentages of aberration in
mitotic stages in A. cepa somatic cells. Similar results
have been also reported in previous surveys (Yildiz and
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Arikan, 2008; Dragoeva et al.,, 2012; Bonciu et al.,
2018; Rosculete et al. 2019).

Chromosome aberrations provide useful information
for monitoring the negative effects of environmental
contaminants on hereditary material (Carita and
Marin-Morales, 2008). The effects of the wused
oxyfluorfen doses and control applications on mitotic
aberrations and percentages of a total anomaly in the
A. cepa somatic cells are given in Table 2. The detected
chromosomal aberrations such as disturbed prophase,
stickiness, chromatid bridge, C-mitosis and laggards
are displayed in Figure 1. The most frequent types of
chromosomal aberration are recorded as stickiness and
chromatid bridges (Table 2 and Figure 1), which are
chromatid tip anomaly (Badr, 1983; Karaismailoglu,
2015). Stickiness can occur from deterioration of
formation such as depolymerization in genetic
material (Mercykutty and Stephen, 1980); however,
chromatid bridge comprises disintegration and fusion
of chromatid (Shehab and Adam, 1983). Likewise, a
high frequency of the disturbed prophase is defined.
This might arise from chromatid loss. In C-mitosis,
which is the other common type, oxyfluorfen inhibits
spindle formation with a colchicine-like effect (Badr,
1983). Enhanced oxyfluorfen concentrations have
triggered an increment of the ratio of total anomalies.
Genotoxicity of the used herbicide is higher than
normal with use of the highest concentration (1.6 ppm)
for each application period. These outcomes agree with
former studies (Ping et al., 2012; Karaismailoglu et al.,
2013; Karaismailoglu, 2014b, 2015; Bonciu et al., 2018;
Liman and Ozkan, 2019; Rosculete et al.,2019; Aydin
and Liman, 2020).

Micronucleus analyses are of the crucial role in the
review of the genotoxicity influences of the substances
(Gebel et al., 1997; Karaismailoglu, 2014a, 2014b and
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2015). The formation and frequency of micronucleus
are offered in Table 3 and Figure 1. Mostly,
micronucleus frequency has noticeably increased with
enhanced oxyfluorfen concentration in comparison
with the control, excluding 0.2 ppm at all treatment
periods (p < 0.05). The micronucleus frequency is
significantly greater at the greatest oxyfluorfen
concentration (1.6 ppm) than others. Micronucleus
happens from microtubules ruptures and corruptions
at the polyploidy because of affecting pieces in
chromosomes (Konuk et al., 2007; Karaismailoglu,
2015).

The comet assay which is a fast and vulnerable
analysis to evaluate the genotoxic risk of substances is
used for finding the genotoxic effect of oxyfluorfen in A.
cepa somatic cells (Figure 2 and Table 3) (Ribas et al.,
1995; Karaismailoglu, 2015; Srivastava and Singh,
2020). This test lets the definition of DNA strand
pieces in single cells. The comet assay has revealed
that the used concentrations of oxyfluorfen induce
DNA loss in A. cepa somatic cells in comparison with
the controls. DNA harm happening with oxyfluorfen
might be because of growing action of free radicals and
triggering DNA strand fractures (Liman et al., 2011).
The current survey discovers that there are
considerable increment in the percentages of both
micronucleus and DNA loss after oxyfluorfen
treatments on A. cepa somatic cells (Figure 2 and Table
3).

CONCLUSION

As a result, application to oxyfluorfen might present a
genotoxylogical risk to genetic material in A. cepa. If
oxyfluorfen is used in doses below 0.4 ppm, the damage
effects on A. cepa would be reduced.
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ABSTRACT Research Article

We aimed to measure biochemical parameters in rat serum such as

electrolyte levels, kidney and liver function test, and lipid profile to ~ Article History

analyze the effects of pomegranate juice towards AlCls-induced Received - 14.03.2021

hepato-nephrotoxicity. The twenty-eight wistar albino rats divided Accepted - 07.05.2021

into four groups; control (Group I), pomegranate juice (4 ml/kg)

(Group II), AICIs (8.3 mg/kg) (Group III) and pomegranate juice + Keywprds

AICl3 (Group IV). Aluminum toxicity and the protective effect of Aluminum

pomegranate juice did not statistically different among groups in Pomggranate

electrolyte levels, except for Mg and Cl (p<0.05). AICLs considerably Vaccme. ..

increased serum AST, ALT, BUN and CREA levels and decreased Renal-liver toxicity
Electrolyte

ALB and TP (p<0.05). Pomegranate juice administration with or
before AlCl3 notably restored serum biomarkers of liver and kidney
function to near-normal levels. There was only a statistically
significant difference in LDL and CHOL levels in lipid metabolism
(p<0.05). The pomegranate juice reduced aluminum toxicity in terms
of electrolyte levels, liver and renal function test, and lipid profile.

Aliminyuma Maruz Kalmig Erkek Sicanlarda Nar Suyunun Hepato-Nefrotoksisite Uzerine
Etkilerinin Degerlendirilmesi.

OZET Aragtirma Makalesi

Nar suyunun AlCI3 kaynakli hepato-nefrotoksisiteye olan etkilerini

analiz etmek i¢in si¢can serumundaki elektrolit seviyeleri, bobrek ve Makale Tarihgesi
karaciger fonksiyon testi ve lipid profili gibi biyokimyasal Gelig Tarihi  : 14.03.2021
parametreleri amaclanmigtir. Yirmi sekiz wistar albino sigan; Kabul Tarihi :07.05.2021
kontrol (Grup I), nar suyu (4 ml/kg) (Grup II), AlCls (8,3 mg/kg)

(Grup IID) ve nar suyu + AIClz (Grup IV) seklinde dort gruba Anahtar Kelimeler
ayrilmigtir. Aliminyum toksisitesi ve nar suyunun koruyucu etkisi Aliminyum

elektrolit duzeyleri acisindan Mg ve Cl hari¢ gruplar arasinda Nar

istatistiksel olarak farkli bulunmamistir (p <0.05). AICls, serum As1

AST, ALT, BUN ve CREA diizeylerini 6énemli 6l¢tide artirdigi ve ALB
ve TP'yi distirdigi (p <0.05) gorilmiistiir. AlCls ile birlikte veya
oncesinde nar suyu uygulamasi, karaciger ve bobrek fonksiyonunun
serum biyobelirteglerini neredeyse normale yakin seviyelere getirdigi
gorilmusgtur. Lipid metabolizmasinda sadece LDL ve CHOL
diizeylerinde istatistiksel olarak anlamli bir fark goriilmiistiir (p
<0.05). Nar suyu, elektrolit seviyeleri, karaciger ve bobrek fonksiyon
testi ve lipid profili agisindan aliminyum toksisitesini azalttig:
sonucuna varilmigtir.

Bobrek-karaciger toksisitesi
Elektrolit

To Cite:
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Ciftei H, Er Caligkan C, Kar F, Ozkaya A, Giiclii K 2022. Evaluation of The Effects of Pomegranate Juice on
Hepato-Nephrotoxicity in Male Rats Exposed To Aluminum. KSU J. Agric Nat

25 (2): 215-222.

INTRODUCTION

The roles of aluminum, which is now no longer

located in elemental shape in nature but in the form
of compounds, are not clear and may be important in
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nowadays. Their compounds make up 8% of the
earth's crust and come third during abundance
(Priest et al., 2018). In recent years, pharmaceuticals,
cosmetics and foodstuffs have also diversified and Al*3
is among the components used in production (Exley,
2013). Aluminium is included in many vaccines,
especially for pandemic or epidemic reasons, to make
vaccines more stabilized and effective (Hotez et al.,
2020). Lack of detailed long and short term evidence
of its physiological and biochemical role on human
metabolism suggests that it causes toxicity in many
organs (Nayak, 2002). What's more, concerns are
raised about the possible adverse health effects of Al
determined even in consuming water. However, Al is
thought to be non-toxic and quickly detoxified, and
therefore commonly used in routine (Ghorbel et al.,
2017). Although aluminum is in all our lives, it has
unsuitable properties in terms of chemical properties.
Al*3 enters the body with food, air, water and
medicines. It is collected in tissues and organs in the
body. Al*3 generally reaches different tissues via the
gastrointestinal system like most other metals (Kar et
al., 2019). With the widespread use of biochemical
tests and biological observations, it is beneficial to
detect metal toxicity before significant organ damage
occurs. Determination of aluminum concentration in
blood samples and interpretation of clinical findings
did not provide clarity in the studies (Samir and
Rashed, 2018). Therefore, liver and kidney function
assessments were established to be the most effective
method in this study.

Pomegranate rich nutritional content and therapeutic
effectiveness have been the subject of research and
are grown in many countries of the world (Vidal et al.,
2003). Pomegranate is grown in different parts of
Turkey. Pomegranate fruit is used by the public as
fruit juice and ingestion of direct fruit. Pomegranate
juice (PJ) has several flavonoids as an antioxidant
and mineral materials as sodium and potassium (EI
Kar et al, 2011). Pomegranate has therapeutic
properties on metabolism with its high polyphenol
content (Matthaiou et al., 2014). The effects of PJ on
systolic blood pressure and the enzymes such as
angiotensin that regulate (Stowe, 2011) it prompted
us to investigate electrolyte levels in aluminum-
induced toxicity in this study. In a previous study, PJ
consumption diminished the LDL aggregation, . It
was shown that regular PJ intake can regulate
cholesterol metabolism (Manthou et al., 2017).
However, depending on time and concentration, the
effects of PJ against aluminum toxicity on the lipid
profile synthesized in the liver remain unclear.

The Liver function biomarkers are the first test used
to evaluate cell damage due to metal toxicity, and it is
the main organ involved in lipid synthesis and
detoxification reactions. The kidney function markers
are biomonitor that show whether toxic substances
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are eliminated or not, and kidney is the target organ
in which electrolyte metabolism 1is regulated.
Therefore, we designed to measure biochemical
parameters in rat serum such as electrolyte levels,
kidney and liver function test, and lipid profile to
analyze the effects of PJ towards AlCls induced
hepato-nephrotoxicity in wistar albino rats.

MATERIAL and METHODS

In our research, 28 healthy Wistar Albino adult male
rats used (weighing 250+30 g) provided from the
Medical and Surgical Experimental Research Center,
Adiyaman, Turkey. The rats were followed during the
experiment in special rooms where temperature (25 +
2 ° C), humidity (45 + 5%) and 12 hour light / dark
cycle were controlled and in clean polycarbonate
cages. Research involving animals complied with all
relevant national regulations and institutional
policies (Adiyaman University, Animal Experiments
Local Ethics Committee.) for the care and use of
animals. (038/2019).

Experimental Procedure

The study was carried out using seven rats in each
group, divided into four groups as follows:

*Group I (control), Saline application (1ml) was
performed intraperitoneally every other day for 30
days;

* Group II (PJ), For 30 days, pomegranate juice 4
ml/kg was applied with orogastric catheter every
other day;

* Group III (AICls), Aluminum chloride (AlCls.6H20)
was administered intraperitoneally at 8.3 mg/kg
every other day for 30 days;

* Group IV (AICl;5 + PJ), Aluminum was administered
intraperitoneally at 8.3 mg/kg and pomegranate juice
4 ml/kg with orogastic catheter every other day for 30
days.

PJ was freshly prepared before the experiment and
administered at 4 ml/kg doses (Hadipour and
Mozaffari, 2010). Pomegranate fruit were obtained
from Adiyaman in Turkey. Also, AlCls was newly
prepared just before the experiment and was
administered to rats at a concentration of 8.3 mg/kg
(Ozkaya et al., 2014) Rats were anaesthetized with an
intramuscular injection ketamine+xylazine (at doses
of 70 mg/kg and 10 mg/kg, respectively).

Biochemical Measurements

At the end of experiments, rats were euthanized by
decapitation after 30 days from the beginning of the
experiment, blood samples were collected and the
serum was separated by centrifugation for 15min at
3500 rpm and stored at (80 °C). Also, the serum was
taken from the blood allocated to biochemistry tubes
without anticoagulant and was run on an automatic
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analyzer for the measurement of biochemical
parameters.
Serum electrolyte levels namely; sodium

(Na),potassium (K), Chlorine (Cl), calcium (Ca),
magnesium (Mg), Iron. Renal and hepatic function
biomarker levels namely blood urea nitrogen (BUN),
creatinine (Crea), Uric acid (UA) and liver function
such as total bilirubin (T-BIL), direct bilirubin (D-
BIL), total protein (TP), Albumin (Alb), aspartate
transaminase (AST), alanine transaminase (ALT) and
lipid profile such as triglyceride (TG), Cholesterol
(Chol), low density lipoprotein (LDL) and high density
lipoprotein (HDL) measurements were performed
using a Roche COBAS C702 auto analyzer (Roche
Diagnostics, Germany) in Kirsehir Ahi Evran
University Biochemistry Laboratory. All procedures
were performed according to the manufacturers’

instructions.

Statistical Analyses

SPSS Version 21 (IBM Corporation, Armonk, New
York, USA) and Graphpad Prism 7 (GraphPad
Software, San Diego, CA, USA) program was applied
for the statistical analysis and graphic of biochemical
measurements. The values were shown as
meantstandard deviation for results. All data were
checked for the normality by using the Kolmogorov
Simirnov and Shapiro-Wilk tests. Data conforming to
normal distribution, one-way ANOVA and TUKEY
test for multiple comparision was performed, but to
data that is not compatible with normal distribution,
Kruskal-Wallis and Dunn’s test for multiple
comparision test was performed. P<0.05 was
considered significant statistically.
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Figurel. The effects of pomegranate juice on electrolyte levels in rats exposed to aluminum-induced toxicity. A:
Na (sodium), B: K (potassium), C: Cl (chloride), D: Ca (calcium), E: Mg (magnesium), F: Iron. The values
are displayed as mean+SD (n=7). *: significant change at p< 0.05.

Sekil 1. Aliiminyum kaynakli toksisiteye maruz kalan sicanlarda nar suyunun elektrolit diizeyleri tizerine
etkileri. A° Na (sodyum), B: K (potasyum), C: CI (kloriir), D: Ca (kalsiyum), E: Mg (magnezyum), F:
Demir. Degerler ortalama+SD (n=7) olarak gosterildi. *: p< 0.05'te anlamli farklilik.
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RESULTS

The Effects of Pomegranate Juice on Electrolyte
Levels in Rats Exposed to Aluminum-Induced
Toxicity

The electrolyte levels were measured in order to
quickly assess cytosolic pressure and acid-base
balance. The therapeutic and protective effects of PdJ
on electrolyte levels in rats exposed to aluminum-
induced toxicity were shown in Fig 1. No significant
differences were found in the serum levels of minerals
such as Na, K, Ca and Iron in the between groups.
There was a significant increase in chloride levels in
the group II (104.7+5.1). Magnesium levels in group
IV (2.6£0.31) were statistically lower compared to
group III (3.07+0.24) and group I (3.21+0.23). We
thought that although the rich mineral content of PJ

did not significantly affect electrolyte levels, the
chloride increase was due to AlCls.

Pomegranate Juice Ameliorates Kidney Function in
Rats Exposed to Aluminum-Induced Toxicity

In the light of our findings, the comparison of serum
BUN, UA and CREA levels between the groups for
the evaluation of renal functions is shown in Figure 2.

The levels of BUN and CREA in the Al treated rat
were significantly increased compared to the group II
and group IV (p<0.05 and p<0.01, respectively). There
was no statistically significant difference in UA levels
between the groups. Al*3 toxicity affected the kidney
by causing serious damage at BUN and CREA levels.
This damage was observed to be reduced by PdJ.
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Figure 2. The effects of pomegranate juice on renal function in rats exposed to aluminum-induced toxicity. A: BUN, B: CREA,
C: UA. The values are mean+SD (n=7). *,**: significant change at *p <0.05, **p <0.01
Sekil 2. Alliminyum kaynakli toksisiteye maruz kalan siganlarda nar suyunun bobrek fonksiyonu tlizerindeki etkileri. A:
BUN, B: CREA, C: UA. Degerler ortalama+SD'dir (n=7). ***: *p <0.05, **p <0.01'de anlamli farklhlik.

Pomegranate Juice Modulates Liver Function Test in

Rats Exposed To Aluminum-Induced Toxicity

The ALT, AST, total and direct bilirubin levels were

profound to liver function and biliary obstruction. As
seen Fig. 3, There was no statistically large
distinction within the bilirubin metabolism control
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versus other groups. ALT and AST levels were
notably elevated in the group III versus group II
(p<0.01). Albumin and total protein levels were
statistically higher in group II given PdJ.

The Effects of Pomegranate Juice on Lipid Profile in
Rats Exposed to Aluminum-Induced Toxicity

As observed in Figure 4, when evaluating lipid profile
parameters (TRIG, CHOL, LDL and HDL), it was
shown that there was no significant TRIG and HDL

statistically lower in group II given PJ versus other
groups.

DISCUSSION

Aluminum exposure on human metabolism might be
from distinct sources such as ingesting water,
vaccine, consuming food stuff and cosmetics (Celik et
al., 2012) Aluminum chloride taken into consideration
as non-hazardous metal for a protracted time,
however extra interest has been centered on its

levels difference between groups. The CHOL negative outcomes on in vivo studies (Imam et al.,
(57.2+4.65) and LDL (8.01+4.06) levels were 2016).
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Figure 3. The effects of pomegranate juice on liver function and protein levels in rats exposed to aluminum-
induced toxicity. A: AST, B: ALT, C: TBIL, D: DBIL, E: ALB, F: TP. Values are mean+SD (n=7). *:

significant change at *p <0.05, **p <0.01

Sekil 3. Aliiminyum kaynakli toksisiteye maruz kalan siganlarda nar suyunun karaciger fonksiyonu ve protein
diizeyleri tizerine etkileri. A: AST, B: ALT, C: TBIL, D: DBIL, E: ALB, F' TP. Degerler ortalama=+SD'dir
(n=7). *** *p <0.05, **p <0.01'de anlaml farklilik.

Regulation of extracellular fluid volume, provision of
appropriate acid-base balance, serum osmolality
levels are carried out by electrolyte metabolism. In
the previous study, application of PJ did not cause
any change in serum electrolyte levels between the
groups after 7, 15, and forty-five days (Ilbey et al.,
2009). The PJ decreased electrolyte levels such as K,
Ca and P and increased Na levels in rabbits induced
by nicotine toxicity (Aboulgasem and Azab, 2015).
Hozayen et al. reported that rosemary extract with a
significant content, such as pomegranate, caused a
significant increase in serum sodium and a decrease
in potassium levels in aspartame-induced rats
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(Hozayen et al., 2014). Abd Elmonem (2014) observed
that pomegranate supplementation regulates Ca
electrolyte levels . Similarly, PJ provided an increase
in Ca levels on bone metabolism (Parvin et al., 2014).
In the aluminum-induced toxicity study, Na+/ K+
ATPase and Mg?+ ATPase activities were significantly
decreased, and intracellular and extracellular ion
exchange damage occurred (Sumathi et al., 2011).
According to the data we observed, the aluminum
toxicity did not significantly affect the electrolyte
levels, and although PJ has rich mineral content, it
provided stability in electrolyte levels, unlike the
mentioned studies.
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Figure 4. The effects of pomegranate juice on lipid profile in rats exposed to aluminum-induced toxicity. A’ TRIG, B: CHOL,
C: LDL, D: HDL. The values are mean+SD (n=7). * **: significant change at *p <0.05, **p <0.01

Sekil 4. Aliminyum kaynakli toksisiteye maruz kalan sicanlarda nar suyunun lipid profili izerindeki etkileri. A: TRIG, B:
CHOL, C: LDL, D: HDL. Degerler ortalama+SD'dir (n=7). *,**: *p <0.05, **p <0.01'de anlaml farklilik.

The liver is the essential organ in which chemical,
xenobiotics and metals are detoxified further to the
synthesis reactions critical for metabolism, even as
the kidney presents the removal and elimination of
those poisonous materials in reference to the liver. In
the light of this information, AlCls exposure caused
changes in our biochemical results, which are specific
indicators of liver function. In Balgoon's study (2019),
AlICl3 administration substantially increased serum
ALT, AST, ALP, and bilirubin and reduced albumin
and total protein levels. In previous studies, high
doses of AICl3 exposure caused liver damage,
impaired metabolic functions and altered protein
synthesis. This was in agreement with the our
findings (Imam et al, 2016; Niedworok and
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Fijatkowski, 2004; Azza et al., 2017; Al-Hashem,
2009; Parasuraman et al., 2020). The BUN, CREA
and UA levels use to acute and chronic renal damage
and test the renal functions. The changed levels of
these biomarkers representing that the animals
applied with AIC13 have the risk of kidney injury (Al
Dera, 2016). The nephrotoxicity induced by AICls is
may be due to the accumulation of Al in the kidney,
ultimately resulting in renal failure.

The role of PJ on biochemical parameters against
long-term AICls-induced changes in both liver and
kidney was also evaluated. In the neurotoxicity study,
the protective application of pomegranate caused a
significant decrease in BUN, CREA and UA levels
(Moneim and El-Khadragy, 2013). Derik pomegranate
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juice improved function tests such as ALT, AST, ALB
and bilirubin, which increased in liver damage
(Pirincgioglu et al., 2014). It was stated that
pomegranate juice reduces the hepato and renal
function parameters caused by metal toxicity to
normal levels against not only aluminum but also
other metal toxicities (Hassanen et al.,, 2019). In
another study, PJ altered BUN and CREA levels. It
did not change the ALT and AST values. These
contradictory results showed that PJ could affect liver
and kidney function tests in the study without any
presence of toxicity (Moneim et al., 2011).

In our toxicity study, we thought that lipid synthesis
would be affected as a result of liver damage and that
pomegranate could improve lipid levels due to its
antilipidemic effects. In a previous study, aluminum
exposure did not show a important change on the
lipid profile (Parasuraman et al., 2020). On the other
hand, Ghorbel et al. Stated that the abnormal results
in lipase enzyme activity were caused by the
application of AlCIs and therefore cholesterol levels
increased (Ghorbel et al., 2017). AICls induced toxicity
increased CHOL and TRIG levels. Thus, lipid
metabolism in the liver was disrupted and it was
observed that PJ managed to reduce the AlCls-
induced increase in lipid profile (Al-Hashem, 2009).
In our findings, there was only a statistically
significant difference in LDL and CHOL levels.
Antilipidemic properties of pomegranate were
demonstrated in in vivo studies. For example,
consumption of PJ concentrate for eight weeks
extensively decreased CHOL and LDL levels in
diabetic patients with hyperlipidemia (Esmaillzadeh
et al.,, 2006; Sumner et al., 2005). A decrease in
CHOL, TRIG and LDL serum concentrations of PJ
given to rabbits was observed, while HDL levels
increased (Aboulgasem and Azab, 2015).

CONCLUSION

Our findings verifies long-term aluminium exposure
had toxic and harmful effects on electrolytes,
minerals, lipid profile, liver and renal functions in the
rat serum. The application of pomegranate juice
confirmed a remarkable improvement in both these
abnormalities in hepato-nephrotoxicity caused by
aluminium and a protective effect. Therefore, we
revealed that Pomegranate Juice could be a
appropriate healing agent, especially in aluminium
exposure from the environment and daily life
activities.
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OZET

Bu calismada; yeni sentezlenmis aromatik halkali fosfazenlerin S.
cerevisiae kultir ortaminda toplam protein, glutatyon S-transferaz
(GST) ve doymamis yag asitleri tizerinde ki etkisi belirlendi. Farkli
fosfazen molekiilleri kullanildi. Deney gruplari kontrol grubu ve
fosfazen molekilleri gruplari seklinde diizenlendi. Ardindan, S.
cerevisiae kultirinin kontrol grubu diginda diger kultiurlere 20 pg
fosfazen ilave edildi. 30 °C de 72 saat inkiibasyona birakildi.
Inkiibasyon sonunda hiicre peletleri ayrildi ve Tris-ETDA tamponu
homojenize edildi. Homojenizattan Glutatyon S-Transferaz (GST) ile
total protein diizeyleri belirlendi. Hekzan/izopropanol karigimi ile
elde edilen homojenattan da yag asidi analizi yapildi. Deney
sonuclarina gore, fosfazen molekili ilave edilen maya hiicrelerinde
total protein degerleri ile GST degerlerinde paralel bir sekilde artig
gosterirken, baz1 gruplarda protein miktarinda artis gozlendigi halde
GST diizeyinde azalma saptandi. S. cerevisiae yag asidi bilesimi
icinde doymamig yag asitlerinden oleik asit ile palmitoleik asitlerin
yiksek diizeyde oldugu goézlendi. Fosfazenlerin yag asidi sentezi
uzerinde hem azaltici yonde hem de artirici yonde etkili oldugu
gozlendi. Sonug olarak; yeni sentezlenmis fosfazen molekillerinin S.
cerevisia€da biyokimyasal parametreler tizerinde farkl etkilerinin
oldugu ortaya konulmustur. Bu farkli etkinin fosfazenlerin
molekiiler yapilarinda ki farkhiliga baghh olarak agiga c¢iktigl
dustlmektedir.
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Determination of Biochemical Activities of Aromatic Cyclic Phosphatans in the Culture

Saccharomyces cerevisiae L.

ABSTRACT

In this study; the effect of newly synthesized different aromatic cyclic
phosphazenes on total protein, glutathione S-transferase (GST) and
unsaturated fatty acids in S. cerevisiae culture medium was
determined. The experimental groups were organized as control
group, and phosphazen molecules groups, then, 20 ug of phosphazen
was added to other cultures, except for the control group of S.
cerevisiae culture. All treatments were incubated for 72 hours at 30
°C. At the end of incubation, cell pellets were separated and Tris-
ETDA buffer was homogenized. Total protein levels were determined
from Glutathione S-Transferase (GST) from homogenized. The fatty
acid was analyzed from the homogenate obtained with the hexane/
isopropanol mixture. According to the results of the experiment,
while the total protein values and GST values increased in parallel
in the yeast cells to which the phosphazene molecule was added, a
decrease in the GST level was found in some groups although the
protein amount was increased. It was observed that high levels of
oleic acid and palmitoleic acids were among the unsaturated fatty
acids in the S. cerevisiae fatty acid composition. It was observed that
phosphazenes had both a decreasing and increasing effect on the
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fatty acid synthesis compared to the molecular groups. It can be
concluded that newly synthesized phosphosene molecules have
different effects on biochemical parameters in S. cerevisiae. It was
thought that this different effect occurs due to the difference in the

molecular structure of the phosphocenes.
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GIRIS ark., 2000; Cabral ve ark., 2003).

Fosfazenler; fosfor ve azotun bir araya gelmesiyle
olusan, kendilerine 6zgii molekiiler yapiya sahip olan
maddelerdir. Bu molekilleri olusturan atomlarin
arasinda tekli ve ¢iftli baglar bulunmaktadir.
Fosfazenler; siklo, poli ve monofosfazenler olmak
uzere ¢ kategoriye ayrilirlar. Daha kararlhh yapiya
sahip olduklar1 i¢in, yogun olarak monofosfazenler
yapilan calismalarda tercih edilmistir. Ancak igerik
olarak en 1iyi tamimlanan siklo ve polifosfazen
molekiilleridir (Koran ve ark., 2014).

Inorganik yapili fosfazen bilesikleri morfolojik olarak;
lineer, halkali veya polimerik olmak tizere 3’e ayrilir.
Bu sekilde simiflandirilmasinin temel nedeni azot-
fosfor atomlarimin tekrarli yapr olusturmasidir.
Ayrica fosfora baglanan organik yapili bazi gruplarla
olusturmus olduklar1 etkilesim ve yer degistirmeler
sonucu farkli ozellikler ihtiva eden fosfazenler
sentezlenebilmektedir (Gudasi ve ark., 2007).
Fosfazenlerin  birbirinden farkli o6zellikleri ve
etkilesimleri bulunmaktadir. Yiksek 1siya kars:
dayamklilik, antimikrobiyal, yangina karsi
geciktirici-sonduriicii etki ve katalizor etkisi gibi
ozellikleri bulunmaktadir. Bu 6zellikler fosfazenlerin,
endistri ve tip alanlarinda kullanilmasinmi saglamigtir
(Atalan, 2016). Giiniimiizde kanser calismalarinda
kemoterapik ajan olarak fosfazenler kullanilmaktadir
(Coskun, 2011). Bazi fosfazenler de zararhlar
bitkilerden uzaklastirmak ve toprak verimini
arttirmak amaciyla kullamlmaktadir (Ozen ve ark.,
2014).

1900’11 yillarin sonlarina dogru fosfazen bilesikleri ile
ilgili yapilan calismalar hiz kazanmigtir. Halkalh
fosfazenlerle  baglanmig olan bu ¢alismalar
ginumiuzde gelistirilen tekniklerle artig géstermigtir
(Dumanogullar:, 2006). Farkli 6zelliklere sahip olan

fosfazenler yapilarindaki baglamalara gore
degiskenlik  gostermektedir. Bu degiskenlikler
fosfazenler i¢in farkl kullanim alam
olugsturmaktadir. Fosfazenler ve Okaryotik hiicre

yapisinda olan S. cerevisiae L. (ekmek mayasi) ile cok
sayida ¢alismalar yapilmistir. Yapilan c¢alismalarla;
doymamig yag asitleri, ergosterol ve diger toksik
maddelerin etkilerinin arastirilmasinda ve
incelenmesinde kolayliklar saglanmistir (Ribeiro ve
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Bu galismada; yeni sentezlenmis fosfazen gruplarinin
S. cerevisiae hiicre modeli lzerindeki etkilerinin

belirlenmesi amacglanmaktadir. Farkli aromatik
halka yapisina ve molekillerine sahip olan baz
fosfazen gruplarinin S. cerevisiae  kiltur

ortamlarinda yag asidi, total protein ve Glutation-S-
Transferaz (GST) analizleri yapilmis, bu yeni sentez
maddelerin  biyokimyasal parametreler {izerine
etkileri belirlenmeye ¢aligilmigtir.

MATERYAL ve METOD
Fosfazen Molekiilleri

Bu molekiillerin sentezi TUBITAK tarafindan
desteklenen TBAG-107T407 nolu proje ile yapilmistir.

METOT

FM1= 18.8 mg; FM2= 19.5 mg; FM3= 20.9 mg; FM4=
20.9 mg; FM5= 20.4 mg; T2= 20 mg; T2A= 20 mg;
T2B= 20 mg; T2C= 20 mg tartilarak 5 ml DMSO
(dimetil siilfoksit)’da c¢oézdiiriildi. Kiiltiir ortamina
ekim yapilana kadar + 4 °C de bekletildi.

Maya Kiiltiir Ortaminin Hazirlanmasi

Deneyde kullanilacak olan S. cerevisiae gelisimi ve
cogalmasi icin YEPD (200 mL icin; 2 g maya ekstrak,
4 g baktopepton, 4 g glukoz ) besiyeri ortami1 her grup
icin tekrar sayisi (n= 5) olacak sekilde hazirlandi
(Dilsiz ve ark.,1997). Besiyeri ortam1 hazirlandiktan
sonra asagidaki gruplara ayrilda:

Kontrol grubu: Bu gruptaki S. cerevisiae hucreleri
i¢in, YEPD besiyeri ortami hazirlanda.

Fosfazen Uygulama Gruplari: Bu gruptaki S.
cerevisiae hicreleri i¢in, YEPD besiyeri ortami
igerisine maya hicresi inokiile edildikten sonra
OD600 degerleri 0.4-0.6 civarina [yaklasik olarak 1-3
107 hiicre ml (Bergman, 2001) ulasinca fosfazen
maddelerin her birinden 20 pg miktarinda eklenerek
gruplar hazirlandi. Her fosfazen madde ayr1 bir grup
olarak belirlenip deneysel c¢alisma iglemi yuritalda
ve asilama igleminden sonra kultirler 30 °C’de 72
saat inklibasyona birakildi. Bu slirenin sonunda
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FM2= Hekza (4-naftil-iminometoksifenoksi) siklotrifosfazen, Molekiil agirlig1: 1612.641066
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FM3= Hekza (biskloro-fenil-iminometilfenoksi) siklotrifosfazen, Molekiil agirhig1: 1725.629706
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T2B= 2-aminobifenil(PHIDF2), Molekiil agirli31:1768.864746
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T2C= 2-amino-4-klorofenol(PHIDF3), Molekiil agirlig1:11614.955746

OH
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kultirler laboratuvar sartlarinda 517 nm’de hiicre
yogunluklar: 6l¢tildiikten sonra, 6000 rpm’de 5 dakika
sureyle +4 °C’de santrifiij edilerek hucreler topland.
Hiicreler pellet olarak toplandiktan sonra yas
agirhiklar: belirlendi. Hucre pelletleri, 20 mM Tris
HCl-baz (pH= 7.4) ve 20 mM EDTA karisimi ile
homojenize edilip santrifij edildikten sonra
supernatant kismi ile GST, pelet kismi ile total
protein ve yag asidi 6l¢glimleri yapildi.

0.6 -

0,5 +

0,3 4

Absorbans

0.2 4

0,1 +

w = 00,0035 - 0,0237
RZ= 10,9974

Maya Hiicresinde Total Protein Miktarimimn Olgiilmesi

Orneklerin total protein miktarlarmin 6l¢iimii Lowry
(1950) yontemine gére yapildi. Gruplar 750 nm’de
blank’a kars1 okundu ve okunan degerlere gore Sekil
1’deki kalibrasyon egrisi olusturuldu. Orneklerin
protein miktarlar1 elde edilen bu kalibrasyon
egrisindeki denklem vasitasiyla hesaplandi, sonuglar
(mg/g) seklinde verildi.

D T T T T
20 40 50 =l

Konsantrasyon

Sekil 1. Protein kalibrasyon egrisi
Figure 1. Protein calibration curve

Glutatyon S-Transferaz (GST) Enzim Aktivitesi
Tayini

Glutatyon  S-transferaz tayini Habig (1974)
tarafindan gelistirilen metoda gore yapilmgtir.
GST’nin  bitin  izozimleri i¢in  1-kloro-2,4-

dinitrobenzen (CANB) substrat olarak kullanilir. GST
enzimi tarafindan CdNB, indirgenmig glutatyon
(GSH) ile konjuge edilerek glutatyonun
oksidasyonuna bagli olarak 340 nm’de absorbans
yikselmektedir. Enzim aktivitesinin tayini i¢in 3
dakika boyunca 340 nm’de yukselen absorbanslar
okunarak 340 nm’de (€=340: 9,6 mM cm™) 1 dakikada
stipernatantta bulunan 1 mg toplam protein bagina
olusturulan tioeter miktari belirlenmigtir.

Yag Asidi Metil Esterlerinin Hazirlanmasi

Hiicre peleti orneklerinde yag asidi ekstraksiyonu
Hara ve Radin tarafindan tanimlanan yénteme gore
yapildi (Hara ve Radin, 1978). Doku o6rnekleri 3:2
(v/v) oraninda hekzan-isopropanol karisimi ile
homojenize edildi. Homojenizasyon sonrasi bu
homojenat +4 °Cde 9050 x g’de 10 dk. santrifii
edilerek elde edilen st kisimdan yag asidi analizi
yapildi.

228

100 120 140 160

Yag asidi bilesimini belirlemek i¢in ayrilan 6rneklerin
uzerine %2’lik metanolik sulfiirik asitten ilave edildi,
iyice karigtirlarak 55 °C’de 15 saat etiivde
metillesmeye birakildl (Christie, 1999). Siire sonunda
tupler etivden cikarildi, soguduktan sonra %5’lik
NaCl ilave edilerek iyice karigtirildi. Tipler i¢inde
olusan yag asidi metil esterleri hekzan ile ekstrakte
edildi ve hekzan faz1 tsten pipetle alinarak %21k
potasyum bikarbonat (KHCOs ) ile muamele edildi ve
fazlarin ayrilmasi i¢in 10 saat beklendi. Siire sonunda
metil esterlerini iceren karigimlarin, 45 °C’de ve azot
gaz akimi altinda ¢éziicileri uguruldu, 1 mL n-heptan
ile ¢ozildi ve yag asidi metil esterleri gaz
kromatografisinde analiz edildi. Bu analiz i¢in SP™-
2380 kapiler GC kolon (LxID. 30 m x 0,25 mm, df
0,20 um) (Sigma) kullanilda.

Yag Asidi Metil Esterlerinin Gaz Kromatogafik
Analizi

Lipit ekstrakti igindeki yag asitleri metil esterlerine
donusturildikten sonra Shimadzu marka GC 2001
Plus gaz kromatografisi ile analiz edildi. Analiz
sirasinda kolonun sicakligit 148-218 °C, enjeksiyon
sicaklig1 245 °C ve dedektor sicakligi 290 °C olarak
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tutuldu. Kolon sicaklik programi 148 °C’den 218 °C’ye
kadar programlandi. Sicaklik artis1 180 °C’ye kadar 5
°C dk1 ve 200 °C’den 218 °C’ ye kadar 4 °C dk! olarak
ayarlandi. 218 °C’de 4 dakika tutulacak ve toplam
stire 28 dakika olarak belirlendi. Tasiyic1 gaz olarak
helyum gaz1 kullanildi. Analiz sirasinda 6rneklere ait
yag asidi metil esterlerinin analizinden oOnce,
standart yag asidi metil esterlerine ait karigimlar
enjekte edilerek, her bir yag asidinin alikonma
stireleri belirlendi. Bu iglemden sonra gerekli
programlamalar yapilarak o6rneklere ait yag asidi
metil esterlerinin analizleri yapildi (Tvrzicka ve ark.,
2002).

Istatiksel Analizler

Istatistik analizleri i¢in, SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA) paket programi kullanildi. Kontrol
grubu ile deneysel gruplar arasindaki
karsilastirmada ANOVA (tek yénlii varyans analizi;
one-way ANOVA) testi ve gruplarin kendi
aralarindaki karsilastirilmasinda ise LSD testi
kullanildi. Sonugclar; ortalama + SEM olarak verildi.
Istatistiksel anlamhlik diizeyi i¢in p degerleri dikkate
alinarak p<0.05 olarak kabul edildi.

BULGULAR ve TARTISMA

Fosfazen Gruplarinin Saccharomyces cerevisiae
Hiicresinin Total Protein ve GST Seviyesi Uzerindeki
Etkisi

Farkl 6zellikte aromatik halka tasiyan fosfazenlerin;
S. cerevisiaeda total protein miktarinin kontrol
grubuna gore biitin fosfazen molekillerinde ytiksek
oldugu tesipit edildi (p<0.05, p<0.01, ve p<0.001).
Artigin en yiiksek oldugu fosfazen molekillerin FM2-
FM3'de o6nemli diizeyde (p<0.01) ve FM4'de ise
belirgin diizeyde yiiksek oldugu saptandi (p<0.001).
GST enzim sonuglarimin da kontrol grubuna gore
yiiksek oldugu gézlemlendi (p<0.01 p<0.001) (Cizelge
1).

T2 grubu fosfazenlerin GST ve total protein degerleri
kontrol grubu ile karsilastirildign zaman, fosfazen
ilave edilen butiin gruplarda total protein miktarinin
yiksek oldugu belirlendi (p<0.001). GST diizeyinin
ise, T2A-T2B gruplarinda yiiksek oldugu halde
(p<0,001), T2C grubunda belirgin diizeyde azaldig1
belirlendi (p<0.001) (Cizelge 2).

Cizelge 1. FM grubu fosfazenlerin GST ve total protein degerlerinin kontrol grubuna gore degisimi
Table 1. Changes in GST and total protein values of FM group phosphasens compared to the control group.

Kontrol FM1 FM2 FM3 FM4 FM5
Total Protein (mg/g pellet) 19.80+14.74 24.72427.19> 31.08+0.40¢ 35.32+0.76¢ 59.65+0.644 69.10+0.364
GST (ug/g) 0.28+0.00  0.55+0.00¢  0.42+0.01c  0.44+0.00c  0.45+0.00c  0.47+0.00¢

b: p<0.05 Gruplar arasindaki farkhiliklar istatistiki agidan kismen énemli
¢! p<0.01 Gruplar arasindaki farkliliklar istatistiki agidan énem derecesi yiiksek
d: p<0.001 Gruplar arasindaki farkliliklar istatistiki agidan belirgin diizeyde 6nemli

Cizelge 2. T2 grubu fosfazenlerin GST ve total protein degerlerinin kontrol grubuna gore degisimi
Table 2. Changes in GST and total protein values of T2 group phosphazens compared to the control group

Kontrol T2 T2A T2B T2C
Total Protein (mg/g pellet) 54.61+0.67 76.75+1.02¢ 84.31+1.25d 79.41+0.37¢  101.86+0.634
GST (ug/g) 0.45+0.00 0.48+0.002 0.65+0.014 0.59+0.004 0.24+0.004
a: p>0.05 Gruplar arasindaki farkliliklar istatistiki agidan énemli degil
d: p<0.001 Gruplar arasindaki farklhiliklar istatistiki agidan belirgin diizeyde 6nemli
Fosfazen molekiillerinin molekiiler yapilari biitin maddelere aym tepkiyi vermistir. GST

incelendiginde yan zincirlerinde; FM1 ve FM2'de
sadece aromatik halkalar, FM3’de aromatik halkaya
baglh CI molekilleri, FM4’de SH gruplari, FM5'de ise
aromatik halkada NH grubunun bulundugu
gozlenmistir (Sekil 1-5). Bu maddelerin ilave edildigi
kiltir ortamlarindaki biyokimyasal parametreleri
incelendiginde; total protein dizeylerinde kontrol
grubuna gore artis gozlenmis ve buna paralel olarak
da GST miktar1 da yiikselmistir (Tablo 1). Total
protein artiginin GST diizeyi artisina etkisi oldugu
soylenebilir. Bu maddelerin molekiiler yapilar
kimyasal olarak incelendiginde yalnizca FM4lin
elektron verici 6zellikte oldugu goriillmektedir, ancak
maya hlcresi molekiler farkhiligi dikkate almadan
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enziminin toksik etkili molekiilleri temizleme 6zelligi
dikkate alinirsa, bu enzim miktarinin artmasi
molekiillerin maya hiicresi igin zararl etki yaptigi
sonucu ortaya c¢ikmaktadir. Nedjoud ve ark., (2013)
yaptiklar1 bir arastirmada ¢inko uygulamasinin S.
cerevisae mayasinda GST enzim aktivitesini kontrol

grubuna gore artirdigini ortaya koymusglardir. S.
cerevisaénmn gelisme ortamina agir metallerin
uygulanmasi sonucu biyokimyasal
parametrelerindeki degisiklikleri belirlemek igin

yapilan bir calismada; agir metal uygulamalarinin
GST enzim aktivitesini belirgin oranda arttirdig:
saptanmistir (Kirecci 2018).

Yapilan arastirmada; total protein miktari lizerine
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fosfazen gruplarinin 6nemli diizeyde artigsa neden
oldugu belirlenmigtir. Oksidatif stres karsisinda
sentezlenen proteinlerin ya da hasara ugramis
proteinlerin hiicrede birikimine sebep olabilecegini
daha once yapilan c¢alismalar ile bildirilmistir
(Vincent ve ark., 2004). Kullamilan fosfazenlerin
etkisi ile hiicrede anormal protein birikimi olusabilir.
Bu birikim hiicrede protein diizeyinin artisi ile
sonu¢lanmaktadir. Bununla birlikte oksidatif strese
karg1 hiicrelerde yeni proteinlerin sentezi de protein
diizeyinde artigsa neden olabilmektedir. Bu hipotez
literatiurde baz1 arastiricilar tarafindan
desteklenmektedir. Tamarit ve ark., (1998), oksidatif
strese bagli olarak bir grup oksitlenmis proteinin
ortaya c¢iktigini belirtmiglerdir.

Fosfazen Gruplarimin Saccharomyces cerevisiae
Hiicresinin Yag Asidi Profili Uzerindeki Etkisi

Aromatik halka tasiyan fosfazenlerin S. cerevisiae nin
yag asidi bilesimi Uzerine etkilerine bakildiginda;

kisa zincirli yag asitlerinden kaprilik asitin (8:0);
FM2, FM3 ve FM4 gruplarinda, 12:0 (laurik asit ) yag
asidinin ise FM1 ile FM5'de yuksek oldugu belirlendi
(p<0.001) (Tablo 3). Orta zincirli yag asitlerden
miristik asitin (14:0), FM2 grubunda (p<0.05), uzun
zincirli yag asitlerden palmitik asitin (16:0), FM2 ve
FM4 gruplarinda (p<0.001; p<0.01), palmitoleik asitin
ise FM3 ile FM4 gruplarinda azaldigi belirlendi
(p<0.05; p<0.01) (Tablo 3). Stearik asit miktarimin
(18:0) FM 1-4 no’lu gruplar ile kontrol grubu arasinda
farklihk gostermedigi halde, FM 3, 4 ve 5. grup
fosfazenlerde artislar oldugu belirlendi (p<0.01;
p<0.05). Oleik asit (18:1,n-9) miktarinda FM1 ve FM5
gruplarinda kontrol grubuna goére fark gézlenmedi.
Ancak miktarda FM2 ile FM3 gruplarinda artis
(p<0.01; p<0.05) ve FM4'de azalis oldugu saptandi
(p<0.01). Linoleik asit (18:2,n-6) diizeyinin; FM1, 3 ve
4de yiiksek, FM5’ de ise azaldig1 belirlendi (p<0.01;
p<0.05).

Tablo 8. FM grubu fosfazen molekiillerin yag asidi sonuglarinin kontrol grubuna gére degisimi (%)
Table 3.Change of fatty acid results of FM group phosphase molecules compared to the control group (%)

Yag asitleri Kontrol FM1 FM2 FM3 FM4 FM5

8:0 1.89+0.01 1.75+0.022 3.63+0.214 3.21+0.034 5.17+0.08 ¢ 2.07+0.042
12:0 4.15+0.13 6.13+0.174 3.52+0.262 4.31+0.112 5.32+0.54a 6.19+0.214
14:0 6.74+0.22 6.60+0.142 5.430+0.40V 7.42+0.39a 7.30+0.502 7.21+0.392
16:0 43.02+0.28 41.98+0.632 36.60+0.934 42.01+0.682 39.25+0.99¢ 42.73+0.632
16:1, (n-7) 6.89+0.28 7.47+0.202 6.27+0.212 6.07+0.24b 5.71+0.18¢ 6.88+0.292
17:0 0.10+0.00 0.10+0.002 0.13+0.012 0.12+0.002 0.12+0.022 0.19+0.122
171 0.37:0.03 0.04:0.004 0.06:0.004 0.08:0.004 0.05:0.004 0.05:0.004
18:0 11.87+0.54 12.45+0.392 14.03+0.39¢ 14.52+0.45¢ 11.51+0.202 13.34+0.19b
18:1, (n-9) 15.44+0.28 15.97+£0.18 2 17.69+0.18 ¢ 16.11+0.21b 14.64+0.19 15.49+0.274
18:2, (n-6) 1.46+0.01 1.87+0.03¢ 1.49+0.032 1.80+0.02 ¢ 1.68+0.03 1.2440.03P
18:3, (n-3) 1.73+0.02 3.69+0.144 3.28+0.084 3.78+0.224 4.81+0.394 2.69+0.19b
20:0 0.17+0.01 0.15+0.00# 0.40+0.064 0.14+0.012 0.15+0.002 0.16+0.002
20:1 0.11+0.00 0.13+0.00= 1.09 +£0.024 0.07+0.082 0.99+0.00P 0.15+0.00=
¥, Doymus 67.60 69.16 63.74 71.64 71.82 71.89

> Doymamig 32.40 30.84 36.26 28.36 28.18 28.11

a: p>0.05 Gruplar arasindaki farkliliklar istatistiki agidan 6nemli degil

b: p<0.05 Gruplar arasindaki farkhiliklar istatistiki agidan kismen 6nemli
¢: p<0.01 Gruplar arasindaki farkliliklar istatistiki agidan 6nem derecesi yiiksek
d: p<0.001 Gruplar arasindaki farkliliklar istatistiki agidan belirgin diizeyde 6nemli

T2 grubu fosfazenlerin yag asidi degerleri kontrol
grubu karsilastirildign zaman, kaprilik asitin (8:0),
T2A ve T2C gruplarinda (p<0.05, p<0.001), laurik asit
(12:0)in ise T2A — T2C gruplarinda yiiksek oldugu
(p<0.01) bulundu. Miristik asitin (14:0), T2 grubunda,
pentadekanoik asitin (15:0) ise fosfazen gruplarinin
hepsinde azaldigi saptandi (p<0.05, p<0.001). Yag
asidi sentetaz enziminin son Urinu olan palmitik asit
(16:0), T2A ve T2C gruplarinda (p<0.001, p<0.05);
delta 9 desatiiraz enzim uriini olan palmitoleik asit
(16:1, n-7) miktarmmin Dbiitin  fosfazen grubu
maddelerde yiikseldigi belirlendi (p<0,05). Delta 9
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desatiiraz enziminin substrat:1 olan stearik asit (18:0)
ile delta 9 desatiiraz enziminin urini olan oleik
asitin (18:1, n-9) T2A, T2B ve T2C gruplarinda
azaldig1 belirlendi (p<0.05) (Tablo 4).

Maya hiicresi molekiiler biyoloji ile biyokimya
biliminin gelisimiyle biyologlar arasinda daha
popller bir mikroorganizma haline gelmistir. Maya
hiicresinin iyi bir 6karyotik hiicre modeli oldugunu ve
mayada meydana gelen molekiler ve biyokimyasal
mekanizmalarin karmagik yapili okaryotlarda da
meydana  geldigine dair kanitlar bulundugu
vurgulanmigtir.
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Tablo 2. T2 grubu fosfazenlerin yag asidi degerlerinin kontrol grubuna gore degisimi (%)
Table 4. The change in fatty acid values of T2 group phosphazens compared to the control group (%)

Yag asitleri Kontrol T2 T2A T2B T2C

8:0 1.37+0.29 1.34+0.072 1.75+£0.04b 1.46+0.152 2.59+0.114
12:0 1.59+0.26 1.34+0.122 1.79+£0.13¢ 1.98+0.142 1.84+0.02¢
14:0 3.15+0.29 2.23+0.10 b 3.39+£0.222 3.756+0.212 3.73+£0.27a
15:0 0.83+0.03 0.66+0.00 b 0.444+0.02 d 0.55+0.004 0.53+0.03 ¢
16:0 42.95+0.75 42.29+0.932 45.13+0.23 b 43.50+0.712 46.67+1.09 %
16:1, (n-7) 6.95+0.24 8.00+0.35P 8.70+0.09 b 8.04+0.28 b 7.90+0.35P
18:0 23.51+0.24 24.2140.47 2 19.47+0.38 d 19.73+0.294 20.13+0.21¢4
18:1, (n-9) 14.14+0.18 13.75+0.43 2 13.06+0.32 b 12.41+0.04 © 11.09+0.22¢
18:1, (n-7) 1.50+0.08 1.40+0.092 1.30£0.072 2.28+0.06¢ 1.49+0.112
18:2, (n-6) 9.60+0.13 9.51+0.112 2.64+0.102 9.55+0.11a 2.02:+0.11b
18:3, (n-3) 1.08+0.06 1.12+0.08 2 1.29+0.21 2 1.39+0.20 2 1.28+0.15 2
20:0 0.33+0.01 0.86+0.08 0.88+0.06 0.79+0.11 0.60+0.06
20:1 0.18+0.26 0.32+0.434 0.49+0.134 0.35+0.16¢ 0.48+0.12 4
Y Doymus 73.73 72.93 72.85 71.76 76.09

Y Doymamis 26.27 27.07 27.15 28.24 23.91

a! p>0.05 Gruplar arasindaki farkliliklar istatistiki agidan énemli degil

b: p<0.05 Gruplar arasindaki farkliliklar istatistiki acidan kismen 6nemli

¢: p<0.01 Gruplar arasindaki farkliliklar istatistiki agidan 6nem derecesi yiiksek

d: p<0.001 Gruplar arasindaki farkliliklar istatistiki agidan belirgin diizeyde 6nemli

Yapilan c¢alismalarla; maya genomu  dizilimi
tamamen c¢ozumlenerek, maya hiicresi ile 1ilgili
arastirmalarda cigir acilmistir. Bu arastirmalarin
sonucunda maya hiicresi, hiicresel ve molekiiler
biyolojinin farkli alanlarinda biyokimyasal ve genetik
analizle pek ¢ok molekiiler detayin aciklandigi
okaryotik hiicre modeli haline gelmistir (Fernandes,
2001).

Maya hiicresi metabolik olarak hem aerobik solunum
hem de anaerobik solunum yapmaktadir. Bu hiicre,
endustriyel alanda daha c¢ok anaerobik solunum
yapan sartlarda  kullanilmaktadir.  Anaerobik
sartlarda 1 mol glukoz molekiiliinden glikoliz yoluyla
net olarak 2 ATP, 2 NADH+H ve 2 piruvat molekiili
sentezlenmektedir. Hicre metabolik faaliyetlerini
stirdiirebilmek icin glikolizde elde ettigi net 2 ATP
molekiillerini kullanir. Ortamda yeterli miktarda
glukoz var ise yasamsal faaliyetini devam
ettirebilmek i¢in tekrar glukoz almasi gerekir. Bu
devamliligr ise bir 6nceki glikoliz olayinda indirgen
yapida olan NADH+H molekalini kullanmak
durumundadir (Voet ve ark., 1999; Nelson ve Cox,
2000).

Glikoliz olaymmin gergeklestigi sirada sahip oldugu
piruvat dehidrogenaz enzimi vasitasiyla 1 mol COz:
¢ikig1 1 mol asetaldehid meydana gelir. Asetaldehit,
alkol dehidrogenaz enzimi tarafindan NADH+H
molekili koenzim olarak kullanilarak etil alkole
donusturalir. NADH  moekilit okside forma
doniistigli zaman ve hiicre igerisine tekrar glukoz
girisi saglanir (Kruckeberg ve Dickinson, 2004;
Barnet ve Entian, 2005). Glikoliz olay1 ortamdaki

glukoz molekilii bitene kadar devam eder. Bu
¢alisama da deney sartlar1 30 °C’de inkiibatérde bu
sire 72 saat icerisinde sonlandirilmistir. Bu siire
icinde hiicre tomurcuklanarak cogalir ve membran
yapisindaki yag asitlerinin miktarinda degisim
gerceklesir. Maya hiicresi glikoliz metabolizmasi
sirasinda ortama etil alkol salinimi gergeklestigi igin,
maya hicresindeki, membran yapist molekiiler
diizeyde etil alkole karsi veya hiperosmolariteye karsi
koruyucu o6zelliktedir. Stres durumlarinda membran
yapisindaki  doymamig yag  asitleri  sentezi
diizenlenerek sivi mozaik yap1 korunmaktadir (Singh
ve ark., 2013).

Palmitoleik ve oleik asitler maya hiicresinde en ¢ok
bulunan doymamis yag asitlerdir. Palmitoleik asit
palmitik asitten (16:0), oleik asit ise stearik asitten
(18:0) Delta 9 Desatiiraz enzimi vasitasiyla
sentezlenir. Palmitoleik asitin FM3 ve FM4'de
azalmasi bu molekiillerin palmitik asitten palmitoleik
asitin sentezlendigi basamag yavaslatmasindan
kaynaklanabilmektedir. Diger bir basamakta ise
stearik asitten oleik asit sentez basamaginda ise FM2
ve FM3 artis, FM4’de ise yine azalma meydana
gelmigtir. FM2 ve FM3 gruplarinda oleik artigina
parelel olarak stearik asit miktarinin da yuksek
oldugu gézlenmistir.

Yag asidi miktarlarindaki bu degisimin yag asidi
sentezinden sorumlu olan enzimlerin sentezlerinde
gorilen degisikliklerden kaynaklandigi
distiintilmektedir. S. cerevisiae mayasinin yag asidi
profili tzerine daha o6nce yapilan calismalarla da
mayanin gelisme ortamina ilave edilen maddelerin
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yag asidi sentetaz (FAS) ve A° desaturaz enzim
aktivitelerini etkiledigi belirlenmistir (Ntambi 1999;
Rimoldi ve ark., 2001).

SONUC ve ONERILER

Calisma sonucunda; biyokimyasal ve molekiler
calismalarda en &nemli modellerden biri olarak
kullanilan S. cerevisiae kiltir ortamina biyolojik
etkinligi  ylksek olan fosfazen molekiillerin
eklenmesinin total protein, GST ve yag asidi
diizeylerinde 6nemli varyasyonlara neden oldugunu

belirlenmigtir.  Elde edilen bulgularla; yeni
sentezlenmis fosfazenlerin S. cerevisiagnin
biyokimyasal ve savunma sistemi Ulzerinde farkh

etkilere sahip oldugu saptanmigtir. Bu sonuglarin
hem pozitif yonde hem de negatif yonde yluriudagi
saptanmigtir. S, cerevisiae kiltir ortamina
fosfazenlerin eklenmesi; yag asidi sentezi, yag asidi
zincir uzamasl, yag asitlerinin hidrokarbon zincirine
cift bag girisi yapan enzimlerin son Ttriunlerinde
artiglara ya da azaliglara neden olmustur.

Bu veriler dogrultusunda; biyoteknolojide siklikla
kullanilan fosfazen bilesiklerin S. cerevisiae hiicresi
uzerindeki biyokimyasal degisimlerinin belirlenmesi
ve etkilerinin ortaya konulmasina olumlu katkida
bulunulmustur.
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OZET Aragtirma Makalesi

Bu calismanin amaci, Diizce Ili Yigilea Ilgesinin 3 farkh

lokasyonundan toplanan propolis o6rneklerinin, o6zellikle agiz ici Makale Tarihgesi
enfeksiyonlarina neden olan bakteri ve mayalara kars1 antimikrobiyal Gelig Tarihi  :27.04.2021
ve antifungal aktivitesini degerlendirmektir. Palinolojik analizler ile Kabul Tarihi :10.06.2021

bitkisel orijini, LC-MS/MS yéntemi ile kimyasal igerigi, fenolik ve
flavonoid komposizyonu belirlenen propolis 6rneklerinin 2 adet Gram

Anahtar Kelimeler

(), anaerobik, 2 adet Gram (+) anerobik, 2 adet Gram (+) fakiiltatif Propolis
anaerobik bakteri ve 3 adet maya tizerindeki aktivitesi test edilmigtir. Agiz ici florasi
Propolis numunelerinin bu mikroorganizmalar tizerindeki etkinlikleri Mikroorganizma

disk difiizyon metodu ile belirlenmis ve olusturduklar:1 zonlar

Antimikrobiyal etki

6lcilmiistir. Etanol kontroli ile karsilastirildiginda test edilen
propolis 6rnekleri tiim mikroorganizmalara karsi etkili bulunmustur.
Etki zonu olusturan gruplar MIC deneyine dahil edilmistir. Propolis
orneklerinin MIC degerleri 2 pg/ml ile 128 upg/ml arasindadir.
FEnterococcus feacalis bakteriler igerisinde en duyarli sus olarak
bulunurken; Candida krusei, test edilen tim propolis érneklerine
kars: en direncli sus olarak tespit edilmistir. U¢ farkl gruba ayrilan
propolis numuleri iginde 1. grubu temsil eden Hosafoglu Koyi’'ne ait
propolis numunesi, test edilen tim mikroorganizmalara karsi en
etkili grup olarak belirlenirken; Redifler Kéyti’'ne ait propolis 6rnegi
ise daha az etkilidir. Sonug olarak, Diizce/Yigilca yoresine ait propolis
numuneleri, agiz ic¢i florasina ait secgilen mikroorganizmalara karg:
yiksek oranda antibakteriyel aktiviteye sahiptir. Agiz ici
enfeksiyonlarinin tedavi edilmediginde daha buytik sistemik
problemlere yol acacagr dusunulirse bu tir enfeksiyonlarin
tedavisinde standartlastirilmis dogal propolis ekstraktlarinin
kullanilmasi 6nerilmektedir.

Determination of In Vitro Antimicrobial Activities of Different Propolis Samples from Diizce-Yigilca
Region against Oral Microorganisms

ABSTRACT
The aim of this study was to evaluate the antimicrobial and antifungal
activity of propolis samples collected from 3 different locations in

Research Article

Article History

Diizce Province Yigilca District, especially against bacteria and yeasts Received ©27.04.2021

that cause oral infections. The activity of propolis samples including Accepted ©10.06.2021

chemical content, phenolic and flavonoid composition was determined K d

by LCMS-MS method and herbal origin was determined with Pey""‘l’? s

palynological analysis. They were tested against 2 Gram (-), Oroli(;ls

anaerobic, 2 Gram (+) anerobic, 2 Gram (+) facultative anaerobic ral tiora
Microorganism

bacteria and 3 yeast. The efficiency of propolis samples against these
microorganisms was determined by the disk diffusion method and the
formed zones were measured. When compared with ethanol control,
propolis samples were found effective against all microorganisms.
Propolis samples which determined the inhibition zone were subjected
to the MIC test. Propolis samples have MIC values between 2 pg/ml

Antimicrobial activity
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and 128 pg/ml. While Enterococcus faecalis was found as the most
sensitive strain among bacteria; Candida krusei was identified as the
most resistant strain. While the propolis sample from Hosafoglu
Village is determined as the most effective group against all tested
microorganisms, the propolis sample from Redifler Village was less
effective. As a result, propolis samples from Diizce / Yigilca region
sustained high antibacterial and antifungal activity against selected
microorganisms releted to the oral flora. Considering that oral
infections will lead to greater systemic problems if left untreated,
natural propolis extracts is recommended in the treatment of such

infections.
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GIRIS birlikte yasayabilir. HIV enfekte kisiler gibi sitemik

Insan viicudunda bulunan agiz bélgesi bakteri, fungus
ve virusler gibi ¢esitli mikrobiyal komunitileri i¢inde
barindirabilen bir yapida olup, dis ortamla direk
irtibat halindedir. Bu mikroflorada 700’den fazla
bakteri tura dis, dil, agiz mukozasi, damak ve
periodontal cep gibi bolgelere kolonize olmaktadir
(Turkmen ve ark. 2016). Florada bulunan bu
bakterilerin ¢ogu hastallk yapmayan mukoza
(saprofit) tiirdendir, ancak immiin sistemin zayifladig1
durumlarda bu bakteriler hastalik etkeni olabilir.
Streptococcus mutans bilinen en 6nemli karyojenik
bakteridir. Hemen hemen her insanin agiz boslugunda
bulunmaktadir (Oh ve ark., 2003). Yapilan baska bir
calismaya gore Streptokoklar agiz iginde yasayan
diger mikroorganizmalara oranla daha fazla
bakteriyosin tiretmektedirler. Bu da onlara agiz i¢inde
baskin bir cins olma ézelligi kazandirmaktadir (Nes ve
ark., 2007). Porphyromonas gingivalis ise agiz ici
florasina ait diger bir bakteri tiirt olup, fimbrialar:
sayesinde dis eti epitelyum hicrelerine kolaylikla
tutunup, hiicre icerisine girebilme yetenegine sahiptir.
Genellikle Gram pozitif bir bakteri araciligi ile diglerin
yuzeyine tutunurlar. Tutunmasina olanak saglayan
bu bakter1 tira genellikle Streptococcus salivariustur
(Turkmen ve ark., 2016). Fusobacterium nucleatum
Gram negatif bir bakteri olup, agiz iginde olgunlagmisg
dis plaginda bol miktarda bulunur. Bu bakterinin asil
zararl, zorunlu bir anaerob olan Porphyromonas
gingivalis i¢in  oksijensiz ortamin olusumunu
saglayarak bu bakterinin biyofilm iginde gelismesini
desteklemektir (Bradshaw ve ark., 1998). Agizda
Candida turlerinin candidosise neden olmak diginda
oral kanser, burning mouth sendromu, tat
bozukluklari ve endodontik hastalaliklarin
patogenezinde rol oynadig1 diisiiniilmektedir (Bagis ve
ark., 2014). Bunun yaninda bu funguslar
Porphyromonas gingivalis, Tannerella forsythia,
Aggregatibacter actinomycetemcomitans gibi
periodontal hastaliklara sebep olan spesifik turlerle
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hastalik tablosu olan bireylerde linear gingival eritem
gozlenebilir (Grbic ve ark., 1995; Sitheeque ve
Samaranayake, 2003).

Tim bu oral patojenlerin sebep oldugu agiz sagligi
problemlerine kargi giinimiizde dis hekimlerinin
onerileri dogrultusunda uygulanan pek c¢ok tedavi
yaklagimi vardir. Bunlardan en ¢ok tercih edileni % 2
klorheksidin ile gargara ve antibiyotik tedavisidir
(Rostamifar ve ark., 2021). Ancak bu bakterilerin zorlu
ortamlarda hayatta kalma kabiliyetleri, mevcut
antibiyotiklere karsi bakteriyel direncin artmasina
neden olmaktadir. Ayrica antibiyotik kullanimi
sirasinda hastada bobrek yetmezligi ve karaciger
fonksiyonlarinda sorunlar olugsmakta, bu saghk
sorunlari da obezite, ishal gibi pek c¢ok saghk
problemlerine neden olmaktadir (Demir ve Birdane,
2015). Bu nedenle insanlarin dogal iiriinlere kars:
ilgisi hizla artmaktadir. Yiksek antimikrobiyal
aktivite ve dugluk toksisite gibi olumlu 6zellikleri g6z
ontinde tutuldugunda agiz i¢i patojenlerinin
tedavisinde klasik tedavi yontemine alternatif bir
uygulama olan propolis igerikli tirtinlerin kullanimi
kacimilmaz bir hal almigtir. Propolisin antioksidan,
antibakteriyel, antiviral, anti inflamatuar ve immiino
modiilator gibi etkileri oldugu bilinmektedir (Kouidhi
ve ark., 2010; Chirumbolo, 2011; Choudhari ve ark.,
2012; Frozza ve ark., 2013; Ferrari ve ark., 2016). Bu
ar1 Urlninin agiz sagligi tuzerindeki etkisi pek ¢ok
bilim insani tarafindan arastirilmis ve gelismis
ulkelerin ¢ogunda agiz saghgi hususunda uygulama
alami  bulmustur. Standardize edilmis propolis
preparatlarinin kullaniminin, diger bir¢cok sentetik
bilesikten daha glivenli ve daha az toksik oldugu da
bilinmektedir (Sonmez ve ark., 2005). Propolis; agiz
icinde bulunan zararlh bakteri, mantar ve virus gibi
farkli patojenleri 6ldiirmekte, ayrica agiz yaralari ve
ulseri, protez, aftoz stomatit, dis eti c¢ekilmesi,
periodontitis, dis eti iltihabi, dis hassasiyeti ve dis
giruamesi gibi farklh agiz ve dis hastaliklarina kars:
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olumlu sonuglar elde edilmesini saglamaktadir

(Bogdanov, 2012).

Propolisin kimyasal igerigi olduk¢a karmasiktir ve bu
icerik toplandigi floraya gore degigskenlik
gostermektedir (Bankova ve ark., 2000). Bu nedenle,
propolisin kaynagina gore antimikrobiyal aktivitede
goriilen varyasyonlar sagirtica degildir (Hegazi ve ark.,
2000; Hegazi ve El Hady 2001). Bu bilgiler
dogrultusunda c¢alismanin amaci Diizce/Yigilca
yoresinin farkli bitki florasina sahip tu¢ farkh
lokasyonundaki ariliklardan elde edilen propolis
numunelerinin se¢ilen mikroorganizmalar tizerindeki

antimikrobiyal ve antifungal etkinlik diizeyini
belirlemektir.
MATERYAL ve METOD

Propolis 6rneklerinin temini ve etanol ekstraksiyonu

Calismada kullanilan propolis érnekleri Diizce II'inin
Yigilea Ilge’sine ait 3 farkh lokasyondan temin edildi.
Birinci propolis grubu Hosafoglu Koy, ikinei propolis
grubu Kirik Koy, ticiineii propolis grubu ise Redifler
Koyi'ndeki arili  kolonilerden Haziran-Temmuz
aylarinda toplandi. Toplama iglemi i¢in propolis
tuzaklh arili kovanlar kullanildi. Kovanlar standart
Olciilerde ahgsap Langstroth tipi olup, propolis Uretimi
icin kovan kapagmin altina propolis tuzag
yerlestirilmistir.

Labaratuvara getirilen ham propolisler laboratuvar
tipi blendirda (Waring, commercial blender) toz haline
getirildi. Toz haline gelen propolislerden 50 gram
olacak gekilde bir kaba alinip tizerine 500 ml %96’1ik
etanol (Merck, ABD) eklendi. Karisim, 151k almayan
bir ortamda manyetik karigtirici tizerinde 150 rpm‘de

72 saat siireyle calkalandi. Bekleme siiresinin
ardindan karisim filtre kagidindan stizilerek
balmumu uzaklagtirildi. Geri kalan siizinti

evaporatorde (IKA RV10) 50-60 °Cde 5-10 dk
bekletilerek etanoliin uzaklastirilmasi saglandi. Kalan
re¢inemsi kisim tartilarak miktar belirlendi ve
propolis icerigi % 10 olacak sekilde (0.1 g/ ml) %7071k
etil alkolde ¢6ziiliip her bir propolis grubu i¢in stok
soliisyonlar hazirlandi (Eroglu ve ark., 2021).

Propolis 6rneginde polen analizi

Propolis 6rnekleri tizerinde yapilan mikroskobik polen
analizlerinde Warakomska ve Maciejewicz (1992) ile
Gencay ve Sorkun (2006) metodlar1 takip edilmistir.
Numuneler, toz haline gelene kadar o6gutildikten
sonra etanol/eter/aseton ile karistirilarak (1:1:1)
calkalandi. Karigim 0.3 mm capinda delikleri olan bir
stizgeg yardim ile siizlildi. Elde edilen slispansiyon 20
dakika boyunca 3500-4000 rpm'de santrifiij edildi.
Santrifigasyon sonrasinda olusan slipernatant,
uzerinde gliserin jelatin bulunan lama damlatilarak,
karigimin tizeri lamel ile kapatildi. Her bir numune
icin daha saghkl polen sayimi1 yapabilmek amaciyla
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ayni zamanda iki slayt hazirlanda.

Sivi Kromatografi-Kiitle Spektrometresi (LC-MS/MS)

LC-MS/MS yontemi Yang ve ark., (2013)mn
uyguladiklar1 basamaklarda birtakim degigiklikler
yapilarak gerceklestirildi. Kiitle spektrometresi
olciimleri, elektrosprey iyonizasyonlu (ESI) hibrit,
ucli, dort kutuplu / dogrusal iyon tuzagi kitle
spektrometresi API 4000 QTRAP (Applied Biosystems,
Darmstadt, Germany) iizerinde gerceklestirildi. LC
ayirmalari;, C18 analitik kolonunda (Gemini® 5 pm
partikil boyutu, 110 A gozenek boyutu, 50 mm x 2 mm,
tamamen goézenekli organo-silika LC Kolonu)
gerceklestirildi. Her enjeksiyon i¢in ¢alisma siiresi 5.5
dakika, kolon sicakligi 40 °C ve enjeksiyon hacmi 10
uL olarak belirlendi. Kiitle spektrometresi, 0.70 amu
genisligini iceren secili iyon izleme (SIM) kosulu
altinda pozitif modda bir elektrosprey iyon kaynagi
(ESD ile calismakta ve nebiilizér basinct 55 psi,
kurutma gazi akig1 1 mL/dk ve skimmer voltaji1 20—80
V arasinda olacak sekilde ayarlandi. Propolis
numunelerinin diisik pH oranna (pH 3.4) sahip
olmas1 sebebiyle metodun pozitif iyon modunda
calistirilmasi daha hassas sonucglar elde edilmesini
desteklemigtir.

Mikroorganizmalar

Calismada toplam 4 adet anaerobik: Klebsiella
pneumoniae (yaban tip), Clostridium
perfringens ATCC 13124, Fusobacterium
nucleatum ATCC 10953, Streptococcus sobrinus ATCC
27607 ve 2 adet fakiiltatif anaerobik FEnterococcus
faecalis ATCC 29212, Streptococcus salivarus ATCC
7073 Dbakterileri kullanildi. Fungal grup ise
Saccaromyces cereviceae ATCC 9763, Candida
krusei ATCC 6258, Candida albicans ATCC 10231’dan
olusmaktadir. Calisma oOncesinde tiim suslar
laboratuvarda tutuldu ve -80 °C'de dondurularak
saklandi. Deney baslangicinda tiim bakteriyal suslar
Miieller Hinton Agar (MHA) (Merck) Dbesiyerine
ekilerek 37 °C'de 2 guinliik inkiibasyonun ardindan, saf
kiltiirler Miieller Hinton Broth (MHB) (Merck)
besiyerine transfer edilerek gece kultiirleri yapildi.
Mayalarin canlandirma iglemleri sirasinda ise
Sabouraud dextrose agar (SDA) besiyeri kullanildi
(Ozan ve ark., 2009).

Disk diflizyon testi ve minimal inhibisyon
konsantrasyonunun belirlenmesi

Her bakteri kiltiirt MHB besiyerine agilandi ve 37
°C'de 16 saat inklbe edildikten sonra ODsg25 = 0.08-0.1
(yaklagik 1 x 107 - 1 x 108 CFU / mL) 'e ayarlandu.
Mayalarin agilanmasi ise SDA besiyerine yapildi.
Konsantrasyonlar1 belirlenen hiicre slispansiyonlari
petri kaplarina yayma ekimleri yapilarak tiizerine
steril diskler (Whatman kagidi, No:1) yerlestirildi ve
kontrol grubu olarak ¢éziicii kullanildi. Her petri kabi
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icin Kanamycine pozitif kontrol olarak secildi. dogrulanmaktadar.

II.lhibisyon bolgeleri, toplam caplar dikkate alinarak Diizce/Yagilea yoresinin iic farkli lokasyonundan
bir kumpas .yardlrnlyla ol(;u.ld.u. ‘Her deney ti¢ te.kr.aufh toplanan propolis o6rnekleri, calismada kullanilan
olacak sekilde gergeklestirildi. MIC deneyi igin mikroorganizmalar tUzerinde yapilan mikrobiyal

disklerin etrafindaki 6 mm ve tzerinde inhibisyon
zonu olusturan propolis érnekleri kullanild: (Kartal ve
ark., 2003). Propolis gruplarinin bakteri suslarina ve
mayalara karst MIC degerleri seri dilisyon yontemi
kullanmilarak Dbelirlendi. Bu yonteme gore propolis
ornekleri 12 ardigik tlipe ayni hacimde aktarilarak
seyreltildikten sonra 96 gozli kaplara dagitildi ve her
bir géze ODe25 = 0.08-0.1 olan bakteri ve mayalardan
inokile edildi. Kaplar 24 saat 37 °C sicaklikta inkiibe
edildikten sonra kuyucuklardaki mikrobiyal biylme,
spektrofotometre (Molecular Devices, SpectraMax M2)
kullanilarak 600 nm'de ilgili absorbans (Abs)
okunarak belirlendi.

Istatistik Analizler

Calismada ele alinan mikroorganizmalarin MIC
degerlerine 1iliskin ortalama ve standart sapma
degerleri Microsoft Office Excel 2013'te (Microsoft
Corporation, Redmond, WA, ABD) hesaplandi.
Propolis icerik analizine gére gruplar arasi istatistiki
farkliign belirlemek icin SPSS-15.0 (SPSS Inc.,
Chicago, IL, USA) paket programinda One-way
ANOVA / Duncan testi uyguland: (P <0.05).

BULGULAR ve TARTISMA

Propolis érnekleri Diizce’nin Yigilca Ilge’sinde bulunan
Kirik, Redifler ve Hosafoglu koylerinde Haziran-
Temmuz aylarinda kovanlara yerlestirilen propolis
traplarindan  hasat edilmistir. Yapilan polen
analizinde Hosafoglu Koytu’'ndeki ariliktan toplanan
propolislerde Fagaceae familyas: polenleri dominant,
Graminaceae ve Fabaceae minor olarak belirlenmigtir.
Redifler Koyli'nden alinan oOrneklerinde Fabaceae
familyas1 dominant Fagaceae minor olarak
belirlenmigtir. Kirik Koéyii'nden toplanan 6rneklerde
dominant polene rastlanmazken Fagaceae minor

miktarda goérulmustiir. Apiaceae, Asteraceae,
Betulaceae, Boraginaceae, Brassicaceae,
Campanulaceae, Cucurbitaceae, Cornaceae,
Ericaceae, Fabaceae, Fagaceae, Gentianaceae,

Gramineae, Lamiaceae, Oleaceae, Pinaceae, Poaceae,
Rosacea ve Tiliaceae familyalarindan polenler
genellikle eser miktarda gériilmiistiir (Cizelge 1).

Calismada kullanilan propolis o6rneklerinin etanol
ekstraktlarinin kimyasal bilesimleri Cizelge 2'de
verilmigtir. Analiz sonucu incelendiginde li¢ gruba ait
propolis numulerinin en fazla fenolik asit tiirevi olan
Gallic acid ve Flavonoid tiirevi olan Pinostrobin
icerdikleri goériilmektedir. Kiritk Koyii'ne ait propolis
numunesi ise (+)-Catechin igerigi yoniinden zenginlik
gostermektedir. Ancak 1i¢ guba ait propolis
orneklerinin timinin Kaempferol ve Ellagic acid
icermedigi LC-MS/MS analizi  sonuglarn ile
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etkinlik test sonuglarina gére 6mm den biyik
inhibisyon zonu olusturmustur. Bu inhibisyon zonu
olusumu, propolisin mikroorganizmalarin
gelismelerini fakl oranlarda engelledigini
gostermektedir. Bu nedenle propolis 6rneklerinin etki
dozlarini bulmak amaciyla tim 6rnekler MIC deneyine
dahil edilmistir. Bu sonuglara goére propolis
orneklerinin tim mikroorganizmalar {izerinde farkli
miktarlarda etkili olduklar1 gériilmektedir. Propolis
numunelerinin MIC degerleri 2 ile 128 ug/mL arasinda
degismektedir (Cizelge 3). Kontrol olarak kullanilan %
70’1k etanol mikroorganizmalarin biiyimesi tzerinde
herhangi bir etki géstermemistir. Hosafoglu propolis
ornekleri i¢in goézlemlenen MIC degerleri, diger
numuneler i¢in gézlemlenenlerden 6nemli 6l¢tide daha
dugtuktiur. Secilen mikroorganizmalar Uzerinde en
etkili olan propolis 6rnekleri sirasiyla Hosafoglu, Kirik
ve Redifler koylerinden alinan 6rneklerdir. Cizelge 3
incelendiginde propolis oOrneklerinin Gram pozitif
bakterilere karsi Gram negatif bakterilere gére daha
etkili oldugu gorilmektedir. Bu durum fungal grupla
kargilagtirnldiginda da aym sonuca ulasilmaktadir.
Propolisin ¢aligsilan agiz igi mikroorganizmalar
iizerinde en cok fakiltatif anaerobik Gram (+) bir
bakteri olan £E. faecalis tlzerinde etkili oldugu
gorilmektedir. Bu bakteri tiirtinii yine dusiik dozlarda
Clostridium perfringens ve Streptococcus sobrinus
suslar: takip etmektedir.

Propolisin antimikrobiyal aktivitesini belirlemek i¢in
yapilan oOnceki arastirma sonuglari incelendiginde
aktivite farkliligimin  bitkisel orijine, Ornegin
toplandig1 cografyaya ve oOrnegin kimyasal icerigine
gore degistigi bildirilmektedir (Bankova ve ark., 2000;
Hegazi ve ark., 2000; Hegazi ve El Hady 2001). Bu
nedenle ¢calismada kullanilan propolislerin 6ncelikle
polen analizi yapilarak bitkisel orijini belirlenmigtir.
Daha sonra LC-MS/MS yontemi kullanilarak kimyasal
icerik analizi yapilmig ve aktif bilegenleri ortaya
konmusgtur. Yapilan polen analizine gore %95 kestane
propolisi iceren Hosafoglu Koéyi'nden alinan propolis
orneklerinin en yuksek antimikrobiyal aktivite
diizeyine sahip oldugu belirlenmigtir. Propolisin
icerigindeki flavonoid, kafeik asit, benzoik asit,
sinnamik asit gibi maddelerin muhtemelen hiicre
zarina veya duvarina etki ettigi ve bunun sonucunda
da fonksiyonel ve yapisal hasara neden oldugu
disiiniilmektedir (Dobrowolski ve ark., 1991; Mirzoeva
ve ark., 1997). Bu lokasyona ait érneklerin Benzoic
acid ve quercetin bilegsenleri bakimindan da en yiuksek
degerlere sahip oldugu g6z éntinde bulunduruldugun-
da, mikroorganizmalar tizerinde disiik dozlarda MIC
degerlerinin elde edilmesi sasirtict degildir. Ayni
zamanda Aga ve ark., (1994) yaptiklar: calismada
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Cizelge 1. Calismada kullanilan propolis 6rneklerinin dominant, sekonder ve eser polenlerin yiizdelik verileri ve polen spektrum tanimlar:
Table 1. Percentage data and pollen spectrum definitions of dominant, secondary and trace pollens of propolis samples used in the study
Hosgafoglu Koy Redifler Koyt Kirik Koyt
(Hosafoglu Village) (Redifler Village) (Kirik Village)
Familyalar Taksonlar Toplam Familyalar Taksonlar Toplam Familyalar Taksonlar Toplam
(Families) (Taxa) polen (Families) (Taxa) polen (Families) (Taxa) polen
ylizdesi yiizdesi yiizdesi
(%) (%) (%)
(Percenta (Percenta (Percenta
ge of total ge of total ge of total
pollen %) pollen %) pollen %)
1 Fagaceae Castanea sativa  80.5 Fagaceae Castanea sativa  30.00 Fagaceae Castanea sativa 44.50
2 Fabaceae Lathyrus 9.20 Fabaceae Lathyrus 50.50 Fabaceae Lathyrus 35.50
laxiflorus subsp. laxiflorus subsp. laxiflorus subsp.
3 Geraniaceae Geranium sp. 6.80 Geraniaceae Geranium sp. 6.80 Geraniaceae Geranium sp. 6.80
4 Apiaceae Caucalis 0.80 Apiaceae Caucalis 0.80 Apiaceae Caucalis 0.80
platycarposL. platycarposL. platycarposL.
5 Rosaceae Crataegus sp. 0.50 Rosaceae Crataegus sp. 0.50 Rosaceae Crataegus sp. 0.50
6 Asteraceae Centaurea sp. 0.50 Asteraceae Centaurea sp. 0.50 Asteraceae Centaurea sp. 0.50
7 Tiliaceae Tilia sp. 0.50 Tiliaceae Tilia sp. 0.50 Tiliaceae Tilia sp. 0.50
8 Boraginaceae FEchium vulgare  0.40 Boraginaceae Echium vulgare  0.40 Boraginaceae FEchium vulgare 0.40
9 Brassicaceae Rorippa 0.40 Brassicaceae Rorippa 0.40 Brassicaceae Rorippa sylvestris  0.40
sylvestris sylvestris
10 Campanulaceae = Campanula sp. 0.20 Campanulaceae Campanula sp. 0.20 Campanulaceae Campanula sp. 0.20
11 Lamiaceae Salvia sp. 0.10 Lamiaceae Salvia sp. 0.10 Lamiaceae Salvia sp. 0.10
12 Pinaceae Pinus sylvestris 0.10 Pinaceae Pinus sylvestris 0.10 Pinaceae Pinus  sylvestris 0.10
var. var. var.
13 Betulaceae Corylus L. 0.10 Oleaceae Ligustrum 0.10 Betulaceae Coryules L. 0.10
vulgare L.
14 Cucurbitaceae Cucurbita 0.10 Cornaceae Cornus 0.10 Ericaceae Rhododendron 0.10
maxima Lam sanguinea L. ponticum
15 Gentianaceae Centaurium 0.10 Poaceae Holcus lanatus L. 0.10 -

erthraea sp
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Cizelge 2. Propolis érneklerindeki biyoaktif bilegiklerin LC-MS/MS analiz sonuclar: (ppm)

Table 2. LC-MS / MS analysis results of bioactive compounds in propolis samples (ppm)

nd: Propolis numunelerinde tespit edilemeyen kimyasal icerik. ab<:Ayni hafle gosterilen degerler arasinda istatistiksel olarak anlaml
bir farkhlik yoktur (2 <0.05).

Igerik (Compounds) Hosafoglu (ppm) Redifler (ppm) Kirik (ppm)
Pinostrobin 1400+ 1.02 1560+4.52 3370+3.6P
Kaempferol nd nd nd

p Coumaric acid 101 £ 4.52 116+0.52 nd

m- Coumaric acid 94.4 + 252 76.4+5.3b nd
Ferulic acid 84.2 £2.02 103+0.32 nd
Chlorogenic acid 82.9+£3.92 85.944.82 61.4+0.4b
Sinamic acid 132 +2.32 145+3.42 63.8+2.7P
Caffeic acid 153 + 3.42 156+4.42 56.1+0.6P
Protocatheuic acid nd 1290+1.8 nd
Daidzein 124 + 1.42 123+1.22 56.3+0.3P
Rosmarinic acid 355+2.12 345+0.42 608+0.7b
Syringic acid 335+1.22 322+1.22 168+0.6P
Quercetin dihydrate 43.5+2.22 70.8+0.7> 45.2+0.52
trans-Chalcone 67.1+1.12 62.9+1.82 24.4+3.2b
CAPE(Caffeic acid phenethyl ester) 71.8+1.52 65.1+2.0b 50.1+0.2¢
Hesperidin 92.6+1.62 143+0.4P 123+1.6b
(#)-Catechin 283+2.32 324+1.32 400+2.0°
Hydroxycinnamic acid 37+0.22 87.2+0.2b nd

Gallic acid 2830+0.32 3240+0.3P 4000+2.5P
(+)-Naringenin 1331.32 122+0.2b 110+ 2.3b
p-Coumaric acid 38.9+0.32 77.2+0.1P nd

3-4 dimethoxycinnamic acid 134+1.42 132+2.12 70.2+0.1b
Apigenin 117+1.72 115+1.52 52.8+0.2b
Benzoic acid 132+1.22 116+1.42 33+0.3P
trans-Cinnamic acid 64.4+3.32 62.1+1.02 34.5+1.0P
Ellagic acid nd nd nd
Emodin 93.9+2.82 99.8+0.82 36.1+0.2b
Quercetin 45.4+1.32 32.5+1.32 nd

Cizelge 3. Propolis oOrneklerinin segilen mikroorganizmalara karsi agar kuyucuk ve minimal inhibisyon
konsantrasyon (MIC) degerleri
Table 3. Agar well and minimal inhibition concentration (MIC) values of propolis samples against selected

microorganisms
Grup I (Group )  Grup Il Group II)  Grup 111 Group III)
Mikroorganizmalar (Microorganisms) (Hosafoglu) (Kirik) (Redifler)
MIC (pg/mL)

Klebsiella pneumonia 32 64 32

Clostridium perfringens 2 2 8

Streptococcus sobrinus 4 8 8

Streptococcus salivarus 4 4 16

Enterococcus faecalis 2 2 4

Fusobacterium nucleatum 32 64 32

Candida albicans 32 32 64

Candida krusei 64 128 128

Saccharomyces cerevisiae 32 32 64

ORT=+SD (MEAN=SD) 22.7+2.2a 37.3+£3.1b 39.6+1.2b
ab:Ayni hafle gosterilen degerler arasinda istatistiksel olarak anlaml bir farklihk bulunmamaktadir (P<0.05).
propolis igeriginde p-Coumaric acid bulunmasi halinin mikroorganizma lzerinde test etmisler ve kestane
yitksek antimikrobiyal aktivite ile iligkili oldugunu propolisinin diger propolis 6rneklerinden daha etkili
belirtmislerdir. Hosafoglu ve Redifler Koyiine ait  ©ldugunu bildirmislerdir. Bu veriler bu calsma
numulerin bu icerik bakimindan zengin olmas: bu iki sonuglarini destekler niteliktedir. Kirik Kéyti'ne ait
lokasyonun dugik MIC degerlerine sahip olmasini propolis  numunesinin  igerik  analizinde diger
aciklamaktadir. Kestane propolisi ile ilgili yapilan numunelere oranla daha yiiksek miktarda pinostrobin
sinirh sayida ¢alisma olmasina ragmen Kolayli ve ark., (Filavonoid), (#)-Catechin (Flavanol), gallik asit

(2020) farkli orjinli 8 propolis 6rnegini, 16 farkh (Fenolik asit) bulunmaktadwr. Ancak gruplarin
mikroorganizmalar  lzerindeki MIC  degerleri
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incelendiginde en diisik etki degerinin Hosafoglu
Koyt’ne ait grupta oldugu gorilmektedir. Bu durumun
sebebi propolisin  mikroorganizmalar tizerindeki
inhibe edici etkisinin bir¢ok bilesigin sinerjisine bagh
olmasi gercegi ile aciklanmaktadir (Ghisalberti, 1979).
Ayrica incelenen literatir verilerine gore, ayni
ulke/sehrin farkl lokasyonlarindan toplanan propolis
orneklerinin toplam fenolik ve flavonoid igerikleri,
antioksidan kapasiteleri ve bireysel fenolik icerikleri,
dolayisiyla biyolojik aktiviteleri agisindan biylk
farklihklar goriilebilir (Dos Santos ve ark., 2017). Ote
yandan, 6nceki calismalar antimikrobiyal aktiviteden
sorumlu bilegiklerin esas olarak kafeik asit esterleri
oldugunu bildirmistir (Schneidewind ve ark., 1979).
Analiz sonucglarina gore en yiiksek CAPE miktarinin
(71.8 ppm) Hosafoglu Koyii'ne ait grupta olmasi,

secilen mikroorganizmalar uzerinde yiksek
antimikrobiyal aktivitenin elde edilmesi (22.7+21.2) ile
iligkili oldugunu aciklamaktadir. Bu

mikroorganizmalar arasindan F£. faecalis 6nemli bir
agiz i¢i patojeni olup dis clrmesinde ve biyofilm
olusumunda buyiik rol oynamaktadir. Bu patojene
karsi propolisin etkinlik diizeyininin arastirilmasina
dair pek cok calisma mevcuttur (Koo ve ark., 2000;
Oncag ve ark., 2006; Kandaswamy ve ark., 2010;
Kayaoglu ve ark., 2011). De Andrade Ferreira ve ark.,
(2007), Prevotella nigrescens, F. nucleatum,
Actinomyces israelii ve C. perfringens ve E. faecalis
gibi endodontik patojenlerden olugsan bir bakteri
grubuna propolisin etanol ektraksiyonunun pulpa-
periapikal enfeksiyonlarda etkisini arastirmiglar ve
propolisin MIC degerlerinin sirasiyla C. perfringens,
A. israelii ve F. nucleatum igin 781.2 ug/mL, P.
nigrescens i¢in 49 pg/ml., E. faecalis i¢in ise 6425
pug/mL oldugunu rapor etmiglerdir. Hogafoglu, Kirik ve
Redifler Kéy'lerine ait propolis gruplarinin . faecalis
bakterisi i¢cin MIC degerleri sirasiyla 2, 2 ve 4 ug/mL;
F. nucleatum igin 32, 64 ve 32 ug/mL; C. perfringens
i¢in ise 2, 2 ve 8 ug/mL olarak bulunmustur. Bu veriler
dogrultusunda Dizce/Yigilca yoresine ait propolis
numunelerinin direngli bir agiz i¢i patojeni olan Z.
faecalis, F. nucleatum ve C. perfringens uzerinde
onemli 6l¢tide antimikrobiyal etkisinin oldugu ve diger
propolis o6rneklerine gore ¢ok daha yiiksek oranda
aktivite gosterdigi sonucuna varilmaktadir. Bu yiiksek
aktivitenin propolis igerigini olusturan bilesiklerin
kompozisyonuna gére propolisin antibakteriyel
aktivitesinin degistirdigine yonelik oldugu
diistiniilmektedir (Feres ve ark., 2005). Bu durumda
Diizce/Yigilca yoresine ait propolis numulerinin koék
kanallarinda oldukg¢a fazla enfeksiyon problemlerine
yol acan F. faecalis ve F. nucleatunia kars1 alternatif
bir intrakanal ila¢ olarak kullanilabilecegini ortaya
koymaktadir. Ozan ve ark. (2007) iclerinde
Streptococcus spp. ve Candida albicans turlerinin
oldugu, farkhi agiz i¢i flora mikroorganizmalarina
kars1 % 10 ‘luk propolis igerikli agiz gargarasinin dis
eti hiicreleri tzerine baskin bir antimikrobiyal
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etkinligi oldugunu tespit etmigler ve bu ar1 trtintnin
dis eti fibroblastlar1 tzerinde herhangi bir toksik
etkisinin olmadigini rapor etmisglerdir. Koo ve ark.,
(2002), dental plak olusumunu destekleyen
Streptokoklar tizerine propolisin %44.7 oraninda
¢ozliilmeyen polisakkarit olusumunu azalttigim
bulmuglardir. Yapilan bu arastirma incelendiginde
propolis gruplarinin sirasiyla S. sobrinusigin 4, 8 ve 8
ug/mLs; S. salivarusi¢in 4, 4 ve 16 pg/mL kadar dusik
MIC degerleriyle oldukga etkili oldugu gorilebilir. Bu
da belirtilen bolgelere ait propolis 6rneklerinin agiz
gargarasi formunda uretilip diger agiz
gargaralarindan daha etkili bir formda ticari trin
haline getirilmesi gerektigini dustindiirmektedir.
Candida  tirleri uzun  streli kok  kanal
enfeksiyonlarinda bulunabilir, invaze ve viriilans
etkinlige sahip olabilir (Ozan ve ark., 2009). Kartal ve
ark., (2003) yaptiklar: bir calismada iki farkli propolis
orneginin 11 farkli bakteri ve Candida albicans
tizerinde antimikromiyal etkinliginin oldugunu rapor
etmiglerdir. Ozan ve ark., (2009) kok kanal irrigasyonu
sirasinda farkli konsantrasyonlarda hazirladiklar:
propolisin C. albicans kolonizasyonu tizerinde % 10 ve
% 20’lik propolis uygulamalarinin antimikotik yénden
istatistiksel olarak anlamli farklhiliklar olusturdugunu
bildirmiglerdir. Bu c¢alismada da 3 farklh maya tura
kullanilmis ve Hosgafoglu Koyi'ne ait propolis
numunesinin tim maya tilrlerine en disik MIC
oraniyla yiiksek antimikotik etki gésterdigi sonucuna
varilmistir (Cizelge 3). En diisik etki degeri ise
Redifler Koyi'ne ait propolis numunesinden elde
edilmigtir.

Propolisin agiz i¢i enfeksiyonlarina kars: etkinligi ile
ilgili pek ¢ok arastirma yapilmis olsa da koétu agiz
hijyeni ve agiz enfeksiyonlarinin ciddi problemlere
neden olabilecegi ve bunun sonucunda da ciddi
sistemik rahatsizliklara sebebiyet verecegi
bilinmektedir. Bu nedenle propolisin kullanimi1 agiz
hijyeni ve periodontal hastaliklarin elimine edilmesi
acisinda oldukga biiyiik 6nem tegkil etmektedir.

SONUC ve ONERILER

Diizce Il Yigilea Ilge’sinin ti¢ farkh lokasyonundan,
Haziran-Temmuz aylarinda toplanan  propolis
orneklerinin oncelikle polen analizi ile bitkisel
orijinleri, daha sonra LC-MS/MS y6ntemi ile kimyasal
kompozisyonu ortaya konmustur. Polen analizlerine
gore Hogafoglu Koyii'nden alinan propolis 6rneklerinin
kestane poleni bakimindan dominant oldugu
belirlenmistir. Icerik analizleri bakimindan propolis
orneklerinin kimyasal kompozisyonlar1 birbirleriyle
kargilastirnldiginda 6nemli diizeyde farkli olduklari
belirlenmigtir. Bu ¢ farkli propolisin agiz igi
patojenler uzerindeki antimikrobiyal etkisi
incelendiginde Hogafoglu Koyii'nden toplanan kestane
orijinli propolis ekstraksiyonlarinin diger iki propolis
ornegine gére daha dusik MIC konsantrasyonu ile
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ag1z i¢ci mikroorganizmalarinin eliminasyonunda daha
etkili oldugu ortaya konmustur. Onceki caligmalar ile
karsilastirildiginda Diizce/Yigilca yoresine ait propolis
numunelerinin secilen agiz i¢i mikroorganizmalara
karg1 yiiksek oranda antibakteriyel aktiviteye sahip
oldugu, ancak yiksek oranda kestane poleni igceren
propolis 6rneginin diger iki propolis 6rnegine gore

istatistiki olarak o©nemli diizeyde antimikrobiyal
etkiye sahip oldugu belirlenmistir. Bu nedenle agiz i¢i
enfeksiyonlarin tedavisinde standartlastirilmig
kestane propolisi  ekstraktlarinin  kullanilmasi
onerilmektedir.
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OZET

Aragtirma Makalesi

Bu calismanin amaci, Yiiksekova (Hakkari) yéresinde yetistirilen 12
yerel {lzim cesidinin stoma yogunluklarini ve boyutlarim
belirlemektir. Ayrica, stoma ozellikleri ile fiziksel ve kimyasal
ozellikler arasindaki iligkileri saptamaktir. Stoma o6zelliklerini
belirlemek amaciyla her c¢esidin yaz strglnlerinin = 4-5.
Bogumlarindan yaprak ornekleri alinmis ve yaprak ylzeyinin farklh
yerlerinden (dip, orta, uc) kalip alma yéntemi ile stoma yogunluklar:
ve boyutlar1 belirlenmigtir. Stoma yogunluklarinin 166.13-247.12
adet mm?, stoma boylarinin 22.63-27.88 pm, stoma enlerinin ise
14.59-19.00 um degerleri arasinda degistigl tespit edilmistir.
Yapraklardaki stoma yogunlugu ile yaprak buyukligi ve salkim
agirhigr arasinda pozitif yonld, stoma yogunlugu ile tiziim sirasinda
SCKM arasinda negatif yonlii anlamli bir korelasyon bulunmustur.
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Anahtar Kelimeler
Hakkari

Uziim Cesidi
Stoma Yogunlugu
Vitis vinifera

Relationships Between Physical and Chemical Properties with Stoma Properties in Some Local Grape

Varieties (Vitis vinifera L.)

ABSTRACT

The aim of this study was to determine the stoma densities and sizes
of 12 local grape varieties grown in Yiiksekova (Hakkari) province,
as well as to determine the relationships between stomatal
properties with physical and chemical properties. In order to
determine stoma properties, leaf samples were taken from 4-5 th
nodes of the summer shoots of each variety and stoma densities and
sizes were determined by nail polish method from different parts of
the leaf surface (bottom, middle, tip). It was determined that stoma
densities were between 166.13-247.12 pcs mm?, stoma lengths were
between 22.63-27.88 um, and stoma widths were between 14.59-
19.00 pm. A significant positive correlation was found between stoma
density with leaf size and cluster weight, and a significant negative
correlation was found between stoma density with soluble solids
content in grapes.

Research Article

Article History
Received
Accepted

- 14.06.2020
:24.04.2021

Keywords
Hakkari
Grape variety
Stoma density
Vitis vinifera

Atif Igin:  Arslan T, Dogan A, Uyak C, Giizel DU 2022. Baz1 Yerel Uziim Cesitlerinde (Vitis vinifera L.) Stoma Ozellikleri
ile Fiziksel ve Kimyasal Ozellikler Arasindaki Iligkiler. KSU Tarim ve Doga Derg 25 (2): 243-252. DOL:
10.18016/ksutarimdoga.vi.752695.

To Cite:  Arslan T, Dogan A, Uyak C, Guzel DU 2022. Relationships Between Physical and Chemical Properties with
Stoma Properties in Some Local Grape Varieties (Vitis vinifera L.). KSU J. Agric Nat 25 (2): 243-252. DOI:
10.18016/ksutarimdoga.vi.752695.

GIRIS kendi fizyolojik faaliyetlerinin hem de dogadaki su

Stoma bitkinin toprak tstliindeki organlarinin hava
aligverigini saglayan epiderma hicreleri arasinda
olusan bir yapidir. Ekolojik dengenin dogal unsuru
olan bitkiler dogada yasamin devami agisindan 6zel
bir 6neme sahiptirler. Bitkiler fotosentez sayesinde
canhi yagaminin siirdirtilmesi i¢in gerekli olan besin
ve oksijeni liretirken, transpirasyon sayesinde de hem

dongisuniin devamhiligimi saglarlar. Canli yagaminin
devamliligini saglayan bu iki fizyolojik faaliyetin
meydana gelmesinde stomalar ve klorofil en 6nemli
rolleri ustlenmiglerdir. Yapraklar tizerinde bulunan
stomalar yaprak ve atmosfer arasindaki
karbondioksit (COs2), oksijen (O2) ve su buhari alig
verigini saglayarak transpirasyon ve fotosentezi
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yonlendirmektedirler. Bitkilerde buhar halindeki su
kaybmin % 85-901 stomalardan gercgeklestiginden
dolay1 stomalar bitki-su iligkisinin diizenlenmesinde
onemli rol oynarlar (Yentiirk, 1984). Bitki-su iliskisi
bitkilerin verimliligi, urin kalitesi, adaptasyon
yetenekleri ve fizyolojik faaliyetleri tizerine etkili olan
faktorlerden biridir.

Stomalarin yogunluklar1 ve Dboyutlar1 bitkilerin
fotosentez ve transpirasyon gibi fizyolojik olaylari,
bitki-su iligkileri ve degisik c¢evre kosullan
adaptasyon yeteneklerinin belirlenmesinde 6nemli
etkilere sahiptirler (Loveys ve Kriedeman, 1973;
Ohsinu ve ark., 2007; Yousufzai ve ark., 2009;
Arminian ve ark., 2010; Sarwar ve ark., 2013).
Bitkilerdeki stoma yogunluklar1 ve boyutlarinin tir
ve ceside, cevre ve bakim kosullar1 ile vejetatif
gelismeye gore degisim gosterebilecekleri
bildirilmistir (Iotsova-Baurenska, 1975; Rana ve ark.,
1990, Misirli ve Aksoy, 1994; Caglar ve ark., 2004;
Zarinkamar, 2006; Ilgin ve Caglar, 2009). Stoma
yogunlugundaki bu degisiklik, cevresel degisimin bir
gostergesi olarak da tamimlanabilir (Case, 2004).
Cevre kosullari, stoma yogunlugunu dolayisiyla da
bitki gelisimini etkilemektedir. Fizyolojik yanitin bir

gostergesi olarak stomalarin bu ozelligi
kullanildiginda, Dbitkinin g¢evresel degisikliklere
uyumunun izlenmesi ~mumkin  olabilmektedir

(Zarinkamar, 2001).

Asma yapraginda stomalar sadece yapraklarin alt
yuzey uzerinde yer almaktadirlar. Bu nedenle, asma
yapraklar1  “Hipostomatik  yapraklar” grubuna
girmektedirler. Stomalar, transpirasyon ve gaz
aligverisi olaylarini dizenli bir sekilde porlarmni
acmak ve kapatmak suretiyle duzenlemektedirler.
Yapilan c¢alismalar, mesofil dokusu ince olan
yapraklarda stomalarin daha kii¢ik, yogunluk
bakimindan daha fazla oldugunu; mesofil dokusu ¢ok
tabakali olanlarda ise stomalarin blyik, fakat
yogunluk olarak az oldugunu ortaya koymustur
(Agaoglu, 1999).

Asma tur ve c¢esitlerinde stoma yogunluklar: ve
boyutlar1 ile bunlar tuzerine etkili olan faktérleri
belirlemek amaciyla ¢ok sayida calisma yapilmigtir
(Marasali ve Aktekin, 2003; Gokbakar ve ark., 2008;
Gargin, 2009; Rogiers ve ark., 2011; Bekigli, 2014;
Durmaz, 2014; Isci ve ark., 2015; Tetik ve Dardeniz,
2016; Atik ve Dardeniz, 2018). Asmalarda fotosentez,
su kaybi, adaptasyon, gelisme, verim ve kalite ile
stoma yogunlugu ve boyutlar1 arasindaki iligkilerin

belirlenmesi yetigtiricilik acisindan oldukca
onemlidir.

Bu c¢alismanin amaci, Yiksekova yoéresinde
yetigtirilen  yerel  lzlim  ¢esitlerinin  stoma

yogunluklarin1 ve boyutlarim1 belirlemektir. Ayrica,
stoma oOzellikleri ile fiziksel ve kimyasal 6zellikler
arasindaki iligkileri tespit etmektir.
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MATERYAL ve METOD

Bu calisma, 2018 yilinda Yiiksekova (Hakkari)
yoresinde tretici baglarinda kendi kokleri tizerinde
yetistirilen, goble terbiye sistemine sahip 12 farklh
yerel itiziim cesidi (Besirane, Daufi, Gatunok,
Mercani, Mercegiil, Mirani, Savdani, Okiizgozi,
Resmiv, Tirsik, Tritelk ve Zerik) {izerinde
yuriatilmustir. Yoredeki yerel uzim c¢esitlerinin
hemen hemen hepsi sofralik olarak degerlendirilse de
Daufi ve Zerik sofralik diger lzium cesitleri siralik
karakterdedir. Uziimler ayni bagdan alinmis benzer
yetigtirilme dizeylerine sahiptirler. Yetistiricilik
yapilan bagda temel giibreleme yapilmig olup,
Temmuz ve Agustos aylarinda 20 gunde bir karik
yontemiyle t¢ sulama yapilmigtir. Arastirmadaki

yerel lzlim cesitlerinin alindigi  konum olan
Yiiksekova  (Hakkari) olup karasal iklimin
etkisindedir.

Yaprak ytizeylerindeki stoma gozlemleri; kalip alma,
saydamlastirma ve SEM (Taramali Elektron
Mikroskobu) yontemleri kullanilarak
yapilabilmektedir. Incelenen cesitlerde yaprak

tuyliligi olmadigr icin kolay ve maliyetsiz yontem
olan kalip alma yéntemi tercih edilmistir. Incelenen
Uzim ¢esitlerinin yapraklarinin farkh bolgelerinde ki
(Dip, Orta, Ug) stoma ozellikleri ortaya konulmaya
calisilmistir (Sekil 1). Kalip alma yénteminde
yapraklarin alt yiizeyine 1.5 x 3.0 cm’lik alana firca
ile ince bir tabaka olacak sekilde ‘Flormar-FC36’
marka geffaf tirnak cilast1 tek kat halinde
uygulanmigtir. Tirnak cilasinin iyice kurudugu
goriildiikten sonra (810 dakika) tirnak cilas: siiriilen
alanlarin st hava boslugu kalmayacak sekilde
seffaf bantla kapatilmigtir. Sonrasinda stoma
kaliplar1  ¢ikarilmigs olan bant kaliba zarar
vermeyecek sekilde hafifce kaldirilarak mikroskop
lam1 {Uzerine hava bogslugu kalmayacak sekilde
yapistirilmigtir. Almman stoma kaliplari tzerinde
10x40 biiyiitmeli bir 1s1k mikroskobunda (Leica),
0,196 mm? ’‘Lik goris alaninda stoma goézlemleri
yapilmistir (Eris ve Soylu 1990; Yildirim ve Dardeniz

2017). Stoma kaliplarinda; stoma yogunlugu
(adet/mm?), stoma eni (um) ve stoma boyu (um)
parametreleri  incelenmistir. Stoma  yogunlugu

(adet/mm?); birim yaprak alamindaki (mm?2 stoma
sayisit olup, 0,196 mm? ’lik gériis alaninda sayilan
stomalarin 1 mm?2 ’ye oranlanmas ile hesaplanmigtir.
Stoma boyutlar1 Leica mikroskop yazilimi (Leica
Application Suite) ile dl¢iimlenmistir.

Ornekleme Yéntemi

Yapragin siirgiin izerindeki pozisyonu stoma sayisini
etkilemektedir (Diizenli ve Agaoglu, 1992). Bu
nedenle bu g¢aligmada stoma yogunluklarini
belirlemek i¢in, her yerel tizim gesidinin 10 adet yaz
stirgiinlerinin 4. ve 5. bogumundan, Temmuz ay1
icinde gelismesini tamamlamig, saghkli ve c¢eside
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6zgi normal formda olan 20 adet yaprak o6rnegi
6gleden sonra saat 16’da analizler i¢in alinmigtir.

(Sekil 1). Tirnak cilas1 asmalar hipostomatik ézellikte
olduklari i¢in yapragin alt ylizeyine sturulmiistir.

Sekil 1. Kalip alma metodundan gériintuler.
Figure 1. Images from the nail polish method.

Laboratuvar analizleri

Stoma goézlemleri i¢in 6rnek alinan asmalardan lizim
cesitlerini temsil eden salkimlardan rastgele alinan
100 adet tanenin sikilmasi ile elde edilen tzim
suyunda pH, toplam asitlik, suda c¢oézunebilir kuru
madde miktar1 (SCKM) ve sira verimi belirlenmistir.
Her bir geside ait 10 adet salkimin tartilmasiyla
salkim agirligi ve bu salkimlarin degisik yerlerinden
alinan 100 adet tanede tane agirhigi ve cekirdek
agirhigr belirlenmistir. Yaprak biiyiikligi (OIV 065)
ve tane kabuk renginin (OIV 225) belirlenmesinde
Uzim Tammlayicilar’” (Descriptors for Grape) esas
alinmistir (Anonim, 1983, 1989).

Istatistik Analizler

Stoma kaliplar1 ¢ikarilan yapraklardan her gesit i¢in
rastgele secilen bes adet o6rnek mikroskopta
incelenmis ve her incelenen 6rnegin dort tekerriirli
olarak dort ayr1 bolgesinde kareli sayim yapilmistir.
Elde edilen degerlere dort tekerrirli tesaduf
parselleri deneme desenine gore varyans analizi
yapilmistir.  Ortalamalar arsindaki farkhiliklar
Duncan ¢oklu karsilagtirma testi ile ortaya
konmugtur. Cesitlerin stoma yogunluklar1 ve
boyutlar1 ile fiziksel ve kimyasal o6zellikleri
arasindaki iligki belirlemek amaciyla pearson
momentler ¢arpim korelasyonu kullanilmigtir.

BULGULAR ve TARTISMA

Incelenen tiziim cesitlerine ait stoma yogunlugu ve
stoma boyutlarina iligkin sonucglar Cizelge 1 ve
Cizelge 2de sunulmustur. Calismada, stoma
yogunlugu ve boyutlar1 lzerine c¢esidin etkisinin
olduk¢a oOnemli oldugu, yaprak yuzeyinin farkl
yerlerinden (dip, orta, uc) érnek almanin énemsiz
oldugu belirlenmistir (Cizelge 1).

Yapraklardaki stoma yogunlugu ve boyutlar
acisindan  cesitler arasinda istatistiki  olarak
farkliliklar oldugu gozlemlenmistir. En yiksek stoma
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yogunlugu Tirsik (247.12+48.55 adet/mm?) cesidinde
kaydedilmig, en diisiik stoma yogunlugu ise Mercani
(166.13+34.05 adet/mm?) cesidinde gozlemlenmistir
(Cizelge 2).

Yapraklarindaki stoma yogunluklar1 ve boyutlar:
acisindan asma tir ve cesitleri arasinda Onemli
farkliliklarin oldugu birgok arastirici tarafindan ifade
edilmigtir. Nitekim asma yapraklarindaki stoma
yogunluklarim1 During (1980), 173.6-349.3 adet/mm?;
Eris ve Soylu (1990), 129-254 adet/mm? Gargin
(2009), 127-153.8 adet/mm? Uyak ve ark. (2016),
128.20-192.30 adet/mm? degerleri arasinda
bildirmiglerdir. En buyik stoma boyu Mercani
(27,88+3.30 um), cesidinde Oolgiiliirken, en diisiik
stoma boyu Gatunok (22,63+3.73 um) cesidinde
olciilmiistiir. En biiyiikk stoma eni Zerik (19.00+2.79
um), cesidinde 6lciiliirken, en diisiik stoma eni Tritelk
(14.59+3.37 pm) cesidinde 6lciilmiistiir (Cizelge 2).

Eris ve Soylu (1990), stoma boylarinin 22.6-28.3 um,
stoma enlerinin 13.6-18.6 um; Uyak ve ark. (2016),
stoma boylarinin 20.43-27.82 pm, stoma enlerinin ise
13.12-18.36 um degerleri arasinda degistigini
bildirmiglerdir. Elde edilen sonuglara gore, Uzim
cesitlerinde stoma sayisinin farklilik géstermesi ve bu
farkhiligin istatistiki agidan (P<0.05) énemli olmasi
ekolojik kogullar ve genetik yap1 farkliligi ile
aciklanabilir (Misirh ve Aksoy, 1994; Caglar ve ark.,
2004). fiizerindeki pozisyonlarina goére degisiklik
gosterebildigi belirtilmistir (Diizenli ve Agaoglu,
1992). Asmalarda stoma yogunlugu ve boyutlarinin
giibreleme (Tompa ve ark., 1976; Boselli ve Scienza,
1983; Ruehl ve Imgraben, 1985), fungusit
uygulamalar: (Sekera, 1983); anac ve terbiye sistemi
(Dtzenli ve Ergenoglu, 1988; Kara ve Ozeker, 1999;
Isci ve ark, 2015; Atik ve Dardeniz, 2018), cevre
kosullarina ve cesit 6zelliklerine (Eris ve Soylu, 1990;
Uyak ve ark, 2016) goére degisiklik gosterdigi
saptanmaistir.
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Cizelge 1. Stoma yogunluklar: ve boyutlarina iligkin varyans analiz sonuclari
Table 1. Variance analysis results of stoma densities and sizes

Stoma vogunluklarina iliskin varyans analizi
Variance analysis of stoma density

Varvasvon Kavnagi S.D. K.T. K.O. F-Degeri
Variation Source D.F S.S AS F-Value
A: Cesit 11 42873.2 3897.56 3.10 ***
B: Dip/ Orta / Ug 2 1608.58 804.29 0.64 OD.
C: Tekerriir 4 31,0582 7,76455 0,92 OD.
Hata 57 71728.4 1258.39

Toplam 71 120577

Stoma boylarina iliskin varyans analizi

Variance analysis of stoma lengths

Varyasyon Kaynag: S.D. K.T. K.O. F-Degeri
Variation Source D.F S.S AS F-Value
A: Cesit 11 741.081 67.371 8.00 ™
B: Dip/ Orta/ Ug 2 35.6577 17.8288 2.12 0D.
C: Tekerriir 4 31,0582 7,76455 0,92 0p.
Hata 57 740.835 8.41857

Toplam 71 5150.77

Stoma enlerine iliskin varvans analizi

Varrance analysis of stoma widths

Varyasyon Kaynag: S.D. K.T. K.O. F-Degeri
Variation Source D.F S.S A.S F-Value
A: Cesit 11 638.051 58.0046 8.50 ***
B: Dip/ Orta/ Ug 2 27.6889 13.8444 2.03 OD.
C: Tekerriir 4 51.9645 12.9911 1.90 OD.
Hata 57 600.826 6.82761

Toplam 71 4391.3

**: (p<0.001); **: (p<0.01); *: (p<0.05); O.D-: Onemli Degil

Cizelge 2. Incelenen cesitlerin yapraklarindaki stoma yogunluklar: ve boyutlary

Table 2. The stoma densities and sizes in the leaves of the studied varieties

Cesit Stoma yogunlugu (adet mm?) Stoma boyu (um) Stoma eni (um)
Variety Stoma density (piece mm>) Stoma length (um) Stoma width (um)
Besirane 195.21+41.15 cdef 26.57+3.70 abc 18.39+2.52 abc
Daufi 191.05+25.42 def 25.15+3.21 cde 17.62+2.28 cd
Gatunok 186.90+51.26 ef 22.63+£3.73 f 15.87+3.56 efg
Mercani 166.13+34.05 27.88+3.30 a 17.05+3.39 cde
Mercegiil 230.51+£38.94 abced 25.69+4.39 bed 17.94+4.05 abce
Mirani 232.59+46.71 abc 27.40+4.78 ab 18.99+2.71 ab
Savdani 230.51+31.70 abed 24.15+3.16 def 16.55+3.10 def
Okiizgozi 242.97+56.22 ab 25.60+3.53 bed 17.66%3.44 bed
Resmiv 209.74+38.62 abcde 23.67+4.32 ef 16.07+3.39 ef
Tirsik 247.12+48.55 a 25.13+£3.73 cde 15.67+3.71 fg
Tritelk 193.13+29.36 cdef 24.55+3.30 de 14.59+3.37 g
Zerik 205.59+48.65 bedef 25.68+4.39 bed 19.00+£2.79 a
Ortalama 210.95 25.34 17.12
Maksimum 247.12 27.88 19.00
Minimum 166.13 22.63 14.59

ag: Ayni siitunda farkl harflerle gosterilen ortalamalar arasindaki fark énemlidir Duncan (P<0.05).

Asma  yapraklarindaki stoma yogunluklarinin
cesitlere, ekolojiye, uygulanan bakim kosullarina,

1statistiki
bildirmektedir

anlamda farklilhik

(Diizenli

ve  Agaoglu

olusturmadigini
1992).

yapraklarin geng veya yash olusglar ile siirgiin

Tirkiyede yapilan galismalarda gerek sera gerekse
arazide yetigtirilen lizim gesitlerinin yapraklarinin
degisik loblarinda birim alandaki stoma sayilarinin
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Aragtiricilarin 6ne strmis olduklar: bulgular ile bu
arastirmanin bulgular1 paralellik arzetmektedir.

Marasali ve Aktekin (2003), Ankara kosullarinda
yetigtirilen tziim gesitlerinin yapraklarindaki stoma
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yogunlugunu yetistirme kosullarina (sulanan ve
sulanmayan) bagl olarak incelemislerdir. Elde etmis
olduklar1 sonuglara gore, bir gesitte stoma varliginin
sulama ile degismeyecegi yoniinde goris
bildirmiglerdir.

Diizenli ve Agaoglu (1992)’da, Razaki iiziim cesidinde
stoma sayisimi  diger c¢esitlere goére daha fazla
bulmuglardir. Razaki farkl ekolojilerde
yetigtirilebilen bir cesittir. Kurakliga dayanimi diger
cesitlere gore daha iyidir. Yerli tzim c¢esitlerinin
kuraga dayaniklihigi  konusunda yapilan Dbir
calismada ise, kuraklifa duyarlhh (Cavus, Amasya,
Tarsus Beyazi ve Sultani Cekirdeksiz) cesitlerinde,
kuraga dayanikl (Yapincak ve Balbal) cesitlerinden
mm? ye diigen stoma sayisinin daha az oldugu
saptanmistir (Eris ve Soylu, 1990).

Kuraga dayaniklihk konusunda topraktaki su
noksanliginin stoma sayisinda artiga yol agtig,
benzer sekilde soguga dayanmikli gesitlerin daha az
sayida stomaya sahip olduklar1 kaydedilmektedir
(Gindel, 1969). Stomalarin gostermis olduklari bu
ekofizyolojik o6zellikler, tiztimlerde kuraga ve soguga
dayanim faktorlerinin arastirilmasinda ve cesitlerin
bu baglamda simiflandirilmasinda 6nemli bir role
sahiptirler.

Cinar ve ark. (2016) yerfistig1 iizerine yaptiklar1 bir
calismada farkl sulama suyu seviyelerinin incelenen
ozellikler igerisinde stoma eni ile bir iligkisi olmadigi,
stoma yogunlugu, stoma boyu, epidermal hiicre sayisi
ve stoma indeksi tizerine etki ettigini belirlemiglerdir.
Su kisit1 olmayan kogullar altinda yetigtirilen
yerfistigr bitkilerinin stoma o6zellikleri ile su kasiti
altinda yetistirilen yerfistig1 bitkilerinin stoma
ozellikleri arasinda bitkiye uygulanan sulama suyuna

bagli olarak o6nemli farklilhiklar elde edildigi
goriilmektedir. Arastirma sonuclari, su stresi
kogullarinda stoma 6zelliklerinde énemli degisiklikler
oldugunu géstermistir.

Durmaz (2014) {iziim cesitleri ve Amerikan asma
anaglarinin  stoma  6zelliklerini  inceledigi  bir
calisgmada, stoma sayisinin ceside 6zgl bir nitelik
oldugu ve bag kosullarinda ayni c¢esidin veya anacin
giineste kalan veya golgede olan yapraklar: arasinda,
stoma sayisinin degisimi yoniinde bir farkhiliktan so6z
etmenin mimkiin oldugunu vurgulamaktadir. Yine
benzer bir arastirmada Dogan ve ark., (2020) {iziim
yapraklarin  alindign =~ konumun  (gélge/giines)
yapraklardaki stoma yogunlugu ve stoma boyutlari
acisindan cesitler arasinda istatistiki olarak farklilik
oldugunu incelenen tim cesitlerde glneste olan
yapraklarin stoma yogunluklarinin daha fazla
oldugunu rapor etmektedirler.

Aragtirmada tespit edilen yoresel tiziim cesitlerine ait
baz1 fiziksel ve kimyasal ozellikler Cizelge 3'de,
uzerinde caligilan tGzum cegitlerinin, salkim, tane,
yaprak ve ¢icek goruntileri ise Sekil 2’de
sunulmustur.

Incelenen iiziim cesitlerinin stoma yogunluklar: ve
boyutlar1 ile fiziksel ve kimyasal 6zellikleri
arasindaki korelasyon analizi sonuglarina gore,
yapraklardaki stoma yogunlugu ile yaprak biyukliga
ve salkim agirhigl arasinda pozitif yonli (r= 0,903-
0,836; p<0.01); stoma yogunlugu ile ¢ekirdek agirlig:
ve suda ¢ozunebilir kuru madde miktar1 arasinda
negatif yonlii anlaml bir iliski (r= - 0.501 p<0.05 ve
r=-0,897; p<0.01) bulunmustur. Stoma boyu ile stoma

eni arasinda pozitif yonli (r=0,623; p<0.05), stoma eni
ile toplam asitlik arasinda negatif yonlii (r=-0.739;

Cizelge 3. Incelenen iiziim cesitlerine ait bazi fiziksel ve kimyasal 6zellikler
Table 3. Some physical and chemical properties of the studied grape varieties

Cegit ada Yaprak Cekirdek Tane Salkim SCKM Asitlik Sira verimi Kabuk
biyikligii agirhg (mg) agrhg (g) agirhg (g) (%) (g1 (ml 100 g) rengi
Variety (cm?2) Seed weight Berry Cluster 7SS Acidity Must yield Berry skin
Leaf size weight weight colour
Besirane 140.40 43.73 3.51 447.78 18 7.30 54.50 5
Daufi 136.40 55.48 3.84 310.62 19 6.00 54.50 5
Gatunok 146.00 48.57 3.14 328.90 19 10.30 55.00 1
Mercani 128.40 46.16 2.75 346.86 20 13.00 56.00 1
Mercegiil 170.80 33.56 2.86 482.50 18 12.00 56.50 6
Mirani 185.00 40.41 4.07 485.64 16 6.80 56.00 5
Savdani 191.40 41.79 4.52 497.40 17 10.50 52.00 1
Okilizgozu 200.20 40.71 4.53 576.30 16 8.50 57.75 5
Resmiv 164.80 40.62 4.97 425.10 18 7.70 48.75 5
Tirsik 175.70 29.92 2.58 485.44 16 12.10 55.78 5
Tritelk 156.50 28.42 1.61 380.20 18 16.30 55.75 5
Zerk 145.10 40.61 4.29 495.50 17 4.40 56.75 1
Ort. 161.73 40.83 3.56 438.52 17.67 9.58 54.94
Mak. 200.20 55.48 4.97 576.30 20.00 16.30 57.75
Min. 128.40 28.42 1.61 310.62 16.00 4.40 48.75

Tane Kabuk rengi (OIV 225); l:yesil sar1, 2:pembe, 3:kirmizi, 4:kirmizi- gri 5:koyu kirmizi mor 6:mavi siyah
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Sekil 2. Incelenen Uziim gesitleri.
Figure 2. The studied grape varieties.

p<0.01), yaprak biyiikligi ile salkim agirhg
arasinda pozitif (r= 0.787; p<0.01), yaprak biiytikligii
ile suda ¢6zlinebilir kuru madde miktar: arasinda
negatif (r= -0.817; p<0.01), ¢ekirdek agirhg ile suda
cozlinebilir kuru madde miktar: arasinda pozitif (r=
0.506; p<0.05), tane agirhg ile toplam asitlik
arasinda negatif (r= -0.787; p<0.01), salkim agirhg
ile suda c¢oziinebilir kuru madde miktar1 arasinda
negatif (r= -0.860; p<0.01) yoénlii anlaml bir iligki
oldugu tespit edilmistir (Cizelge 4). Stoma yogunlugu
ile yaprak buyukligi, suda ¢ézinebilir kuru madde
miktari, salkim agirhigi ve c¢ekirdek agirhiklar
arasinda 6nemli regresyonlarin bulundugu Sekil 3’de
gosterilmigtir.

Uziim cegitlerinin stoma yogunluklar: ve boyutlar ile
tztimlerin fiziksel ve kimyasal o6zellikleri arasinda
yapilan iligkilendirme caligmalarinin ¢ok az sayida
oldugu gozlenmistir. Kara ve Ozeker, 1999, Harmony,
Dogridge, Ramsey, 1613 C, 1616 C, 99 R ve 110 R
anacglar1 tlzerine asilanmig Yuvarlak Cekirdeksiz
Uzlim ¢esidinin yaprak genigligi, uzunlugu, yas ve
kuru agirhgini odlgilmugler ve stoma sayilarini

\ Mirani
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saptanmiglardir. Stoma sayisi ile incelenen yaprak
ozellikleri arasindaki iligkilerin istatistiki ac¢idan
onemli olmadigini belirlemiglerdir.

Scienza ve Boselli (1981), stoma boyutlan ile ilgili
olarak yaptiklari c¢alismada yapragin siirgin
uzerindeki yeri ve o6zellikle genotipi tarafindan, bu
ozelligin yiksek derecede etkilendigini
belirlemiglerdir. Genel olarak bazal yapraklardaki
stomanin kapladigi alanin ug¢ yapraklardakine gore
daha buytk oldugu saptanmiglardir

Forlani ve ark. (1983), asma anaclarinin biiyiime
glcleri ile stoma yogunlugu arasindaki iligkiyi
incelemigler stoma yogunlugu ile asmalarin biylime
glicti arasinda bir iligki olmadigini tespit etmiglerdir.

Delice (2001), verim ve toplam yaprak alam
arasindaki pozitif korelasyonun o6nemli oldugunu;
°Briks oraninin, toplam yaprak alani/isiklanan
yaprak alani ve vejetatif gelisme/verim dengesi
oranlar1 ile baglantili oldugunu ifade etmiglerdir.
Ancak tanedeki seker birikimi i¢in esas etkenin cevre
kogullarindan kaynaklandigini, yaprak alami ve
1siklanmasinin sonra geldigini bildirmiglerdir.
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Cizelge 4. Incelenen iiziim cesitlerinin stoma, ile fiziksel ve kimyasal 6zellikler arasindaki korelasyon analizi
Table 4. Correlation analysis between physical and chemical properties with stoma properties of the studied grape varieties

Stoma Stoma  Stoma eni Yaprak Cekirdek Tane Salkim SCKM Asitlik  Sira verimi Tane
yogunlugu boyu Stoma biyukligi agirhig agirhigi agirhigi SsC Acidity  Must yield rengi

Stoma Stoma width Leaf size Seed weight Berry Cluster Berry

densit length weight weight colour

Stoma yogunlugu

Stoma boyu -0,050

Stoma eni 0,127 0,623 *

Yaprak Biyikligi 0,908 %% " -0,123 -0,013

Cekirdek agirhg -0,501 * 0,009 0,348 -0,446

Tane agirhig 0,297 -0,090 0,478 0,345 0,439
Salkim agirhg 0,836 ** 0,191 0,367 0,787 ** -0,482
Kuru madde 1-0,897 ** | -0,055 P 0,506 *
Asitlik -0,096 -0,109 0,043 -0,560
Sira verimi 0,098 0,479 0,328 0,004 -0,172
Tane rengi 0,415 0,132 0,026 0,292 -0,364

**: Korelasyon 0.01 diizeyinde, *: Korelasyon 0.05 diizeyinde anlamlidir.

Yaprak Buyikliogu / Stoma Kuru Madde (%) Stoma Yogunlugu Salkim Agirhigi (g) / Stoma Yogunlugu Cekirdek agirhgi (g) / Stoma Yogunlugu
YogunluguArasindaki Regresyon Arasindaki Regresyon arasindaki represyon arasindaki regresyon
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Sekil 3. Stoma yogunlugu ile incelenen baz 6zelliklere ait regresyon grafikleri.
Figure 3. Regression graphs of the studied some properties with stoma density.
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Isik ve ark. (1999), siirgiinlerin biiyiime siiresini
uzatan faktorlerin ayn1 zamanda sirada asit artigina
neden oldugunu, slrgin blyimesinin sona erme
tarihi ile asitlik arasinda pozitif yonde korelasyon
bulundugunu bildirmiglerdir.

SONUC ve ONERILER

Calismada c¢esitlerin stoma yogunlugu ve boyutlar
tzerine olan etkisinin olduk¢a 6nemli oldugu ancak
yaprak ylzeyinin farkli yerlerinden 6rnek almanin
stoma yogunlugu ve boyutlar1 tlzerine etkisinin
onemsiz oldugu tespit edilmistir. Stoma yogunlugu
bakimindan c¢esitler arasindaki farkliligin o6nemli
bulunmasi, belirli bir kogulda stoma yogunlugunun
ceside 6zgu oldugunu acikca ortaya koymaktadir.

Genel olarak stoma boyutlarn kiugiildikee stoma
yogunlugunun artma egilimi gosterdigi
gozlemlenmistir. Stomalarin bir kismi yaprak mezofil
dokusunun mantar tabakasi i¢cinde gémiilmus olarak
bulundugu i¢in bu stomalarin kalipta iz birakmasi
igin tirnak cilasinin firgayla yanal stirtilmesinden
sonra hizlica yaprak ylizeyine dik firca darbeleri ile
iyice yaprak ylzeyine oturmasini saglamak onemli
bir tespit edilen husus olmustur. Bir baska husus ise
tirnak cilasinin tamamen kurumasindan sonra tirnak
cilas1 tlizerine yapistirilan geffaf bantin yapisma
yuzeyinin kaliteli olmas1 ve bant yilizeyinde imalat
esnasinda hava kabarciklarinin kalmamasidir.

Aragstirma  kapsaminda, yapraklardaki stoma
yogunlugu ile yaprak buyukligi ve salkim agirligi
arasinda pozitif yonli, stoma yogunlugu ile tizimdeki
suda ¢6zlnebilir kuru madde miktar1 arasinda
negatif yonli anlamh bir iliski bulunmustur.
Incelenen iiziim cesitlerinde yapraktaki stoma
yogunlugu arttikca yaprak buyukligi ve salkim
agirhgimin da arttigl, stoma sayisindaki artis ile
birlikte tiziimlerdeki suda ¢6ziinebilir kuru maddenin
dustigu gozlemlenmistir. Stoma boyunun stoma eni
ile pozitif yonli, stoma eninin ise toplam asitlik ile
negatif yonli anlamli bir iligkinin oldugu ve stoma
boyutlarinin incelenen diger ozelliklerle anlamli bir
iligkilerinin olmadig tespit edilmistir. Bunun disinda
incelenen diger fiziksel ve kimyasal 6zellikler
arasinda pozitif veya negatif yonli anlaml iligkilerin
olabilecegi belirlenmistir.
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ABSTRACT Research Article

The present investigation was conducted to determine the effect of

different quince clone rootstocks on phenological characteristics, Article History

flowering and fruit set ratios of Hafif Cukurgobek (HCG) loquat Received 1 07.04.2021
variety. ‘HCG’ variety budded on Quince-A, Quince-C and BA-29 Accepted 111.06.2021
rootstocks were planted at 1.0 m X 0.5 m inter and intra-row spacing,

respectively, was used for the study. The experiment was arranged Keywords

as a completely randomized design with 5 replications and 6 plants
were used in each replicate. The effects of the quince rootstocks on

Vegetative growth
Phenological properties

phenological observations such as the flowering periods and the
inflorescence characteristics were recorded. The HCG cultivar which
are grafted on all three rootstocks completed the flowering between
11 December and 31 January. The first flowering and fruit set were
recorded at the earliest in BA-29, and the latest in Quince-C. Fruit
ripening was occurred at the earliest in BA-29 rootstock (May 11),
followed by Quince-C (May 18) and Quince-A (May 19). The effect of
rootstocks on the number of flower buds and flowers in the cluster,
and the number of final fruit set were found significant. In terms of
all three features, higher values were obtained in Quince-C
rootstock. Quince-A rootstock yielded the lowest value in the ratio of
fruit harvested in both years, Quince-C and BA-29 gave close values
to each other. As a result, BA-29 and Quince C rootstocks performed
better than Quince-A rootstock.

Baz1 Ayva Anaglarmin Yenidiinyada(Eriobotrya Japonica Lindl.) Salkim Ozellikleri, Cigeklenme ve
Meyve Tutumu Uzerine Etkileri

OZET Aragtirma Makalesi

Bu arastirma, farkli ayva klon anaclarinin Hafif Cukurgébek (HCG)

yenidinya gesidinin fenolojik 6zellikleri, ¢igeklenme ve meyve tutum Makale Tarihgesi

oranlar1 tlizerindeki etkisini incelemek amaciyla yapilmagtir. Gelis Tarihi  :07.04.2021

Denemede; Quince-A, Quince-C ve BA-29 ayva anagclari tizerine asil, Kabul Tarihi :11.06.2021

1.0 m x 0.5 m sira aras1 ve sira uzeri araliklarla dikilmis HCG :

yenidinya gesidi kullanilmigtir. Deneme tesaduf parselleri deneme Anahtal.' Kel 11Pe1er
Vegetatif buyume

desenine gore 5 tekerriirli kurulmusg ve her tekerriirde alt1 bitki yer
almigtir. Ayva anaglarinin, ¢iceklenme donemleri ve gigek salkim
ozellikleri gibi fenolojik gozlemlere etkileri kaydedilmistir. Her g
anag uzerine asili HCG ¢igeklenmesini 11 Aralik-31 Ocak arasinda
tamamlamigtir. Ilk ¢iceklenme ve meyve tutumu en erken BA-29'da,
en ge¢ Quince-C’de gerceklesmistir. Meyve olgunlagsmasi, en erken
BA-29 anacinda(11 Mayis) olurken, bunu Quince-C(18 Mayis) ve
Quince-A (19 Mayis) izlemistir. Anaclarin, salkimdaki c¢icek
tomurcuk sayisi, salkimda agan ¢igek sayis1 ve derimi yapilan meyve
sayis1 uzerine etkisi 6nemli bulunmustur. Her tig 6zellik bakimindan
Quince-C anacinda daha yuksek degerler elde edilmigtir. Her iki
yilda da derimi yapilan meyve oraninda en dusiuk degeri, Quince-A
anacit vermis olup, Quince-C ve BA-29 birbirlerine yakin degerler
vermiglerdir. Sonug¢ olarak, BA-29 ve Quince-C anaclari, Quince-A
anacindan daha iyi performans géstermigtir.

Fenolojik 6zellikler
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INTRODUCTION

Loquat has specific climatic requirements for bud
initiation and flowering compared with other
subtropical fruit species. Loquat usually flowers in
autumn and early winter and the fruits ripen in
spring when most other subtropical fruits are just in
flowering or setting fruits. Loquat trees that flowers
in winter are harvested 152-189 days after full bloom
(Lupescu et al., 1980).

Loquat (Eriobotrya japonica Lindl) is propagated
mainly by budding method, and when it is budded
mostly loquat seedling is used as rootstock. Loquat
trees on the seedling rootstocks are very tall (5-10
meter) and large crowned. There are several
difficulties of established an orchard with such large
trees. First of all, the number of trees that can be
planted per unit area is limited and also, operations
such as pruning, spraying and fruit picking are
difficult and its cost is high (Polat, 1995; Crane and
Caldeira, 2019). It is necessary to control the
vegetative growth to reduce the cost of management.
High density planting with small crowned trees
makes easy to prune, spraying, thinning and
especially for fruit picking. In addition, these trees
produce quality fruits with high and marketable
value.

Dwarfing rootstocks are used in different fruits,
especially for apples and pears for many years (Faust,
1976; Hartmann and Kester, 1983). Use of dwarfing
rootstock 1is considered of great importance in
intensive loquat cultivation. Loquat trees on dwarf
rootstock provide the opportunity to plant more trees
per unit area that also produced higher yield in a unit
area (Polat et al., 2003).

Some researchers suggest that loquat seedling, quince
and pyracantha can be used as rootstocks for loquat
(Ochse et al., 1961; Hizal et al., 1982); when quince is
used as rootstock. They observed that the trees were
fruiting early and ripening earlier, the fruits were
larger and of higher quality (Demir, 1987; Polat and
Kagka, 1992a; Polat, 1995). Studies conducted by
Polat and Kaska (1992a, 1992b) and Polat (1996),
showed that quince rootstock reduce loquat tree size
by 20-25% compared to loquat seedling rootstock.
Polat et al. (2004) reported 3 to 4 times higher yield
from high density planting compared with using
standard planting distances. They also stated that it
would be appropriate to evaluate the effect of quince
rootstocks, especially BA-29 rootstock, in high density
planting trials.

In the literature, there are no study on effects of

quince rootstocks on the flower phenology and fruit
set in the loquat were examined detailed. The present
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investigation was taken up to study, the effect of
Quince-A, Quince-C and BA 29 quince clone
rootstocks on phenological properties, flowering and
fruit set for the first time. This forms the original
aspect of the research and shows its importance.

MATERYAL and METOD
Material

This study was carried out in the loquat orchard in
Hatay (36°12'E and 36°52'N, 80 elevation), located on
the coast of the Mediterranean region of Turkey
during 2018 and 2019. Two-year-old plants of ‘ HCG’
variety budded on BA-29, Quince-A and Quince-C
quince rootstocks were used for the study. These
plants were planted at high density with planting
spaces of 1.0 m x 0.5 m in January 2017. For each
plant 60 g pure N (300 g ammonium sulphate) from
February to July was given 4 times (75 g with each
irrigation) with irrigation, and regular technical and
cultural maintenance processes and shaped with the
pruned to an open-center system.

Method

Thirty plants were selected from each rootstock to
study the flowering periods and the fruit set rate of
the cultivar on different rootstocks. Then, a branch
was selected randomly from the four sides of the
canopy of these plants and they were tagged
accordingly. All observation regarding flowering and
fruit set were made from these branches.

Observations on flowering periods

Observations about flowering were made at 3 days’
intervals since the first bud swelling began to appear.
In this context, the beginning of flowering, first
flowering, full bloom, end of flowering and fruit set
dates were recorded. These observations were made
according to Durgac et al. (2006) and Polat (2018).

Observations on inflorescences

Observations were made at an intervals of 3 days on
average after the clusters of the branches were seen.
Inflorescence characteristics such as peduncle
numbers in cluster, number of flower buds in cluster,
number of flowers in cluster, the number of fruits set
in cluster, and the number of harvested fruits. These
observations were made according to Polat (2007).

Observations on flowering and fruit set ratios

Percent blossom ratios, initial fruit set (%), and final
fruit set (%) were recorded under each of the
rootstocks during the experimental period. These
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observations were made the methods suggested by
Westwood (1995) and Polat (2007 and 2015).

Evaluation of the data

The experiment was laid out following a completely
randomized designed (CRD). In the study, 30 plants
were used each in rootstock and each 6 plants were
considered as one replicate. The percent values were
transformed (varcsin ) to increase normality.
Variance analysis was performed with MSTAT-C
statistical software and means were compared by
Tukey test at the 0.01 or 0.05 level (Steel and Torrie,
1980).

RESULTS
Flowering Periods

The findings of 2018-2019 regarding the effects of
quince rootstocks on the flowering properties of the

HCG variety are presented in Table 1.

The HCG variety which are grafted on all three
rootstocks completed the flowering between 11
December and 31 January. The first flowering and
fruit set were recorded on the plants with BA-29

rootstock (11 December and 13 February,
respectively), and the latest in plants with Quince-C
rootstock (15 December and 17 February,

respectively). Fruit ripening was occurred the earliest
on plants with BA-29 rootstock (May 11), followed by
Quince-C (May 18) and Quince-A (May 19) (Table 1).

Inflorescences Properties

According to the two-year average, the highest values
in terms of the number of peduncle, flower buds,
flowers and final fruits were obtained from the plants
raised on Quince-C rootstock (Table 2).

Table 1. The effects of quince rootstocks on the flowering properties of the HCG variety (2018-2019 average).

Cizelge 1. Ayva anaglarinin HCG c¢esidinin ¢iceklenme

ozellikleri tizerine etkileri (2018-2019 ortalamasi).

Beginning of Date of first Full End of Fruit Date of fruit
Rootstock blossoming flowering Bloom blossoming Set ripening
Anag Ciceklenme Ik Tam Ciceklenme Meyve Meyve olgunlasma
baslangici ciceklenme ciceklenme  sonu tutumu tarihi
Quince-A 23 Nov. 14 Dec 18 Jan 31 Jan 17 Feb 19 May
Quince-C 21 Nov. 15 Dec 10 Jan 23 Jan 17 Feb 18 May
BA-29 22 Nov. 11 Dec 11 Jan 25 Jan 13 Feb 11 May

Table 2. The effects of quince rootstocks on the flowering and inflorescences properties of the HCG variety (2018-

2019 average).

Cizelge 2. Ayva anaglarmin HCG cesidinin c¢iceklenme ve salkim ozellikleri lizerine etkileri (2018-2019

ortalamasi).

No. of No. of flower buds No. of flowers No. of Initial No. of small No. of Final

peduncle per per cluster per cluster fruits fruits fruits
Rootstock cluster Salkimdaki g¢igek Salkimda agan Salkimdaki ilk Kiigciik Derimi
Anacg Salkimdaki tomurcugu sayisi ¢igek sayisl meyve tutumu meyve yapilan

somak sayis1  (adet) (adet) (adet) tutumu meyve (adet)

(adet) (adet)
Quince-A  17.67+0.93 128.02+0.11c® 102.51+0.94c 17.60+1.24 9.89+0.53 2.71+0.28b
Quince-C  19.44+0.61 156.52+4.45a 143.82+2.34a 16.55+1.37 9.26+0.44 7.51+0.24a
BA-29 16.68+0.25 143.17+0.40b 132.63+0.85b 15.80+1.10 8.62+0.50 6.54+0.32a
HSD NS® * wk NS. NS. *

(*) Different letters within columns are indicate significant difference by Tukey’s test at P < 0.05 or P < 0.01.

i Stunlardaki farkli harfler Tukey testine gore % 1 veya % 5 diizeyinde énemli farklilig: gostermektedir.
**! Significant at P < 0.01; *: Significant at P < 0.05; ®NS: Not significance
**:9% 1’ de 6nemli P < 0.01; *: %5’te énemli P < 0.05; ®NS: Onemli degil

While the Quince-A rootstock showed the higher
values in terms of the initial fruit set and small fruit
set, it gave the lowest value in terms of the number of
final fruits set. However, these differences between
rootstocks were found to be statistically significant
only in terms of the number of flower buds in the
cluster (P < 0.05), the number of flowers in the cluster
(P < 0.01), and the number of final fruit set (P < 0.05).
The differences between the rootstocks in terms of
other characteristics were not significant.

Flowering and Fruit set rates

The results of statistical analysis on the effects of
quince rootstocks on the flowering and fruit set rates
of the HCG variety are given in Figure 1 and 2.

The highest blossoming rate (92.65%) was recorded in
plants grafted on BA-29 rootstock and the lowest rate
(80.07%) was in the plants grafted to the Quince-A
rootstock (Figure 1). In terms of the initial fruit set
ratio in the cluster, the Quince-A rootstock showed
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higher value than the other two rootstocks (Figure 2). the small fruit set and fruit harvested, although there
These differences between rootstocks were found to be were differences between rootstocks, these differences
statistically significant at P < 0.05 level. In term of were not statistically significant.

94
92
90
88
86
84
82
80
78
76
74
72

Blossoming rate(%)
Ciceklenme orani(%)

Quince-A Quince-C BA-29

Rootstocks
Anacglar

Figure 1. The effects of quince rootstocks on the flowering rates of the HCG variety.

*: Different letters on the bars indicate significant differences by Tukey’s test at P < 0.05.

Sekil 1. Ayva anaglarimin HCG ¢esidinin ¢igeklenme oranlar: tizerine etkileri

*: Klonlardaki farkl harfler Tukey testine gore % 5 diizeyinde 6nemli farklilig1 gostermektedir.

16
— 14 E Quince-A ® Quince-C = BA-29
S
% 3
5510
= §
28| 8
*:;; 3
& 5| 6
Q
S| 4
2
0 AR

Initial fruit set Small fruit set Final fruit set

Fruit development stages
Meyve gelisme asamalar:
Figure 2. The effects of quince rootstocks on the fruit set rates of the HCG variety.

*! Different letters on the bars indicate significant differences by Tukey’s test at P < 0.05.

Sekil 2. Ayva anaglarimin HCG ¢esidinin meyve tutumu tzerine etkileri

*! Klonlardaki farkli harfler Tukey testine gore % 5 diizeyinde énemli farklilig1 gostermektedir.

CONCLUSION dwarfing rootstocks such as quince (Cydonia oblonga).
Reducing of vegetative growth is very important in In thl? study, the effect of Quince-A, qunce'C and _BA
loquat cultivation because of its very high tree size. 29 quince clone rootstocks on phenological properties,
The most effective method for this is the use of flowering and fruit set rates of the HCG variety was

studied in detail for the first time. Results obtained
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from this research revealed that dwarf quince
rootstocks such as Quince-A, Quince-C and BA-29 can
be used in intensive loquat cultivation. However, it is
of great benefit to continue the further work to make
a definitive judgment about the possibilities of using
BA-29, Quince-A and Quince-C rootstocks as new
dwarfing rootstocks. Therefore, researches need to be
continued, especially to determine all the
characteristics regarding yield and fruit quality.
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ABSTRACT

Currenly, Madonna lily (Lilium candidum L.) is considered as one of
the most important ornamental and perfumery plants. Madonna lily
is currently propagated via seed or bulb scales. However, seed
derived plants reaches sexual maturity at the end of five years and
flower production is interrupted in vegetative propagation via bulb
scales because fertile bulbs are needed as source of scale. To
overcome the two obstacles, stems of mature plants were used as
material for bulb production in the current study. For this purpose,
the stems, obtained from plants at the end of flowering were stored
in cardboard boxes under the conditions of darkness, normal
temperature and pressure (20°C and 1 atm) during four months. At
the end of this period, it was observed that 14 bulbs per stem formed
on the stored stems. The stem derived bulbs were cultivated in pots
and were observed to determine their development performances and
some morphological characters until reaching flowering during three
years. An increase of 226% in bulb weight, 51.2% in bulb diameter
and 58.9% in bulb circumference were observed at the end of the
three years. In this study, a new and effective method for Madonna
lily propagation was described for the first time.
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Akzambak Bitki Govdesinde Sogan Uretimi ve Yavru Soganlarm Ug Yillik Geligim Performans:

OZET

Giiniimiizde Akzambak (Lilium candidum 1.) en 6nemli siis ve
parfimeri bitkilerinden biri olarak kabul edilmektedir. Akzambak
halihazirda tohum veya sogan pullari ile gogaltilmaktadir. Ancak
tohumdan elde edilen bitkiler ancak bes yilin sonunda esey
olgunluguna ulasir ve vejetatif cogaltmada c¢icek tiretimi, pul
kaynagi olarak verimli soganlara ihtiya¢ duyuldugundan kesintiye
ugrar. Bu iki engeli agmak i¢in bu ¢alismada sogan tretim materyali
olarak olgun bitkilerin saplar1 kullanilmigtir. Bu amacla ¢iceklenme
sonunda bitkilerden elde edilen saplar dort ay boyunca karanlik,
normal sicakhik ve basing kosullarinda (20°C ve 1 atm) karton
kutularda saklanmiglardir. Bu silirenin sonunda depolanan
govdelerde govde basina 14 adet sogan olustugu gorilmistir.
Saptan tiretilen soganlar saksilarda yetistirilmis ve ti¢ yil boyunca
ciceklenmeye ulagincaya kadar gelisme performanslarini ve bazi
morfolojik 6zelliklerini belirlemek amaciyla gozlemlenmistir. U¢ yilin
sonunda sogan agirhginda %226, sogan capinda %51.2 ve sogan
¢evre uzunlugunda %58.9 artis gozlenmigtir. Bu c¢alismada
Akzambak duretimi i¢in yeni ve etkili bir yontemi ilk kez
tanmimlanmagtir.
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ksutarimdoga.vi.918548.

INTRODUCTION purposes. Historical records have indicated that these

The plants of Lilium (Liliaceae) are one of the oldest
plants humans have used for centuries with different

plants were cultivated thousands of years ago in
Mediterranean basin (Fornaris et al., 2011). Ancient
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Egyptians used lilies as wreath in funeral ceremonies
and Romans used them as ornament to decorate their
palace gardens (Mammadov et al, 2017).
Furthermore, lily gardens were also mentioned in
Sumerian tablets, prepared about 5000 years ago
(Ozen et al., 2012; Dhiman et al., 2018). Today, lilies
are cultivated as ornamental plants throughout the
world, as well as used as important perfumery plants.
Lillum species also have significant pharmacologic
activities as antitumor (Yuan et al., 2019), anti-
inflammatory (Ma et al., 2017), antioxidant,
antibacterial (Hui et al., 2019), hypoglycemic (Xiao et
al., 2014), anti-fatigue and anti-hypoxia (He et al.,
2009) activities that were attributed to the bioactive
constituents of bulbs namely, saponins, sterols,
alkaloids, polysaccharides, glycerol glycerides,
phenylpropanoids and flavonoids (Wang et al., 2019).

Lilium genus consists of 120 species growing mainly
wild in temperate zone of Northern Hemisphere and
is represented in Turkey by the presence of seven
species, one of which is Lilium candidum L. (Demir
and Celikel, 2017). This perennial bulbous plant
grows in sparse populations on rocky slopes and
maquis shrubland of Mediterranean basin. Its
distribution areas include Balkan countries, Greek
islands, Lebanon, Palestine, Israel, Syria and the
coastal regions of southwestern and western parts of
Anatolia. In Turkey, L. candidum spreads naturally
in territory of coastal cities of Mediterranean and
Aegean geographic regions, namely Aydin, Izmir,
Mersin, Mugla, Antalya, Balikesir, Canakkale,
Istanbul. It prefers especially maquis shrublands and
rocky shades which receive sufficient sunlight but are
not exposed to sun directly as habitat (Kahraman,
2014, 2015; Ocak et al., 2014).

Thanks to its large and shining white flowers, L.
candidum has been accepted as the symbol for
innocence in worldwide and is named as Madonna lily
(Fornaris et al., 2011). In Turkey, this plant is known
under the local names “akzambak, beyaz zambak, mis
zambak, desti zambag1 ve bey zambak” (Ocak et al.,
2014). Madonna lily has been used traditionally in
folk medicine for the treatment of inflamed and
purulent wounds, ulcers, skin inflammations, burns
and various injuries since ancient times (Pieroni,
2000; Zaccai et al., 2020). Like the other lilies, it
includes many of chemical compounds with a wide
range of bioactivities. However, it has been recognized
in worldwide as an ornamental and cut flower in
recent years. Today, the most popular using way of
Madonna lily is production of ornamental plants. It is
also an economically important perfumery plant with
its pleasant odor (Royandazagh and Pehlivan, 2016;
Patocka and Navratilova, 2019).

Today, L. candidum is one of the species that are in
danger of extinction. Harvesting its bulbs is forbidden
and heavy fines are levied from ones collecting the
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wild bulbs. In addition, this prominent flower is listed
in the species under protection according to CITES
(Convention on International Trade in Endangered
Species of Wild Fauna and Flora). Export for L.
candidum bulbs is only permitted in cultivation areas.
For that reason, it is necessary to describe cultivation
practices for this species with the aim of protecting
the flora and increasing its trade value.

Madonna lily is currently propagated via seed and
bulb scales generatively or vegetatively (Alam et al.,
2013; Kahraman et al., 2017). Seeds are dormant in
the winter season and produce one small bulblet by
germinating in spring. The number of bulb scale and
bulb diameter increase significantly in consecutive
years and the bulb has reached the capacity of
flowering approximately at the end of five years
(Akcal and Kahraman, 2016). Thus, propagation via
seeds takes a longer time than propagation via bulb
scales (Balge et al., 2020). In vegetative production,
the bulb scales that are obtained only from large
bulbs are used as material and flower production is
interrupted as a result. The large bulbs, consisting of
many scales with various dimensions are divided into
their scales and each scale produces a new plant.
Bulblet of the scale-derived plantlet develops enough
to blossom after three years (Altan and Burun, 2017;
Royandazagh et al., 2015). Several efforts have also
been undertaken for in vitro production of L.
candidum (Khawar et al., 2005; Bakhshaie, 2016;
Mazor et al., 2021).

Alternatively, stems were used as propagation
material instead of seeds and bulb scales in the
present study. To the author’s knowledge, there is no
report on bulb formation on stems and development
performance of the stem derived bulbs in the current
literature. Thus, we stored the stems, obtained from
plants at the end of flowering in cardboard boxes and
observed bulb formation on these stems during
storage period. Then, we cultivated the stem-derived
bulbs in pots during three consecutive years and
determined their performance as propagation
material. In this way, it is the first time we have
described here a new and effective method for
Madonna lily propagation.

MATERIALS and METHODS

In the present study, it was aimed to induce bulbs on
stems and to describe development performance of
the stem-derived bulbs until they reached flowering.
The study was conducted out in two phases; firstly,
bulb formation on stems and secondly determination
of growth and development performances of the stem
derived bulbs during cultivating in pots. The stems
that were used as material were kindly provided by
lily producers from the Bafra district of Samsun
province, Turkey.

The climate of the Bafra district, characterized by hot
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and dry summers, cool and rainy winters, reflected
typically general climate characters of Black sea
region and is semi-humid. Most precipitation falls in
the autumn and winter months. The spring and
summer months are relatively less rainy. The snow
cover stays in the region for a short time or for some
years it does not snow at all. The first frost occurs in
November and the last frost in April. The average
temperature is 12.5 °C as mean of long years, the
highest average temperature was recorded in July
and August (22.1-22.5 °C) and the lowest average
temperature was recorded in January and February
(2.1-3.4 °C). On average, relative humidity rate is
65.4% and total amount of annual precipitation is
520.2 mm (Yildirim, 2020).

In the first stage, stems of plants at the end of
flowering were harvested on June 06, 2017. Total of
100 stems were stored in cardboard boxes under the
conditions of darkness, normal temperature and
pressure (20 °C and 1 atm) for four months. Then, the
bulbs formed on stems at the end of storage were
counted and separated.

In the second stage, the stem derived bulbs were
transferred into the pots, 15 cm in diameter and 3
liters in volume on October 02, 2017 to observe the
growth and development performances of individuals
until reaching flowering during three years. The pots
were filled with a mixture of 80% soil + 15%
commercial peat + 5% burnt barn manure. The study
was conducted out in the open under semi-shaded

conditions during three consecutive years. As
experimental data, bulblet number per stem, root
length (cm), root weight (g), bulb weight (g), bulb
diameter (cm), bulb circumference (cm), scale number
per bulb, and total fresh weight were recorded at the
end of each vegetation period. Fresh weight of basic
leaf (g) and basic leaf number per plant in the first
two years and plant height (cm), leaf number per
plant, stem weight (g) and stem diameter (cm) in the
last year were also recorded.

RESULTS and DISCUSSION

Bulblet production phase (June 01, 2017 — October
01, 2017)

The stems, picked from mature plants at the end
flowering were stored as mentioned previously and
bulblet formation was observed on these stems after
four months of storage (October 01). The stems in
cardboard boxes before storage are shown in Figure
la and the bulblets formed on these stems are shown
in Table 1b. The stem-derived bulblets were
separated from stem tissue by bistoury and
photographed after sorted from big to small for
exhibition (Figure 1c-d).

According to the results, the tested stems produced a
number of large and small bulblets. As shown in
Figure 1, bulblet formation occurred on stems from
bottom to top and lower bulblets were larger, but
upper ones were smaller. It is also noteworthy to note

Vil
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Figure 1. The stored stems in cardboard boxes (A), bulblets before (B) and after (C-D) separated from stems.

Sekil 1. A; Bitki saplarinin muhafaza edildigi ambalajli durumlari, B; Yavru soganciklarin gévdeden ayrilmadan
onceki durumlari, C-D; Yavru soganciklarin sap tizerinde ve koparildiktan sonraki durumlari
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Table 1. Data for the plants with one or two basal leaves in first growing season.
Cizelge 1. Birinci vejetasyon yilini bir veya iki bazal yaprakla tamamlayan bitkilere ait veriler
Mean SE  SD  Min. Max. CI(95%)
asal leaf fresh weight (g) 0.24 0.01 0.02 0.21 0.27 0.229<..<0.257
asal leaf length (cm) 7.30 0.26 0.82 579 833 6.708<...<7.884
asal leaf width (cm) 2.36  0.06 0.21 2.06 274 2.211<..<2.505
oot length (cm) 2.65 0.07 021 235 297 2.502<...<2.801
oot weight (g) 0.12 000 0.01 0.10 0.14 0.114<...<0.130
ulb weight (g) 1.29 0.05 0.15 1.01 1.47 1.178<...<1.395
ulb diameter (cm) 1.66 0.04 0.14 1.40 1.87 1.558<...<1.761
ulb circumference (cm) 3.10 0.10 0.31 2.73 3.63 2.872<...<3.322
cale number per bulb 3.35 0.08 026 3.00 3.79 3.168<...<3.540
otal fresh biomass (g) 1.70 0.05 0.17 1.41 196 1.585<...<1.824
Mean SE SD  Min. Max. CI (95%)
Basal leaf fresh weight (g) 0.35 0.01 0.03 0.31 0.40 0.334<...<0.374
Basal leaf length (cm) 710 025 080 564 810 6.527<...<7.671
Basal leaf width (cm) 2.58 0.06 0.19 230 290 2.444<..<2.722
oot length (cm) 5.74 0.14 045 5.09 6.44 5.420<...<6.070
oot weight (g) 0.28 0.01 0.03 0.23 0.31 0.262<...<0.299
Bulb weight (g) 2.30 0.09 027 180 263 2.104<..<2.491
Bulb diameter (cm) 2.25 0.06 0.19 190 254 2.114<...<2390
Bulb circumference (cm) 4.30 0.14 0.44 3.79 5.03 3.984<...<4.608
Scale number per bulb 417 0.13 0.42 349 4.78 3.867<...<4.470
otal fresh biomass (g) 3.02 0.09 030 251 347 2.809<...<3.234

*SE: Standart error, SD: Standart deviation, CI' Confidence interval

that the bulblets started to root before separated the
stems. This is especially true for the robust bulblets
from bottom part of stems (Figure 1). Bulblet number
per stem varied with 7-12 and the tested stems
produced 14 bulbs on average. Eken and Sirin (2018)
searched the most suitable growing media for
different Lilium spp. and reported 8.3-17.5 bulblets
per stem depending on species. Main bulb bigness,
stem thickness and suitability of growing medium are
thought to affect bulblet formation. It is obvious that
large main bulbs have thick stems and, as shown in
Figure 1, have produced higher number of bulblets
with a larger diameter. Likewise, Herlina and
Winarto (2019) tried lily bulbs with different bigness
and reported that main bulb bigness affected yield,
yield parameters and various plant characters
directly. Similar results were also reported by Arslan
et al. (2019).

Phase for transformation the bulblets to reproductive
individuals (8 years, 2017-2019)
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Growth performance for the first year (October 01,
2017 — May 25, 2018)

In the second phase of the study, the stem derived
bulbs were cultivated in pots and observed until
flowering during three years. As shown in Figure 1,
these bulbs varied with their largeness. Accordingly,
the plants they produced also varied with their
dimensions. It was observed that 33, 27, 18 and 7% of
the tested bulbs produced 1, 2, 3 and 4 basal leaf,
respectively at the end of first year of cultivation in
pots. Some pictures of the first-year plants and data
for the morphologic observation and measurements
tested are shown in Table 1 and 2. First year planted
bulbs thrived in accordance with their largeness and
larger bulbs produced higher number of scales. The
stem derived bulbs with single scale produced bulbs
with 3-8 scales in first year. These bulbs varied in
terms of diameter (1.40-3.87 cm), weight (1.01-9.15 g)
and circumference (2.73-8.89 cm). Besides, these
bulbs produced the plants, 1.41-12.69 g in fresh
biomass and these plants provided the leaves, the
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smallest and biggest of which were 2.06 x 5.79 cm and
2.78 x 10.02 cm, respectively in dimensions (Tables 1-
2). The first vegetation period was ended with leaf
drying in June 10 and the harvested bulbs were
stored for the second-year cultivation.

Growth performance of the bulbs in the second year
(September 05, 2018 — May 30, 2019)

The bulbs, stored during the summer season, were re-
transferred into pots on September 05 and cultivated
until the end of vegetation period. As shown in Table
3, some morphologic measurements, each one
represented 10 individuals, were taken at the end of

the second cultivation year. The size of the pot-grown
plants varied with bulb largeness and the photograph
of mean-size individual representing plant growth
and development in the second year is shown in Table
3. It was observed that basal leaf number per plant
was 6.52, bulb diameter was 3.77 cm, scale number
per bulb was 11.97, and total fresh biomass 53.80 g as
mean values at the end of the second cultivation
season. Total fresh biomass and scale number per
bulb doubled when compared to the first-year data.
But no individual blossomed at the end of the second
year and for that reason, plant height could not be
measured.

Table 2. Data for the plants with three or four basal leaves in first growing season.
Cizelge 2. Birinci vejetasyon yilini li¢ veya dort bazal yaprakla tamamlayan bitkilere ait veriler

A /” W Mean SE SD Min. Max. CI (95%)
’f’al leaf fresh weight ) o, 09 007 0.80 1.02  0.855<...<0.957
3asal leaf length (cm) 7.79 0.28 0.88 6.19 8.89  7.162<...<8.416
Basal leaf width (cm)  2.58 0.06 0.19 2.30 2.90  2.444<...<2.722
oot length (cm) 7.48 0.20 0.62 6.61 8.61 7.034 <...<7.922
oot weight (g) 1.73 0.05 0.16 1.42 1.93 1.620<...<1.848
Bulb weight (g) 5.87 0.22 0.69 461 6.73  5.376<...<6.366
Bulb diameter (cm) 2.61 0.07 0.22 2.20 2.94 2.448 <...< 2.767
Bulb circumference (cm) 7.79 0.25 0.79 6.87 9.12 7.226 <...< 8.358
bcale number per bulb  5.59 0.14 0.43 5.00 6.31 5.280 <...<5.901
otal fresh biomass (g) 9.19 0.29 0.90 7.63 10.56 8.545 <...< 9.837
Mean SE SD Min. Max. CI(95%)
g‘sal leaf fresh weight, 19 3 009 099 125 1.053<.<1.179
asal leaf length (cm) 8.78 0.31 0.99 6.97 10.02 8.068 <...<9.482
asal leaf width (cm)  2.47 0.06 0.19 2.20 2.78  2.338<...< 2.604
oot length (cm) 12.48 0.31 0.99 11.06 14.00 11.778<...<13.190
oot weight (g) 3.41 0.10 0.31 2.79 3.80  3.184<...<3.631
ulb weight (g) 7.98 0.30 0.94 6.26 9.15  7.309<...<8.655
ulb diameter (cm) 3.44 0.09 0.29 290 3.87  3.227<...<3.648
ulb circumference (cm) 7.59 0.24 0.77 6.69 8.89 7.041 <...<8.144
ale number per bulb 7.83 0.19 0.61 7.00 8.84 7.392 <...<8.261
otal fresh biomass (g) 11.04 0.34 1.09 9.17 12.69 10.266<...< 11.818

*SE: Standart error, SD: Standart deviation, CI° Confidence interval

Growth performance of the bulbs in the third year
(September 01, 2019 — May 30, 2020)

Bulbs of the second year were stored between June 05
- September 01 and planted in pots on September 02,
2019. They were cultivated during the third growing
season and some measurements were taken as shown
in Table 4. It was observed that mean values for root

and bulb weights were 29.8 and 47.6 g, respectively
indicating plant growth exceeded double when
compared to that of the second year. Together with
the leaves formed on stem, mean value of leaf number
per plant was 63. Scale number per bulb was also
more than twice the previous year. But the most
important phenomenon was that plants could reach
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maturity and blossom. The bulb, root and flower of a
third-year plant are shown in Table 4.

In the experimental region, pollination and
insemination are insufficient due to the misty and
humid climates. Thus, seed formation is weak and
wild lily populations are also under pressure because
of bulb harvesting for commercial purposes (Arslan et
al., 2019). This phenomenon has forced to
development of different economic and ecological
production techniques. Generally, previous studies in
this context provided similar results. Ozen et al
(2012) reported that wild L. candidum plants
produced 2-12 basal leaves per plant dimensions of

which varied with 1.5-5 x 14-35 cm but these leaves
became lost completely at flowering. As mean values,
the width and height of L. candidum basal leaf were
3.4 and 19.7 cm, respectively. Our data in the present
study did not confirm those of the former authors as
we observed 1-4 basal leaves per plant, dimensions of
which varied with 2.58 x 7.10-8.78 cm in the first year
of cultivation and 5.79-7.33 basal leaves per plant in
the second year. The difference between present and
previous results could be attributed to growing media
of plants because we cultivated experimental L.
candidum plants in pots, but Ozen et al (2012) used
wild-growing plant material.

Table 3. Data for L. candidum plants from second year of pot cultivation
Cizelge 3. Ikinci vejetasyon yili sonu itibariyle Lilium candidum L. bitkilerine ait veriler

AN

Mean SE SD Min. Max. CI (95%)

Basal leaf fresh weight (g) 3.09 0.080.242.74 347 2.918<...<3.268

| Basal leaf number per plant 6.52 0.150.495.79 7.33 6.175<...<6.873
“Root length (cm) 30.30 0.852.6925.77 34.33 28.377 <...< 32.222

‘Root weight (g) 6.95 0.160.496.04 7.64 6.598<...<7.305
2 Bulb weight (g) 14.65 0.371.1612.98 16.42 13.821<...<15.478

© Bulb diameter (cm) 3.77 0.080.273.28 4.15 3.579<...<3.963
‘Bulb circumference (cm) 10.70 0.240.769.30 11.77 10.158<...<11.247
+ Scale number per bulb 11.97 0.341.0610.18 13.567 11.214<...<12.734
L Total fresh biomass (g) 23.80 0.672.1120.24 26.97 22.292 <...<25.313

*SE: Standart error, SD: Standart deviation, CI: Confidence interval

Table 4. Data for L. candidum plants from third year of pot cultivation
Cizelge 4. Ugiincli vejetasyon yili sonu itibariyle Lilium candidum L. bitkilerine ait veriler

Total fresh biomass (g) 176.2 9.4 29.8 139.1 216.9

Mean SE SD Min. Max. CI (95%)

Plant height (cm) 84.0 4.313.667.0 102.7 74.3<...<93.7
Leaf number per stem 63.0 4.2 13.247.4 80.3 53.6<..<724
Stem weight (g) 98.8 5.818.276.6 123.3 85.8<...<111.8
' Stem diameter (cm) 1.2 0.10.3 08 15 1.0<.<1.3

oot length (cm) 33.0 1.23.7 27.9 385 30.4<..<35.6
Root weight (g) 29.8 1.44.6 24.0 36.2 26.5<..<33.1
Bulb weight (g) 476 2.27.0 385 575 425<..<52.6
Bulb diameter (cm) 57 0310 45 7.0 5.0<.<6.3
Bulb circumference (cm) 17.0 0.9 2.8 135 20.9 15.0<...<19.0
Scale number per bulb 285 1.34.0 23.3 34.2 25.6<...<31.4

154.8 <...<197.5

*SE: Standart error, SD: Standart deviation, CI° Confidence interval

The leaves that dried completely at flowering were
smaller than basal leaves and have become smaller
from bottom to top on stems (Ozen et al., 2012). In the
current study, leaf number per plant could be

measured in the third year and was found to be 47.4-
80.3. Besides, plant height and stem width could also
be measured in third year. Mean values were found to
be 67.0-102.2 cm for plant height and 0.8-1.5 ¢m for
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stem width. In concomitant with our results, plant
height was reported as 43-150 cm (Ozen et al., 2012)
and 105.3- 120.4 cm (Ozel and Erden, 2010). Ucar and
Kazaz (2015) detected plant height as 26.4-74.7 cm
and stem width as 5.0-9.5 mm. Kahraman (2015)
used L. candidum bulbs, 4 cm in diameter as
propagation material and reported plant height and
stem width as 38.07-39.50 cm and 7.03-7.33 cm,
respectively. The same author also searched the
effects of different solid culturing media on some
plant characters of greenhouse-grown L. candidum
and reported plant height as 47.63-64.64 cm and stem
width as 0.64-0.75 cm (Kahraman, 2014). In another
previous study, conducted between 2012-2014 in
seven locations, plant height and stem width were
measured as 104.3-148.6 cm and 10.37-13.92 mm,
respectively (Arslan et al., 2019). Herlina and
Winarto (2019) detected plant height as 30-220 cm
and stem width as 3.5-13.0 mm depending on main
bulb size. The same authors reported that main bulb
size affected positively plant height; the observed
morphologic variation among L. candidum plants
were caused by bulb age as well as species; and
increasing bulb dimensions resulted in increasing
mean values of plant characters.

Root weight (g) and length (cm) of the plants
produced by stem derived bulbs were measured to
screen root growth and development in the present
study. L. candidum has yellowish-white hairy roots
getting longer than 45 cm (Ozen et al., 2012). The root

length was reported to vary with 12.19-22.51 and
15.73-33.78 cm depending on the sampled wild
populations and different growing media (Arslan et
al.,, 2019). Eken and Sirin (2018) measured root
weight for lily species as 3.590 - 11.037 g. Our results
are accordant with those of the previous authors.

L. candidum has yellowish-white bulbs, 1.2-7.6 x 0.8-
20 cm in dimensions and the bulbs bear
approximately 50 scales (Ozen et al., 2012). In the
present study, scale number per bulb was 3.00-8.84
depending on basal leaf number per plant in the first
year and this value was recorded as 10.18-13.57 and
23.3-34.2 in second and third years, respectively, as
expected (Figure 2). As mentioned in previous reports,
main bulb size has affected significantly plant growth
and development. We observed that our experimental
plants could blossom hardly in the third year and
bulb weight exhibited a great variation between 1.01
and 57.5 g during experiment (Figure 2). In previous
papers, higher values such as 107.80-186.27 g (Ozel
and Erden 2010), 97.33-393.19 g (Arslan et al., 2019)
and 70.92-79.29 g (Kahraman, 2015) for bulb weight
were reported. In contrast, Erken and Sirin (2018)
reported lower values for the parameters (2.08-4.50
g). Kahraman (2015) observed an increase of 136.4-
164.5% 1in bulb weight between main bulb and the
harvested bulb at the end of one-year growing period.
Similarly, we detected an increase of 226% in bulb
weight between the second and third year bulbs
(Table 3, 4; Figure 2).

50 Bulb weight (g)
R2,=0.9999
45
40
35
Scale number per bulb
30 R2=0.9874
25
20 Bulb circumference (cm)
R2=10.9968
15
10 Bulb diameter (cm)
R2=0.9661
5 =
0
First year Second year Third year

Figure 2. Variations in bulb characters of L. candidum during three years growth and development period.
Sekil 2. Lilium candidum L. bitkilerinin ti¢ y1llik gelisme-biiyiime doneminde sogan ozelliklerinde meydana gelen

degisime ait gosterim

Other parameters concerning bulb characters,
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circumference. Our results for these parameters are
greatly similar to the previous ones. As mean of
three-year values, we determined bulb diameter as
1.4-7.0 cm (Figure 2) and this parameter was reported
to be 0.8-2.0 cm (Ozen et al, 2012), 4.7-7.2 cm
(Kahraman, 2014) and 5.92 cm (Kahraman, 2015).
Similar to Kahraman (2015) who observed an
increase of 48% in bulb diameter between main bulb
and the harvested bulb, we also detected an increase
of 51.2% in the same parameter (Figure 2). As for
bulb circumference, this parameter exhibited the
same change trend as bulb diameter and weight. Bulb
circumference increased significantly at the rate of
58.9% when mean values of second and third years
were compared and varied with 3.1 and 20.9 cm
(Figure 2). Uysal and Kaya (2013) (5.6-6.4 cm), Ozel
and Erden (2010) (23.6-28.3 c¢cm) and Arslan et al.,
(2019) (16.7-35.6 cm) also reported similar results.

CONCLUSION

A number of studies have been conducted out so far
on Madonna lily (L. candidum) propagation. In the
previous efforts, generative or vegetative propagation
methods via seeds and bulb scales and several in vitro
techniques were tested. But two main obstacles were
indicated in these previous reports. First, flower
production is interrupted because fertile bulbs are
needed as source of scale in the vegetative
propagation of lilies via bulb scales. Second, seed-
derived plants can reach sexual maturity hardly at
the end of five years in generative propagation via
seeds. When sufficient bulblets induction on stems
were provided as described in the present study, a
sustainable flower production can be continued
without needing bulbs by re-using the stems of
harvested plants as propagation material. In this
study, we report for the first time that lily stems
could produce 14 bulbs per stem on average and can
be used effectively as source of bulb to use as
propagation material. Considering these findings as
well as the stem-derived bulbs that could transform
into reproductive plants within three years, it is
obvious that our results have made a significant
contribution to the current knowledge on the
propagation of Madonna lily that is under protection
in accordance with CITES.

Researchers Contribution Rate Declaration Summary

Authors declares the contribution of the authors is
equal.

Conflicts of Interest Statement
Authors have declared no conflict of interest.

REFERENCES
Akcal A, Kahraman O 2016. Different approaches on
bulblet formation with scaling in madonna lily

265

Lilium candidum. In proceeding International
Conference “Agriculture for Life, Life for
Agriculture”. University of Agronomic Sciences
and Veterinary Medicine of Bucharest. Bucharest,
Romania.

Alam A, Igbal M, Vats S 2013. Cultivation of some
overlooked bulbous ornamentals-a review on its
commercial viability. Rep Opinion 5(3): 9-34.

Altan F, Burun B 2017. The effect of some antibiotic
and fungucide applications on the
micropropagation of Lilium candidum L. Mugla J
Sci Tech 3(1): 86-91.

Arslan M, Karadeniz T, Arslan EA 2019.
Determination of the relationship between onion
properties and plant growth of lilies (Lilium L.)
naturally distributed in Ordu region. IJAAES
International Journal of Anatolia Agricultural
Engineering 1(4): 23-32.

Bakhshaie M, Khosravi S, Azadi PH, Bagheri JM, van
Tuyl 2016. Biotechnological advances in Lilium.
Plant Cell Rep 35: 1799-1826.

Balge R, Gill S, Maclachlan W, Dutky E, Klick S
2020. Production of asiatic and oriental lilies as
cut flowers. University of Marylland at College
Park. Cooperative extension service: Fact sheet,
687, 1-12.

Demir S, Celikel FG 2017. Endangered Lilium species
of Turkey. Turkish J Agr Food Sci Techn 5(13):
1796-1801.

Dhiman MR, Moudgil S, Parkash C, Kumar R, Kumar
S 2018. Biodiversity in Lilium: a review. Int J
Hortic 8(8): 83-97.

Eken L, Sirin U 2018. Effects of different substrates
on formation and development of bulblets in
Lilium sp. Anadolu J Agr Sci 33(2): 85-91.

Fornaris A, Chiavazza PM, Devecchi M 2011. The
importance of Lilium in garden design: history and
future. Acta Hortic 900(1): 59-64.

He CL, Yang XH, Huang H, Yang QZ 2009. Anti-
weary pharmacological action of lily
polysaccharide. J Hunan Normal Univ 6(3): 9-11.

Herlina D, Winarto B 2019. Effect of re-using
vernalization bulbs on growth and development of
Lilies. The dJournal of Agricultural Sciences-Sri
Lanka 14(2): 92-101.

Hui H, Li X, Jin H, Yang X, Xin A, Zhao R, Qin B
2019. Structural characterization, antioxidant and
antibacterial activities of two
heteropolysaccharides purified from the bulbs of
Lilium davidii var. unicolor Cotton. Int J Biol
Macromol 133: 306-315.

Kahraman O 2014. The effects of different substrates
on Lilium candidum cultivation under greenhouse
condition. J Agr Faculty of Gaziosmanpasa 31(3):
68-72.

Kahraman O 2015. The effects of planting densities
on bulb performance of madonna lily. Anadolu J



KSU Tarim ve Doga Derg 25 (2): 258-266, 2022
KSU J. Agric Nat 25 (2): 258-266, 2022

Arastirma Makalesi
Research Article

Agr Sci 30: 95-98.

Kahraman O, Bozdogan Sert E, Guler S. 2017.
Medicinal and aromatic value of the Madonna
Lily. In proceeding I. Int. Congress on Medicinal
and Aromatic Plants- Natural and Healthy Life.
Konya, Turkey.

Khawar KM, Cocu S, Parmaksiz I, Sarihan EO,
Ozcan S 2005. Mass proliferation of Madonna lily
(Lilium candidum L) under in vitro conditions. Pak
J Bot 37(2): 243-248.

Ma T, Wang T, Zhang YM, Luo JG, Kong LY 2017.
Bioassay-guided isolation of anti-inflammatory
components from the bulbs of Lilium brownii var.
viridulum and identifying the underlying
mechanism through acting on the NF-kB/MAPKs
pathway. Molecules 22(4): 506.

Mammadov T, Deniz N, Rakhimzhanova A,
Kilicarslan O, Mammadov R 2017. Studies on
Lilium species. Int J Sec Metabolite 4(1): 47-60.

Mazor I, Weingarten-Kenan E, Zaccai M 2021. The
developmental stage of the shoot apical meristem
affects the response of Lilium candidum bulbs to
low temperature. Scientia Horticulturae 276:
109766.

Ocak A, Yildirim H, Pirhan AF, Emecen AA 2014.
Conservation action plan of Madonna lily (Lilium
candidum L.). Republic of Turkey Ministry of
Agriculture and Forestry General Directorate of
Nature Conservation and National Parks
Publications, Izmir. 48 p.

Ozel A, Erden K 2010. Determination of capacity to
produce marketable bulb and morphological
characteristics of some exported geophytes. J
ASgric Fac HRU 14(2), 90-99.

Ozen F, Temeltas H, Aksoy O 2012. The anatomy and
morphology of the medicinal plant Lilium
candidum L. (Liliaceae) distributed in Marmara
region of Turkey. Pak J Bot 44(4): 1185-1192.

Patocka J, Navratilova Z 2019. Bioactivity of Lilium
candidum Li: a mini review. Biomed J Sci Tech Res
18(5): 13859-13862.

Pieroni A 2000. Medicinal plants and food medicines
in the folk traditions of the upper Lucca Province,

266

Italy. J Ethnopharmacol 70(3): 235-273.

Royandazagh SD, Pehlivan EC, Teykin EE, Ciftci HS
2015. Raw material supply to cosmetics industry
with in vitro micropropagation in Lilium candidum
L. Turkish J Agr Natural Sci Special Issue(2)
1911-1916.

Royandazagh SD, Pehlivan EC 2016. In vitro
Micropropagation of ZLilium candidum L. and
Alkaloids. dJournal of Tekirdag Agricultural
Faculty 13(3): 100-110.

Ucar Y, Kazaz S 2015. The effects of different

irrigation schedulings on the cut flower
performance of oriental lily ‘Casa Blanca’.
Agricultural Sciences (Crop Sciences, Animal

Sciences) Research For Rural Development 1: 82-
87.

Uysal E, Kaya E 2013. Effects of different amounts of
nitrogen applied on onion size in some natural
flower bulbs (Lilium candidum L., Galanthus
elwesii, Leucojum aestivum). In prooceding V.
Congress of Ornamental Plants. Yalova, Turkey.

Wang P, Li J, Attia FAK, Kanga W, Wei J, Liu Z, Li
C. 2019. A critical review on chemical constituents
and pharmacological effects of Lilium. Food
Science and Human Wellness 8(4): 330-336.

Xiao X, Wu X, He CL 2014. Hypoglycemic effect of lily
polysaccharides in Type idiabetic rats. J Food Sci
35(1): 209-213.

Yildirim D 2020. The effect of ridge-furrow micro
catchment water harvesting in red pepper yield
and quality features. PhD Thesis, Graduate School
of Sciences Department of Agricultural Structures
of Irrigation, Ondokuz Mayis University.

Yuan ZY, Luo LM, Chen NH, Liang S, Zhou XJ,
Huang HY, Chen YY 2019. Rapid analysis of
chemical constituents of Lily Bulbil by UPLC-Q-
TOF-MS and the antitumor activity of diosgenin.
Nat Prod Res Dev 31(5): 809-814.

Zaccai M, Yarmolinsky L, Khalfin B, Budovsky A,
Gorelick J, Dahan A, Ben-Shabat S 2020.
Medicinal properties of Lilium candidum L. and its
phytochemicals. Plants 9(8): 959.



KSU Tarim ve Doga Derg 25 (2): 267-273, 2022
KSU J. Agric Nat 25 (2): 267-273, 2022
DOI:10.18016/ksutarimdoga.vi. 798617

Tiirkiye'de Kiiltiir Bitkilerinde Istilaci Tiir Nysius cymoides (Spinola, 1837) (Hemiptera:
Heteroptera: Lygaeidae)in Yeni Konukcgular: ve Yayilma Alanlar

Giilten YAZICT™

1Directorate of Plant Protection Central Research Institute, 06172 Yenimahalle, Ankara, Turkey

thttps://orcid.org/0000-0002-4550-5075
P4 gultenkulekci@hotmail.com

OZET

Bu calismada, 2018-2019 yillar1 yaz sezonunda Adana, Adiyaman,
Ankara, Aksaray, Corum, Denizli, Diyarbakir, Elazig, Erzincan,
Eskisehir, Hatay, Istanbul, Karaman, Kastamonu, Kayseri, Konya,
Manisa, Mardin, Mersin, Sanliurfa, Sirnak, Tekirdag, Tokat, Yalova
ve Yozgat illerinde kiiltiir bitkilerinde Nysius cymoides (Spinola,
1837) (Hemiptera: Heteroptera: Lygaeidae)’in salgini ele alinmistir.
Bu illerin cografi konumu ve iklim kosullar1 ¢ok farklidir. Bu
nedenle, bu zararli turtin farklh iklim kosullarina
saglayabildigi goérulmustir. 2019 yilinda, zararhinin yogun bir
sekilde bulunmasi, bitkilerde gelisme geriligine, yapraklarda ola
noktalara veya olu bitkilere sebep oldugu tespit edilmigtir.
Zararlinin salginlar1 kurak ve sicak donemlerde meydana geldigi
veya ayni cinsin diger turleri i¢in Onceki uriine bagl oldugu
saptanmigtir. Bu tirin fazla konukgu c¢esitliligine sahip olmasi
nedeniyle hizla yeni alanlara yayilabildigi goérulmiistir. Bu zararh
i¢in belirli bir Entegre Zararh Yonetimi prosediirii 6nerilmektedir.
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New Hosts and Spread Areas of Invasive Species Nysius cymoides (Spinola, 1837) (Hemiptera:

Heteroptera: Lygaeidae) in Crop Plants in Turkey

ABSTRACT

In this study the outbreak of the false chinch bug Nysius cymoides
(Spinola, 1837) (Hemiptera: Heteroptera: Lygaeidae) was discussed
in cultivated plants, in Adana, Adiyaman, Ankara, Aksaray, Corum,
Denizli, Diyarbakir, Elaz1g, Erzincan, Eskisehir, Hatay, Istanbul,
Karaman, Kastamonu, Kayseri, Konya, Manisa, Mardin, Mersin,
Sanhurfa, Sirnak, Tekirdag, Tokat, Yalova and Yozgat provinces
during summer of 2018-2019. The geographic location and climatic
conditions of these provinces are very different. Therefore, studied
pest can adapt to different climate conditions. In 2019, the massive
presence of this pest caused several damage to crops such as lack of
plant development, dead spots on the leaves even the death of plants.
Pest outbreaks occur in drought and warm periods; they can be
related to ground wastes and depend on the previous crop for other
species of the same genus. Due to the highest host diversity, it can
rapidly spread to new areas. A specific Integrated Pest Management
(IPM) program is so suggested for the related pest.
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INTRODUCTION

Nysius Dallas, 1852 (Hemiptera: Heteroptera:
Lygaeidae) is one of the most common and widely
distributed genera within the superfamily Lygaeoidea
(Hemiptera: Heteroptera). Members of the genus are
well known as “hard to identify” because of the
similarity of the species in general aspects and

variability of the coloration (Nakatani, 2015). Nysius
is a complex genus and many species are very difficult
to identify without reference to type materials
(Terrain, 2019). Ashlock (1967) listed 109 species and
subspecies from the world. In the Palearctic Region,
23 species were listed by Aukema and Rieger (2001);
among them ten species were reported from Turkey
(Onder et al.,, 2006). Like other seed bugs, some
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Nysius species are considered as crop pests of wheat
and other grains, and vegetables.

Economically important population of Nysius develop
when the seed supply of the preferred host becomes
insufficient for a large population, and the pest move
to a new host, often to one of agricultural importance
(Costa Lima, 1940). Although there are economically
important pests of the genus Nysius, the habitats,
taxonomy as well as the biology of these species are
not well studied. In the same habitat area, more than
one species can be found. This is due to the fact that
species moves very quickly and is well colonized in
the appropriate habitat.

Species of the genus are mostly small sized with a
long body. Usually, these insects can be found on the
ground and under the plant and they spend the
winter in adult or nymphal stages. They are often
very mobile and phytophagous. They live in weeds,
trees, pine cones, between leaves of gramineae plants
and usually feed on plant seeds (Aysev, 1974). They
feed also on vascular tissues and most of the damage
can occur when they pass from weeds to cultivated
plants, especially when water stress is experienced
(Schaefer and Panizzi, 2000).

The aim of this study was to evaluate an outbreak of
Nysius cymoides (Spinola, 1837) (Hemiptera:
Heteroptera: Lygaeidae) in fields and to propose an
Integrated Pest Management (IPM) program for N.
cymoides.

MATERIALS and METHODS

The material is consisted of specimens of N. cymoides
which were collected during the spring, summer and
autumn seasons of 2018-2019 from Adana, Adiyaman,
Ankara, Aksaray, Corum, Denizli, Diyarbakir, Elaz1g,
Erzincan, Eskigehir, Hatay, Istanbul, Karaman,
Kastamonu, Kayseri, Konya, Manisa, Mardin,
Mersin, Sanhurfa, Sirnak, Tekirdag, Tokat, Yalova
and Yozgat provinces. The material was obtained
from cultivated plants and a variety of flowering
plants. Identified species were redescribed and body

parts with taxonomical importance were
photographed. To show internal structures of the
species (genitalia), specimens were dissected,

abdomens were removed and placed in a cold 10%
KOH solution for 10 minutes. Internal structures are
illustrated by digital photographs. Photos were
corrected using CorelDRAW graphics software
(version 12.0). In addition, distributional data of the
species in Turkey and in the world, host plants and
collection locality were given.

In order to study the effect of the pest on cultivated
plants in 1970-2019, minimum and maximum
temperature and precipitation data obtained from
Meteorological Service were used.

Materials were deposited in the Nazife Tuatay Plant
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Protection Museum (Ankara).

RESULTS
Nysius cymoides (Spinola, 1837)

Synonyms

Nysius albidus Dallas, 1852; Heterogaster exilis A.
Costa, 1853; Nysius fuliginosus Fieber, 1861; Nysius
thoracicus Horvath, 1882 (Bocchi, 2016).

Description

Body long, oval; head gray-brown and brown porous,
antennae and rostrum yellowish; thylus lighter
colored and the center of the proximal edge
surrounded by black color has a light spot; dark bands
on both sides of the head close to the distal edge;
pronotum gray-brown, porous, proximal corners
whitish, fluffy medially whitish stained; scutellum
dark gray-brown or blackish, distal corner with a
short very light color medial overhang; wings
yellowish gray, gray-brown band descending from
proximal to distal of the clavus a common seemingly,
side edges of corium curved very slightly, distal edges
brown, cubital and brachial veins brown stripes;
membrane very light and crossing the distal part of
the abdomen; femora light yellow and brown spotted,
tibiae light yellow, middle parts of mid and hind-
femora black, tarsi light yellow; abdomen black in
males and yellowish in females. Genital capsule
lengthy, its distal part domed with a slight
indentation on the sides, is narrower than the
proximal; posterior part of the genital opening round
and pointed in distal and lateral; Tips of capsule
indentations under the paramers pointed; lateral
edges of the anterior portion slightly indented
towards the base and formed a V-shaped depression
in the proximal center; this part of the genital
opening without additional protrusion (Figure 1b).
Hypophysis part of parameres thin, long and the tip
round; body on hypophysis with large rounded
outward protrusion, distally in the inter part outward
bulging. The center of the body with a round, narrow
and angular recess. The body thinning like a neck
joins with the base (Figure 1c, d, e). Body height: 2,8-
3,5 mm (Figure 1a).

Material examined

Adana: Yuregir, 27 m, 36° 58" 34" N, 35° 22" 50" E,
12.VI.2019, 3 99, 1 & (Gossypium hirsutum);
Adiyaman: Besni, 930, 17.VI1.2019, 20 29, 14 43 (G.
hirsutum), Konuklu, 648 m, 17.VI.2019, 13 29, 12
43  (Portulaca oleracea), Sambayat, 642 m,
17.VI1.2019, 8 99, 6 J3& (Nicotiana tabacum);
Ankara: Cubuk, 1000 m, 40° 14" 19" N, 33° 1” 60" E,
05.VIL.2018, 32 97, 28

43  (Phaseolus vulgaris, Capsicum annuum);
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Aksaray: 21.V1.2019, 54 29, 30 & (Weeds); Corum:
Sungurlu, 789 m, 40° 09' 40" N, 34° 22' 37" E,
17.V1.2019, 45 99, 37 43 (Weeds); Denizli:

A

26.V1.2019, 85 @, 63 & (Weeds); Diyarbakr:

19.VI1.2019, 11 29, 9 448

D E

Figure 1. At Adult of N. eymoides Spinola 3 B: Dorsal view of the genital capsule; C-D-E: Ventral, lateral and dorsal views of

the paramere.

Sekil 1. A: N. cymoides Spinola ergini 57 B’ Genital kapstil’in iistten goriiniisii; C-D-E: Paramer’in listten, alttan ve yandan

goruntisi.

(Cultivated plants), 30.VIL.2019, 18 29, 10 JJ&
(Quinoa), Cinar, Altinakar, 650 m, 21.VII.2019, 25
QQ, 20 44 (G hirsutum), Sikiirlii, 610m,
21.VI1.2019, 3 99 (G. hirsutum); Elazig: 20.V1.2019,
13 29, 6 33 (Morus alba 1.), 20.VI1.2019, 13 22, 7
33 (Vegetables); Erzincan: Cukurkuyu, 1240 m, 39°
46" 28" N, 39° 25° 33" E, 20.VL.2019, 50 99, 46 4
(Weeds); Eskisehir: Tepebasi, Yesiltepe, 808 m, 39°
47" 45" N, 30° 29° 52" E, 19.VL.2019, 53 90, 71 4J
(Weeds); Hatay: 24.VI.2019, 30 29, 35 448 (G
hirsutum), 22.V1.2019, @, 3 &3 (Cucurbita pepo),
23.V1.2019, 34 29, 23 38 (G. hirsutum, Abelmoschus
esculentus), 26.V1.2019, 3 99, 2 4J (G. hirsutum);
Istanbul: 18.V1.2019, 32 99, 27 33 (Fragaria vesca);
Karaman: Yukar: Kizileca, 1103 m, 39° 59" 0,05" N,
32°49” 2,8" E, 28.V1.2019, 328 29, 172 4& (fruit and
vegetable fields); Kayseri: Melikgazi, 1060 m, 38° 43"
13.0332" N, 35° 29” 58.9560" E, 19.VI1.2019, 61 99, 58
33 (Weeds); Konya: 21.VIL.2018, 21 29, 18 4J
(Weeds), 01.VI1.2019, 11 992, 5 33 (Prunus avium);
Manisa: 04.VI.2019, 15 99, 17 33 (Medicago sativa,
G. hirsutum); Mardin: Kiziltepe, Altintoprak, 500 m,
20.VI1.2019, @ (G hirsutum), Baris, 498 m,
20.VI1.2019, 6 22, 4 88 (G. hirsutum), Nusaybin,
Hasantepe, 510 m, 2 92, 2 48 (G. hirsutum); Mersin:
21.V1.2019, 6 29, 2 33 (F. vesca, Citrullus lanatus),
Aydincik, 17 m, 36° 8" 35.4912" N, 33° 19 15.6108" E,
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24.V.2019, 140 29, 100 &3 (Cucumis sativus);
Sanhurfa: Akcakale, 362 m, 18.VI1.2019, 11 229, 7 448
(G. hirsutum), Beyazkule, Tigem, 510 m, 18.VI1.2019,
28 99, 12 33 (Helianthus annuus), Yeserti, 364 m,
18.VIL.2019, 21 29, 21 44 (G. hirsutum),
Ceylanpinar, 366 m, 36° 50 60" N, 40° 2° 60" E,
10.VI1.2019, 42 29, 34 43 (H. annuus), Gékcayir,
Tigem, 18.VIL.2019, 25 22, 20 &3 (H. annuus);
Sirnak: Cizre, Bozalan, 500 m, 19.VI1.2019, 20 99, 19
38 (G hirsutum, P. oleracea), Yalintepe, 600 m,
19.VI1.2019, 18 29, 14 43 (Weeds), Silopi, Ciftlik,
390 m, 19.VI1.2019, 28 22, 21 && (G. hirsutum, P.
oleracea), Kapili, 410 m, 19.VI1.2019, 5 22, 4 4&
(Bush and G. hirsutum), Ortakoy, 19.VII.2019, 1400
m, 19 99, 12 33 (Weeds); Tekirdag: 23.VI1.2019, 38
29, 32 43 (H. annuus); Tokat: 630 m, 23.V.2019, 6
29, 8 33 (Eruca sativa); Yalova: 20.V1.2019, 45 99,
39 43 (Weeds); Yozgat: Sefaatli, 917 m, 39° 30" 6" N,
34° 45" 8" E, 14.V1.2019, 12 22, 8 43 (Weeds) (Figure
2).

Distribution in Turkey

Adana, Ankara, Aydin, Balikesir, Burdur, Bursa,
Canakkale, Edirne, Erzurum, Hatay, Igdir, Isparta,
Izmir, Kars, Kayseri, Kirklareli, Kocaeli, Manisa,
Mersin, Mugla and Tekirdag (Aysev, 1974; Onder et
al., 2006) (Figure 2).
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@ Known records
A Added records

Figure 2. Distribution of V. cymoides Spinola in Turkey.
Sekil 2° N. cymoides Spinola’in Tiirkiye'deki dagilisi.

General distribution cauliflower, wild mustard, grapevines (Rivnay, 1962);
Morocco, Algeria, Libya, Iran, Israel, Iraq, West Gossypium hirsutum L., wild mustard, Helianthus
Africa, Caucasia, Canary Islands, Egypt, Middle Asia, annuus L., Medicago sativa L., Sinapis arvensis L.

Syria, Tunisia, Turkestan, South Australia and (Mollashabhi et al., 2016).
Cyprus (Aysev, 1974; Onder et al., 2006); Iran In this study, Nysius cymoides was determined to be

(Mollashahi et al., 2016); Florida, California (Sweet, harmful on Abelmoschus esculentus, Capsicum
2000); Italy (Bocchi et al., 2016; Scaccini and Furlan, annuum, Citrullus lanatus, Cucumis sativus,
2019). Cucurbita pepo, FEruca sativa, Fragaria vesca,

Gossypium hirsutum, Helianthus annuus, Medicago
Host plants sativa, Morus alba (Figure 3. a), Nicotiana tabacum,

Phaseolus vulgaris, Portulaca oleracea, Prunus avium

Brassica napus L. (Demirel, 2009); Portulaca oleracea ! ! 1a : :
(Figure 3. ¢), Quinoa, Triticum sp. (Figure 3. b), fruit

L., Jojoba (Parenzan, 1985); soybean (Scaccini and

Furlan, 2019); vineyards (Ozgen, 2012; Rivnay, 1962); and vegetable fields as well as weeds.
Fabaceae (Harakly and Assem, 1978); cabbage,

| Morus alba B ‘ o Triticum sp. (of- -
Figure 3. Individuals of . cymoides on several plants (A: Morus alba; B: Triticum sp.; C: Prunus avium).
Sekil 3. Bazi bitkiler iizerinde N. cymoides bireyleri (A: Morus alba; B- Triticum sp.; C: Prunus avium).

More than 300 individuals per plant were often referred to maximum temperature) occurred during
observed in the field representing so with the highest April-May in 2017 compared to the same period in
N. cymoides densities. The highest density of N. 2018 (Figure 4). Therefore, in 2017, there was no

cymoides causes different damages such as wilting outbreak of N. cymoides because the population level
and yellow-brownish tissue (Figure 3), even was below the threshold in all monitored areas.
conducting to plant death in some cases. While, the N. cymoides outbreak increased rapidly

The outbreak reported here occurred in specified after 2018 and reached the peak in 2019.
provinces in 2019 following a droughty and warm
period from April to August. In April, a decrease in DISCUSSION and CONCLUSION

moisture and precipitation rates and an increase in Nysius cymoides spends the winter in the adult stage
temperatures degree caused the rise of population. giving one generation per year (Péricart 1998; Sweet
More rainfall and lower temperature (in particular 2000). In specific environmental conditions such as
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warm summers, it may give rise to outbreaks that can
cause damage to crops (Scaccini and Furlan, 2019).
Especially in the Mediterranean basin, it causes
significant economic losses in crops. In addition, it
gives considerable harm to Cabbage, Cauliflower,
Brassica oleracea L., Canola, Brassica napus L., Wild
mustard, Sinapis arvensis L. and to different plants
(Rivnay, 1962; Péricart, 1998; Sweet, 2000). N.
cymoides also feeds on Medicago sativa L., legumes
and many other families (Rivnay, 1962; Alsuhaibani,
1996; Razmjoo et al., 2011; Péricart, 1998; Sweet,

2000; Bocchi et al., 2016). Adults and nymphs suck
shoots, fruits and seeds of plants and cause yellow,
dry and fade of tissue. Sucked seeds lose their
germination capacity and so their yields (Parenzan,
1985; Sweet, 2000; Bocchi et al., 2016; Scaccini and
Furlan, 2019). In irrigated cultures, the pest, in
various stages, is particularly active during the
hottest hours of the day on the vegetation close to the
ground; at night, in poor vegetations, it moves into
cracks in the ground, onto irrigation pipes and soil
clods (Haouas et al., 2019).
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Figure 4. Comparison of the distribution of the average temperature and rainfall values for the years of 1970-
2018 with the monthly temperatures and rainfall of the years 2017 and 2018 in Turkey.
Sekil 4. Tirkiye'de 1970-2018 yillarina ait ortalama sicaklik ve yagis dagiliminin, 2017 ve 2018 yillarina ait

aylik sicaklik ve yagis ile karsilastiriimasi.

The outbreak of N. cymoides in Turkey and the
damage to cultivated plants were most probably
related to a combination of the previous crops, its
residuals on the ground and to the warm and dry
weather in 2018 (Figure 4). The results are similar
especially in Adana, Diyarbakir, Manisa, Mersin and
Sanliurfa provinces where intensive agriculture was
performed. Furthermore, decreasing of the amount of
precipitation and the increasing of temperature in
April that are typical properties of hot arid climates
promote the increasing of this species population.
(Haouas et al., 2019). The low rainfall in April, May
and June of 2019 did not eliminate the N. ¢cymoides
population. In May 2019, the population of N
cymordes could not be suppressed due to low rainfall
and therefore, the pre-adult period of the insect
peaked after May (Figure 5).

Indeed, the warm and dry summer may contribute to
the outbreak and no similar reports were recorded in
the same area in the previous years or the following
summer. Nysius species have been known to pullulate
during warm periods, as reported for N. cymoides,
Nysius huttoni White and Nysius raphanus Howard
(Farrell and Stufkens, 1993; Demirel and Cranshaw,
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2006; Scaccini and Furlan, 2019). As an agricultural
pest, V. cymoides is difficult to be controlled because
it fecundated and overwinters in weeds outside
commercial crops (Farell and Stufkens, 1993).
Therefore, cultivated plants may be colonized by
invasions of migrant adults which inflict economic
damage before detection.

Data on the biology and spread of the pest are not
available, and the current researches on this pest in
Turkey are concerned with taxonomic studies.
However, the spread of individuals belonging to these
species can be related to adult flights and infested
plant materials. Therefore, in the fields should make
some observation to reveal the current situation of M.
cymoides.

In this study, it was observed that the high density of
N. cymoides caused damage to cultivated plants, such
as wilting, yellow-brownish tissue and even resulting
in plant death in some cases. According to Scaccini
and Furlan (2019), incorporating soil tillage with
residuals of previous crop, as in the case of canola,
has been shown to be an effective approach for
preventing from N, c¢ymoides infestations.
Furthermore, implementation of an IPM program
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against Nysius populations can help farmers and
false treatments can be avoided. Host plants quality
influence the life cycle parameters of V. cymoides and
can give information helping to detect the population
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Figure 5. Comparison of the distribution of the average temperature and rainfall values for the years of 1996-
2016 with the monthly temperatures and rainfall of the years 2017, 2018 and 2019 in Adana (A),
Diyarbakir (B), Manisa (C), Mersin (D), Sanliurfa (E).

Sekil 5. Adana (A), Diyvarbakir (B), Manisa (C), Mersin (D), Sanhurfa (E) illerinde 1996-2016 yillar1 ortalama

sicaklik ve yagis dagiliminin 2017, 2018 ve 2019 yillarina ait aylik sicaklik ve yagis ile karsilastirilmasi.

The increase of product variety in recent years 1is
conducted to occur new pests as the case of N
cymoides a pest known to exist in Turkey. It was
detected in various agricultural products and weeds
in Adana, Adiyaman, Ankara, Aksaray, Corum,
Denizli, Diyarbakir, Elazig, Erzincan, Eskisehir,
Hatay, Istanbul, Karaman, Kastamonu, Kayseri,
Konya, Manisa, Mardin, Mersin, Sanhurfa, Sirnak,
Tekirdag, Tokat, Yalova and Yozgat provinces. The
geographic location and climatic conditions of these
provinces vary considerably. This shows that the pest
can adapt to different climatic conditions. Due to the
high host diversity, this pest can rapidly spread to
new areas. Since the biology of the pest and its
symptoms are not fully known, it is difficult to control
the pest. For this reason, the biology and type of
damage should be determined to elaborate an
efficient IPM program for N. c¢ymoides. The
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recommended measures to be implemented in country
are as follow; detection of the pest in the fields,
determination of population levels by examining post-
harvest wastes, if the density is high, after harvesting
host plants should not be cultivated and plant wastes
must be annihilated as cultural measure.
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ABSTRACT Research Article
In this study, Tea Tree Oil, (Timorex Gold), Orange Oil (Prev-Am),
Reynoutria spp. extract (Regalia), Bacillus subtilis QST 713 Article History
(Serenade SC), Lactobacillus acidophilus, Lactobacillus paracasei Received - 06.04.2021
(Vitanal) and a reference product Fluopyram+Tebuconazole (Luna Accepted +20.05.2021
Experience) were applied to pepper plants to determine the efficacy

Keywords

against powdery mildew disease caused by Leveillula taurica (Lev.)
Arm on pepper. The disease on plants was evaluated based on the 0-
5 scale when the disease reached to 20% on untreated plots. Trials
were established as a randomized plot design with four replications.
The disease severity was assessed using Towsend-Heuberger’s
formula and the percentage effect of the applications was calculated
using the Abbott formula. The conducted experiments were revealed
that the highest % efficacy values of the preparations against
powdery mildew were obtained from Timorex Gold (80%), Prev-Am
(45%), Regalia (44.7%), Serenade (26.3%) and Vitanal (26.2%),
respectively. The efficacy of the reference product, Luna Experience,
against powdery mildew in pepper was found 89%. It has been
concluded that Timorex Gold preparation performed enough efficacy
against Leveillula taurica, and can be safely used and offered against
powdery mildew.

Bacillus subtilis QST 713
Lactobacillus spp.
Orange oil

Reynoutria spp. Extract
Tea tree oil

Biberde Kiilleme [Leveillula taurica (Lev.) Arm.] Hastaligina Kargi Miicadelede Biyofungisitlerin
Degerlendirilmesi

OZET Aragtirma Makalesi

Bu calismada Cay Agaci Yag1 (Timorex Gold), Portakal Yag: (Prev-

Am), Reynoutria spp. extrakt (Regalia), Bacillus subtilis QST 713 Makale Tarihgesi
(Serenade SC), Lactobacillus acidophilus, Lactobacillus paracasei Gelis Tarithi  :06.04.2021
(Vitanal) ve ruhsatli preperat olarak Fluopyram+Tebuconazole Kabul Tarihi :20.05.2021
(Luna Experience) Leveillula taurica(Lev.)nin neden oldugu

killeme hastaligina kars: etkinligini belirlemek igin biber bitkilerine Anahtar Kelimeler

uygulanmigtir. Hastalik giddeti, kontrol parsellerinde en az %20
hastalik ortaya ciktiginda 0-5 skalasina gore degerlendirilmistir.
Serada tesadif bloklar: deneme deseninde 4 tekerriirli bir deneme
yurttulmustir.. Sayim sonucu elde edilen skala degerlerine
Towsend-Heuberger formiilii uygulanarak hastalik oranlari (%),
Abbott formiiline gore de preperatlarin etkileri hesaplanmistir.
Leveillula taurica hastaligina karsi kullanilan preperatlarin
etkinlikleri sirasiyla Timorex Gold (%80), Prev-Am (%45), Regalia
(%44.7), Serenade (%26.3), Vitanal (%26.2) olarak belirlenmistir.
Ruhsathh fungisit olarak kullanilan Luna Experience ise %89
oraninda etkili bulunmustur. Sonug olarak, Timorex Gold’un biberde
killeme hastaligi etmeni Leveillula tauricaya kars1 yuksek etki
gosterdigi, giivenle kullanilabilecegi ve onerilebilecegi kanisina
varilmistir.

Bacillus subtilis QST 713
Lactobacillus spp.
Portakal yag:

Reynoutria spp. Ektrakt

Cay agac1 yag1

To Cite: Arna SE, Ozkaya R 2022. Evaluation of Biofungicides in the Control
[Leveillula taurica (Lev.) Arm.] in Pepper]l. KSU J. Agric Nat

ksutarimdoga.vi. 910742.

against Powdery Mildew Disease
25 (2): 274-281. https://doi.org/10.18016/
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INTRODUCTION

Pepper (Capsicum annuum L.) is a native plant in
South America. It belongs to the aubergine
(Solanaceae) family and is able to grow in tropical,
subtropical and temperate climate areas. The pepper
is not only popular worldwide but also important
foodstuff in Turkey. Pepper growing is carried out in
both greenhouses and open fields in Turkey and the
world (Kog et al., 2014). Crop losses caused by biotic
factors including fungal, bacterial, and viral
microorganisms are important for vegetable farming.
Many soil-borne pathogens lead diseases in
greenhouses, and are often difficult to control on
pepper plants (Yildiz et al., 1990).

Some of important commonly seen diseases in
greenhouse-grown pepper plants are white rot
(Sclerotinia sclerotiorum), fusarium wilt (Fusarium
spp.), early blight (Alternaria solani, leaf mold
(Botrytis cinerea), phytophthora blight (Phytophthora
capsic) and powdery mildew (Leveillula taurica).
Powdery mildew [Leveillula taurica (Lev.) Arm.]
which 1s one of the most important pepper fungal
diseases can result in serious losses in pepper. In
Turkey, more than 75 chemicals have licensed for
powdery mildew, Leverllula taurica, in Solanacea
plants. Despite the widespread use of cultural and
chemical control to manage the disease, it cannot be
fully controlled. In addition, control methods used for
powdery mildew are based on genetic resistance.
However, resistant cultivars are not always
successfully developed (Tsror et al., 2004; Ydicel,
2008). Until recent years, there were no pepper
cultivars resistant to L. taurica.

The use of fungicides increases the cost of production
lower the market value, causing big economic losses
and posing tremendous risk to the environment and
human health. The use of pesticides has a negative
impact on the environment and human health. Also,
the use of pesticides against target organisms leads to
the formation of resistant races (Aydin, 2015). For
this reason, it has to be necessary to reduce chemical
pesticides in agriculture and introduce
environmentally friendly, sustainable and cheaper
control methods. The most promising method to
achieve this goal is biological control. The use of
biological organisms alone or in combination to
manage plant diseases can minimize the impact of
chemicals on the environment. Furthermore,
promoting plant growth and the importance of
microorganisms in biological control are increasing
(Siilii et al., 2016). Using biofungicides (Bacillus spp.,
Trichoderma spyp., Aspergillus spp., Tea Tree Oil
extract, Reynoutria spp. extract etc.) under favorable
conditions resulted positive changes in crop plants
including yield, durability, quality, earliness, and
adaptability (Bora and Ozaktan, 1998; Hermosa et

275

al., 2012; Sing et al.,, 2012; Shao et al., 2013; Ben
Abdallah 2015; Aydin, 2015; Zalila-Kolsi et al., 2016;
Sing et al., 2019). In this study, the biological activity
of three plant extracts, one bacterium and one organic
plant activator were investigated against powdery
mildew disease caused L. taurica on pepper. Tea Tree
Oil extract (222.5 g L' in Timorex Gold), Orange Oil
extract (60 g L'! in Prev-Am), Reynoutria spp. extract
(in 224 g L't Regalia), Bacillus subtilis [Serenade SC,
i.e 1.34 % B. subtilis QST 713 strain (min. 1x10° cfu
mlY], Lactobacillus acidophilus and L. paracasei (in
75% Vitanal), as well as a licensed fungicide namely
Fluopyram + Tebuconazole (200 g L' Fluopyram +
200 g L1 Tebuconazole in Luna Experience) were
applied against L. taurica.

MATERIALS and METHODS
The application of preparations

In this study, the experiments were conducted with
naturally occurred powdery mildew disease in a
greenhouse located Hacialiler, Aksu District, Antalya,
Turkey. The greenhouse was used for pepper growing
in Antalya in 2016 and 2017. Leveillula taurica
susceptible Kanyon F1 pepper cultivar was used in
the study. In both years of application, pepper plants
were planted with 150 cm row spacing and 40 cm
plant spacing. In both years, the first fungicide
application was started when the fruits ripening and
the flowering occurred in the plants. The experiments
showed that before the first treatment, plant height
was 65 c¢cm in 2016 while it was 55 cm in 2017. The
study was established with a randomized block design
with 4 repetitions containing 20 plants in each
repetition.

The pesticides were applied based on the doses
written on the preparations according to producers’
suggestions in the trial (Table 1).

The treatments in the experiment (Timorex Gold,
Prev-Am, Regalia, Serenade, Vitanal) were sprayed
by covering all the plants. As a comparative
(licenced) fungicide, a chemical fungicide named Luna
Experience (200 g L1 Fluopyram + 200 g L
ITebuconazole) by Bayer Crops licensed in Turkey
was applied. Applications were started when powdery
mildew disease conditions occurred in the greenhouse.
Applications were started before plants sustained
disease and continued with 7 days intervals until at
least 20% disease symptoms seen on control plots.
Plants were sprayed 6 and 8 times in 2016 and 2017,
respectively.

Disease assessment in pepper plants

Disease assessment in plants was performed once the
disease was reached at least a 20% level in the
untreated plots. The assessment was conducted at
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03.12.2016 and 09.12.2017. Five old leaves of each of
the 20 pepper plants in each plot were examined

based on the scale of 0-5 (Table 2).

Table 1. Trade name, producer company, name, and amount of active substance, formulations, and doses of the

preparations used in the experiment

Cizelge 1. Denemede kullanilan preperatlarin ticari ismi, firmasi, aktif madde adi ve miktari, formiilasyon sekli

ve dozlari

Trade Name Company Name and Amount of the Active Formulation Dose
Substance

Timorex Gold Nufarm 222.5 ¢ L1 Tea Tree Oil (Tea Tree Oil) EC 200 ml 100 L water

Prev-Am Nufarm 60 g L't Orange Oil SL 200 ml 100 Lt water

Regalia Syngenta 224 g L't Reynoutria spp. SC 200 ml 100 Lt water

Serenade Bayer %1.34 Bacillus subtilis QST 713 Irk1 SC 1000 ml 100 L't water

Vitanal Doga Organik L. acidophilus and L. paracasei SL 300 ml 100 L't water

Luna Experience Bayer 200 g L1 Fluopyram+ 200 g L1 SC 30 ml 100 ! water
Tebuconazole

Table 2. Scale of 0-5 evaluating powdery mildew
disease (Anonymous, 2018)
Cizelge 2. Kiilleme hastaliginin degerlendirildigi 0-5
skalasi (Anonim, 2018)
Assessment scale for powdery mildew disease in
cultivated species from solanaceae family
Scale Definition

No disease on the leaf

0-1% of the leaf area is infected

2-5% of the leaf area is infected

6-20% of the leaf area is infected

21-40% of the leaf area is infected

More than 41% of the leaf area 1is
infected

Data assessment

The severity of the disease in each repetition (%) was
calculated with the Townsend-Heuberger formula
(Townsend and Heuberger, 1943). Based on the
determined disease severity values, the effectiveness
of the chemicals in percentage was calculated with
Abbott formula (Abbott, 1925).

Towsend-Heuberger Formula

Disease Severity (%):W X 100

Abbott Formula
Effect (%): = X 100

In the above formulas, n refers to the number of root-
root collars or tubers of the plant in different damage
groups, V to levels of damage classified into groups, N
to total number of root-root collar or tubers under
control, Z to the highest scale value, X to the mean
disease severity in positive untreated plots (%), Y to
the mean disease severity in the treated plots (%), X
to the disease severity in the untreated plots, Y to the
resultant disease severity of each application.
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Statistical analyses

Factorial analysis of variance was separately applied
to the obtained data. Obtained disease rates in the
experiment were analyzed within variance analysis in
factorial order and subjected to angle transformation.
The obtained data were evaluated by Tukey multiple
comparison test using IBM® SPSS® 22 for the
statistical analyses.

RESULTS

Disease severity in percentage (%) against L. taurica
was obtained with the lowest rate of Timorex Gold
(8.3%) application. Among the treatments, the highest
disease severity was observed in Serenade (29.4%). A
statistical difference was found between Timorex
Gold and other applications (Figure 1). Disease
severity in control plants was determined as 38.8%.
Disease severity was found as 5.1% in Luna
Experience application used as a comparison
fungicide (Table 3) (P<0.05).

In this study, the highest biological effect against L.
taurica was determined in Timorex Gold (78.7%) and
the lowest in Vitanal application (24.9%). The
biological effect was determined as 87.0% in the
application of Luna Experience (Figure 1).

In 2017, the lowest disease severity in percentage was
obtained from Timorex Gold (6.0%) application. This
was followed by Regalia (16.6%) and Prev-Am (16.5%)
applications, respectively. The highest disease
severity percentage was observed in Vitanal (22.2%)
and Serenade (22.1%) (Table 4).

A statistical difference was found between Timorex
Gold and other applications. (P< 0.05). Disease rate in
control plants was determined as 30.0%. Disease
severity was found as 3.3 % in the application of Luna
Experience and a statistical difference was found
between Timorex Gold and Luna Experience
applications. In this study, the most effective
biological effect among the bio fungicides based on the
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study was determined in Timorex Gold (80%) and the
lowest in Vitanal application (26.2%). In the Luna
Experience fungicide (Luna Experience), comparison
treatments, the biological effect was determined as

89.0% (Figure 2). In this study, it was concluded that
Timorex Gold, Prev-Am and R. sachalinensis extract
(Regalia) can be used in the control of the powdery
mildew disease.

Table 3. Effect of preparations applied to a pepper plants in greenhouse against Leveillula taurica in 2016.
Cizelge 3. 2016 y1linda serada biber bitkisne uygulanan preparatlarin L. taurica'ya kargi etkisi

Name of the Treatment

DiseaseSeverity (%)*

Biological Effect (%)*

Timorex Gold 8.3+0.21b
Prev-Am 22.5+0.35¢
Regalia 23.2+0.22 ¢
Serenad 29.4 +0.33 d
Vitanal 29.1 £0.25d
Luna Experience! 5.1+0.13 a
Control 38.8 +£0.29

78.7+0.53 b
41.9 £0.52 ¢
40.1 £0.59 ¢
24.1+0.79d
24.9+0.42d
87.0+£0.32 a

* Mean values with different letters in the same columns denote significant differences( Tukey’s Multiple Range Test; P

<0.05. 1 Positive control

Figure 1. Pepper leaves

in the greenhouse experiment in

2016 ontl'ol B) Timorex Gold C) Prev-Am D)

Vitanal E) Seranade F) Regalia G) Luna Experience
Sekil 1 2016 y1linda sera denemesinden biber yapraklar1 A) Kontrol B) Timorex Gold C) Prev-Am D) Vitanal E)

Seranade F) Regalia G) Luna Experience

Table 4. Effect of preparations applied in the pepper greenhouse against L. taurica in 2017
Cizelge 4. 2017 yi1linda biber serasinda L. taurica'va kargi uygulanan preparatlarin etkisi

Name of the Pesticide

Disease Severity (%)*

Biological Effect (%)*

Timorex Gold 6.0+0.14 b
Prev-Am 16.5+0.21 ¢
Regalia 16.6 +0.16 ¢
Serenade 22.1+0.21d
Vitanal 22.2+0.24 d
Luna Experience! 3.3+0.13 a
Control 30.0+0.14

80.0+0.45 b
45.0+0.59 ¢
44.7+0.53 ¢
26.3+0.41d
26.2+0.55 d
89.0+£0.39 a

* Mean values with different letters in the same columns denote significant differences (Tukey’s Multiple Range Test; P

<0.05. 1 Positive control

In both trials, Timorex Gold, which is one of the
commercial biofungicides, was found to be more
effective than other biological preparations. Timorex
Gold showed a biological effect close to fungicide
(Luna Experience) used against powdery mildew
disease. The result showed that all applications
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suppressed powdery mildew disease in pepper, and
better values were observed in the suppression of the
disease in 2017 compared to 2016. It is thought that
this is due to climatic factors, differences in humidity,
and temperature values between 2016-2017. In 2016,
preparations had difficulty in controlling the disease
because the disease was more intense (Figure 3).
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Figure 2. General view of the pepper plants in greenhouse A) Control B) Timorex Gold
Sekil 2. Seradaki biber bitkilerinin genel goriiniimii A) Kontrol B) Timorex Gold

Biological effect (%) g7 89
78.7 80
e
m 2016 12017
45
40.1
Timorex Gold Prew-AM Regalia Serenade Vitanal Luna
Exprerience

Figure 3. Efficacy of commercial biofungicides against L. taurica in the years of application
Sekil 3. Ticari biyofungisitlerin uygulama yillarinda L. taurica'ya karsi etkinligi.

DISCUSSION

In this study, the use of biological preperations
showed strong antagonistic potential which inhibited
>50% mycelial growth of L. taurica in pepper plants.
Timorex Gold (Tea Tree Oil) (80%), Prev-Am (45%)
and Regalia (44,7%) were the most effective
suppressants of powdery mildew of L. taurica in
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pepper plants. Similar results have been reported by
other researchers. Shao et al. (2013) examined the
effects of Tea Tree Oil (TTO) on mycelial growth of
Botrytis cinerea and cell wall through steam and
contact. The results have shown that TTO inhibited
the mycelial growth of Botrytis cinerea and damaged
the cell wall of the fungus. The most effective result
was observed in the steam application. Terzi et al.
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(2007) studied the effects of TTO and its basic
components on the cereal diseases on barley leaves
infected by Fusarium graminearum, Fusarium
culmorum, Pyrenophora graminea, and also Blumeria
graminis in vitro conditions. They concluded that
TTO and its components could be considered as
natural alternative fungicides). Dagostin et al. (2011)

carried out 112 different applications including
biological control elements, animal materials,
homeopathic  remedies, inorganic substances,

microbial extracts, natural products, plant extracts as
well as physical methods and synthetic materials
under the conditions of greenhouses and fields
against the mildew (Plasmopara viticola) in wine
grapes in Italy and Switzerland At the end of these
studies, the efficiency of Timorex Gold (TTO) in
greenhouse conditions was found to be 39.6% in 50 ml
100 Lt of water dose, 90.5% in 100 ml 100 L1 of
water dose, and 93.3% in 500 ml 100 L1 of water
dose. Reuveni et al. (2009) reported that Timorex
Gold prevented the breathing of fungi, germination
tube formation and mycelial growth

Although Orange Oil and B. subtilis suppressed
powdery mildew in pepper plants in this study, it was
not as effective as a fungicide. Similar results were
reported by Moyer and Peres (2008). The effect of
Orange Oil, B. subtilis, acibenzolar-S-methyl,
phosphoric acid, potassium bicarbonate, calcium
silicate and potassium silicate against powdery
mildew disease (Podosphaera fusca (Fr.)) in gerbera
were investigated in this study, While calcium
silicate, and potassium silicate did not suppress the
powdery mildew in gerbera, Orange Oil, B. subtilis,
acibenzolar-S-methyl, phosphoric acid, potassium
bicarbonate applications suppressed the powdery
mildew disease but were not as effective as fungicide.
Dagostin et al. (2011) reported that the effectiveness
of Orange Oil in the field part of the study was found
to be 20% in leaves in 300 ml 100 L water dose,
while the effect on bunches of grapes was 28%. In
another study, B. subtilis QST 713 Race (Serenade)
had 50.99% Dbiological activity against the Alternaria
alternata in tomato, while it showed 24.1% biological
effect against the powdery mildew in pepper and it
was not effective against the powdery mildew disease
in pepper (Unsal, 2010). Dagostin et al. (2011) found
48% Dbiological effect within 400 ml 100 Lt litres of
water dose of Serenade. Bacillius subtilis has positive
environmental effects, is attractive for the control of
plant diseases and slows the development of fungicide
resistance (Jochum et al., 2006; Grosu et al., 2015).
Bacillus subtilis produces antagonistic activities
against fungal and bacterial pathogens (Ben Abdallah
et al., 2015; Zalila-Kolsi et al., 2016). Bacillus subtilis
is a producer of Mycosubtilin containing antifungal
peptide antibiotic potential.

In this study, . sachalinensis extract (Regalia) used
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against L. taurica, provided 40.1% and 44.7%
biological effect in 2016-2017. Although thid extract is
not very effective against powdery mildew disease in
pepper, it is thought that it can be used with other
applications within the scope of integrated pest
management. Regalia, which is used for plant
diseases, activates the defence system in the plant
and increases the secretion of phenolic compounds
(Unsal 2010). Schmidt et al. (2002) reported that
extracts of R. sachalinensis plant significantly
reduced powdery mildew infections in cucumber,
tomato, and grapevine plants. Malathrakis et al.
(2002) investigated the effect of R. sachalinensis
against L. taurica in tomato in different doses. The
most effective dose with 0.0 5% of R. sachalinensis
was reported against L. taurica. On the other hand,
Konstantinidou-Doltsinis et al. (2006) tried to
determine the effect of K. sachalinensis against
powdery mildew disease (L. taurica) in tomato
greenhouses. According to the research results, .
sachalinensis has been found to reduce powdery
mildew disease (L. taurica) by 64.6 % in tomato
greenhouses. Walters and Fountaine (2009) reported
that R. sachalinensis controlled the disease of
powdery mildew (Uncinula necator) in grape.

In the present study, Vitanal (Lactobacillus
acidophilus and Lactobacillus paracasen did not give
a very effective result against powdery mildew
disease (Leveillula taurica). Similar results were
reported by Lipinska et al. (2016). In their study, it
was investigated the effectiveness of Lactobacillus
bacteria against Alternaria alternata, Alternaria
brassicicola, Aspergillus niger, Fusarium latenicum,
Geotrichum candidum, Mucor hiemalis and Candida
vini ag. It was reported that, L. acidophilus and L.
paracasel certainly did not prevent the development
of Candida vini and an antifungal effect was not
detected. Also, L. acidophilus and L. paracasei lowly
prevented the development of the other 6 fungi in the
experiment and showed a low antifungal effect.
Besides, another researcher reported a different
result. Daranas et al. (2019) investigated the efficacy
of Lactobacillus bacteria against Pseudomonas
syringae pv actinidiae 1in Kkiwi, Xanthomonas
arboricola pv pruni in plum and Xanthomonas
fragariae in strawberry. It was reported that PM411
and TC92 breeds of L. plantarum completely suppress
3 bacterial pathogens causing disease in plants.

CONCLUSION

According to the results, Timorex Gold was the most
effective in suppressing L. taurica in pepper
plants.This was followed by Prev-Am and Regalia (Z.
sachalinensis extract) in the suppression of powdery
mildew disease in pepper. It is concluded that
Timorex Gold (Tea Tree Oil) can be safely used and
recommended against L. taurica disease in pepper.
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Timorex Gold with the zero day PHI value (Pesticide
Residues in Food) can be used safely in biological
control. Timorex Gold can be used alternately with
chemical fungicides in the integrated pest
manegement  program to reduce the number of
fungicides, and the amount of fungicide residue.
Biological control is considered an alternative to
chemical control due to its positive aspects in terms of
both human health and environment and food safety.
The results of this study will be a source for future
studies against powdery mildew (L. taurica) disease.
Considering the resluts of the present and similar
studies, the importance of biological control against
powdery mildew pepper caused by L. taurica should
be more emphasized, and new antagonists and
alternative options should be developed further
investigated for disease control.

Abbreviations
TTO: Tea Tree Oil

gLt:g/LL

EC: Emulsifiable Concentrate
SC: Suspension concentrate
SL: Soluble liquid

ml: mililiter

L: Liter

spp: Species

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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Investigation of the vertical distribution of three plant-parasitic

nematodes was conducted in two chickpea fields, one in southeastern Article History

(Sanliurfa) and the other in central Anatolia (Ankara) Turkey during Received - 08.04.2021
2015/2016 and 2016/2017 growing seasons. Twelve accessions of Accepted ©11.06.2021

Turkish domesticated and wild Cicer species including 3 Cicer
arietinum, 4 C. echinospermum, and 5 C. reticulatum were used in
the experiments..Soil samples were collected around the plant roots
at a 10-20 cm and 20-30 cm depth by using an auger at each site.
Maximum population densities of the root-lesion nematodes
(Pratylenchus thornei (Sher et Allen) and (Pratylenchus neglectus
(Rensch) Filipjev & Schuurmans) were observed at the depth of 20-
30 cm, during the pod filling stage and harvest time. Also, the
population density of root-lesion nematodes was higher than
Ditylenchus dipsaci (Kithn, 1857) (Tylenchida: Anguinidae) at the
depths of 20-30 cm. Population density of root-lesion nematodes was
positively correlated with the site, time of sampling, chickpeas
species, and there was statistically significant difference between soil
depth and population density of nematodes in both sites.

Keywords

Chickpea

Depth distribution
Root-lesion nematodes
Ditylenchus dipsaci

Kok Lezyon Nematodlarmin (Pratylenchus thornei (Sher et Allen) Pratylenchus neglectus (Rensch)
Filipjev & Schuurmans Stekhoven (Tylenchida: Pratylenchidae) ve Sogan-Sak Nematodu Ditylenchus
dipsaci (Kithn, 1857) (Tyleneida) 'min Nohut Yetigtirilen Alanlarda Dikey Dagilim1

OZET Aragtirma Makalesi
Tirkiye’de, 2015/2016 ve 2016/2017 yetistirme sezonunda, biri

Giineydogu Anadolu (Sanlurfa) ve digeri I¢ Anadolu’da (Ankara) Makale Tarihgesi
boélgesinde bulunan iki nohut arazisinde ¢ bitki-paraziti nematodun Gelig Tarihi  : 08.04.2021
dikey dagiliminin incelenmistir. On iki yerli ve yabani Cicer hatt1 (3 Kabul Tarihi :11.06.2021
Cicer arietinum, 4 C. echinospermum, ve 5 C. reticulatum dahil)

denemelerde kullanilmigtir. Toprak ornekleri, bitki kokleri ¢evresi Anahtar Kelimeler
10-20 cm ve 20-30 cm derinliginden burguyla toplanmigtir. Kok Nohut

lezyon nematodlarl, Pratylenchus thornei (Sher et Allen) ve Derinlik dagilimi
Pratylenchus neglectus (Rensch) Filipjev & Schuurmans!un en Kok lezyon nematodlar:

yiksek popiilasyon yogunluklari, 20-30 cm derinlikte, bakla Ditylenchus dipsaci
doldurma asamasi ve hasat zamaninda goézlenmistir. Ayrica, nohut

arazisinde 20-30 cm derinligindeki koék lezyon nematodlarinin

popiilasyon  yogunlugu Ditylenchus dipsaci (Kithn, 1857)

(Tylenchida: Anguinidae)’den daha fazla bulunmustur. Kék lezyon

nematodlarinin (P. thornei ve P. neglectus) popiilasyon yogunlugu,

deneme arazisi, oOrnekleme zamani, nohut turleri ile pozitif

korelasyon goOstermigtir ve her i1ki arazideki nematodlarin

popilasyon yogunluklari ve toprak derinligi arasinda istatistiki

olarak anlaml farklar bulunmustur.

To Cite: Behmand T, Kasapoglu Uludamar EB, Elekcioglu IH 2022. Vertical distribution of Root Lesion Nematodes (Pratylenchus
thornei (Sher et Allen) Pratylenchus neglectus (Rensch) Filipjev & Schuurmans Stekhoven (Tylenchida: Pratylenchidae) and
Stem and Bulb Nematode Ditylenchus dipsaci (Kithn, 1857) (Tylenchida: Anguinidae) in two Chickpea Growing Areas in
Turkey. KSU J. Agric Nat 25 (2): 282-291. DOI: 10.18016/ ksutarimdoga.vi.887744.
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INTRODUCTION

Chickpea is one of the most important legume crops
in the world. The most important chickpea-producing
countries are India, Australia, Myanmar, Ethiopia,
Turkey, Pakistan, Russia, Iran, Mexico, USA, and
Canada. Turkey is ranked fifth in the world for
chickpea production (FAO, 2019). Nematode
distribution in the soil is dependent on the physical
and chemical properties of the medium (Marissonia et
al., 2020). The vertical movement in the soil, and
their association with different hosts, of the root-
lesion nematodes (Pratylenchus thornei (Sher et
Allen) and P neglectus (Rensch) Filipjev &
Schuurmans), Helicotylenchus and of the smaller
stem endoparasite Ditylenchus dipsaci (Kithn, 1857)
(Tylenchida: Anguinidae) were investigated
experimentally, to compare their rates of distribution
(Behmand et al., 2019). The study on relationships
between depth use for crop plants and soil organisms
is important for adaptive ecosystem management and
better understanding the soil ecosystem process. Wu
et al. (2000) indicated that the distribution of
nematode can change because of growing plants in
different depths of soil and the structure and function
of the soil. Work (Lo pez and Bello, 1995; Liang et al.,
1999) has shown that different vertical distribution of
nematode species releases to a variety of biological,
physical, and chemical variables in soil. Also, the
distribution and population density of nematodes can
be decreased with increasing soil depths because of
the limited nutrient group composition (Yeates, 1980;
Yeates et al, 2000; Lazarova et al, 2004).
Information about the vertical distribution of
nematodes and how they change at different depths of
the soil is important for controlling population density
below a threshold level.

Chickpea (Cicer arietinum L.) is an important grain
legume that is grown in most parts of Turkey. The
plant-parasitic nematodes are one of the important
factors limiting chickpea productivity. It 1s often
grown in rotation with wheat (Triticum aestivum)
respectively, in intolerant cultivars attributed to P.
thornei (Thompson et al., 2000; Reen et al., 2014).
The attention of nematologist is now focused on
alternative control methods. Knowing about the
vertical distribution of plant-parasitic nematodes in
different crop fields can be helpful to reduce the
population densities of plant-parasitic nematodes.
The aim of this research was to determine the effects
of different depths of the growth of chickpea in a field
with the presence of the nematodes. The biggest
number of plant-parasitic nematodes was observed in
the top 15-20 cm of soil (Norton, 1978; McSorley,
1987; Rickard and Barker, 1982). Also, the maximum
densities of some nematode species were in the deeper
depths of 30 cm soil (Bouyoucos, 1936; Barker and
Campbell, 1981).
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Many abiotic and biotic stress factors can cause yield
loss in chickpea. Root-lesion nematodes (Pratylenchus
thornei and P. neglectus) are one of the most
important biotic factors to limit chickpea production
in the world. The best strategy for management to
control these nematodes is to use resistant chickpea
cultivars. Although, the strategy of the breeding
program is not easy for resistance to root-lesion
nematodes because of the reaction of different
varieties and little diversity of chickpea to nematodes
(Thompson et al., 2000).

Usually, there is not a standard definition method of
deep sampling for plant-parasitic nematodes, but it is
usually suggested at sampling depth of 15-20 ¢m for
plant-parasitic nematodes (Lehman, 1980; Dunn,
1984). The objective of this study was to compare
nematode distribution in different depths of soil (10-
20 and 20-30 cm) under cultivation of chickpea in
South-eastern (Sanlurfa province) and Central
Anatolia Turkey (Ankara province).

MATERIALS and METHODS
Experimental Area

This study was conducted during 2015/2016 and
2016/2017 at the Field Research Facility of the
Faculty of Agriculture at Harran University in
Sanliurfa and Haymana region in Ankara, Turkey.
The investigational field was located on the Harran
Plain (altitude: 465 m; 370 08 N and 380 46 E) where
the climate change from arid to semi-arid and the
weather was hot and dry from May to September
when temperatures can reach up to 46°C, and was
usually warm during the winter. There was a an
average of 460 mm of rain falls each year and the
relative humidity averages was about 49%. The
second site of the experiment was located on the
Haymana plain. It is located at the intersection South
part of Ankara and side in a position that could be
considered the canter of 39 degrees north latitude and
32 degrees east longitude, where chickpea planted in
March/April and harvested in June/July. Experiments
were established at the beginning of March during
the 2015/2016 and 2016/2017 chickpea growing
seasons. At the beginning of the experiment, the land
was plowed and cultivated, then prepared for
planting with a single pass of a disk-harrow.

Plant Material

this study, Twelve accessions of Turkish
domesticated and wild Cicer species including 3 Cicer
arietinum, 4 C. echinospermum, and 5 C. reticulatum
were used to identify the vertical distribution of
nematodes at different depths of soil.

In

Identification of Nematodes

Root lesion nematodes (P. thornei and P. neglectus)
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were identified based on morphological (Handoo and
Golden, 1989) and Molecular (Behmand et al., 2019).
Ditylenchus dipsaci species have been developed
based on species specific DdpS2/rDNA2 and
DdpS1/rDNA2 primers (Subbotin et al., 2005).

Experimental Design

The experiment was set up in split plots in a
randomized complete block design (RCBD) with four
replications. Main plots consisted of distribution
depth (10-20 and 20-30 cm) and subplots consisted of
Cicer genotypes. Each plot consisted of single rows
with 2 m long and distances between the rows were
60 cm and intra-row spacing was 5 cm. The seeds
were sown at a 5-6 cm depth. The experiment was
repeated in 2017 wusing a similar pattern and
procedures. All the treatments were irrigated by
using a sprinkler irrigation system. A total of 480 (12
linex4 replicationx2 depthx2 times of sowing) soil
samples were collected from the 0-20 cm and 20-30
cm depth of soil during early spring (March) and mid-
summer (July) by using an auger from the plots of
each field (eight plots).

Soil Structure

The soil texture was very similar at all depths and all
of the plots had a similar position. Also, soil moisture
was under 10% at all depths, and all of the plots in
the field had a sand content lower than 90%.

Data Collecting

Soil samples were collected at 30-day intervals from
early spring (March) 2015/2016 until mid-summer
July 2016/2017 from eight plots (7.2 m wide x 2 m
long =14 m2) per field.

Data analysis

The data was analysed using ANOVA according to
the standard analysis of variance procedure with Gen
Stat (Statistical and Mathematical Software)
discovery edition. The significance level of differences
between treatments and replications of data were
calculated at P<0.001. In addition, distribution of
data was checked using the above software program.

Twelve accessions of Cicer species (3 Cicer arietinum,
5 C. reticulatum and 4 C. echinospermum) were
planted during winter and spring growing season to
evaluate the vertical distribution of nematodes
between Cicer species. The soil samples were collected
monthly from 96 subsamples (12 accessions x 4
replicated with 2 cultivations in spring and autumn =
96). The nematodes were extracted from soil by using
a ‘Modified Baermann Funnel’ method (Hooper,
1986). All the plant parasitic nematodes from the
subsample were counted directly, avoiding dilution
that could result in counting error (Mcsorley, 1987).
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For each plot on each sampling date, the abundance
percentage of each nematode species present at each
depth was calculated by the formula.
Density of species at depth
Total density of species at two depths

Present of species at depth =

as reported in previous nematological studies (Hijink
and Kuiper, 1966; Sinclair et al., 1982). The
percentage of abundance by depth was subjected to
analysis of variance to determine if significant
(P<0.001) difference occurred with depth.

RESULTS and DISCUSSION

The analysis of the data showed that the population
density of both root-lesion nematodes (P. thornei and
P. neglectus) at the depth of 20-30 cm of soil was
higher (P <0.001) than 10-20 c¢cm depth during the
2015/2016 and 2016/2017 growing seasons (Table 1, 2,
3 and 4). At the final soil sampling in June and July
of 2015/2016 and 2016/2017 in both sites (Sanhurfa
and Ankara), more than 50% population density of
Pratylenchus thornei and P. neglectus each year was
found in the upper 20-30 cm of soil, a higher
(P<0.001) proportion than in either of the depth
examined (Table 1 and 3). Additionally, as the season
progressed, nematodes became more distributed
through the soil layer in increasing numbers. There
was a trend toward the maximum level of the
population at 20-30 cm deep, particularly in
2015/2016, the distribution density of nematode in
the upper layers (20-30 cm) was Similar (P <0.001) in
the 2016/2017 year, but it was different in each field.
The highest population density of nematodes usually
was presented at the 20-30 cm depth mid-summer
(July) in the Ankara field (Table 2 and 4). The
percentage of all sampling dates was greater (P
<0.001) than 10-20 cm depth (Figure 1 and 2). Similar
studies in Sanhurfa indicated that the distribution
density of nematode was similar among the two
layers of soil just a few slight differences (P<0.001)
were given (Table 1, 3 and Figure 1, 2).

Robertson et al. (1979) reported that the majority of
legume roots grow in the upper 15 cm in sandy soil. A
proportional decrease in plant size and root
distribution throughout the profile could leave
relatively few roots available for feeding below 30 cm.
Mc Sorley and Dickson (1990) indicated that the
number of lesion nematode in the soil increased in the
upper level 15 cm in sandy soil under soybean
growing field. The result of the study indicated that
the population density of Pratylenchus thornei and P.
neglectus at depths of 10-20 cm soil was lower than
the density at depths of 20-30 cm in growing soil
chickpea (Table 1, 2, 3, and 4). In other words, when
depths started to increase from 10 to 30 cm
population density of this nematode species increased
showing a positive correlation with population
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densities of root-lesion nematodes (P. thornei and P. thornei and P. neglectus) on chickpea were
neglectus) (P<0.001). The highest population concentrated at soil depths 20-30 cm (Figure 1-2).
densities of root lesion nematodes (Pratylenchus

Table 1. ANOVA summary for the vertical distribution of Pratylenchus thornei nematode in both sites during
2015 to 2017 years.
Cizelge 1. 2015-2017 yillar1 arasinda her iki bolgedeki Pratylenchus thornei nematodunun dikey dagilimi i¢in

ANOVA é6zetl.
Source of variation d.f. S.8 m.s v.r F pr
Site.Reps stratum
Site 1 2674. 2674. 0.27 0.622
Residual 6 59486. 9914. 7.41
Site.Reps.*Units* stratum
Time 3 1856044. 618681. 462.57 <.001
Depth 1 51680. 51680. 38.64 <.001
Sp 2 1847913. 923956. 690.82 <.001
Site.Time 3 19093. 6364. 4.76 0.003
Site.Depth 1 2626. 2626. 1.96 0.162
Time.Deoth 3 786. 262. 0.20 0.899
Site.Sp 2 16763. 8382. 6.27 0.002
Time.Sp 6 494253. 82376. 61.59 <.001
Depth.Sp 2 502. 251. 0.19 0.829
Sp.line 9 312163. 34685. 25.93 <.001
Site.Time.Depth 3 401. 134. 0.10 0.960
Site.Time.sp 6 4034. 672. 0.50 0.807
Site.Depth.Sp 2 916. 458. 0.34 0.710
Time.Depth.Sp 6 1670. 278. 0.21 0.974
Site.Sp.Line 9 14552. 1617. 1.21 0.287
Time.Sp.Line 27 246488. 9129. 6.83 <.001
Depth.Sp.Line 9 3274. 364. 0.27 0.982
Site.Time.Depth.Sp 6 248. 41. 0.03 1.000
Site.Time.Sp.Line 27 41179. 1525. 1.14 0.286
Site.Depth.Sp.Line 9 908. 101. 0.08 1.000
Time.Depth.Sp.Line 27 32317. 120. 0.09 1.000
Site.Time.Depth.Sp.Line 27 4001. 148. 0.11 1.000
Residual 568 759686. 1337
Total 765 5738434

* df contains degree of freedom which are measure of how much information is contained in each variance;

s.s: Means squares, which are calculated by multiplying the mean square and degree of freedom in the same row;
ms (Means squares): The variance between treatment;

v.r: The ratio of the between treatment variance to the within treatment variance;

F pr or P value: Significance value P < 0.001.

Table 2. Modification of the number of Pratylenchus thornei nematode at a depth of 10-20 and 20-30 cm.
Cizelge 2. 10-20 ve 20-30 cm derinlikte Pratylenchus thornel nematodu sayisinin modifikasyonu.

Site sample  Time sample Depth (cm)
10-20 20-30

Flowering 75 88.8

Ankara Harvest 169.7 180.6
Poding filling 129 138.3
sowing 52.3 69.2
Flowering 58.5 75.8

Sanliurfa Harvest 170.4 190
Poding filling 130.6 151.5
sowing 36.7 59.6
LSD 25
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Table 3. ANOVA summary for vertical distribution of Pratylenchus neglectus nematode in both sites during 2015

to 2017 years.

Cizelge 3. 2015-2017 yillar1 arasinda her iki bolgedeki Pratylenchus neglectus nematodunun dikey dagilimi i¢in

ANOVA ozeti.
Source of variation d.f. s.8 m.s v.r F pr
Site.Reps stratum
Site 1 589.2 589.2 0.56 0.482
Residual 6 6307.4 1051.2 1.49
Site.Reps.*Units* stratum
Time 3 418518.0 139506.0 197.62 <.001
Depth 1 146945.9 146945.9 208.16 <.001
Sp 2 46350.3 23175.2 32.83 <.001
Site.Time 3 28358.1 9452.7 13.39 <.001
Site.Depth 1 9.9 9.9 0.01 0.906
Time.Deoth 3 5829.3 1943.1 2.75 0.042
Site.Sp 2 2626.1 1313.0 1.86 0.157
Time.Sp 6 48894.1 8149.0 11.54 <.001
Depth.Sp 2 9118.9 4559.4 6.46 0.002
Sp.line 9 80158.6 8906.5 12.62 <.001
Site.Time.Depth 3 838.7 279.6 0.40 0.756
Site.Time.sp 6 1112.5 185.4 0.26 0.954
Site.Depth.Sp 2 3867.8 1933.9 2.74 0.065
Time.Depth.Sp 6 4018.9 669.8 0.95 0.459
Site.Sp.Line 9 9396.0 1044.0 1.48 0.152
Time.Sp.Line 27 49190.3 1821.9 2.58 <.001
Depth.Sp.Line 9 4612.3 512.5 0.73 0.685
Site.Time.Depth.Sp 6 2767.2 461.2 0.65 0.687
Site.Time.Sp.Line 27 277666.1 1024.7 1.45 0.067
Site.Depth.Sp.Line 9 5298.0 588.7 0.83 0.585
Time.Depth.Sp.Line 27 9376.6 347.3 0.49 0.986
Site.Time.Depth.Sp.Line 27 6346.0 235.0 0.33 0.999
Residual 569 401677.1 705.9
Total 766 1318108.4

* df: contains degree of freedom which are measure of how much information is contained in each variance;
s.s! Means squares, which are calculated by multiplying the mean square and degree of freedom in the same row;

ms (Means squares): The variance between treatment;

v.r: The ratio of the between treatment variance to the within treatment variance;

F pr or P value: Significance value P < 0.001.

*p-value: (typically < .001) indicates strong evidence against the null hypothesis, so you reject the null hypothesis. A large p-
value (>.001) indicates weak evidence against the null hypothesis, so you fail to reject the null hypothesis

Table 4. Modification of the number of Pratylenchus neglectus nematode at a depth of 10-20and 20-30 cm.
Cizelge 4. 10-20 ve 20-30 cm derinlikte Pratylenchus neglectus nematodu sayisinin modifikasyonu.

Site sample Time sample Depth (cm)
10-20 20-30
Flowering 40.42 63.75
Ankara Harvest 75.83 110.42
Pod filling 35.46 83.54
sowing 56.67 60.42
Flowering 33.54 53.75
Sanlurfa Harvest 88.33 124.58
Pod filling 25.00 101.25
sowing 67.60 46.46

The analysis of the data indicated that there was a
significant difference between the population density
of D. dipsaci at the depth of 10-20 and 20-30 cm of soil
(Table 5), whereas the population density of
distribution of D. dipsaci nematode in the soil in an
Ditylenchus dipsaci was more concentrated at below

15 cm soil depths (Figure 3, Table 6). The vertical
infested chickpea plot was a marked increase in
numbers of D. dipsaci at the surface upper 5 cm (10-
20 cm) (Figure 3).

Similarly, Wallace (1962) reported thatnumbers of D.
dipsaci nematode in the soil in an infested oat plot
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were increased at the surface 10-20 cm during the
rainy season. D. dipsaci was more abundant between
10-20 cm (Figure 3), while lesion nematodes
(Pratylenchus thornei and P. neglectus) were more
numerous between 20 and 30 cm (Figure 1 and 2).

Vertical distribution of nematodes is regulated by the
development and growth of plant root system, thus,
the highest population of them found in depths where
the maximum root densities occur.
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Figure 1. Distribution population density of Pratylenchus thorner at two different depths in Ankara and Sanliurfa

province.

Sekil 1. Pratylenchus thornei'nin Ankara ve Sanliurfa ilinde iki farkli derinlikteki dagilim niifus yogunlugu
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Figure 2. Distribution population density of Pratylenchus neglectus at two different depths in Ankara and

Sanliurfa province.

Sekil 2. Pratylenchus neglectus'un Ankara ve Sanliurfa ilinde 1ki farkli derinlikteki dagilim niifus yogunlugu.

There seems to be a number of reasons why
nematodes differ in their vertical distribution. It has
been suggested that nematode populations are related
to root distribution (Yeates, 1980; Brodie, 1976) but
even for migratory and endoparasitic nematodes this
relationship does not always apply (Froge and
MacGuidwin 1998). However, there are many other
factors affecting the vertical distribution of nematode
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in soil (Boag, 1981). Davis et al (1994) reported that
the population density of Helicotylenchus spp. was
more abundant in the upper 2.5 cm of the soil profile.
A study carried out by (Yeates et al., 1983) has shown
that population density of root-lesion nematodes
(Pratylenchus neglectus and P. penetrans) was found
in a deeper soil profile than other nematode species.
Thompson (1990) indicated that the majority of
population density of P. thornei was observed
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Figure 3. Distribution population density of Ditylenchus dipsaci at two different depths in Ankara and Sanliurfa
province.

Sekil 3. Ditylenchus dipsaci'nin Ankara ve Sanliurfa ilinde iki farkli derinlikteki dagilim niifus yogunlugu.

Table 5. ANOVA summary for vertical distribution of Ditylenchus dipsaci nematode in both sites during 2015 to 2017

years.
Cizelge 5. Ditylenchus dipsaci nematodunun 2015-2017 yillar1 arasinda her iki bolgedeki dikey dagilimi icin ANOVA
ozetl.
Source of variation (Variyasyon kaynag)  d.f. S.s m.s v.r F pr
Site.Reps stratum
Site 1 13730.2 13730.2 1.36 0.287
Residual 6 60464.7 10077.4 11.58
Site.Reps.*Units* stratum
Time 3 919685.7 306561.9 352.34 <.001
Depth 1 39168.0 39168.0 45.02 <.001
Sp 2 465236.3 232618.2 267.36 <.001
Site.Time 3 5448.4 1816.1 2.09 0.101
Site.Depth 1 28.2 28.2 0.03 0.857
Time.Deoth 3 22379.0 7459.7 8.57 <.001
Site.Sp 2 23797.5 11898.7 13.68 <.001
Time.Sp 6 262753.4 43792.2 50.33 <.001
Depth.Sp 2 16671.9 8336.0 9.58 <.001
Sp.line 9 109212.8 12134.8 13.95 <.001
Site.Time.Depth 3 257.7 85.9 0.10 0.961
Site.Time.sp 6 23184.3 3864.1 4.44 <.001
Site.Depth.Sp 2 2064.9 1032.5 1.19 0.306
Time.Depth.Sp 6 15503.2 2583.9 2.97 0.007
Site.Sp.Line 9 13291.9 1476.9 1.70 0.086
Time.Sp.Line 27 147107.9 5448.4 6.26 <.001
Depth.Sp.Line 9 13561.1 1506.8 1.73 0.079
Site.Time.Depth.Sp 6 1578.5 263.1 0.30 0.936
Site.Time.Sp.Line 27 49815.7 1845.0 2.12 <.001
Site.Depth.Sp.Line 9 2330.8 259.0 0.30 0.975
Time.Depth.Sp.Line 27 27918.2 1034.0 1.19 0.236
Site.Time.Depth.Sp.Line 27 4291.3 158.9 0.18 1.000
Residual 566 492456.8 870.1
Total 763 2729841.2

* df: contains degree of freedom which are measure of how much information is contained in each variance;

s.s' Means squares, which are calculated by multiplying the mean square and degree of freedom in the same row;
ms (Means squares): The variance between treatment;

v.r: The ratio of the between treatment variance to the within treatment variance;

F pr or P value: Significance value P < 0.001.

288



KSU Tarim ve Doga Derg 25 (2): 282-291, 2022
KSU J. Agric Nat 25 (2): 282-291, 2022

Aragtirma Makalesi
Research Article

Table 6. Modification of the number of Ditylenchus dipsaci nematode at a depth of 10-20 and 20-30 cm.
Cizelge 6. 10-20 ve 20-30 cm derinlikte Ditylenchus dipsaci nematod sayisinin modifikasyonu.

Site sample Time sample Depth (cm)
10-20 20-30

Flowering 61.0 55.0

Ankara Harvest 139.3 45.8
Poding filling 47.1 90.8
sowing 114.2 111.3
Flowering 51.5 44.4

Sanliurfa Harvest 136.6 113.1
Poding filling 31.5 31.0
sowing 106.7 82.1

between 15 and 60 cm in the black clay soils of
Queensland and the grey cracking clay in Victoria but
nematodes were still found to a depth of 90 cm. The
variations in the vertical distribution of the different
feeding groups of nematodes are to some extent
caused by differences in the vertical distribution of
their food sources (Ferris and McKenry, 1976;
Ingham et al., 1985). In another study, Mcsorley and
Dickson (1990) indicated that the highest population
density of nematode occurred in the top 15-20 cm of
the soil profile and thus accept to be the most
common sampling depth. However different factors
can affect the vertical distribution of nematodes for
example nematodes population is lower where food
sources and oxygen decrease (Sohlenius and Sandor,
1987). Also, the vertical distribution of nematodes at
various depths can change because of other abiotic
factors over several years (Ferris and McKenry, 1974;
Yeatest et al., 1983). However, the vertical
distribution of nematodes can also be different
because of nematode species (Davis et al., 1994).
Analysis of variance data indicated that there were
significant differences at all levels of organization:
species, depth, time of sowing, collection sites within
species, and accessions within collection sites within
species P<0.001. The responses to P. thornei and P.
neglectus were affected by species differences
between C. echinospermum and C. reticulatum that
become even more important in this study where
these comparisons were more balanced.

It was noted that this was at odds with the consistent
results coming from the field study of nematode
population dynamics. However, because there was
still ~ significant remaining variation between
collection sites within a depth of sampling at 10 and
20 cm for responses to root-lesion nematodes.

The depth of sampling level responses to P. thornei
was much greater, which means the population
density of nematode was increased when the depth of
sampling increased from 10 cm to 20 cm.

Further, the results indicated that the response of
different varieties to nematodes was different and
there was a significant difference observed between
Cicer species to nematode species (P<0.001) (Table 1,

3 and 5). Where the development population density
of root-lesion and D. dipsaci nematodes at
domesticated sp. (C. arietinum) was higher than wild
Cicer sp. plots (C.  reticulatum and C.
echinospermum).

CONCLUSION

Findings of the study, after comparison of plant-
parasitic species and the depth distribution patterns
revealed some separation of community members by
depth. Although the vertical distribution of the
nematodes is different because of their food sources
and host crop, the information provided by this
research will be useful for sampling these nematodes
under chickpea growing areas. Differences in the
vertical distribution of lesion nematodes and D.
dipsaci nematodes not only in chickpea growing areas
also for other nematode species that provide a large
amount of information is of big interest. In
conclusion, the data presented here suggested that
the best sampling depth under the chickpea for
Pratylenchus genus was found in the top layer 20-30
cm, whereas for D. dipcaci was at 10-20 cm depth.
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In this study, Cicadellidae (Hemiptera: Cicadomorpha) specimens
collected from Sinop and its surrounding in 2016-2018 were
evaluated. Overall, 27 species belonging to 7 subfamilies were
identified from the study area. Number of specimens, localities and
distribution of species in Turkey are given. Of the identified species,
11 are the first records for the local fauna of Sinop and 5 for the
Black Sea Region of Turkey.
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Sinop ili ve Karadeniz Bolgesi (Tiirkiye) Cicadellidae (Hemiptera: Cicadomorpha) Faunasina Katkilar

OZET Aragtirma Makalesi
Bu calismada, 2016-2018 yillarinda Sinop ve c¢evresinden toplanan
Cicadellidae (Hemiptera: Cicadomorpha) ornekleri Makale Tarihgesi
degerlendirilmistir. Calisma alanindan 7 subfamilyaya ait 27 tur Gelis Tarithi  :25.01.2021
tespit edilmistir. Bolgede dagilim gosteren tirlerin toplandig: Kabul Tarihi :18.03.2021
lokaliteler, o6rnek sayisi ve Turkiye'deki dagilimlari verilmigtir.
Tespit edilen tiirlerden 11’1 Sinop ili lokal faunasi ig¢in, 51 de Anahtar Kelimeler
Karadeniz Bolgesi icin ilk kayit niteligindedir. Sinop

Turkiye

Cicadellidae Fauna
Karadeniz Bolgesi

To Cite : Tanyeri R, Zeybekoglu U 2022. Contributions of the Cicadellidae (Hemiptera: Cicadomorpha) Fauna of Sinop and
Black Sea Region of Turkey. KSU J. Agric Nat 25 (2): 292-296. DOI: 10.18016/ksutarimdoga.vi.867855.

INTRODUCTION

Cicadellidae is the largest family in the order
Hemiptera, with approximately 20000 species defined
in more than 40 subfamilies (Abdollahi et al., 2015).
They distributed in around the world from tropical
rainforests to arctic tundra. They can feed on almost
all vascular plants. Most Cicadellidae species feed on
phloem and can cause direct or indirect damage to
plant tissues. The most important form of indirect
damage 1s caused by phytoplasms. Most of the
phytoplasma vectors known among insects are
members of Cicadellidae and therefore they have
economic importance (Dietrich, 2013).

Fauna of Cicadomorpha group in Turkey includes 510
species belonging to 6 families. (Demir, 2019; Tulum,
2012). These families are; Aphrophoridae,
Cercopidae, Cicadidae, Cicadellidae, Membracidae
and Tibicinidae (Onder et al., 2011). Current
literature and recent new records of Turkey
Cicadellidae fauna consists of 476 species (Demir,

20064a, 2006¢, 2006d, Karavin et al., 2011).

Despite the economic importance and diversity
studies for the Cicadellidae family in Turkey, overall
studies are not at the desired level. Objective of the
current study was to presents some contributions to
Cicadellidae fauna for the region and Turkey.

MATERIAL and METHOD

The studied material was collected by sweeping net
and a hand aspirator over the plants during the
daytime between May 2016 and October 2018 from
different localities in Sinop and surroundings. The
collected samples were taken into insect killing jars,
labeled and brought to the laboratory and placed in
insect storage packages. Collected specimens were
dissected according to the methods of Bittner and
Remane (1977), the genital capsule of males were
separated from the body with the help of a dissecting
needle. In the genital capsule, genital structures
which have taxonomically reliable characteristics,
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aedeagus, stylus, connective, pygofer, genital plate,
anal tube in males and pregenital sternite VII in
females, were separated. From the materials
prepared, shape, size, structure, color, patterning and
features of the genital structures were examined and
they were identified by being compared with
diagnosed museum materials and literature.

Specimens were deposited in Sinop University,
Faculty of Arts and Sciences, Department of Biology,
Invertebrata Laboratory.

RESULTS

Subfamily: Agalliinae Kirkaldy, 1901

Anaceratagallia venosa (Fourcroy, 1785)

Material examined: 12/08/2017: 41° 28" 48.9' 34° 46'
07.5 Sinop (between Duragan-Boyabat), (433, 729),
41° 36' 03.5'34° 51' 28.3 Sinop, Boyabat, (653, 229).

Distribution in Turkey: Antalya, Konya (Demir,

2019). New record of Cicadellidae fauna for Sinop and
Black Sea Region.

Dryodurgades anatolicus Dlabola, 1957

Material examined: 12/08/2017: 41° 25" 13.1" 34° 58’
44.2 Sinop (Duragan), (1283, 14929); 41° 36" 03.5 34°
51' 28.3 Sinop (Boyabat), (1243, 599).

Distribution in Turkey: Adana, Ankara, Antalya,
Konya (Demir, 2006c; Demir, 2007; Demir, 2019).
New record of Cicadellidae fauna for Sinop and Black
Sea Region.

Subfamily: Aphrodinae Haupt, 1927
Aphrodes bicinctus (Schrank, 1776)

Material examined: 01/06/2016: 42° 01' 03.9 34° 54"
03.7 Sinop, Sarikum, (733, 629); 01.06.2016, 41° 52
32 34° 51' 1.2 Sinop, Molla Village (12843, 599);
07/06/2016: 44° 04' 44.3 34° 58 17.1' Sinop,

Inceburun, (2443, 1499); 08/06/2017: 41° 46' 20.0'

35° 12' 18.4° Sinop, Gerze, (14443, 999); 09/06/2017:
41° 59' 41.7 34° 54' 00.2 Sinop, Ayancik, (243, 229).

in Turkey: Adana, Afyon, Ankara,
Antalya, Bilecik, Bursa, Canakkale, Diyarbakir,
Edirne, Elazig, Erzincan, Erzurum, Gaziantep,
Giimiishane, Giresun, Hakkari, Istanbul, Izmir, Kars,
Kirklareli, Konya, Kutahya, Manisa, Mugla, Ordu,
Rize, Samsun, Sinop, Tekirdag, Tokat, Trabzon,
Usak, Van, Zonguldak (Demir, 2008).

Aphrodes makarovi Zachvatkin, 1948

Material examined: 18/06/2016: 42° 00' 505" 34° 56'
906" Sinop, Abal Village, (1138J, 699), 24/06/2016:
42° 01' 256 35° 11' 059 Sinop, Nisi pond, (837, 629);
08/06/2017: 42° 01' 21.6' 35° 12' 06.8, Sinop, Erfelek
(423, 629).

Distribution in Turkey: Adana, Ankara, Antalya,
Balikesir, Erzincan, Konya (Baspmnar and Uygun,
1991; Demir, 2008; Demir, 2019; Demir & Demirsoy,

Distribution
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2016). New record of Cicadellidae fauna for Sinop.

Subfamily: Cicadellinae Latreille, 1825
Cicadella viridis (Linnaeus, 1758)

Material examined: 31/05/2016: 41° 53" 07.9 34° 33’
52.6 Sinop, Tevfikiye (83d, 63 2);

30/07/2017: 41° 41" 58.1" 34° 35' 42.1', Sinop, Akgol
(433, 629).

Distribution in Turkey: Amasya, Artvin, Balikesir,
Bartin, Bolu, Bursa, Canakkale, Diyarbakir, Edirne,
Erzincan, Erzurum, Igdir, Istanbul, Izmir, Kars,
Kirklareli, Manisa, Mardin, Mugla, Samsun,
Tekirdag (Lodos & Kalkandelen 1983; Toper Kaygin
et al.,, 2008) New record of Cicadellidae fauna for
Sinop.

Subfamily: Deltocephalinae Fieber, 1869
Allygidius (Allygidius) atomarius (Fabricius, 1794)

Material examined: 09/06/2017: 42° 00' 52.1" 34° 58’
24.4' Sinop, Abal Village (433, 629).

Distribution in Turkey: Bursa, Canakkale, Istanbul,
Izmir, Mugla, Sakarya, Samsun, Sinop, Tekirdag
(Zeybekoglu, 1998).

Artianus interstitialis (Germar, 1821)

Material examined: 06/08/2017: 41° 49' 54.0' 35° 05'
21.1"Sinop, Boyabat (54, 9929).

Distribution in Turkey: Bursa, Erzurum (Onder et
al.,2011). New record of Cicadellidae fauna for Sinop
and Black Sea Region.

FEuscelis lineolatus Brullé, 1832

Material examined: 18/06/2016: 42° 00' 505 34°
56'906 Sinop, Abal1 location, (837); 06/06/2016: 42°
01' 03.9 34° 54" 03.1' Sinop, Saritkum (933,
699);07/06/2017: 44° 04" 44.3 34° 58 17.1" Sinop,
Inceburun (733).

Distribution in Turkey: Ankara, Amasya, Artvin,
Balikesir, Bursa, Istanbul, Izmir, Kirikkale,
Kirklareli, Kirsehir, Konya, Malatya, Manisa, Nigde,
Usak, Giresun, Ordu, Rize, Samsun, Sinop, Tokat,
Trabzon (Zeybekoglu, 1998; Onder et al., 2011).

Fieberiella florii (Stal, 1864)

Material examined: 18/06/2016: 42° 00' 505 34°
56'906 Sinop, Abali, (243); 06/08/2017: 41° 49' 54.0'
35° 05' 21.1" Sinop, Boyabat (233, 622); 12/08/2017:
41° 25' 13.1'34° 58' 44.2 Sinop, Duragan (33 3).

Distribution in Turkey: Amasya, Ankara, Aydin,
Diyarbakir, Elazig, Giresun, Izmir, Kocaeli, Manisa,
Mardin, Ordu, Rize, Samsun, Sinop, Tokat, Trabzon
(Zeybekoglu, 1998; Ozgen and Karsavuran, 2009;
Zeybekoglu et al., 2015).

Goniagnathus brevis (Herrich-Schiffer, 1835)

Material examinedi 07/06/2016: 42° 03' 22.8 34° 59'
03.7 Sinop, Inceburun, (733, 529).
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Distribution in Turkey: Adana, Amasya, Ankara,
Antalya, Burdur, Diyarbakir, Edirne, Erzican,
Manisa, Mardin, Nigde, Samsun, Sinop, Tokat
(Zeybekoglu, 1998; Onder et al., 2011; Demir, 2006c;
Demir and Demirsoy, 2016).

Grypotes puncticollis (Herrich-Schaffer, 1834)

Material examined: 17/08/2017: 41° 46’ 17.8 35° 12
20.4' Sinop, Gerze (333, 299).

Distribution in Turkey: Amasya, Ankara, Aydin,
Balikesir, Cankiri, Istanbul, Ordu, Samsun, Sinop,
Ordu (Zeybekoglu, 1998; Onder et al., 2011;
Zeybekoglu et al., 2015).

Handianus ignoscus (Melichar, 1896)

Material examined: 12/08/2017: 41° 36" 03.5' 34° 51°
28.3 Sinop, Boyabat (433, 299).

Distribution in Turkey: Ankara, Erzincan (Onder et
al., 2011; Demir and Demirsoy, 2008). New record of
Cicadellidae fauna for Sinop and Black Sea Region.

Idiodonus cruentatus (Panzer, 1799)

Material examined: 30/07/2017: 41° 41" 58.1' 34° 35'
42.1" Sinop, Akgél (833, 629).

Distribution in Turkey: Amasya, Manisa, Mardin,
Ordu, Samsun (Onder et al., 2011). New record of
Cicadellidae fauna for Sinop.

Macrosteles sexnotatus (Fallen, 1806)

Material examined: 18/06/2016: 42°
56'906' Sinop, Abal1, (2437, 219 9).

Distribution in Turkey: Adana, Adiyaman, Agr,
Amasya, Ankara, Artvin, Aydin, Bolu, Bursa,
Cankiri, Diyarbakir, Dtuzce, Erzurum, Erzincan,
Giresun, Hakkari, Icel, Izmir, Karaman, Kocaeli,
Konya, Nevsehir, Ordu, Rize, Samsun, Sinop,
Trabzon, Tokat, Van (Onder et al., 2011; Zeybekoglu
et al., 2015; Demir and Demirsoy, 2016).

Platymetopius (Platymetopius) major (Kirschbaum,
1868)

Material examined: 12/08/2017: 41° 25' 13.1" 34° 58’
44.2' Sinop, Duragan (433).

Distribution in Turkey: Amasya, Bursa, Izmit,
Sakarya, Samsun, Sinop, Giresun (Zeybekoglu, 1998;
Onder et al., 2011).

Selenocephalus griseus (Germar, 1833)

Material examined: 30/07/2017: 41° 38' 30.8 34° 36’
42.7 Sinop, Boyabat (12443, 59%); 01/08/2017: 42°
01' 21.8 35° 12' 06.7 Sinop, Boztepe (833, 62%);
01/08/2017: 41° 52' 23.8 34° 51' 57.0' Sinop, Erfelek
(733, 69 9).

Distribution in Turkey: Adana, Amasya, Ankara,
Balikesir, Bilecik, Bolu, Bursa, Canakkale, Cankiri,
Edirne, Eskigehir, Elazig, Istanbul, Izmir, Kirklareli,
Kocaeli, Kitahya, Malatya, Ordu, Samsun, Sinop,
Sivas, Tekirdag, Tokat, Zonguldak (Lodos and
Kalkandelen, 1987; Zeybekoglu, 1998; Ozgen and

00" 505 34°
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Karsavuran 2009).
Selenocephalus stenopterus Signoret, 1880

Material examined: 14/07/2017: 42° 03' 04.8 35° 02'
25.6 Sinop, Hamsilos (643, 629);

12/08/2017: 41° 36' 03.5' 34° 51' 28.3 Sinop, Boyabat
(1443, 699); 17/08/2017: 41° 25" 13.1" 34° 58" 44.2
Sinop, Duragan (733).

Distribution in Turkey: Adana, Amasya, Ankara,
Antalya, Aydin, Bolu, Burdur, Bursa, Canakkale,
Cankiri, Corum, Denizli, Giresun, Isparta, Izmir,
Kayseri, Kirgehir, Konya, Manisa, Ordu, Rize,
Samsun, Sinop, Tokat, Yozgat (Demir, 2006b;
Zeybekoglu et al., 2015).

Speudotettix subfusculus (Fallen, 1806)

Material examined: 31/05/2017: 41° 53" 07.9 34° 33’
52.6 Sinop, Tevfikiye (553, 19).

Distribution in Turkey: Bolu, Samsun,
(Zeybekoglu, 1998; Onder et al., 2011).

Synophropsis lauri (Horvath, 1897)

Material examined: 06/08/2017: 41° 49" 54.0' 35° 05
21.1" Sinop, Boyabat, (643, 529);01/08/2017: 42° 01
21.5° 35° 12' 06.7 Sinop, Boztepe 433, 699);
17/08/2017: 41° 46" 17.8 35° 12' 20.4" Sinop, Gerze
(833, 299);17/08/2017:  41° 46' 02.5 35° 12' 11.0
Sinop, Gerze (333).

Distribution in Turkey: Amasya, Ankara, Antalya,
Aydin, Hatay, Istanbul, Icel, Rize, Samsun, Sinop,
Tokat, Trabzon, Yalova (Zeybekoglu, 1998; Onder et
al., 2011; Zeybekoglu et al., 2015).

Thamnotettix (Thamnotettix) creticus Dlabola, 1974

Material examined: 27/05/2017, 41° 50" 22.0' 35° 03’
02.2' Sinop, Kabali (1043, 69 %9); 08/06/2017: 41° 46
18 35° 11" 12", Sinop, Tasmanh (333, 299).
Distribution in Turkey: Adana, Amasya, Hatay,
Mersin, Samsun, Sinop, Tokat and Osmaniye (Demir,
2006a).

Thamnotettix (Loepotettix) dilutior (Kirschbaum,
1868)

Material examined: 06/06/2016: 42° 03' 04.8 35° 02'
25.6 Sinop, Hamsilos (13); 07/06/2016: 44° 04" 44.3
34° 58' 17.1" Sinop, Inceburun, (233).

Distribution in Turkey: Amasya, Corum, Ordu,
Samsun, Sinop, Tokat and Zonguldak (Demir 2006a).
Thamnotettix (Loepotettix) exemptus Melichar, 1896
Material examined: 18/06/2016: 42° 00' 505 34°
56'906 Sinop, Abal1 (743, 62 9).

Distribution in Turkey: Amasya, Hatay, Kastamonu,
Ordu, Samsun, Sinop, Tokat and Osmaniye (Demir,
2006a).

Thamnotettix (Thamnotettix) thrax Dlabola, 1965

Material examined: 18/06/2016: 42° 00' 505 34°
56'906' Sinop, Abali (1433, 629); 27/05/2017: 41° 50'

Sinop



KSU Tarim ve Doga Derg 25 (2): 292-296, 2022
KSU J. Agric Nat_25 (2): 292-296, 2022

Arastirma Makalesi
Research Article

22.00 35° 03' 02.2° Sinop, Kabali (4343, 629);
08/06/2017: 41° 46' 18 35° 11' 12", Sinop, Tagsmanh
(483,2292).

Distribution in Turkey: Amasya, Bursa, Izmir,
Mardin, Ordu, Samsun, Sinop and Tokat (Demir,
2006a; Ozgen and Karsavuran, 2009).

Verdanus bekiri (Kalkandelen, 1972)

Material examined: 12/08/2017: 41° 36' 03.5 34° 51°
28.3 Sinop, Boyabat (243).

Distribution in Turkey: Ankara, Corum, Erzincan,
Erzurum, Samsun, Sivas (Onder et al., 2011; Giigld,
2010; Dede et al., 2017; Demir and Demirsoy, 2016)
New record of Cicadellidae fauna for Sinop.

Subfamily: Hecalinae Distabt, 1908
Hecalus glaucescens (Fieber, 1866)

Material examined: 12/08/2016: 41° 28" 48.9 34° 46’
07.5" Sinop, Boyabat (33J3, 529).

Distribution in Turkey: Adana, Adiyaman, Ankara,
Antalya, Diyarbakir, Hatay, Icel, Konya, Malatya,
Manisa, Mugla, Siirt (Onder et al., 2011; Demir,
2006c, Demir, 2019). New record of Cicadellidae
fauna for Sinop and Black Sea Region.

Subfamily: Idiocerinae Baker, 1915
Populicerus populi (Linnaeus, 1761)

Material examined: 30/07/2017: 41° 41' 58.1" 34° 35'
42 Sinop, Akgél (743, 59 9).

Djstribution in Turkey: Ankara, Izmir, Manisa, Rize
(Onder et al., 2011; ) New record of Cicadellidae fauna
for Sinop.

Subfamily: Macropsinae Evans, 1915
Oncopsis flavicollis (Linnaeus, 1761)

Material examined: 01/06/2016: 41° 47' 11.1' 34° 59'
54’ Sinop, Kabali Mevkii (733, 529).

Distribution in Turkeyi Adapazari, Artvin, Bolu,
Samsun, Sivas (Onder et al., 2011) New record of
Cicadellidae fauna for Sinop.

DISCUSSION

There i1s no comprehensive study on Cicadellidae
fauna of Sinop province. Zeybekoglu (1998) reported
57 species belonging to subfamily Deltocephalinae
from Sinop in his study in which he evaluated
Deltocephalinae (Cicadellidae) species distributed in
the Middle and Black Sea Region of Turkey. Onder et
al. (2011) reported 23 species in addition to these 57
species. In the light of this information, it can be said
that Sinop Cicadellidae fauna contains 80 species.

In this study, 19 species from Deltocephalinae
subfamily were identified. 2 species from Agallinae
subfamily, 2 species from Aphrodinae; 1 species each
from the Cicadellinae, Hecalinae, Idiocerinae and
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Macropsinae subfamilies has been identified. 11 of
the identified species; Anaceratagallia venosa,
Dryodurgades  anatolicus, Aphrodes makarovi,
Cicadella viridis, Artianus Interstitialis, Handianus
ignoscus, Idiodonus cruentatus, Verdanus bekiri,
Hecalus glaucescens, Populicerus populi, Oncopsis
flavicollts are the first record for the Sinop
Cicadellidae fauna. V. bekiri is endemic to Turkey.
Also, A. venosa, D. anatolicus, A. Interstitialis, H.
Ignoscus and H. glaucescens are the first records for
the Black Sea Region of Turkey.
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ABSTRACT Research Article

In this study, cytogenetic properties of A. escherichii were

investigated using standard Giemsa staining, C-banding, and Ag- Makale Tarihgesi

NOR staining techniques. The karyotype of Sakarya bleak, the Received 1 08.02.2021
diploid chromosome number was 2n = 50, consists of six pairs of Accepted 127.05.2021
metacentric, 12 pairs of submetacentric, and seven pairs of

acrocentric autosomes (NF=86). No morphologically distinguishable Keywords

heteromorphic sex chromosomes were detected in the karyotype. Alburnus

While most autosomes had centromeric and pericentromeric C- Sakarya bleak
heterochromatin (some chromosomes slightly) blocks, the other Chromosome

autosomal pairs were C-negative. Also, the short arm of the eleventh Karyotype

submetacentric chromosome pair was entirely C-positive. The C-band

nucleolar organizer regions were localized in medium-sized
submetacentric autosomal pairs. Active NORs associated with the C-
heterochromatin were observed in the whole of the short arm of the
eleventh chromosome pair, and their active NORs were
homomorphic. The banded karyotypes of A. escherichii were reported
in this study for the first time. Significant findings obtained in this
research may contribute to cytotaxonomy of Alburnus species in
Anatolian and Europe.

Tiirkiye’deki Alburnus escherichiinin (Teleostei: Leuciscidae) Sitogenetik Analizi

OZET

Bu calismada A. escherichiinin sitogenetik o6zellikleri, standart
Giemsa boyama, C-bantlama ve Ag-NOR boyama teknikleri
kullanilarak arastirilmigtir. Diploid kromozom sayisi 2n = 50 olan
Sakarya Inci bahigmin karyotipi alt1 ¢ift metasentrik, 12 cift
submetasentrik ve yedi cift akrosentrik otozomdan (NF = 86)
olusmaktadir. Karyotipte morfolojik olarak ayirt edilebilir
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Anahtar Kelimeler

heteromorfik cinsiyet kromozomu tespit edilmedi. Cogu otozom, gl]iurnusi  bals

sentromerik  ve perisentromerik C-heterokromatin (baz1 K?“ arya inci bahgl

kromozomlar hafif) bloklarina sahipken, diger otozomal ciftler C- omozom
Karyotip

negatiftir. Ayrica, on birinci submetasentrik kromozom ¢iftinin kisa
kolu tamamen C-pozitifti. Niikleolar diizenleyici bolgeler, orta
buyuklikte submetasentrik otozomal giftler halinde lokalize idi. C-
heterokromatin 1ile iligkili aktif NOR'lar, on birinci kromozom
¢iftinin kisa kolunun tamaminda go6zlendi ve aktif NOR'lar
homomorfikti. A. escherichiinin bantli karyotipleri ilk kez bu
calismada rapor edilmistir. Bu arastirmada elde edilen 6nemli
bulgular, Anadolu ve Avrupa'daki Alburnus turlerinin
sitotaksonomisine katki saglayabilir.

C-bantlama

To Cite:  Alpaslan Z, Aslan A 2022. Cytogenetic Analysis of Alburnus escherichii (Teleostei: Leuciscidae) in Turkey. KSU

Tarim ve Doga Derg 25 (2): 297-304. https://doi.org/10.18016/ksutarimdoga.vi.876754.

INTRODUCTION

The genus Alburnus (Rafinesque, 1820), is known to
be bleak, is represented by 43 species in Europe and
Western Asia (Eschmeyer, et al., 2016). Of 20 species
belonging to the genus Alburnus (Bektas et al., 2020),

18 species are endemic in Turkey's inland waters
(Cicek et al., 2018). Alburnus nasreddini (Battalgil,
1943) was a local endemic in Akarcay basin (Eber,
Aksgehir and Karamik lakes; Selevir and Seyitler
reservoirs; Kalli, Adiyan and Aksehir streams), Ilgin
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Lake basin (Asag1 Cigil Creek-Ilgin), and Sarayonii-
Besgoz system (Giille et al., 2017). There are still
some taxonomic problems of some species exist within
this genus (Bektag et al., 2020). In recent years,
systematics of A. nasreddini have been investigated
by morphological (Giille et al., 2017; Baycelebi et al.,
2020) and molecular studies (Mangit and Yerli, 2018;
Bektas et al., 2020). Giille et al. (2017) stated that A.
nasreddini and A. escherichil, scattered in
neighbouring basins, have similar morphology, but A.
nasreddini is a valid species in terms of having a
deeper body structure, shorter nose, and wide eye
diameter. A. escherichii (Sakarya Basin), and A.
nasreddini (Akarcay Basin), they did not suggest A.
nasreddini as synonymous due to unique haplotypes.
According to Mangit and Yerli (2018), despite the low
genetic distance between A. escherichii (Sakarya
Basin), and A. nasreddini (Akarcay Basin), they did
not suggest A. nasreddini as synonymous due to
unique haplotypes. On the contrary, Baycelebi et al.
(2020) stated that no morphological characters would
distinguish A. nasreddini from A. escherichii and
synonymous. According to Cicek et al. (2020), A.
nasreddini is endemic to the ichthyofauna of Turkey.
However, Bektas et al. (2020) proposed that A.
nasreddini the synonym of A. escherichii due to its
close genetic relationships.

Karyological properties of Alburnus alburnus
(Cataudella et al., 1977; Sofradzija et al., 1979; Hafez
et al., 1978,1981; Vujosevic et al., 1983; Klinkhardt et
al.,, 1995; Arkhipchuk, 1999; Ziegler et al., 2003;
Bianco et al., 2004; Schmid et al.,, 2006; Rab et al.,

Figure 1. Collecting site of Alburnus escherichii from Konya (Sarayénii Besgoz system), Turkey

Research Article
2008; Khosravanizadeh et al., 2011),._ A, akili
(Arkhipchuk, 1999), A. adanensis (Unal and

Gaffaroglu, 2016), A. filippii (Giil et al., 2006; Nazari
et al., 2009), A. heckeli (Simovic et al., 1994; Giil et
al., 2004), A. mossulensis (Giil et al., 2000; Yiiksel
and Gaffaroglu, 2008), A. orontis (Vasil'yev, 1980), A.
tarichi (Gl et al., 2003), and A. albidus (Bianco et al.,
2004), A. arborella (Fontana et al., 1970) have been
reported so far. As far as we know, cytogenetic studies
on Alburnus species are limited to traditional Giemsa
staining. For this reason, detailed cytotaxonomic
studies using C- and Ag-NOR banding techniques are
critical. In this study, banded chromosomal analysis
of A. escherichii is investigated using C- and Ag-NOR
banding techniques.

MATERIALS and METHODS

Four females and two male specimens of A.
escherichii were collected from the natural habitat in
the Sarayonii Besgéz system (38°16' N, 32°20" E),
Konya, Turkey (Figure 1). The study was conducted
with the permission of the Ministry of Forest, and
Water Works (21-264211-288.04-E.1031530),
Republic of Turkey. This permission also replaces the
permission of the local ethics committee. The fish
specimens were collected from the bank of the Beggoz
system by a small ladle and transported to a well-
aerated aquarium in the research laboratory. A
karyological analysis was carried out based on the
protocol for the air-drying technique of Bertollo et al.
(2015),.

Sekil 1. Alburnus escherichii'nin Konya'daki (Sarayénii Besgéz sistemi) toplama alani
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Colchicine was injected into abdominal cavities (1g /
0.006g) to stabilize mitotic activity. 3-3.5 hours after
the colchicine treatment, kidney tissue with high-
mitotic activity was removed and kept in an oven at
36.5 ° C for 45 minutes in the KCI (0.046 g) solution
at room temperature (25°C). After that, the upper
hypotonic supernatant was discarded by
centrifugation at 2000 rpm for 10 minutes. For the
fixation process, fixation (3:1, methanol: acetic acid)
was added to 10 ml of a mixer, and the upper
supernatant was discarded by centrifugation at the
same speed. This process was repeated twice. The
suspension dried by dropping into the slides and was
stained by the Giemsa (10 %) solution for 10 minutes.
C- banding and Ag-NOR staining were performed
according to Sumner (1972) and Howell and Black

(1980), respectively. Well-spread metaphases were
photographed under a microscope, and their
karyotypes were made. Definition of the shapes of the
chromosomes was established according to Levan et
al. (1964). The fundamental number of autosomal
arms (NF) were calculated.

RESULTS

The diploid chromosome number (2n) of A. escherichii
is 50. The karyotype consists of six pairs of
metacentric (nos: 1-6), 12 pairs of submetacentric
(nos: 7-18), and seven pairs of acrocentric (nos: 19-25)
autosomal chromosomes (NF = 86) (Figure 2). The
heteromorphic sex chromosome of the species was not
detected in the karyotype.
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Figure 2. Metaphase spread and standard karyotype of Alburnus escherichii
Sekil 2. Alburnus escherichii'nin metafaz yayilimi ve standart karyotipi
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C-banded metaphase plate and karyotype of A.
escherichir is shown in Figure 3. Centromeric and
pericentromeric bands were detected in three

metacentrics (1 to 3), three submetacentric (nos: 8, 11,
18), and five acrocentric chromosome pairs (nos: 20,
Slight

21, 22, 24, 25). centromeric and

pericentromeric bands were identified in one
metacentric (no: 4), six submetacentric (nos: 9, 10, 14,
15, 17), and two acrocentrics (nos: 19 and 23)
chromosome pairs. Other chromosomes were C-
negative. The whole of the short arms of chromosome
11 are C-positive and associated with NOR.
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Figure 3. C-banded metaphase spread and arranged karyotype of Alburnus escherichii
Sekil 3. Alburnus escherichii'nin C-bantli metafaz yayilimi ve karyotipi

Active Ag-NOR is localized on the whole of the short
arms of the medium-sized submetacentric (no: 11)
chromosome pair and 1s associated with C-
heterochromatin (Figure 4). The NORs were
homomorphic in the studied specimens, and no
heteromorphism was observed in NOR sizes.

DISCUSSION and CONCLUSION

A nearly invariant number of diploid (2n 50)
chromosomes, the dominance of metacentric and
submetacentric, and the presence of the largest st/a
chromosome pair were characteristic of all leuciscine
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genera examined to date (R4b and Collares-Pereira,
1995; Rab et al., 2008; Pereira et al., 2009). The
karyotype of the Sakarya bleak specimens had the
characteristic features of the leuciscin species. The
diploid chromosome number of the genus, except for
the Kizilirmak population of A. mossulensis (48), is 50
(Table 1). Detection of the heteromorphic chromosome
system in cyprinids, especially in leuciscin species
with small chromosomes such as Alburnus, Phoxinus,
and Pseudophoxinus, 1is quite difficult. So,
heteromorphic sex chromosomes were not detected in
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the karyotype of A. escherichii.

C- heterochromatin bands define constitutive
heterochromatin regions containing transcriptionally
inactive highly repetitive DNA sequences. The
difference in heterochromatin localization can be used
as a cytogenetic marker for species differentiation and
chromosome evolution in taxons (Ren et al., 1992). In
most species, heterochromatin bands are in the
centromeric and/or telomeric regions of chromosomes.
Besides, heterochromatin bands can be found in the
whole of the short and long arms of chromosomes
(metacentric, submetacentric, and acrocentric) (Gold
et al., 1986). Leuciscidae, such as Abramis (Ocalewicz
et al., 2004), Chondrostoma (Arslan and Giindogdu,
2016), Leuciscus (Boron et al., 2009), Phoxinus

(Boron, 2001), Pseudophoxinus (Ergene et al., 2010;
Unal et al., 2014; Ayata et al., 2016; Unal and
Gaffaroglu, 2016), Scardinius (Bianco et al., 2004),
Squalius (Unal, 2011; Unal and Gaffaroglu, 2016;
Doori, 2019; Ayata, 2020) and Vimba (Rébova et al.,
2003), in species C-heterochromatin bands are
localized in centromeric and pericentromeric regions.
C-heterochromatin band properties of Alburnus
escherichii are like A. albidus (Schmid et al., 2006).
While C-heterochromatin bands of A. escherichii are
similar to A. adanensis (Unal and Gaffaroglu, 2016),
paracentric heterochromatin bands have not. The
silver-staining technique for nucleolar organizer
regions (Ag-NOR) is widely used to determine the
species karyotypic character and stain
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Figure 4. Silver-stained metaphase spread and arranged karyotype of Alburnus escherichii. Arrows indicate the

Ag-NORS

Sekil 4. Alburnus escherichii'nin giimiis boyali metafaz yayilimi ve karyotipi. Oklar Ag-NOR bolgelerini

gostermektedir
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Table 1. Chromosomal records of Alburnus species (Abbreviations; 2n-diploid chromosome number, NF-fundamental number
of chromosomal arms, M-metacentric, SM-submetacentric, A-acrocentric)
Cizelge 1. Alburnus tiirlerinin kromozom kayitlar (Kisaltmalar; 2n-diploid kromozom sayisi, NF-temel kromozom kol sayisi,
M-metasentrik, SM-submetasentrik, A-akrosentrik)

Species Locality 2n | Karyotype NF References
Alburnus akili - 50 | 18M + 32SM - Arkhipchuk (1999)
Italy 50 | 16M + 10SM + 16ST + 8A Cataudella et al. (1977)
- 50 - Sofradzija et al. (1979)
France 50 - - Hafez et al. (1978, 1981)
Yugoslavia 50 12M + 16SM + 12T + 10A 90 Vujosevic et al. (1983)
A alburnus - 50 | 16M + 20SM + 14ST-A 86 Klinkhardt et al. (1995)
: 50 | 16M + 20SM + 14ST-A 86 Arkhipchuk (1999)
Germany 50 | 14M + 14SM + 14ST + 8T - Ziegler et al. (2003)
Germany 50 14M + 14SM + 8T + 14A - Schmid et al. (2006)
Czechia 50 16M + 26/30SM + 8-4ST/A 92/96 Réb et al. (2008)
Persia 50 14M + 26SM + 10ST-A 90 Khosravanizadeh et al. (2011)
A. adanensis Turkey 50 | 12M + 28SM + 10ST-A 90 Unal and Gaffaroglu (2016)
A. albidus Ttaly 50 | 16M + 26SM + 8ST-A - Bianco et al. (2004)
A. arborella Ttaly 50 |- Fontana et al. (1970)
A flippit Turkey 50 | 16M + 16SM + 18A - Giil et al. (2006)
’ Persia 50 12M + 18SM + 8ST + 12A 88 Nazari et al. (2009)
A heckeli - 50 12M + 12SM + 16ST + 10A 78 Simovic et al. (1994)
’ Turkey 50 14M + 18SM + 18A 82 Giil et al. (2004)
A mossulensic Turkey 48 | 12M + 20SM + 16A - Giil et al. (2000)
) Turkey 50 12M + 16SM + 10ST + 12A 88 Yiiksel and Gaffaroglu (2008)
A. tarichi Turkey 50 | 16M + 10SM + 24A - Giil et al. (2003)
A. orontis - 50 - - Vasil'yev (1980)
A. escherichii Turkey 50 12M + 24SM + 14A 86 This study

transcriptionally active NORs (Zaleéna et al., 2017).
The number and location of NOR regions are species-
specific, although they may vary between individuals.
In studies conducted to date, the number and
localization of NORs have been defined as useful
chromosomal markers in fish cytogenetics (Rdbova et
al., 2003). The common NOR phenotype of leuciscins
is  the submetacentric/subtelocentric-acrocentric
(sm/st-a) chromosome pair, which are considered
plesiomorphic characters and carry a single NOR
(Vasil'yev, 1985; Rab et al., 1996; Bianco et al., 2004;
Rab et al., 2008; Boron et al.,, 2009; Pereira et al.,
2009; Rossi et al., 2012). Detection of this common
NOR phenotype in the medium-sized submetacentric
chromosome pair in Alburnus escherichii shows a
plesiomorphic character. The NOR position in A.
escherichii (medium-sized sm/st pair) is the same as
that of A. albidus (Bianco et al., 2004), A. alburnus
(Schmid et al, 2006), A. adanensis (Unal and
Gaffaroglu, 2016), A. mossulensis (Yiikksel and
Gaffaroglu, 2008), and A. filippii (Nazari et al., 2009).
However, in A. escherichii, active NORs are localized
in the whole of the short arms, unlike the Alburnus
species studied. The NOR phenotype associated with
heterochromatin may be an intra- and/or interspecific
chromosomal marker (Rab et al., 1996). The NOR-
bearing chromosome in A. escherichii is associated
with C-heterochromatin bands, as in Leuciscus aspius
(Rab et al., 1990), L. borysthenicus (Réb et al., 1996),
L. leuciscus (Boron et al., 2009), Chondrostoma
beysehirense (Arslan and Gindogdu, 2016), The

presence of heterochromatin bands in NOR regions in
A. escherichii can be considered a cytogenetic marker
compared with other A/burnus species. As a result, in
this study, the chromosomal properties of the A.
escherichii are determined for the first time. The
obtained results may contribute to the cytogenetics
and cytotaxonomy of Alburnus species in Anatolia
and Europe.
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ABSTRACT Aragtirma Makalesi

Pubic lice (Pthirus pubis) are obligate, permanent ectoparasites of

humans, entirely dependent upon their vertebrate hosts for survival. Makale Tarihgesi

Pubic lice have a very simplified body form as a result of their Gelig Tarihi  :29.03.2021
parasitic characteristics, being wingless and dorsoventrally Kabul Tarihi :12.05.2021
flattened. In the study, the pubic lice taken from a male patient were

examined morphologically in detail and their taxonomic Anahtar Kelimeler
characteristics were presented. The lice specimens were examined Pubic lice

for morphological and taxonomic characteristics under a light Pediculosis pubis
microscope. The identification of the Pthirus pubis species was made Pthirus pubis

by determining the height, anatomical body parts, dorsal and ventral
morphological details of the adult male and female two pubic lice.
Examined adult pubic lice were light cream-colored, 1-2 mm in
length, and their anatomical structures included three pairs of legs,
two prominent antennae, and parts of the thorax and abdomen in a
combined structure. Pthirus pubis causes pediculosis pubis disease
in humans. The disease can be sexually transmitted to humans.
Pthirus pubis is spread primarily through person-to-person sexual
contact. Pubic louse 1s a major public health problem that can be
contagious among humans, and it has great importance to know
their morphological characters to diagnose this ectoparasite and
distinguish it from other insects.

Kasik bitlerinin Morfolojik Ozelliklerinin Incelenmesi (Pthirus pubis, Linnaeus, 1758)

OZET Research Article

Kasik bitleri (Pthirus pubis) hayatta kalmak ig¢in omurgalh

konakgilara bagimli, obligat ve daimi insan ektoparazitleridir. Kasik Article History

bitleri, kanatsiz, dorsoventral olarak diiz sekilli ve parazitik Received £ 29.03.2021
ozelliklerinden dolayi ¢ok basit yapidirlar. Calismada, erkek bir Accepted 12.05.2021
hastadan alinan kasik bitlerinin ayrintili olarak morfolojik ve
taksonomik o6zellikleri incelenerek sunulmustur. Bit oOrnekleri
morfolojik ve taksonomik ozellikler agisindan i1sik mikroskobu ile
incelendi. Pthirus pubis tirinin tanimlanmasi, yetigskin erkek ve
disi iki kasik bitinin boyu, anatomik viicut bélimleri, dorsal ve
ventral morfolojik detaylar1 belirlenerek yapildi. Incelenen erigkin
kasik bitleri; agik krem renkli, boylar1 1-2 mm araliginda, anatomik
yapilari ise ug ¢ift bacaklari, iki belirgin anten tasiyan bas kisimlari
ile birlesik yapidaki thorax ve abdomen boélimleri mevcut idi.
Pthirus pubis, insanlarda pediculosis pubis hastaligina neden olur.
Hastalik cinsel yolla insanlara bulagsmaktadir. Bu hastalik 6ncelikle
kisiden kisiye cinsel iligski yoluyla yayilmaktadir. Kasik bitleri
insanlar arasinda bulasici olabilen 6nemli bir halk saghg sorunu
olup, bu ektoparazitin tanis1 ve diger boceklerden ayirt edilmesi igin
morfolojik karakterlerinin bilinmesi buyiuk 6nem tagimaktadir

Keywords

Pubic lice
Pediculosis pubis
Pthirus pubis

To Cite:  Kirecci E 2022. Investigation of Morphological Characteristics of Pubic lice (Pthirus pubis, Linnaeus, 1758). KSU
J. Agric Nat 25 (2): 305-311. https://doi.org/10.18016/ksutarimdoga.vi.905025.

INTRODUCTION ectoparasites of humans. The parasite causes

Pubic lice (Pthirus pubis) are obligate blood-feeding  Pediculosis pubis (also known as phthiriasis pubis).
The parasitic infection can be transmitted by sexual
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contact, close body contact or, less commonly, by
touching infested toilet seats, sofas, towels, and bed
linen. P. pubisinfests hairs in the pubic, perianal
areas and occasionally other body areas that contain
terminal hairs (Salavastru et al., 2017; Light et al.,
2010). Morphological properties carry great
importance in the taxonomy of Pubic lice. By
distinguishing lice species from each other, taxonomic
and morphological characterization should be done to
make scientific identification. For this purpose;
taxonomy categories are determined by examining
morphometric measurement of body parts, color,
detailed anatomical features, and genital organs.
Other characteristics that are most commonly used in
diagnosis after morphological characteristics are the
physiological and chromosomal structures of the
insect and its ecological characters such as host,
nutrition, and habitat (Light et al., 2008; Palanisamy
et al., 2015). Among the class Insecta, there are about
5000 lice species identified in the order Phthiraptera,
of which more than 550 species are reported to live as
parasites in mammals (Bonilla et al., 2013). The order
Phthiraptera is divided into two main groups, sucking
lice and chewing lice. The suborder Anoplura (sucking
lice) infest mammalian animals. Of these lice, the
species that settle only in humans as hosts are
Pthirus pubis in the family Pthiridae of the suborder
Anoplura, and Pediculus humanus (body lice) in the
family Pediculidae (Durden et al., 2020; Pakeer et al.,
2007; Nuttall, 1918).

It is noted that the spread of pubic lice among
humans is usually through sexual contact and does
not carry the epidemic typhus unlike body lice
(Pediculus humanus) (Burkhart and Burkhart, 1999).
In Linnaeus taxonomy (Table 1), they are also called
Crab louse besides their scientific taxonomy, because
the morphological images of pubic lice whose
binominal identification has been done resemble
crabs. There are two species of pubic lice, one of which
is Pthirus pubis whose host is human, and the other
is Pthirus gorilla which infests gorillas, a herbivorous
monkey subspecies (Weiss, 2009). In the study, the
morphological characteristics of Pthirus pubis, which
is common all over the world and known as Pubic lice
in humans, were determined and diagnosed.

Table 1. Linneus taxonomy of Pubic lice (Nuttall, 1918).
Cizelge 1. Kasik bitinin Linneus taksonomisi

Kingdom; Animalia
Phylum: Arthropoda
Class; Insecta
Order; Phthiraptera
Suborder; Anoplura
Familyy Pthiridae
Genus; Pthirus
Species; P.pubis
Binominal name; Pthirus pubis
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MATERIALS and METHOD
Studied material and Sampling procedure

In the study, the patient from whom parasite samples
were taken was a 23-year-old male admitting to
Kahramanmaras Stt¢i Imam University-Faculty of
Medicine Research and Practice Hospital-Infection
Outpatient clinic on 29.05.2019 with complaints of
severe itching, erythema, and redness in the inguinal
and femoral areas during two weeks. It was
determined that the patient was married and
engaged in animal husbandry and lived in the town of
Kale, which 1is located in the rural area of
Kahramanmarag province, Turkey. It was found that
the patient did not have a similar disease condition in
his family history, and also that the patient did not
have an additional medical problem. As the material
of the study, ectoparasite samples that were seen to
be alive in the inguinal and femoral areas of the
patient were placed in tubes containing 70% ethanol
and examined in the Medical Parasitology
Laboratory. Samples that were then cleaned of
surface residues with potassium hydroxide were
prepared for light microscopy (Shakya et al., 2018).

Diagnosing pubic lice

In the preliminary diagnosis of the disease,
pediculosis was considered with clinical signs, lesions,
and the presence of the parasite in the inguinal area.
It was seen that the ectoparasites in the sample were
morphologically the same insects. The taxonomic-
morphological characteristics of two adult pubic lice
which were male and female and randomly selected
from these samples were studied under a light
microscope (Pakeer et al., 2007; Dehghani et al.,
2013).

RESULTS and DISCUSSION

In adult males and females of P.pubis, the body
structures, which have two antennae and three pairs
of legs, consist of 3 parts: caput, thorax, and abdomen.
They have no wing structures, but head structures
and antennae are prominent. In their morphology,
which is bilaterally symmetrical, the thorax and
abdomen are not distinctly separated, and they have
a dorsoventrally flat body structure (Figurel-2). The
body colors are pale yellow and grey. P.pubis are
smaller, less mobile and less pigmented than the
other lice species, thus more difficult to observe with
naked eye (Scanni, 2012). Pubic lice are smaller in
structure (1-2mm) than head and body lice, and males
are always smaller than females. The pubic lice we
examined were light cream colored and their length
was 1.2 mm in the adult male and 2 mm in the adult
female (Figure 1-2).



KSU Tarim ve Doga Derg 25 (2): 305-311, 2022
KSU J. Agric Nat 25 (2): 305-311, 2022

Arastirma Makalesi
Research Article

Figure 1. a. Dorsal view of adult male Pthirus pubis,
b.Ventral view of adult female Pthirus pubis,
Light microscope (x40 magnification)
Sekil 1. a. Eriskin erkek Pthirus pubis’in dorsal gortintiisti.
b. Eriskin Disi Pthirus pubis’ in ventral goriintiist,
Isik mikroskobu (x40 biiyiitme)

Figure 2. Dorsal view of adult male Pthirus pubis, Light
microscope (x40 magnification), a. Total body
length (1.2 mm), b.Head and postantennal head
width c.Thorax ve posterior pterothoracic width,
d. II. Extremity, Tibial length, e. Abdomen

Sekil 2.Eriskin erkek Pthirus pubisin dorsal goriintiist,

Isik mikroskobu (x40 biiyiitme) — a.Total viicut
uzunlugu (1.2 mm), b.Bas ve postantennal bas
genigligi, c.Thorax ve posterior terothoracic
geniglik, d. II. Bacak Tibial uzunluk e.Abdomen

Head, mouth, and antenna structures

In adult pubic lice, the caput parts sit on the basis
capituli and are clearly visible on top on microscopic
examination. The caput is small in comparison to its
large pincer-shaped legs and broad oval morphology
(Figure 2b-d). Pubic lice are solenophagic insects
(that feed on blood) and feed directly by sucking blood
from blood vessels located in the pubic hair follicles of
the host (Light et al., 2010). The mouth structures,
which are the feeding organ, differ from other
parasitic insects. The mandible is undeveloped and
does not have specialized organs such as palps,
cheliceraor hypostome for feeding in the oral
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structures. Instead, the maxillary structure and

labrum (upper lip) organize and turn into a nasal-like
structure called the haustellum (Figure 3a).

Figure 3. Cranial (head) view of adult Pthirus pubis, Light
microscope (x100 magnification) a.Labrum,
b.Dorsal anterior plate, c. Antennae (1-5;5
segments, filiform structure), d.Eye
Sekil 3. Eriskin Pthirus pubisin cranial (bas) goriintiisii,
Isitk  mikroskobu  (x100  biiyiitme)a.Labrum,
b.Dorsal anterior plate, c. Anten (1-5;5 segmentli
filiform yapisi), d.Goz

At the entrance of the haustellum are sharp and
anchor-like pre-stomal structures called “stylet”
derived from the hypopharynx to be able to absorb
blood by reaching the blood vessels. The
hypopharynx, on the other hand, produces salivary
secretions and provides the passage of food into the
digestive tract (Mathison and Pritt, 2014; Durden and
John, 2009; Kraus and Glassman, 1976).

Antennae are vital organs for the life of insects, and
structurally they are very important in taxonomy.
P.pubishas two antennae on the sides of its head, and
these antennae have a 5-segment filiform structure
(Figure 3c). In addition to adult pubic lice, an antenna
can be found in nymph forms. If antenna structures
are examined in detail, the first segment is the
pedestal segment and is called “Scapus”. The second
segment of the antennae is called the “Pedicellum”
and connects the pedestal segment to other flagella
segments. The 3rd, 4th, and 5th segments of the
antennas consist of flagella parts in movable
structure (Figure 3c). The antenna segments of the
pubic lice are thin and similar to each other in the
form of filament and they have a filiform antenna
structure. The antenna structure in males may be
larger than in females. On the surface of the
antennae, there are special blisters that smell, such
as feathers, hairs, and papillae, which can transmit
various senses. The eyes and antennae of pubic lice,
which are organized on both sides of their heads in a
simple structure, serve as a biosensor organ in the
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natural habitats of these insects and play a role in from the other two legs, and the structures of the
receiving chemical and physical stimuli (Ortega et al., femur, tibia, and tarsus are thinner. Due to their
2019; Khan, 2018). Figure 3 c-d shows the eyes of oval-shaped morphology and large pincer-shaped leg
pubic lice and the feathers and hairs located above structure of pubic lice, these lice are also called "crab
the antenna segments. louse" (Khan, 2018; Opaneye et al.,1993; Saddozai
and Kakarsulemankhel, 2008).

Extremity and thorax structures Thorax consists of three segments. The first of these,
Adult P.pubis has a total of six legs. All three pairs of the one in front, is called prothorax, and the one in
legs have a 5-part structure: coxa, trochanter, femur, the middle is called mesothorax, and the one in the
tibia, and tarsus. The tarsus part ends with a thin back is called metathorax (Figure 4). In pubic lice,
claw tip on the first leg, but on the other two pairs of these three segments are fused with each other
legs, the pretarsal claw tip and the distal tip of the (Burgess and Cowan 1993). As a general structure,
tibia are pincers-shaped and large (Figure 4). Pubic from each segment of the chest comes a pair of legs
lice have a strong grip on people's pubic hair thanks starting with the coxa (Figure 4).

to these leg shapes. The first pair of legs is different
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Figure 4. Extremity and thorax view of adult Pthirus pubis, Light microscope (x40 magnification), Thorax; a.
Prothorax; b.Mesothorax; ¢. Metathorax, Extremity: I, IT, III.; 1. Coxa;2.Trochanter;3.Femur; 4.Tibia;
5.Tarsus; d. Pretarsal claw; e.Distal tibial spine
Sekil 4.Eriskin Pthirus pubisin extremite ve thorax goriintiisii, Isik mikroskobu (x40 biiyiitme), Thorax; a.
Prothorax;  b.Mesothorax; c¢. Metathorax, Extremiteler (Bacaklar): L I, III; 1
Coxa;2.Trochanter;3. Femur; 4.Tibia; 5. Tarsus; d. Pretarsal claw; e.Distal tibial spine

Abdominal structures towards the sides, which are hardened and sclerotized
In the abdomen, which is one of the posterior body plates (Mathison and Pritt, 2014; Lee et al., 1990).
parts of pubic lice, there are intestines, reproductive The female pubic lice we examined had four pairs of
organs, and other structures. If we examine these lateral = tubercles that were more pronounced
structures; tubercles located in the ventrolateral of compared to the male.

the abdomen (Lateral tubercle, Figure 5) are hump- Respiratory systems of pubic lice comprise the stigma

shaped protrusions of the body wall of the lice (respiratory opening) and trachea (tubule) (Figure 5-
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Al and B6). It is engaged to the stigmas located on
the sides of the abdominal segments and the tracheas
in the form of branched tangles. The stigmas, which
serve as a breathing hole, are surrounded by a thick
layer of chitin and have the form of a circular cap,
which 1s managed by muscles. Lice can open and close
their stigma voluntarily. Respiration function is
fulfilled by this tracheal system as a result of muscle
contractions and expansion of the body wall (Opaneye

1.Abdominal trachea;

et al., 1993; Roberts, and Janovy, 2009).

In pubic lice, the abdominal structure is short and
wide compared to head and body lice, and usually, the
segments are not obvious and are fused with each
other (Figure 5). On the backside of the abdomen are
the anus and genital organs (Figure 5A,B-3). In pubic
lice, the digestive system begins with the mouth and
continues with the stomach and intestines, consisting
of cecum, and ends with the anus.

b

A,B 2.Abdominal segment; A,B 3.Genital openinig, anus; A,B 4.Abdominal

sternite; A,B 5. Lateral tubercle; B 6;Abdominal Dorsal Stigma (spiralce)
Sekil 5. A. Erigkin Digi Pthirus pubis’in dorsal goritintiisii. B. Erigskin Erkek Pthirus pubis’in dorsal goriintiisti.
A 1.Abdominal trachea; A,B 2. Abdominal segment; A,B 3.Genital aciklik, antis; A,B 4. Abdominal sternit;
A,B 5. Lateral tubercle; B 6;,Abdominal Dorsal Stigmalar (spiralce)

Metamorphosic and physiological properties of pubic
lice

The habitats of pubic lice have large cosmopolitan
biogeography (habitatkaynak), including neartic,
paleartic and neotropical areas. P.pubis species,
which have a wide distribution around the world as
habitat, specifically only host humans. These blood-
fed lice are ectothermic and hemimetabola insects due
to their physiological structure, and their
development occurs in three stages in the form of
eggs, nymphs (young lice) and adults. Young pubic
lice pass through three nymph stages, reaching
sexual maturity after about 23 days and turning into
adult lice. The life span of pubic lice is about one
month. Morphologies of nymphs and adult pubic lice
are similar (Burkhart and Burkhart, 1999; Durden
and John, 2009). In the study, the taxonomy of adult
males and females is examined because they are
larger and more prominent. Pubic lice can live no
more than 24 hours when they leave their host. Pubic
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lice, which can reproduce throughout the year, show a
dioecious (separate sex) sexual dimorphism.
Reproduction  occurs  sexually  through  the
reproductive organs (Figure 5 A,B-3) in the genital
opening of male and female lice, and the gestation
period of females is 6-8 days. At the end of pregnancy,
a female lays about 30 eggs on hairs in the pubic and
perianal region of people, and less on axilla, chest
hair, beard, eyelashes, and eyebrows. Eggs that stick
to the hairs are called nits. Female pubic lice leave
their eggs after providing nutrients to them (Altinsoy
et al., 2018; Roberts and Janovy, 2009).

The parasitic infestation of pubic lice

As an ectoparasite, P.pubis infestations affect 1-2% of
the world's population. It is reported that infestation
is mostly seen in unhygienic places with high
population density and in sexually active individuals
aged 15-45 (Wu et al., 2000). In the study, the patient
we took lice samples from was 22 years old and
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sexually active. The area where the patient lived was
a rural area and he was dealing with sheep and goat
breeding. However, pubic lice are not a zoonotic
parasite, and disease sources have not been
associated with his occupation. With the anamnesis
information obtained from the patient, it could not be
understood how pubic lice were transmitted.

P.pubis, which can infrequently settle on the
eyebrows and eyelashes, can lead to the symptoms of
pitriasis palpebrarum, characterized by severe itching
in the eyelids. In the case we took samples from, lice
only settled in the pubic and perianal region. In
inguinal lice, the infectious stage is observed in adults
and can be transmitted from person to person, mostly
through sexual contact, less through clothing,
contaminated toilets, and beds (Anderson and Chaney
2009). In different studies, it has been shown that
pubic lice can be transmitted between family
members, not only between spouses but also
especially young children who are in close contact
with their parents, by settling on the eyelids and
clinically leading to pitriasis palpebrarum (Veraldi et
al., 2009; Altinsoy et al., 2018). In the study, the wife
and children of the clinical case that we evaluated did
not have a history of the disease. P.pubis is less
mobile (10 cm/day) than other species of lice (head-
body lice, 23 cm/min) and can stay on human skin for
days by clinging tightly to the host skin and hair with
its crab-like strong claws and mouth organelle
(Burkhart, 2003).

CONCLUSION

Consequently, pubic lice lead to superficial and local
clinical symptoms in the areas of the body where they
settle in the host but do not transmit pathogenic
bacteria. In parasitic infestations that develop with
these lice, clinical samples should be taken and
studied parasitologically and the correct diagnosis
should be made by determining the morphological
characteristics of lice.
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ABSTRACT

The Kadinhani district (Konya) is located in the Centeral Anatolia of
Turkey. The objective of this study was to record the traditional
knowledge of wild edible plants used by indigenous people in
Kadinhani, where no ethnobotanical studies have been conducted
previously. This study was carried out in Kadinham district in April
2009-October 2011 to document the traditional knowledge of wild
edible plants. Overall, 153 people who live or have lived in 4 towns, 37
villages and 9 neighborhoods were interviewed. Among the plants in
the research area, it was determined that 108 species belonging to 39
families were used for food (75 uses), treatment (56 uses), feed (22
uses), materials (13 uses), ornaments (2 uses), fuel (9 uses) and for
various purposes (2 uses) were used.

OZET

Kadinhani ilgesi (Konya) Tiirkiye'nin Merkez Anadolu bélgesinde yer
almaktadir. Bu ¢alismanin amaci, daha 6nce etnobotanik ¢alismalarin
yapilmadigr Kadinhani'nda yerli halk tarafindan kullanilan yabani
yenilebilir bitkilere iligskin geleneksel bilgileri kayit altina almaktir.
Bu c¢alisma, yabani yenilebilir bitkilerin geleneksel bilgisini
belgelemek amaciyla Nisan 2009-Ekim 2011 tarihleri arasinda
Kadinhani ilgesinde yapilmistir. 4 kasaba, 37 koy ve 9 mahallede
yasayan ya da yasamis olan 153 kigi ile gorusilmustur. Arastirma
alanindaki bitkilerden toplamda 39 familyaya ait 107 tiiriin gida (75
kullanim), tedavi (56 kullanim), yem (22 kullanim) egya (13
kullanim), siis (2 kullanim), yakacak (9 kullanim) ve cesitli amaclar
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INTRODUCTION Turkey, since young people lack the desire to acquire

Traditional knowledge of plants and their uses is the
result of thousands of years of experience (Addis et al.
2005). Interest in the use of wild food sources has
increased in recent years. Valuable nutritional
supplements, including trace elements, vitamins and
minerals, are acquired from many wild plants t.ukasz
2012; Lev and Amar 2000; Sezik et al. 2001; Ertug et
al. 2003; Ghorbani 2005; Baytop 2007; Teklehaymanot
et al., 2007; Kargioglu et al. 2008, 2010; Ugulu et al.
2009; Sarper et al. 2009; Oztiirk and Ol¢tali 2011;
Demirci and Ozhatay 2012; Sagiroglu et al. 2012;
Sargin et al. 2013; Inan et al. 2012; An et al. 2014,
2015; Hayta et al. 2014; Giiler et al. 2015). Like in
many other fields, the uses of wild plants are not
transmitted to young generations and are forgotten in
time. Unfortunately, in a country with a rich flora like

this knowledge, ethnobotanical studies are of great
importance to prevent loss of knowledge. Kadinhani is
important in terms of its location in the center of
Central Anatolia Region at an altitude of 1128 m,
surrounded by forest and mountainous areas to the
south. A lot of floristic studies have been done in recent
years and revious studies in the literature analyzed
traditional ethnobotanical knowledge and herbs in
various regions of Turkey (Baytop 1984, 1999; Honda
et al 1996; Tuzlac1 1999; Sezik et al. 2001; Tuzlac1 and
Aymaz 2001; Yesilada et al. 1995, 1999, 2001; Ertug
2000, 2004; Malyer et al. 2004; Ozgen et al. 2004;
Simsgek et al. 2004; Everest and Oztiirk 2005; Ezer and
Arisan 2006; Kargioglu et al. 2008; Akan et al. 2008;
Ugulu et al. 2009; Polat and Satil 2011; Cakilcioglu et
al. 2011; Durmuskahya and Ozhatay 2013), and reveal
that there is not published data on the region studied.
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Therefore, ethnobotanics of Kadinhani (Konya) region
will be reported for the first time in the present study.

The aim of this study is to reveal the ethnobotanical
characteristics of the plants that spread around
Kadinhani (Konya) and its surroundings.

MATERIAL and METHOD

Kadinhani is a district of Konya city, which is located
in the Central Anatolia region of Turkey (Fig. 1). This
area lies at an altitude of approximately 1128 m a.s.l.
Kadinhani district consists of 4 towns, 37 villages and
9 neighborhoods settlements.

Kadinhani has a continental climate. The summers are
hot, and the winters are cold. This area belongs to the
Irano-Turanian Plant Geography Region and falls
within the C4 grid square according to the grid
classification system developed by Davis (Davis 1965-
1985).

The study area is covered with mixed forests (Quercus
cerris L., Quercus pubescens Wild., Quercus robur L.,
Pinus nigra J. F. Arnold subsp. pallasiana (Lamb.)
Holmboe, Cistus laurifolius L.) and a variety of plants
(Sinapis arvensis L., Echium italicum L.,
Chenopodium album L., Achillea arabica Kotschy.,
Achillea santolinoides subsp. wilhelmsii (K. Koch)
Greuter v.s.). Continental climate prevails in the
region. The region has an annual average precipitation
of 320- 431 mm with Mediterranean precipitation
regime. Annual average temperature varies between
11-11.4 °C.

A questionnaire was utilized in the study and was
administered to local people living in Kadinhani center
and its environs containing 37 villages (Figure 1).

To collect data for the present study, the questionnaire
was administered to a total of 153 individuals residing
in district center and 37 villages area, where plants are
frequently used, between 2009 and 2011 years.

YUNAK 1. Alabag Village 21. Kizilkuyu Village
2. Sahoren Village 22. Kigiikkuyu Village
3. Demiroluk Village 23. Yaylayaka Village
4. Beykavag: Village 24. Afgarh Village
5. Hacioflazlar Village 25. Konuréren Village
6. Bulgurpinar1 Village 26. Hacipirli Village
7. Glineypinar1 Village 27. Karakurtlu Village
8. Cesmecik Village 28. Bayramli Village
9. Pirali Village 29. Karayturiiklu Village
10. Yaglica Village 30. Kabacali Village
11. Sogutozu Village 31.Hacimehmetli Village
12. Osmancik Town 32. Karahisarh Village
13. Cubuk Village 33. Kokez Village
14. Karaseving Village 34. Pusat Village
15. Meydanh Village 35. Mahmudiye Village
16. Koylutolu Village 36. Atlant1 Town
17. Tosunoglu Village 37. Kolukisa Town
18. Kamigliozu Village 39. Bagkuyu Town
19. Buyiikzengi Village 40. Ornek Village
20. Bakirpinar Village 41. Sarikaya Village
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Figurel. Map of information sources and study area
Sekil 1. Bilgi kaynaklari ve ¢alisma alani haritasi
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The participcants’ gender, age, profession and
educational status were recorded. The individuals who
participated in questionnaire were asked questions
such as local names of the plants they use; usage type
of the plants such as food, drug, decorative item, fuel,
animal food, belief, and used parts of the plants;
method of preparation and application of them and
from whom they acquired knowledge about plants.

The interviews conducted in villages and data were
collected from men during conversations particularly
in village coffee houses or village houses in this
locality. The women were also interviewed, and they
were asked in their houses and gardens. Collected data
were also recorded. The data collected from women
mostly consisted of uses of the plants used as food,
women’s and children’s ailments. It was found that a
significant portion of the ethnobotanical knowledge in
villages was acquired from Yoriiks, old people, and
shepherds. Data on animals, animal diseases and food
plants specified by the shepherds were also recorded.

An ethnobotanical study was carried out between April
2009 and October 2011 to collect the knowledge of wild
edible plant species being used by the local people in
Kadinhani district and the surrounding areas. During

Gender parts

2.Woman; 52;
34 %
between 23-88
years olds

1.Men; 101;
66%
between 15-98
years olds

Figure 2. Age and gender distribution of the participants

Sekil 2. Katilimcilarin yas ve cinsiyet dagilimi

Of these participants, 3 (4.59%) held licence degrees; 8
(5.22%) were high school graduates; 2 (1.30%) were
secondary school graduates; 99 (64.70%) were primary
school graduates; 23 (15.03%) were literate and 18
(11.76%) were illiterate (Figure 3).

It is observed during the questionnaire work in villages
that population of the villages dropped due to economic
reasons since young population migrated to large cities
to find jobs. Another reason for the decrease in
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this time, 107 plant specimens were collected. The
collected plants were identified by the authors using
‘Flora of Turkey (Davis 1965-1985), ‘A Checklist of the
Flora of Turkey (Vascular Plants) (Giiner et al. 2012),
‘IMlustrated Flora of Turkey Vol 1 (Giiner 2014) and
‘Ilustrated Flora of Turkey Vol 2 (Giiner et al. 2018).
Voucher specimens were deposited at the Herbarium
of Faculty of Science, University of Selcuk (KNYA).
The scientific names of the plant taxa were identified
according to ‘A Checklist of the Flora of Turkey
(Vascular Plants) (Davis 1985-1985) and The Plant
List (2013).

Field studies were performed in first shoot
development, efflorescence, fructification and seed
periods. Harvesting, pressing and drying processes of
these plants were photographed. Approximately 3000
photographs were taken during the study.

RESULTS and DISCUSSION

A total of 153 individuals participated in the study
during the mentioned period above. Of the
participants, 101 were male within the age range of 15-
98; 52 were female within the age range of 23-88
(Figure 2).

M 1.Men

m 1.Woman

population in the village is scarce agricultural lands in
mountain villages and inadequate economic gain from
agricultural in plain villages. For these reasons, young
population prefers to work in organized industrial
zones in Konya city center. In addition to these
negative situations, the death of aged people, reduction
in a number of shepherds caused young people to forget
ethnobotanical knowledge they have learned from
their elders and applied so far. Although young people



KSU Tarim ve Doga Derg 25 (2): 312-336, 2022
KSU J. Agric Nat 25 (2): 312-336, 2022

Arastirma Makalesi
Research Article

in the locality did not use them frequently, when
ethnobotanical plants are sold in city bazaars, they

1.University
graduates
2%

6.illiterate
12%

5.Literate
15%

B 1.University graduates

m 3.Secondary school graduates

M 5.Literate m 6.illiterate

EDUCATIONAL STATUS

supply and use these plants under the light of their old
knowledge even when they are far from their villages.

2.High school
graduates
5%
3.Secondary
school graduates
1%

4.Primary school
graduates

65%

M 2.High school graduates

4.Primary school graduates

Figure 3. Educational status of 153 individuals participated in the questionnaire

Sekil 3. Ankete katilan 153 kisinin egitim durumu

The plants identified in the study are presented in a
table specifying family name, their general name, local
name, used part, and usages. A total of 107 plants with
different uses are identified in the study (Table 1). Of
88 genus belonging to 39 families were identified:
Amaranthaceae (1), Anacardiaceae (1), Apiaceae (2),
Asparagaceae 1, Asteraceae (22), Berberidaceae (1),
Boraginaceae (1), Brassicaceae (6), Caryophyllaceae
(3), , Cistaceae (1), Convolvulaceae (1), Cupressaceae
(2), Elaeagnaceae (1), Euphorbiaceae (1), Fabaceae (8),
Fagaceae (3), Geraniaceae (1), Juglandaceae (1),
Lamiaceae (12), Malvaceae (2), Moraceae (1),
Nitrariaceae (1), Papaveraceae (2), Pinaceae (1),
Plantaginaceae (2), Plumbaginaceae (2), Poaceae (3),
Polygonaceae (4), Portulacaceae (1), Ranunculaceae
(1), Rhamnaceae (1), Rosaceae (8), Salicaceae (3),
Santalaceae (1), Scrophulariaceae (1), Solanaceae (1),
Thymelaeaceae (1), Urticaceae (1), Verbenaceae (1),
(Figure 4).

It 1s observed that 56 of these plants are used for
medicinal purposes; 75 for food purposes; 13 for
manufacturing different materials; 9 for fuel; 2 for
belief practice and 2 as decorative items. Used parts of
the plants identified in our study can be listed as
follows: root, stem, basal leaves and leaves, tubers,
flower, seeds, fresh shoots, fruits, thin branch barks
(Table 2, Fig. 5; Fig. 7 a-g; Fig. 7 h-k; Fig. 8 a-u; Fig. 9
a-s).
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It is also observed that the plants are used as food in
10 different ways; while the plants are used for
medicinal purposes in 30 different ailments. Others
are used as fuel, materials, for belief and as decorative
plants (Table 3). In the study, it is noticed that folk
medicine did not lose its popularity. It is found that 56
plants with different pharmacological effects have
been used in folk medicine, to treat various ailments
such as infections, diabetes, diarrhea, and
hemorrhoids (Table 4). They are also used in different
parts of the body for various symtoms such as pain
relief,antypretic, abdominal pain (Table 5).

The findings of the present study are not in agreement
from those of previous ethnobotanical studies
conducted in Turkey.

In a study carried out by Saday (2009) titled as
“Ethnobotanical Properties of Giizeloluk Village and
its Surrounding (Erdemli/MERSIN)” the plant
Dianthus zonatus Fenzl. was named as “Karanfil” and
it was reported that this plant was used for medicinal
purposes to relive common cold and that it was also
used as a spice. However, in our study, the same plant
was called a different name “Cingene kizi, Sigil otu”
and it was observed that this plant was used in
dermatological disorders particularly to treat warts. In
the study of Saday, (2009) Juniperus oxycedrus L. was
called “Yaban ardi¢”, and it was reported that the plant
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Table 1. Plants in Kadinhani and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation

(Familya ady) (Latince ad) (Yerel ad) (Rullanilan kism1)  (Kullanim amacl) _ (Hazirlanmasy)

Amaranthaceae Chenopodium album L. Sirken Leaf Food Fresh leaves are used as filling ingredients in pastry.

var. album

Anacardiaceae Rhus coriaria L. Sumak Fruit Food Dried fruits are grinded and used as spice.

Apiaceae Anethum graveolens L. Dereotu Leaf Food Dried leaves are used as spice.

Apiaceae Petroselinum crispum Maydanoz Leaf, Stem Food, Medicinal Raw leaves are used in salads, dried plant is used as spice.

(Mill.) A. W. Hill. Decoction of leaf stems is consumed to relieve rheumatic pains and for the
fragmentation of kidney stones.

Asparagaceae Ornitahagalum Kedi sogan1i Bulb Medicinal Fresh and cooked bulbs are used to remove boils.

ortophyllum Ten.

Asteraceae Achillea biebersteinii Afan.  An ¢igegi Flower Food Fresh flowers are meshed in press and eaten raw to treat abdominal pain. Decoction
of dried flowers is used to treat abdominal pain, stomach pain and as antidiabetic and
to lower cholesterol.

Asteraceae Achillea millefollum L. Arn ¢igegi Flower Medicinal Fresh flowers are meshed in press and eaten raw to treat abdominal pain. Decoction

subsp. millefolium L. of dried flowers is used to treat abdominal pain, stomach pain and as antidiabetic and
to lower cholesterol

Asteraceae Achillea wilhelmsii C. Dingildana Stem, Leaf, Food Whole of the raw plant is used as animal food.

Koch Flower

Asteraceae Anthemis austriaca Jacq Papatya Flower, Leaf Food, Medicinal Basal leaves which are collected before efflorescence are eaten raw.

Tea made of its dried flowers is used to ease breathing in dyspnea; as painkiller in
urinary tract infections and stomach pain; tea made with the mixture of this plant
and ebeglimeci has antipyretic, anti-inflammatory effects while tea made with the
mixture of this plant with thyme has antidiabetic effect.

Asteraceae Artemisia santonicum L. Ac1 Yavsan Leaf, Stem Medicinal It is used to make incense (burning of dried leaves and stem) to ease breathing of sick
animals.

Asteraceae Carduus nutans L. Kegi kangali Leaf,, Flower Food Small ruminants eat this plant raw.

Asteraceae Centaurea depressa Bieb. Gokbasg Leaf, Food It fresh and dried plant is used as animal food.

Asteraceae Centaurea solstitialis L. Su dikeni, Stem s Leaf, Food, Medicinal Hay of the dried whole plant is used as animal food.

subsp. solstitialis L. Saribas Flower Fresh flowers are eaten raw as a painkiller to treat abdominal pain.
dikeni
Asteraceae Chondrilla juncea L. var. Cithk Stem, Aerial Food Fresh basal leaves are eaten raw.
Juncea L. parts, Fresh root
Asteraceae Cichorium intybus L. Copla Root, end of fresh Food Fresh basal leaves are eaten raw. In addition, decoction of dried fresh root and shoots
Giineyik sprouts,Leaf, stem are consumed as tea.
Asteraceae Eryngium campestre 1. Boga dikeni, Root, Leaf, Flower = Medicinal Fresh leaves are wrapped on the wound in snake bites; leaves and flowers are boiled
var. virens Link Yelkovdu and wrapped on the bite as a mash to remove the poison. Decoction of dried leaves
dikeni and flowers is consumed as tea to treat gynecological diseases and body wounds.

Asteraceae Helichrysum plicatum DC.  Seker otu Flower, Leaf, Root Medicinal Fresh flowers and decoction of dried roots and leaves as tea are consumed as

subsp. plicatum DC. antidiabetic in diabetes.

Asteraceae Inula montbretiana DC. Salba Stem, Leaf, Medicinal Whole plant is boiled in water, applied on the wound and used as antiseptics in

Flower animals.
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Table 1. (continued) Plants in Kadinhani and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation
(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kism1)  (Kullanim amac)  (Hazirlanmasy)
Asteraceae Lactuca serriola L. Ac marul, Leaf Food Fresh leaves are consumed raw.
mikirge
Asteraceae Lapsana communis L. Kaba ot Leaf , Flower, Food Whole fresh plant is used as animal food.
subsp. pisidica (Boiss. & Stem
Heldr.) Rech. Fil.
Asteraceae Onopordum  bracteatum Deve dikeni Stem, Leaf Medicinal Decoction of freshly collected stem and leaves is consumed to treat cardiac disorders.
Boiss. & Heldr. var.
bracteatum Boiss. & Heldr.
Asteraceae Scorzonera cana (C. A. Tekesakal Leaf, Stem Food Fresh leaves are used in salads and wraps.
Meyer) Hoffm. var. cana Dedesakal
(C. A. Meyer) Hoffm.
Asteraceae Taraxacum macrolepium Keklik  otu, Leaf Medicinal Fresh leaves are eaten raw in salads and in wraps.
Schischkin karlan kavuk Decoction of dried flowers is consumed to clean blood.
Asteraceae Taraxacum officinale  Glneyik Leaf, Root, end of Food Fresh basal leaves are eaten raw. In addition, dried fresh root and shoots are
Wiggers. fresh sprouts consumed as tea.
Asteraceae Tragopogon Yemlik Leaf, Stem, Food Fresh leaves are eaten raw in salads and in wraps.
buphthalmoides (hc) Flower
Boiss. var. buphthalmoides
(DC.) Boiss.
Asteraceae Tragopogon latifolius  Sakiz salbasi Stem Food The trunk of the plant is cut at night and a cup is placed beneath. The milk extracted
Boiss. var. angustifolius from this cut accumulates here. The milk is collected and gum is made from it in the
Boiss. morning.
Asteraceae Tragopogon latifolius  Emlik Leaf, Stem, Food Fresh first growing leaves and thin stem are eaten raw in salads and wraps; flowers
Boiss. var. latifolius Boiss. Flower are eaten raw.
Berberidaceae Berberis crataegina DC. Karamik Root, Fruit, Leaf Food , Medicinal Fresh leaves and fruits are consumed raw and used to make marmalade. Animals are
drunk decoction of roots to get rid of parasites in their body.
Boraginaceae FEchium italicum L. Danadili Stem, Leaf, Food Fresh plant is used as animal food.
Flower
Brassicaceae Brassica oleracea L. var. Lahana Leaf Food, Medicinal Fresh leaves are used to make pickle; they are boiled and used to cook stuffed cabbage.
capitata Boiled leaves are wrapped on the chest to treat coughing in pneumonia. They are
wrapped in joints to relieve rheumatic pains.
Brassicaceae Capsella bursa-pastoris Circicuva, Leaf Food Fresh leaves are used in salads and wraps.
(L.) Medik. citcicuva
Brassicaceae Descurainia sophia (L.) Babatca Flower Food Infusion of dried flowers in boiled water is consumed as tea.
Webb ex Prantl
Brassicaceae FEruca sativa Mill. Roka Leaf Food Fresh leaves are eaten raw.
Brassicaceae Leprdium  sativum L. Tere Leaf Food Fresh leaves are used in salads and wraps.
subsp. sativum
Brassicaceae Sinapis arvensis L. Hardal Leaf Food Basal leaves are eaten raw and used to cook a meal called “Borani”.
Caryophyllaceae Dianthus zonatus Fenzl. (ingene kizi, Flower Medicinal Raw flowers are meshed and applied on the skin to remove warts.
var. zonatus Sigil otu
Caryophyllaceae Silene conoidea L. Emzik otu Seed Food Seeds are eaten raw.
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Table 1. (continued) Plants in Kadinham and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation
(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kismi))  (Rullanim amacl)) _ (Hazirlanmasy)
Caryophyllaceae Silene vulgaris (Moench) Borana, Leaf Food Basal leaves and fresh leaves are used to cook a meal called Borana.
Garcke. Boram
Cistaceae Cistus laurifolius L. Yavsanak Flower, Leaf, Medicinal, Decoction of first growing flowers is used to treat ulcer; infusion of dried fruits are

Stem Firewood consumed as tea for cancer treatment. Fresh leaves are boiled, heated and applied on
joints to relieve rheumatic pain; application of fresh leaves on boils matures the boils;
dried trunk and branches are used as fuel.

Convolvulaceae Convolvulus arvensis L. Ulama otu Leaf, Flower Food The plant is used as animal food for small ruminants.

Cupressaceae Juniperus excelsa M. Bieb.  Gilik Uziimi Fruit Medicinal Fresh fruits are consumed to remove kidney Stones; decoction of dried fruits is
subsp. excelsa consumed to relieve abdominal gas; and dried fruits are grinded and consumed. The

stem of the plant is used as construction material.

Cupressaceae Juniperus oxycedrus L. Diken Ardig Fruit Medicinal Raw fruits are consumed to lose weight; decoction of dried fruits is used to relieve

subsp. oxycedrus abdominal gas and dried fruits are grinded and consumed. The stem of the plant is
) used as construction material.

Elaeagnaceae Flaeagnus angustifolia L. Igde Flower, Fruit, Medicinal, Food, Fruits of the plant are eaten raw.

Seed Belief Infusion of dried first growing flowers is consumed as vasolidator. Since the seeds are
believed to protect children from evil eye, amulets are made from the seeds of the
plant.

Euphorbiaceae Fuphorbia kotschyana Sutlegen Stem Medicinal The extract obtained from the cut stem of the plant is applied on the skin to treat

Fenzl hemorrhoids, dermatitis and warts.
Fabaceae Astragalus microcephalus Geven Stem, Root Food Fresh plant is used as animal food.

Willd.
Fabaceae Medicago sativa L. subsp. Yabanyoncasi Stem, Leaf, Food Fresh plant is used as animal food.

sativa L Flower
Fabaceae Melilotus officanalis (L.) Yabanyoncasi Stem, Leaf, Food Fresh plant is used as animal food.

Desr. Flower
Fabaceae Onobrychis armena Boiss.  Tirfil Stem, Leaf, Food Fresh plant is used as animal food..

& Huet. Flower
Fabaceae Trifolium repens L. var. Yonca Stem, Leaf, Food Fresh plant is used as animal food.

giganteum Lag.-Foss. Flower
Fabaceae
Fabaceae Vicia sativa L. subsp. nigra Kir fasih Stem, Leaf, Food Fresh plant is used as animal food.

(L) Ehrh. var. nigra (L. Flower

Ehrh.
Fabaceae Vicia narbonensis L. Yilan fasihi Stem, Leaf, Food Fresh plant is used as animal food.

Flower

Fagaceae Quercus cerris L. var. Kegi peliti Leaf, Fruit Food, Medicinal Dried leaves and fresh fruits are used as animal food.

cerris Fruits are boiled and consumed for antidiabetic purposes.

The trunk of the plant is used to produce various tools and as fuel.
Fagaceae Quercus pubescens Wild Pelit Leaf, Fruit Food Dried leaves and fresh fruits are used as animal food.
The trunk of the plant is used to produce various tools and as fuel.

Fagaceae Quercus robur L. subsp. Pelit Fruit Food Dried leaves and fresh fruits are used as animal food.

robur (Yenilen) Fruits are boiled and consumed as antidiabetic.

The trunk of the plant is used to produce various tools and as fuel
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Table 1.(continued) Plants in Kadinhani and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family Latin name Local name Used part Uses Preparation
(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kism)  (Kullanim amaa)  (Hazirlanmasy)
Geraniaceae Erodium cicutarium (L) Innelik Leaf Food Fresh leaves are eaten raw in salads and in wraps.
L'Herit subsp. cicutarium
Juglandaceae Juglans regia L. Ceviz Leaf, the first Food, Medicinal Fruits are eaten raw.
flowers blooming,
Fruit Decoction of dried first growing shoots is consumed for leukemia.
Leaves of the plant which are kept in freezer are wrapped on the body to relieve
sunburn and to lower temperature in inflammatory diseases.
Decoction of fresh leaves is consumed to treat hemorrhoids. The same liquid is used
to wash the hemorrhoids areas.Kitchen utensils are made from the stem of the plant.
Lamiaceae Ajuga chamaepitys (L.) Yer megesi Flower Medicinal
Schreber  subsp. chia Fresh collected flowers are boiled and wrapped on wounds as mesh to heal wounds.
(Schreber) Arcangeli var.
chia (Schreber) Arcangel
Lamiaceae Mentha x piperita L. Nane Leaf Food, Medicinal Dried leaves are grinded and used as spice.
Mint as a spice is boiled and consumed to treat common cold, coughing, heartburn,
nausea and pains.
Lamiaceae Mentha spicata L. subsp. Su nanesi Leaf Medicinal Decoction of dried fruits is used to ease breathing in common cold.
spicata L.
Lamiaceae Origanum  vulgare L. Cay otu, Stem, Leaf, Food Decoction of dried stem, leaves and flowers is consumed as tea.
subsp.  viride (Boiss.) domurcak Flower
Hayek cayl
Lamiaceae Phlomis linearis Boiss. & Kus agz1 Leaf, Flower Medicinal Decoction of dried leaves and flowers are consumed as antidiabetic and to relieve
Bal. abdominal ailments.
Lamiaceae Salvia verticillata 1. Kara salba Leaf, Flower Medicinal Fresh and dried leaves and flowers are boiled and applied on the wounds of animals
subsp. amasiaca as antiseptic.
(Freyn.&Bornm.) Bornm
Lamiaceae Satureja cuneifolia Ten. Kara kekik Stem, Leaf, Food, Medicinal Dried parts are used as spice and consumed as tea.
Flower Decoction of the plant is consumed to treat abdominal pain. Infusion of the plant with
daisy has antidiabetic effect.
Lamiaceae Sideritis libanotica Labill. Dag c¢ayi, cay Stem , Leaf , Food Infusion of dried parts is consumed as tea.
subsp. linearis (Bentham) otu Flower
Bornm.
Lamiaceae Stachys cretica L. subsp. Cay otu Leaf, Flower Food Decoction of dried parts is consumed as tea.
anatolica Rech. fil.
Lamiaceae Teucrium chamaedrys L. Kisacik Stem, Leaf, Medicinal Fresh and raw plant is consumed to relieve abdominal pain.
subsp. chamaedrys L. Mahmut, Flower Dried parts are grinded and eaten for rheumatism and eye tumors and decoction is
Bodur can consumed. The same liquid is also used as a painkiller for abdominal pain.
Mahmut,
Tatarca otu
Lamiaceae Teucrium polium L. Koyun otu, Leaf, Flower Food, Medicinal Tea is made from dried parts.

Meryem otu,
Boz ot
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The plant is consumed raw and in the form of decoction to relieve abdominal pain.
Tea of the plant is used as myorelaxant, to relieve rash and hemorrhoids.

Bathing with the water of boiled plant is used for sunburn. In addition, fresh leaves
are wrapped on pustules to mature them.
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Table 1.(continued) Plants in Kadinham and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation
(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kism)  (Kullanim amacl)  (Hazirlanmasy)
Lamiaceae Thymus zygioides Griseb. Kekik Stem, Leaf, Food Dried parts are used as spice and consumed as tea.
var. Iycaonicus (Celak.) Flower Decoction of the plant is consumed to relieve abdominal pain.
Ronniger

Malvaceae Alcea pallida Waldst. & Fatma gulu Flower Medicinal, Tea made of dried flowers is used to treat coughing in respiratory diseases. The plant
Kit. Ornamentalplant  is grown in gardens as a decorative plant.

Malvaceae Malva neglecta Wallr. Ebegtimeci Leaf, Flower Food, Medicinal Fresh leaves are consumed as meal, filling ingredients in pastry, salads and wraps.
Decoction of fresh leaves is drank for headache; decoction of dried roots is consumed
as tea for common cold; dried leaves and flowers are mixed with daisy and decoction
is consumed as tea to treat body inflammations.

Nitrariaceae Peganum harmala L. Uzerlik Seed Medicinal, Roasted seeds are grinded and consumed in the form of powder. Various decorative

Decoration Belief  items are made from the seeds.
Burning dried seeds and stem as incense is believed to protect from evil eye.
Moraceae Morus alba L. Dut Fruit Food Fresh fruit is eaten raw; jam is made from fresh fruits. Compote is made from dried
fruits.
Papaveraceae Glaucium leiocarpum  Kopek lalesi Leaf, Flower Medicinal Fresh leaves and flowers are eaten as raw and infusion of dried leaves and fruits is
Boiss. consumed as tea to treat wounds in internal organs

Papaveraceae Papaver glaucum Boiss. & Yaban Leaf, Stem, Bud Food Fresh leaves and buds are eaten as raw. Before the flowering period, the leaves of the
Hausskn. hashasi, plant are rolled into bread and eaten.

gelineli

Pinaceae Pinus nigra J. F. Arnold Cam Resin, Stem, Leaf, Medicinal, Resin is used to mature boils, to ease breathing, to heal skin cracks; shoots are used
subsp. nigra var. end of fresh Firewood to ease breathing, tar extracted from the cones are used for dyspnea.
caramanica (Loudon) sprouts , Fruit Trunk and branches are used as fuel and to make various house, agricultural and
Rehder construction materials.

Plantaginaceae Plantago lanceolata L. Yara otu Leaf Medicinal Fresh leaves are used to mature boils and to treat the wound. Tea made of dried leaves
is used for lung diseases and children with bedwetting problem.

Plantaginaceae Plantago major L. subsp. Yara otu Leaf Medicinal Fresh leaves are used to mature boils and to treat the wound. Tea made of dried leaves

major is used for lung diseases and children with bedwetting problem.

Plumbaginaceae Acantholimon  acerosum Geven Stem, Root Food Fresh plant is used as animal food.

(Willd.) Boiss. var.
acerosum (Willd.) Boiss.
Plumbaginaceae Acantholimon  venestum Geven Stem, Root Food Fresh plant is used as animal food.
Boiss. var.  venustum
Boiss.
Poaceae Agropyron cristatum L. Ayrik Otu Leaf Medicinal Decoction of dried leaves is consumed for urinary tract inflammations. Fresh plant is
(Gaertn) boiled with corn silk and consumed to break up kideny stones.

Poaceae Hordeum vulgare L. Arpa Seed Food, Medicinal The plant is used as animal food. The flour of the plant is cooked as a paste and
applied in abdominal area to relive abdominal pain in babies.

Poaceae Zea mays L.subsp. mays Misir Tassel Medicinal Fresh seeds are consumed by boiling; dried seeds are consumed as popcorn. In
addition, dried plant is used as animal food. The plant is boiled with fresh ayrik otu
and consumed to fragment kidney stone.

Polygonaceae Polygonum cognatum Madimak Leaf, Fresh Stem Food Fresh leaves are eaten raw in salads and wraps.

Meissn.
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Table 1.(continued) Plants in Kadinhani and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation
(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kism)  (Kullanim amacl)  (Hazirlanmasy)
Polygonaceae Polygonum lapathifolium Supirge otu Stem, Leaf Goods Fresh plants are bundled and hang on a high place to dry. They are used as garden
L. broom in dried form.
Polygonaceae Polygonum persicaria L. Sicandisi Stem , Leaf Goods Fresh plants are bundled and hang on a high place to dry. They are used as garden
) broom in dried form.
Polygonaceae Rumex patientia L. Ilibada, evelik  Leaf Food Fresh leaves are boiled and used as stuffed leaves, filling ingredient for pastry and
cooked as a meal called Borani.
Portulacaceae Portulaca oleracea L. Bostan gtizeli, Leaf Food Fresh leaves are eaten raw; Tzatziki is made with yoghurt and cooked as a meal.
semiz otu
Ranunculaceae Ranunculus arvensis L. Su pitrag Stem, Leaf Medicinal Fresh stem and leaves are meshed press and applied on swellings in knees due to
rheumatism. The area is then wrapped with a cloth.
Rhamnaceae Rhamnus  oleoides L. Govem Fruit Food, Medicinal Fresh fruits are eaten raw. In winter, compote is made with dried fruits. Fresh fruits
subsp. graecus (Boiss. & are used as antidiabetic.
Ruet.) Holmboe
Rosaceae Cotoneaster nummularia Kurt agaci Fruit, Stem, Food, Medicinal, Fresh fruits are eaten raw. Fresh fruits are consumed for antidiabetic effects; infusion
Fisch. & Mey. Leaf Firewood, Goods of dried leaves is consumed as tea. Oil extracted from the burning of the wood of the
plants Kurt and Ali¢ are applied on dermatitis on the skin. Trunk and branches are
used as fuel. It is also used to make various house and agricultural tools.
Rosaceae Crataegus monogyna Jacq. Kizilcik, Fruit Food Fresh fruits are eaten raw.
subsp. monogyna Jacq. Kirmizi alig
Rosaceae Crataegus orientalisPallas  Alig Root, Flower, Food, Medicinal, Fresh fruits are eaten raw. Infusion of dried flower buds is consumed as tea for heart
Ex Bieb. var. orientalis Fruit Goods disorders. Decoction of the roots of the plant is consumed to treat kidney disorders.
Pallas Ex Bieb. Oil extracted from the burning of the wood of the plants Ali¢ and kiirt are applied on
dermatitis on the skin. Kitchen utensils are made from the trunk of the plant.
Rosaceae Cydonia oblonga Mill. Ayva Leaf, Food, Medicinal Fresh fruits are eaten raw. Compote is made from its fruits and the fruits are cooked

Fruit, in the oven.

Seed Decoction of dried leaves is consumed to relieve coughing. Decoction of the seeds of
the fruit is consumed to treat common cold. Fresh seeds of the fruit are mixed with
rose water and kept in a cup for one day. The obtained emulsion is applied on nipple
cracks in women.

Rosaceae Fragaria vesca L. Cilek Fruit Food Fresh fruits are eaten raw; they are also used to make jam.

Rosaceae Pyrus elaeagnifolia Pallas. Dag armudu, Fruit Food, Medicinal Fresh fruits are eaten raw and used to make pickles.

subsp. elaeagnifolia Yaban Fresh fruits are eaten to treat diarrhea.

armudu

Rosaceae Rubus idaeus L. Citir, Temel Leaf, Fruit, Food, Medicinal Fresh fruits are eaten raw
tzimu Root Decoction of dried roots is consumed for heart disorders. Fresh fruits of the plant are

recommended to prevent cancer.

Rosaceae Rosa canina L. Kusburnu, Fruit Food, Medicinal Fresh fruits are used to make compote and marmalade. Infusion of dried fruits is
Itburnu, consumed as tea.
Oklizgozu Tea made of the plant is used as a painkiller in common cold. Fresh fruits are

consumed to relieve abdominal pain. Its marmalade is used to treat diarrhea.
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Table 1.(continued) Plants in Kadinhani and its vicinity and their uses
Tablo 1. Kadinhani ve ¢evresinde bitkiler ve kullanimlar:

Family name Latin name Local name Used part Uses Preparation

(Familya ady) (Latince ad) (Yerel ad) (Kullanilan kism)  (Kullanim amac1)  (Hazirlanmasy)

Salicaceae Populus alba L. Selvi Stem Firewood, Trunk, lateral branches and barks are used as fuel. Particularly the trunk is used as

Building construction material.
Materials
Salicaceae Populus nigra L. Karakavak Stem Firewood, Trunk, lateral branches and barks are used as fuel. Particularly the trunk is used as
Building construction material.
Materials
Salicaceae Salix babylonica L. Salkim s6gut Leaf and shells Medicinal Infusion of dried leaves and barks of thin stems are consumed as tea.
thin branches

Santalaceae Viscum album L. subsp. Biivelek otu, Leaf, Flower Food, Medicinal Fresh leaves are eaten by humans and animals. Dried parts are used as animal food.

album L. bogurtlen Tea is made from dried parts to ease breathing and to relieve abdominal pain. Dried
leaves are kept in water for one day and the liquid is drunk for antidiabetic efects in
liver cancer.

Scrophulariaceae Verbascum Sigir kuyrugu  Thin sprout, Food, Medicinal Decoction of dried parts is consumed in hemorrhoids, prostate, dyspnea and renal
cherranthifolium var. Flower, Leaf, disorders as diuretic. Leaves are boiled and meshed. The obtained emulsion is applied
cherranthifolium Fresh root on the boil. Dried plants are used as fuel.

Solanaceae Solanum tuberosum L. Gumpir Stem Food, Medicinal Various meals are cooked by frying, roasting and boiling the plant.

Peeled potato is wrapped on the forehead to relieve headache.

Thymelaeaceae Daphne oleoides Schreber Copleme Stem, Leaf, Medicinal Fresh plant is boiled in a cup and the sick person sits in this cup for a while. Leaves
subsp. oleoides Flower and thin stems of the plant are cut and meshed in press, the mesh is then cooked with

some wheat and milk and the obtained mixture is applied on joints.

Urticaceae Urtica dioica L. Isirgan Stem ve Leaf Food, Medicinal Leaves of the plant are used as filling material in pastry and cooked as meal.
Decoction of the stem and leaves is consumed to treat renal inflammations. Infusion
of dried leaves is consumed as tea to treat goiter and dyspnea. The leaves are boiled
and wrapped on joints to relieve rheumatic pain.

Verbenaceae Verbena officinalis L. Basir otu Stem, Leaf, Medicinal Dried parts of the plant are dried and grinded and tea is made from this powder.

Flower Fresh plant is used as a plaster and applied on the wound to treat hemorrhoids. Fresh

parts of the plant are eaten raw.
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Families

Apiaceae ; 2

Brassicaceae ; 6

Caryophyllaceae ;
Cistacéhe ; 2

Others; 22
Asteraceae; 22

Salicaceae ; 3
Rosaceae ; 8

Polygonaceae; 4

Poaceae; 3

Plumba inacege; 2
PapaveraCeae ;

Plantaginaceae ; 2

Cupressaceae; 2

F . - . .
Malvach ggafeae, 8 Lamiaceae; 12!Fagaceae; 3

m Apiaceae m Brassicaceae m Caryophyllaceae m Cistaceae

m Asteraceae m Cupressaceae m Fagaceae m | amiaceae

= Fabaceae m Malvaceae m Papaveraceae  ® Plantaginaceae

m Plumbaginaceae m Poaceae Polygonaceae ~ m Rosaceae
Salicaceae Others

Figure 4. Pie Chart of the Plant Families in the Study Area
Sekil 4. Calisma Alanindaki Bitki Familyalarinin Pasta Grafigi

Table 2. Number of plants used in the study
Tablo 2. Calismada kullanilan bitki sayisi

The plants used

Used part Number of plants
Root 12
Stem 43
Aerial parts, Leaf 75
Flower 45
Basal shoot 6
Fruit 21
Seed 5
Other 4
80 & 75
=~ 70
3 60
£ 50 43 45 m Root
2wl — A
230 +— — — 21 tem
< 20 +12— — — 5 5 2 Aerial parts, Leaf
o 18 i1 . Basal shoot
— Y 4 — = —
§ 5 § § g LEL, § g = Flower
2 G 2 a ©  mFmit
g 8 m Seed
o m
[5+]
B m Other
<

Figure 5. Used parts of the plants identified in the study
Sekil 5. Calismada belirlenen bitkilerin kullanilmis kisimlar:
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Table 3. Uses of the plants analyzed in the study and number of plants
Tablo 3. Calismada incelenen bitkilerin kullanimliar ve bitki sayisi

Intended use Number of plants | Intended use Number of
(Kullanim amac1) (Bitki say1s1) (Kullanim plants
amaci) (Bitki sayis1)
Antirheumatic 7 Astringent & Laxative 1
Antinephritic 9 Animal diseases 4
Stomach diseases 6 Cholesterol 2
Anti-asthmatic 14 MEDICINAL Blood Cleansing 1
Antiphlogistic 6 Gynecological diseases 1
Antidiabetic 11 Snake bite 1
Abdominal pain 10 Weight loss 1
Cardiac 3 Antinephritic for children 1
Anti-dermatitis 5 Plants used as filling ingredient for | 5
pastry

Anticarcinogen 4 Plants cooked as a meal 7

MEDICINAL For boil treatment (antiphlogistic) 7 Plants wused to make stuffed | 2

vegetables

For sunburn 2 FOOD Plants which are consumed raw 23
Vasodilator 1 Plants which are used to make pickle | 2
Anti-hemorrhoidal 5 Plants whose fruits are eaten 13
Antihistaminic 1 Plants consumed as infusion 11
For eye tumor 1 Plants consumed as spice 6
For headache 1 Animal food 22
Analgesic 5 Used plants as ash 3
Internal organ injuries 1 Fuel 9
Antidiarrhetic 2 Material 10
Plants used to treat prostate disease 1 Belief 2
Plants used to treat goiter 1 Decorative Item 2
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Table 4. Medicinal uses of plant species for different types of ailments
Tablo 4. Bitki tiirlerinin farkli hastalik tiirleri icin tibbi kullanimlar:

No | Ailment (Hastalik) Medicinal Plants (Bitki ismi)

1 Rheumatism Petroselinum crispum, Cistus laurifolius, Brassica oleracea var. capitata, Teucrium polium, Teucrium chamaedrys,
Ranunculus arvensis, Daphne oleoides

2 Stomach Cistus laurifolius, Cota austriaca, Achillea arabica, Achillea millefolium,

3 Asthmatic Cota austriaca, Brassica oleracea, Mentha x piperita, Mentha spicata, Alcea pallida, Malva neglecta, Pinus nigra subsp.
pallasiana, Plantago major, Plantago lanceolata, Rosa canina, Cydonia oblonga, Verbascum cheiranthifolium, Urtica dioica,
Viscum album

4 Cardiac Onopordum bracteatum, Rubus 1daeus, Crataegus orientalis

5 Losemi Juglans regia,

6 Boil Plantago major, Verbascum cheiranthifolium, Cistus laurifolius, Ornitahagalum ortophyllum, Pinus nigra subsp. pallasiana,
Plantago lanceolata, Teucrium polium

7 Liver cancer Viscum album

8 Hemorrhoids Juglans regia, Teucrium polium, Verbascum cheiranthifolium, Verbena officinalis, Peganum harmala

9 Eye tumor Teucrium chamaedrys

10 | Diarrhea Rosa canina, Pyrus elaeagnifolia

11 | Prostate Verbascum cheiranthifolium

12 | Goiter Urtica dioica

13 | Animal diseases Berberis crataegina, Inula montbretiana, Artemisia santonicum, Salvia verticillata subsp. amasiaca

14 | Peptic Ulser Juniperus oxycedruss,

15 | Urinary calculus Petroselinum crispum

16 | Ulcer Cistus laurifolius

17 | Papilloma Dianthus zonatus, Euphorbia kotschyana, Pinus nigra subsp. pallasiana

18 | Temriye Crataegus orientalis, Cotoneaster nummularia

19 | Sunburn Juglans regia, Teucrium polium

20 | Hemorrhoids Juglans regia, Teucrium polium, Verbascum cheiranthifolium, Verbena officinalis, Peganum harmala

21 | Gynecological diseases Eryngium campestre
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Table 5. Medicinal uses of plant species for different symptoms
Tablo 5. Bitki tiirlerinin farkli semptomlar igin t1bbi kullanimlari

No | Symptom (Belirti) Plant name (Bitki ismi)

1 Antiphritic Petroselinum crispum, Cota austriaca, Plantago major subsp. major, Plantago lanceolata, Agropyron cristatum, Zea mays,
Crataegus orientalis, Verbascum cheiranthifolium, Juniperus excelsa

2 Abdominal pain Achillea arabica, Achillea millefolium, Centaurea solstitialis, Teucrium polium, Teucrium chamaedrys, Satureja cuneifolia,
Thymus zygioides, Hordeum vulgare, Rosa canina Viscum album,

3 Antidiabetic Cota austriaca , Achillea biebersteinii, Achillea millefolium L., Helichrysum plicatum, Quercus cerris, Quercus robur,
Satureja cuneifolia, Phlomis linearis, Rhamnus oleoides, Cotoneaster nummularia, Viscum album

4 Anti-dermatic Dianthus zonatus, Euphorbia kotschyana, Pinus nigra subsp. pallasiana, Crataegus orientalis, Cotoneaster nummularia

5 Vasolidator Flaeagnus angustifolia

6 Antihistaminic Teucrium polium

7 Headache Solanum tuberosum

8 Analgesic Daphne oleoides, Malva neglecta, Rosa canina, Salix babylonica, Urtica dioica

9 Interior organ injuries Glaucium leiocarpum

10 | Laxative Peganum harmala

11 | Cholesterol Achillea arabica, Achillea millefolium

12 | Blood Cleansing Taraxacum acroterium

13 | Snake bite Eryngium campestre

14 | Weight loss Juniperus oxycedrus

15 | Antipyretic for children Juglans regia

16 | Anticarcinogen Cistus laurifolius, , Rubus idaeus

17 | Antiphlogistic Anthemis austriaca, Eryngium campestre var. virens, FEuphorbia kotschyana, Malva neglecta, Plantago major subsp.
major, Plantago lanceolata

18 | Stomach Gas Juniperus excelsa

19 | Shortness Of Breath Pinus nigra subsp. pallasiana

20 | Vasolidator Flaeagnus angustifolia

21 | Antihistaminic Teucrium polium

22 | Headache Solanum tuberosum

23 | Interior organ injuries Glaucium leiocarpum
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was used to relive snake bites, bee sting, eczema and
allergic reactions. However, in our study the same
plant was known as “Diken ardi¢” and it was found
that the plant was used as anti-flatulent in abdominal
ailments and to treat an ulcer. Saday (2009) reported
that the plant named Glaucium leiocarpum Boiss.
known as “Kusekmegi” was only used as filling
ingredient in pastry. However, in our study, the same
plant is known as “Kopek lalesi” and it was observed
that the plant was used to treat internal organs
injuries. The plant named Daphne oleoides was known
as “Develik otu” was reported to be used only as a
decorative plant. However, in our study, this plant was
called “Copleme”. It was also reported that the plant
was used to treat rheumatic pain.

In a study carried out by Cimen (2007) titled as
“Ethnobotanical Studies on Folk Medicines used in
Konya”, it was reported that the plant Berberis
crataegina DC. known as “Karamik agaci” was used for
medicinal purposes for eye ache. However, in the
present study, the same plant was called “Karamik”
and it was found that this plant had medicinal uses to
remove internal parasites of animals. Cimen (2007)
reported that the plant was also used as a food and the
fruits of the plant were eaten and used to make
marmalade; fresh leaves of the plant were also
consumed. Furthermore, it was reported that Fchrum
italicum L. “Topalomar otu” plant was medicinally
used to treat wounds. However, in the present study,
the same plant was known as “Danadili” and had a
different use as animal food. Cimen (2007) reported
that Urtica dioica L. “Isirgan” plant was medicinally
used for rheumatism. However, in the present study
different preparations of the same plant were reported.
We found that this plant was used as food; as filling
ingredient in pastry and was cooked as a meal. As for
the medicinal uses, it was found that this plant was
used for kidney, goiter.

In a study carried out by Oztiirk (2005) titled as
“Ethnobotanical features of Nizip (Aksaray) district” it
was reported that the plant Cota austriaca (Jacq.)
Sch.Bip. “Papatya” was used for medicinal purposes
and that decoction of its flowers relieved abdominal
pain and was used as a diuretic, anti-inflammatory,
and antiseptics. However, in the present study, it was
found that the same plant was known with the same
name and that it was used for medicinal purposes in
abdominal ailments, to ease breathing in dyspnea, to
treat ailments of kidney and wurinary tract,
inflammations and for antidiabetic effects. It was
reported that the leaves of daisy, which are collected
before efflorescence, are eaten in salads or wraps. It
was reported that the plant Chondrilla juncea L.
known as “Cengel, Ak hindi bag” had medicinal uses.
Oztiirk reported that gum made of this plant was used
to heal wounds and to treat stomach ailments.
However, in the present study, it was found that the
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same plant was known as “Cithk” and that the first
growing basal leaves of the plant were eaten in salads
and wraps. Oztiirk reported that Populus alba L. was
known as “Kavak” had medicinal uses and decoction of
trunk, brunch, and barks of the plant had analgesic,
anti-inflammatory, sudorific properties in common
cold, relaxing, laxative and diuretic properties. In our
study, the same plant was called with a different name
“Selvi”. It was reported that the trunk and peeled
barks of this plant were used as fuel and that it was
also used as an item to produce various tools for
agricultural and various purposes.

In the study carried out by Ezer and Avci (2004) titled
as “Folk Medicines of Cerkes (Cankir1) in Turkey” it
was reported that the plant Teucrium polium L. known
as “Mayasil otu, Yavsan otu” had medicinal uses and
that the plant was used to treat hemorrhoids and to
wean babies. However, in the present study, the same
plant had different names such as “Koyun otu, Meryem
otu, Boz ot”. As for the uses of the plant, it was reported
that decoction of dried leaves and flowers of the plant
were consumed as tea and that it was used medicinally
to treat hemorrhoids, to remove rash, to mature boils,
to treat abdominal pain, sunburn and as myorelaxant.

In the study carried out by El¢i and Erik (2006) titled
as “Ethnobotanical Properties of Giidiil (Ankara) and
Near Environs” it was reported that the plant Viscum
album L. was known as “Hur¢” and used for medicinal
purposes against cancer. However, in the present
study, the same plant was known as “Biivelek otu”. As
for the uses of this plant, it was reported in the present
study that in addition to use as animal food and
medicinal use for cancer treatment, the plant was also
used to ease breathing in respiratory tract ailments, as
anti-hypertension and as a painkiller for abdominal
pain.

In the study carried out by Sarper et al., (2009) titled
as “An Ethnobotanical Field Survey in the Haymana
District of Ankara Province in Turkey” the plant
FEchium italicum L. was known as “Kangal” and it
reported that the plant was consumed raw as food.
However, in the present study, the same plant was
known as “Danadili” and it was found to be used as
animal food.

In the study carried out by Yiicel et al., (2010) titled as
“The wild plants consumed as food in Mihaliggik
district (Eskisehir-Turkey) and consumption forms of
these plants” the plant 7ragopogon latifolius Boiss.
known as “Yemlik” was reported to be consumed as
food in salads. However, in the present study, it is
reported that the same plant is known by the same
name however with a very different use. We report
that the gum extracted from the plant is consumed by
children.

In the study carried out by Kargioglu et al. (2010) titled
as “Traditional Uses of Wild Plants in the Middle
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Aegean Region of Turkey” it was reported that the
plant Centaurea solstitialis L. was known as “Stiplirge
otu” was only used to make goods and that threshing
field and street sweeper was made from the aerial
parts of the plant. However, in our study the same
plant was known as “Su dikeni, Saribas dikeni” and it
was reported that the growing thorns of the plant were
collected and dried; they were processed as hay and
used as animal food. As for medicinal uses, it was
found that fresh flowers of the plant were eaten to treat
abdominal pain.

Comparison of the present study with international
ethnobotanical studies indicates that the literature
contains a large body of research on traditional folk
remedies.

In their works titled as “Ethnobotanical knowledge of
the Istro-Romanians of Z" ejane in Croatia” Pieroni et
al., (2003) reported that decoction made from the
flowers of Achillea millefolium L. was used for anti-
obesity and digestive disorders. However, in the
present study, it is observed that fresh flowers of an
infusion of dried flowers of the same plant are used for
digestive disorders. In addition, tea made from the
flowers of this plant is used as antidiabetics and to
lower cholesterol.

In a study carried out by Ejaz (2003) titled as
“Ethnobotanical Uses of Plants of Lawat District
Muzaffarabad Azad Jamnu and Kashmir” it was
reported that the leaves of Plantago lanceolata L. were
used to treat burns and wounds and its seeds were
used for constipation. However, in the present study it
was found that the same plant was used to treat
wounds, to mature boils. In addition, infusion of dried
leaves of the plant was used to treat lung disease and
to prevent bedwetting.

In the study carried out by Ghorbani et al., (2005)
titled as “Lamiaceae Family in Folk Medicine in Iran:
from Ethnobotany to Pharmacology” it was reported
that Teucrium chamaedrys L. was used for medicinal
purposes for jaundice, bladder stone, and miscarriage.
However, in the present study it is found that the
infusion of the dried whole plant is used to treat
rheumatic pain and eye tumors. In addition, fresh
leaves and flowers are eaten and a decoction of dried
leaves and flowers are consumed.

The lists of Jewish pharmacists used by middle age
communities in 11th and 14th centuries, which are
considered as the oldest ethnobotanical record of the
world, can be found in the collection of Genizah T.S.
This was uncovered by Lev and Amar (2006). The
researchers reported that extracts obtained from
flowers, seeds, oil, and fruits of Rosa canina L. are used
for eye disorders, examples and to lower high fever.
According to the present study, only the fruit of this
plant is used. Fruits of these plants are used as food
and for medicinal purposes; marmalade and tea are
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made from these fruits. As for medicinal uses, infusion
of fruits of the plant is used to treat common cold;
consumption of raw fruits treats abdominal pain, and
its marmalade is consumed to treat diarrhea.

In the study carried out by Awan et al., (2011) titled as
“Studies on traditional knowledge of economically
important plants of Kaghan Valley, Mansehra District,
Pakistan” it was reported that the seeds of Peganum
harmalla L. plant were grinded and used to lower
malaria fewer. However, in the present study, it was
found that the seeds are roasted and grinded and one
spoon of this powder is consumed on an empty stomach
for hemorrhoids and constipation. Furthermore, the
seeds of the plant are used for decorative purposes and
as incense to protect from the evil eye.

In the study carried out by Ayyanar and Ignacimithu
(2009) titled as “Herbal medicines for wound healing
among tribal people in Southern India” it was reported
that the leaves of Morus alba L. plant were used to heal
wounds. However, in the present study, we found that
fruit of this plant was used as food.

In the study carried out by Ahvazi et al., (2012) titled
as “Introduction of Medicinal Plants Species with the
Most Traditional Usage in Alamut Region” it was
reported that flowers, leaves, and roots of Malva
neglecta Wallr. were eaten and infusion of the plant
was used to treat constipation, infected boils and oral
fungi in children. However, in the present study, it was
found that infusion of leaves of the same plant was
consumed for a headache as tea; decoction of dried
roots was consumed for common cold and infusion of
dried leaves, flowers and daisy were consumed to treat
inflammations.

Comparison of our study with recent ethnobotanical
studies carried out in near and far regions is presented
in the following table. The plants included in the table
are the ones identified in the study area of the present
study (Table 1). The plants shown with (+) are the ones
which are used in the present study and in that
locality. On the other hand, the plants shown with (-)
are the ones which are included in the present study
but not used in that region. The present study was
compared with 9 ethnobotanical studies in Figure 6.
Previous studies are represented in the table with
numbers as their titles were very long (Table 6). These
studies are as follows:

1. Keskin. L. (2011) Ethnobotanical Properties of Some
Local Plants in Kadinhami (Konya) and its
Surrounding

2. Ezer, N., Aval K. (2004) Folk Medicines of Cerkes
(Cankir1) in Turkey

3. Oral, C.D. (2007) Ethnobotanical Studies on Folk
Medicines used in Konya

4. Elci. B., Erik. S. (2006). Ethnobotanical Properties
of Giidiil (Ankara) and Near Environs
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5. Sarper. F. et al., (2009). An Ethnobotanical Field
Survey in the Haymana District of Ankara Province in
Turkey

6. Yiicel. E. et al., (2010) The wild plants consumed as
food in Mihaliccik district (Eskisehir-Turkey) and
consumption forms of these plants

7. Metin, A. (2009). Ethnobotanical Properties of
Plants in Mut and its Surrounding (Mersin).

8. Ozturk, M., Ding M. (2005) Nizip (Aksaray)
Bolgesinin Etnobotanik Ozellikleri
9. Saday, H. (2009) Ethnobotanical Properties of

Guzeloluk Village and its Surrounding
(Erdemli/MERSIN)

10. Kargioglu et al. (2010) Traditional Uses of Wild
Plants in the Middle Aegean Region of Turkey

i
H

gﬁ

N 107

1
H

= ¥ B 3 [ g

Plant number

25

Bar Chart of Comparison of our research with ethnobotanical
Studies in Turkey

1

m1
m2
o3
m4
@5

ﬂ

o6
a7

21

m':.

= |
ENE|

i

ESH|

5

(O]

Etnobotanlcal Studles

o8

m:E

mjl

o9

Figure 6. Bar Chart of Comparison of our research with ethnobotanical studies in Turkey
Sekil 6. Arastirmamizin Tirkiye'deki etnobotanik ¢alismalaria Karsilastirma Cubuk Grafigi

CONCLUSION

The present study, which was carried out in Kadinhani
and 37 wvillages, aimed to document and record
ethnobotanical uses of wild plants. The uses of these
plants were categorized as food, animal food,
traditional folk medicine, material (houseware,
construction material, various agricultural tools etc.)
fuel and belief (Fig. 7-8).

Traditional ethnobotanical data dating back to very old
times were obtained and recorded in the present study.
It was observed that ethnobotanical knowledge was
partially forgotten by the new generation; however
local people still made use of this knowledge
intensively. Although ethnobotanical plants sold in
particularly local bazaars were used by the young
generation, as ethnobotanical data is transmitted by
word of mouth, they are forgotten and lost quickly. To
prevent this loss of ethnobotanical knowledge, this
data should be identified by the researchers and thus
should be transmitted to future generations.
Therefore, ethnobotanical studies should be supported;
particularly researchers and the public should be
offered encouraging opportunities. In addition,
findings in the field of phytotherapy should be
supported and collected in a data center. Every
individual should fulfill their duties for ethnobotanical
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studies.
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Table 6. Comparison of our research with ethnobotanical studies in Turkey
Tablo 6. Arastirmamizin Tiirkiye'deki etnobotanik ¢calismalarla karsilagtirilmasi

No Latin name Turkey General Name Local name 1 678|910
(Latince ady) (Tiirkiye genel ady) (Yerel ad)

1 Rhus coriaria L. Sumak Sumak + +

2 Anethum graveolens L. Dereotu Dereotu + + | +

3 Petroselinum crispum (Mill.) Fuss Maydanoz Maydanoz + + |+ | +

4 Berberis crataegina DC. Karamuk Karamik + + + | +

5 FEchium italicum L. Engerek otu Danadili + + - +

6 Brassica oleracea L. Beyaz Lahana Lahana + - + + | -

7 Capsella bursa-pastoris (L.) Medik. Kugkus otu Circicuva,bicibici, citcicuva + + |+ |+ + +

8 Descurainia sophia (L.) Webb ex Prantl Uzun siipiirge otu Babatc¢a +

9 Eruca vesicaria (L.) Cav. Roka Roka + + |+ |+ ]|+

10 Lepidium sativum L. Tere Tere + +

11 Sinapis arvensis L. Hardal otu Hardal + + |+ |+ + | +

12 Dianthus zonatus Fenzl. Halkali karanfil Cingene kizi, Sigilotu + - - + | +

13 Silene conoidea L. Salkim ¢igegi Emzik otu +

14 Silene vulgaris Moench) Garcke. Giviggan otu Borana, Boram + +

15 Chenopodium album L. Sirken Sirken + + |+ |+ [+ +] +

16 Cistus laurifolius L. Tavsancil, Ildon, Ildan Yavsanak + +

17 Achillea biebersteinii Afan. Sar1 civanpergemi Ari gicegi +

18 Achillea arabica Kotschy Beyaz civanpercemi Ari gicegi + +

19 Achillea santolinoides subsp. wilhelmsii (K.Koch) Greuter Civanpercemi Dingil dana + + +

20 Cota austriaca (Jacq.) Sch.Bip. Kelkiz ¢icegi Papatya + + +

21 Artemisia santonicum L. Deniz pelini Aci1 Yavsan + -

22 Carduus nutans L. Deve dikeni Keci kangal + +

23 Cyanus depressus (M.Bieb.) Sojak Acimik Gokbasg + +

24 Centaurea solstitialis L. Zerdali dikeni Su dikeni, Saribag dikeni + + +

25 Chondrilla juncea L. Cengel sakizi Cithik + + +

26 Cichorium intybus L. Hindiba Coplu Gilineyik + + + +

27 FEryngium campestre L. Tengel dikeni Bogadikeni, Yelkovdu dikeni + +

28 Helichrysum plicatum DC. Olmez cicek Seker otu +

29 Inula montbretiana DC Andiz otu Salba +

30 Lactuca serriola L. Yabani marul Aci marul, mikirge + + + | +

31 Lapsana communis L. subsp. pisidica (Boiss. & Heldr.) Rech. Fil. | Sebrek Kaba ot + -

32 Onopordum bracteatum Boiss. & Heldr. var. bracteatum Kangal dikeni Deve dikeni +

33 Podospermum canum C.A.Mey Dede sakali Tekesakali Dedesakali +

34 Taraxacum macrolepium Schisch. Karahindiba Keklik otu, karlan kavuk +

35 Taraxacum officinale (L.) Weber ex F.H.Wigg. Karahindiba Giineyik + +

36 Tragopogon buphthalmoides (DC.) Boiss. Yemlik Yemlik + -

37 Tragopogon latifolius Boiss. Yemlik Sakiz salbasi + +

38 Tragopogon latifolius Boiss. Yemlik Emlik + - +

39 Convolvulus arvensis L. Mamiza Ulama otu + + +

40 Juniperus excelsa M. Bieb. Boylu ardig, Boz ardig Gilik Uziimii + + +

41 Juniperus oxycedrus L. Katran ardici Diken Ardig + + + | +
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Table 6. Comparison of our research with ethnobotanical studies in Turkey
Tablo 6. Arastirmamizin Tiirkiye'deki etnobotanik ¢alismalarla karsilagtirilmasi

No Latin name (Latince ady) Turkey General Name (Ttirkiye genel adi) | Local name (Yerel ady) 1|2 5|6 9|10

42 Elaeagnus angustifolia L. Igde Igde + + | +

43 Fuphorbia kotschyana Fenzl Stutlegen Stutlegen +

44 Quercus cerris L. var. cerris Sacli mese Kegi peliti + + +

45 Quercus pubescens Wild Mese Pelit + | + - +

46 Quercus robur L. Sapli mese Pelit(Yenilen) +

47 Erodium cicutarium (L.) L'Hér. Ignelik Innelik + + + | +

48 Juglans regia L. Ceviz Ceviz + | + + + |+ | +

49 Ajuga chamaepitys subsp. chia (Schreb.) Arcang. Yer cam1 Yer mesesi + | - -+ ]+

50 Mentha x piperita L. Nane Nane + +

51 Mentha spicata L. Nane Su nanesi + +

52 Origanum vulgare L. Mercankosk Cay otu, domurcak ¢ay1 +

53 Phlomis linearis Boiss. & Balansa Calba Kusg agz1 +

54 Salvia verticillata L. subsp. amasiaca (Freyn.&Bornm.) Bornm Adagay1 Kara galba +

55 Satureja cuneifolia Ten. Dag kekigi Kara kekik +

56 Sideritis Iibanotica Labill. Dag ¢ay1 Dag cayi, cay otu + +

57 Stachys cretica L. subsp. anatolica Rech. f. Dag ¢ay1 Cay otu + +

58 Teucrium chamaedrys L. Kisa Mahmut otu Kisacik Mahmut, Bodur can + + +
Mahmut, Tatarca otu

59 Teucrium polium L. Ac1 yavsan Koyun otu, Meryem otu, Bozot | + | + + + | + +

60 Thymus zygioides Griseb. Kekik Kekik + | - -

61 Astracantha microcephala (Willd,) Podlech Geven Geven + + +

62 Medicago sativa L. Cevrince Yaban yoncasi + + | +

63 Melilotus officinalis (L.) Pall. Beyaz yonca Yaban yoncasi +

64 Onobrychis arenaria Yabani korunga Tirfil +

65 Trifolium repens L. Yonca Yonca +

66 Trigonella spruneriana Boiss. Tirtil Mal yoncasi +

67 Vicia sativa L. Burcak Kir fasili +

68 Vicia narbonensis L. Koca fig Yilan fasili + + | +

69 Ornitahagalum ortophyllum Ten. Tikrik otu Kedi sogani +

70 Alcea pallida Waldst. & Kit. Hatmi Fatma gilu + + | +

71 Malva neglecta Wallr. Ebegiimeci Ebegiimeci + | + + |+ |+ ]|+ +

72 Morus alba L. Akdut Dut + + | +

73 Glaucium leiocarpum Boiss. Boynuzlu gelincik Kopek lalesi + + +

74 Papaver glaucum Boiss. & Hausskn. Gelincik Yaban haghasg, gelineli + -

75 Pinus nigraJ. F. Arnold. subsp. pallasiana (Lamb.) Holmboe Karacam Cam + | + + +

76 Plantago lanceolata L. Sinir otu Yara otu + | + + |+ |- |+ |+

77 Plantago major L. subsp. major Baga Yara otu + | + + |+ -

78 Acantholimon acerosum (Wild.) Boiss. Pigik geveni Geven + | -

79 Acantholimon venestum Boiss. Pigik geveni Geven +

80 Agropyron cristatum (L.) Gaertn. Ayrik Otu Ayrik Otu + + |+ |+ +

81 Hordeum vulgare L. Arpa Arpa + + +

82 Zea mays L. Misir Misir + | + + |+ | +

83 Polygonum cognatum Meissn. Madimak Yaban kuzukulag: + |- + |+ |+ +
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Table 6. Comparison of our research with ethnobotanical studies in Turkey
Tablo 6. Arastirmamizin Tiirkiye'deki etnobotanik ¢alismalarla karsilagtirilmasi

No Latin name Turkey General Name Local name 1 678|910
(Latince ady) (Tiirkiye genel ady) (Yerel ad)

84 Persicaria lapathifolia (L..) Delarbre Sogiit otu Siipiirge otu +

85 Persicaria maculosa Gray Sogiit otu Sicandisi +

86 Rumex patientia L. Labada Ilibada, evelik + + | +

87 Portulaca oleracea L. Semizotu Bostan giizeli, semiz otu + + + |+ [+ +

88 Ranunculus arvensis L. Diigiin ¢igegi Su pitragi + + - |+

89 Rhamnus lycioides subsp. oleoides (L..) Jahand. & Maire Kér diken Gévem + - +

90 Cotoneaster nummularia Fisch. & Mey. Tavsan elmasi Kirt agac + -+

91 Crataegus monogyna Jacq. Alig Kizilaik, Kirmiza alig + + + | -

92 Crataegus orientalis Pallas ex Bieb. Alig Alig + +

93 Cydonia oblonga Mill. Ayva Ayva + + | +

94 Fragaria vesca L. Cilek Cilek +

95 Pyrus elaeagnifolia Pallas. Ahlat Dag armudu, Yaban armudu + + + | +

96 Rubus idaeus L. Ahududu Citir, Temel tizimi + + -

97 Rosa canina L. Yabani giil Kusburnu, Itburnu, skiizgdzii + + + |+ |+ +

98 Populus alba L. Akkavak Selvi + + | +

99 Populus nigra L. Karakavak Karakavak + + | +

100 | Salix babylonica L. Sogut Salkim sogut + +

101 Verbascum cheiranthifolium Sigirkuyrugu Sigirkuyrugu + +

102 | Solanum tuberosum L. Patates Gumpir + + |+ | +

103 | Daphne oleoides Schreb. Dafne Copleme + - + | +

104 Urtica dioica L. Isirgan Isirgan + + | + + |+ | +

105 Verbena officinalis L. Mine ¢igegi Basir otu +

106 Viscum album L. Okse otu Biivelek otu, bogiirtlen + + | + +

107 | Peganum harmala L. Uzerlik Uzerlik + + | + +
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Figure 7. a-f Medicinal, h-k Food plant used. a- Cistus laurifolius L. b-Inula montbretiana DC. ¢- Euphorbia kotschyana Fenzl., d- Verbascum
cheiranthifolium, e-Plantago lanceolata L., f- Ornitahagalum ortophyllum Ten., g- Rubus idaeus L., h- Taraxacum officinale (L.)
Weber ex F.H.Wigg., 1-Sinapis arvensis L., i- Rosa canina L., j- Rhus coriaria L., k- Pyrus elaeagnifolia Pallas.

Sekil 7. a-f Tibbi, h-k Gida igin kullanmilan bitkiler a- Cistus laurifolius L. b-Inula montbretiana DC. ¢- Euphorbia kotschyana Fenzl., d-
Verbascum cheiranthifolium, e-Plantago lanceolata L., f- Ornitahagalum ortophyllum Ten., g- Rubus idaecus L., h- Taraxacum
officinale (L.) Weber ex F.H.Wigg., 1-Sinapis arvensis L., i~ Rosa canina L., j~ Rhus coriaria L., k- Pyrus elaeagnifolia Pallas.
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Figure 8. a-u materials. a-Andiz, b-Cane, c-Scythe, d-Pitchfork, e- Snow shovel, f-Atki, g-Grain shovelh-Pigirgeg, 1- Grain stem scratch i-Wine
cask boring, j-Garden broom, k-House broom, 1- Kirkit, m-Wooden mortar, n-Senit, o-Partridge cage, 6-Plane, p-Sieve, r-Packsaddle,
s-Kirman (Yiin egirme aleti=Wool spin tool), s-Diiven, t-Hanger, u-Edik (parmak koruyucu=Finger protective), {i-Edigin kullanim
(Finger protective used)

Sekil 8. a-u malzemeler. a-Andiz, b-Baston, ¢-Tirpan, d-Dirgen, e- Kar kiiregi, f-Atki, g-Tahil kiiregi, h-Pisirgec, 1- Tahil sap tirmig: i-Sarap
ficis1 delicisi, j-Bahge siipiirgesi, k-Ev siipiirgesi, I- Kirkit, m-Dibek, n-Senit, o-Keklik kafesi, 6-Planya, p-Elek, r-Eger, s-Kirman (Yiin
egirme aleti = Yiin egirme aleti), g Diiven, t-Aski, u-Edik (= Parmak koruyucu), ii-Edigin kullamimi (Parmak koruyucu)
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OZET

Bu arastirmada, serada yetistirilen hiyar bitkisinin yari islatmal
sulama (YIS) ve geleneksel kisintili sulamaya (KS) tepkisinin
belirlenmesi amaclanmistir. Calisma, Tirkiye'nin gineyinde
Antalya kosullarinda plastik ortila ve cam olmak tzere iki farkl
serada yiiriitiilmiistiir. Kontrol konu (K100) ile birlikte iki
geleneksel kisintili sulama (KS75 ve KS50), ardisik-yar1 islatmali
sulama (A-YIS75 ve A-YIS50) ve sabit-yari islatmali sulama (S-
YIS75 ve S-YIS50) olmak iizere yedi sulama konusu ele alinmistir.
Sulama suyu (mm), verim (t ha'l), bitki boyu (cm), kuru madde vb
gozlem ve oOl¢umler yapilmistir. Sulama suyu kullanim randimani
(SSKR) degerleri (kg (haxmm)?) hesaplanmistir. Beklenildigi gibi,
K100 kontrol konusu toprak su icerigi en ylksek degerlerde ve tarla
kapasitesi yakin bir seyir izlemistir. Diger konularda ise bitki kok
bolges1 toprak su icerigi K100 konusundan daha dusik diizeyde
kalmigtir. Toplam verim degerlerinin istatistiksel analizi sonucu
Tukey’s %5 diuizeyinde sulama konulari arasindaki fark o6nemli
bulunmustur. Ik yil K100, KS75, S-YIS75, A-YIS75 ve A-YIS50
konular istatistiki olarak en yiiksek verim degerlerinde yer almig ve
aralarinda istatistiki olarak bir fark bulunmamigtir. Yine ilk yil, S-
YIS50 ve KS50 konulari ise istatistiki olarak en dusik verim
degerlerine sahip olmustur. Ikinci yil, birinci yila benzer bir sekilde
ancak, sadece K100 ve S-YIS75 konular istatistiki olarak en yliksek
verim degerlerine sahip olmus ve aralarinda istatistiki olarak bir
fark bulunmamigtir. Yine ikinci yil, KS50 konusu istatistiki olarak
en digsiik verim degerine sahip olmustur. SSKR degeri her iki yil en
yiksek A-YIS50 konusunda hesaplanmigtir. En diisik SSKR degeri
ise birinci y11 KS50, ikinci yil ise A-YIS75 konularinda belirlenmistir.
Arastirmada, genel olarak, sulama suyunun kisinti diizeyi artikca
verimde azalma saptanmigtir. Sulama suyundan tasarruf saglamaya
yonelik arastirmalar 6zellikle suyun kit ve pahali oldugu kurak ve
yar1 kurak bolgelerde énemini gittikge artirmaktadir. Bu baglamda,
verimdeki distisin sulama suyundaki azalma oranindan daha
kiiciik kalmasi, YIS konularinin bir avantaji olarak gortilebilir.
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In this study, it was aimed to determine the response of greenhouse
grown cucumber to the partial root zone drying (YIS) and
conventional deficit irrigation (KS). The study was conducted in
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observations and measurements were recorded. Irrigation water use
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efficiency (SSKR) values (kg (haxmm)?l) were calculated. As
expected, the soil water content of control (K100) treatment was at
the highest values and field capacity followed a close course. In other
treatments, the soil water content in the plant root zone remained
lower than the K100. As a result of the statistical analysis of the
total yield values, Tukey's 5% level difference between irrigation
treatments was found to be significant. In the first year, K100, KS75,
S-YIS75, A-YIS75 and A-YIS50 treatments were statistically at the
highest efficiency values and there was no statistically difference
between them. Again, in the first year, S-YIS50 and KS50 treatments
had statistically the lowest efficiency values. In the second year,
similar to the first year, but only the K100 and S-YIS75 treatments
had the highest efficiency values statistically, and there was no
statistically difference between them. Again, in the second year,
KS50 treatment had the lowest efficiency value statistically. The
SSKR value was calculated for the highest A-YIS50 for both years.
The lowest SSKR value was determined in the first year KS50 and
the second year in A-YIS75. In the study, generally, as the level of
irrigation water reduced, the yield was decreased. Studies on saving
irrigation water, in particular, it is increasingly important in arid
and semi-arid regions where water is scarce and expensive. In this
context, an advantage of YIS treatment is that the reduction in yield

remains smaller than the rate of reduction in irrigation water.
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GIRIS yetistirilmekte, koklerinin yarisimin  bulundugu

Suyun kit ve pahali oldugu bolgelerde yaygin
kullanima sahip olan ve geleneksel olarak uygulanan
kisintili sulama ile mevsim i¢i sulamalarda optimum
urini saglamak kosuluyla, gerekenden daha az su
uygulayarak, mevcut su kaynagi ile daha fazla tarim
alaninin sulanmasi1 amagclanir. Diger bir kisintili
sulama uygulamasi da yar1 islatmali sulama (YIS)
uygulamasidir. YIS wuygulamasi ile geleneksel
sulamalarda uygulanan su miktari belirli bir oranda
azaltilarak goérece olarak bitki koéklerinin yarisi
1slatilmakta ve  kalan  diger yaris1  kuru
birakilmaktadir. Boylece, suyun kit ve pahali oldugu
bolgelerde geleneksel kisintili  sulamaya benzer
sekilde, daha az su wuygulayarak, mevcut su
kaynaklarindan daha etkin bir gsekilde yararlanilmasi
amaclanir (Kang ve ark., 1998). Yar1 1slatmali sulama
uygulamas1 altinda bitki kok bdélgesinin periyodik
olarak yarisinin 1slatilmasiyla, bilinen geleneksel
kisintili sulama uygulamasina kiyasla su kullanim
randimaninin daha yiliksek olabilecegi gosterilmistir
(6r., Chaffey, 2001). Yar1 1slatmali sulama
uygulamasinda bitki koklerinin bir tarafi gorece
1islatilirken, koklerin diger tarafi gorece kuru
birakilir.

Yar1 1slatmali sulama uygulamasina yoénelik ilk
calismalar, seralarda saksi1 denemeleriyle yapilmigtir.
Bitkiler, kokleri ikiye ayrilarak iki farkli saksida
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saksilar ardisik olarak sulanir ve kuru birakilirken,
gelisimlerini devam ettirebilmektedirler. Bu durumda
yetigtirilen bitkilerin yapraklarinda su kaybi1 daha az
olmakta ve stomalar1 goreli olarak kapanmaktadir
(Zhang ve ark., 1987; Davies ve Zhang, 1991; Davies
ve ark., 1994). Bitkilerdeki stoma kontroliiniin,
koklerin bir yarisinin periyodik olarak kuru
birakilmasiyla koklerden yapraklara goénderilen
kimyasal sinyallerle saglandigir ileri strilmustir
(Davies ve Zhang, 1991; Tardieu ve Davies, 1992). Bu
sinyaller bitkide vegetatif gelismeyi azaltirken,
generatif gelismeyi tesvik etmektedir. Koéklerin bir
yarisinin kuru birakilirken, diger yarisinin islatilmasi
sonucu ksilem elementleri icginde absisik asit
konsantrasyonunun artarak stomalarin kapanmasin
tetikledikleri gésterilmistir (Stoll ve ark., 2000). Kok
i¢i su potansiyelinin degisimi, ksilem suyu pH’sinin
artmasi gibi diger nedenler de yapraklarda stoma
acikliginin kontroliinde etkili oldugu go6sterilmistir
(Wilkinson ve Davies, 1997).

Yar1 1slatmali sulama (YIS) ile ilgili literatiir
taramasindan, YIS teknigi tizerine yogun bir sekilde
arastirmalarin yapildigi goriilmektedir. Ele alinan
arastirmalarda kimi degisik bitki tir ve c¢esidi
materyal olarak yer almasina karsin, YIS teknigi
altinda hiyar bitkisinin olasi tepkilerine yonelik bir
aragtirmanin yuritilmedigi gorilmektedir. Hiyar,
Antalya yoresi ve Turkiye i¢in ¢ok genis Uretim
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alanina ve tuketime sahip oldugu ve literatiirdeki
eksiligi de gidermek amaciyla bu arastirmanin bitki
materyalini  olusturmustur. Arastirmada, hiyar
bitkisi yetistiriciliginde geleneksel kisintili sulama
uygulamalar: ile sabit ve alternatif YIS teknigi test
edilerek muhtemel tepkileri arastirilmigtir.

MATERYAL ve METOD
Aragtirma alam ve 6zellikleri

Aragtirma, Akdeniz Universitesi Ziraat Fakiltesi
Arastirma ve Uygulama Arazisinde ilkbaharda
olacak sekilde, iki yetistirme doneminde cam ve
plastik oOrtili olmak tzere i1ki farklhi serada
yuratilmustir. Seralar, Turkiye’de yaygin olarak
kullanilan ve kuzey-gliney yéniinde kurulmus 16x60
m boyutunda planlanmistir. Arastirma alaninin deniz
seviyesinden yiiksekligi 54 m’dir (Anonim, 1998).

Akdeniz ikliminin hikim sturdigi arastirma
alaninda yazlar sicak ve kurak, kiglar ilik ve
yagishidir. Antalya’da yillik ortalama sicaklik 18.0 °C,
en soguk ay 9.2 °C ile Ocak ve en sicak ay ise 28.2 °C
ile Temmuz ayidir. Yillik ortalama oransal nem %63,
ortalama toplam yagis 1063.5 mm ve ortalama
toplam buharlagma 1886.3 mm’dir (Anonim, 2000).

Aragtirma  alam1  topraklari  Goélbasi  serisine
girmektedir. Masif travertenler tizerinde gelismis
bulunan Goélbag: serisi topraklar: fazla profil gelisimi
gostermeyen ve genc¢ topraklar olmalari nedeniyle
Entisol ordosuna dahil edilmistir. AC horizonlu ve
¢cok genc¢ olan bu seri topraklarinin biitiin profilleri
killi-tin tekstiire sahiptir. Hemen hemen diiz ve diize
yakin topografyalarda yer alirlar (Sar1 ve ark., 1993).
Yillar itibariyla, arastirmanin yapildig1 seralara ait
kimi toprak o6zellikleri Cizelge 1’de verilmistir.

Cizelge 1. Deneme alini topraklarinin kimi fiziksel 6zellikleri.
Table 1. Some physical properties of the experimental soil.

Derinlik (cm) Tarla kapasitesi (cm3 cm3)

Solma noktasi (cm3 cm™)

Hacim agirligi (g cm™)

Plastik ortiilii-sera (Birinci y1l)

0-20 0.292 0.196 1.128
20-40 0.271 0.208 1.236
40< 0.251 0.186 1.286
Cam-sera (Ikinci y1l)
0-20 0.415 0.294 1.349
20-40 0.375 0.273 1.296
40 < 0.332 0.262 1.391
Bitki materyali 50 cm ve sira arasti 80 cm olacak gekilde

Deltastar F1 — hibrid hiyar cesidi kullanmilmigtir.
Sozkonusu c¢esit, ge¢ guzlik ve erken ilkbahar
yetigtiriciligi i¢in uygun multi bir hiyar cesididir.
Gugli ve acgik bitki yapisina sahip olup uzun dénemde
yetigtirilebilir. Uzunlugu 16-18 cm olup koyu yesil ve
parlak renkte meyvesi vardir. Meyveleri kaliteli ve
homojendir. Raf 6mri uzundur. CMV / CVYV / Sf /
Scab / Pc gibi viriis ve hastaliklara karsi dayanikhdar.

Sulama uygulamasi ve aragtirma planlamasi

Sulama suyu, Akdeniz Universitesi Ziraat Fakiltesi
Aragstirma ve Uygulama Arazisi'nde bulunan pompaj
sisteminden saglanmigtir. Sulama uygulamalar:
damla sulama yontemiyle gerceklestirilmistir.
Sulama konularimin uygulanmasina baglandiktan
sonra birinci yil toplam 24 ve ikinci yil ise toplam 19
kez sulama uygulamasi yapilmigtir. Birinci yi1l toplam
21 ve ikinci yil ise 14 kez hasat iglemi
gerceklestirilmigtir. Calisma birinci yi1l 129 giin ve
ikinci yil ise iklim kogullarina bagl olarak 119 giin
surmistir. Arastirmada yedi sulama konusu ele
alinmig ve ayrintisi Cizelge 2’de verilmigtir.

Arastirmada ele alinan sulama konular: tesadufi bir
sekilde ve 3 yinelemeli olarak seraya yerlestirilmigtir.
Fideler tesaduf parselleri deneme desenine gore
topraga sasirtilmistir. Hiyarin dikim islemi, sira tizeri
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gerceklestirilmistir. Her bir sirada 16 bitki ve her bir
sulama konusunda toplam 5 sira yer almistir. Hasat
islemleri, kenar tesiri de dikkate alinarak, genel
olarak her bir konunun bir tekerriiriinden olmak
tizere 14 bitkiden yapilmigtir.

Yetisme mevsimi boyunca farkli sulama konular
altindaki toprak su igerigi PR2 toprak profilinde su
O6lcim senséri ile izlenmigtir. Sulamalar sabit
araliklarla gigeklenmeye kadar haftada bir, meyve
tutumundan son hasada kadar ise haftada iki olacak
sekilde planlanmigstir. Sera igerisine A-Sinifi buhar
kab1 konulmus ve buradan alinan buharlagsma
6lcimleri kullanmilarak asagidaki esitlik yardimiyla
kontrol (K100) konuya uygulanan sulama suyu
miktar1 hesaplanmistir (Kirda ve ark., 2004; Kaman
ve ark., 2006):

I =KxEp

Esitlikte: I, sulama suyu (mm); K, bitki értii yiizdesi
katsayisi; Ep, sulama araligina karsilik gelen A-Sinifi
buhar kabindan alinan toplam buharlagma (mm).

Hiyar bitkisi i¢in gerekli olan ve yoredeki turetici
uygulamasi ile arastirma sonucglarindan elde edilen
veriler dogrultusunda azot, fosfor ve potasyum
giibrelerinden sirasiyla 100 mg 11, 30 mg 1! ve 200
mg 11 olarak uygulanmistir (Kirda ve Baytorun,
1999).
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Cizelge 2. Sulama konular: ve aciklamalar:
Table 2. Irrigation treatments and description

Sulama konular: Acgiklamalar:
K100 A-Sinifi buharlagsma kabina goére hesaplanan, bitkinin ihtiya¢ duydugu sudan
herhangi bir kisint1 yapilmaksizin geleneksel olarak uygulanan kontrol konu.
K100 konusuna uygulanan su miktarinin %75’inin bitki kéklerinin her iki tarafina
KS75 N
uygulandigi geleneksel kisintili sulama konusu.
KOO konusuna uygulanan su miktarinin %75'inin her sulamada ardigsik olarak
A-YIS75 N N .
koklerin bir yarisi 1slatilacak sekilde uygulanan sulama konusu.
S-VIST5 K100 konusuna uygulanan su miktarinin %75’inin sezon boyunca her sulamada
sabit olarak koklerin ayni tarafi islatilacak sekilde uygulanan sulama konusu.
K100 konusuna uygulanan su miktarinin %50°sinin bitki koklerinin her iki
KS50 N
tarafina uygulandig geleneksel kisintili sulama konusu.
K100 konusuna uygulanan su miktarinin %50’sinin her sulamada ardigik olarak
A-YIS50 N .. .
koklerin bir yarisi 1slatilacak sekilde uygulanan sulama konusu.
S-VIS50 K100 konusuna uygulanan su miktarinin %50’sinin sezon boyunca her sulamada
sabit olarak koklerin aym tarafi islatilacak sekilde uygulanan sulama konusu.

Aragtirmada farkli sulama uygulamalarina kars:
hiyarin tepkisini belirlemek amaciyla bitki boyu
Olcimleri  yapilmigtir. Sulama uygulamalarina
baglamadan 6nce her bir konudan ve o konuyu temsil
edecek altisar bitki (alt1 yineleme) isaretlenmistir.
Bitki boyu olgimleri isaretli bitkilerde yetigsme
mevsimi boyunca stirdirilmustiar. Toprak tsti kuru
madde tretimi yine bitki boy 6l¢limiinde oldugu gibi
sezon boyunca izlenmigtir. Hasat islemlerinde ise
meyveler olgunlagsmaya bagladiktan sonra arazi tipi
tart1 ile kiitleleri belirlenmistir. Bu igslem dénem
sonuna-son hasada dek devam etmistir.

Mevsim boyunca uygulanan sulama suyu ve verim
degerlerinin kaydedilmesiyle birlikte, her bir sulama
konusu i¢in agagidaki esitlik yardimiyla sulama suyu
kullanim randimani (SSKR) hesaplanmistir.

SSKR=V/SS

Esitlikte: SSKR, sulama suyu kulanim randimani (kg
(haxmm)1); V. verim (kg hal); ve SS, mevsim
boyunca uygulanan sulama suyudur (mm).

Aragtirmanin tamamina sulama suyu diizeyl ve
sulama uygulama bicimindeki farklihk digsinda
giibreleme, budama, ilaglama vs. gibi tim
uygulamalar esit bir sekilde yapilmistir. Dolayisiyla
hiyar bitkisinin ortaya koydugu davranig, sadece

uygulanan sulama suyu dizeyi ve uygulama
bi¢iminden etkilenmigtir.
Arastirmadan elde edilen veriler SAS istatistik

programi yardimiyla %5 0Onem seviyesinde analiz
edilmigtir.

BULGULAR ve TARTISMA

Toprak su igerigi

Yetisme sezonu boyunca mevsimlik toprak su igerigi
izlenmig ve Sekil 1’de arastirmanin birinci yili igin
ornek olarak bitki kok bdélgesi su igeriginin mevsim
boyunca degigimi verilmigtir. Arastirmanin ikinci
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yilinda da bitki kék bolgesi su igeriginin mevsim
boyunca degisimi benzer bir tavir sergilemistir.

Beklenildigi gibi K100 kontrol konusu toprak su
icerigi en yuksek degerlerde ve tarla kapasitesi yakin
bir seyir izlemistir (Sekil 1). Diger konularda ise bitki
kok bolgesi toprak su icerigi K100 konusundan daha
dustik duzeyde kalmigtir. Bitki kok bolgesi igerisinde
en dusik toprak su igerigi ise sulama suyundan %50
kisint1 yapilan konularda o&lgilmusgtir. Ele alinan
konular itibariyle, sulama suyu miktarindaki
azalmaya bagl olarak, bitki kék bdélgesi toprak su
icerigindeki azalma Kirda ve ark. (2004), Kirda ve
ark. (2005) ve Kaman ve ark. (2006) tarafinda yapilan
calismalarla benzerlik gostermigtir. Sulama
suyundan %50 kisint1 yapilan konularda K100
konusuna oranla su i¢eriginin net bir sekilde daha az
oldugu saptanmistir. Bu durum ayni zamanda ele
alinan arastirma konularinin iyi planlandig: ve dogru
bir gekilde uygulandigini géstermektedir.

Verim, sulama suyu ve sulama suyu kullamim
randimam

Mevsim boyunca, her bir hasatta elde edilen verim (t
ha'l) degerlerinin zamansal degisimi Sekil 2 ve Sekil
3’de verilmigtir. Sulama konular: altinda dénem sonu
itibariyla toplam sulama suyu (mm), toplam verim (t
hal) ve sulama suyu kullanom randimanm (kg
(haxmm)1) degerleri Cizelge 3'de goriilebilir. K100
konusunun sahip oldugu sulama suyunun %25 eksigi
KS75, A-YIS75 ve S-YIS75 konularina, benzer bir
sekilde, %50 eksigi ise KS50, A-YIS50 ve S-YIS50
konularina uygulanmistir.

Mevsim sonu itibariyle, birinci ortalama toplam en
yiikksek verim (188.10 t ha'!) olarak K100 konusunda
meydana gelirken, en diisiik (122.67 t ha'l) KS50
konusunda kaydedilmigtir. Verim azalig oran1 K100
konusuna kiyasla KS50 konusunda yaklasik %34.78
oraninda  gerceklesmigtir. Yine mevsim sonu
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itibariyle, ortalama toplam verim degerlerinin
buylukten kiigige dogru siralamasi tim sulama
konularn1  icin  K100>KS75>S-YIS75>A-YIS75>A-
YIS50>S-YIS50>KS50 seklinde hesaplanmigtir
(Cizelge 3). Ikinci yil ise (191.68 t hal) yine K100
konusunda meydana gelirken, en diisiik (100.01 t ha
1) yine KS50 konusunda kaydedilmistir. Bu durumda,
verim azalis orami K100 konusuna kiyasla KS50
konusunda yaklagik %47.82 oraninda gerceklegmistir.
Mevsim sonu itibariyla ortalama toplam verim
degerlerinin biiyiikten kiiglige dogru siralamasi tim
sulama konular1 i¢in K100>S-YIS75>A-YIS50>S-

hesaplanmistir (Cizelge 3). Kontrol konuya gore
kiyaslama yapildiginda, verim azalig oranminin S-
YIS75 konusu altinda en  dusik olarak
hesaplanmigtir. Benzer bir sekilde, Kontrol konuya
gore kiyaslama yapildiginda, verim azalis oraninin
her iki yil igin KS50 konusu altinda en yuksek olarak
kaydedilmigtir.

Mevsim sonu itibariyle toplam verim degerlerinin
istatistiksel analizi sonucu Tukey’s %5 diizeyinde
sulama konular1 arasindaki fark énemli bulunmustur
(Cizelge 3). Ilk y11 K100, KS75, S-YIS75, A-YIS75 ve
A-YIS50 konular: istatistiki olarak en yiiksek verim
degerlerinde yer almig ve aralarinda istatistiki olarak

YIS50>KS75>A-YIS75> KS50 seklinde
| —%— K100 —@—KS75 —&— A-YIS75 —8—S-YIS75 --&--KS50 --#--A-YIS50 --®--S-YIS50
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Sekil 1. Birinci yil tiim konular altinda toprak su i¢eriginin mevsimsel degigimi.
Figure 1. Seasonal change of soil water content under all treatments in the first year.
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Sekil 2. Birinci yil, sulama konular1 altinda her hasatta elde edilen verim degerlerinin degisimi.
Figure 2. In the first year, the change of yield values obtained in each harvest under irrigation treatments.
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Sekil 3. Ikinei yil, sulama konular: altinda her hasatta elde edilen verim degerlerinin degisimi.
Figure 3. In the second year, the change of yield values obtained in each harvest under irrigation treatments.

bir fark bulunmamagtir. Yine ilk yil, S-YIS50 ve KS50
konular1 ise istatistiki olarak en disik verim
degerlerine sahip olmustur. Ikinci yil birinci yila
benzer bir gekilde ancak, sadece K100 ve S-YIS75
konular1 istatistiki olarak en yuksek verim
degerlerinde yer almig ve aralarinda istatistiki olarak
bir fark bulunmamistir. Yine ikinci yil, KS50 konusu
istatistiki olarak en dusik verim degerine sahip
olmustur.

Sulama suyu kullanim randimani (SSKR) degeri her
iki yil en yuksek A-YIS50 konusunda hesaplanmig

(Cizelge 3) ve Kirda ve ark. (2004), Kaman ve ark.
(2006) ve Topcu ve ark. (2007) tarafindan yapilan
arastirma sonuglariyla benzerlik gostermigtir.

En dugsik SSKR degeri ise birinci yi1l KS50, ikinci yil
ise A-YIS75 konularinda belirlenmigtir. SSKR
degerlerinin istatistiksel analizi sonucu Tukey’s %5
diizeyinde sulama konular1 arasindaki fark birinci yil
onemli bulunmamistir (Cizelge 3). Ancak, ikinci yil
sulama konular1 arasindaki fark istatistiki olarak
onemli ¢ikmisgtir.

Cizelge 3. Verim (t ha'!), sulama suyu (mm) ve sulama suyu kullanim randimani (kg (haxmm)-1).
Table 3. Yield (t ha'l), irrigation water (mm) and irrigation water use efficiency (kg (ha X mm)1).

Sulama konular: Sulama suyu (mm)

Verim (t ha)* SSKR (kg (haxmm)1)*

Plastik értiilii-sera (Birinci y1l)

K100 216.51 188.10 + 6.65 a 868.78 £ 30.73 6.d.
KS75 184.27 164.89 + 6.83 ab 894.81 +37.08 6.d.
A-YIS75 184.27 152.02 £ 12.04 ab 824.99 + 65.36 6.d.
S-YIS75 184.27 157.97+17.27 ab 857.25+93.73 6.d.
KS50 152.04 122.67 £ 8.87b 806.85 + 58.36 6.d.
A-YIS50 152.04 138.60 + 11.84 ab 911.63+ 77.856.d.
S-YIS50 152.04 132.82 +£9.27b 873.61 + 60.95 6.d.
Tukey’s CV 12.56 -

Cam sera (Ikinci y1l)
K100 148.02 191.68+21.64 a 1294.93 + 146.22 ab
KS75 118.52 112.30 = 5.79 be 947.53 + 48.84 ab
A-YIS75 118.52 110.06 + 8.84 bc 928.61 + 74.58 b
S-YIS75 118.52 157.69 £+ 3.52 ab 1330.49 + 29.67 ab
KS50 89.01 100.01 +13.85¢ 1123.59 + 155.64 ab
A-YIS50 89.01 122.28 + 2.61 be 1373.76 £29.29 a
S-YIS50 89.01 114.02 + 4.87 be 1280.99 + 54.70 ab
Tukey’s CV 14.41 13.36

*Tukey’s %5 diizeyinde énemli derecede farkhdir.
6.d.: Onemli degil
Veriler (n=3) + Standart Hata ile birlikte ortalamadir.
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Verim (t ha?l) ile sulama suyu (mm) arasindaki
iligkiler birinci ve ikineci yil i¢in sirasiyla Sekil 4 ve
Sekil 5’de verilmigtir. Su-verim iligkisini ayrintili bir
sekilde irdelemek amaciyla; kontrol (K100) konuyla
birlikte geleneksel kisintilh (KS75 ve KS50), ardisik

yar1 1slatmali (A-YIS75 ve A-YIS50) ve sabit yar
1slatmali (S-YIS75 ve S-YIS50) uygulamalar: ayr1 ayri
grafiklenmistir. Birinci yi1l ve ikinei yil sulama suyu
ile verim arasinda oldukca yiliksek oranda dogrulsa
bir iliski tespit edilmistir (Sekil 4, Sekil 5).

200
[ Konular: K100, KS75, KS50 -0
180 1 i
8 160 | 927
= i # y =1.0148x - 28.449
= I T R2=0.9726
T 140 p
@ - o
> E S
1201 ©
100 [ T TRRET (L VA | f (A VRN S p—— ; PR [ T | f ey
200
[ Konular: K100, A-YIS75, A-YIS50 (o]
180 1 P
S 160 | il
= | _.-”7 O y=07677x +18.103
1401 o.-"" R? = 0.9347
Q L e
> L
120 1
B e B e
200 T
[ Konular: K100, $-YIS75, S-YIS50 o
180 | -
£ 160 | P
= i #e y = 0.8574x + 1.6355
E - i R2=0.9973
T 140 1 i
> o
120 +
{17 R A S W T A S S Ol
140 160 180 200 220 240
Sulama suyu (mm)

Sekil 4. Aragtirmanin birinci yili i¢in verim-sulama suyu arasindaki iligki.
Figure 4. The relationship between yield-irrigation water for the first year of the study.
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Sekil 5. Aragtirmanin ikinci yili i¢in verim-sulama suyu arasindaki iligki.
Figure 5. The relationship between yield-irrigation water for the second year of the study.

Genel olarak, sulama suyu artisina bagh olarak
verimde de artis kaydedilmistir. Ayni zamanda, bu
durum kisintih sulama programinin da dogru bir
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sekilde uygulandiginin bir goéstergesidir. Bununla
birlikte, 6zellikle, sabit yar1 1slatmal (S-YIS75 ve S-
YIS50) konular1 altindaki verim-sulama suyu iligkisi
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(birinci y11 R2=0.9973 ve ikinci yil R2=0.9949) en
yiksek gitkmistir (Sekil 4, Sekil 5).

Bitki boyu ve kuru madde geligimi

Farkli sulama diizeyi ve uygulama bi¢imleri altinda
hiyar bitkisinin davranigini test etmek amaciyla
verimin yani sira bitki boyu 6lgimleri de yapilmagtir.
Birinci ve ikinci yila ait bitki boyunun mevsimsel
degisimi sirasiyla Sekil 6 ve Sekil 7’de verilmigtir.

Bitki boyu gelisimi fidelerin seraya dikiminden
itibaren yaklagik 50 giin sonra ele alinan konular
altinda farklhilagsmaya baslamigtir. Beklenildigi gibi
en yiksek boy wuzunlugu K100 konusunda
gerceklesmistir (Sekil 6, Sekil 7). Ozellikle ikinci yil,
bitki boy gelisimi agisindan K100 konusunu S-YIS75
konusu izlemistir (Sekil 7). Genel olarak KS50, A-

YIS50 ve S-YIS50 konularinda da benzer bir egilimle
en diisiik boy dlciimleri kaydedilmistir (Sekil 6, Sekil
7.

Kuru madde 6l¢im degerleri i¢in 6rnek olarak sadece
ikinci yila ait grafik Sekil 8de goérilebilir. Kuru
madde degerlerinde 6zellikle birinci yil, genel olarak
mevsim igerisinde artis ve azaliglar kaydedilmigtir.
Bunun nedeni ise daha iyi bir bitki geligimi saglamak
icin zaman zaman budama vb iglemler yapilmigtir.
Bu nedenle kuru madde degerlerinde zaman zaman
digiik degerler kaydedilebilmigtir. Ikinci yil ise
ozellikle mevsim sonuna degin K100 konusundaki
kuru madde degeri beklenildigi gibi daha ylksek
gkmigtir. A-YIS50 konusundaki kuru madde degeri
daha diisiik kalmistir (Sekil 8).
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Sekil 6. Birinci yil, tiim sulama konular1 altinda bitki boyunun mevsimsel degigimi.
Figure 6. First year, seasonal change of plant height under all irrigation treatments.
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Sekil 7. Tkinci y1l, tiim sulama konular: altinda bitki boyunun mevsimsel degisimi.
Figure 7. Second year, seasonal change of plant height under all irrigation treatments.
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Sekil 8. Ikinci yil, tiim sulama konular1 altinda kuru madde degerlerinin mevsimsel degigimi.
Figure 8. Second year, seasonal change of dry matter values under all irrigation treatments.

Ele alinan bu arastirmada, sulama suyu
miktarindaki kisint1 diizeyinin artmasiyla birlikte
geleneksel kisint1 sulama altindaki verim azaligi, YIS
uygulamalarina oranla daha yiiksek olmus (Cizelge 3,
Sekil 4, Sekil 5) ve Kirda ve ark. (2004) tarafinda
yapilan ¢alismayla benzerlik gostermistir. YIS teknigi
ile bitki koklerinin bir boéliminin kuru birakilmasi
sonucu susuzluk stresi meydana gelmekte, stoma
acikliklar1 kapanmakta ve bunun sonucu bitki su
tiketimi azalmaktadir. Boylece, YIS teknigi altinda
verimde oOnemli bir azalma olmadan sulama
suyundan tasarruf edilebilmektedir. Wilkinson ve
Davies (1997), susuzluk stresi altinda stoma
davramigim1 gozlemigler ve goézlenen degisikligin
ksilem ile taginan absisik asit konsantrasyonunun
degismesiyle tetiklendigini tespit etmislerdir. Kang
ve ark. (2000) tarafindan yapilan bir arastirmada,
YIS tekniginin diger geleneksel sulamalara oranla
sulama suyundan daha yiiksek miktarlarda tasarruf
sagladigimi bildirmiglerdir. Benzer sekilde Kang ve
ark., (2001) tarafindan yiiriitilen bir baska
arastirmada da YIS uygulamas1 altinda geleneksel
sulamalara oranla daha yuksek verim ve en 1yi su
kullanim randimani elde edilmistir.

SONUC ve ONERILER

Aragtirmanin tamamina sulama suyu diizeyl ve
uygulama bi¢imindeki farklhihik diginda giibreleme,
budama, ilaglama vs. gibi tim uygulamalar esit bir
sekilde yapilmigtir. Dolayisiyla bitkinin ortaya
koydugu davranmig sadece uygulanan sulama suyu
diizeyi ve uygulama bigiminden etkilenmigtir. Degigik
sulama dizeyi ve uygulama bigimleri altinda hiyar
bitkisinin davranigini test etmek amaciyla verimin
yani sira bitki boyu, kuru madde gibi gézlem ve
Olgimler yapilmigtir. Arastirmadan elde edilen
sonuclara gore farkli sulama konular1 altinda
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kaydedilen verim degerleri istatistiksel anlamda
onemli bulunmustur. Sulama suyunun kisint1 dizeyi
artik¢a verimde azalma saptanmagtir.

Iyi kaliteye sahip sularin az ya da sulama amach
kullanilabilecek sularin yeterli olmadigi durumlarda
sulama suyu maliyeti ¢ok o6nemli olmaktadir. Bu
arastirma sonucunda K100 konusundan su miktar:
%50 kisint1 yapilan KS50’deki verim azalig1 en fazla
olmustur. Buna ilave olarak YIS uygulamalar: (A-
YIS50 ve S-YIS50) altinda verim azalist KS50°den
daha az gergeklesmigtir. Arastirmada, sulama suyu
miktarindaki azalis ile verimdeki diisme oranmi ayni
olmamigtir. Sulama suyundan tasarruf saglamaya
yonelik arastirmalar 6zellikle suyun kit ve pahalh
oldugu kurak ve yar1i kurak boélgelerde ©6nemini
gittikce artirmaktadir. Bu baglamda, verimdeki
dustis sulama suyundaki azalma oranindan daha
kigiik kalmasi YIS konularimin bir avantaji olarak
gorilebilir.
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ABSTRACT

The purpose of this study was to determine the daily noise exposure
levels in olive harvesting and to evaluate its effects on employees'
health. The sound pressure levels (dBA) at the ear level of the
employees were measured during olive harvest operations performed
by hand-held, self-propelled and tractor-driven machines. It was
determined that equivalent sound pressure levels and daily personal
noise exposure levels at the operator ear level were in the range of
74-88 dBA and 66-82 dBA, respectively. These values for other
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employees ranged from 71 to 81 dBA and 65 to 75 dBA. It was Employegs
determined that the hand-held and tractor driven machines driven Ergonomics
by internal combustion engines had higher noise parameters
compared to other machines, and the lower exposure action value
was exceeded in these machines. The study showed that the health
and work efficiency of the employees could be adversely affected, due
to prolonged exposure during olive harvest activities.
Zeytin Hasadi Mekanizasyonunda Giirilti Maruziyeti
OZET Aragtirma Makalesi
Bu calismada makinali zeytin hasadi faaliyetlerinde giinlik kisisel
glrilti maruziyet seviyelerinin belirlenmesi ve ¢aliganlarin saglig: Makale Tarihgesi
uzerindeki etkilerinin degerlendirilmesi amaclanmigtir. El tipi, Gelig Tarihi  :17.07.2020
kendi yurur ve traktor tahrikli makinelerle yapilan zeytin Kabul Tarihi :30.05.2021
hasatlarinda c¢alisanlarin kulak seviyesindeki ses basinci seviyeleri ;
Anahtar Kelimeler

(dBA) olctilmiistiir. Operator kulak seviyesinde esdeger ses basinci
diizeylerinin ve gunlik kigisel glrilti maruziyet seviyelerinin
sirasiyla 74-88 dBA ve 66-82 dBA araliginda oldugu belirlenmigtir.
Diger c¢aligsanlar i¢in bu degerler 71 ila 81 dBA ve 65 ila 75 dBA
arasinda degismistir. Termik motor tahrikli el tipi ve traktor tahrikli
makinelerin diger makinelere gore daha yliksek guralta
parametrelerine sahip oldugu ve bu makinelerde en dusuk
maruziyet eylem degerinin asildigi belirlenmigtir. Makinali zeytin
hasadi faaliyetlerinde, maruz kalinan giliriiltii seviyelerinin insan
saghgina fiziksel, fizyolojik ve psikolojik yonden olumsuz etkilerinin
olabilecegi ve c¢alisma performansini olumsuz etkileyebilecegi
sonucuna varilmigtir.

Zeytin hasat makinalari
Ses basing diizeyi
Calisanlar

Ergonomi
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INTRODUCTION

Harvesting activities covering 70% of the production
process constitute the last and most important part of
olive cultivation (Saracoglu, 2001). The harvest period
(October-February) and possible adverse weather
conditions cause problems in finding workers,
increasing labor cost, and hand harvesting constitutes
and decreasing working efficiency (Saracoglu, 2001;
Cicek et al., 2012). In parallel with the technological

advances, there have been important developments in
olive harvest mechanization, and in recent years,
traditional vehicles have been replaced by hand-held,
tractor driven and self-propelled machines. Tree form
and land structure are two important criteria in
choosing these machines.

Since most olive orchards were established in slopy
lands in most countries, hand-held machines were
preferred in olive harvesting in the past, but recently,
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the use of tractor driven and self-propelled machines
has become widespread due to the higher work
capacities. While these technologies and innovations
provide important advantages such as saving time
and decreasing the dependence on labor, they can also
have some undesirable effects on employees (Sola-
Guirado et al., 2014; Bernardi et al, 2018).
Particularly, machine operators and the other
employees work under various hazards and risks in
terms of occupational health and safety. Noise is one
of the most widely and frequently experienced
problems of the man-machine systems (Cicek et al.,
2015; Stangl et al., 1973; Sabanci and Siimer, 2015).
The effects of noise in agricultural activities have
attracted the attention of many researchers, and
studies have focused on tractors, known as a common
source of farm noise. It has been determined that
tractors produce dangerous levels (range from 75-106
dBA, Leg) of noise under various working conditions
(Matthews, 1968; Sullivan et al., 1980; Meyer et al.,
1993; Aybek et al., 2010; Bilski, 2013; Stimer et al.,
2016). Various studies have also been carried out to
determine the noise levels (range from 56-90 dBA,
Leq) caused by various self-propelled and hand-held
machines. The examples include wine and cereal
growing (Franzinelli et al., 1988), hand-held olive
harvesters (Saracoglu, 2001), motor scythes (Cakmak
and Alayunt, 2009; Cakmak et al., 2011), combine
harvesters (Siimer et al., 2006; Jahanbakhshi et al.,

2016), grain dryers (Reinvee et al., 2013), hazelnut
harvester (Sauk and Beyhan, 2016), and grass cutting
machine (Calvo et al, 2016).

There are two studies on noise formation in olive
harvest, and only hand-held electric machines (hook
and flap types) were examined in the previous studies
(Saracoglu, 2001; Cakmak et al., 2011). No study has
been found on the noise level and effects of internal
combustion engine driven machines, widely used in
olive harvesting. The objective of this study was to
determine the daily noise exposure levels of some
machine types widely used in olive harvesting and to
evaluate their effects on employees' health. For this
purpose, sound pressure level (SPL) measurements
were conducted during the olive harvests performed
by hand-held, self-propelled, and tractor-driven
machines, and the results were evaluated by
considering the relevant regulations and various
research results.

MATERIAL and METHOD

The study was conducted in the Marmara and Aegean
Region of Turkey. The machines were selected in a
variety to represent all the machines used in olive
harvest and had different technical characteristics
and different working principles according to the
topography and tree form: hand-held types, self-
propelled and tractor-driven (Figure 1).

7 3

Figure 1. Images of olive harvesting machines used in the research. a) hook, b) flap, c) self-propelled trunk shaker, d)
and e) tractor driven trunk shaker, f) tractor driven rotated flap, g) the other employee, h) operator
Sekil 1. Arastimada kullanilan zeytin hasat makinalarina ait gorseller a) dal sarsici, b) tarak, c¢) kendi yiiriir gévde
sarsicl, d) ve e) traktor tahrikli govde sarsici, £ traktor tahrikli doner tarak, g) diger ¢alisan, h) operator

Hand-held type olive harvesters: the hand-held olive
harvesters pick up the fruits by means of impacts
produced by vibrational tools driven by small two-
cycle engines or electric motors (Saracoglu, 2001).
Two different types of hand-held machines were
selected, which are commonly used in the semi-
mechanized olive harvesting: Hook type (branch
shaker) dropping the olives by shaking the branches,
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Flap type (comb) dropping the olives by combing and
flapping the thin branches. SPL. measurements were
made on four hook type machines, and four flap type
machines. In addition, measurements were also
conducted for olive harvesting, where two machines
are used together (Figure 1; Table 1).
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Table 1. The technical characteristics of hand-held type
olive harvesters

Cizelge 1. El tipl zeytin hasat makinalarina ait Teknik
ozellikler

Machine Brand - Model Year
Flap 1 (F1)*  Benza - BO12, (500 watt) 2017
Flap 2 (F2) Olivgreen - Pro 500, (250 watt) 2018
Flap 3 (F3) Zanon, (600 watt) 2016
Flap 4 (F4) Benza - BO12, (500 watt) 2018
Hook 1 (H1)  Stihl - SP 481, (2,20 kW) 2018
Hook 2 (H2)* Cifarelli - SC 800, (3,60 kW) 2017
Hook 3 (H3)  Stihl - SP 481, (2,20 kW) 2018
Hook 4 (H4)  Cifarelli - SC 800, (3,60 kW) 2017

*The machines used simultaneously together for harvesting

Self-propelled olive harvester: these machines, driven
by internal combustion engines, perform the
harvesting by shaking the tree completely from the
trunk or main branches (Deboli et al., 2014). The self-
propelled trunk shaker (SPS) olive harvester had an
operator cabin, but there was no door at the operator
entrance of the cabin and operator worked with the
front, back and right sides closed (Table 2; Figure 1).

Tractor driven olive harvesters: The study continued
the sound pressure levels measurements of three
tractor-driven olive harvesters, two of which are

trunk shaker and the third one with a rotary comb.
Tractor driven trunk shaker (TDS): these machines,
driven by tractors, perform the harvesting by shaking
the tree completely from the trunk or main branches
(Table 3). Rotary comb (RC): while the shaker olive
harvester falls out the olives by means of impacts or
branches shaking, this machine combs the branches
instead of hitting them (Deboli et al., 2014).

Table 2. The technical characteristics of self-propelled
olive harvesters (SPS)
Cizelge 2. Kendi ylirtir zeytin hasat makinalarina ait

teknik ozellikler
Brand, Model Sicma, speedy
Fuel Diesel
Engine power Iveco FTP 66,5 kW/4 cylinders
Controls Joystick and steering wheel
Transmission Hydrostatic
Diameter 6000-8000 mm

Height, Length
Width, Weight

1860 mm, 5990 mm
2200 mm, 3950 kg

Year 2018

Table 3. The technical characteristics of tractor driven harvesters and tractors
Cizelge 3. Traktor tahrikli zeytin hasat makinalarina ait teknik ozellikler

Type Brand Technical features
Turbo vibration system
Agromelca Hydrostatic
Front-linkage Trunk Z20 PTO driven: 540 rpm
shaker Year: 2017
(FTDS) Tractor with cab
New Holland 81 kW
110-90 Year: 1998
Turbo vibration system
Tornado Hydrostatic
Rear-linkage Spedo PTO driven: 540 rpm
Trunk shaker Year: 2018
(RTDS) Tractor without cab
Same Explorer 70 kW
95 T8 Year: 2016
Viviani Hydros‘Fatic
790 PTO driven: 540 rpm
Rotary comb Year: 2007
(RC) Tractor without cab
38.5 kW
Same Dorado 55 Year: 2016

It was observed that operators preferred to work with
the door open during the harvesting operations with
the front-mounted trunk shaker. Therefore,
measurements were made separately while the door
was closed and open. In this machine, the operator
uses both the tractor and the harvester. As for the
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rear-linked machine, the harvesting operations were
carried out by two operators (for harvester and
tractor). The olive harvester operator directed the
machine with a remote control about 10 m from the
tractor and the harvester. Thus, measurements were
made for both operators.
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Measurement Procedure

All factors (work, production, process, organization,
employees, working time) that can contribute to noise
exposure were analyzed (OSHA, 1998), and it was
determined that the task-based strategy was suitable
for the study, According to the task-based
measurement strategy, all tasks performed by the
employees within a working day were defined, the
working time of each task was determined precisely,
and sound pressure level measurements were made
for each task separately.

In the measurements, an SPL meter in Type-2 class
(TESTO 816-1) complying with the requirements of
IEC 61672-1: 2002 (IEC, 2002) was used. Calibration
of sound level meter was performed by using Testo
Schall TEC 60942 Class 2 calibrator complying with
the of IEC 61672-1: 2002 (IEC, 2002), which defines
the SPL as 94 and 114 dBA. A MASTECH brand
MS6252B model wind meter was used to determine
the wind speed. The measurements of A-weighted
SPL (dBA) for all sub-tasks of the machine operators
and other employees picking up olives were conducted
for about 5 min with three replications. In all
measurements, the microphone was located 20 cm to
the right side of the center plane of the operator’s
head, in line with the eyes, with its axis parallel to
the operator’s line of vision (ISO, 2009). Besides,
sound pressure levels of harvesters were measured at
both idling and full loading conditions.

Equivalent SPL (Leq) values were calculated by using
the obtained SPLs dBA. Durations (Tm) for each task
were  determined by  observing employees’
occupational activities and interviewing them.

Equation (1) was used to calculate the relative
contribution of each task to the daily personal noise
exposure levels of operators and other employees
according to the task-based measurement strategy
specified in the EN ISO 9612 standard (ISO, 2009),
using the Leq values and effective duration of each
task in the working day. Each activity, in which the
machine is active or passive, was defined as a task
such as lunch, maintenance, pick-up, refueling. The
Leq values determined in the tasks when the
machines were passive varied between 58-62 dBA.

Tm
Lgxgnm = Lp,aeqrm +101g [K] @

where;

Ly ghm - Leq for task m contributing to the daily noise
exposure level, dB(A)

T, effective duration of the working day for task m, h
Ty: reference duration, 8 h
m: task number

Daily personal noise exposure levels were calculated
with Equation (2).
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M _
Lgxgn = 10log [Z 1%100»1va,A.eqT,m] )
m=

Lgxgns daily noise exposure level normalized to
nominal 8 h working day, dBA

M: total number of tasks

In the study, considering the noise parameters, the
possible effects of daily noise exposure values on
operators were evaluated and discussed by
considering various research results and Directive
2003/10/EC  (Directive, 2003) of the European
Parliament and of the Council (minimum health and
safety requirements regarding the exposure of
workers to the risks arising from physical agents).

RESULTS and DISCUSSION

According to the data obtained, the operators of olive
harvesters and tractors were exposed to higher noise
parameters compared to the other workers during
olive harvesting, as expected. The Le¢q value
determined in the operator ear level for all machines
ranged from 74 to 88 dBA. The Lgx values of the
operators were between 66-82 dBA, while the Lmax
values ranged between 85-109 dBA. For other
workers, the ranges of Leq, LEx and Lmax parameters
were found to be 71-81, 65-75 and 79-99 dBA,
respectively (Table 4; Figure 2).

The lowest Leq value (74 dBA) was determined for the
harvester operator of RTDS and the highest Leq value
(88 dBA) was determined for the H2+F1 operator
among all the evaluated machines (harvesters and
tractors). The use of remote control (5-10 m distance)
in olive harvest carried out with RTDS was an
important factor in the reduction of noise parameters
determined for the harvester operators. As for Lgx
values, the lowest value (66 dBA) was found in FTDS
(door closed), the highest value (82 dBA) in H2+F1
combination. The closed-door position in the FTDS
harvester provided approximately 4.5 dBA lower Leqg
and Lex values compared to the door open position.

Leq values and Lex values measured at the ear level of
operators of hook type machines were found to be
higher than those of other larger and higher power
machines. The reasons for this result are that the
hook type is a hand-held machine driven by a two-
cycle engine with insufficient exhaust muffler and
therefore the operator works very close to the noise
source. The lowest (85 dBA) and the highest (109
dBA) Lmax values were measured for operators of T2
flap type and D4 hook type machines, respectively.

The other employees, in olive harvesting activities,
carry out olive picking up and loading into the crates,
approximately 5-10 m away from the machines. In
these activities, the lowest Leq, LEx and Lmax values
were determined for the T2 harvester as 71, 65 and
79 dBA respectively, while the highest Leq, Lex and
Lmax values were determined for the SPS harvester
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with 81, 75 and 99 dBA. The fact that a flap type
machine was electrically driven caused lower noise
parameters, while the highest parameters determined
for SPS harvester could be explained with working at
closer distances to the noise source (3-6 m) compared
to those carried out with other harvesters. (Table 4;
Figure 2; Figure 3).

Considering the load and idle position of all machines,

Table 4. Leg, Lmax and Lex values of olive harvesters

it was determined that the highest difference for the
two conditions occurred in hook types and the lowest
difference was in flap types. Average difference was
22.4 dBA for hooks and 4.9 dBA for flaps. The
differences of drive mechanisms of the machines
(electric and two-cycle engine) can be shown as the
reason for this result (Table 5; Figure 4).

Cizelge 4. Zeytin hasat makinalari igin belirlenen Leq, Limax and Lex degerleri

Noise parameters, dBA

Harvester Operator The other employees ¥orking mode
L L L L L L R -
eq max EX eq max EX Loadlng Idhng

F1 76.30:0.77 87.33:8.94  69.93:0.76 70.84-1.01 81.63:1.96 64.54:143 78.93:0.31 74.38:031
F2 78.99+0.31 84.73+0.67  72.99+0.80 70.37+1.47 78.97+4.30 64.51+1.54 80.76+0.37 76.89+0.28
F3 79.67:0.44 88.33+0.32  73.66:0.43 71.60+1.55 80.77+5.88 65.66+1.68 83.10:0.26 76.02+0.84
F4 76.95:0.46 89.17+4.93  70.95:0.45 71.37+1.30 82.17+1.62 65.43:1.27 79.44+0.87 75.23+0.21
H1 85.52+0.61 107.4040.70 77.75+0.60 74.25:1.21 82.93+3.92 66.65:1.20 96.69+1.61 76.24+0.84
H2 85.88£1.34 105.10:1.04 78.11+1.33 74.78+0.88 83.07+2.23 67.14:0.87 98.35:1.36 74.37+0.58
H3 83.31£0.95 103.70:0.58 75.55:0.94 73.21+1.71 88.2043.63 65.68+1.70 98.41+0.77 73.10+0.13
H4 86.34:1.06 108.53:0.95 79.95:1.05 75.35:0.90 90.0040.10 69.00:0.89 97.59+0.63 77.76+0.61
H2*+F1 87.53:1.38 106.3341.34 81.5141.37 97.2441.01  75.3340.92
F1*+H2 80.1941.79 96.20:2.78  74.18+178 (0-07F1.94  93.40:2.97  T0.3TELI3 g0 01 76.1740.81
SPS 83.7940.76  101.6742.37  77.9140.75 80.87+1.42 99.1741.06 74.86+1.41 88.05+1.80  79.76+0.23
FTDS(C)  73.84:0.38 87.63:+1.50  65.55:0.37 76.69:0.76  71.04-0.25
FIDS(0?)  77.40+0.45 91.5040.26  69.07+40.44 0 1£1:60  91.37£0.12  67.40+1.59 g a1 99 73814028
RTDS(HO  73.7211.92  95.73:1.08  68.4141.91
RTDS(TOD 81074195 91800187  70.54s1 9y 712854159 88.60:431 67.55+1.58 76.95:0.85 66.85:1.93

RC 82.93:0.91  90.77:2.46  76.06:0.90 78.92:0.53 8897391 72.5440.52 84.36+0.85 81.0441.16

IDoor open, 2Door closed, Harvester operator, *Tractor operator. *Measurement at the ear level of the operator

H2 and F1 with both machines running.
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Figure 2. Leq values of operators and other employees for all machines tested in the study
Sekil 2. Tiim hasat faaliyetlerinde operatorler ve diger ¢alisanlar i¢cin Leq degerleri
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Figure 3. Lrx values of operators and other employees for all machines tested in the study
Sekil 3. Tim hasat faaliyetlerinde operatorier ve diger ¢calisaniar i¢in Lex degerleri
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Figure 4. Leq values in the load and idle positions of all machines tested in the study
Sekil 4. Makinalarin yitik ve rolanti pozisyonlari i¢cin Leq degerleri

When the number of employees and working
durations in the harvesting activities are examined, it
is seen that two operators worked as the machine and
tractor operator in RTDS harvester, and only one
operator worked in all other harvesters. As for other
employees, while there have generally been fewer
employees in small olive orchards with fewer trees,
harvesting was carried out with more employees in
large enterprises (Table 5).

The olive harvesting activities have differed in terms
of daily, active, and passive working hours. Machine
performance and the number of other employees
accompanying the operator could be considered as
influencing factors on these durations. For example,
the hook type harvester with higher performance had
lower active hours compared to the flap type. Active
durations for all employees and the duration of
breaks, such as lunches and the others, had an
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impact on the employees' daily personal noise
exposure levels. The increase in the share of passive
time in daily working hours had a remarkable effect
on the decrease of Lex values.

When the literature is examined, it is possible to
come across many studies in which the effects of
personal noise exposure are evaluated only by
determining Leq and Lmax values. In order to assess
whether the employees work in accordance with the
noise regulations, it is necessary to determine the Lgx
value, which also takes into account working times.
Although the 8-hour shift is standard in many
workplaces, farmers are known to work longer or
shorter hours for a given task. Some researchers
stated that depending on the type of farm and time of
year farmers can work up to 11-15 hours per day
(Solecki, 2000; Winters et al., 2005).
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Table 5. The number of employees and working durations
Cizelge 6. Hasat faaliyetleri igin ¢alisan sayilari 1le ¢alisma sitireleri

The number of Working

Working duration distribution, h/day

Harvester  Operators duration Operator Other employees
+other h/day Active* Passive*  Breaks Active* Passive* Breaks

F1 1+10 7.0 5.5 0.5 1.0 6.0 1.0 1.0
F2 1+2 8.5 6.0 2.0 0.5 6.0 2.0 0.5
F3 1+6 7,5 6.0 1.0 0.5 6.0 1.0 0.5
F4 1+10 7.5 6.0 1.0 0.5 6.0 1.0 0.5
H1 1+14 8.5 4.0 3.5 1.0 4.0 3.5 1.0
H2 1+3 8.0 4.0 3.0 1.0 4.0 3.0 1.0
H3 1+1 9.0 4.0 4.0 1.0 4.0 4.0 1.0
H4 1+10 7.5 5.5 1.0 1.0 5.5 1.0 1.0
H+F 1+5+10 7.5 6.0 1.0 0.5 6.0 1.0 0.5
SPS 1+10 8.0 6.0 1.0 1.0 6.0 1.0 1.0
FTDS 1+1 5.0 3.5 1.0 0.5 3.5 1.0 0.5
RTDS(HO) 1+10 8.5 5.0 2.0 1.5 5.0 2.0 1.5
RTDS(TO) 1+10 8.5 2.0 5.0 1.5 5.0 2.0 1.5
RC 1+15 7.5 5.5 1.0 1.0 5.5 1.0 1.0

*Working duration under conditions that the harvester Is active or passive

In the present study, it was determined that the Lmax
value increased up to 109 dBA and the Leq value
reached 88 dBA. However, a more effective parameter
for evaluating the effect of noise on the employee, the
highest Lex value was 82 dBA. Currently, regulations
are focused on hearing loss, which is a physical effect,
when controlling occupational noise, and this limit
varies between 85-90 dBA across countries. This
effect has been emphasized in the majority of
scientific studies conducted, moreover it has also been
reported that sound pressure levels below the limit
values specified in the regulations may cause hearing
loss. In the EU noise regulation (Directive 2003),
there are two main action levels that guide these
steps: lower exposure action value and upper
exposure action value. The lower one is a daily
average noise exposure level of 80 dBA, at which the
employer has to provide information and training and
make hearing protection available. The upper one is
set at a daily average noise exposure of 85 dBA, above
which the employer is required to take reasonably
practicable measures to reduce noise exposure, such
as engineering controls or other technical measures.
The use of personal protective equipment (PPE) is
also mandatory if the noise cannot be controlled by
these measures (Directive, 2003). In the hearing loss
classification of WHO (World Health Organization), it
was reported that prolonged exposure at 41-60 dBA
intervals causes hearing loss, and 61-80 dBA
intervals can cause severe hearing loss. Although the
results of present study were mostly below the action
values, according to WHO's classification, they
showed that olive harvesting employees work under
risk of hearing loss (WHO, 1991).

Many acoustic studies report that the noise will

continue to adversely affect human health not only
physically, but also in a physiological and
psychological context, unless necessary precautions
are taken. Ragni et al. (1999) reported that noise
exposures between 66-85 dBA cause physical and
autonomic nervous system disorders. Serin and Akay
(2008) stated that noise exposures in the range of 66-
85 dBA have disturbing psychological effects in
addition to hearing loss. Noise exposure was also
identified as a risk factor for cardiovascular disease
(Basner et al., 2014). Several acoustic studies report
that these effects of noise negatively affect cognition,
decision-making, learning, calculation, and hand-eye
coordination of employees, and thus have an effect on
reducing work efficiency (Sabanci and Siimer, 2015;
Thatcher and Yeow, 2018).

Considering the literature review regarding the
effects of noise on employees, it was concluded that
noise exposures (Lex) determined for 12 olive
harvesters of three types in olive harvesting may
have not only physical effects but also physiological
and psychological effects on the health of employees.
These effects may also reduce the work efficiency of
the operator and other employees. Therefore, the
noise control measures are of great importance in
olive harvesting to protect the health of employees.
According to EU regulation, employers are required to
take certain steps to reduce the harmful effects of
noise on hearing. According to the results of the
present study, operators and other employees work at
noisy conditions below the upper exposure action
value in all olive harvest operations examined while
the lower exposure action value was exceeded only in
“hook+flap” (82 dBA, Lgx) application. These results
should not mean that there is no need to take
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measures against noise. Considering the literature
review on the effects of noise, olive harvest lasting
about 5 months (average 8 hours daily duration),
should be considered an activity that affects the
health and work efficiency of the employees.

Measures to be taken to reduce the noise affecting
employees in olive harvest may vary depending on the
machine type. Engineering noise controls, very
common in the agricultural setting, can be an
effective application for tractor-driven and self-
propelled machines. Retrofitting the cabs of self-
propelled and tractor-driven olive harvesters with
enclosure is the priority choice in reducing noise
exposure. The window and door of the cab must be
completely closed during harvesting. As for hand-held
type machines, where it is not possible to apply
engineering control, it seems that the operators
should use PPEs for protection against noise. Cakmak
et al. (2011) determined the noise levels in flap-type
olive harvesters (56-73 dBA, Ley) while and Saracoglu
et al. (2011) determined the noise levels in the hook-
type harvesting machines (56-73 dBA, Leg), and in
both studies, using the PPEs were recommended to
protect the operators.

Using PPE for other employees in all olive harvests
would be the best way to protect them from noise, but
the effectiveness of these devices for preventing noise-
induced hearing loss depends on the consistent use of
the PPEs. Therefore, the operators and other
employees should be encouraged to use PPE and
increased their awareness through trainings. In the
present study, besides the noise, it was observed that
the precautions taken for employees' health and
safety are almost nonexistent. In addition, the
awareness of employees regarding occupational
health and safety is quite low and they are
uneducated in this regard. So, the work is done by the
operators with very low risk perception.

CONCLUSION

It was concluded that the health and work efficiency
of the operators and other employees were adversely
affected in olive harvesting mechanization. The
duration and conditions of the breaks in the daily
activities of the employees had an impact on the LEX
values. The operators of the olive harvest machine
with thermic engine face higher risks of noise than
those working on the other machines due to higher
exposure levels. The directives on noise control state
that accurate and adequate noise control measures
must be effectively taken. However, it was observed
that no measures were taken in the olive harvest
activities evaluated in this study. Therefore, it is
likely that hearing loss will occur in employees.
Moreover, physiological and psychological effects may
cause serious disturbances. Along with the effects of
noise on human health, effects such as preventing
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speech and masking warning signals will not only
decrease the work efficiency of employees but also
increase the risk of accidents. Control methods to be
applied in order to reduce the noise affecting
employees in olive harvest should be selected and
applied in accordance with the type of machine used.
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OZET

Bu c¢alismada geleneksel yontem ve direkt fermantasyon yontemi
olmak tuzere iki farkli teknikle uretilen Maras tarhanalari ve
tarhanalarin ana bilesenlerinin (yogurt ve dévme) pepsin-tripsin
hidrolizatlarinda bulunan 3kDa altindaki kisa zincirli “biyoaktif
peptitler” arastinnlmigtir. Q-TOF LC/MS cihazindan alinan MS
verileri PEAKS Studio (versiyon 8.5) programinda degerlendirilmis ve
tespit edilen peptitlerin BIOPEP veri setinde fizyolojik aktiviteleri
arastirilmistir. RP-HPLC’de tarhana orneklerinin peptit profilleri
kiyaslanmigtir. Geleneksel tarhana hidrolizatlarinda 3 kDa altinda
34 tane, direkt fermente tarhana hidrolizatlarinda ise 50 tane peptit
tespit edilmistir. Bunlarin 8 tanesi ACE inhibitor peptit, 3 tanesi
antioksidan peptit, 1 tanesi antibakteriyal peptit, 4 tanesi DPP IV
inhibitor peptit ve 1 tanesi renin inhibitér peptit olarak BIOPEP veri
setinde tanimlidir. Yogurt hidrolizatlarinda tespit edilen 19 peptit
zincirinden iki tanesi (VLPVPQK, EAMAPK) tarhana érnekleri ile
ortaktir. Dovme hidrolizatinda 23 adet peptit tespit edilmigtir.
Bunlarin i¢inden LVVPPK peptiti direkt fermente tarhana
hidrolizatinda da tespit edilmistir. Yogurt ve dévme hidrolizatlarinda
ortak peptit bulunmamistir. BIOPEP veri setinde yer almayan
EAMAPK peptitinin antioksidan, IIVTQTMK peptitinin ACE
inhibitér ve LPAVFK, LPGLKF, LLSLGA, LVVPPK peptitlerinin
amino asit dizilimi ve turleri géz 6nine alindiginda antimikrobiyal
aktivite tagima kapasiteleri oldugu degerlendirilmistir.

ABSTRACT

In this study, two different techniques namely traditional and direct
fermentation method were used to produce Maras tarhana. Peptide
profiles of tarhana samples were compared by RP-HPLC method, and
investigated by Q-TOF LC/MS. Mass spectrometry data were
analyzed in PEAKS Studio (version 8.5) software and the
physiological activities of the peptides were investigated in BIOPEP
database. According to MS data, 34 and 50 different peptides were
determined in the traditional and direct fermentation tarhana
hydrolyzates, respectively. Among them, a total of 8 ACE inhibitor
peptides, 3 antioxidant peptides, 1 antibacterial peptide, 4 DPP-IV
inhibitor peptides, 1 renin inhibitor peptide were found in the
BIOPEP database. 19 different peptide were detected in the yogurt
hydrolyzate. Two of them (VLPVPQK, EAMAPK) were also detected
in tarhana hydrolyzates. Overall, 23 peptides were detected in wheat
samples. One of which (LVVPPK) was also detected in the direct
fermented tarhana hydrolyzate. However no common peptide was
detected in yoghurt and wheat hydrolyzates. As a result of the
literature review, it was found that peptide EAMAPK, which is not
included in the BIOPEP database, has antioxidant activity and the
peptide ITIVTQTMK has the potential to show ACE inhibitory activity.
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In addition it has been concluded that LPAVFK, LPGLKF, LLSLGA,
and LVVPPK peptides sustained the potential to show antimicrobial

activity considering the amino acid sequence and types..
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GIRIS bekletildikten sonra ince bir tabaka halinde “cig”

Protein yapisi icinde inaktif olan ancak enzimatik
aktivite (mikroorganizma veya sindirim sistemi
kaynakl1) sonucunda énciil protein yapisindan serbest
kalarak viicutta hormon benzeri fizyolojik aktivite
gosteren peptit zincirleri “fonksiyonel peptit” veya
“biyoaktif peptit” olarak tanimlanmaktadir
(Korhonen, 2009). Proteinleri olusturan amino asit
zincirleri icine kodlanmis Dbiyoaktif peptitlerin
genellikle 2-20 amino asitten olusan, hidrofobik amino
asitlerce zengin kisa peptit zincirleri oldugu ifade
edilmektedir (Chakrabarti ve ark., 2018). Giiniimiizde

ozellikle stit proteinleri kaynakli opioid,
antitrombotik, antihipertansif, antimikrobiyal,
antikanserojen, mineral baglayici ve

immunomodiilatér aktiviteye sahip farkli biyoaktif
peptitler tanimlanmistir (Nongonierma ve FitzGerald,
2015) .Biyoaktif peptitlerin viicuttaki fizyolojik
aktivitesi, amino asit kompozisyonlari ve dizileri ile
iligkilendirilmektedir. Ozellikle peptit zincirinin C ve
N-terminal uglarinda bulunan amino asitlerin
fizyolojik aktivite igin belirleyici oldugu ifade
edilmektedir (Giir ve ark., 2010). Biyoaktif peptitler
vicutta hormon  benzeri aktivite gostererek
diizenleyici olarak goérev yapabildikleri i¢in gida
alaninda ve farmakolojik uygulamalarda kullanim
olanaklarina sahip saghg1 destekleyici, koruyucu
etmenler olarak kabul edilmektedir (Kesler ve ark.,
2008).

Fermente et, siit ve baklagil trinlerinin tretiminde
bir ana basamak olan fermantasyon esnasinda
gerceklesen proteoliz sonucunda serbest hale gegebilen
biyoaktif peptitler, bu Urtunlerin fonksiyonel
niteliklerini gelistirebilmektedir (Akpinar ve Uysal,
2013). Bu baglamda tarhananin, hem siit hem de tahil
proteinleri igermesi agisindan 6nemli bir biyoaktif
peptit kaynagr oldugu dustunilmektedir. Aym
zamanda bir fermente gida olarak tarhana, bakteriler
tarafindan biiyiikk protein molekiillerinin kisa peptit
zincirlerine pargalandigi 6nemli bir matriks olarak
degerlendirilmektedir.

Marag tarhanasi, pilav gibi pisirilen dévme bugdayin
yogurtla karigtirildiktan sonra kurutulmasiyla elde
edilen fermente bir triindiir (Yildimm ve Giizeler,
2016). Geleneksel iiretim yonteminde her bir kilogram
pismis dévmeye yaklagik olarak 3.5-4.5 kg yogurt
eklenir. Hazirlanan karigim bir gece bez torbalarda
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olarak adlandirilan hasirlarin lizerine serilir. Acgik
havada gilines altinda 1-2 gin suren kurutma
isleminden sonra tarhanalar kis mevsimi boyunca
depolanmak tizere metal figilara konulur.

Bu calismada geleneksel yontem ve direkt
fermantasyon ile ftiretilen Maras tarhanalarindaki
proteinlerin yapisi i¢cinde inaktif halde bulunan ancak
mikroorganizmalarin veya sindirim sistemi
enzimlerinin proteolitik aktivitesi sonucunda mide-
bagirsak sisteminde serbest kalarak 6nemli fizyolojik
aktiviteler sergileyen biyoaktif peptitlerin varhg
arastirilmig, geleneksel ve direkt fermantasyon
yontemiyle tUretilen tarhanalarin suda c¢ozlinen
fazlarinin peptit profilleri karsilastirilmig, kitle
spektrometresinde tarhana, yogurt ve dovme
orneklerinin pepsin-tripsin hidrolizatlarindaki
peptitler incelenmistir.

MATERYAL ve METOD
Materyal

Tarhana yapiminda kullanilan dévme (islem gérmiis
bugday) yerel bir degirmenden, tam yaglh UHT siit
(Ulker A.S.) bir marketten satin alinmigtir. Yogurt
kiltiirii (CH-1 Thermophilic DVS) Chr Hansen
(Istanbul, Tiirkiye) firmasindan temin edilmistir.
Tripsin enzimi (T8003) Sigma’dan, pepsin enzimi (P-
1120-48) Fisher Chemical’dan satin alinmistir.

Yontem
Yogurt tretimi

Yogurt kiiltiiri (firmanin tavsiye ettigi miktar 90 mg
DVS kiiltiir L'1) 200 ml siite ilave edilerek 40 °C’de 3
saat sturesince aktive edilmistir. Kiiltiir inokiile edilen
sut 2.5 litre UHT siite eklenerek 44 °C'de 4 saat
fermantasyona birakilmistir. Fermantasyon sonunda
yogurt buzdolabi sicakliginda 12 saat bekletilmigtir.

Do6vmenin pisirilmesi

Dovmeler suyla yikandiktan sonra agirlikga 1 birim
déovme 3 birim su ile karigtirlarak pisirilmistir.
Pigirme iglemine doévme igerisinde beyaz nokta
kalmayincaya kadar devam edilmistir.

Tarhana tretimi

Geleneksel Maras tarhanas: tiretimi i¢in agirhikga 1
birim pismis dévme 2.5 birim yogurt ile karigtirilmig
ve karigim (tarhana hamuru) mikser yardimiyla
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homojen hale getirilmigtir. Tarhana hamuru 44 °C’de
8 saat fermantasyona birakilmigtir ve sire sonunda
yaklagik 0.5 cm kalinliginda olacak sekilde hasirlara
serilerek nem miktar:1 % 10’a diisene kadar 60 °C’deki
etlivde kurutulmustur.

Direkt fermente Marag tarhanasi tiretimi i¢in yogurt
kultirid 40 °Cde 200 ml sit iginde 3 saat siliresince
aktive edildikten sonra 2.3 litre UHT siit ile
karigtirnlmigtir. Yogurt kiiltiirti inokiile edilen siit ve
pismis dévme agirlik¢a 1 birim pismis dévme 2.5 birim
siit olacak sekilde bir kapta birlegtirilmistir. Karigim
44 oC’de 4 saat fermantasyona birakilmig ardindan 12
saat buzdolab1 sicakliginda bekletilmigtir. Bekletme
sonunda 44 °Cde 8 saat siiresince ikinci bir
fermantasyon islemi ger¢eklestirilmistir. Elde edilen
tarhana hamurunun kurutulmasinda geleneksel
uretim yontemindeki parametrelerin aynisi
kullanilmigtar.

Tarhana Proteinlerinin In-Silico Sindirim Modeli

Tarhana proteinlerinin n-silico hidrolizinin
modellenmesi i¢cin BIOPEP programi (Minkiewicz ve
ark., 2008) kullamlmistir. Yogurt kaynakh
proteinlerden  asi-kazein  (P02662),  as2-kazein
(P02663), B-kazein (P02666), k-kazein (P02668), B-
laktoglobulin (P02754), a-laktalbumin (P00711) ve
bugday kaynakli proteinlerden glitenin HMW
(P10388), gliitenin LMW (P10385), y-gliadin (P08453),
a-B-gliadin (P02863) in-silico hidroliz modellenmesi
icin secilmistir. Hidroliz modeli icin tripsin (EC
3.4.21.4) ve pepsin (pH>2 EC 3.4.23.1) enzimleri
kullanilmigtir.

Peptit Profili Analizi

Suda c¢oziinen azotlu bilegenler (WSE) (Coda ve ark.,
2012) tarafindan bildirilen sekilde elde edilmistir.
Yogurt ve pismis dévme mikserle homojen hale
getirilmis ve tarhana oOrnekleri 6gutilip 1 mm’lik
elekten gecirilmistir. Her bir érnekten (yogurt, dsvme
ve tarhana) 40 g tartilarak 200 ml 50 mM Tris-HCI
(pH:8.8) ile karigtirlmistir. Orneklerin ekstraksiyonu
40 °Cde 16 saatte tamamlanmigtir. Stire sonunda
ornekler +4 oC’de 3 saat bekletilmistir. Orneklere ait
¢okeltiler tzerinden alinan sivilar santrifiijjlenerek
(15000 x g, 30 dakika) elde edilen siipernatantlar bir
sonraki asama olan kat1 faz ekstraksiyonu (SPE) icin
toplanmisgtir.

SPE kolonlar: (C18, 500 mg 3 ml!, 50 pm; Finisterre,
Ispanya) sirasiyla 2 ml metanol, 2 ml ultra saf su, 2 ml
% 0.1'lik formik asit c¢ozeltisi ile sartlanmigtir.
Kolonlara o6rneklerin WSE ekstraktlarindan 2 ml
aktarilmigtir. Ekstraktlarin akis hizi dakikada 1 ml
olacak sekilde ayarlanmigtir. Kolonda tutulan
peptitlerin geri kazanilmasi i¢in kolondan sirasiyla 2
ml % 0.1°lik formik asit ¢ozeltisi, 2 ml % 0.1°lik formik
asit ¢ozeltisi (% 20 asetonitril icinde) ve 2 ml % 0.1'lik
formik asit c¢ozeltisi (% 50 asetonitril icinde)
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gecirilmistir (Herraiz ve Casal, 1995). Toplanan sivilar
liyofilize (Alpha 1-4 LSCplus; Christ, Almanya)
edilmigtir. Liyofilize ekstraktlar kullanilacaklar:
zamana kadar -20 °C’de muhafaza edilmistir.

RP-HPLC cihazinda gercgeklestirilen peptit profili
analizi i¢in liyofilize ekstraktlara 2 ml ultra saf su
eklenmigtir. Bir saat oda sicakliginda bekletilen
ekstraktlar filtreden (45 pm x 25 mm PTFE)
gecirilerek HPLC cihazina (LC-20 AT; Shimadzu,
Japonya) 100 ul enjekte edilmistir. Analizlerde Inertsil
ODS-3 C18 ters faz kolon (250 x 4.6 mm, 5 pm partikiil
biiyiikliigii; GL Sciences, Japonya) kullamilmistir.
Mobil faz (A: % 0.1 formik asit — ultra saf su (v/v), B: %
0.1 formik asit — asetonitril (v/v)) akis hiz1 0.7 ml dk!
ve kolon sicakligr 40 °C olarak ayarlanmistir. Mobil
fazlar icin gradient programi 3.dk A: %100, 13. dk A:
%90, 21.dk A: %80, 29. dk A: %70, 37. dk. A: % 50, 45.
dk A: %30, 53. dk. A: % 0 ve 61. Dk. A: % 100 olarak
ayarlanmigtir.

Kiitle Spektrometresi (MS) Analizi

Tarhana 6rnekleri (gelenseksel ve direkt fermente),
yogurt ve dovmenin pepsin-tripsin hidrolizatlarinin
hazirligi i¢in ilk etapta 6rneklerin suda ¢oziiniir azotlu
bilesen ekstraktlar1 (WSE) peptit profili analizinde
anlatildig1 gibi elde edilmistir. Bu islemlerin sonunda
ekstraktlarin pH’lar1 HCl ile 2ye ayarlanmigtir.
Ekstraktlara enzim substrat orani 1:50 olacak sekilde
10 mM HCI i¢inde pepsin eklenmigtir. Hidroliz iglemi
37 °C sicaklikta 24 saatte tamamlanmigtir. Enzim
aktivitesini sonlandirmak i¢in ekstraktlar 15 dakika
boyunca 90 °C su banyosunda bekletilmigtir. 37 cC’ye
sogutulan ekstraktlarin pH’st NaOH c¢6zeltisi ile 8e
ayarlanmigtir. Ardindan ekstraktlara 1 mM HCI
icinde tripsin (1:80 enzim substrat oran1) eklenmistir.
Hidroliz 37 °C sicaklikta 24 saatte tamamlanmigtir.
Tripsin aktivitesini sonlandirmak i¢in ekstraktlar 15
dakika boyunca 90 °C su banyosunda tutulmustur.
Ekstraktlar 20 dakika boyunca buz banyosunda
sogutulmustur. Bu iglemler sonunda 6rneklerin sivi
kisimlar1 ayrilarak santrifiijlenmis (15000 x g, 30
dakika) ve peptit fraksiyonlarini iceren
stipernatantlar1 toplanarak peptit profili analizinde
anlatildigi1 sekilde SPE iglemi gerceklestirilmigtir.
Elde edilen sivilar liyofilizatérde kurutularak MS
analizine kadar -20 °C’de depolanmigtar.

MS analizi (Mejri ve ark., 2017) sonunda elde edilen
veriler PEAKS Studio 8.5 (Bioinformatics Solutions
Inc.; Waterloo, Canada) programinda
degerlendirilmistir. Bu amacla programa
UniProtKB/Swiss-Prot (Anonim, 2018c) veri seti
tanmitilarak, metiyonin oksidasyonu, serin
fosforilasyonu ve sistein karbamidometilasyonu
sonuglarin degerlendirilmesindeki degiskenler olarak
secilmisgtir. Sonuglar degerlendirilirken -10logP alt
sinir1 15 olarak belirlenmistir. De-novo sekanslama
sonuclarinda % ALC (average local confidence) 70 ve
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uzeri degerler kabul edilmigtir. Swiss-Prot veri setinde
yer almayan peptitlerin kaynaklarinin belirlenmesi
amaciyla ScanProsite (Anonim, 2018b) programindan
yararlanilmigtir. Tarama yapilacak veri seti olarak
UniProt KB (trEMBL) secilmistir. Elde edilen veriler
BIOPEP-UWM (Anonim, 2018a) veri setinde
taranmis, eslesme goriilen peptitlere sonuglarda yer
verilmistir.

BULGULAR ve TARTISMA
In-silico Sindirim Modeli

Tarhana bilesimindeki yogurt ve dévme kaynaklh
proteinlerin  pepsin-tripsin enzimleriyle in-silico
hidrolizi neticesinde agirlikli olarak dipeptitler agiga
cikmistir (Veriler sunulmamigtir). Toplamda 153 adet
dipeptit, 14 adet tripeptit ve 3 adet daha uzun zincirli
peptitin  BIOPEP veri setinde kayitli oldugu
gorilmustir. Veri setinde kayitli peptitler i¢inde 42
ACE inhibitor, 47 DPP-IV inhibit6r, 9 antioksidan, 1
antitrombotik, 2 glukoz alimini uyarici, 2 vazoaktif
madde salimini uyarici, 1 mide mukoz membran
aktivitesini diizenleyici, 1 antiamnestik, 1 CaMPDE
inhibitér ve 2 renin inhibitor aktivite gésteren peptit
bulunmaktadir.

Yogurt ve dévme proteinlerinin dizisinde bulunan IPP
ve VPP tripeptitleri ACE inhibitor etkileri nedeniyle
birgok arastirmanin konusu olmustur. Ayn1 zamanda
Calpis (Japonya) ve Evolus (Finlandiya) isimleriyle
ticarilesmis formlar: bulunan (Korhonen, 2009) IPP ve

uv

VPP tripeptitleri gibi ti¢ amino asitten olusan peptit
zincirlerine in-silico modellemede simirli sayida
rastlanmigtir. Benzer sekilde MS sonuglarinda IPP ve
VPP tripeptitleri tespit edilmemigtir.

In-silico hidroliz modelinde agirlikhi olarak dipeptitler
aciga gikmistir. Dipeptit ve tripeptitlerin uzun amino
asit zincirlerine kiyasla daha reaktif karakterli
olabildigi bunun yaninda bagirsak duvarindan
gecmelerinin  dolayisiyla kan dolagimina dahil
olmalarinin daha kolay oldugu bildirilmektedir (Le
Maux ve ark., 2015). Kisa peptit zincirleri aym
zamanda gidalarin tat ve acilik gibi duyusal 6zellikleri
uzerindeki etkilerinden 6tiiri 6nemli gérilmektedir
(Maehashi ve Huang, 2009).

Peptit Profili Analizi

Sekil 1’de sunulan geleneksel ve direkt fermente
tarhana 6rneklerinin peptit profilleri kiyaslandiginda
baz1 piklerin alanlarinda gériilen farkliliklar diginda
kromatogramlarin biiyik oranda benzer oldugu
gorulmiistiir. Bu nedenle dretim metotlarinin
tarhanalarin peptit profilleri tizerinde farklilik
olusturmadigr duslinilebilir. Yogurt, dévme ve
tarhana orneklerinin kromatogramlar:
kiyaslandiginda (Veriler sunulmamistir) yogurt
fermantasyonu esnasinda ortaya cikan peptitlerin
buyuk oranda tarhanalarin peptit profilini belirledigi
diustniulmektedir.
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Sekil 1. Geleneksel ve direkt fermente tarhana oOrneklerine ait RP-HPLC kromatogramlarinin

kargilagtirilmasi

Figure 1. Comparison of RP-HPLC chromatograms of traditional and direct fermented tarhana samples
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Kiitle Spektrometresi (MS) Analizi
Yogurt ve dévme hidrolizat:

Yogurt hidrolizatinin MS analizinde tespit edilen
peptitler icinde (Veriler sunulmamistir) yalnmizca
antioksidatif etki gosteren VLPVPQK peptiti BIOPEP
veri setinde yer almaktadir. Tespit edilen bir bagka
peptit EAMAPK'nin antioksidatif etki gosterdigine
dair literatiir bilgisi bulunmaktadir (Pepe ve ark.,
2016). Ote yandan yogurt proteinlerinin in-silico
sindirim modelinde 6ngorilen peptitlerin biiytik kismi
MS analizinde tespit edilmemigtir.

Yogurt hidrolizatinda tespit edilen antioksidan
VLPVPQK peptiti bagka bir ¢alismada daha tespit
edilmistir (Kunda ve ark. 2012). Fakat baz
calismalarda (Donkor ve ark., 2007; Plaisancie ve ark.,
2013; Jin ve ark., 2016; Sah ve ark., 2016) saptanan
VPP ve IPP gibi etkileri 1iyi tanimlanmig
antihipertansif peptitler ve kazeisin A IKHQGLPQE)
ve israsidin (RPKHPIKHQGLPQEVLNENLLRF) gibi
iyi  bilinen  antimikrobiyal peptitler  yogurt
hidrolizatinda tespit edilmemistir.

D6vme hidrolizatinin MS analizinde tespit edilen
peptitlerin BIOPEP veri setinde veya literatiirde
tamimlanmig fizyolojik aktivitesine ulasilamamigtir.
LVVPPK peptiti dovme ve direkt fermente tarhana
hidrolizatlarinda ortak bulunmustur. Bugday ve

bugdaydan elde edilen trinlerdeki peptitlerin
arastirildigl énceki ¢alismalarda (Jeong ve ark., 2007;
Nakamura ve ark., 2007; Rizzello ve ark., 2008; Nogata
ve ark., 2009; Kancabas ve Karakaya, 2013; Zhao ve
ark., 2013) bulunan peptitler bu calismada tespit
edilmemigtir.

Tarhana hidrolizatlar:

Ek 1 ve Ek 2’'de geleneksel ve direkt fermente tarhana
orneklerinin MS verileri sunulmustur. Geleneksel
tarhana hidrolizatinda 3 kDa’dan kucik 34, direkt
fermente tarhana hidrolizatinda 50 farkli peptit tespit
edilmistir. Bu peptitlerin BIOPEP veri setinde
tamimlanmig fizyolojik aktiviteleri Cizelge 1’de
sunulmustur. IPAVFK, VLPVPQK, LLR, LR, VR ve
FR peptitleri her iki tarhana hidrolizatinda ortak
tespit edilmistir. AVPYPQR ve RL peptiti ise yalnizca
geleneksel tarhana hidrolizatinda tespit edilirken
LIVTQ ve EMPFPK peptitleri yalnizca direkt fermente
tarhana hidrolizatinda tespit edilmistir. Her iki
tarhana hidrolizatinin antibakteriyal, antioksidan,
renin inhibitér, DPP-IV inhibitér, ACE inhibitor
aktivite gosteren en az bir peptit igerdigi
anlasilmaktadir. Bdylece her iki metotla tretilen
tarhanalarin hidrolizatlarinda tespit edilen peptitlerin
fizyolojik aktiviteleri yoninden benzer oldugu
sonucuna ulasilmigtir.

Cizelge 1. PEAKS Studio programi ¢iktilarinin BIOPEP veri setindeki tarama sonuglari
Table 1. Investigation of the results of peaks studio software in BIOPEP dataset

Peptit Fizyolojik Aktivite Teorik Kiitle (Da)  Olgiilen Kiitle (Da) Hidrolizat

(Peptide) (Physiological Activity) (Theoretical Mass)  (Measured Mass) (Hydrolyzate)

TPAVFK ~ Antibakteriyel, DPP-IV.inhibitor, g7 04, 673.4163 GT*, DT**
ACE inhibit6r

AVPYPQR  ACE inhibitér, antioksidan 829.4310 829.4446 GT

VLPVPQK  Antioksidan 779.4760 779.4905 GT, DT

LIVTQ ACE inhibit6r 572.3410 572.3533 DT

EMPFPK ACE inhibitor 747.3484 747.3625 DT

FR ACE inhibitor, DPP-IV inhibitér 321.1690 321.1801 GT, DT

VR ACE inhibitor, DPP-IV inhibitér 273.1690 273.1801 GT, DT

RL ACE inhibitor, DPP-IV inhibitér 287.1850 287.1957 GT

LR Renin inhibitér, ACE inhibitor 287.1850 287.1957 GT, DT

LLR Antioksidan 400.2690 400.2798 GT, DT

*GT: Geleneksel tarhana hidrolizat1 (Traditional tarhana hydrolyzate)
**DT: Direkt fermente tarhana hidrolizat1 (Direct fermantation tarhana hydrolyzate)

MS analizinde tespit edilen peptitler ile in-silico
sindirim modeline goére secilen dévme ve sut
proteinlerinden serbest kalmasi éngériilen peptitler
kiyaslandiginda, ACE inhibitér ve DPP-IV inhibitér
aktivite gosteren VR dipeptiti disinda ortak sonug
bulunamamigtir. Bu durumun gidalarin kompleks
kimyasal yapisiyla iligkili olarak deneysel ¢alismada
yeterli hidroliz derecesine erigilememesi ile ilgili
olabilecegi disunulmektedir. Cizelge 2’de in-silico
hidroliz modelinde 6ngoérilen peptitler ve deneysel
hidroliz calismasinda tespit edilen peptitlerin
fizyolojik aktiviteleri kargilagtirilmigtir.
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BIOPEP veri setinde kayitli olmayan EAMAPK peptiti
baska bir calismada (Pepe ve ark., 2016) antioksidatif
peptit  olarak  tamimlanmistir. Veri  setinde
bulunmayan diger bir peptit olan IIVTQTMK ACE
inhibitér peptit olarak tanmimlanmistir (Chobert ve
ark., 2005). Bunlarin yaninda veri setlerinde ve
literatturde yer almayan LPAVFK, LPGLKF, LLSLGA,
LVVPPK peptit zincirleri amino asit igerikleri
yoniinden incelenmeye deger goriilmiustir. Prolin,
16sin, valin, glutamik asit ve trionin amino asitlerinin
istatistiksel olarak, tanimlanan antimikrobiyal peptit
zincirleri  i¢cinde  baskin  sekilde  bulundugu
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belirtilmektedir (Dziuba ve Dziuba, 2014) Bu
anlamda yukarida verilen doért peptit zincirinin

antimikrobiyal aktivite tasimaya aday peptitler
oldugu distiniilebilir.

Cizelge 2. In-silico ve deneysel hidroliz ile serbest kalan peptitlerin kiyaslanmasi
Table 2. Comparison of peptides cleaved by in-silico and experimental hydrolysis

In-silico Hidroliz
(In-silico Hydrolysis)

Deneysel Hidroliz
(Experimental Hydrolysis)

Fizyolojik Aktivite

(Physiological Activity) Yogurt Bugday
(Yogurt) (Wheat)

Antioksidan 4 +

(Antioxidant)

Antibakteriyal + +

(Antibacterial)

Renin inhibitor + +

(Renin inhibitor)

ACE inhibitor + +

(ACFE inhibitor)

DPP-1IV inhibitér + +

(DPP-IV inhibitor)

Antitrombotik + +

(Antithrombotic)

Glukoz alimini uyarici +

(Glucose uptake stimulation)

Antiamnestik + +

(Antiamnestic)

CaMPDE inhibitor + +

(CaMPDE inhibitor)

Vazoaktif madde  salimini

uyarici etki + +

(Vasoactive substance release

stimulation)

Mide mukoz membran

aktivitesi diizenleyici etki + +

(Stomach mucosal membrane
activity regulation)

Geleneksel Tarhana Direkt Fermente Tarhana

(Traditional Tarbana) (Direct Fermantation
Tarhana)

+ +

+ +

+ +

+ +

+ +

Daha o6nce yapilan bir calismada (Conway ve ark.,
2013) tanimlanan antioksidan etki puan tablosuna
gore bu ¢alismada tespit edilen IAPVFK, LAPVFK,
APIVKF ve VLPVKPQ peptit zincirlerinin antioksidan
aktivite tasimaya aday peptitler oldugu
diisinulmektedir. S6z konusu peptitlerin antioksidatif
etki puanlar1 sirasiyla 10 tizerinden 7, 6.5, 7 ve 7
olarak hesaplanmigtir. Bu ¢alismada bulunan
VLPVPQK peptiti i¢in bu deger 10 tizerinden 7.5 puan
bulunmustur.

Tarhana, yogurt ve dévme hidrolizatlarinda bulunan
ortak peptitler incelendiginde EMMAPK, LAEK,
TVMAPQ  peptitlerinin  yogurt ve  tarhana
hidrolizatlarinda, LVVPPK peptitinin dévme ve
tarhana hidrolizatlarinda ortak oldugu gorilmektedir.
Fakat her li¢ 6rnekte ve yogurt ile dévme hidrolizatlar
arasinda ortak olan peptitlere rastlanmamistir.
Tarhana hidrolizatlar1 ile kiyaslandiginda yogurt ve
dévme hidrolizatlarinda tespit edilen peptit sayisi
daha azdir. Direkt fermente tarhana hidrolizatinda 50,
geleneksel tarhana hidrolizatinda 34, yogurt
hidrolizatinda 19 ve dévme hidrolizatinda 23 farkl 3
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kDa altinda buiyukluge sahip peptit tespit edilmigtir.
Tespit edilen peptitlerin ve ortak peptitlerin sayilari
Sekil 2’de sunulmustur. Tespit edilen peptitler
agisindan tarhana orneklerinin daha zengin bir
kaynak olusturmasi1 laktik asit bakterileri ve
mayalarin tarhana fermantasyonu esnasindaki hiicre
dis1 proteolitik enzim aktivitesi ile aciklanabilir
(Pritchard ve Coolbear, 1993). Yogurt kaynakh
mikroorganizmalar bugdaydan gelen kisa zincirli
sekerlere erisim saglayarak  geligebilmektedir.
Bugdaydaki karbonhidratlarin ¢ok biyik bolimi
(%65-75) nisasta yapisinda olmakla birlikte toplam
karbonhidratlarin %1’ini monosakkaritler (glukoz,
fruktoz) ve disakkaritler (sukroz, maltoz), % 1’ini
oligosakkaritler (rafinoz, frukto oligosakkarit), % 1-
2’sini fruktanlar olusturmaktadir (Lafiandra ve ark.,
2014). Hiicre metabolizmasina katilmasi kolay olan bu
sekerlerin  mikrobiyal gelismeyi tesvik ederek
proteolitik parcalanmaya katk:i sagladigi boylece
tarhanada yogurt ve dévmeye kiyasla daha fazla peptit
aciga ¢giktig1 distiniilmektedir.
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Tarhana hidrolizatlar:

Yogurt
hidrolizat1

6%

Do6vme
hidrolizat1

Sekil 2. Tarhana, yogurt ve dévme hidrolizatlarinda ortak bulunan peptitler
Figure 2. Common peptides present in tarhana, yogurt and wheat

SONUC ve ONERILER

Tarhana orneklerinin hidrolizatlarinda tespit edilen
peptitler icinde fizyolojik aktivite gosteren 8 ACE
inhibitér, 3 antioksidan, 1 antibakteriyal, 4 DPP-IV
inhibitér, 1 renin inhibitér peptit tespit edilmigtir.
Yogurt hidrolizatinda tespit edilen VLPVPQK ve
EAMAPK peptitlerinin literatiirde antioksidatif
aktivitesi tanimlanmigtir. Dévme hidrolizatinda tespit
edilen peptitlerle ilgili literatiir bilgisine
ulagilamamaisgtar.

Yogurt ve dovme hidrolizatlarinda tespit edilen
peptitlerin buyik kismi tarhana hidrolizatlariyla
ortak degildir. Bu nedenle tarhana fermantasyonunun
3 kDa altindaki peptitlerin serbest kalmasi acisindan
onemli bir basamak oldugu soylenebilir.
Hidrolizatlarda tespit edilen peptitler fizyolojik
aktiviteleri acisindan degerlendirildiginde tarhana
hidrolizatlarinda daha fazla sayida fizyolojik aktivite
gosteren peptit bulunmaktadar.

Tarhana bilesiminde, yogurdun yapisindan gelen
mikroorganizmalar ve bugdayin yapisindan gelen
galakto-frukto oligosakkaritler ve diyet lifleri birlikte
bulunmaktadir. Bu anlamda tarhana probiyotik-
prebiyotik (sinbiyotik) etki gosteren gidalardan
birisidir. Bu durum Marasg tarhanasinin fonksiyonel
urin kimligine 6nemli katki saglamaktadir. Bununla
beraber proteolitik aktivitesi yiiksek oldugu belirtilen
Lactobacillus helveticus gibi laktobasillerin tarhana
fermantasyonuna dahil edilmesi durumunda
proteinlerden  serbest kalan kisa peptitlerin
cesitliliginde artig olabilecegi ve boyle bir ¢alismanin
tarhananin fonksiyonel o6zelligini arttirabilecegi
degerlendirilmektedir.

Guniumtuzde tiiketicilerin talepleri dogrultusunda
dogal gida katki maddelerinin kullanim olanaklar:
tizerinde oOnemli arastirmalar yuritilmektedir.
Antimikrobiyal peptitler gibi gida koruyucusu olarak
kullanilmakta olan dogal bilesenler, yeni gida
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katkilarinin ve insan saghgimi destekleyici yeni
urtinlerin gelistirilmesi calismalarinda ilgi
uyandirmaktadir. Bu anlamda ¢alismada tespit edilen
ancak veri setinde yer almayan peptitlerin biyolojik
aktiviteleri  belirlenerek  koruyucu ve saghg
destekleyici etkiler gésteren peptitler tanimlanabilir,
bunlarin gida ve saghk sektorinde kullanim
olanaklar1 arastirilabilir. Bu ¢alismalar neticesinde
tuketicilerin dogal-saghkli gida talebine cevap
vermeye yoOnelik faydali bulgular elde edilebilecegi
dustntulmektedir.
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Ek 1. Kutle spektrometresi verilerinin PEAKS Studio programinda degerlendirilmesi
Appendix 1. Evaluation of MS data in PEAKS Studio software

Kiitle(Da) (Mass) -10lgP*  Peptit (Peptide) Erisim Kodu (Access number)
673.4163 24.06 TPAVFK P02754 (LACB_BOVIN)
673.4163 24.06 LPAVFK Q58DWO0 (RL4_BOVIN)
o R 645.3156 19.23 EAMAPK P02666 (CASB_BOVIN)
S8 473.2962 18.39 GGC(-2.95)KL A6QLB5 (A6QLB5_BOVIN)
<= 645.3156 17.22 KDCPAL A0A1D5U880 (AOA1D5USS0_WHEAT)
RN 671.2762 17.17 DSSC(-2.95)TY F1IMFLO (FIMFLO_BOVIN)
E ?g 829.4446 16.43 AVPYPQR P02666 (CASB_BOVIN)
oS 512.3071 16.02 AAPVR AOAO07TRWI5 (AOAO77RWI5_WHEAT)
53 673.4163 15.83 IAPVFK AKB**
3 & 673.4163 15.83 LAPVFK AKB
~ 779.4905 15.48 VLPVPQK P02666 (CASB_BOVIN)
932.5365 15.23 LIVTQTMK P02754 (LACB_BOVIN)
932.5365 15.23 IIVTQTMK P02755 (LACB_BUBBU)
932.5365 23.58 IIVTQTMK P02755 (LACB_BUBBU)
932.5365 23.58 LIVTQTMK P02754 (LACB_BOVIN)
673.4163 22.80 IPAVFK P02754 (LACB_BOVIN)
673.4163 22.80 LPAVFK Q58DWO0 (RL4_BOVIN)
645.3156 21.50 EAMAPK P02666 (CASB_BOVIN)
673.4163 19.35 APLVFK AOAO7TRPE6 (AOA077TRPE6_WHEAT)
673.4163 19.35 APIVFK AKB
747.3659 18.21 EMMIPK AKB
~ 747.3659 18.21 EMMLPK Q29RT4 (CDCA2_BOVIN)
© :%‘ 673.4163 17.36 APIVKF AOAOBSQNF2 (AOAOBSQNF2_LACLL)
£S 673.4163 17.36 APLVKF AKB
TS 829.4480 16.63 AVM(+15.999LPGAR F1MKX7 (FIMKX7_BOVIN)
g 5 673.4163 16.52 LPGIKF AOAOR2GUSO (AOAOR2GUS0_9LACO)
i’é kS 673.4163 16.52 LPGLKF W5BHC7 (W5BHC7_WHEAT)
g s 572.3533 16.38 LLSLGA P24627 (TRFL_BOVIN)
g5 5 473.2962 15.88 C(-2.95)GAVK AKB
B § 779.4905 15.74 VLPVPQK P02666 (CASB_BOVIN)
=3 572.3533 15.65 IIVTQ AKB
5 _§ 572.3533 15.65 LIVTQ AOAOMA4FI60 (AOAOM4FI60_BOVIN)
8 572.3533 15.65 LLVTQ ATMBJ5 (CAND1_BOVIN)
572.3533 15.65 ILVTQ AKB
512.3071 15.64 APAVR AKB
655.3653 15.51 SC(-2.95)KPPQ G5E6Q3 (G5E6Q3_BOVIN)
677.3496 15.19 KPDRY Q88VP9 (PRMA_LACPL)
572.3533 15.08 LLTVQ AOAO7TTRWX9 (AOAO77RWX9_WHEAT)
572.3533 15.08 LITVQ A0A096UUP1 (A0OA096UUP1_WHEAT)
572.3533 15.08 ILTVQ QOVD51 (RNF13_BOVIN)
572.3533 15.08 IITVQ Q58D55 (BGAL_BOVIN)
747.3625 15.07 EMPFPK P02666 (CASB_BOVIN)

*-10 1gP: Hatali eslesme olasihig1 (%1 hatali eglesme ihtimali -101gP:20 degerine denktir)

** AKB: Anlamli kaynak bulunamad
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Ek 2. PEAKS Studio programinin de-novo sekanslama sonuclari
Appendix 2. De-novo sequancing results of PEAKS Studio software

Peptit (Peptide) % ALC*  Kiitle (Da) (Mass)
LLAEK 89 572.3533
KLPQ 88 484.3009
LPAVKF 87 673.4163
LQPK 84 484.3009
LKPQ 83 484.3009
LR 82 287.1957
MALPPK 79 655.3727
VLPVKPQ 76 779.4905
LLAKE 75 572.3533
LLR 74 400.2798
LKGPA 74 484.3009
LAR 73 358.2328
. VLPVPC(-2.95R 73 779.5018
s § LLAEK 72 572.3533
§& ALR 72 358.2328
H& RL 71 287.1957
B~ LAK 71 330.2267
2 § LKPGA 71 484.3009
§13§ FR 70 321.1801
g5 VR 70 273.1801
oS LLIVQ 70 572.3533
LLAEK 90 572.3533
LPAVKF 87 673.4163
ALPPK 85 524.3322
GVSK 85 339.2274
LQPK 84 484.3009
LKPQ 83 484.3009
VR 80 273.1801
LAPPK 79 524.3322
LR 78 287.1957
E TVMAPQ 76 645.3156
& LVVPPK 76 651.4319
g 5 KLPQ 76 484.3009
£ FR 76 321.1801
8§ MALPPK 75 655.3727
5% LLR 75 400.2798
5 LAR 75 358.2328
g § CVLPPK 74 655.3727
EQ ALR 74 358.2328
5§ LAK 73 330.2267
s & VLR 72 386.2641
A8 HQ 70 283.1281

*% ALC: Sekanstaki amino asitlerin dogruluk ytizdesi

KISALTMALAR

ACE: Angiotensin converting enzyme

CaMPDE: Calmodulin dependent cyclic nucleotide
phosphodiesterase

DPP-1V: Dipeptidyl peptidase-4

kDa: Kilo dalton

Q-TOF LC/MS: Quadrupole time of flight liquid
chromatography/mass spectrometry

RP-HPLC: Reversed phase-high performance liquid

366

chromatography

UHT: Ultra high temperature

Amino asitlerin tek harf kisaltmalari; A: Alanin, C:
Sistein, D: Aspartik asit, E: Glutamik asit, F:
Fenilalanin, G: Glisin, H: Histidin, I: Izolésin, K: Lizin,
L: Losin, M: Metiyonin, N: Asparagin, P: Prolin, Q:
Glutamin, R: Arginin, S: Serin, T: Trionin, V: Valine,
W: Triptofan, Y: Tirozin
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OZET

Bu calismada, Melisa (Melissa officinalis L.) ekstraktinin dondurma
tretimine uygunlugu arastirilmigtir. Bu baglamda, farkl oranlarda
(%3, 6 ve 9) Melisa ekstrakti ilave edilerek iiretilen deneme
dondurmalarin bazi kimyasal, fiziksel ve duyusal 6zellikleri
incelenmistir. Istatistiksel degerlendirmede, dondurma karigimina
Melisa ekstrakti ilavesinin, dondurmanin viskozite, hacim artis orani
ve ilk damlama stliresini disirdigi, sertlik degerini ise yiikselttigi;
duyusal parametrelerden renk ve tatlilik degerlerini ylikselttigi, yapi-
kivam, tat-aroma, agizda biraktigi his, erimeye dayaniklilik, yabanci
tat ve genel kabul edilebilirlik puanlarini diistirdigi tespit edilmistir.
Melisa ekstraktim1 %3 diizeyinde igeren dondurmanin, arastirilan
parametreler bakimindan kontrol grubu dondurma ile ¢ogunlukla
ayni grupta yer aldigi tespit edilmistir. Bu nedenle, sade dondurma
uretiminde %3 Melisa ekstrakti kullanilarak fonksiyonel bir
dondurma g¢esidinin turetilebilecegi sonucuna varilmigtir.

ABSTRACT

In this study, some chemical, physical and sensory properties of the
ice cream produced by adding different ratios (3, 6 and 9%) of Melissa
(Melissa officinalis L.) extract to the ice cream mixture were
determined and the suitability of the extract for ice cream production
was investigated. The addition of Melissa extract to the ice cream
mixture decreases the viscosity, overrun and the first dripping time of
the ice cream, and increases the hardness. Also, it has been
determined that it reduces the consistency, taste-aroma, mouthfeel,
melting resistance, foreign taste and general acceptability, and
increases color and sweetness of the ice cream. However, it was found
that ice cream containing 3% Melissa extract was mostly in the same
group with the control group ice cream in terms of investigated
parameters. It is concluded that a functional ice cream type can be
produced by adding 3% Melissa extract into ice cream mix.
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GIRIS zenginlestirilmesi mumkindir. Fenolik bilesikler

Dondurma krema, siit tozu, stabilizator, emulgator,
tatlandiric1 (sakaroz, glikoz vb.), istege bagh olarak
renk ve lezzet veren maddelerin slte ilavesiyle elde
edilen karigimin 181l iglem uygulanarak
olgunlagtirilmas1 ve iglenmesiyle uretilen kompleks
fiziksel ve kimyasal bilesime sahip bir siit tranadir
(Uctincii 2005). Tath bir siit Griint olan dondurmanin
yag ve seker orami yiksek, antioksidan ve fenolik
madde igerigi ise diisiik diizeydedir. Ancak, ¢esitli bitki
ve baharat ekstraktlari ilave edilerek besin degerinin

bakimindan zengin olan bitki ve baharatlarin sit
urtnleriyle kombine edilmesi, tiiketici saghgina katki
saglayacaktir (El-Sayed ve Youssef 2019).

Hayat sartlar: ve beslenme aligkanlarina bagl olarak,
tuketicilerin gidalardan beklentileri de zamanla
degismekte, tiketicilerin saglikli beslenme istekleri,
fonksiyonel gidalara talebi yiikselmektedir (Tiirkmen
ve Giirsoy 2017). Son yillarda, fonksiyonel bilegsenlerin
ilavesiyle tiretilen yeni gida triinleriyle ilgili ¢calisma
sayisinda artis gozlenmektedir. Bu baglamda
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dondurma tretiminde farkli bitki ve baharatlarin
dogrudan veya ekstrakt, destilat veya sularinin
kullanimi ile calismalar yapilmistir (Agrawal ve ark.
2015; Chamchan ve ark. 2017; Celik ve ark. 2010;
Gabbi ve ark. 2018; R Kumar ve ark. 2018).

Limon balsami1 olarak ta bilinen ve Lamiacae
familyasina ait c¢ok yillik bir bitki olan Melisa
bitkisinin (Melissa officinalis L.) Akdeniz iilkelerinde
dogal olarak yetistigi (Akgiil 1993), Almanya, Fransa,
Italya, Romanya, Bulgaristan ile Amerika kitasinda
kiiltire alindign belirtilmektedir (Bagdat ve Cosge
2006).

Melisa bitkisinin tiiketici saghgr bakimindan givenli
oldugu, cesitli gida takviyeleri ile fonksiyonel gidalarin
tiretiminde kullanildigr (Miraj ve ark. 2017; Swiader
ve ark. 2019), bitki yapraklarinin taze ve kurutulmus
formunun, cesitli salata ve soslar ile ¢corba, sebze, et ve
tathilarda kullanildigi, ayrica bitkisel ¢ay olarak
tiiketildigi bildirilmektedir (Simon ve ark. 1984).
Melisa  yapraklarinin  flavonoidler,  polifenolik
bilesikler, terpenler, tanninler ve esansiyel yaglar
icerdigi (Miraj ve ark. 2017), bu baglamda 32 adet bitki
tiird icinde en yiiksek fenolik madde icerigine (13.2 mg
GAE/100 g kuru agirlik) sahip oldugu (Wojdylo ve ark.
2007), herhangi bir yan etkisinin tespit edilmedigi ve
GRAS olarak kabul edildigi (Binello ve ark. 2017;
Miraj ve ark. 2017) bildirilmektedir.

Melisa bitkisinin tablet haline getirilerek tip alaninda
(oftalmoloji, jinekoloji, onkoloji, gastroenteroloji,
kardiyoloji) uyku diizensizligi, nérodejeneratif
hastaliklar ve obezitenin 6nlenmesi ve tedavisinde
kullaniminin tavsiye edildigi bildirilmektedir (Chilton
1997; Mimica-Dukic ve ark. 2004; Miraj ve ark. 2017;
Swiader ve ark. 2019). Ibni Sina ise ‘Melisa bitkisi
kalbi ferahlatir ve kalbe verdigi kuvvet, kirmizi
yakutun fitline muadildir diyerek bu bitkiyi 6vmustur.

Melisa Dbitkisinin de yer aldigi farkli bitki
karisgimlarindan elde edilen ve fenolik bilesikler
bakimindan optimize edilen liyofilize ekstraktin
dondurma tretiminde kullanilabilecegi ve bu sekilde
uretilen dondurmanin toplam fenolik madde igerigi ile
antioksidan kapasitesinin yiikseldigi ve dondurmanin
duyusal kabul endeksinin %83 oldugu bildirilmigtir
(Gremski ve ark. 2019). Bagka bir calismada ise,
duyusal degerlendirme sonucunda %15 Melisa ve %15
Zencefil ekstraktinin dondurma tUretiminde
kullanilabilecegi bildirilmistir (Chamchan ve ark.
2017). Benzer calismalarda, %6 Feslegen suyu (Trivedi
2014), %3 Feslegen extrakt: (S Kumar ve ark. 2012),
%4-6 Zencefil suyu (Agrawal ve ark. 2015; Gabbi ve
ark. 2018; Pinto ve ark. 2009) ve %0.1 oraninda Sar1
kantaron ekstraktinin (Aydemir 2015) dondurma
tiretiminde kullanilabilecegi bildirilmistir.

Gida mevzuat:1 dondurma tiretiminde, aroma ve g¢esni
maddelerinin kullanmilmasina izin vermekte (Anonim
2004), cesitli terapétik etkileri olan ve halk tibbinda
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bazi hastaliklarin tedavisinde kullanimi 6nerilen ve
ayni zamanda cesitli gida urinlerinin
hazirlanmasinda kullanilan Melisa ekstraktinin
dondurma Uretimine uygunlugunun arastirilmasi
amaclanmistir. Bu amac¢ dogrultusunda, farklh
oranlarda ticari Melisa ekstrakti kullanilarak tretilen
dondurmanin bazi fiziksel, kimyasal ve duyusal
ozellikleri arastirilmigtir.

MATERYAL ve METOD
Materyal

Dondurma iiretiminde, inek siitii, krema (Siitpa Siit
Uriinleri Ltd. Sti., Antalya), siittozu (Enka Siit ve Gida
Mamulleri San. Tic. AS, Konya), stabilizatér (salep),
emiilgatér (mono- ve di-gliserit), seker (sakaroz) ve
ticari Melisa ekstrakt1 (Gokgek Gida Ilag San. ve Tic.
Ltd. Sti., Istanbul) kullanilmistir.

Yontem
Dondurma Uretimi

Dondurma karigimlarinin hazirlanmasi igin, taze inek
sitine %18 sgeker, %0.25 emdulgator, %0.75
stabilizator, %2.5 siittozu ilave edilmigtir. Ayrica, %8
yagl olacak sekilde sade dondurma karigimina krema
ilave edilmistir (Anonim 2004). Her bir deneme
dondurma tretim c¢alismasi, 5 L’lik hacimlerde

gerceklestirilmistir.
Yapilan én denemelerde, farkli oranlarda (%1, 3, 6, 9,
12 ve 15) ticari Melisa ekstrakti dondurma

karigimlarina ilave edilerek uretimler yapilmig ve
panelistlerin begenisine sunulmustur. Panelistler %1
ekstrakt iceren dondurmalarda ekstraktin
hissedilmedigini, %12 ve %15 ekstrakt iceren
dondurma o6rneklerinin ise yogun seker ve keskin
limonsu tattan dolayr tuketilemeyecegini ifade
etmigler, bu nedenle dondurma tiretiminde %3, 6 ve 9
oraninda ekstrakt kullanilmigtir.

Isil iglem uygulanan siite 40 °C’de krema eklendikten
sonra, kendi i¢cinde homojen olarak karistirilan seker,
slit tozu, emilgator ve stabilizator karisimi, azar azar
stite 1lave edilip ¢6ziinmesi saglanmigtir. Karisim, 85
oC’de 10 dak 1s1l islem uygulandiktan sonra 10 °C’de 18
saat olgunlagtirilmigstir. Hesaplanan miktar Melisa
ekstrakti, mikrobiyal yukia azaltmak amaciyla
pastorizasyon sicakliginda dondurma miksine ilave
edilerek karigtirilmigtir. Olgunlagtirma asamasindan
sonra, dondurma karisimi kesikli ¢alisan dondurma
makinesinde dondurmaya islenmigtir. Dondurma
ornekleri, kapakli PVdC kaplara (100 mL) alinmis ve
analiz yapilincaya kadar -22 °C'de muhafaza
edilmigstir. Calisma 3 defa tekrarlanmigstir.

Fizikokimyasal Analizler

Kurumadde: Dondurma karisimi, etiivde 103+2 °C’de
kurutularak kurumadde orami hesaplanmistir (Kurt
ve ark. 2012).
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pH: Dondurma karisiminda pH tayini yapmadan once,
dondurma oda sartlarinda yumusatilmis ve pH metre
(WTW pH meter 3310, Germany) probu eriyen

dondurma Ornegine direk daldirilarak okuma
yapilmistir (Kurt ve ark. 2012).

Viskozite: Vizkozite analizi, 4 °Cde 5.5 saat
bekletilerek  yumusatilan dondurma 6rneginde

(yaklasik 100 g) yapilmistir. Viskozite tayini icin 5
numarali prob kullanilmis ve 20 rpm’de o&l¢uimler
alinmigtir. Bu islem i¢in, prob 6rnege daldirildiktan
sonra, Viskozimetre (Brookfield Programmable DV-
II+Viscometer, UK) calistirilmis ve 10. sn’de okuma
(centipoise, cP) yapilmistir (Aime ve ark. 2001; Gassem
ve Frank 1991).

Hacim artig1 orani: Bu analiz i¢in, 6ncelikle 100 mL’lik
behere dondurma miksi, daha sonra dondurma
konularak tartilmistir. Dondurma agirhiginin miks
agirhgina oramyla elde edilen deger 100 ile ¢arpilmis
ve hacim artis orani hesaplanmistir (Giirsel ve
Karacabey 1998).

Sertlik: Dondurma 6rneklerinde sertlik tayini, 4 °C’de
penetrometre cihaz1 (Penetrometro 496) yardimiyla
25.4 mm c¢apinda kiire ug¢ kullanilarak yapilmig ve
okunan sonuclar (N) olarak ifade edilmistir (Aime ve
ark. 2001).

Ilk damlama siiresi: Erime testi, -24 °C’de 5 giin
stireyle muhafaza edilen dondurma 6rnekleri, 0.3 cm?
gozenekli metal tel elek tizerine konulmus ve 24 °C’de
erimeye birakilmigtir. Diigen ilk damlanin stiresi
kaydedilmistir (Prindiville ve ark. 1999).

Duyusal Analizler

Dondurma o6rneklerinin duyusal degerlendirmesi,
hedonik tip skala (1-9) kullanilarak 7 kisilik egitimli
panelist grubu tarafindan yapilmigtir. Dondurma
ornekleri, oda sicakliginda yaklagitk 15 dak
bekletildikten sonra degerlendirilmisgtir. Panelistlerin
ornekleri, renk, kivam, tat-aroma, tathilik dizeyi,
agizda biraktigr his, yabanci tat, oda sicakhiginda
erimeye dayamkhlik ve genel kabul edilebilirlik
acisindan degerlendirmeleri istenmigtir. Duyusal
analizlerin yapilmasina Harran Universitesi Sosyal ve
Beseri Bilimler Etik Kurulu tarafindan 2021/28 sayili
yazi ile izin verilmigtir.

Istatistiksel Analizler

Dondurmanin  fiziksel, kimyasal ve duyusal
ozelliklerine ait veriler, MINITAB® paket programi
kullanilarak, tek yonli ANOVA ile degerlendirilmigtir.
Duyusal parametrelere iligkin veriler, karekoék
transformasyonuna tabi tutulmustur. Analiz sonucu
onemli ¢ikan ortalamalar arasindaki farklihk, Tukey
coklu karsilastirma testi ile test edilmistir (Yildiz ve
Bircan 1994).

369

BULGULAR ve TARTISMA
Fizikokimyasal Ozellikler

Melisa ekstrakti kullanilarak iretilen dondurma
orneklerinin baz fiziksel ve kimyasal parametrelerine
iliskin ortalama degerler ve olusan gruplar, Cizelge
1’de verilmigtir.

Kontrol érnegine oranla, farkli oranlarda (%3, 6 ve 9)
Melisa ekstrakti iceren dondurma orneklerinde KM
oranlarinin nispeten daha disik oldugu tespit
edilmistir (Cizelge 1). Yapilan bir calismada, farkh
oranlarda (%2, 4, 6) Feslegen suyu ilave edilerek
iiretilen dondurmada, KM oraninin azaldig1 (Trivedi
2014), Zencefil rizomlarindan elde edilen formlarin
(su, pulp, seker ve toz) dondurmanin bilesimini énemli
diizeyde etkiledigi; Zencefil suyu ve pulpu (%2-8)
ilavesinin dondurmada KM oranini azalttigi, Zencefil
sekeri (%5-20) ve tozunun (%0.5-2) ise KM oranim
yiikselttigi (Gabbi ve ark. 2018), farkli oranlarda
(%0.1, 0.2 ve 0.3) Sar1 kantaron ekstrakti ilavesinin ise
dondurmanin KM oranmin yiikselttigi (Aydemir 2015)
bildirilmistir.

Deneme dondurma érneklerinin pH degerleri arasinda
énemli bir farklilik tespit edilmemistir (Cizelge 1). Tat-
aroma amaciyla dondurmaya ilave edilen Feslegen
suyu (Trivedi 2014) ile Zencefil suyu ve tozu ilavesinin
dondurmada pH'y1 diisiirdiigii (asitligi yiikselttigi),
Zencefil pulpu ve zencefil sekeri ilavesinin ise
dondurmada pH’y1 yiikselttigi (Gabbi ve ark. 2018),
Sar1 kantaron ekstrakti ilavesinin ise dondurmada pH
degerini diigiirdigi (Aydemir 2015) bildirilmistir. Bu
durumun, ilave edilen ekstraktin asitliginden
kaynaklandig: séylenebilir.

Kontrol grubuna oranla, Melisa ekstrakti igeren
dondurma 6rneklerinin viskozite degerleri daha disik
(P<0.05) bulunmus, ekstrakt oraninin artigina paralel
olarak dondurma &rneklerinin viskozite degerlerinde
onemli diizeyde (P<0.05) azalma meydana gelmistir
(Cizelge 1). Yapilan calismalarda, Safran (Celik ve ark.
2010) ve farkli oranlarda (%2, 3 ve 4) Feslegen
ekstrakt: ilavesinin dondurma miksinde viskozitenin
azalmasina neden oldugu (S Kumar ve ark. 2012),
Melisa (%15 Melisa ekstrakt1 + %90 xylitol) ve Zencefil
ekstraktlar1 (%15 Melisa ekstrakt1 + %90 xylitol)
ilavesinin ise dondurmada viskozite degisimine neden
olmadig1 (Chamchan ve ark. 2017) bildirilmistir.

Dondurma karigimina ticari Melisa ekstraktinin
ilavesi dondurmada hacim artis oraninin azalmasina
neden olmustur. Ancak bu durum, istatistiksel olarak
onemli  bulunmamistir  (Cizelge 1). Yapilan
arastirmalarda Feslegen suyu ilavesinin dondurmada
hacim arti1 iizerine etkisinin olmadig1 (Trivedi 2014),
Zencefil suyu ilavesinin dondurmada hacim artig
oranin1 azalttigi (Gabbi ve ark. 2018), Melisa ve
Zencefil ekstraktlar1 ilavesinin dondurmada hacim
artist bakimindan kontrol o&rnegiyle istatistiksel
olarak farkli olmadign (Chamchan ve ark. 2017),
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Safran ilavesinin dondurmada hacim artis oraninda
yiikkselmeye neden oldugu (Celik ve ark. 2010), Limon
otu ve Kori yaprag: destilatlarinin dondurma miksine
ilave edilmesinin dondurmada hacim artigina neden

olmadigi (R Kumar ve ark. 2018) farklh oranlarda
Zencefil suyu ilavesinin ise dondurmada hacim artig
oranini énemli diizeyde diisiirdiigii (Agrawal ve ark.
2015) bildirilmistir.

Cizelge 1. Kontrol ile Melisa ekstrakti iceren dondurmalarin baz fiziksel, kimyasal ve duyusal parametrelerine

iligkin ortalamalar degerler

Table 1. Average values for some physical, chemical and sensory parameters of the control and ice cream

containing Melissa extract

Kontrol

Melissa ekstrakt orani (%)
The ratios (%) of Melissa extract

Control

%3 %6 %9

Fizikokimyasal parametreler / Physicochemical parameters

Kurumadde, % Drymatter, % 34.81+0.20 34.27+0.20 34.29+0.20 34.31+0.20

pH 6.52+0.03 6.52+0.03 6.58+0.03 6.58+0.03

Viskozite, cP Viscosity, cP 6155.00+44.82 5681.67+44.8p 5510.00+44.8p 5050.00+44.8¢

Hacim artisi, % Overrun, % 24.97+0.90 24.16+0.90 21.78+0.90 21.47+0.90

Sertlik, N Hardness, N 82.83+6.05¢ 101.67+6.05¢ 129.50+6.05P 175.50+6.052

Ik damlama stresi, dak 41.62+0.462 38.72+0.46P 37.09+0.4> 33.99+0.46¢

First drip time, min

Duyusal parametreler / Sensorial parameters

Renk Colour 1.21+0.014 1.83+0.01¢ 2.12+0.01b 2.37+0.012

Yapi-kivam Consistency 2.83+0.022 2.74+0.02b 2.58+0.02¢ 2.07+0.024

Tat-aromaTaste-aroma 2.77+0.01b 2.87+0.012 2.67+0.01¢ 2.52+0.014

Tathlik diizeyiSweetness 2.24+0.004 2.43+0.00¢ 2.67+0.00b 2.86+0.002

Agizda biraktig his 2.72+0.01b 2.60+0.01¢ 2.42+0.014

Mouthfeel 2.80+0.012

Yabanci tat Unwanted taste 2.83+0.012 2.32+0.01b 2.06+0.01¢ 1.87+0.014

Erlmgye dayanlkhhk 9. 8740.01a 2.56+0.01P 2.29+0.01¢ 2.01+0.014

Melting resistance

Genel kabul edilebilirlik 2.84+0.01b 2.65+0.01¢ 2.26+0.014
. 2.91+£0.012

General acceptability

Ayni satirda, farkli harflerle belirtilen ortalamalar arasindaki farklilik, P<0.05/P<0.01 diizeyinde énemlidir.
The difference between the averages indicated by different letters on the same row is significant a level of P<0.05 or P<0.01.

Kontrol grubuna oranla, Melisa ekstrakt1 ilavesi ve
ekstrakt oranminin yukselmesine paralel olarak
dondurmada sertlik degerlerinin de 6nemli dizeyde
(P<0.05) yiikseldigi tespit edilmistir (Cizelge 1).
Dondurma karisimina ilave edilen Melisa ve Zencefil
ekstraktlar1 ile seker ikamesi olarak xylitol'un
kullanildig: bir ¢alismada, optimize edilen dondurma
orneklerinde (%15 zencefil/Melisa ekstrakti + %90
xylitol) sertlik degerlerinin kontrol &rnegi ile
istatistiksel olarak farkli olmadigr bildirilmigtir
(Chamchan ve ark. 2017).

Melisa ekstrakti ilavesinin dondurmada ilk damlama
stiresini P<0.05 diizeyinde diisiirdigii belirlenmigtir
(Cizelge 1). Bagka bir deyisle, dondurma iiretiminde
Melisa ekstrakti ilavesi ve ilave oraninin yiikselmesi,
dondurmada hizli erimeye neden olmustur. Yapilan
arastirmalarda, Feslegen suyu (Trivedi 2014), farkh
oranlarda Feslegen ekstrakt: (S Kumar ve ark. 2012)
ve Zencefil suyu (Agrawal ve ark. 2015) ilavesinin
dondurmada erimeye dayamikhlign distrdig,
Zencefil formlar1 (su, pulp, seker ve toz) ilavesinin
dondurmada (erimeye dayamkhhg yiikselttigi) ilk

damlama siiresini uzattigni (Gabbi ve ark. 2018)
bildirilmistir.

Duyusal Ozellikler

Melisa ekstrakti kullanilarak dtretilen dondurma
orneklerinin bazi1 duyusal parametrelerine iligkin
ortalama degerler ve olusan gruplar Cizelge 1’de
verilmistir.

Kontrol grubuna oranla, Melisa ekstrakt1 igeren
dondurma oOrnekleri renk puanlari bakimindan
panelistlerden cok o6nemli diizeyde (P<0.01) daha
yiksek puanlar almigtir. Bagska bir deyisle, kontrol
grubu dondurma beyaz, Melisa ekstrakti igeren
dondurma 6rneklerinde rengin degistigi ve sari rengin
belirginlestigi, %3 Melisa ekstrakt1 igeren dondurma
renginin sarimsi, %6 ve %9 ekstrakt iceren dondurma
orneklerinin renginin ise agik sari olarak algilandigi
gozlenmistir (Cizelge 1). Yapilan calismalarda,
dondurma miksine 1ilave edilen Sar1 kantaron
(Aydemir 2015), farkl bitki ekstraktlar: (Gremski ve
ark. 2019; Karaman ve Kayacier 2012) ile Safran
baharatinin (Celik ve ark. 2010) dondurmanin rengini
degistirdigi bildirilmistir.
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Panelistler yapi-kivam bakimindan, kontrol ve %3
Melisa ekstrakti ilave edilerek tretilen dondurma
orneklerini ‘cok iyi’, %6 ekstrakt iceren dondurmayi
‘iyl’ ve %9 ekstrakt iceren dondurmay: ise ‘orta’
diizeyde olarak degerlendirmiglerdir. Kontrol grubuna
oranla, ekstrakt igeren dondurma 6rneklerinin yapi-
kivam skorlar1 énemli diizeyde daha (P<0.05) diisiik
bulunmus, ayrica ilave ekstrakt oraninin artmasiyla
yapr-kivam puanlar: da azalmistir (Cizelge 1). Farkh
oranlarda (%0.1, 0.2 ve 0.3) Sar1 kantaron (Aydemir
2015) ve %0.02 oranminda Safran (Celik ve ark. 2010)
ilavesinin  dondurmada yapi-kivam  skorlarinin
azalmasina, farkli oranlarda Zencefil suyu (%1, 2, 3, 4
ve 5) ilavesinin ise dondurmanin yapi-kivam skorunda
yiikselmeye neden oldugu (Agrawal ve ark. 2015)
bildirilmistir.

Kontrol grubuna oranla, %3 Melisa ekstrakti igeren
dondurmanin tat-aroma skoru daha yuksek, %6 ve 9
ekstrakt iceren dondurmalarin skorlari ise 6nemli
diizeyde (P<0.05) daha diigiik bulunmustur (Cizelge 1).
Bagka bir deyigle, %3 ve %6 oraninda Melisa
ekstraktinin dondurma miksine ilave edilmesi, ‘¢ok iyi’
diizeyde algilanmis ve yiiksek puan verilmigstir. Melisa
ekstraktinin kendine has limonumsu, mayhos ve tath
aromasi bulunmaktadir. Ekstraktin diisiik oranda (%3
ve 6) dondurma ile kombine edilmesi sonucu,
dondurmaya kazandirdig: limonumsu tadin
begenildigi ve panelistler tarafindan olumlu olarak
degerlendirildigi anlagilmaktadir. Yapilan
calismalarda, Safran ilavesinin sade ve diyabetik
dondurmada tat-aroma skorunu yiikselttigi (Celik ve
ark. 2010), %6 oranina kadar Feslegen suyu ilavesinin
dondurmanin tat-aromasin iyilestirdigi (Trivedi 2014)
bildirilmigtir.

Tathlik dizeyi bakimindan kontrol ve %3 Melisa
ekstrakti iceren dondurma 6rnekleri ‘normal tatlr’, %6
ve %9 ekstrakt katkilhi dondurma ornekleri ise ‘cok
tatl’’ olarak panelistler tarafindan degerlendirmigtir.
Kontrol grubuna oranla, Melisa ekstrakt1 igeren
dondurma o6rneklerinin tatlilhlk agisindan o6nemli
diizeyde (P<0.05) daha yiiksek puan aldiklari, ekstrakt
oraninin artmasiyla dondurmalarin tatlilik
skorlarinin da yiikseldigi belirlenmistir (Cizelge 1).
Bagka bir deyisle tathilik diizeyi yiuksek olan Melisa
ekstrakti, dondurmanin tathligina olumlu katkida
bulunmustur. Tiketici saghgi tizerine olumlu etkileri
olan ve tatlihk diizeyi yiksek olan Melisa
ekstraktinin, dondurma tretiminde seker yerine
ikame edilmesi, toplumda goriilen obezite ve tip II
diyabet (Diabetus mellitus) hastaliginin 6nlenmesi
bakimindan o6nem tasimaktadir. Safran ilavesinin
dondurmada tathilik diizeyinin yilikselmesine neden
oldugu bildirilmistir (Celik ve ark. 2010).

Agizda biraktig1 his bakimindan kontrol ve %3 Melisa
ekstrakti iceren dondurmanin ‘gcok iyi’, daha fazla
oranda ekstrakt iceren dondurma 6rneklerinin ise ‘iyi’
diizeyde panelistler tarafindan degerlendirildigi
anlagilmaktadir. Bununla beraber, Melisa ekstrakti
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iceren dondurma oOrneklerinin 6nemli diizeyde
(P<0.05) daha diisiik puanlar aldiklari, %3 Melisa

ekstrakti igeren dondurmanin kontrol grubu
dondurma ile yakin skor aldigi tespit edilmistir
(Cizelge 1). Baska bir deyisle kontrol grubu
dondurmalara oranla, Melisa ekstrakti igeren

dondurmalarin kristallegen buzlu yapisinin agizda
degisik bir his olugsmasina neden oldugu, ekstrakt
oraninin artigina bagl olarak agizda biraktig1 his
puaninin azalmasina neden oldugu anlasilmigtir.
Kontrol grubuna oranla, agizda biraktign his
bakimindan Zencefil formlar: (su, pulp, seker ve toz)
ilavesiyle liretilen dondurmalarin istatistiksel olarak
benzer skorlar aldigi, ancak %6 ve 8 pulp, %20 seker
ve %2 toz formu kullanilarak tiretilen dondurmalarda
6nemli diizeyde daha dusiik puan aldiklar
bildirilmistir (Gabbi ve ark. 2018). Baska bir
¢alismada ise, safran ilavesinin dondurma ¢esitlerinde
agizda biraktigr his skorlarmin yiukselmesine neden
oldugu ifade edilmistir (Celik ve ark. 2010).

Kontrol grubuna oranla Melisa ekstrakti igeren
dondurma o6rneklerinin yabanci tat puanlarinin daha
diisiik oldugu (P<0.05), ekstrakt oranin artisina bagh
olarak 6rneklerin yabanci tat puanlarinin da azaldig:
tespit edilmistir (Cizelge 1). Bagka bir ifadeyle Melisa
ekstrakti ilave edilerek  Uretilen dondurma
orneklerinde yabanci tat algilanmistir. Bu baglamda,
panelistler diisiik oranda (%3) ekstrakt ilave edilen
orneklerde ‘cok az’ diizeyde, daha yiiksek oranda (%6
ve 9) ekstrakt iceren o6rneklerde ise ‘az’ diizeyde
yabanci tat algilamiglardir. Melisa ekstraktinin
kendine has mayhos tadinin panelistler tarafindan
yabanci tat olarak algilandigi sGylenebilir.

Kontrol grubu dondurmanin oda sicakliginda erimeye
karst ‘cok dayanikl’, %3 ve %6 ekstrakt katkih
dondurmalarin ‘dayanikl’ ve %9 ekstrakt ilaveli
dondurmanin ise ‘az dayamkl’’ oldugu, verilen
puanlardan anlasilmaktadir (P<0.05). Bagka bir
ifadeyle, dondurma karigsimina ekstrakt ilave edilmesi
oda sicakliginda dondurmanin dayanikliligim azalttig:
ve daha hizh eridigi sonucuna varilmistir. Bu durum,
dondurmanin arastirilan fiziksel ve kimyasal
parametrelerinden ilk damlama stiresi ile de paralellik
gostermigtir.

Genel kabul edilebilirlik bakimindan, deneme
dondurma ornekleri arasinda istatistiksel olarak
onemli diizeyde (P<0.05) farklilik oldugu tespit
edilmigtir. Panelistlerin, genel kabul edilebilirlik
bakimindan kontrol ile %3 ve %6 ekstrakt katkih
dondurma &rneklerine ‘cok iyi, %9 ekstrakt iceren
dondurma o6rnegine ise ‘iyi’ diizeyde kabul puani
verdikleri anlagilmaktadir (Cizelge 1). Panelistlerin bu
parametre bakimindan kontrole oranla, %3 ekstrakt
iceren dondurma oOrnegini daha fazla begendikleri
tespit edilmigtir. Bagka bir deyigle, Melisa
ekstraktinin kendine has mayhos olarak nitelenen tat-
aromasinin disiik diizeyde dondurmada olumlu tepki
aldign ve %3 oraninda ekstraktin dondurma
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uretiminde kullanilabilecegi sonucuna varilmigtir.
Farkli bitki karisimlarindan elde edilen ekstraktin
dondurma {iretiminde kullanmlabilecegi (Gremski ve
ark. 2019), %10 Zencefil sekeri, %6 Zencefil suyu, %4
Zencefil pulpu ve %1 Zencefil tozu ilavesiyle tretilen
dondurmanin en yliksek toplam kabul edilebilirlik
puanini aldigt (Gabbi ve ark. 2018), baska bir
calismada ise %4 Zencefil suyu kullanilarak turetilen
dondurmanin duyusal olarak en fazla kabul edildigi
(Agrawal ve ark. 2015), %15 Melisa ekstrakt: ile %15
Zencefil ekstrakti ilave edilen dondurma 6rneklerinin
en ylksek kabul edilebilirlik skorlar1 aldiklar: ve s6z
konusu oranlarin  bireysel olarak dondurma
tiretiminde kullanilabilecegi (Chamchan ve ark. 2017)
bildirilmigtir.

SONUG ve ONERILER

Melisa ekstrakti ilavesinin yagh sade dondurmanin
arastirilan kimyasal, fiziksel ve duyusal 6zelliklerini
etkiledigi ve %3 ekstrakt ilavesiyle {retilen
dondurmanin kontrol grubu dondurma ile benzerlik
gosterdigi ve duyusal olarak kabul edildigi, dondurma
uretiminde en fazla %3 oraninda Melisa ekstrakti
kullanilabilecegi sonucuna varilmigtir. Boylece, sut
teknolojisine yeni bir dondurma cesidi kazandirilarak,
fenolik bilesikler a¢isindan zengin Melisa ekstraktinin
sade dondurma Uretiminde kullanimi sonucu
fonksiyonel yeni bir Girlin tretilecektir. Ayrica, tatlilik
diizeyinin yuksek olmasi nedeniyle, s6z konusu
ekstraktin seker ikamesi olarak diyabetik dondurma
uretiminde kullanilabilecegi digtiniilmektedir.
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ABSTRACT
Acidic soils need to be improved of pH in order to maintian sustainable
agricultural production. In order to ameliorate the pH, lime, available
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Ca and some other properties of acidic soils, materials that increase Received ©16.03.2021
the soil pH value are needed. One of these organic substances is gyttja. Accepted £ 26.05.2021
Gyttja contains 30-40% CaCOs and 40-50% organic matter, which is

generated as waste in the Afgin Elbistan thermal power plant and its Ke'ywox.'ds

reserve is estimated to be 4.8 billion tons. The aim of this research was Ac1d.so11

to determine the effects of applying different amounts of gyttja on soil G,y Ve

pH, macro (Ca, Mg, K) and micronutrient (Fe, Mn, Zn, Cu) elements. II)J;-IIn €

A pot experiment was conducted as a comletely randomized design
with four different doses of the gyttja (0, 1, 2 and 4%) and three
replications. After 6 months of incubation period under greenhouse
conditions, soil samples were taken from the pots. The chemical
properties such as pH, lime, organic matter, exchangeable Ca, Mg, K,
DTPA-extractable Fe, Cu, Zn and Mn contents were analyzed. Soil pH,
lime, organic matter and exchangeable Ca significantly (p<0.001)
increased, but DTPA-extraxteable Fe and Mn contents decreased
depending on the application doses. Application of gyttja to acid soils
has improved the soil properties mentioned above. Therefore, gyttja
can be suggested to be used for amelioration the acid soils.

Available elements

Gidya Uygulamasinin Asit Karekterli Topraklarin Bazi Kimyasal Ozellikleri Uzerine Etkisi

OZET Aragtirma Makalesi
Asidik topraklarda tarimsal tiretimin strdirilebilirligi i¢cin pH'nin

iyilestirilmesi gerekmektedir. Asit karakterli topraklarin pH, kirec, Makale Tarihgesi
alinabilir Ca ve diger baz1 6zelliklerini iyilestirmek i¢in, toprak pH Gelig Tarthi  :16.03.2021
degerini artiran materyallere ihtiyac¢ vardir. Bu materyallerden birisi Kabul Tarihi :26.05.2021

de gidyadir. Gidya; Afsin-Elbistan termik santralinde atik madde
olarak aciga ¢ikmakta olup %30-40 kire¢ ve %40-50 organik madde
icermektedir. Gidyanin bélgedeki rezervinin 4.8 milyar ton oldugu

Anahtar Kelimeler
Asit toprak

tahmin edilmektedir. Bu arastirmanin amaci, farkli miktarlarda Gidya
uygulanan gidyanin topragin pH, makro (Ca, Mg, K) ve mikro besin Kireg
(Fe, Mn, Zn, Cu) elementleri iizerindeki etkilerini belirlemektir. pH

Aragtirma tesadif parselleri deneme desenine kurulmus olup
saksilara %0, 1, 2, 4 dozlarinda gidya uygulanarak ug¢ tekerriirli
olarak sera kogullarinda yturutilmustur. Alti aylik inkubasyon stiresi
sonunda saksilardan toprak 6rnekleri alinarak, topraklarin pH, kirec,
organik madde, degisebilir Ca, Mg, K, DTPA ile ekstrakte edilebilir
Fe, Cu, Zn ve Mn igerikleri analiz edilmistir. Uygulama dozlarina
bagh olarak toprak pH'si, kire¢, organik madde ve degisebilir Ca
icerigi istatistiksel olarak o6nemli diizeyde (p<0.001) artarken,
DTPA’da ekstrakte edilebilir Fe ve Mn igerikleri ise azalmigtir. Asit
topraklara gidya uygulamasi1 ile yukarida belirtilen toprak
ozelliklerinin iyilestigi goriilmektedir. Bu nedenle, gidya'nin asit
topraklarin iyilestirilmesinde kullanimi 6nerilebilir.

Yarayish elementler
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INTRODUCTION

Soil acidity is formed by leaching the basic cations (Mg,
Ca, Na and K) from the soil profile in regions with high
precipitation and the increase of acidic cations (H* Al
and Fe etc.) in the soils. Soil acidity affects the physico-
chemical and biological properties of the soil and thus
plant growth in direct or indirect manner (Chintala et
al., 2012a). The acidification of soils, that is, the
decrease in soil pH value, causes Ca, Mg and K
deficiency in soils due to leaching of basic cations;
while elements such as Fe, Al and Mn increase towards
toxic levels (Cosgrove, 1967; Bayrakli, 1975; Foy, 1984;
Aydemir, 1985). Lime is widely used to rehabilitate
acid soils and increase soil pH. With the application of
lime to acidic soils, plant nutrients such as Ca and Mg
are also provided, it neutralizes the active H* and H*
ions generated by hydrolysis of Al, Fe and Mn which
can be at toxic levels and the soil pH increases (Van
Zwieten et al., 2009; Naml et al., 2017). Optimum pH
value for tea which grown in acidic soils is 4.5-6.0. The
pH value of 86.26% of the soils where tea is cultivated
is below the optimum pH value recommended for tea
(Ozyazici et al., 2013). The recommended pH value for
hazelnuts is around 6.0 (Ozyazici, 2014), so it is
recommended to apply 2-5 ton ha'! of lime in every 3-5
years in order to increase the pH and maintain
sustainability of acid soils (Usta, 1995).

Lime material is obtained from solid limestone rocks
and there is a certain cost for operations such as
burning and/or grinding the solid limestone rock to
obtain agricultural lime. However, it is suggested that
gyttja can be an alternative to conventional lime
material in correcting the soil acidity (Saltali and
Korkmaz, 2015). The gyttja reserve is estimated to be
1.8 billion tons in A + B units in the Afsin-Elbistan
Thermal Power Plant basin, and approximately 4.8
billion tons with the newly planned units (C + D + E)
(Kadioglu et al., 2015). Gyttja is an organomineral
material formed by a mixture of organic and mineral
materials on the old lake floors, varying in colour from
light gray to brownish-black, containing fossils of the
organisms that used to live in the lake. The organic
matter and lime contents of gyttja varies between 40-
50% and 30-40%, respectively (Saltali and Korkmaz,
2015). It has been suggested that gyttja may contain
fossils of the organisms that used to live in the lake to
improve fertility of acid soils, which are located on the
lignite layer in the Afsin-Elbistan thermal power
basin, that are not suitable for energy production in
thermal power plants due to their low calories. Gyttja
materials are excavated and then used as filling
material (Saltal1 and Korkmaz, 2015).

The aim of this study was to investigate the effect of
gyttja application on the chemical properties of soils
taken from the Black Sea region and having a pH value
of 5,12 by applying different amounts of gyttja. Based
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on the data to be obtained, it is to be determined
whether the gyttja would be suitable for the
improvement of acid soils.

MATERIAL and METHOD

In the study, acidic soil samples taken from Gulyal-
Alibeykoy (X:421353 and Y:4534600) district of Ordu,
and gyttja samples were taken from Afsin-Elbistan
Thermal Power Plant coal basin (X: 559221 and Y:
4245394).

Experimental Design

The experiment was established by mixing the gyttja
material homogeneously with the soils at the rate of 0,
1, 2 and 4%. The experiment was conducted in a
completely randomized design with three replications.
The prepared soil and gyttja mixtures were incubated
under greenhouse conditions. Dried soil-gyttja
mixtures were placed in pots and irrigated with
deionized water to field capacity. Soils were brought to
field capacity in every 3-week. Soil samples were taken
at the end of the 6th month of the experiment. The
collected soil samples were dried and prepared for
analysis.

Chemical analysis of samples

Soil pH and EC were measured with a pH meter
(Thomas, 1996) and electrical conductivity instrument
(Rhoades, 1996) in saturation paste, respectively.
Calcium carbonate content of soils and gyttja were
determined by Scheibler calcimeter method (Allison
and Moodie, 1965). Organic carbon content of soils and
gyttja were performed employing a carbon/sulphur
analyser equipment (Eltra CS-580) after inorganic
carbon (Carbonate-C) removal with 0.1 N HCI and
drying (Eltra GmbH, 2009). The obtained organic C
value was multiplied by 1.724 and given as the organic
matter value (Allison,1965). The exchangeable Ca, Mg
and K content of the soil and gyttja were analysed
according to NH4OAc method (Helmke and Sparks,
1996). Micro element contents (Fe, Cu, Zn and Mn) in
the soils and gyttja were extracted by
DTPA+CaCl+TEA solution (Lindsay and Norvell,
1978) and analysed by means of Atomic absorption
spectroscopy (Agilent 200 Series AA).

Statistical Analysis

The data-sets were subjected to one-way ANOVA and
the mean separation between the gyttja doses was
made by the Duncan Multiple Range test at p<0.05
significance level using SPSS 18.00 (SPSS, Inc.,
Chicago, USA).
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RESULTS and DISCUSSION available amounts of basic cations such as Ca, Mg and
Some physicochemical properties of soil and gyttja K were also high which was indication of it as possible

Some physico-chemical properties of the experimental improver of acidic soils.

soil and gyttja were given in Table 1. The results for The soil used in the experiment was classified as
gyttja showed that it is a lime and organic matter rich moderate acid, its Ca and K concentration was
material, therefore it is a useful material to correct the deficient, Mg concentration was sufficient, and Fe and
deleterious effect of acidity as well as to improve Mn concentration was high (Alparslan et al., 1998).

organic matter content of soils. Potentially readily

Table 1. Physico-chemical analysis results of soil and gyttja samples
Cizelgel.Toprak ve gidya érneklerinin fiziko-kimyasal analiz sonuglari

pH EC Texture OM CaC0s Ca Mg K P Fe 7n Cu Mn
dSm™! % % ug/g

Gyttja 7.24 1.15 45 52 6701 755 110 10 32 1.04 0.23 3.80
Soil 5.12  0.92 Loam 3.2 0.8 1020 274 105 8 60 0.79 1.2 75
The effect of gyttja on pH, organic matter and lime 4% gyttja treatments, while the lowest was found at
content the control application.
The effects of gyttja on pH, lime and organic matter The differences between the application doses were
contents of the soils are given in Figure 1. The highest found to be statistically different for pH, OM and lime
pH, organic matter and lime contents were obtained in (p <0.01) as shown Table 2.

8

HPH mOM CaCo3
7 7
2
6 4 4.7
1
5
3.5
4
2
3 2.3
2 I 1.5 I
1.1
1 I 0.8 I
0

Control 1% 2% 4%

Sekil 1. Gidya uygulamasinin topraklarin pH, OM ve kireg igerigine etkisi
Figure 1. Effects of gyttja applications on soil pH, OM and lime content

Table 2. Effects of the application of gyttja on soil properties
Cizelge 2. Toprak 6zellikleri lizerine gidya uygulamasinin etkisi

Application OM CaCOs pH Ca Mg K Mn Fe Cu Zn
Control 3.20a2+0-05  (0.80a*009 5,12a*0.06 1020a*15 274*6 105*38  7ha*12  @G0a*ll 1.20%0.06  (,79+0.04
1% 3.55b*0:08 1, 11b*008 5.70b*-05 1850b*18 275*  108*45  64b*11  50b*14 1.10%005 (.76+0.03
2% 4.08¢*0-08  1.46¢*0-08  6.24¢*007  2221¢*20 275  110*41  44¢*10  40c¢*12 1.08=005 (), 750.04
4% 4.71d*006  2.27d=0.09 6,73d*005 2902d*18 278 10939  32d*11  35d*13 1.11*004 (79003
P *% *% *% *% nd nd %% *% nd nd

Values shown with the same symbol in the same column are not statistically different from each other at the p <0.05 level
according to the Duncan test. OM; organic matter, P; probability, nd; non differences, **p<0.01, *p<0.05

The increase in pH, and organic matter and lime CaCOs + H20 — Ca*t2+ HCOs + OH (1)
contents of acid soils can be attributed to the 52% lime The formed OH" and HCO's ions reacts with HsO* (H*),

and 45% OM contents of the gyttja used in the and causes a decrease in H ion concentrations in the
experiment. When gyttja containing lime is applied to soil solution, thus increasing the pH of acid soils
acid soils, it reacts with water in the soil (reaction 1) to (reaction 2 and 3).

form Ca*2, HCO3 and OH ions.
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OH + H30+ — 2H20 (2)
HCOs + H30+«< COsz + 2H20 (3)

At the same time, Ca ions formed by dissolving lime in
acid soils can replace with exchangeable Al, Fe and H
adsorbed on the surface of colloids (reaction 4), these
acidic cations form different compounds with OH ions
(reaction 5).

Colloid]-Fe, -Al, -H + Ca2* < Colloid]-Ca + Al3* + Fe3+
+ H+(4)

Al3 + 30H — AI(OH)s; Fe3+* + 30H « Fe(OH)s; OH +
H* o Ho0 & (5)

As seen in the above reactions, the application of gyttja
containing high amounts of lime to acidic soils not only
contributes to neutralization of active acidity, but also
to neutralization of potential acidity. At the same time,
organic compounds in gyttja contribute to the buffering
and neutralization of acidic cations such as Fe, Al and
H. The application of different types of organic
residues to acid soils caused significant increases in
soil pH and reduced the exchangeable acidity levels
(Thakuria et al., 2016). Saltall and Yildirim (2016)
pointed out that the gyttja application to the alkaline
soils caused an increase in lime and OM content of

3000

WCa H
2500
2000 1850
1500
1020
1000
500 274 275
III105
. 5

Control 1% 2%

soils. Korkmaz et al. (2017) observed that the pH value
and lime content of acid soils increased with gyttja
application. Hence, gyttja could be considered as one of
the alternative materials for amelioration of soil
acidity.

The effect of gyttja on calcium, magnesiun and
potassiun availability

The effects of gyttja application to acidic soils on the
exchangeable Ca, Mg and K contents of soils were
given in Table 1. Depending on the application dose of
gyttja, the exchangeable Ca content of the soils
increased and this increase was significant (p <0.001).
If the available Ca contents in soils is between 1150-
3500 mg kg'!, it is considered sufficient (Alpaslan et
al.,1998). With the application of gyttja, the available
Ca contents of the soils reached sufficient levels (Table
2 and Figure 2). However, the effect of the gyttja
application on the available Mg and K was found to be
non-significant. This situation can be attributed to the
fact that the gyttja does not contain too much Mg and
K (Table 2).

2902
Mg K
2222
275 278
108 110 .110

4%

Sekil 2. Gidya uygulamarinin degisebilir Ca, Mg ve K igerigine etkisi
Figure 2. Effects of gyttja applications on exchangeable Ca, Mg and K contents

Increase in available Ca content of soils, a seen in
reaction 1, it can be attributed to the formation of Ca
ions by dissolving lime in an acidic environment.
Demir (2014) reported that the application of gyttja to
the soils with varied pH values formed on different
parent materials significantly increased the amount of
exchangeable Ca in the soils.

The effect of gyttja on available iron, copper, zinc and
manganese contents

The effect of different dose of gyttja application to
acidic soils on available Fe, Cu, Zn and Mn contents of
soils are given in Table 2 and Figure 3. The available
Fe and Mn contents decreased depending on the gyttja
application dose, and this decrease was significant at p
<0.01. However, Zn and Cu contents were not
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influenced by the treatments. This sitiation can be
attributed to the fact that the concentrations of these
elements are very low compared to the Fe and Mn
contents, and their chemisorption on the Fe and Mn
oxides. The plant uptake of these micronutrients can
affect each other antagonistically in soils. Thus, micro
elements with high concentrations in soils reduce the
uptake by plant roots of nutrients with low
concentrations (Mengel and Kirby, 2001).

The avaliable concentrations of micro nutrients (Fe,
Mn) of soils are largely dependent on the soil pH, lime
and organic matter content. High pH value and lime
content in soils increase the micronutrients adsorption
by soil colloidal surfaces (Sparks, 1995), and reduce
their solubility reactions by leading precipitation of
hydroxide and carbonate compounds (Lindsay, 1979).
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Sekil 3. Gidya uygulamalarinin degisebilir Mn, Fe, Cu ve Zn igerigine etkisi
Figure 3. Effects of gyttja applications on exchangeable Mn, Fe, Cu and Zn contents

The lime content of the gyttja material used in this
research is 52 % and the pH is 7.24. Many studies
reported that with the addition of lime to acid soils, the
available Fe and Mn contents decreased and their
toxicity moderated as a function of treatment
(Cumming, 1990; Aydin et al., 1997, Turan et al.,
2002). If the available Fe concentration is much higher
than 4.5 mg kg1, which is accepted as the higher value
(Lindsay and Norwell, 1978; FAO, 1990) differing
degrees of toxic symptoms and/or nutritional disorders
regarding the balance with the other elements may
occur. The acid soils' available Fe concentrations is
much higher than the recommended value (Tablo 2). It
can be said that a similar situation is valid for the
available Mn. Although the available Zn
concentrations are sufficient in the studied soils, there
may be a possibility of Zn deficiency in plants due to
high Fe and Mn concentrations (Mengel and Kirby,
2001; Clark and Baligar, 2000; Rengel, 2015).
Therefore, the reduction of the high Fe and Mn
concentrations of the soils with the application of the
gyttja can be considered as a good agricultural
practice.

CONCLUSIONS and RECOMMENDATIONS

Gyttja is a waste product which generated in the Afsin-
Elbistan Thermal Power Plant. It has high organic
matter and lime content. The application of gyttja to
acid soils significantly enhanced pH, organic matter,
lime and exchangeable Ca content of soils. At the same
time, the DTPA extractable Fe and Mn contents, which
was high for many plants grown on acid soils,
decreased depending on the application doses of gyttja.
The improvement of these soil properties is important
in terms of the physico-chemical properties of the acid
soils. These results suggested that gyttja would be
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considered as economically feasible and environmental
friendly alternative material for amelioration of soil
acidity. Moreover, gyttja could be included into the
"Regulation on organic, mineral and microbial sourced
fertilizers used in agriculture" as an amelioration
material for acid soils.
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OZET

Aragtirmanin amaci, tarimsal Orgit uyelerinin genel kurul
toplantilarina katilimlarini etkileyen faktorlerin belirlenmesidir.
Aragtirmanin birincil verileri, Igdir ilinde faaliyet gésteren tarimsal
orgiitlere tiye olan ciftciler arasindan basit tesadifi o6rnekleme
yontemine gore secilen 155 ciftciyle yluz yiize yapilan anketlerden
elde edilmistir. Uyelerin genel kurul toplantilarmna katilimlarim
etkileyen faktorlerin belirlenmesinde, 10 ¢apraz gecerlilik temelinde
CHAID algoritmasindan yararlanilmistir. Bu simiflandirma
algoritmasinin uygunlugu, duyarhlik, 6zgullik, dogruluk oranlari ve
ROC egrisi altinda kalan alan gibi model degerlendirme 6lgiitleri ile
belirlenmigtir.  Algoritma  sonuglar1  Uyelerin genel kurul
toplantilarina katilim durumlarini tarimsal 6rgiitlere olan baghhk,
arazi miktari ve tarimsal orgiit-isletme aras1 mesafenin istatistiksel
olarak etkiledigini ortaya koymaktadir. Uyelerin genel kurul
toplantilarina katilimlarinin artirilabilmesi igin; orgiitlere olan
baghliklarinin artirilmas: ve tarimsal 6rgut-isletme arasi1 mesafenin
en fazla 15 km olmasi gerekli goriillmektedir. Sonug olarak, tarimsal
orgut tiyelerinin genel kurul toplantilarina katilim karakterizasyonu
bakimindan CHAID algoritmasinin kullanilmasi énerilebilir.
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Determination of Factors Affecting Participation of The Members in The General Assembly Meeting of
Agricultural Organizations Using CHAID Algorithm: Igdir Province Example

ABSTRACT

The purpose of this study was to determine the factors influencing
the farms’ participation to general assembly. The primary data of
this study was obtained via the face to face questionnaires from the
selected 155 members of the agricultural organizations operating in
Igdir province using the simple random sampling method. CHAID
algorithm was utilized in determination of the factors influencing the
farms’ participation to general assembly on the basis of ten cross-
validation. Suitability of the classification algorithm was established
by model evaluation criteria i.e. sensitivity, specificity, accuracy
rates and area under ROC curve. The classification algorithm
results revealed that the total cohesion score of members to their
organizations, amount of land of members, and the distance of the
business to the organizations had statistically effects on the
participation to general assembly. In order to increase the
participation of the general assembly meetings, it is deemed to
necessary to increase their cohesion levels to their organizations and
should be maximum 15 km of the distance between members-
organizations. As a result, it is recommended to use the CART
algorithm in the characterization of members of agricultural
organization in general assembly meetings.
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Tarim sektorinde stirdurilebilirligin saglanabilmesi,
ureticilerin sorunlarina ¢éziim bulabilmesi, ekonomik
ve sosyal acidan refah seviyelerinin artirilabilmesi
i¢in 6rgiitli olmalar1 ka¢inilmazdir.

Tarimsal orgttler, ciftciler tarafindan piyasada
giglerini ve gelirlerini artirmak i¢in olusturulan
orgiitlerdir (Fulton ve Hueth, 2009). Tiirkiye’de tarim
sektoriindeki treticiler, ekonomik ve sosyal amacgh
orgiitler ile mesleki amacgh o6rgitlerin ¢atis1 altinda
bir araya gelmektedirler. Ekonomik ve sosyal
amaglarla tarim kooperatifleri, tarimsal uretici
birlikleri, yetistirici birlikleri, sulama birlikleri ve
tarimsal vakiflar seklinde orgitlenme modelleri
kurulurken, mesleki amaclarla ziraat odalar: ve ¢iftci
dernekleri catis1 altinda bir araya gelinmektedir.
Turkiye’de c¢esitli tarim konularinda faaliyet
gostermek lizere kurulan 14,457 adet tarimsal Orgiit
olup, bu orgiitlere 10,123,745 ciftci iiyedir (TRGM,
2021).

Orgiitlerin isleyisi ve stirdiirilebilirligi i¢in {iyelerin
orgtiitlere aktif katilimi gerekmektedir. Demokratiklik
ilkesi kooperatif igletmelerin baslangicindan bugiline
kooperatiflerin basarisi i¢in temel unsur olmustur
(Spear, 2004; Osterberg ve Nilsson, 2009). Ciftciler
uyelikleriyle ilgili gesitli kararlar almaktadirlar. Bu
kararlar, ¢iftginin tiye olmak igin 6ncelikle ekonomik
faktorleri 6n planda tutmasiyla ve kooperatifin
miigterisi olmaya karar vermesiyle ilgilidir. Uyelerin
aldig1 kararlardan biri de genel kurul toplantilarina
katilmak ve secimlerde ve o6nemli kararlarda oy
kullanmak ile ilgilidir. Ayrica, tyeler kooperatifin
yonetim kurulu, denetim kurulu ve karar alma
organlarina aktif olarak katilmasiyla ilgili de karar
almaktadirlar (Cechin ve ark. 2013). Genel kurul
toplantisi olagan ve gerektiginde olagantstiu olarak
yapilmaktadir. Olagan genel kurul toplantilari,
yonetim kurulunun hazirlayacagi giindeme gore ve
anasozlesmelerde belirtilen usul ve esaslara uymak
sartiyla, her yil hesap dénemi sonundan itibaren 6 ay
icinde ve en az yilda bir defa yapilmasi zorunlu olan
toplantilardir (RG, 1969). Uretici 6rgiitlerinin iiyeler
tarafindan kontrol edilen demokratik oOrgiitler
olmasindan dolay: tyelerin genel kurulda alinacak
kararlara ve politikalarin olusturulmasina aktif
olarak katilmalar1i 6nem arz etmektedir. Tarimsal
orgiitlerde yapilan olagan genel kurul toplantilar:
tim tyelere agiktir. Bir tarimsal 6rgiitiin demokratik
olarak yonetilebilmesi ve denetlenebilmesi, iiyelerin
genel kurul toplantilarina yeterince ve etkin bir
sekilde katihmiyla yakindan ilgilidir (Turan, 1992;
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2017). Fakat ciftciler, o&rgiitlerin  yénetimine
katilmakta farkli davraniglar gostermektedirler. Bazi
giftciler genel kurul toplantilarina higbir zaman
katilmazken, bazilari nadiren, bazilar1 ise strekli
katilabilirler. Ciftcilerin genel kurul toplantilarina
katilp (aktif) katilmamalar1 (pasif) icin c¢esitli
nedenleri bulunmaktadir (Cechin ve ark. 2013).

Literatiirde tarimsal oOrgiitlerde uyelerin yonetime
katilmalar: uzerine cesitli arastirmalara
rastlanilmaktadir (Ertan ve Turan, 2001; Laursen ve
ark. 2008; Osterberg ve Nilsson, 2009; Didier ve ark.
2012; Cechin ve ark. 2013; Everest ve Yercan, 2016;
Yercan ve Kinikli, 2018). Tarimsal kooperatif ve
orgutlerde ftyelerin genel kurullara katilimini
etkileyen faktorler konusunda ise smirli sayida
arastirma bulunmaktadir (Laursen ve ark. 2008;
Didier ve ark. 2012; Cechin ve ark. 2013; Everest ve
Yercan, 2016; Yercan ve Kinmikli, 2018). Laursen ve
ark. (2008) Danimarka tarim kooperatiflerinde 168
ciftci ile yaptig1 arastirmasinda memnuniyet ile
uyelerin genel kurul toplantilarina katilmalari
arasinda gucli ve pozitif yonli bir korelasyon
belirlemistir. Didier ve ark. (2012) Fransa tarim
kooperatiflerinde 259 ciftci ile yaptig1 arastirmasinda
regresyon yontemini kullanarak, duygusal bagliligin
uyelerin giiveni ve kooperatif yonetimine katilmalar:
arasinda iligki oldugunu tespit etmigtir. Cechin ve
ark. (2013) Brezilya tarim kooperatiflerinde 148 ciftci
ile yaptig1r arastirmasinda multinominal logit
regresyon yoéntemini kullanarak, genel kurul ve
yonetim kuruluna katilan ortaklarin kooperatiflerin
stratejileri, politikalarn1 ve projelerini etkileme
imkanina sahip olduklarini belirlemis ve o6rgiitlerin
strdurulebilirligi i¢in ekonomik motivasyonun genel
kurul toplantilarina katilimin itici giici oldugunu
vurgulamaktadir. Everest ve Yercan (2016) Balikesir
Bolge Birligi tarim kredi kooperatiflerinde 367
kooperatif ortagi ile yaptigi arastirmasinda lojistik
regresyon yontemini kullanarak, ortaklarin genel
kurul toplantilarina katilmalarinda etkili olan
degigkenleri ortaklik yili, tarimsal toplantilara
katilma durumu ve kooperatif yonetiminde y6netim
kurulunun etkili oldugunu diisiinmeleri olarak tespit
etmiglerdir. Yercan ve Kinikh (2018) Izmir ilinde 142
kooperatif ortagi ile yaptig1 arastirmasinda ise lojistik
regresyon yontemini kullanarak, ortaklarin yénetime
katilim diizeylerinin diisiik olmasina karsin, ileride
yonetimde gorev almada istekliliklerinin daha geng
ve egitim seviyesi daha yuksek ortaklarda arttigim
belirlemiglerdir. Yapilan literatir taramasi
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sonucunda, tarimsal orgut tuyelerinin genel kurul
toplantilarina katilmalarinda CHAID algoritmasi
yonteminin daha 6nce kullanilmadigi ve Igdir ilinde
de bu konuda arastirma yapilmadigi belirlenmisgtir.
Bu makalenin amaci, Igdir ilindeki tarimsal
kooperatif ve birlik iyelerinin genel kurul
toplantilarina katilim durumlarini ve katilmalarina
etkili faktorleri belirlemektir.

MATERYAL ve METOD

Igdir ilinde 2 tarimsal kalkinma kooperatifi, 4 tarim
kredi kooperatifi, 1 tarimsal tretici birligi, 3
yetigtirici birligi ve 1 ziraat odasi olmak iizere toplam
11 adet tarimsal 6rgit ve bu orgiitlere iye 11,532
ciftci bulunmaktadir (Anonim, 2021). Arastirmanin
ana materyalini; Igdir ilinde bulunan Gaziler ve
Bulakbas1 Koyu Tarimsal Kalkinma Kooperatifleri
(TKK), Ar1 Yetistiricileri Birligi (AYB) ve Damizlik
Koyun Keci Yetistiricileri  Birligi (DKKYB)
uyelerinden elde edilen veriler olusturmaktadir.

Ornekleme Yoéntemi

Ornek sayisinin tespiti Basit Tesadiifi Ornekleme

Cizelge 1. Orneklem dagilimi
Table 1. Sample distribution

yontemine gore asagidaki formul yardimiyla
hesaplanmistir (Cochran, 1963).
nid
= mo=3 no=2722x [(pxq /a2 (1)
N

Formiilde (1); n: érnek hacmi, no: sonlu diizeltme
faktorinin 1’e esit oldugu durumdaki 6rnek hacmi,
N: ana kiitleye dahil ortak sayis1 (473), d:
ortalamadan izin verilen hata pay1 (%5), p:
ortalamadan daha kii¢iik degerlerin meydana gelme
ihtimali (0.5), q: ortalamadan daha biiyiik degerlerin
meydana gelme ihtimali (1-p=0.5), Z: standart normal
dagilim tablosunda istenen giiven derecesi (%90),
Ziablo= 1.96 olarak gergeklesmektedir. Arastirmada
ortalamadan izin verilen hata payir %5 olup, %90
given araliginda o6rnek hacmi 155 olarak
hesaplanmigtir. Ornek sayis1 bu sekilde
belirlendikten sonra, ornek hacminin kooperatiflere
dagilimi oransal olarak yapilmistir (Cizelge 1).
Aragtirmanin  birincil  verileri, Basit Tesadiifi
Ornekleme Yontemine gore secilen 155 iiye ile Eyliil-
Ekim-Kasim 2019 tarihleri arasinda yiiz ylze yapilan
anketlerden elde edilmistir.

Tarimsal 6rgit adi Uye sayis1 Orneklem sayis1 %
AYB 232 85 54.8
DKKYB 150 55 35.5
TKK (Gaziler ve Bulakbas1 Koyleri) 91 15 9.7
Toplam 473 155 100.0
Ikincil veriler ise konu ile ilgili yayinlanmis yerli ve korelasyon katsayilar: kullanilmigtir.

yabanc literatiir, diger arastirmacilarin ¢aligmalari, Regresyon ve smiflandirma  tipi  problemlerin
Tarim ve Orman Bakanhgi, Tarim Reformu Genel ¢oziimlenmesinde, CART, CHAID ve MARS veri

Midirlagi, Tarim I1 Miudurliga kayitlar:, konuyla
ilgili diger yazili materyaller ve internet ortamindan
temin edilmigtir.

Orneklem sayisinin yeterliligi, Kaiser-Meyer-Olkin
Orneklem Yeterliliginin Ol¢iimii (KMO, Measure of
Sampling Adequacy) ve Bartlett’s testiyle, anket
calismasinin giivenilirligi ise Giivenilirlik (Reliability)
Analizi ile test edilmistir. Bu arastirmada KMO
degeri 0.900 olup, 6érneklemin yiksek derecede yeterli
oldugu, Cronbach Alpha degeri ise 0.919 olup,
aragtirmanin yuksek derecede giivenilir oldugu
belirlenmisgtir.

Istatistik Analizler

Bagimh degisken o6lgek olarak en az sirali degisken
olmasi durumunda, iki ya da daha fazla grubun rank
ortalamalarina iligkin hipotezin kontrol edilmesinde
tek yonli varyans analizinin non-parametrik karsiligi
olan Kruskal-Wallis testi kullamilmistir (Gamgam ve
Altunkaynak, 2008). Degiskenler aras1 iliskilerin
diizeyini ve yoénunu belirlemede ise Spearman
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madenciligi algoritmalarinin kullanimi son yillarda
onem kazanmaktadir (Akin ve
ark. 2017a, 2017b, 2018; Kovalchuk ve ark.2017;
Gozuacik ve ark.2018; Kovalchuk ve ark.2018;
Eyduran ve ark. 2019; Akin ve ark. 2020; Igbal ve
ark. 2021; Fatih ve ark. 2021; Tyasi ve ark. 2021).

CHAID algoritmasi, heterojen veriden yola cikarak
homojen alt gruplar olusturana kadar tekrarlamali
b6linmeye devam eden bir aga¢  yapisi
olusturmaktadir. Kass (1980) tarafindan gelistirilen
CHAID algoritmalar1 koék dugumden baglayarak

yinelemeli olarak homojen digtimler
olusturmaktadir. Genel kurula katilip katilmama
bakimindan CHAID  algoritmasi1  kullanilarak
siniflandirma agaci olusturulmustur. Asiri uyum
durumunun olup olmadigin1 degerlendirmek igin
capraz gecerlilik (cross-validation) 10 olarak
alinmistir. Genel dogru smiflandirma oranm (1-

Resubstitution risk tahmini) ile capraz gecerlilik
dogru siiflandirma oraninin (1-capraz gecerlilik risk
tahmini) birbirine yakin olmasi asir1 uyum
probleminin olmadig1 anlamina gelmektedir. CHAID


https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR4
https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR5
https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR6
https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR30
https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR23
https://link.springer.com/article/10.1007/s11250-021-02700-8#ref-CR31
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algoritmasinin siniflandirma performansi artirmak
i¢cin minimum ebeveyn ve ¢ocuk dugim sayilar1 10:5
olarak ayarlanmistir.

CHAID algoritmasinin simiflandirma performansini
degerlendirmek icin (Cizelge 2) genel dogru
siniflandirma orani, Sensitivity, Specificity uyum
iyiligi ve ROC egrisi altinda kalan alan o6lgltleri
kullanilmistir (Alpar, 2012).

Genel simiflandirma orani (%) =—-a+2 (2
A+B+C+D

e _ A
Sensitivity oram (%) = = 3

g _ B
Specificity orani (%) = - (4)
Cizelge 2. Siniflandirma tablosu
Table 2. Clasification table
Gozlenen Tahmin

z GKatilmayan GKatilan

GKatilmayan A C
GKatilan B D

CHAID analizinde, bagimlh degigken olarak, tarimsal
orgiit uyelerinin genel kurul toplantilarina katilma
durumlari (GENKURK) esas alinmagtir.
Aragtirmanin bagimsiz degiskenlerini ise Uyelerin
medeni hali (MEDHAL), asil isi (ASILIS), gecmiste
orgiitler ile olumsuz deneyim yasama durumu
(OLUMSUZD), tarimsal érgiitte diizenlenen egitime
katilma durumu (EGITIMKAD), tiretici
orgiitlenmesinin ne oldugunu bilmesi (ORGUTNM),
yasi (YAS), egitimi (EGITIM), tarimsal geliri
(TARGELIR), arazi miktar1 (ARAZI), tarimsal érgiite
olan baghhigi (BAGLILIK), tarimsal orgiite iiyelik
siiresi (UYESURE) ve tarimsal érgiite olan uzakhig:
(MESAFE) olusturmaktadir.

BULGULAR ve TARTISMA
Tarimsal Orgiit  Uyelerinin  Sosyo-Ekonomik
Ozellikleri

Aragstirma kapsaminda incelenen birlik/kooperatif
uyelerinin sosyo-demografik ve ekonomik o&zellikleri
Cizelge 3’de verilmektedir. Tarimsal 6rgit Gyelerinin
sosyal giivencesi, hane halki sayisi, egitim seviyesi,
asil isi ve tarimsal gelirlerinin en az bir tarimsal
orgut grubunda farkli oldugu tespit edilmigtir
(p<0.05). Arastirmada incelenen {iyelerin %98.7’si
erkek, %1.34 kadinlardan olusmaktadir.
Aragtirmada incelenen kadin birlik tyelerinin de
tamami AYB iiyeleridir. Uyelerin ortalama yag:
49'dur ve %89.7’s1 evli, %10.3’1 ise bekardir. Birlik ve
kooperatif tyelerinin %13.5'inin herhangi bir sosyal
glivencesi bulunmamakla birlikte, sosyal gilivencesi
olmayan tyelerin buyik c¢ogunlugunu koyun keci
yetigtiricileri olusturmaktadir. Soyle ki, DKKYB
tyelerinin %25.5'inin herhangi bir sosyal giivencesi
yoktur ve yarisimin da (%49.1) sosyal giivencesi yesil
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karttir. Incelenen igletmelerde ortalama hane halk:
buyuklugi 5.52 kisidir ve en fazla hane halki 6.75
kisi ile DKKYB iyelerinde bulunmaktadir. Uyeler
ortalama 7.54 yillik egitime sahiplerdir. Uyelerin
%8.41 okur-yazar bilmezken, %3.9'u sadece okur-
yazardir. Uyelerin %41.3iniin  editim  seviyesi
ilkokuldur. Tarimsal o6rgiit bazli incelendiginde ise
AYB tuyeleri 9.66 yil ile en yiiksek, DKKYB 4.80 yil ile
en disiik egitim seviyesine sahip tyelerdir. DKKYB
iiyelerinde okur-yazar olmayanlarin (%14.5) ve sadece
okur-yazar olanlarin (%9.1) orani da oldukca
yilksektir. Uyelerin %76.8'inin asil isi ciftcilik
olmakla birlikte, %13.5'1 memur, %4.5’1 esnaf, %3.2’s1
is¢l, %1.9'u da emeklidir. Memur tyelerin orani %23,
ile en fazla AYB’de bulunmaktadir. Bu oranin yluksek
olmasinin sebebi Igdir ilinde ar1 yetistirmenin
olduk¢a yaygin olmasi ve ilde memur olarak goérev
yapanlarin da bal uretimi yapmasindan
kaynaklanmaktadir. Ortalama 22 yildir tarimla
ugrasan birlik ve kooperatif tiyelerinin yillik ortalama
tarimsal gelirleri 53,214 TL, ortalama toplam gelirleri
ise 71,448 TL’dir. Tarimsal geliri en fazla olan tyeler
DKKYB tyeleri iken, en az olan tyeler AYB
iyeleridir. Kaya ve ark. (2019) tarafindan Agr1 ve
Eskigehir illerinde yapilan arastirmada ortalama 52
yasinda olan cift¢ilerin, 5.96 yil egitim seviyesine
sahip ve 30 yil tarimsal deneyimleri oldugu
belirlenmistir. Deger ve ark. (2020) tarafindan Mugla
ilinde yapilan arastirmada ise ortalama 46 yasinda
olan ciftcilerin, 6.85 yil egitim seviyesine sahip ve 23
yil tarimsal deneyimleri oldugu belirlenmigtir.
Genel

Tarimsal Orgiit Uyelerinin Kurul

Toplantilarina Katilimlari

Tarimsal 6rgiitler demokratik olarak yonetilmesinden
dolay1 yapilan genel kurul toplantilari tim uyelere
acik olarak gerceklestirilmektedir. Arastirmada
uyelerin genel kurul toplantilarina katilma durumlar:
uye olunan tarimsal orgiite goére anlamli farklhilik
gostermekte olup (p<0.01), {iyelerin genel kurul
toplantilarina katilma oranlarmnin oldukg¢a disiik
oldugu gorulmektedir. Soyle ki, tiyelerin %601 hicbir
zaman genel kurul toplantilarina katilmamigtir.
Uyelerin %22.6’s1 bazen, %6.5'1 genellikle ve sadece
%11t  her =zaman genel kurul toplantilarina
katilmaktadirlar (Cizelge 4). Kilic Topuz (2017)
tarafindan yapilan arastirmada tyelerin %39u birlik
genel kuruluna hi¢ katilmazken, %15.2’sinin bazen,
%18.3'inlin genellikle ve %26.4’tintin her zaman

katildigin1  belirlemiglerdir. Tarimsal kalkinma
kooperatiflerinde genel kurullara katilim oranlar
Acar ve Yildinm  (20000'in  Van ilindeki

arastirmasinda %87, Kurtaslan ve Doganer (2004)’in
Aydin ilindeki arastirmasinda ise %34 olarak tespit
edilmistir. Terin ve ark (2010)nin Kirklarelinde
yaptigl arastirmasinda bu oran %97.7 iken, Kilig
(2011)1n  Samsun ilinde yaptig1 arastirmasinda
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%87.4'dir. Ertan ve Turan (2001)in GULBIRLIK
ortaklar1 ile yaptig1 arastirmasinda ortaklarin genel
kurula katilim oranini %57.14, Dogan (2011)1n Tokat
ilinde tretici birlik tyeleriyle yaptig1 arastirmada ise
bu oran sadece %38 olarak belirlenmistir. Buradan,
Van, Aydin, Kirklareli, Samsun, Isparta ve Tokat
illerine gore Igdir ilinde fdyelerin genel kurul
toplantilarina katilim durumlarinin oldukg¢a disiik
oldugu séylenebilir. Laursen ve ark. (2008) tarafindan

Danimarka tarim kooperatiflerinde yapilan
arastirmada kooperatif tyelerinin %41.7’sinin higbir
zaman, %9.5'inin  nadiren, %12.5inin  bazen,
%17.9unun sik sik, %18.5'inin ise her zaman, Cechin
ve ark. (2013) tarafindan Brezilya tarim
kooperatiflerinde yapilan arastirmada ise ortaklarin
%10.1'inin ~ hi¢bir zaman, %47.3"Gnin bazen,
%42.6’s1nin ise herzaman genel kurul toplantilarina
katildiklar: belirlenmigtir.

Cizelge 3. Uyelerin sosyo-demografik ve ekonomik 6zellikleri
Table 3. Socio-demographic and economic characteristics of members

Sosyo-demografik-ekonomik 6zellikler ~AYB DKKYB TKK Toplam
Say1 Oran (%) Sayi1 Oran (%) Say1 Oran (%) Say1 Oran (%)
Cinsiyet Kadin 2 2.4 - - - 2 1.3
Erkek 83 97.6 55 100.0 15 100.0 153  98.7
Toplam 85 100.0 55 100.0 15 100.0 155 100.0
Yas 47.4 49.8 57.2 49.2
Medeni Bekar 9 10.6 6 10.9 1 6.7 16 10.3
durum Evli 76 89.4 49 89.1 14 93.3 139 89.7
Toplam 85 100.0 55 100.0 15 100.0 155 100.0
Sosyal Yok 7 8.2 14 25.5 - - 21 13.5
Guvence**  Yesil kart 3 3.5 27 49.1 5 33.3 44 28.4
SGK 35 41.2 6 10.9 3 20.0 31 20.0
BAGKUR 18 21.2 8 14.5 5 33.3 22 14.2
Emekli Sandig1 21 24.7 - - - - 35 22.6
Diger 1 1.2 - - 1 6.7 2 1.3
Toplam 85 100.0 55 100.0 15 100.0 155 100.0
Hane Kadin 2.26 3.05 3.00 2.61
halki*** Erkek 2.41 3.71 2.80 291
Toplam 4.67 6.75 5.80 5.52
Egitim Egitim (y1)*** 9.66 4.80 5.60 7.54
durumu*** QOkur-yazar degil 3 3.5 8 14.5 2 13.3 13 8.4
Okur-yazar 1 1.2 5 9.1 - - 6 3.9
Ilkokul 22 25.9 35 63.6 7 46.7 64 41.3
Ortaokul 14 16.5 3 5.5 4 26.7 21 13.5
Lise 24 28.2 1 1.8 2 13.3 27 17.4
Universite 21 24.7 3 5.5 - - 24 154
Toplam 85 100.0 55 100.0 15 100.0 155 100.0
Asilig®™*  Ciftci 53 62.4 52 84.5 14 93.3 119 76.8
Isci 2 2.4 2 3.6 1 6.7 5 3.2
Memur 20 23.5 1 1.8 - - 21 13.5
Esnaf 7 8.2 - - 7 4.5
Emekli 3 3.5 - - - - 3 1.9
Toplam 85 100.0 55 100.0 15 100.0 155 100.0
Gelir Tarimsal Gelir 40,416 69,654 64,600 53,214
(TL/Y1D)***
Tarim Dig1 Gelir (TL/Y1l) 26,810 9,127 3,600 18,234
Toplam Gelir (TL/Yal) 67,226 78,781 68,200 71,448
Tarimsal deneyim (y1l) 17.7 28.8 29.0 22.7
* p<0.10; ** p<0.05; *** p<0.01
Kooperatif ve birlik iyelerinin genel kurul giivenmemek ve orgiitten hi¢bir fayda gérmemesidir.
toplantilarina katilmama sebepleri incelendiginde AYB  yelerinde sehir diginda olma, DKKYB
(Cizelge 4), en énemli sebep olarak sehir disinda tyelerinde  genel  kurula = c¢agimlmama, TKK
bulunmalar1 gésterilmigtir. Diger 6nemli sebepler ise lyelerinde ise kooperatif baskanmna giivensizlik

sirasiyla, zaman olmamasi, genel kurul toplantisina
cagirilmamak, genel kurul ile ilgilenmeme, bagkana
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uyelerin genel kurul toplantilarina katilmamalarinda
en 6nemli etkenlerdir. Kilic Topuz (2017) ve Yercan
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ve Kinikli (2018) tarafindan yapilan arastirmalarda
da dyelerin genel kurul toplantilarina katilmama
sebepleri benzerlik géstermektedir. Kilic Topuz (2017)
calismasinda Turkiye’deki tarimsal oOrgitlerde
uyelerin genel kurul toplantilarina katilimlarinin
artirilabilmesi igin; o6rglit yonetiminin dyelerin

tamamina ulagsarak genel kurul toplantilarina
katilimlarinin saglanmasi gerektigini, genel kurul
toplantilarinin dyelerin iglerinin daha az oldugu
zamanda ve ilge merkezine gittigi giinlerde ve uygun
saatte yapilmasi gerektigi énerilmektedir.

Cizelge 4. Uyelerin genel kurul toplantilarina katilma durumlar: ve katilmama sebepleri
Table 4. Participation status of the members in general assembly meetings and causes not to participate

AYB DKKYB TKK Toplam

Say1  Oran (%) Sayr Oran (%) Say1 Oran (%) Sayi Oran (%)
Genel kurula toplantilarina katilma durumlar***
Higbir zaman 40 47.1 45 81.8 8 53.3 93 60.0
Bazen 24 28.2 6 10.9 5 33.3 35 22.6
Genellikle 8 9.4 1 1.8 1 6.7 10 6.5
Her zaman 13 15.3 3 5.5 1 6.7 17 11.0
Toplam 85 100.0 55 100.0 15 100.0 155  100.0
Genel kurul toplantilarina katilmama sebepleri
Fikri yok 6 - 12 2 20 15.6
Sehir disinda bulunma 30 - 21 1 52 40.6
Zamanim yok 21 - 2 1 24 18.7
Genel kurula ¢agirilmama 6 - 12 - 18 14.0
Genel kurulla ilgilenmeme 3 - 7 2 12 9.3
Kgoperatlf/blrllk bagkanina ) 7 7 54
glivenmeme
Mesafenin uzak olmasi - - 1 1 0.7
¥+ p<0.01
Tarimsal Orgiit Uyelerinin Genel Kurul bildigi, %37’sinin ise bilmedigi tespit edilmigtir.

Toplantilarina Katilmalarina Etkili Faktorler

Aragtirma kapsaminda ele alinan genel kurula
katilma  durumunu etkileyen faktorlere ait
tamimlayic1 istatistikler Cizelge 5de verilmektedir.
Arastirmada tarimsal orgiit lyelerinin genel kurul
toplantilarina katilimlarinin oldukc¢a disik oldugu
gorilmektedir. Soyle ki, tiyelerin son yil yapilan genel
kurul toplantilarina katilim oranmi sadece %17 olup,
%831 katilim saglamamigtir. Arastirmada goérisiilen
tarimsal 6rgit tyelerinin ortalama yaslari 49 olup, %
89.7’s1 evlidir. Ortalama egitim seviyeleri 7.54 yildir
ve 53 bin TL’lik yillik tarimsal gelire sahiptirler.
Uyelerin ortalama arazi varhg 50 dekardir ve
incelenen isletmelerin ortalama arazi varhg: Tirkiye
ortalamas1 olan 61 dekardan dusiiktir. Arastirma
kapsaminda gorisiillen tarimsal kooperatif ortag:
veya birlik uyelerinin %77’sinin asil isi ¢iftgiliktir.
Tarimsal orgilitlere 7.44 yildir iiye olan fireticilerin
igletmeleri ile tarimsal oOrgiitleri arasi mesafe
ortalama 20 km’dir. Tarimsal oOrgitlerine orta
diizeyde bagl olan tyelerin %12’si ge¢gmiste tarimsal
orgiitleri 1ile olumsuz bir deneyim yagsamigtir.
Uyelerin birlik veya kooperatif tarafindan diizenlenen
egitime katilma oran1 %30, Uretici orgltlenmesi
tanimini bilme orani ise %55 olarak tespit edilmistir.
Kaya ve ark. (2019) tarafindan yapilan arastirmada
Agnr ilindeki g¢ift¢ilerin yarisinin, Eskigehir ilindeki
ciftgilerin  %76’sinin  ve genel olarak ¢iftgilerin
%63intin kooperatif¢ilik kavraminin ne oldugunu
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Deger ve ark. (2020) tarafindan Mugla ilinde yapilan
arastirmada ise ciftcilerin %73’Uintin kooperatif¢ilik
kavraminin ne oldugunu bildigi, %27’sinin ise
bilmedigi belirlenmigtir. Buradan Igdir ili ve Agn
ilindeki c¢iftgilerin  kooperatifcilik ve orgiutlenme
kavramlarini  bilme durumlarinin benzer, bat1
bolgedeki ciftcilerden ise disiik oldugu sdylenebilir.
Sahin ve ark. (2013) tarafindan yapilan arastirmada
ise Turkiye’deki tarimsal kalkinma kooperatifleri
ortaklarinin son yapilan genel kurul toplantilarina
katilma oranlari %80.9 olarak olduk¢a yuksek
belirlenmistir. Kilig Topuz, (2017) tarafindan yapilan
arastirmada ise uyelerin tarimsal orgilitlerin genel
kurul toplantilarina katilmalari orgiitlerine olan
givenlerini artirdigr belirlenmigtir. Cechin ve ark.
(2013) tarafindan Brezilya tarim kooperatiflerinde
yapilan arastirmada uyelerin genel kurul
toplantilarina katilimlarini daha iyi fiyat ve teknik
danigmanhk faktorlerinin pozitif ylUnla etkiledigi
belirlenmigtir.

Olusturulan CHAID siniflandirma algoritmasi igin
Re-substitution (0.129) ve cross-validation (0.226) risk
tahminlerinin birbirine yakin olmasi agir1 uyum
probleminin olmadiginin bir géstergesidir (Cizelge 7).
ROC egrisi altinda kalan alan 0.889 olarak
bulunmustur (p<0.01). Bu bilgiler 1s1531nda CHAID
algoritmasinin  siiflandirma  performansimin  iyi
oldugundan bahsedilebilir (Sekil 1).

CHAID algoritmasi, genel kurul toplantilarina
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katilmayanlarin (sensitivity) %89.8'ini, genel kurula
katilanlarin (specificity) % 74.1’1in1 dogru
siniflandirmigtir.  Bu  algoritma, Genel kurul

Cizelge 5. Degigkenlerin tanimlayici istatistikleri
Table 5. Descriptive statistics of variables

toplantisim1 katilan ve katilmayanlari ise %87.171
dogru simiflandirmistir (Cizelge 6).

Degigkenler Degigkenlerin tanimi n %
Bagimh Degisken
GENKURK Genel Kurul toplantisina katilmayanlar 27 17.5
Genel Kurul toplantisina katilanlar 128 82.5
Bagimsiz Degigkenler
Kategorik degiskenler n %
MEDHAL Bekar 16 10.3
Evli 139 89.7
ASILIS Ciftei 119 76.8
Diger 36 23.2
OLUMSUZD Olumsuz deneyim yagsamadi 136 87.7
Olumsuz deneyim yagadi 19 12.3
EGITIMKAT Egitime katilmadi 109 70.3
Egitime katild: 46 29.7
ORGUTNM Uretici 6rgiitlenmesi tanimini bilmiyor 69 44.5
Uretici érgiitlenmesi tanimini biliyor 86 55.5
Strekli degiskenler Ort. Std.Hata.
YAS Uyenin yas1 (y11) 49.26 13.93
EGITIM Uyenin egitim durumu (y1l) 7.54 4.66
TARGELIR Uyenin tarimsal geliri (TL/y1l) 53,212 47,571
ARAZI Uyenin arazi miktar1 (da) 50.73 323.2
BAGLILIK Uyenin tarimsal 6rgiite toplam baghlig: (Endeks)* 49.76 19.95
UYESURE Uyenin tarimsal 6rgiite tyelik siiresi (y1l) 7.44 4.65
MESAFE Uye isletmesi ile tarimsal 6rgiit aras1 uzaklik (km) 19.97 18.92

* 18 adet 5’li Likert tipi sorulardan olusmaktadir.

Cizelge 6. CHAID algoritmasina ait siniflandirma
Table 6. Classification of the CHAID algorithm

Tahmin

GKatilmayan GKatilan % Dogrulama
GKatilmayan 115 13 89.8
GKatilan 7 20 74.1
Genel % 78.7 21.3 87.1

Cizelge 7. CHAID algoritmasina ait Re-substitution
ve Cross-Validation risk tahminleri

Table 7. Re-substitution and cross-validation risk
estimates of CHAID algorithm

Method Tahmin St.Hata
Resubstitution 0.129 0.027
Cross-Validation 0.226 0.034

CHAID algoritmasina gore ftyelerin genel kurul
toplantilarina katilimlarini etkileyen faktorler Sekil
2’de verilmektedir. Model sonuglar1 tiyelerin genel
kurul toplantilarina katilim durumlarinin tarimsal
orgiitlere olan bagliliklari, arazi varligi ve tarimsal
orgit-igletme arasi mesafenin istatistiksel olarak
etkiledigini ortaya koymaktadir. Genel kurula katilim
orant bakimindan CHAID algoritmasi kullanilarak
smiflandirma agaci  diyagrami olusturulmustur.
Simiflandirma agacinin tepesinde bulunan Dugum 0
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kok dugum olarak adlandirilmakla beraber genel
kurula katilim bakimindan ankete katilan tim
katilimcilara iligskin genel frekans ve ylzde bilgilerini
icermektedir. Tarimsal 6rgut tyelerinin %17.4’inun
genel kurula katildigi, %82.6’sinin katilmadig: tespit
edilmistir (DGgtim 0).

Digim 0, ilk aga¢ derinliginde, Toplam Baglilik
Skoru (TBS) bakimindan Diigiim 1, 2 ve 3 olmak
lizere 3 alt gruba ayrlmistir (Diiz P=0.000, Ki-
kare=28,883, sd=2). Diigiim 1, toplam baghhk skoru
59 ya da diisiikk (TBS< 59) olan kooperatif ve birlik
uyelerini temsil etmektedir. Digim 2 toplam baglilik
skoru 59 < TBS < 73 arasinda olan kooperatif ve
birlik iyelerini temsil etmektedir. Digim 3 ise
toplam baglilik skoru TBS > 73 olan kooperatif ve
birlik tiiyelerinden olugsmaktadir. Digim 3 yeterli
homojeniteye ulagsmasindan dolayi, sonraki agacg
derinliklerinde béliinmeye ugramamistir. Bu nedenle,
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bu dugime terminal digim ismi verilmektedir.
Ayrica 4-9 arasindaki digimlerin de terminal digim
oldugu belirlenmigtir.

Dagim 1, ikinci agag¢ derinliginde, arazi varligi
bakimindan Diigiim 4 ve 5 olmak tizere iki alt gruba
ayrilmistir (Diiz P=0.047, Ki-kare=6.746, sd=1).

ROC Curve

Diagim 4, arazi varhigr olmayan ve toplam baglihk
skoru TBS< 59 olan kooperatif ve birlik tyelerini
temsil etmektedir. Digiim 5, arazi varhigi olan ve
toplam baglilhik skoru TBS< 59 olan kooperatif ve
birlik tyelerini temsil etmektedir.

1,0

0,5

Sensitivity
AN

T
0,4

1 - Specificity

]
0,6

1,0

Diagonal segments are produced by ties.

Sekil 1. CHAID algoritmasina ait ROC Egrisi
Figure 1. ROC curve of CHAID algorithm

Dagim 2, ikinci agag¢ derinliginde, tarimsal orgut-
igletme arasi1 mesafe bagimsiz degiskeni bakimindan
Digum 6-9 olmak tlizere dort alt gruba boélinmustur
(Diiz. P= 0.015, Ki-kare=19.845, sd=3). Diigiim 6,
tarimsal orglt-igletme arasi mesafesi mesafe < 0.7
km ve toplam baglilik skoru 59 < TBS < 73 arasinda
olan kooperatif ve birlik tyelerini; Digim 7 tarimsal
orgiit-igsletme aras1 mesafesi 0.7 < mesafe < 7 km ve
toplam baglilik skoru 59 < TBS < 73 arasinda olan
kooperatif ve birlik tyelerini; Dugim 8 tarimsal
orgut-igletme arasi1 mesafesi 7 < mesafe < 15 km ve
toplam baglihik skoru 59 < TBS < 73 arasinda olan
kooperatif ve birlik uyelerini ve Digim 9 tarimsal
orgut-igletme arasi mesafesi mesafe > 15 km ve
toplam baglihik skoru 59 < TBS < 73 arasinda olan
kooperatif ve birlik tiyelerini temsil etmektedir.

Genel kurul toplantilarina en yiiksek katilim oranlar
sirasiyla Diigiim 8 (%80) > Diigiim 6 (%58.3) >
Digiim 3 (%56.2)de gerceklesmektedir. Tarimsal
orgit-igletme arasi1 mesafesi 7 < mesafe < 15 km ve
toplam baghlik skoru 59 < TBS < 73 arasinda olan
kooperatif ve birlik uyelerinin genel kurul
toplantilarina katillm oraninin % 80 oldugu
belirlenmistir (Diigiim 8). Tarimsal 6rgiit-isletme
aras1 mesafesi < 0.7 km ve toplam baglilik skoru 59 <
TBS < 73 arasinda olan kooperatif ve birlik tiyelerinin
genel kurul toplantilarina katilim oranmimin %58.3
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oldugu belirlenmistir (Diigiim 6). Toplam baglhlik
skoru TBS > 73 olan kooperatif ve birlik yelerinin
genel kurul toplantilarina katilim oraninin ise %56.2
oldugu belirlenmigstir (Diigim 3).

Tarimsal 6rgiit tyelerinin toplam baglilik skoru TBS<
59 oldugu durumda genel kurula katilim oranlar:
%5.5 olarak belirlenmistir (Digim 1). Toplam
baglihk skoru arttikca tuyelerin genel kurul
toplantilarima katilim durumlari artmaktadir. Bu
sebeple, tUyelerin genel kurul toplantilarina
katilimlarinin artirilabilmesi igin 6ncelikle tyelerin
bagliliklarinin artirilmasi gerekli goriilmektedir.

Kilic (2011) tarafindan Samsun ili tarimsal kalkinma
kooperatiflerinde yapilan arastirmada kooperatif
genel kurullarina katilma durumlar: ile kooperatif
iligkisi arasinda %1 oOnem dlzeyinde anlamli ve
pozitif yonli bir iligki tespit edilmis olup, kooperatif
genel kuruluna katilan ortaklarin kooperatifleriyle
olan iligkilerinin daha fazla oldugu, Kili¢ Topuz
(2017) tarafindan yapilan arastirmada ise iiyelerin
genel kurul toplantilarina katilm durumlar: ile
birlige, yonetime ve diger liyelere giivenleri arasinda
pozitif yonli bir iligki oldugu belirlenmistir. Yercan
ve Kimkl (2018) tarafindan Izmir ili stteulik
kooperatiflerinde yapilan arastirmada ortaklarin
genel kurul toplantisina katilmasini, sagilan hayvan
sayisinin ve anasozlesmeyi okuma durumunun pozitif
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yonli, kooperatif tiriniin ise negatif yonla etkiledigi
belirlenmistir. Everest ve Yercan (2016) tarafindan
tarim kredi kooperatifleri Balikesir Bolge Birligi
uzerinde yapilan arastirmada ise ortaklarin genel
kurul toplantilarina katilmalarini ortakhik yil,
tarimsal  toplantilara  katillm ve  kooperatif
kararlarinda yetkili olan kigilerin pozitif yonla
etkiledigi tespit edilmistir. Laursen ve ark. (2008)

toplantilarina katilmalarinda memnuniyetin pozitif
etkiye sahip oldugu, kooperatife olan toplam
bagliigin  ise 1yelerin  kooperatiflerine  olan
memnuniyetine ve yonetime katilmalarina o6nemli
etkisinin oldugu belirlenmistir. Hakelius (1996)
uyelerin kooperatiflerin hayati bir pargas1 olmasi ve
uyelerin kooperatiflere aktif katilimi ve kooperatiflere
baghlig1 kooperatiflerin bagarisin1 tamamlayict bir

tarafindan  Danimarka tarim kooperatiflerinde unsur oldugunu vurgulamaktadir.
yapilan arastirmada uyelerin genel kurul
CENCURK
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n
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Sekil 2. CHAID Algoritmasina Ait Karar Agaci Diyagrami
Figure 2. Decision tree diagram of CHAID algorithm
Cizelge 8. Degiskenler aras1 Spearman korelasyon katsayilari
Table 8. Spearman’s correlation coefficients between variables
1 2 3 4 5 6 7 8 9 10 11 12
1. MEDHAL 1
2. ASILIS 0.064 1
3. OLUMSUZD -0.003 0.066 1
4. EGITIMKAT -0.012 -0.111 -0.071 1
5. ORGUTNM -0.005 -0.370*  0.058 0.355™ 1
6. YAS 0.368™ 0.246™ 0.108 -0.127 -0.220%* 1
7. EGITIM -0.235*  -0.632™  -0.103 0.396%*  0.460**  -0.383" 1
8. TARGELIR -0.056 0.178" 0.135 -0.082 -0.191* 0.007 -0.200% 1
9. ARAZI 0.057 0.263™ 0.084 -0.221%*  -0.280**  0.174" -0.303%*  0.253** 1
10. BAGLILIK -0.120 -0.220"  -0.385%**  0.385%*  0.307**  -0.290  0.324%*  -0.049 -0.117 1
11. UYESURE 0.031 0.074 0.194* 0.090 -0.063 0.370™ -0.062 0.071 0.007  -0.002 1
12. MESAFE -0.024 0.117 -0.270%*  -0.147 -0.067 0.001 -0.112 0.161* 0.038  -0.010 -0.129 1

* Korelasyon %5 seviyesinde énemli, ** Korelasyon %1 seviyesinde 6nemli

Uyelerin  genel kurul toplantilarina  katihm
durumlarinm etkileyen faktorlerin korelasyonu Cizelge
8den incelendiginde; uyelerin tarimsal érgutlere olan
baghliklar: ile tarimsal 6rgit tarafindan diizenlenen
egitime katilma, 6rglitlenme tanimini bilme ve egitim
durumu arasinda pozitif iliski varken; asil igleri,
gecmigte orgut ile olumsuz deneyim yasama
durumlar1 ve yaglar1 arasinda negatif yonli iliski
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bulunmaktadir. Uyelerin egitim seviyelerindeki artis,
tarimsal orgitlenme tanimini bilme durumunun
artmasina sebep olmaktadir. Kilic Topuz (2017)
tarafindan yapilan arastirmada da {yelerin egitim
seviyelerindeki artisin, tarimsal 6rgiitlenme tanimini
bilme durumunun artmasina sebep oldugu
belirlenmistir. Aragtirmada, daha geng, daha egitimli,
egitimlere katilan, 6rgilitlerine daha bagl ve tarimsal
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geliri daha digsiik olan tyelerin 6rgiitlenme bilincinin
daha yiiksek oldugu goriilmektedir. Uyelerin tarimsal
orgitler tarafindan diizenlenen egitimlere katilma
durumlar: ile orgitlenme tanimini bilme, egitim
seviyesi ve orglte baglihk skoru arasinda pozitif
yonli bir iligki tespit edilmigtir.

SONUC ve ONERILER

Ureticilerin sorunlarina ¢oziim bulabilmesi, tarimda
stirdirilebilirligin saglanmasi, ekonomik ve sosyal
refah seviyelerinin artirilabilmesi i¢in etkili olarak
orgitlenmeleri kacimilmazdir. Arastirma sonuglarina
gére uyelerin yaklagik yarisinin o6rgitlenmenin ne
oldugunu bilmemesine ragmen, tarimsal Orgiitlerde
diizenlenen  egitimlerin ¢ok  yetersiz  oldugu
belirlenmigtir. Daha geng¢, daha egitimli, tarimsal
orgutlerde diizenlenen egitimlere katilan, 6rgutlerine
daha bagli olan tyelerin 6rgitlenme bilincinin daha
yiksek oldugu belirlenmistir. Ayrica, tuyelerin
tarimsal orgiitler tarafindan diizenlenen egitimlere
katilma durumlar: ile orgiitlenme tanimini bilme,
egitim seviyesi ve Orgute baglihlk skoru arasinda
pozitif yonla bir iliski tespit edilmistir. Tarimsal
orgitlerin stirdurilebilirliginin  saglanabilmesi ve
bagarili olabilmesi i¢in demokratiklik ilkesine gore
isletilmeleri biuyik o6nem tasimaktadir. Tarimsal
orgiitlerin demokratiklik ilkesine gore igletilebilmesi
de lyelerin érgltlerde yonetime katilmasiyla ilgilidir.
Aragtirmada tarimsal 6rgiit lyelerinin genel kurul
toplantilarina katilimlarinin oldukg¢a disiik oldugu
belirlenmigtir. Kooperatif ve birlik tyelerinin genel
kurul toplantilarina katilmamalarinin en 06nemli

sebepleri ise sgehir disinda bulunmalari, zaman
bulamamalari ve  genel kurul toplantisina
cagirilmamaktir. Tarimsal kooperatif ve birlik

uyelerinin genel kurul toplantilarina katilimlarim
etkileyen faktorler ise tiyelerin baghhgi, arazi varligi
ve kooperatif/birlik-igletme aras1 uzaktir. Toplam
baglihik skoru arttikca tuyelerin genel kurul
toplantilarina katilimi artmaktadir. Bu nedenle,
tarimsal orgtlitlerde uyelerin genel kurul
toplantilarina  katilimlarin  artirilabilmesi  igin
oncelikle tyelerin baghliklarinin artirilmasi1 gerekli
gorilmektedir. Ayrica, Gyelerin tarimsal 6rgiitleri ile
aralarindaki mesafenin 15 km ve daha kisa olmasi
durumunda genel kurul toplantilarina katilimlarinin
en yiksek oldugu belirlenmigtir. Tarimsal 6rgiit ve
igletme aras1 mesafe 15 km’den daha fazla oldugunda
ise Uyelerin genel kurul toplantilarina katilimlarinin
onemli olciide azaldig tespit edilmistir. Ozellikle il
bazli kurulan tarimsal orgiitlerde tuyelere olan
mesafenin en fazla 15 km olmas1 saglanmalidir.
Tarimsal kooperatif ve birlik yoneticilerinin tiim
uyeleri genel kurul toplantisina davet etmesi ve genel
kurul toplantilarin1 {yelerin iglerinin olmadig:
zamanlarda yapilmas: gerekli gérulmektedir. Ayrica,
yoneticilerin, uyelerin kooperatifcilik ve orgiitlenme
bilincinin artirilabilmesi igin Universiteler, st
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birlikler ve kamu kurum ve kuruluslar: ile igbirligi
yaparak kooperatifcilik ve orgitlenme egitimi
diizenlemeleri 6nem arz etmektedir.
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ABSTRACT

This study aims to investigate the impact of contract farming
participation on the income of beef cattle farmers. For this purpose,
the data was collected from 155 farmers by face-to-face
questionnaires in Adana province in 2016. The impact of contract
farming on farmers’ income was identified using Propensity Score
Matching. The results show that farmers who participate in the
contract have more assets and mostly have a larger herd in
comparison with non-contract. Further, contract participation entails
a 10.04% increase in income (p<0.01). Given that most of the
contract farms are large-scale, it can be said that this gain in income
1s not enough for encouraging smallholders to participate in contract
farming. The evidence from this study suggests that policymakers
should focus on providing appropriate technical assistance, giving
price premiums and bonuses inversely proportional to farm-scale and
improve extension services to enhance the rate of smallholder
contract participation.
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Stézlegmeli Uretimin Besi Sigir1 Ureticilerinin Geliri Uzerine Etkisi: Egilim Skoru Eslegtirme Yontemi

OZET

Bu calisma, sozlesmeli tretime katilimin besi sigiri ureticileri
gelirleri Gizerine etkisini aragtirmayi amaclamaktadir. Bu baglamda,
veriler 2016 yilinda Adana ilinde 155 ureticiden yuz yiize yapilan
anketlerden elde edilmistir. Sozlesmeli tretimin tretici geliri
iizerine etkisi Propensity Score Matching (Egilim Puam Eglestirme)
kullanilarak belirlenmigtir. Sonuclara gore, sozlesme yapan
ureticilerin sozlesme yapmayanlara gore daha fazla varlhiga ve
cogunlukla daha buytik bir sturiiye sahip oldugunu saptanmistir.
Ayrica, sozlesmeye katilim, tretici gelirinde %10.04'lik bir artig
saglamaktadir (p<0.01). Sézlesme yapan isletmelerin ¢ogunlugunun
buytk olgekli isletmeler oldugu goz 6ntune alindiginda, gelirdeki bu
artisin kuclik igletme sahiplerini sézlesmeli tretime katilmaya
tesvik etmek icin yeterli olmadig: soylenebilir. Bu baglamda, politika
yapicilarin  igletme oOlgegine uygun teknik yardim saglamaya
odaklanmalari, kiuc¢lk treticilerin s6zlesmeye katilim oranini
artirmak i¢in igletme buyukligu ile ters orantili bir sézlesme fiyati
belirlemeleri ve yayim hizmetlerini artirmalar1 gerekmektedir.
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INTRODUCTION countries are at risk of exclusion from high-value

Along with globalization and liberalization efforts,
changes in consumer and retailer demand,
technological developments, food safety concerns and
related regulations have led transformation in the
agri-food system profoundly (Rehber, 2007). By the
transformation of the agri-food system into a high-
value supply chain, small-scale farms in developing

production opportunities of regional and international
markets (Setboonsarng et al., 2008) due to new
challenges such as quality and delivery requirements
(Wang et al., 2014). Contract farming (CF) - a form of
vertical coordination mechanism - has been largely
believed as an efficient way to ensure integration
between small-scale farms and markets. It has been
established since 1885 and at the end of the 20th
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century, spread widely in the food industry of
developing countries (Bijman, 2008).

Generally, CF is defined as an agreement that a
farmer guarantees to produce a given product in a
given manner, and the buyer commits to purchasing
it (Minot, 2007). Processing or marketing firms often
provide technical assistance, inputs, new
technologies, and credits to farmers (Eaton and
Shepperd, 2001) for increasing their productivity and
income. Key and Runsten (1999) stated that CF could
lead to risk sharing between farmers and
agribusiness firms. On the contrary, it is also argued
that large firms manipulate contract agreements and
use CF as a tool to cheat farmers (Little and Watts,
1994; Porter and Phillips-Howard, 1997). In Turkey,
the first legislation about contract farming was issued
in the form of a communiqué by the Ministry of
Agriculture and Forestry in 1996. After that, CF
started to spread rapidly and today it is applied in cut
flowers, tobacco, potatoes, fruit and vegetables, meat
and milk production.

Beef cattle production plays a vital role in red meat
production and remains an important source of
livelihood for farmers in Turkey. In the year 2019,
through 3.6 million slaughtered beef cattle, and 1.07
million tonnes of production quantity, 87.7% of total
red meat production has been provided from beef
cattle farming (Turkstat, 2019). Although beef cattle
farming has a significant role in red meat production,
there are challenges in the sector due to economic and
structural problems. In Turkey, cattle breeding has
been carried out on small scale farms. According to
the Agriculture Farm Structure Survey in 2016, only
4.5% of cattle-breeding farms have 50 or more
animals. On the other hand, the production costs
especially feed and breeding material is another
important issue in cattle breeding activities. Despite
the increase in input prices over the years, the sales
price does not increase at the same rate which affects
the profitability and productivity of the farms
negatively. Also, the increase in the production costs
pushes up product prices that resulted in a negative
effect on the consumers. As a result of high prices, the
government had to import live animal or beef meat
which caused rising import rates since 2010.

The government has been started CF as a strategy to
integrate small scale farms into the market through
the General Directory of Meat and Milk Board
(GDMMB) since 2011. It was founded as a State
Economic Enterprise and manages 13 processing
plants and 16 outlets for sustainability in the beef
cattle sector. Through a written agreement signed
between GDMMB and farmers, GDMMB offers a
stable price and purchasing guarantee and farmers
supply the product at a predetermined quality and
quantity at the end of the fattening period. In this
agreement, farmer remains responsible for
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management decisions during the production period.
Also, farmers must slaughter a minimum of five
animals and have to be a member of the Red Meat
Producers Association.

The literature shows that studies related to contract
farming are generally focused on crop production
(Mwambi et al., 2016; Maertens and Welde, 2017;
Benmehaia and Brabez, 2018), poultry production
(Ramaswami et al., 2006; Begum et al., 2012). Also,
there are studies about contract hog production (Key
and Mcbride, 2003; Costales et al., 2006), and dairy
production (Birthal et al., 2008). On the one hand,
many studies stated that CF had a positive effect on
farmers' income and welfare (Bijman, 2008; Miyata et
al.,, 2009; Bellemare, 2012; Maertens and Velde,
2017). On the other hand, several authors of previous
studies argued that CF participation does not
improve farmers income (Abdulai and Al-Hassan,
2016; Mwambi et al., 2016). Contrary to the
international literature, previous studies in Turkey
mostly have primarily concentrated on economic
analysis of contract farming (Engindeniz, 2008;
Gimiig, 2009; Alici et al., 2011), however, the impact
of CF remains unexplored.

A review of the literature reveals that the impact of
contract farming on the beef cattle sector has not
been thoroughly investigated and limited studies are
available on beef cattle production. Furthermore, no
study presents the impact of CF on beef cattle
production in Turkey. Accordingly, the present study
focuses on a relevant and important topic for
contemporary rural studies, especially when
analyzing the CF in cattle breeding, a practice with
few records which needs studies. In this respect, the
aim of this study is to evaluate the impact of contract
participation on beef cattle farmers’ income by using
the Propensity Score Matching (PSM) method. The
findings of this study will contribute to policy-makers
to develop strategies for the effectiveness of the
existing contract farming in beef cattle production.
Also, this study will serve as an important source for
future studies and researches.

MATERIAL and METHOD

The primary material of this study consists of the
original data obtained from face to face questionnaire
with beef cattle farmers in Adana province of Turkey
in 2016. Adana Province is located between latitudes
35-38 and longitudes 34-46 and in the Mediterranean
Region. The area of the province is 17.253 km? which
is 2.2% of the total area of Turkey.

A total of 155 beef cattle farms were selected from
3734 beef cattle farms by using the proportional
sampling method (Newbold, 1995). The sampling
method was determined with 95% confidence interval
and 10% margin of error. The sample includes 61
contract farmers and 94 non-contract farmers.
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In observational studies, when assignment units to
treatment or control groups are not random, it is not
possible to estimate an unbiased treatment effect by
comparing outcomes between treatment and control
groups (Austin, 2011). In other words, it is not
possible to observe a subject has received the
treatment and not received the treatment. When the
assignment is not random, the estimation of the
treatment effect may be biased due to the existence of
confounding factors (Katchova, 2010). There are
several methods to address selection bias like
Heckman two-step and Instrumental Variable (IV),
but these models require assumptions to meet for the
analyzes (Mendola, 2007). In this context, PSM which
is a nonparametric method, extensively used in
observational studies was employed to estimate the
treatment effect.

PSM creates a comparison group by matching each
observation on treatment group with a control group
by similar characteristics which provide the
conditions of a random experiment to assess a causal
effect, as in a controlled trial (Rosenbaum and Rubin,
1983). PSM based on a balancing score called the
propensity score which is the conditional probability
of a unit receiving the treatment given a vector of
observed covariates formulated as;

ex)= pr (z=1 | x) and pr (zi,...zn | Xui,....Xn)=

Lie(x)" {1 —e(x)} ™ oy
where zi: treatment status (0: control, 1: treated), x:
the vector of observed covariates and e(x): propensity
score (Rosenbaum and Rubin, 1983).

PSM is based on Conditional Independence (CI) and
common support or overlap condition assumptions. CI
states that only the given observed covariates X affect

both the treatment and the outcome and expressed
as: Y(1),YO0) LZ | X,

The second assumption is common support or overlap
condition implies that the propensity score ranges
from O to 1 and shown as: 0 < P(Z=1 | X )< 1. As the
assumptions hold, the PSM estimator for Average
Treatment Effect on Treated (ATT) can be written as
(Guo and Fraser, 2015):

ATT=E p(X) | Z=1 (E[YD)1Z =1, pX)] - E[Y()|Z =
0, p(X)) (2)

Here, Y(0) denotes the outcome for control and Y(1)
denotes the outcome for treatment group.

Propensity score can be estimated by using logit or
probit regression or discriminant analysis. Since the
logit distribution has more density mass in the
bounds (Caliendo and Kopeinig, 2008), the logit model
has been preferred. The next step is to match the
treatment and control groups with similar propensity
score by a matching algorithm such as Nearest
Neighbor, Caliper and Radius, Stratification and
Interval, Kernel and Local Linear and Weighting.
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In this study, Kernel Matching (KM) which uses a
weighted average of all farms in the control group
that are inversely proportional to the distance
between the p-scores of the treatment and control
groups was employed (Caliendo and Kopeinig, 2008).
After matching, it is important to check whether the
differences in the covariates of treatment and control
groups in the matched sample have been eliminated
by balancing test (Caliendo and Kopeinig, 2008). One
of the balancing test is the standardised mean
difference between groups known as Rubin’s B which
should be less than 25. The other is the ratio of
variances called Rubin’s R should be between 0.5 and
2 (RUBIN, 2001). Also, comparison of pseudo-R2
should be low after matching to ensure no systematic
differences between two groups (Sianesi, 2004).

Finally, it is crucial to perform a sensitivity test to
put forth that the results are not sensitive to
unobservable variables which means there should be
no hidden bias. If there is hidden bias depending on
unobserved variables, matching estimators are not
robust (Rosenbaum, 2002). There are two sensitivity
tests. For continuous outcomes, Wilcoxon sign rank
and the Hodges-Lehmann point and interval
estimate, and for binary outcomes the Mantel-
Haenzsel (MH). For more information and details
about the implementation of the sensitivity analysis
see Rosenbaum (2002) and Becker and Caliendo
(2007).

It is important to note that, for reducing bias, the
choice of the variables for estimating the propensity
score is crucial. Bergsta et al., (2019) stated that
propensity score aims to balance all covariates, not to
predict treatment perfectly. Also, Brookhart et al.,
(2006) recommended that variables that related to
outcome, or both to outcome and treatment should be
included in the model. Furthermore, using many
variables in the model can result higher standard
errors for the estimated propensity score (Khandker
et al., 2010). Based on this issue six variables are
included in the model to estimate the propensity
score.

RESULTS and DISCUSSION

Table 1 represents the socio-demographics of farmers
by participation status. For the entire sample, the
average age of the farmers is 45.1 years. On average,
contract farmers’ education is higher compared to
non-contract farmers and the difference is
statistically significant (p=0.006). The number of
cattle (CCU) and total crop area (da) of contract farms
are approximately two times higher than non-
contract farms. The difference is statistically
significant (p<0.05). Gross production value (GPV)
was calculated 2 680.18 $/head for contract farms and
2413.54 $/head for non-contract farms and the
difference is statistically significant (p=0.000).
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The average variable costs are 1891.71 $/head for all
beef cattle farmers. The mean of variable costs of
contract and non-contract farms is calculated as
1975.69 $/head and 1837.21 $/head, respectively
(Table 1). On the other hand, the gross margin was
704.48 $/head for contract farms, 576.33 $/head for
non-contract farms and the difference is statistically

significant (p=0.002). According to the results,
contract farmers are more educated, have more cattle,
more crop and forage area, higher gross production
value and gross margin compared to non-contract
farmers. This shows that contract farmers are socio-
economically advantageous, and large scale compared
to non-contract farms.

Table 1. Socio-demographic characteristic of non-contract and contract farmers
Cizelge 1. Sozlesme yapan ve yapmayan tireticilerin sosyo-demografik ozellikleri

Non-contract

Mean Std. Error

Farmers’ age (year) 45.53 0.98
Education level of farmers (year) 7.24 0.30
Livestock experience (year) 20.54 0.91
Household size(person) 5.15 0.27
Persons‘ work In agricultural 230 0.21
production

Number of cattle(CCU) 4807 4.81
Total crop area (da) 67.52 12.21
Forage crop area (da) 30.69 7.61
Gross production value ($/head) 2413.564 39.45
Variable costs ($/head) 1837.21 835.58
Gross margin ($/head) 576.33 2744

Contract Total

Mean Std. Error Mean Std. Error
44.39 1.28 45.08 0.78
877 0.49 7.84 0.27
19.87 1.10 20.28 0.70
4.72 0.21 4.98 0.18
1.89 0.15 214 0.14
85.28 22.82 62.72 9.51
173.65 49.72 109.13 21.24
58.65 19.92 41.66 891
2680.18 42.51 25618.48 93.44
1975.69 45.35 1891.71 10.24
704.48 29.76 626.76 20.90

1 $=3.02 TL in 2016, CCU: Cattle Count Unit was used to homogenize the cattle number of farm

In this study, PSM analysis is carried out using
psmatch2 (Leuven and Sianesi, 2003) module. As
shown in Table 2, some variables are statistically
significant which are the determining factors of
contract farming participation. Education status is
one of the effective factors in contract farming
participation (p<0.05). The findings are consistent
with early studies about contract farming in the
literature (Hu, 2013; Mwambi et al., 2016; Maertens
and Velde, 2017). Farm type has a significant and

positive impact, which means that farms specialized
only in beef cattle breeding are more likely to
participate in contract farming. This result is in line
with the findings of research conducted in China by
Guo et al., (2005). Another critical factor is the
dressing percentage which has a positive and
significant effect (Table 2). In Bangladesh, Sarma et
al (2014) determined that an increase in beef cattle
production by one kilogram has a significant and
positive influence on contract participation.

Table 2. Logistic regression results for estimating the propensity score
Cizelge 2. Egilim skoru tahmini igin Lojistik regresyon analizi sonuglari

Variables Coefticient p-value Odds ratio
secondary school -0.314 0.601 0.730
FEducation*** high school 0.169 0.720 1.184
university * 1.446 0.045 4.247
Household size -0.006 0.953 0.994
Number of cattle (CCU) 0.001 0.619 1.001
Livestock experience -0.007 0.803 0.993
Total crop area (da) 0.002 0.300 1.002
Farm type** 1.318 0.001 3.735
Dressing Percentage (%)** 0.240 0.000 1.272
Constant -15.209 0.000 -

**p<0.01, *p<0.05, Hosmer Lemeshow p=0.681, Negelkerke R2=0.348. *** The reference category is primary school, Dressing

Percentage (DP)= (Warm carcass weight/Live weight) x 100

Checking the overlap or common support region for
the groups is an important assumption to meet for a
good match. Common support is based on deleting
observations from treatment group whose propensity
score is smaller or larger than the control group’s
minimum or maximum score. Based on KBM, four
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farmers have been removed from the analysis to
ensure a proper match. The region of common support
ranges between 0.1273 and 0.9946.

Covariate means, t-test results, the percentage of bias
before and after matching and the percentage of bias
reduction are given in Table 3. According to the t-test,
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there are significant differences before matching in
some covariates (education, farm type, number of
livestock, total crop area, and dressing percentage)
while after matching the t-test results are
insignificant. In other words, there are no differences
between contract and noncontract groups after
matching implying that the matching has been valid.

Table 3. Covariate balancing tests
Cizelge 3. Degisken dengeleme testi sonuglari

According to Table 4, low Pseudo RZ2, insignificant
likelihood ratio, and lower standardized bias after
matching implies that there are no systematic
differences based on covariates between contract and
non-contract farmers that means the matching
procedure has sufficiently balance the samples.

. Unmatched Mean % %
Variables Matched Treated Control bias reduction t-test p>/t/
U 0.098 0.159 -187 -1.08 0.280
Secondary school M 0.105 0.111 -1.9 89.6 011 0914
. U 0.262 0.223 9.0 0.5 0.682
High school M 0.263 0.236 6.2 31.3 0.33 0.745
Universit U 0.196 0.042 48.6 65.1 316 0.002
versity M 0.175 0.121 16.9 : 0.80 0.424
. U 4.721 5.148 -19.0 -1.11 0270
Household size M 4.789 4.600 8.4 65.8 0.56 0.575
Livestock experience U 19.869 20.5643 -7.7 80.9 -0.47 0.642
M 20211 20.339 -1.6 ’ -0.08 0.936
U 173.66 67.324 37.0 2.48 0.014
Total crop area (da) M 105.91 94.71 3.9 89.5 0.35 0.730
U 85.28 48.07 75.6 1.93 0.056
Number of cattle (CCU) 1, 67.98 59.28 g7 o0 048 0635
Farm tvoe U 0.639 0.340 62.2 98.0 379 0.000
P M 0.631 0.637 -1.2 ’ -0.07 0.948
D o P U 59.103 56.479 75.6 y 4.51 0.000
ressing Percentage M 58.874 59.280 117 84.5 -0.66 0514
Table 4. Covariate balancing indicators before and after matching
Cizelge 4. Eslesmeden dnce ve sonra degisken dengeleme gostergeleri
Pseudo R? LR chi? p>chi? Mean bias  Median bias B R
Before Matching 0.224 46.54 0.000 34.0 28.6 1186 112
After Matching 0.009 1.41 0.998 6.5 6.2 22.1 0.95

Table 5 presents the impact of contract farming
participation on farmers’ GPV. The results show that
the GPV of farmers who participated in contract
farming is 244.01 $/head higher compared to non-
contract farmers. In other words, participation in
contract farming has increased the GPV by 10.04%.
This result supports previous findings of the
literature (Miyata et al., 2009; Bellemare, 2012;
Maertens and Velde, 2017).

The final step of PSM is sensitivity analysis which
addresses hidden bias depends on the unobservable
covariates. The bounding approach was employed
which was proposed by Rosenbaum (2002) using
rebounds package (Diprete and Gangl, 2004). As

Table 5. Estimates of ATT ($/head)
Cizelge 5. ATT Sonuglar: ($/bas)

shown in Table 6, the upper bound is significant
through gamma level 2 and there is no negative value
between Hodges-Lehmann point estimates and
confidence interval implies there is no hidden bias
due to unobserved covariates.

CONCLUSION

The present study was designed to determine the
impact of contract participation on beef -cattle
farmers’ income by using the PSM. Moreover, this
study is conducted to investigate whether contract
farming applying in the beef cattle sector is beneficial
for farmers or not.

Contract  farmers’ Non-contract Standard ..

GPV farmers’ GPV AT Error tstatistics
KBM 2673.74 2429.73 244.01%** 72.69 3.36
***p<0.01
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Table 6. Rosenbaum bounding sensitivity analysis results

Cizelge 6. Rosenbaum duyarlilik analizleri sonuglari

Wilcoxon’ signed rank test Hodges-Lehmann point 95% confidence interval
estimates

Gamma (I) sig+ sig- t-hat+ t-hat- CI+ CI-
1 3.1e-06 3.1e-06 732.54 732.54 444.68 1017.46
1.1 0.0000 6.7e-07 693.47 778.88 390.10 1061.70
12 0.0000 1.4e-07 647.49 812.02 341.08 1111.84
1.3 0.0001 3.0e-08 618.69 837.82 317.20 1150.47
1.4 0.0002 6.3e-09 587.67 874.61 278.52 1179.68
1.5 0.0005 1.3e-09 5564.09 905.48 253.17 1213.40
1.6 0.0010 2.8e-10 527.45 935.90 212.64 1257.21
1.7 0.0017 6.0e-11 490.40 981.99 180.682 1285.76
1.8 0.0029 1.3e-11 462.48 1006.02 149.14 1314.90
19 0.0045 2.7e-12 429.84 1034.12 129.57 1337.91
2 0.0067 5.7e-13 396.19 1049.10 105.34 1357.99

* gamma - log odds of differential assignment due to unobserved factors, sig+

bound significance level

One of the more significant findings to emerge from
this study is that contract farms are mostly large-
scale and have more assets than non-contract farms.
This result indicates that the scale is preponderant in
this process, as the contract is for a small number of
animals and not for the entire herd. This is easier to
do when having a larger herd and economic
advantages. But smallholders prefer to avoid
situations of uncertainty, so as not to run the risk of
not fulfilling the contract.

The second major finding was that participating in
contract farming increases the farmers' GPV by
10.04% on average compared to non-contract farmers.
It is a fact that the contract price, herd size and farm
type, quality and quantity of feed and race of cattle
were effective factors in the emergence of a higher
income. However, as the contract farms are mostly
large-scale, this gain from contract farming is not
enough to satisfy smallholders to sign a contract. In
considering the gain from contract participation,
policymakers should focus on enhancing the inclusion
of small-scale farmers. From this point of view some
policy implications can be made as follows;

On one hand, giving price premiums and bonuses
inversely proportional to farm-scale to reduce the
participation rate of CF of larger farms. This allows
more smallholders to be included in the contract
farming system. Another important thing is small-
scale farms are financially constrained for necessary
farm investments for improving farm capacity.
Providing low interest and easily accessible credits for
farmers will encourage them to participate in CF.

On the other hand, it 1s imperative to provide
extension services to inform smallholders about the
benefits and terms of the contract agreement. Most of
smallholders lack understanding existence, benefits
and terms of CF. Also, GDMMB should strengthen its
capacity by encouraging big processors, exporters,
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- upper bound significance level sig-, - lower

and chains of supermarkets to organize CF
operations. Investments from the private sector and
cooperatives are a necessary pre-condition for the
development of private CF schemes. In conclusion,
implementing policies that provide small-scale farms
an acceptable level of risk associated with contract
farming would make significant contributions to
farmers' welfare in the future.
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ABSTRACT Research Article
The present investigation was conducted to determine the feed
quality of New Sudan grass varieties. On average, the highest plant Article History
height was found in Sudan grass variety Nika (274 cm) in 2019-2020. Received +15.04.2021
These rates in Sputnitsa and Aleksandrina were loer by 23 and 30 Accepted +15.06.2021
cm, respectevely. The yield of green matter after two cuts in the new

Keywords

variety Nika was 41.0 t ha! and 9.59 t ha'! of hay. These rates in the
recognized varieties varied in the range of 35.0-36.0 t hal and 7.98-
8.28 t hal. The maximum protein content for varieties Nika,
Sputnitsa standard and Aleksandrina were 13.72%, 11.33%, and
11.72%, respectevely. The fiber content in the air-dry matter was
25.20% in Nika, 26.01% in Sputnitsa and 26.03% in Aleksandrina.
When determining the presence of metabolizable energy in sheep
feed, it was found that the variety Nika contained 2.03 M,
Aleksandrina — 1.96 MdJ, Sputnitsa — 1.90 MJ in 1 kg of green
matter. The new variety Nika also had similar maximum rate in 1 kg
of hay and amounted to 8.79 MJ. Among the studied varieties of
Sudan grass, the most significant amino acid content was also
obtained in the variety Nika. The maximum rate of asparagine and
glutamic acids in the air-dry matter of this variety was 1.84% and
1.38%, respectively. The dry matter of the variety Nika contains high
level (0.5-1.0%) of the amino acids proline, glycine, alanine, valine,
leucine, phenylalanine, and lysine. A significant amount of
threonine, serine, isoleucine, tyrosine, and arginine amino acids (0.3-
0.5%) was obtained in the air-dry matter of Sudan grass. The content
of methionine and histidine amino acids in hay was low (less than
0.27%).

Sudan grass
Green and dry matter
Nitrogen-free extract
Metabolizable energy
Amino acids

Yeni Sudan Otu Cesitlerinin Yem Kalitesi

OZET Aragtirma Makalesi

Bu arastirma Yeni Sudan otu c¢esitlerinin yem kalitesini belirlemek

igin yapilmigtir. Ortalama olarak en yiliksek bitki boyu 2019-2020 Makale Tarihgesi
yillarinda Sudan otu ¢esidi Nika'da (274 ¢cm) bulunmustur. Sputnitsa Gelig Tarithi  :15.04.2021
ve Aleksandrina'daki bu oranlar 23 ve 30 cm daha dusik Kabul Tarihi :15.06.2021
bulunmustur. Yeni Nika gesidinde iki kesimden sonra yesil madde

verimi 41.0 t ha! ve saman miktar1 9.59 t ha'! bukunustur. Taninan Anahtar Kelimeler
¢esitlerdeki bu oranlar, 35.0-36.0 t hal ve 7.98-8.28 t ha! araliginda Sudan otu

degismistir. Maksimum protein icerigi Nika cesidinde (% 13.72),
Sputnitsa standardinda (% 11.33) ve Aleksandrina cesidinde (%
11.72) bulunmustur. Hava-kuru maddedeki lif icerigi Nika'da%
25.20, Sputnitsa'da% 26.01 ve Aleksandrina'da% 26.03 gbézlenmistir.
Koyun yeminde metabolize edilebilir enerjinin varhigini bakildiginda,
Nika cesidinin 1 kg yesil madde i¢inde 2.03 MJ, Aleksandrina - 1.96
M., Sputnitsa - 1.90 MdJ igerdigi bulunmustur. Yeni Nika cesidin de
benzer olarak 1 kg samanda maksimum 8.79 MJ igerigi elde
edilmistir. Incelenen Sudan ¢im cesitleri arasinda en belirgin amino
asit igerigi Nika cesidinde elde edilmistir. Bu c¢esidin hava-kuru
maddesindeki maksimum asparagin ve glutamik asit orani sirasiyla
% 1.84 ve% 1.38 olmustur. Nika ¢esidinin kuru maddesi yuksek

Yesil ve kuru madde

Azot icermeyen 6zlt
Metabolize edilebilir enerji
Amino asitler
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seviyede (% 0.5-1.0) amino asit prolin, glisin, alanin, valin, 16sin,
fenilalanin ve lizin igerdigi bulunmustur. Sudan c¢iminin havada
kuru maddesinde 6nemli miktarda treonin, serin, izol6sin, tirozin ve
arginin amino asitleri (% 0,3-0,5) elde edilmistir. Saman igindeki
metiyonin ve histidin amino asit icerigi ise diisiik (% 0.27'den az)

bulunmustur.

To Cite:

Kapustin S, Volodin A, Kapustin A, Samokish N 2022. Feed Quality of New Sudan Grass Varieties. KSU J.

Agric Nat 25 (2): 400-405. https://doi.org/10.18016/ksutarimdoga.vi.916295.

INTRODUCTION

The creation of a solid forage reserve for animal
husbandry in the North Caucasus region is closely
related to the cultivation of forage crops that would
ensure high and sustainable yields at minimal cost. It
is important to expand the sowing of drought-
tolerant, high-yielding, high-afterfeed forage crops
(Kapustin et al., 2018; Kapustin et al., 2019). One of
which is Sudan grass. Sudan grass has a strong root
system, and is resistant to soil and atmospheric
droughts. In dry years it is superior in the yield of
green matter to not only corn, but also annual and
perennial grasses (Kapustin et al., 2020). In the
Stavropol Territory, up to 70% of the cultivated area
of annual forage crops is occupied by Sudan grass.
The possibility of sowing in several terms, the ability
to produce high yields of green matter and afterfeed
before autumn frost make it a good component of the
green forage chain (Mut et al., 2017; Kuznetsov et al.,
2018).

Published studies (Goulart-Machado et al., 2018;
Vasin et al., 2018) state that pure sowing of Sudan
grass has insufficient protein content. The use of
fertilizers increases the content of amino acids, Ca, K,
P and Mg in the forage. The percentage of protein in
plants positively correlates with the amount of
nitrogen in the soil (Wynd et al., 1947; Tang et al.,
2015; Kosogova et al., 2020).

In dry years, mixed sowing of Sudan grass with corn
and legumes is highly effective (Stojanovic B et al.,
2020). The expansion of the crops under study
required the creation of new varieties adapted to the
local edaphoclimatic conditions. The breeding center
North Caucasus Federal Agrarian Research Centre
developed a program and identified the main areas of
breeding work for the creation of new varieties of
Sudan grass. As a rule, the growth and development
of the crop take place in the conditions of drought and
acceleration. The preemergent period was 5-7 days.
The crop emergence was reduced to 60-70%.

All those things affect the yield of green matter and
the subsequent regrowth of plants. Using
hybridization on a sterile and fertile basis, as well as
the method of selection with following self-pollination,
new varieties of Sudanese grass Zemlyachka,
Sputnitsa, Nika, adapted to the conditions of the local
arid climate, were obtained from the hybrid
population.
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Along with the improvement of the variety
assortment of sorghum crops, the elements of
agricultural cultivation techniques and the

qualitative composition of the green and dry matter of
new varieties were updated (Sonmez et al., 2016; Cole
et al., 2017; Baranovsky et al., 2019; Baranovsky et
al., 2020). Due to the significant differences in the
content of the main nutrients in fodder production,
chemical feed analysis is carried out, which allows to
evaluate nutrient density chemically. Reliable
methods for evaluation of nutrient density have been
developed. They make it possible to organize feeding
in such a way that minimum feed consumption gives
the maximum amount of animal products (Volgin et
al., 2008).

This research was conducted evaluate
determine the content of protein, fat, fiber,
metabolizable energy of the fodder and the level of
amino acids in the raw material and air-dry matter.

to

MATERIALS and METHOD

The identification of indicators of chemical analysis
and the amino acid content of green matter and hay
was performed in the certified scientific laboratory
“Feed and Metabolism” at the Stavropol State
Agrarian University. The content of 16 out of 22
amino acids was determined (Volgin et al., 2008).

The studies on the quality of fodder in new varieties
of Sudan grass were carried out using field and
laboratory experiments at the experimental field of
North Caucasus Federal Agrarian Research Centre in
2019-2020. The soil cover of the field was typical
chernozem. The depth of humus horizons was 120 cm,
the humus level in the plow layer was 3.2%. The level
of active forms of mineral nutrition in the soil was
average. Insufficient precipitation, combined with
high air and soil temperatures in late summer,
contributed to the manifestation of drought in the
years of the experiments.

In the competitive test, three varieties of Sudan grass
were sown, of which two varieties were developed by
breeders of North Caucasus Federal Agrarian
Research Centre — Sputnitsa (standard) and new
variety Nika, which is undergoing state testing of new
varieties. The variety Aleksandrina was developed in
the Agricultural Research Center “Donskoy”. The
area of the registration plot was 25 m2, the number of
replications was 4, the width of space between rows
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was 70 cm, and the sowing time was May 12. During
observations and records, “Methodology of the state

testing of new varieties of agricultural plants” was
used (Fedin, 1985).

The statistical analysis of the experimental results
was carried out by analysis of variance according to
the method of B.A. Dospekhov (Dospekhov, 1985).
Harvesting of Sudanese grass plants was carried out
in the phase of the beginning of the appearance of
panicles. Mineral fertilizing and watering were not
carried out in the experiment. The experimental
scheme did not provide for the use of aphids and
bacteria.

The identification of indicators of chemical analysis
and the amino acid content of green matter and hay
was performed in the certified scientific laboratory
“Feed and Metabolism” at the Stavropol State
Agrarian University. The content of 16 out of 22
amino acids was determined (Volgin et al., 2008).

RESULTS and DISCUSSION

Sudan grass is suitable for use and making of green
matter, silage, haylage, dry fodder, grass meal, and
grazing. On average, the duration of the growing
season from shoots to blooming period of panicles in
the standard variety Sputnitsa was 60 days for 2019-
2020. In the varieties Nika and Aleksandrinathis

period was about 65-67 days. The duration of this
period depended on the biological and morphological
characteristics of the studied varieties.

The maximum energy of early growth on the 30th day
of the growing season was in the variety Nika (93
cm). In the standard variety Sputnitsa, the same rate
of growth was 86 cm, and the variety Aleksandrina
had 82 cm. The records of the height of plants in the
milky-waxy stage of ripeness show that the highest
rate of this trait was also in Sudan grass Nika (274
cm). According to the rate, Sputnitsa and
Aleksandrina were 23 and 30 cm lower. All of the
studied varieties are highly resistant to lodging,
aphid damage and bacteriosis.

After two cuts, the yield of green matter of the new
variety Nika was 41.0 t hal and 9.59 t hal of hay.
The yield of green matter of recognized varieties
Sputnitsa and Aleksandrina was 5-6 t ha! less and
varied in the range of 35.0-36.0 t ha'l. The hay yield of
these varieties was 7.98-8.28 t ha'l.

The experiment includes the quality evaluation of the
green matter and hay of three varieties of Sudan
grass. According to the data in Table 1, the quality
indicators were determined in green matter (raw
material) and hay (in the air-dry matter). Samples
were taken from the clip of the first growth of Sudan
grass and from the aftergrass.

Table 1. Chemical analysis of green matter and hay of Sudan grass (2019-2020)
Cizelge 1. Yags ve kuru Sudan otunun kimyasal analizi (2019-2020)

Sudan grass Cuts Total Crude Crude Crude Crude NFE, % Metabolizable
variety moisture, protein, fat,% fiber, % ash, % energy, MJ
% % ko'l
in the raw material
Sputnitsa, St the first cut 79.1 2.36 0.20 5.58 1.48 11.28 1.95
the second cut 80.4 2.23 0.26 4.96 1.44 10.70 1.85
Nika the first cut 78.4 2.93 0.23 5.18 1.44 11.82 2.10
the second cut 79.5 2.84 0.27 5.42 1.39 10.58 1.96
Aleksandrina the first cut 79.1 2.84 0.26 5.34 1.31 11.15 2.02
the second cut 79.8 1.99 0.25 5.36 1.33 11.28 1.89
LSD o.05 3.17 0.11 0.01 0.21 0.05 0.45 0.08
in the air-dry matter
Sputnitsa. St the first cut 7.58 11.27 0.96 26.70 7.10 46.39 8.28
the second cut 6.92 11.38 1.35 25.32 7.35 47.68 8.51
Nika the first cut 7.39 13.57 1.06 23.98 6.65 47.35 8.86
the second cut 6.90 13.86 1.32 26.42 6.77 44.73 8.72
Aleksandrina the first cut 7.63 13.58 1.26 25.55 6.25 45.73 8.75
the second cut 6.58 9.86 1.23 26.51 6.58 49.24 8.35
LSD o.05 0.28 0.52 0.05 1.09 0.28 1.78 0.35

After the second cut, the total moisture content in the
green matter was 0.7-1.3% more than after the first
cut. However, the air-dry matter had the opposite
results. After the second cut, the hay of all varieties
had 0.49-1.05% less moisture than after the first cut
due to the intense hot weather during the second half
of the summer.

The organic part of the feed consists of nitrogenous
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(protein) and nitrogen-free substances (fat, fiber,
nitrogen-free extracts). Crude protein is the total
amount of nitrogen-containing substances in the feed.
It was determined by the Kjeldahl method. The
maximum protein content was found in the new
variety Nika at the average rate of 13.72% after two
cuts, the standard Sputnitsa had 11.33%, and the
variety Aleksandrina — 11.72%. After the second cut
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of the varieties of Stavropol selection, the content of
crude fat in the green matter was 0.04-0.06% more
than after the first cut. The content of this indicator
in hay was similar to the green matter. The
differences varied in the range of 0.26-0.39%. As for
the variety Aleksandrina, there were no significant
differences in this trait depending on the time of cut.

The nutritional value of crude fiber depends on the
cellulose content, the degree of lignification and
vegetative  stages of plants. The cellulose
predominates in the cell wall among young plants. A
certain regularity of crude fiber content depending on
the cut time was not observed. It was found that, on
average, the fiber content in the new variety of Sudan
grass Nika in dried hay after two cuts was 25.20%, in
the varieties Sputnitsa — 26.01, Aleksandrina —
26.03%. The decrease in the variety Nika in
comparison with the standard was 0.81%.

The ash content in both methods of use did not
depend on the cut period and was more significant in
the variety Sputnitsa. The main representatives of
nitrogen-free extracts (NFE) are amylum, sugars, and
pentosans. The amylum content in plants is
influenced by climate conditions, methods of feed
preparation and storage. In our research, the
presence of NFE did not depend on the cut period,
and on average after two cuts air-dry matter of Nika
variety contained 46.14%, Sputnitsa standard had
47.04%, and the maximum percentage was 47.49% in
the variety Aleksandrina.

The metabolizable energy is a part of gross energy in
the feed, which is necessary to ensure a certain level
of vital activity, biosynthesis and deposition in the
substances of the product. The determination of the
presence of metabolizable energy in the feed for sheep
was carried out. It was found that on average, for two
cuts, 1 kg of green matter of the variety Nika
contained 2.03 MJ, Aleksandrina — 1.96, Sputnitsa —
1.90 MJ. In 1 kg of hay, the presence of similar rates
also turned out to be the maximum in the new variety
Nika and amounted to 8.79 MdJ, the standard
Sputnitsa had 8.40, Aleksandrina — 8.55 MdJ. There is
an increasing tendency for metabolizable energy for
sheep in the green matter and hay during the first
cut, in comparison with the second cut.

The content of 16 amino acids, presented in Table 2,
was determined in the samples of green matter and
hay, which were taken during the second cut from
three studied varieties of Sudan grass. All amino
acids are the building blocks of proteins. After the
protein digestion, the body receives specific amino
acids. Some of them are replaceable, the body is able
to produce them and irreplaceable (can only be
obtained through nutrition).

The replaceable amino acids are serine, glutamic and
aspartic acids, proline, glycine, alanine, tyrosine, and
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arginine. The irreplaceable are threonine, valine,
methionine, isoleucine, leucine, lysine, phenylalanine,
histidine. Although these amino acids are not
produced by the body, but valine, isoleucine,
threonine, which are needed for wound healing and
immune system stimulation, are also necessary for
the formation of hemoglobin, and regulation of
neurological issues. Leucine, phenylalanine and
histidine regulate blood sugar levels. They are the
raw material for insulin, they prevent hypertension,
atherosclerosis, heart attacks. Threonine, along with
lysine, alanine and aspartic acid, activate the
production of antibodies, which strengthens the
immune system.

The highest percentage in the air-dry matter of
Sudan grass had aspartic and glutamic acids (1.10-
1.84%). Aspartic acid is a replaceable amino acid. It
plays an important role for the proper functioning of
the nervous and endocrine systems, provides the
hormone production (testosterone, etc.). Glutamic
amino acid can be found in the brain and spinal cord,
plasma, and the fluid part of the muscles. It regulates
the balance of alkali and acids, provides the
production of new cells and prevents early aging.

Among three studied varieties of Sudan grass, the
new variety Nika had the maximum content of these
two amino acids (1.84% and 1.38%). Similar results
were obtained in the green matter. As for the rest of
the amino acids, their maximum content was also
obtained in the new variety Nika.

The content of proline, glycine, alanine, valine,
leucine, phenylalanine, lysine amino acids had a high
percentage (0.5-1.0%) in dry matter. A significant
presence of amino acids (0.3-0.5%) in the air-dry
matter of Sudan grass was obtained from: threonine,
serine, isoleucine, tyrosine, arginine. Low content of
amino acids (less than 0.25%) in hay was found in
methionine and histidine.

CONCLUSION

The varieties of Sudan grass which were identified in
2019-2020 in the seed field of competitive variety trial
were well selected, had a complex of positive
economically valuable characteristics, and were
resistant to dry conditions. The Sudan grass variety
Nika excelled in terms of the green matter yield, the
early growth rate and the the plants height.

Chemical of green matter and hay showed that Nika
was superior to the standard varieties in terms of
protein content by 2.0-2.39% and sustained the best
values of fiber and metabolizable energy.

Among the studied varieties of Sudan grass, the new
variety Nika had the highest percentage of amino
acids. The maximum presence of aspartic and
glutamic amino acids in the air-dry matter of this
variety was 1.84 and 1.38%, respectively.
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Table 2. Amino acid content of green matter and hay of Sudan grass in 2019-2020
Cizelge 2. Yas ve kuru Sudan otunun amino asit igerigi (2019-2020)
Amino acids, %

Name of the Sudan grass a2 o =
o 4 g 23 v
2 < g o) % &) 2 = _ g 8
< @ o £ = =23 S g ==
22 5.2 =8 =7 s g 5 8 =3
< & EE 58 T & L& kS =3 se2

in the raw material

Sputnitsa St 0.22 0.08 0.09 0.23 0.15 0.10 0.13 0.11

Nika 0.38 0.10 0.11 0.28 0.21 0.11 0.14 0.14

Aleksandrina 0.24 0.07 0.08 0.22 0.01 0.09 0.11 0.10

LSD o.05 0.01 0.003 0.014 0.01 0.005 0.004 0.005 0.05

in the air-dry matter

Sputnitsa St 1.13 0.43 0.48 1.19 0.76 0.50 0.65 0.54

Nika 1.84 0.49 0.56 1.38 1.00 0.55 0.67 0.69

Aleksandrina 1.17 0.37 0.42 1.10 0.62 0.43 0.55 0.51

LSD o.05 0.056 0.02 0.021 0.0563 0.036 0.021 0.031 0.026

Amino acids, %

Name of the Sudan grass R=IN 2 © > 89 o v
5§58 S2 £33 HE1 <& 2 22 E®
£2  E3 28 £2€ 5§ B B3 8g
v o 2 a7 > < 5 i — z =
= — & A =

in the raw material

Sputnitsa St 0.03 0.08 0.16 0.08 0.10 0.05 0.11 0.10

Nika 0.03 0.09 0.17 0.09 0.12 0.05 0.13 0.11

Aleksandrina 0.03 0.08 0.15 0.07 0.09 0.04 0.10 0.08

LSD o.05 0.002 0.003 0.006 0.003 0.004 0.02 0.04 0.04

in the air-dry matter

Sputnitsa St 0.15 0.39 0.84 0.40 0.51 0.24 0.58 0.50

Nika 0.15 0.46 0.85 0.42 0.57 0.26 0.62 0.50

Aleksandrina 0.14 0.38 0.72 0.33 0.44 0.19 0.48 0.40

LSD o.05 0.007 0.02 0.04 0.017 0.025 0.011 0.025 0.023
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ABSTRACT Research Article
Alpine and Damascus goats were crossbred in a private goat farm
established in Adana that engaged in raising Damascus goat in order Article History
to develop a goat genotype that will give more milk in the hot and Received - 01.04.2021
humid climate in summer of Cukurova region. In this study, the Accepted - 04.06.2021
growth characteristics between birth and weaning of the crossbred
kids were compared with Damascus kids. The animal material for Keywordg
the study consisted of 136 head of pure Damascus goats and 32 head Birth w elght.
Weaning weight

of Damascus goats crossbred with Alpine goat as well as their kids. X
The kids were fed with their dams' milk (average 0.70 litre / head / Survival rate
day) for the first 15 days after birth. After this period, a mixture

containing 60% goat milk and 40% kid food was used in the feeding

of the kids. Kids that given kid rearing concentrate and alfalfa hay

after 10th days age were weaned at the age of 60 days. At the end of

the study, birth weights, weaning weights and survival rate at

weaning of the crossbred and Damascus kids were determined as 2.5

+0.07 kg and 2.7 + 0.05 kg (P <0.05), 10.3 + 0.11 kg and 9.5 + 0.06 kg

(P <0.01), 75.6% and %86.3, respectively. In conclusion; Damascus

goats had more live weight at birth, but this difference was reversed

at weaning. On the other hand, the average survival rate was lower

in the crossbreeds.

Alpin X Sam Kegisi Melezi ile Sam Kegisi Oglaklarinin Biiyiime Ozelliklerinin Karsilagtirilmasi

OZET Aragtirma Makalesi
Adana ilinde kurulu bulunan ve Sam kegisi yetistiriciligi yapan 6zel . )
bir igletmede Cukurova’nin yaz mevsimindeki sicak ve neml Makale Tarihgesi

ikliminde fazla siit verecek kegi genotipi gelistirmek amaci ile Alpin Gelis Tarth1  : 01.04.2021
x Sam kecisi melezlemesi yapilmigtir. Bu ¢alismada dogum ve stitten Kabul Tarihi :04.06.2021
kesim arasi donemde melez oglaklarin biiyime 6zellikleri Sam kegisi
oglaklar ile karsilastirilmigtir. Calismanin hayvan materyalini 136
bag saf Sam kegisi ile 36 bag Sam ve Alpin kecisi melezleri ve onlarin
oglaklar1 olugturmustur. Oglaklar ilk 15 giin annelerinin sttt ile
(0.70 litre / bas / giin) beslenmislerdir. Bu dénemden sonra % 60
anne suti ve %40 oglak mamasindan olusan karisim oglaklarin
beslenmesinde kullanilmigtir. On gunlik yastan itibaren oglak
buylitme yemi ve yonca kuru otu verilen oglaklar 60 giinlik yasta
sutten kesilmiglerdir. Calisma sonunda melez ve Sam kecisi
oglaklarinda sirasi ile dogum agirliklar: 2.5 + 0.07 kg ve 2.7 + 0.05 kg
(P<0.05), siitten kesim agirliklar1 10.3 + 0.11 kg ve 9.5 + 0.06 kg
(P<0.01), siitten kesimde yasama giicleri %75.6 ve %86.3 olarak
belirlenmigtir. Sonug¢ olarak; Sam kegileri dogumda daha fazla canli
agirhiga sahip olmuslar ancak bu farkhlik sttten kesimde tersine
dénmistir. Diger taraftan melezlerde yasama giici daha dusiik
seviyede olmustur.

Anahtar kelimeler
Dogum agirlig1
Stutten kesim agirligi
Yasama giicii

To Cite: Mutlukoca G, Keskin M 2022. Comparison of The Growth Characteristics of Alpine X Damascus Crossbred and
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INTRODUCTION

Although Turkey has sufficient protein consumption
per person, the lack of animal protein consumption is
concerning. While the milk production per capita
availability in the country is at a similar level with
the European Union countries with approximately
270 litres, the insufficiency of red meat production,
which is around 14 kg per capita (Anonymous, 2020a;
Anonymous 2020b), draws attention. This situation
demonstrates itself in the recent increase in meat
prices and with the importation of live animals or red
meat in order to balance the price. The share of both
cow's milk and beef production in Turkey’s milk and
red meat production is approximately 90%. The share
of goats in the production of these products is
approximately 3% (Anonymous, 2020b). As stated by
Kosum et al. (2019), goat meat has a fat content with
50-65% lower than beef, while similar proteins
content. It also has 42-59% less fat than lamb meat.
Moreover, saturated fats in goat meat are less than
poultry (except skin), pork and lamb meats.
Regardless of breed, age or region, the goat is an
important source of high quality proteins, healthy
fats (based on the ratio of unsaturated fats to
saturated fat) and low cholesterol intake. Calcium
and sodium in goat meat is low but contains high
levels of iron, potassium and essential amino acids. In
other words, goat meat is in the category of quality
meats.

Goat milk 1s known to have special features and it
contributes insufficient ratio in total milk production
in Turkey, so its production level is needed to
increase. Since goat milk is preferred for the
production of cheese, ice cream and baby food, this
can be assumed that there will be no marketing
problem when the production amount is increased.
On the other hand, goat meat is preferred by people
living in certain regions, especially mountainous
regions, in Turkey. Although there is perception in
society that goat meat can cause diarrhea but, this
has nothing to do with the truth. Because there is no
literature on goat meat causing diarrhea. Especially,
goat meat produced from young and castrated male
individuals is a product that can be consumed by all
parts of society in terms of its muscle: fat ratio and
other quality characteristics.

Goat breeding should be discussed separately to solve
the lack of goat milk and particularly the red meat
supply problem in Turkey. In this context, how many
goats are needed in the country and which breeds
they should consist of on regional or even province
and district basis are the issues that need to be
carefully planned.

Besides the planning deficiency, the other important

problem goat production in Turkey is the inability to
provide quality breeding stock. In the country, Hair
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goat and Kilis goat rearing should be continued in
different regions under extensive or semi intensive
conditions. However, intensive rearing with dairy
goat breeds could be preferred in areas close to large
centres. Unfortunately, it is not always possible to
meet the quality breeding stock required for such a
policy from within the country. On the other hand,
when dairy goats are preferred in dairy farms,
improving environmental conditions becomes even
more important.

Damascus goats, an important genetic material for
Turkey, is a goat breed whose breeding has become
widespread in recent years, particularly in Hatay,
Kilis and Gaziantep provinces. The lactation milk
yield of these goats, which are raised in lowland
regions with hot and dry climates during the summer
months, is 300-600 liters and the lactation length is
250-280 days. Live weight is 60-90 kg in males and
50-60 kg in females and litter size is 150-200%
(Keskin et al., 2004; Keskin et al., 2016; Giil et al.,
20186).

Alpine goat, known for its very good lactation
properties, is a dairy goat breed that has spread to
almost every region of the world. The lactation milk
yield and lactation period of this breed are 700-800
litres and 240-280 days, respectively (Ozcan, 1989;
Dickson-Urdanetaa et al., 2000; Klir et al., 2015).

The increasing interest in goat milk leads the
breeders to seek breeding stocks with high milk yield
in hot climatic conditions. This crossbreeding study
was carried out by a goat breeder who evaluates that
crossbreeding of Damascus goats, which have a wide
variation in terms of milk yield despite being a warm
climate animal (Keskin et al., 2004; Keskin et al.,
2016; Giil et al., 2016), with Alpine goat would give
good results. The study in which Fi1 crosses were
currently obtained will be continued wuntil B:
crossbreeding, if necessary, according to the yield
levels of the goats.

Growth performance of born animals for the period
until weaning as well as reproductive efficiency are
important issues in crossbreeding studies aiming to
increase meat or milk yield. Because these features
are important both in terms of showing the
adaptation of the new developed genotype and in
terms of sustainability and profitability. This study
was carried out with the aim of evaluating the
obtained crossbred genotype (F1) and Damascus goat
kids in terms of growth and survival characteristics.

MATERIALS and METHODS

All experimental procedures were carried out
according to the permission given by Mustafa Kemal
University Local Ethics Committee numbered
2019/07-08.

The animal material for the study consisted of 136
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head of pure Damascus goats and 32 head of
Damascus goats crossbred with Alpine goat as well as
their kids. In Turkey, Alpine x Damascus
crossbreeding was carried out for the first time in this
study and all of the kids born were included in the
trial. For this reason, sampling and power analysis
were not performed in the study. The study was
carried out in a dairy goat breeding farm established
in the village of Salbas in Adana province.

The goats that gave birth were fed with concentrate
feed containing 15-16% crude protein and 2700 kcal
metabolizable energy per kg dry matter and alfalfa
hay. They were given an average of 1 kg / day
concentrate (Table 1) and 1 kg / day alfalfa hay per
animal.

Table 1. The nutrient content of cancentrate feed for goat
used in the study

Cizelge 1. Calismada kullanilan kegi kesif siit yeminin
besin madde icerigi

Main components Amount (%) Additives Amount
Crude protein 16 Vitamin A 13.000 IU
Crude fat 5.1 Vitamin D3 4.000 TU
Ash 8.5 Vitamin E 50 mg
Crude fibber 13.2

Sodium 0.36

Calcium 0.95

Since there was no oestrus synchronization

application in the trial flock, the births continued for
approximately 3 months (January - March period). It
was ensured that each kid could suck their mother
after birth. The kids were fed with their dams' milk
(average 0.70 litre / head) for the first 15 days after
birth. For the profitability of the dairy production
enterprise, after this period, a mixture containing
60% goat milk and 40% kid food (Table 2) was used in
the feeding of the kids. This mixture was given to the
kids as 0.95, 1.2 and 1.0 litres per animal between
15th and 30th days, 31st and 45th days, 46th and 60th
days, respectively. Each kid who reached the age of 60
days was weaned individually.

Table 2. Nutritional composition of kid food (Sprayfo ®)
used in the study
Cizelge 2. Calismada kullanilan oglak mamasmmin (Sprayfo

®) besin madde igerigi
Main components Amount (%) Additives Amount
Crude protein 22 Vitamin A 40.000 IU
Crude fat 2.2 Vitamin D3 2.000 IU
Ash 9.0 Vitamin E 300 mg
Crude fibber 0.0
Sodium 0.70
Calcium 0.95

Kid rearing feed (Table 3) containing 18% crude
protein and 2800 kcal metabolizable energy per kg
dry matter and alfalfa hay were given to kids ad
libitum from the age of 10 days to the weaning time.

Body weight for each kid was determined by an
electronic scale with an accuracy of 10 g and with 15
days interval during the period from birth to weaning.

Table 3. Nutritional composition of kid rearing feed used in
the study
Cizelge 3. Calismada kullanilan oglak biiylitme yeminin
besin madde icerigi

Main components Amount (%) Additives Amount
Crude protein 20 Vitamin A 10.000 IU
Crude fat 2.8 Vitamin D3 1.200 IU
Ash 8 Vitamin E 30 mg
Crude fibber 9.5

Sodium 5.0

Calcium 13.0

As birth characteristics in the experiment; the
number of goats giving birth as single, twins and
triplets, the number of kids born and the number of
weaned kids were calculated. By using this data,
pregnancy rate, kidding rate, birth type rate, kid
yield at birth and survival rate were calculated using
the formulas given below (Ozcan, 1989).

Litter size (%) = (number of kid at birth/ number of
goat giving birth) x 100

Survival rate (%) = (number of kids at weaning /
number of kid at birth) x 100

Single kidding rate (%) = (number of goats with single
kid / number of goat giving birth) x 100

Twin birth rate (%) = (number of goat with twin kids /
number of goat giving birth) x 100

Triplet birth rate (%) = (number of goats with triplet
kids / number of goat giving birth) x 100

The data were analysed using SPSS (23) GLM
UNIVARIATE and MEANS were used for evaluating
basic statistical parameters. GLM was used for the
evaluation of kids’ growth performance. The Duncan
post hoc test was used to identify significant
differences between least square means (Efe et al.,
2000). The model used for the evaluation was:

Yijkim =@ + ai + Bj + yx + A1 + €ijkim

Yijkim, recorded value of the mtt animal in the 1tk year,
jthsex, kth farm, and 1th birth type

1, mean of population

ai, effect of breed/ genotype, i = 1! Damascus, 2:
Alpine x Damascus crossbred

B;, effect of sex, j = 1: Female, 2: Male

vk, effect of birth period, k = 1: Before February 15, 2:
Between 16-28 February, 3: Between 1-15 March, 4:
After March 16

Ay, effect of birth type, 1= 1: Single, 2: Twin, 3: Triple
eijkl, was the random error.

Reproductive parameters were analysed by chi-square
test in the SPSS (Efe et al., 2000). Significant
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differences between groups were evaluated at P
<0.05, P<0.01, and P<0.001.

RESULTS and DISCUSSION

Reproductive characteristics of the goats are given in
Table 4. As it can be seen from this table, the yields
of kids at birth in groups consisting of Damascus
goats and crossbred goats were calculated as 138.2%
and 140.6%, respectively. One head of goat in the
Alpine x Damascus crossbreed goats gave birth to
triplets, but two of them were born dead. Since the
goats giving birth to both genotype groups are
Damascus goats, these values, which are very close to
each other, can be accepted as normal. However, the
difference in results in this table is that although
statistically insignificant, the group with pure
Damascus goats has a higher survival rate (86.2%
and 75.6%, respectively) compared to the crossbreeds.
This may be due to the fact that the rate of domestic
goat blood in crossbreeds is 50%. The twin and triplet
birth rates determined in the current study (Table 4)
were similar to the rates reported by Keskin et al.

Table 4. Reproductive traits of the experimental does
Cizelge 4. Deneme kegilerinin tireme ézellikleri

(2016) for Damascus goats as 41.73% and 4.08%,
respectively.

The effects of genotype groups and birth types on the
body weight of kids are given in Table 5. The birth
weight of Damascus goats was higher than the Alpine
x Damascus (AD) crossbred kids (P <0.05). The
average birth weight value calculated for Damascus
goats in the present study was similar to the birth
weight reported as 2.92 kg for the same breed by
Hermiz et al. (2008). On the other hand, this value is
lower than the birth weight values reported by
different researchers between 3.2 and 4.16 kg for the
same breed (Taskin et al., 2000; Keskin and Bicer,
2002; Tabba et al., 2005; Ahtash et al., 2008; Hermas
et al., 2010; Keskin et al., 2016). Since the present
study is one of the few studies in which Alpine x
Damascus goat crossbreeding was conducted, any
literature on this crossbreeding could not be found.
On the other hand, there are different studies in
which Alpine goats and local breeds raised in
different parts of the world were crossbred.

Traits Damascus Alpine x Damascus P X2 values
Number of does giving birth 136 32

Number of does giving single birth 88 18

Number of does giving twin birth 42 13

Number of does giving triplet birth 6 1

Number of kid at birth 188 45

Number of kids at weaning 162 34

Single birth rate (%) 64.7 56.3

Twin birth rate (%) 30.9 40.6 >0.05 2.201
Triplet birth rate (%) 4.4 3.1

Survival rate at weaning (%) 86.2 75.6 >0.05 3.249
Kid yield at birth (%) 138.2 140.6 >0.05 2.979

Table 5. Influences of genotype and birth type on the live weight of kids (kg; mean + standard error)
Cizelge 5. Genotip ve dogum tipinin oglaklarin canli agirliklar: (kg ortalama + standart hata) iizerine etkileri

Live weight (kg)

Birth at 15th day at 30th day at 45th day at 60th day

Genotype

Alpine x Damascus 2.5+0.07 4.0+1.12 5.7+0.18 8.0+0.12 10.3+0.11
(45) (35) (34) (34) (34)

Damascus 2.7+0.05 4.5+0.06 6.1+0.06 7.7+0.06 9.5+0.06
(188) (171) (162) (162) (162)

P <0.05 <0.01 <0.05 >0.05 <0.01

Birth type

Single 2.8+0.07 4.5+0.76¢ 6.3+0.09¢ 8.0+0.07 9.9+0.08¢
(106) (98) (90) (90) (90)

Twin 2.6+0.06 4.3+0.08¢ 5.8+0.09b 7.5+0.08b 9.5+0.08:
(109) (95) (93) (93) (93)

Triplet 2.4+0.180 4.3+0.18¢ 5.7+0.19b 7.5+0.16" 9.2+0.18P
(18) (13 (13 (13 (13)

P <0.05 >0.05 <0.01 <0.01 <0.01

Note: Different superscript letters in the same column show statistical difference at 5% significance level.
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For example, Goonewardene et al. (1998) reported the
average birth weight of kids as 1.4 kg in Alpine and
Anglo Nubian goats’ crossbreeds. Similarly, average
birth weights were reported as 3.24 kg in Alpine x
Native Balkan crossbreeds (Milevska et al., 2010), as
2.87 kg in Alpine x Boer crossbreeds (Jeeva et al.,
2011), and as 3.5 kg in Alpine x Saanen x Boer
crossbreeds (McManus et al., 2008). These differences
may have resulted from the variability of feeding and
herd management carried out in different countries
and the differences of indigenous breeds in the
crossbred genotypes obtained. As seen from the table,
the weaning weight was 10.3 + 0.11 kg in Alpine x
Damascus goat crossbreeds and 9.5 + 0.06 kg in
Damascus goats (P <0.01). Heterosis may have
contributed to crossbred kids being heavier at
weaning. On the other hand, the average weaning
weight calculated in the present study was lower than
the weaning weights reported by different researchers
for crossbreeds of Alpine goats with different breeds
(McManus et al., 2008; Milevska et al., 2010). Mean
weaning weight values calculated for Damascus goats
were similar to the values reported by Keskin et al
(2000) as 10.19 kg and by Keskin et al (2016) as 10.1
kg for the same breed. However, this value was lower
than the values reported as 16.98 kg by Taskin et al.
(2000) and 17.3 kg by Tabba et al. (2005) for the same
breed. These differences between the current study
and the mentioned literature may be due to
differences in practice in other studies, such as breed /
genotype, region, management systems, and weaning
time.

When the effect of birth type on the kid growth is

examined (Table 5), it was seen that birth weight was
higher in single born kids (P <0.05). This situation,
which was in favour of single born kids, continued
until weaning. We know that especially birth weight
is closely related to the feeding of mothers in the
prenatal period (Goérgiilii et al. 2009). In this study,
the number of offspring in the uterus was not
determined by performing an ultrasound examination
during pregnancy. For this reason, since this
situation was not taken into account in the feeding
program of pregnant goats in the prenatal period, the
pregnant goats with two or three offsprings were able
to allocate less nutrients to their offspring
individually. This may have affected kids birth
weight. Similar to these findings in the present study,
it has been stated by many researchers that the body
weight of single-born kids from birth to weaning is
higher than that of twin or triplet kids
(Goonewardene et al., 1998; Mourad and Anous, 1998;
Keskin, 2000; Tabba et al., 2005; Tatar et al., 2019).

Since oestrus synchronization was not applied in the
study, the births continued for approximately three
months. As can be seen from Table 6, which includes
the effects of birth date on weight gain until weaning
on the basis of four different periods, birth weights of
kids born in the March period were higher than those
born in the February period (P <0.01). In terms of
weaning weight, the difference between birth date
period groups has disappeared statistically. The
survival rate in the same periods changed as 70.0%,
88.9%, 88.9% and 92.2%, respectively (P<0.01) with
the effect of the higher birth weight in March and the

Table 6. Effects of birth period and gender on the live weights of the kids from birth to weaning (kg; mean =+

standard error)

Cizelge 6. Dogum dénemi ve cinsiyetin dogumdan siitten kesime kadar oglaklarin agirliklarina (kg; ortalama +

standart hata) etkileri

Live weight

Birth 15th day 30th day 45t day 60th day

Birth time period

Before February 15 2.5+0.082 4.1+0.102 5.7+0.142 7.3+0.152 9.4+0.162
(70) (55) (49) (49) (49)

Between 16-28 February 2.6+0.102 4.240.152 5.9£0.17a 7.5+0.16% 9.4+0.14¢
(45) (41) (40) (40) (40)

Between 1-15 March 3.0+0.10b 4.4+0.10P 6.440.10b 8.0+0.10b 9.6+0.09=
(54) (49) (48) (48) (48)

After March 16 2.8+0.082b 4.7+£0.09b 6.3+0.09P 7.9+0.08b 9.7+0.08¢
(64) (61) (59) (59) (59)

P <0.01 <0.01 <0.01 <0.01 >0.05

Gender

Male 2.8+0.06 4.5£0.07 6.2+0.08 7.9+0.07 9.7+0.07
117 (103) 97 97 97

Female 2.6+0.06 4.3£0.08 5.9£0.08 7.6+0.08 9.6+0.09
(116) (103) (99) (99) (99)

P <0.05 <0.05 <0.01 <0.01 >0.05

Overall 2.7+0.08 4.5£0.05 6.1+0.06 7.7+0.06 9.5+0.06
(233) (206) (196) (196) (196)

Note: Different superscript letters in the same column show the statistical difference at a 5% significance level.
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warmer climatic conditions for this period. When the
birth periods are evaluated as February and March,
the survival rates at weaning were calculated as
77.4% for those born in February and 90.7% for those
born in March (P <0.01). In a similar study, Tabba et
al. (2005) stated that the birth weight of Damascus
goats could change in the summer and the winter
periods. In the same table, when the effect of sex on
the live weight of kids for the period between birth
and weaning is evaluated, it was seen that the body
weight differences between male and female kids
continued until the 45th day from birth (P <0.01).
Different researchers have also reported that the sex
of the kids effect in kids causes higher birth and
weaning weights in males (Mourad and Anous, 1998;
Goonewardene et al., 1998; Keskin, 2000; Tatar et al.,
2019).

The effects of sex, birth type and time of birth on the
kid growing traits in Alpine x Damascus crossbred
kids are given in Table 7. The body weight changes
during the birth-weaning period were found to be
statistically similar in males and females (P> 0.05) for
this genotype. In different studies, it has been

reported that the birth and weaning weights of male
kids in Alpine crossbreeds are higher than those of
female kids (Rojo-Rubio et al.2016; Lourencon et
al.2016). In the present study, contrary to what is
reported in the literature, the similar weight of male
and female kids may be due to the low number of kids
in the crossbreed group. In the same table, when the
effect of birth type on the weight gain of the kids
between birth and weaning period was evaluated,
while birth weight was higher in single-born kids (P
<0.01) this difference disappeared from the 15th day
after birth (P>0.05). Both the low number of crossbred
kids in the experiment and the fact that the females
giving birth are from the Damascus goat breed with
high milk yield may have been influenced to this
situation. Thus, Keskin (2000) states that Damascus
goats give 348 litres of milk with an average of 256
days of lactation. This amount of milk yield can be
considered as a sufficient amount for mothers to raise
their twin offsprings. In Alpin x Damascus crossbreed
kids, the time of birth did not have an effect on the
development of the kid (P> 0.05).

Table 7. Effects of sex, birth type and birth dates on the live weight of Alpine x Damascus F1 crossbred kids from

birth to weaning (mean + standard error)

Cizelge 7. Cinsiyet, dogum tipi ve dogum tarihlerinin Alpin x Sam F; melezi oglaklarda dogumdan siitten kesime
kadarki canli agirliklar iizerine etkileri (ortalama + standart hata)

Live weight (kg)

Birth 15th day 30th day 45t day 60th day
Sex

Male 2.6+0.11 4.2+0.20 5.9+0.35 8.1+0.20 10.2+0.15
(19) (15) (15) (15) (15)

Female 2.4+0.09 3.8+0.14 5.6+0.19 7.8+0.16 10.4+0.16
(26) (20) (20) (20) (19)

P >0.05 >0.05 >0.05 >0.05 >0.05

Birth Type

Single 2.7+0.09 4.3+0.16 5.9+0.27 8.0+0.18 10.2+0.19
18 (15) (15) (15) (15)

Twin 2.3+0.09 3.7+0.16 5.5+0.24 7.8+0.17 10.4+0.13
(26) (20) (19) (19 (19)

P <0.01 <0.05 >0.05 >0.05 >0.05

Birth time period

Before February 15 2.3+0.132 3.8+0.232 5.8+0.432b 8.0+£0.202 10.3+0.172
(15) (9 ® ® ®

Between 16-28 February 2.6+0.112 3.7+0.202 5.3+0.282 7.8+0.212 10.5+0.232
amn (15) (15) (15) (15)

Between 1-15 March 2.3+0.222 4.240.168b 5.940.102b 7.6£0.192 9.9+0.052
) (5) (5) (5) (5)

After March 16 2.7+0.122 4.6+0.16b 6.5+0.33b 8.440.29a 10.2+0.112
®) (6) (®) (®) (6)

P >0.05 <0.05 >0.05 >0.05 >0.05

Note: Different superscript letters in the same column show statistical difference at 5% significance level. Kid born triplet has
been excluded from the table because there is only one head of kid in the triplet group.

The effect of kid sex, birth type and birth period on
the weight of the kids in Damascus goat from birth to
60 days of age is included in Table 8. It was detected
that kids’ sex had a significant effect on live weight in
the period between birth and weaning for Damascus

goat. Male kids were heavier than female ones at
birth (P <0.05) and this difference continued until
weaning. Likewise, single-born kids were heavier
than those with multiple-born ones (P <0.01). These
results were found to be similar to the birth and
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weaning weight values reported by Keskin (2000) for
male and female goats in Damascus goat. The
researcher reported the birth weight of male and
female Damascus kids as 3.60 kg and 3.42 kg, and
weaning weight as 9.95 kg and 9.58 kg, respectively.
Different researchers have also reported that male
kids and also single born kids have higher birth and
weaning weights than female and twin Kkids,
respectively in Damascus kids (Taskin et al., 2000;
Khalil et al., 2010; Keskin et al., 2016; Mohammed et
al., 2018).

In addition, as seen in Table 8, the average birth and
weaning weights of kids born in the March period
were higher than those born in the February period.
Similar to the current study, Khalil et al. (2010)
reported that the birth season has a significant effect
on the growth of Damascus kids from birth to
weaning, and they stated that kids born in the spring-
summer period have higher live weight and
development values than those born in the autumn-
winter period.

Table 8. Effects of sex, birth type and birth dates on the live weight of Damascus kids from birth to weaning

(mean + standard error)

Cizelge 8. Cinsiyet, dogum tipi ve dogum tarihinin Sam oglaklarinin dogumdan siitten kesime kadar canli
agirliklari tizerine etkileri (ortalama + standart hata)

Live weight (kg)

Birth 15th day 30th day 45th day 60th day

Sex

Male 2.840.07 4.5+0.07 6.3+0.08 7.9£0.07 9.7+0.08
(98) (88) (82) (82) (82)

Female 2.620.07 4.4+0.08 5.9+0.09 7.5+0.10 9.420.09
(90) (83) (80) (80) (80)

P <0.05 >0.05 <0.01 <0.01 <0.05

Birth type

Single 2.9+0.08 4.5+0.16° 6.4+0.08 8.0+0.08¢ 9.8+0.09¢
(88) (83) (75) (75) (75)

Twin 2.7+£0.07# 4.440.16° 5.94£0.09° 7.4+0.09° 9.3+0.08b
(83) (75) (74) (74) (74)

Triplet 2.4+0.19b 4.3+0.18 5.7+0.19b 7.5+0.16b 9.240.18b
am (13) (13) (13) (13)

P <0.05 >0.05 <0.01 <0.01 <0.01

Birth period

Before February 15 2.5+0.092 4.240.10* 5.7+0.142 7.3+0.152 9.4+0.162
(55) (46) (40) (41) (41)

Between 16-28 February 2.6+0.142 4.240.15% 5.940.172 7.5+0.162 9. 0+0.142
(28) (26) (25) (25) (25)

Between 1-15 March 3.0+0.10° 4.7+0.10° 6.4+0.10P 8.0+0.10P 9.6+0.102
an (44) (43) (43) (43)

After March 16 2.840.092b 4.7+0.09° 6.3+0.09b 7.940.08b 9.6+0.092
(58) (55) (53) (53) (53)

P <0.01 <0.01 <0.01 <0.01 >0.05

Note: Different superscript letters in the same column show statistical difference at 5% significance level.

CONCLUSIONS

In this study, it was concluded that (a) Damascus
kids had more weight at birth than Alpine x
Damascus crossbred kids, but this difference
disappeared in the weaning age and even the
crossbred kids weigh more. (b) The survival rate of
the Damascus kids which are the animal of the hot
and humid climate during the weaning period, was
better than the crossbred ones. (¢) Also kids born in
March had better results in terms of body weight and
survival rate than those born in February. It can be
said that, in this crossbreeding study for milk
production, the date planning for the birth period is
an important issue in terms of kid growth
performance and survival rate.
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OZET Aragtirma Makalesi

Tath sorgum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.)

Akdeniz bolgesinde su sikintis1 yasanan ve marjinal alanlarda dahi Makale Tarihgesi

verim potansiyeli yiksek olan, silaj ve kuru ot lretimi amaci ile Gelis Tarihi @ 10.02.2021

yetigtirilebilen verimli bir yem bitkisidir. Bu c¢alismada, farkh Kabul Tarihi :20.05.2021
sorgum hat ve cesitlerinden olusan 380 oOrnegin kullamilmasiyla
sorguma o6zel yakin kizilotesi (NIR) spektroskopisi kalibrasyonu Anahtar Kelimeler

geligtirilmesi amaclanmigtir. Kuru madde, ham protein, asit Yakin kizilotesi (NIR) spektroskopisi
deterjan lif (ADF), nétr deterjan lif (NDF) ve ham kiil Bugdaygil yem bitkileri
parametrelerinin  iizerinden yapilan kalibrasyonda ortalama Kalite

laboratuvar degerleri, ortalama NIR tahmini degerleri ve Silaj

determinasyon katsayis1 (R?) sirasiyla 91.13, 91.62,0.662; 5.08, 5.17, Kalibrasyon
0.937; 30.28, 30.56, 0.871; 46.77, 47.03, 0.918; 5.92, 5.86, 0.662

olarak belirlenmigtir. Gelistirilen NIR kalibrasyon modelinin tath

sorgumun yem kalite parametrelerinin belirlenmesi ve ileride

yurutulecek 1slah calismalarinda kullanilmasi miumkin

olabilecektir.

Determination of Forage Quality by Near-Infrared Reflectance Spectroscopy in Sweet Sorghum
(Sorghum bicolor var. saccharatum (L.) Mohlenbr.)

ABSTRACT Research Article

Sweet sorghum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.) is

a high yield forage plant as silage and hay that can be grown for Article History

silage and hay production in the Mediterranean region under Received ©10.02.2021
adverse conditions. In this study, it was aimed to develop a sorghum Accepted ©20.05.2021
specific near infrared (NIR) spectroscopy calibration by using 380
samples consisting of different sorghum lines and varieties. The Keywo?ds

calibrations performed over the dry matter, crude protein, acid Near infrared reflectance (NIR)
detergent fiber (ADF), neutral detergent fiber (NDF) and crude ash SPectroscopy

parameters of mean laboratory values, mean NIR predicted values Gras'ses

and R? were 91.13, 91.62, 0.662; 5.08, 5.17, 0.937; 30.28, 30.56, Quality

0.871; 46.77, 47.03, 0.918; 5.92, 5.86, 0.662, respectively. It is  Suage

possible to predict the feed quality parameters of sweet sorghum Calibration

with the calibration model obtained in the NIR spectroscopy in terms

of the characteristics dealt with by the data obtained, and it will be

possible to determine these characteristics in future breeding studies

for sweet sorghum with the prediction models developed in this

study.

Atafigin:  Oluk CA, Yicel H, Inal I, Bilgin FD, Yazgan E, Serbester U 2022. Tath Sorgumda (Sorghum bicolor var.
saccharatum (L.) Mohlenbr.) Yakin Kizilotesi Yansima Spektroskopisi ile Yem Kalitesinin Belirlenmesi. KSU
Tarim ve Doga Derg 25 (2): 415-422. https://doi.org/10.18016/ksutarimdoga.vi.877978.

To Cite: Oluk CA, Yiicel H, Inal I, Bilgin FD, Yazgan E, Serbester U 2022. Determination of Forage Quality by Near-
Infrared Reflectance Spectroscopy in Sweet Sorghum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.). KSU
J. Agric Nat 25 (2): 415-422. https://doi.org/10.18016/ksutarimdoga.vi. 877978.

GIRIS Mohlenbr.), misir iiretimi icin yeterli yagis ve sulama
Sorgum (Sorghum bicolor var. saccharatum (L.) imkanina sahip olmayan boélgelerde daha az su ile
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alternatif = kaba  yem uretimi amaci1  ile
yetistirilmektedir (Maccarthy ve Vlec, 2012; Prazak,
2016). Bugday-bugday ekim modellerinde yaz
doneminde tarla 4-6 ay bos kalmakta, bu dénemde 2.
irin yem bitkisi olarak silajlik misir, tathh sorgum,
sudanotu ya da sorgum sudan otu melezi,
yetigtirilebilmekte ve bu sekilde en az 6-8-ton yesil
iirin elde edilebilme imkam bulunmaktadir (Soya,
1999). Onemli biiyiikbas/kiiciikbag hayvan potansiyeli
olan Giineydogu Anadolu Bolgesi'nde ekim ndbeti
sistemlerine tatlhi sorgumun dahil edilmesi hayvan
beslemede degerli olan kaba yem i¢in ham madde
saglanmasini miimkiin kilmaktadir (El¢i ve ark.,
1999). Silaj amach yetistiricilikte sorgum bitkisi,
Akdeniz bolgesinde bir vejetasyon siiresince birden
fazla bigilmekte olup; sorgum bitkisinin yiiksek
sicakliklara, kuraga, hastalik ve zararhilara misirdan
daha toleransh oldugu gézlemlenmistir (Cakmakec1 ve
ark., 1999). Antalya ilinde yapilan ¢alismada ikinci
urin olarak yetigtirilen sorgumun kuru ot ve yesil ot
verimleri sirasiyla 1654 — 7327 kg da! iken, misirin
kuru ot ve yesil ot verimleri 1248-5030 kg da! oldugu
belirlenmigtir. Bu verilere goére sorgumun daha
yiksek kuru ve yesil ot verimine sahip oldugu tespit
edilmistir (Cecen ve ark., 2005).

Son yillarda silaj amaciyla gelistirilen sorgum
¢esitlerinin, daha uzun boylu oldugu, birim alandan
daha fazla biyokiitle elde edildigi ve kalite
bakimindan da misira yakin veya es deger oldugu
bildirilmektedir (Rezende ve ark., 2020). Tath
sorgum, fotosentetik yol (Cs) bakimindan misir ile
benzer olmakta, fakat doku yapis1 ve dagilimi (sap,
yaprak ve salkimlanma) iki bitki de farklihk
gostermektedir. Olgunlagsma ile birlikte
yapraklardaki ADF konsantrasyonu (siit olum ve sert
hamur olum devrelerinde sirasiyla %34,6 ve %40,3)
artmakta iken, saplarda (%38-39) sabit kalmakta ya
da azalmaktadir (Contreras-Govea ark., 2010). Tath
sorgum, oOncelikle silaj veya yesil bicgilerek, ihtiyag
fazlas1 kuru ot olarak, hatta meralarda otlatma
amaciyla kullanmilabildigi gibi, seker veya bio-etanol
uretiminden sonra kalan bitki kalintilar1 ve posasi da
hayvan Dbeslemede degerlendirilmektedir. Birim
alandan elde edilen biyokiitle verimlerinin yiksek
olmasi yenilenebilir enerji tiretimindeki 6nemini daha
da artirmistir. Bolgemizde, son yillarda, ikinci tGrin
kogullarinda tatli sorgum ile yapilan g¢alismalarda
(bugday hasadindan sonra) cesitlere gére degismekle
yaklagik 100-120 giinde dekara 8600-35400 kg
biyokiitle (hasil) ve 1329-7947 kg da! KM verimi
alindig1 bildirilmistir (Yiicel ve ark., 2017a). Ayrica
enerji bitkisi olarak da kullamilan tatli sorgumun,
ozsuyu alindiktan sonra geriye kalan posas1 ile
yapilan silajlarda genotiplere baglh olarak posa
veriminin 3293-13390 kg da’l, silaj kuru madde
veriminin 781-4262 kg da’l, suda ¢6ziiniir kuru madde
oraninin (SCK) % 54.67-65.60, pH degerinin 3.03-
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3.19, ham protein oraninin % 2.59-5.05, net enerji
degerinin 1.273-1.473 Mecal kg, NDF oraninmin %
41.62-62.47, ADF oraninin % 29.91-43.94, ADL
oraninin % 3.83-7.74, ham kil oranimin % 3.90-7.47,
kuru madde tiiketimi oraninin % 1.92-2.89 ve nisbi
yem degerinin 81.5-146.9 arasinda degistigi
belirlenmistir (Yiicel ve ark., 2017 b). Near Infrared
Reflectance (NIR) spektroskopisi elektromanyetik
spektrumun 780 ile 2500 nm dalga boyu araligindaki
bélgesini kapsamakta ve yapi icerisindeki O-H, C-H,
C-O ve N-H gibi molekiiler baglarin titresimleri ile
ilgili olarak absorpsiyon bantlar1 olusturmaktadir.
S6z konusu bélgede analiz edilecek olan 6rnek yakin
kizilotesi 1sinlar ile karsilastigi zaman, bu baglar
titresimsel enerji degisikliklerine maruz kalmakta ve
bunun sonucu olarak da molekiller titrestigi zaman
NIR bolgesindeki organik molekiillerin  enerji
absorpsiyonu meydana gelmektedir (Davies ve Grant,
1987). Yapisal karbonhidratlar NDF (seliiloz,
hemiseliiloz ve lignin) ve ADF (seliiloz, lignin) ile ham
protein, kuru madde ve ham kil yem bitkileri i¢in
onemli kalite parametreleridir. Ancak bu 6zelliklerin
analizi icin uzun bir zaman ve fazla miktarda
kimyasal malzemeye ihtiya¢ duyulmaktadir. Ham
protein, kuru madde, ham kil ve ADF NDF
analizlerinin her biri i¢cin yaklasik 5-6 saat analiz
stiresi gerekmektedir. Yakin kizilotesi sistemin
kullanildigi analizlerde bu parametrelerin hizh
sekilde tespit edilmesi (15-90 saniye araliginda)
diginda, tim parametrelerin tek bir seferde
saptanmasini  da mumkin olmaktadir. NIR
spektroskopisi besin madde bilesimini yiiksek
dogrulukta  belirleyebilmek i¢in  bitki  1slah
programlarinda  kullamilmaktadir. Bu analizler
minimum numune hazrlik siiresinin yani sira zaman
ve ig gliclinden tasarrufun yaninda ekonomik maliyet
avantajini da saglayabilmektedir (Park ve ark., 1998;
Swart ve ark., 2012). Literatiirde NIR spektroskopisi
ile ilgili kamiss1 yumak (Blosser ve ark., 1988),
ekmeklik bugday+yulaf+tritikale karisimi (Garcia ve
Cozzolino, 2006), cok yilhk ¢im + yonca karisimi
(Bozhanska ve Churkova, 2020), baklagil+ yonca
karigimlari, saman, misir, silaj ve kuru silaj
karisimlarinda  (Vranic ve ark., 2020) yapilan
kalibrasyon ¢alismalari bulunmaktadir.

Bununla birlikte, tathh sorgum 1slah caligmalarinda
yem kalitesini iyilestirme amaciyla gelistirilmis NIR
spektroskopisi kalibrasyonuyla ilgili  bir ¢alisma
belirlenememigtir. Bu ¢alismanin amaci, tath
sorgumun kuru madde, ham protein, NDF, ADF ve
ham kil gibi yem kalite parametrelerinin NIR
spektroskopisi ile belirlenmesi i¢in kalibrasyon
denklemleri geligtirmektir.

MATERYAL ve METOD

Tath sorgumlarin ekimi, denizden 12 m yiikseklikte
36° 51" kuzey enlemi ile 35° 20° dogu boylamlar:
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arasinda yer alan Dogu Akdeniz Tarimsal Arastirma
Enstitiisiiniin Dogankent lokasyonunda ikinci trin
olarak bugday hasadindan sonra Haziran ay1
ortasinda yapilmistir, ekilen hat ve c¢esitlerin hasat
olgunluguna gelig tarihlerine baglh olarak Eylil-Ekim
aylarinda hasat edilmistir. Bu g¢alismada Cukurova
Bolgesinde 2019 ve 2020 yillarinda yetistirilmis 380
hat ve gesit kullanilmistir. Yesil ot hasatlar1 yapilan
parsellerden yaklagik 500 g yas ot numunesi alinarak
60°C'ye ayarlanmig etiivde, agirliklar1 sabitleginceye
kadar kurutulmustur. Bu érnekler 1 mm’lik elekten
gececek sekilde 6gutiildiikten sonra asagida belirtilen
klasik  kimyasal analizler yapilmigs ve NIR
spektroskopisinde kalibrasyon icin spektrumlari
alinmistir (Shenk ve Westerhaus. 1994).

Ham Protein Tayini

Orneklerin azot (N) icerigi Kjeldahl metoduyla,
protein miktar: ise Nx6.25 formiili ile belirlenmigtir

(AOAC, 2000).

Kil Tayini

3 g numune, 550 + 25°C sicaklikta sabit kiitleye
ulagincaya kadar isitilarak organik maddeler
ucurulmus, sonra arta kalan inorganik maddelerden

ibaret bulunan kiil miktar1 % olarak ifade edilmigstir
(TS EN ISO 2171, 2010).

Kuru Madde Tayini

Ogutilmis olan yem bitkileri 105+5°C’de sabit
agirhga ulasincaya kadar kurutulmus, sonu¢ %
olarak hesaplanmistir (TS EN ISO 712 2012).

ADF ve NDF Tayinleri

Igili calismada, % NDF ve ADF icerikleri Van Soest
ve ark. (1991) tarafindan aciklanan yénteme gore
ANKOM 1lif analiz cihaza (ANKOM 220 Fibre
Analyzer ANKOM Technology Corporation, NY, USA)
ile saptanmisgtir.

NIR spektrofotometre olgimleri 25°C'de yapilmistir.
Foss NIRS -XDS ve ISI tarama programi, klasik
yontemlerle analiz edilen 6rneklerin spektrumlarim
O6lecmek i¢in kullanmilmigtir. 400 ve 2500 nm dalga
boylar1 arasindaki yem bitkilerinin spektrumu, her 2
nm araliklarla absorpsiyonlarin 6l¢tilmesi ile
taranmigtir.

Kalibrasyon

Ornekler (yaklagik 5 g), 3,75 cm capinda kiiciik,
yuvarlak bir metal kaba (FOSS XDS Rapid Content
Analyzer 3013-0525, Isveg) yiiklenmistir. Her bir
numune daha sonra 20 kez taranmig ve kalibrasyon,
capraz dogrulama ile dis dogrulamay:1 islemek ic¢in
ortalama ¢ spektrum toplanmigtir. Kimyasal
analizden elde edilen veriler, absorbans spektrumlar:
iligkilendirilmek uzere NIR spektroskopisi
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veritabanina  girilmigtir.  Kalibrasyon ve dis
dogrulama i¢in 6rneklerin yalnmizca spektral verilere
dayanarak secildigi ornek poptlilasyonunu
tanimlamak lzere diskriminant analizi
kullanilmigtir. Spektralar ISI tarama yazilimi

(Infrasoft International Port Matilda, PA, ABD)
kullanilarak toplanmig ve kalibrasyon modelleri
WinISI III yazilimi (siirim 1.61) kullamlarak
geligtirilmistir.  Kalibrasyon  modeli  gelistirme
asamasinda NIR cihazinda “.ni7’ formatinda
birlestirilen dosya ile referans analiz sonuclarim
iceren dosya bu programda analiz edilmigstir. Cesitli
transformasyon secenekleri bulunmakla birlikte,
yaygin olarak kullanilan birinci derece tlurev ve
standart normal degisken (SNV) transformasyonu ile
absorbans spektrumlarindaki yansima diizensizlikleri
ortadan kaldirilmigtir. Kalibrasyonlar, modifiye kismi
en kiiciik kareler (MPLS) yontemi kullanilarak
gerceklestirilmistir. Sorgumun kimyasal
kompozisyonu i¢in bu degerleri daha dogru bir sekilde
tahmin etmek tizere kalibrasyonu maksimize etmek
ve istatistiksel sonuclar: iyilestirme amaciyla, birinci
derece turevden 1-4-4-1 ve ikinci derece tirevden 2-6-
8-1 olmak uzere iki matematiksel islem yapilmigtir.
Burada, sirasiyla birinci say1 log 1 / R'nin birinci ve
ikinci  derece tlrevleri, 1ikinci sayr tiirevin
hesaplandig1 veri noktalarindaki boglugu ve tuclnci
ve dordinci sayilar sirasiyla birinci ve ikinci
yumugatmada kullanilan veri noktalarmmin sayisim
gostermektedir. Model giivenilirligi bakimindan
yuksek R2 degerlerine sahip olan, kalibrasyon
standart hatas1 (SEC) ve capraz dogrulama standart
hatas1 (SECV) degerleri diisiik olan ve standart
sapma / ¢apraz dogrulama oraninin standart hatasi
(RPD) degeri 2'nin iizerinde olan modellerin dogru
tahmin verebilecek modeller oldugu kabul edilmigtir
(Williams ve Norris, 2001). RPD degeri kimyasal
parametrenin farkli birimlerinden bagimsiz olarak
tim NIR spektroskopisi kalibrasyonlarinin
performansimin  kargilagstirmasini  saglamaktadir
(Blanco ve ark., 2002).

Capraz Dogrulama

WinISI'deki Score ve Global programlari, yem
bitkileri i¢in uyumlu kalibrasyonlar ve capraz
dogrulamalarin  gelistirilmesinde  kullanilmigtir.

Tahmin yetenegini degerlendirmek igin standart
kalibrasyon hatasi (SEC), belirleme katsayis1 (RSQ),
standart capraz dogrulama hatas1 (SECV) ve
aciklanamayan varyansin toplam varyansa orani (1 -
VR) hesaplanmigtir (Patil ve ark., 2010).

Dis Dogrulama

Kalibrasyon numune setlerinde, NIR kalibrasyon
denklemlerini bagimsiz olarak kontrol etmek igin
WinISI'daki Izleme programi kullamlarak rastgele
numuneler se¢ilmigtir. Dogrulamanin bir pargasi
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olarak, dogrulamadaki determinasyon katsayis1 (R2),
performans standart hatast (standart error
performance (SEP)), sapma icin diizeltilmis
performans standart hatasi1 [SEP (C)], sapma (NIR
tahmin edilen ve referans konsantrasyonu), tahminin
dogrulugunu belirlemek i¢in géreli Ongorici
belirleyici [RPDv = dis dogrulama seti verilerinin SD /
SEP (O] (Williams ve Norris, 2001) modellerin
ongori yetenegini degerlendirmek i¢in kullanilmigtir.
Ayrica kalibrasyon modelinin gelistirilmesi ve
gecerliliginin kesinligini belirlemek i¢in SEP, sapma
(bias), egim ve R2 kullanilmistir.

BULGULAR ve TARTISMA

Kalibrasyonun gelistirilmesin 380 6érnek (Cizelge 1),
dogrulama icin ise 191 o6rnek (Cizelge 2)
kullanilmigtir. Kuru madde, ADF, NDF, protein ve
kil icin RPD degerleri sirasiyla 2.545, 2.551, 3.081,
3.152, 2.861 olarak belirlenmistir. Kuru madde, ADF,
NDF, protein ve kiil parametreleri i¢in laboratuvar ve
tahmin edilen NIR degerleri sirasiyla 91.133-91.617,
30.283-30.560, 46.774-47.034,5.083-5.178 ve 5.924-
5.863 olarak tespit edilmistir. Bu degerler dikkate
alindiginda materyal igerisinden tesadifi olarak
ayrilan capraz dogrulama o6rneklerinin kalibrasyon

Cizelge 1.
degerlerinin karsilagtirilmasi

orneklerine ifade

edilebilir.

NIR spektroskopisi kalibrasyonu sonuglar1 HP, ADF
ve NDF 0.80'den yiiksek RSQ degerleri ile iyi, KM ve
HK parametreleri 0.60’dan yiksek RSQ degerleri i¢in
tatmin edici tahmin kabiliyeti goéstermektedir
(Galvez-Sola ve ark., 2010). Daha énce yapilan
arastirmalarda en diisik HP oranmi (% 4.00-4.20)
Torrecillas ve ark. (2011) tarafindan belirtilmistir.
Giines ve Acar (2005), Marsalis ve ark. (2010),
Tabacco ve ark. (2011) ve Khaleduzzaman ve ark.

yakin  degerler belirlendigi

(2013)1n  elde ettikleri HP orani bulgular1 bu
calismada elde ettigimiz sonuglarla benzerlik
gostermektedir. Tabacco  ve ark. (2011),

Khaleduzzaman ve ark. (2013), Nazh ve ark. (2013),
Ozkurt (2013), Karadag ve Ozkurt (2014) ve
Tosunoglu ve Mut (2015)in yapmis oldugu
calismalarda ADF oranlarinin %23.20-43.02 arasinda
degistigi ve yapilan calisma ile uyumlu oldugu
gorilmektedir.

Siefers ve ark. (1997), farkli sorgum cesitlerinde NDF
degerinin %  45.10-58.00 arasinda degistigini
bildirmiglerdir. Bulunan NDF sonuglar1 Siefers ve
ark. (1997) ve Tabacco ve ark. (2011)nin buldugu
sonuclara benzerlik gostermektedir.

Tatli Sorgum kalibrasyon, capraz dogrulama ve laboratuvar degerleri ile tahminlenen NIR

Table 1. Comparison of estimated NIR values and laboratory values of sweet sorghum with calibration and cross

validation
Kalibrasyon = Capraz dogrulama SD Ortalama gy

Ortalama NIR
laboratuvar tahmini

Parametre Ornek say1s1 SEC  RSQ SECV 1-VR RPD degerleri degerleri

ADF 380 1.493 0.871 1.631 0.846 2.551 30.283 4.494 30.560 4.160

Kuru madde 380 0.723 0.662 0.882 0.502 2.545 91.133 1.268 91.617 2.243

NDF 380 1.931 0.918 2.192 0.895 3.081 46.774 6.939 47.034 6.754

Ham Protein 380 0.290 0.937 0.368 0.901 3.152 5.083 1.214 5.178 1.159

Ham Kiil 380 0.649 0.646 0.730 0.549 2.861 5.924 1.346  5.863 2.090

SEC: Kalibrasyon standart hatasi, RSQ: Belirleme katsayisi, SECV: Capraz dogrulama standart hatasi, 1 — VR:
Acgiklanamayan varyansin toplam varyansa orani, RPD: Standart sapma / capraz dogrulama oraninin standart hatasi, SD:

Standart hata)

Cizelge 2. Tatli sorgum dis dogrulama degerleri
Table 2. Sweet sorghum external validation values

Parametre Ornek say1is1 SD SEP SEP (C) SEP(C Limit) RPDv _ Bias Bias(Limit) Slope  R?

ADF 191 4.226 1.629 1.633 2.120 2.588  0.035 0.978 1.002 0.851
Kuru madde 191 1.548 0.727 0.730 1.146 2.121  0.015 0.529 0.995 0.658
NDF 191 6.735 1981 1.984 1.315 3.395 0.065 1.315 0.993 0.913
Ham Protein 191 1.168 0.329 0.330 0.478 3.539  -0.014 0.221 1.000 0.920
Ham Kiul 191 1.400 0.677 0.679 0.950 2.062  0.005 0.438 0.986  0.620

SD: Standart hata, SEP: Performans standart hatasi, SEP (C) : Diizeltilmis performans standart hatasi, RPDv :Harici
dogrulama seti verilerinin SD / SEP (C), Bias: Onyarg, Slope: Egim, r2: Dogrulamadaki belirleme katsayis1

Kuru madde, ADF, NDF, HP ve HK parametreleri
icin RPDv ve RSQ degerleri sirasiyla 2.121-0.658,
2.588-0.851, 3.395-0.913, 3.339-0.920 ve 2.062-0.620
olarak belirlenmigtir. FElde edilen bu degerler
Williams ve Norris (2001), Galvez-Sola ve ark.

(2010)’na gore kabul edilebilir sinirlar icerisindedir.
Galvez-Sola ve ark., (2010), kalibrasyonlar icin
yaptigl degerlendirmede, R2> 0.95 ve RPD> 4.00
miitkemmel kalibrasyonlar, R2= 0.90-0.95 ve RPD
3.00—4.00 basarili kalibrasyonlar, R?= 0.80-0.90 ve
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Sekil 1. Tath sorgumun kalite 6zellikleri ile 400-2500 nm’deki spektral yansima degerleri arasindaki korelasyon

grafikleri

Figure 1. Correlation graphics between the quality characteristics of sweet sorghum and spectral reflection

values at 400-2500 nm.

RPD 2.25-3.00 orta derecede basarili kalibrasyonlar
ve R2= 0.60-0.80 ve RPD 1.75-2.25 orta derecede
faydali kalibrasyonlar olarak belirtmiglerdir. Buna
gore HP ve NDF parametresi icin basarili, ADF
parametresi i¢in orta derece basarili, KM ve HK
parametresi i¢in orta derecede faydali kalibrasyonlar
gelistirilmistir. Swart ve ark. (2012), 479 adet karma
yemde yaptig1 calismada kuru madde, ham protein,
ADF ve NDF icin kabul edilebilir ve bu ¢alisma ile
uyumlu kalibrasyon degerleri elde etmiglerdir.

Kalibrasyonlarindaki parametrelerinin 400-2500 nm
dalga boyunda taranmig spektral degerler arasindaki
korelasyon Sekil 1’de gosterilmigtir. Bu grafiklere
gore taranan dalga boylar: ile KM ve HK oraninin
korelasyon katsayilari diger kalibrasyon
parametrelerine gore daha diisiik olarak_g6zlenmisgtir.
Asit deterjan lif (ADF) oraninin spektral yansima
degerleri 1898-1962 nm arasinda pozitif iken NDF
parametresinde pozitif degerler 1894-1966 nm
arasinda gorulmiustir. Korelasyon katsayilari ADF
degerinde -0.40 ve 0.05 arasinda degisirken, NDF
degerinde -0.35 ve 0.09 arasinda degismigstir. Protein
pozitif yansima degerleri 400- 1342 nm arasinda
korelasyon katsayilar1 da -0.44 ve 0.25 arasinda
degismistir. Korelasyon katsayilari kuru maddede -
0.31 ve 0.07 arasinda degisirken HK parametresinde -
0.29 ve 0.25 arasinda  degismistir. NIR
tahminlemeleri NIR elektromanyetik
spektrumundaki enerji degisimlerinin neden oldugu
farklhi kimyasal bag reaksiyonlarina dayanarak
yapilir. Bu nedenle, bu tir iligkileri ortaya gikarmak
farkli sonuclara ulasilmasini saglayabilir. Korelasyon
grafiklerine bakildiginda (Sekil 1), tath sorgum icin
ADF ve NDF parametrelerinin benzer, KM
parametresinin ise farkli bir spektral o6zellik
gosterdigi gozlenmisgtir.

Taranan dalga boylar1 ile kalibrasyon parametreleri
arasindaki iligkiyi saglamak NIR kalibrasyon

420

gelistirmenin temel amacidir. Spektral yansima
degerleri ile kalibrasyon parametreleri arasindaki
iliskiyi inceleyen bugday (Cozzolino ve ark., 2006),
bugday unu (Kahriman ve Egesel, 2011) ve kolza
tohumu (Velasco ve Becker, 1998) ile yapilmis az
sayida calismaya rastlanmistir.

SONUC ve ONERILER

Bu calismada tath sorgum (Sorghum bicolor var.
saccharatum (L.) Mohlenbr.) yem bitkisi 1slahinda
onem tasiyan Ozelliklerin hizli analizini mimkin
kilabilecek NIR kalibrasyon modellerinin
geligtirilmesi amaglanmigtir. Bu amag dogrultusunda
toplam bes farkli parametre (KM, HP, HK, ADF,
NDF) icin tahmin modeli gelistirilmis ve bu
modellerin givenilirlikleri test edilmistir. Elde edilen
sonuclarin laboratuvar sonuglar1 ve literatiir ile
karsilagtirildiklarinda da uyumlu oldugu
gbzlenmisgtir. Kalibrasyon degerlendirme
parametrelerine, yani SEC, SECV, SEP, SEPC, RPD
ve R2 gore, protein ve NDF orani digerleri arasinda en
iyi tahmin edilen &zellikler olarak belirlenmigtir.
Referans degerleri ile NIR o6l¢glimleri arasindaki
korelasyon katsayilarina bakildiginda ise ADF, KM
ve HK degerlerinden kabul edilebilir sonuglar elde
edilmistir. Bunun sebebi referans degerlerle ADF
degeri i¢in standart hatanin ylksek olmasi olabilir.
Kuru madde (KM) ve HK degerlerinin diger
parametrelerden farkli spektral yansima degerleri
gosterdigi gorilmistir. Daha sonra yapilacak
calismalarda numunelerin kurutulmasinin goézden
gecirilmesi, hedef olmayan bilesenlerin gikarilmasi
veya alinan veri setleri i¢in tiirevlerin siralamasinin
yapilmasi sonuglarin 1iyilestirilmesi i¢in yararh
olabilecektir.

TESEKKUR
Bu calisma, TAGEM tarafindan desteklenen TAGEM/
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TBAD / B/ 19 /A7 /P8 / 926 nolu proje kapsaminda
elde edilen sonuglarla hazirlanmistir.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan ederler.

Cikar Catismasi Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT Short Communication

This study was conducted to provide length-weight (LWRs), length-

length (LLRs) relationships and condition factor of Oxynoemacheilus Article History
seyhanensis from seven habitats belonging to three inland water Received - 02.02.2021
basins of Turkey. A total of 166 specimens were collected from Accepted ©27.05.2021
Yildizeli, Tagkoprii, Susehri (Kizilirmak basin), Biiyiikpotuklu,
Pmarbasi and Orengehir (Seyhan basin) and Akdagmadeni .
(Yesilirmak basin) rivers during 2017-2019. The mean (=SE) of the Samanti loach
total, fork lengths and weight were calculated as 6.49+1.59 cm, LWRs .
6.35+1.60 cm and 3.47+2.41 g, respectively. b constant of LWRs ranged Seyhan basin :
from 2.29 (Susehri) to 3.52 (Biiyiikpotuklu), showing growth pattern K1z1.hrmak bas1_n
of positive allometric in all studied populations except Susehri Yesilirmak basin
(negative allometric), Pinarbagi (isometric) and Orengehir (isometric)

population. Condition factor was ranged from 0.92 (Pinarbasi) to 1.15

(Orengehir). In all length-weight and length-length relationships with

r2 were higher than 0.91. The results of above-mentioned parameters

for this deep-bodied stone loach showed that wide range of A-value

shows morphological flexibility of this species in different habitats.

Keywords

Anadolu'nun Baz1 Oxynoemacheilus seyhanensis (Banarescu, 1968) Popiilasyonlarinda Boy-Boy, Boy-
Agirhik Iligkileri ve Kondisyon Faktori

OZET Kisa Bildiri

Bu calisma, Turkiyenin ii¢ nehir havzasina ait yedi habitattan

Oxynoemacheilus seyhanensis'in boy-agirlik (LWRs), boy-boy (LLRs) Makale Tarihgesi
iligkilerini ve kondisyon faktériinii belirlemek amaciyla yapilmigtir. Gelig Tarihi  :02.02.2021
Bu amagla 2017-2019 yillar1 arasinda Yildizeli, Tagkopri, Susehri Kabul Tarihi :27.05.2021
(Kizilirmak havzasy), Biiyikpotuklu, Pinarbasi, Orensehir (Seyhan
havzas1) ve Akdagmadeni (Yesilirmak havzas1) akarsularindan166
érnek toplanmistir. Total, catal boy ve agirhgin ortalamasi (+SH)
sirasiyla 6,49 + 1,59 c¢m, 6,35 £ 1,60 cm ve 3,47 + 2,41 g olarak Seyhan Havzas
hesaplanmigtir. Sonug olarak, boy-agirlik iliskisindeki » degerinin K1z1.hrmak Havzas
2,29 (Susehri) ile 3,52 (Biiyiikpotuklu) arasinda degistigi goriilmiis ve Yesilirmak havzasi
Sugehri (negatif allometrik), Pinarbagi (isometrik) ve Orengehir LWRs

(isometrik) popiilasyonlar: hari¢c incelenen tiim popiilasyonlarin

pozitif allometrik biylime 6zelligi gorilmistir. Kondisyon

faktorinin ise 0,92 (Pmnarbasi) ile 1,15 (Orensehir) arasinda

degismekte oldugu Dbelirlenmigtir. 12 degeri tum iligki

hesaplamalarinda 0,91’tn tstiinde bulunmustur. Bu kalin govdeli

¢opcl baliklar1 b degerinin genis bir degisim araligina olmasi farklh

habitatlardaki morfolojik esneklige isaret etmektedir.

Anahtar Kelimeler
Seyhan Copcu Balig:

To Cite :  Secer B, Mouludi-Saleh A, Eagderi S, Cigek E, Sungur S 2022. Length-Length, Length-Weight Relationships and
Condition Factors of Some Anatolian Oxynoemacheilus seyhanensis (Banarescu, 1968) Populations. KSU J.
Agric Nat 25 (2): 423-429. https://doi.org/10.18016/ksutarimdoga.vi.873427.

INTRODUCTION important in biological and ecological studies of fishes

Understanding of fish growth and condition factors are (Froese and Binohlan, 2000). The lepgth-weight
(LWRs) and length-length relationships (LLRs)
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parameters of the fish species are important in the
fisheries biology, providing information on several
aspects of fish population dynamics and to understand
the condition of fishes (Bagenal and Tesch, 1978;
Giirkan and Taskavak, 2007). The condition factor of
fishes indicates the interaction between biological and
non-biological factors in the physiological conditions of
them (Bagenal and Tesech, 1978). Estimation of this
index in fish species is also very useful for comparing
two or more populations inhabiting under the same or
different conditions, and shows the status of
populations during different stages of the life cycle
(Bagenal and Tesech, 1978).

Oxynoemacheilus seyhanensis belongs to the
Nemacheilidae family that small fishes inhabiting
freshwaters of Asia, Europe, and northeast Africa
(Nelson et al., 2016), With 58 species belongs to the
family, they have agreat diversity in Turkish inland
waters, which 40 of them are endemics (Cicek et al.,
2018, 2020, 2021; Saygun et al., 2021). O. seyhanensis
reported from the Mediterranean tributary, Seyhan,
Kizilirmak and Yesilirmak River basin (Cicek et al.,
2018; Sungur, 2020; Secer et al., 2020). The LWRs of
few Turkish nemacheilid species are available
(Gaygusuz et al., 2012; Erk’Akan et al., 2013, 2014;
Innal et al., 2015; Yazicioglu and Yazicl, 2016; Ozcan

Table 1 Coordinates of sampling stations
Cizelge 1. Ornekleme 1stasyonlarina ait koordinatlar

and Altun, 2016; Ozcan and Serdar, 2018; Ozdemir et
al., 2019 Yedier et al. 2021; Secer et al., 2021); hence,
providing such a data for these taxa is crucial for their
management and conservation purposes (Tabatabaei
et al., 2015).

Based on the above-mentioned information, the
present study aimed to determine the length-weight,
length-length relationship and condition factor of O.
seyhanensis inhabiting three basins of Turkey.

MATERIAL and METHOD

A total of 166 specimens of O. seyhanensis were
collected by single sampling from seven stations,
including Yildizeli, Taskopri, Susehri (Kizilirmak
basin), Biiyiikpotuklu, Pinarbagi and Orengehir
(Seyhan basin) and Akdagmadeni (Yesilirmak basin)
rivers using electrofishing device from 2017 to 2019
(Table 1, Figure 1-2). Fishes were anesthetized with
Ethyl 3-aminobenzoate methanesulfonate (MS-222),
and fixed into 10% buffered formaldehyde.All samples
were transferred to the laboratory and their total and
fork lengths, and total weight were measured using
digital calipers to the nearest 0.05 mm and digital scale
to the nearest 0.01 gr, respectively.

Station River Basin Latitute Longitude Sampling Date
(Istasyon) (Nehin (Havza) (Enlem) (Boylam) (Ornekleme Tarihi)
Akdagmadeni | Cakraz stream Yesilirmak | 39°48'15.0"N | 36°09'28.5"E | 12 July 2018
Biyikpotuklu | Zamant:1 River Seyhan 38°43'54.2"N | 36°22'46.4"E | 15 March 2016
Orengehir Zamant1 River Seyhan 38°59'40.5"N | 36°34'34.3"E | 28 March 2018
Pinarbas: Zamant1 River Seyhan 38°47'03.9"N | 36°26'54.6"E | 30 August 2017
Sugehri Kizilirmak River at Zara | Kizihrmak | 39°58'10.6"N | 37°43'22.0"E | 12 July 2018
Tagkdpri Gokirmak River Kizilirmak | 41°30'64.7"N | 34°13'13.5"E | 19 May 2018
Yildizeli Yildiz stream Kizilirmak | 39°45'40.2"N | 36°45'49.4"E | 30 August 2017

The LWRs was determined by the method of least
squares using the equation of W all» and
logarithmically transformed into LogW Loga +
bLogL (Froese, 2006), where W is the total body weight
(g), L is the total length (cm) and “a” is the intercept
and “b” is the slope (Froese et al., 2011). Prior to
regression analyses, log-log plots of the length-weight
pairs were performed to identify outliers (Froese et al.,
2011). The b value was tested by t-test to verify
that it was significantly different from the isometric
growth (b = 3).All statistical analyses were performed
in Excel 2016 and SPSS (IBM SPSS Statistics 22)
package program.

For the LLRs, the linear regression of the fork length
(FL) versus total length (TL) was determined by using
L=a+bL.. Condition factor also was calculated
according to Fulton (1904) and Froese (2006) using
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CF=W/TL3x100 formula, where, W is the weight (gr)
and TL is the total length (cm).

RESULTS and DISCUSSION

Descriptive statistics, including the number of
samples, total lengths and weight ranges, confidence
limits and regression parameters of a, b, r? and
condition factor of the seven studied populations of O.
seyvhanensis are presented in Table 2 and data of the
LLRs in Tables 3.

The mean+SE of the total and fork lengths, and weight
of the studied populations were 6.49+1.59, 6.35+1.60
and 3.47+2.41cm, respectively. All length—weight
relationships were highly significant (P<0.05), with
r> values being greater than 0.91. The b values
ranged from 2.29 (Susehri) to 3.52 (Biiyiikpotuklu), the
condition factor from 0.92 (Pmnarbas) to 1.15
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(Orengehir) and coefficient of both LWRs and LLRs (z2)
ranged 0.91-0.99. In addition, the growth pattern was
estimated isometric or positive allometric for all

studied population except that of Susehri that was
negative.
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Figure 1. Distribution map for Oxynoemacheilus seyhanensis in Kizilirmak, Yesilirmak and Seyhan

Sekil 1. Oxynoemacheilus seyhanensisin Kizilirmak, Yegsilirmak ve Seyhan'da dagilim haritasi

The LWRs parameters of fish species are important in
estimating the length and age structure, evaluation of
fish stocks, ontogentic and growth studies (Mouludi-
Saleh et al., 2020) especially regarding endemic species
due to their limited habitat has a special priority in
conservation management (Almaca, 1984). The results
of the present study showed that the b value of O.
seyhanensis populations was between 2.29 and 3.52.
According to Froese (2006) and Tesch (1971), this value
can be between 2 and 4. Some factors, including
nutritional conditions, sexual, time and season of
sampling, and physiological factors such as maturity,
spawning, and fish health can affect b value (Pauly,
1984; Froese, 2006). In addition, based on the
estimated b value, the growth patterns were isometric
for Orensehir and positive allometric (A+) for
Akdagmadeni, Biiyiikpotuklu, Orengehir, Pinarbasi,
Tasképrii and Yildizeli but was negative allometric (A-
) for Susehri. These results revealed that in the most
of the studied population of this deep-bodied species,
the weight increases more that the increase of the
length, however in some specie as seen in the that of
the Susehri, this has happened vice versa. This results
i.e. wide range of b value shows morphological
flexibility of this species in different habitats (Tah et
al., 2012; Koffi et al., 2014).
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Condition factor is used to compare fish quality in
terms of obesity status or fish fitness. Fish that have a
high condition factor are heavier than their length;
conversely, fish with a low condition factor weight less
than their length. Condition factor values for the O.
seyhanensis studied populations were calculated to be
>1 except in the Pinarbasi population. The low value of
K in Pinarbagi population probably due to unfavorable
environmental or biological conditions (Blackwell et
al., 2000).

CONCLUSION

The findings of this study provided useful information
about the LWRs and LLRs parameters and the
condition factor of the O. seyhanensis populations
which can be effective for further studies related to
fisheries management and population dynamics.

Author’s Contributions
The contribution of the authors is equal.

Statement of Conflict of Interest
Authors have declared no conflict of interest.



KSU Tarim ve Doga Derg 25 (2): 423-429, 2022 Kisa Bildiri
KSU J. Agric Nat 25 (2): 423-429, 2022 Short Communication

Figure 2. Oxynoemacheilus seyhanensis; A, Susehri, 69.8 mm SL, B, Yildizeli, 65.8 mm SL C, Taskoprii, 66.9 mm
SL D, Pimarbagi, 71.5 mm SL, E, Orengehir, 49.2 mm SL, F, Biyikpotuklu, 62.6 mm SL, G,
Akdagmadeni, 78.5 mm SL

Sekil 2. Oxynoemacheilus seyhanensis; A, Susehri, 69.8 mm SB, B, Yildizeli, 65.8 mm SB C, Taskopri, 66.9 mm

SB D, Pinarbasi, 71.5 mm SB, E, Orensehir, 49.2 mm SB, F. Biiyiikpotuklu, 62.6 mm SB, G, Akdagmadeni,
78.6 mm SB
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Table 2. Descriptive statistics and estimated parameters of length-weight relationships for Oxynoemacheilus seyhanensis species from different basins of Turkey during
2017-2019.

Cizelge 2. 2017-2019 yillar1 arasinda Tirkiye'nin farkli havzalarindan Oxynoemacheilus seyhanensis tiirleri igin tanimlayict istatistikler ve boy-agirlik iliskilerinin
tahmini parametreleri.

Station
(Istasyon)

Akdagmadeni

Buyiikpotukl
u

Orensehir
Pinarbags:
Susehri
Tagkopri
Yildizeli

Total

River

(Nehir)
Cakraz stream
Zamant1 River
Zamant1 River

Zamant1 River

Kizilirmak River at

Zara

Gokirmak River

Yildiz stream

29

18

15

21

29

27

27

166

Total length (cm)

(Total boy (cm))
Min-Max Min-Max
(Min-Mak) (Min-Mak)
Mean+SE Mean+SE
(Ortalama+SH) | (Ortalama+SH)
4.6-9.8 0.85-11.9
7.03+1.34 4.18+2.49
3.8-6.3 0.51-3.24
4.94+0.57 1.00+£0.59
6.2-9.1 2.5-8.6
7.6+0.99 5.37+2.15
3.5-6.6 0.38-2.56
4.66+0.94 1.00+0.73
4.8-9.6 2.02-7.62
8.06+0.97 5.58+1.38
4.6-8.9 0.73-9.19
6.58+1.25 3.40+2.27
4.5-8.9 0.98-8.47
6.63+1.10 3.44+1.99
3.5-9.8 0.38-11.9
6.49+1.59 3.47+2.41

Total weight (g)
(Total agirhik (cm))

Condition factor
(Kondisyon
faktor)
Mean+SE
(Ortalama+SH)

1.06+0.18
1.01+0.1

1.15+0.9

0.92+0.10
1.05+0.08
1.03+0.11
1.05+0.09

1.03+0.16

0.006

0.004

0.007

0.006

0.045

0.005

0.005

0.006

95% CL of a

0.003-0.010

0.002-0.006

0.004-0.012

0.004-0.011

0.03-0.075

0.003-0.007

0.003-0.008

0.005-0.008

TL= total length; W=weight; n= number of individuals; a= intercept; b= slope; CL= confidence limits; 2= correlation coefficient
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3.24

3.52

3.21

3.22

2.29

3.37

3.33

3.22

Regression parameters
(Regresyon parametreleri)

95% CL

of b

3.03-3.6

3.3-3.94

2.94-3.5

2.87-3.44

2.05-2.49

3.16-3.59

3.12-3.54

3.14-3.3

~

0.951

0.968

0.975

0.971

0.919

0.981

0.982

0.981

Growth
Type
(Biiytiime
Tip1)

A+

A+

A+
A+

A+
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Table 3. Descriptive statistics and length-length relationship parameters for Oxynoemacheilus seyhanensis species

from different basins of Turkey during 2017-2019.

Cizelge 3. 2017-2019 doneminde Tiirkiye'nin farkli havzalarindan Oxynoemacheilus seyhanensis tiirleri igin
tanimlayici 1statistikler ve boy-boy iliski parametrelerli.

Total length (cm) Fork length (cm)
Total boy (cm) Catal boy (cm)
Station Rivers Min-Max Min-Max _ 5
(Istaston) (Nehirler) (Min-Mak) (Min-Mak) FL=a+bTL ’
Mean+SE Mean+SE
(Ortalama+SH) (Ortalama+SH)
Akdagmadeni Cakraz stream 4.6-9.8 (7.03£1.34) | 4.5-9.6 (6.93+1.37) FL=-0.2332+1.0189TL | 0.987
Bﬁyﬁkpotuklu Zamant1 River 3.8-6.3 (4.94+0.57) 3.6-6.2 (4.35+0.57) F1L=-0.158+ 1.0043TL 0.99
Orengehir Zamant1 River 6.2-9.1(7.6+0.99) 6.0-8.9 (7.424+0.98) FL=-0.1035+0.9906TL | 0.996
Pinarbag: Zamant1 River 3.5-6.6(4.66+0.94) 3.0-6.5 (4.5+0.97) F =-0.2962+1.0298TL 0.981
Susehri Kml;“%ﬁflver 4.8-9.6(8.06+0.97) | 4.6-9.5(7.86+0.96) | FL=-0.4324+1.0348TL | 0.974
Tagkoprii Gokirmak River | 4.6-8.9(6.58+1.25) | 4.5-8.7 (6.43+1.22) FL=0.0049+0.9768TL | 0.998
Yildizeli Yildiz stream 4.5-8.9(6.63+1.10) | 4.4-8.6 (6.48+1.07) FL=0.0116+0.9759TL | 0.997
Total 3.5-9.8(6.49+1.59) 3.0-9.6 (6.35+1.60) F1L=-0.1148+0.9947TL | 0.993
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