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ICINDEKILER
ARASTIRMA MAKALESI - RESEARCH ARTICLE

Evaluation of Some Elements (Na+, Cl-, K+, Fe+2, Mg+2, Ca+2, Cu+2, Zn+2) Levels in Vernix
Caseosa SubstanceEvaluation of Some Elements (Na+, Cl-, K+, Fe+2, Mg+2, Ca+2, Cu+2, Zn+2)
Levels in Vernix Caseosa Substance

Verniks Kazeoza Maddesinde Bulunan Bazi Element (Na*, Cl', K+, Fe*2, Mg*2, Ca*2, Cu*?, Zn*?)

Diizeylerinin Degerlendirilmesi 5
Rumeysa DUYURAN, Metin KILINC, Hasan DAGLI

‘Skualen’ Triterpeninin Somatik Mutasyonlar Uzerine Etkisinin Drosophila melanogasterde in
vivo Kanat Benek Testi ile Aragtirilmas:

Investigation of the Effect of ‘Squalene’ Triterpene on Somatic Mutations in Drosophila
melanogaster by In vivo Wing Spot Test

Handan UYSAL, Hatice CELIK

Bupleurum lancifolium Hornem.un Antibakteriyel Etkisinin Incelenmesi
Investigation of Antibacterial Effect of Bupleurum lancifolium Hornem
Mehtap AKIN, Zeynep ALATAS, Hatice TANER SARACOGLU

Selective Cytotoxicity of Chemical Composition of Spirulina platensis Extract In Endometrial
Cells: In Vitro and In Silico Approach

Endometriyal Hiucrelerde Spirulina platensis Ekstresinin Kimyasal Bilesiminin Secici
Sitotoksisitesi: /n Vitrove In Siliko Yaklagim

Belkis ATASEVER ARSLAN, Kaan YILANCIOGLU, Ahmet Can TIMUGCIN

Zeynep KALKAN, Seda KUSOGLU GULTEKIN, Selim CETINER

Clinopodium debile (Bunge) Kuntze (Lamiaceae), A New Record for the Flora of Tiirkiye
Clinopodium debile (Bunge) Kuntze (Lamiaceae), Tiirkiye Floras: I¢in Yeni Bir Kayit
Lutfi BEHCET, Irfan ALTINSOY

Determination of the Effects of Combined use of Paenibacillus sp. S1S22 Strain and Ulva lactuca
Extract on Seed Germination and Growth of Tomato Plant

Paenibacillus sp. S1S22 susu ile Ulva lactuca Ekstresinin Kombine Kullaniminin Domates
Bitkisinin Tohum Cimlenmesi ve Biiyiime Uzerine Etkilerinin Belirlenmesi

Fadime OZDEMIR KOCAK, Giilgin SEVIM, Ugur CIGDEM, Dilek UNAL

0900 Ziraat Kiraz Cesidinde Derim Sonras1 Aloe Vera Jeli ve Farkli Paketleme Uygulamalarinin
Muhafaza Stiresi ve Kalite Uzerine Etkileri

Effects of Aloe Vera Gel and Different Packaging Applications on Storage Time and Quality in
0900 Ziraat Cherry Varieties

Omiir DUNDAR, Nazmiye ERISKIN

Effects of Grape Marc on Vase Life of Carnation Flowers
Uziim Cibresinin Karanfil Cigeklerinin Vazo Omriine Etkileri
Tugba KILIC, Emine Sema CETIN, Selda DALER

First Record of Native Egg Parasitoid, Anastatus bifasciatus, on Halyomorpha halys (Stal, 1855)
(Hemiptera: Pentatomidae) Eggs in Tiirkiye

Halyomorpha halys (Stil 1855) (Hemiptera: Pentatomidae) Yumurtalarinda Yerli Yumurta
Parazitoiti olarak Anastatus bifasciatus (Geoffroy) (Hymenoptera: Eupelmidae)un Tiirkiye'de ilk
Kaydi

Ercan ALTANLAR, Mustafa KILIC, Kaan ALTAS, Elijah TALAMAS, Celal TUNCER
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Raising Hydropsyche instabilis Curtis, 1834 and Hydropsyche bulbifera McLachlan, 1878
(Hydropsychidae, Trichoptera) Larvae in the Laboratory: Larval Morphology and Male Genital
Characterization

Hydropsyche instabilis Curtis, 1834 ve Hydropsyche bulbifera McLachlan, 1878
(Hydropsychidae, Trichoptera) Larvalarinin Laboratuvarda Yetistirilmesi: Larva Morfolojisi ve
Erkek Genital Karakterizasyonu

Ergin YILMAZ, Ibrahim KUCUKBASMACI

Igdir 1li Meyve Bahgelerinde Ceratitis capitata (Wiedemann, 1824) (Diptera: Tephritida)nin
Popilasyon Gelisimi, Yogunlugu ve Bulasiklik Oraninin Belirlenmesi

Determination of Population Development, Density and Infection Rate of Ceratitis capitata
(Wiedemann, 1824) (Diptera: Tephritidae) in Orchards of Igdir Province

Erding TAMER, Erol YILDIRIM

Baz Bitki Ekstraktlarimin 7ribolium confusuniun Jacquelin Du Val (Coleoptera: Tenebrionidae)
Larva ve Ergin Dénemleri Uzerine Etkileri

Effects of Some Plant Extracts on Larva and Adult Stages of Tribolium confusum Jacquelin Du
Val (Coleoptera: Tenebrionidae) )

Yeter KUCUKTOPCU, Beyza CAN, Islam SARUHAN

Baz1 Bitkisel Kékenli Ugucu Yaglarin Amerikan Hamambdcegi (Periplaneta americana L.)
Erginlerine Karg1 Olim Etkisi

Toxicity of Same Plant-Based Essential Oils Against American Cockroaches (Periplaneta
americana L.) Adults

Merve YIKINC, Hasan TUNAZ

Effect of Different Irrigation Water Levels on Yield and Quality Parameters of Fodder Beet
Farkli Sulama Suyu Diizeylerinin Yem Pancarinin Verim ve Kalite Parametrelerine Etkisi
Emmanuel HAKIRUWIZERA, Yusuf UCAR

Tibbi Adacayr (Salvia officinalis)min in vitro Cogaltim1 Uzerine Temel Besin Ortamlarinin ve
Buytume Diizenleyici Tiplerinin Etkisi

Effect of Basic Nutrient Media and Growth Regulatory Types on /n vitro Propagation of Common
Sage (Salvia officinalis)

Selcan OZYALIN, Cennet YAMAN

Comparison of Quality and Yield Components of Peanut Market Types Using PCA
Yerfistig1 Pazar Tiplerinin Kalite ve Verim Bilesenlerinin TBA Kullanilarak Karsilastirilmasi
Cenk Burak SAHIN, Mustafa YILMAZ, Resat YILDIZ, Necmi ISLER

Determination of High Yield and Quality Sainfoin Genotypes (Onobrychis viciifolia Scop.) For
The Eastern Anatolia Region of Turkey

Bingél Ili I¢in Yiiksek Verim ve Kaliteye Sahip Korunga Genotiplerinin (Onobrychis viciifolia
Scop.) Belirlenmesi

Erdal CACAN, Kagan KOKTEN, Ali KOC

Germination and Growth Parameters in Sorghum Cultivars (Sorghum bicolor L.) Effected by
Boron Application under Salinity Stress

Tuzluluk Stresi Altinda Bor Uygulamasindan Etkilenen Sorgum Cesitlerinde (Sorghum bicolor
L.) Cimlenme ve Biiyiime Parametreleri

Tugba Hasibe GOKKAYA, Mehmet ARSLAN
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Fertilizer Use Efficiencies of Some Greenhouse Plants Grown under Farmer PracticesNutrient
Uptakes and N, P, K and Ca Utilization Rates of Some Plants Grown Under Greenhouse
Conditions According to Farmer Practices

Sera Kosullarinda Cifttgi Uygulamalariyla Yetistirilen Bazi Bitkilerin Besin Elementi
Alimlariyla N, P, K ve Ca Yararlanma Oranlari

Ferhat BULUT, Ibrahim ERDAL

Exploring the Causal Relationship Among Trout Production, Price and Subsidy in Tiirkiye
Tirkiye'de Alabahk Uretimi, Fiyati ve Siibvansiyon Arasindaki Nedensel Iligkinin Aragtirilmas:
Mehmet AYDOGAN, Orhan GUNDUZ

Konya Ili Tarim Arazileri i¢in Kapitalizasyon Orani ve Deger Tespiti
Determination of Capitalization Rate and Value for Agricultural Land in Konya
Zuhal KARAKAYACI

Zooplankton Fauna of High Mountain Lake: Sarincof (Camlihemsin, Rize, Turkey)
Yiiksek Dag Goli Sarincof ‘un (Camhhvemsin, Rize, Tirkiye) Zooplankton Faunasi
Pinar GURBUZER, Ahmet ALTINDAG, Gilsah TEKATLI, Cagri TEKATLI

Canakkale Sakiz ve Tahirova Koyun Isletmelerinde Verimli Omiir, Ayiklama Orani ve Ayiklama
Nedenleri

Productive Life, Culling Rate, and Culling Reasons in Sakiz and Tahirova Sheep Farms of
Canakkale

Korhan BOSDAN, Cemil TOLU, Tiirker SAVAS

Kilis Kegilerinde Siit Verimi ve Meme Sarkiklig1 Arasindaki Iligkiler
The Relationships Between Udder Sagging and Milk Productivity in Kilis Goats
Sinan BAS, Abdullah KUTLAR, Adile TATLIYER TUNAZ

The Effect of Sumac Juice Given to Broilers by Drinking and Inhalation on Performance,
Immunity Response and Some Blood Parameters

Etlik Piliclere Igme ve Inhalasyon Yoluyla Verilen Sumak Suyunun Performans ve Bagisiklik
Tepkisi Uzerine Etkisi

Hersih IZADEEN RASHEED, Sabri YURTSEVEN, Sleman Said Mohammed BESKI
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ABSTRACT Biochemistry
The substance "Vernix Caseosa" (VC), which begins to be secreted in the
third trimester of the human fetus, is a natural product that occurs Research Article
spontaneously. This substance, which protects the baby against external : :
factors, has a feature that facilitates birth by providing lubrication during Artlc.le History -
normal birth. 52 infants were included in the study. A sterile soft-tipped Received ) 14.09.2022
device was used to collect the VC, and a swab was taken from the baby's Accepted +15.11.2022
skin immediately after birth. In addition, mothers under the age of 35 Ke d
. . ywords
and over the age of 35 were grouped as multiparous and nulliparous and Vernix caseosa
their VC was examined separately. In VC, the levels of the elements Elements
responsible for production and repair in the human body were Newborn

investigated. Homogenized samples were measured by Atomic
Absorption Spectrophotometer. Element results were given as mean and
standard deviation; *Na+: 12.09 = 0.58, *Cl-: 10.27 + 1.08, *K+:1.84 +
0.54, **Fe+2: 72.39 + 4.84, **Mg+2: 67.07 £ 3.31, **Ca+2:864.51 + 32.61,
**(Cu+2:12.98 £ 2.01, **Zn+2: 11.00 = 1.55 (*:mg/g tissue, **:ug/g tissue).
According to the results of literature review and to the best of knowledge,
limited information on element levels of VC has been reported. The
studied elements are found as cofactors in growth and development and
in many biochemical mechanisms. Protein and lipid contents have been
investigated in previous studies and it has been reported that VC has an
important role in protecting the fetus from external factors and
infections. In addition, the protection of amniotic fluid from maceration
and the prevention of fluid and electrolyte losses of the skin are also
mentioned. It is thought that this research will make an important
contribution to the determination of the biochemical structure of VC,
which is a natural and protective substance.

Verniks Kazeoza Maddesinde Bulunan Bazi Element (Na*, Cl, K*, Fe*?, Mg*2, Ca*2, Cu*?, Zn'?)
Diizeylerinin Degerlendirilmesi

OZET Biyokimya

Insan fetiisinun 3. trimestrinde salgilanmaya baglayan “Vernix

Caseosa” (VC) maddesi kendiliginden olusan dogal bir {iriindiir. Bebegi Aragtirma Makalesi

dis etkenlere karsi koruyan bu madde, normal dogum sirasinda

kayganhk saglayarak dogumu kolaylastiran bir 6zellik tasimaktadir. Makale Tarihgesi
Calismaya 52 bebek dahil edilmistir. VC toplanirken steril yumusak uglu Gelig Tarihi  :14.09.2022

aparat kullamilmigtir ve dogumdan hemen sonra bebegin derisinden
suruntu seklinde alinmigtir. Ayrica 35 yas alt1 ve 35 yag iistii anneler,

Kabul Tarihi :15.11.2022

multipar ve nullipar olarak gruplandirilarak VC'si ayr1 ayrn Anahtar Kelimeler
incelenmigtir. VC' da insan viicudunda bulunan, yapim ve onarimdan Verniks kazeoza
sorumli elementlerin seviyeleri arastirilmistir. Homojenize numuneler Elementler
Atomik Absorbsiyon Spektrofotometre cihazi 6lgiilmustir. Element Yenidogan

sonuclar: ortalama ve standart sapma olarak verildi; *Na+: 12.09 + 0.58,
*Cl-: 10.27 £ 1.08, *K+:1.84 + 0.54, **Fe+2: 72.39 + 4.84, **Mg+2: 67.07 +
3.31, **Ca+2:864.51 + 32.61, **Cu+2:12.98 + 2.01, **Zn+2: 11.00 = 1.55
(*mg/g doku, **:ug/g doku). Literatiir taramasinin sonuclarina gére ve
bildindigi kadariyla VC' nin element seviyeleri hakkinda higbir bilgi

rapor edilmemigtir. Calisilan elementler, bliiyime gelismede ve birgok
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biyokimyasal mekanizmada kofaktor olarak bulunmaktadir. Daha
onceki c¢alismalarda protein ve lipid igerikleri arastirilmis ve VC'nin
fetiisli dig etkenlerden ve enfeksiyonlardan korumada énemli roli oldugu
bildirilmigtir. Ek olarak amniyotik sivinin maserasyondan korunmasi ve
cildin siv1 elektrolit kayiplarinin 6nlenmesinden de bahsedilmistir. Bu
arastirmanin dogal ve koruyucu bir madde olan VC'nin biyokimyasal
yapisinin belirlenmesine 6nemli katki saglayacagi diisintilmektedir.

Atif Sekli:

Duyuran, R., Kiling M.& Dagli, H. (2023) Verniks Kazeoza Maddesinde Bulunan Bazi1 Element (Na+, Cl-, K+,

Fe+2, Mg+2, Ca+2, Cu+2, Zn+2) Diizeylerinin Degerlendirilmesi . KSU Tarim ve Doga Derg 26 (3), 471-476.
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Duyuran, R., Kiling¢ M.& Dagli, H. (2023). Evaluation of Some Elements (Na+, Cl-, K+, Fe+2, Mg+2, Ca+2,

To Cite :

Cu+2, Zn+2) Levels in Vernix Caseosa Substance KSU J. Agric Nat 26(3), 471-476. https://doi.org/10.18016/
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INTRODUCTION

Vernix caseosa (VC) is a waxy or cheese-like white
substance and is a layer formed by sebum, the
sebaceous cells (Meng et al., 2021). The sebaceous cells
formed in the skin of babies increase the secretion of
oil by the effects of hormones that pass to them
through their mothers. Its formation in the mother's
womb begins in the last trimester (Visscher et al.,
2015). It forms the vernix layer by combining it with
the shredded epithelial cells from the skin of the baby
(Nishijima et al., 2019). The periderm cells are
continuously keratinized and poured into the amniotic
fluid and get renewed from basal. The sloughed-off
cells join to form VC, a protective layer that covers the
fetal skin (Baker et al., 1995). VC along with sebum
secretion of sebaceous glands protects the fetus in
amniotic fluid throughout the fetal period (Paling &
Koch, 2022). Sebaceous and sweat glands differentiate
from the epidermis and develop into the dermis
(Pickens et al., 2000). It is extremely rich in lipids but
its composition has not yet been fully characterized
despite many studies. The vernix is a biofilm that
covers the fetus and is composed of about 80% water,
10% lipid, and 10% protein (Herman, 2022). This
substance is formed by a human baby and is coated
with a material that has endogenous cleaning ability
before and after the birth of a baby. Such material is
made up of lipids that can integrate easily with the
skin surface and pores. The most abundant lipid
classes found are wax esters, cholesterol esters, diol
diesters, and triacylglycerols (Mihajlovié et al., 2022).
The high content of squalene and wax ester in VC is a
significant portion of the lipid content and is strongly
likely to be of sebaceous origin (Boiten et al., 2018). It
is thought that several factors affect the vernix
structure during the formation of VC such as the age
of the pregnancy, the health of the mother and the
baby, the drugs used during fetal development, or the
chemical or biological elements exposed in the
environment of the mother (Bamalan & Menezes,
2021). In general, this information can likely be used
in present neonatology and for the benefit of some
diseases in medical fields. VC shows features in the
treatment of burn wounds and skin impairment after

the loss of skin integrity as a result of dermatological
diseases (Bosnar et al., 2022). It is emphasized that VC
in the skin of newborns should be developed artificially
for clinical therapeutic use. Peptide LL-37, one of the
protective proteins in the dermal layer, acts as an
antimicrobial barrier (Paling & Koch, 2022). Observing
information from the past, VC is known to be used as
a potential wound-healing ointment. (Setiawandari et
al.,, 2022). The formation of synthetic creams as a
prototype having a similar composition of VC has not
yet been accomplished. Limited information is
available about VC due to less number of studies on its
chemical structure, its biological requirements, and its
physical properties. As far as is known, no study has
been done to find the elemental content of VC.
Therefore, there is a need for work to be done in this
regard. This study aims to reveal the values of some
elements like Na+, Cl-, K+, Fe+2, Mg+2, Ca+2, Cu+2,
and Zn+2 in VC content not known to much extent.

MATERIAL and METHOD

This study was designed in Kahramanmaras Siit¢t
Imam University research and application Hospital,
Department of Medical Biochemistry. After obtaining
the necessary information and permissions about the
study, the family signed an informed consent form.
Approval was obtained from the Kahramanmaras
Sutcu Imam University, Medical Faculty Ethical
Committee before the study (doc.no:34/2017).

Study population: The VC samples were collected from
52 infants by swabbing with a sterile soft-tipped
apparatus. There were several criteria taken into
account for this study like the age of the mother, the
gestation week, the number of gestations, the health of
mother and baby, APGAR score for 1st and 5th minute,
and gender of the babies. The babies were evaluated as
aterm (37-41 weeks+6 days), preterm (<37 weeks), and
post-term (> 42 weeks). The age of the mother was
divided into two categories: less than 35 years (<35)
and more than 35 (>35) years.

It was placed in the tubes and kept at -20°C till the

day of the experiment. For homogenization and
solubilization, VC was added to 250 ml of PBS (pH 7.4)
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containing 0.5% propylene glycol (Merck, Germany)
and 2% sodium dodecyl sulfate (SDS). The solution was
homogenized with a homogenizer at 4°C. The prepared
homogenates were centrifuged at 4000 rpm for 10 min
at 4°C. As a result, a solid layer of fat formed as the
upper layer, and the liquid portion under the layer was
carefully transferred to clean tubes and the samples
were ready for analysis.

The levels of Na+, Cl-, K+, Fe+2, Mg+2, and Ca+2
elements in homogenized specimens were measured in
a fully automatic autoanalyzer using a Siemens
ADVIA 1800 Chemistry. The results of the test sample
and the controls were calculated and reported based on
the absorbance measurement during calibration. The
levels of the other two elements Cu+2 and Zn+2 were
analyzed on a flame photometer with Atomic
Absorption Spectrophotometer (Perkin Elmer Analyst
800, USA).

Samples and calibration standards were diluted with
10% glycerol in a ratio of 1/2 for copper
measurement17 and it is by diluting with 5% glycerol
in a ratio of 1/4 for zinc measurement18. Standards for
the samples were prepared using standards of 1000
mg/L commercial Cu+2 and Zn+. The absorbance of
unknown samples were calculated according to the
standard curve.

Statistics: SPSS 16 program was used for the
statistical analysis of results. The homogeneity of the
groups was tested by Kolmogorov-Smirnov analysis
and the Mann-Whitney U test method was chosen as
the nonparametric test for comparison of the non-
homogenous groups.

RESULTS

The average levels, standard deviation, and min-max
values of elements Na+, Cl- K+, Fe+2, Mg+2, Ca+2,
Cu+2, and Zn+ found in VC per gram in all cases are
shown in Table 1. The VC element levels of male and
female infants and their respective differences are
shown in Table 2. According to this, in female infants,
VC Ca+2 (p <0.016) and Zn+2 (p <0.024) levels were
significantly higher than in male infants. The element
levels of VC in infants (regardless of their gender) who
were born from mothers of age groups above and below
35 are shown in Table 3. According to this, only the
level of Cu+2 in VC of the infants of mothers over age
35 showed a significant decrease (p <0.03). There was
no significant difference between the element values of
VC in infants of nulliparous and multiparous mothers
(p> 0.05) as shown in Table 4.

In Table 2, only Zn and Ca elements show a significant
difference (p<0.05) in element values between girls and
boys. Zinc and calcium element amounts differ
according to gender. It appears to be higher in female
infants and lower in male infants. Na, Cl, K, Fe, Mg,
Cu, Zn elements are similar in amount between the
two genders.

There is a significant difference (p<0.05) only in Cu
element between the elements of infants of mothers
younger than 35 years old and above. Among the other
analyzed elements, a remarkable difference appears in
this element due to the age difference of the mothers.
(Table 3).

Comparison according to the number of pregnancies
was grouped as nulliparous mothers and multiparous
mothers, and there was no significant difference
(p<0.05) for any element value in Table 4.

Table 1. The average levels of Na*, Cl', K*, Fe*2, Mg*2, Ca*2, Cu*?, Zn* elements/ per gram of VC tissue.
Cizelge 1. Na+, Cl-, K+, Fe+2, Mg+2, Ca+2, Cu+2, Zn+ elementlerinin/ gram VC doku basina ortalama seviyeleri.

Elements
*Na* *Cl *RK+ **Fe+z **Mg+z **Ca+z **Cu+2 FHT N +2
12.01+58.40 10.46+1.08 1.84+0.54 78.19+5.48 67.07+3.31 864.52+32.62 14.69+2.14 11.59+1.59
(6.20-34.39) (2.00-52.06)  (1.68-1.92) (27.87-224.83) (16.18-105.19) (119.88-332.00) (2.38-43.83) (2.33-47.62)
n: 50 n: 47 n: 52 n: 48 n:52 n:52 n:26 n:34

*: mg/g tissue, **: ug/g tissue. All elements values were given as mean#standart error and min-max, n: subject number.

Table 2. The average levels of Na*, Cl', K*, Fet2, Mg*2, Ca*2, Cu*2, Zn*2elements/ per gram VC tissue in a girl and

a boy baby.

Cizelge 2. Kiz ve erkek bebekte VC dokusunun gram bagina ortalama Na+, CI-, K+, Fe+2, Mg+2, Ca+Z2, Cu+2,

Zn+2 element seviyeleri.

Newborn girls (n:23) Newborn boys (n:29) P values
*Na* 11.63+0.55 12.46+0.94 0.992
*CI 9.75+1.04 11.28+1.72 0.834
*K+ 1.84+0,01 1.84+0.01 0.244
**Fet+ 67.87+7.51 77.54+4.88 0.126
**Mg2+ 73.18+5.05 62.22+4.25 0.092
**CaZt 961.94+40.83 824.46+39.56 0.016
**Cu? 18.75+3.85 13.12+2.30 0.310
**7n2+ 15.66+2.90 8.48+1.26 0.024

*: mg/g tissue, **: ug/g tissue. All elements values were given as mean+standart error and min-max, n: subject number.
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Table 3. The element levels of VC in infants (regardless of their gender) taking birth from mothers of an age group

above and below 35.

Cizelge 3. 35 yas listii ve alt1 annelerden dogan bebeklerde (cinsiyetinden bagimsiz olarak) VK element diizeyleri

Mothers age<35 years

Mothers age>35 years P values

Mothers age<35 years

*Na+ 11.3140.37 (n:37)

*Cl- 9.1240.74 (n:36)

K+ 1.8340.01 (n:39)
** o2+ 76.70+4.95 (n:36)
*¥\[g2+ 68.68+3.21 (n:39)
**k(Ca2t 890.02+31.30 (n:39)
**Cu2+ 16.89+2.49 (n:15)
*kZ 2t 10.67+1.27 (n:23)

12.64+1.04(n:13) 0.167
11.68+1.30(n:11) 0.070
1.85+0.01 (n:13) 0.127
61.83+8.30 (n:12) 0.159
62.24+9.27 (n:13) 0.596
870.92+76.00 (n:13) 0.874
9.95+2.21 (n:8) 0.028
8.70+2.00 (n:11) 0.467

*! mg/g tissue, **: ug/g tissue. All elements values were given as mean+standart error and min-max, n: subject number, #: p<0,05

significance.

Table 4. The element values of VC in infants of nulliparous and multiparous mothers.
Cizelge 4. Nullipar ve multipar annelerin bebeklerinde VC element degerleri

Infants of nulliparous mothers Infants of multiparous mothers P values
*Nat 11.75+0.93 (n:9) 12.15+0.68 (n:41) 0.990
*Cl 8.60+1.77 (n:9) 18.88+1.26 (n:38) 0.267
K+ 1.83+0.01 (n:9) 1.84+0.01 (n:43) 0.510
** o2+ 80.83+11.17 (n:8) 74.00+3.56 (n:40) 0.599
**Mg2+ 58.44+8.72 (n:9) 68.87+3.56 (n:43) 0.280
**(Ca2+ 848.04+78.86 (n:9) 893.06+32.8 (n:43) 0.594
**Zn2+ 6.66+1.30 (n:7) 12.51+1.89 (n:27) 0.088

*: mg/g tissue, **: ug/g tissue. All elements’ values were given as mean + standard error and min-max, n: subject number, #: p<0,05 significance.

DISCUSSION

Each produced material is used for a purpose in
biological organisms. And for this reason, VC has a
protective barrier effect for babies. It protects the deep
surface of the skin from external factors and infections;
moisturizes the skin and contributes to wound healing.
It also facilitates childbirth by providing lubrication
during normal labor (Visscher & Narendran, 2014).
Moreover, it protects the amniotic fluid from
maceration and prevents the loss of fluid and
electrolytes. Looking at the content of VC, it is seen
that it contains 80% water, 10% protein and 10% lipid
in the rest. Meng et al., 2021).

The publications so far have focused particularly on
the analysis of its lipid content. The lipid composition
of VC includes fatty acids in triglycerides form as well
as it contains ceramides, cholesterol, sterol esters, wax
esters, dihydroxy wax esters, squalene, diacylglycerol,
monoacylglycerol and phospholipids (Boiten et al.,
2018).

Mikové et al. (2014) reported that the number of wax
esters and triacylglycerol was higher in newborn girls
than boys when they examined lipid composition
compared to the sexes. This shows that some
structural molecules will be different according to sex.
A similar situation was also observed in Ca+2 and
Zn+2 levels of VC in boy and girl infants in this work.
Also, the same differences seen in Cu+2 elements of VC
of the infants who were born from mothers of age
groups above and below 35 were found statistically
significant. In addition, it was reported that the

hormonal level of the mother affects the chemical
structure of the formation on the skin of the baby
(Mikov4 et al., 2014; Vavrusova et al., 2020).

In one of the studies, it was stated that estrogen has
an accelerating effect and testosterone has a retarding
effect on the formation of the skin barrierlts protein
content is quite diverse and more than two hundred
proteins are mentioned among which the important
ones are enzyme modulators, hydrolyses, proteases,
structural proteins, cytoskeleton-forming proteins,
calcium-binding proteins, and other carrier proteins
and proteins acting on immunity and other signal
molecules (Hanley et al., 1996; Harazim et al., 2018).
When the literature is examined, it is seen that there
are not enough studies on element contents. Therefore,
in this study, it 1s thought that it would be appropriate
to consider the elemental contents of VC such as Na+,
Cl-, K+, Fe+2, Mg+2, Ca+2, Cu+2, Zn+2. When the VC
element levels in male and female infants were
examined, Ca+2 and Zn+2 VC levels in male infants
were lower than in female infants. In addition to this,
it was observed that the Cu+2 level in VC of infants
taking birth from mothers below 35 years of age was
significantly higher than that of infants taking birth
from mothers above 35 years of age. From the obtained
values, it is seen that the level of some elements in VC
varies according to the sex of the child and the age of
the mother. Since there is not enough data to discuss
VC in terms of element levels, further studies on the
element content of VC are recommended as a result of
this study. The increase in water percentage, lipids,
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enzymes, and peptides (e.g., glutamine as a trophic
agent) aids in a neonatal wound and burn to healing.
Therefore, researchers are testing the possibility of
applying similar methods to adult wounds and skin-
grafting of burns with associate layers of a similar
structure as the vernix; moreover, vernix-based topical
creams might demonstrate sufficient potency in
treating epidermal wounds and augmenting stratum
corneum repair and maturation in infants (Bamalan &
Menezes, 2021).

As mentioned in another study, The ceramide
substance prevents the skin from drying out and
protects it from the formation of microbial infections,
and they are essential lipids for the skin barrier
function. Together with free fatty acids and
cholesterol, they form a membranous structure that
superficially surrounds the corneocytes in the stratum
corneum. The level of barrier-forming lipids is
significantly lower than in the stratum corneum, and
the predominant components of vernix caseosa are
apolar lipids. (Schlessinger et al., 2021). This
molecular structure composition prevents and protects
the skin from direct contact with the amniotic fluid
during the fetal period, and facilitates the maturation
of the epidermis. (Harazim et al., 2018; Rissmann et
al., 2006; Youssef et al., 2001)

There are many birth plan variations that a mother-to-
be can choose regarding her pregnancy, it is known
that leaving the vernix caseosa on the newborn skin
immediately after birth and leaving this substance on
the skin of the newborn has health and well-being
benefits. It is known how important it is, especially
when considering the thermal need of newborns and
the risk that may occur if this need is not met (Kusari
et al., 2019). Vernix caseosa, which is formed at 21
weeks of pregnancy, continues to act as a bacteria-
fighting and antimicrobial barrier even after birth. It
helps to prevent possible infections that may occur
after the birth process is completed. (Buyuk et al.,
2021; Qiao et al., 2019). Another important role of this
layer is to maintain the hydration of the newborn. As
it is known, newborn skin is very sensitive and when
exposed to weather conditions without adaptation at
first, cracking of the lips, drying of the skin, and
crusting may occur. It is very important to moisturize
the skin to prevent such situations. (Shamloul &
Khachemoune, 2021). If the vernix does not clear the
caseosa and is left on the baby, the baby's skin can
maintain hydration longer. Improved mother/infant
bonding is also observed, as moist skin better perceives
contact earlier than when the baby is bathed
immediately. Therefore, it can also aid sucking and
breastfeeding abilities. On a closer look at these
attributes, the health benefits and probabilities in risk
and reward associated with vernix caseosa and delayed
bathing may be significant.(Cui et al., 2016; Herman,
2022; Sampah & Hackam, 2020).
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OZET Genetik

Sekonder metabolitlerin triterpenler grubuna ait olan ve bitkiler

tarafindan  sentezlenen skualen (SKU) terpeni, antioksidan, Aragtirma Makalesi
antienflamatuar, antibakteriyel ve antikanserojen 6zellikleri nedeniyle

kozmetik, ilag ve gida endustrisi gibi farklh alanlarda siklikla Makale Tarihgesi
kullanilmaktadir. SKU, alternatif tip yontemlerinde de sahip olduklar: Gelig Tarihi  :14.04.2022
bioaktiviteler nedeniyle tercih edilmektedir. Bu ¢alismada, farkl bircok Kabul Tarihi :20.10.2022

alanda kullanilan ve temas ya da oral yollarla viicuda alinan SKUnun

doz-stiire etkilesimine baghh olarak olast genotoksik etkileri Anahtar Kelimeler

arastirilmistir. Genetik alaninda yapilan arastirmalarda onemli bir

Drosophila melanogaster

model organizma olan Drosophila melanogasterin yabanil ve mutant Genotoksisite
soylar1 kullamilmaktadir. SKUnun genotoksik etkisi somatik mutasyon Somatik mutasyonlar
ve rekombinasyon testi (SMART) ile belirlenmis ve Drosophila Terpenler

melanogasterin multiple wing hair (mwh) ve flare (fIr) mutant soylar:
kullamilmistir. Bu amagla SKU’nun farkli konsantrasyonlarim (50, 100,
200 ve 400 ppm) iceren uygulama gruplarina ait verilerin analizi
dimetilsiilfoksit (DMSO) negatif kontrol grubu ile karsilastirilarak
istatistiki olarak degerlendirilmistir. SMART sonucundan elde edilen
verilere gore; klon indiiksiyon frekansi DMSO kontrol grubunda 0.57
iken bu deger doz artigina bagh olarak 50 ppm i¢in 0.41; 100 ppm i¢in
0.52; 200 ppm i¢in 0.93 ve 400 ppm i¢inde 1.30 olarak belirlenmistir. Klon
induksiyon frekansindaki bu artis SKUnun somatik mutasyonlari
uyardigr ve genotoksik etki sergilediginin gostergesi olarak kabul
edilebilir.

Investigation of the Effect of ‘Squalene’ Triterpene on Somatic Mutations in Drosophila melanogaster
by In vivo Wing Spot Test

ABSTRACT

Squalene (SKU) terpene, which belongs to the triterpenes group of
secondary metabolites and is synthesized by plants, is frequently used in
different fields such as cosmetics, medicine and food industry due to its
antioxidant, anti-inflammatory, antibacterial and anticarcinogenic

Genetic
Research Article

Article History

properties. SKU, are also preferred in alternative medicine methods ‘I‘iecentz:e(; ;3?3383;
because of their bioactivity. In this study, the possible genotoxic effects of cecepte et it
SKU, which is used in many different areas and taken into the body by

1 . . 44 & he dose-ti Keywords
?ontact or oral route, were 1nvest?gate epending on the dose-time Drosophila melanogaster
interaction. Wild and mutant strains of Drosophila melanogaster, an e
important model organism, are used in research in the field of genetics. Somatic mutation
The genotoxic effect of SKU was determined by somatic mutation and e

recombination test (SMART) and multiple wing hair (mwh) and flare
(fIr’) mutant strains of Drosophila melanogaster were used. For this
purpose, the analysis of the data of the application groups containing
different concentrations of SKU (50, 100, 200 and 400 ppm) was
statistically evaluated by comparing them with the dimethylsulfoxide
(DMSO) negative control group. According to the data obtained from the
SMART result; while the clone induction frequency was 0.57 in the
DMSO control group, this value was 0.41 for 50 ppm depending on the
dose increase; 0.52 for 100 ppm; 0.93 for 200 ppm and 1.30 for 400 ppm.
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This increase in clone induction frequency can be considered as an
indication that SKU induces somatic mutations and exhibits genotoxic

effects.

Ataf Sekli: Celik, H., & Uysal, H., (2023) ‘Skualen’ Triterpeninin Somatik Mutasyonlar Uzerine Etkisinin Drosophila
melanogasterde In vivo Kanat Benek Testi Ile Arastirilmasi. KSU Tarim ve Doga Derg 26 (3), 477-486.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1103555

To Cite : Celik, H., & Uysal, H., (2023). Investigation of the Effect of ‘Squalene’ Triterpene on Somatic Mutations in
Drosophila melanogaster by In vivo Wing Spot Test. KSU J. Agric Nat 26 (3), 477-486. https://doi.org/
10.18016/ksutarimdoga.vi. 1103555

GIRIS Sekonder  metabolitler igerisinde  tanimlanan

Bitkiler, canlilar i¢gin temel besin ve oksijen kaynagi
olmasinin yan sira tarihin ¢ok eski devirlerinden beri
cesitli hastaliklara karsi tedavi edici olarak da
kullanilmaktadar. Bitkilerin  tedavi amach
kullanimlarimin  antik c¢aglara dayandigi, Cin,
Hindistan, Mezopotamya, Amerika, Afrika ve Roma
gibi farkli cografyadaki kiiltirlerin, kendi tarihsel
gelisimleri  icerisinde endemik bitkileri farkl
sekillerde uyguladiklar: bilinmektedir (Eichorn &
Evert, 2016). Eski Misir, Yunan ve Roma’da temelleri
atilmis olan Dbitkilerle tedavi yontemleri yuzyillar
boyunca kullanilmis ve gelistirilmistir. 19. ve 20.
yuzyilda bitkisel tedaviye yonelime bagh olarak bitki
bilegsenlerinin sahip olduklari aktiviteler detayli bir
sekilde arastirilmaya baslanmistir (Erdogan, 2012).
Cesitli arastirmacilara gore, sifali bitkiler ya da tibbi
bitkiler olarak da tanimlanan bu tir bitkiler sahip
olduklari bilegenler ile antienflamatuar, antioksidan,
antimutajen gibi farkli bioaktiviteler sergilerler
(Dorman ve ark, 2004; Clark, 2009; Moon ve ark., 2011;
Erdogan, 2012). Etkinlikleri belirlenmis bitki
bilegenlerinin yararh etkilerinden faydalanmak igin
hangi dozlarda kullanilmas:1 gerektigine dair bilgiler
de yapilan bu c¢alismalarda sunulmaktadir. Yine
yapilan incelemeler, tibbi bitkilerde bulunan
fonksiyonel Dbilegenlerin sentetik yollarla elde
edilenlere gore daha etkili oldugunu da gostermistir
(Oztiirk ve ark., 2012).

Ozellikle son yillarda sentetik urtunlerin
kullanimindan uzaklagsmak isteyen kisilerin bioaktif
bilesenlere sahip olan bitkilere ilgilerinin arttig:
goriilmektedir (Dager & Digrak, 2005; Ahiskalioglu,
2007). Bu bitki bilesenleri bitkilerin kok, cicek, yaprak
gibi kisimlarindan elde edilen sekonder
metabolitlerdir ve bulunduklari canlinin yasamsal
iglevleri igin birincil derece iligkili olmamakla birlikte
(Erdem & Eren, 2009) tuzluluk, UV 1sinlari, kuraklik
gibi cevresel stres sartlarina uyum saglamasinda
(Sokmen & Giirel, 2001), yabanci tiirlere kars:
miicadelesinde (Verpoorte ve ark., 1999), bakteriyel ya
da fungal patojenlere kargi gelistirilen savunma
mekanizmalarinda (Osbourn, 1996), tozlasma ve
simbiyotik iligkilerin kurulmasinda rol almaktadirlar
(Briksin, 2000). Bu metabolitler alternatif tip diginda
gida, ilag, kozmetik sanayi gibi farkli endistriyel
alanlarda da kullanilmaktadirlar.

478

bilegenlerin en yaygin olanlarindan birisi terpenlerdir.
Terpenler izopren birimlerinden olusurlar (Sekil 1) ve
icerdikleri izopren birim sayisina gére monoterpen,
seskiterpen, diterpen, triterpen tetraterpen ve
politerpen olarak siniflandirilirlar.

CH,

CH.,

H

Sekil 1. Izopren biriminin yapisi
Figure 1. Structure of the isoprene unit

Sekonder metabolitlerin bu grubu antialerjik,
antioksidan, antienflamatuar, antimikrobiyal,
antikanser ve antidiyare gibi aktiviteleri ile solunum,
sinir, Uriner ve 6zellikle karaciger ile ilgili sindirim

sistemi  hastaliklarinda, viral enfeksiyonlarda,
onkoloji alaninda ve Immun sistemin
gliclendirilmesinde farkh terpenler tercih

edilmektedir (Giicli & Yiiksel, 2017). Hem tibbi olarak
hem de farkli endustriyel alanlarda kullanmilan
Skualen (SKU) metaboliti alt1 izopren biriminden
(C30Hs0) olusan bir triterpendir (Sekil 2). SKU,
amarant ¢icegi, zeytin, bugday tohumu, pirin¢ kepegi
gibi farkl urin gruplarindan bitkisel kokenli olarak
elde edilebildigi gibi kopekbalig1 karaciger yaginda da
bulunmaktadir. Farkli arastirmacilara gore, SKU
antibakteriyel (Gupta ve ark., 2009),
antihiperglisemik (Edwin ve ark., 2006), antifungal
(Alanis-Garza ve ark., 2007), analjezik,
antienflamatuar (Elumalai ve ark., 2012), antioksidan
ve noéroprotektif (Rani ve ark., 2012) etkilere sahiptir.
Ancak terpenlerin bu aktivitelerinden
faydalanilabilmesi amaciyla hazirlanan tibbi ¢ay,
standardize edilmis surup, tablet, kapsiil draje,
pomad, krem, sampuan, sabun olarak piyasada
bulunan drinlerin bilingli ve uygun dozlarda
kullanilmasi gerekmektedir.

Aksi takdirde istenmeyen durumlarla
karsilagilabilecegi de gesitli aragtirmacilar tarafindan
bildirilmistir (Calixto, 2000; Valerio & Gonzales,
2005). Uriinlerin iceriginde bulunan farkl bitkisel
bilegsenlerin alerjik reaksiyon, mide rahatsizliklar1 ve
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bag agris1 gibi bir takim yan etkilere sebep olabilecegi,
kigiler tarafindan kullanilan ilaglarla etkilegebilecegi,
ayrica surekli kullanim durumunda doz agimina baglh
olarak terpenlerin toksik hatta genotoksik etkili
oldugu da daha o6nce yapilan g¢alismalarla ortaya
konulmustur (Morton ve ark., 1995; Shah ve ark.,
1996; Saltan, 2012). Benzeri olumsuz etkiler SKU
triterpeni  i¢gin de = gozlenmig ve  ylksek
konsantrasyonlarda akut toksisiteye sebep oldugu
Huang ve ark. (2009) tarafindan gézlenmistir.

Sekil 2. Skualenin kimyasal yapisi
Figure 2. Chemical structure of squalene

Oldukga genis bir sgekilde endiistriyel alanda ve
alternatif tip yontemlerinde tercih edilen terpenlerin
olumsuz  bioaktivitelerinin  bulunduguna  dair
bilgilerden yola ¢ikilarak, model bir organizma olan D.
melanogasterde SKUnun genotoksik etkili
olup/olmadigi Somatik Mutasyon ve Rekombinasyon
Testi (SMART) ile arastirilmigtir.

MATERYAL ve METOD
Kullanilan Kimyasal Maddeler

Calismada genotoksik etkilerinin belirlenmesi icin
kullanilan SKU triterpeni (2,6,10,15,19,23
hekzametil-2,6,10,14,18,22-tetrakosaheksaen, Cas No:
111-02-4), SKU’'nun c¢oziiciisii olan dimetil siilfoksit
(DMSO: % 99.5, CAS No. 67-68-5) ile mutajenik etkili
olan ve genotoksisite calismalarinda pozitif kontrol
olarak tercih edilen etil metansiilfonat (EMS: CAS
No0.62-50-0) Sigma-Aldrich Sirketimden (St Louis,
Missouri, ABD), Drosophila Instant Medium (DIM,
Formiil 4-24) ise Carolina Biyolojik Tedarik
Sirketi'nden (2700 York Road, Burlington, ABD) satin
alinmigtir. Calisma kapsaminda Standart Drosophila
besiyeri (SDB) ile kanat preparatlarinin hazirlanmasi
ve ergin bireylerin eterizasyonu i¢in kullanilan agar
agar, dietil eter, propionik asit, gliserol, kloral hidrat,
arap zamki, entellan, etil alkol gibi kimyasal maddeler
de yine Sigma-Aldrich (St Louis, MO, USA)
sirketinden temin edilmigtir.

Kullanilan Drosophila Soylar

Mendel genetigi alaninda siirdiiriilen genotoksisite
calismalari, farkli model organizmalar ile
yapilmaktadir. Bu organizmalarin en 6nemlilerinden
birisi olan D. melanogaster Meigen, 1830 (meyve/sirke
sinegi) Atatiirk Universitesi, Fen Fakiiltesi, Biyoloji
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Bolimiu, Genetik Arastirma Laboratuvari’nda uzun
yillardan beri kendilestirilmis genetik olarak
homozigot, hi¢cbir mutant karakter tagimayan yabanil
bir laboratuvar stogudur. Bu calismada kullanilan
mutant soylar ise D). melanogasterin normal
metabolik aktiviteye sahip multiple wing hair (mwh)
ile flare (fIr9) soylaridir ve diger yabanil soylar gibi
Genetik Arastirma Laboratuvarinda uzun yillardan
beri kendilestirilerek yasatilmaktadir. mwh mutant
soyunda bulunan mwh resesif geni, III. kromozomun
telomere yakin kisminda (3-0.3) bulunmaktadir. 7r?
geni de yine III. kromozomda sentromere yakin (3-
38.8) yer almaktadir ve bu gen homozigot resesif
durumda embriyoda letaliteye sebep oldugu i¢in ergin
bireyler olusamamaktadir. f7r¥ geninin embriyonik
letal etkisinden dengeleyici bir kromozom olan TM3
kromozomu ile heterozigotluk saglanarak
korunulmakta ve embriyonun kanat imajinal
disklerinden mutant kanat hiicrelerinin gelisimi
saglanmaktadir. Ayrica dengeleyici T™3
kromozomunda bulunan BdS geni, mutant bireyin
kanat kenarlarinin testere disi seklinde fenotip
gostermesine neden olmaktadir. Fenotipik olarak
yuvarlak-kirmizi gézli, uzun kanatli ve kahverengi
viicutlu olan mutant soylarda (Sekil 3a ve 3b) resesif
belirleyici genler kanat killarimin (trikom) seklinde
degisiklige sebep olmaktadir. mwh geni, fenotipte
normal kanat (Sekil 3a) ve hiicre basina bir kanat kil
yerine coklu kanat killarini olustururken (Sekil 4a) fr?
geni sineklerin testere disi seklinde kanatlara (Sekil
3b) ve kanatlarindaki normal, diiz ve uzun killar
yerine koérelmis, amorfik kil (Sekil 4b) olusmasina
sebep olmaktadir (Graf ve ark., 1998).

Somatik Mutasyon ve Rekombinasyon Testinin
Yapilis1 (SMART)

Bu test i¢in 6ncelikle mwh ve fIr® mutant turlerine ait
erkek ve disi bireylerin sayisimi artirmak i¢in 6n

caprazlamalar  yapilmistir. Hazirlanan  kultir
siselerine fIrive mwh tirleri ayr1 ayr1 konulmus ve
caprazlamalar gercgeklestirilmistir. Caprazlamalar

sonucunda metamorfozu tamamlayan 1-3 gunlik
(72+4 saatlik) aym yash fIr’ ve mwh ergin bireyleri,
4’er saatlik periyotlar halinde hentliz c¢iftlesmeden
toplanmigtir. Daha sonra g¢alisma kapsaminda
kullanilacak olan trans-heterozigot larvalarin elde
edilmesi i¢in 40 f7r? disi ve 40 mwh erkek kullanilarak
yeni ¢aprazlamalar yapilmigtir.

SMART i¢in de iki farkh deney seti hazirlanmigtar. Ilk
deney setinde SKU’nun ¢6ziiclisii olan %1’lik DMSO ve
distile suyla hazirlanan negatif kontrol gruplari ile etil
metansiilfonat (1 ppm EMS) pozitif kontrol grubu
bulunmaktadir. Diger deney seti ise farkl
konsantrasyonlarda SKU iceren (50, 100, 200 ve 400
ppm) uygulama gruplaridir. Yapilan 6n denemelerde
50 ppm’den daha dusiik uygulamalarda genotoksik
etki gozlenmezken 400 ppm’den yiksek
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uygulamalarda larvalarin yagsama orani1 dustigi i¢in
kanat preparat1 hazirlayacak kadar ergin birey elde
edilememigstir. Bu nedenle 50 ppm’den daha disik ve
400 ppm’den daha yiiksek konsantrasyonlar ile
calisilamamigtir. Kontrol ve uygulama gruplarina ait
kultiir sigselerine, 100’er Uglincii evre trans-heterozigot
larva konulmus ve larvalar baskalagimlarim

tamamlayip ergin birey haline gelinceye kadar
1sitmali-sogutmali  etiivlerde muhafaza edilmigtir.
Larvalardan hayat devrini tamamlayip ergin hale
gelen bireyler normal kanath ve serrat kanatl ayrimi
yapilarak toplanmis ve kanat preparatlarinin
hazirlanmasi i¢cin %70’lik etil alkol iceren ependorf
tupleri icerisinde +4°C’de muhafaza edilmigtir.

a

b

t ¢t

Sekil 3a. mwh genotipli bireylerde normal kanat yapisi, b. fIr genotipli bireylerde testere disi kanat yapis1 (10x40)
Figure 3a. Normal wing structure in individuals with mwh genotype, b. Sawtooth wing structure in individuals

with fIr? genotype (10x40)

Sekil 4a. mwh genotipli bireylerde ¢oklu kanat killar: (10x100), b. fIr’ genotipli bireylerde koérelmis ve amorfik

kanat killar: (10x40)

Figure 4a. Multiple wing hairs in individuals with the mwh genotype (10x100), b. Amorphous wing hairs in

individuals with fIr3 genotype (10x40)

Daha sonra ergin sinekler g¢ukur lamda faure
soliisyonuna alinarak binokiiler mikroskop altinda
ince uc¢lu pensler ile onlara ait kanatlar vicuda
baglandigi yerden ayrilarak kanat preparatlar
hazirlanmigtir. Her bir bireyin kanatlar1 ciftler
halinde yan yana gelecek sekilde lam tizerinde belirli
araliklarla dizilmis ve lam tizerine ortalama 80 adet
kanat yerlestirildikten sonra preparatlar bir giin
kurumaya birakilmigtir. Kuruyan preparatlara bir iki
damla entellan damlatilarak tzerlerine lamel
kapatilip daimi preparatlar hazirlanmigtir. Tim
preparatlar Boeco marka digital kamerali trinokiiler
151k mikroskobu ile incelenmis ve belirlenen mutant
hiicre klonlar1 tekli ve ikili benekler seklinde
gruplandirilmistir. SMART yénteminden elde edilen
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sonuglarin istatistiksel analizi de Microsta bilgisayar
programi ile yapilmigtir. Microsta ile hesaplanan
orijinal ve alternatif hipotezlerin sonuglari, Frei &
Wiirgler (1988)'in coklu karar prosediiriine gére
degerlendirilmistir.

BULGULAR

Calisma kapsaminda hem uygulama hem de pozitif ve
negatif kontrol gruplarina ait preparatlar incelenerek
mutant klonlarin tipleri ve sayilar1 kayit altina
alinmigtir. Gozlenen mutant klonlar mwh fenotipinde
kiigiik tek tip (KTT) (Sekil 5), fIr’ veya mwh
fenotipinde biiyiik tek tip (BTT) (Sekil 6) ve hem mwh
hem de fIr? hiicrelerini birlikte igeren ikiz klonlardir
(Sekil 7).
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Sekil 5. Kiguk tek tip mwh mutant klonlarin m1kroskoptak1 goriniimii (10x40)
Figure 5. Microscopic view of small single mwh mutant clones (10x40)

Sekil 6. Buytik tek tip me mutant klonlarin mikroskoptaki gorinimu (10x40)
Figure 6. Microscopic view of large single mwh mutant clones (10x40)

Sekil 7: Tkiz mutant klonlarin mikroskoptaki gériniimi (10x40)
Figure 7. Microscopic view of twin mutant clones (10x40)

Yapilan incelemelerde distile su ve DMSO negatif sayisinda artig gozlenmistir ve bu sonuglar negatif
kontrol gruplarinda sirasiyla 8 ve 9 KTT, DMSO kontrol gruplarina ait sonuglar ile karsilastirildig:
kontrol grubunda ise yalmizca 2 BTT go6zlenirken hig zaman aradaki fark istatistiki olarak p<0.05
ikiz klon gbézlenmemistir. Distile su ve DMSO negatif diizeyinde 6nemlidir (Cizelge 1).

kontrol gruplarinda KTT ve BTT, ikiz, toplam ¥ mwh SKU’nun uygulama gruplarina ait veriler ise DMSO

ve X klon 1i¢in gozlenen degerler Dbirbiriyle negatif kontrol grubu ile karsilagtirilmigtir. SKU nun
karsilastirildign zaman sonug¢ istatistiki olarak ya en disik uygulama gruplar: olan 50 ve 100 ppm’de
negatif (-) ya da énemsiz (i) etkili bulunmustur. EMS normal kanat fenotipi i¢in sirasiyla 8 KTT ve 10 KTT
pozitif kontrol grubunda ise tim mutant klonlarin klon gbzlenmisg ve yine sirasiyla ¥ klon frekanslar: 0.10
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ve 0.12 olarak bulunmustur. Bu iki uygulama grubuna
ait verilerin istatistiksel analiz sonuglar1 p>0.05
diizeyinde negatif (-) ya da énemsiz etkili (i)’dir. Diger
bir uygulama grubu olan 200 ppm’de 17 KTT, 1 BTT
klon olmak tizere toplam 18 mutant klon goriilmuistiir.
En yiuksek uygulama grubu olan 400 ppm’de ise
toplamda 25 mutant klon incelenmis olup ve bu
klonlarin 21’1 KTT, 3’ BTT ve 1 tanesi de ikiz klondur.

200 ve 400 ppm uygulama gruplarinin X klon
frekanslar1 ise swrasiyla 0.22 ve 0.31 olarak

belirlenmigtir. 200 ppm uygulama grubuna ait veriler,
DMSO kontrol grubu ile kargilagtirildigr zaman KTT,
BTT ve X mwh icin aradaki fark énemsiz (i) etkili
olarak  degerlendirilmistir (p<0.05). 400 ppm
uygulama grubuna ait KTT ve ¥ mwh klon sonuclar:
DMSO kontrol grubu ile karsilagtirildigi zaman ise
aradaki fark pozitif etkili (+) bulunmustur. En diisiik
uygulama grubu olan 50 ppm’de KIF degeri 0.41 olup
artan konsantrasyona bagh olarak bu deger 400
ppm’de 1.30’a kadar yiikselmistir (Cizelge 1).

Cizelge 1. Skualen uygulama gruplarina ait SMART bulgular: ve istatistiki analiz sonuglar:
Table 1. SMART findings and statistical analysis results of squalene application groups

Klon
Kontrol ve nat KTT klon BTT klon Ikiz klon Y. mwh klon Y klon indiiksiyon
frek
uygulama  say (m=2) (m=5) (m =5) (m=2) (m =2 rekanst
gruplar 181 (KiF)
(ppm)
No Fr. D No Fr. D No Fr. D No Fr. D No Fr. D
(mwh/fir3) Normal kanat
Distile su 80 8 0.10) 0 (0.00) 0 (0.00) 8  (0.10) 8 0.10) 0.41
DMSO (%1) 80 9 011 i 2 0.02 i 0 (0.00) 11 (.13 i 11 (.13 i 0.57
EMS(1ppm) 80 24 (0300 + 8 0.10 i 6 0.07 + 32 (0400 + 38 (047 + 1.97
50 ppm 80 8 0100 i o0 (0.00) 0 (0.00) 8 (0100 i 8 0.10) i 0.41
100 ppm 80 10 (012 i 0 (0.00) 0 (0.00) 10 (.12 i 10 (0.12) i 0.52
200 ppm 80 17 (21 i 1 001 i o0 (0.00) 18 (022 i 18 (0.22) i 0.93
400 ppm 80 21 (026 + 3 0.03) i 1 001 i 24 (030 + 25 (0.31) + 1.30
(mwh/TM3) Serrat kanat
Distile su 80 7 (0.08) 0 (0.00) 7  (0.08) 7 (0.08) 0.36
DMSO (%1) 80 8 01y i 1 (0D i o 9 (1D i 9 (011 1 0.46
Dengeleyici
EMS(1 ppm) 80 19 04 + 10 (012 + TMS3 29 (036 + 29 (0.36) + 1.51
kromozomu
50 ppm 80 4 (0.05) 0 (0.00) varhgmda £ 4  (0.05) 4 (0.05) 0.20
100 ppm 80 7 0.089 i 0 (0.00) mutasyonu 7 08 i 7 0.08) i 0.36
gbzlenmez.
200 ppm 80 8 0.100 i o0 (0.00) 8 (010 i 8 0.100 i 0.41
400 ppm 80 11 (.13) i 0 (0.00) 11 (.13 i 11 (.13 i 0.57

KTT: kii¢iik tek tip, BTT: bliyiik tek tip, No: mutant klon sayisi, Fr: mutasyon frekansi, , +: pozitif, -: negatif, i: 6nemsiz, m: tesir faktoru.

Uygulama gruplarinin serrat kanat fenotipine ait
veriler incelendiginde mutant klon sayisinda kontrol
gruplarina kiyasla anlamh bir artis olmadigi
gozlenmigtir. Soyle ki; en disiik uygulama grubu olan
50 ppm’de yalnmizca 4 KTT klon, en yiuksek uygulama
grubu olan 400 ppm’de ise 11 KTT klon gortilmiistiir.
Uygulama gruplarinin hig birisinde BTT
gozlenmemisgtir. Uygulama gruplar: ile DMSO kontrol
gruplar1 arasindaki fark KTT, £ mwh klon ve ¥ klon
bakimindan énemsiz etkili 1) bulunmustur (Cizelge 1).
Konsantrasyon artigina bagh olarak her ne kadar
mutant klon sayisinda bir artig olsa da tiim uygulama
gruplarina ait KTT, BTT klon tiplerinde sonuglar
negatif (-) ya da énemsiz etkili (i) olarak bulunmustur.
Serrat kanat fenotipine ait KIF degerleri ise sirasiyla
0.20; 0.36; 0.41 ve 0.57'dir (Cizelge 1).
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TARTISMA

Sekonder metabolitlerin bir grubu olan terpenler,
farkli bitkilerden dogal olarak elde edilip hem bilimsel
hem de ekonomik yonden degerlendirilmektedir.
Terpenler ilag hammaddesi ve pigment olarak
eczacilikta, katki maddesi, lezzet verici ve boya olarak
gida  Uretiminde, pestisit olarak ziraat ve
hayvancilikta, renk ve koku verici madde olarak
kozmetik sektériinde (Hammer ve ark., 1999;
Mouhssen, 2004), farkh bioaktivitelerine gére de
diyabet, damar tikanikligi, alzheimer, kanser gibi
oksidatif stres kaynakli hastaliklarin tedavisinde
yaygin olarak kullamilmaktadirlar (Kirbag & Bagci,
2000; Arica, 2017). Ancak terpenlerin doz-siire
etkilesimine dikkat edilmeden, onerilen miktarlarin
disinda kullanimlarina baglh olarak toksik, genotoksik
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ve mutajenik etkili olabilecegi de bir¢ok arastirmaci
tarafindan bildirilmistir (Stammati ve ark., 1999; Ipek
ve ark., 2005). Litsea cubeba (dag biberi)’nin icermis
oldugu neral, geranial, sitral ve limonen gibi
metabolitler farelere oral olarak, deri ve solunum
yoluyla uygulandiginda mikroniikleus olusumuna ve
kromozomal aberasyonlara sebep olmustur (Luo ve
ark., 2005). Maymun hiicrelerine uygulanan kafur,
okaliptol ve tujon terpenlerinin apoptoza,terpinen
metabolitinin DNA kirilmalarina ve metil 6jenoliin de
sicanlarda karaciger, akciger, mesane, kemik 1iligi ya
da bobrek dokusunda DNA hasarina neden oldugu
gosterilmistir (Ding ve ark., 2011). Monoterpenler
grubuna ait olan ve bogmaca, ¢ksurik, sinir sistemi
zafiyeti, romatizma ve bagirsak hastaliklarina kars:
ozellikle cay olarak kullanmilan timol ve karvakrol
metabolitlerinin sigan kemik iligi hiicrelerinde yapisal
ve sayisal kromozom anormalliklerini uyardiklar:1 ve
mitotik indeksi doza baglh olarak azalttiklari tespit
edilmistir (Azirak & Renclizogullary, 2008). Yine
Biiyiikleyla ve Renciizogullar: (2009), timoliin yapisal
kromozomal anormalliklerini, kardes kromatid
degisimlerini ve mikronikleus olusumunu uyardigini,
ayn1 zamanda replikasyon indeksini ve mitotik indeksi
azaltarak sitotoksisiteye neden oldugunu bildirmigtir.

Dianthus caryophyllus (karanfil), Thymus vulgaris
(kekik), Cinnamomum verum (tarcin) ve Zingiber
officinale (zencefil) gibi bitkilere ait timol, gingerol,
6jenol, mirsen, metil 6jenol terpenlerinin képek kemik
iligi mezenkimal hiicreleri ve enterosit hiicrelerinde
(ince bagirsak mukozasinin epitelinde bulunan emme
hiicreleri) toksik etki sergiledigi Ortega ve ark. (2016)
tarafindan gésterilmigtir. Benzeri toksik etkiler 6jenol,
beta-karyofilen, metil 06jenol ve humulen gibi
terpenlerin, insanlar tarafindan kullanimlarina (8-10
ml) bagh olarak karaciger yetmezligi seklinde
gozlenmistir (Eisen ve ark., 2004). Tibbi ve
farmakolojik olarak g¢esitli uygulamalarda kullanilan
Artemisia absinthium (pelin otu) bitkisine ait tujon,
timol, pinen, karyofilen gibi  metabolitlerin
Saccharomyces cerevisiae D7 susunda mutajenik ve
toksik etkili oldugu ayrica mitokondriyal DNA’da
mutasyona sebep oldugu da Bakkali ve ark. (2005)
tarafindan  bildirilmistir. Timolin fare beyin
asetilkolinesteraz (AChE) enzimi iizerinde 6nemli bir
artisa neden oldugu, 6zellikle 20 ve 40 mg/kg timol
uygulanan farelerde sodyum-potasyum pompas1 (Na*,
K+, ATPaz) aktivitesinin inhibe edildigi de
belirlenmistir (Baldissera ve ark., 2018).

Diterpenlerin bir ¢esidi olan dehidroabietik asit,
baliklarda karaciger fonksiyon bozuklugu, hemoliz ve
sarilia neden olmustur (Bushnell ve ark., 1985).
Dehidroabietik asit ve abietik asitin olasi 6mir
uzunlugu ve gelisim toksisitesi lizerine etkilerinin
arastirildigr bir bagska ¢alismada, bu metabolitlerin
artan konsantrasyona bagh olarak (0.25-8 mg/L)
Daphnia manga Straus,1820 (su piresi)’da hayatta
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kalma stiresini kisalttigi, akut ve kronik toksisite
geligtirdigi ve ayrica total vicut buytikliginde
kiiciilmenin meydana geldigi gézlenmistir (Kamaya ve
ark., 2005). Diger bir diterpen cesidi olan retinoliin
yiksek konsantrasyonlarda tiiketilmesi sonucu
karacigerde enfeksiyon ve tiumoér olugsumu gibi
metabolik bozukluklara neden oldugu Rajoshok ve
Sumathi (2015) tarafindan gosterilmistir. Yapilan bir
baska ¢alismada da retinol ve abietik asitin toksik etki
gostererek D. melanogasterin disi ve erkek
poptilasyonlarinin yasam stiresini kisalttigi
belirlenmistir (Uysal & Orung, 2018; Celik & Uysal,
2020).

Bircok saglik ve kozmetik triinlerinde dogal bir
bilesen olarak kullanilan guazilen ve azulen
seskiterpenlerinin Salmonella typhimurium’da
mutajenik oldugu Struwe ve ark. (2011) tarafindan
bildirilmistir. Guazilenin doz-siire etkilesimine bagh
olarak D. melanogasterin  disi ve  erkek
poptilasyonlarinda o6miir uzunlugunu kisalttigr ve
somatik mutasyonlar1 uyararak genotoksik etki
gosterdigi (Celik & Uysal, 2019), yine guazilen ile
abietik asitin insan lenfosit  hiicrelerinde
mikroniikleus frekansinda artisa neden olduklari ve
konsantrasyon artigina bagh olarak sitotoksik ve
genotoksik aktivite sergiledikleri de tespit edilmigtir
(Celik & Uysal, 2020). Edwars ve ark. (2016),
astaksantin tetraterpeninin artan konsantrasyonuna
bagl olarak (40, 200, 1000 mg) disi farelerde iyi huylu,
hepatoseliiler adenom oraninda artisa neden oldugunu
gostermislerdir. Azqueta ve Collins (2012) tarafindan
yapilan farkli bir calismada da astaksantin ve
zeaksantin terpenlerinin pro-oksidan aktivite ile
yuksek konsantrasyonlarda insan periferal
hiicrelerinde, fare, sican, beagle kopekleri ve bir cesit
kemirgen olan gerbil (Pachyuromys duprasi Lataste,
1880)’de DNA hasarina neden olduklar: gézlenmistir.

Yapilan tiim bu ¢alismalarda ortak gorus, farkli grup
terpenlerin artan konsatrasyonu ve kullanim
sliresinin, oksidatif stresi ve genotoksik etkiyi uyardig:
yoniindedir (Chang ve ark., 2014). Viicut icerisinde
bulunan ve canli dokularda kontrolli ve stiirekli olarak

uretilen oksijen radikalleri 1ile antioksidanlarin
normal dizeyde tutulabilmesi i¢in antioksidan
savunma sistemleri bulunmaktadir. Diger bircok

canlida oldugu gibi Drosophilada da katalaz,
stiperoksit dismutaz, indirgenmig glutatyon, glutatyon
rediktaz gibi antioksidan enzimleri oksidanlar
nétralize etmede yetersiz kaldiginda,
oksidan/antioksidan arasindaki denge oksidanlarin
lehine bozulmaktadir. Ortaya ¢ikan bu durum da
oksidatif stres olarak tanimlanan doku hasarina yol
acmaktadir. Clarkson ve Thompson (2000)a gére,
lipit, protein, karbonhidrat ve niikleik asit gibi
makromolekiillerde meydana gelen reaksiyonel
hasarlar oksidatif strese sebep olmaktadir. Hicre
yapisinda serbest radikallerin neden oldugu lipit
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peroksidasyonu sonucunda baglayan ve birbirini takip
eden zincirleme reaksiyonlar ile organizmada olugsan
hasarlar, hiicresel diizeyde DNA mutasyonlarina ve
ilerleyen strecte kanser ve genetik hastaliklara yol
acabilmektedir (Marnett, 2002). Serbest radikallerden
etkilenebilen diger bir grup ise proteinlerdir.
Aminoasitlerde meydana gelen yanhs baglanma ve
yanlis katlanmalar DNA mutasyonlarina, baz
modifikasyonlarina, RNA’da yanhs kodlama ve yanlig
eklemelere neden olabilmektedir (Davies & Goldberg,
1987).

SMART testinde gozlenen tek tip klonlar DNA’da
nokta mutasyon, delesyon, translokasyon, kromozom
kayb1 ya da kromozom ayrilmamasi ve mitotik
rekombinasyon, ikiz klonlar ise sadece mitotik
rekombinasyon ile olusmaktadar. “Farkl
konsantrasyonlarda SKU’ya maruz kalan trans-
heterozigot larvalarin imajinal disk hiicre gruplarinda
farklh genetik mekanizmalardan kaynaklanan KTT,
BTT ve ikiz klonlar, oksidatif stres sonucu indiiklenen
somatik  mutasyonlarin  fenotipe yansimasidir”
diyebiliriz. Bize gore, “bu ¢alismada SKU terpeninin
konsantrasyon artig, metabolik yolaklarda
bozukluklara ve hasar birikimine neden olarak
somatik hiucrelerde genotoksik aktiviteye dayal
mutant klonlarin olusumunu indiiklemistir”. Sunulan
bu calismadan elde edilen tum veriler, hicre
béliinmesi sirasinda SKU terpeninin genomik stabilite
icin ket vurucu ajan oldugunu ve Kkromozomal
aberasyonlara yol agtigini géstermektedir. Uygulama
gruplarina ait %KIF oranlarinda kontrol gruplarina
gore gozlenen artis bizim bu goérusimiuzi destekler
niteliktedir (Cizelge 1).
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lancifolium by using two different methods with various solvents. These
extracts tested against 14 Gram-positive and Gram-negative bacterial
strains by microdilution method. As a result, in the concentration range
from 80 pg ml1 to 0.15625 pg mli1, the extracts of Bupleurum
lancifolium did not have antibacterial effect against test bacteria.

OZET Mikrobiyoloji
Insanoglu ge¢misten giintimiize kadar birgok tibbi bitkiyi hastaliklardan
korunmak ve hastaliklarin tedavisi amaciyla yaygin bir sekilde Aragtirma Makalesi
kullanmigtir. Gunumiizde antibiyotikler enfeksiyonlara karsi siklikla
kullanilmaktadir. Bu yiizden mikroorganizmalar antibiyotiklere karsi Makale Tarihgesi
diren¢ kazanmiglardir. Bunun sonucu olarak antibiyotik direngliligi Gelig Tarihi  :25.05.2022
onemli bir saghk sorunu haline gelmistir. Antibiyotik direngliligi ile ilgili Kabul Tarihi :10.10.2022
problemin ¢6ziimi i¢in en etkili yol tibbi 6zellikleri ¢caligilan bitkilerdir.
Bitkilerin kok, govde, yaprak, cicek, meyve, tohum gibi g¢esitli Anahtar Kelimeler
kisimlarindan farkli metotlarla elde edilen aktif maddelerinin Antibakteriyel aktivite
antimikrobiyal aktivitelerini belirlemeye ihtiya¢ duyulmaktadir. Bu Bupleurum
calismada, Bupleurum lancifoliun? un kok ve toprak ustii kistmlarindan Ekstrakt
cesitli ¢oziiculer ile iki farkli metot kullanilarak ekstraktlar hazirlandi. Mikrodiliisyon
Bu ekstraktlar mikrodiliisyon metoduyla 14 adet Gram-pozitif ve Gram-
negatif bakteri suslarina karsi test edildi. Sonuc¢ olarak Bupleurum
lancifolium’ un ekstraktlar1 80 pg mL1’den 0.15625 ug mlL-1’ye kadar
olan konsantrasyon araliginda test bakterilerine karsi antibakteriyel
etki gostermedi.
Investigation of Antibacterial Effect of Bupleurum lancifolium Hornem.
ABSTRACT Microbiology
Humanbeingswidely used several medicinal plants for the purpose of
protection from illness and treatment of diseases from past to present Research Article
time. Nowadays, antibiotics are often used against infections. Thus, . .
microorganisms have developed resistance against antibiotics. As a Artlc.le Hlstory.
result, the antibiotic resistancy has become an important health problem. Received ) 25.05.2022
In order to solve the problems that are related to antibiotics resistancy, Accepted +10.10.2022
plants with medicinal properties have been studied intensively. We are Kevwords
aware that it is improtant to determine the antimicrobial activities of A - . e o
. . . . ntibacterial activity
active substances obtained by different methods from various parts of Buplenrum
plants such as roots, steems, leaves, flowers, fruits and seeds. In this Extract
study, extracts were prepared from root and aerial parts of Bupleurum Microdilution
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Bitkisel droglarda tedavi agisindan etkisi olmayan
seliiloz, nisasta, pektin, protein ve seker gibi
bilesiklerin yani sira etken madde adi verilen ve ¢ok
disiik miktarlarda bile farmakolojik agidan etkili
bilesikler de bulunmaktadir. Bitkilerin kék, yaprak,
cicek, meyve ve tohum gibi farkli organlarinda

ucucu yaglar, sabit yaglar, organik asitler, regineli
bilegikler, tanenler, vitaminler ve antibiyotiklerdir
(Baytop, 1999).

Turkiye’de halk arasinda c¢ay, baharat ve tedavi
amaciyla kullanilan bitkiler, ayn1 amagla tim
diinyada yillardan beri kullanilmaktadir. Bakterilerde
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gelisen antibiyotik direncliligine ragmen
antimikrobiyal etkiye sahip bitkisel Girtinlere kars: bir
diren¢ durumu séz konusu degildir (Toroglu & Cenet,
2006).

Bakterilerde yayilan antibiyotik direncinden dolay1
tibbi bitkilerin, ilaglara alternatif olarak kullanilmasi
tavsiye edilmektedir (Abascal & Yarnell, 2002).

Saf etkili bilesiklere kiyasla bitkisel droglarin efektif
dozlar ile letal dozlarinin arasindaki mesafenin genis
olmasindan dolayr bitkisel droglardan kaynakli
zehirlenme ile 6lim ihtimali saf etken maddelere
kiyasla oldukg¢a distiktiir. Bu durum bitkilerin tedavi
amaciyla halk arasindaki  kullanimlarinmi  da
arttirmaktadir (Baytop, 1999).

Bupleurum cinsine ait birkac tiiriin kokleri (Cin’de
Chaihu, Japonya’da Saiko, Kore'de Shiho), Asya
ulkelerindeki geleneksel hekimlikte atesin eslik ettigi
soguk alginligi, grip, hepatit, iltihap, sitma ve menopoz
sendromlarinda 2000 yildir kullanilmaktadir. 2000 y1l
once Cin’de yayinlanan “Shen-Nong’s Herbal” adh
kitapta Chaihu’dan ategli hastaliklarin tedavisindeki
en iyi ilac olarak bahsedilmistir (Pan, 2006).

Geleneksel Cin tibbinda Bupleurum tiirleri bilhassa
atesli enfeksiyonlar, karaciger sorunlari, hemoroid ve
hazimsizlik olmak tzere pek ¢ok saglik probleminde
kullanilmaktadir (Bensky ve ark., 1993).

Bupleurum lancifolium tiri, halk arasinda “Tavsan
kulagi, Sivri tavsan kulagi, Seytankurusu” isimleriyle
bilinmektedir (Anonim, 2006; Yildizbakan ve ark.,
2011; Anonim, 2021a).

Gunumiuzde pek ¢ok hastaligin tedavisinde tibbi
bitkilerin destekleyici, 6nleyici etkisi her gecen giin

onem kazanmakta ve bu konuda arastirmalar
yapilmaktadir. Bupleurum cinsinin birgok tiri de
deneylerle kanitlanan gesitli etkileriyle tibbi bitkiler
arasindaki yerini almistir. Bupleurum lancifolium
tirinin insan ve hayvanlarda hastalik olugsturan bazi
patojen bakteri tirlerine karsi antibakteriyel
aktivitelerini belirledigimiz bu ¢alisma, antibakteriyel
aktivite konusunda yapilan diger calismalara da katki
saglayacaktir.

MATERYAL ve METOD
Bitki materyali

Calismada kullanilan Bupleurum turi Apiaceae
familyasina ait, kkeni Akdeniz olan ¢igekli bir bitki
taruduar. 50 em’ye kadar boylanabilen, tiysiiz, mumlu
govdesinin ¢evresinde tabandan birlesen yapraklar:
bulunan bir bitkidir. Yapraklar1 koyu yesil, oval,
cansiz, mumlu ve takribi 3-10 cm boyundadir. Semsiye
seklinde olan ¢icek durumunun farkli uzunluklarda
olan bir ¢i¢cek sapi bulunmaktadir. Cicek durumunu
genig, yuvarlak, oval bazen de nokta seklinde olan
kii¢iik yaprakeiklar kusatmistir (Anonim, 2021b). Tek
yillik, taban kismindan dalli, dik goéruntsli ve
yikselen dallidir. Kiigiik tiirleri ise dik gorinusli ve
dallanmamastir. Bitkinin yapraklar: dar, diizgin, oval
ve konik apikulat tipte, alt yapraklar1 ise perfoliat
tiptedir. Yaprak sap1 3-10 cm’dir (Davis, 1972).

Calismada kullanilan B. lancifolium tiri Karaman-
Ermenek, Ermenek-Kazanci yolu, yol girisinden (1125
m) toplanmistir. Bitki &rnekleri ZY-1001-KNYA
seklinde numaralandirilarak herbaryumda
saklanmistir (Sekil 1).

Sekil 1. B. lancifolium bitkisi
Figure 1. B. lancifolium plant

Bakteriler

Calismada kullanilan bitki tirinin antibakteriyel
aktivitesinin belirlenmesinde kullanilan bakteriler,
bilhassa insanlar ve hayvanlarda farklh hastaliklara
neden olan bakteriler arasindan sec¢ilmis olup, calisma

14 standart bakteri susu ile gergeklestirilmigtir.
Calismada kullanilan suslar; Bacillus cereus ATCC
11778, Enterobacter sakazakii ATCC 51329,
FEscherichia coli ATCC 3166, Escherichia coli ATCC
25922, Escherichia coli ATCC 25923, Escherichia coli
ATCC 29988, Proteus mirabilis ATCC 43071,
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Pseudomonas aeruginosa ATCC 15442, Pseudomonas
aeruginosa ATCC 29853, Pseudomonas fluorescens
ATCC 49642, Staphylococcus aureus ATCC 6538,
Staphylococcus aureus ATCC 25923, Staphylococcus
aureus ATCC 29213, Streptococcus salivarius RSHE
606’ tur.

Ekstrelerin hazirlanig:

Ekstrelerin  hazirlanmasinda iki farkli metot
uygulanmigtir. Birinci metotta bazi modifikasyonlarla
birlikte, Giicin & Tamer (1986) tarafindan bildirilen
yontemden faydalanilmistir. Toplanan bitki
orneklerinin kék ve toprak tstii kisimlari ayrilarak
uygun sartlarda kurutulmus, aseptik kosullarda
mekanik bir pargalayici yardimiyla toz haline
getirilmistir. Toz haldeki 20 g materyal soxhlet
cihazinda kloroform icerisinde 8 saat sure ile
ekstraksiyon islemine tabi tutulmustur. Stire sonunda
ekstraksiyon fazi ayrilarak materyal tamamen
kurutulduktan sonra ekstraksiyon iglemi aym
prosedir ile etil asetat, aseton, etanol ve metanol
¢ozgenleri 1ile gercgeklestirilmistir. Elde edilen
ekstrelerin 40°C’nin altindaki bir sicaklik derecesinde
ve dugsik basing altinda Rotary evaporatorde
¢ozlculerinin tamamen ucurulmasi saglanmis ve
ekstreler toz hale getirilmistir. Elde edilenen ekstreler
%25'lik Dimetil siilfoksit (DMSO) ile coézdiiriilerek,
antibakteriyel aktivite éncesinde 0.45 pm capindaki
miliporfiltrelerden  gecirilerek  steril  olmalar:
saglanmagtir.

Ekstrelerin hazirlanmasindaki ikinci metot ise soguk
ekstraksiyon yontemidir. Bu yonteme goére uygun
sekilde kurutulan ve toz hale getirilen kék ve toprak
usti kisimlar:i 20 g olacak sekilde tartilmigtir. 20 g
materyal, oda 1s1sinda, manyetik karistiricada 200 mL
kloroform ile ve 8 saat siire ile ekstraksiyon igslemine
tabi tutulmustur. Sire sonunda karisim filtre
kagidindan suziilerek materyalin tamamen kurumasi
saglanmigtir. Ekstraksiyon iglemi ayni prosedur ile
etil asetat, aseton, etanol ve metanol ¢ozlcileri i¢gin de
gerceklestirilmistir. Rotary evaporatorde ekstrelerin
cozlculeri tamamen ucurularak ekstreler toz hale
getirilmigtir. Toz haldeki ekstreler %25’lik Dimetil
siilfoksit (DMSO) ile c¢o6zdiiriilerek, antibakteriyel

aktivite oncesinde 0.45 um capindaki
miliporfiltrelerden  gegirilerek  steril  olmalarn
saglanmigtir.

Antibakteriyel aktivitenin belirlenmesi

Bitki 6rneginin kok ve toprak tsti kisimlarindan iki
farkli yontemle elde edilen ekstrelerin antibakteriyel
aktivitelerinin belirlenmesinde mikrodiliisyon
yéntemi (Koneman ve ark., 1997; Zgoda & Porter,
2001) kullanilmigtir. Aktivite calismasinda besiyeri
olarak Mueller Hinton Broth kullanilmigtir.
Mikrotitrasyon plaklarinda bitki ekstrelerinin 80 pg
mL1’den 0.15625 ug mL1ye kadar seri
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konsantrasyonlari elde edilmigtir. Bakteri
stispansiyonlar1 densitometre’de Mc Farland 0.5
yogunlukta olacak sekilde ayarlanmigtir.
Mikrotitrasyon plaklarinin son iki kuyucugu negatif ve
pozitif kontrol amaciyla kullanilmigstir. Bakteri
stspansiyonundan negatif kontrol gozii hari¢ olmak
uzere tim kuyucuklara 100°er pl ilave edilmigtir.
Kontrol antibiyotigi olarak ise kloramfenikol
kullanilmigtir. Mikrotitrasyon plaklar: 37°C’de 24 saat
sire ile inkiibasyona birakilmigtir. Inkiibasyon
sonunda test kuyucuklarinda vizuel olarak tireme

bulanikligi  kontrolleri yapilmistir. Denemeler 3
tekrarh yapilmigtir.
BULGULAR ve TARTISMA

Calisma materyali olan B. lancifoliumun kok ve
toprak Usti kisimlarindan iki farkli metotla
hazirlanan kloroform, etil asetat, aseton, etanol ve
metanol ekstrelerinin test mikroorganizmalarina
karsi olan antibakteriyel aktivitelerinin
belirlenmesinde kullanilan mikrodiliisyon metodunda
kullanilan konsantrasyon araliginda (80 pg mL'1 -

0.15625 pg mL1), herhangi bir antibakteriyel
aktiviteleri bulunmadigi i¢cin MIK (Minimum
Inhibisyon Konsantrasyonu) degerleri de

belirlenememigtir. Sonuglara ait bir 6rnek Cizelge 1.
ve Sekil 2.’de gosterilmigtir.

Shafaghat (2011) Iran’dan toplanan B. lancifolium
bitkisinin yaprak ve tohumlarindan metanol ¢ézgeni
ile soxhlet cihazinda yapilan ekstraksiyon ile elde
edilen ekstrenin 7 bakteri ve 3 mantar lizerine olan
antimikrobiyal aktivitesini disk diftizyon metodu ile
belirledigi ¢alismada, metanol ekstresinin bizim de
¢alismada kullanilan £. coli ATCC 25922 ve S. aureus
ATCC 25923 suglarina karsi orta derecede bir
antimikrobiyal aktiviteye sahip oldugunu bildirmigstir.

Jaradat ve ark. (2017) Filistin'den topladiklar1 B.
lancifolium bitkisinin toprak tusti kisimlarindan
maserasyon metodu ile mheksan, aseton, metanol ve
su ekstrelerini hazirlayarak 5 bakteri susuna karsi
antimikrobiyal aktivitelerini belirlemiglerdir.
Yaptiklar: bu ¢alismada, aseton ekstresinin bizimde
¢alismada kullanilan S. aureus ATCC 25923 susuna
karsi inhibe edici aktivitesinin bulunmadigimi, sulu
ekstre ile heksan ekstresinin MIK degerinin 6.25 mg
mL1, metanol ekstresinin MIiK degerinin ise 12.5 mg
mL1 oldugunu belirtmiglerdir. Aynmi ¢alismada, kendi
calismada da kullanilan F. coli ATCC 25922 susuna
karsi heksan ekstresinin inhibe edici aktivitesinin
bulunmadigini, su ve metanol ekstrelerinin MIK
degerinin 6.25 mg mL'1, aseton ekstresinin ise MIK
degerinin 25 mg mI1 oldugunu bildirmislerdir.

Apiaceae familyas1 Uyelerinden birkag o6nemli tir
disindakilerin ¢ogunlukla ¢ok gii¢lii bir antimikrobiyal
aktiviteye sahip olmadiklar1 gézlenmektedir. Cok
gligli antimikrobiyal aktiviteye sahip olmamalarinin
nedeni, familyaya dahil olan bitkilerin alkoloitler
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acisindan ¢ok zengin olmamalarindan kaynaklandig: diger familyalara kiyasla c¢ok yaygin olmamasi
belirtilmigtir. Bu durum Apiaceae familyasi durumunu da aciklamaktadir (French, 1971).

bitkilerinin halk arasinda ilag¢ olarak kullanimlarinin

Cizelge 1. B. lancifolium toprak Usti ekstrelerinin Pseudomonas aeruginosa ATCC 15442 bakterisine karsi
antibakteriyel etkisi
Table 1. Antibacterial effect of B. lancifolium aerial extracts against Pseudomonas aeruginosa ATCC 15442
bacteria

-: inhibisyon var, + : inhibisyon yok, A: Kloroform ekstresi, B: Etilasetat ekstresi, C:Aseton ekstresi, D: Etanol ekstresi, E:
Metanol ekstresi, 1-10: B. lancifolium toprak tistii ekstrelerinin 80 pg mI1 - 0.15625 ng mL 1 konsantrasyon araligi, 11: Pozitif
kontrol, 12. Negatif kontrol

Sekil 2. B. lancifolium toprak tusti ekstrelerinin Pseudomonas aeruginosa ATCC 15442 bakterisine kars:
antibakteriyel etkisi (mikrodiliisyon metodu)
Figure 2. Antibacterial effect of B. lancifolium aerial extracts against Pseudomonas aeruginosa ATCC 15442
bacteria (microdilution method)
A: Kloroform ekstresi, B: Etilasetat ekstresi, C:Aseton ekstresi, D: Etanol ekstresi, E: Metanol ekstresi, 1-10: B.
lancifolium toprak ustl ekstrelerinin 80 pg mL1 - 0.15625 pg mL-1 konsantrasyon araligi, 11: Pozitif kontrol 12.
Negatif kontrol
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Bitki yaglarmin antimikrobiyal etkileri ile ilgili ~ TESEKKUR )

yapilan  c¢aligsmalar, gesitli  bitki  yaglariin Bu calisma, Selcuk Universitesi Bilimsel Arastirma
antimikrobiyal etkilerinin farkh oldugunu Projeleri  Koordinatérligii tarafindan 10201017

gostermektedir. Ortaya g¢ikan bu farkhiligin bitkinin
kimyasal kompozisyonundan, ¢aligmalarda kullanilan
mikroorganizma tiirlerinden, ekstraksiyon iglemi
yapiliyorsa ekstraksiyon metodundaki farkliliklar ve
ekstraksiyonda kullanilan ¢ozucllerden
kaynaklanabilecegi bildirilmektedir (Diilger ve ark.,
1999).

Antimikrobiyal aktivite 1ile ilgili c¢alismalarda
sonuclarin birbirleriyle karsilastirilmasi ve tam olarak
bir uyumun yakalanmasi oldukg¢a zor olabilmektedir.
Bu durumun en énemli nedeni olarak antimikrobiyal
aktivite ile ilgili ¢alismalarda kullanilan yéntemlerin
belli bir standardizasyona baglanmayip calismayi

yuriten kisiden kisiye degismesi olarak
gosterilmektedir (Iscan ve ark., 2002).

SONUC ve ONERILER

Yapilan bu ¢alisma ile B. Jancifolium tirinin kok ve
toprak Ustii  kisimlarindan iki farkli metot

uygulanarak kloroform, etil asetat, aseton, etanol ve
metanol ekstreleri hazirlanmig ve ekstrelerin 14
bakteri susu iizerine olan antibakteriyel aktiviteleri

belirlenmigtir.  Elde edilen  ekstrelerin  test
mikroorganizmalarina karsi mikrodiliisyon
metodunda kullanilan konsantrasyon araliginda
antibakteriyel aktiviteye sahip olmadig1
belirlenmigtir.

Antimikrobiyal aktivite ile ilgili ¢aligmalarda ayni
bitkiye ait farkli sonuc¢larin elde edilmesinin sebepleri
arasinda, bitkilerin genotipik ozellikleri, yetistikleri
cografik bolgeler, bu cografik bélgelere ait iklimsel
ozellikler ve toplanma tarihlerindeki farkhliklar,
ekstraksiyon metotlarinin farkl olmasi, calismalarda
kullanilan ekstrelerin bitkilerin farkli kisimlarindan
hazirlanmis olmasi, bitkilerin kimyasal yapilarinda
bulunan bilesiklerin birbirleri tizerine olan olumlu-
olumsuz etkileri olarak sayilabilir.

Daha sonra yapilacak olan c¢alismalar, Bupleurum
cinsine ait diger turlerin farkl bakteri suslar: tizerine
olan antibakteriyel aktivitelerinin belirlenmesi ve bir
kiyaslanmanin yapilmasi gseklinde planlanabilir. Ayni
zamanda bir antimikrobiyal aktivite belirlenirse,
tirlerin kimyasal bilesimlerinin ortaya konulmasiyla
antimikrobiyal aktiviteden sorumlu etken maddelerin
belirlenmesi mumkin olacaktir. Bitki bilesiminde
bulunan maddeler ayristirilarak, bu maddelerin
antimikrobiyal aktiviteleri ayr1 ayri belirlenebilir.
Cunku Dbitkilerin bilesiminde bulunan maddeler

birbirleriyle farklh etkilegsimlere girerek
antimikrobiyal aktivitenin ortaya ¢ikmasi yada
citkmamasinda rol oynayabilirler. FElde edilen

sonuglardan eczacilik alaninda yararlanilabilir.
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numarali proje kapsaminda desteklenmistir ve Selguk
Universitesi, Fen Bilimleri Enstitiisii  Biyoloji
Anabilim Dalinda, Zeynep ALATAS tarafindan
tamamlanan ylksek lisans tezinden uretilmistir. Bu
calisma, 10-12 Mayis 2018 tarihlerinde Konya’da
gerceklestirilen 1st International Congress on Plant
Biology (IConPB 2018) Kongresinde sozlii bildiri
olarak sunulmus ve kongre kitapgiginda oOzeti
yayimlanmigtir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Bu ¢alismanin planlanmasi ve dizayni1 M.A. tarafindan
yapilmistir. Calismaya ait materyallerin saglanmasi
ve laboratuvar ¢alismalarinin yuritilmesi Z.A., M.A.
ve H.T.S. tarafindan gergeklestirilmistir. Tim
yazarlar makalenin yazimina katkida
bulunmusglardir.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT Moleculer Biology
Microalgae are considered as an ample source of bioactive compounds.
These wide variety of chemicals possess promising potential to translate Research Article
into drug candidates. Hence, the aim of this study is to determine : :
potential anti-cancer effects of Spirulina platensis microalgae extract Artlc.le H1story.
against endometrial cancer cells. The selective cytotoxic effect and Received 205'05'2022
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and the change in gene expression levels of apoptosis-related Bad, Poly- Peserstiss

ADP Ribose Polymerase-1 (PARP1), p53, Aktl and caspase-3 signaling
proteins were determined. ECV304 human umbilical vein endothelial cell
line was used for a control cell line. Cytotoxic effects of 500 pg mL-1 of S.
platensis microalgae extract on Ishikawa and ECV304 cells were
determined as 43+4.87 % and 22+1.87 % respectively. In order to
delineate specific compounds in the extract, GC-MS analysis was further
conducted and seven major compounds revealed to be abundantly
present. Since DNA fragmentation induced by S. platensis extract might
be related interaction of GC-MS identified compounds with PARP1, an in
silico analysis was further implemented. Results indicated the presence
of a possible PARP1 inhibitory mechanism contributing to the apoptotic
response. In conclusion, a possible link between a specific compound
found in S. platensis microalgae extract and the cytotoxicity in
endometrial cells was formed through combining in vitro and in silico
approaches. The result of these approaches has contributed to the
identification of potential anti-cancer compound candidates found in S.
platensis microalgae extract.
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conducted and seven major compounds revealed to be abundantly
present. Since DNA fragmentation induced by S. platensis extract might
be related interaction of GC-MS identified compounds with PARP1, an in
silico analysis was further implemented. Results indicated the presence
of a possible PARP1 inhibitory mechanism contributing to the apoptotic
response. In conclusion, a possible link between a specific compound
found in S platensis microalgae extract and the cytotoxicity in
endometrial cells was formed through combining in vitro and in silico

approaches. The result of these approaches

has contributed to the

identification of potential anti-cancer compound candidates found in S.

platensis microalgae extract.
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INTRODUCTION

Endometrial carcinoma causes about 90,000 deaths of
women each year in worldwide in 2018 (Zhang at al.,
2019). Endometrial Cancers (ECs) are separated into
estrogen-dependent, equably or highly differentiated
type 1 (80% of all cases), and estrogen independent,
poorly differentiated type 2 (Hevir-Kene et al., 2015).
Estrogen-dependent “ECs” are associated with
prolonged exposure to estrogens of exogenous or
endogenous origin that is not antagonized by synthetic
progestins or progesterone (Hevir-Kene et al., 2015).
The underlying mechanism of leading cause of EC is
not clear, and treatment options for patients with EC
in advanced stages are limited. Thus, novel candidate
drugs are in need for treatment of this particular type
of cancer (Del Carmen et al., 2011).

Microalgae, different chemical and biological
compounds important because of its ability to produce
are organisms. Vitamins, pigments, proteins,
minerals, lipid and polysaccharides are the main
products obtained. Compared to other living sources
algae, especially unsaturated fatty acids (PUFA),
gamma linoleic acid (GLA), allophycocyanin, c-
phycocyanin, such as myxoxanthophyll and
zeaxanthin very rich in pigments. Spirulina platensis
is blue-green a filamentous, spiral-shaped algae. S.
platensis in cosmetics, medicine, human and animal
food widely used in various industries (Koru and Cirik,
2003).

Microalgae species could be considered as a potent
source of anti-cancer drug candidates due
tremendeously high concentration of bioactive
compounds (Atasever-Arslan et al., 2022). Thus, this
work was planned to investigate the anti-cancer
potential of S. platensis microalgae extract on
endometrial cancer cells. First, presence of cytotoxicity
and apoptosis, as well as related intracellular
signaling targets were investigated. Based on results
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obtained, the compounds present in the microalgae
extract that were possibly responsible for the apoptotic
effect, were identified. At the final phase, in order to
understand the mechanism underlying the apoptotic
response to S. platensis microalgae extract, in silico
docking and molecular dynamics studies were
conducted for the interaction between PARP1 and the
compounds found in S. p/atensis microalgae extract.

In addition, the essential oils of S. platensis were

analyzed with Gas Chromatography-Mass
Spectrometry.
MATERIALS and METHODS

Mammalian Cell Cultures

To analyze cytotoxic potential of S. platensis
microalgae extract on endometrial cancer cells,
Ishikawa endometrial cancer cell line was used. At the
same time, ECV304 human umbilical vein endothelial
cell line that presenting many features of endothelial
cells, was used for a non-cancerous cellular model
(Suda et al., 2011).

DMEM medium (HyClone, 16777-133) content was
prepared as recommended by Pirildar et al., 2010. All
incubations were applied in a humidified atmosphere
containing 5% COz at 37°C. For experimental protocol,
ECV304 and Ishikawa cells were detached by 0.5% (v
v'1) Trypsin-EDTA solution (Sigma, T3924), washed
with Phosphate-Buffered saline two times and
resuspended in DMEM medium at 5X105 cells mL!
density.

Cytotoxicity Assay

To determine the cytotoxic effect of S. platensis
microalgae extract on Ishikawa cells was by using
MTT (3-(4,5 dimethylthiazol-2yl)-2,5-diphenyl
tetrazolium bromide) (Sigma, M-5655) assay (Pirildar
et al., 2010; Seker-Karatoprak et al., 2022).
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Aqueous concentrations of S. platensis microalgae
extract were prepared as 5000, 500, 100, 50, and 10 png
mL1. For experiments, cell suspension (90 pl) was
dispensed into 96-well round-bottom plates containing
10 pL of microalgae extract dilutions. In this way, the
last concentrations of S. platensis microalgae extract
were adjusted to 500, 50, 10, 5, 1 pg mL, respectively
(Atasever-Arslan et al., 2016). Medium (10 pL) without
adding microalgae extracts were used as negative
control, while medium consisting of only cells and only
extract were solely used as controls for blank optical
density (OD) measurements. Further steps of the MTT
test were performed according to the protocol
recommended by Pirildar et al. (Pirildar et al., 2010)
OD of each well was measured on a “Bio-Rad
Benchmark Microplate Reader” (Philadelphia, USA).
The cytotoxicity test was repeated 6 times. Index of
cytotoxicity was calculated with the formula below:

Cytotoxicity index= 1-[OD wells)/ OD

wells)] X100

(treated (control

DNA Fragmentation Assay

To investigate apoptotic effect of S. platensis
microalgae extract, DNA fragmentation assay was
used. Ishikawa cells were incubated for 24 hours with
S.platensis extract while control groups were
incubated with only medium. After 24 hours, cells were
taken to eppendorf and the DNA Fragmentation Assay
protocols recommended by Arslan et al. and Kaya et al.
were performed (Kaya et al., 2016; Arslan et al., 2017).
Isolated DNAs were run on 2% agarose gel for 400
minutes with 100V and viewed under laminator (Kaya
et al., 2016; Arslan et al., 2017).

Spirulina platensis Culture and Extraction Procedure

S. platensis (UTEX Collection Culture No #LB2340,
Cyanophyceae, Texas, USA) was cultivated in
Zarrouk’s Medium. Instructions for preparing the
culture media were retrieved from the “University of
Texas at Austin (UTEX)” culture collection of algae. .S.
platensis was extracted by using pure methanol prior
to bead-beater homogenization. Methanolic extract
was evaporated by a rotavapor and was further
dissolved in methanol using an ultrasonic bath, and
filtered just before the cytotoxicity tests.

Gas Chromatography-Mass Spectrometry (GC-MS)
Analysis

Using a “Shimadzu gas chromatograph (QP5050, NY,
USA), equipped with a Rtx®-5MS column (30 mx0.25
mm ID, 0.10 pm film thickness”, essential oils of S.
platensis were analyzed. For a carrier gas nitrogen was
used (average flow rate, 1 mL min!). The protocol
recommended by Atasever-Arslan et al. was used for
GC-MS analysis (Atasever-Arslan et al., 2016).
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Identification of Components

To identificate of oil constituents, “National Institute
Standards and Technology (NIST) Library” was used.
Component relative percentages were calculated based
on GC peak areas without using correction factors
(Atasever-Arslan et al., 2015; Atasever-Arslan et al.,
2016).

Real-Time PCR (q-PCR)

“Roche LightCycler® FastStart DNA Master SYBR
Green I Kit” manifacturer’s procedure was used for q-
PCR test. We examined expression profiles of p53, Bad,
Caspase-3, PARP and Aktl genes. Gene expression
was evaluated by relative quantification normalized to
b-actin gene.

Detailed Protocol Used for in silico Analysis

The docking and complex selection was done as
previously described (Atasever-Arslan et al., 2016). We
docked five different compounds found in S. platensis
microalgae extract, octadecanoic acid (Chemspider ID:
5091), hexadecanoic acid methyl ester (Chemspider ID:
7889), octadecanoic acid methyl ester (Chemspider ID:
7909), triethyl orthoacetate (Chemspider ID: 59606)
and thiosemicarbazide (Chemspider ID: 2005980) to
the active site of PARP1 (PDB ID: 1WOK) (Iwashita et
al., 2005). Experimentally shown inhibitor of PARP1,
3-(4-Chlorophenyl)-5-quinoxalinecarboxamide
(Chemspider ID: 571257) was also docked to the active
site of PARP1 (Ala 760, Asp 766, GIn 759, Glu 763, Glu
988, Gly 863, Ser 904, Tyr 889, Tyr 896, and Tyr 907)
and was used as the positive control (PC) (Iwashita et
al., 2005). The Auto Dock Tools package was employed
to generate the docking input files of PARP1, five
different compounds found in S. platensis microalgae
extract and the positive control inhibitor. Before
docking, PARP1 structure (PDB ID: 1WOK) was
energy minimized as follows the protocol the described
by Atasever-Arslan et al., 2016. For all other
compounds, ligand pose oriented in the active site of
PARP1, with the highest predicted binding affinity
was selected and used for molecular dynamics
simulations. Parameter and topology for each
compound and positive control inhibitor were prepared
using The CHARMM General Force Field (CGenFF)
(Vanommeslaeghe et al., 2010; Yu et al., 2012
Vanommeslaeghe and MacKerell, 2012;
Vanommeslaeghe et al., 2012). Molecular dynamics
(MD) simulations were implemented using six complex
structures. As the positive control, 3-(4-Chlorophenyl)-
5-quinoxalinecarboxamide-PARP1 complex was used
in MD simulations.

All complexes, composed of ~35000 atoms were placgd
in water boxes with dimensions of 75x65x75 A3
respectively. Then all systems were ionized to a
neutral state. The resulting systems were used in MD
simulations using the NAMD program (Phillips et al.,
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2005) with the CHARMM 22 parameters (MacKerell
et al., 1998; Brooks, et al., 2009) which contained
correction map for backbone atoms (Feig et al., 2003;
MacKerell et al., 2004). Water molecules within the
system were treated explicitly using the TIP3P model
(Jorgensen et al., 1983). An isothermal—isobaric (NpT)
ensemble was used in molecular dynamics simulations
with periodic boundary conditions, and the long-range
Coulomb interactions were computed using the
particle-mesh Ewald algorithm. Pressure was
maintained at 1 atm and temperature was maintained
at 310 K using the Langevin pressure and temperature
coupling. A time step of 2 fs was used in all MD
simulations. The systems were fully energy minimized
in 20,000 steps and carefully equilibrated under
constant temperature and volume for 0.5 ns. Then they
were heated gradually from 10 K to 310 K in 30 ps
before production runs. The production were lasted for
5 ns and repeated two times. Visual molecular
dynamics (VMD) (Humphrey et al., 1996) was used for
the analysis of trajectories and the visualization of
structures. Stability analysis of each complex was done
through calculation of the root mean square
displacements (RMSD) of backbone atoms of each
protein molecule, excluding hydrogens. Distance from
center of mass of each compound to the center of mass
of the active site of PARP1 was calculated in all
complexes and compared to that of positive control in
order select compound that reside in active site of
PARP1 similar to positive control. Furthermore,
distances vs. distance distribution analysis of the
distances measured were also analyzed in order select
the most plausible candidate that possibly acts as
PARP1 inhibitor.

Statistical Analysis

For statistical analysis, “Statistical Package for the
Social Sciences (SPSS) Software” was used. Results
were expressed as the mean + standard deviation (SD).
Statistical differences were assessed by Student’s
unpaired t-test, with p < 0.05 as statistically
significant.

RESULTS and DISCUSSION

Spirulina platensis Extract’s Cytotoxic Activity on
Ishikawa Endometrial Cancer Cells

Initially, cytotoxic effect of S. platensis microalgae
extract on Ishikawa cells and ECV304 endothelial cell
were investigated by MTT colorimetric assay. For this
purpose, Ishikawa cell line was treated with different
concentrations (500, 50, 10, 5, 1 pg mL1) of S. platensis
microalgae extract. Results pointed out selectively
elevated cytotoxicity of .S. platensis microalgae extract
on Ishikawa endometrial adenocarcinoma cell line,
compared with non-cancerous cell line (Figure 1). More
specifically, at 500 pg mL! concentration, S. platensis
microalgae extract displayed 43+4.87 % cytotoxic
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activity on Ishikawa cells while same dose of the
extract showed 22+1.87 % cytotoxic activity on non-
cancerous ECV304 endothelial cells.
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Concentrations of Spirulina platensis Extracts (pg/ml)

Figure 1. S. platensis extract’s cytotoxic activity against
Ishikawa and ECV304. The cytotoxicity test
was repeated 6 times for every concentration
of S. platensis microalgae extracts. A
statistically significant cytotoxic effect of S.
platensis extract against Ishikawa
endometrial cancer cells was shown at 500,
50, 10, 5 pg mL! concentrations (p<0.05).

Sekil 1. S. platensis ekstresinin Ishikawa ve
ECV304'e  karsi  sitotoksik  aktivitesi.

Sitotoksisite testi, S. platensis mikroalg
ekstraktlarinin her konsantrasyonu igin 6 kez
tekrarlanmigstir. S. platensis ekstraktinin
Ishikawa endometrial kanser hiicrelerine
kars1 istatistiksel olarak anlamli sitotoksik
etkisi 500, 50, 10, 5 ug mL?
konsantrasyonlarinda gésterilmistir (p<0.05).

Similar results that confirm the observations could
also be found in the literature. C-phycocyanin isolated
from S. platensis microalgae extract has been shown to
suppress colon carcinogenesis (Saini et al., 2014). Also
anti-proliferative effect of S. platensis microalgae
extract on pancreatic cancer cells has been previously
discussed (Konickova et al., 2014). Another study
demonstrated the anti-viral effect of S.platensis
extracts (Kok et al., 2011). Overall, the results clearly
indicated that chemical constituents of S. platensis
microalgae extract may be responsible for its highly
selective cytotoxic effect on Ishikawa cells, in depth
analyses for understanding  possible DNA
fragmentation, composition of the extract and changes
in expression of genetic marker, were conducted at the
next steps.

Apoptotic Activity of Spirulina platensis Extract on
Ishikawa Cells

Since selective cytotoxicity of S. platensis extract was
evidently present in Ishikawa cells, potential extract
induced apoptotic activity was examined at the next
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step. In order to reveal apoptotic activity of .S. platensis
microalgae extract on Ishikawa endometrial cancer
cells, DNA fragmentation assay was utilized since
fragmented DNA is a widely established hallmark of
apoptosis. For implementation of the assay, Ishikawa
cells were treated with S. platensis microalgae extract
for 24 hours and Ishikawa cells treated with only
medium were used as negative control. Genomic DNA
stability of Ishikawa cells incubated with S. platensis
microalgae extract was compared with genomic DNA
stability of control cells under same conditions. Results
indicated an increased apoptotic DNA fragmentation
in Ishikawa cells which were incubated with S.
platensis microalgae extract, validating results
obtained from cytotoxicity analysis (Figure 2).

DNA fragmentation, a hallmark of apoptosis,
induced by S. platensis microalgae extract in
Ishikawa cells. DNA fragmentation was
repeated 3 times; a representative gel picture
is shown.

Ishikawa hiicrelerinde S. platensis mikroalg
ekstresi tarafindan indiiklenen, apoptozun
ayirt edici ozelligi olan DNA par¢alanmasi.
DNA parcalanmasi 8 kez tekrarlandr’ temsili
bir jel resmi gosterilmektedir.

Figure 2.

Sekil 2.

Determination of The Essential Oil Composition of
Spirulina platensis Extract

Next, the essential oil content of S. platensis
microalgae extract was investigated to reveal
potentially responsible compound for the apperant
evidence on cytotoxicity and DNA fragmentation. GC-
MS analysis was utilized to determine the compounds
of S. platensis microalgae extract’s essential oils. Table
1 exhibits the percentage composition of S. platensis’
essential oils of the extract, which consists of 42
compounds.

Out of 42, the seven main compounds found
predominantly are given below: “Octadecanoic acid,
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methyl ester (40.67 %), hexadecanoic acid, methyl
ester (Cas) methyl palmitate (17.83 %), 9,12-
octadecatrienoic acid (Z, Z)-, methyl ester, (8.45 %),
hydrazinecarbothioamide (3.75 %), ethane, 1,1,1-
triethoxy- (CAS) Triethyl orthoacetate (5.53 %), 6,9,12-
octadecatrienoic acid, methyl ester (CAS) methyl
6,9,12-octadecatrienoate (4.72 %), octadecanoic acid
(4.32 %)”. Same or similar compounds to the ones
identified in this study, has shown wide variety of
biological activity in different biological systems.
Takeara et al., 2008 showed that Didemnum
psammatodes extract including “Methyl myristate,
methyl palmitate, methyl stearate, palmitic acid and
stearic acid” has cytotoxic activity against human
leukemia cells. Octadecanoic acid identified as one the
main compounds found in extracts of the algea is a
saturated fatty acid with an 18-carbon chain and also
defined as stearic acid. Khan et al., 2013 showed that
steraic acid, as an ester derivative, inhibits the growth
of human breast cancer cells. In another study, it was
shown that Salvia verbenaca including hexadecanoic
acid as the main constituent, inhibited the growth of
human melanoma cell line M14 cells (Russo et al.,
2015).

The other compounds that were also detected in
significant amounts (above 1%) were listed as follows:
“9-hexadecenoic acid, methyl ester, (Z)-, I-(+)-ascorbic
acid 2,6-dihexadecanoate, benzenepropanoic acid, 3,5-
bis(1,1-dimethylethyl)-4-hydroxy-, octadecyl ester,
phenol, 2,4-bis (1,1-dimethylethyl)- (CAS), p-dioxane-
2,3-diol”.

Some other fatty acid derivatives such as
“Hexadecanoic acid, octadecenoic acid, L-(+)-ascorbic
acid 2, 6-dihexadecanoate”, isolated from S. glomerata,
were shown to control pathogenic bacteria, fungus,
virus and anti-tumor activities (Karthikeyan et al.,
2014). In another study in the literature, MDA-MB-
231 cancer cells treated with Vallaris glabra leaf
extract which contains stearic acid displayed an
apoptotic effect (Wong et al., 2014). He and colleagues
found that Zanthoxylum nitidum including
“Spathuleno, n-hexadecanoic acid, ar-tumerone, oleic
acid and hexanoic acid” did not displayed any cytotoxic
activity against human liver cancer Huh-7 and normal
IEC-6 cells. Wei and colleagues (Wei et al., 2011)
demonstrated that Peperomia pellucida leaf extract
including “2-naphthalenol, decahydro-, Hexadecanoic
acid, methyl ester and 9,12-Octadecadienoic acid (Z, Z)-
, methyl ester (17.61%)” as major compounds has drug
potential in breast cancer treatment. Cytotoxicicity of
the essential oils might have differences depending on
the characteristics of cancerous cells.

These results clearly demonstrated that Spirulina
platensis microalgae extract contained various types of
bioactive compounds including fatty acids that could
have roles attributable to the cytotoxic effect and DNA
fragmentation presented in endometrial cancer cells.
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Thus, antagonistic or synergistic relationship among with intracellular signaling proteins that could lead to
the essential oils should be investigated in future cytotoxicity and DNA fragmentation, expression of
studies. Nevertheless, in order to deleneate which genetic markers were evaluated and further in silico
constituent of the extract is responsbile for interacting modelling was conducted based on the data obtained.

Table 1. Chemical compounds (in %) of essential oils of Spirulina platensis
Tablo 1. Spirulina platensis'in ucucu yaglarinin kimyasal bilesikleri (%)

Compounds rt S. platensis (%)
p-Dioxane-2,3-diol 3.293 1.8
Phenol, 2,4-bis(1,1-dimethylethyl)- (CAS) 11.123 2.3
Hydrazinecarbothioamide 3.450 5.23
3,3-Dimethoxy-2-butanone 4.283 0.13
Oxime-, methoxy-phenyl-_ 4.917 0.43
Ethane, 1,1,1-triethoxy- (CAS) Triethyl orthoacetate 5.867 5.53
1-Tetradecene 10.018 0.53
Hexadecanoic acid, methyl ester (CAS) Methyl palmitate 14.162 17.83
1-Hexadecene (CAS) Cetene 11.710 0.23
Propanoic  acid, 2-methyl-,  1-(1,1-dimethylethyl)-2-methyl-1,3-

propanediyl ester (CAS) 11.842 0.54
di(Butoxyethyl)adipate 12.295 0.28
Heptadecane 12.535 0.23
1-Hexadecene (CAS) Cetene 13.218 0.40
Tetradecanal (CAS) Myristaldehyde 13.433 0.14
1,2-Benzenedicarboxylic acid, butyl 8-methylnonyl ester 13.867 0.16
9-Hexadecenoic acid, methyl ester, (Z)- 14.037 3.75
Tetradecanoic acid, methyl ester (CAS) Methyl myristate 12.737 0.72
1-(+)-Ascorbic acid 2,6-dihexadecanoate 14.398 3.83
Heptadecanoic acid, methyl ester (CAS) Methyl heptadecanoate 14.858 0.93
6,9,12-Octadecatrienocic acid, methyl ester (CAS) methyl 6,9,12-

octadecatrienoate 15.323 4.72
9,12-Octadecadienoic acid (Z,Z)-, methyl ester 15.433 8.45
Octadecanoic acid, methyl ester 15.658 40.67
Octadecanoic acid 15.947 4.32
Tetradecanamide 16.186 0.89
7,10,13-Eicosatrienoic acid, methyl ester 16.994 0.01
11,13-Eicosadienoic acid, methyl ester (CAS) Methyl 11,13-

Eicosadienoate 17.117 0.21
Eicosanoic acid, methyl ester (CAS) Arachidic acid methyl ester 17.304 0.74
Tetratriacontane 17.814 0.56
13-Docosenamide, (Z)- 17.670 0.27
Heneicosane 18.487 0.56
Docosanoic acid, methyl ester 18.701 0.82
1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester 18.929 0.18
Pentacosane 19.133 0.83
Eicosanoic acid, 2,3-bis[(trimethylsilyl)oxylpropyl ester 19.238 0.42
Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-,

octadecyl ester 19.656 2.49
Tetracontane 19.806 0.66
Tetracosanoic acid, methyl ester (CAS) Methyl lignocerate 20.056 041
Pentatriacontane 20.537 0.67
Eicosanoic acid, 2,3-bis[(trimethylsilyl)oxylpropyl ester (CAS) 20.633 0.78
2,6,10,14,18,22-Tetracosahexaene, 2,6,10,15,19,23-hexamethyl-, (all-E)- 20.883 0.37
Tetracontane 21.321 0.61
Tetracontane 22.221 0.94

rt, retention time (min).
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Figure 3. q-PCR analysis of apoptosis related genes. S. platensis microalgae extract (Ishikawa Sp Treated) treatment of

Ishikawa cells Induced statistically significant increase in caspase-3 gene expression,

simultaneous to

downregulation of Bad gene expression compared with non-treated control (Ishikawa Control). Rest of the apoptosis
related genes did not show any significant change in expression (p<0.05).

Sekil 3.

Apoptozla ilgili genlerin q-PCR analizi. Ishikawa hiicrelerinine S. platensis mikroalg ekstresi (Ishikawa Sp ile

muamele edilmis) uygulanmasi, kaspaz-3 gen ekspresyonunda istatistiksel olarak anlamli bir artisa, islem
uygulanmamais kontrol (Ishikawa Kontrolii) ile karsilastirildiginda Bad gen anlatiminda asagi regiilasyonuna neden
oldu. Apoptozla iliskili diger genlerin anlatiminda anlamili bir degisim gergeklesmedi (p<0.05).

Evaluation of Apoptotis Related Genetic Markers

In order to confirm DNA fragmentation and to
understand its mechanism induced the algae extract,
q-PCR test was applied to examine expression profiles
of apoptosis related genes p53, Bad, Caspase-3, PARP
and Akt1 in Ishikawa cell line. Results demonstrated
a statistically significant increase in caspase-3
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expression, which was accompanied by downregulation
of Bad expression, in extract treated cells compared to
non-treated control (Figure 3). Other apoptosis related
genetic markers p53, Aktl and PARP mRNA
expressions did not show any statistically significant
change upon extract treatment as shown in Figure 3.
Although, these results validate that apoptotic
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machinery was triggered as shown by simultaneous
upregulation of caspase-3 and DNA fragmentation, the
underlying mechanism induced by algae extract was
not clear.

A marker of caspase-3 activation, caspase-3 cleavage
has also been previosuly shown through S. platensis
microalgae extract treatment in some cancer cell lines.
Since downregulation of Bad gene expression was also
present simultaneous to increased caspase-3, it was
deduced that activation of extrinsic apoptotic pathway
was a more probable event, compared with extrinsic
pathway. Moreover, there were not any gene
expression changes for the markers Aktl, p53 and
PARP. While all these data suggested that underlying
apoptotic mechanism might be more related to
extrinsic pathways instead of intrinsic apoptotic
pathways, targeting of PARP1 activity by a particular
constituent found in the extract was also suspected due
to observation of DNA fragmentation and previouuly
shown link between DNA fragmentation and PARP1.
Thus, in silico analysis was conducted to investigate
presence of such mechanism.

Therefore, at the next step, a molecular dynamics
based computational approach was taken into account
to link the molecules identified in the extract to
previously identified mechanism of DNA
fragmentation.

In silico Analysis of PARP1 Active Site as a Potential
Target of the Compounds Found in Spirulina platensis
Microalgae Extract

It is previously known that PARP1 is directly involved
in poly-ADP ribosylation dependent inhibition of DNA
fragmentation factor 40 (DFF40), which is one of the
factors responsible for DNA degradation in apoptosis
(West et al., 2005). It is also well established that,
PARP1 is cleaved by caspase-3 under apoptotic
conditions (Lazebnik et al., 1994; Nicholson et al.,
1995). Based on these background data and on the
observations that there was specific DNA
fragmentation event, as well as increased caspase-3
expression upon extract treatment, it was
hypothesized that PARP1 may be targeted by the
compounds in S. platensis microalgae extract. In order
to test this hypothesis, an in silico ligand-protein
docking and subsequent molecular dynamics
simulations were conducted. Five of the compounds
found in S. platensis microalgae extract were docked to
PARP1 active site (PDB ID: 1IWOK) (Iwashita et al.,
2005) and simulated for 5 ns using molecular
dynamics. All simulations were stable through 5 ns,
thus analyzed further in detail (Figure 4A). Distance
analysis indicated that distance from center of mass of
the compound to the center of mass of the PARP1
active site were similar or lower compared with the
positive control only in simulations containing
hexadecanoic acid methyl ester (green) and
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Octadecanoic acid methyl ester (blue) (Figure 4B). This
distance was mostly variable in other complexes
obtained with other compounds docked into PARP1
active site (Figure 4B). In detail analysis of these
distances using distance vs. distance distribution
graphs clearly indicated that octadecanoic acid methyl
ester has highest match to the positive control (Figure
4C). Orientation of positive control and octadecanoic
acid methyl at ester at 5th ns of MD simulations also
supported the findings of distance and distance
distribution analysis (Figures 4D and 4E).

Hence it was deduced that octadecanoic acid methyl
ester is the most plausible candidate for inhibition of
PARP1 catalytic activity based on this in silico
findings. If the hypothesis of PARP1 inhibition by the
compounds found in S. platensis is valid, in silico
analysis indiated that this event was most likely
mediated by octadecanoic acid methyl ester. It is also
particularly important to note here that octadecanoic
acid methyl ester constitutes almost 40% of the
extract, a fact that also supports in silico observations.

CONCLUSION

The underlying motivation of this study was to identify
anti-cancer potential of S. platensis methanolic
extract, which may lead to the discovery of important
candidate anti-cancer compounds to be used as novel
anti-cancer therapy options in future. In this regard, a
potentially active molecule, which has anti-cancer
effect, from S. platensis microalgae extract was
identified by combining experimental and
computational approaches.
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Figure 4. In silico dynamics of octadecanoic acid methyl ester docked into the active site of PARPI, showed similar distance and distance

Sekil 4.

distribution pattern, compared with the positive control. Five of the major compounds, determined in section 3.4., was docked into
the active site of PARP1 (PDB ID: 1WOK) and simulated for 5 ns. To be able to assess the comparability in between docking and
molecular dynamics procedures, a positive control (PC) PARPI inhibitor (3-(4-Chlorophenyl)-5-quinoxalinecarboxamide) was also
docked into PARPI active site and simulated in the same time frame. Active site residues of PARPI was selected based on the
previous literature and determined as Ala 760, Asp 766, Gin 759, Glu 763, Glu 988, Gly 863, Ser 904, Tyr 889, Tyr 896, and Tyr
907. A) All of the simulations displayed stability throughout 5 ns, indicating suitability for further analysis. B) The distance
between center of mass of the docked compounds and the center of mass of the active site residues were lower or similar to that of
positive control in the simulations containing hexadecanoic acid methyl ester (green) and octadecanoic acid methyl ester (blue) for
5ns. For the rest of the compound-PARPI complexes, this measured distance was higher than the positive control during significant
amount of the simulation time. C) Distance vs. distance distribution analyses of the distances measured in B, revealed that
octadecanoic acid methyl ester had highly similar distance distribution to that of positive control, in the active of PARPI during 6
ns. A.U.: Arbitrary units D & E) Orientation of positive control compound in the active site of PARPI at the 5th ns of molecular
dynamics simulations (D) compared with the orientation of octadecanoic acid methyl ester (OAme) in the active site of PARPI (E).
PARP1'In aktif bolgesine yerlestirilen oktadekanoik asit metil esterin in siliko dinamikleri, pozitif kontrol ile karsilastirildiginda
benzer mesafe ve mesafe dagilim modeli gosterdl. Boliim 3.4'te belirlenen ana bilesiklerden besi, PARPI1'in aktif bolgesine
yerlestirildi (PDB ID: IWOK) ve 6 ns igin simiile edildi. Yerlestirme ve molekiiler dinamik prosediirleri arasindaki
karsilastirilabilirligi degerlendirebilmek icin, PARPI aktif bélgesine bir pozitif kontrol (PC) PARPI inhibitérii (3-(4-Klorofenil)-5-
kinoksalinkarboksamid) de yerlestirildi ve ayni zaman diliminde simiile edildi . PARPI'in aktif bélge kalintilari, énceki literatiire
gore secildi ve Ala 760, Asp 766, Gln 759, Glu 763, Glu 9885, Gly 863, Ser 904, Tyr 859, Tyr 896 ve Tyr 907 olarak belirlendi. A)
Hepsi simiilasyonlar, 5 ns boyunca kararlilik géstererek daha fazla analiz i¢in uygun oldugunu gésterdi. B) 6ns icin yerlestirilmis
bilesiklerin kiitle merkezi ile aktif bolge kalintilarinin kiitle merkezi arasindaki mesafe, hekzadekanoik asit metil ester (vesil) ve
oktadekanoik asit metil ester (mavi) igeren simiilasyonlarda pozitif kontroliinkinden daha diisiik veya benzerdi. Bilesik-PARPI
komplekslerinin geri kalani icin, olgiilen bu mesate, simiilasyon siiresinin énemli bir kismi sirasinda pozitif kontrolden daha
yiiksekti. C) B'de dlgiilen mesafelerin mesafeye kars: mesafe dagilimi analizleri, oktadekanoik asit metil esterin, 5 ns boyunca
PARPI aktifinde pozitif kontroliinkine olduk¢a benzer mesafe dagilimina sahip oldugunu ortaya ¢ikardi. A.U.: Arbitrary birimler
D & E) PARPI'in (E) aktif bélgesindeki oktadekanoik asit metil esterin (OAme) oryantasyonu ile karsilastirildiginda molekiiler
dinamik simiilasyonlarinin (D) 5. ns'sinde PARPI'in aktif bélgesindeki pozitif kontrol bilesiginin oryantasyonu.
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ABSTRACT

Botany

Clinopodium debile was collected from the oak forest in the north-

northeast of Yolcat1 Village (Bingdl/Tiirkiye) and it was given a new
record for the flora of Turkey. Description, detailed photos, ecology and
distribution maps of this new record are also presented.
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OZET

Clinopodium debile Yolgat1 Koyu

(Bingol/Tiirkiye) niin
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INTRODUCTION description is included in the 10th volume (supplement

Data obtained through new research shows that
Turkiye's biological richness is more than known. New
taxa collected and published every year from Turkiye
and publications on new records with newly
determined distribution in Tirkiye are the most
important evidence of this claim.

During the botanical excursions made in Bingél in
2022, some interesting Lamiaceae members were
collected. It was not possible to identify the collected
specimens with the keys and descriptions in the 7th
volume of the Turkish flora (the volume containing the
identification and differentiation keys of the
Lamiaceae members)..

At first glance, the specimens resembled Clinopodium

caroli-henricana (Kit Tan & Sorger) Govaerts (Syn:
Calamintha caroli-henricana Kit Tan & Sorger), whose

1) of the flora of Turkey. A new distribution area for
Clinopodium caroli-henricana, which was previously
known from the type collection, was determined in
2007 from the moist rocks of the Guzelsu district of
Van, and this new area was published in the study
titled “Flora of the Zernek Dam Surroundings”
(Giirpinar-Van/Turkey)” (Demir & Behget, 2019). To
clear the doubts about the diagnosis; C. caroli-
henricana samples (Fig. 5) collected from Van were
sent to Kit Tan and their identification confirmed.

Characteristics of C. caroli-henricana (flower color
rose-pink; verticulates 5-7; plant height 4-7 cm,
smaller leaf sizes); we found that the samples
belonging to the genus Clinopodium L. that we
collected in 2022 (from Bingél) differed from their
characteristics. In the Clinopodium samples collected
from Bingol; flower colors are bluish white, light blue,



KSU Tarim ve Doga Derg 26 (3), 504-510, 2023
KSU J. Agric Nat 26 (3), 504-510, 2023.

Arastirma Makalesi
Research Article

bluish, pinkish white (not rose pink); verticillaster
numbers 5-11 (not 5-7); plant heights vary between 7-
20 cm (not 4-7 cm). Considering that the samples were
different from C. caroli-henricana with the specified
characteristics, it was thought that it might be a taxon
whose distribution is unknown in Turkey. It was
determined that these specimens were Clinopodium
debile (Bunge) Kuntze [synonym: Calamintha debilis
(Bunge.) Benth.] with the help of keys and descriptions
in the corresponding volume of the Lamiaceae family
of the Russian flora (Borisova, 1977).

The number of members of the genus Clinopodium in
Tiirkiye, revised by Leblebici (1982) in the 7th volume
of the flora of Turkey, was given as 3 taxa (1 species
and 2 subspecies). But later, when some members of
Lamiaceae were transferred to Clinopodium (Govaerts
1999, Harley and Granda 2000, Ryding 2005,
Brauchler et al. 2006), the number of members of this
genus in Tirkiye increased to 31 (14 species, 17
subspecies) in studies published by researchers such as
Dirmenci (2012).

The number of Clinopodium taxa in Turkiye has
reached 32 with this new record, which was defined as
Clinopodium debile with the help of keys and
definitions in the 21st volume of the Flora of Russia
(the volume containing the Lamiaceae members). In
this study, with an emphasis on the definition,
photographs and chorology of C. debile; a contribution
has been made to the flora of Tirkiye.

MATERIAL and METHODS

Clinopodium  debile specimens (Figure 1-4) were
collected from the parts of the oak forest close to the
stream in the north-northeast of Yol¢at1 Village, 15 km
west of the city center of Bingol. Initial attempts to
name them using the Flora of Turkey (Davis &
Leblebici, 1982; Leblebici, 1982; Davis et al., 1988;
Giiner et al., 2000) were not successful. Eventually,
using the account in Flora Russian (Borisova, 1977),
the specimens were identified as Calamintha debilis
(Bunge ) Benth (now this name is a synonym for
Clinopodium debile). The herbarium specimens of
Clinopodium debile are deposited at the herbarium of
Bing6l University. The description below is based on

the Turkish specimens and varies in some respect from
that in Flora USSR (quod vide).

RESULTS and DISCUSSION

Clinopodium debile (Bunge) Kuntze. First published in
Revis. Gen. PL. 2! 515 (1891). Govaerts, R. (1999).
World Checklist of Seed Plants 3(1, 2a & 2b): 1-1532.
MIM, Deurne. (Figure, 1-6)

Syn: Calammintha debilis (Bunge) Benth. in DC.
Prodr. XII (1848) 232; Ldb. Fi. Ross. Ill, 352; Kryl. Fl.
Alt. IV, 1014. - Thymus debilis Bunge. in Ldb. FI. alt.
II (1830) 391. - Satureja debilis Briq. in Pflanzenfam.
IV, 3a, 3b (1897) 302; Kryl. Fl. Zap. Sib. IX, 2378. - S.
annua (Schrenk) B. Fedtsch. Rast. Turk. (1915) 682. -
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Melissa debilis Benth. Lab. Gen. et sp. (1832-1836)
391. - Calamintha annua Schrenk in Bull. Acad. Sc.
Petersb. X (1842) 353 et Enum. pi. nov. 2 (1842) 26;
Ldb. Fl. Ross. 111, 351; O. and B. Fedch. Perech. rast.
Turk. V, 130; Benth. in DC. Prodr. XII, 227. - C.
caucasica Somm. et Lev. in Nuov, Giorn. Bot. Ital.
(1897) 207; Tr. Bot. sada, XVI, 386. - Ic: Ldb. Ic. pi. fl.
Ross. V, tab. 438. - Exs.: PI. or. exs. No. 218.

Description: Annual. Stems simple or branched, weak,
ascending or erect, 7—20 cm high, densely glandular
and sparsely eglandular hairy, 4-angled. Leaves flat,
attenuating into (3—)5—15 mm petioles (sometimes
nearly equaling the blade), lamina 10—20 x 4—15 mm,
ovate, oblong-ovate, broadly acute,, glabrous or with
sparse short glandular and eglandular hairs,
glandular- punctate, dark green, glaucescent,
margines sparsely and shallowy denticulate or entire
and sparsely ciliate, entire at the base. Verticillasters
5—11(—12), usually remote below * congested above
and 2—10(—12)-flowered, axillary, dichotomously
branched, on peduncles about half the length of leaves.
Peduncles and pedicels eglandular or glandular
puberulent, slender, shorter or longer than calyx, 4—7
mm long. Bracts small, lanceolate, setiform, acute,
glandular hairy. Calyx bilabiate, drooping, 5—7 mm
long, tubular, with sparse hairs on the nerves outside,
with sparse exserted setiform hairs in throat,
prominently nerved; upper lip of calyx with 3 broadly
lanceolate, aristate, spreading ciliate, reflexed teeth;
lower lip 2-toothed, the teeth lanceolate, subulately
point-tipped, somewhat longer than the upper; calyx-
tube slightly longer than the limb, slightly gibbous at
base. Corolla small, about as long as calyx, sometimes
silaghtly longer or shorter, whitish, bluish white, light
blue, pinkish white; 2-lipped, tube gradually dilated;
upper lip emarginate, straight; lower lip reflexed, 3-
lobed, middle lobe longer than lateral lobes. Stamens
not exceeding the calyx; anthers of the interior
stamens abortive. Style shorter than corolla,
complanate or 2-cleft at apex, scabrid above; Nutlets
oblong-ovoid, rounded, 0.5—1 mm long, naked, brown,
blackish brown.

Flowering: May-June

Fruiting: June-August

Distribution: Afghanistan, Altay, Iran, Kazakhstan,
Kirgizstan, North Caucasus, Tadzhikistan,

Transcaucasus, Uzbekistan, West Siberia, Xinjiang
and Tirkiye (Borisova, 1977; POWO, 2022) (Figure 4).

Type: in Leningrad (LE).

Specimens examined: Clinopodium debile: Turkiye,
B8 square: Bing6l, Yolgati village, moist sections of the
oak forest, 3-5.km north-northeast of Yolcat1 Village,
close to the stream, oak shadows, 1200-1300 m,
11.06.2022, L.Behget & Irfan Altinsoy 615; ibid.
25.06.2022, L. Behcet & Irfan Altinsoy 765.
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Figure 1.A and B- A view from the original habitat of Clinopodium debile (during flowering), C- Indumentum view
of the stem of Clinopodium debile

Sekil 1. A ve B- Clinopodium debile’nin orijinal habitatindan iki gériiniim (¢cigeklenme dénemi), C- Clinopodium
debile gévdesinin tiy ortiisii gortiniimii

Figure 2. A view from the original habitat of Clinopodium debile (in the fruiting period).
Sekil 2. Clinopodium debilenin original habitatindan bir gériiniim (meyve dénemi).
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Figure 3. A- View of a scanned specimen of Clinopodium debile, B- A view of scanned specimens of Clinopodium

debile.

Sekil 3. A- Clinopodium debile’nin scan edilmis tek orneginin goriiniimii, B- Clinopodium debile’nin scan edilmis

orneklerinin gorinimii.

Figure 4. Distribution of Clinopodium debile in World and Tiirkiye (from POWO 2022).
Sekil 4. Clinopodium debile nin diinya ve Tiirkiyedeki yayilisi (POWO 2022'den).

Clinopodium caroli-henricana: Tirkiye, B9 square:
Van, Hosap, Between Zernek Dam and Hosap
(Guizelsu) town, humid rocky - stony slopes, 38°
20'819" N 043° 45'040" E, 1850 m, 30 vi 2007, 1 Demir
595 (VANF).

Ecology: Specimens of this taxon; it was collected for
the first time in Turkey from the oak forest area to the
north-northeast of Yolgat1 Village, west of the city
center of Bingdl. Quercus petraea (Matt.) Liebl.
subsp. pinnatiloba (K. Koch) Menitsky, the dominant
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member of the oak forest in which the new record plant
is distributed, accompanies the second-degree . libani
G.Olivier. The habitat of this plant, which was
collected on 11.06.2022 from the moist parts of the
forest close to the stream beds; is 1200—1300 m above
sea level. In addition to the oak taxa mentioned where
C. debile develops, there are rare distributions of
plants such as Cotoneaster =~ nummularius
Fisch.&C.A.Mey., Crataegus azarolus L. var. ponticus
(K.Koch) K.I.Chr., C. orientalis Pall. ex M.Bieb.
subsp.orientalis, Lonicera nummulariifolia Jaub.


http://www.theplantlist.org/tpl1.1/record/kew-174400
http://www.theplantlist.org/tpl1.1/record/kew-174400
http://www.theplantlist.org/tpl1.1/record/kew-174400
http://www.theplantlist.org/tpl1.1/record/kew-173640
http://www.theplantlist.org/tpl1.1/record/rjp-49
http://www.theplantlist.org/tpl1.1/record/rjp-49
http://www.theplantlist.org/tpl1.1/record/rjp-637
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&Spach and Sorbus torminalis (L..) Krantz., in the form
of trees or shrubs. The important herbaceous taxa
growing in the habitats where C. debile is distributed
are as follows; Achillea millefolium L. subsp.
millefolium, Elymus panormitanus (Parl) Tzvelev,
Juncus bufonius L., Milium vernale M. Bieb.,
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Minuartia hybrida (Vill.) Schischk., Ranunculus
arvensis L., Trifolium campestre Schreb., T. nigrescens
Viv. subsp. petrisavii (Clementi) Holmboe, 7" phlecides
Willd., Veronica arvensis L., V. bozakmanii M.A.
Fisch.
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Figure 5. Figurel.Views of scanned Clinopodium caroli-henricana (KitTan & Sorger) Govaerts (Syn: Calamintha

caroli-henricana Kit Tan & Sorger): A- Fresh sample

B- Dry samples

Sekil 5. Clinopodium caroli-henricana (KitTan & Sorger) Govaerts'in taranmigs goriintiileri (Sinonim: Calamintha
caroli-henricana Kit Tan & Sorger): A- Taze numune B- Kuru numuneler

CONCLUSION

The number of species included in the genus
Clinopodium exceeds 100 and most of these species are
distributed in the New World and temperate Eurasia.
Few members of this genus have distributions in
Africa, tropical Asia and Indomalesia (Harley et al.,
2004). The number of taxa belonging to this genus in
Tirkiye has reached 32 with this record. The
distribution of C. debile, which 1s known to be
distributed in many countries (Afghanistan, Altay,
Iran, Kazakhstan, Kirgizstan, North Caucasus,
Tadzhikistan, Transcaucasus, Uzbekistan, West
Siberia, Xinjiang) in the east of Tiirkiye (Figure 4) is
not a surprise. Especially; considering the distribution
and development of this plant in forest areas, it is
expected to be found in forest areas with similar
ecology in Tirkiye.

In Bingél and its surroundings, where there is
insufficient information about its flora, new taxa for
the scientific world in recent years (Behcet et al., 2017,
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2019; Behget & Yapar, 2020, 2021; Hamzaoglu et al.,
2020; Il¢im & Behget, 2016; Dogan et al., 2015; Sinan
et al., 2021), a new record for Tiirkiye (Pinar et al.,
2018) and, interesting distribution of a lost endemic
taxon (Behcet & Yapar, 2019).have been published.
Such studies and publications also show that there 1s
more work to be done on plant diversity in Bing6l and
Turkiye.

C. debile which is annual (Figure 1-3,6) ; it is similar
to C. caroli-henricana, which is endemic to Turkiye,
with its general appearance and calyx features, which
is known to be distributed among the moist forestless
rocks formed by lava flows in the Eastern Anatolian
region of Tiirkiye (Figure 5).

However, C. debile samples; with features such as
corolla color (bluish white, light blue, bluish, pinkish
white), leaf color (dark green), longer peduncle,
vertisillaster numbers (between 5—11), and plant
height (7—20 cm) (much more difference is given in the
description of C. debile given above) differs from C.
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caroli-henricana. One of the important differences is
that while the C. caroli-henricana, develops among

bare moist lava flows, C. debile develops more in forest

areas. Some prominent differences in characteristics of
C. debile and C. caroli-henricana are shown in Table 1.

Figure 6. Photographs of Clinopodium debile samples in Moscow University Herbarium (MW0712439) (Seregin, 2022).
Sekil 6. Moscow University Herbarium (MW0712439)undaki Clinopodium debile érnekleri (Seregin, 2022).

Table 1. Comparison of some characteristics of Clinopodium debile and C. caroli-henricana.
Cizelge 1. Clinopodium debile ile C.caroli-henricana'min bazi 6zelliklerinin kargilagtirilmasi

Characters C.debile C. caroli-henricana

Stem 7—20 cm, densely glandular and sparsely | 4—7 cm, eglandular and glandular
eglandular hairy (Figure 1c) puberulent

Leaves lamina 10—20 x 4—15 mm and with (3) 5—15 mm | 8—14 x 5—8mm, with 2—4 mm petiole
petiole

Verticilaster 5—11(—12), with 2—10(—12) flower 5—17, with 2—6 flower

Calyx 5—7x 1.5—2 mm 4.5—5.5x 1—1.5mm

Corolla 5—7.5 mm long, as long as calyx, sometimes | 4 mm, included in calyx, rose-pink
silaghtly longer or shorter, whitish, bluish white,
light blue, pinkish white

Habitat Moist canopy of the oak forest moist rocky slopes in unforested lava flow

fields
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ABSTRACT Plant Physiology

In recent years, plant growth promoting bacteria (PGPB) have been used

as Dbiofertilizers that increase agricultural productivity and plant Research Article
resistance to changing environmental conditions such as drought,

salinity and heat stress. One of the proposed new approaches to increase Article History

plant productivity, especially under stress conditions, is using algae Received 1 31.03.2022
extracts, which usually consist of naturally occurring bioactive Accepted 1 18.10.2022
compounds. Paenibacillus sp. S1S22 isolated from sediment was tested

for its performance in indole acetic acid production (IAA), nitrogen (N) Keywords

fixation, phosphate solubilization, proteolytic activity, and cellulose
activity. Its antimicrobial activity was also determined against different
pathogens of Paenibacillus sp. S1522. Tomato seeds were incubated with
the S1S22 strain, and the S1S22 strain supplemented with U. lactuca.
The seeds incubated with deionized water were used as control. As a
result, we demonstrated that the addition of U. lactuca extract to tomato
seedlings incubated with Paenibacillus sp. S1S22 strain increased the
root and stem length compared to the control. The results indicate that
macroalgae in combination with PGPR may be a much more effective way
of promoting plant growth.

Paenibacillus sp. S1522 sugu ile Ulva lactuca Ekstresinin Kombine
Tohum Cimlenmesi ve Biiylime Uzerine Etkilerinin Belirlenmesi

OZET

Son yillarda, bitki biiyiimesini tegvik eden bakteriler (PGPB), tarimsal
uretkenligi ve kuraklik, tuzluluk ve sicaklik stresi gibi degisen cevresel
kogullara karsi bitki direncini artiran biyogubreler olarak
kullanilmaktadir. Ozellikle stres kogullar1 altinda bitki verimliligini
artirmak i¢in Onerilen yeni yaklagimlardan biri, dogal olarak olusan
biyoaktif bilesikler iceren alg ekstraktlarimin kullanilmasidir.
Sedimentten izole edilen Paenibacillus sp. S1S22 susunun bitki
biiyiimesini tesvik etme performansi indol asetik asit iiretimi (IAA), azot
(N) fiksasyonu, fosfat c¢oziiniirligi, proteolitik aktivite ve seliiloz
aktivitesi acisindan test edilmistir. Ayrica bu susun farkl patojenlere
karsi antimikrobiyal aktiviteleri de belirlenmigtir. Domates tohumlari,
S1S22 susu ve U. lactuca ekstrakti eklenmis S1S22 susu ile inkibe
edilmigtir. Deiyonize su ile inkiibe edilen tohumlar kontrol grubu olarak
kullanilmigtir. Elde edilen sonuclar, Paenibacillus sp. S1S22 susu ile
inkiibe edilen domates fidelerine U. lactuca ekstrakti eklenmesinin
kontrole gore kok ve gévde uzunlugunu arttirdigimi goéstermistir.
Sonucglar, makroalglerin PGPR ile kombinasyon halinde, bitki
biiylimesini tegvik etmede tek bagina kullanilmalarindan ¢ok daha etkili
bir arac olabilecegini gostermektedir.
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Plant growth promoting bacteria
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INTRODUCTION important role in plant growth and defense, such as

Agricultural practices such as synthetic chemical
fertilizer applications and excessive use of pesticides to
increase crop yields have led to negative consequences
such as groundwater pollution, deterioration of soil
quality and reduction in biological diversity, especially
in recent years (Chandini et al., 2019). The human
population is expected to reach 9 billion in the next 30
years and it has become imperative to increase product
yield with environmentally friendly and sustainable
agricultural practices to meet the needs of humanity
(Wise, 2013). Microorganisms, one of the most
important components of the soil ecosystem, are very
important in increasing soil fertility, nutrient cycling
and supporting plant diversity (Hardoim et al., 2009).
Plant growth promoting bacteria (PGPB) have been
used as biofertilizer and biocontrol agents because of
their beneficial effects on soil and agricultural
products (Pathma et al., 2021).

PGPB microorganisms, which play a major role in
plant growth, can promote plant growth through
mechanisms such as changing plant hormone levels,
facilitating the uptake of substances from the soil, or
inhibiting the inhibitory effects of pathogenic agents
on plant growth and development (Glick, 2012). It is
necessary to clarify the interactions between the plant
and the PGPB in order to be used effectively in the
solution of the above-mentioned agricultural problems.
Developing plant-PGPB interactions will allow the
development of microbial inoculants that can be used
to increase crop yields. PGPBs are shown as a natural
technology to improve soil quality and reduce chemical
use, in this context.

One of the most important features of Paenibacillus
species is their ability to promote plant growth. For
example, it has been reported that they can trigger
plant defense mechanisms and contribute to tolerance
against biotic stresses by neutralizing various
phytopathogens and herbivorous insects. A study by
Weselowski et al. (2016) showed Paenibacillus species
with plant growth promoting properties could directly
affect plant growth by producing phytohormones such
as indole-3-acetic acid (IAA). PGPR use is currently
finite due to the incomplete elucidation of the
mechanisms underlying the interactions between
plant and bacteria, the diversity and species specificity
of plant and bacterial species. Algae are exposed to
permanent biotic and abiotic stress factors throughout
their life cycle, and this has caused the algae to develop
mechanisms to protect themselves from drought,
salinity, different light intensity, cold, bacterial or
fungal colonization. As a result, algal cells have
become rich sources of compounds that play an
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growth hormones such as cytokinins and auxins,
minerals, carbohydrates, sterols and antioxidants
(Michalak et al., 2016). Because of these compounds,
which play a role in increasing yield by regulating
plant cell metabolism, algae have been identified as
phytohormone-like plant growth regulators (PGRs)
(Patel et al., 2019).

Studies on the combined use of PGPR and algae in
order to increase plant yield have recently attracted
attention in the literature. For example, the
combination of Macrocystis pyrifera algae extracts
used as Dbiofertilizer with PGPB Azospirillum
brasilense showed that the germination ratio of lettuce
seedlings (Lactuca sativa) increased (Julia et al.,
2020). In addition, M. pyrifera extract treatment
increased root mass and promoted adaptation to water
deficit stress (Julia et al., 2020). Another study showed
that maize plants treated with both algal biochar and
Serratia odorifera had significantly greater height and
more leaves per pot than control. However, it has also
been shown that co-treatment of algae and PGPB
increases photosynthetic yield in maize (Ullah et al.,
2020). Similarly, leaf area of high bush blueberry was
increased by PGPR application (de Silva et al., 2000).

Ulva lactuca is a widely distributed green algae mainly
in the mid to low intertidal zones. Generally found in
nutrient rich areas and blooms, especially nearby
sewage outfalls. Besides its usage in the cosmetics
industry, it is also edible and consumed in many
countries. Growth promoting effects of U. lactuca
extracts on seed germination and root development of
tomato and mung beans (Hernandez-Herrera et al.,
2016), on seed germination and growth promotion of
tomato (Mzibra et al.,, 2021). Also plant growth
regulators such as abscisic acid, auxins, cytokinins,
gibberellins, jasmonates and salicylates were
determined in the aqueous extract of U. lactuca
(Garcia et al., 2020). U. lactuca appears as an
important source for plant promoting studies by
containing diverse and remarkable active compounds.
Due to the diversity of PGRs found in algae, their
physiological effects on plants differ. In addition, the
mechanisms of action on different plants are still
questionable in many respects. In this study, the
effects of a combination of Paenibacillus sp. S1S22
isolated from the Sakarya River sediment and green
algea U. lactuca extract collected from Tirilye, on plant
growth were determined.

MATERIAL and METHOD
Paenibacillus sp. Isolation from Sediment
Isolation was carried out by dilution plate method from
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the sediment sample taken from the source of the
Sakarya River in the Cifteler district of Eskisehir
province (39°21'08.3"N 31°03'29.0"E), at a depth of 1 m
in the sun-drenched region (Sembiring, 2000;
Sivakumar, 2008). SM3 agar supplemented with
nalidixic acid (10 mg mL7), rifampicin (0.5 pg mL1)
and cycloheximide (50 pg mL1), was used for isolation.

Genomic DNA Isolation and Analysis of 16S rDNA
Gene Region

The amplification of the 16S rDNA gene region of the
S1S22 isolate, whose DNA was obtained using the
DNA Isolation Kit (Invitrogen,USA), was carried out
with 27F and 1525R primers (Write original paper) .
16S rDNA sequences were determined by the ABI
3730XL automatic base array device by MacroGen.
Sequences obtained from 5 different primers were
assembled using the Mega 7 (Kumar et al.,, 2016)
package program. Sequences obtained using Ez Taxon
Server (https://www.ezbiocloud.net/) and NCBI
(https://www.ncbi.nlm.nih.gov/) were analyzed.
Multiple alignments were performed in MEGA 7
program with the most closely related organisms from
which 16S rDNA gene sequences were obtained in
fasta format. After multiple alignment, phylogenetic
tree was built using the neighbor-joining algorithm
(Saitou & Nei, 1987). Jukes-Cantor metod was used as
the distance matrix (Jukes & Cantor, 1969).

Plant Growth Activities of Paenibacillus sp. S1S22
Strain

The strain was investigated for the presence of indole
acetic acid (IAA) and its ability to fix free nitrogen (N)
(Ozdemir Kocak et al., 2020). For the assignment of
indole acetic acid, Paenibacillus sp. S1522 was grown
in Luria-Bertani (LB) broth supplemented with 100
mg L-! L-tryptophan and used tryptophan-free LB
broth as a control group. The strain was incubated at
30 °C in the dark for 7 days. After the incubation, the
cultures were centrifuged at 10,000 rpm for 15
minutes, and 2 mL of Salkowski solution (2 mL FeCl3
(1.35 %), 49 mL water, and 49 mL 60 % (v v) perchloric
acid) were added on to 1 mL of supernatant, and left
30 minutes in the dark (Gordon & Weber, 1951). The
pink color formation was considered positive for IAA
production.

Strain N fixation ability was determined according to
its ability to grow in the prepared nitrogen-free
environment. The strain was inoculated into test tubes
containing 10 mL of semi-solid agar, prepared with 1
% Yeast Carbon Base and 1 % Noble Agar and
incubated in the dark at 28 °C for three weeks. Semi-
solid agar supplemented with (NH4)2S04 (2 g L ') was
used as a positive control (Trujillo et al., 2010).

S1S22 strain was evaluated to assign its proteolytic
activity. According to a modified procedure, nutrient
agar (NA) and skim milk determined proteolytic
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activity. The strain inoculated into these media was
incubated for three days at 37 °C. The formation of a
clear halo region around the strain was evaluated as
positive for proteolytic activity (Kazanas, 1968).

Cellulase activity was determined according to the
method used by Li et al. (2018). The test isolate was
inoculated on CMC agar consisting of tryptone, yeast
extract, NaCI, CMC, agar and incubated at 37 °C
overnight. Cellulase (glucanase) activity was
considered positive according to the formation of the
yellow hydrolysis zone. The phosphate solubilization
ability of the strain was determined using the National
Botanical Research Institutes Phosphate-
Bromophenol blue (NBRIP- BPB) media. The strain
inoculated on the NBRIP-BPB medium was left to
incubate at 30 °C for seven days. The formation of the
clear halo region around the colony was evaluated as
positive (Nautiyal, 1999).

Antimicrobial Activity Properties of S1S22 Strain

In the study, 2 Gram-negative bacteria (Escherichia
coli (E.col) W3110, Pseudomonas vulgaris (P. vulgaris)
NRRL B-123), 2 Gram-positive bacteria (Bacillus
subtilis (B. subtilis) IMG 22, Staphylococcus aureus (.S.
aureus) ATCC 25923), two yeast (Candida albicans (C.
albicans) ATCC 1326, Saccharomyces cerevisiae (S.
cerevisiae) ATCC 9763) and two fungi (Aspergillus
parasiticus (A. parasiticus) NRLL 465, Fusarium sp.)
were used. Inoculation of Paenibacillus strain was
done by spot seeding on modified Bennett's Agar the
using agar spot method (Jones, 1949) without
antibiotics (Williams & Cavanaugh, 1983). After
inoculation, it was incubated for 24 hours at 28 °C. 3-5
ml of chloroform was poured into the developing
colony, allowing it to die. The density of pathogen test
organisms growing for 1-2 days was set at 0.1 OD. The
smear plate method inoculated pathogenic
microorganisms prepared on the dead colony. After a
1-day incubation at 28 °C, the zones of inhibition
against the test pathogens around the colony were
recorded by measuring with a cumpas.

Collection and Extraction of Ulva lactuca Samples

Ulva lactuca samples were collected from Tirilye
region of Mudanya district of Bursa (40°23'29.3"N
28°48'17.0"E). Fresh samples were washed with dH20
and then dried under laboratory conditions. Dry algae
samples were thoroughly crushed in a mortar before
extraction and mechanical fragmentation was
performed. The extraction process was carried out with
distilled water at a concentration of 10% at 100 °C for
1 hour by boiling method (Unal et al., 2022). When the
obtained extract came to room temperature, it was
filtered first with sterile filter paper and then using
sterile syringe filters with a diameter of 0.45 pm.
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Plant Material and Cultivation

The tomato plant (Lycopersicon esculentum L.) was
used as the study material. After the seeds of the plant
were grown in 10% hypochlorite solution for surface
sterilization, the seeds were washed 5 times with
sterile deionized water. Approximately half of the
seeds were incubated with dH20 and the other half
with S1S22 bacterial culture at 0.1 OD for 2 hours at
30 °C. Petri dishes with sterilized filter paper were

Figure 1. Schematic representation of the experimental design

Sekil 1. Deney tasariminin sematik gosterimi

Controlled conditions applied during cultivation; a
photoperiod of 16 hours light/8 hours dark was carried
out at a density of 650 p mol m-2 s1, a temperature of
24-25 °C and a humidity of 42 %. Trials were carried
out in 3 repetitions with at least 50 individuals per
trial group in each repetition. The samples were
harvested after 15 days. During the experimental
period, the germination of S. lycopersicum seeds was
recorded for five days. After harvesting, shoot and root
lengths were measured. Each experiment was set up
independently three time.

Statistical Analysis

SPSS 15.0 software was used for statistical analysis.
Continuous variables with normal distribution were
presented as mean + SD. The median value was used
where normal distribution was absent. Qualitative
variables were given as a percent. Statistical analysis
for the parametric variables was performed using the
Student's t-test between two groups. A p-value of 0.05
was considered statistically significant.

RESULTS and DISCUSSION
Paenibacillus sp. Isolation from Sediment

S1S22 isolate was isolated by the dilution plate method
using sample which collected from river sediment. The
isolate was coded as S1S22 and given based on location
(S: Sakarya River; 1: 1 m deep; S: sediment; 22: sample
number).
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used for planting. While the filter papers in the petri
dish were wetted with 5 mL of dH20 for the control and
groups to be treated only with S1522, they were wetted
with 5 mL of Ulva lactuca extract for the groups to
which Ulva lactuca extract would be applied. Seeds
incubated with S1S22 were planted in petri dishes
belonging to the groups to which bacteria were to be
applied, and seeds incubated with water only were
planted in the other groups. The trial design of the
study is shown in Figure 1.

Seed: Incubated with dH:0,
Filter Papaer: wetted with dH:0

Seed: incubated with dHz0,
Filter Paper: wetted with
U, lactuca extract

Seed: incubated with S1522,
Filter Paper: wetted with dH;0

Seed: incubated with $1522,
Filter Paper: wetted with
U, lactuca extract

16S rDNA Gene Region Analysis of S1S22 Isolate

16S rDNA gene region analysis of S1S22 isolate was
conducted using five oligonucleotide sequences were
obtained by purchasing service from Macrogen
company. Sequences were assembled in the MEGA 7
program and analyzed in the ez-taxon program.
Sequences of close relatives obtained in fasta format
were analyzed in the MEGA 7 program, and a
phylogenetic tree was created in this program. The
phylogenetic tree is given in Figure 2.

The base sequence of Paenibacillus sp. S1S22 was
aligned with the type species, resulting in a total
aligned sequence of 1433 nucleotides. It was
determined that the S1S22 isolate was related to P.
dendritiformis and showed 99.6 % similarity. It was
determined that this type differs by 4 nucleotides
(Figure 2).

Plant Growth Activities of Paenibacillus sp. S1522
Strain

Paenibacillus sp. S1522 strain isolated from the
sediment was examined in terms of IAA production,
proteolytic activity and N fixation ability. It was
determined that it gave positive results in the tests.
Cellulose activity and phosphate solubilization ability
of the S1822 strain were negative (Table 1).
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Figure 2. Neighbor-joining (Saitou & Nei, 1987) phylogenetic tree based on 16S rDNA base sequence analysis of test organism
and type species belonging to the genus Paenibacillus and B.subtilis NCDO 1769T as outgroup was used.

Sekil 2. Paenibacillus cinsine ait tiirlerin test organizasinin 16S rDNA baz dizi analizine dayali komsu birlestirme (Saitou &
Nei, 1987) filogenetik agaci ve ve B.subtilis NCDO 1769T dis grup olarak kullanilmistir.

Table 1. Plant growth-promoting properties of the S1S22 strain.
Cizelge 1. S1522 susunun bitki biiyiimesini tesvik edici ozellikleri.

Isolate Code
S1S22

IAA production N fixation Caseinase
+ + +

Cellulose

Phosphate solubilization
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Plant growth-promoting bacteria (Bashan & Holguin, Antimicrobial Activity of S1S22 Strain
1998) provide the plant with increased yield, pathogen The ability of the test strain isolated from the sediment

neutralization, and stress defense (Welbaum et al., to inhibit the growth of 8 pathogenic test organisms
2004, Lugtenberg & Kamilova, 2009). These (Gram-positive and negative, yeast and fungus) was
microorganisms, which have been used as determined. The zone diameters were measured with
biofertilizers, natural pesticides, and cumpas and given in the table below (Table 2 ).

phytoremediation agents due to their benefits to [t was determined that the Paenibacillus sp. S1822
plants, have attracted attention in agricultural strain showed high activity against Gram-positive,

applications (Berg, 2009; Weyens et al., 2009). The Gram-negative and yeast but had no activity against
effect of Paenibacillus sp. S1S22 strain on tomato plant fungi.

growth was investigated due to its IAA production,
proteolytic activity, and N fixation ability.

Table 2. Antibacterial activity results of Paenibacillus sp. S1S22 strain
Cizelge 2. Paenibacillus sp. S1522 sugsunun antibakteriyel aktivite sonuglari

E. coli P. vulgaris S. aureus B. subtilis C. albicans  S.cerevisiae  A. parasiticus  Fusarium sp.
S1S22 60 mm 30 mm 45 mm 35 mm 50 mm 30 mm - -

Effects of Paenibacillus sp. S1S22 Strain and U. In this study, the growth rates of plants treated with

Iactuca Application on Plant Growth Paenibacillus sp. S1S22 strain differs in root and stem
As a result of the applications, the experimental gompared to control groups. While root .growth
groups' root (Figure 3.) and stem (Figure 4.) lengths increased compared to corlltrol,. a Qegregse in stem
compared to the control plants are given below. length was observed. At this point, it is important to
According to the results, plant roots treated with only emphasize that there may be a change in the hormonal

S1S22 strain and only U. Jactuca extract were 5.26 % balance of the plant. In parallel with this point qf view,
and 9.28 % longer than the control, respectively. The a study has shown that Burkholderia phytofirmans

greatest difference in root length is that individuals promote plant shoot and root growth, related to the
treated with the S1S22 strain and U. lactuca extract modulation of plant growth hormones (Kurepin et al.,
have 18 % longer roots. Similarly, the most striking 2015). However, not every bacterium affects every
difference in stem length was observed with the plant in the same way. For example, Pseudomonas
combination treatment of U. lactuca and S1S22 strain, fluorescens inhibited root growth in cherries but
which had an 18 % longer stem than the control. increased it in blackcurrant (Olanrewaju et al., 2017).
However, stem length was 2.47 % shorter in plants These findings are important for further studies to
inoculated with only S1S22 and 4.29 % in plants elucidate  the  mechanism  underlying  these
treated with only U. Jactuca extract. physiological changes caused by S1S22 bacteria in the

tomato plant.

18.00 -
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0.00 j e i e i 0 .
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Control 0.5% Ulva S1522 0.5% Ulva+51522
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Figure 3. Root length differences of plants applied with Paenibacillus sp. S1S22, U. lactuca extract, and both U.
lactuca extract and S1S22 compared to control

Sekil 3. Kontrole kiyasla Paenibacillus sp. S1522, U. lactuca ekstresi ve hem U. lactuca ekstresi hem de S1522
uygulanan bitkilerin kok uzunlugu farkliliklar
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Figure 4. Stem length differences of plants applied with Paenibacillus sp. S1S22, U. lactuca extract, and both U.
lactuca extract and S1S22 compared to control
Sekil 4. Kontrole kiyasla Paenibacillus sp. S1522, U. lactuca oziitii ve hem U. lactuca 6ziti hem de S1522 ile

uygulanan bitkilerin gévde uzunlugu farkliliklar

It has been revealed that there are significant amounts
of photosynthetic pigments (chlorophyll and b,
carotenoids and phycobiliproteins), lipids, and
phenolic substances in different species of the genus
Ulva, especially U. lactuca (Chojnacka et al., 2012). In
parallel with these results, the treatment of the
Brassica napus plant with U. lactuca extracts caused
significant morphological, biochemical, and
physiological changes. In addition, it is recommended
to be used as a biofertilizer due to this stimulating
effect in terms of growth and yield. The extracts of U.
lactuca increased TAA, cytokinin, chlorophyll a, b, and
carbohydrate levels in B. napus. In another study, its
extract from the brown macroalgae Ascophyllum
nodosome affected the regulation of phytohormone
biosynthesis and accumulation in Arabidopsis (Jithesh
et al., 2012). It was reported that A. nodosum extracts
induced cytokinin-like activity in A. thaliana (Khan et
al., 2011). Obtained results, compared to the control
plant; the growth increase in both roots and stems of
the plants treated with U. lactuca extract supports the
approaches to increasing the agricultural productivity
of algae extracts. However, the growth induction
observed in plants treated with U. lactuca and S1S22
strain was greater than in plants treated only with
bacteria or algae. When bacteria and algae are applied
to the plant together, they show different effects when
applied alone because they both synthesis their
polysaccharides and growth hormones such as auxin
and cytokines and stimulate the plant defense systems
(Kang et al., 2021). This study, a preliminary
experiment, draws attention to support the idea that
the positive effects of PGPBs on growth can be
increased with algae extracts.

The plant's combined application of PGPB and algae
with the PGP effect can lead to a synergistic effect and
increase yield. For example, co-treatment of 2.
fuorescens and Pantoea ananatis promoted the shoot
and root length of Pisum sativum plants due to IAA
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production and phosphate solubility (Anwar et al.,
2019). In another co-administration of C. vulgaris and
PGPBs, Azospirillum sp., B. licheniformis, Azotobacter
sp., Bacillus megatherium, and Herbaspirillum sp.
caused an increase in leaf weight of 22.7 % in lettuce
(Kopta et al., 2018). Moreover, triple treatment of
Anabaena cylindrica, Rhizobium tropici and
Azospirillum sp. to the common bean increased plant
growth and grain production by 84 % (Horacio et al.,
2020). However, co-cultivation is much more successful
than the monoculture system in promoting plant
growth because with the co-culture system, algae and
bacteria both act on each other and affect the plant
individually, increasing plant growth more (Spadaro &
Gullino, 2005).

CONCLUSION

It 1s necessary to investigate the basic reasons for the
morphological changes caused by the application of
S1S22 strain in combination with the U. Jactuca
extracts to the plant, expands this interaction range
with different algae extracts and with different
bacterial species and reveals the basic mechanisms of
plant-bacteria-algae interactions in this way. Thus, it
will be possible to increase the effectiveness of natural
tools such as PGPB away from chemical and
environmentally harmful stimulants.

ACKNOWLEDGMENT

This study was supported by Bilecik Seyh Edebali
University BAP with the project code 2016~
01.BSEU.13-01. 311

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 26 (3), 511-519, 2023
KSU J. Agric Nat 26 (3), 511-519, 2023

Arastirma Makalesi
Research Article

REFERENCES

Abd El-Baky, H.H., El Baz, F.K. & El-Baroty, G.S.
(2008). Evaluation of Marine Alga Ulva lactuca L.
as a Source of Natural Preservative Ingredient.
American-FEurasian Journal of Agricultural &
Environmental Sciences, X(3), 434-44.

Bashan, Y. & Holguin, G. (1998). Proposal for the
Division of Rhizobacteria Into Two Classifications:
Biocontrol-PGPB  (Plant Growth Promoting
Bacteria) and PGPB. Soil Science and
Biochemistry, 3(1), 225-8.

Berg, G. (2009). Plant—Microbe Interactions Promoting
Plant Growth and Health: Perspectives for
Controlled Use of Microorganisms in Agriculture.
Applied Microbiology and Biotechnology, 84(1), 11-
18.

Chandini, R.K. , Kumar, R. & Om, P. (2019). The
Impact of Chemical Fertilizers on our Environment
and Ecosystem. In: Research Trends In
Environmental Sciences, 2nd Edition, 71-86.

Chbani, A., Majed, S., Mawlawi, H. & Kammoun, M.
(2015). The Use of Seaweed as a Bio-Fertilizer: Does
It Influence Proline and Chlorophyll Concentration
in Plants Treated? Arabian Journal of Medicinal
and Aromatic Plants, 1(1), 67-717.

Chojnacka, K., Saeid, A., Witkowska, Z. & Tuhy, L.
(2012). Biologically Active Compounds in Seaweed
Extracts-The Prospects for The Application. 7The
Open Conference Proceedings Journal, 3, 20-28

de Silva, A., Patterson, K., Rothrock, C. & Moore,
J.(2000). Growth Promotion of Highbush Blueberry
by Fungal and Bacterial Inoculants. HortScience,
35(7), 1228-1230.

Dominguez, H. & Loret, E.P. (2019). Ulva lactuca, A
Source of Troubles and Potential Riches. Marine
Drugs, 176), 357.

Fitzsimons, M.S. & Miller, R.M. (2010). The
Importance of Soil Microorganisms for Maintaining
Diverse Plant Communities in Tallgrass prairie.
American Journal of Botany, 9712), 1937-1943.

Garcia, I.B., Ledezma, A.K.D., Montano, E.M., Leyva,
J.AS., Carrera, E. & Ruiz, 10O. (2020).
Identification and Quantification of Plant Growth
Regulators and Antioxidant Compounds in
Aqueous Extracts of Padina durvillaei and Ulva
lactuca. Agronomy, 10, 866-879.

Ghoul, M., Minet, J., Bernard, T., Dupray, E., Cormier,
M. (1995). Marine Macroalgae as A Source for
Osmoprotection for FEscherichia coli. Microbial
Ecology, 3(2), 171-181.

Glick, B.R. (2012). Plant growth-promoting bacteria:
mechanisms and applications. Scientifica, 2012, 1-
15.

Gordon, S.A. & Weber, R.P. (1951). Colorimetric
Estimation of Indoleacetic Acid. Plant Physiology,
26(1), 192.

Hardoim, C.C.P., Costa, R., Araujo, F.V., Hajdu, E.,
Peixoto, R., Lins, U,, ... & Van Elsas, J.D. (2009).

518

Diversity of Bacteria in The Marine Sponge
Aplysina fulvain Brazilian Coastal Waters. Applied
and Environmental Microbiology, 75(10), 3331-
3343.

Hernandez-Herrera, R.M., Santacruz-Ruvalcaba, F.,
Zanudo-Hernandez, J. & Hernandez-Carmona, G.
(2016). Activity of seaweed extracts and
polysaccharide-enriched extracts from Ulva lactuca
and Padina gymnospora as growth promoters of
tomato and mung bean plants. Journal of Applied
Phycology, 28, 2549-2560

Hashem, H.A., Mansour, H.A., El-Khawas, S.A. &
Hassanein, R.A. (2019). The Potentiality of Marine
Macro-algae as Bio-fertilizers to Improve The
Productivity and Salt Stress Tolerance of Canola
(Brassica napus L.) plants. Agronomy, X3), 146.

Jithesh, M.N., Wally, O.S., Manfield, I., Critchley,
A.T., Hiltz, D. & Prithiviraj, B. (2012). Analysis of
Seaweed Extract-Induced Transcriptome Leads to
Identification of A Negative Regulator of Salt
Tolerance in Arabidopsis. HortScience, 476), 704-
709.

Jukes, T.H. & Cantor, C.R. (1969). Evolution of Protein
Molecules. Mammalian Protein Metabolism, 3, 21-
132.

Julia, I., Oscar, M., Analia, L., Zocolo Guilherme, J. &
Virginia, L. (2020). Biofertilization  with
Macrocystis pyrifera Algae Extracts Combined with
PGPR-Enhanced Growth in Lactuca sativa
Seedlings. Journal of Applied Phycology, 32X6),
4361-4371.

Khan, W., Zhai, R., Souleimanov, A., Critchley, A.T.,
Smith, D.L. & Prithiviraj, B. (2012). Commercial
Extract of Ascophyllum nodosum Improves Root
Colonization of Alfalfa by Its Bacterial Symbiont
Sinorhizobium meliloti. Communications in Soil
Science and Plant Analysis, 43(18), 2425-2436.

Kurepin, L.V., Park, J.M., Lazarovits, G. & Bernards,
M.A. (2015). Burkholderia phytofirmans-Induced
Shoot and Root Growth Promotion is Associated
with Endogenous Changes in Plant Growth
Hormone Levels. Plant Growth Regulation, 751),
199-207.

Lugtenberg, B.J., Dekkers, L. & Bloemberg, G.V.
(2001). Molecular Determinants of Rhizosphere
Colonization by Pseudomonas. Annual Review of
Phytopathology, 341), 461-490.

Lugtenberg, B., Kamilova, F. (2009). Plant-Growth-
Promoting Rhizobacteria. Annual Review of
Microbiology, 63, 541-556.

Michalak, I., Chojnacka, K., Dmytryk, A., Wilk, R.,
Gramza, M. & R¢j,, E. (2016). Evaluation of
Supercritical Extracts of Algae as Biostimulants of
Plant Growth in Field Trials. Frontiers in Plant
Science, 7,1-11.

Mzibra, A., Aasfar, A., Benhima, R., Khouloud, M.,
Boulif, R., Douira, A., Bamouh, A. & Kadmiri, I.M.
(2021). Biostimulants Derived from Moroccan



KSU Tarim ve Doga Derg 26 (3), 511-519, 2023
KSU J. Agric Nat 26 (3), 511-519, 2023

Arastirma Makalesi
Research Article

Seaweeds: Seed Germination Metabolomics and
Growth Promotion of Tomato Plant. Journal of
Plant Growth Regulation, 40, 353-370.

Nabti, E., Jha, B. & Hartmann, A. (2017). Impact of
Seaweeds on Agricultural Crop Production As
Biofertilizer. International Journal of
Environmental Science and Technology, 14(5),
1119-1134.

Olanrewaju, O.S., Glick, B.R. & Babalola, 0.0. (2017).
Mechanisms of Action of Plant Growth Promoting
Bacteria. World Journal of Microbiology and
Biotechnology, 3X11), 1-16.

Ozdemir-Kocak, F. (2019). Identification of
Streptomyces Strains Isolated from Humulus
lupulus Rhizosphere and Determination of Plant
Growth Promotion Potential of Selected Strains.
Turkish Journal of Biology, 4%6), 391.

Ozdemir-Kocak, F., Unal, D., Ertekin, S.G., Kumas, A.
& Degirmenci, L. (2020). Effect of Streptomyces sp.
GBTUV5 on The Growth of Solanum Iycopersicum
(tomato). Fresenius Environmental Bulletin,
2911), 9889-9898.

Patel, H.D., Brahmbhatt, N., Patel, J., Patel, R.,
Thaker, P. & Brahmbhatt, N. (2019). Effect of
Seaweed Extract on Different Vegetables as A Bio-
Fertilizer In Farming. International Journal for
Research, 73), 2062-2067.

Pathma, J., Kennedy, R.K., Bhushan, L.S., Shankar,
B.K. & Thakur, K. (2021). Microbial Biofertilizers
and Biopesticides: Nature’s Assets Fostering
Sustainable Agriculture. /n Recent developments in
microbial technologies (pp. 39-69). Springer,
Singapore.

Roso, G.R., Queiroz, M.I., Streit, N., Menezes, C.R.,

Zepka, L.Q. & Jacob-Lopes, E. (2015). The
Bioeconomy of  Microalgal Carotenoid-Rich
Oleoresins Produced in Agroindustrial

Biorefineries. Journal of Chemical Engineering and
Process Technology, 6001), 1-7.

Saitou, N. & Nei, M. (1987). The Neighbor-Joining
Method: A New Method for Reconstructing
Phylogenetic Trees. Molecular Biology and

519

Evolution, 44), 406-425

Sturz, A.V., Christie, B.R. & Nowak, J. (2000).
Bacterial Endophytes: Potential Role in Developing
Sustainable Systems of Crop Production. Critical
Reviews in Plant Sciences, 141), 1-30.

Trujillo, M.E., Alonso-Vega, P., Rodriguez, R., Carro,
L., Cerda, E., Alonso, P. & Martinez-Molina, E.
(2010). The Genus Micromonospora is Widespread
in Legume Root Nodules: The Example of Lupinus
angustifolius. The ISME Journal, 410), 1265-1281.

Ullah, N., Ditta, A., Khalid, A., Mehmood, S., Rizwan,
M.S., Ashraf, M. ...& Igbal, M.M. (2020).
Integrated Effect of Algal Biochar and Plant
Growth Promoting Rhizobacteria on Physiology and
Growth ff Maize Under Deficit Irrigations. Journal
of Soil Science and Plant Nutrition, 2X2), 346-356.

Unal, D., Sevim, G., Varis, G., Tuney-Kizilkaya, I.,
Unal, B.T., Ozturk, M. & Hussain, S. (2022).
Ameliorative effect of Halopteris filicina extracts on
growth parameters and genomic DNA template
stability of tomato (Solanum Iycopersicum) under
lead chloride stress. Crop and Pasture Science, 73,
917-926.

Van Loon, L.C. & Bakker, P.A.-H.M. (2005). Induced
Systemic Resistance as A Mechanism of Disease
Suppression by Rhizobacteria. In PGPR: Biocontrol
and  Biofertilization (pp. 39-66). Springer,
Dordrecht.

Welbaum, G.E., Sturz, A.V., Dong, Z. & Nowak, J.
(2004). Managing Soil Microorganisms to Improve
Productivity of Agro-ecosystems. Critical Reviews
in Plant Sciences, 232), 175-193.

Weselowski, B., Nathoo Eastman, A.W., MacDonald, J.
& Yuan, Z.C. (2016). Isolation, Identification and
Characterization of Paenibacillus polymyxa CR1
with Potentials for Biopesticide, Biofertilization,
Biomass Degradation and Biofuel Production. BMC
Microbiology, 161), 1-10.

Wise, T.A. (2013). Can we feed the world in 2050. A
scoping paper to assess the evidence. Global
Development and Environment Institute Working
Paper, (13-04).



KSU Tarim ve Doga Derg 26 (3), 520-530, 2023
KSU J. Agric Nat 26 (3), 520-530, 2023
https://doi.org/10.18016/ksutarimdoga.vi. 1098115

i

0900 Ziraat Kiraz Cesidinde Derim Sonrasi Aloe Vera Jeli ve Farkh Paketleme
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OZET Bahge Bitkileri

Bu ¢alismada, 0900 Ziraat kiraz c¢esidinin depolama ve raf émri siiresi

tzerine derim sonrasi1 MAP ve Aloe vera jel uygulamalarimin etkisi Aragtirma Makalesi
arastirilmistir. Bu amagla 6n sogutma yapilmis kiraz meyveleri 4 gruba

ayrilmig ve 0°C’de %90-95 oransal nem kosullarinda 35 giin muhafaza Makale Tarihgesi
edilmistir. Aloe vera jel uygulamasi yapilan ve Aloe vera jel uygulamasi Gelig Tarihi  :05.04.2022
yapilmayan meyvelerin bir kism1 MAP icinde diger kisim ise delikli Kabul Tarihi :29.12.2022
polietilen poset igcinde muhafaza edilmigtir. Meyvelerde muhafaza

stiresince periyodik olarak yedi giinde bir ve +3 giinde raf 6mriinde agirlik Anahtar Kelimeler
kayiplari, meyve eti sertligi, meyve kabuk rengi (L*, a*, b*, C*, h°), suda Kiraz

¢oziinebilir kuru madde (SCKM), titre edilebilir asitlik (TEA),
biyokimyasal 6zellikler ve ¢lirime orani incelenmistir. Muhafaza ve raf
omri suresince Aloe vera jel uygulanmis MAP icinde muhafaza edilen
meyvelerde agirlik kaybi1 az olmus ve meyve et sertligi diger
uygulamalara gore daha iyi korunmustur.

Aloe vera jel
Modifiye Atmosfer Paketleme
Meyve kalitesi

Effects of Aloe Vera Gel and Different Packaging Applications on Storage Time and Quality in 0900

Ziraat Cherry Varieties

ABSTRACT Horticulture

In this study, the effects of post-harvest MAP and Aloe vera gel

applications on the storage and shelf life of 0900 Ziraat cherry varieties Research Article

were investigated. For this purpose, the pre-cooled cherry fruits were

divided into 4 groups and stored at 0°C, 90-95% relative humidity Article History

conditions for 35 days. Also, they were left at 20°C 3 days for shelf life. A Received + 05.04.2022
part of the fruits that were treated with/without Aloe vera gel were stored Accepted £ 29.12.2022
in MAP and the other part was stored in a perforated polyethylene bag.

Weight loses, TSS, TA, firmness, skin color (L*, a*, b*, C*, h%, biochemical Eeonds

properties and decay rate were investigated weekly, while they were Cherry

determine during 3 days for shelf life. During the storage and shelf life, f/llzei)vera gel

Aloe vera gel was applied and preserved in MAP had low fruit weight

loss and preserved fruit firmness.

Fruit quality

Ataf Sekli: Diindar, O., & Erigkin, N., (2023). 0900 Ziraat Kiraz Cesidinde Derim Sonras1 Aloe Vera Jeli ve Farkli
Paketleme Uygulamalarinin Muhafaza Siiresi ve Kalite Uzerine Etkileri. KSU Tarim ve Doga Derg 26 (3),
520-530. https://doi.org/10.18016/ksutarimdoga.vi.1098115
To Cite : Diindar, O., & Erigkin, N., (2023). Effects of Aloe Vera Gel and Different Packaging Applications on Storage
Time and Quality in 0900 Ziraat Cherry Varieties. KSU J. Agric Nat 26(4), 520-530. https://doi.org/10.18016/
ksutarimdoga.vi. 1098115
GIRIS gesitleri de yetistirilmeye baglanmistir.

Kiraz (Prunus avium L.), Rosales takiminin Rosaceae
familyasindan Giresun, Gtuney Kafkasya, Hazar
Denizi ve Kuzeydogu Anadolu'da dogal olarak bulunan
bir meyvedir. Anavatani Giiney Kafkasya, Hazar
Denizi ve Kuzeydogu Anadoluw’dur (Ozbek, 1978). Kiraz
yetigtiriciligi en eski olarak Anadoluda yapilmigtir.
Kiraz tiretiminin ¢ogu 6nemli kirazlar arasinda olan ve
Avrupa’da ‘Tirk Kiraz:’ denilen 0900 Ziraat cesidinden
olugsmaktadir. Son yillarda Sweet Heart, Celeste,
Kordia, Regina, Sunburst, Summit gibi yeni kiraz

Kiraz yetistiriciliginde Tirkiye oldukca ilerlemis,
ihra¢ firmalar1 artmig, Uretim girdileri sikintilar
azalmig, soguk hava ve paketleme tesisleri daha iyi
duruma gelmisgtir. Yetigtiriciler tiiccarin istedigi kirazi
Uretme konusunda bilin¢glenmis béylece daha fazla
gelir getiren gesitleri daha kaliteli iretmektedir.

Diinya’da kiraz Gretimi en fazla Tiurkiye, ABD, Iran ve
Italya gibi tilkelerde yapilmaktadir. Kiraz iiretimi
Kemalpasa (Izmir), Manisa, Aksehir, Eregli (Konya) ve
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son zamanlarda Hadim ve Tagkent (Konya),
Sultandag1 (Afyon), Uluborlu (Isparta), Honaz
(Denizli), Andirin (Kahramanmaras), Ulukisla

(Nigde), Canakkale, Malatya, Tokat, Amasya, Edirne,
Pozant1 (Adana) bslgelerinde yapilmaktadir.

Bolgeler arasinda kirazin olgunlagsmasi bakimindan
1,5 aya varan farklhiliklar gorilebilmektedir. Modern
tarim yontemlerinin kullanilmaya baslanmasiyla
birlikte kirazda verim ve kalite de artmaktadir.
Turkiyede yaklasik 50 kiraz cesidinin yetistiriciligi
yapilmakla birlikte 6nemli bazi c¢esitler sunlardir;
Cristobalino, Early Burlat, Turfanda, Vista, Metron
Premier, Metron Bigarreau, Larian, Noir De Guben,
Stella, Van, Bing, Lapins, Bigarreau Gaucher, Noble,
0900 Ziraat, Metron Late, Starks Gold, Sweet Heart,
Sun Burst, Ferrovia, Gorgia, Hedelfinger, Kordia,
Galli, Summit, Rainier, Lambert, Noble, Regina,
Techloven. Son yillarda gelistirilen kendine verimli
cesitler 1se; Stella, Celeste, Isabelle, Lapins, Sunburst,
Sweetheart ve New Star’dir. Tirkiyede en fazla
yetistirilen ve ihrag edilen kiraz ¢esidi 0900 Ziraat’tir.
Kiraz toplam yas meyve ve sebze ihracinda elde edilen
gelir bakimindan domates ve limondan sonra tg¢tunci
sirada yer almaktadir (Bal, 2012).

Taze meyve ve sebzelerin raf 6mrii ve depolama
sliresince meyve kalitesini uzun siire muhafaza etmek,
pazar degerini arttirmak ve tiketim mevsimini
uzatmak icin derim sonrasi1 farkli uygulamalar
kullanilmaktadir (Bal & Celik, 2008). Bunlar
icerisinde yenilebilir kaplama olarak birgok urinde
Aloe vera jel ve MAP uygulamalar1 yapilmaktadir.
Aloe vera jel film, antimikrobiyal olaylar ve biyolojik
bozulmalar1 kontrol etmesi nedeniyle farkli gidalarda
yenilebilir ve biyolojik gida koruma kaplamasi olarak
kullanilmaktadir. Aloe vera jel meyve ve sebzelerin
bozulmasinda etken olan nem ve oksijen i¢in dogal bir
engelleyici ve polisakkarit bilesenidir. Aloe vera jel
meyvelerde renk, solunum orani ve raf 6mrina olumlu
yonde etkilemektedir. Aloe vera jel meyve ve
sebzelerin mikrobiyolojik bulagmalarina karsi bir
savunma mekanizmasi olusturmaktadir. Anti fungal
ve anti mikrobiyal 6zellige sahiptir (Misir ve ark.,
2014).

Solunum, hiicre icerisindeki seker, nigasta ve organik
asitin COz2 ve Oz gibi daha basit molekiillere
parcalanmasi olay1 olup, derim sonrasi solunum ile
paralel olarak meyvenin yumusamasli
gerceklesmektedir (Bahar & Diindar, 1997). Bu
nedenle MAP uygulamas1 ile ambalaj igindeki O:
konsantrasyonu sinirlanarak irtintin solunum hizinin
kontrol altina alinmas1 ve raf omriintiin uzatilmasi
amaclanmaktadir. Bu calismada, 0900 Ziraat kiraz
cesidinin derim sonrasi Aloe vera jel ve modifiye
atmosfer paketleme uygulamalari ile sogukta
muhafaza ve raf 6mri siiresince meyve eti sertligini
korumak, agirlik kaybini ve mantarsal bulagsmayi
geciktirmek amaglanmigtir. Ayrica derim sonrasi
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uygulamalarin muhafaza ve raf O6mriinde meyve
kalitesine etkisi de incelenmisgtir.

MATERYAL ve METOD

Bu ¢alisma 2019 yilinda C. U. Ziraat Fakiiltesi, Bahce
Bitkileri  Bo6limi, Derim  Sonrasi  Fizyoloji
Laboratuvar: ve Depolarinda yapilmigtir. Calismada
0900 Ziraat kiraz c¢esidi kullamilmigtir. Mersin
Toroslarin Yuksekoluk Kéyi, 36.98 enlem ve 34.41
boylamda yer alan bahcgeden derilen kirazlar o6n
sogutma isleminden gegirildikten sonra, paketleme
evine tagsinmig, 6n elemeden gegirilerek boylarina
ayrildiktan sonra, deneme kurulmustur. 0900 Ziraat
Kiraz meyveleri 4 gruba ayrilmigtir. Ilk iki grup hig bir
uygulama yapilmadan direkt olarak 400’er gramlik
kaselerde tartilarak bir grup Modifiye atmosfer
paketlere (MAP), diger grup ise delikli polietilen
posetlere konulmus ve soguk hava deposuna
yerlestirilmistir. Sonraki iki grup meyvelere ise Aloe
vera jeli meyve uzerine temas edecek sekilde daldirma
yapilmis, kurutma kagidi lzerine  serilerek
laboratuvar kosullarinda kurutulduktan sonra 400’er
gramlik kaselerde tartilarak bir grup modifiye
atmosfer posetlere, diger grup ise delikli polietilen
posetlere konulmus ve soguk hava deposuna
yerlestirilmigtir. Meyveler 0°C’de, %90-95 hava
oransal nem kosullarindaki soguk hava deposunda 35
giin muhafaza edilmigtir. Muhafaza suresince
meydana gelen fiziksel ve kimyasal degisimler 7 giinde
bir periyodik analizler ile belirlenmigtir. Ayrica raf
omrinin belirlenmesi i¢in her analiz dénemini izleyen
+3 gin 20°C de bekletilen meyveler bu siirenin
sonunda analizlenmigtir. Muhafaza siirecinde ve raf
omrinde meyvelerde agirlik kaybi, meyve eti sertligi,
titre edilebilir asit (TEA, %) miktar1, suda ¢oziinebilir
kuru madde (SCKM, %), kabuk rengi (L*, a*, b*, he ve
C*), antioksidan aktivitesi, meyve ciirlime miktar: ve
cokiintii (pitting, %) analizleri yapilmistir (Bahar &
Diindar, 1997).

Deneme 3 tekerrirli olarak tesaduf parselleri
faktoriyel diizen deneme desenine gére kurulmustur.
Veriler JMP 5.0.1 paket programinda analizlenmisg ve
LSD, a=0,05 6nem seviyesinde hesaplanmigtir.

BULGULAR ve TARTISMA

Muhafaza siiresince tim uygulamalarda agirhk
kaybinda artiglar saptanmistir. Muhafaza stresince
ortalama meyve agirlik kaybi degisimleri Cizelge 1’de
verilmigtir. Uygulamalar ve muhafaza siiresi
istatistiksel olarak énemli bulunmustur.

Tiam uygulamalarda ilk haftadan itibaren raf émra
stiresince agirhk kaybinda artiglar saptanmastir.
Analiz sonuglarina gére uygulamalar, muhafaza stiresi
ve bunlarin ikili interaksiyonu arasindaki farkhiliklar
istatistiksel olarak énemli bulunmustur ( Cizelge 1).
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Cizelge 2. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkl uygulamalarin agirlik kayiplar: {izerine etkileri (%)
Table 1. The eftect of different treatments on weight loss (%) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

7 14 21 28 35 (Mean)
MAP 5.91+0.55 7.59+0.89 8.73+0.98 10.17+0.90 10.78+0.52  8.64c
Delikli (holed) PE 7.54+0.20 9.18+0.96 11.14+3.26 12.49+0.57 12.83+0.17 10.64 a
Aloe vera jel +MAP 4.80+0.76 5.52+0.71  8.30+0.31 10.28+0.53 10.79£0.40  7.94d
Aloe vera jel+Delikli (holed) PE 6.30+0.55 8.89+0.35 9.81+0.47 11.52+0.23 12.28+0.87 9.76 b
Ortalama (Mean) 6.14d 7.79¢ 9.49b 11.12a 11.67a

LSDw0s Uyg.: 0.62  LSDwos» MS: 0.69  LSD(.0s5 Uyg. X M.S: O.D.

Uyg: Uygulama; MS: Muhafaza Siiresi; OD: Onemli degil; +standart hata

LSDw.05) Treatment:0.62 LSD.05» Storage Time: 0.69 LSDw.0s) TreatmentXStorage Time: N.S.**
**NS. Nonsignificant +standard error

Cizelge 2. 0900 Ziraat kiraz cesidinde raf 6mrii siiresince farkhh uygulamalarin agirhk kayiplar: iizerine etkileri (%)
Table 2. The effect of different treatments on weight loss (%) of 0900 Ziraat cherry in shelf life

Raf Omrii (giin) (Shelf life (day)) Ortalama
Uygulama (Treatment) 0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 4.48+1.021 9.67+0.68fg 11.09+0.90f 12.87+1.13de 14.58+1.41c-e 15.61+0.55bc  11.38¢c
Delikli (holed) PE 4.48+1.021 12.85+0.57e 13.11+1.56de 14.93+3.05c¢ 17.72+1.48a 16.97+0.57ab  13.34 a
Aloe vera jel +MAP 4.48+1.021 8.57+0.71g 8.50+0.74g  10.91£0.17 f 14.45+0.71c-e 14.61:0.48¢cd  10.25d
Aloe vera jel+Delikli (holed) PE 4.48:1.021 6.75:0.82h 12.88+0.28de 13.94:0.51c-e 17.67:0.86a 18.29:0.32a 12.33 b
Ortalama (Mean) 4.48e 9.46d 11.39¢c 13.16b 16.10a 16.37a

LSD(,05 Uyg.: 0.12  LSD@os RO: 0.14  LSD(0s Uyg. X RO: 0.29.; RO: Raf Omrii; +standart hata
LSDw.05) Treatment:0.12 LSDw.05) Storage Time: 0.14 LSDw.05) TreatmentXShelf life:0.29; +standard error

Arastirma sonuglarina benzer sekilde, Zheng & Zhang Muhafaza siliresince tim uygulamalarda meyve eti
(2004) mandarin meyvelerinde agirhk kaybinin sertliginde azaliglar saptanmigtir. Muhafaza siiresince
arttigini belirlemigtir. Bulgular, Koyuncu ve ark. ortalama meyve eti sertlik degisimleri Cizelge 3’de
(2005)n1n sonuglari ile de uyum icindedir. verilmigtir. Analiz sonug¢larina gére muhafaza stiresi

istatistiksel olarak 6nemli bulunmustur.

Cizelge 3. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkli uygulamalarin meyve eti sertligi iizerine etkileri (N)
Table 3. The effect of different treatments on fruit firmness (N) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 8.14+0.25 7.38+0.25 5.94+0.22 5.37+0.05 5.55+0.17 4.42+0.37 6.13
Delikli (holed) PE 8.14+0.25 6.49+0.41 4.62+0.08 5.06+0.29 5.13+0.32  4.68+0.33 5.69
Aloe vera jel +MAP 8.14+0.25 6.86+0.44 5.75+0.05 5.38+0.21 4.91+0.06 4.15+0.21 5.87
Aloe vera jel+Delikli (holed) PE 8.14+0.25 6.22+0.42 5.30+0.14 5.25+0.45 5.25+0.45 4.52+0.68 5.78
Ortalama (Mean) 8.14a 6.74b 5.41c 5.26¢ 5.21c 4.44d

LSD(,05 Uyg.: 0.D.  LSD(,05) MS: 0.44 LSD,05 Uyg. X M.S: O.D. ; +standart hata
LSDw.05) Treatment:NS** LSDw.05) Storage Time: 0.44 LSDw.05) TreatmentXStorage Time: NS.
**NS: Nonsignificant; +standard error

Tim uygulamalarda ilk haftadan itibaren raf émrii edil'ebi.lir.asitlik miktarlndaki degisimler Cizelge 5°de
stiresince meyve eti sertliginde azaliglar saptanmistir. verilmistir. Analiz sonuglarina gére uygulamalar,
Analiz sonuglarina gére muhafaza siiresi istatistiksel muhafaza. suresi  ve blimlar.ln. ikili 1nteraks1yong
olarak énemli bulunmustur (Cizelge 4). arasindaki farkhliklar istatistiksel olarak o6nemli
Kirazlarda yapilmis bir¢ok c¢alismada da muhafaza blflunmustur. ) o o
siiresince meyve eti sertliginin genel olarak azaldig: 'Ijum uygul.a'mala.rda.llk haftadan itibaren raf 6mri
belirlenmistir ( Bahar & Diindar 2001; Giineyli ve ark. titre edilebilir asit miktarinda azalislar saptanmistir.
2022). Analiz sonuglarina gore uygulamalar, muhafaza stiresi

ve bunlarin ikili interaksiyonu arasindaki farkhiliklar

Muhafaza  siresince tim —uygulamalarda titre istatistiksel olarak énemli bulunmustur. (Cizelge 6).

edilebilir asitlik miktarindaki degisimlerde azaliglar
saptanmigtir. Muhafaza siliresince ortalama titre
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Cizelge 4. 0900 Ziraat kiraz cesidinde raf 6mrii siiresince farkli uygulamalarin meyve eti sertligi iizerine etkileri (N)
Table 4. The effect of different treatments on fruit firmness (N) of 0900 Ziraat cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf life (day)) Ortalama

0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 7.65+0.57 6.30+0.89 5.31+0.30 4.56+0.35 4.27+0.21 3.75+0.10 5.31
Delikli (holed) PE 7.65+0.57 5.70+0.49 4.79+0.36 4.56+0.35 4.47+0.35 3.63+0.19 5.13
Aloe vera jel +MAP 7.65+0.57 5.97+0.40 5.10+0.12 4.63+0.09 4.40+0.08 4.23+0.12 5.33
Aloe vera jel+Delikli (holed) PE  7.65+0.57 6.11+0.95 5.06+0.19 5.02+0.30 3.93+0.26 3.51+0.29 5.21
Ortalama (Mean) 7.65a 6.02b 5.06¢ 4.69cd 4.27d 3.78e

LSD,05 Uyg.: 0.D. LSD@os» RO: 0.45 LSD(,05 Uyg. X RO: O.D. ; +standart hata
LSD.05) Treatment NS LSDw.05 Shelf Iife: 0.45 LSDw.05) TreatmentX Shelf life: NS*%,
**NS: Nonsignificant; +standard error

Cizelge 5. 0900 Ziraat kiraz gesidinde muhafaza siiresince farkli uygulamalarin titre edilebilir asit miktarindaki
degisimler iizerine etkileri (%)
Table 5. The effect of different treatments on titratable acidity (%) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 0.68+0.01 a 0.65+0.01ae 0.64+0.00de 0.64+0.00c-e 0.68+0.01a  0.61+0.02f-h 0.65a
Delikli (holed) PE 0.68+0.01a 0.65+0.02b-e 0.63+0.0le-g 0.57+0.01j  0.67+0.0la-c 0.58+0.021j 0.63b
Aloe vera jel +MAP 0.68+0.01 a 0.64+0.00ef  0.63+0.00e-g 0.58+0.01h-j 0.65+0.00b-e 0.60+0.02h1 0.63b
Aloe vera jel+Delikli (holed) PE 0.68:0.01a 0.68:0.01a  0.67+0.0lab  0.59+0.01h1  0.67+0.00a-d 0.61+0.00gh 0.65a
Ortalama (Mean) 0.68a 0.65bc 0.64c 0.60d 0.67ab 0.60d

LSD,05» Uyg.: 0.01  LSD(,0s MS: 0.01  LSD,5 Uyg. X M.S: 0.03; £standart hata
LS8Dw.05) Treatment:0.01 LSD.05) Storage Time: 0.01 LSD.05) TreatmentXStorage Time: 0.03; £standard error

Cizelge 6. 0900 Ziraat kiraz cgesidinde raf 6mri siiresince farkli uygulamalarin titre edilebilir asitlik miktarindaki
degisimler tizerine etkileri (%)
Table 6. The effect of different treatments on titratable acidity (%) of 0900 Ziraat cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf life (day)) Ortalama

0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 0.67+1.15a 0.63+0.53 bc 0.57+0.18 e-h 0.64+0.31ab  0.57+0.35e-g 0.54+0.48h-j 0.60ab
Delikli (holed) PE 0.67+1.15a 0.64+0.37 b 0.62+0.20b-d 0.62+0.31b-d  0.59+0.29d-f 0.52+0.231) 0.61a
Aloe vera jel +MAP 0.67+1.15a 0.62+0.31b-d 0.62+0.12b-d 0.60+0.24 c-e  0.57+0.18f-h 0.51+0.18;j 0.60ab
Aloe vera jel+Delikli (holed) PE 0.67+1.15a  0.62+0.29b-d 0.57+0.07e-g  0.59+0.31le-g  0.56+0.24g"1 0.51+0.50j 0.59b
Ortalama (Mean) 0.67a 0.63b 0.60c 0.61c 0.57d 0.52e

LSD(,05 Uyg.: 0.01 LSD,05 RO: 0.02 LSD,05 Uyg. X RO: 0.03; +standart hata
LSDw.05) Treatment:0.01 LSDw.o5) Shelf Iife: 0.02 LSDw.o5) TreatmentX Shelf life: 0.03; +standard error

Kirazlarda yapilmis bir¢cok calismada da muhafaza Muhafaza stiresince tim uygulamalarda suda
sliresince asit dizeyinin genel olarak azaldig ¢ozinebilir kuru madde (SCKM) miktaridaki
belirlenmistir (Ozdemir ve ark., 2001; Akbudak ve degisimlerde azahislar saptanmigtir. Muhafaza
ark., 2002; Akbulut & Ozcan, 2005). Bu arastirma stresince ortalama SCKM miktarindaki degisimler
sonuclar da diger calismalarda elde edilen bulgular ile Cizelge Tde verilmistir. Analiz sonuglarina gore
uyusmaktadir. uygulamalar ve muhafaza siliresi arasindaki
farkliliklar istatistiksel olarak énemli bulunmustur.

Cizelge 7. 0900 Ziraat kiraz ¢esidinde muhafaza stiresince farkli uygulamalarin SCKM miktarindaki degisimler tizerine
etkileri (%)

Table 7. The effect of different treatments on total soluble solids (%) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 17.47+0.41 16.67+0.07 16.47+0.57 16.60+0.31 16.67+0.13 17.00£0.12 16.8la
Delikli (holed) PE 17.47+0.41 15.53+0.07 16.07+0.57 15.93+0.64 16.80+0.12 16.53=0.47 16.39b
Aloe vera jel +MAP 17.47+0.41 14.27+0.18 16.47+0.27 16.17+0.12 16.47£0.18 16.67+0.18 16.25b
Aloe verajel+Delikli (holed) PE 17.47+0.41 15.27+0.18 16.13+0.18 16.13+0.41 17.13+0.24 17.17+0.19 _ 16.55ab
Ortalama (Mean) 17.47a 15.43d 16.28¢ 16.21c 16.77b 16.84b

LSD,05 Uyg.: 0.38 LSD(0,05) MS: 0.47 LSD05 Uyg. X M.S: O.D. ; +standart hata
LSDw.o» Treatment:0,38 LSDw.o» Storage Time: 0.47 LSDw.0» TreatmentXStorage Time: NS.**
**NS: Nonsignificant; +standard error
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Tiim uygulamalarda ilk haftadan itibaren raf émrii calismalarin sonuglar ile benzemektedir (Serrano et
SCKM miktarinda azalan degerler saptanmistir. al., 2003; Malik & Singh, 2005; Khan & Singh, 2008;
Muhafaza ~siiresi istatistiksel olarak ¢nemli ~ Mo etal., 2008).

bulunmustur (Cizelge 8). Muhafaza siiresince tiim uygulamalarda parlaklig
SCKM igeriginde meydana gelen azalmanin nedeni, simgeleyen L* degerinde baslangic degerine gére
sekerlerin solunumda kullanilmasindan azaliglar saptanmistir. Muhafaza siiresince ortalama
kaynaklanabilir (Ozdemir ve ark., 2001). SCKM meyve kabuk rengindeki L* degeri degisimleri Cizelge
sonuglari, farkli meyve tirlerinde yapilmig 9'da verilmistir.

Cizelge 8. 0900 Ziraat kiraz ¢esidinde raf émri stiresince farkli uygulamalarin SCKM miktarindaki degisimler tizerine
etkileri (%)

Table 8. The eftect of different treatments on total soluble solids (%) of 0900 Ziraat cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf life (day)) Ortalama

0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 16.60+ 1.15 15.47+0.53 15.33+0.18 15.07+0.31 14.47+0.35 14.60+ 0.48 15.26
Delikli (holed) PE 16.60+ 1.15 14.47+0.37 14.20+0.20 14.73+0.31 14.53+0.29 14.27+0.23 14.80
Aloe vera jel +MAP 16.60+ 1.15 14.73+0.31 14.80+0.12 14.93+0.24 14.87+0.18 14.53+0.18 15.08
Aloe vera jel+Delikli (holed) PE 1660+ 1.15 14.87+ 0.29 15.40+ 0.07 15.07+ 0.31 14.60+ 0.24 14.33% 0.50 15.14
Ortalama (Mean) 16.60 a 14.88b 14.93b 14.95b 14.62bc 14.43c

LSD(,05 Uyg.: O.D. LSD,05 RO: 0.43 LSD,05 Uyg. X RO: O.D. ; +standart hata
LSDw.o5) Treatment:NS** LSDw.05) Shelf life: 0.43 LSDw.05) TreatmentX Shelf Iife: NS.
**NS. Nonsignificant; +standard error

Cizelge 9. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkh uygulamalarin meyve kabuk rengi {izerine etkileri (L*)
Table 9. The effect of different treatments on skin color (L*) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 30.73+0.43a  28.87+0.39bc 28.00+0.28c-e  26.96+0.42fg 27.11+0.51fg 28.77+0.23bc 28.41
Delikli (holed) PE 30.73+0.43a  27.11+0.51fg 28.77+0.23bc 26.40+0.35g  28.56+0.18c  28.36+0.13cd 28.32
Aloe vera jel +MAP 30.73+0.43a  28.56+0.18¢c  28.36+0.13cd 26.72+0.12fg  28.45+0.11c  29.60+0.18b 28.73
Aloe verajel+Delikli (holed) PE  30.73+0.43a  28.45+0.11c  29.60+0.18b 27.53+0.11df 27.17+0.22eg 28.15+0.39cd 28.60
Ortalama (Mean) 30.73a 28.25cd 28.68bc 26.90e 27.82d 28.72b

LSD,05 Uyg.: 0.D. LSD(,05 MS: 0.44 LSD,05 Uyg. X M.S: 0.88; +standart hata
LSDw.05) Treatment-NS**LSD.05 Storage Time: 0.44 LSDw.05) TreatmentXStorage Time: 0,88
**NS. Nonsignificant; +standard error

Sonuclara gore muhafaza stiresi ve (Cizelge 11).

uygulamaXmuhafaza stresi arasindaki farklilhiklar Kirazlarda C* degeri (renk yogunlugu), baslangic
onemlidir. degerine gore uygulamalar ve muhafaza surelerinde
Meyvelerde a* degeri (kirmiz1 renk), tiim uygulamalar istatistiksel olarak 6nemli bir degigsme géstermemistir
ve tim muhafaza slirelerinde baglangic degerine gére (Cizelge 12).

azalma gdstermistir (Cizelge 10). Meyvelerde A° degeri, baglangi¢ degerine gore
Meyvelerde b* degeri (sar1), baslangic degerine gore uygulamalar ~onemsiz ancak muhafaza siiresi
muhafaza siiresi ve uygulamalar 6nemli bulunmustur istatistiksel olarak 6nemli bulunmustur (Cizelge 13).

Cizelge 10. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkli uygulamalarin meyve kabuk rengi iizerine etkileri (a*)
Table 10. The effect of different treatments on skin color (a*) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 18.84+0.63 19.36+2.20 18.59+3.05 21.07+0.48 18.99+0.86 20.16+0.72 19.50a
Delikli (holed) PE 18.84+0.63 18.99+0.86 20.16+0.72 16.53+0.79 17.80+1.22 16.95+0.54 18.21b
Aloe vera jel +MAP 18.84+0.63 17.80+1.22 16.95+0.54 18.14+0.50 16.11+0.82 18.85+0.60 17.78b
Aloe Verajel+Delikli (bo]ed) PE 18.84+0.63 16.11+0.82 18.85+0.60 15.97+0.55 17.59+0.64 15.87+0.47 17.20b
Ortalama (Mean) 18.84 18.06 18.63 17.93 17.62 17.96

LSD,05 Uyg.: 1.20 LSD(,05 MS: 0.D LSD(,05 Uyg. X M.S: O.D. ; +standart hata
LSDw.0s5) Treatment:1.20 LSDw.05) Storage Time: NS.** LSDw.os) TreatmentXStorage Time NS
**NS. Nonsignificant; +standard error
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Cizelge 11. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkli uygulamalarin meyve kabuk rengi iizerine etkileri (b*)
Table 11. The effect of different treatments on skin color (b*) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 4.13+0.39 5.67+0.93 5.99+0.11 5.23+0.44 4.50+0.35 4.99+0.42 5.09a
Delikli (holed) PE 4.13+0.39 4.50+0.35 4.99+0.42 3.38+0.27 4.12+0.47 4.06+0.42 4.20b
Aloe vera jel +MAP 4.13+0.39 4.12+0.47 4.06+0.42 4.01+0.09 3.40+0.21 4.78+0.44 4.08b
Aloe vera jel+Delikli (holed) PE 4.13+0.39 3.40+0.21 4.78+0.44 3.31+£0.22 3.93+0.25 3.63+0.22 3.86b
Ortalama (Mean) 4.13b 4.42a 4,96a 3.98b 3.99b 4.37b

LSD,05 Uyg.: 0.46 LSD,05 MS: 0.57 LSD(,05» Uyg. X M.S: O.D. ; +standart hata
LSD.05) Treatment:0.46 LSD.05) Storage Time: 0.57 LSD.05) TreatmentX Storage Time NS**
**NS: Nonsignificant; +standard error

Cizelge 12. 0900 Ziraat kiraz cesidinde muhafaza siiresince farkli uygulamalarin meyve kabuk rengi {izerine etkileri (C*)
Table 12. The effect of different treatments on skin color (C*) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

0 7 14 21 28 35 (Mean)
MAP 19.29+0.69ad  16.73+1.74cd 16.53+3.79cd 21.71+0.56a  19.52+0.92 a-c  20.77+0.80 ab 19.09
Delikli (holed) PE 19.29+0.69ad  19.52+0.92ac 20.77+0.80ab  16.88+0.83cd  18.27+1.29b-d 17.43+0.62 cd 18.69
Aloe vera jel +MAP 19.29+0.69ad  18.27+1.29b 17.43+0.62cd 18.58+0.49ad  16.46+0.84cd 19.45+0.68 a-d  18.25
Aloe verajel+Delikli (holed) PE 19 99:0.69ad  16.46+0.84cd 19.45:0.68ad  16.31:0.58 cd _ 18.02+0.68b-d 16.28+0.51d 17.64
Ortalama (Mean) 19.29 17.75 18.54 18.37 18.07 18.48

LSD,05 Uyg.: O.D. LSD.05 MS: O.D. LSD,05 Uyg. X M.S: 3.20 ; £standart hata
LSDw.05) Treatment:NS** LSDw.05» Storage Time: NS. LSDw.05) TreatmentX Storage Time-3.20
**NS: Nonsignificant; +standard error

Cizelge 13. 0900 Ziraat kiraz ¢esidinde muhafaza siiresince farkli uygulamalarin meyve kabuk rengi tizerine
etkileri (&)
Table 13. The effect of different treatments on skin color (k°) of 0900 Ziraat cherry in storage

Uygulama (Treatment) Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama
0 7 14 21 28 35 (Mean)

MAP 12.31+0.75 13.83+1.21 13.78+1.23 13.89+0.86 13.30+0.44 13.87+0.64 13.50

Delikli (holed) PE 12.31+0.75 13.30+0.44 13.87+0.64 11.52+0.37 12.94+0.56 13.41+0.90 12.89

Aloe vera jel +MAP 12.31+0.75 12.94+0.56 13.41+0.90 12.48+0.37 11.92+0.26 14.18+0.88 12.87

Aloe vera jel+Delikli (holed) PE  12.31+0.75 11.92+0.26  14.18+0.88 11.68+0.36 12.57+0.37 12.85+0.39 12.59

Ortalama (Mean) 12.31c 13.00a-¢c 13.81a 12.39 ¢ 12.68bc 13.58ab

LSD,05 Uyg.: O.D. LSD,05) MS: 1,00 LSD,05 Uyg. X M.S: O.D. ; +standart hata
LSDw.05) Treatment-NS** LSD.05) Storage Time:1.00 LSD.05) TreatmentX Storage Time NS
**NS. Nonsignificant; +standard error

Raf omri siiresince ortalama meyve kabuk rengindeki istatistiksel olarak 6nemsiz bulunmustur.
L* degerindeki degisimler Cizelge 14’de verilmistir. Kirazlarda a* degeri, hem tiim uygulamalar arasinda
Analiz sonuglarina goére uygulamalar, muhafaza stresi hem de tim raf 6mri siiresince baslangi¢ degerine gore
ve bunlarin ikili interaksiyonu arasindaki farkliliklar istatistiksel olarak énemlidir (Cizelge 15).

Cizelge 14. 0900 Ziraat kiraz ¢esidinde raf 6mru siiresince farkli uygulamalarin meyve kabuk rengi tizerine etkileri

(L*)
Table 14. The effect of different treatments on skin color (L*) of 0900 Ziraat cherry in shelf life
Uygulama (Treatment) Raf Omru (gun) (S]ze]fhfe (day)) Ortalama

0+3 T+3 14+3 21+3 28+3 35+3 (Mean)

MAP 30.47+0.11 27.17+0.22 28.15:0.39  30.82+0.33 30.72+0.12 24.76+0.55 28.68
Delikli (holed) PE 30.47+0.11 30.72+0.12 24.76+0.55  30.47+0.27 29.95:045 28.61+0.08 29.16
Aloe vera jel +MAP 30.47+0.11 29.95:0.45 28.61+0.08  31.24+0.27 28.66:0.45 30.63+0.08 29.93
Aloe vera jel+Delikli (holed PE 30 470011 28.66:0.25 30.63:0.29  29.28+0.09 30.06+0.31 30.26+0.21 29.89
Ortalama (Mean) 30.47 29.12 28.04 30.46 29.85 28.57

LSD,05 Uyg.: O.D. LSD,05 RO: O.D. LSD,05 Uyg. X RO: O.D. ; +standart hata
LSDw.05) Treatment:NS** LSDw.0o5) Shelf Ilife: NS** LSDw.o5») TreatmentX Shelf life: NS.
**NS. Nonsignificant; +standard error
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Cizelge 15. 0900 Ziraat kiraz cesidinde raf émrii siiresince farkl uygulamalarin meyve kabuk rengi {izerine etkileri (a*)
Table 15. The effect of different treatments on skin color (a*) of 0900 Ziraat Cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf life (day)) Ortalama
0+3 7+3 14+3 21+3 28+3 35+3 (Mean)

MAP 14.16+0.59 17.59+0.64 15.87+0.47 17.58+0.59 16.42+0.73 12.744+0.92 15.73

Delikli (holed)PE 14.16+0.59 16.42+0.73 12.74+0.92 14.16+0.97 15.07+0.64 14.744+0.28 14.55

Aloe vera jel +MAP 14.16+0.59 15.07+0.64 14.74+0.28 16.15+0.59 15.60+0.43 16.73+0.56 15.41

Aloe vera jel+Delikli (holed) PE  14.16+0.59 15.60+0.43 16.73+0.56 14.57+0.53 13.72+0.63 15.214+0.71 15.00

Ortalama (Mean) 14.16 16.7 15.02 15.62 15.20 14.86

LSD,05 Uyg.: O.D.

LSD,05 RO: O.D.

LSDo,05» Uyg. X RO: O.D. ; +standart hata

LSDw.05) Treatment-NS** LSDw.05) Shelf life: NS LSD.05) TreatmentX Shelf life: NS.
**NS: Nonsignificant; +standard error

Meyvelerde b* degeri, baslangic degerine gore raf
Oomri suresi ve uygulamalar acisindan istatistiksel
olarak énemli bir artis gézlenmistir (Cizelge 16).

Meyvelerde C* degeri, basglangic degerine gore
uygulamalar ve raf Omri acisindan o6nemli bir

uygulamalar acisindan oOnemsiz ancak muhafaza
stiresi sonunda istatistiksel olarak o6nemli bir
degisiklik géstermistir (Cizelge 18).

Renk analiz sonuglari, daha énceden yapﬂan calisma
sonuclar1 ile benzerlik gostermistir (Ustiinel ve ark.

degisiklik géstermemistir (Cizelge 17).

Meyvelerde h9 degeri,

2008).

baslangic degerine gore

Cizelge 16. 0900 Ziraat kiraz ¢esidinde raf émri siiresince farkli uygulamalarin meyve kabuk rengi iizerine etkileri (b*)
Table 16. The effect of different treatments on skin color (b*) of 0900 Ziraat cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf life (day)) Ortalama
0+3 7+3 14+3 21+3 28+3 35+3 (Mean)

MAP 2.51+0.22d 3.93+0.25a 3.63+£0.22ab  3.77+0.35a 3.75+0.24a 2.82+0.16¢cd 3.40a

Delikli (holed) PE 2.51+0.22d 3.75+0.24a 2.82+0.16cd  2.51+0.35d 2.97+0.32b-d  2.95+0.12b-d 2.92b

Aloe vera jel +MAP 2.51+0.22d 2.97+0.32b-d 2.95+0.12b-d 3.38+0.12a-c 3.37+0.10a-c 3.63+0.25ab 3.13ab

Aloe vera jel+Delikli(holed) PE 2.51+0.22d 3.37+0.10a-c  3.63+0.25ab  2.51+0.25d 2.43+0.25d 2.85+0.23cd 2.88b

Ortalama (Mean) 2.51c 3.51a 3.26ab 3.04b 3.13b 3.06b

LSD,05 Uyg.: 0.30

LSD,05 RO: 0.36

LSD,05 Uyg. X RO: 0.73; +standart hata
LSDw.05) Treatment-0,30 LSD.05) Shelf life: 0.36 LSDw.05) TreatmentX Shelf life:0.73 ; +standard error

Cizelge 17. 0900 Ziraat kiraz cesidinde raf 6mrii siiresince farkli uygulamalarin meyve kabuk rengi iizerine etkileri (C*)
Table 17. The effect of different treatments on skin color (C*) of 0900 Ziraat cherry in shelf Iife

Raf Omrii (giin) (Shelf life (day)) Ortalama
Uygulama (Treatment) 0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 14.39+0.58 18.02+0.68 16.28+0.51 17.98+0.64 16.84+0.77 13.08+0.87 16.10
Delikli(holed) PE 14.39+0.58 16.84+0.77 13.08+0.87 14.39+1.01 15.36+0.68 15.04+0.28 14.85
Aloe vera jel +MAP 14.39+0.58 15.36+0.68 15.04+0.28 16.50+0.60 15.96+0.44 17.12+0.59 15.73
Aloe vera jel+Delikli (holed) PE  14.39+0.58 15.96+0.44 17.12+0.59 14.79+0.56 13.93+0.66 15.48+0.74 15.28
Ortalama (Mean) 14.39 16.55 15.38 15.91 15.52 15.18

LSD,5 Uyg.: 0.D.

LSD,05 RO: O.D.

LSD,05 Uyg. X RO: O.D. ; +standart hata
LSDw.05) Treatment:NS LSDw.05) Shelf life: NS.** LSD.05) TreatmentX Shelf life: NS.
**NS: Nonsignificant; +standard error

Cizelge 18. 0900 Ziraat kiraz cesidinde raf 6mrii siiresince farkli uygulamalarin meyve kabuk rengi tizerine etkileri (#°)
Table 18. The effect of different treatments on skin color (h°) of 0900 Ziraat cherry in shelf life

Uygulama (Treatment) Raf Omrii (giin) (Shelf Iife (day)) Ortalama
0+3 7+3 14+3 2143 28+3 35+3 (Mean)

MAP 14.39+0.36 18.02+0.37 16.28+0.39 17.98+0.74 16.84+0.26  13.08+0.08 16.10

Delikli (holed) PE 14.39+£0.36 16.84+0.26 13.08+0.08 14.39+0.71  15.36+0.83  15.04+0.40 14.85

Aloe vera jel +tMAP 14.39+£0.36 15.36+0.83 15.04+0.40 16.50+0.14  15.96+0.29  17.12+0.51 15.73

Aloe vera jel+Delikli (holed) PE 14.39+£0.36  15.96+£0.29 17.12+0.51 14.79+0.65 13.93+0.53  15.48+0.37 15.28

Ortalama (Mean) 14.39b  16.55a 15.38a  15.91a 15.52a 15.18a

LSD,05 Uyg.: 0.D.

LSD.05 RO: 1.47

LSD,05 Uyg. X RO: O.D. ; +standart hata

LSD.05) Treatment NS LSDw.05) Shelf Iife: 1.47 LSDw.05) TreatmentX Shelf life: NS. **
**NS. Nonsignificant; +standard error

Muhafaza siiresince tim uygulamalarda antioksidan
aktivitesindeki degisimlerde azaliglar saptanmistir.
Muhafaza sliresince ortalama antioksidan

aktivitesindeki degisimler Cizelge 19’da verilmistir.
Analiz sonuglarina gére uygulamalar, muhafaza stresi
ve bunlarin ikili interaksiyonu arasindaki farkhiliklar
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istatistiksel olarak 6nemli bulunmustur. Muhafaza sonunda en fazla antioksidan aktivitesindeki degisim
baglangicinda uygulamalarda %85,75 olan miktar1 %85,31 ile MAP + Delikli PE poset, %85,19 ile
antioksidan aktivitesi zamanla azalarak muhafaza Aloe vera jel+ Delikli PE poset, ardindan %84,72 ile
sonunda %81,70e¢ kadar diusmistir. Elde edilen Aloe vera jel+ MAP ve %81,70 ile MAP uygulamasi
veriler incelendiginde 35 giinlik depolama siiresi takip etmistir.

Cizelge 19. 0900 Ziraat kiraz cesidinde muhafaza stiresince farkli uygulamalarin Antioksidan aktivitesi lizerine etkileri

(%)

Table 19. The effect of different treatments on Antioksidant activity (%) of 0900 Ziraat cherry in storage
Muhafaza Siiresi (giin) (Storage Time (day)) Ortalama

Uygulama (Treatment) 0 7 14 21 28 35 (Mean)
MAP 85.75+0.34a-e 76.22+0.25f 83.17+0.38c-e 76.58+0.24f 84.92+1.88 a-e 83.58+0.14b-e  81.70b
Delikli (holed) PE 85.75+0.34a-e 84.50+£0.29a-e 82.92+0.34c-e 85.08+0.63a-e 86.17+0.77a-d 87.42+0.05ab  85.31a
Aloe vera jel +MAP 85.75+0.34a-e 87.92+0.14a  85.00+1.15a-e 82.08+0.72de 85.92+0.14a-d 81.67+0.96e 84.72a
Aloe vera jel+Delikli (holed) PE  85.75+0.34a e  83.92+0.26a-e 86.58+0.14a-c 86.33+0.58a-c  84.67+0.29a-¢ 83.92+0.34a-e  85.19a
Ortalama (Mean) 85.75a 83.14b 84.42ab 82.52b 85.42a 84.15ab

LSD,05 Uyg.:1.72 LSD,05 MS: 2.11 LSD,05 Uyg. X M.S: 4.22; +standart hata
LSDw.o5) Treatment:1.72 LSDw.05 Storage time: 2.11 LSDw.05» TreatmentX Storage time: 4.22 ; +standard error

Tim uygulamalarda ilk haftadan itibaren raf smraq ~ gUn raf omrii sonunda en fazla antioksidant
antioksidan aktivitesinde azaliglar saptanmigtir. aktivitesindeki deglslm m1ktar} %83’23. 11? Delikli PE
Muhafaza stresi ve uygulamaXmuhafaza siiresi poset, %79,74 ile Aloe vera jel+ Delikli PE poset,

arasindaki farklilbiklar 6nemli bulunmugtur. Elde ardindan %79,54 ile Aloe vera jel+ MAP ve %79,36 ile
edilen veriler incelendiginde 35 gunlik depolama +3 MAP poset uygulamasi takip etmistir (Cizelge 20).

Cizelge 20. 0900 Ziraat kiraz cesidinde raf omri siiresince farkli uygulamalarin Antioksidan aktivitesi tizerine etkileri
(%)
Table 20.The effect of different treatments on Antioksidant Activity of 0900 Ziraat cherry in shelf life
Raf Omrii (giin) (Shelf life( day))

Uygulama (Treatment) Ortalama

0+3 7+3 14+3 21+3 28+3 35+3 (Mean)
MAP 85.33+1.25a-c 77.08+1.49cd 81.58+1.59b-d 77.08+4.47cd 74.75+0.05d 80.33+0.67b-d 79.36
Delikli (holed) PE 85.33+1.25a-¢c  80.50+£2.89b-d 85.83+0.10a-¢c 92.05+3.11a 74.33+2.98d 81.33+1.44b-d 83.23
Aloe vera jel +MAP 85.33+1.25a-¢ 88.33£0.29ab  84.75+0.91a-c 80.17+2.02b-d 58.75+2.65e¢  79.92+0.05b-d 79.54
Aloe vera jel+Delikli (holed) PE 85.33+1.25a-c  85.75+1.30a-c 80.17+3.18b-d 72.33+3.66d 77.50£2.02cd  77.33+1.35cd  79.74
Ortalama (Mean) 85.33a 82.92abc 83.08ab 80.41b 71.33c 79.73b

LSD,0» Uyg.: 0.D. LSD,05 RO: 4.65 LSD,05 Uyg. X RO: 9.30; +standart hata
LSDw.05) Treatment NS LSDw.05) Shelf Iife: 4.65 LSD.05) TreatmentX Shelf life: 9.30 ; +standard error

Remon ve ark. (2006) yaptiklar1 calismada MAP ile kimyasal madde kullaniminin 6niine ge¢mek i¢in Aloe
kirazlar1 paketlemis ve 5-8 °C’de 15-20 giin depolamisg vera jel kullanimi dogal bir yaklagim olarak son
ve antosiyanin sentezinin azaldigimi gézlemiglerdir. yillarda 6ne ¢ikan uriinlerin basinda gelmektedir.

Bal (2012), MAP taki meyvelerin digerlerinden daha . .
taze oldugunu, antioksidan oraninin daha yuksek SONUC ve ONERILER

oldugunu gézlemlemigtir. Calismada MAP uygulamasinin tek basina veya Aloe
Kirazlarda muhafazada 14. giinden itibaren, raf vera jel uygulama.larl ile birlikte uygulandiginda
omriinde 7. giinden itibaren énemsiz diizeylerde (% 3) agirhk kaybmin diger uygulamalara gore daha az
¢cokiintii goriilmeye baslamistir. oldugu belirlenmigtir. Kirazin 35 ginliik muhafazasi

Meyvelerde 28. giinden itibaren ¢iiriime gériilmeye stiresince meyvelerin sertlik degerinde azalig
baslamustir ( Sekil 1 ve 2) kaydedilirken, Aloe vera jel + MAP kullanilmasinin

yumusamanin yavaslatilmasinda diger uygulamalara

Misir ve ark. (2014), yenilebilir bir kaplama olan Aloe gbre daha etkili oldugu belirlenmistir.

vera jelin meyve kabugunu korudugunu
bildirmektedir. Koyuncu ve ark.(2015), Vieira ve ark.
(2016) ve Diindar ve ark. (2020) gére derim sonrasi
meyvelerde kaplama uygulamalari muhafaza ve raf
Oomri stresince meydana gelebilecek fungal
bulagmalar1 engellemekte ve meydana gelen su
kaybini azaltmaktadir.

Muhafaza ve raf 6mri siiresince tim uygulamalarda
titre edilebilir asit miktarindaki degisimlerde azaliglar
saptanmigtir. Raf 6mru stiresince en fazla disiis Aloe
vera jel + Delikli PE uygulamasinda gorulmiustir.
Kirazlarda muhafaza siiresince azalan asitlik degerine
derim sonras1 uygulamalarin etkili oldugu, 6zellikle
MAP ile muhafaza edilen meyvelerde asit kaybindaki

Ozellikle saglik ve cevresel problemlerin varhgmda, azaligin diisiik oldugu gorilmiigtiir.

527



KSU Tarim ve Doga Derg 26 (3), 520-530, 2023

Arastirma Makalesi

KSU J. Agric Nat 26 (3), 520-530, 2023 Research Article
# MAP
@ MAP+DELIKLI
W MAP+ALOVERA
& ALOVERA+DELIKLI
4,00
3,00
2,00
= co—
1.00 A— P s—p
-_— . 8
A_— A S—
0,00
7 14 21 28 35
Muhafaza Siresi (gtin)
LSD,05 Uyg.: O.D. LSD,05 MS: O.D. LSD(,05 Uyg. X M.S: O.D
Sekil 1. 0900 Ziraat kiraz cesidinde muhafaza siiresince c¢iiriik meyve (%)
Figurel. Root fruits (%) of 0900 Ziraat cherry in storage
# MAP c
® MAP+DELIKLI a
20,00
W MAP+ALOVERA ¢
15,00
B ALOVERA+DELIKLI b
10,00
A— _——
5,00 e F 4
o— = av
0,00
0+3e 7+3 e 14+3d 2143 ¢ 28+3 b 35+3a
Raf Omrii (giin)
LSDw0s Uyg.:0,71  LSD(os RO: 0,87  LSD(,0» Uyg. X RO: 1,74
Sekil 2. 0900 Ziraat kiraz cesidinde raf 6mrii siiresince ¢iiriilk meyve (%)
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SCKM oran1 tim uygulamalarda muhafaza ve raf (h°)  ve kroma (C) degerlerine ait veriler

omru slresince azalig gostermigtir. Sap rengi analiz
sonuglarinda tim uygulamalarda baglangi¢ degerini
korumug ve raf 6mru siiresinde hepsinde yaklagik
oranlarda diglis gézlense de 5 hafta boyunca yesil renk
biiytik oranda korunabilmigtir. Antioksidan aktivitesi
baglangica gére, muhafaza ve raf 6omri siiresince
azalmigtir. Uygulamalar arasinda, muhafaza siiresi
sonunda en fazla antioksidan azalhisi MAP da
gbzlenmigtir.

Kirazlarda en ¢nemli olgunlagsma ve kalite kriteri
olarak degerlendirilen kabuk rengine ait L*, hue ag
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degerlendirildiginde muhafaza stresi, uygulama ve
muhafaza siiresi x uygulama interaksiyonu istatistiki
acidan énemli bulunmustur. Muhafaza siiresi hue ac1
degerindeki degisimi etkileyen en 6nemli faktérlerden
birisidir. Muhafaza siiresinin ilerlemesi ile birlikte
meyve kabuk renginde meydana gelen koyulagsmaya
bagli olarak hue a¢i degerinde MAP uygulamasi
disinda azalig gériilmustir. Yapilan derim sonrasi
uygulamalarin muhafaza siiresince meyvelerde C*
degerinde etkisi incelendiginde, depolama siiresinin
uzamasi ile birlikte C* degerinde azalmanin
gerceklestigi ve buna baglh olarak meyve renklerinde
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canhligin azaldigi saptanmigtir. Meyve renginde
parlaklhigi ifade eden L* degerinde muhafaza siiresinin
ilerlemesi ile birlikte baglangi¢ degerine goére bir azalig
kaydedilmigtir. Muhafaza baglangicinda ortalama L*

degeri 35. gunde dismistir. Bu da muhafaza
stiresince muhafaza edilen kirazlarin kabuk
renklerinin  bir miktar parlakligin1 yitirdigini
gostermektedir.

Yapilan analizler sonunda, derimden sonra Aloe vera
jel uygulamasimin MAP ile birlikte agirlik kaybi,
sertlik, titre edilebilir asitlik ve SCKM degerinin
korunmas1  ve kabuk  rengi  degisimlerinin
geciktirilmesinde olumlu etkisi olabilecegi
gozlenmigtir. Sonuglarin sogukta muhafaza siiresince
kalite ozelliklerinin korunmasi agisindan o6nemli
oldugu goérulmiustir. Sonug¢ olarak, 0900 Ziraat
kirazinin sogukta muhafazada Aloe vera jel
uygulamasinin MAP ile birlikte kalite 6zelliklerinin
korunmasinda etkili oldugu ve Aloe vera jel + MAP
uygulamasinin ticari olarak tavsiye edilebilir oldugu
belirlenmigtir.

TESEKKUR

Yiiksek lisans tezinden turetilmistir. Desteklerinden
dolay1 Erigkin Plastik Firmasina tesekkiir ederiz.

Aragtirmacilarin Katk: Oram Beyan Ozeti

Yazarlar calismaya esit oranda katki saglamig

olduklarini beyan ederler.

Cikar Catigma Beyani

Yazarlarin c¢alisma konusunda ¢kar c¢atigmasi

bulunmamaktadir.
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ABSTRACT

In carnation, vase life is shortened due to ethylene and water stress,
resulting in petal curling, browning, and wilting symptoms. Preservative
solutions are used to prolong the vase life of cut flowers in the world, and
natural substances with antimicrobial properties have been preferred as
preservatives in recent years. It is thought that benefiting from the
antimicrobial properties of plant wastes will be beneficial for both the cut
flower industry and waste management because they are natural. This
research was carried out to determine the effect of grape marc extract
(GME) on the vase life of cut carnation. D. caryophyllus cv. 'Baltico' was
used as a plant material. The plants were placed in vases containing two
different concentrations of GME (100 pL L1, 200 pL L1). The vase life,
relative fresh weight (RFW), daily solution uptake (DSU), lipid
peroxidation, proline content, and antioxidant enzyme activities were
measured during and at the end of the experiment. In the study, it was
determined that GME was effective on the vase life of cut carnation
flowers and GME at 200 puL L concentration (22.67 days) extended the
vase life by 6.50 days and 40.2% compared to the control [(16.17 days),
(distilled water)]. At the same time, GME was found to be effective on the
post-harvest stress mechanisms of cut carnation flowers. GME improved
vase life by increasing both DSU, and antioxidant enzyme activities, and
reducing RFW loss. It also reduced the accumulation of MDA and proline.

Uziim Cibresinin Karanfil Cigeklerinin Vazo Omriine Etkileri

OZET

Karanfillerde ta¢ yapraklarda ice kivrilma, kahverengilesme ve solma
semptomlari ile sonuglanan yaslanma ve su stresi nedeniyle vazo 6mru
kisalmaktadir. Dunyada kesme c¢iceklerde vazo oOmrinu uzatmak
amaciyla koruyucu soliisyonlar kullanilmakta ve son yillarda koruyucu
olarak antimikrobiyal ozelliklere sahip dogal maddeler tercih
edilmektedir. Dogal olmalar: nedeniyle bitkisel atiklarin antimikrobiyal
ozelliklerinden faydalanilmasinin hem kesme ¢i¢ek sektorii hem de atik
yonetimi acisindan faydali olacagi distiniilmektedir. Bu arastirma, tiziim
cibresi ekstraktinin (GME) kesme karanfilin vazo 6mriine etkisini
belirlemek amaciyla yuriutilmiustar. Bitkisel materyal olarak D.
caryophyllus turiine ait 'Baltico' ¢esidi kullanilmigtir. Bitkiler, 1ki farkl:
konsantrasyonda GME (100 pL L1, 200 pL L71) iceren vazolara
yerlestirilmis ve bitkilerde deneme siiresince ve deneme sonunda vazo
omrii, oransal taze agirlik (RFW), giinliik soliisyon alimi (DSU), lipid
peroksidasyonu, prolin igerigi ve antioksidan enzim aktiviteleri
belirlenmigstir. Calismada, GME'in c¢iceklerin vazo omrii uzerine etkili
oldugu ve 200 pL L7 konsantrasyonundaki GME'nin (22.67 giin) vazo
omriinii, kontrole [(16.17 giin), (saf su)] gére 6.50 giin ve %40.2 oraninda
uzattigr belirlenmistir. Ayn1 zamanda kesme c¢iceklerin hasat sonrasi
stres mekanizmalari tizerinde GME'nin etkili oldugu saptanmigtir. GME,
DSU ile antioksidan enzim aktivitelerini artirarak ve RFW kaybini
azaltarak vazo Omrunu iyilestirmig; MDA ve prolin birikimini
azaltmistir.
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INTRODUCTION compounds such as silver thiosulfate, 8-

Carnation (Dianthus caryophyllus L.) is one of the
most popular plants that belongs to the Dianthus
genus in the family of Caryophyllaceae (Sevik &
Saruhan, 2010). It is native to the Mediterranean
region and is produced in many countries as cut
flowers, pots, bedding, border, and rock garden plants
(Tah & Mamgain, 2013). Carnation, especially as a cut
flower has great commercial value because of its
excellent keeping quality, a wide array of colors, and
forms. According to the data of 2020, 1.4 billion pieces
of cut carnation with a value of 217 million € were
exported worldwide (AIPH, 2021). However, the vase
life 1s the most critical criterion for determining the
commercial value of cut carnation. The vase life varies
considerably according to the carnation varieties, and
it is stated that the vase life varies between 7-14 days
on average (Anonymous, 2022). Depending on the
storage and transportation conditions, a 15% reduction
in vase life can be observed at carnations (Kazaz,
2015). Improving the cut carnations’ vase life is the
main issue for increasing their market value in the
floral industry (Patel et. al., 2016).

The cut carnations’ vase life is mainly affected by two
factors that cause loss of flower quality, such as in-
rolling and wilting of petals and leaves or even falling
(Satoh et. al. 2005). One of the factors is the blockage
of the vascular system (Khenizy et. al., 2014). The cut
flower stems that are placed in a vase solution develops
a negative water balance due to occlusion in the xylem
by microorganisms, air emboli, and physiological
responses of stems to cut. When water uptake becomes
lower than the transpiration rate, it results in water
stress (Damunupola et. al., 2010; Elhindi, 2012). The
other factor is ethylene. Carnation is a climacteric
flower that is highly sensitive to ethylene (Kazemi et.
al., 2012). Ethylene is responsible for inducing many of
the biochemical processes leading to programmed cell
death (Ebrahimzadeh et. al., 2013), such as the
acceleration of senescence, increasing respiration rate,
and production of reactive oxygen species (ROS) (Saeed
et. al., 2014). Ethylene production causes a sharp
increase in the production of ROS (Zamani et. al., 2011)
and the ROS react with and degrade lipids, proteins,
and nucleic acids leading to the ultimate death. The
involvement of ROS in the senescence process has
gained considerable attention recently (Ezhilmathi et.
al., 2007).

It is possible to prolong the vase life by using different
solutions, which reduce microbial growth and vascular
blockage, increase water uptake of the stem, and
decrease the negative effect of ethylene (Shanan, 2017;
Ghadimian & Danaei, 2020). Many chemical
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hydroxyquinolines, and aluminum sulfate are used in
the vase solution. They are effective on vase life
extension (Elhindi, 2012; Amin, 2017). But some of
these chemicals have side effects on human health and
the environment. Also, some of them have a high cost.
Substitution of chemicals with natural compounds is
important to maximize the damage control and to
minimize their side effects and costs (Ebrahimzadeh
et. al., 2019). For these reasons, natural plant extracts
or essential oils, which have antifungal, antibacterial,
and antioxidative properties have recently been
preferred to be used in the vase solution (Rahman et.
al., 2012; Adam, 2021).

Grape (Vitis spp.) is one of the most famous species
among plants that have antimicrobial and
antioxidative activities (Gokcen et. al., 2017). It is a
crucial crop for human nutrition in the world and has
different usage areas such as fresh fruit, wine, and
molasses. The waste material comes out while making
wine and molasses. Three tons of grapes for
winemaking yield about one ton of waste. This waste
material is called grape marc and it can cause
environmental  pollution due to  significant
accumulation at production areas (Eleonora et. al.,
2014). However, grape marc represents an important
source of resveratrol and other bioactive compounds
that can be a valuable source of antioxidants and
antimicrobials due to their poor extraction during the
winemaking process (Luchian et. al., 2019). Moreover,
it is cheap and is not harmful to human health. For
these reasons, grape marc is thought that using as a
vase solution is important in terms of its potential to
reduce/inhibit microbial growth and to prevent
senescence by decreasing ROS affect. This study has
been aimed extending the vase life of the carnation
using different concentrations of grape marc extract
(GME) in the vase solution and to be the opportunity
to use a waste material which is in large quantities as
winery waste every year.

MATERIAL and METOD
Plant Material

Flowers of D. caryophyllus L. cv. 'Baltico' was used as
a plant material. Flowers were obtained from a
commercial company and were grown under the
greenhouse covered with plastic and located in Antalya
(30°93'75.6"N  30°76'23.1"E). The flowers were
harvested in the early morning at the paintbrush
stage, which is a recommended harvesting period for
long-distance transportation (Jawaharlal et. al., 2007).
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Vase Life Room Conditions

This study was conducted out at the vase life room in
the Department of Horticulture, Faculty of
Agriculture, Yozgat Bozok University in Yozgat,
Turkey in May. Vase life room conditions were a
photoperiod of 12 h light/dark cycles, 1000 lux light
intensity, 22 °C + 2 °C room temperature and 55 % + 5
% relative humidity.

Transporting Flowers and Placing Them in Vases

Harvested flowers were immediately placed in a
bucket containing tap water in cold storage at 2-4 °C
overnight. After that, they were transported dry to the
vase life room within 12 hours. At the vase life room,
the stems were re-cut to a length of 40 cm and only one
upper leaf was held on each stem to decrease
contamination. They were then put in glass bottles
containing 100 ml of vase solutions, which were GME
(100 puL L1, and 200 pL L) and distilled water as
control.

Preparation of Grape Marc Extract (GME)

The extraction of the grape marc was made according
to Kiselev et. al. (2007). The marc of the 'Cardinal'
grape variety was dried at 65 °C and pulverized. After
the oil removal process, 50 g of sample was taken and
100 ml solvent that included acetone: water: acetic acid
(90: 9.5: 0.5) mixture was added. After extracting the
Soxalette for 8 hours, the liquid part was removed, and
evaporation was carried out in the rotary evaporator.
The remaining part was dissolved in 10 ml of
methanol.

Measurement and Analysis

The measured traits in the experiment were vase life,
RFW, DSU, lipid peroxidation, proline content,
antioxidant enzyme activities, bacterial activity, and
pH value of vase solutions. Vase life was recorded daily
and was terminated when flowers wilt and formed
necrotic points on petals (Ebrahimzadeh et. al., 2013).
RFW and DSU recorded daily measurement of the
weights of the vase with and without flowers. The RFW
change and DSU were calculated using formula that
were given by He et. al. (2006) and RFW was expressed
% of initial and DSU was g stem-1 day-1. Lipid
peroxidation was determined by the method modified
according to Madhava Rao & Sresty (2000). The
amount of MDA that is the last product of lipid
peroxidation was calculated from the extinction
coefficient of 155 mM* cm® and expressed as M kg!
FW. Proline content was estimated by the method
modified according to Bates et. al. (1973). The amount
of proline was calculated from a previously plotted
standard curve and expressed in M kg! FW. Catalase
(CAT; EC 1.11.1.6) enzyme activity was estimated by
the method modified according to Cakmak et. al.
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(1993), superoxide dismutase (SOD; EC 1.15.1.1) was
by the method Gong et. al. (2005), ascorbate peroxidase
(APX; EC 1.11.1.11) was by the method Nakano and
Asada (1981). The amount of enzyme that reduces the
absorbance by 1 M in 1 min at 25 °C was accepted as 1
enzyme Unit and the results were expressed as enzyme
U kg! protein. In the measurement of
biochemical/physiological analysis except antioxidant
enzyme activities; all petal samples from glass bottles
were taken from at the end of the vase life. For
antioxidant enzyme activities, samples were taken
from glass bottles at four different stages: the period
when 1/3 of the flowers opened (Stage 1) and the period
when the symptoms such as necrotic points and wilting
begin to appear (Stage 2). Bacterial activity of vase
solutions was determined according to Kazemi and
Ameri (2012)’s method has been modified and plant
count agar was used as nutrient solution. The samples
were taken two different times (1st day of the vase life
and end of the vase life) and the results were given
average CFU mL1. The pH value of vase solution was
measured beginning the experiment by pH meter
(Mettler Toledo pH/Ion meter s220).

Antimicrobial Activity and pH Value of GME

In the study, antimicrobial activity of GME was also
determined. The antimicrobial activity of the GME was
made as described below: Bacterial strains (Mc
Farland OD: 0.5, 6.0x108 bacteria mL1), used in the
study were inoculated into nutrient broth and
activated for 24 hours at 37 °C. Yeast strains (1.5x106
yeast mL1) were inoculated into sabouraud dextrose
broth and activated for 24 h at 30 °C (Anonymous,
1999). Mueller hinton agar, which was sterilized in test
tubes and cooled down to 45-50 °C, was inoculated with
24 h broth culture of bacterial strains prepared as
above, and yeast strains in 24 h broth on sabouraud
dextrose agar medium. The homogenized medium
mixture was transferred to sterile petri dishes with a
diameter of 9.0 cm. To determine the antimicrobial
activities of GME, 100 pL of methanol extracts were
taken and absorbed into sterile antibiotic disks with a
diameter of 10 mm. Disks impregnated with essential
oil were placed on solidified agar by pressing lightly
(Bage1 & Digrak, 1997). Petri dishes prepared in this
way were incubated at 4 °C for 2 h, then bacteria-
inoculated petri dishes were incubated at 37 °C for 24
h, and yeast-inoculated petri dishes were incubated at
30 °C for 24-48 h (Bradshaw, 1992; Collins et. al., 1987;
Bagc1 & Digrak, 1996). At the end of the period, the
inhibition zones formed on the medium were evaluated
in mm.

Statistical Analysis

The experiment was established in a Completely
Randomized Design with three replicates. There were
fourteen flowers per replication. Statistical analysis
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was performed using IBM SPSS Statistics vs. 20.0.
Analysis of variance (ANOVA) was applied to the data
and Duncan’s test was used to determine differences
between means (*p<0.05).

RESULTS and DISCUSSION
Results
Effects of GME on the Vase Life, RFW and DSU

Based on the statistical analysis, the GME
significantly affected the vase life, RFW, and DSU of
the cut carnation 'Baltico'. All concentrations of GME
extended the vase life. The highest vase life was found

at 200 pL L't GME. The highest concentration of GME
extended the vase life by 6.50 d compared to the
control. The control had the lowest vase life (Figure 1).

During the vase life period, the RFW of flowers kept in
distilled water (control) and 100 uL L' GME increased
until day 3, while 200 uL L't GME was until day 4.
From d 3 and 4 onwards, RFW gradually decreased
with time. 200 uL L' GME was determined more
successful than lower concentration and control
maintaining RFW. The least RFW loss from day 1 to
the end of the vase life was observed at 200 pL. L't GME
(47.90 %) where the highest RFW loss was in 100 pL L
1 GME (58.22 %) (Figure 2).
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Figure 1. Vase life of cut carnation 'Baltico’ according to different concentrations of GME (Error bars represent + standard

deviation, *P <0.05)

Sekil 1. Farkli konsantrasyonlarda GME'nin 'Baltico’ cesidinin vazo émriine etkileri (Hata ¢ubuklar: + standart sapmayi temsil

eder, *P<0.05)
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Figure 2. RFW of cut carnation 'Baltico' at different GME concentrations (Error bars represent + standard deviation, *P <0.05)
Sekil 2. Farkl konsantrasyonlarda GME uygulanan 'Baltico’ ¢esidine ait OTA degerleri (Hata ¢ubuklari + standart sapmay1

temsil eder, *P<0.05)
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Similar to vase life and RFW results, the 200 pL L1 was in 200 uL, L GME. From day 6 to the end of the
GME showed the best DSU. However, from day 1 vase life; flowers of control had the lowest DSU. The
onwards, DSU gradually decreased with time. The highest average DSU value (87.30 %) was obtained in
highest DSU on thelst day belonged to flowers in 100 200 pL L't GME with 1.51 £ 1.05 g stem™ day™. The

uL L1 GME, where the highest DSU on the last day lowest average DSU value was 1.25+ 0.99 g stem! day’
1in control (Figure 3).
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Figure 3. DSU of cut carnation 'Baltico' at different GME concentrations (Error bars represent + standard
deviation, *P < 0.05)
Sekil 3. Farkli konsantrasyonlarda GME uygulanan 'Baltico’ cesidine ait GSA degerleri (Hata ¢ubuklar: + standart
sapmay1 temsil eder, *P < 0.05)

Effects of GME on Lipid Peroxidation and Proline in the control group. The lowest MDA content was
Content recorded in 100 pL ' GME. However, 100 uL. 't GME

The GME treatments on the MDA content of the was in the same statistical group as the 200 pL L
'Baltico' variety were found to be statistically GME. The highest GME concentration used in the

significant. The highest MDA content was determined study reduceo'_l MDA content by 34.46 % compared to
the control (Figure 4).
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Figure 4. MDA of cut carnation 'Baltico' at different GME concentrations (Error bars represent + standard
deviation, *P <0.05)
Sekil 4. Farkli konsantrasyonlarda GME uygulanan 'Baltico’ cesidinin MDA igerikleri (Hata ¢ubuklar: + standart
sapmay1 temsil eder, *P < 0.05)
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Proline content of the 'Baltico' affected significantly by 200 uLL L-1 GME and 150 pL. -1 GME were in the
the vase solutions. All concentrations of GME same statistical group. The highest GME
decreased the proline content. The highest proline concentration decreased the proline content by 41.30 %
content was recorded in the control, whereas the compared to the control (Figure 5).

lowest proline content was 200 pL -1 GME. However,
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Figure 5. Proline content of cut carnation 'Baltico' at different GME concentrations (Error bars represent +
standard deviation, *P < 0.05)

Sekil 5. Farkli konsantrasyonlarda GME uygulanan 'Baltico’ ¢esidinin prolin igerikleri (Hata ¢ubuklar: + standart
sapmay1 temsil eder, *P < 0.05)

Effects of GME on Antioxidant Enzyme Activity found in the control. The highest increase rate was
The antioxidant enzyme activity of the 'Baltico' variety recorded 100 uL L' GME that was the same statistical
showed a statistically significant difference according group as the 200 uL L'* GME.

to the vase solutions and different stages (Figure 6). In

Stage ]_, the hlghest CAT enzyme activity was found in The Antimicrobial ACthlty of GME, Bacterial ACthlty
100 pL L't GME, which was the same statistical group and pH in Vsse Solutions

as 200 pL L't GME. The highest CAT enzyme activity The data on the antimicrobial activity of GME is given
was recorded in 200 pL L't GME both in stage 1 and in Table 1. According to Table 1, GME was tested on

stage 2. The greatest increase in CAT enzyme activity 10 strains of microorganisms, 6 bacteria, and 4 yeast.
from stage 1 to stage 2 was at the highest GME Gentamicin, amoxicillin (antibiotic), and nystatin
concentration. It increased the CAT enzyme activity (antifungal) active ingredient was also applied to
1.3 times compared to the control. understand the antimicrobial activity of GME. The
Similar to CAT enzyme activity, SOD enzyme activity results showed that GME was more effective on 5
also showed an increase from stage 1 to stage 2 at all bacteria (Bacillus subtilis, Staphylococcus aureus,
GME concentrations. However, the SOD enzyme Bacillus megatherium, Pseudomonas aeroginosa,
activity of control showed a decrease from stage 1 to Enterobacter aerogenes) than the Gentamicin active
stage 2 in contrast to CAT enzyme activity. The highest ingredient and a bacteria Staphylococcus aureus than
SOD enzyme activity in stage 1 was found in the the amoxicillin active ingredient. Moreover, the GME
control that was the same statistical group with 100 uL was at least as effective as nystatin on Candida
Lt and 200 pL. L't GME whereas the highest SOD albicans.

enzyme activity was recorded in 200 uL. L'* GME in The data on bacterial activity of vase solutions are
stage 2. The lowest SOD enzyme activity in stage 2 was given in Table 2. According to Table 2, the highest
determined in the control. The highest increase in SOD bacterial activity was determined at control and 100
enzyme activity was found at the highest GME uL L't GME respectively, whereas the lowest bacterial
concentration. activity was found at 200 pL. L't GME. The data on the
In terms of APX enzyme activity, it was determined pH value of GME is also given in Table 2. According to
that there was an increase in all treatments from stage Table 2, all concentrations of GME had a lower pH

1 to stage 2. Although there was no statistical than the control and 200 uL. L't GME was the lowest.
difference between the treatments within stage 2, the

highest APX enzyme activity in stage 1 was found DISCUSSIONS

cont'rol. and 200 pL L't GME. They were in the same In this study, which was conducted to improve
statistical group. However, the least increase rate was postharvest quality in the cut carnation 'Baltico', it
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was determined that GME prolonged the vase life by maintaining RFW. Moreover, GME caused lower MDA

increasing DSU and antioxidant enzyme activities and and proline accumulation.
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Figure 6. Antioxidant enzyme activities of cut carnation 'Baltico' at different GME concentrations (Error bars
represent + standard deviation, *P < 0.05)
Sekil 6. Farkli konsantrasyonlarda GME uygulanan 'Baltico' ¢esidinin antioksidan enzim aktiviteleri (Hata
cubuklar: + standart sapmayi temsil eder, *P < 0.05)

537



KSU Tarim ve Doga Derg 26 (3), 531-544, 2023

Arastirma Makalesi

KSU J. Agric Nat 26 (3), 5631-544, 2023 Research Article
Table 1. Antimicrobial activity of GME
Cizelge 1. GME nin antimikrobiyal aktivitesi
Microorganisms GME Control Gentamicin Amoxicillin/ Nystatin*
(Methanol) 10mcg clavulanic acid (30mcg)
Gram Positive Bacteria
Bacillus subtilis 18! -2 23 - NT
Staphylococccus aureus 20 - 21 30 NT
Bacillus megaterium 14 - 16 - NT
Gram negative bacteria
Klebsiella pneumoniae 19 - 16 NT
Pseudomonas aeroginosa 14 - 17 15 NT
FEnterobacter aerogenes 15 - 16 NT
Yeast
Candida albicans 36 - NT NT 36
Candida utilis - - NT NT 35
Saccharomyces cereviciae - - NT NT 36
Yarrowia lipolytica - - NT NT 37

(*): Each disc contains 10 microliters of 100,000 UNIT nystatin per ml.
(1): inhibition zone, mm; (2): Inhibition zone could not be determined; NT: could not be tested

Table 2. Bacterial activity and pH value of vase solutions
Cizelge 2. Vazo sollisyonlarinin bakteriyel aktivitesi ve pH degerleri

Vase Solution CFU mlL! pH value

Control (distilled water) 516 a+15.23 5.72 a+0.48
100 uLL 't GME 510 a + 14.39 5.39b +0.33
200 uL L't GME 492 b +£10.19 5.20c+0.36

Solution uptake of cut flowers is one of the most
important factors affecting their vase life (Frew et. al.,
2018). When solution uptake decreases, the balance of
solution uptake and transpiration is disturbed.
Because of water stress, early wilting and premature
senescence occurred and the longevity of the cut
flowers' vase life is shortened (Lou et. al., 2021). In this
study, the rate of decrease in solution uptake was
higher in the control compared to the highest GME
concentration (Figure 3) and it is found that GME
decreased microbial activity in vase solutions (Table 2).
The enhancement of solution uptake might be related
to that GME improved the solution uptake by
decreasing or preventing microbial proliferation. Ha
et. al. (2019), Kili¢ et. al. (2020), and Nguyen and Lim
(2021) determined similar results. They reported that
some compounds used as vase solutions reduced
microbial activity and increased solution uptake
because of their antimicrobial properties. In this study,
GME was found effective on Bacillus subtilis,
Staphylococcus aureus, Bacillus megatherium,
Pseudomonas aeroginosa, Enterobacter aerogenes
(Table 1). The biodiversity of microorganisms
inhabiting vase solutions can change due to the
microflora on stems of cut flowers. However, it was
determined that microorganisms such as Bacillus spp.,
Pseudomonas spp., Staphylococcus equorum, and
Enterobacter agglomerans were found in the samples
taken from the vase solutions where different
researchers kept cut carnations (Shanan et.al., 2010;
Pang et.al., 2021).
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RFW plays a critical role in the quality and vase life of
cut flowers (Shokalu et. al., 2021) and to improve the
vase life, maintaining the RFW is important. RFW of
cut flowers changes during the vase life due to
respiration and transpiration rate, senescence, water,
and nutrient content in cut flowers (Paul et. al., 2021;
Song et. al., 2021). In this study, the rate of decreasing
RFW of cut carnation flowers was lower at the highest
concentration of GME compared to the control.
Elansary (2020), Lou et. al. (2021), and Song et. al.
(2021) obtained similar results about that some
compounds added in vase solutions maintain RFW and
reduce RFW loss of cut flowers. The solution uptake
helps maintain RFW (Ha et. al. 2019) and there is a
positive correlation between solution uptake and RFW
(Alkac et. al., 2020). The lower rate of decrease in
solution uptake of GME might have resulted in a better
RFW in GME. Moreover, the GME might have helped
to reduce the transpiration losses by stomatal
regulation because of its antioxidant capacity. GME
has been determined to increase CAT, SOD, and APX
antioxidant enzyme activities and reduce MDA content
which is known as a marker of the antioxidant activity
(Figure 6, 8, 9, 10). The report of Zhang et. al. (2010)
indicates that the antioxidant system might have
influenced the stomatal regulation. They found that
the channels by which hydrogen peroxide (H202)
mediates the induction of stomatal closure are by
increasing the activities of antioxidative enzymes such
as SOD, CAT, GPX, APX, and GR in plant tissues.
Besides solution uptake and transpiration rate,
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another reason why RFW is found to be higher in GME
treatment in this study may be delaying senescence.
When RFW begins to decline, it marks the beginning
of the senescence period (Gomes et al., 2010). So, the
fact that GME delayed RFW loss by one day suggests
that it has the ability to delay senescence. Carnation is
an ethylene-sensitive species however, senescence in
cut flowers is not only dependent on ethylene but also
oxidative stress and/or water stress and they
accelerate the senescence processes (Skutnik et. al.,
2020). GME might have delayed senescence by
reducing water stress and oxidative stress due to its
antioxidant activity. Similar results about some
compounds that have antioxidant activity, delay
senescence in cut flowers were reported (Lama et. al.,
2015; Maity et. al., 2019). In this study, it was also
found that the RFW increased up to the first 4 d in 200
pL L't GME and up to the first 3 d in the 100 pL L
and control. The decrease in RFW of the highest GME
concentration started one day later than control.
Although the reduction of solution uptake, the reason
why the RFW increased up at first 4 d in the highest
concentration may be that the transpiration rate was
lower at the end of the vase life. The lower
transpiration rate may be related to the flowers have
not reached the full opening. Flowers, which harvested
paintbrush stage, were used in the experiment. Azad
et. al. (2004) indicated that when petals open, the
transpiration rate gradually increased. It is thought
that the highest GME concentration might have
delayed flowering by one day. There is another
research showing that the RFW increases up to a
certain time depending on the solution applied, the
conditions to keep of flowers, and the cut flower species
(Horibe & Makita, 2019; Kilic et. al., 2020; Yang et. al.,
2021).

Lipid peroxidation acts a critical role in the balance of
oxidative stress (Bat et. al., 2020) that regulate in the
vase life of cut flowers between prooxidants such ROS
and antioxidant activities (Aalifar et. al., 2020).
Because of lipid peroxidation caused by senescence
and/or oxidative stress, cell membranes lose their
stability, and MDA that is a toxic aldehyde that is an
indicator for determining lipid peroxidation occurs.
The damage of membrane lipids and the end-products
of its reactions are dangerous for cell viability, even
tissues (Mylonas & Kouretas, 1999). In this study,
MDA content reached the highest value in the control,
while it was lowest at the highest GME concentration.
Similar results were obtained by Dar and Tahir (2018),
Langroudi et. al. (2019), and Teerarak et. al. (2019).
They reported that some compounds that have
antioxidant and anti-ethylene properties reduced
MDA content. Reducing MDA accumulation by
decreasing lipid peroxidation of GME might have been
related to its antioxidant activity. SOD, CAT, and APX
antioxidant enzyme activity that protects the cell
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membrane of GME were found higher compared to the
control (Figure 8, 9, and 10). Therefore, it reduced lipid
peroxidation and stabilized the cell membrane of
flowers. Alternatively, the higher electrolytic leakage
from petal tissue might have occurred in control due to
a result of higher lipid peroxidation. It is indicated that
the cell membranes lose their stability; they produce
different ROS which results in enhancing the
electrolyte leakage (Igbal et. al., 2017).

Proline is one of the most important soluble osmosis-
regulator and proteinogenic amino acids (Alvarez et.
al., 2021; Yang et. al., 2021). Increment of proline in
flowers is a general adaptive response to cellular
dehydration caused by water stress. In this study,
GME had lower proline content than control flowers.
Similar results about some compounds reducing
proline accumulation were obtained by Kazemai et. al.
(2011) and Skutnik et. al. (2021). The lower proline
content might have been related to that GME act as
the antioxidant defense factor and protects flowers
against cellular dehydration or GME might have
increased proline dehydrogenase (PRODH) activity in
the petals. Alternatively, the reason for the higher
proline content in the control flowers may be the
higher protein degradation because of the water and/or
oxidative stress. Proline content can increase due to
the breakdown of proteins and increase in free amino
acids in petal cells with senescence or uplifted stress
over time (Mohammadi et. al., 2020; Koentjoro et. al.,
2021).

Antioxidant enzymes, such as APX, SOD, and CAT
play a key role in improving the vase life of cut flowers
by maintaining the ROS balance (Wang et. al., 2021).
When ROS producing rate exceeds that of the cell’s
defense ability, oxidative stress occurs. ROS such as
H20:2 is generated, damaging cells, and hastening their
death. In this study, all antioxidant enzymes increased
at GME treatments from Stage 1 to Stage 2. There are
many researchers who have determined that
antioxidant enzyme activities increase with
substances added to the vase solutions (Maity et. al.,
2019; Aziz et. al., 2020; Hassanzadeh-Naemi et. al.,
2021). Hassanzadeh-Naemi et. al. (2021) found that
CAT and SOD activity decreased during the
postharvest life and that this activity was improved
with treated plant growth regulators. Similarly, CAT
and APX activities increased from Stage 1 to Stage 2,
while SOD enzyme activity decreased in the control. It
is thought that cut carnation 'Baltico' flowers may have
defended themselves against oxidative or water stress
by increasing the proline content instead of SOD
enzyme activity in the control. As a matter of fact, the
proline content in the study was found to be higher in
the control. The formation of enzymatic and non-
enzymatic antioxidants responsible for ROS
detoxification under stress conditions are important
defense systems against stress (Hassanuzzaman et.
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al., 2020). GME might have supported the enzymatic
defense system in cut flowers. Although CAT and APX
increased in all treatments, the results differed
between the treatments and GME is better vase life
compared to the control. This might be related to the
SOD activity being more distinct and important in the
scope of protecting membrane damage by the
scavenging of ROS on flowers that exposure to water
stress. Du et. al. (2014) reported that the correlation
between SOD activity and MDA content was
significant compared to CAT and APX enzyme activity,
and SOD acted more effectively than ascorbic acid done
in the superoxide quenching.

Although the SOD decreased in the control, the
increase in the CAT enzyme showed that in the control
flowers have occurred H202. SOD is a metalloenzyme
that catalyzes the dismutation of superoxide to H20:.
H202 formed directly or by the dismutation of
superoxide radicals is detoxified by converting it into
the water by GPx and CAT enzymes. The CAT enzyme
has significant efficacy in cases where H202 formation
is increased (Ko¢ & Ustiin, 2008). CAT increased
despite the reduction in SOD at control; indicating that
H20:2 formation is increased non-enzymatic pathways.
Moreover, more oxygen radicals that can cause damage
to the cell membrane might have accumulated in
control flowers due to the decreasing of SOD activity.
This coincides with the increase in MDA content at
control. Similar to in this results, Panda and Khan
(2004) reported that oxidative damage occurs when the
production rate of superoxide radicals exceeds the SOD
activity. In this study, SOD enzyme activity may have
decreased due to the reduction of synthesis of SOD
enzyme or enhancing degradation of this enzyme at
control group. Decreasing the SOD activity in the
control may have accelerated senescence and caused
short vase life. Wang et. al. (2016) reported that the
increasing of SOD activity and efficient ROS-
scavenging capacity contributed largely to the delay of
senescence.

There are many substances used to prolong the vase
life of carnations, and the commercially preferred STS
is a proven substance. In research with STS, it has
been determined that the vase life can be extended
from 1 to about 14 days, depending on the variety,
concentration, and trial conditions (Hassan, 2004).
However, STS is harmful to both human health, and
the environment. As an alternative to this substance,
cheap materials that are friendly to human health and
the environment should be determined. The use of
plant wastes to increase post-harvest life is important
in terms of both overcoming post-harvest problems of
cut flowers and ensuring waste management. It is
thought that grape marc is important in terms of post-
harvest studies, especially because it is available
throughout the year, can be easily supplied, has no
storage problems, is inexpensive, does not have any
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harm in terms of human and environmental health,
and provides an economic return by evaluating a waste
material (Saricicek & Kilig, 2002). Studies are needed
to standardize grape marc which affects the stress
mechanism in cut flowers after harvest by determining
the appropriate doses and to use it as a commercial
preparation if proven.

CONCLUSION

In conclusion, GME has the potential to improve the
vase life of the cut flowers. The GME treatment
prolonged the vase life of cut carnation, and the 200 pL
L1 GME was the best treatment in terms of
investigated parameters. GME stimulated the defense
ability of cut carnation flowers. It is thought that this
is related to the antioxidant activities of GME.
Moreover, it decreased the bacterial activity in vase
solution due to its antibacterial properties. It is
recommended that the effects of higher concentrations
of GME should be researched the vase life of cut
flowers. Investigation of antioxidant activities of GME
is also important to contribute to future research.
Different GME obtained from other grape varieties can
be researched which has better antioxidant and
antibacterial activity. If the effectiveness of GME on
vase life is proven, it is possible that it can be
standardized and converted into a commercial
preparation form. This research also is showing that
waste materials can be added to a vase solution.
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ABSTRACT Entomology

Halyomorpha halys (Stal, 1855) (Hemiptera: Pentatomidae), the brown

marmorated stink bug (BMSB), is an alien invasive pest that originated Research Article

from South Asia (China, Japan, Taiwan, Korea) Many studies have

shown that the number of invasions by pests has increased significantly Makale Tarihgesi

in the last 5 centuries and the reason for this situation is directly related Received :09.03.2022
to human activities. Halyomorpha halys is considered to be a dangerous Accepted 127.10.2022
pest insect species due to economic losses in agricultural areas of the

countries where it is distributed. It has been observed that the pest can Keywords

have 1-2 generations per year and each egg mass contains of an average Halyomorpha halys

of 28 eggs and, furthermore, causes significant losses in many crops such
as bean, hazelnut and pear. This study was conducted between July and
August in 6 different areas and a total of 18 egg masses that were thought
parasitized were collected from grape vine, tree of heaven, kiwi and
hazelnut trees ) BMSB infested fields and kept in tubes to determine if
they had parasitoids. Emerged parasitoids were fed with the 10% honey
water solution and bred in tubes. In this study, Anastatus bifasciatus
(Geoffroy) (Hymenoptera: Eupelmidae) was recorded as the first
parasitoid of Halyomorpha halys in Tirkiye.

Anastatus bifasciatus
Biological control
Egg Parasitoid

Halyomorpha halys (Stdl, 1855) (Hemiptera: Pentatomidae) Yumurtalarinda Yerli Yumurta Parazitoiti
olarak Anastatus bifasciatus (Geoffroy) (Hymenoptera: Eupelmidae)’un Tiirkiye’de ilk Kayd1

OZET Entomoloji
Halyomorpha halys (Stal, 1855) (Hemiptera: Pentatomidae), Kahverengi _
Kokarca (BMSB), Giiney Asya (Cin, Japonya, Tayvan, Kore) kokenli Aragtirma Makalesi
istilact1 bir zararhdir. Bircok c¢alisma ve arastirma, zararlilarin Article Hi
istilalarinin son 5 ylzyilda onemli o6lgiide arttigini ve bu durumun G ‘?c% %itz'ory‘ 09.03.2029
nedeninin dogrudan insan faaliyetleri ile ilgili oldugunu gostermektedir. Ke ];5 1 ;rl . }11 ) 27' 0'2022
H. halys, yayildigr ulkelerin tarim alanlarindaki ekonomik kayiplar sl Lol 2Ll
nedeniyle tehlikeli tarimsal zal.r.arh bé'cel'iv .tﬁrleri kategorisinde yer Anahtar Kelimeler
almaktadir. Zararhnin yilda 1-2 dol verebildigi ve her yumurta paketinin

g ey Halyomorpha halys
ortalama 28 yumurtadan olustugu ve ayrica fasulye, findik gibi bir¢ok o ;
sriinde 5 Ik ) d lduiu eorilmiisti 1 T ) Anastatus bifasciatus
triinde 6nemli kayiplara neden oldugu gortilmustir. Calisma Temmuz e

Agustos aylar1 arasinda 6 farkli alanda yurutulmus ve parazitlendigi
distunilen toplam 18 yumurta paketi bulagik olan tizim bagi, kokar
agag, kivi ve findik bahgelerinden toplanarak parazitoit olup olmadigina
bakmak i¢in tlplere konulmustur. Parazitli yumurtalardan c¢ikan
parazitoitler koloni devamliligini saglamak i¢in %10 su-bal soliisyonu ile
beslenmistir Bu calismada Tiirkiye’de Anastatus bifasciatus (Geoffroy)
(Hymenoptera: Eupelmidae), Halyomorpha halys iizerinde kaydedilen
ilk parazitoid olarak rapor edilmistir.

Yumurta parazitoidi

Atif Sekli:

Altanlar,E., Kilic, M., Altas, K., Talamas, E., & Tuncer, C., (2023) Halyomorpha halys (Stal, 1855) (Hemiptera:

Pentatomidae) yumurtalarinda yerli yumurta parazitoiti _olarak Anastatus bifasciatus (Geoffroy)
(Hymenoptera: Eupelmidae)un Tirkiye'de ilk Kaydi. KSU Tarim ve Doga Derg 26 (3), 545-551.

https://doi.org/10.18016/ksutarimdoga.vi.1084419
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INTRODUCTION (Catalpa bignonioides), maple and weeds. Considering
Halyomorpha halys, which is a polyphagous pest the current distribution areas of this pest and climatic
native to Asia, was first detected in Istanbul in Tiirkiye suitability, the Black Sea Region's agricultural
by Cerci & Kocak in 2017. In other studies conducted production is under threat in Tirkiye. Additionally,
in the same year and it was detected in Kemalpasa, considering climate change data on a global scale, it is

Hopa and Arhavi districts of Artvin, in 2018 Borcka likely that the other regions are at risk as well
district in Artvin and Findikli and Ardesen districts in (Kistner, 2017). Reports frpm North Amer.lca indicate
Rize, then in 2019 in Artvin city centre, Trabzon city that H. halys could potentially be responsible for 70%

centre, Esiroglu district, Akcaabat district and of economic loss in fruits and vegetables. In addition,
Tirebolu district in Giresun, and the pest continues to the overwintering aggregation bulldlpgs cause fear
spread rapidly (Gokturk & Tozlu, 2019). and anxiety in people. In a particularly heavy

infestation (26205 adult) brown marmorated stink

Halyomorpha halys adults and nymphs damage host bugs were collected inside a house in 181 days (Inkley,

plants by piercing their surface and injecting digestive

enzymes or sucking fluids (Rice et al., 2014). Scars, 2012). . . o
pits, deformities and colour changes on fruit surfaces After a long pe}flod of mating and preoviposition, the
occur as a result of the pest feeding. These crops are females lay their eggs from July to August (Funayama

not desirable due to losses in their quality (Hedstrom & Zoology, 2002; Hoebeke & Carter, 2003). Females
et al., 2014). Studies have shown that H. halys is a typically lay clusters of 28 €ggs on the underside of
polyphagous pest and their population density reaches leaves (Kawada et al., 1983; Nielsen et al., 2008). In

high levels on some plants such as kiwi, hazelnut (Ak temperate climates the number of eggs laid peaks n
et al., 2018), apple (Morrison et al., 2016), pear July and ends at the end of August. The eggs laid by

(Maistrello et al., 2017), peach (Blaauw et al., 2015), the females on the underside of the leaves are initially
bean, tomato, pepper (Nielsen et al., 2011), corn, grape light green and turn white before hatching (Figure 1).
(Smith et al., 2014), walnut, blackberry, catalpa

Figure 1. Halyomorpha halys eggs mass (A) Two days old Halyomorpha halys eggs (B) Newly emerged H halys
instars

Sekil 1. Halyomorpha halys yumurta paketi (A) 2 giinliik Halyomorpha halys yumurtas: (B) Nimf cikis1 olmusg
yumurta paketi

Halyomorpha halys has 5 nymphal stages. The first enemies eventually leads to population outbreaks.
nymphs have a black head, red eyes and reddish bodies Taking into account that the pest is an invasive species
and emerge 3—6 days after the eggs are laid and feed that spreads rapidly, some control ~methods
on their eggs to ingest gut symbionts (Taylor et al., (mechanical and cultural control) can be difficult to
2014). The first instars moult into the second instars suppress the pest. Additionally, many chemical
3-5 days later and disperse to feed on plants. After 12— compounds have been tested on H. halys, and some of
13 days, they reach the third instars that have a brown them are applied in the field. However, despite intense
colour and the fourth and fifth instars emerge after 20 chemical applications in many countries, no significant
and 27 days later respectively (Hoebeke & Carter, success has been achieved. (Leskey et al., 2012; Kuhar
2003; Haye et al., 2014). & Kamminga, 2017). Many pesticide applications are

required because the pest is active 8—9 months of the

When the pest invades a new area, the lack of natural year in natural areas, and 5—6 months in agricultural
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areas (Haye et al., 2014), and pesticide half-lives are
short. In addition to being a problem for the
environment and human health, this method is not
sustainable because of its high costs. Therefore,
biological control can be the best option in terms of
permanent, economic, eco-friendly and long term
solutions.

Egg parasitoids are the most effective biological control
method against the brown marmorated stink bug
(Yang et al., 2009). BMSB eggs have been parasitised
by Trissolcus japonicus (Ashmead) (Hymenoptera,
Scelionidae), Trissolcus cultratus (Mayr)
(Hymenoptera: Scelionidae), Anastatus bifasciatus,
Trissolcus  semistriatus  (Nees) (Hymenoptera:
Scelionidae), Trissolcus scutellaris (Thomson)
(Hymenoptera: Scelionidae) and Telenomus chloropus
(Thomson) (Hymenoptera: Telenominae) in the field
and under laboratory conditions in the regions where
the pest has spread (Yang et al., 2009; Lee et al., 2013;
Haye et al, 2015), with parasitism rates for Trissolcus
japonicus as high as 80% in China (Yang et al., 2009).

The most common egg parasitoid identified from
BMSB eggs in Europe is Anastatus bifasciatus (Abram
et al., 2017; Federico et al., 2017; Bout et al., 2021) and
this species has potential to be mass reared for
biological control (Haye et al., 2015; Federico et al.,
2017; Stahl et al. 2019; Sabbatini-Peverieri et al.,
2020). Moreover, while only a few native egg parasitoid
species can reach adulthood on wviable brown
marmorated stink bug eggs, Anastatus bifasciatus is
also one of them (Haye et al., 2015, Roversi et al.,
2016). For this reason, A.bifasciatus can be considered
a promising native candidate for augmentative
biological control. On the other hand, its wide host
range (around 50 hosts in the orders Hemiptera and

Lepidoptera) can cause debate about the mass release
of the parasitoid.The aim of this study is to detect
native egg parasitoids of Halyomorpha halys in
Turkiye.

MATERIAL and METHOD
Survey Studies

To detect egg parasitoids of the pest, BMSB eggs were
collected in the hazelnut, tree of heaven, kiwi and corn
areas in Artvin, Borcka, Hopa, Kemalpasa, Arhavi,
Rize, Findikli, Pazar, Ardesen, Samsun, Terme,
especially from areas where the chemicals are not
applicated, survey studies were conducted every week
from the beginning of July to the end of August.

Storing of Halyomorpha halys Eggs and Rearing Adult
Parasitoids

H. halys egg masses found in the hazelnut, tree of
heaven, kiwi and corn fields from the beginning of July
to the end of August were taken together with the
leaves, placed in 50 ml centrifuge tubes, covered with
the fine mesh of an insect net, and then brought to the
laboratory and setting in 50*50 ¢cm metal insect cages
made by us for this purpose (Figure 2). Egg masses
were kept at 16:8 h L:D photoperiod, 25 °C £ 2, and
70% RH (Cira et al., 2018) (Figure 2) and checked twice
a day to determine the emergence of parasitoids. The
emerged parasitoids was recorded daily and wasps
were placed in 70 ml glass test tubes that were covered
by an insect net. The first emerged wasps were placed
to 80% alcohol and stored at -20 °C prior to being sent
for identification and the others were fed with 10%
honey solution once every two days.

Figure 2. 50 ml centrifuge tubes (A,B), parasitized eggs (C) and 50x50 cm Halyomorpha halys cages (D)
Sekil 2. 50 ml santifiriij tiipti (A,B) parazitlenmis yumurta paketi (C) ve 50x50 Halyomorpha halys kafesleri (D)
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Identification of the Parasitoid

The morphological identification of the specimens was
made with the aid of a stereomicroscope (Olympus
SZ61) by the entomologists at the research institute by
using the identification key of (Peng et al.,2020) in the
“plazi.org” taxonomic treatments database (Figure 3).

The egg masses that were collected from the field were
kept in the lab and parasitoids emergence was
observed following the second day. Parasitoids were
put in 50 ml test tubes in 80% alcohol to Elijah J.
Talamas for molecular identification and the

specimens were confirmed Anastatus bifasciatus,
again using the characters in (Peng et al,2020).

Figure 3. Anastatus bifasciatus Adult (A) Male Head, (B) Female Head , (C) Male Wing, (D) Female Wing, (E) Male
Antennae, (F) Female Antennae, (H) Male Adult , (G) Female Adult
Sekil 3. Anastatus bifasciatus Ergini (A) Erkek Basi, (B) Disi Basi, (C) Erkek Kanadi, (D) Disi Kanadi, (E) Erkek
Anteni, (F) Disi Anteni, (H) Erkek Ergin Birey, (G) Disi Ergin Birey

RESULTS

18 egg masses of the pest were collected during the
survey studies that were conducted from the beginning
of July to the end of August in Artvin, Borcka, Hopa,
Kemalpasa, Arhavi, Rize, Findikli, Pazar, Ardesen,
Samsun and Terme districts, however, only 4 of these
egg packages were determined to be parasitized. One
of these masses was found in Muratli in Bor¢ka, one in
Arhavi, and two in Tekkekdy in Samsun (Table 1). Due
to the height of the trees in the Black Sea Region,
relatively short plants were preferred, and this was
restricted to finding more egg masses.

548

During the survey, one parasitized egg mass was
detected on cherry laurel (Prunus laurocerasus) in the
first week of august in Gelemen, Tekkek6y/SAMSUN
(41,232460, 36,506128) , and another egg mass was
detected in the vineyard in the same area (41,2292186,
36,502072). On the other hand, there was no
emergence from the egg masses collected from tree of
heaven in Arhavi (41,339088, 41,295133) and Borcka
(41,479124, 41,711898). The egg masses were dissected
to see if they are parasitized by a parasitoid, and it was
observed that there was some embryo development in
total 7 eggs in both masses however they could not
reach the adults (3 embryos in Arhavi sample, 4
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embryos in Borcka sample). Emerged parasitoids were
identified as Anastatus bifasciatus (Geoffroy)
(Hymenoptera: Eupelmidae) and this was recorded as
the first natural egg parasitoid detected against
Halyomorpha halys in Turkiye.

Each egg masses consisted of 28 eggs and all of these
were parasitized and hatched. Parasitoid emergence
continued for almost 3 weeks, and during this period

males and females' photos were taken and the
emergence of the parasitoids were recorded. It was
observed that the females emerged earlier than the
males. 5 male and 23 female wasps emerged from the
egg mass obtained from the coordinates 41,232460,
36,506128 (Tekkekoy), and 6 male and 22 female
wasps emerged from the egg mass obtained from the
coordinates 41,229216, 36,502072 (Tekkekoy).

Table 1. Detected parasitized Halyomorpha halys egg masses and locations where they were found
Cizelge 1. Tespit Edilen Parazitli Halyomorpha halys Yumurta Paketleri ve Bulunduklar: Yerler

City District The number of Date Coordinates Species
parasitized egg masses (x,y)
ARTVIN Arhavi 1 12/07/2021 41,339088 No emergence
41,295133
ARTVIN Borcka 1 13/07/2021 41,479124 No emergence
41,711898
SAMSUN Tekkekoy 1 19/08/2021 41,232460 Anastatus
36,506128 bifasciatus
SAMSUN Tekkekoy 1 19/08/2021 41,229216 Anastatus
36,502072 bifasciatus
DISCUSSION there are more native natural enemies in Turkiye.
Anastatus species are commonly encountered Moreover, the study can shed light on future studies.
parasitoids of insects in the orders Hemiptera, The study will help to mass-rear A. bifasciatus in the

Lepidoptera, Blattodea, Orthoptera and Mantodea
(Narasimham & Sankaran 1982; Askew, 2005; Stahl et
al., 2018). They are also tested and used on different
pests for biological control in Europe (Stahl et al.,
2018), and, A. bifasciatusis among the few native egg
parasitoid species that can develop on live H. halys
eggs (Haye et al., 2015), and is considered a potential
candidate for augmentative biological control against
H. halys. Anastatus has been used successfully in
augmentative biological control against H. halys and
Tessaratoma  papillosa  (Dru.)  (Heteroptera:
Tessaratomidae) in peach orchards and woodlands in
China, and the goal is to reach more than 50%
parasitism rate (Huang et al., 1974; Hou et al., 2009).
Additionally, Anastatus sp. has been released against
the first and second generations of H. halys in Pekin
and the rates of the parasitism were 64.7% and 52.6%,
respectively (Hou et al., 2009). In a 3-year study that
was conducted to evaluate the effect of egg parasitoids
on H. halys in Northern Italy, 1,826 H. halys egg
masses were collected and the parasitism rate of
Anastatus bifasciatus was found to be 12% in 2016 and
2017, and 21% in 2018. (Stahl et al., 2018). Therefore,
suppressing the pest's spreading rate can be possible if
some precautions can be taken to protect the wasp’s
population in nature. Besides, Anastatus bifasciatus
can be reared and released to increase the population
and have a higher parasitism rate. Nevertheless, when
its wide host range is considered, host choice tests
should be conducted to prevent non-target effects of the
parasitoid. Lastly, similar survey studies should be
conducted in the same and different areas to detect if
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Agricultural Research Institute, Turkiye and its
inundative release for biological control on H. halys.
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ABSTRACT Entomology

Observing of life cycle of aquatic insects can be easier and more reliable

information can be collected by raising them in a controlled medium in Research Article

the laboratory. There is insufficient information about larvae and other

life stages in many species of aquatic insects. In order to identify and Makale Tarihgesi
determine them properly, stages of larvae and pupa should be linked with Received 118.06.2022
their adult forms. In this study, the larvae of Hydropsyche instabilis Accepted :06.10.2000
Curtis, 1834 and Hydropsyche bulbifera McLachlan, 1878

(Hydropsychidae, Trichoptera) which were collected from the two rivers Keywords

were reared in the laboratory. Additionally, it was collected detailed Larvae raising
information about the morphological characters of larvae and adult Trichoptera

forms. Moreover, it has been observed the process of metamorphosis in Hydropsychidae

larvae and the emergence of adults. The morphological characters of the
larvae and the male genital structures of the adults were photographed
and explained. During the study, raising success of H. instabilis and H.
bulbifera species was determined as 17.85% and 15.65%, respectively.

Genital characterization
Larval morphology

Hydropsyche instabilis Curtis, 1834 ve Hydropsyche bulbifera McLachlan, 1878 (Hydropsychidae,
Trichoptera) Larvalarmin Laboratuvarda Yetigtirilmesi: Larva Morfolojisi ve FErkek Genital
Karakterizasyonu
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gahsmada belirlenen iki akarsudan toplangn Hydropsyche instabilis Anahtar Kelimeler
Curtis, 1834 ve Hydropsyche bulbifera McLachlan, 1878 Larva yetigtirme
(Hydropsychidae, Trichoptera) larvalari laboratuvarda yetistirilmistir. Trichoptera
Ayrica larva ve yetigkin formlarina ait morfolojik karakterleriyle ilgili Hydropsychidae

ayrintili bilgilerin toplanmagtir. Larvalarin metamorfozu ve erginlerin
pupadan ¢ikma stireci gozlenmigtir. Larvalarin morfolojik karakterleri ve
erginlerin erkek genital yapilar1 fotograflanarak kisaca agiklanmigtir.
Calisma stiresince H. instabilis ve H. bulbifera tirlerinin yetistirme
bagarisi sirasiyla %17.85 ve %15.65 olarak belirlenmigtir.
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INTRODUCTION

Aquatic insects play important ecological roles in
almost all freshwater ecosystems. Stream-dwelling
insects are vital to aquatic ecosystems as they support
food webs in the in-stream, riparian, and floodplain,
process organic matter, and transfer energy along the
stream bed, vertically to the stream bed, and laterally
to the floodplain (Hynes, 1970; Malmqvist, 2002;
Boulton & Lake, 2008). Overuse of water has negative
consequences for all freshwater biodiversity, especially
for vertebrates and fish (Dudgeon et al., 2006). In
particular, aquatic insects are involved in all water
regime changes, from the most stable upstream source
to the most dynamic streams in deserts, which
sometimes dry up and sometimes flood. These habitat
changes mean that aquatic insects are subject to
certain pressures (Lytle, 2008). For this reason, it has
great 1importance to determine the ecological
conditions of fresh water resources, especially rivers,
to protect the high quality ones, to make improvement
studies for the resources that are not in good condition
and to take the necessary precautions (Verdonschot &
Nijboer, 2004).

In order to learn the factors affecting the distribution
of aquatic insects, it is necessary to know their
ecological knowledge very well (Greve et al., 1998). The
life cycle of aquatic insects can be observed much
better and more reliable information can be obtained
by raising them in a controlled medium in the
laboratory (Keiper & Foote, 1996). For this purpose,
various techniques have been used to raise benthic
macroinvertebrates in a laboratory environment
(Bjarnov & Thorup, 1970; Wiley & Kohler, 1980;
Mackay, 1981).

Trichoptera (Caddisflies), are the largest insect order,
most of which larvae are aquatic and adults are
terrestrial (Wiggins, 2004; Malicky, 2004). Recently,
the study of various features of caddisflies and other
freshwater invertebrates has provided a wealth of
information about possible causes of ecological
degradation in surface waters and the effects of climate
change (Durance & Ormerod, 2007; Graf et al., 2008;
Durance & Ormerod, 2010; Watts et al., 2015; Morse et
al., 2019). It has been revealed that Ephemeroptera,
Plecoptera and Trichoptera species are less tolerant to
organic and other pollutions in waters than other taxa
found in fresh waters. Therefore, changes in the
abundance and diversity of these three taxa, which are
frequently used in freshwater biomonitoring studies,
inform us about the pollution status of the water
(Morse et al., 2019).

Aquatic larvae are widely distributed in freshwater
habitats worldwide, thanks to their silk secretions and
uses (Wiggins & Mackay, 1978; Mackay & Wiggins,
1979). Except for members of the Rhyacophilidae

family, almost all Trichoptera live in a case or a silk
tube into which they use to retreat (Bouchard, 2009).
Larvae use a wide variety of food resources and exhibit
almost all the feeding behaviors that exist in aquatic
ecosystems (Wiggins, 2004).

When the larvae complete their growth stage and
mature, they usually build fixed shelters in which they
spin various kinds of cocoons or transform their
portable cases into fixed shelters and then turn into
pupa form and prepare to pupate. The pupal stage is
completed after a few weeks. The mature pupa, which
has almost turned into an adult in the pupal skin, uses
to come out cutting the silken cocoon and the anterior
end of the pupal shelter. Pupae emerging from the
shelter can swim rapidly to the surface of the water, or
they reach the surface by crawling towards the bottom
materials that exceed the water surface. Here, the
pupa quickly sheds its skin, unfolds its folded wings,
and flies towards coastal plants or rocks that will
protect it (Morse et al., 2019).

New caddisfly species are being described a great
number in various parts of the world. Identification of
new species is carried out through adults, mostly
males. The inability to identify the larvae and other life
stages of many species in the light of available
information requires that they be associated with their
adult forms (Morse et al., 2019). The lack of taxonomic
studies on the larval stages of caddisflies and other
benthic groups in Turkey makes it difficult to use them
in biomonitoring studies (Ekingen & Kazanci, 2021).
New molecular research contributes to revealing
unknown species and establishing relationships
between their life stages. These relationships make it
possible to discover diagnostic characters and
determine species for identification of benthic forms.
As the larvae and other life stages of more species
become identifiable, the possibilities will increase
significantly to study their functional characteristics,
ecological services, life cycles and habitat
requirements and use them in biomonitoring programs
(Morse et al., 2019). Therefore, we still need
information about caddisflies and studies; to obtain
this information will always be important. In this
study, the larvae of Hydropsyche instabilis Curtis,
1834 and Hydropsyche bulbifera McLachlan, 1878
(Hydropsychidae, Trichoptera) collected from the two
rivers were reared in the laboratory and also aimed to
collect detailed information on the morphological
characters and the different stages in their life cycles.

MATERIAL and METHOD
Experimental Design

A standard fish aquarium of 80x40x20 cm was used to
raise the larvae. SOBO WP-100F brand internal filter,
ELITE 801 brand air motor and fine-grained aquarium
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sand were used in the raising medium. First of all, the
aquarium where the samples will be placed was
cleaned. Before the larvae were placed in the raising
medium, 19 It of water was put into the aquarium. The
internal filter, air motor and ground gravel were
carefully washed, cleaned and placed in the aquarium.
Fine white aquarium sand was used on the aquarium
floor to allow better examination of Trichoptera larvae.
Before the larvae were placed in the aquarium, the
mains water was dechlorinated by running the
aquarium empty for 48 hours. In order to complete the
amount of water lost during the study, 19 liter water
containers were filled with water and left open to
remove chlorine. A cage equivalent to the aquarium
size (80x40x20 cm) was used to prevent the
Trichoptera samples that matured in the aquarium
from escaping over the aquarium. This study was
carried out in two periods between 29.06.2017-
23.07.2017 and 04.08.2017-28.08.2017, and the raising
setups prepared were named as Aquarium-1 and
Aquarium-2, respectively.

Table 1. Areas where Trichoptera larvae were collected.
Cizelge 1. Trichoptera larvalarinin toplandigr alanlar.

Study Area and Collection of Samples

H. instabilis and H. bulbiferalarvae to be reared in the
laboratory were collected from Karacehennembogazi
Creek on 29.06.2017 and from Daday Creek on
04.08.2017, respectively. D-frame bottom net with 500
pm mesh-opening was used for sampling. Benthic
macroinvertebrates at the bottom were allowed to
enter the net by holding the net against the flow and
mixing the ground with the foot (kick-net method).
Then, the net was removed from the stream and all
samples were placed in a white plastic container
(60x30 cm), and Trichoptera larvae were separated
from other benthic macroinvertebrates. Live larvae
samples were transported to the laboratory in plastic
containers, in a small amount of stream water,
together with some bottom debris and plants in the
environment. Details of the locations where caddisfly
larvae were collected are given in Table 1.

Province Town Brook/Creek Latitude Longitude Altitude (m)
Kastamonu Kiire Karacehennembogazi Creek 41°50'22.98"K 33°43'46.24"D 607
Kastamonu Daday Daday Creek 41°28'28.72"K 33°31'42.16"D 845

Placing and Examining the Samples in the

Experimental Aquarium

Trichoptera larvae collected from the field and brought
to the laboratory were placed in the aquarium with 10
liters of water brought from the field. Larvae were fed
using Tetra brand granulated fish food every two days
and 19 It of aquarium water was replaced with
previously prepared rested water every five days.

Larvae, pupa and adult stages of the samples were
observed by monitoring both aquarium setups daily.
Dead larvae seen in the aquarium were removed daily
from the aquarium.

RESULTS and DISCUSSION

This study was carried out on raising 140 Hydropsyche
instabilis larvae collected from Karacehennembogazi
creek 1n Kastamonu, Kire between 29.06.2017-
23.07.2017 and 115 Hydropsyche bulbifera larvae
collected from Daday creek in Kastamonu, Daday,
between 04.08.2017-28.08.2017. The morphological
characters of the larvae and the male genital
structures of adults were photographed and briefly
explained.

25 adult individuals (19 females and 6 males) were
reared from 140 H. instabilis larvae placed in
Aquarium-1 for 25-days. The emergence time of adults
from pupa is given in Figure 1.

The first individual seen in Aquarium-1 was 1 & on
08.07.2017. The last individuals, 1 & and 1 @, were
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observed on 23.07.2017. The emergence times of H.
instabilis larvae brought to the laboratory were on the
10th, 12th, 14th, 19th-21st, 23rd and 25th days,
respectively. While the most adult emergence was seen
on 17.07.2017 with 6 99, the least adult emergence
was observed on 08.07.2017 with 1 & individual.

18 adult individuals, (7 females and 11 males) were
reared from 115 H. bulbifera larvae placed in
Aquarium-2 during 25-days. The emergence time of
adults from pupa is given in Figure 2.

The first individual seen in Aquarium-2 was 1 & on
11.08.2017. The last individuals, 2 &3 and 2 99, were
observed on 21.08.2017. The emergence times of H.
bulbifera larvae brought to the laboratory were on the
8th, 11th, 14th, 16th, 18th and 20th days, respectively.
While the most adult emergence was observed on
13.08.2017 with 2 29 and 4 J&&, the least adult
emergence was on 11.08.2017 with 1 & individual.

Morphological Characterization of Larvae
Hydropsyche instabilis Curtis, 1834

The head, pronotum, mesonotum, and metanotum are
brown (Fig. 3a). There are branched gills ventral to the
abdominal segments (Fig. 3b). In the dorsal view of the
head capsule, there are areas of lighter color in the
frontclipeal apotome compared to its surroundings. In
the middle of these light-colored areas, there is an
arrow-shaped darkness extending from front to back.
The anterior part of its apotome has two lateral light-
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colored areas, while the posterior part has a U-shaped
light-colored area. The anterior part of the
frontoclypeus is flat (Fig. 3c). In the ventral view of the
head capsule, light colored areas are seen towards the
anterior part (Fig. 3d). The coloration pattern of the

posterior prosternites is shown in Figure 3e. The
submentum is the same color as the head. The
submentum is equilateral triangle-shaped, short and
broad (Fig. 3f).

Hydropsyche instabilis
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Figure 1. The emergence time of the larvae placed in Aquarium-1 from pupa
Sekil 1. Akvaryum-1'de yetigtirilen larvalarin pupadan ¢ikis zamanlari

Hydropsyche bulbifera
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Figure 2. The emergence time of the larvae placed in Aquarium-2 from pupa
Sekil 2. Akvaryum-2'de yetigtirilen larvalarin pupadan ¢ikis zamanlari

Hydropsyche bulbifera McLachlan, 1878

The head, pronotum, mesonotum, and metanotum are
light brown (Fig. 4a). There are branched gills ventral
to the abdominal segments (Fig. 4b). In the dorsal view
of the head capsule, there are two lateral light-colored
areas anteriorly and a circular light-colored area
posteriorly in the frontclipeal apotome. The anterior
part of the frontoclypeus is flat. The anterior part of
the apotome is glossy (Fig. 4c). In the ventral view of
the head capsule, light colored areas are seen towards
the anterior part (Fig. 4d). The coloration pattern of
the posterior prosternites is shown in Figure 4e. The
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submentum 1is black, short and broad to form an
equilateral triangle (Fig. 4f).

Characterization of Reared Adults
Hydropsyche instabilis Curtis, 1834

The X segment has finger-shaped extensions, which
are long and rod-shaped (Fig. 5a). The tip of the
phallus is not membranous and has no differentiated
complex lateral extensions (Fig. 5b, d). The
subapicolateral phallus teeth (dental phallus) are
large enough to be seen from above. The apical part of
the phallus (apex phalli) is slightly narrowed apically
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(Fig. 5¢), and the tip hook (harpago) of the genital foot
is markedly shortened (Fig. 5d).

b

f 1mm

lateral gériiniimii; ¢) bas dorsal gériiniimii; d)
bas ventral goriiniimii; e) posterior prosternitler;

) submentum
a 2‘ = b i
K
a (
|
c o Hoym d —S00pm

Figure 3. Hydropsyche instabilis Curtis, 1834 larva a)
Dorsal view of head and thorax; b) lateral view
of the larva; ¢) dorsal view of the head; d)
ventral view of the head; e) posterior
prosternites; f) submentum
Sekil 3. Hydropsyche instabilis Curtis, 1834 larvasi a)
Bas ve toraks dorsal goriiniimii; b) larvanin
lateral goriiniimii; ¢) bas dorsal gériiniimii; d) bas
ventral goriiniimii; e) posterior prosternitler; f)
submentum

Figure 4. Hydropsyche bulbifera McLachlan, 1878 larva

a) Dorsal view of head and thorax; b) lateral

view of the larva; c) dorsal view of the head; d)

ventral view of the head; e) posterior
prosternites; f) submentum

Sekil 4. Hydropsyche bulbifera MclLachlan, 1878 larvasi

a) Bas ve toraks dorsal gériiniimii; b) larvanin
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Figure 5. Photograph of Hydropsyche instabilis Curtis,
1834 male genital a) Lateral; b) lateral view
of the phallus; ¢) ventral view of the phallus;
d) dorsal view of the harpago

Sekil 5. Hydropsyche instabilis Curtis, 1834 erkek

genital fotografi a) Lateral: b) fallus lateral
goriiniimii; ¢) fallus ventral gériiniimii; d)
harpago dorsal goriintimii

Hydropsyche bulbifera McLachlan, 1878

There are neither long nor short rod or finger-shaped
extensions in the X segment (Fig. 6a). The tip of the
phallus is not membranous and lacks differentiated
complex lateral extensions. The phallus is flat, with no
dorsal or median thickening. The apical portion of the
phallus (apex phalli) is characteristically enlarged
onion-shaped, narrowing evenly from the base to the
phallal shaft (Fig. 6b, c); the tip hook (harpago) of the
genital foot is slightly curved and it is like a stick with
a slightly tapered corner (Fig. 6d).

The Hydropsychidae family is a family represented by
a wide variety of species in streams with different
water quality. For this reason, it is accepted as a very
tolerant family all over the world (Gordon & Wallace,
1975; Ross & Wallace, 1982; Gallardo-Mayenco et al.,
1998). Raising success of Hydropsychelarvae was tried
to be observed in the aquarium we created in the
laboratory, and the larva and adult characterization
were made. During this study, raising success of H.
instabilis and H. bulbifera species was determined as
17.85% and 15.65%, respectively.

Studies have clearly shown that exposure to low
oxygen concentrations changes the behavioral patterns
of H. angustipennislarvae (van der Geest, 2007). It has




KSU Tarim ve Doga Derg 26 (3), 552-559, 2023
KSU J. Agric Nat 26 (3), 552-559, 2023

Arastirma Makalesi
Research Article

also been observed that even among the species
belonging to the Hydropschidae family, the larvae
change their behavioral patterns at low oxygen
sensitivities (Philipson & Moorhouse, 1974). In this
study, the amount of dissolved oxygen (8.5 mgl! and
9.1 mg 1) provided by using an air motor in Aquarium-
1 and Aquarium-2 was lower than the natural
environments (10.5 mg 1! and 10.8 mg 1'1) where we
took larvae, which adversely affected the success of
raising.
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Figure 6. Photograph of Hydropsyche bulbifera

McLachlan, 1878 male genital a) Lateral; b)
lateral view of the phallus; ¢) ventral view of
the phallus; d) dorsal view of the harpago
Sekil 6. Hydropsyche bulbifera McLachlan, 1878 erkek
genital fotografi a) Lateral; b) fallus lateral
goriiniimii;, ¢) fallus ventral goriiniimi; d)
harpago dorsal goriiniimii

Water temperature and change in water temperature
are known to be two of the most important
environmental factors affecting life cycle patterns,
particularly growth rate and seasonal timing of
aquatic insects (Sweeney, 1984). In addition, biotic
interactions (Westman, 1991), life cycle stage
(Verdonschot & Higler, 1992) and the effect of
environmental variable also affect the life cycle of
larvae (Wiens, 1989). It is also known that the feeding
culture of the larvae also affects the development and
maturation of the larvae (Anderson et al., 1976).
Average water temperatures in the laboratory
environment were determined as 30°C for Aquarium-1
and 28°C for Aquarium-2. The fact that these values
were high was the main factor reducing the success of
raising. It is also thought that biotic interactions in a
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restricted area such as an aquarium and feeding
culture of larvae affect the raising success of the
species reared in the raising environment.

Laboratory and field studies have shown that some
species may have different preferences in different flow
rate ranges (Fremling, 1960; Kaiser, 1965; Schwartz,
1972; Malas & Wallace, 1977; Wallace et al., 1977;
Boon, 1978). It is also known that Hydropsychidae
larvae may have different preferences for different
microhabitats (Wu, 1931; Schwartz, 1972; Malas &
Wallace, 1977; Oswood, 1979). Although the current
was created with the aquarium internal motor, the
inability to model the flow rate in the locations where
the larvae were collected was one of the other factors
that reduced the raising success.

Internal parasites or damage to larvae during
collection are possible explanations for larval
mortality. Placing too many larvae in the raising
environment creates the need for more maintenance,
such as removing waste and adding excess food (Keiper
& Foote, 1996). Reviewing all the above-mentioned
deficiencies in the new raising environments to be
created and preparing the raising setup accordingly
will increase the success of raising.

Ecological profiles are dynamic assessments that can
vary and therefore may be incomplete in small areas
or short-term studies (Moretti & Mearelli, 1981).
Moreover, environmental variables can also change in
terms of time and space (Resh & Unzicker, 1975).
Therefore, when ecological profiles are obtained from
living space data together with experimental studies,
large datasets integrated in time and space will be
more appropriate to precisely determine autoecology
(Bonada et al., 2004).

CONCLUSION

Here, it was tried to show that Trichoptera larvae can
be reared even with a simple setup in the laboratory.
In addition, with this study, some useful taxonomic
features were obtained for the identification of larvae
and adults by characterizing the larvae and adults.
Associating the reared adults with the larvae will
make it possible to define the larval stage by raising
species that have been identified from the adult but
whose larval stage is unknown in this way.

This study, which was carried out with a very simple
setup, revealed the importance of ecological conditions
in raising larvae. Controlling factors such as the
amount of dissolved oxygen, water temperature, flow
rate, substrate structure and making them suitable for
the natural habitat will increase the success of raising
larvae. In addition, thanks to the controlled
experiments to be carried out on these factors, it will
be possible to determine the ecological tolerance values
of the aquatic organisms. The use of these raising
media will enable Trichoptera and other aquatic
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organisms to be used more accurately and widely in
biotic indices.
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OZET Entomoloji

Bu calisma, Akdeniz meyvesinegi (Ceratitis capitata (Wiedemann,

1824) (Diptera: Tephritidae))nin ergin popiilasyon gelisimi ve kiiltiir Aragtirma Makalesi
bitkilerindeki zarar oranini belirlemek amaciyla 2021 yilinda Igdir ili

Merkez ilceye bagh koylerde elma, armut, seftali ve nektarin Makale Tarihgesi
bahg¢elerinde yurutilmustiir. Zararhinin popiilasyonu bolgeyi temsilen Gelig Tarihi  : 04.08.2022
Bayraktutan, Calpala, Kuzugiiden ve Kulluk koylerinde birer meyve Kabul Tarihi :01.11.2022

bahgesinde feromon ihtiva eden delta tuzak + McPhail tipi tuzaklar
kullanilarak takip edilmistir. Bahgelere yerlestirilen tuzaklar yerden
1.5 — 2.0 m yikseklikte agaglarin disa bakan dallarinin giiney ve
giney dogu yoniune yerlestirilmistir. Tuzaklarda yakalanan

Anahtar Kelimeler
Akdeniz Mevye Sinegi
Populasyon Gelisimi

erginlerin sayimi 5 Eylil 2021 ile 21 Kasim 2021 tarihleri arasinda Yogunluk
haftada bir kez yapilmistir. Meyvelerdeki zarar orani erginlerin Bulasiklik Orani
tuzaklarda gorilmeye basladig1 tarihten itibaren iki haftada bir Igdar

bahcelerden rastgele secilen 50 armut, elma, seftali veya nektarin
meyveleri incelenerek belirlenmigtir. Akdeniz meyve sinegi ergin
popllasyonunun en yuksek seviyesi 24 Ekim 2021 tarihinde kayit
edilmistir. Ilk erginler 5 Eylil tarihinde goriilmistir. Zararh
poptlasyonu 24 Ekim tarihinde tuzak basina en fazla yogunluga 200
ergin/hafta ile ulasirken, 14 Kasim tarihinde 73 ergin/hafta ile ikinci
en yiiksek popiilasyon yogunluguna ulasildig: tespit edilmistir. Meyve
bahgelerine gore en yiuksek hasar orani olan meyve tiurt, Bayraktutan
lokasyonunda nektarin %17.6, Calpala lokasyonunda seftali %12,
Kuzuguden lokasyonunda %8.4, Kiullik lokasyonunda seftali %18.4
olarak belirlenmigtir.

Determination of Population Development, Density and Infection Rate of Ceratitis capitata
(Wiedemann, 1824) (Diptera: Tephritidae) in Orchards of Igdir Province

ABSTRACT Entomology
This study was carried out by the Mediterranean fruit fly (Ceratitis
capitata (Wiedemann, 1824) (Diptera: Tephritidae)) was carried out in Research Article

apple, pear, peach and nectarine orchards in the villages of Igdir
Province Central district in 2021 in order to determine the population

Article History

development and damage rate of the Mediterranean fruit fly (Ceratitis Received 1 04.08.2022
capitata (Wiedemann, 1824) (Diptera: Tephritidae)). The population Accepted 101.11.2022
of the pest was followed by using delta trap and delta trap + McPhail

type (Decis Trap) traps containing pheromone and attractant in an Keywords

orchard in Bayraktutan, Calpala, Kuzugiiden and Kiillik villages,
representing the region. Traps placed in the gardens are placed at a

Mediterranean fruit fly
Population Development

height of 1.5 — 2 m from the ground, on the outward facing branches Density
of the trees, in the south-south east direction. Counting of adults Infection Rate
caught in the traps was done once a week between 5 September 2021 Igdir

and 21 November 2021. The damage rate on fruits was determined by
examining 50 randomly selected pear, apple, peach or nectarine fruits
from the orchards every two weeks from the date the adults started to
appear in the traps. The highest level of Mediterranean fruit fly adult
population was recorded on 24 October 2021. The first adults were
seen on September 5th. While the highest density per trap was
reached with 200 adults/week on October, it was determined that the
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second highest population density was reached with 73 adults/week
on 14 November. According to the fruit gardens, the highest damage
rate is the fruit type, 17.6% of nectar in the Bayraktutan location, 12%
of peaches in the Calpala location, 8.4% in the Kuzuguden location,

18.4% peach in the Kiillik location.
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GIRIS

Tiurkiye bulundugu cografi kosullar goéz oOntne
alindiginda meyvecilik anlaminda subtropik ve iliman
iklim meyvelerinin tiretimi konusunda oldukc¢a verimli
bir bolgede bulunmaktadir. Uretimi yapilan bu
urunlerin ekonomiye katkisi i¢in ihracati ve i¢ pazara
satigt  da  desteklenmeli ve  kaliteli  Urin
yetistirilmesine 0zen gosterilmedir. Meyve
yetistiriciliginin kultirimizde ve ulke ekonomideki
yeri olduk¢a 6nemli olmakla birlikte, her gegen yil bu
alanda tiretim miktarinda ve bu triinlerin ihracatinda
artis gorilmektedir (Sar1 & Yildirim, 2021).
Turkiye'nin meyvecilik alaninda en 6nemli ihracat
urunlerinden olan incir, portakal, mandalina, kayis1
gibi meyvelerin iiretim oranlarina goére ihracat orani
oldukca yiiksektir. Bu meyvelerden incir %80.78,
portakal %36.61, mandalina %50.24 ve kayis1 %64.63
oraninda ihrag tiriinii olarak yetistirilmektedir (TUIK,

2022). Thracat oranlam dikkate alindiginda
yetistiriciligi  yapilan bu Urtnlerin  kalitesinin
arttirilmasi, hastalik ve =zararlilardan korunmasi

ekonomik ac¢idan olduk¢a 6nemlidir.

Dinya tizerinde ¢ok genis alanlara yayilmig ve 6nemli
meyve zararhilarindan birisi olan Akdeniz meyvesinegi
(Ceratitis capitata (Wiedemann, 1824) (Diptera:
Tephritidae))nin zararini dogrudan meyvede ve
meyvelerin  olgunlasma  donemlerinde yapmasi
sebebiyle urtnlerin ticari degerlerini ve kalitesini
disiirerek meyve dokiimlerine neden oldugu, tulkelerce
dis karantina zararlis: olarak bilindigi ve bulagiklilik
toleransimin sifir oldugu, bu nedenle ihra¢ edilen
urunlerde tek bulasik meyve olmasi halinde tim
urinin ihracatini engelledigi bilinmektedir
(Kahyaoglu, 2011). Akdeniz meyvesinegi basta 1liman
ve subtropik iklim meyveleri, baz1 sebzeler ve siis
bitkileri olmak tizere diinyada 70’den fazla tilkede,
260’dan fazla konukgusu olan polifag bir zararlidir
(Kasap & Aslan, 2016; Satar & Tiring, 2017).

Diinya’da tropik ve subtropik tiim bolgelere yayilmig
olmasi, diger meyve sineklerine gore nispeten serin
iklimli bolgelere uyum gosterebilmesi, ¢ok sayida
meyve tlrline zarar vermesi, diger meyve sineklerine
gore Akdeniz meyvesinegini birinci derecede ekonomik
o6neme sahip bir tiir durumuna getirmistir. Zararh
1910 yilinda Diinya’da ilk olarak Hawaii adasinda
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belirlenmistir (Bergsten et al., 1999; USDA, 2003).
Turkiye’de ise 1939 yilinda Ankara’da tespit edilmigtir
(Bodenheimer, 1958). Tiirkiye'de zarar meydana
getiren 117 meyve sinegi tird arasinda en 6nemli
tiirlerden birisi olarak bildirilmistir (Kiitiik ve ark.,
2013). Orijini Afrika Sahrasi olan Akdeniz meyve
sinegi, Kuzey ve Giiney Afrika (Uganda, Zambia,
Kenya, Tanzanya, Zimbabwe), Giiney ve Orta Amerika
(Brezilya, Hawaii, Florida, California, Arjantin’in bati
kesimi, Bermuda, Costa Rica, Uruguay), Bati
Avustralya gibi tropik ve subtropik iklime sahip olan
bélgelerde, Tiirkiye (Akdeniz ve Ege Bélgeleri
yogunlukta), Israil, Libnan ve Urdiin gibi Akdeniz'e
komsu bircok iilkede yaygin bir tiirdiir (EPPO, 2022).

Zararlinin Turkiye’de en ¢ok zarar yaptigi konukgular:
turunggiller, nar, kayisi, seftali, zerdali, erik, elma,
ayva, incir, yenidinya, muz, Trabzon hurmasi,
nektarin ve incir olarak bildirilmistir (Elekcioglu,
2009; Uygun ve ark., 2010).

Dinya genelinde ve Turkiye’de tireticiler tarafindan
Akdeniz meyvesineginin kontrolii yaygin olarak
kimyasal miicadele ile yapilmaktadir. Fakat zararl ile
micadelede kullanilan insektistlerin hem dogaya hem
de dogada bulunan faydali bocekler tizerine olumsuz
etkilere sebep oldugu bilinmektedir (Leza et al., 2008).
Bu olumsuzluklar dugtniildiginde kimyasal
micadeleye alternatif diger miicadele programlari
yaygin olarak kullamilmaya c¢alisilmaktadir. Akdeniz
meyvesineginin yayilisi, konukgulari, zarari ve
miicadelesi kapsaminda kisir bocek salimi (SIT), kitle
tuzaklama (mass trapping) ve ciftlesmeyi &nleyici
feromon tuzaklarinin kullamilmasi gibi farkh
micadele yontemleri {izerine ¢ok sayida calismalar
yiirtitiilmiistiir (Demirdere, 1961; Ziimreoglu, 1985,
1990; Ros et al., 2000; Epsky et al., 1996; Alemany et
al., 2006; Bagpmnar ve ark. 2009). Bu yéntemler
disinda Urin glvenligini  saglama maksadiyla
yapilacak olan kiiltiirel 6nlemler ise konuk¢u meyve
agaclarinin bir arada veya birbirine yakin olacak
sekilde dikilmemesi, olgunlagan meyvelerin
hasatlarinin  geciktirilmeden toplanmasi1 olarak
kaydedilmistir (Cingéz, 2015). Ayrica vuruklu ve yere
dokiilmiis, zararlh ile bulasik oldugu diisiiniilen
meyvelerin toplanarak 50-100 cm derinlikte kazilan
¢ukurlara gémiilerek imha edilmesi, ergin ¢ikiglarim
engellemek veya azaltmak maksadiyla kis sonu ve
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ilkbahar basinda bahcgelerde toprak islemesi yapilmasi
zararlh ile miicadelede etkili kiltiirel 6nlemler olarak
belirtilmistir (Elek¢ioglu, 2013).

Igdir ili cografik konumu ve mikroklima iklime sahip
olmas1 sebebiyle Dogu Anadolu Bélgesinde meyve ve
sebze yetistiriciligi bakimindan buylik oéneme sahip
illerinden birisidir. Il genelinde meyve cesitliligi ve
uretim alanlar1 goéz 6niine alindiginda hastalik ve
zararli konusunda ekonomik anlamda problemlerin
yasanmasi  oldukca muhtemeldir. Ilin  drin
yelpazesine bakildiginda, yetistirilen meyveler
arasinda C. capitatanin konukc¢usu olan elma, kayisi,
seftali, nektarin, armut gibi meyve agac¢larinin yam
sira zararhinin ara konukgu olarak bilinen baz1 sebze
tirlerinin de tiretildigi bilinmektedir. Bélgede 6zellikle
ihracat Grini olarak pazarlanmak maksadiyla yoreye
has olarak yetistirilen kayis1 ve seftali meyvelerinde
hastalik ve zararlilarin tespiti ve micadelesi oldukg¢a
onem arz etmektedir. Akdeniz meyve sinegi ile ilgili
olarak hem yurtdisinda hem de Tirkiyede farkh
kultir Dbitkileri uzerinde c¢alismalar yapilmagtir.
Ancak, Igdir ilinde yaygin olarak yetistirilen geftali,
nektarin, kayisi, elma ve armut bitkileri tizerinde bu
zararlinin cezbediciler ile kontroli ve zarar oraninin
belirlenmesine yonelik bir ¢calisma yapilmamigtir. Bu
caligma ile Igdir ili meyve bahgelerinde Akdeniz meyve
sineginin cezbediciler kullanilarak ergin
popllasyonunun gelisimi, yogunlugu ve bulagiklik
oraninin belirlenmesi amaglanmistir.

MATERYAL ve METOT
Materyal

Calisma alaninda delta tipi kirmizi veya beyaz renkli
tuzaklar ve bu tuzaklar i¢ginde zararlinin yakalanmasi
ve feromon kapsilinin sabitlenmesi maksadiyla
yapiskan kagitlar ve bocek cezbedici madde olarak
0.015 g Deltamethrin, 7.8 g Ammonium acetate, 0.5 g
Chlorohydrate  trimethylamine, 0.03 g 1.5
Diamineopentane igeren McPhail tipi Decis Trap adli
tuzaklar birlikte kullanilmistir. Ornekleme
alanlarindan toplanan meyvelerdeki zararh gelisimini
gozlemlemek ve meyveleri kiiltiire almak maksadiyla
plastik kapali kaplar, pupa c¢ikisindan sonra ergin

bireyleri viicut biitiinliigi bozulmadan 6ldirmek tizere
etil-asetat ihtiva eden 6ldiirme kaplar: kullanilmigtir.

Metot

Bu calisma, Ceratitis capitata (Wiedemann, 1824)'nin
ergin popililasyonunun gelisimini saptamak amaciyla
2021 yilinda Igdir ilinin Merkez il¢esine baglh bulunan
Bayraktutan, Calpala, Kuzugiiden ve Kiilliik (Sekil 1)
koylerindeki seftali, nektarin, elma ve armut
meyveleri bulunan dért meyve bahgesinde toplam alt1
adet delta tipi tuzak + feromon (etki siiresi 90 giin) ve
iki adet McPhail tipi Decis Trap tuzak kullanilarak
yiritiilmistiir (Cizelge 1). Tuzaklar 15-16 Nisan 2021
tarihleri arasinda hedef bahgelerde agaglarin
taglanma yapilari, tir ve ¢esit Ozellikleri dikkate
alinarak agacglarin giiney-glineydogu kismina hakim
rizgar yonunde yerden yaklagik 1.5-2.0 m yukseklikte
ve tag 1z disiimiin %’lik i¢ kismina dogru asilmastir.

Tuzaklar 25 Nisan 2021 — 24 Kasim 2021 tarihleri
arasinda haftalik olarak kontrol edilerek delta
tuzaklar (Sekil 2) icerisinde bulunan yapigkan
kartlarda ergin bulunmasi halinde degistirilerek
yerlerine yenisi konmustur. McPhail tipi tuzaklarda
(Sekil 3) erginlerin yakalanmas1 durumunda tuzak bir
kap igerisine bosaltilarak sayim yapilmis ve igi bos
tuzak tekrar yerine asilmigtir. Ergin Dbireylerin
yakalandig:1 yapiskan yakalanan ergin bireyler arazide
sayim1 yapildiktan sonra geffaf dosya posetlerine
yerlestirerek toplanma tarihi, tuzaklarda yakalanan
birey sayisi ve yeri kayit altina alindiktan sonra
etiketlenmisgtir.

Akdeniz meyve sineginin secilen bahcelerdeki
bulagiklik orani ve zarar: diizeyini saptamak amaciyla
her bir bahcgede zararlinin goérilmeye baglandigi 5
Eylil tarihinden sonra iki haftada bir rastgele secilen
bes armut, elma, seftali veya nektarin agaci tizerinde
her bir meyve turi i¢in bes ayr1 agac¢ secilmis ve her
agacta on adet meyve incelenerek vuruklu oldugu
tespit edilenler not alinmigtir. Vuruklu Meyve Orani
(%) = Vuruklu Meyve Sayis1 / Toplam Meyve Sayis1 x
100 formula kullanilarak vuruklu meyvelerin orami
hesaplanmigtir.

Cizelge 1. Izdir Ili ve Merkez Ilgeye Bagh Kéylerdeki Denemelerin Yapildigi Bahgelerin Uriin Cesidi ve Tuzak Tipleri.
Table 1. Product Type and Trap Types of the Trials in the Villages of Igdir Province and Central District.

Koy Uriin Cesidi Asilan Tuzak Tipi Bahge Biiyiikligii (Da) Koordinat Rakim

Bayraktutan Nektarin Delta + McPhail Tuzak 40 40°00'07’K 883 m.
43°55’58"D

Calpala Elma+Seftali Delta Tuzak 10 40°01'12’K 897 m.
43°52’46.4”D

Kuzugiiden Armut+ Elma Delta Tuzak 30 39°59'12"K 873 m.
43°5753"D

Kialliuk Elma+Seftali Delta + McPhail Tuzak 35 39°5940"K 888 m.
43°54’47°D
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Sekil 1. Orneklerin toplandig1 kéy ve bélgelerin harita tizerindeki yaklagik konumlar: ve rakimlar: gosterir harita.
Figure 1. Map showing the approximate locations and altitudes of the villages and regions where the samples were
collected.

/*

Sekil 2. Ceratitis capitata (Wiedemann, 1824) erginlerini yakalamak icin kullanilan Delta tipi tuzaklar.
Figure 2. Delta type traps used to catch Ceratitis capitata (Wiedemann, 1824) adults.
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Sekil 3. Delta tipi tuzak ve
incelenmesi.

McPhail tipi tuzaklara yakalanan Ceratitis capitata (Wiedemann, 1824) bireylerinin

Figure 8. Investigation of Ceratitis capitata (Wiedemann, 1824) individuals caught in delta-type and McPhail-type

traps.

Calismanin yurttaldagi bahgelerde yerden toplanan
meyve tlrlerine ait érneklerin bir kismi1 daha sonra
larva c¢ikiglarinin  gézlemlenmesi ve zararlinin
gelisiminin incelenmesi amaciyla kapali kaplarda oda
sicakliginda hava alacak sekilde muhafaza edilmistir

(Sekil 4).

Bahgelerden toplanan bazi meyvelerde larva
gelisimleri gozlemlenmis ve daha sonrasinda olusan
pupalar izole edilerek zararhinin tespiti i¢in kultlr
kaplarina alinmigtir. Pupalarin gelisimi i¢in ortam
nemini saglamak amaciyla kaplarin alt yilizeyine
pamuk yerlestirilmis ve zaman zaman 1islatilarak
ortam nemi olusturulmusgtur. Pupalardan ¢gikan ergin
bireyler etil-asetat igeren 6ldiirme kaplarina alinarak
bireylere zarar vermeden o6ldurilmiustir. Zararlinin
yumurtlama ve larva gelisiminin hangi meyve tiirleri
uzerinde daha fazla oldugu saptanmigtar.

BULGULAR ve TARTISMA
Bu ¢alisma, 2021 yilinda Igdir ili Merkez ilgeye baglh
bulunan Bayraktutan (nektarin), Calpala

(elma+geftali), Kuzugiiden (armut+ elma) ve Kiilliik
(elma+seftali) koylerindeki dért meyve bahcesinde
Ceratitis capitata (Wiedemann, 1824) (Diptera:
Tephritidae)nin feromon ihtiva eden delta tipi +
yapigkan kagt ihtiva eden tuzaklar ve McPhail tipi
tuzaklar kullanilarak ergin popilasyonunun geligimi,
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poptilasyon yogunlugu ve meyve gozlemleri yapilarak
zarar durumunu belirlemek amaciyla yuratialmustiir.

Ergin Popiilasyon Gelisimi

Nisan ayinin ortalarinda asilan kirmizi ve beyaz renkli
delta tuzaklar ile McPhail tipi tuzak gibi farkli tuzak
tipi ve renkleri de kullanilarak popiilasyonun
izlenmesinde kullanilan tuzak gesitlerinin
kiyaslamas1 yapilmak istenmigtir. Tuzak cegitleri
karsilastirildiginda zararlimin yakalanma tarihleri
ayn1 olup ve yakalanan birey sayilari bakimindan
delta tuzaklarda, McPhail tipi tuzaklara nazaran daha
az ergin yakalandign goruilmustur. Zararhh ilk
gorilmeye baglandig1 eylil ayina kadar tuzaklarda
yakalanmamig, ekim ayimin sonlarina dogru yapilan
kontrollerde zararlinin popiilasyonunun en yiiksek
seviyeye ulastigr tespit edilmistir. Kasim ayinin
ortalarindan itibaren yapilan kontrollerde zararlh
popiilasyonunun azalmaya basgladigi, kasim ayinin
sonlarina dogru havalarin sogumasi sebebiyle
zararhmin etkinligi azalarak tuzaklara yakalanan
birey sayisinda 6nemli derecede disiis oldugu tespit
edilmistir.

Igdir ili Merkez ilceye bagh Bayraktutan, Calpala,
Kuzugiden ve  Killik koéylerindeki  meyve
bahcelerinde yuritilen calismada Akdeniz meyve
sineginin popiilasyon yogunlugu incelendiginde
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arastirma alanlarina kurulan sekiz adet tuzakta
toplam 4245 adet ergin yakalanmigtir. Popiilasyon
yogunlugunda ornekleme yapilan aylara gére énemli
dalgalanmalar gézlenmistir. Arastirma siiresince en

HM

4
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=

fazla ergin %73.19 (3107 adet) ile ekim aymnda olmak
lizere sirasiyla, %21.32 (905 adet) ile kasim ve %5.49
(233 adet) ile eyliil aylarinda tuzaklarda ergin
yakalanmigtir.

Sekil 4. Ceratitis capitata(Wiedemann, 1824)nin larva gelisiminin incelenmesi icin kiiltiire alinan farkl meyveler.
Figure 4. Different fruit cultured to examine the larval development of Ceratitis capitata (Wiedemann, 15824).

Tuzaklarda yapilan kontrollerde ilk erginler 5 Eylil
tarihinde tim lokasyonlarda gorilmis olup 19
Eylul'den itibaren tuzaklarda yakalanan erginlerin
sayisinda belirgin artiglar gézlenmistir. Zararlinin en
fazla  populasyonunu ekim ay1  ortalarinda
olusturdugu, seftali ve nektarin meyvelerinin yogun
oldugu bahgelerde zararh popiilasyonunun daha fazla

oldugu gozlemlenmistir. Akdeniz meyve sinegi sezon
boyunca asilan tiim tuzaklarda farkli yogunlukta da
olsa saptanmistir. Sezon boyunca c¢alismanin
yuriitiildigi Bayraktutan (Sekil 5), Calpala (Sekil 6),
Kuzugiiden (Sekil 7) ve Kiillik (Sekil 8)
lokasyonlarindaki zararhi popiilasyonunun degigimi
tespit edilmigtir.
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Sekil 5. Ceratitis capitata (Wiedemann, 1824)'nin eyliil-kasim aylarinda Bayraktutan kéyii nektarin bahgesindeki
delta+mcphail tuzaklarda popiilasyon yogunlugu

Figure 5. Population density of Ceratitis capitata (Wiedemann, 1824) in delta+mcphail traps in the nectarine
garden of Bayraktutan village in September-November

Bayraktutan koylinde yapilan populasyon takibinde

ile baglamig olup en yiksek sayiya 439 ergin ile
sezonun ilk ergin ¢ikiglar1 05.09.2021 tarihinde 3 ergin

24.10.2021 tarihinde ulagilmigtir. Kasim ayinin
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baglarinda tuzaklara yakalanan ergin sayisinda
azalma gorilse de 14.11.2021 tarihinde ikinci en
yiksek say1 175 ergin ile gerceklesmigtir.

Calpala koytunde yapilan popililasyon takibinde
sezonun ilk ergin ¢ikiglar: 05.09.2021 tarihinde 5 ergin
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m17.10.2021 m24

26.09.2021 m3.1

ile baglamig olup en yiiksek sayiya 283 ergin ile

24.10.2021 tarihinde ulasilmigtir. Zararlhh iklim
sartlarinin elverigsiz olmas1 ve ana konukg¢u olarak
tercih edecegi tirin bolgede daha az

yetistirilmesinden dolay1 kasim ayinin sonlarina dogru
populasyonunu azaltmagtir.
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Sekil 61. Ceratitis capitata (Wiedemann, 1824)nin eyliil-kasim aylarinda Calpala koyli elma ve seftali
bahgesindeki delta tuzaklarda populasyon yogunlugu
Figure 6. Population density of Ceratitis capitata (Wiedemann, 1824) in delta traps in the apple and peach orchard

of Calpala village in September-November
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Sekil 2. Ceratitis capitata (Wiedemann, 1824)min eyliil-kasim aylarinda Kuzugiiden koyii elma ve armut
bahgesindeki delta tuzaklarda poptulasyon yogunlugu

Figure 7. Population density of Ceratitis capitata (Wiedemann, 1824) in delta traps in the apple and pear orchard
of Kuzugtiden village in September-November

Kuzugiden koéyiinde yapilan popilasyon takibinde
sezonun ilk ergin ¢ikiglar1 05.09.2021 tarihinde 4 ergin
ile baglamig olup en yiiksek sayiya 175 ergin ile
24.10.2021 tarihinde ulagilmigtir. Kasim ayinin
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baglarinda tuzaklara yakalanan ergin sayisinda
azalma gorilse de 14.11.2021 tarihinde ikinci en
yiksek say1 76 ergin ile ger¢ceklesmigtir.
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Sekil 8. Ceratitis capitata (Wiedemann, 1824)’nin eyliil-kasim aylarinda Kiilliik kéyii elma ve seftali bahcesindeki
delta+mecphail tuzaklarda popiilasyon yogunlugu

Figure 8. Population density of Ceratitis capitata (Wiedemann, 1824) in delta+mcphail traps in the apple and
peach orchard of Kiilliik village in September-November

Killik kéytinde yapilan popiilasyon takibinde sezonun
ilk ergin c¢ikiglar1 05.09.2021 tarihinde 2 ergin ile

baslamis olup en yiksek sayiya 703 ergin ile
24.10.2021 tarihinde ulagilmigtir. Kasim ayinin
baglarinda tuzaklara yakalanan ergin sayisinda

azalma gorilse de 14.11.2021 tarihinde ikinci en
yiksek say1 307 ergin ile gergeklestirmigtir.
Papadopoulos et al. (2001) Kuzey Yunanistan'da
yaptiklari bir c¢alismada McPhail ve Jackson
tuzaklarinin Akdeniz meyvesineklerinin yakalama
oranlarinda farkliliklar gosterdigini tespit etmiglerdir.
Bu c¢alismada kullanilan delta tipi ve Mcphail tipi
tuzaklar icin erginlerin tuzaklara yakalanma
donemlerinde bir farklihk go6zlemlenmemis olup
tuzaklara yakalanan ergin sayisinda McPhail tipi
tuzaklarin delta tuzaklara nazaran daha fazla ergin
yakaladig1 gozlemlenmistir.

Baspinar ve ark. (2009) Aydin ilinde yiiriittiikleri bir
calismada zararhinin ilk ergin ucuslarinin nisan
ayinda baslamasina ragmen en yuksek poptlasyon
yogunluguna ekim ve kasim aylari arasinda ulasildig:
bildirilmis ve bu ¢alismada da zararli popiilasyon
sayisinin en yiksek oldugu dénemlerin bu bulgularla
uyustugu gorilmiistiir. Uygun ve ark. (2010)
yuruttikleri bir calismada zararlinin Tirkiyede en ¢ok
zarara neden oldugu konukgulari arasinda olan geftali,
elma, nektarin gibi meyvelerin Igdir ili iklim
kogullarinda da zararl i¢in potansiyel konukgu olarak
gorildigi, larva gelisimi i¢in bu meyvelere yumurta
birakma egilimi oldugu fakat bu tiirler iginde en ¢ok
seftali tirinde zarara neden oldugu gérilmustir.
Giirbiiz (2018) Antalya ilinde yiiriittiigii bir calismada
2017-2018 yillarinda en yiliksek erginin eyliil ayinda
yakalandigini, narenciye bahgelerinde zarar oraninin
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%4 ile %12 arasinda oldugunun tespit edildigini
bildirmigstir. Bu ¢alismada Igdir ili i¢in iklim ve cografi
kogullar g6z 6niine alindiginda en fazla erginin ekim
ayinda yakalandigi ve zarar oraninin ise %8.4 ile
%18.4 arasinda oldugu tespit edilmistir. Zararlinin
yakalanma donemleri ile zarar oranlarinin meyve
turleri farkl olsa dahi diger arastirmalarin sonuclari
ile nispeten uyumlu oldugu degerlendirilmektedir.

Akdeniz meyvesineginin tuzaklarda yakalanma
oranlar1 incelendiginde en fazla erginin Bayraktutan
ve Kiillik lokasyonlarinda tespit edildigi bu
bélgelerdeki bahcelerde seftali ve nektarin gibi
zararlimin ilk tercih edecegi konukcularin daha fazla
yetistirilmesi bu bélgelerin zararl tarafindan ergin
popiilasyon gelisimi i¢in daha c¢ok tercih edilen alanlar
olarak goéruldugh dusunilmektedir. Calismada en
yuksek popilasyon yogunlugu ekim ve kasim
aylarinda gozlemlenmigtir. Ekim ayinda en fazla ergin
24 Ekim’de 11°C ortalama sicaklik ve %62 ortalama
nispi nemde yakalanmigtir. Kasim ayinda ise en fazla
ergin 14 Kasim’da 6°C ortalama sicakhk ve %62
ortalama nispi nemde tuzaklarda yakalanmistir.

Meyvelerdeki Bulagiklik Orani ve Zarar:

Bayraktutan lokasyonundaki nektarin bahgesinde
%17.6, Calpala  lokasyonundaki  elma+geftali
bahgesinde elma %6.8 ve seftali %12, Kuzugiden
lokasyonundaki armut+elma bahgesinde armut %4 ve
elma %8.4, Killuk lokasyonundaki elma+geftali
bahgesinde elma %10 ve sgeftali %18.4 olarak zarar
orani tespit edilmistir.

Calisma alanindaki zarar oranlari incelendiginde
zararlinin primer konukgu olarak tercih ettigi seftali
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ve nektarin meyvelerinin yogun oldugu bdélgelerde
zararin arttig1 degerlendirilmektedir. Zararlinin aktif
olarak tuzaklarda goriilmeye bagladigi dénemde en
fazla geftali tirtinde vuruklu meyve olusumuna neden
oldugu tespit edilmistir.

Muhafaza edilen 6rnekler incelendiginde larva ve
pupa gelisimi nektarin meyvelerinde meyve bagina en
az 2 adet larva/pupa ve seftali meyvelerinde meyve
basina en az 4 adet larva/pupa gelisimi oldugu
gozlemlenmistir.

Bayraktutan lokasyonundaki nektarin bahgesinde
sezon boyunca deltatMcPhail tuzaklarda 1306 adet
ergin birey yakalanmigs olup zarar oranmi %17.6,
Calpala lokasyonundaki elma ve geftali bahgesinde
delta tuzaklarda 731 adet ergin birey yakalanmisg olup
zarar oram %12, Kuzugiden lokasyonundaki elma ve
armut bahcesinde delta tuzaklarda 442 adet ergin
birey yakalanmis olup zarar orami %8.4, Kullik
lokasyonundaki elma ve geftali bahcesinde
delta+tMcPhail tuzaklarda 1766 adet ergin birey
yakalanmig olup zarar orani %18.4 olarak tespit
edilmigtir. Zarar orani ve zararlinin tuzaklara
yakalanma oranlari incelendiginde yetistirilen Uriin
cesidine gore zararlinin popllasyonunda ve zarar
oraninda  farklhihklar  gézlemlenmigtir. Zararh
tarafindan yumurta birakildigi degerlendirilen
vuruklu meyveler incelendiginde larva cikiglarinin
sadece seftali ve nektarin meyvelerinde oldugu
gbzlemlenmis olup elma ve armut meyvelerinde larva
veya pupa olusumu goézlemlenmemaistir.

Akdeniz meyvesinegi ile miicadele kapsaminda dikkat
edilmesi gereken en Onemli hususlardan birisi de
zararlinin gorilmeye baslandig1 ve konukg¢usu olarak
yetistirilen Urunlere yoneldigi donemin tespit
edilmesidir. Zararh ile miicadeleye erken baglamak,
miicadele yontemine karar vermek, zararlinin ¢ikig ve
yayilis déoneminde bulunan potansiyel konukcu turlere
yogunlagmak Akdeniz meyvesinegi ile micadelede
ureticiye buylik avantajlar saglayacaktir. Zararh
bélgeye ulasmadan oOnce meyvelerin hasatlarinin
yapilmasi, bahgelerde hasat sonrasi kalan meyvelerin
toplanmasi, derin olmayan toprak islemesi yapilarak
zararlinin  topraktaki pupalarina zarar vermek
suretiyle gelismelerinin engellenmesi gibi kiiltiirel
onlemler alinmalidir. Entegre Zararl Yonetimi (IPM)

kapsaminda micadele yontemlerinin  birbirini
tamamlayacak sekilde kullanilmasi zararlinin
popilasyonunun baskilanmasinda oldukg¢a etkili

olabilmektedir. Igdir ilinde yetistirilen ve zararh i¢in
konukgu potansiyeli olan meyve tiirlerinin tretim
miktar1 g6z 6niine alindiginda Akdeniz meyve sinegine
kars1 erken uyari sistemlerine bu zararlinin da
eklenerek ureticilerin birlikte micadeleye
baslamasinin saglanmasi, gevre kirliliginin
onlenmesine ve kaliteli iiriin yetigtirilmesine imkan
saglayacaktir. Zararlinin bélgedeki biyoekolojisinin
tam anlagilmasi amaciyla arastiricilar tarafindan
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farkli konukg¢ularimin tespit edilmesi ve bdélgede
yerlesik  tir olup olmadigi konusunda yeni
caligmalarin yurutilmesi ve desteklenmesi gerektigi
dustntlmektedir.
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OZET Bitki Koruma

Bu ¢alismada; sicak ve soguk su yontemi ile Nigella sativa ve Lavandula

angustifolia bitkilerinden elde edilen ekstraktlarin ticer farklh (10, 15 ve Aragtirma Makalesi
20 w/w) konsantrasyonlarina ait siispansiyonlari, énemli bir depo

zararhist olan Kirma un biti (Zribolium confusum Jacquelin du Val. Makale Tarihgesi
(Coleoptera: Tenebrionidae))nin ergin ve larva dénemlerine kars Gelis Tarihi  :27.04.22
fumigant etkileri tizerine degerlendirilmigtir. Calismada ayrica Kabul Tarihi :16.09.22
ekstraktlarin 7. confusum erginlerinin bir sonraki nesilleri tizerine olan

etkisi de incelenmigtir. Tim denemeler 4 tekerriirli ve her tekerriirde 10 Anahtar Kelimeler

adet larva ve 10 adet ergin olacak sekilde yurutulmustir. Calisma, 27+2 Kirma biti

°C ve %65+5 bagil nem kosullarindaki tamamen karanlik inkibatorde Bitki ekstrakt
yuritulmustir. Calisma ikiser gliin arayla 13 gun boyunca takip edilerek Nigella sativa

6li bireyler not edilmis ve yuzde olum oranlar1 belirlenmistir. Lavandula angustifolia

Uygulamanin 13. gininde L. angustifolia ekstraktlarinin zararlinin
erginleri uzerindeki o6lim oranlari, %5.71-62.86 arasinda degisim
gosterirken; zararlinin larvalari Gizerindeki 6lim oranlari ise %75.68-
91.43 arasinda degisim gostermistir. V. sativa ekstraktlarinin zararlinin
erginleri uzerindeki o6lum oranlari, %30.93-89.69 arasinda degisim
gosterirken; zararlinin larvalar: Gzerindeki 6lim oranlari ise %26.47-
89.47 arasinda degisim gostermistir. Denemelerde kullanilan tim bitki
ekstraktlar1 ise istatistiksel olarak kontrolden farkli grupta yer
almiglardir (P=0.000). Yapilan calismaya genel olarak bakildiginda, bitki
ekstraktlarinin zararlinin larvalari tizerindeki fumigant etkisi zararlinin
erginleri uzerindeki fumigant etkisine goére daha yuksek olmustur.
Zararlinin erginleri lizerinde yuritiilen ¢alisma sonucundaki F1 déla
uzerine etkisine bakildiginda ise V. sativa ekstraktlarinin L. angustifolia
ekstraktlarina kiyasla F1 dolint azaltmada daha basarili oldugu
belirlenmigtir. Yapilan ¢alismada N. sativa sicak ve soguk su
ekstraktinin %20 konsantrasyonunda zararlinin yeni nesil yavru
cikiginda %100 oraninda azalma tespit edilmistir. Sonug olarak N. sativa
ekstratlarinin 7. confusum zararhsi ile miicadelede etkili bir sekilde
kullanilabilecegi belirlenmisgtir.

Effects of Some Plant Extracts on Larva and Adult Stages of Tribolium confusum Jacquelin Du Val
(Coleoptera: Tenebrionidae)

ABSTRACT Plant Protection

In this study, suspensions of three different (10, 15, and 20 w/w)

concentrations of hot and cold water extracts obtained from Nigella sativa Research Article

and Lavandula angustifolia plants were used to control adult and larval

of Confused flour beetle (7ribolium confusum duVal) which is an Article History
important storage pest. To ascertain the insecticidal activity of plant Received 1 27.04.22
extracts, fumigant effect studies were conducted. The study also Accepted 116.09.22
examined the effect of extracted solutions on the hatching rate of 7.

confusum adults in the subsequent generation. All trials used a Keywords

randomized plot design and consisted of four replications, each with ten Confused flour beetle
larvae and ten adults. The experiment was carried out in a completely Plant extract

dark incubator set at a temperature of 27+2°C and a relative humidity of Nigella sativa

65+5%. The study was conducted over 13 days, two days apart; dead Lavandula angustifolia
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individuals were recorded, percent mortality was calculated, and
averages were compared using the Tukey test. All plant extracts tested
were statistically significantly different from the control group (P=0.000).
On the 13th day of experiments, the mortality rates ranged from 5.71 to
62.86% and 75.68 to 91.43% in the case of applying L. angustifolia
extracts, whereas these values were 30.93 to 89.69%, and 26.47 to 89.47%
in the case of applying N. sativa extracts for adults and larvae,
respectively. In general, plant extracts had a greater fumigant effect on
larvae than on the adults of the pest. After analyzing the F1 progeny
count from the adult pest study, it was determined that V. sativa extracts
were more effective than L. angustifolia extracts at reducing fertility. The
study discovered a 100% reduction in the pest's new generation offspring
at a 20% concentration of N, sativa hot and cold water extract. These
findings indicated that . sativa extracts could effectively combat the 7.

confusum pest.

Auflgin: Kiiciiktopcu, Y., Can, B., & Saruhan, 1., (2023). Baz1 Bitki Ekstraktlarinin 7ribolium confusumiun Jacquelin
Du Val (Coleoptera: Tenebrionidae) Larva ve Ergin Dénemleri Uzerine Etkileri. KSU Tarim ve Doga Derg 26
(3), 570-578. https://doi.org/10.18016/ksutarimdoga.vi.1109845.

To Cite:  Kiiciiktopcu, Y., Can, B., & Saruhan, I., (2023). Effects of Some Plant Extracts on Larva and Adult Stages of
Tribolium confusum Jacquelin Du Val (Coleoptera: Tenebrionidae). KSU J. Agric Nat 26 (3), 570-578.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1109845.

GIRIS sekilde sentetik pestisit uygulamas1 yapilmaktadir

Diinya niifusunun hizli artisi sonucu gerekli besin
ihtiyacinin kargilanmasi 6nemli bir sorun olarak
ortaya c¢ikmaktadir. Turkiye’de tarim triinleri
arasinda ilk siralarda yer alan tahillar diinya
tiretiminde de 6nemli bir konumda bulunmaktadir
(Dértok & Aksoy, 2018; Teke, 2019).

Kirma biti (Tribolium confusum Jacquelin du Val)
(Coleoptera: Tenebrionidae), depolanmis bugdayin en
yaygin zararhlar: arasinda yer almaktadir (Saglam &
Ozder, 2013). Sekonder bir =zararli olan 7.
confusunrun larva ve erginleri tahillarda zarara neden
olan diger depolanmis Urin zararlilari tarafindan
zarar verilmis iriinlerde beslenmektedir (Sharaby,
1988; Simsek ve ark., 2019).

Literatiire goére depo zararlis1 boceklerin trinlerin
muhafazas1 sirasinda neden olduklar1 kayiplar
diinyada  ortalama  yillik  %10-30 arasinda
degismektedir (Emekeci & Ferizli, 2000). Depo zararlis
bocekler bulastiklar: trinde ya dogrudan beslenerek
ya da dolaylh olarak zarar olusturmaktadirlar.
Bulagtiklar: tiriinde beslenmeleri sonucu; Urtnlerin
agirhik ve ¢cimlenme kapasitesini azaltarak dogrudan
nicel kayiplara neden olurlar (Kumar & Kalita, 2017).
Yogun bulagmalar oldugu durumda ise tiriin tizerinde
biraktiklar1 kalintilar drtiniin gida maddesi olarak
degerini oldukea diistirmektedir (Rajendran, 2002).

Hasattan sonra depolanan tahillarda tiriin kaybini en
aza indirmek igin zararlhlar ile miicadele oldukca
onemlidir. Depolanmig tirtin zararhlar: ile miicadelede
birgok miicadele yéntemi uygulanmasina ragmen bu
yontemler arasinda en yaygin kullanilani kimyasal
miicadele yontemidir (Simsek ve ark., 2019; Kanik &
Karakog, 2020). Etkin ve etkili bir sonu¢ alinmasi
nedeniyle depo zararhilar1 ile miicadelede yogun
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(Tiryaki ve ark., 2010). Bu pestisitler arasinda
malathion, pirimiphos metil, chlorpyrifos metil gibi
koruyucu insektisitler yaninda metil bromid ve
aliminium-fosfin gibi fumigantlar bulunmaktadir
(Bond ve ark., 1984; Taylor, 1994). Her ne kadar
zararhlarla miicadelede etkili olsalar da sentetik
insektisitler ve fumigantlarin uzun yillar kullanimlar:
¢ok farkli sorunlarin ortaya ¢citkmasina neden olmustur
(Bond ve ark., 1984; Ertugay & Certel, 1991; Bell &
Wilson, 1995). Giiniimiizde bircok arastirmaci
gecmiste yogun olarak kullanilan bu insektisitler ve
fumigantlarin yerine artik kimyasal miicadele
yontemlerine alternatif olacak yontemlere
yonelmiglerdir. Bunlardan biri de zararlh bocek tirleri
ile micadelede bitkisel koékenli insektisitlerin
kullanilmasidir (Karci, 2006). Son yillarda bircok
arastirmaci bitkilerin farkl kistmlarim (cicek, yaprak,
tohum vb.) kullanarak ekstrakt elde etmekte ve bu
ekstraktlarin tarim alanlarindaki zararlilara karsi

kullanabilirligini arastirmiglardir. Yaptiklar:
arastirmalar bitki ekstraktlarmin farklh zararh
turlerinin  kontrolinde  basarilh  bir  gekilde

kullanilabilirligini kanitlamistir (Erler & Cetin, 2007;
Gokee ve ark., 2010; Hassan & Gokge, 2014; Cetin &
Elma, 2019).

Ekstraksiyon genel olarak, biyoaktif bilesiklerin bitki
materyalinden elde edilebildigi ana iglem olarak
tanimlanmaktadir. Ekstraksiyon verimi ve elde edilen
ekstraktin biyolojik aktivitesi; ekstraksiyon yontemine
ve kullanilan ¢Oziclye baglidir. Bitki
materyallerinden biyoaktif maddelerin ekstraksiyonu
i¢cin metanol, etanol ve aseton gibi birgok c¢oziicl
kullanilmaktadir (Truong ve ark., 2019). Bitkisel
ekstraktlar ile ilgili yapilmis o6nceki calismalarda
ekstrakt elde edilirken ¢6zlcl olarak sicak ve soguk
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suyun kullamimi1 ile ilgili ¢ok az c¢alisma
bulunmaktadir (Karatags ve ark., 2019). Insanlar
tarafindan depo uriinlerinin miucadelesinde ekstrakt
elde edilirken ¢oézucti olarak suyun kullanimi daha
tercih edilebilecek bir yontem olarak
distiintilmektedir. Bu ag¢idan bakildiginda, farkh
¢ozicller kullanilarak yapilan bilimsel arastirmalara
sicak ve soguk su ekstraktlarinin da dahil edilmesi
biylk 6nem arz etmektedir.

Tibbi ve aromatik bitkiler grubunda yer alan Corek
otu, Nigella sativa L. (Ranunculaceae) ve Lavanta,
Lavandula angustifolia Mill. (Lamiaceae) bitkilerinin
antibakteriyel (Halawani, 2009; Imane ve ark., 2017),
antioksidan (Burits & Bucar, 2000; Chrysargyris ve
ark., 2016) ve antiinflamatuar (Al-Ghamdi, 2001;
Hajhashemi ve ark., 2003) gibi aktiviteleri sahip
oldugunu gosteren ¢esitli calismalar bulunmaktadar.

Bu calismada, Corek otu ve Lavanta bitkilerinden elde
edilen sicak ve soguk su ekstraktlarinin énemli bir
depo zararlisi olan Kirma un biti (7! confusum du
Val.)’nin ergin ve larva dénemlerine kars: insektisidal
aktivitesi degerlendirilmistir.

MATERYAL ve METOD
Bocek Kiiltiiriiniin Kaynagi ve Yetigtirilmesi

Calismada, depolanmig tahillarda yaygin olarak
bulunan Kirma biti [7ribolium confusum Jacquain du
Val (Col.:Tenebrionidae)lnin 3. larva ve ergin

Cizelge 1. Calismada kullanilan bitkilere ait bilgiler
Table 1. Information on the plants used in the study

dénemleri  kullamilmistir. Calisma kapsaminda
kullanilan kaltir Kahramanmaras Sitcii Imam
Universitesi Ziraat Fakiiltesi Bitki Koruma Béliimii'ne
ait Entomoloji Laboratuvari’nda hali hazirda tretilen
stok kiiltiirlere dayanmaktadir.

T. confusunt un laboratuvarda yetistirilmesinde besin
ortami olarak, elekten gecirilmig 95 g bugday unu ve 5
g bira mayas1 kullanilmistir. 7. confusum erginlerini
yetistirmek i¢in kullanilan besin, bulagsik olma
ihtimaline karg1 -18 °C derin dondurucuda bir hafta
boyunca bekletilerek olas1 bécek bulagmalarindan
armdirilmistir. Steril cam kavanozun (1 1t'lik) icerisine
250-300 adet 7. confusum erkek ve disileri birakilarak
kavanozun agz1 til ile kapatilmigtir. 3 glinlik
araliklarla yumurtlama kavanozunun eleme iglemi
gerceklestirilmis ve bdylece erginlerin un ve
yumurtalardan ayrilmasi saglanmistir. Bu islemden
sonra elde edilen yumurtalar, icerisinde bugday
kirmasi ve maya bulunan besin ortamina
aktarilmigtir. Kiltir 27+2 °C’'da %65+5 bagil nem ve
karanlik kogullarda inkiibe edilmis; 3. donem larva ve
erginler denemelerde kullanilmigtir.

Bitki Materyalinin Temini

Calisma kapsaminda etkinligi belirlenen bitkilerin
Latince ve Tirkge isimleri, familyalari, denemede
kullanilan bitki kisimlari ve ekstraksiyon c¢oziicia
cesitleri Cizelge 1'de verilmistir.

Latince Adx Yaygin Ismi  Familyas: Kullanilan Kismi Kullanilan Céziicili
1 Nigella sativa L. Corek otu Ranunculaceae = Tohum Sicak su (100 °C)
2  Lavandula angustifolia Mill. Lavanta Lamiaceae Cicek Soguk su (25 °C)

Biyolojik testlerde kullanilan Cérek otu (Nigella
sativa) bitkilerinin tohumlari, 2021 yilinin haziran
ayinda ticari bir marketten temin edilmigtir. Lavanta
(Lavandula angustifolia) bitkisinin cicekleri, 2021
yilinin agustos ayinda Mersin Silifke ilgesine bagh
Caltibozkir mahallesinden toplanmagtir.

Bitki Ekstraktlarinin Elde Edilmesi

Etkinligi denenen L. angustifolia bitkisinin ¢igekleri
toplanarak laboratuvara getirildikten sonra direkt
glines 15181 almayan ve fazla nem bulunmayan
karanlik odada kurutma kagitlar: iizerine serilmis ve
oda sicakhiginda yaklagtk bir hafta boyunca
kurutulmaya birakilmigtir. Kurutulan L. angustifolia
bitki c¢icekleri ve satin alinan N. sativa tohumlar:
oguticiden gecirilip cam kavanozlara doldurularak
etiketlenmis ve kullanilincaya kadar +4°C’de
buzdolabinda muhafaza edilmistir (Senel, 2013).

Soguk Su Ekstraktsiyonlarinin Elde Edilmesi

Yapilan calismada %10 (w/w)lik stok soliisyonlar: i¢in
10 g kuru bitki materyalleri ve 90 ml 25 °C’deki saf su
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karigimi kullanilirken; %15 (w/w)’luk stok soliisyonlar
icin 15 g kuru bitki materyalleri ve 85 ml saf su
kullanilmis, %20 (w/w)’luk stok soliisyonlar icin ise 20
g kuru bitki materyalleri ve 80 ml saf su
kullanilmigtir.  Erlenmayer igerisine belirlenen
orandaki sivilar yerlestirildikten sonra bu sivilar, 4
°C’deki dairesel hareketli ¢calkalayicida 100 rpm’de 24
saat tutulmustur. Elde edilen bitki-su karigimlar: ilk
olarak bez bir tilbentten, daha sonra 38 mikronluk
(400 mesh) elekten gecirilerek cam beher icerisinde
alinmigtir. Bu soliisyonlar daha sonra sirasiyla 15 ml
hacmindeki tuplere yerlegtirilmig, 5000 rpm’de 10
dakika santrifiij edilmis ve soliisyonlarin st fazi
Whatman filtre kagidindan (No.1) gecirilmistir. Bu
sekilde elde edilen ekstraktlar, 500 mI’lik plastik beyaz
numune sigselerine konularak kullanilana kadar +4
°C’deki buzdolabinda muhafaza edilmistir (Oka, 2012;
Oka ve ark., 2014).

Sicak Su Ekstraktsiyonlarinin Elde Edilmesi

Sicak su ekstraktlarinin elde edilme agamalari, soguk
su ekstraktlarinin elde edilme metoduna benzer
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sekilde yapilmigtir. Farkli olarak, sicak su
ekstraktlarinin yapim agsamasinda, kullanilan bitki su
karisimlar: 100 °C’de 10 dk kaynatilmistir (Aydinl,
2009).

Bitki Ekstraktlarinin Kirma Bitinin Larva ve Ergin
Donemlerine Karg1 Oldiiriicii Doz Tarama Testleri

etkinligi denenen  bitki
ekstraktlarinin  o6ldirict etkileri  belirlenmigtir.
Calismada, 2 farkli bitkiden elde edilen bitki
ekstraktlarinin 2 farkli ¢ézicu kullanilarak ayri ayri
hazirlanan stok siispansiyonlarindan 3 farkli (10, 15
ve 20 w/w) konsantrasyon kullamilmistir. Deneme
uniteleri olusturulmadan 6nce kullanilacak olan bécek
besini herhangi bir bocek ile bulagik olabilme
ihtimaline kargi bir hafta siire ile -20 °C’de derin
dondurucuda tutularak sterilize edilmigtir. Tum
denemeler tesadif parselleri deneme desenine gore
tasarlanarak 4 tekerriirli ve her tekerriirde 10 larva
ve 10 ergin olacak sekilde yurutilmustir. Her
uygulama i¢in kontrol grubu olusturulmustur.

Calisma kapsaminda

Bitki 6zlerinin bocek Olimlerine karsi etkisini test
etmek amaciyla plastik kavanozlar (kapasite 100 ml)
kullanilmigtir. Her iki dénem i¢in de her bir kavanoz
icerisine hassas terazi yardimiyla %11+1 Uriin nemi
iceren 10’ar g yumusak ekmeklik bugday (7riticum
aestivum L. tartilarak koyulmustur. Hedef
konsantrasyondaki soliisyondan alinan 2 ml ekstrakt
¢ozeltisi kontrol grubu digindaki tiim kavanozlarin
icerisinde bulunan besinin tizerine homojen bir sekilde
puskirtilmistir. Ardindan cam baget yardimiyla
homojen bir gsekilde karigsimin saglanmasi igin bugday
karistinlmistir (Maceljski & Korunic, 1974). Kontrol
icin ayrilan plastik kavanozlardaki 10 g besinin
tzerine 2 ml saf su ile muamele edilmistir. Her bir
kavanozunun icerisine 10’ar adet larva veya ergin
koyulduktan sonra; plastik kavanozlar etiketlenmis,
kavanozlarin agz1 larvalarin veya erginlerin
kagmasini 6nlemek amaciyla muslin bez ile kapatilmisg
ve bu kavanozlar son olarak 27 °C sicaklik ve %70+5
bagil neme sahip iklim dolabina yerlestirilmigtir
(Panezai ve ark., 2019).

Olduriicii doz tarama testleri uygulamalarindan sonra
ikiger giin arayla 1-13 glin arasinda 6lii-canh larva ve
ergin sayimlar1 yapilarak veriler kaydedilmigtir.
Sayimlarda plastik deneme kavanozlari igerisindeki
boceklere tek tek ince uglu firga ile dokunularak canh
olup olmadiklar1 gbzlemlenmig ve herhangi bir hareket
belirtisi gostermeyenler 6li, az da olsa hareket
gosterenler canli olarak kabul edilmistir. Oliiler,
sayimdan sonraki 24 saat sonrasina kadar bekletilerek
herhangi bir hareket belirtisi olup olmadig1 tekrar
kontrol edilmis ve eger canlanma varsa kaydedilmigtir
(Tas, 2011). Ayn islem kontrol gruplar: i¢in de tekrar
edilmigtir.
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Biyolojik Denemeler Sonunda Elde Edilen Kirma
Biti'nin Yeni Nesil (F1 dél) Verimi

Tekerriirlerdeki 6li bireyler c¢alismanin son giin
sayiminda denemeden uzaklastirilmig, canli bireyler
ise F1 d6l sayiminin belirlenmesi i¢in tekrar kavanoz
icerisine aktarilmigtir. F1 d6l veriminin belirlenmesi
icin aym ¢alisma kogullarinda deneme kaplari 45 giin
stire ile bekletilmigtir. Bu siire sonunda deneme
kaplarindaki 7. confusum’un yeni larva sayimlari
yapilarak veriler kaydedilmigtir. Ayn1i islem kontrol
gruplari i¢in de tekrar edilmistir.

Istatistiksel Analizler

Oli-canli olarak yapilan sayim sonuglari Abbott
formulu ile degerlendirilerek ylizde 6lim oranlari
belirlenmigtir. Sadece 13. giin etkisi kontrole gore
Abbott ile diizeltilmistir (Abbott, 1925). Calisma
sonunda tek yonlii varyans analizi (One-Way ANOVA)
uygulanarak, ortalamalar arasindaki istatistiki
farklar P<0.05e¢ gore Tukey testi kullanilarak
hesaplanmistir (SPSS, 2013).

BULGULAR ve TARTISMA

Bu calismada, N. sativa ve L. angustifolia
bitkilerinden elde edilen Dbitki ekstraktlarinin
depolanmis lirtin zararlilarindan olan 7' confusumin
larvalar1 ve erginleri {izerine olan etkileri
arastirilmigtir. Calismada ayrica ekstrakt
solusyonlarinin 7. confusum erginlerinin bir sonraki
neslindeki azalma oranina etkisi incelenmigtir.

Denemelerde kullanilan tim bitki ekstraktlari ise

istatistiksel olarak kontrolden farkli grupta yer
almiglardir (P=0.000). 7. confusum erginleri ile
yurutilen c¢alismada 13. gin alinan verilere

bakildiginda en yuksek toksisiteyil %89.69 ile %20 V.
sativa sicak su ekstrakt1 gosterirken; bunu %62.86 ile
%20 L. angustifolia soguk su ekstrakti takip etmistir
(Cizelge 2 ve 4).

T. confusum larvalar1 ile yuritiulen calismada ise
uygulamadan 13 giin sonra en yliksek toksisite,
%91.43 ile %20 L. angustifolia soguk su ekstraktinda
elde edilirken; bunu %89.47 ile %20 N. sativa sicak su
ekstrakt1 takip etmistir (Cizelge 3 ve 5).

Uygulamanin  13. gininde L. angustifolia
ekstraktlarinin zararlinin erginleri tizerindeki 6lim
oranlari, %5.71-62.86 arasinda degisim gosterirken;
zararhinin larvalar1 tizerindeki 6lim oranlar1 ise
%75.68-91.43 arasinda degisim gostermistir. V. sativa
ekstraktlarinin zararlinin erginleri iizerindeki 6lim
oranlari, %30.93-89.69 arasinda degisim gosterirken;
zararlhimin larvalar1 tizerindeki 6lim oranlar1 ise
%26.47-89.47 arasinda degisim gostermigtir. Yapilan

calismaya  genel olarak  bakildiginda,  bitki
ekstraktlarinin  zararlinin  larvalarn  tzerindeki
fumigant etkisi zararlinin erginleri tizerindeki

fumigant etkisine goére daha yiksek bulunmustur.
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Benzer sekilde bazi arastiricilar da, 7. confusum (Arthur, 2000; Fields & Korunic, 2000; Jawale &
larvalarimin erginlere oranla o6ldurici olan bazi Dama, 2010).
maddelere kars1 daha duyarli oldugunu belirtmiglerdir

Cizelge 2. Lavanta sicak su ve soguk su ekstraktlarinin Tribolium confusum erginleri tizerindeki 6ldurici etkileri
Table 2. Lethal effects of lavender hot water and cold water extracts on Tribolium confusum adults

Doz Uygulama %0liim+SH/Giin
1. 3. 5. 7. 9. 11. 13.(Abbott)
0o Swcaksu  0£0.00  5+0.29 13£0.25  18+0.48  23+1.79  28+0.25  17.24+0.25 BCD*
Soguk su  0+0.00  5+0.28 7.540.25  10+0.40  12.5£0.25 15+0.28  5.71+0.47 CD
o5 Swcaksu 55029 8+0.25 15£0.25  23+0.29  28+0.25  33+0.29  22.99+0.29 BC
Soguk su  5+0.47  17.5+0.64 25+0.47  32.5+0.64 35+0.64  37.5+0.75 31.43+0.70 B
voo Swcaksu  8£0.25  13+0.25  18:0.25 254020  33+0.25  35:¢0.29  25.29:0.29 BC
Soguk su  10+0.57 20+0.40  27.5+0.47 35+0.64  47.5+0.75 55+0.64  62.86+0.47 A
Kontro] Sicaksu  0+0.00  0£0.29 5+0.25 10£0.48  10+1.79  13+0.25 134025 D

Soguk su  0+0.00 0+0.00 2.5+0.25 5+0.28 7.5+0.25 10+0 12.5+0.25 D
F=20.43 P=0.000

*Ayn1 sutundaki ortalamalar: takip eden farkli harfler, ortalamalarin istatistiksel olarak énemli derecede farkli oldugunu
gosterir (Anova P<0.05, Tukey test)

Cizelge 3. Lavanta sicak su ve soguk su ekstraktlarinin Tribolium confusum larvalari tizerindeki 6ldirici etkileri
Table 3. Lethal effects of lavender hot water and cold water extracts on Tribolium confusum larvae

Doz Uygulama %0lim+SH/Giin
1. 3. 5. 7. 9. 11. 13. (Abbott)
%10 Sicak su 0+0.00 15+0.28  37.5+0.75 55+0.64 62.5+0.47 70+0.40  75.68+0.25 B*
Soguk su 2.5£0.25  15+0.64  37.5+0.62 50+0.70 55+0.86  65+0.64  77.14+0.40 AB
015 Sicak su 10£0.57 25+0.28  47.5+0.47 60+0.70 67.5+0.94 75+0.64 81.08+0.25 AB
Soguk su 7.5+0.47  30+0.00 42.5+0.94 55+0.64 70£0.40  70+£0.40  82.86+0.28 AB
090  Sicak su 12.540.62  37.5+0.47 52.5+0.25 62.5£0.62 72.5£0.62 77.5+0.47 83.78+0.50 AB
Soguk su 10+0.00 32.5+0.62 45+0.50 62.5+0.47 75+0.50 82.5+0.47 91.43+0.25 A
Kontrol Sicak su 2.540.25  5+£0.28  5+0.28 5+0.28 7.5+0.25 17.5+0.25 7.5+0.25 C
Soguk su 0+0.00 5+0.28  5+0.28 5+0.28 7.5+0.47 12.5+0.25 12.5+0.25 C

F=116.82 P=0.000
*Ayni1 stitundaki ortalamalar: takip eden farklh harfler, ortalamalarin istatistiksel olarak énemli derecede farkli oldugunu
gosterir (Anova P<0.05, Tukey test)

Cizelge 4. Corek otu sicak su ve soguk su ekstraktlarinin Tribolium confusum erginleri tizerindeki éldurtci etkileri

Table 4. Lethal effects of black cumin hot water and cold water extracts on Tribolium confusum adults
%0lim+SH/Glin

3. 5. 7. 9. 11. 13. (Abbott)

Sicak su 20+0.40 25+0.28 25+0.28 30+0.40 30+0.40 33+0.62 30.93+0.62 B*

Doz Uygulama

%10 Soguk su  22.5+0.47 30+0.57  35+0.28 37.5+0.47 37.5+0.47 40+0.40 38.46+0.40 B
Vi1 Sicak su  25+0.28  43+0.47  45+0.28  48+0.47  50+0.57  50+0.57  51.55+0.47 B
Soguk su  30+0.40  32.5+0.25 35+0.28  37.5+0.25 40+0.00  42.5+0.25 41.03+0.25 B
%90 Sicak su  33+0.25  63+0.47  68+0.62  75+0.50  78+0.25  85+0.28  89.69+0.40 A
Soguk su  32.5+0.47 35+0.28  35+0.28  40+0.00  45+0.28  45+0.50  46.15+0.62 B
Kontrol Sicak su (10,00 0+0.00 0+0.00 3+0.25 3+0.25 3+0.25 3+0.25 C

Soguk su  0+0.00 0+0.00 2.5+0.25  2.5+0.25  2.540.25  2.5+0.25  2.5+0.25 C
F=41.33 P=0.000
*Aym siitundaki ortalamalar: takip eden farkli harfler, ortalamalarin istatistiksel olarak énemli derecede farkl
oldugunu gosterir (Anova P<0.05, Tukey test)
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Cizelge 5. Corek otu sicak su ve soguk su ekstraktlarinin Tribolium confusum larvalari tizerindeki 6ldiiricu etkileri
Table 5. Lethal effects of black cumin hot water and cold water extracts on Tribolium confusum larvae

o Uveul %0liim+SH/Giin
oz yeulama =, 3. 5. 1. 9, 11. 13. (Abbott)
%10 Sicak su 7.5+0.25  10+0.40  12.5£0.47 15+£0.28  15+0.28  20+0.40  34.21+0.47 B*
° Soguk su 7.5£0.47  10+£0.57 12.5£0.47 20+0.40  22.5+0.47 35+0.28  26.47+0.47 B
015 Sicak su 15+0.28 17.5+0.25 20+0.00  22.5+0.25 30+0.40  37.5+0.47 42.11+0.50 B
° Soguk su 10+0.57 15+0.28 17.540.25 22.5+0.25 27.5+0.47 37.5+0.47 29.41+0.47 B
%90 Sicak su 32.5+0.25 50+0.57  70+0.40  82.5+0.25 85+0.28  87.5+0.47 89.47+0.57 A
0
Soguk su 17.5+0.47 25+0.28  30+0.40  35+0.28  40+0.70  42.5£0.47 32.35+0.47 B
Kontrol Sicak su 0+0.00 0+0.00 0+0.00 2.5+0.25 2.5+0.25 2.5+0.25  5+0.25 C
Soguk su  0+0.47 0+0.28 0+0.40 2.5+0.28  7.5+0.70  10+0.47  15+0.47 C
F=31.25 P=0.000

*Ayn stitundaki ortalamalar: takip eden farkli harfler, ortalamalarin istatistiksel olarak 6nemli derecede farkli oldugunu

gosterir (Anova P<0.05, Tukey test)

Simsek ve ark. (2019), yapmis olduklar1 bir calismada
6 farkl bitkiden elde edilen %10 konsantrasyonuna ait
ekstraktlary, 7. confusum erginleri {izerinde
denemiglerdir. Yapilan calisma sonucunda,
uygulamadan 3 giin sonra zararli tizerindeki en
yiksek fumigant etki orama %23.17 olarak
belirlenmigtir. Bu ¢calismaya benzer olarak, ylirtatmusg
oldugumuz calismada uygulamadan 3 giin sonraki
verilere bakildiginda %10 M. sativa sicak ve soguk su
ekstraktlarinin  zararlimin  erginleri  tzerindeki
fumigant etki sirasiyla %25 ve %30 olarak
belirlenmistir. Abdulhay (2012), yapmis oldugu bir
calismada %15 konsantrasyona ait Prunus armeniaca
L. bitki su ekstraktinin 7. confusumin erginleri
uzerindeki fumigant etkisini %25 olarak belirlemistir.
Benzer sekilde yapmis oldugumuz ¢alismada %15 L.
angustifolia sicak su ekstraktinin fumigant etki
sonucu %22.99 olarak belirlenmigtir.

Calisma sonucunda kullanilan bitki extraktlarmin
zararlinin F1 do6lu tizerine olan etkisine bakildiginda
ise N. sativa ekstraktlarinin L. angustifolia
ekstraktlarina kiyasla F1 délini azaltmada oldukcga
bagarili oldugu belirlenmigtir. Yapilan ¢alismada N.
sativa sicak ve soguk su ekstraktinin %20
konsantrasyonunda zararlinin yeni nesil yavru
c¢ikisinda %100 oraninda azalma tespit edilmigtir
(Cizelge 6). Benzer sekilde; Khan (2018), yiiriitmiis
oldugu calismada N. sativa bitki ucucu yagimin 7.
castaneumiun yeni nesil ¢ikisini azaltmada kontrole
kiyasla olduk¢a Dbasarili oldugunu belirtmigtir.
Farmakolojik arastirmalara gore ¢orek otunun ihtiva
ettigl en Onemli bilesenlerden timokinon maddesi
(Giizelsoy ve ark., 2018) ve lavantanin biinyesinde
bulundurdugu linalil asetat ve linalool maddeleri
(Yusufoglu ve ark., 2003) sebebiyle zararhlarin F1
dolindeki azaltmalarin gerceklestigi
dustntulmektedir.

Cizelge 6. Bitki ekstraktlarinin farkli dozlarina 13 giin siireyle maruz kalan Tribolium confusum erginlerinin F1

dolundeki azalma orani

Table 6. The rate of decrease in F1 progeny of Tribolium confusum adults exposed to different doses of plant

extracts for 13 days
Farkl dozlarda F1 déliindeki azalma orami (%)+SH
Bitki Ekstrak
1tk1 Bkstrakt: %10 %15 %20
Corek otu sicak su 23.91+1.04 40.22+2.75 100.00+0.00
Corek otu soguk su 24.11£2.21 37.50+1.85 45.54+1.03
Lavanta sicak su 50.00+0.63 51.22+1.47 58.54+1.32
Lavanta soguk su 30.00+1.31 36.67+1.70 66.67+2.47
Sonuglara genel olarak bakildiginda; N. sativa igin gosterebileceginden kaynaklanmaktadir. Baz

sicak su ekstrakti soguk su ekstraktina goére daha
yiksek etki gosterirken, L. angustifolia igin ise soguk
su ekstrakt1 sicak su ekstraktina gore daha yiksek
etki gostermigtir. Sicak ve soguk su esktraktlarinin
etki derecelerinde ortaya ¢ikan bu farkliliklar; bitki
binyesinde bulunan bazi maddelerin bir ¢ozicth
icindeki ¢ozinurliginin sicakhlk ile degisim

bitkilerdeki 6nemli ana maddeler, yliiksek sicaklikta
denatiirasyona ugramakta ve bdylece c¢ozlicinin
optimum/kaynama sicakliginin tzerindeki
ekstraksiyon sicakliklarinda antioksidan 6zellikleri
biiyiik 6lciide azalabilmektedir (Onyebuchi & Kavaz,
2020)
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SONUC ve ONERILER

Yiriutilen bu calismada yiksek fumigant etki
gosteren V. sativa ve L. angustifolia ekstraktlarinin 7.
confusum tizerindeki etkinligini test eden ¢alisma yok
denecek kadar azken; farkli bitkilerden elde edilen
ekstraktlarin aymi zararh lizerindeki etkinligini test
eden bir¢ok calisma bulunmaktadir (Saidana ve ark.,
2005; Haouas, 2008; Marouf ve ark., 2008; Abdulhay,
2012; Simsgek ve ark., 2019; Al-Janabi, 2019; Piris ve
ark., 2021; Ben-Nasr ve ark., 2021). Bitkisel kékenli
insektisitlerin cevre, insan ve faydali organizmalar
tzerinde ¢ok fazla olumsuz etkisi bulunmamasi
sebebiyle bu tiir ¢alismalarin degeri artmaktadir.

Sonug olarak, yapilan bu calismada N. sativa ve L.
angustifolia bitkilerinden elde edilen sicak ve soguk su
ekstraktlarinin 7. confusum larva ve erginleri ile
micadelede kullanilabilecek alternatifler oldugu
ortaya koyulmustur. Elde edilen sonuclara gore
denemelerde 7. confusum larva ve erginleri tizerinde
%100 6lim gergeklesmese de ekstraktlarin uygulama
dozu arttikca zamana baglh olarak test edilen
zararlinin  6lum oranlarinda da o©nemli artiglar
meydana gelmistir. Ayrica, F1 délinin verimi artan
dozla birlikte azaldigr tespit edilmis ve hatta bazi
uygulamada kontrol uygulamasina gore 7. confusum
yeni nesil c¢ikiglarinda %100 azalma meydana
gelmigtir. Bundan  sonraki asamada  bitki
ekstraktlarinin ana Dbilegenlerinin  aragtirilarak
bitkideki aktif molekiillerin belirlenmesi
gerekmektedir. Bununla birlikte yapilacak ek
calismalar ile depo zararhlarina karsi kullanilma
olanaklarinin da arastirilmasi uygun olacaktir.

TESEKKUR

Bu c¢aligsma,
icermektedir.

lisans tez c¢alismasinin verilerini

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

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar

catismasi bulunmamaktadar.
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OZET Bitki Koruma

Yapilan ¢alismada 17 farkl bitkisel kokenli ugucu yag kullanilarak

Periplaneta americana L. (Blattodea:Blattidae) erginlerine kars: Aragtirma Makalesi
fimigant etkisi aragtirnlmistir. Kullanilan yaglar Lavendula angustifola

(Lamiaceae), Zingiber officinale (Zingiberaceae), Citrus bergamia Makale Tarihgesi
(Rutaceae), Juniperus virginiana (Cupressaceae), Piper nigrum Gelis Tarihi  :31.08.2022

(Piperaceae), Curcuna longa (Zingiberaceae), Betula lenta (Betulaceae),, Kabul Tarihi :01.11.2022
Myristica fragrans (Myristicaceae), Juniperus communis (Cupressaceae),

Origanum vulgare (Lamiacaea), Mentha piperita (Lamiaceae), Anahtar Kelimeler
Chenopodium ambrosioides (Chenopodiaceae), Coriandrum sativum Amerikan hamambdécegi
(Apiaceae), Citrus aurantium (Rutaceae), Pimpinella anisum (Apiaceae), Ugucu yag

Abies balsamea (Pinaceae) ve Brassica nigra (Brassicaceae)‘dir. Fumigant etki

Kullanilan ugucu yaglardan Pimpinella anisum L. (Apiaceae), Brassica
nigra L. (Brassicaceae), Chenopodium ambrosioides L. (Chenopodiaceae)
yaglarimin 5 pl 1! konsantrasyonunda diger yaglara gore daha yiiksek
oranlarda P. americana ergin 6lumi meydana gelmistir. Bu ti¢ ugucu
vagin B. nigra 2.5 pl 1'Y,C. ambroisoides 20 pl 11 ve P. anisium 50 pl 11
konsantrasyonlar uygulandiktan 24 saat sonunda P. americana
erginlerinde % 100 6liim meydana getirmistir. LTso degerleri B. nigra (2.5
pl 1) icin 3.720 saat, C. ambrosoides (20 pl 11 ) icin 3.324 saat ve
P.anisium (50 pl 11 ) icin ise 7.203 saat olarak bulunmustur. LCoo
degerleri B. nigra (0.5 pl 1) i¢in 3.825 ul 11, C. ambrosioides (1 pl 1)
icin 9.104 pl 11 ve P. anisum (5 pl 1) i¢in ise 11.404 pul 1" konsantrasyon
seklinde hesaplanmistir. Calismadan elde edilen sonucglar ile 2.
americana erginlerine karsi kullamilan yaglardan B. nigra (Siyah
hardal), C. ambrosoide (Meksika cay1) ve P. anisium (Anason) yaglarinin
P. americana ergin miicadelesinde kullanilabilecegi ortaya gikarilmigtir.

Toxicity of Same Plant-Based Essential Oils Against American Cockroaches (Periplaneta americanaL.)
Adults

ABSTRACT Plant Protection
Toxicity of 17 different plant-based essential oil against Periplaneta )
americana (Blattodea:Blattidae adults were investigated. Used oils were Research Article

Lavendula angustifola (Lamiaceae), Zingiber officinale (Zingiberaceae),

Citrus bergamia (Rutaceae), Juniperus virginiana (Cupressaceae), Piper Article H1story‘

nigrum (Piperaceae), Curcuna longa (Zingiberaceae), Betula lenta Received : 81.08.2022
(Betulaceae),  Myristica  fragrans  (Myristicaceae),  Juniperus Accepted UL DR
communis(Cupressaceae), Origanum vulgare (Lamiacaea), Mentha Keywords

piperita (Lamiaceae), Chenopodium ambrosioides (Chenopodiaceae),
Coriandrum sativum (Apiaceae), Citrus aurantium (Rutaceae),
Pimpinella anisum (Apiaceae), Abies balsamea (Apiaceae), Brassica
nigra (Brassicaceae). Higher mortality rates of P. americana adult
occurred at a concentration of 5 pl 11 of the essential oils used, Pimpinella
anisum L. (Apiaceae), Brassica nigra L. (Brassicaceae), Chenopodium
ambrosioides L. (Chenopodiaceae) oils. B. nigra 2.5 pl 11, C. ambroisoides
20 pl I't and P. anisium 50 pl I'! concentrations caused %100 mortality in
P. americana adults after 24 hours. LTso values (2.5 pl 1)) were found to

American cockraoch
Essential oils
Fumigant effect
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be 3.720 hours for B. nigra, 3.324 hours for C. ambrosoides and 7.203
hours for P. anisium. LCes values (0.5 ul 1't )were calculated as 3.825 ul 1°
1 for B. nigra, 9.104 pl 1! for C. ambrosioides and 11,404 pl 11 for P.
anisum. With the results obtained from the study, it was revealed that
the oils of B. nigra (Black mustard), C. ambrosoides (Mexican tea) and P.
anisium (Anise) oils used against P. americana adults can be used in the

control of P. americana adults.

Ataf Sekli: Yiking M.,& Tunaz H., (2023). Baz Bitkisel Kékenli Ugucu Yaglarin Amerikan Hamambdcegi (Periplaneta
americana L.)Erginlerine Karsi Oliim Etkisi. KSU Tarim ve Doga Derg 26 (3), 579-587. https://doi.org/
10.18016/ksutarimdoga.vi.1168874

To Cite : Yiking M.,& Tunaz H., (2023). Toxicity of Same Plant-Based Essential Oils Against American Cockroaches
(Periplaneta AmericanaL.) Adults. KSU J. Agric Nat 26(3), 579-587. https://doi.org/10.18016/ ksutarimdoga.
vi.1168874

GIRIS hamambécegi iizerinde bocek oldiiriicii etkiye sahip
Amerikan hamambécegi insan saghgini  tehdit oldugu bir cok ¢calismaya ortaya konulmustur (Phillips
edebilen zararhdir ve Amerikan hamambdcegi ve Appe, 2010, Alzogaray ve ark., 2013).

Periplaneta americana (Linnaeus, 1758) (Blattodea:
Blattidae), ev gibi yasam yerlerini istila eden
hamamboéceklerinin  en  buytgudir. Amerikan
hamamboécekleri ticaret yoluyla tium dinyaya
yayllmistir (Rust ve ark., 1991). Amerikan
hamambdocekleri, yiyecek zehirlenmesi, dizanteri ve
ishale neden olan bakteriyel hastaliklarla gidalari
kirletebilmekte ve cocukluk caginda astima neden
olabilmektedir =~ (Chanbang, 1997).  Amerikan
hamambéicegi miucadelesinde genelde sulfluramid,
fipronil ve imidacloprid gibi ¢evreye zararli olan
kimyasallar kullamilmaktadir. Bununla birlikte,
kullanilan kimyasal ilaglara karsi bocekler direng
kazanabilmektedir. Ayrica bu kimyasal maddeler

insan sagligimi  ve c¢evreyl olumsuz yonde
etkilemektedir.  Bundan  dolay1 hamambdécegi
miicadelesinde yeni micadele yontemlerin

gelistirilmesi gerekliligi ortaya cikmistir (Ahmad ve
Suliyat, 2011).

Hamamboceklerinin miicadelesi i¢in geleneksel bocek
ilaglarinin kullanimina bir alternatif, bitki ucucu
yaglaridir. Ucucu yaglar, Asya'da (6rnegin, Cin,
Hindistan) yiizlerce yildir bécek miicadelesi icin
kullanilmaktadir ve nispeten kisa kalinti siireleri ve
insanlara ve hayvanlara karsi diusuk toksisiteleri
nedeniyle giivenli kabul edilmektedir (Isman, 2006).

Ucgucu yaglar, aromatik bitkilerin yaprak ve
govdelerin de 1i¢ salgi hiicrelerinde olusmaktadir
(Guenther, 1948). Bu bilesikler, patojenik
mikroorganizmalara karsi genis bir aktivite
gostermektedir (Sameza ve ark., 2016). Ugucu yaglar
ayrica boceklerde insektisit ve repellent aktiviteye
sahiptir ve  zararl1i  boéceklerin  bliyimesini,
beslenmesini, iremesini ve yumurtlamasini olumsuz
etkilemektedir (Isman, 2006). Ucucu yaglar ve
bilegsenleri, hamambdceklerine ve diger bir ¢ok zararh
boceklere karsi bocek oOldirici ve uzaklastiric
aktiviteye sahiptir (Ngoh ve ark., 1998). Geraniol,
eugenol, thymol, trans Cinnamaldehyde, and p-
Cymene gibi ugucu yag Dbilegenleri, Alman
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Yapilan bu ¢calismalardan yola ¢ikilarak bu ¢alismada
Chenepodium ambrosioides, Brassica nigra,
Pimpinella anisum, Piper nigrum, Juniperus Virginia,
Myristica fragrans, Lavendula angustifola, Curcuna
Ionga, Citrus aurantium, Citrus bergamia, Abies
balsamea, Betula lenta, Menta piperita, Coriandrum
sativum, Juniperus communis, Origanum vulgare ve
Zingiber offinicale, ugucu yaglarinin diger bir hamam
bécegi tiurit olan Amerikan hamambocegi erginlerine
karsi fimigant etkilerinin belirlenmesi
amaglanmigtar.

MATERYAL ve METOD
Bocek

Calismada test bocegi olarak P. americana erginleri
kullanilmigtir. P. americana 50 litrelik plastik kovalar
icerisinde, 25 °C sicaklik ve %60+5 nispi nemde
kiltire alinmistir.

Test edilen ucucu yaglar

Kullanilan ugucu yaglar ve bilegsenleri Cizelge 1'de
verilmis olup, biyolojik testlerde kullanilacaklar
sireye kadar 4+1°C'de buzdolabinda muhafaza
edilmigtir.

Biyolojik testler

Biyolojik testlerde P. americana nin erginleri
kullanilmigtir. Biyolojik testlerde ve kontrollerde 1
litrelik cam kavanozlar kullanilmigstir. Calisma 3
tekerriir olarak ve her tekerriirde 5 er tane P.
americana erginleri kullanilmistir. Kontrol
uygulamalarinda herhangi bir yag uygulanmamigtir
ve kontrolde 3 tekerrirli olarak her tekerriir de 5 er
tane P. americana ergini kullamlmigtir. P. americana
erginlerine de besin olarak képek mamasi verilmistir.
Deneme kavanozlarinin agiz kismina
hamambdoceklerin kagmasini engellemek i¢in gres yagi
stirtilmustiir. P. americana erginlerine karsi
kullanilan  yaglar  Chenopodium  ambrosioides,
Brassica nigra, Pimpinella anisum, Piper nigrum,
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Betula lenta, Mentha piperita, Coriandrum sativum,
Ocimum basilicum, Zingiber offinicale, Curcuna longa,
Citrus aurantium, Juniperus communis, Abies
balsamea, Myristica frangras, Lavandula angustifola,
Citrus bergamia, Juniperus virginia ve Oregano
vulgare bitkilerinden elde edilmis uc¢ucu yaglarin her

Cizelge 1. Test edilen ugucu yaglar
Table 1. Tested essential oils

birinden 5 pl 1! konsantrasyon kavanoz kapaklarinin
alt kismina yapistirilan kic¢uk kurutma kagidina
uygulandiktan sonra kapaklar dikkatli bir sekilde
sikica kapatilmigtir. Her bir ugucu yag igin 6lim
gerceklesene kadar 24 saatte bir sayima devam
edilmigtir.

Test Edilen Ugucu Yaglar

Ugucu Yaglarin Ticari Isimleri

Ugucu Yaglarin Tiirkge Isimleri

Zingiber offinicale R. Ginger Zencefil
(Zingiberales: Zingiberaceae)
Pimpinella anisum L. (Apiales: Anise Seed Anason
Apiaceae)
Curcuna longa L. ( Zingiberales: Turmeric Zerdegal
Zingiberaceae)
Mentha piperita L. (Lamiales: Pepper Mint Nane
Lamiaceae)
Brassica nigra L. (Capparales: Black Pepper Siyah hardal
Brassicaceae)
Chenopodium ambrosioides L. S/D (Leaves) Wormsy Meksika ¢ay1
(Chenopodiaceae)
Betulla lenta L. (Fagales: Birch,Sweet Tath hus
Betulaceae)
Citrus aurantium L. Turung
(Sapindales: Rutaceae)
Origanum vulgare (Lamiales: Oregano Oregano
Lamiacaea)
Juniperus communis L. Juiper Berry Ardig

(Pinales: Cupressaceae)

Abies balsamea L. (Pinales: Oregane Balsam géknar
Pinaceae)
Coriandrum sativum L. ( Kignis
Apiales: Apiaceae)
Myristica frangras H. Oregane Hindistan cevizi

(Magnoliales: Myristicaceae)
Lavendula angustifola L.
(Lamiales: Lamiaceae)
Citrus bergamia L. (Sapindales:
Rutaceae)

Juniperus virginia L. (Pinales:
Cupressaceae)

Piper nigrum L.
(Piperales:Piperaceae)

Anise Seed

Lavender 40/42

Bergamot
Kursun Kalem Ardici

Karabiber

Farklh konsantrasyonlardaki Pimpinella anisum,
Brassica nigra ve Chenopodium ambrosioides ugucu
yaglarinin Periplaneta americana erginine karsi
6lim oranin belirlenmesi

Calismada 5 ul 11 konsantrasyonunda uygulanan 17
farkl bitkisel kékenli ugucu yag arasinda en yuksek
O6lime sebep olan P anisum, B. nigra ve C.
ambrosioides ugucu yaglarinin farkh
konsantrasyonlari P. americana erginlerine
uygulanmigtir. Bu baglamda P. anisum yaginin 1 pl, 5
ul, 10 pl, 15 pl, 20 ul ve 50 pl I'! konsantrasyonlari; B.
nigra yagimin 0.5 pl, 1 ul, 1,5 ul, 2 pl, 2.5 pl ve 5 ul 11
konsantrasyonlar1 ve C. ambrosioides yaginin 1 pl, 5
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pl, 10 upl, 15 pl ve 20 pl 11 konsantrasyonlar P.
americana erginlerine uygulandiktan sonra P
americana erginlerinin canli ve 6lim sayimlari ginliik
olarak yapilmigtir.

Letal siirenin belirlenmesi

Yapilan biyolojik testler sonucunda P. americana
erginlerinin 24 saat maruz kalma sonucunda B. nigra
yaginin 2.5 ul I't konsantrasyonunda % 100 éliime, C.
ambrosioides yaginin 20 ul 1"t konsantrasyonunda %
100 olime ve P. anisum yaginin 50 pl 11
konsantrasyonda %100 o6lime  sebep  olan
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konsantrasyonlar1 baz alinarak 3, 6, 9, 12, 18 ve 24
saat slrelerde maruz birakildiktan sonra letal
sireler (LTs0 ve LTo) hesaplanmistir. Letal
degerlerinin bulunabilmesi icin POLO-PC (LeOra
Software, 1987) programi kullanilarak probit analizi
yapilmistir.

Verilerin degerlendirilmesi ve istatistiksel analizi

Calisma sonucunda bitkisel kékenli ugucu yaglarin
farkl konsantrasyonlarda P. americananin
erginlerine karsi biyolojik testler yapilmigtir. 2.

americana erginine kargi yapilan uygulamalar
sonucunda konsantrasyon ve maruz birakilma
stireleri, calismada kullanilan Amerikan

hamambécegi sayilarini ve 6lim oranlarini igeren
EXCEL tablolar1t hazirla nmigtir. Calisma sonucunda
P. americana nin erginlerinin 6liim oranlar1 (%)

hesaplanarak Arcsin transformasyona (Zar, 1996) tabi
tutulmustur. Tek yonlii varyans analizi (SAS, 2009)
yapilmis olup ve ortalamalar arasindaki farkhiliklar
%511k  Duncan testine gore karsilastirmasi
yapilmigitir.

BULGULAR

Baz1 Bitkisel Kékenli Ugucu Yaglarin Periplaneta
americana Erginine Kargi Fiimigant Etkisi

Denemeye alinan 17 farklh ugucu yagin 5 pl 171k
konsantrasyonuna 24 ve 48 saat stireyle maruz kalan
P. americana erginlerinde B. nigra ugucu yag1 % 100
ve C. ambrosioides ugucu yagr %53.3 o6liime sebep
olmustur. Test edilen diger yaglar ise P. americana
ergininde diisiik 6liime sebep olmustur (Cizelge 2.).

Cizelge 2. Baz bitkisel kokenli ugucu yaglarin Periplaneta americana erginine kars: fimigant etkisi
Table 2. Fumigant effect of some plant-derived essential oils against Periplaneta americana adult

UCUCU YAGLAR OLUM ORANLARI (%) + S.H
Konsantrasyon (5ull ) 24 Saat 48 Saat

Brassica nigra 100+£0 a 100+£0 a
Chenopodium ambrosioides 53.3+17.6 b 53.3+17.6 b
Mentha piperita 0+0d 0+0d
Zingiber officinale 0+0d 0+0d
Juniperus Virginia 0+0d 0+0d
Juniperus communis 0+0d 0+0d
Betulla lenta 0+0 d 0+0d
Origanum vulgare 0+0d 0+0d
Coriandrum sativum 10+10 ¢ 10+10 ¢
Myristica fragrans 0+0d 0+0d
Abies balsamea 0+0d 0+0d
Pimpinella anisum 6.6+6.6 ¢ 13.3+6.6 cd
Citrus bergamia 0+0d 0+0d
Citrus aurantium 0+0d 0+0d
Piper nigrum 0+0d 0+0d
Curcuna longa 0+0d 0+0d
Lavendula angustifola 6.6+6.6 cd 6.6+6.6 cd
Kontrol 0+0 0£0

*Ayn siitunda bulunan farkh harfler istatistiki olarak birbirinden farklidir (P<0.0001)

Pimpinella anisum yaginin farkh konsantrasyonlarimin P, americana erginlerindeki

konsantrasyonlarinin Periplaneta americana 6lum oranlar: altinc1 gline kadar diisiik olurken, 10 ul

erginlerine 6liim oranlari

P. anisum ugucu yagimin 1, 5, 10, 15, 20 ve 50 ul 1!
konsantrasyonlarinin P. americana erginlerindeki
olum oranlar1 Cizelge 3’de goriulmektedir. Yapilan

varyans analizi sonucunda P. anisum
konsantrasyonlarinin (F5,45=103.24; P<0.0001),
hamambé6ceginin  ugucu yaga maruz birakilma

siiresinin, (F945-87.2; P<0.0001) ve bu iki faktériin
(Konsantrasyon ve Maruz birakilma  siiresi)
etkilesiminin (F4545-4.38; P<0.0001) P. americana
erginlerinin 6lim oranlari lizerine istatistiki olarak
onemli derecede etkiye sahip oldugu belirlenmistir.
Cizelge 3de P anisum yagmin 1 ve 5 pul 11
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It konsantrasyonda sekizinci gunde, 15 pul 11
konsantrasyonda ise yedinci ginde %100 olimi
gorilmistir. En yliksek konsantrasyon olan 50ul I't ‘de
doérdiinci giin sonunda P. americana ergininde %100
olum gorilmistiir. Konsantrasyon arttikga ergin
béceklerde 6lumler daha kisa stirede gergeklesmigtir.
P. anisum yaginin 1 ve 5 pl 1! konsantrasyonunda P.
americana erginlerinde yedinci glinden itibaren
olumin arttigi ve onuncu gunde %100’e ulastig:
gorilmustir. P. americanaerginlerinde 61im orani 10 pl 111
konsantrasyonda birinci glinden itibaren zamana bagh
olarak artmig ve sekizinci giinde P. americana
ergininde %100 o&lim gerceklesmistir. P. anisum



KSU Tarim ve Doga Derg 26 (3), 579-587, 2023
KSU J. Agric Nat 26 (3), 579-587, 2023

Arastirma Makalesi
Research Article

yaginin 20 ul It ve 50 ul 11 konsantrasyonlarinda ilk giinden
itibaren yliksek bocek climleri gériilmustiir. Bu sonuglar,
ugucu yag konsantrasyonu ve maruz kalma siiresi

arttikca P. americana erginlerinde O6lim oraninin
arttigin gostermektedir( Cizelge 3).

Cizelge 3. Pimpinella anisum yaginin farkli konsantrasyonlar1 ve maruz birakilan Periplanata americana

erginlerin 6lim oranlar:

Table 3. The mortality rate of Periplanata americana adults exposed to different concentrations of Pimpinella

anisum oil

Periplaneta americana Oliim orani +S.hata

Pimpinella anisum 1pll? 5pul 11 10pl 11
Konsantrasyonu (ul 1'7)
l.gin 6.66.6 6.6+6.6 33.3+6.6
Fc Fe Dbe
2.glin 6.6+6.6 13.346.6 4020
Fd EFcd Dcb
3.gin 13.3+6.6 26.6+6.6 46.6+6.6
EFc DEbc CDb
4.giin 26.6+6.6 40+0 53.3+6.6
DEFc¢ CDc CDbec
5.gilin 33.3+0 46.6+6.6 53.3+6.6
CDE CDbc CDb
6. giin 33.3+0 46.6+6.6 66.6+6.6
CD CDc Cb
7.glin 46.6+0 66.6+6.6 86.6+6.6
BCDe¢ Cc Bb
8.giin 60+0 86.6+6.6 100+0
BCc Bb Aa
9.gilin 80+0 100+0 100+0
Bb Aa Aa
10.gin 100+0 100=+0 100+0
Aa Aa Aa
Kontrol 0+0 0+0 0+0
F ve P degeri F512=8.14 F5,12=9.54 F512=11.12
P>0.0015 P>0.0007 P>0.0004

15pl 11 20 pl 11 50 pul 11 Fve P degeri
20+11.5 40+0 86.6+13.3 Flgﬁ%‘égﬁs
Dbe Cb Aa .
33.36.6 53.3:6.6  86.6+13.3  F92025.99
CDcb Cb Aa P<0.0001
33.3+6.6 66.6£17.6  93.3+6.6 F9,20=31.93
CDbe Cb Aa P<0.0001
53.3+6.6 80+11.5 10040 Fo.20=34.04
BCbc Bba Aa P<0.0001
53.3+6.6 10040 10040 Fo.20=
BCb Aa Aa =
73.3+6.6 10040 10040 Fo.20=
Bb Aa Aa =
10040 10040 10040 Fo,20="
Aa Aa Aa =
10040 10040 10040 Fo.20=
Aa Aa Aa =
10040 10040 10040 Fo.20=
Aa Aa Aa =
10040 10040 10040 Fo,20="
Aa Aa Aa =
0+0 0+0 0+0
F5,12=9.26 F5,12=" F512= Doz:
P>0.0008 P= P= F59,120=25.39
P<0.0001

*: Verilere tek yonlt varyans analizi uygulanmig olup, ortalamalar arasindaki farkhiliklar 0.05 6nem seviyesinde Duncan
testine gore belirlenmigtir. Aym stitundaki farkl biiyiik harfler ve aym satirdaki farkli kiiciik harfler ortalamalar arasindaki

farklilig1 ifade eder.

Brassica nigra ugucu yaginin Periplaneta americana
erginlerine farkh konsantrasyonlarda 6liim orani

B. nigra ugucu yagimin 0.5, 1, 1.5, 2, 2.5 ve 5 pul 1!
konsantrasyonlarina dort giin siireyle maruz birakilan
P. americana erginlerinde elde edilen 6lim oranlar:
Cizelge 4 de verilmigtir. Yapilan uygulamalarin
varyans analizi sonucunda B nigra yaginin
konsantrasyonlarmin (F515=39.25; P<0.0001), P.
americana erginine ugucu yaga maruz birakilma
siiresinin, (Fs15=17.44; P<0.0001) ve bu iki faktériin (
Konsantrasyon ve Maruz birakilma  siiresi)
etkilesiminin (F1515=6.51; P<0.0001) P. americana
erginlerinin 6limu Uzerine istatistiki olarak 6nemli
derecede etkiye sahip oldugu anlagilmistir. Cizelge
4.’de B. nigra yagimin dusiik konsantrasyon olan 0.5 ul
1 Yde P. americana erginlerinde 6lim oranlar ilk iki
giin dusik olurken ig¢inci giin artmis olup ve
dordincti ginde %100 oOlume ulagsmastir. B. nigra
yaginmin 1ul 11 konsantrasyonunda ise ikinci giin P.
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americana erginlerinde %100 6lum gerceklesmistir.
Bu yagin diger konsantrasyonlari olan 1.5, 2, 2.5 ve 5
ul1-7de ise birinci giin sonunda P. americana erginleri
6lim oranlar1 % 100 olmustur. Bu baglamda Cizelge
4.3’e bakildiginda yalmizca 0.5 ve 1 pul 1 1
konsantrasyonlarda B. nigra yaginin konsantrasyonu
arttikga P. americana erginlerinde 6lim oranlar1 da
paralel olarak artmigtir.

Chenopodium ambrosioides ugucu yagimin Periplanata
americana erginlerine farkh konsantrasyonlarda 6lim
oranlari

Chenepodium ambrosiordes ugucu yagina 1, 5, 10, 15
ve 20 pl 1 1 konsantrasyonlarina alti giin siireyle
maruz birakilan P. americana erginlerinin 6lim
oranlar1 Cizelge 5.de verilmistir. Yapilan varyans
analizi sonucunda C. ambrosioides ugucu yaginin

konsantrasyonlarinin, (F420=74.58; P<0.001), P.
americana ergini ugucu yaga maruz birakilma
stiresinin,(F520=13.24 P<0.0001) P. americana
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erginlerinin  6lim oranlar1 Uzerine istatistiki olmustur.C. ambrosioides yaginmin 15 pl 11
(F7,128=25.90;  P<0.0001) ve bu iki faktériin konsantrasyonunda ilk giinden itibaren P. americana
(Konsantrasyon ve Maruz birakilma  siiresi) erginlerinde ylksek 6lim goérilmiis ve ikinci gln

etkilesiminin (F2020=3.84; P<0.0001) P. americana
erginlerinin 6limi Gizerine istatistiksel agidan 6nemli
derecede etkiye sahip oldugu anlagilmigtir. Cizelge 5 ‘e
bakildiginda C. ambrosoides yaginin 1 pl 11
konsantrasyonunda P. americana erginlerinde 6limler
besinci giinden sonra artmig ve altinci giin sonunda P.
americana erginlerinde %100 6lim gergeklesmigtir.
Diger konsantrasyonlar olan 5 ve 10 pl It
konsantrasyonlarda olimler sirasiyla altinci ve
dordinci giinde P. americana erginlerinde %100 6lim

sonunda 6lim oram1 P. americana erginlerinde
%100’ e ulagmigtir. En yluksek konsantrasyon olan 20 pl
I'de birinci glin sonunda P. americana erginlerinde

%100 olim elde edilmigtir. Uygulanan biitiin
konsantrasyonlar arasinda istatistiki olarak
farklihklar oldugu Dbelirlenmistir (Cizelge 5.).

Uygulanan C. ambrosioides yaginin konsantrasyon
miktar1 arttikca P. americana erginlerinin 06lim
oranlarinda artis yasanmagtir.

Cizelge 4. Belli stirelerde Brassica nigra ucucu yaginin farkli konsantrasyonlarina maruz birakilan Periplaneta

americana erginlerin 6liim oranlari

Table 4. The mortality rate of Periplaneta americana adults exposed to different concentrations of Brassica nigra

o1l
Periplaneta americana ergini 6liim oram +S.hata
Brassica nigra 0.5ull1 lpllt 1.5pll- 2pll- 25pl  5pll?  FvePdegeri
Konsantrasyon (ul1 1) 1 1 11
1.giin 13.3+6.6 66.6+6.6 100+0 1000 100+0 100+0 F35=6.93
Be Bb Aa Aa Aa Aa P<0.0001
2.glin 33.3+17.6 100+0 100+0 1000  100+0 100+0 F3,5=68.76
Bb Aa Aa Aa Aa Aa P<0.0001
3.giin 93.3+6.6 100+0 100+0 1000  100+0 100+0 Fsg=
Aa Aa Aa Aa Aa Aa =-
4.gun 100+0 100+0 100+0 1000  100+0 100+0 Fsg=
Aa Aa Aa Aa Aa Aa =-
Kontrol 0+0 0+0 0+0 0+0 0£0 0+0
F ve P degeri F512=28.59 F512=15.25 F512= Fs12= Fs512= Fs12= Konsantrasyon:
P<0.0001 P<0.0001 P= P= P=- P= F'5,48=39.25

*Verilere tek yonli varyans analizi uygulanmig olup ortalamalar arsindaki farkhiliklar 0.05 6nem seviyesinde DUNCAN testine
gore belirlenmigtir. Ayni Satirdaki farkli baytuk harfler ve ayni stitundaki farkl kii¢iik harfler istatistiksel acidan farklilik

ifade etmektedir.

Baz Bitkisel Kokenli U¢ucu Yaglarin Periplaneta
americana Erginlerine Kargi LTs0 ve LT Degerleri

Yapilan probit analizi sonucunda Periplaneta
americana erginlerinde toksik etki gdsteren ugucu
yaglardan B. nigrayagimn (2.5 pl 1), C. ambrosioides
(20 ul 1Y) ve P. anisum (50 pl 171) yaglarinin sabit
konsantrasyonlarinin LTso ve LTog degerleri
bulunmustur. Cizelge 6.’da B. nigra, C. ambrosioides
ve P. anisum ugucu yaglarinin LTs0 ve LTos degerleri
verilmigtir. LT50 degerleri B. nigra, C. ambrosioides ve
P. anisum yaglari i¢in sirasiyla 3.720 saat, 3.320 saat
ve 7.203 saat olarak bulunmusturLTog degerleri ise B.
nigra yagi i¢in 12.158 saat, C. ambrosioides yag1 6.702
saat ve P. anisum yagii¢in 14.813 saat silireleri olarak
hesaplanmigtir. LT9 degerlerine bakildiginda 27
americana erginlerine en kisa slirede 6liim meydana
gelen yag C. ambrosioides yag iken, P. anisum yagi
daha uzun slirede 6limler gorilmistir.

TARTISMA ve SONUC

Gunimtuzde kullanilan kimyasal ilaglar dogada ve
gidalarda kalinti sorununa neden olmaktadir. Bu
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durumdan hedefte olmayan canhlarda
etkilenmektedir. Cevre ve insan saghgin olumsuz
etkileyen bazi sorunlara neden olmaktadir. Insanlar
gecmisten beri hastaliklarin tedavisinde, beslenmede,
barinmada, savunmada ve isinmak i¢in bitkilerden
faydalanmiglardir ve hala devam etmektedirler.
Gunumuzde ise bu daha bilingli bir sekilde yapilmakta
ve gida, eczacilik, kozmetik, boya, ziraat, tip gibi bir¢ok
alanda kullanilmaktadir. Bitkilerden elde edilecek yag
icin dogada  hali  hazirda  c¢esitli  bitkiler
bulunmalarindan dolay1 dogaya toksik madde
yayillmasinin s6z konusu olmamasi, kisa zamanda
parcalanarak toprak ve su kirliliklerine yol
acmamalari, tiiketilen gidalar tizerinde insan saghgini
tehdit edecek uzun siireli kalintilar olugsturmamalari,
secici olmalari gibi ozelliklerinden
kaynaklanmaktadir. Bu baglamda bitkisel kokenli
ucucu yaglarin etkilerinin vermis oldugu zararlarin
kimyasal ilaclara goére daha az olmasindan dolay:
bocekler iizerinde bir¢ok caligmalar yapilmigtir. Bu
calismada laboratuvar kosullarinda P. americana
erginine karg1 17 farkli ugucu yag kullanilmig olup bu
yaglarin P. americana erginlerine kargi fimigant
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Cizelge 5 Belli siirelerde Chenopodium ambrosioides ug¢ucu yaginin farkli konsantrasyonlarina maruz birakilan
Periplaneta americana erginlerin 6ltim oranlari

Table 5 The mortality rate of Periplaneta americana adults exposed to different concentrations of Chenopodium
ambrosioides oil

Periplaneta americana ergini 6lim orani +S.hata

Chenepodium
ambrosioides lpull 5ull 0pull 15ull 20 pll FveP degeri
Konsantrasyon
(ui1)
13.3+6.6 53.3+17.6 86.6+13.3 100+0 F410=10.01
1.glin Cb Bb Aa 93.3+£6.6 Aa Aa P>0.0016
53.3£17.6 86.6+13.3 100+0 100+0 F410=13.49
2.glin 13.3+6.6 Cec Bb Aa Aa Aa P>0.0005
60+11.5 100+0 100+0 F410=23.91
3.gun 13.346.6 Cec Bb 93.3+6.6 Aa Aa Aa P<0.0001
Fy10=22.04
4.gln 26.6+6.6 80+11.5 100+0 100+0 100+0 P<0.0001
BCc BAb Aa Aa Aa
93.3+6.6 100+0 100+0 100+0 F410=22.24
5.glin 46.6£6.6 Bb Aa Aa Aa Aa P<0.0001
Fq10=
6.giin 1000 1000 1000 1000 p=-
1000 Aa Aa Aa Aa Aa
Kontrol 0+0 0+0 0+0 0+0 0+0
F ve P degeri F5,10=17.91 Fs510=4.21 F5,12=0.62 F5,12=1.00 Fs,10=-
P<0.0001 P=0.0193 P=0.6892 P=0.4582 P=-

*Verilere tek yonlt varyans analizi uygulanmis olup ortalamalar arasindaki farkliliklar 0.05 énem seviyesinde DUNCAN
testine gore belirlenmistir. Ayn1 satirdaki farkl kiigiik harfler ve ayni stitundaki farklh biiytik harfler istatiksel agidan
farkhlik ifade etmektedir.

Cizelge 6. Baz bitkisel kdkenli ugucu yaglarin Periplaneta americana erginlerine karg1 LTso ve LT 99 degerleri
Table 6. LTs50 and LT99 values of some plant essential oils against Periplaneta americana adults

LTso (ul 179 [ LTee (ul 17) X2¢
Ugucu  Yaglar  ve e Egim+SH (élt-us?: (élt-us?: 3D
Konsantrasyon glvenlik glvenlik
. . He
aralig)P aralig)b
. . 5.930
Brassica nigra 3.720 12.158
2.5 ul 11 105 0.20.08 (0.4-5.2) (9.5-21) 16
0.37
.. . 11.779
£ Imp”’s"g]"‘lal’_’fsum 105 0.3+ 0.05 (7é2§?é D 14.813 28
# e (12.6-19.1) | 0.42
Chenepodium 3394 6.702 10.406
ambrosioides 105 0.6+0.16 (2.5-4.1) (5.4-9.8) 19
20 pl 11 o7 0.54

a: Toplam test edilen birey sayisi, s.d: Serbestlik derecesi, ¢ :

etkisi test edilmistir. Bu baglamda test edilen ugucu
yaglar Lavendula angustifola, Zingiber officinale,
Citrus bergamia, Juniperus virginiana, Piper nigrum,
Curcuna longa, Curcuna longa, Betula lenta, Myristica
fragrans, Juniperus communis, Origanum vulgare,
Mentha  piperita, Chenopodium  ambrosioides,
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Ki-kare degeri

Coriandrum sativum, Citrus aurantium, Pimpinella
anisum, Abies balsamea, Brassica nigra ‘dir. Test
edilen ucucu yaglardan B. nigra (siyah hardal) ve C.
ambrosoides (Meksika ¢ay1) 5 nl'Vlik konsantrasyonda
P. americana ergininde uygulamadan 48 saat sonunda
yiksek olimler gorilmistir. Bu olimler B. nigra



KSU Tarim ve Doga Derg 26 (3), 579-587, 2023
KSU J. Agric Nat 26 (3), 579-587, 2023

Arastirma Makalesi
Research Article

%100, C. ambrosoides % 53.3 ve P. anisum yaginda ise
%13.3 oraninda P. americana ergin 6lumlerine sebep
olmustur. Diger yandan P. americana erginine
uygulanan bu ¢ ugucu yagin konsantrasyonlari
arttirthnca C. ambrosioides yaginda 20 pl 11
konsantrasyon, P. anisum yagi 50 pl 11 konsantrasyon

ve B. nigra yaginda 2.5 pl 11 konsantrasyon
uygulandiktan 24 saat sonunda P. americana
erginlerinde %100 oOlimiine sebep olmustur.

Kullanilan yaglarin kontrasyonlarinda ve maruz
birakma stirelerinde elde edilen o6lim oranlari
arasinda farklhilar gostermistir. B. nigra (2.5 ul 1), C.
ambrosioides (20 pl 1Y) ve P. anisium (50 pl 1'1) sabit
konsantrasyonlarda ugucu yaglarinin LTs0 degerleri
sirasiyla 3.720 saat, 3.324 saat ve 7.203 saat olarak
bulunmustur. LTes degerleri B. nigra yag icin (12.158
saat), C. ambrosioides icin (6.702 saat) ve P. anisum
yag1 icin (14.813 saat) siireleri hesaplanmistir.

Bartu (2021) tarafindan yiiriitilen calismada P
americana nimflerine 5 pl 11 konsantrasyonda
uyguladig: yaglardan etkili olan Brassica nigra %100,
Foeniculum vulgare %93, Chenepodium ambrosioides
%93, Betula lenta %66 oraninda oOlumler meydana
gelmistir. B. nigrayagimn 1 ul 11, M. fragrans yagimin
30 ul 11, F. vulgare yaginin 10 ul 11, B. lenta yaginin
10 pl 11 konsantrasyonlar1 P. americana nimflerine
%100 olumine sebep oldugunu bulmustur. Mevcut
calismada ise yaglarin uygulanmasindan 48 saat sonra
B. nigra ugucu yaginin 5 ul 1! konsantrasyonunda P.
americana ergininde %100 o¢lum gorilirken, C.
ambrosoides ugucu yagr 5 ul 11 konsantrasyonuna
maruz kalan P. americana erginlerinde %53 oraninda
6lum gorulmustir. B. nigra yag c¢alismada P.
americana ergininde 2.5 pl 1! konsantrasyonda %100
6lim gorulurken, Bartunun c¢aligmasinda ise P.
americana nimfinde 1 ul 1! konsantrasyonda %100
6lime neden olmustur.

Benzer bir ¢alismada Sular (2021) kullandig1 14 farkh
ugucu yagin 5 ul 11 konsantrasyonunda B. germanica
nimfine kars1 etkisi yiiksek olan li¢ yagda calisma
yapmistir. Bu yaglar B. nigra, C. ambrosoides ve F'.
vulgare ‘dir. B. nigra ucucu yaginda 4 pl 1'%, F. vulgare
ve P. anisumyagina 20 pl ' konsantrasyonuna 24 saat
maruz birakilma sonunda B. germanica nimflerinde %
100 6lim meydana gelmistir. Mevcut ¢alismada ise 24
saatlik maruz birakma sonunda P. americana
ergininde daha disiik konsantrasyon uygulanan B.
nigra yaginin 2.5 ul 1t konsantrasyonunda % 100 6lim
gerceklesirken P. anisum yaginin 50 pl 11
konsantrasyonunda % 100 6liime sebep olmustur.

Yapilan bir bagka c¢alismada Milayim ve ark.,
(2020Yde Myzus persica¢’ ya karsi ucucu yaglar
uygulamistir. Uygulanan bitkisel ugucu yaglardan en
cok etkiyi M. persicae ye karsi 24 saatlik uygulama

stiresinde P. anisum ugucu yagmn 30 pl!
konsantrayonda %86.67 o6lim oramyla tespit
etmiglerdir. Aphis craccivoraya 30 plt
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konsantrasyonda 24 saatlik uygulama sonucunda en
yiksek etkinin %53.33lik 6lum oramyla F. vulgare
(rezene) olurken, en diisiik etkiyi ise %26.67’lik 6liim
oramiyla P. anisum ucgucu yaginda tespit etmislerdir.
P. anisum yaginin M. persicae ve P. americana
ergininde yuksek 6lumler gorulirken A. craccivora da
distik olime sebep oldugu sonucuna varilmistir.
Yapmig oldugumuz g¢alismada P. anisum ugucu
yvaginin 50 pl?! konsantrasyonda 24 saat uygulama
sonucunda P. americana ergininde % 100 &lim
gerceklesmigtir. Yapilan bu calismalar sonucunda
farkli bocek tirlerinde de P. anisum yagimin etkili
oldugu bu iki ¢alisma ile bu sonuca varilmistir.

Sara¢ ve Tun¢ (1995) P. anisum ugucu yaginin
Tribolium confusum erginlerine karsi yuksek bir
kalint1 toksisitesi (%95'in {izerinde 6liim) gosterdigini
bulmusglardir. S. oryzae erginlerine kars: kullanilan P.
anisum, Fucalyptus camaldulensis, Thymbra spicata
var. spicatave Satureja thymbra ugucu yaglarindan P.
anisum ucucu yaginin en yiiksek (%0-7,2) repellent
etkiye sahip oldugunu bunu swrasiyla E
camaldulensis, T. spicata var. spicata ve S. thymbra
ugucu yaglarimin bildirmiglerdir. P. anisum ugucu
yagimin  %40.1-60 arasinda 8 hafta boyunca
uzaklastirici etki yaptigini tespit etmiglerdir. Yapilan
¢alisma sonucunda P. anisum ugucu yaginin 50 pl 11
konsantrasyonda P. americana erginlerine uygulanip
24 saat sonunda %100 6liim meydana gelmigtir. Farkl
bécek tiirlerinde P. anisum yaginin énemli derecede
etkisi oldugu tespit edilmistir. Bu baglamda yapilan
calismada literatiire benzer sonuglar elde edilmigtir.

Aydin (2020) yaptigr calismada Blatella germanica
erginine kars1 5 pl'! konsantrayonda 9 bitkisel kokenli
ucucu yag kullanmigtir. B. germanica ergininde 24 ve
48 saatlik siire sonunda B. nigrada (%100), P. anisum
(%96.6) ve C. ambrosioides ( %90) yaglarinda éliimler
meydana gelmistir. Aydin (2020) yaptig1 calismada B.
nigra ugucu yaginda 1.5 pl! konsantrayonda %100
6lim meydana gelirken yapmis oldugumuz calismada
P. americana ergininde 2.5 nl'!l konsantrayonda %100
6lim meydana gelmisgtir.

Calismada kullanmis oldugumuz B. nigra ugucu yagi
P. americana ergininde etkili oldugu gibi yapilan
bagska arastirmalarda da bocek turlerinde etkili sonug
elde edilmistir ve ylksek 6lim meydana geldigi i¢in
miicadelede kullanibilirligini gostermistir. Sonug
olarak test edilen yaglardan B. nigrahin yamsira C.
ambrosioides ve P. anisum ugucu yaglarida farklh
konsantrasyonlarda P. americana erginlerinin
miicadelesinde kullanilabilme potansiyele sahip
oldugu ortaya ¢ikmastir.

TESEKKUR

Bu calisma, ilk yazarin yiksek lisans tezinin bir
bolumudir.
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Aragtirmacilarin Katki Orani Beyan Ozeti

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

catismasi olmadigini beyan ederler.
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ABSTRACT

The study was carried out at the Agricultural Research and
Application Farm of Faculty of Agriculture, Isparta University of
Applied Sciencesin 2021, with the aim of determining the effect of
different irrigation water levels on the yield and quality parameters
of fodder beet by the experiment of randomized complete block design
with three replications. The study used Rota fodder beet variety.
Applied irrigation water amounts were determined according to
Penman-Montheith method by considering the total reference
evapotranspiration (ET,) of ten days for five different ratios (Si:
ETox1.20, S2: ETox0.90, Ss: ET.x0.60, Ss: ETox0.30; S5 ET.x0.00).
Drip irrigation method was used for irrigation. Applied irrigation
water amounts ranged between 131.9 mm — 643.6 mm. Crop water
consumption (ET) ranged between 337.1 mm — 782 mm. At the end of
the treatments, it was observed that fresh leaf yield varied between
570 and 1788.1 kg da! while these values were from 1865.7 to 7838.8
kg da'l for fresh root yield, from 2435.8 to 9626.9 kg da! for total fresh
yield, from 134.1 to 255.5 kg da’! for leaf dry matter yield, from 469.9
to 1247.6 kg da’l for root dry mater , from 12.2 cm to 25.4 cm for tuber
length, and from 6.5 to 12.4 cm for tuber diameter. The yield response
factor (ky) was 1.04. The water use efficiency was 72.3 — 145.0 kg ha'
mm, the irrigation water use efficiency was ranged from 111.7 to
157.5 kg hal mm?!. The Ss irrigation treatment was the most
appropriate irrigation program under adequate irrigation water
conditions. In terms of irrigation deficit conditions, results indicated
that there may apply irrigation water at 60% or 30% of reference
evapotranspiration from Ss3 or S4 irrigation program.

OZET

Calisma, Isparta Uygulamal Bilimler Universitesi, Ziraat Fakiiltesi
Tarimsal Arastirma ve Uygulama Ciftligi'nde 2021 yilinda farkh
sulama suyu diizeylerinin yem pancarinin verim ve Kkalite
parametrelerine etkisini belirlemek amaciyla tesadif bloklar deneme
desenine gore ti¢ tekrarlamal olarak yiirtitilmistir. Calismada Rota
cesidi yem pancart kullanilmigtir. Sulama suyu miktarinin
belirlenmesinde Penman-Monteith yontemine gore hesaplanan kiyas
bitki su tiiketimi (ET,) dikkate alinmis, on giinliik kiyas bitki su
tiiketimi toplaminin besg farkl orani (Si: ETox1.20; Sa: ET0%x0.90; Ss:
ETox0.60; Ss ETox0.30; Ssi ET.x0.00) sulama suyu olarak
uygulanmigtir. Sulamalarda damla sulama yontemi kullanmilmigtir.
Deneme konularina uygulanan sulama suyu miktarlar1 131.9 mm —
643.6 mm arasinda, bitki su tiikketimi (ET) ise 337.1 mm — 782 mm
arasinda degismistir. Deneme konularina gore yas yaprak verimi, 570
— 1788.1 kg da’l, yag yumru verimi, 1865.7 — 7838.8 kg da’l, toplam
yas verim, 2435.8 — 9626.9 kg da’l, yaprak kuru madde verimi, 134.1
— 255.5 kg da’l, yumru kuru madde verimi 469.9 — 1247.6 kg da’l,
yumru boyu, 12.2 cm — 25.4 cm, yumru ¢api, 6.5 — 12.4 cm arasinda
degismistir Verim tepki etmeni (ky) 1.04 olarak hesaplanmistir. Su
kullanim randimani 72.3 — 145.0 kg ha! mm'! arasinda iken sulama
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suyu kullanim randimani 111.7 — 157.5 kg hal mm? arasinda
belirlenmigtir. Deneme kosullar1 icin yeterli sulama suyu
kogullarinda Sz konusu en wuygun sulama programi olarak

belirlenmigtir. Kisithh sulama suyu kogullarinda ise kiyas bitki su
tiuketiminin %60'min ya da %30unun uygulandigi Ss veya Si
konularimin sulama programi olarak kullanilabilecegi sonucuna

ulagilmigtir.

Auif Sekli:  Hakiruwizera, E., & Ugar, Y (2023). Farkli Sulama Suyu Diizeylerinin Yem Pancarimmin Verim ve Kalite
Parametrelerine Etkisi. KSU Tarim ve Doga Derg 26 (3), 588-599. https://doi.org/10.18016/ ksutarimdoga.vi.
1168306
To Cite : Hakiruwizera, E., & Ucar, Y (2023). Effect of Different Irrigation Water Levels on Yield and Quality
Parameters of Fodder Beet. KSU J. Agric Nat 26(3), 588-599. https://doi.org/10.18016/ ksutarimdoga.vi.
1168306
INTRODUCTION yield of fodder beet.

Forage crop farming, meadow, and pasture farming
are sources that provide the feed needed by animals
cheaply and in abundance (A¢ikgoz et al., 2005). It is
necessary to increase the amount of forage crop
production in field agriculture for reducing the grazing
pressure on the meadows and pastures (Yilmaz, 2018).
Forage crops are defined as roughage, forage contains
important nutrients for increasing the reproductive
power of animals and providing high—quality animal
products (Yolcu & Tan, 2008). Globally, the amount of
feed produced by the feed industry has reached an
estimated 1 billion tons per year (FAO & IFIF, 2020).
Roughage shortage is a serious problem in Central
Anatolia and Transition Regions as well as throughout
Tiirkiye (Erdogdu et al., 2011). Recently, Tiirkiye has
occurred overgrazing (Parlak & Ekiz, 2008). Despite
Turkiye being at a good level in terms of livestock, the
yield in animal production is quite low (Ozdemir &
Kokten, 2020). Fodder beet can provide abundant and
high—quality forage during meadows and pastures
begin to dry up or become insufficient (Erdogdu et al.,
2011). The fodder beet is an alternative plant, which
attracts more attention from farmers (Seifu et al.,
2020).

Fodder beet is a species from the spinach family that
produces tubers (root—stem, hypocotyl) and has a high
yield among forage plants (Acar et al, 2020). Fodder
beet provides both its leaves and tubers in animal
nutrition and is consumed either directly or as silage
(Sakr et al., 2014). High crude protein and sugar
content make fodder beet a more palatable, nutritious,
and energy efficient feed (Dulphy et al., 2000). Fodder
beet suits temperate climates (Gemalmaz & Bilal,
2016), resistant to salinity and provides the marginal
land economically (Giiles, 2009; Abdallah & Yassen,
2008). According to Howell and Musick (1984), it is
possible to irrigate fodder beet economically. Brown et
al. (1987) and Martin et al. (1983), Fodder beet is
particularly sensitive to drought during germination
and early development stage, but drought tolerance
increases after the root system develops. However,
Clover et al. (1999) stated that the lack of water
requirement during the growing period reduces the
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Kassab et al. (2012), conducted a study in Egypt for
three different irrigation levels according to reference
evapotranspiration (ET.) ratios of 100%, 75%, and
50%, applied irrigation water reported 502 mm, 385
mm and 270 mm, respectively. Chakwizira et al. (2014)
in New Zealand, conducted the plant water
consumption of 316 mm in non irrigated treatment,
483 mm, and 774 mm for 50% and full irrigation (100%
of ET,), respectively. Yilmaz (2018) reported the fresh
leaf yield of 1760 kg dal — 2548 kg da’! in Sakarya—
Pamukova conditions, 2913.1 kg dal— 3270.0 kg da’l
in Tokat conditions (Karadag et al., 2014), and from
1592 kg dal to 1917 kg dal in Konya conditions
(Ozkose, 2013). Fresh root yields, obtained by
Albayrak and Camas (2006) varied between 9060 kg
dal - 8690 kg da’! for Ecdogelb and Ecdorot cultivars
in Central Black Sea conditions. Sarag (2013) reported
5313 kg dal, 5944 kg da! and 6821 kg dal in
Voroshenger cultivar and 5746 kg dal, 6345 kg da'l
and 7260 kg da! in Rota varieties by applying
irrigation water of 50%, 75% and 100% based on the
field capacity, respectively. Mofeeda et al. (2019)
applied irrigation water of 100%, 80%, and 60% of
evaporation pan by drip irrigation method in Egypt.
The total fresh yields reported from these irrigation
treatments were 7012.6 kg da’l, 6670.5 kg da’l, and
4846.1 kg da’l, respectively.

This study has aimed to determine the water—yield
relations of fodder beet in Isparta ecological conditions.
The main objectives of the study were to determine the
water consumption, irrigation water requirement, the
most appropriate irrigation water level, and the effects
of different irrigation water levels on yield and quality
parameters of fodder beet grown.

MATERIAL and METHODS

The study was carried out in Isparta University of
Applied Sciences, Faculty of Agriculture, Agricultural
Research and Experimental Farm (37° 45' N, 30° 33' E)
with elevation of 1020 m during 2021. The
experimental area was located in the Lakes Region
with transition features between the Mediterranean
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and the Central Anatolia climate. According to long—
term climate data records, average temperature of the
region was 12.1 °C, the average relative humidity was
62%, and the average annual total precipitation was
524 mm. During the study, the lowest and highest
average temperature recorded in both February and
December with 3.8 °C, and August with 24 °C.
However, the lowest and highest relative humidity was
36% and 83.6%, obtained in August and January,
respectively. In 2021, the total precipitation measured
362 mm, while the rainfall measured in the trial period
was 137.6 mm.

Table 1. Some characteristics of the soils of the trial area

Cizelge 1. Deneme alani topraklarinin bazi ézellikleri

Soil samples taken from experimental area indicated
the soil bulk density of 1.42 g cm3and 1.45 g cm3, field
capacity of 22.74% (96.9 mm) and 21.08% (91.7 mm),
wilting point 11.83% (50.4 mm) and 11.92% (51.8 mm),
available water holding capacity of 10.90% (45.4 mm)
and 9.16% (39.9 mm), which determined from 0-30 cm
and 30-60 cm soil profiles, respectively. The
percentages of clay, silt and sand at 0-30 cm soil depth
are 28.95%, 34.97% and 36.07%, respectively, and
these values are 30.28%, 32.61% and 36.76% at 30-60
cm soil depth. Therefore, the soil texture in both layers
determined is Clay Loam (CL) (Table 1).

Characteristics Unit Results
Soil depth cm 0-30 30-60 0-60
Soil bulk density g cm-3 1.42 1.45
Field capacity % 22.74 21.08

mm 96.9 91.7 188.5
Wilting point % 11.83 11.92

mm 50.4 51.8 102.2
Available water % 10.9 9.2
holding capacity mm 46.4 39.9 86.3
Clay % 28.95 30.28
Silt % 34.97 32.61
Sand % 36.07 36.76
Soil texture class CL CL

Irrigation water used in the experiment was
characterized by the electrical conductivity (EC) of
0.54 dS m!, pH of 7.74, and SAR value of 0.78. The
cations used were Ca2+, Mg2*, Na+ and K* with values
of 4.72 me L'1, 0.17 me L1, 1.22 me L'l and 0.28 me L
1, respectively. However, the anions used were CO2%,
HCO?, Cl and SO42 with values of 0.0 me L1, 6.27 me
L1, 0.11 me L1 and 0.01 me L1, respectively.
Therefore, the quality of irrigation water is classified
in C2S1 (Ugar et al., 2020). Irrigation water was taken
from the hydrant, which is located next to the trial area
and serves to irrigate the farm land, and was applied
with the drip irrigation method. The control unit
consisted of a sieve filter, pressure regulators and a
fertilizer tank that provides fertilizer. The main pipes
in the irrigation system were used PE pipes with an
outer diameter of 50 mm and an operating pressure of
6 atm, while the manifold pipes were used PE pipes
with an outer diameter of 32 mm and an operating
pressure of 4 atm. In the study, lateral pipes with 16
mm outer diameter, 40 cm dripper spacing and 2 L h'?
dripper flow were used. A lateral was placed in each
row of plants. The system also included water meters
and manometers and ball valves to measure and
control water. Various agricultural practices were done
during the trial such as ploughing, weed control, pest
control, and fertilizer applications. Fertilizer
application to the fodder beet was applied according to
the study recommendation of Tiirk (2010).
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Experimental Design

Five different irrigation water levels were created
based on reference evapotranspiration (ET,) that was
taken from the meteorology station (Pessl
Instruments, Metos 3.3) of Isparta University of
Applied Sciences, Agricultural Research and Practice
Farm, which is located from the experimental area.
ET, values were calculated according to the Penman —
Monteith method with irrigation interval of 10 days
(Table 2) (Tar1 et al., 2016). Randomized Complete
Block (RCB) design with three replications was used as
an experimental design. The irrigation treatment plots
were arranged in 10 m long and 3 m width. The fodder
beet was planted in 20 March 2021 at 60 cm between
rows, and 25 cm within the row. Each irrigation plot
had five plant rows (Figure 1).

Table 2. Irrigation treatments used in experiment
Cizelge 2. Denemede kullanilan sulama konulari

Irrigation ET, ratio Irrigation interval
treatments (days)

S1 120%

Sz 90%

Ss 60% 10

S 30%

Sst 0%

10Only apply the same amount of irrigation water as other
treatments during the germination and emergence
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Applied Irrigation Water Amount (Ertek and Kanber, 2001).
Applied irrigation water amount was calculated by | = AX ZET x P XR 1)
using Equation 1 according to the rates of reference °
evapotranspiration of cumulative daily ET, values in _a
10-day intervals (Tar1 et al., 2016). The crop cover P= B x 100 (2)
percentage was calculated with the help of Equation 2
L 23 m =
|- _‘ | I l—’m—l ..1
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Figure 1. Layout of experimental design and parcel detail

Sekil 1. Deneme yerlesim diizeni ve parsel detayi

Where, I: Irrigation water (liter), A: Parcel area (m2),
YETo: Total reference evapotranspiration (mm), P:
Crop cover percentage (%), R: ET, ratio, a: Plant leaf
shadow width (cm) and b: Row spacing (cm)

Crop Water Consumption (ET.)

The effective root depth (D) of fodder beet is 60 cm
(Heikal, 2008; Sakr et al., 2014; Khafaga et al., 2017).
Therefore, the soil moisture content in root zone of
fodder beet was monitored by gravimetric method with
an interval of ten days between 20.04.2021 and
22.10.2021, from 0 — 60 cm soil depth to calculate the
crop water consumption (ETc). The ETc for each
experimental treatment was calculated by using
Equation 3 (James, 1988).

ET=1+P + Cp-Dp +Rr +AS 3

Where; ET: Crop water consumption (mm), I: Applied
irrigation water (mm), P: Precipitation measured over
a ten-day period (mm), Cp: Capillary rise (mm), Dy:
Deep percolation (mm), R Surface runoff (mm) and
AS: Change of water content in soil profile (mm). Since
the experimental area consisted of deep soils without
problems of drainage and salinity (Akgiil & Basayigit,
2005), Cp, and Rf values were neglected during
calculations of ETec.

Water -Yield Relationships

Yield response factor (ky) was determined according to
the Stewart model. Equation 4 was used in the
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calculation (Stewart et al.,1976, Doorenbos and
Kassam,1979).

[1 = (Ya/Ym)] = ky [1 — (ET./ETy)] (4)
Where; ky : Yield response factor, Ya : Actual yield of
total fresh yield (kg da), Ym' The highest total fresh

yield (kg da?), ET. : Actual water consumption (mm)
and ETw : Maximum water consumption ( mm).

Water Use Efficiencies

Irrigation water and water use efficiencies were
determined with the help of Equations 5 and 6 (Howell
et al., 1990; Ertek et al., 2007).

IWUE = (Y — Yy;)/I (5)
WUE = Y/ET 6)
Where; IWUE: Irrigation water use efficiency (kg ha'!
mm'), WUE: Water use efficiency (kg ha! mm™), Y:
Total fresh yield (kg hal), Yni: Total fresh yield
obtained in rainfed conditions (kg ha'l), I: Irrigation
water (mm), ET: Plant water consumption (mm).

Yield and Quality Parameters

The fodder beet was harvested after 183 days of
planting. The harvested area in each irrigation
treatment was remained as 16.2 m2 (1.8 m x 9 m) after
leaving one row at each edge of each trial plot and two
plants from the beginning and end as an edge effect.
During the yield observations and measurements, 30
fodder beet were selected randomly from each
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irrigation treatment (Acar, 2000). The length of tubers
(cm) were determined by measuring 30 fodder beet
that selected randomly in each plot. The diameter of
tubers (cm) were determined by dividing the fodder
beet into two part and measured using a ruler. The
part of the root above the ground (cm) is the part above
the surface level of soil. This parameter measured in
each plot by using a meter. The length of fodder beet
was expressed in cm. The ratio of the root-stem to the
total root-stem was expressed in percentage. Above
ground root-stem ratio (%) was calculated by taking
the length of fodder beets left in above the ground to
the total length of fodder beets. For leaf dry matter
ratio (%), after harvesting, at least 100 gram of leaf
samples were taken from each plot and dried in a
closed place where the sun did not come into direct
contact. Then after, they putted in paper bags and
dried in an oven at 65 °C until they reached a constant
weight, and then dry matter ratios were determined by
calculating the ratio of weight of dry leaves to the
weight of fresh leaves. The leaf dry matter yield (kg da°
1) was calculated by multiplying the dry matter rate
and the fresh leaf yield in kg obtained in each plot. For
dry matter ratio in root-stem (%), tuber samples were
cutted into thin slices and dried in an oven at 70 °C
until they reached a constant weight, and then dry
matter weights of the tubers were determined. Dry
matter ratios of tubers were calculated by
proportioning dry weight to wet weight. Root-stem dry
matter yield (kg da!) was calculated by multiplying the
dry matter rate determined for root-stem in each plot
with the fresh root-stem yield in that plot. For
determining the leaf yield (kg dal), the fodder beet
leaves in the harvest plot were separated from their

root-stems and weighed. The fodder beets in the
harvest plot were harvested by hand and then the root-
stems separated from the leaves and weighed to
determine the tuber yield per decare (Giiles, 2009).

Statistical Analysis

Variance analysis of the obtained data was done with
the “Minitab 17" computer software according to
experimental design. Duncan multiple comparison test
with significance level of 5% was applied, if the
differences between the treatments were significant
different. However, the regression analysis was made
for determining irrigation water application, yields,
and quality of yield parameters.

RESULTS and DISCUSSIONS
Reference Crop Evapotranspiration

Reference crop evapotranspiration (ET,) and
precipitation values taken from the meteorology
station located 500 m away from the experimental area
during period of 10 days. The growing period of the
fodder beet under the experimental conditions was 183
days. The total precipitation recorded during
experiment was 137.6 mm. The ET, values between
82nd days after planting and 111st days after planting
were high, reached the value between 51.6 mm — 57.4
mm. However, it gradually decreased in the period
starting from 112nd days after planting until the
harvest. When the completely growing period was
taken into account, the relative humidity was the
lowest between the 72nd and 142nd days after planting,
while ET, reached its highest values (Figure 2).

mmm Rainfall [mm]

ETo [mm/period]

Realtive humidity

2 70 - 80%
g 60 =
-~ 50 - 60% T
° g
=

i 40 L 40% 2
g 30 o
= 20 I - 20%
=10 I =
£ 0 ml g, &
& 11 21 31 42 52 62 72 82 92 101 111 121 132 142 152 162 172 183

Number of days after planting

Figure 2. ET,, precipitation and relative humidity
Sekil 2. ET, yagis ve bagil nem

Applied Irrigation Water Amount

The same irrigation water amount was applied to all
irrigation treatments during the germination and
emergence period. During this period, 131.9 mm of
irrigation water was applied equally to all irrigation
treatment. The total amounts of irrigation water
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applied to Si, Se, S3, S4 and S5 were 643.6 mm, 515.7
mm, 387.8 mm, 259.8 mm and 131.9 mm, respectively
(Table 3).The amount of irrigation water applied
gradually increased until 111st days after planting
where i1t has seen that the highest average
temperature. When there increases air temperature,
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ET, also increases. Khafaga et al. (2017) applied
irrigation water amount to the fodder beet of 765.3 mm
and 751.5 mm for sprinkler and furrow irrigation
methods in 2011, respectively, and 962 and 934 mm of
irrigation water in 2012. In Spain, the amount of
irrigation water applied was 690 mm and 585 mm in
2011 and 2012, respectively (Noreldin et al., 2016),
while the value obtained in New Zealand was 537 mm
(Chakwizira et al., 2014). In Egypt conditions,
irrigation water amounts were reported as 502 mm,
385 mm and 270 mm for water deficit ratio by 100%

ET,, 75% ET, and 50% ET, (Kassab et al., 2012).
Irrigation water may differ from place to another due
to the differences in the climate, the method taken into
account, the cultivar growing management as well as
the different irrigation method.

Soil Moisture Content

Twelve irrigations times were applied during the
growing season (Figure 3).

Table 3. The amount of irrigation water applied to the irrigation treatment, mm
Cizelge 3. Deneme konularina uygulanan sulama suyu miktarlarl, mm

Date S1 S Ss3 Sy Ss
Irrigation water applied during germination and emergence period, mm
20/04/2021-20/06/2021 131.9
Irrigation water applied after starting scheduled irrigation
program, mm
30/06/2021 26.5 19.9 13.3 6.6 0
10/07/2021 41.5 31.2 20.8 10.4 0.0
20/07/2021 53.8 40.4 26.9 13.5 0.0
31/07/2021 61.6 46.2 30.8 15.4 0.0
10/08/2021 68.9 51.7 34.4 17.2 0.0
20/08/2021 59.0 44.3 29.5 14.8 0.0
31/08/2021 55.8 41.9 27.9 14.0 0.0
10/09/2021 47.2 35.4 23.6 11.8 0.0
20/09/2021 36.2 27.2 18.1 9.1 0.0
30/09/2021 33.8 25.4 16.9 8.5 0.0
10/10/2021 27.2 20.4 13.6 6.8 0.0
Total (during scheduled irrigation program, mm) 511.7 383.8 255.9 127.9 0.0
Seasonal Irrigation water applied, mm 643.6 515.7 387.8 259.8 131.9
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Figure 3. Soil moisture content according to irrigation treatments

Sekil 3. Deneme konularina gore toprak nemi icerigi

Soil moisture content in S1 was close to field capacity,
while in Sz it generally varied between field capacity
and wilting point, except for the last irrigation. On the
other hand, S3 was between field capacity and wilting
point at the beginning of the trial, similar to Sz, but
towards the end of the trial, it approached to the
wilting point. While it was generally around the
wilting point in Sa, it started to fall below the wilting
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point in S5 from the middle of the trial. Therefore, in
this trial, the leaves of the plants turned yellow and
dried after 132nd days after planting.

Crop Water Consumption (ET.)

The ET: measured in all irrigation treatment was
163.9 mm before the scheduled irrigations. After the
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irrigation program was started, the ET. wvalues
measured in S1, S2, S3, S4 and Ss treatments were 618.1
mm, 513.7 mm, 412.1 mm, 286.3 mm and 173.2 mm,
respectively, while seasonal ET. measured in the same
irrigation treatments were 782.0 mm, 677.7 mm, 576.0
mm, 450.2 mm and 337.1 mm, respectively (Table 4).
Compared to Si, where the most irrigation water was
applied, the reduction rate of ET. in Sg, Ss, S4+ and Ss
was 13%, 26%, 42% and 57%, respectively. Chakwizira

Table 4. Crop water consumption (ET.)
Cizelge 4. Bitki su tiiketimi (ET.)

et al. (2014) in New Zealand reported the ET. of 316
mm in non-irrigated treatment, and 483 mm and 774
mm in irrigation treatments where 50% and 100% of
the ET, were applied. Mofeeda et al. (2019) measured
ETc under full irrigation conditions of 573.3 mm for the
first year of the experiment and 680.9 mm for the
second year in Egypt conditions. The seasonal ET.
measured in this study shows that there was no
difference from previous studies.

Irrigation treatments

ETc during germination and emergence period, mm
20 April-20 June

ETec after starting irrigation program, mm

June (20-30)

July

August

September

October

Total ETc after starting irrigation program, mm
Seasonal ETc, mm

S1 So Ss Sy Ss
163.9
101.3 93.0 90.8 85.9 69.6
181.0 142.5 110.8 77.0 30.1
191.7 154.7 115.8 65.9 39.7
109.8 96.5 73.4 43.9 22.0
34.3 27.1 21.2 13.5 11.8
618.1 513.7 412.1 286.3 173.2
782.0 677.7 576.0 450.2 337.1

Effect of Different Irrigation Water Levels on Yields
and Quality of Fodder Beet

According to variance analysis results, different
irrigation water levels statistically significantly
affected the yields and quality of fodder beet (p<0.01)
(Table 5). Results indicated that when irrigation water
decreased lead fresh root yield, fresh leaf yield, total

fresh yield, leaf dry matter yield, root dry matter ratio,
root dry matter yield, leaf dry matter ratio, leaf dry
matter yield, total dry matter yield, root length, root
diameter, upper root length and upper ground root
ratio of fodder beet also decreased accordingly. In order
hand, when the amount of applied irrigation water
decreased, the rate of leaf dry matter and tuber dry
matter increased accordingly.

Table 5. Effect of different irrigation levels on Yield and Quality parameters of Fodder beet
Cizelge 6. Farkli Sulama Suyu Diizeylerinin Yem Pancarinin Verim ve Kalite Parametrelerine Etkisi

Yield and Quality parameters of Fodder beet!

Irrigation treatment S1 Se Ss3 S4 Ss
Irrigation water applied (mm) 643.63 515.7 387.8 259.8 131.9
Fresh root yield (kg da) 7838.8+1032  7336.2+50.2a  6945.1+742a  5421.3+474>  1865.7+6.70¢
Fresh leaf yield (kg da™l) 1788.142.94a  1373.9+36.6> 1242.0+73.6¢ 1106.4+58.6¢ 570.0+26.2¢
Total fresh yield (kg da1) 9626.9+1062  8710.0£30.42>  8187.1+679> 6527.7+421c 2435.8+21.94
Root DM ratio (%) 16.0+0.78¢ 16.0+0.53¢ 18.0+1.18¢ 18.3+1.03¢ 21.8+0.88b
Root DM yield (kg dal) 1247.6+50.6a  1319.2+31.4a 1259.6+83.00 1181.1+1172  469.9+16.1b
Leaf DM ratio (%) 14.3+0.044d 16.4+0.56¢ 18.1£0.34be  18.6+0.70b 23.5+0.682
Leaf DM yield (kg da'!) 255.5+1.122  225.9+5.88ab  225.2+15.7ab  207.3+17.4>  134.1+7.50¢
Total DM yield (kg da'l) 1503.1+£50.0a  1545.2+37.2a  1484.8+72.72 1388.3+1022  604.0+17.8b
Root length (cm) 25.4+0.202 24.7+0.272 21.0+0.38b 17.3+0.04¢ 12.2+0.244
Root diameter (cm) 12.4+0.012 11.5+0.36P 10.2+0.08¢ 9.1+0.134 6.5+0.25¢
Upper root length (cm) 15.3+0.02a 14.9+0.202 11.9+0.49> 8.4+0.01¢ 5.3+0.064
Upper root ratio (%) 60.1+0.382 60.3+0.212 56.5+1.48P 48.7+0.05¢ 43.6+0.744

Means with the same letter are no significantly difference, DM: Dry Matter,

Fresh root yield was determined as 7838.8 kg da'’l,
7336.2 kg da’l, 6945.1 kg dal, 5421.3 kg da! and
1865.7 kg dal in Si, Sz, S3, Ss4 and Ss, respectively.
Compared to the non-irrigated Ss treatment, there
were the increasing the fresh tuber yield in Sy, Ss, Sz

and S1 as 65.6%, 73.1%, 74.6% and 76.2%, respectively.
Albayrak and Camas (2006) determined fresh root
yield of 9060 kg da! — 8690 kg da! in Ecdogelb and
Ecdorot cultivars under Central Black Sea conditions.
Abdallah and Yassen (2008) found the fresh yield as
7797.6 kg da’l, 6983.3 kg da! and 5069 kg da! in the
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combination of the fertilizer and irrigation interval (14,
21, 28 days), respectively in Egypt. Sarag (2013)
applied 50%, 75% and 100% of the water to
Voroshenger and Rota varieties, and the results were
5313 kg da’l, 5944 kg da! and 6821 kg da’l, and 5746
kg dal, 6345 kg da! and 7260 kg da'l, respectively.
These results are closed to the results of our study.
Fresh leaf yield was determined as 1788.1 kg da’l,
1373.9 kg da'l, 1242 kg da'l, 1106.4 kg da! and 570 kg
dalin Si, Sz, S3, S4 and Ss, respectively. Compared to
the non-irrigated Ss treatment, fresh leaf yields of S,
Ss, S2 and Si1 were increased by 48.5%, 54.1%, 58.5%
and 68.1%, respectively. Yilmaz (2018) reported the
fresh leaf yield varied 1760 — 2548 kg da’! in Sakarya-
Pamukuva. Karadag et al. (2014) reported the fresh
leaf yield of 2913.1 —3270.0 kg da'! in Tokat condition.
Ozkose (2013) reported fresh leaf yield of 1592 — 1917
kg da! in Konya. Erdogdu et al.(2011) in Eskigehir
conditions, reported the fresh leaf yield of 1676 kg da!
and 1436 kg da! in Rota and Nedimbey cultivars. The
fresh leaf yields reported by Giiles (2009) varied
between 1200 -1514 kg da! from Magnum, Kyros,
Rota, Feldher and Amerilla Bures varieties in Ankara
conditions.

The total fresh yields obtained were 9626.9 kg da’l,
8710.0 kg da’l, 8187.1 kg da’l, 65627.7 kg dal and
2435.8 kg dal in Si1, Sz, S3, S4 and Ss, respectively.
Compared to the rainfed treatment, fresh tuber yield
increased in S4, S3, Sz and S1 by 62.7%, 70.2%, 72.0%
and 74.7%, respectively. Mofeeda et al. (2019) applied
100%, 80% and 60% of the water evaporated from the
evaporation pan by drip irrigation method in Egypt
and reported 7012.6 kg dal, 6670.5 kg da'! ve 4846.1
kg da’! of total fresh yield. Sakr et al. (2014), obtained
total fresh yields of 8347.6 kg dal, 7367.9 kg da’l,
5875.0 kg da'! and 4432.1 kg da'! by irrigating interval
7, 6, 5 and 4 times during the irrigation season,
respectively. Kassab et al. (2012) obtained total fresh
yield of 5285 kg da'l, 4171 kg da'! and 3076 kg da! by
1rrigation water levels at 100%, 75% and 50% of ET,,
respectively. While the total yield values obtained from
the experiment were similar to Mofeeda et al. (2019).
However, Sakr et al. (2014) reported high yield than
obtained in this study. In other hand, the total yields
obtained in this study were less than yield reported by
Kassab et al. (2012).

The lowest and highest tuber dry matter ratios were
determined as 16% and 25.2% in Si1 and Ss,
respectively. Compared to the Ss treatment, the
reduction rate of tuber dry matter in S4, S3, S2 and S:
was 13.5%, 27.2%, 28.7% and 36.5%, respectively.
Judson et al. (2016) examined the tuber dry matter
ratio by considering the upper, middle and lower parts
of the tuber and determined the dry matter ratio as
19%, 19% and 19.2% in the upper, middle and lower
parts of the tuber, respectively.

The lowest and highest leaf dry matter ratios of fodder
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beet (14.3% and 23.5%) were determined as S1 and Ss
treatments. Compared to the Ss treatment, the
decreases in leaf dry matter rate in Ss, S3, S2 and S
were 20.8%, 23.1%, 30.2% and 39.2%, respectively.
Yilmaz (2018) stated that leaf dry matter ratio
determined in Rekord, Rota, Ursus and Zentuar
cultivars were 12.5%, 13.5%, 13.5% and 12.4%,
respectively. Judson et al. (2016) reported between 7%
— 18%, Karadag et al. (2014) found it to be between
13.05 and 13.62%.

The maximum and minimum tuber dry matter yields
were determined as 1319.2 kg da! and 469.9 kg da'! in
S2 and Ss, respectively. Compared to the Ss treatment,
tuber dry matter yield increased in S4, Ss, S2 and S1 by
60.2%, 62.7%, 64.4% and 62.3%, respectively. Milne et
al. (2014) reported root dry matter yield of 1500 — 1800
kg da! in New Zealand, while Yilmaz (2018) obtained
1781.2 kg da'l, 2348.6 kg da't, 2855.3 kg da’l, 1536.2 kg
da! from Rekord, Rota, Ursus and Zentua,
respectively. Albayrak and Camas (2005) reported
1525 kg da! and 1529 kg da! in 2002 and 2003 in
Carsamba ecological condition, respectively. Sarag
(2013) in Egypt, determined the tuber dry matter yield
in Voroshenger cultivar of 865 kg da'l, 1045 kg da'! and
1666 kg da’l, and Rotta cultivars of 946 kg da’l, 1287
kg dal and 1707 kg da’! at irrigation water levels of
50%, 75% and 100% of field capacity, respectively.

The highest and least leaf dry matter yields were
determined as 255.5 kg da! and 134.1 kg dalin S: and
Ss, respectively. Compared to the Ss treatment, there
were increased in S4, S3, S2 and S1 of 35.3%, 40.5%,
40.7% and 47.5%, respectively. Leaf dry matter yields
reported in previous study were 154.2 kg da! in Rota
variety, 232.5 kg da! in Rekord cultivar, 304 kg da‘!
in Rota cultivar, 344 kg da!in Ursus, and 218.2 kg da-
1in Zentuar cultivar (Ozdemir and Kokten, 2020).

Total dry matter yield was determined as 1503.1 kg da-
1,1545.2 kg da’l, 1484.8 kg da'l, 1388.3 kg da! and
604.0 kg dalin Si1, Se, S3, Ss and S5, respectively. Milne
et al. (2014) reported that the highest dry matter yields
of 13 different beet varieties in New Zealand were 1937
kg dal, 1898 kg da’l, 1783 kg da’l, 1754 kg da! and
1739 kg da! in Enermax, Magnum, Bangor, Troy and
Kyros varieties, respectively. They stated that the
minimum dry matter yields were 1400 kg da* and 1515
kg da?! in Brigadier and Feldherr varieties,
respectively. Heikal (2022) determined the dry matter
yield of 2230 — 2370 kg da?! for non-irrigation
treatment (control treatment), 2320 — 2450 kg da’! for
75% of ET,, and 2480 — 2770 kg da! for 100% ET, in
Voroshenger variety.

Tuber sizes of Si, Sz, S3, S4 and S5 were determined as
25.4 cm, 24.7 cm, 21.0 ¢cm, 17.3 cm and 12.2 cm,
respectively. Tuber sizes obtained by Mofeeda et al.
(2019), Khafaga et al. (2017), Sarag, (2013), Karadag
et al. (2014), Giiles (2009), and Acar (2000) were less
than obtained in this study, while the similar to
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Abdallah and Yassen (2008).

Tuber diameters measured from Si, Sz, S3, S4 and Ss
were 12.4 cm, 11.5 cm, 10.2 cm, 9.1 cm and 6.5 cm,
respectively. The tuber length percentage increased to
S4, S3, S2 and S1 was 28.9%, 36.8%, 43.9% and 47.8%,
respectively, when compared to the Ss; treatment.
Mofeeda et al. (2019) reported the largest tuber
diameter of 15.3 cm in 100% irrigation water, followed
by 12.9 cm with 80%, and the smallest diameter fodder
beet of 10.8 cm from 60%. Khafaga et al. (2017)
reported root diameter of 14.2 cm and 12.9 cm by
applying sprinkler and furrow irrigation method,
respectively. Karadag et al. (2014) reported 8.8 cm, 9.2
cm, 10.6 cm and 10.3 ecm for Rozsa, Voroshengel, Rota
and Brigadier cultivars, respectively.

The length of the tube above the ground was measured
as 15.3 cm, 14.9 ¢cm, 11.9 cm, 8.4 cm and 5.3 at Si1, Ss,
Ss, S4 and Ss, respectively. Giileg (2009) reported 7.82
cm, 7.61 cm, 7.29 cm, 6.92 cm and 6.73 cm for Magnum,
Kyros, Rota, Feldher ve Amerilla Bures cultivars,
respectively, which less than obtained in experiment.

The above-ground-subsoil ratio of the highest and
lowest tuber were determined as 60.3% and 43.6% in
Sz and Ss, respectively. Compared to the S5 treatment,
the increases in the aboveground-subsoil ratio of the
tuber in S4, S3, S2 and S1 were 10.3%, 22.7%, 27.6% and

27.4%, respectively. Jbawi (2020) stated that about
50% of fodder beet tubers tend to grow above ground.

It can conclude that the difference yield and quality
parametersof fodder beet differ due to the amount of
irrigation water, the variety of fodder beet grown,
irrigation method and climatic local conditions.

Water-Yield Relationships

The polynomial relationships between the amount of
irrigation water and the total fresh yield of fodder beet
was determined as y = -0.00003x2 + 0.04x - 1.77 (R2 =
0.98%) (Figure 4). However, the regression analysis
indicated that the a statistically significant linear
relationshipbetween the ETc and fresh yield, as y =
0.015x - 1.3509 (R2 = 0.87*) (Figures 5). According to
the results obtained, the fresh yield of fodder beet
increased in case irrigation water amount increase as
well as the ETc. Seasonal yield response factor (ky) for
fodder beet under experimental conditions was
determined as 1.04 (Figure 6). When ky is greater than
1 indicates that the plant is more vulnerable to water
stress, while a ky less than 1 indicates that the plant
is more resistant to water stress (Savva and Frenken,
2002). The value of 1.04 found in this study for fodder
beet can be considered as an indication that this plant
is moderate resistant to water deficit.
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Figure 4. Relationship between the amount of irrigation water and the total wet yield
Sekil 4. Sulama suyu miktari ve toplam yas verim arasindaki iliski

Water Use Efficiency and Irrigation Water Use
Efficiency

The water use efficiency was highest in S4 (145.0 kg ha
1 mm1), followed by Ss (142.1 kg ha! mm™), Sz (128.5
kg ha! mm™), S1(123.1 kg ha'! mm'") and S5 (72.3 kg
hal mm). Similarly, the highest irrigation water use
efficiency was determined in S4 with 157.5 kg hal mm-
1 followed by Ss3 (148.3 kg ha! mm™), S (121.7 kg ha'!
mm) and S; (111.7 kg ha'! mm) (Figure 7). Khafaga
et al. (2017) found IWUE values of 114.7 kg ha' mm!
and 162.2 kg ha! mm!, respectively, in furrow and
sprinkler irrigation method. In a study on fodder beet
conducted by Heikal (2008), the highest IWUE was
determined for the irrigation treatment applied as 50%
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of the ET, and the lowest for the full irrigation (108.6
kg hal mm™). In another study, IWUE values at three
different water levels (control, 75% and 100%
irrigation) were 156.4 kg hal mm, 258.1 kg ha! mm-
1 and 215.4 kg ha' mm'!, respectively (Heikal, 2022).
Noreldin et al. (2016) reported that the water use
efficiency in Spain was between 110-115 kg ha'l mm.
Hasanli et al. (2010) reported the highest IWUE of 90
kg ha! mm™ and the lowest IWUE of 38 kg ha! mm
by considering root yield of fodder beet. Sakr et al.,
(2014) determined WUE at four different irrigation
intervals (7, 6, 5 and 4 times irrigation), and reported
as 169 kg ha! mm, 172.5 kg ha! mm, 158.3 kg ha'!
mm?! and 145.3 kg ha! mm, respectively. Hussein
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and Hanan (2014) determined IWUE between 164 -
233 kg hal mm'1, and WUE between 162.9 — 168.8 kg
hal mmfor three different irrigation treatments. The
WUE and IWUE values obtained from the experiment

were similar to the WUE and IWUE values stated in
the previous studies, although it was grown under
different regions and cultivation techniques.
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Figure 5. Relationship between plant water consumption and total wet yield
Sekil 6. Bitki su tiiketimiI ve toplam yags verim arasindaki iliski
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Figure 6. Yield Response Factor (ky)
Sekil 6. Verim tepki etmeni (ky)

CONCLUSIONS

In the experimental conditions, the length of the
growing period of the fodder beet was determined as
183 days. While the total amount of irrigation water
applied in the experimental conditions was 643.6 mm,
515.7 mm, 387.8 mm, 259.8 mm and 131.9 mm in Sy,
S2, S3, Si: and S5 treatments, seasonal crop water
consumption was 782.0 mm, 677.7mm, 576.0 mm,
450.2 mm and 337.1 mm in Si, S, Ss, S4+ and Ss
treatments, respectively. Maximum and minimum dry
leaf yield was 255.5 and 134.1 kg da'l. Maximum and
minimum fresh leaf yield was 1865.7 kg da'l and 570
kg dal. Maximum and minimum fresh tuber yield was
7838.8 kg dal and 1788.1 kg dal. Maximum and
minimum total fresh yield was 9626.9 kg da! and
2435.8 kg da’l. All whose values above have been
determined in S1 and Ss irrigation treatments, while
maximum and the least dry tuber (root) yield of 1319.2
kg dal — 469.9 kg da! obtained in Sz and Ss irrigation
treatments..
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Figure 7. WUE, IWUE and total fresh yield
Sekil 7. WUE, IWUE ve toplam yas verimi
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Seasonal yield response factor (ky), which is an
indicator of the sensitivity of plants to water, was
determined as 1.04. The ky value determined for
fodder beet, considered as an indicator of the medium
resistance of this plant against water deficiency. The
highest water use efficiency and irrigation water use
efficiency in fodder beet were calculated as 145.0 kg ha-
Imm and 157.5 kg ha'l mm™ for S4, respectively. The
lowest water use efficiency was obtained from S5 with
72.3 kg hal mm, while the lowest irrigation water
usage efficiency was obtained from S; with 111.7 kg ha
1 mm. According to these results, Sz irrigation
treatment has been evaluated as the most appropriate
irrigation level under adequate irrigation water
conditions. While, it is possible to use Ss or S4 irrigation
levels in terms of water deficit conditions. S3 and S4 in
this study has difference of approximately to 6.4% in
yield.
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OZET
Bu calismada, tibbi ve ticari degeri yiiksek olan tibbi adacay1 (Salvia

Tarimsal Biyoteknoloji

officinalis L.)'nin in vitro ¢ogaltimi ve in vitro cogaltilan bitkilerin dis Aragtirma Makalesi
ortama aktarilma basarisi incelenmigtir. Eksplant kaynagi olarak

bitkilerin nodal kisimlar: kullanilmig ve in vitro siirgin gelisimi tizerine Makale Tarihgesi

farkl besin ortamlarimin (MS ve B5) ve kok gelisimi iizerine cesitli Gelis Tarihi  :06.12.2021
biiytime diizenleyicilerinin (IAA; Indol asetik asit ve IBA; Indol biitirik Kabul Tarihi :13.09.2022

asit) farkli dozlarinin (0, 0.5, 1.0, 2.0, 4.0 mg L) etkisi arastirilmistir.

MS ortami, in vitro bitki ¢ogaltimi i¢in 6nemli olan daha fazla stirgiin
sayis1 ve vitrifikasyon gostermeyen siirgiinler elde edilmesinde B5
ortamina gore daha etkili bulunmustur. In vitro sartlarda en iyi
koklenme 1.0 mg L1 IBA igeren ortamda gozlenmis, fakat 1.0 mg L1 TAA
iceren ortamindan elde edilen in vitro kokli ve koksluz siirgiinler
digerlerine gore daha yiiksek oranda aklimatize basarisi sergilemistir.
Aklimatize olan bitkilerin hepsi arazi kosullarina bagarili bir sekilde
aktarilmis ve canlhiliklar1 devam etmistir. Sonug olarak, tibbi adagayinin
tek bir genotipinden hizli bir gekilde daha saglikli bitkilerin
cogaltilmasinin belirlenmesi, ticareti ve 1slah ¢calismalari icin alternatif
¢ogaltim olanagi1 sunmaktadar.

ABSTRACT

In this study, in vitro propagation of common sage (Salvia officinalis L.),
which has high medicinal and commercial value, and the success of
transferring in vitro propagated plants to external environment were
investigated. The nodal parts of plants were used as explant source, and
the effects of different nutrient media (MS and B5) on shoot growth in
vitro and different doses (0, 0.5, 1.0, 2.0, 4.0 mg L'!) of various growth
regulators (IAA; Indole acetic acid and IBA; Indole butyric acid) on root
growth were investigated. MS medium had higher shoot number than B5
medium, and found to be more effective in obtaining shoots without
vitrification, which is important for in vitro plant propagation. In vitro,
the best rooting was observed in the medium containing 1.0 mg L't TBA,
but in wvitro rooted and unrooted shoots obtained from the medium
containing 1.0 mg L1 TAA showed higher acclimatization success than the
others. All of the acclimatized plants were successfully transferred to the
field conditions and their vitality continued. As a result, it offers an
alternative propagation opportunity to determinate quickly reproduction
of healthier plants from a single genotype of common sage for trading and
breeding.
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GIRIS

Salvia, tum dinyada sis, farmakolojik ve ekolojik
anlamda onemli olan Lamiaceae familyasinin en
biylk cinsidir ve diinya genelinde yaklagik 900 tir
icerir (Ghorbani & Esmaeilizadeh, 2017). Salvia
cinsinin yiz tiri Turkiye’de bulunur ve bunlarin
yaklagik 50'si endemiktir (Tursun ve ark., 2021). Tibbi
adagay1 olarak bilinen Salvia officinalis L., en yaygin
Salvia turlerinden biridir. Tibbi adagay1 60 cm ile 100
cm arasinda degisen boylarda, beyaz, mavi veya mor
cicekli, yapraklar1 beyazimsi1 griden giimiis rengine
kadar degisen renkte ve tuyli, ¢ok yillik, yar: calimsi
ve sacak kéklere sahip bir bitkidir (Bahtiyarca Bagdat,
2006; Elmas, 2021). Akdeniz iilkelerine 6zgii
farmasotik bitkilerden biri olmasina ragmen diinya
capinda tibbi ve gida amach olarak yetistirilmektedir
(El-Feky & Aboulthana, 2016; Khare ve ark., 2019).
Tibbi adacayr Tirkiye florasinda dogal yayilis
gostermemektedir (Dumanoglu & Sénmez, 2021).
Ancak, TUIK (Tirkiye Istatistik Kurumu) 2020
verilerine gore Turkiyenin Antalya, Denizli, Burdur,
Katahya, Mugla, Tekirdag, Manisa, Diizce, Adana,
Ankara, Eskisehir, Usak, Sanlurfa, Izmir, Hatay,
Kayseri illerinde tibbi adagay: kiltiirti yapilmaktadir
(Anonim, 2021). Tibbi Adacayi, eski zamanlardan beri
geleneksel tipta terlemeyi azaltmak, bogaz agrisi igin
gargara olarak, adet dongisinin  diizenini
iyilestirmek ve menopozda sicak basmalar1 azaltmak,
gastroenterit ve diger enfeksiyonlarla savasmak, genel
olarak lipid durumunu ve karaciger fonksiyonunu
iyilestirmek, istahi iyilestirmek, sindirim ve zihinsel
kapasiteyi  gelistirmek  i¢cin  kullanilmaktadir
(Anonymus, 2021; Yaman, 2021). Hatta, Ghorbania &
Esmaeilizadeh (2017)'e gore adacayinin insanlar
tuzerindeki su ana kadar onaylanmigs klinik
farmakolojik etkileri arasinda hafiza ve biligsel
islevlerin 1iyilestirilmesi, Ozellikle bogaz agris1 i¢in
agrinin giderilmesi ve kan sekerinde (HbA1c ve tokluk
glikoz dahil) ve lipid profilinde (6zellikle yiiksek
yogunluklu lipoprotein, HDL'de bir artig) o6énemli
iyilesme gibi etkiler yer almaktadir. Bu tiriin biyolojik
ve farmakolojik o6zelliklerinden sorumlu olabilecek
fenolik bilesikler ve ugucu yag gibi iki ciddi sekonder
metabolit grubuna sahiptir (El-Feky & Aboulthana,
2016). Tibbi adacayinin ucucu yagi, hipotansif ve
hipoglisemik 6zelliklere, anti-spazmodik etkilere, anti-
inflamatuar potansiyele ve merkezi sinir sistemi
depresan aktivitesine sahip seskiterpenler,
monoterpenler, triterpenoidler, oleanolik asit ve
ursolik asit iceren bir bir karisimdir (Khare ve ark.,
2019). Rosmarinik asit ve tiirevleri, S. officinalis
turtindeki fenolik asitlerin 6nemli bir kismim
olugturur (Lu & Foo, 1999) ve radikal siipiiriicii
aktivitelerinden ve terapotik ozelliklerinden
sorumludur (El-Feky & Aboulthana, 2016). Son
zamanlarda tibbi bitkilerin herbal caylar1 (infiizyon
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veya dekoksiyon) hem zevk hem de saglik tizerindeki
olumlu etkiler1 nedeniyle tiiketimi popliler hale
gelmekte olup, 6nemli tibbi bitkilerden biri olan tibbi
adacaymin herbal ¢aylar1 da birgok tilkede bu amagla
tiikketilmektedir (Atoui ve ark., 2005). Ayn1 zamanda
aromaterapi, parfimeri, kozmetik sektoriinde;
baharat, bitkisel boya ve gida koruyucu olarak da
bircok kullanim alanina sahiptir (Bahtiyarca Bagdat,
2006). Tibbi adacaynin geleneksel ve endiistriyel
kullanimlar1 nedeni ile yetigtiriciligi her gecen giin
artmaktadir.

Tibbi adacayi, generatif olarak tohumla, vejetatif
olarak ise celikle cogaltilabilmektedir (Ayanoglu ve
Ozkan, 2000; Kara ve ark., 2011). Genel olarak, Salvia
turlerinin tohum kabugu etrafinda musilajims1 yapi
icermesinden dolay1 tohumdan ¢imlenme oranlarinin
diisiik oldugu bilinmektedir (Yaman, 2020). Aghilian
ve ark. (2014) calismalarinda Salvia officinalis
tirinin ¢imlenme oranini %45 olarak kaydetmistir.
Bu nedenden dolayi, tibbi adagay1 ¢ogaltiminda ¢elikle
uretim tercih edilmektedir. Salvia officinalis bitkisinin
celikle cogaltilmasinda oksin uygulamalarinin,
celiklerin koklenmesinde o6nemli derecede olumlu
etkiler gosterdigi, ozellikle yapilan arastirmalarda
IBA uygulamasinin kok olusumuna en 6nemli etkiyi
yaptig1 bildirilmistir (Ayanoglu & Ozkan, 2000; Kara
ve ark., 2011). Fakat celikle cogaltmada, kék olusum
oranlar1 tirler arasinda o6nemli degiskenlikler
gostermektedir (Kara ve ark., 2011). Son zamanlarda
bitkilerin ¢ogaltimi i¢in alternatif bir yontem olan
doku kilturi teknikleri de kullamilmaktadir. Doku
kiiltiirii, cesitli nedenlerden dolayr (dormansi,
embriyonun gelisememesi, celiklerin koklenememesi
vb.) generatif veya vejetatif cogaltilmasinda sorunlar
yasanan Dbitkilerin ¢ogaltilmasinda, ticari degeri
yiksek olan tiirlerin hizli ¢ogaltimi ve nesli tehlike
altinda bulunan tirlerin korunmasi i¢in kullanilan
o6nemli bir ¢cogaltma yontemidir.

Salvia turleri i¢in doku kiltiri ile cogaltilmasi
hakkinda calismalar her gegen gin artmaktadir
(Tirkmen, 2009; Zayova ve ark., 2016; Uyank, 2017;
Yadav ve ark. 2019) Bu kapsamda daha o6nceki
calismalarda S. officinalis tiri uzerinde hiicre ve
kallus kiltirleri, stirgliin ve sagak kok kulturleri ile in
vitro cogaltma kiiltiirleri yapilmistir (Kintzios ve ark.,
1999; Bolta ve ark., 2003; Grzegorczyk ve ark. , 2005;
Grzegorezyk ve ark., 2006; Tawfik & Mohamed, 2007;
Irina, 2008; Lemraski ve ark., 2014). Ekonomik degeri
yiksek olan bu Salvia tirintn son zamanlarda artan
taleplerinden dolay1 yetistiricilik alanlar1 da
artmaktadir. Bu ¢alisma ile tibbi adagayinin generatif
ve gelikle Gretmeye alternatif ¢ogaltma yontemi olan
in vitro yontemle cogaltilabilirliligi arastirilmigtir.
Calisma kapsaminda, tibbi ve ticari degeri yliksek olan
tibbi adacay1 (Salvia officinalis L.) tiiriiniin arazi
kogullarinda deneme kurma potansiyeline sahip
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olabilecek bitki materyalinin in vitro sartlardan

cogaltilmasi, koklenmesi ve in vitro sartlarda
kéklenen/kéklenmeyen bitkilerin aklimatizasyon (dis
ortama alistirma) bagarisinin belirlenmesi
amaclanmigtir.

MATERYAL ve METOD

Materyal

Yalova-Atatirk Bahge Kiilturleri Merkez Arastirma
Enstitiisii'nden temin edilen (2019) Salvia officinalis
L. (tibbi adacay1) tohumlar1 bitki materyali olarak
kullanilmigtar.

Eksplant Kaynag:

Eksplant kaynagi olarak, iklimlendirme odasinda
kontrollii sartlarda (24+2 °C, %60 nem ve 16/8 saat
1sik/karanlik periyodu) kiiltiire alinan tohumlardan
elde edilmis bitkilerin (2 aylik) nodal kisimlar
kullanilmigtir. Herbir eksplant tek nodal iceren 1 cm
uzunlugunda kesilmistir.

Eksplant Sterilizasyonu

Eksplantlar, %20'ik ticari camasir suyu c¢ozeltisi (% 5
sodyum hipoklorit (NaOCl)) i¢inde arada ¢alkalanarak
15 dakika siire ile sterilize edilmistir. Steril saf su ile
4 kez 5'er dk stire ile durulanmigtir. Eksplantlar dikim
yapilmadan o6nce alt kismindan birka¢c mm kesilerek
besin ortamina dikilmigtir.

Strgiin Kiiltir Sartlar:

Sturgiin gelisimi i¢in Grzegorczyk-Karolak ve ark.
(2020) ve Rostami ve ark. (2022) ¢alismalar1 modifiye
edilerek uygulanmigtir. Temel besin ortamlar: olarak
MS (Murashige ve Skoog, 1962) ve B5 (Gamborg, 1970)
besin ortamlar1 ayr1 ayri kullanilmig ve her iki besin
ortami 0.25 mg L1 BAP (6-benzil amino piirin), 0.5 mg
L1 Kinetin, 1.0 mg L-! IAA (Indol asetik asit) bitki
bluytume diizenleyicileri, 30 gr sukroz ve 6.5 gr agar ile
desteklenmigtir. Besin ortamlarinin pH’s1 1 N NaOH
yva da 1 N HCI kullanilarak 5.8'e ayarlanmigtir.
Hazirlanan besin ortamlari 121 °C'de 1.2 atmosfer
basing altinda 20 dk otoklavda tutularak sterilize
edilmigtir.

Eksplantlar hazirlanan her iki steril besin ortamlarina
kiltire alinmig ve tim kiltiirler 24+2 °C, %60 nem ve
16/8 saat 1sik/karanlik periyodunda inkiibe edilmigtir.
Tim kiltirler 15 giinde bir alt kiltiire alinmis,
deneme i¢in yeterli diizeyde eksplant kaynagi
cogaltimi elde edildiginde in vitro siirgiinlerin nodal
kisimlar1  kullanilarak denemeler kurulmustur.
Deneme her iki besin ortam igin 4 tekerrirli ve herbir
tekerriirde 5 eksplant olacak gsekilde tasarlanmigtir.
Kiltiirden 4 hafta sonra denemeler sonlandirilmig ve
her iki besin ortamindaki bitkilerin stirgiin sayisi
(adet), siirgiin boyu (cm), yaprak sayis1 (adet), yaprak
boyu (cm), bitki taze agirhigi (g) ve bitki kuru agirhiga
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(g) dlgiimleri yapilmigtir.

Koklendirme Kiltiir Sartlar

Koklendirme denemesi i¢in eksplant kaynag: 0.25 mg
L1BAP, 0.5 mg L'l Kinetin, 1.0 mg L-1 TAA MS besin
ortamindan elde edilmigtir. Bu ortamda kiiltiir edilen
nodal eksplantlar1 her 15 giinde bir taze besin
ortamina alindi ve 4 haftalik in vitro stirgtinlerin nodal
kisimlar: kullanilarak ayni ortamlarda mikrocogaltim
yapilmigstir. Yeteri kadar eksplant kaynag: elde
edildiginde yaklagik 4 haftalik 4-5 yaprakli in vitro
stirglinler koklendirme denemesi igin kullanilmistir.
Koklendirme deneme i¢in in vitro siirgiinler indol
asetik asit IAA) (0, 0.5, 1.0, 2.0, ve 4.0 mg L) veya
Indol biitirik asit (IBA) (0, 0.5, 1.0, 2.0, ve 4.0 mg L1)
bluytume duzenleyicileri iceren MS besin ortaminda 6
hafta sure ile kiiltur edilmigtir. Her ortama 30 g sukroz
eklenmis ve 6.5 g agar ile katilagtirilmistir. Deneme 4
tekerrirli ve her bir tekerriirde 4-5 yaprakli bitki
olacak sekilde kurulmustur. Kiltiirden 6 hafta sonra,
kok olusumu (%), kok sayist (adet), kék boyu (cm),
siirglin gelisimi (%), siirgiin sayis1 (adet), siirgiin boyu
(cm), yaprak sayis1 (adet) ve taze agirliklar: (mg) gibi
6l¢imler alinmigtar.

Aklimatizasyon

Aklimatizasyon i¢in viyollere 2:1 oraninda torf:perlit
karisimi konulmustur. Kokleri olmayan tibbi adacay:
bitkileri 1000 ppm'lik IBA solisyonuna 5 sn
daldirildiktan sonra viyollere dikilmistir (Ayanoglu &
Ozkan, 2000; Kara ve ark, 2011; Izgi, 2020). Tibbi
adacay1 bitkileri kokli ve koksliz olanlar ayri ayri
olacak gekilde viyollere dikilmigtir. Viyoller seffaf bir
kap icerisine yerlestirilmis ve benzer bir kap ile de
uzeri kapatilmig ve iklim odasinda 24 °C'de, %60
nemde 16/8 saat i1sik/karanlik periyodunda kultire
alinmigtir. Gerekli oldugu durumlarda sulama
yapilmistir ve 1 hafta sonra viyollerin {izeri 7 giin stire
ile her gin birka¢ saat acilarak havalanmasi
saglanmistir. Kultirden 2 hafta sonra viyollerin tizeri
tamamen agilarak iklim odasinda gelisimlerine devam
etmigtir. Kiltirden 4 hafta sonra bitkiler sera
kogullarina alinmig canlilik oranlari tespit edilmistir.

Istatistiksel Analizler

Elde edilen veriler varyans analizine tabi tutulmus ve
ikiden fazla uygulamalar arasindaki farklilik Duncan
coklu karsilagtirma testi ile kiyaslanmistir (Diizglines
ve ark., 1983). Iki uygulama arasinda analiz edilen
parametreler agisindan bir farklilik olup olmadigim
belirlemek amaciyla t Testi kullanilmig ve p degerinin
0.05 veya daha kiiclik olmasi anlamli kabul edilmigtir.
Veriler igerinde ylizde degerleri olanlar once aci
degerlerine donustiurilmiis, daha sonra varyans
analize tabi tutulmustur (Snedecor and Cochran,
1967). Tiim istatistiki analizler SPSS bilgisayar paket
programinda yapilmigtir.
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BULGULAR ve TARTISMA

In vitro Siirgiin Geligimi

Bu calismada, ekonomik olarak degerli bir tibbi ve
aromatik bitki olan tibbi adacay1 (Salvia officinalis L.)
bitkisinin in vitro ¢ogaltilabilirliligi arastirilmigtir.
Bagsarih bir in wvitro c¢ogaltimdaki ilk engel,
eksplantlarla birlikte ekzojen ve endojen kaynakli
mikroorganizmalarin varhgidir. Yabani kaynaktan
elde edilen secilmis eksplantlardan steril kiltiurlerin
olusturulmasi 6n kosuldur. Ancak ¢ok yillik bitkiler

s6z konusu oldugunda sterilizasyon isi zorlagmaktadir
(Shekhawat ve ark., 2012; Aghaye & Yadollahi, 2012).

Kontrolli serada yetistirilmig tibbi adacay: fidelerden
alinan nodal eksplantlarinin 15 dakika siireyle %20
ticari ¢amasir suyu ile muamele edilmesi, %100
basarili bir gekilde sterilize edilmesinde etkili
olmustur. Uyamk (2017) calismalarinda dogada
yetisen tibbi adacayr orneklerinden almis olduklari
eksplantlarda %86.7 ile en yiiksek sterilizasyonu 20
dakika %1571ik ticari ¢amasir suyu uygulamasindan

elde etmistir. Aradaki farklihigin sterilizasyon
soliisyonunun konsantrasyonundan
kaynaklanabilecegi gibi eksplant kaynagi olarak

kullanilan fidelerin yetistikleri ortam ve yasindan da
meydana gelebilir.

Cok yillik bitkilerin in vitro kiiltiriinde kargilagilan

diger bir zorluk ise kiiltiire alinan eksplantlarin besin
ortamina fenolik bilesik salgilamasidir. Bitkilerdeki
fenolik bilesikler, bitki gelisiminde biyotik ve abiyotik
streslere karsi koruma icin gerekli olan sekonder
metabolitlerdir (Kefeli ve ark., 2003). Ancak, bu
fenolik  bilegiklerin  besin  ortamina  sizmasi,
eksplantlarin in vitrorejenerasyonuna kargit olan bazi
toksik bilesikler icerebilir (Dibax ve ark., 2005). Ayrica
salgilanan fenolik bilesikler, polifenoloksidazlar ve
peroksidaz enzimleri tarafindan kolayca oksitlenebilir
(Bhat & Chandel, 1991) ve besin ortaminin
esmerlesmesine/ kararmasina, nihayetinde de
eksplantlarin 6liimiine yol acabilir (Laukkanen ve
ark., 1999; Arnaldos ve ark., 2001). Bircok bilimsel
calismada, eksplantlarin antioksidanlarla 6n isleme
tabi tutulmasi ve ortama polifenol adsorbanlarinin
dahil edilmesinin bu sorunun bir dereceye kadar
cozebilecegini 6ne siirmiistir (Abdelwahd ve ark.,
2008; Jiang ve ark., 2018; Nishchal ve ark., 2018; Raj
ve ark., 2020). Bu calismada cok yillik bir bitki olan
tibbi adacayr eksplantlarinin kiltiir ortaminda yok
denecek kadar az salg1 gézlenmisgtir.

Tibbi adagayinin siirgiin gelisimi igin 0.25 mg L' BAP,
0.5 mg L! Kinetin, 1.0 mg L! TAA igceren MS ve B5
temel besin ortamlari ayri ayri kullanilmis ve elde
edilen veriler Cizelge 1’de verilmigtir.

Cizelge 1. Tibbi adacayinda MS ve B5 besin ortamlarinin bitki gelisime etkisi
Table 1. Effect of MS and B5 nutrient media on plant growth parameters in medicinal sage

MS B5 p
Siirgiin sayis1 (adet) (Shoot number) 4.19 3.00 0.002*
Siirgiin boyu (cm) (Shoot length (cm)) 4.36 5.64 0.003™
Yaprak sayis1 (adet) (Leaves number) 35.25 20.67 <0.001**
Yaprak boyu (cm) (Leaves length (cm)) 1.12 1.27 0.305
Bitki taze agirhig1 (g) (Fresh weight (g)) 0.58 0.68 0.006*
Bitki kuru agirhg (g) (Dry weight () 0.07 0.06 0.015

** p<0.010. *, p<0.050

Cizelge 1’deki verilere goére, besin ortami farklilig:
stirgin sayisi, sirgiun boyu, yaprak sayisi, bitki taze
agirhg ve bitki kuru agirligr tizerine istatiksel olarak
etkili bulunmustur. Bitki ¢ogaltiminda strgiin sayisi
onemli bir parametre oldugundan, MS besin ortam
(4.19 adet) B5 ortamina (3.00 adet) gore daha etkili
oldugu tespit edilmistir. Benzer olarak, Uyanik (2017)
calismalarinda, endemik Salvia turlerinin in vitro
cogaltimi iizerine farklh besin ortamlarmnin (MS, B5,
FN, NN) etkisini incelemis ve en yiiksek etkiyi MS
ortaminda oldugunu vurgulamigtir.

Hiperhidrik olarak da ifade edilen vitrifikasyon
(camlasma), in vitro kosullarda bitkilerin vejetatif
olarak ¢ogaltiminda meydana gelen en Onemli
morfolojik ve fizyolojik sorunlardan bir tanesidir.
Vitrifikasyonun nedenleri besin ortamindaki oksin,
sitokinin, mineral madde, seker ve agar miktari,
morfolojik ve ekolojik etmenler olarak ifade edilmistir
(Mansuroglu & Giirel, 2001). Bu ¢calismada, Sekil 1'de
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de gorulduagi gibi B5 besin ortaminda geligsen
stirgliinlerde camlagsma goralmistir. Bu durum
rejenere olan siirgiinlerin herba veriminin daha diisiik
¢itkmasina neden olmustur. Istatistiki olarak da, B5
ortaminda geligen siirglinlerin taze agirliklar1 daha
yuksek olmasina ragmen herba verimleri ise MS
ortaminda gelisen Dbitkilere g6ére daha dusik
bulunmustur (Cizelge 2). Baz1 bilim adamlar1 Salvia
tirleri igin 1.0 mg L' dozundan daha yiiksek BAP
iceren MS ortamlarinda rejenere siirgiin sayisinda
vitrifikasyon oraninin artmasina neden oldugunu
vurgulamistir  (Echeverrigaray ve ark., 2010;
Grigoriadou ve ark., 2020). Petrova ve ark. (2015)
¢alismalarinda ise Salvia officinalis tirinin BAP ve
TAA igeren MS besin ortamlarinda geligen siirgiinlerin
en fazla %5’de oraninda vitrifikasyon oldugunu rapor
etmigtir. Bu c¢alismada, MS ortaminda gelisen
stirgiinlerde normal bir morfolojide oldugu ve 6nceki
literatiirleri destekledigi gézlenmistir.
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Sekil 1. 0.25 mg L't BAP, 0.5 mg Lt Kinetin, 1.0 mg L1 IAA ile desteklenmis tibbi adacayinin ayr1 ayr1 MS (a) ve

B5 (b) ortamlarinda mikrocogaltilmasi

Figure 1. Micropropagation of common sage supplemented with 0.256 mg L-1 BAP, 0.5 mg L-! Kinetin, 1.0 mg L-!

IAA in separately MS (a) and B5 (b) media

In vitro Koklendirme

MS ortaminda daha iyi gelisim gosteren tibbi adacay:
surgunlerinin 1n vitro kok gelisimi Uzerine iki farkh
oksin (IAA ve IBA) biiylime diizenleyicisi ve farkl
dozlarmin (0, 0.5, 1, 2, 4 mg LY etkisi incelenmis ve
sonuclar Cizelge 2'de verilmistir. Avato ve ark. (2005),
S. officinalisin kok olusumu i¢in oksin takviyesinin
gerekli olmadigimi bildirmistir. Ayn1 sekilde birgok
bilim adami bazi1 Salvia tiirleri iginde benzer ifadede
bulunmustur (Chen ve ark., 2005; Echeverrigaray ve
ark., 2010). Bu calismada da bitki biyiime
dizenleyicileri  olmadan  kontrol  ortamindaki

stirgiinlerin %50 kok olusumunu tesvik ettigi ve
biiyiime diizenleyicisi iceren ortamlardan (IAA icin
%31.3 ve IBA icin %25.0) daha yiiksek oldugu tespit
edilmistir. Irina (2008), tibbi adacayr (Salvia
officinalis)min in vitro kéklendirilmesinde IBAmin tek
basina koéklenmeye etkisinin olmadigini, NAA'nin ise
tek basina ve Kkinetin ile kombine bir gekilde
uygulandiginda daha iyi sonuclar verdigini ifade
etmistir. Erisen ve ark. (2020) calismalarinda Salvia
sclarea turunun in vitro surgunlerinin koéklenme
frekans1 tizerine IBA’'in IAA’dan daha dusik etki
gosterdigini, fakat NAA en yuksek etkiye sahip
oldugunu rapor etmistir.

Cizelge 2. Tibbi adacayinda TAA ve IBA igeren MS ortaminin kéklenme tizerine etkileri
Table 2. Effects of MS medium containing IAA and IBA on rooting in medicinal sage

Biiyiime Diizenleyicileri Doz Kok olusuml} Kok sayisi Kok uzunlugu
Growth regulators Dose Root formation Root number Root length
(mg L1) (%) (adet) (cm)
Kontrol (Control) 50.0 a 1.8+0.2 d  1.8+0.3 b
0.5 25.0 ab 3.8+0.2 b 1.1+0.2 c
IAA 1.0 50.0 a 2.0+0.1 d 1.8+0.4 b
Indole acetic acid 2.0 25.0 ab 0.9+0.1 e 0.9+0.1 c
4.0 25.0 ab 3.2+0.5 c 0.3+0.1 d
Ort. 31.3 2.5 1.0
0.5 0.0 b 0.0 f 0.0 d
IBA 1.0 41.7 a 5.3+0.7 a 2.5+0.1 a
Indole butyric acid 2.0 33.3 ab 2.0+0.3 d 1.9+0.1 b
4.0 25.0 ab 1.7+0.4 d 0.8+0.1 c
Ort. 25.0 2.3 1.3

Ancak, bir bitkinin topraga tutunabilmesi i¢in kok
olusumunun 6nemli oldugu kadar kok sayisinin fazla
olmasi da Onemlidir. = Uygulamada  buyume
diizenleyicileri bulunan ortamlarda koék sayisinin
kontrole (1.8 adet) gore daha yiiksek oldugu, hatta IAA
(2.5 adet)in IBA (2.3 adet)dan daha etkili oldugu
kaydedilmistir. Birgok arastirmada da benzer sonuglar
vurgulanmistir (Echeverrigaray ve ark., 2010; Erigen

ve ark., 2020). Kék uzunluklar: incelendiginde, 1.8 cm
ile kontrol grubu IAA (1.0 cm) ve IBA (1.3 cm)’dan
daha yiiksek bulunmustur.

Kok geligimi lizerine biiyime dizenleyici dozlarinin
etkisi incelendiginde kontrolden daha etkili ortamlar
oldugu gézlenmistir (Sekil 2). Kok tesvigi izerine IAA
ve IBA'nin 1.0 mg L dozlarinin (sirasiyla %50.0 ve %
41.7) kontrol ile istatistiki olarak ayni grupta yer almis
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ve 1.0 mg L1 IBA kék sayisi (5.3 adet) ve kék uzunlugu
(2.5 cm) iizerine en giiclii etkiyi gostermistir. Bu
calisma ile benzer olarak, Petrova ve ark. (2015) S
officinalis in vitro sirglinlerinin kok gelisimi lizerine
1.0 mg L! IBAmnin diger konsantrasyon ve
uygulamalara gore daha ylksek etki sergiledigini

bildirmistir. Tawfik ve Mohamed (2007), calismasinda
IBA kullanarak in vitro S. officinalis surgunlerini
koklendirmis ve koklendirme ortamina ilave edilen
askorbik asitin kéklenmeye etkisinin oldugunu ifade
etmigtir.

Sekil 2. 1.0 mg L1 IAA (a) ve IBA (b) iceren MS besin ortaminda kéklenen tibbi adacay: bitkileri
Figure 2. Medicinal sage plants rooted in MS nutrient medium containing 1.0 mg L'! IAA (a) and IBA (b)

Aklimatizasyon

Uygulanan in vitro ortamlardan elde edilen hem kokli
hem de koksiiz bitkilerin aklimatizasyon oranlari
belirlenmistir. Torf:perlit (1:1) iceren viyollere
aktarilan koklu bitkiler, bir yetistirme odasinda,
24°C'lik sabit gece/giindiiz sicakligr altinda, 16 saatlik
bir 1s1k fotoperiyodunda basariyla iklimlendirilmigtir
(Sekil 3). Ayn1 zamanda koksiiz siirgiinler 1000 pm
konsantrasyonundaki IBA biiylime diizenleyicisinde 5
sn bekletilmig ve daha sonra torf:perlit iceren viyollere
aktarilmis ve kontrol dahil IAA ve IBA'dan tiretilen
strginlerin bir kisminin koéklendigi gozlenmistir

(Sekil 4).

Aklimatizasyon orani (%)

Biiyiime diizenleyicilerin dozu

Kokl bitkiler igerisinde aklimatize oranlar: Sekil 4'de
verilmis ve kontrol bitkileri, 1.0 mg L1 TAA, 2.0 mg L!
IBA ve 4.0 mg Lt IBA uygulamalarindan elde edilen
kokli  bitkiler %100 aklimatize oranina sahip
olmustur. Koksiiz bitkilerden ise 1.0 mg L1 TAA
uygulamasindan elde edilen stirgiinler %100 canlilik
aklimatize gostermistir. Sonu¢ olarak, in vitro
koklendirme galigmasinda kullanilan 1.0 mg L1 TAA
uygulamasindan elde edilen fide ve siirgiinlerin
aklimatize ve aklimatize olan bitkilerin arazi
kogullarinda adapte olma oranlarimin ¢ok ylksek
oldugu tespit edilmistir (Sekil 5).

mIAA
W IBA

Sekil 3. IAA veya IBA iceren ortamlardan elde edilen kéklii tibbi adagayi bitkilerinin aklimatizasyon oranlar: (%)
Figure 3. Acclimatization rates (%) of rooted common sage seedling by TAA or IBA
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Aklimatizasyon orani (%)

1.0

2.0

Bilyiime diizenleyicilerinin dozu

HIAA
mIBA

Sekil 4. IAA ve IBA iceren ortamlarda koklenmeyen tibbi adagayi bitkilerinin aklimatizasyon oranlari (%)
Figure 4. Acclimatization rates (%) of rootless seedlings of common sage by IAA or IBA

SONUC ve ONERILER

Bu calisma ile tibbi adacay1 (Salvia officinalis)min in
vitro ¢ogaltimi protokolii belirlenmeye calisilmigtir.
Farkli besin ortamlarinda gelisimi incelenen tibbi
adacaymin MS ortaminda daha iyi gelisim gosterdigi
belirlenmigtir. Kullanilan koéklendirme icin IBA ve
TAA'min koklenmeye etkileri incelenmis ve 1.0 mg L1
IBA'min tibb1 adacaymin koéklenmesinde daha etkili
oldugu sonucuna ulasilmistir. Aklimatizasyon
asamasinda 1.0 mg L IAA ortamindan gelen koklia
veya koksiiz bitkilerin daha basarili bir sekilde dig
ortama adapte olmustur. Bu nedenle, kéklendirme i¢in
daha uygun oldugu tespit edilmistir. Sonug olarak,
ekonomik olarak degerli olan ve her gecen zamanda
kiltir alani genigleyen S. officinalis 1. bu yontemle
hizli bir sekilde aynmi klonal 6zellige sahip bitkicikler
uretilebilir ve bu bitkiler 1slah calismalarinda ve
kltiir denemelerinin kurulmasinda alternatif tiretim
amaciyla kullanilabilir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismasi Beyani
Makale yazarlar1 aralarinda herhangi bir ¢kar

catigsmasi olmadigini beyan ederler.
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Sekil 5. Tibbi adacaymin in vitro cogaltimi ve dis ortama aktarilmasi: a) eksplantlarin steril edilmesi, b) 0.25 mg
L1 BAP, 0.5 mg L' Kinetin, 1.0 mg L-1 IAA iceren MS ortaminda mikrocogaltim, ¢) in vitro siirgiinlerin
koklendirilmesi, d) koklii ve koksiiz in vitro stirgiinlerin aklimatize edilmesi, e) aklimatize edilen
bitkilerin serada biiyiitiilmesi, f) in vitro kosullardan gelistirilen bitkilerin tarladaki gériiniimii (iki ay
sonra).

Figure 5. In vitro propagation and acclimatization of common sage: a) sterilization of explants, b) micropropagation
in MS medium containing 0.25 mg L-1 BAP, 0.5 mg L-1 Kinetin, 1.0 mg L-1 IAA, ¢) rooting of shoots, d)
acclimatization of rooted and rootless shoots, e¢) Growing of acclimatized plants in greenhouse, f)
appearance in field of plants developed from in vitro conditions (after two months).
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ABSTRACT

The aim of this study was to compare of agronomic and quality
parameters of peanut varieties (Arachis hypogea L.) grown as main crop
in Mediterranean Region of Tiirkiye. Principal component analysis (PCA)
was used for evaluating the results of varieties. Field experiments were
conducted over during the main crop seasons of the years 2018 and 2019.
The experiment was designed as randomized complete block design
(RCBD) with three replications. Runner (Georgia Green), Spanish
(Florispan) and Virginia market types (Sultan, Brantley, BATEM-
Cihangir, BATEM-5025, Arioglu-2003, Halisbey, NC-7, Flower-22,
Wilson, NC-V-11, Com, Osmaniye-2005, Gazipasa) peanut varieties were
used as plant materials. According to PCA two-year average, PC1, PC2
and PC3 explained about 80% in joined years. Georgia Green could be
recommended to achieve high efficiency shelling percentage (73.96%) and
pod yield (497.24 kg dal), and Arioglu-2003 could be the optimum
selection on the first quality pod ratio (80.28%) and protein content
(28.76%).

OZET

Bu calismada, Akdeniz Bolgesi'nde ana urilin olarak yetistirilen yerfistig:
cesitlerinin (Arachis hypogea L.) baz1 agronomik ve kalite ézelliklerinin
kargilastirilmas: amacglanmigtir. Tesadif bloklar1 deneme desenine gore
3 tekerriirlii ve 2 yil (2018 ve 2019) siireyle yiiriitiilmiistiir. Elde edilen
sonuclarin  degerlendirilmesi icin temel bilesen analizi (TBA)
kullanilmistir. Runner (Georgia Green), Spanish (Florispan) ve Virginia
pazar tiplerine (Sultan, Brantley, BATEM-Cihangir, BATEM-5025,
Arioglu-2003, Halisbey, NC-7, Flower-22, Wilson, NC-V-11, Com,
Osmaniye-2005, Gazipasa) ait yerfistig1 cesitleri bitki materyali olarak
kullanilmigtir. Yapilan TBA sonucunda, iki yillik ortalamalara gére PC1,
PC2 ve PC3 bilegenleri toplam varyasyonun yaklasitk %80'ini
aciklamistir. Sonuc olarak, Georgia Green cesidi hem i¢ orani (%73.96)
hem de meyve verimiyle (497.24 kg da'!) én plana cikarken, birinci kalite
meyve sayisl orani (%80.28) ve protein icerigi (%28.76) acisindan ise
Ar10glu-2003 gesidi 6n plana gikmigtir.
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INTRODUCTION al., 2016; Yilmaz, 2022). Peanut seeds contain

Peanut (Arachis hypogea L.), from Fabaceae, is an
important oil crop and used in both human and animal
nutrition because of its protein, mineral and
carbohydrate contents (Awal & Aktar, 2015; Arioglu et

approximately 45-55% oil and 25-30% protein. Peanut
oil is composed of 43% oleic acid (| C18:1), 30% linoleic
acid (| C18:2]), and 12% palmitic acid (| C16:0]) (Shin
et al., 2010; Yasli et al., 2020). High oleic acid content
provides an extended shelf life for peanut-derived
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products in food applications (Yol & Uzun, 2018; Sahin
et al., 2022). Because of crop pulp has the highest crude
protein (45%) after the oil extraction, it is used for
making mixed feed in developed countries (Arioglu et
al., 2016). There are four market types of peanuts such
as Spanish, Valencia, Runner, and Virginia. Each
market type has own nutritional composition, flavor,
and pod size (Arioglu, 2014; Zhao et al., 2017;
Karabulut & Tuncturk, 2019).

Peanut absorbs the high amount of nitrogen from the
soil when harvesting because of it is a legume plant
and its seed contains high protein content. The
researchers reported that peanut plant fixed about 45-
150 kg ha'! nitrogen during the growing period (Gohari
& Niyaki, 2010; Yilmaz et al., 2022). Nitrogen, fixed by
Rhizobium, is stored as nodules in plant roots and a
large proportion of this nitrogen is used by the plants
(Arioglu et al., 2016; Karabulut & Tuncturk, 2019;
Yasli et al., 2020).

The World produced about 53.6 million tonnes of
peanut on 31.5 million ha area in 2020. The top
producers are China, India, Nigeria, the USA, and
Sudan (FAO, 2022). In 2020, Republic of Tiirkiye
produced about 216 thousand tonnes of peanut on 54.7
thousand ha area. Adana and Osmaniye, located in
Mediterranean region, were the top producer provinces
as about 90% (TUIK, 2022). Peanut can be valuable
alternative crop for the irrigated areas of the
Mediterranean basin which has suitable temperature
regimes for both vegetative and reproductive growth of
peanut (Caliskan et al., 2008; Yol & Uzun, 2018). In
2020, shelled peanut is one the most important market
product in the World which has 3.6 billion USD import
and 3.5 billion USD export values. The importers were
Netherlands, Indonesia, UK, Mexico, and Germany
while the top five exporters were India, China, USA,
Argentina, and Netherlands (FAO, 2022).

The percentage of flowers turned to pegs and the

Table 1. Some characteristics of peanut varieties.
Cizelge 1. Yerfistigi cegitlerinin bazi ozellikleri

percentage of pegs turned to pods were the most
promising characteristics that could contribute to seed
yield increase in peanut production (Caliskan et al.,
2008). These researchers also reported that the highest
pod yield was obtained from Osmaniye 2005 variety
which had the lowest number of flowers per plant and
the highest percentage of flowers turned to pods.

Arioglu et al. (2016) investigated the some important
agronomical and quality properties of peanut varieties
in main crop season. As a result of study, they
indicated that pod yield varied between 366-879 kg da-
1, and average oil and protein contents were 49% and
26%, respectively.

Asik et al. (2018) reported that the number of pods per
plant, 100 seed weight, internal rate and pod yield
were varied between 15.53-43.31, 53.27-132.68 g,
62.40-76.57% and 234.46-655.41 kg da’l, respectively.
Halisbey, Osmaniye-2005, Sultan, NC-V-11, BATEM-
5025 and Brantley were as alternative varieties for
NC-7, mostly chosen by farmers, for getting highest
pod yield.

The objectives of this study were to determine the
agronomic and quality characteristics of peanut
varieties grown as a main crop season in
Mediterranean Region of Tiirkiye.

MATERIAL and METHOD

Material

Georgia Green, Sultan, Brantley, BATEM-Cihangir,
BATEM-5025, Arioglu-2003, Halisbey, NC-7,
Florispan, Flower-22, Wilson, NC-V-11, Com,

Osmaniye-2005 and Gazipasa were used as a plant
material in the study (Table 1). Experiments were
carried out over the experimental fields of Osmaniye
0Oil Seed Research (37°03'41”N, 36°06'79”E; 50 m) in
Turkiye during the main growing seasons of 2018 and
2019.

Varieties Growing Type Market Type Origin
Florispan Erect Spanish USA
BATEM-Cihangir Semi-erect Virginia Turkiye
Georgia Green Spreading Runner USA
Sultan Semi-spreading Virginia Tirkiye
Brantley Semi-spreading Virginia USA
BATEM-5025 Semi-spreading Virginia Turkiye
Arioglu-2003 Semi-spreading Virginia Turkiye
Halisbey Semi-spreading Virginia Turkiye
NC-7 Semi-spreading Virginia USA
Flower-22 Semi-spreading Virginia China
Wilson Semi-spreading Virginia USA
NC-V-11 Semi-spreading Virginia USA
Com Semi-spreading Virginia Turkiye
Osmaniye-2005 Semi-spreading Virginia Tirkiye
Gazipasa Semi-spreading Virginia Tirkiye
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The pH of the clay-loam soil used in the study was
slightly alkaline (pH ~8). Lime content of the soil was
optimum (~10%) while the organic matter of soil was
low (~1.20%). Climate parameters -total precipitation,
average temperature and relative humidity- during
2018 and 2019 growing period and long year (LY) were
shown in Figure 1. The total precipitation was 220.1
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2018
2019
LYA
2018
2019 1
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2018
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LYA

mmm Precipitation (mm)

mm in 2018 and 193.8 mm in 2019. Although LY (260.2
mm) was similar with 2018 but a bit difference with
2019. The average temperature in studied years and
LY were no significant differences. The average
temperatures were 25.1°C and 24.6°C in 2018 and
2019, respectively.
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Figure 1. Climate parameters of the research field (2018, 2019, and long-year average)
Sekil 1. Arastirma alaninin meteorolojik verileri (2018, 2019 ve uzun yillar ortalamasi)

Method

Experiments were conducted in randomized complete
block design (RCBD) with three replications. Each plot
had 5 m long four rows with 70 cm row and 15 cm plant
spacing. Di-ammonium phosphate (DAP) fertilizer was
used at the rates of 25 kg da! before sowing. Sowing
was performed on April 6, 2018 in the first year and on
April 30, 2019 in the second year. Hand weeding was
performed with the emergence of the plants.
Irrigations were performed to prevent drought effects
with a drip irrigation system. Manuel harvests were
performed on September 11, 2018 in the first year and
on September 25, 2019 in the second year. Harvests
were performed from two inner rows by taking into
consideration side effects.

Number of pods per plant, pod weight per plant, 100-
seed weight, 100-pod weight, shelling percentage, first
quality pod ratio, protein content, and pod yield were
measured over 20 plants randomly selected from each
plot following the harvest. For 100-seed/pod weight,
4 X 100 seed/pod groups were taken from each plot and
they were weighed, and averaged to get 100-seed/pod
weight. Same groups (4 x 100 pods) were also used for
calculating shelling percentage. Pod yield was
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determined through weighing the seeds of all plants of
a plot except side effect rows. Seed nitrogen content
was calculated by Kjeldahl method wusing Behr
Distillation Unit S2. The conversion factor is 5.46 for
peanut protein content. Each pod containing two seeds
were counted and were determined for the first quality
pod ratio.

Statistical Analysis

Experimental data were subjected to analysis of
variance in accordance with RCBD separately for each
year and joined years with the aid of R v4 software.
Means were compared with the aid of Duncan’s
multiple range test. PCA was also performed with the
aid of JMP 13 software.

RESULTS and DISCUSSION

The data was statistically analyzed using RCBD
according to two-year values (each year separately and
joined) and the probability level (p-value) for years,
varieties, and years X varieties interaction were
presented in Table 2. Pod weight per plant, 100-pod
weight, first quality pod ratio, pod yield and protein
content were found to be significant for years.
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However, all investigated parameters were found to be
significant (p < 0.01) for varieties in joined year

analysis but no significant (p > 0.05) for years x
varieties interaction.

Table 2. Results of the analysis of variance for characteristics studied in the experiment.

Cizelge 2. Incelenen ézelliklere ait ANOVA sonuglari

SV df NP PW HPW HSW SP FQP PC PY
Block 4 ns ns ns ns ns ns ns ns
Year 1 ns ek wk ns ns ek W *

Varieties 14 *% %% *% %% *% %% %% *%
YxV 14 ns ns ns ns ns ns ns ns

SV: Source of variation, df: Degree of freedom, * p<0.05, ** p<0.01, NP: Number of pods per plant, PW: Pod weight per plant,
HPW: 100-pod weight, HSW: 100-seed weight, SP: Shelling percentage, FQP: First quality pod ratio, PC: Protein content, PY:

Pod yield

The result for the number of pods per plant was
significant (p < 0.01) for varieties but not for year and
year X varieties interaction (Table 2). It was observed
that the number of pods varied between 16.40+1.28-
56.0+2.69 in two-year average. The highest value of
pods number per plant was obtained from Georgia
Green as 54.80+5.82 and 57.20+0.98 in 2018 and 2019,
respectively with the average of 56.00+2.69. (Table 3).
Georgia green almost doubled the rest of varieties that
belong to Virginia type. Runner type peanut varieties
produce more branches and pods number than Virginia
type varieties (Gulluoglu et al., 2017). Asik et al. (2018)
reported that the highest number of pods per plant is
obtained from Runner type varieties because of
growing spreading. Besides, number of pods increases
to the pod yield, there is a positive correlation between
them. These findings were similar with Arioglu et al.
(2016), Gulluoglu et al. (2017) and Asik et al. (2018),
lower than Caliskan et al. (2008) and Yol & Uzun
(2018).

Upon analyzing the mean values of two years for pod
weight per plant was significant (»p < 0.01) for varieties
and year but not for year X varieties interaction (Table
2). Pod weight per plant varied between 20.61+1.16-
54.01+2.71 g in two-year average. The highest value of
pod weight for 2018 (50.81+4.87 g), 2019 (57.20+1.67 g)
and joined years (54.01+2.71 g) was obtained from
Brantley, followed by NC-7 and Wilson as 51.31+2.57
g while lowest average was obtained from Florispan as
20.61+1.16 g (Table 3). Although Florispan had the
second place for number of pods per plant, it got behind
among all varieties for pod weight per plant. Thus, it
also came last place for the pod yield. Pod weight per
plant affected the pod yield directly in contrast to
number of pods per plant. The pod size of the varieties
that are mostly in the Virginia type are bigger than the
other types (Asik et al., 2018). These findings were
similar with Asik et al. (2018), lower than Arioglu et
al. (2016), Gulluoglu et al. (2017) and Onat et al.
(2017).

When the average values for 100-pod weight were
examined, the highest mean was obtained from
Osmaniye-2005 as 282.24+12.20 g, 295.17+4.07 g and
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288.71+6.44 g in 2018, 2019 and average of studied
years, respectively, while the lowest mean from
Georgia Green as 113.08+2.22 g (Table 2 and 3).
However, there is no statistical difference between
them and Florispan variety. A hundred-pod weight
was correlated with pod yield and 100-seed weight,
positively, and number of pods per plant, negatively.
Thus, it means 100-pod weight affect the pod yield
directly. These findings were similar with Asik et al.
(2018), lower than Arioglu et al. (2016).

A hundred-seed weight result was significant (p<0.01)
for varieties but not for year and year X varieties
interaction (Table 2). It varied between 52.39+0.89-
115.55+2.37 g in two-year average. The highest 100-
seed weight was observed from Brantley as
118.30+4.49 g in 2018. BATEM-5025 (117.14+2.44 g)
had the maximum 100-seed weight with Brantley
(112.57+3.85 g) and NC-V-11 (115.58+4.89 g) cultivars
in 2019. While the lowest value was obtained as
55.91+1.51 g from Georgia Green cultivar in the same
group with Florispan cultivar (Table 4). Gulluoglu et
al. (2017) reported that there is a positive correlation
between seed size and 100-seed weight, and when the
seed size increasing, affects the 100-seed weight
positively. Similar to 100-pod weight, 100-seed weight
was correlated with pod yield and pod weight per plant,
positively, and number of pods per plant, negatively.
These findings were similar with Caliskan et al.
(2008), Arioglu et al. (2016), Gulluoglu et al. (2017),
Asik et al. (2018), lower than Onat et al. (2017) but
higher than Yol & Uzun (2018).

As can be observed in Table 2, the result of shelling
percentage was significant (p < 0.01) for varieties but
not for year and year X varieties interaction. It varied
between 62.17+4.32-73.96+£1.00% in two-year average.
The highest value of shelling percentage was obtained
from Georgia Green with the values of 75.97+0.82%,
71.95+0.54% and 73.96+1.00% in 2018, 2019 and joined
years, respectively (Table 4). Asik et al. (2018) reported
that Runner type peanut varieties had the highest
ratio of shelling, about 75-80%, among all market
types. Shelling percentage is changed according to the
planting date, varieties, and environmental factors
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Table 3. Average values of number of pods per plant, pod weight per plant and 100-pod weight.
Cizelge 3. Bitki basina meyve sayisi, bitki basina meyve agirligi ve 100 meyve agirligi ortalamalari

Number of pods per plant

Pod weight per plant (g)

100-pod weight (g)

Varieties 2018 2019 Average 2018 2019 Average 2018 2019 Average
Florispan 30.68+7.77b 40.67£2.75 b 35.68+4.31 b 19.09+1.21d 22.13+1.72 e 20.61£1.16 118.17+2.87 g 117.62+3.86 h 117.89+2.15
B-Cihangir 17.26+2.61 ¢ 15.54+0.75 g 16.40+1.28 e 27.3242.94 cd 29.81+0.86 e 28.56+1.48 e 203.13+4.69 fg 224.32+2.15 f 213.73+5.27 h
G. Green 54.80+5.82 a 57.20+0.98 a 56.00+£2.69 a 47.62+3.32 ab 41.39+£1.27d 44.51+£2.11 be 113.72+3.64 g 112.43+3.30 h 113.08+2.22 j
Sultan 19.95+1.94bc  30.05+£1.73cd  25.00+2.54 cd  42.13+5.42ab  47.91+2.51 ad  45.02+2.97 bc 251.55+10.43 be 264.04+7.86 cd 257.80+6.47 ¢
Brantley 27.43+1.58 bc  26.76+1.33 ce 27.10+0.94 cd 50.81+4.87 a 57.20+1.67 a 54.01+£2.71 a 244.55+5.95 cd 236.45+2.87 ef 240.50+3.46 ef
B-5025 22.48+4.66 bc 23.63+3.36 ef  23.05+2.58 cd = 43.65+9.55ab  53.00+6.97 ab  48.32+5.68 ab 250.43+5.22 be 251.60+6.10 de 251.02+3.60 de
A-2003 23.80+1.77 be 19.24+1.43 fg 21.52+1.44 de 37.53+1.25 be 42.99+1.34 cd 40.26+1.47 d 210.45+4.01 ef 222.02+1.96 f 216.24+3.27 gh
Halisbey 26.07+0.50 be 22.57+1.93 ef  24.32+1.19cd  47.29+1.28 ab  46.15+1.78 bd = 46.72+1.01 bc 269.06+9.54 ab 281.02+2.60 ab 275.04+5.17 b
NC-7 27.12+0.90 bc 30.92+1.47 ¢ 29.02+1.15¢ 49.63+1.88 ab  53.00+4.49 ab  51.31+2.31ab  244.11+15.71 cd 263.36+8.71 cd 253.73+9.11 cd
Flower-22 23.52+4.39 be 24.48+0.40 ef  24.00+£1.98 cd  37.42+1.50 bc  46.68+1.59bd  42.05+2.29 cd 184.08+4.37 g 190.47+5.82 g 187.28+3.56 1
Wilson 29.11+0.96 b 25.10+1.41de  27.10+1.18cd  46.37+1.15 ab 56.26+2.69 a 51.31+2.57 ab 230.14+1.73 ce 249.84+1.60 de 240.00+4.53 ef
NC-V-11 23.02+3.41 bc  27.92+1.53 ce 25.47+2.00 cd  46.35+4.71 ab 50.66+4.49 ac 48.50+3.07 ab 275.85+4.77 a 269.56+5.00 be 272.71+3.40 b
Com 22.22+0.84 be 23.52+0.53 ef  22.87+0.53 cd  37.39+1.05 be 41.01+0.71 d 39.20+£0.99 d 209.30+5.39 ef 204.97+£3.07 g 207.13+2.94 h
0-2005 27.77+1.57 be 23.81+0.92 ef  25.79+1.20cd  48.53+1.74ab  48.80+0.15ad  48.66+0.79 ab 282.24+12.20 a 295.17+4.07 a 288.71+6.44 a
Gazipasa 22.47+1.52bc  26.79+0.68 ce 24.63+1.22 cd  45.59+2.75ab  53.00+1.14 ab = 49.29+2.12 ab 225.67+3.25 df 229.36+6.75 f 227.52+3.45 fg
Average 26.51+1.44 27.88+1.48 27.20+1.03 41.78+1.51 B 46.00+£1.53 A 43.89+1.09 220.83+7.56 B 227.48+7.88 A 224.16+5.44
CV (%) 21.12 10.37 16.39 16.00 10.53 13.30 5.86 3.84 4.92

CV: Coefficient of variation. Letters show different groups in each column.

Table 4. Average values of 100-seed weight, shelling percentage and first quality pod ratio

Cizelge 4. 100 tohum agirhigl, kabuk/l¢ orani ve birinci kalite meyve sayisi orani ortalamalari

100-seed weight (g) Shelling percentage (%) 1st quality pod ratio (%)

Varieties 2018 2019 Average 2018 2019 Average 2018 2019 Average
Florispan 52.26+0.91 g 52.53+1.77 e 52.39+0.89 68.50+1.61 ac 70.38+1.59 ab 69.44+1.10 b 75.51+£5.44 ad 75.37+3.28 bd 75.44+2.84 ab
B-Cihangir 90.15+1.71 ef 93.68+0.94 ¢ 91.91+1.18d 60.28+0.64 de 67.80+1.17 ad 64.04+2.12 ef 82.47+2.87 a 76.50+1.53 ac 79.49+1.97 ab
G. Green 57.99+1.98 ¢ 53.84+1.79 e 55.91+£1.51 f 75.97+0.82 a 71.95+0.54 a 73.96+1.00 a 71.75+3.60 bd 72.59+1.43 be 72.17+1.74 cd
Sultan 110.26+3.61 ac 103.28+1.37b 106.77+2.33 b 66.05+0.29 bd 63.48+0.45 de 67.77+0.62 de 67.71£1.17d 65.97+1.98 f 66.84+1.10 f
Brantley 118.30+4.49 a 112.57+3.85 a 115.44+2.94 a 69.27+0.54 ac 68.37+1.26 ab 68.82+0.64 bc 76.77+1.09 ad 77.08+1.29 ab 76.92+0.76 ab
B-5025 113.96+4.31 ac 117.1442.44 a 115.55+2.37 a 68.96+0.03 ac 69.81+0.99 ab 69.39+£0.48 b 76.04+1.07 ad 72.71+1.40 be 74.38+1.08 be
A-2003 94.85+0.81 e 98.99+0.66 bc 96.92+1.04 cd 65.19+0.12 bd 62.32+1.08 e 63.75+0.80 ef 79.06+2.59 ab 81.51£1.82 a 80.28+1.52 a
Halisbey 107.74+4.18 bd 101.57+0.48 b 104.66+2.33 b 62.43+0.30 ce 63.58+1.16 ce 63.00+0.59 ef 77.56+2.04 ac 66.18+2.73 71.87+2.97 cd
NC-7 109.19+0.87 ad 104.11+£1.88 b 106.65+1.47 b 71.33+0.36 ab 67.90+2.32 ac 69.61+£1.30 b 72.65+4.31 bd 68.12+2.63 ef 70.38+2.47 de
Flower-22 99.35+3.46 de 104.63+3.15b 101.99+2.40 be 69.51+0.87 ac 66.23+1.87 be 67.87+1.18 cd 79.51+£2.07 ab 70.85+0.92 cf 75.18+2.19 ab
Wilson 107.96+0.13 bd 105.04+0.66 b 106.50+0.72 b 64.52+1.58 bd 67.70+0.76 ad 66.11+1.06 cd 74.08+0.65 ad 77.15£1.29 ab 75.62+0.94 ab
NC-V-11 115.22+5.98 ab 115.58+4.89 a 115.40+3.46 a 67.92+0.96 be 66.52+0.77 bd 67.22+0.63 cd 71.34+3.41 bd 69.33+1.06 ef 70.34+1.66 de
Com 81.83+1.86 f 76.75+2.17d 79.29+1.71 e 64.96+0.96 bd 67.03£1.15 bd 65.99+0.81 cd 69.23+0.58 cd 67.20+0.71 ef 68.22+0.61 ef
0-2005 108.40+0.11 ad 102.96+1.64 b 105.68+1.42 b 57.18+t8.15 e 67.16+£1.51 bd 62.17+4.32 f 74.55+2.54 ad 70.46+0.54 df 72.51+1.48 cd
Gazipasa 104.54+2.47 cd 101.39+£1.26 b 102.97+1.43 b 68.52+1.38 ac 66.69+0.96 bd 67.61+0.86 cd 68.22+2.25 d 66.52+2.05 f 67.37+1.41 ef
Average 98.13+2.99 96.27+2.93 97.20+2.08 66.70+0.84 67.13+0.46 66.92+0.48 74.43+0.86 B 71.84+0.80 A 73.13+0.60
CV (%) 5.41 3.90 4.73 5.98 3.35 4.84 6.38 4.43 5.53

CV: Coefficient of variation. Letters show different groups in each column.
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(Arioglu et al., 2016; Gulluoglu et al., 2017). The pod
filling period extended, and the pods fully matured
when the harvesting time was delayed. As this reason,
the shelling percentage was increased when the
harvesting time delayed (Arioglu et al., 2016). Hence,
it can be concluded that the shelling percentage is
correlated with 100-pod weight and 100-seed weight,
negatively. These findings were similar with Caliskan
et al. (2008), Arioglu et al. (2016), Gulluoglu et al.
(2017), Onat et al. (2017), Asik et al. (2018), and Yol &
Uzun (2018).

The first quality pod ratio, also known fancy pod
percentage, is an important quality parameter in
peanut production and has positive correlation with
peanut quality. The effect of varieties on the first
quality pod ratio was found to be significant (p < 0.01)
but not for year X varieties interaction (Table 2). The
first quality pod ratio varied between 66.84+1.10-
80.28+1.52% in two-year average. The highest ratio of
the first quality pod was obtained from BATEM-
Cihangir as 82.47% in 2018 and Arioglu-2003 as
80.28+1.52% in 2019. Arioglu-2003 had also the
maximum first quality ratio in average of the studied
years with 80.28% (Table 4). These findings were
supported by Arioglu et al. (2016), Onat et al. (2017),
and Asik et al. (2018).

The data belonging to protein content result was
significant (p < 0.01) for varieties and year but not for
year X varieties interaction (Table 2). It was observed
that protein content varied between 26.35+0.88-
29.18+1.03% in two-years average. The highest value
of protein content was obtained from Florispan,
Spanish type, as 31.45+0.42% and 29.18+1.03% in 2018

Table 5. Average values of protein content and pod yield
Cizelge 6. Protein orani ve dekara meyve verimi ortalamalari

and joined years while BATEM-5025 (29.20+0.12%)
and Wilson (29.07+0.21%) had the maximum protein
content in 2019 (Table 5). Gulluoglu et al. (2017)
indicated that the protein is the major nutrient
components of different varieties of peanut. These
findings were similar with Arioglu et al. (2016),
Gulluoglu et al. (2017), Asik et al. (2018), higher than
Onat et al. (2017).

As it can be seen in Table 2, the result for pod yield was
significant (p < 0.01) for varieties but not for year and
year X varieties interaction. It was found that pod yield
varied between 237.84+9.12-510.22+21.46 kg da! in
two-years average. The highest value of pod yield was
obtained from Halisbey as 541.17+35.80 kg da! and
Osmaniye-2005 as 494.88+8.42 kg dal in 2018 and
2019, respectively. For joined years, Halisbey and
Georgia Green had the maximum pod yield with
510.22+21.46 kg da'! and 497.24+16.86 kg da'!, and the
minimum from Florispan as 237.84+9.12 kg da'! (Table
5). The variation in pod yield of varieties was probably
attributable to genetic differences between varieties
and how they responded to environmental changes
(Onat et al., 2017). Gulluoglu et al. (2017) explained
the variation in peanut yields with three physiological
processes which are partitioning of assimilate between
the reproductive and vegetative structures, the
duration of pod filling and the rate of the pod
formation. The findings of present study were similar
with Caliskan et al. (2008), lower than Arioglu et al.
(2016), Gulluoglu et al. (2017), Asik et al. (2018) but
higher than Yol & Uzun (2018). The differences among
the studies were due to varieties and environmental
factors.

Protein content (%) Pod yield (kg da'!)
Varieties 2018 2019 Average 2018 2019 Average
Florispan 31.45+0.42 a 26.90+0.09 ce 29.18+1.03 a 230.73+14.04 h 244.94+12.97h 237.84+9.12 f
B-Cihangir  27.54+0.48 de  27.11+£0.19cd  27.32+0.25ef  319.10+35.26 eh 310.54+11.53 f 314.82+16.70 de
G. Green 26.36+0.60 e 27.35+0.14 ¢ 26.86+0.35 fg ~ 508.77+28.02 ab  485.71+22.42 ab 497.24+16.86 a
Sultan 27.53+£0.12 de 26.83+0.02 ce 27.18+0.17 ef 406.13+56.33 ce 416.65+25.99 d 411.39+27.84 ¢
Brantley 26.44+0.29 e 27.35+0.11 ¢ 26.89+0.25 fg 365.73+23.50 df 472.90+10.45 ac 419.32+26.58 ¢
B-5025 28.97+0.50 bd 29.20+0.12 a 29.09+0.18 ab 354.35+33.60 df 450.29+0.85 bd 402.32+26.20 ¢
A-2003 30.59+0.48 ab 26.93+0.33 ce 28.76+0.86 ab 432.02+17.61 bd 442.83+6.26 cd 437.43+8.70 be
Halisbey 27.444+0.25 de  26.64+0.21 de 27.04+0.23 fg 541.17+35.80 a 479.26+8.01 ac 510.22+21.46 a
NC-7 28.15+0.59 cd 28.47+0.23 b 28.31+0.29 be 330.73+26.28 eg 371.49+5.19 e 351.11+15.05d
Flower-22 29.40+1.17 be 26.61+0.14 de 28.00+0.82 de 252.37+25.56 gh 302.77+3.93 fg 277.57+16.15 ef
Wilson 28.99+0.49 bd 29.07+£0.21 a 29.03+£0.24 ab 393.50+2.54 ce 412.17+£14.40 d 402.84+7.77 ¢
NC-V-11 28.23+0.55 cd 24.47+0.14 f 26.35+0.88 g 439.57+24.71 bd 414.38+10.87d 426.98+13.32 ¢
Com 27.41+£0.24 de 26.43+0.25 e 26.92+0.27 fg 285.27+3.36 th 268.77+15.76 gh 277.02+8.10 ef
0-2005 27.38+0.37 de 27.07+0.40 cd 27.224+0.25 ef 464.43+31.27 ac 494.88+8.42 a 479.66+16.00 ab
Gazipasa 28.97+0.37 bd 27.47+0.16 ¢ 28.22+0.41 cd 317.37+18.72 eh 333.15+9.24 f 325.26+9.99 de
Average 28.32+0.24 A 27.19+0.17 B 27.76+0.16 376.08+14.51 B 393.38+12.38 A 384.73+9.53
CV (%) 3.13 1.23 2.42 13.27 5.75 10.07

CV: Coefficient of variation. Letters show different groups in each column.

Correlation

The correlation matrix is provided in Table 6. The
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highest positive correlation matrix was observed
between 100-seed weight and 100-pod weight (r
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0.851). Also, pod weight per plant was correlated with
100-pod weight (r = 0.550) and 100-seed weight (r =
0.579), positively but was negatively correlated with
the first quality pod ratio (r = -0.292). Pod yield was
correlated with pod weight per plant (= 0.471), 100-
pod weight (= 0.265) and 100-pod weight (= 0.355),
positively. On the other hand, number of pods per plant
had negative correlations with 100-pod weight (r = -

0.563) and 100-seed weight (r = -0.569) but positive
correlation with shelling percentage (r = 0.356).
Similar results were also observed in Gulluoglu et al.
(2017) and Onat et al. (2017). It can be seen that the
significant and positive correlations were among pod
weight, 100-pod weight and 100-seed weight. These
parameters affect the pod yield directly.

Table 6. Correlation analysis for the parameters according to 2-years average.
Cizelge 6. Iki y1llik verilere gore incelenen dzelliklerin korelasyon analiz sonucu

NP PW HPW HSW SP FQP PC
NP 1
PW 0.098 1
HPW -0.563 0.550 1
HSW -0.569 0.579 0.851 1
SP 0.356 0.006 -0.407 -0.264 1
FQP -0.097 -0.292 -0.167 -0.055 -0.137 1
PC -0.102 -0.186 -0.147 -0.043 0.086 0.185 1
PY 0.164 0.471 0.355 0.265 -0.106 -0.006 -0.196

p<0.051n bold; NP: Number of pods per plant, PW: Pod weight per plant, HPW: 100-pod weight, HSW: 100-seed
weight, SP: Shelling percentage, FQP: First quality pod ratio, PC: Protein content, PY: Pod yield

Principal component analysis (PCA)

Variance percentage and eigenvalues of PCA analysis
are provided in Table 7 and factor loadings are
provided in Table 8. PCA wusing the eight
characteristics including quality parameters, yield and
yield components indicated that more than 80.50%

variability was accounted for the first three PCs with
eigenvalues > 1. Variance explanation ratios over 70%
were sufficient in PCA analysis (Yol et al., 2018; Beyzi
et al., 2019; Sahin & Isler, 2021). Eigenvalues of higher
than 1.0 are accepted as the descriptor of the variance
in a data set according to Kaiser rules (Kaiser, 1960).

Table 7. Eigenvalues and percentage of variance for average year parameters of PCA analysis.
Cizelge 7. Incelenen dzelliklerin eigenvalue degerleri ve varyasyon oranlari

Principal Component Eigenvalue Variability (%) Cumulative (%)
PC1 3.3935 42.418 42.418
pPC2 1.9952 24.940 67.358
PC3 1.0511 13.138 80.496
PC4 0.9694 12.117 92.613
PC5 0.4392 5.491 98.104

Table 8. Factor loadings for parameters of PCA analysis (2-
years average).
Cizelge 8. Incelenen ézelliklerin factor loading degerleri (2

yallik ortalama)

Parameters PC1 PC2 PC3

NP -0.637 0.727 0.161
PwW 0.683 0.560 0.309
HPW 0.978 -0.043 -0.021
HSW 0.916 -0.074 0.210
SP -0.628 0.519 0.258
FQP -0.191 -0.523 0.619
PC -0.286 -0.512 0.562
PY 0.463 0.584 0.346

NP: Number of pods per plant, PW: Pod weight per plant,
HPW: 100-pod weight, HSW: 100-seed weight, SP: Shelling
percentage, FQP: First quality pod ratio, PC: Protein
content, PY: Pod yield

The first principal component (PC1) explained 42.42%
of the total variation with eigenvalue of 3.39. PC1 was
found to be related to all parameters except the first
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quality pod ratio and protein content. 100-pod weight
and 100-seed weight had the highest positive factor
loading values while number of pods per plant and
shelling percentage had the highest negative factor
loading values in PC1. The second principal component
(PC2) had an eigenvalue of 2.00 and explained 24.94%
of the total variation. PC2 was found to be related to
all parameters except 100-pod weight and 100-seed
weight. Number of pods per plant had the highest
positive factor loading value in PC2. The third
principal component (PC3) explained 13.14% of the
total variation with eigenvalue of 1.05. PC3 was found
to be mainly related to the first quality pod ratio and
protein content, positively. PCA graph which consisted
of PC1 and PC2, for investigated parameters on
varieties was presented in Figure 2. Spanish market
type (Florispan) was distributed on the left-down of the
plot which was related to PC2. Similarly, Runner
market type (Georgia Green) was distributed on the
left-up of the plot that was related to PC1.
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Sekil 2. Incelenen ézelliklerin 2 y1llik ortalamalarina ait PCA sekilleri
Figure 2. PCA graphs of varieties for investigated parameters of the 2-year average.
1: Florispan, 2: BATEM-Cihangir, 3: Georgia Green, 4: Sultan, 5: Brantley, 6: BATEM-5025, 7: Arioglu-2003, 8: Halisbey, 9:
NC-7, 10: Flower-22, 11: Wilson, 12: NC-V-11, 13: Com, 14: Osmaniye-2005, 15: Gazipasa, NP: Number of pods per plant, PW:
Pod weight per plant, HPW: 100-pod weight, HSW: 100-seed weight, SP: Shelling percentage, FQP: First quality pod ratio, PC:

Protein content, PY: Pod yield.

CONCLUSION

In conclusion, PC1, PC2 and PC3 explained about 80%
in joined years according to PCA analysis. Pod yield
was positively correlated with pod weight per plant
and 100-pod weight in both years. As a result, Georgia
Green could be recommended to get high shelling
percentage (73.96%) and pod yield (497.24 kg da'l), and
Arioglu-2003 could be the optimum selection on the
first quality pod ratio (80.28%) and protein content
(28.76%).
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ABSTRACT

This research was carried out for two years between 2017-2018 to
determine the high yield and quality sainfoin genotypes for Bingol
Province. A total of 13 genotypes were used as plant materials, two of
which were registered cultivars (Lutfibey, Peschanyj 1251), six candidate
cultivars (Emre, Hilal, Fatih, Mehmetalibey, Koc 1461, Yunus) and five
were populations (Genc, Adakli, Yedisu, Ankara, Tarim). In the study
forage yields, dry matter yields, crude protein ratios, crude protein yields,
ADF (acid detergent fiber) ratios, NDF (neutral detergent fiber) ratios,
digestible dry matter ratios and relative feed values of genotypes were
investigated. As the average of two years of the genotypes; the forage
yield was 1832+60 kg da’l, the dry matter yield was 576+20 kg da’l, the
crude protein rate was 16.4+0.3%, the crude protein yield was 95.3+3.9
kg da’l, the ADF rate was 31.2+0.5%, the NDF rate was 43.8+0.6%, the
digestible dry matter rate was 64.6+0.4% and the relative feed value was
obtained as 139+2.3. According to two years data in the study, the
differences between genotypes were found statistically significant
(p<0.01) in terms of forage yield, dry matter yield and crude protein yield,
but the differences between genotypes were found to be statistically
insignificant in terms of crude protein, ADF, NDF and digestible dry
matter ratios and relative feed value. As a result, it was determined that
Tarim, Hilal, Peschanyj and Lutfibey genotypes came to the fore in the
conditions of Bing6l Province in terms of the examined characteristics.

OZET

Bu arastirma, Bingol ili i¢in verim ve kalitesi yiksek korunga
genotiplerini belirlemek amaciyla 2017-2018 yillar1 arasinda iki yil
siireyle yuritilmiistiir. Arastirmada iki adet tescilli cesit (Liitfibey,
Peschanyj 1251), alt1 adet ¢esit aday1 (Emre, Hilal, Faith, Mehmetalibey,
Kog 1461) ve bes adet populasyon (Geng, Adakli, Yedisu, Ankara ve
Tarim) olmak {izere toplam 13 adet genotip bitkisel materyal olarak
kullanilmigtir. Arastirmada genotiplerin yesil ot verimleri, kuru ot
verimleri, ham protein oranlari, ham protein verimleri, ADF (asit
deterjanda ¢oziinmeyen lif) oranlari, NDF (notral deterjanda
coziinmeyen lif) oranlari, sindirilebilir kuru madde oranlar1 ve nispi yem
degerleri incelenmigtir. Genotiplerin iki yillik ortalamasi olarak yesil ot
verimi 1832+60 kg/da, kuru ot verimi 576+20 kg/da, ham protein orani
%16.4+0.3, ham protein verimi 95.3+3.9 kg/da, ADF orani %31.2+0.5,
NDF orani %43.8+0.6, sindirilebilir kuru madde orani %64.6+0.4 ve nispi
yem degeri 139+2.3 olarak elde edilmistir. Tki yillik verilere goére
arastirmada yesil ot verimi, kuru ot verimi ve ham protein verimi
acisindan genotipler arasinda tespit edilen farkliliklarin istatistiksel
olarak 6nemli (p<0.01), ham protein, ADF, NDF ve sindirilebilir kuru
madde oranlar: ile nispi yem degeri acisindan ise genotipler arasinda
tespit edilen farkhliklarin istatistiksel olarak oOnemsiz oldugu
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belirlenmistir. Sonu¢ olarak incelenen 6zellikler acisindan Tarim, Hilal,
Peschanyj ve Liitfibey genotiplerinin Bing6l ili kogsullarinda 6n plana

ciktig1 belirlenmigtir.
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INTRODUCTION

There are 80-100 species in the sainfoin genus. The
most cultivated species of this genus is Onobrychis
viciifolia Scop. Sainfoin is a short-lived perennial
forage plant. It i1s cultivated as forage plant, soil
conservation plant and nectar-pollen plant. Since it is
resistant to grazing, it is a good pasture plant as well
as a good rotation plant in arid regions. The forage
quality 1s good and the dry matter contains about 17%
crude protein. In addition, it i1s rich in calcium,
phosphorus and other elements (Ekiz et al., 2011).

Sainfoin is resistant to cold and drought. It can grow
in poor and calcareous soils where alfalfa cannot grow.
However, it cannot compete with alfalfa in terms of
yield under irrigation. Sainfoin forage does not cause
bloating in animals, as does alfalfa. Therefore, its
forage can be given to animals as much as desired
(Soya et al., 2004).

Sainfoin gives one harvest every year in drought
conditions. In such conditions, 1 000 kg da! forage and
an average of 250-300 kg da’! dry matter yields were
recorded from sainfoin cultivation. Dry matter yield in
humid areas and irrigated fields can range between
500 and 1000 kg da’l. Sainfoin lives an average of 3-4
years and gives the highest yield in the second and
third years. It becomes sparse in the fourth year.
Therefore, at the end of the third year, another plant
should be grown instead of sainfoin (Acikgoz, 2001;
Acikgoz, 2013).

According to data from the Turkish Statistical
Institute, in 2021, 1.546.641 tons of forage was
produced on a 1.814.737 da area of sainfoin. Forage
yield per decare was 887 kg. In the province of Bingol,
where the research was conducted, it was recorded
that the yield per decare was 1.598 kg (TUIK, 2022).

Many studies on sainfoin have been carried out in
Turkey. Turk and Celik (2005) studied, the effect of
row spacing and seed quantities on the yield of
sainfoin; Erkovan and Tan (2009) investigated,
determination of some properties of forage and seed
yield in the sainfoin cultivars grown in irrigated and
arid conditions; Elmali Aksu and Kaya (2012) found,
the effect of different harvest times on the nutrient
content of sainfoin; Ertus et al. (2012) studied,
determination of some features of local sainfoin
varieties grown around Van Province; Parlak Ozaslan
et al. (2014) examined, morphological and agronomic
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features of some wild sainfoin species; Cecen et al.
(2015) investigated, morphological characteristics of
sainfoin populations that the collected in the natural
flora of Antalya and Koc and Akdeniz (2017)
determined, the yield and some agricultural
characteristics of the sainfoin varieties developed in
State Farm Gozlu and Altinova. These studies have
been carried out for different purposes, at different
times and in different regions. However, as can be seen
from those studies and from the review of literature,
focus on forage quality and digestibility of sainfoin are
limited and inadequate.

This study was carried out to determine the sainfoin
genotypes with high yield, quality, digestibility and
relative feed value for the Province of Bingol.

MATERIAL and METHOD
Experimental materials

In this study, a total of 13 genotypes (2 registered
cultivars, 6 cultivar candidates and 5 populations),
obtained from some institutions and organizations
were used as plant materials. The names types
(cultivar, cultivar candidate and population) and
sources of the genotypes were presented in Table 1.

Research area

This research was carried out on the Field Research
and Application Center of the Bingol University, Genc
Vocational School. Bingol is located in Eastern
Anatolia Region, Turkey. The district of Genc, where
the research was conducted, is 20 km from Bingol city
center and its height from the sea level is 986 m on
average. The research area 1is located on the
coordinates of 38.749450 North latitude and 40.536770
East longitude.

Climate data of the research area

An analysis of the provincial climate data, obtained
from the Bingol Provincial Meteorology Directorate,
shows that, the average temperature of the province
over a long time (2000-2015) was on average of 12.3
0C, precipitation being 917.8 mm and humidity rate at
56.6%. July and August are the months when the
temperature is the highest with the lowest amount of
precipitation and humidity. It was recorded that most
of the precipitation falls in the winter months and the
lowest temperature and the highest humidity values
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are obtained during these months. The years 2017 and
2018 were hot and less rainy compared to long years

(Table 2).

Table 1. Genotypes used as research materials and sources from which genotypes were provided
Cizelge 1. Arastirma materyali olarak kullanilan genotipler ve temin edildikleri kaynaklar

1 Lutfibey Cultivar

2 Peschanyj 1251 Cultivar

3 Emre Cultivar candidate
4 Hilal Cultivar candidate
5 Fatih Cultivar candidate
6 Mehmetalibey Cultivar candidate
7 Koc 1461 Cultivar candidate
8 Yunus Cultivar candidate
9 Genc Population

10 Adakli Population

11 Yedisu Population

12 Ankara Population

13 Tarim Population

East Anatolian Agricultural Research Institute

Maro Agriculture Company

General Directorate of Agricultural Enterprises
General Directorate of Agricultural Enterprises

General Directorate of Agricultural Enterprises

General Directorate of Agricultural Enterprises

General Directorate of Agricultural Enterprises

General Directorate of Agricultural Enterprises

Genc District of Bingol Province
Adakli District of Bingol Province
Yedisu District of Bingol Province

Ankara Province

Agriculture Directorate of Bingol Province

Table 2. Monthly average climate data of Bingdl for 2017-2018 and long years (2000-2015)*
Cizelge 2. Bingdl ilinin 2017-2018 ve uzun yillara (2000-2015) ait aylik ortalama iklim verileri*

Average temperature (°C)

Total precipitation (mm)

Relative humidity (%)

Months Ortalama sicaklik (°C) Toplam yagis (mm) Nispi nem (%)
Avlar 2017 2018 Longyears 2017 2018 Long years 2017 2018 Long years

January -3.7 2.0 -2.5 63.9 204.0 154.0 71.1 72.7 73.3
February -2.3 5.2 -0.9 32.9 74.9 137.7 61.6 65.8 72.2
March 5.9 10.3 4.9 114.5  72.2 124.1 64.7 59.1 64.2
April 10.8 14.4 10.9 166.4  57.1 103.8 58.8 441 61.2
May 16.4 16.4 16.2 92.4 163.0 66.8 56.2 67.9 55.8
June 22.6  22.6 22.6 9.6 33.3 18.4 39.0 47.4 42.5
July 28.0 27.1 27.0 0 4.6 7.3 28.1 30.6 36.7
August 27.6 274 26.8 2.5 11.7 5.4 26.0 31.1 36.8
September 23,5 22.6 21.3 0 11.7 16.4 26.4 37.0 42.2
October 13.4 159 14.2 52.8 104.5 70.3 48.6 55.6 58.9
November 7.3 7.9 6.5 99.5 83.6 91.8 68.5 72.4 64.7
December 3.7 3.2 0.2 74.6 84.4 121.8 69.8 65.4 70.7

Total/Ave. 12.8 14.6 12.3 709.1 905.0 917.8 51.6 54.1 56.6

*(Anonymous, 2019)

Soil properties of the research area

Soil analyses of the research area were carried out at
the Bingol University Faculty of Agriculture. The
results of the analysis were evaluated on the basis of
limit values as described by Sezen (1995) and Zengin
(2012). Accordingly, the soil structure was sandy-
clayey-loamy structure (60% sand, 18% clay, 22%
loam), pH was neutral (7.26), less lime (3.48%),
unsalted (0.34 mS cm'!), organic matter ratio was on
medium level (2.1%), phosphorus (5.1 kg dal) and
potassium (43.6 kg da!) rates were also found to be
low.

621

Experimental methods

Since the sainfoin plant did not develop much in the
first planting year in dry conditions, forage and seed
production data were not taken. Plants begin to
develop rapidly in the spring of the second year as
explained by Acikgoz (2001). In this study, sowing was
made on 06.04.2016. However, as stated by Acikgoz
(2001), no yields were made in 2016. In order to combat
weeds, herbage cleaning was done twice. The harvest
was made on 29.05.2017 in the second year and on
27.05.2018 in the third year. Therefore, although this
study was carried out in three consecutive years as
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2016, 2017 and 2018, only 2017 and 2018 data were
evaluated.

In the study, the parcel lengths were 5 m, distances
between rows were 30 cm and each plot had 6 rows. 10
kg seeds were used per decare. During sowing, 4 kg da-
1 nitrogen and 10 kg da! phosphorus fertilizers were
applied (Tan & Sancak, 2009).

Considering the side effects, 50 cm parts of the upper
and lower parts of the side rows and plots were
removed from the harvest. Forage yield was calculated
by weighing the herbage cut from each parcel and
transforming it into yield per decare. Five hundred
grams of forage taken from each parcel was dried at 70
0C for 48 hours, and dry matter yield was calculated
from the result obtained (Anonymous, 2020). Crude
protein, ADF (Acid detergent fiber) and NDF (Neutral
detergent fiber) ratios were determined with the help
of Near Infrared Spectroscopy (NIRS) device. This
method was used by many researchers including
Basaran et al. (2011) and Cinar and Hatipoglu (2015).

Crude protein yield was obtained by multiplying the
dry matter yield by the crude protein ratio (Basbag et
al., 2015), and the DDM (Digestible dry matter) ratio
and RFV (Relative feed value) with the help of ADF
and NDF ratios (Van Dyke & Anderson, 2000;
Morrison, 2003).

Statistical model

The study was set up with three replications according
to the random block trial design. ANOVA was used to
obtain data by JMP statistics program. The averages
of the groups were compared with the Tukey test
according to the %5 significance level (JMP, 2018).

RESULTS and DISCUSSION
Forage and dry matter yields (kg da1)

Forage and dry matter yields of sainfoin genotypes
were presented in Table 3. Genotype, year and year x
genotype interactions were found statistically
significant in terms of forage and dry matter yield.

Table 3. Forage yield and dry matter yield of sainfoin genotypes
Cizelge 3. Korunga genotiplerinin yesil ot ve kuru ot verimleri

Forage yield (kg da’!

)

Dry matter yield (kg da?)

22222;?]2? Yesil ot verimi (kg da’) Kuru ot verimi (kg da’’)
2017 2018 Mean 2017 2018 Mean
Adakli 1363112 f-k 984466 ki 1173£102 GH 453+25 g-1 295422 Im 374+38 DE
Ankara 2250+48 a-d 1784+128 d-g 2017+120 CD 728+29 a-c 486+26 e-1 607+57 BC
Emre 2552+167 a 1530+68 e-j 2041+242 B-D 824+42 a 480427 f-1 652+80 BC
Fatih 2250+189 a-d 1326+128 g-k 1788+230 DE 761£103 ab 441439 h-1 601+87 BC
Genc 1272441 1-1 824+551 1048+104 H 385+5 1-m 218+15 m 302+38 E
Hilal 2248+55 a-d 1893+64 b-e 2071+87 B-D 774+52 ab 660+17 a-f 717+35 AB
Koc 1461 1837+121 c-f 1763+65 e-h 1800+63 DE 596+15 b-h 541+32 c-j 569+20 C
Lutfibey 1711+£107 e-1 2600+128 a 2156+212 A-C 680+42 a-e 649+27 a-g 665+24A-C
Mehmetalibey 2337+65 ab 1539466 e-) 1938+183 CD 672+51 a-f 579+15 b-1 625+32 BC
Peschany) 1251 23444121 ab 2305+70 a-c 2325+63 AB 756+17 ab 692+33 a-d 724422 AB
Tarim 2614+94 a 2302+71 a-c 2458+87 A 830+55 a 744+21 ab 787+33 A
Yedisu 1296+32 h-1 1877+65 b-e 1587+133 EF 357+4 j-m 495+23 d-k 426+33 DE
Yunus 1610+77 e-j 1209+65 j-1 1409+100 FG 538+43 c-j 332+17 k'm 435+50 D
Mean 1976+78 A 1687+84 B 1832+60 643+27 A 509+26 B 576+20
CV (%) 8.25 10.88
Genotype (G) wx w
Years (Y) *k *k
G X Y *% *%
**: P<0.01

From the two-year averages, the highest forage yield
was obtained from the Tarim genotype with 2458 kg
da’l. Peschanyj-1251 (2325 kg da'!) and Lutfibey (2156
kg da'l) cultivars in the same group were next in terms
of yield. The lowest forage yield was obtained from
genotype from the Genc district with 1048 kg dal. In
terms of years, it was seen that 2017 (1976 kg'!) yielded
a higher forage yield than 2018 (1687 kg'). The two-
year forage yield average obtained was 1832 kg da! as
presented in (Table 3).

According to the two-year average, the highest dry
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matter yield was obtained from the Tarim genotype
with 787 kg da'l. Peschanyj-1251 (724 kg da'!), Hilal
(717 kg da'!) and Lutfibey (665 kg da') cultivars in the
same group followed this observation statistically. The
lowest dry matter yield was obtained from the
genotype obtained from Genc district with 302 kg da.
It was seen that 2017 (643 kg da'?) yields a higher dry
matter than 2018 (509 kg da'!). The two-year dry
matter yield determined was 576 kg da! as presented
in (Table 3).

The average forage yield was 1832 kg da! and dry
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matter yield was 576 kg da’l. It was observed that

Hilal, Emre and Ankara genotypes gave forage and dry

Tarim, Peschanyj-1251, Mehmetalibey, Lutfibey, matter yields above the average (Figure 1).
Dry Matter Yieid|
Mean 76 832
Yunus ‘—1“5 11409
Yodisy —|ze —
Yarim 787 Siae
P vy 1251 724 s
Mehmatalbey B2 he3s
§ W s 2156
g Koc 1461 ] 100
Hilal ald —
onc oz
Fatih - £01 o -
. = 041
Ankara I 0017
Ak —M_T J1173 {
. ] b |l A< L} T 1]
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Forage and Dry Matter Yield (kg da™)

Figure 1. Forage and Dry Matter Yield of Sainfoin Genotypes
Sekil 1. Korunga genotiplerinin yesil ve kuru ot verimleri

Erkovan and Tan (2009) reported a dry matter yield of
1016 kg da’l, 776 kg da’l, 749 kg da! and 410 kg da‘!
over a period of four years, in irrigated and arid
conditions, respectively. The differences between the
yield values obtained may be attributed to the
ecological conditions and genotypes used. However, in
the four-year study, dry matter yields decreased
systematically every year and this decrease was found
to be statistically significant. This situation was
similar to the decrease in both forage and dry matter
yield values obtained in the second year in this study.
Acikgoz (2001) reported that the sainfoin yielded the
highest yield in the second and third years and the
field should be plowed in the fourth year. In this study,
since the first year was the year of establishment, the
data obtained were not evaluated. The highest yield
values were obtained in the second year (in 2017).
Yield values decreased during the third year (2018)
and the study was concluded in the fourth year.

Unal and Firincioglu (2007) found that there were
significant differences between the years in the study
they carried out with three genotypes under the
conditions of the Central Anatolian region. They
reported a forage yield of 2121 kg da'! in the first year,
307 kg da'! in the second year resulting in an average
of 1214 kg dal. They also reported a dry matter yield
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of 564 kg da! in the first-year, 104 kg da! in second-
year thus averaging in 334 kg da'l.

Crude protein ratio (CP) (%) and crude protein yield
(CPY) (kg daV)

Genotype, year and genotype X year interaction were
found insignificant in terms of crude protein ratio of
sainfoin genotypes. The crude protein ratio of
genotypes varied between 14.2% and 17.7%, with an
average of 16.4%. The crude protein rate was 16.8% in
2017 and the crude protein rate was 16.1% in 2018
(Table 4).

Genotype, year and genotype X year interaction were
found statistically significant in terms of crude protein
yield. When the genotypes were compared, it was
observed that the highest crude protein yield was
obtained from the Tarim population (133.0 kg da'l),
followed by the Emre (112.9 kg da'?) and Hilal (122.3
kg da'l) cultivars. It was observed that the populations
obtained from Adakli and Genc districts, recorded the
lowest crude protein yields. The crude protein yield
(108.1 kg da'?) obtained in 2017 was higher than the
crude protein yield (82.5 kg dal) obtained in 2018
(Table 4).
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Table 4. Crude protein ratio and crude protein yield of sainfoin genotypes
Cizelge 4. Korunga genotiplerinin ham protein oranlari ve ham protein verimleri

Crude protein ratio (%)

Crude protein yield (kg da®)

giigg%ii Ham protein orani (%) Ham protein verimi (kg da’’)
P 2017 2018 Mean 2017 2018 Mean
Adakli 16.5+2.6 14.7+0.1 15.6+1.2 73.4+7.1d-g 43.4+3.0 fg 58.4+7.5D
Ankara 16.0+1.7 17.6+0.4 16.8+0.8 117.4£16.9 a-d 85.9+6.3 c-g 101.7+£10.7 A-C
Emre 18.1+1.8 15.7+£0.8 16.9+1.0 150.6+22.8 a 75.2+1.4 c-g 112.9+£19.7 A
Fatih 17.5+1.1 16.9+0.4 17.2+0.5 133.3+18.5 a-¢c 74.8+7.2 c-g 104.1+£15.8 A-C
Genc 13.3+1.3 15.1+£0.3 14.2+0.7 51.5+5.7 fg 33.1+2.5 g 42.3+4.9 D
Hilal 17.1£2.1 16.9+0.3 17.0+£0.9 133.2+20.9 a-c 111.5+4.2 a-e 122.3£10.7 A
Koc 1461 17.0£1.9 17.3+£1.7 17.1+£0.9 101.4£12.0 a-f 94.2+11.0 a-f 97.8+£7.4 A-C
Lutfibey 17.9+0.8 15.2+2.0 16.6£1.1 121.6+£4.6 a-d 98.9+15.8 a-f 110.2+8.9 AB
Mehmetalibey 17.9+0.3 15.8+0.9 16.8+0.6 120.7+11.3 a-d 91.4+7.2 b-g 106.0+8.9 A-C
Peschany) 1251 12.7+0.1 16.0+0.1 14.3+0.7 95.8+£3.0 a-f 111.0+6.4 a-e 103.4+4.6 A-C
Tarim 17.5+£0.6 16.1+0.5 16.8+0.4 145.8+14.7 ab 120.3+7.2 a-d 133.0+9.3 A
Yedisu 19.3+£1.2 16.1+0.2 17.7+0.9 68.9+5.2d-g 79.5+4.6 c-g 74.2 £3.9 B-D
Yunus 17.3£1.1 15.9+0.7 16.6+0.6 92.3+£4.5 a-f 52.8+3.3 e-g 72.5+9.1 D
Mean 16.84+0.4 16.1+0.2 16.4+0.3 108.1+5.6 A 82.5+4.4 B 95.3+£3.9
CV (%) 12.62 19.47
Genotype (G) ns ok
Years (Y) ns w*
GxY ns i
ns: Non significant. **: P<0.01
research.

Average crude protein yield obtained was 95.3 kg da’.
It was determined that Tarim, Peschanyj-1251,
Mehmetalibey, Lutfibey, Koc 1461, Hilal, Fatih Emre
and Ankara genotypes gave crude protein yield above
the average as presented on Figure 2.

In a study with sainfoin cultivars, Temel and Ozalp
(2016) reported a crude protein rate (although varying
according to altitude) of 16.0-17.0% in the 10%
flowering period and Akdeniz (2019) reported a crude
protein rate of 15.12-16.07%. These rates support the
results obtained in this study. Ulger and Kaplan (2016)
also reported a crude protein content in the flowering
period of sainfoin populations ranging between 12.7%
and 15.9%, with an observation that, the crude protein
ratio was higher in registered cultivars and relatively
lower in population samples. However, the crude
protein ratios recorded in this study did not differ
between populations and registered cultivars. The
crude protein ratio may differ depending on the genetic
structure of the plant as well as the development
stages of the plant. Therefore, the crude protein
content may differ in different genotypes or in different
harvesting periods.

Turk (2005) reported a crude protein yield ranging
between 57.0 and 122.3 kg da! in a three-year study
conducted in order to determine the effect of different
seed amounts and row spacing of sainfoin on crude
protein yield. Akdeniz (2019) reported a crude protein
yield of 100 kg da'! as a result of a two-year study that
examined the yield and quality characteristics of
different cultivation methods and mixtures. These
values were in consonance with the findings of this
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Acid detergent fiber (ADF) (%) and neutral detergent
fiber (NDF) (%)

Genotype and year x genotype interactions were not
found statistically significant in terms of ADF and
NDF ratios of sainfoin genotypes. Only the difference
between years was found statistically significant
(Table 5).

ADF ratios varied between 30.1% and 34.2% with the
average of 31.2%, NDF ratios varied between 42.9%
and 45.1% with the average of 43.8%. ADF (33.8%) and
NDF (46.6%) ratios of 2018 were higher than ADF
(28.6%) and NDF (41.4%) ratios of 2017 (Table 5).

The reason why the ADF and NDF ratios obtained in
the second year were higher than the ADF and NDF
ratios in the first year could be attributed to the aging
of the plant. ADF and NDF ratios, which make up the
plant cell wall, increased as the plants age.

ADF rates (32.0-34.0%) and NDF rates (44.0-46.5%)
obtained from sainfoins at different altitudes by Temel
and Ozalp (2016) support the results of this study.
However, ADF rates (32.01-41.79%) and NDF rates
(42.57-53.89%) reported by Ulger and Kaplan (2016)
and ADF rates (41.57%) and NDF rates (50.53%)
reported by Yavuz and Karadag (2016) were higher
than the results of this study.

Digestible dry matter (DDM) (%) and relative feed
value (RFV)

As can be observed from the Table 6, the difference
between genotype and year x genotype interaction was
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statistically insignificant, but the difference between
years was found to be significant in terms of digestible

dry matter and relative feed value of sainfoin
genotypes.
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Figure 2. Crude Protein Yield of Sainfoin Genotypes
Sekil 2. Korunga genotiplerinin ham protein verimleri

Table 5. Acid detergent fiber and neutral detergent fiber of sainfoin genotypes
Cizelge 6. Korunga genotiplerinin asit ve notral deterjanda ¢éziinmeyen Iif oranlari

Genotypes ADF (%) ADF (%) NDF (%) NDF (%)
Genotipler 2017 2018 Mean 2017 2018 Mean
Adakli 27.7+2.8 33.4+0.3 30.5+1.8 41.2+43.9 45.2+0.2 43.2+1.9
Ankara 26.9+3.1 35.3+0.6 31.1+2.3 39.1+2.8 48.6+0.9 43.8+2.4
Emre 29.0+4.3 32.4+1.6 30.7+2.2 41.4+4.8 43.7+£1.6 42.5+2.3
Fatih 27.9+2.1 34.3+0.6 31.1+1.7 39.8+2.0 47.0+0.9 43.4+1.8
Genc 29.7+0.8 33.84+0.1 31.7+0.9 42.3+1.3 47.9+0.4 45.1+1.3
Hilal 28.6+5.5 34.2+0.9 31.4+2.7 39.946.1 47.3+0.9 43.6+3.2
Koc 1461 28.8+3.1 35.56+1.1 32.2+2.0 41.343.1 48.4+1.6 44.9+2.2
Lutfibey 28.8+1.8 31.3£1.9 30.1+1.3 41.7£2.6 44.2+2.9 42.9+1.8
Mehmetalibey 29.8+3.9 32.2+1.7 31.0£2.0 42.6+4.3 45.2+2.2 43.9+2.2
Peschanyj 1251 28.7+0.1 39.7+0.4 34.2+2.4 41.5+0.2 52.9+0.2 47.2+2.5
Tarim 29.6+0.5 32.2+0.9 30.9+0.7 41.2+0.7 44.7+£1.0 43.0+0.9
Yedisu 28.4+1.1 32.2+0.9 30.3+£1.0 41.6+1.3 44.6+0.9 43.1+0.9
Yunus 28.1+2.1 32.4+0.3 30.2+1.3 40.8+2.0 45.8+0.6 43.3+1.4
Mean 28.6:0.7B  33.840.2 A 31.2+0.5 41.1+0.8 B 46.6:0.3 A 43.840.6
CV (%) 11.71 9.42

Genotype (G) ns ns

Years (Y) *k *%

GxY ns ns

ns: Non significant. **: P<0.01

The digestible dry matter ratios of the sainfoin
genotypes varied between 63.9% and 65.5%, and the
relative feed values varied between 126 and 145.
Considering the average of the two years, the
digestible dry matter ratio was 64.6% and the relative
feed value was 139. The digestible dry matter ratio
(66.6%) and relative feed value (151) obtained in 2017
were statistically higher than the values (62.6% and
127, respectively) obtained in 2018 (Table 6).

The reason why the genotypes have higher digestible
dry matter ratio and relative feed values in 2017
compared to 2018 was due to the fact that the plant
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was younger in the first year compared to the second
year. As the plants got older, the ADF and NDF ratios
increased, while their digestibility and relative feed
values decreased.

Yavuz and Karadag (2016) reported that the in vitro
digestibility rate of sainfoin was 61.30% and Ulger and
Kaplan (2016) reported that the organic matter
digestion rate ranged between 60.7% and 72.59%. The
results obtained from this study are in agreement with
the results of the researchers.
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Table 6. Digestible dry matter and relative feed value of sainfoin genotypes
Cizelge 6. Korunga genotiplerinin sindirilebilir kuru madde ve nispi yem degerleri

Digestible dry matter (%)

Relative feed value

gz;g‘;ﬁ)]ii Sindirilebilir kuru madde (%) Nispi yem degeri
2017 2018 Mean 2017 2018 Mean
Adakli 67.3£2.2 62.9+0.2 65.1+1.4 152+17.7 133+1.4 142+9.0
Ankara 68.0+£2.4 61.4+0.4 64.7+1.8 162+11.7 119+4.6 140+11.1
Emre 66.3+3.4 63.7+1.2 65.0+1.7 150+20.7 140+8.7 145+10.2
Fatih 67.2+1.6 62.2+0.5 64.7+1.3 157+8.3 124+5.2 141+8.6
Genc 65.8+0.6 62.6+0.1 64.2+0.7 145+4.5 122+1.3 133+5.5
Hilal 66.6+4.2 62.3+0.7 64.4+2.1 155+22.8 129+5.2 142+12.0
Koc 1461 66.4+2.4 61.3+0.8 63.9+1.6 150+11.8 119+8.0 135+9.4
Lutfibey 66.5+1.4 64.5+1.5 65.5+1.0 150+10.3 137+14.9 144+8.6
Mehmetalibey 65.7£3.0 63.8£1.3 64.8+1.5 145+17.7 135+11.2 140+£9.6
Peschanyj 1251 66.6:0.1 58.0+£0.3 62.3£1.9 149+0.7 102+1.8 126+10.5
Tarim 65.8+0.4 63.8+£0.7 64.8+0.5 149+3.1 133+5.1 141+4.5
Yedisu 66.7+0.8 63.8+£0.7 65.3£0.8 149+5.7 133+£5.2 141+5.0
Yunus 67.0+1.7 63.6+0.3 65.3+1.0 153+9.6 130+3.1 1414+6.8
Mean 66.6+0.5 A 62.6+0.2 B 64.6+0.4 151+3.3 A 127+1.7 B 139+2.3
CV (%) 4.40 12.49
Genotype (&) ns ns
Years (Y) *k s
GxY ns ns
ns: Non significant. **: P<0.01
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Figure 3. Biplot plot of the relationship between genotypes and traits studied
Sekil 3. Genotipler ile incelenen ozellikler arasindaki iliskinin biplot analizi

Examination of the relationship between genotypes
and examined traits by Biplot analysis

The relationship between genotypes and the examined
traits was presented on Figure 3. It can be observed
that there is an interaction of 85.4%, with the first
main component being 53.4% and the second main
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component being 32.0%, between the genotypes and
the investigated features.

According to Basbag et al. (2018), if the angle between
the features examined in the biplot analysis was less
than 900, there was a positive and significant
relationship between them. From this point of view, it
can be inferred that the examined features are divided
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into three groups. It can be observed that the forage
yield, dry matter and crude protein yields formed a
group, crude protein, digestible dry matter And
relative feed value formed another group, and ADF
and NDF ratios formed the third group. It was
observed that there were statistical differences
between the forage, dry matter and crude protein
yields obtained from the genotypes considered in the
study (Table 2, Table 3). As a result of the biplot
analysis, it was observed that Tarim and Hilal
cultivars were outstanding in terms of forage, dry
matter and crude protein yields, which make up the
first group and were statistically significant different
from the other groups.

CONCLUSION

As a result of the two-year study, the highest results in
terms of forage and dry matter yield were obtained
from the Tarim population obtained from the
Provincial Directorate of Agriculture. Along with this,
population samples, Peschanyj and Lutfibey cultivars
as well as Hilal, a registered cultivar were also
determined to be the genotypes which gave the highest
results. It has been observed that the Tarim population
with the Emre and Hilal cultivars stands out in terms
of crude protein yield. No statistically significant
differences were found between genotypes in terms of
crude protein ratio, ADF ratio, NDF ratio, digestibility
dry matter and relative feed value. However,
statistically significant increases in ADF and NDF
ratios, and significant decreases in digestibility and
relative feed values were detected in the second year.
As the year progresses, it was observed that there was
significant decrease in yield, quality, digestibility and
relative feed values. In addition, as a result of the
biplot analysis, it was observed that Tarim population
and Hilal cultivars stand out in terms of forage, dry
matter and crude protein yields. As a results; Tarim,
Hilal, Peschanyj and Lutfibey genotypes came to the
fore in terms of the examined characteristics and these
genotypes were recommended for the Bingél Province.

Researchers’ Contribution Rate Statement

The authors declare that they have contributed equally
to the article.

Conflict of Interest Statement

The article authors declare that they do not have any
conflict of interest.

REFERENCES

Acikgoz, E. (2001). Forage Crops. Uludag University
Empowerment Foundation Publication No: 182,
Bursa. (In Turkish)

Acikgoz, E. (2013). Forage Crops Growing. Dairy
Farming Training Center Publications No: 8,
Bursa. (In Turkish)

627

Akdeniz, H. (2019). The influence of different sowing
methods of sainfoin, smooth bromegrass and
wheatgrass mixtures on yield traits and quality
characteristics. Journal of Agriculture X1), 1-15.

Anonymous, (2019). Climate data of Bingol province.
Bingol Meteorology Station Directorate, Bingol,

Turkey.
Anonymous, (2020). Technical instruction for
measuring agricultural values. Ministry of

Agriculture and Rural Affairs, Seed Registration
and Certification Center, Ankara. (In Turkish)

Basaran, U., Mut, H., Onal, O., Acar, Z. & Ayan, L
(2011). Variability in forage quality of Turkish
grass pea (Lathyrus sativus L.) landraces. Turkish
Journal Field Crops 16(1), 9-14.

Basbag, M., Sayar, M.S., Aydin, A., Hosgoren, H. &
Demirel, R. (2015). Some agronomical and quality
traits in nine (Vicia ssp.) species cultivated in
Southeastern Anatolia, Turkey. Turkish Journal of
Agricultural and Natural Sciences A1), 69-717.

Basbag, M., Cacan, E. & Sayar, M.S. (2018).
Determining feed quality of some grass species and
assessments on relations among the traits with
biplot analysis method. Journal of Central Research
Institute for Field Crops 27(2), 92-101.

Cinar, S. & Hatipoglu, R. (2015). Quality
characteristics of the mixtures of some warm season
perennial grasses with alfalfa (Medicago sativa L.)
under irrigated conditions of Cukurova. Turkish
Journal of Field Crops 20(1), 31-37.

Cecen, S., Oten, M. & Erdurmus, C. (2015). Collection
and determination of morphological traits of
sainfoin (Onobrychis sativa L.) populations from
Antalya natural flora. Derim 3X1), 63-70.

Ekiz, H., Altinok, S., Sancak, C., Sevimay, C.S. &
Kendir, H. (2011). Forage Crops. Ankara University
Faculty of Agriculture Publications, Publications
No: 1588, Ankara. (In Turkish)

Elmali Aksu, D. & Kaya, 1. (2012). The effects of
different harvesting time on nutrient content of
sainfoin (Onobrychis sativa L.) and vetch (Vicia
sativa L.). Journal of Lalahan Livestock Research
Institute 522), 39-45.

Erkovan, H.I. & Tan, M. (2009). The determination of
seed and hay yield and some characteristics of
sainfoin under dry and irrigation condition.
FErzincan University Journal of Science and
Techonology X1), 61-70.

Ertus, M.M., Sabanci, C.O. & Zorer Celebi, S. (2012).
Determination of some characteristics of sainfoin
(Onobrychis sativa) landraces grown in Van
province. Yuzuncu Yil University Journal of
Agricultural Sciences 22X3), 165-172.

JMP, (2018). A Business Unit of SAS. SAS Institute,
USA.

Koc, A. & Akdeniz, H. (2017). Preliminary
investigations on the yield and some agricultural
properties of sainfoin (Onobrychis sativa L.) species



KSU Tarim ve Doga Derg 26 (3), 619-628, 2023
KSU J. Agric Nat 26 (3), 619-628, 2023

Arastirma Makalesi
Research Article

of breed in Gozlu and Altinova agricultural
establishments. KSU Journal of Agriculture and
Nature 20(1), 6-12.

Morrison, J.A. (2003). Hay and Pasture Management.
Extension Educator, Crop Systems Rockford
Extension Center. http:/iah.aces.uiuc.edu/pdf/
Agronomy_HB/08chapter.pdf (Accessed May 20,
2019).

Parlak Ozaslan, A., Gokkus, A., Samikiran, E. & Senol,
M.Y. (2014). Investigation of morphological and
agronomic characteristics of some wild sainfoin
species. COMU Journal of Agriculture Faculty X2),
111-117.

Sezen, Y. (1995). Fertilizers and Fertilization. Ataturk
University Publication No: 679, Agriculture Faculty
Publications No:303, Erzurum. (In Turkish)

Soya, H., Avcioglu, R. & Geren, H. (2004). Forage
Crops. Hasad Publications, Istanbul. (In Turkish)

Tan, M. & Sancak, C. (2009). Sainfoin (Onobrychis
viciifolia Scop.). In: Legume Forage Crops Volume
II, ed. Avcioglu R., Hatipoglu R, Karadag Y,
General Directorate of Agricultural Production and
Development, Izmir. (In Turkish)

Temel, O. & Ozalp, M. (2016). Effects of elevation and
some soil properties on the yield and quality of
sainfoin (Onobrychis sativa Scop.) forage crop
grown in Savsat district, Artvin. Anadolu Journal
of Agricultural Sciences 31(1), 106-116.

TUIK, (2022). Turkish Statistical Institute, Crop
Production Statistic, http://www.tuik.gov.tr,

628

(Accessed July 20, 2022).

Turk, M. (2005). The effects of different seeding
densities on the hay and crude protein yields of
sainfoin (Onobrychis sativa L.). Ankara University
Faculty of Agriculture, Journal of Agricultural
Sciences 11(3), 292-298.

Turk, M. & Celik, N. (2005). Studies on effects of
different row spacings and seeding rates on the seed
yield of sainfoin (Onobrychis satival..). ANADOLU,
J. of AARI 15(2), 43-51.

Ulger, 1. & Kaplan, M. (2016). Variations in potential
nutritive value, gas and methane production of local
sainfoin (Onobrychis sativa) populations. Alinteri
Journal of Agriculture Sciences 31(B9), 42-47.

Unal, S. & Firincioglu, H.K. (2007). Investigation of
the phenological, morphological and agronomic
traits of some sainfoin populations and line. Journal
of Central Research Institute for Field Crops 16(1-
2), 31-38.

Van Dyke, N.J. & Anderson, P.M. (2000). Interpreting
a Forage Analysis. Alabama  Cooperative
Extension. Circular ANR-890.

Yavuz, T. & Karadag, Y. (2016). Yield and quality
performances of artificial pasture mixtures under
dryland conditions. fgdir University Journal of the
Institute of Science and Technology 6(4), 155-163.

Zengin, M. (2012). Basic Principles in Interpretation of
Soil and Plant Analysis Results (Chapter 12). In:
Plant Nutrition, ed. Karaman, M.R., 874, Gubretas
Guide Books Series :2. (In Turkish).



\7 A\
KSU Tarim ve Doga Derg 26 (3), 629-638, 2023 : 6\? g

KSU J. Agric Nat 26 (3), 629-638, 2023
httpsi//doi.org/10.18016/ksutarimdoga.vi.1111394

Germination and Growth Parameters in Sorghum Cultivars (Sorghum bicolor L.) Effected by
Boron Application Under Salinity Stress

Tugba Hasibe GOKKAYA!, Mehmet ARSLAN2*

1Bati Akdeniz Agricultural Research Institute, Antalya, Tirkiye, 2Akdeniz University, Faculty of Agriculture, Department of Field Crops, TR-
07059, Antalya, Turkiye

thttps://orcid.org/0000-0001-5956-0764, 2https://orcid.org/0000-0002-2197-4969

P<: mehmetarslane@akdeniz.edu.tr

ABSTRACT Field Crops
The aim of this research is investigating the effects of boron on the .
germination and growth of three sorghum cultivars at different salinity Research Article

stress levels. The experiment was arranged as four replications according

to the factorial experimental design in completely random blocks The Artlc.le Hlstory‘

three sorghum (Sorghum bicolor L.) cultivars (Erdurmus, Uzun and Received :29'04'2022
Gozde 80) selected for the genetic material. NaCl compound was utilized Accepted - 12.12.2022
as salt source and solutions were prepared at concentrations of 0-75-150 Keywords

mM. Boron was applied as HsBOs at 0-5-10-15 mM. In general regarding Boron

growth parameters, the values obtained in Goézde 80 cultivar were Sl Ol
determined as the highest averages. Whereas the salinity levels effect Salinity

was examined in this study, a decrease was determined in the parameters Growth
measured as the level of the stress factor increased. Salinity had a high
adverse effect at the 150 mM level, and as expected the highest averages
were obtained in the control treatments. Low-dose boron applications
have possitive effects on germination and growth parameters in this
experiment. Therewithal under salinity stress conditions, low-dose boron
applications showed affirmative efficacy compared to the control of each
condition. In this experiment, determined that boron applications reduce
this effect under salinity stress conditions that sorghum seeds may
encounter during the germination period, but the boron dose level to be
applied should be properly controlled.

Germination

Tuzluluk Stresi Altinda Bor Uygulamasindan Etkilenen Sorgum Cesitlerinde (Sorghum bicolor L.)
Cimlenme ve Biiylime Parametreleri

OZET Tarla Bitkileri

Bu arastirmanin amaci, farkli tuz stresi seviyelerinde l¢ sorgum

cesidinin ¢imlenmesi ve bliylimesi tizerine borun etkilerini arastirmaktir. Aragtirma Makalesi
Deneme, tesaduf bloklar: faktoriyel deneme deseni kullanilarak dort

tekerrirlii olarak diizenlenmistir. Genetik materyal i¢in secilen g Makale Tarihgesi

sorgum cesidi (Sorghum bicolor L) Erdurmus, Uzun ve Gézde 80'dir. Tuz Gelig Tarihi  :29.04.2022
kaynag1 olan NaCl bilesiginden 0-75-150 mM konsantrasyonlarda Kabul Tarihi :12.12.2022
¢ozeltiler hazirlanarak stes kosullar: olusturulmustur. Bor dozlari ise 0-

5-10-15 mM olarak H3sBOs kimyasalindan hazirlanarak uygulanmagtir. Anahtar Kelimeler
Genel olarak Goézde 80 ¢esidinde elde edilen degerler en yiiksek Bor

ortalamalar olarak belirlenmigtir. Bu ¢alismada tuzluluk dizeylerinin Sorgum Cesitleri
etkisi incelendiginde, stres faktorinin dizeyi arttikga o6lgiilen Tuzluluk
parametrelerde azalmalar tespit edilmistir. En dustk ortalamalar 150 Biytime

mM seviyesinde tuz uygulamalarinda elde edilirken, en yiiksek Cimlenme

ortalamalar kontrol uygulamasinda belirlenmigtir. Dligiik dozlarda bor
uygulamalari bu ¢calismada tiim parametreler tizerinde artiglar meydana
getirmigtir. Tuzluluk stresi kosullarinda disiik dozda bor uygulamalar:
her kosulun kontroliine gore pozitif etki gostermistir. Bu denemede,
sorgum tohumlarinin ¢gimlenme déneminde kargilagabilecekleri tuzluluk
stresi kogullarinda bor uygulamalarimin bu etkiyi azalttigi ancak
uygulanacak bor doz seviyesinin uygun sekilde kontrol edilmesi gerektigi
belirlenmigtir.
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INTRODUCTION

The request for food is spawning day by day with the
rapid increase in the world population. However,
human activities and geological processes cause
adverse biotic or abiotic agents, especially salinity
problems (Kumar et al, 2017; Guo et al., 2022).
Salinity is a major hazard in arid and semi-arid
climatic areas and is a significant stinting factor in
universal food manufacture (Ahmed et al., 2020; Tolay,
2021). Salinity occurs when soluble salts that
accumulate in groundwater by washing in arid and
semi-arid climatic regions rise to the soil surface with
capillarity due to high groundwater and accumulate on
the surface as a result of water evaporation. Salinity
stress primarily occurs in degradations in metabolic
and functional mechanisms. Than, it causes injury to
plant organs, reduce in product quality and even death
(Shabala, 2009; Arslan et al., 2013).

Salinity is one of main abiotic stress limiting plant
growth, development and productivity. The significant
inhibitory effect of salinity on plant growth and crop is
due to (1) osmotic effect, (2) ion toxicity, and (3)
nutritional deficiency leading to reduced
photosynthetic effect and other physiological disorder
(Almodares et al, 2008).

Nowadays, it i1s stated that there is a substantial
decrease in crop yield due to global soil salinization
and salt effect is approximately millions hectares
(Pirasteh-Anosheh et al., 2017; Asgari & Diyanat,
2021; Karle et al., 2021). Therefore, it has turned into
immediate needs to increase plants grown in salty
areas and utilized for food and treatment and to
discover a solution to salinity stress (Shahid et al.,
2021).

Sorghum (Sorghum bicolor L.) is member of a cereal
crop family with various utilizes food, forage crop
(Baran & Kocabagli, 2000; Arslan et al., 2017) and
energy (Rooney & Waniska, 2000; Ribas, 2014).
Whereat it is from the cereal family, it can be easily
made into silage (Vadakkekara Joseph, 2016; Arslan
et al., 2017) and as a result, it can be fed to animals
(Karadag & Ozkurt 2014). Sorghum, studied annually
(Pontieri et al., 2012) by breeders, has wide genetic
changeabilty (Tigabu et al., 2012; Shakeri et al., 2017)
and germplasm origins to adopt new varieties into
multiple ecoregions (Bibi et al., 2016). Sorghum is one
of the C4 plants that is moderately saline tolerant
(Maas & Hoffman, 1986) and highly adaptable to semi-
arid and arid regions where salinity creates problems
for vegetative production (Kebede et al., 2001; Ejeta &
Knoll, 2007; Ali et al., 2011).
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Boron has a significant role in physiological courses
within plants and is therefore one of the most major
micronutrients for their growth (Warrington, 1923).
This is one of the most limiting nutrient for grains
especially for lucubratory varieties growing in sandy
soils where it can vanish by filtering due to its high
mobility in the soil (Uraguchi & Fujiwara, 2011). There
are differences in boron access in plant species and
varieties (Hu & Brown, 1997). Within its roles, the
element boron is associated with increasing seed yield
and quality (Batista et al., 2021). Excessive boron
intake limits plant growth and damages the
photosynthetic system. Thereby causing ciritical
physiological reactions such as degradation of auxin
biosynthesis leading to decreased fruit or crop yields.
Since boron is an element involved in cell growth,
nucleic acid formation, nitrogen fixation, cell wall
biosynthesis, sugar translocation, as well as flowering
and pollen tube growth, its importance is further
increased under stress conditions (Marschner, 2012).

It is obtained that germination and emergence
processes in sorghum breeding are the most
enlightening phases of the plant life cycle to determine
the effect of salinity (Krishnamurthy et al., 2017). It is
necessary to develop new strategies and appropriate
methods in order to reduce the negative effects of low
salt stress that plants are exposed to during the
germination and seedling stages of sorghum
cultivation. In these cases, it has been found that the
seed can stimulate some metabolic processes in
germination by pretreatment with some plant growth
regulators and increase seed emergence under varied
environmental conditions (Ren et al., 2020). Therefore,
we hypothesized that the adverse effects at different
salt stress levels could be mitigated by boron
application. The aim of the experiment was to examine
the probability of differential salt stress reduction at
the seedling stage of three sorghum varieties by
applying boron levels.

MATERIAL ve METHOD

As investigating the effects of boron on the
germination and seedling growth of three sorghum
cultivars at different salt stress levels, this experiment
was carried out in the Forage Crops Laboratory of the
Field Crops Department of Akdeniz University. The
trial was arranged in four replications using factorial
arrangement according to the completely randomized
blocks experimental design. The three sorghum
cultivars (Sorghum bicolor L.) selected for the genetic
material are Erdurmus, Uzun and Gézde 80 and were
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obtained from the Western Mediterranean
Agricultural Research Institute.
Petri dishes were rinsed with deilonized water,

sterilized and incubated as a general protocol
procedure. Twenty sorghum seeds in same size of each
cultivar were placed evenly in a petri dish (9 cm
diameter) using forceps after two sterilized Whatman
Filter papers. NaCl (Sigma®) compound was utilized
as salt source and solutions were prepared at
concentrations of 0-75 mM-150 mM. Boron was applied
as H3BOs at 0-5-10-15 mM. To prevent evaporation, all
the petri dishes were wrapped with parafilm. The petri
dishes were settled in a growth chamber at 20°C under
photoperiodic condition 16 hours light 8 hours dark.
Observations were recorded daily. The study ended on
the eleventh day.

Germination tests were carried out according to ISTA
rules (2017). Radicle and plumula lengths of seedling
were measured using a scale. The seed of germination
(MGT) was calculated using formulas described by
Majda et al. (2019). Germination rate (GR) was
calculated according to Xia et al. (2019). Germination
index (GI) and seedling vigor index (SVI) were counted
by the method of Xia et al. (2019). The radicle/plumula
ratio (R/S ratio) was calculated as the following
equation (Shtaya et al., 2021). The calculation of stress
tolerance indices formulas as described by Naraw et al.
(2014).

number of seads germinated on thae irhdfz}'
h

number of days to count the nt

MGT (day):

GR(%)mumber of germinated seed/total number of
seed tested*100

the number of germinated seeds in day

GI: day of counting seed germination
SVI: germination percentage*average seedling
length/100

R/P ratio: Radicle length/ plumule length

SLSI (%): (Plumula length of stressed plant/ Plumula
length of control)*100

RLSI (%): (Radicle length of stressed plant/ Radicle
length of control)*100

SFSI (%): (Plumula fresh weight of stressed plant/
Plumula fresh weight of control)*100

RFSI (%): (Radicle fresh weight stress of stressed
plant/ Radicle fresh weight of control)*100

Statistic Analysis

Datas determined for the study subjected to analysis
variance using R (ANOVA) and compared with
Duncan's multiple range, which differed significantly
at 0.05 levels. (4.3.19)

RESULTS and DISCUSSION

The variance analysis of the different boron
applications on germination and seedling parameters
of sorghum cultivars affected by salinity conditions are
given in Table 1 and Table 2.

Table 1. Results of variance analysis on growth parameters of boron doses and salinity in sorghum cultivars
Cizelge 1. Tuz stresi seviyelerinde iti¢ sorgum cegidinin biiyiime parametreleri tizerine borun etkileri

Source of PFW RFW TB PLSI RLSI PFSI RFSI
variance

C 2 21.90%*  20.26%*  0.20 615.00%* 75.00%* 297.00%* 1655.00%*
S 2 3529.70%* 319.92%*  5661.70**  83691.00%*  74442.00%*  84182.00%*  77026.00%**
B 3 4646.30%* 235.67**  7337.50%*  948.00%* 779.00%* 701.00%* 510.00%*
C*S 4 29.80%*  26.68%%  62.50%* 184.00%* 255.00%* 78.00% 905.00%*
C*B 6  23.50%*  12.83%%  49.60** 187.00%* 124.00%* 41.00 338.00%*
S*B 6  213.50%*  10.59%*  349.00%*  253.00%* 211.00%* 192.00%* 180.00%*
C*S*B 12 6.90%* 7.46%* 11.70%* 104.00%* 82.00%* 14.00 146.00%*

*Significant at the 0.05 probability level. **Significant at the 0.01 probability level.

(Cultivar (Cesit): C, Salinity (Tuzluluk): S, Boron (Bor): B, Mean germination time (Ortalama Cimlenme Zamani): MGT, Germination Rate
(Cimlenme oran1): GR, Germination index (Cimlenme indeksi): GI, Seedling Vigor index (Fide canlilik indeksi): SVI, Plumula length (Plumula
uzunlugu): PL, Radicle length (Radicle uzunlugu: RL, Radicle/Plumula rate (Radicle/ plumula orani): R/S)

According to analysis of variance, all parameters
except total biomass were statistically significant at
the level of 1% in all cultivars. Similarly, increasing
salinity levels, boron doses and their interactions had
a significant effect (p<0.01) on the germination and
seedling parameters of sorghum cultivars. Closely, the
interaction of cultivars-boron doses and full interaction
factor showed meanful effects (p<0.01) on all
parameters except plumula fresh weight stress
tolerance index. The plumula fresh weight stress
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tolerance index was effected at 5% levels, as the other
germination and seedling parameters were
significantly (p<0.01) influenced by the interaction
between cultivars and salinity levels (Table 1 and 2).
In general, the values obtained in Goézde 80 cultivar
were determined as the maximum averages. The
specified parameters are MGT, PL, RL, R/P rate and
RFW. However, the highest germination rate and
seedling weight were found in Erdumus cultivar (Table
3a-3b).
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Table 2. Results of variance analysis on growth parameters and stress tolerances of boron doses and salinity in

sorghum cultivars

Cizelge 2. Tuz stresi seviyelerinde ti¢ sorgum ¢egidinin biiyiime parametreleri ve stres toleranslari tizerine borun

etkileri
Source of PFW RFW TB PLSI RLSI PFSI RFSI
variance
C 2 21.90%*  20.26**  0.20 615.00%* 75.00%* 297.00%* 1655.00%*
S 2 3529.70** 319.92*%*  5661.70%*  83691.00%*  74442.00%*  84182.00%*  77026.00%*
B 3 4646.30** 235.67**  7337.50%%  948.00** 779.00%* 701.00%* 510.00%*
C*S 4 29.80%*  26.68%*  62.50%* 184.00%* 255.00%* 78.00* 905.00%*
C*B 6  23.50%* 12.83%%  49.60%* 187.00%* 124.00%* 41.00 338.00%*
S*B 6  213.50%*  10.59%*  349.00**  253.00%* 211.00%* 192.00%* 180.00%*
C*S*B 12 6.90%* 7.46%* 11.70%* 104.00%* 82.00%* 14.00 146.00%*

*Significant at the 0.05 probability level.**Significant at the 0.01 probability level.

Table 3a. The effects of boron doses on growth parameters of sorghum cultivars exposed to salinity
Cizelge 3a. Farkll tuz stresi seviyelerine maruz kalmig ti¢ sorgum ¢esidinin biiylime parametreleri tizerine borun

etkiler!
C MGT (day) GR (%) GI (%) SVI (%) PL (cm) RL (cm)
E  3.91+0.34b 89.58+8.862 91.88+9.09>  48.55+4.80¢ 5.42+1.91b 4.75+1.99¢
U 4.04+0.24a 79.17+14.06P 99.58+14.812 52.88+9.032 5.31+1.94c¢ 5.09+2.92b
G 3.76x0.37¢ 79.80+13.81b 83.99+17.20¢ 51.21+£9.13b 6.10+£2.302 6.16+£2.342

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkli harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkli ortalamalari gosterir.

Table 3b. The effects of boron doses on growth parameters of sorghum cultivars exposed to salinity
Cizelge 3b. Farkli tuz stresi seviyelerine maruz kalmig ti¢ sorgum ¢egidinin biiylime parametreleri tizerine borun

etkileri
C R/P rate PFW (mg) RFW (mg) TB (mg)
E 0.85+0.09b 35.99+11.802 6.63+2.16¢ 42.62+13.91
U 0.95+0.192 35.00+11.82P 7.51+4.12b 42.51+15.86
G 0.96+0.092 34.70+14.58b 7.90+3892 42.57+18.52

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkli harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkl ortalamalar: gosterir.

As there was no statistical difference between the total
biomass, the averages were determined as nearly 43.00
mg in cultivars (Table 3b). Significant differences in
biomass were not only due to genetic makeup but also
to the growth medium (Amano et al., 1996). The reason
why a difference was not obtained in this study is
thought to be due to the fact that it was made in a petri
dish. Mean germination time, is one of the most
distinctive features of the cultivars, was obtained in
Erdurmus, Uzun and Go6zde-80 cultivars as 3.91 days,
4.04 days and 3.76 days, respectively (Table 3a).

In this experiment, it was concluded that different
morphological features showed different responses to
applications. In addition, it was observed that the
applications helped the tolerance under stress
conditions on the cultivars. In most cases, germination
traits were useful in predicting the suitability of seeds
for commercial usage due to their quality at the
seedling stage, whereas germination rate affects seed
emergence uniformity (Ching, 1959; Thomson & El-
Kassaby, 1993; El-Kassaby, 2000, El-Kassaby et al.,
2008).

As the effect of salinity levels was examined in this
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study, a decrease was determined in the parameters
measured as the level of the stress factor increased.
The lowest averages were obtained in salt applications
at the level of 150 mM, and the highest values were
determined in the control (Table 4a,4b). A high salt
concentration was a limiting agent for initiating and
maintaining germination, decreasing the amount of
water available in the presence of salt and this affects
both germination percentage and germination speed
(dos Santos et al., 2019; Moghaddam et al., 2020).

In this study and many experiment, as the NaCl
concentration increased, the seeds generally had lower
germination than the control (Table 4a, Atta et al.,
2021); however, it was observed that the mean
germination day increased (Table 4a, Kara et al., 2011;
Li et al, 2016; Onal Asci & Uney, 2016) and
germination index (Table 4a, Carpici et al., 2009;
Aishah et al., 2010; Atis, 2011).

As the salt stress level increased, 23.44% and 37.50%
decrease in plumula length and 25.86% and 45.57%
reduction in radicle length were determined,
respectively (Table 4a). The obtained decreases were
found to be compatible with other studies. (Rajakumar,
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2013). In terms of salt stress tolerance, root and stem respectively, were observed. In other words, as can be
lengths are significant parameters (Arslan & seen from these results, 150 mM salt application
Aydinoglu, 2018), whereat nutrients and water are get caused a half reduction in radicle fresh weight (Table

into the plant through direct contact with the roots and 4Db, Datta et al., 2009; Yildirim et al., 2011; Odemis et
subscrible to shoot development (Haileselasie & al., 2019; Bhati et al., 2021; Tenikecier & Ates, 2022;
Gselasie, 2012). Similar to these results, reductions of Quamruzzaman et al., 2022). Thus, it was determined
26.68% and 38.54% in plumula fresh weight and that the radicle was more precision to salinity than the
32.54% and 50.19% in radicle fresh weight, plumula (Kaya et al., 2003).

Table 4a. The growth parameters of sorghum cultivars exposed to salinity
Cizelge 4a. Sorgum c¢esitlerinde tuzlulugun biiylime parametrell tizerine etkisi

SL (mM) MGT (day) GR (%) GI (%) SVI (%) PL (cm) RL (cm)

0 mM 3.68+0.37¢ 90.94+10.552 100.67+£13.572 55.80+6.972 7.04+2.262 7.00+2.81a
75 mM 3.90+0.28pP 83.13+11.04b 92.26+12.87" 51.13+6.60b 5.39+1.60P 5.194+2.07P
150 mM 4.13+0.222 74.48+12.85¢ 82.52+14.26¢ 45.71+7.31¢ 4.40+1.34¢ 3.81+1.27¢

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkli harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkli ortalamalari gésterir.

Table 4b. The growth parameters of sorghum cultivars exposed to salinity
Cizelge 4b. Sorgum ¢esitlerinde tuzlulugun biiyiime parametreli tizerine etkisi

SL (mM) R/P rate PFW (mg) RFW (mg) TB (mg)

0 mM 0.97+0.132 44.27+14.302 10.14+3.612 53.91+18.032
75 mM 0.94+0.16P 34.23+7.19b 6.84+2.90P 41.56+11.63b
150 mM 0.86+0.11¢ 27.214£9.29¢ 5.05+1.62¢ 32.26+8.73¢

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkli harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkli ortalamalari gosterir.

The salinity condition reduces the total photosynthetic biomass may be the decrease in the metabolic energy
capacity of the cultivars and the amount of chlorophyll of the plant due to adaptation, the photosynthesis rate
level, thus reducing the synthesis of assimilate of the leaf, the decrease in carbon uptake, and tissue
required for plant growth, and as a result, it is now damage if the plant reaches the maximum salt
clear that it causes a shrinkage in plant biomass (Taiz concentration that the plant can tolerate (Pirasteh-

et al, 2015; Pirasteh-Anosheh & Hedayati- Anosheh et al., 2016).
Firoozabadi, 2022). Another reason for the loss of

Table 5a. The effects of boron doses on growth parameters of sorghum cultivars
Cizelge ba. Bor uygulamalarinin sorgum g¢esitlerin biiylime parametreleri tizerine etkileri

Boron (mM) MGT (day)  GR (%) GI (%) SVI (%) PL (cm) RL (cm)

0 Mm 3.91+0.28¢ 92.78+£8.142 97.11+£10.35P 53.8445.07b 6.54+1.11b 6.39+1.81b
5 Mm 3.51+0.284 87.92+6.37b 103.15+10.392 57.244+5.532 7.28+1.772 7.31+£2.24a
10 Mm 4.03+0.24b 83.61+8.83¢ 92.78+10.55¢ 51.4245.00¢ 5.58+1.51¢ 5.28+1.66¢
15 Mm 4.17+0.132 67.08+12.334 74.23+ 12.744 41.01+5.744 3.04+0.624 2.35+0.444

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkl harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkli ortalamalari gosterir.

Table 5b. The effects of boron doses on growth parameters of sorghum cultivars
Cizelge b6b. Bor uygulamalarinin sorgum ¢esitlerin biiyiime parametreleri lizerine etkileri

Boron (mM) R/P rate PFW (mg) RFW (mg) TB (mg)

0 Mm 0.96+0.13b 39.30+8.68P 8.00+2.84b 47.98+10.97b
5 Mm 1.00+0.122 47.30+11.312 10.34+3.482 57.64+14.44a
10 Mm 0.94+0.11b 34.01+6.83¢ 6.86+2.24¢ 40.87+8.74¢
15 Mm 0.78+0.08¢ 20.29+3.654 4.184+2.29d 23.80+4.40¢

Different letters next to values indicate statistically different means at p<0.05 level, and p<0.01 levels.
Ortalamalari temsil eden farkli harfler, p<0.05 diizeyinde ve p<0.01 diizeyinde istatistiksel olarak farkli ortalamalari gosterir.

Low-dose boron applications increased all parameters inverge r.elationship. in this parameter only on t.he
in this study and Alamri et al. (2018) showed an germination day. High boron doses had a negative
increase only on the germination day, as there was an effect on both plant shoot and root length (Table 5a-

5b). Among the functions of boron element due to its
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functions in plant metabolism, it 1s related to
increasing seed yield and quality (Silva-Matos et al.,
2017; Batista et al., 2021). The fact that high boron
levels induce harmful effects on plant growth
(Bhamburdekar, 2002) and development (Tariq &
Mott, 2006) is remarkable (Jadhav & Bhamburdekar,
2014). In addition, excess boron primarily inhibits
plant germination and cell division and damages the
thylakoid assembly by affecting photosynthesis,
thereby reducing COz absorption, resulting in reduced

Erdurmus
A 8,00
6,00
4,0
Go6zde 80 Uzun
Erdurmus 0mMm I
C 50,00
40,00 5mM
30,0 150 MM —
Gozde 80 Uzun

root and shoot growth (Reguera et al., 2009; Uluisik et
al., 2018).

In general, it was determined that the effect of salinity
on the growth of different cultivars decreased linearly.
Considering the cultivars, the plumule length
decreased by 19.00% and 35.44% in Erdurmus, by
32.68% and 42.82% in Uzun, and by 18.40% and
33.96% in Go6zde-80 (Figurel).

Erdurmus
8,00

6,00
4,0

Go6zde 80 Uzun

Erdurmus
15,00

10,00

Gozde 80 Uzun

Figure 1. The effects of salinity on a. plumula length (cm), b. radicle length (cm), c. plumula fresh weight (mg) and
d. radicle fresh weight (mg) in sorghum cultivars

Sekil 1. Sorgum ¢esitlerinde tuzlulugun a. plumula uzunlugunda (cm), b. kék uzunlugunda (cm), c. plumula taze
agirhiginda (mg) ve d. kék taze agirliginda (mg) etkileri

On the other hand, in the same cultivars salinity stress
decreased the radicle length by 28.94%, 42.12%,
30.84%, 44.94%, 19.20% and 48.94%, respectively. The
highest plumule fresh weight was found in the control
application and the lowest was in the application of 150
mM salt at Uzun cultivar. At the same time, when the
radicle was examined in terms of fresh weight, the
highest average was determined in the control
application (12.12 mg) in Gézde80 cultivar and the
lowest average was determined in the 150 mM
application (4.70 mg) in the same variety. As a result
of the reductions, it was found that Uzun is the most
sensitive variety to salinity in general (Figure 1).

Whenever the effects of increasing boron doses on the
cultivars were examined, the highest averages in
length parameters were obtained at a dose of 5 mM in
Gozde 80 cultivars, and the lowest averages were
determined at a dose of 15 mM in Erdurmus cultivars.

634

However, when looking at the fresh weights, the
highest and lowest means were obtained in Uzun
cultivar at 5 mM and 15 mM doses, respectively
(Figure 2). Low boron dose has a positive effect on plant
growth up to 5 mM dose, which can be explained by the
effectiveness of boron element in plants such as cell
division, elongation in meristimatic tissues, membrane
integrity, cell wall formation, leaf expansion
(Marschner, 2012; Gupta & Solanki, 2013; Da Rocha
Pinho et al., 2015).

CONCLUSION

As a result of this study, different salinity levels
created with NaCl decreased germination and growth
parameters. Differences and responses between
cultivars were also observed. In addition, determined
that low-level boron applications caused an increase in
the parameters examined under increasing NaCl
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conditions, yet observed that high-level applications
caused a decrease in the parameters. It is thought that
the effects of different salinity levels and boron

applications determined in this study on germination
and growth will be beneficial for further studies.

10,00 12,00
800 10,00
8,00
6,00
6,00
4,00
4,00
2,00 2,00
0,00 0,00
A 0mM 5mM 10 mM 15 mM B 0mM 5mM 10 mM 15 mM
60,00 14,00
50,00 12,00
40,00 10,00
8,00
30,00
6,00
20,00 4,00
10,00 2,00
0,00 0,00
C 0mM 5mM 10 mM 15 mM D 0mM 5mM 10 mM 15 mM
Erdurmus Uzun Gozde 80

Figure 2. The effects of boron doses on a. plumula length (cm), b. radicle length (cm), c. plumula fresh weight (mg)
and d. radicle fresh weight (mg) in sorghum cultivars
Sekil 2. Sorgum ¢esitlerinde bor uygulamalarinin a. plumula uzunlugunda (cm), b. kék uzunlugunda (cm), c.
plumula taze agirlhiginda (mg) ve d. kok taze agirliginda (mg) etkileri
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ABSTRACT Soil Science

In this study, it was aimed to determine the uptakes of N, P, K, Ca, Mg,

Fe, Mn, Zn and Cu and utilization rates of N, P, K and Ca by cauliflower, Research Article
lettuce, leek, onion and radish plants grown under greenhouse conditions

depending on the farmer practices. For this reason, the breeding Article History

practices and fertilization program of the farmers were taken as the Received ©19.04.2022
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According to the results of the analysis, significant differences (£<0.01)

were found in examined parameters between the fertilized and non- Keywords ;

fertilized treatments. Based on the nutrient uptake of the plants, it was Farmer practices

seen that the radish plant removed the highest nutrient and the onion Greenhouse

removed the least nutrient in both conditions. Considering the fertilizer Nutrient uptake

nutrient utilization rates of plants as percentage for N, P, K, and Ca were Nutrient utilization rates

5.61, 4.31, 14.30, 75.30 for cauliflower; 11.39, 13.50, 38.70 and 22.31 for
lettuce; 8.32, 8.06, 17.90, 43.0 for leek; 2.79, 2.50, 7.10, 41.80 for onion
and 23.10, 33.83, 81.50 and 335 for radish plant. Although the applied
fertilizers had a positive effect on the yield and nutrient concentrations
of the plants, utilization rates were found to be quite low especially for N,
P, and K. These results showed that these plants grown under
greenhouse conditions according to farmer treatments were not fertilized
properly.

Sera Kogullarinda Ciftt¢i Uygulamalariyla Yetigtirilen Baz1 Bitkilerin Besin Elementi Alimlariyla N, P,
K ve Ca Yararlanma Oranlar

OZET Toprak Bilimi

Bu calismada, cift¢i uygulamalar: altinda serada yetistirilen karnabahar,

marul, pirasa, sogan ve turp bitkilerinin N, P, K, Ca, Mg, Fe, Mn, Zn ve Aragtirma Makalesi
Cu alimlaniyla N, P, K ve Ca kullanim oranlarini belirlemek

amaclanmigtir. Bu nedenle, ciftigilerin yetistiricilik pratikleri ve Makale Tarihgesi

glibreleme uygulamalari temel alinmigtir. Arastirma, her bitkinin hasat Gelig Tarihi  :19.04.2022
donemine kadar strdurtlmiistiir. Analiz sonuclarina gore gubreli ve Kabul Tarihi :14.08.2022
giibresiz uygulamalar arasinda incelenen ozellikler acgisindan

istatistiksel olarak &nemli farklar oldugu belirlenmistir (£<0.01). Anahtar Kelimeler

Bitkilerin besin elementi alimlarina gore genel bir degerlendirme Cift¢i uygulamalar:

yapilirsa, her iki durumda da en fazla besin elementi aliminin turp, en Sera

az besin maddesi aliminin ise sogan tarafindan gerceklestigi Besin elementi alim1
gorilmustir. Gubrelerle uygulanan besin elementlerinden yararlanma Besin elementinden yaralanma
oranlar1 degerlendirildiginde, bitkilerin N, P, K ve Ca’dan yararlanma oranlari

oranlarinin ytizde olarak karnabahar i¢in sirasiyla 5.61, 4.31, 14.30 ve
75.30, marul icin; 11.39, 13.50, 38.70 ve 22.30, pirasa ic¢in; 8.32, 8.06,
17.90 ve 43.0, sogan i¢in; 2.79, 2.50, 7.10 ve 41.80, turp icin; 23.10, 33.83,
81.50 ve 335.0 oldugu belirlenmistir. Uygulanan giibreler, bitkilerin
verim ve besin elementi igeriklerini olumlu etkilemis olsa da, 6zellikle N,
P ve K i¢in yararlanma oranlarinin oldukg¢a diisiik oldugu gérilmistiir.
Bu sonuglar, sera kosullarinda ¢ifti¢i uygulamalarina gore yetistirilen bu
bitkilerin uygun giibrelenmedigini géstermektedir.
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INTRODUCTION al., 2022). For the sustainability of soil fertility and

Due to the continuous increase in the world
population, the need for food is increasing day by day
while usable agricultural lands are decreasing. This
situation shows that higher yield should be obtained
from a unit area. The best and fast way to get higher
yield is to use chemical fertilizers. Although chemical
fertilizers are the most important inputs for these
purposes, it should not be forgotten that their
unconscious use can cause irreparable harms to the
environment and soil. For this, the applied fertilizers
must be taken by the plants without any loss.
Therefore, the needs of the plants should be taken into
account. Fertilizer utilization efficiency (FUE) is an
indicator of how much of the applied fertilizer is used
by plants. Although there are several descriptions for
FUE in the literature, it is also used as fertilizer
recovery rates by plants (Rakshit et al., 2015;
Hawkesford et al., 2016). Appropriate fertilizer
selection and the correct determination of the amount
needed are important in terms of issues such as yield,
quality, soil health and environmental impact (Ayoub,
1999). Otherwise, problems such as salinity, heavy
metal accumulation, plant nutrient imbalance, nitrate
and phosphate accumulation occur in the soils if over
fertilization is made (Sénmez & Kaplan, 2004; Pradika
et al., 2019). Excessive and unbalanced fertilization
adversely affect the yield, amount and quality as well
as the damage it causes to the environment (Tang et

Table 1. Some characteristics of the experimental soil
Cizelge 1. Deneme topraginin bazi ézellikleri

prevention of environmental pollution, the applied
fertilizers should have been used by plants in a large
extent. Over and unbalanced fertilization are the most
important environmental problems we faced in
agricultural practices especially under greenhouse
production (Engindeniz et al., 2010). In Antalya region,
it was determined that 61% of the fertilizer used by
farmers is in parallel with the amount of fertilizer used
in the EU countries, but 39% of the farmers used
fertilizer 10 times more than Turkey’s average
(Atilgan et al., 2007).

In this study, it was aimed to determine the uptakes of
N, P, K, Ca, Mg, Fe, Mn, Zn, and Cu by cauliflower,
lettuce, leek, onion, and radish plants. It is also aimed
to determine the utilization rates of N, P, K and Ca
from the applied fertilizers under farmer practices.

MATERIALS and METODS
The experimental area

The experiment was carried out under greenhouse
condition in Elmali district of Antalya. Initial soil
properties of the greenhouse are given in Table 1. As
can be seen from there, the soil has a neutral pH and
clay loam texture without salinity problem. Organic
matter and CaCOs contents of soil are moderate. Plant
available nutrient concentrations in the soil are
sufficient, except Mn (Alpaslan et al., 1998).

Properties Results References
Texture Clayey loamy (Bouyoucos, 1936)

H (saturation) 7.3
I}3]C (saturation) (dS m™) 0.7 (Peech, 1965)
CaCOs (g kg 64 (Allison & Moodie, 1965)
Organic matter (g kg?) 21 (Walkley & Black, 1934)
Total N (g kg'!) 2.7 (Kacar, 1994)
Olsen P (mg kg1 67 (Olsen, 1954)
Exchangeable K (mg kg 520
Exchangeable Ca (mg kg™!) 3944 (Jackson, 1967)
Exchangeable Mg (mg kg') 482
DTPA extractable Fe (mg kg1) 9.1
DTPA extractable Zn (mg kg1) 5.8 .
DTPA extractable Mn (mg kg!) 4.8 (Lindsay & Norvell, 1978)
DTPA extractable Cu (mg kg 10.5

Plant materials

In the study, Igloo variety for cauliflower, Yedikule
variety for lettuce, Inegol92 variety for leeks Iri kirmizi
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variety for radish and Hazar variety for onion were
used.
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Fertilizers

During the experiment, 12 different fertilizers were
used and all fertilization program was prepared by the
producer. Fertilizers used were: 15.15.15, 18.18.18,
16.8.24, 10.0.40, 20.10.20, mono ammonium phosphate
(MAP, 12.61.0), mono potassium phosphate (MKP, 0-

52-34), potassium nitrate (13-0-46), magnesium
nitrate (10.0.0+15), calcium nitrate (15.5-0-0+26.5),
nitric acid (55%) and urea (46%). The list of fertilizers
and the total amount of each nutrient is given in Table
2. As it seen there, 28.7 kg N da’l, 8.81 kg P da'l, 16.8
kg K da’l, 2.51 kg Ca da! and 0.09 kg Mg da'! were
used as fertilizer during the growing periods.

Table 2. List of the fertilizers and total nutrient amounts used for experiment
Cizelge 2. Denemede kullanilan giibreler ve toplam besin elementi miktarlari

e Amount Pure nutrient amounts (kg da?)
Fertilizers ’
(kg da) N p K Ca Mg
20.10.20 26.02 5.20 1.14 4.28
18.18.18 18.37 3.31 1.45 2.74
16.8.24 15.81 2.53 0.55 3.14
10.0.40 5.10 0.51 1.69
Calcium nitrate (15.5-0-0+26.5) 13.27 2.06 2.51
MKP (0-52-34) 9.18 2.08 2.58
Urea (46) 26.02 11.97
MAP (12-61) 12.24 1.47 3.26
Potassium nitrate (13-0-46) 4.59 0.60 1.74
Magnesium nitrate (10-0-0+15) 1.02 0.10 0.09
Nitric acid (55 %) 2.04 0.19
15.15.15 5.10 0.76 0.33 0.63

Total amount of nutrients (kg da?)

28.70 8.81 16.80 2.561 0.09

METHODS
Set up of the experiment

The experiment was carried out in greenhouse
conditions in Antalya, Elmali district. All plants were
grown in the same greenhouse with the homogeneous
conditions atthe same time. The study was carried out
in accordance with the farmer practices. Before
plantings, the seeds of plants were sown in peat-mixed
crates in March. The plants that became seedlings
were planted in the greenhouse in April. Study was
planned according to randomized parcel design with
four replications. Each replication was arranged 4x5 m
parcels as 4 rows for each crop. While row spacing was
100 cm for all plants, row in spacing was 7 cm for leeks
and radishes, 33 cm for cauliflower, 20 cm for lettuce
and 5 cm for onions. After experiment set up and the
necessary soil preparations were made, all practices,
fertilizations and records keeping were made by the
farmer. Fertilization was made with the fertigation
technique by drip irrigation and the fertilizer amounts
used were recorded at each application.

Harvest

All plants were grown until the harvest time. Whole
plants including roots were harvested and cleaned
from the soil. After plants were washed with tap water
they were weighted to receive a fresh yield amount.
The leaf and tuber of the radish plant were evaluated
separately. In order to determine the moisture
contents of plants, 3 fresh plants from each replication
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were taken randomly and washed with pure water.
After free water was removed from the plants, their
fresh weight was measured. Then, they were divided
into small parts and kept at 70°C until they reach a
constant weight to determine moisture contents of
plants. The moisture contents were used to convert
fresh weights in to dry weights.

Plant analysis procedures

Dried plants were grinded and 0.5 g was weighted for
dry digestion at 550 °C for P, K, Ca, Mg, Fe, Zn, Mn
and Cu analysis. While vanadomolybdate yellow color
method was used for P determination; K, Ca, Mg, Fe,
Zn, Mn and Cu measurements were made using atomic
absorption spectrophotometer (Jones, 1991). Nitrogen
concentration was determined according to the
Kjeldahl method (Bremner, 1965). Nutrient analysis
was performed on whole plant (root+obove ground
parts together) except radish. The leaf and tuber of the
radish were analyzed separately.

Nutrient utilization rates

The amount of nutrients that the plants removed from
each plot was obtained by multiplying the dry weights
of the plants with the nutrient concentrations, then
converted to area (da). In order to determine the
nutrient utilization rates, the difference between the
nutrients taken by the plants from the soil in the
fertilized and non-fertilized plots was calculated and
proportioned to the applied fertilizer. Nutrient
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utilization rates were calculated only for N, P, K, and
Ca. For other elements, only the amounts taken from
the soil were determined because they were not applied
as fertilizers.

For example (N), N utilization rate was calculated by
comparing the total N removal to applied N doses as
described in the following equations given by Erdal et
al. (2006).

NU (kg da'!) = DM x NC

NUF (kg dal) = NU:1 - NUo

NUR (%) = NUF x 100/NF

Where NU is N uptake (kg da'’), DM is oven dry matter
(kg da'), NC is N concentration (g kg), NUF is N
uptake from fertilizer (kg da), NU1 is N uptake from
fertilized plots (kg da), NUo is N uptake from control
plots (kg da'l), NUR is N utilization rates (%), and NF
is N application dosage with fertilizer (kg da?)

Statistical analysis

Analysis of variance (ANOVA) followed by Tukey test
was performed using Minitab 19 package program
(https://www.minitab.com/en-us/products/minitab/free
-trial/).

RESULTS
Nutrient utilization rates from the applied fertilizers

Nitrogen uptakes and N utilization rates (NUR) of
plants were given in Table 3. As indicated there, yields,
N concentrations and N uptakes of all plants were
affected by the N fertilization. Fresh yield values of
cauliflower, lettuce, leek, onion, radish tuber and
radish leaf increased from 1564 to 1745 kg, 3169 to
3645 kg, 2105 to 2302 kg, 1034 to 1136 kg, 3383 to 3565
and 1999 to 2204 kg respectively.

Table 3. Nitrogen uptake and nitrogen utilization rates of plants
Cizelge 3. Azot alimi ve bitkilerin azottan yararlanma oranlari

Applied N Fresh weight Dry weight N Concentration N uptake NUF NUR
(kg da'1) (kg da') (kg da'1) (g kgl) (kg da') (kg da') (%)
Cauliflower
28.71 1745 +65a* 153 +6a 39.2 +0.3a 6.00 £0.26a 161 5.61
0 1564 +108b 124 +9b 35.4 +£0.4b 4.39 £0.05b ) )
Lettuce
28.71 3645 +128a 242 +9a 36.4 £0.5a 8.81 +£0.42a 397 11.39
0 3169 +184b 173 £10b 32.0 £0.7b 5.54 +0.11b ) )
Leek
28.71 2302 +98a 224 £7a 27.0 £0.9a 6.05 £0.47a 9,39 8.39
0 2105b+66b 177 +6b 20.7 £0.3b 3.66 +0.05b ) )
Onion
28.71 1136 +41b 83 +3a 28.2 £0.7a 2.34 +0.14a 0.80 92.79
0 1034 +43b 64 +3b 24.0+0.2b 1.54 +£0.01b ) )
Radish
L T L T L T L T L T Total
98.71 2204 241 41.8 27.6 15.6 6.65
+75a 3565+114a 372+13a +8a  +0.6a +0.5a +0.7a +0.32a 48 183 231
0 1999 3383 289 184 37.2 26.2 10.8 4.82 ) ’ )
+95b +138b +11b +8b  +0.5b  +0.3b  +0.14b +0.06b

*: There is no significant differences between the values sharing the same letters in the same column (2<0.01). L: leaf, T: tuber

Similarly, N concentrations of plants increased from
35.4 to 39.2 g kgl in cauliflower, 32.0 to 36.4 g kgl in
lettuce, 20.7 to 27.0 g kgt in leek, 24.0 to 28.2 g kgl in
onion, 37.2 to 41.8 g kg'! in radish leaf and 26.2 to 27.6
g kgl in radish tuber. The amounts of N taken from
the soil under fertilized and non-fertilized conditions
were 6 and 4.39 kg da! for cauliflower, 8.81 and 5.54
kg da'! for lettuce, 6.05 and 3.66 kg da’! for leek, 2.34
and 1.54 kg da! for onion 15.6 and 10.8 kg da for
radish leaf and 6.65 and 4.82 for radish tuber.
Depending on the given values, N uptake from
fertilizers (NUF) was calculated as 1.61, 3.27, 2.39,
0.80 and 6.63 (4.8+1.83) kg da! for cauliflower, lettuce,
leek, onion and radish, respectively. When the NUF
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was compared to the applied N amount, it can be seen
that the NUR of cauliflower, lettuce, leek, onion and
radish plants are 5.61, 11.39, 8.32, 2.79 and 23.1 %,
respectively.

Phosphorus concentrations, uptakes and P utilization
rates (PUR) of different vegetable crops are given in
Table 4. The P concentrations of plants in P-treated
conditions were higher than the plants grown in non-
fertilized conditions. Additionally, P uptakes of plants
under fertilized conditions were significantly higher
comparing to control groups. While -cauliflower,
lettuce, leek, onion and radish (L+T) removed 1.42,
2.59, 1.86, 0.52 and 6.88 kg P da! under fertilized
conditions, they took 1.04, 1.40, 1.15, 0.30 and 3.90 kg
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P dal, respectively. When the amount of P taken from
the fertilizer (PUF) was examined, it was seen that
there were significant differences between plants.
While the highest P uptake was realized by the radish
plant with 2.98 kg da’l, the lowest P uptake was
realized by the onion plant with 0.22 kg da’l. Similar
to PUF, PUR varied with the plants. While the radish
used the highest fertilizer P (33.83 %), lettuce plant
followed this with 13.50 %. After these two plants, the
leek took the 3rd line with 8.06 % in terms of PUR.
Onion and cauliflower were the plants using the lowest
fertilizer P with the rates of 2.50 and 4.31 percent.

Potassium concentrations of vegetables grown under
fertilized and non-fertilized conditions significantly
differed from each other (Table 5). The K

concentrations of cauliflower, lettuce, leek, onion,
radish leaves and radish tuber were determined as 52-
45, 74-66, 43-38, 39-31, 68 -58 and 68-61 g kgl under
fertilized and non-fertilized conditions, respectively.
Again, in the same order, plants grown in fertilized and
non-fertilized conditions removed 8.0-5.6, 17.9-11.4,
9.7-6.7, 3.2-2.0 and 41.7-28.0 kg K da! from the soil.
According to the calculations based on the K difference
taken by the plants in the fertilized and unfertilized
conditions, it was seen that cauliflower, lettuce, leek,
onion, radish plants recovered 2.4, 6.5, 3.0, 1.2 and
13.7 kg dal of the applied fertilizer, respectively. K
utilization rates (KUR) of cauliflower, lettuce, leek,
onion, radish from fertilizer was found as 14.3, 38.7,
17.9, 7.7 and 81.5 %, respectively.

Table 4. Phosphorus uptake and phosphorus utilization rates of plants
Cizelge 4. Bitkilerin fosfor alimi ve fosfordan yararlanma oranlari

Applied P Dry weight P concentration P uptake PUF PUR
(kg da'1) (kg da'l) (g kg1) (kg da')) (kg da'1) (%)
Cauliflower
* + +
8.81 153 +6a 9.3 £0.6a 1.42 +0.04a 0.38 451
0 124 +9b 8.4 +0.4b 1.04 £0.01b
Lettuce
8.81 242 +9a 10.7 £1a 2.59 +0.37a
0 173 £10b 8.1 £0.7b 1.40 +0.12b 1.19 13.50
Leek
8.81 224 +9a 8.3 £0.6a 1.86 +0.20a
0 177 +6b 6.5 £0.5b 1.15 £0.09b 0.71 8.06
Onion
8.81 83 +3a 6.3 £0.3a 0.52 +0.04a
0 64 +3b 4.7 £0.3b 0.30 +£0.02b 0.22 2:50
Radish
L T L T L T L T Total
8.81 372 *12a 241 *7a 12.2 £0.6a 9.7 tla 4.54 +0.4a 2.34 +0.3a 182 116 33.83
0 289 +10b 184 *7b 9.4 £0.8b 6.4 +0.5b 2.72 £0.2b 1.18 £0.1b ’ ’ ’

*: There is no significant differences between the values sharing the same letters in the same column (2<0.01). L: leaf, T: tuber

As other nutrients, Ca concentrations and uptakes of
plants were higher under fertilized conditions. While
Ca concentrations of cauliflower, lettuce, leek, onion,
radish leaf and radish tuber were 48.7, 4.6, 16.3, 34.6,
28.7 and 27.7 g kg'! under fertilized conditions, they
were measured as 44.8, 3.2, 14.5, 28.5, 16.06 and 22.6
g kgl under control conditions (Table 6). Looking at the
differences in Ca uptakes of plants between fertilized
and control plots, it was seen that the radish plant
received the highest amount of Ca from fertilizer
(CaUF, 8.4 kg da'! in total, L+T) which is 3.3 times
higher than applied Ca. While Ca uptakes of other
plants varied between 0.56 (lettuce) and 1.89
(cauliflower) kg da’l, Ca utilization rates (CaUR) were
between 22.3 and 75.3%.

Table 7 shows the nutrient utilization rates for N, P, K
and Ca of all plants comparatively. As seen there, the
plant with the highest nutrient utilization rates was
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radish with the use of 23.10 % of the nitrogen fertilizer
given. This was followed by lettuce, which utilized
about 11.39 % of fertilizer nitrogen. The plant that
benefited least from the applied fertilizer nitrogen was
onion. Similar trends were observed for other nutrients
as well. When a ranking was made by looking at the
utilization rates of the applied N, P and K fertilizers, it
was seen that the order was
radish>lettuce>leek>cauliflower>onion.

Magnesium, Fe, Mn and Cu uptakes of the crops

Nutrient concentrations and removals of crops under
fertilized and non-fertilized conditions are given in
Table 8. Results showed that Mg, Fe, Mn, Zn and Cu
concentrations and uptakes of plants under fertilized
conditions were significantly higher when compared to
non-fertilized conditions.
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Table 5. Potassium uptake and potassium utilization rates of plants
Cizelge 6. Bitkilerin potasyum alimi ve potasyumdan yararlanma oranlari
Applied K Fresh weight Dry weight K concentration K Uptake KUF KUR
(kg da'l) (kg da'!) (kg da'®) (g kg (kg da't) (kg da'®) (%)
Cauliflower
16.80 1745 t65a* 153 £10a 52 15 8.0 £0.4a 94 14.3
0 1564 +107b 124 +9b 45 +5b 5.6 £0.4b ) )
Lettuce
16.80 3645 +128a 242 +10a 74 £8a 17.9 £0.9a
0 3169 +184b 173 £10b 66 tob 11.4 £0.3b 6.5 38.7
Leek
16.80 2302 +98a 224 +10a 43 t5a 9.7 £0.7a
0 2105 +66b 177 *eb 38 b 6.7 £0.7b 3.0 17.9
Onion
16.80 1136 *41a 83 t3a 39 12a 3.2 £0.3a 19 71
0 1034 t43b 64 +3b 31 t2b 2.0 £0.1b ) )
Radish
L T L T L T L T L T Total
3565 241 68 25. 16.4
1680  2204%74a oo 372413 L4 ron » 22,3 54
3383 289 58 61 85 52 815
0 1999 +94b +138b 11b 184 +8b b +3b 16.8 %2b 11.2 +3b

*: There is no significant differences between the values sharing the same letters in the same column (£<0.01). L: leaf, T: tuber

Table 6. Calcium uptake and calcium utilization rates of plants
Cizelge 6. Bitkilerin kalsiyum alimi ve kalsiyumdan yararlanma oranlari

Applied Ca Fresh weight Dry weight Ca conc. Ca uptake CaUF CaUR
(kg da'!) (kg da') (kg da'®) (g kg'!) (kg da'®) (kg da'1) (%)
Cauliflower
2.51 1745 +65a* 153 *6a 48.7 +8a 7.45 +0.4a 1.89 753
0 1564 +108b 124 +8b 44.8 +3b 5.56 £0.3b ’ )
Lettuce
2.51 3645 t128a 242 t8a 4.610.3a 1.11 £0.1a 0.56 99.3
0 3169 +184b 173 £10b 3.2 +0.2b 0.55 +0.04b ) )
Leek
2.51 2302 +98a 224 19a 16.3 +£0.6a 3.65 +0.3a 108 43.0
0 2105 £66b 177 +5b 14.5 +0.3b 2.57 £0.1b ) )
Onion
2.51 1136 t42a 83 t3a 34.6 *1a 2.87 +0.2a 1.05 418
0 1034 +43b 64 +3b 28.5 +1b 1.82 +0.1b ’ ’
Radish
L T L T L T L T L T Total
2204 3565 372 10.7 6.7
2.51 748 41142  +13a 241 £7a 28.7f1.5a 27.7 fla 40.9a 10.51a
0 1999 3383 289 184 +7b 16.0 22.6 4.8 4.2 5.9 2.5 335
+94b +138b  *11b B +0.7b +0.8b +0.2b +0.14b

*: There is no significant differences between the values sharing the same letters in the same column (/<0.01).
L: leaf, T: tuber

Cizelge 7. Comparing the plants in terms of nutrient utilization rates
Cizelge 7 Bitkilerin besin elementlerinden yararlanma oranlarina gore kargilastirilmasi

Nutrient utilization rates (%)

Plants N P K Ca
Cauliflower 5.61 £0.6d* 4.31 +£0.9d 14.3 +2.2d 75.3 19b
Lettuce 11.39 £1.4b 13.50 £4.1b 38.7 +5.1b 292.3 £7¢
Leek 8.32 +1.6¢ 8.06 +2.3c 17.9 £3.9¢ 43.0 +7¢
Onion 2.79 10.4e 2.50 £0.9¢ 7.1+1.6e 41.8 £84
Radish (L+T) 23.10 +3.7a 33.83 +6.0a 81.5 +12a 335.0 +15a
Means 10.2 12.4 32.1 104.7

*: There is no significant differences between the values sharing the same letters in the same column (7<0.01). L: leaf, T: tuber
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Table 8. Comparing the Mg, Fe, Mn, Zn and Cu concentrations and uptakes of plants under fertilized and non-fertilized conditions
Cizelge 8. Bitkilerin giibreli ve giibresiz kogullardaki Mg, Fe, Mn, Zn ve Cu konsantrasyonlari ve alimlarinin karsilastirilmasi
g
E Dry weight Mg conc. Mg upt. Fe conc. Fe uptake Mn conc. Mn uptake Zn conc. Zn uptake Cu conc. Cu uptake
= (kg da™) (g kg (kg da') (mg kg1 (g dal) (mg kg1 (g da) (mg kg1 (g da) (mg kg1 (g dal)
3
Cauliflower
+ 153 £5.7a* 6.4 0.3a 0.98 £0.06a 190 £3.8a 29 +1.6a 154 +4.5a 24 +1.5a 44 £2.7a 6.7+0.6a 104 *1.3a 1.6*0.3a
- 124 +8.5b 4.4 +0.1b 0.55+0.02b 169 £1.7b 21 +0.2b 137+1.7b 17 £0.2b 31 +1.4b 3.8402b 5.5+0.8b 0.7 +0.1b
Lettuce
+ 242 +8.5a 4.8 £0.6a 1.16 £0.19a 264 +13.0a 64 £5.2a 126 £9.1a 30 £3.2a 28 +3.3a 6.8 10.7a 14.2 +1.6a 3.4 10.5a
- 173 +10.0b 3.6 £0.3b 0.62 £0.06b 229 £10.4b 40 +1.8b 106 +5.0b 18 £0.8b 19 +0.7b 3.310.1b  54+0.7b 0.9*0.1b
Leek
+ 224 +9.5a 3.9 £0.3a 0.89 +0.11a 137 +4.5a 31 +2.3a 66 £7.0a 15 +2.1a 22 £2.3a 49+0.72 85+1.1a 1.97F0.3a
- 177 +5.5b 3.2 +0.1b 0.57 £0.03b 120 £2.5b 21 +0.4b 44 £2.3b 8 £0.4b 15 +£0.7b 2.7+0.1b 58+0.3b 1.0*0.1b
Onion
+ 83 +3.0a 5.4 10.4a 4.4+0.05a 88 t4.1a 7.3 £0.5a 73 £1.9a 6 £0.4a 29+1.4a 2.47+0.2a 154+09a 1.370.1a
- 64 £2.6b 3.7 +0.3b 0.24 +0.03b 68 £1.5b 4.4 +0.1b 60 +0.9b 4 +0.6b 23 +0.7b 1.5+0.1b 964080 0.6 +0.1b
Radish
L T L T L T L T L T L T L T L T L T L T L T
+ + + + + + + + + + + + + + + + + + +
Pooamnm et ast0de ot 0 b e T e G a8 1sa 58 26a 14a 094 182 16 07a 05
- 239+10b 184+ 3.4t 4.1 = 1.0+ 0.8%+ 198+t 63+ 57 12 = 106+ 21+ 30% 4+ 20 £ 29 = 6t 6+ 9.0t 8+t 26* 15=%
b 0.4b 0.1b 0.1b .02b 7b 2b 2b 0.4b 8b 0.6b 2.4b 0.11b 1.5b 1.6b 0.4b 0.1b 0.4b 0.8b 0.1b 0.2b

*: There is no significant differences between the values sharing the same letters in the same column (#<0.01). L: leaf, T: tuber
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Comparing the plants in terms of nutrient
concentrations, nutrient uptakes and fertilizer use
efficiencies

Comparing with the nutrient concentrations of crops,
it can be seen that there was a significant difference
between the plants under both fertilized and non-
fertilized conditions (Table 9). The highest nutrients
measured under non-fertilized conditions were in the
leaves of radish plant for N and P, the highest value
for K and Fe were measured in lettuce, the highest Ca,
Mg, Mn and Zn values were measured in cauliflower,
the highest Cu was measured in onion plant. Similarly,
the highest nutrient concentrations of crops under

fertilized conditions followed the same order as in non-
fertilized condition. Furthermore, the lowest nutrients
under both conditions were found to be similar except
for Cu.

Removed nutrients from the soil by different crops
were given in Table 10. The highest nutrient uptakes
was realized by the radish plant. On the other hand, it
was determined that the least nutrient uptakes were
realized by the onion plant, except for Ca under non-
fertilized conditions. In both conditions, lettuce was
the second plant that removed the highest nutrients
with a general evaluation.

Cizelge 9. Comparing the nutrient concentrations of plants under non-fertilized and fertilized conditions
Cizelge 9. Glibresiz ve giibrell kosullarda bitkilerin besin elementi konsantrasyonlarinin karsilastirilmasi

Plants N P K Ca Mg Fe Mn Zn Cu
(Bitkiler) (g kg!) (mg kg'1)

Non fertilized condition
Cauliflower 35.4 £0.4b* 8.4+0.4b 45+5d 44.8+3a 4.4+0.1a  169+1.7c  137+1.7a 31+l.4a 5.5 +0.8d
Lettuce 32.0 +£0.7c 8.1+0.7¢ 66+6a 3.2+0.2f 3.6+0.3d 229+10.4a 106+5.0b 19 +0.7e 5.4 +0.7d
Leek 20.7 +0.3f 6.5+0.5d 38 +6e 14.5+0.3e 3.2 +0.1f 120 £2.5d 44+2.3e 15+0.7f 5.8 +0.3d
Onion 24.0 £0.2e 4.7+0.3f 31+2f 285+1b 3.7+0.3c  68+l.5e 60+0.9d  23+0.7c 9.6 £0.8a
Radish leaf 37.2 £0.5a 9.4+0.8a 58 +7c 16.0+0.7d 3.4 +0.4e 198+7b 105+8.2c  20+1.4d 9.0 £0.3b
Radish tuber 26.2 +0.3d 6.4+0.5¢ 61+8b 22.6+0.8c 4.1+0.1b 63+2f 21+0.6f  29+1.6b 8.2 +0.8¢

Fertilized condition

Cauliflower 39.2 £0.3b 9.3+0.6bc 52+5c 48.7+8a 6.4+0.3a 190+3.8b 154+4.5a 44+2.7a  10.4 +1.35¢c
Lettuce 36.4 +0.5¢ 10.7+1ab 74+8a 4.6+0.3c 4.8+0.6bc 264+13.0a 126+9.1b 28+3.3b 14.2 +1.65ab
Leek 27.0 +0.9d 8.3+0.6¢ 43 £5d 16.3+£0.6d 3.9 +0.3c 137+4.5¢ 66+7.1c 22 +2.3¢ 8.5 +1.19¢
Onion 28.2 +0.7d 6.3+0.3d 39+2e 34.6+1b 54+0.4b  88+4.1d 73+1.9c  29+1.4b  15.4 +0.99a
Radish leaf 41.8 £0.6a 12.2+0.6a 68+6b 28.7+1.5 4.5+0.4bc 269+23.5a 136+9.0b 30+2.8b 15.4+1.26a
Radish tuber 27.6 +0.5d 9.7+1bc 68+5b 27.7c+lc 4.7 +0.1bc 80+3d 33+3.4d 41+2.6a 12.0+1.61bc

*: There is no significant differences between the values sharing the same letters in the same column (/2<0.01).

L: leaf, T: tuber

Table 10. Comparing the nutrient uptakes of crops under non-fertilized and fertilized conditions
Cizelge 10. Bitkilerin giibresiz ve giibreli kogsullardaki besin elementi alimlarinin karsilastirilmasi

Plants N P K Ca Mg Fe Mn Zn Cu
(Bitkiler) (kg da't) (g dat)

Non fertilized conditions
Cauliflower 4.39£0.05¢** 1.04+0.01d 5.6+0.4d 5.56+0.3b 0.55+0.02d 21.0+0.2d 17+0.2c 3.8+0.2b 0.7 0.1d
Lettuce 5.54+0.11b 1.40+0.12b 11.4+0.3b 0.55+0.04e 0.62+0.06b 40.0+1.8b 18+0.8  3.3+0.1c 0.9+0.1b
Leek 3.66£0.05d 1.15+0.09c 6.7+0.7c 2.57+0.1c 0.57+0.03¢c 21.0+0.4c  8+0.4d  2.7+0.1d 1.0%0.lc
Onion 1.54+0.0le  0.30+0.02¢ 2.0+0.le 1.82+0.1d 0.24+0.03e 4.4+0.le  4+0.6¢ 1.5+0.1e 0.6 =0.1e
Radish (L+T) 15.62 +0.20a 3.90 +0.34a  28+4.0a  9.00+0.3a 1.73+0.13a 69.0+2.5a 34+2.5a 12.0+0.5a 4.1+0.3a

Fertilized conditions

Cauliflower 6.00£0.26d 1.42+0.04d 8.0+0.4d 7.45+0.4b 0.980.06d 29+1.6d 24+1.53c 6.7+0.6b 1.6+0.3d
Lettuce 8.81+0.42b 2.59+0.37b 17.9+0.9b 1.11+0.le 1.16+0.19b 64+5.2b 30+3.2b 6.8+0.7c  3.4+0.5
Leek 6.05+0.47c  1.86+0.20c 9.7+0.7c  3.65+0.3c 0.87+0.11c 31+2.3¢c 15+2.1d 4.9+0.7d 1.9+0.3c
Onion 2.34+0.14e  0.52+0.04e 3.2+0.3e 2.87+0.2d 0.45+0.05e 7.3+0.5e  6+0.4e  2.4+0.2¢ 1.3+0.1le
Radish (L+T) 22.25+1.06a 6.88+0.70a 41.7+2.0a 17.4+1.4a 2.80+0.26a 119+13a 59+6.3a 20+2.3a 8.5=+l.1a

*: There is no significant differences between the values sharing the same letters in the same column (£<0.01). L: leaf, T: tuber

DISCUSSION

Results of this study indicated that fertilization
resulted in increases in yield of whole plants
comparing to non-fertilized conditions even about all
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nutrients were sufficient. This can be due to readily
availability and immediate and fast contribution of
chemical fertilizers nutrients to plants until they
receive soil nutrients (Havlin et al., 2016). Results also
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indicated that nutrient concentrations and uptakes
were significantly different between the crops. This
was well documented in previous studies that plants
take different amount of nutrients even they grow
under the same conditions due to their genotypically
different adaptation mechanism (Kucukyumuk &
Erdal, 2011; Nazli1 & Erdal, 2019; Sun et al., 2020).
Relating to nutrient concentrations and uptakes,
plants showed great differences in terms of nutrient
use efficiencies (Baligar et al., 2001). In general, it was
seen that N, P and K utilization rates from fertilizers
are low when compared to different plants under
different conditions (Hesterman et al., 1987; Raun &
Johnson, 1999; Erdal et al., 2006; Sahin, 2016; Dhillon
et al., 2019). Previous studies implied that fertilizer
utilization rates were low, and overall fertilizer use
rates are about or lower than 50 % for N, less than 10
% for P, and about 40 % for K (Baligar & Bennett
1986a,b). Lower utilization rateswas related to
leaching and run-off, gaseous losses, fixation by soil,
and use of inefficient nutrient absorbing/utilizing plant
species or cultivars. Sahin (2016) indicated that the
fertilizer utilization rate of the plants was around 50-
60% depending on the type of fertilizer, application
method and plant type. Loses of nutrients from the soil
can be the other important reason for lower nutrient
use efficiencies of plants especially for N fertilizers.
Ladha et al. (2005) reported that fertilizer N-use
efficiency of crops was 30 to 50% and the rest of N
either remains in the soil or it is lost from the soil. In
previous studies it was reported that recovery from the
applied phosphorus fertilizers rarely exceeded 25%
and this rate was mostly 10-15% (Johnston et al., 2014;
Roberts & Johnston 2015). Results on fertilizer use
efficiencies showed that, all plants recovered quite
below N, and only P recovery by radish plant was close
to average values indicated in previous values. Only K
use from fertilizer by radish plant was over the values
given by literature. This may be explained with higher
nutrient demand of this plant (Zhang et al., 2019).
Contrary to low N, P and K recovery, calcium
utilization rates from fertilizers were quite high. Even
over 100% in radish plant. This can be explained by
that the radish plant plant took higher Ca from the soil
than applied by fertilizers. The biggest reason for lower
N, P and K use efficiencies was excessive and
unbalanced fertilization (Atilgan et al., 2007; Zhang et
al., 2019). In a study conducted by Engindeniz et al.
(2010) 40.8% of farmers stated that they determined
the type and amount of fertilizer according to the
dealer's recommendation, and 31.2% of them
determined according to their own knowledge and
experience. Another important reason why the
nutrient utilization rates of plants were very low was
the excessive amount of fertilizer used in greenhouses.
The problems caused by excessive use of fertilizers in
greenhouse conditions in the Antalya region were
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expressed in previous studies (Anac¢ & Eryiice 2003,
Tiizel et al. 2005).

CONCLUSION and RECOMMENDATIONS

As conclusion, plants under greenhouse conditions
growing with farmer fertilization programme were not
be able to use all fertilizer nutrients. There might be
several reasons for this. First of all, the producers
make the same fertilization for all plants, regardless of
the needs of each other. Another reason for this may be
the use of fertilizers above the plant need due to the
concern of obtaining higher yields. Another reason
might be nutrient accumulation in the soil which
preventing the nutrient utilization rates from the
applied fertilizers. Unnecessary and wrong fertilizer
recommendations of fertilizer dealers due to
commercial concerns are thought to be the another
reasons for the low nutrient utilization rates from
fertilizers. In order to prevent this situation, it is
necessary to make fertilization recommendations
considering plant needs. Fertilization
recommendations should be made based on soil and
plant analysis. Not applying the same fertilization
program to different plants is important in preventing
unnecessary fertilizer consumption. Beriefly, in order
to increase the rate of nutrient utilization from
fertlilizer by plants, it is necessary to apply the
appropriate fertilizer at the appropriate time, in the
appropriate amount and with the appropriate method.
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ABSTRACT

Although there have been trout subsidies in Turkiye for many years, the

Agricultural Economy

fact that trout production has been below expectations, especially in Research Article
recent years, has led to the need to investigate the effects of the subsidies. Article Hi
Thus, the present study was conducted to estimate the long-run R tlc.e dlstory‘l 06.2022
relationship among trout production, producer price, and subsidy in Aecelve d :11'11'2022
Turkiye. The time-series data covering 1984-2016 regarding trout EECRE B
production, sales prices, and subsidies were used. The Vector Error Keywords
Correction Model (VECM) and Granger Causality Analysis were utilized Trout
to estimate the time-dependent causality relationship among the .

. . . . Subsidy
variables. The VECM results, which estimate the existence of a long-run . .

. . . Cointegration

relationship among the variables, revealed that 46.8% of the long-run .

.. . i . . . ) Granger causality
deviations in the price and subsidy variables will be corrected in the next Tiirkiye

period. The analysis results indicated that sales prices affect trout
production negatively in the long term. Granger causality analysis
indicated that the prior period values of production and price variables
were the reason for the changes in the subsidy variable. In the short-term
VECM model, it was revealed that changes in production and prices
positively affect the subsidy. A percent increase in production and price
increased the subsidy amount by 1.79 and 3.14 percent, respectively. To
increase trout production, the current subsidy policy should be revised to
improve the infrastructure and capacity of aquaculture farms. Subsidies
for the fishery sector should also be increased in real terms to achieve
their objectives.

OZET

Turkiye'de uzun yillardir alabalik siibvansiyonlari olmasina ragmen

Tirkiye'de Alabalik Uretimi, Fiyat1 ve Siibvansiyon Arasindaki Nedensel Iligkinin Arastirilmas:

Tarim Ekonomisi

ozellikle son yillarda alabalik tiretiminin beklentilerin altinda kalmasa, Aragtirma Makalesi
stibvansiyonlarin etkilerinin arastirilmasi ihtiyacini dogurmustur. Bu

nedenle, bu c¢alisma Turkiye'de alabalik tretimi, tretici fiyati ve Makale Tarihgesi
sibvansiyon arasindaki uzun doénemli iligkiyi tahmin etmek igin Gelig Tarihi @ 17.06.2022

yapilmigtir. Alabalik tiretimi, satis fiyatlar:1 ve siibvansiyonlara iligkin
1984-2016 yillarin1 kapsayan zaman serisi verileri kullanilmigtir.

Kabul Tarithi :11.11.2022

Degigkenler arasindaki zamana bagh nedensellik iligkisini tahmin etmek Anahtar Kelimeler
icin Vektor Hata Diizeltme Modeli (VECM) ve Granger Nedensellik Alabalik

Analizi kullamilmigtir. Degiskenler arasinda uzun dénemli bir iligkinin Stibvansiyon
varligini tahmin eden VECM sonuclari, fiyat ve siibvansiyon Esbutiinlesme
degiskenlerindeki uzun donemli sapmalarin %46.8'inin 6numiuzdeki Granger nedensellik
donemde dizeltilecegini ortaya koymustur. Analiz sonuglari, satig Turkiye

fiyatlarinin uzun vadede alabalik tretimini olumsuz etkiledigini
gostermigstir. Granger nedensellik analizi, Uretim ve fiyat degiskenlerinin
onceki donem degerlerinin siibvansiyon degiskenindeki degisimlerin
nedeni oldugunu gostermistir. Kisa vadeli VECM modelinde tretim ve
fiyatlardaki degisimlerin subvansiyonu olumlu etkiledigi ortaya
gkmigtir. Uretim ve fiyattaki yizde artig, stibvansiyon miktarim
sirasiyla yizde 1.79 ve yuizde 3.14 artirmaktadir. Alabalik tretimini
artirmak igin, su urlnleri ciftliklerinin altyapisim1 ve kapasitesini
iyilestirmek i¢in mevcut siibvansiyon politikasi revize edilmelidir.
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Balikegilik sektoriine yonelik siibvansiyonlar da amacglarina ulagsmak i¢in

reel olarak artirilmalidir.

Ataf Sekli: Aydogan, M., & Gindiiz, O., (2023) Tiirkiye'de alabalik iiretimi, fiyat1 ve siibvansiyon arasindaki nedensel
iligkinin arastirilmas1. KSU Tarim ve Doga Derg 26 (3), 650-663. https://doi.org/10.18016/ksutarimdoga.iv.
1132332
To Cite : Aydogan, M., & Giindiiz, O., (2023). Exploring the Causal Relationship Among Trout Production, Price and
Subsidy in Tirkiye. KSU J. Agric Nat 26(3), 650-663. https://doi.org/10.18016/ksutarimdoga.iv.1132332
INTRODUCTION aquaculture sector by Tlrkiye have been criticized and

It has long been recognized that fish and aquatic
creatures positively benefit human health and
consumer well-being. On the other hand, despite the
rapid increase in the world population, the limited
increase in the terrestrial production factors, where
most food production is provided, increases the
demand for fisheries. The supply of fisheries obtained
by hunting decreases, and aquaculture products are
gradually filling this decreasing gap (Menicou et al.,
2010). The Food and Agriculture Organization of the
United Nations (FAO) has recently announced that
aquaculture is the fastest-growing food production
system globally (FAO, 2016). Aquaculture is no longer
a recreational activity in the countryside or an activity
carried out by small breeders. Nowadays, aquaculture
is an important economic sector made by professional
managers, scientists, and engineers in modern farms
(Nash et al., 2000).

Countries that want to develop the fisheries sector,
which has become an important food production sector
today, want to get a more significant share from the
trade volume created by this sector worldwide, support
their fishing sectors. The effects of subsidies are
diverse, but they provide cost advantages to producers
and increase supply. Diaz (2000) states that subsidies
to the fisheries sector negatively affect competition and
trade balances by favoring the donor country's
producer and trade. The scientific studies showed that
when profitability is associated with subsidies in the
market situations, it causes the expand investment
and creates new enterprises (Bostock et al., 2016;
Cisneros-Montemayor et al., 2016; Guillen et al., 2019;
Kumar et al., 2019). The studies' common result is that
subsidized inputs increase the productivity and the
production in the year when the subsidy is utilized.
However, subsidy schemes' overall production and
welfare effects tend to be lower than initially expected
(Jayne et al., 2018).

Recently, to higher production, the governments have
increased the fishery subsidies. Subsidies, which
increase overfishing and thus the pressure on fish
stocks, prevent competition in export, and disrupt
market dynamics, are regarded as undesirable
subsidies by the European Union (EU) Common
Fisheries Policies (EU, 2020). Since 2003, Turkish
governments have supported the aquaculture sector to
increase production and reduce input costs (MAF,
2019). The improper subsidies provided to the
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complained about by some EU countries. On the
complaint of Denmark and Spain in 2014 and 2015,
respectively, EU Commission launched the
countervailing tariffs against the Turkish trout
exporters varying between 7% and 9.7%. In the
decision of the EU commission, it was argued that the
subsidies disrupt the market competition and provide
an unfair competitive advantage to aquaculture farms
in Turkiye.

The most of the previous studies mainly focused on the
effects of subsidies on agricultural outputs, farmer
incomes, and economic development (Oyetade et al,
2020; Ali et al., 2020; Georgina et al., 2020; Matchaya,
2020; Orji et al., 2020; Surathkal & Dey, 2020; Leitao
& Balogh, 2020). However, the number of studies
examining the effects of fishery subsidies on the
amount and price of trout production is limited. In
addition, there is a negative sense in public and in the
reports of various institutions that fisheries subsidies
negatively affect competition. On the other hand, there
is no scientific evidence that fishery subsidies increase
trout production in Tirkiye's long term. Thus, the
study aimed to determine the long-term causality
relationship between trout production amount, trout
sales prices, and subsidy values in Turkiye. It was
expected that the study results would contribute to
close the gap in the similar literature.

The aquaculture in Tirkiye began with rainbow trout
production in the early 1970s (Ustiindag et al., 2000).
In Turkiye, the quantity of farmed trout rose from 990
tonnes in 1986 to 100 thousand tonnes in 2016 (Figure
1). When the changes in the production amount were
examined, the trout production increased continuously
until 2013; after 2014, the production amount
remained flat, at around 105 thousand tones. As the
reasons for the decline in trout production in 2013, it
can be argued that the demand for trout could not be
increased, the real decrease in trout prices due to the
continuous increase in the supply in the previous years
and recession in the economy (Sen & Rad, 2016).

The varying trout sales prices yearly in Tirkiye are
presented in Figure 2. In the study, trout prices were
converted to US dollars to reflect actual prices. While
the trout prices were 5.5 $ kgl between 1986 and 1992,
as a result of the economic crises and the volatility in
exchange rates in the country, the sales prices have a
fluctuating decline process. The prices of trout became
to the lowest level (1.48 $ kg'!) during the economic
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instability in 2001. They then increased to the level of
3.5 $ kg! due to the public supports to the sector.

However, trout sales prices remained stable in the
following years at 2.50 $ kg1.
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Figure 1. The changes in trout production quantity over the years
Sekil 1. Yillara gore alabalik tiretim miktarindaki degisim
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Figure 2. The changes in trout sales prices by years (TurkStat, 2018)
Sekil 2. Yillara gore alabalik satis fiyatlarindaki degisim

When Figure 3 was investigated, it showed that the
growth rate of Turkiye’s trout production followed
fluctuating progress among the growth rate of trout
production was susceptible to political changes. It was
observed that the development rate of trout production
also decreased during the economic instability of 1994,
2001, and 2008. On the other hand, in 2013, because of
adding the new tariffs on trout imported from Tirkiye
by the European Commission, the trout production
growth rate was affected following years.

MATERIALS and METHODS
Data

The time-series data of the trout production amount,
unit sales price ($ tonne-1), and subsidy amount ($
tonne-1) covering 1984-2016 years were used in the
study. The data were obtained from the Ministry of
Agriculture and Forestry databases, the General
Directorate of Fishery and Aquaculture (BSGM, 2017),
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and the United Nations Food and Agriculture
Organization (FAQ, 2017). The subsidy amount series
between 1984 and 2002 were accepted as zero because
the aquaculture subsidy payment began in 2003 in
Turkiye. The researchers calculated the trout unit
sales prices by proportioning the total production value
($) to the production quantities (tonnes) and converted
it to US dollars to reflect actual prices.

Method

In the study, the framework model formed by
considering the trout production amount as a function
of price and subsidy was as follows.
InQ; = Bo + B1InPy + 1 InSub, + u, (@9

In Eq. (1), @is trout production amount in tonnes, Pis
the trout sales price in $/tonnes, Subis subsidy amount
in § tonnel, /n is the natural logarithm, and u: is the
error term.
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Figure 3. The growth rate of trout production in Tiirkiye (%)
Sekil 3. Tiirkiye'de alabalik tiretiminin biiyiime hiz1 (%)

Since the literature recommends using logarithmic
values as the actual values of the economic variables
expressed by time-series do not have a homogeneous
distribution, (Isig1cok, 1994) transformed values into
natural logarithms of the variables were used in the
study.

The use of time series in the further analysis is possible
by providing the stationary. The most common tool to
detect stationarity in time series variables is the

Augmented Dickey-Fuller (hereafter ADF) Unit Root
Test (Dickey & Fuller, 1979). In the study, the
stationarity of time series was tested with the
correlogram and unit root tests. The Augmented
Dickey-Fuller method was preferred for the unit root
test.

There are three types of equations introduced by yhe
Dickey-Fuller;

No constant, no trend Dickey-Fuller eq. : Y, = §Y,_; + X" B; AY,_; + u, 2
Constant, no trend Dickey-Fuller eq. : Y, = By + 6Y,_; + X" B; AY,_; + u, 3
Constant and trend Dickey-Fuller eq. : Y, = S + 8, + 6Y,_1 + X" Bi AY,_; +u, (4)

In the equations (Eq. 2, Eq. 3, Eq. 4) the existence of
unit root is tested by testing whether 6=0. In the
equations, A1is the difference operator, mis the number
of lags. The number of lag to be used in the study was
decided according to the Schwarz Information
Criterion (SIC) values.

The series' stationarity, whether there is a long-term
relationship between them, can be understood through
cointegration tests. The cointegration test is used to
find a possible correlation between time series
processes in the long term. In other words, it can be
defined as the joint movement between variables in the
long run.

Engle and Granger (1987) reported that if each
variable is stationary at the I (1) level, the series's
linear compositions may be stationary, although the
series is not stationary in terms of level. The study
tested the existence and number of cointegration
according to two basic statistics (maximum eigenvalue

and trace statistics) developed by Johansen (1988,
1991). When at least one cointegration existence is
tested between series, it becomes necessary to look for
a causality relationship. In this case, since the
standard Granger causality inferences based on the
VAR model will be invalid, it is appropriate to perform
a causality analysis based on the Vector Error
Correction Model-VECM (Cetintas, 2004).

In the study, the trout production quantity (Q), sales
prices (P), and subsidy amount (Sub) series were not
stationary at the level. However, the series were
stationary in the first difference I (1), with at least one
cointegration between them. Thus, VECM was used for
causality analysis.

The created VECM model to test the short and long-
term causality among the study variables was as
follows (Engle & Granger, 1987).

With the Eq. (5), three different equations were
estimated where every three variables are dependent
separately.

m m m
AY, = By + Z B AY,_, + Z 50X, , + Z Vi DXy, + QECT,_; +u, (5)
i i (=1

i=1 i=1 14
In the study, the direction of causality between
variables was predicted by Granger causality analysis
based on VECM. The ECT variable in the model is the

Error Correction Term. The error correction term
(ECT) is used for estimating long-term causality in
variables. For the error correction mechanism to
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function, ECMt-1 must be negative and statistically Among the variables with at least one cointegration,
significant (Badurlar, 2008). the Granger causality analysis created according to

VECM was performed with the help of the following
equations (Eq.6, Eq.7, Eq. 8).

m m m
ALnQ. = for + ) uiBQeei+ ) 8y ALnPe i+ ) vy AnSub_; + @uECT,y +uwy  (6)

i=1 i=1 i=1

m m m
ALnP; = By, + Z Boi ALnQ,_; + Z 6, ALNP,_; + Z Vai ALnSub;_; + @5 ECTi_1 + Uy 7

i=1 i=1 i=1

m m m
ALnSub, = B3 + Z Bsi ALnQ,_; + Z 83 ALnP,_; + Z V3 ALnSub,_; + @3, ECT,_, + uz; (8)

i=1 i=1 i=1
RESULTS
Unit Root Tests The ADF test was applied to determine the presence of
The stationarity of the trout production (Q), sales price Unit Roots in t}'{e series, and the regults were given in
(P) and subsidy (Sub) series were analysed through the Table 1. For unit root tests, assuming that the series
correlogram and unit root tests, and the series' level had a deterministic trend, the.model with constant and
values were not stationary (Figure 4, Figure 5, Figure trer}d was analys'ed. Thep it was shown that the
6). variables had stationarity in I (1).
Autocorrelation Partial Correlation AC PAC Q-Stat Prob

IR s | IR s | 1 0.906 0.906 29.623 0.000
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[ == [ = B 1. -0.19... -0.06... 121.77 0.000

Figure 4. The correlogram of trout production quantity (Q) series
Sekil 4. Alabalik iiretim miktar: (€) serisinin korelogrami

Autocorrelation Partial Correlation AC PAC Q-Stat Prob
(e (e 1 0.830 0.830 24.836 0.000

[ — 2 0.645 -0.13... 40.325 0.000

| 3 0.466 -0.09... 48.677 0.000

(= 4 0.351 0.087 53.575 0.000

5 0.284 0.052 56.901 0.000

6 0.184 -0.18... 58.357 0.000

7 0.138 0.130 59.203 0.000

8 0.076 -0.08... 59.467 0.000
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-0.01... 0.045 59.497 0.000
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Figure 5. The correlogram of trout sales price (P) series
Sekil 5. Alabalik satis fiyati (P) serisinin korelogrami
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Autocorrelation Partial Correlation AC PAC Q-Stat Prob
| (— ' | 1 0937 0.937 31.692 0.000
T o | [ I 2 0.847 -0.25... 58.435 0.000
[ | [ - 3 0.748 -0.08... 79.948 0.000
[ s | g 4 0.646 -0.05... 96.553 0.000
TR | [ 5 0.542 -0.07... 108.67 0.000
[T s | g 6 0.438 -0.06... 116.88 0.000
TR s | g 7 0.336 -0.05... 121.88 0.000
T s - 8 0.234 -0.07... 124.41 0.000
@ T = 9 0.133 -0.08... 125.26 0.000
T [ 1... 0.033 -0.07... 125.31 0.000
| [ 1..-0.06... -0.07... 125.53 0.000
T = = 1..-0.15... -0.08... 126.89 0.000
I s ol 1...-0.24... -0.03... 130.26 0.000
s [ N B 1...-0.30... 0.024 136.03 0.000
s [ I 1...-0.33... 0.252 143.03 0.000
s I [ = 1..-0.35... -0.21... 151.46 0.000

Figure 6. The correlogram of subsidy amount (Sub) series
Sekil 6. Siibvansiyon miktar: (Sub) serisinin korelogrami

Table 1. ADF test statistics
Cizelge 1. ADF test istatistikleri

Constant and trend model

Level 1. Difference
Variables t value Sig. t value Sig.
Production quantity (§) (tonnes) -0.622 0.971 -4.813 0.003™*
Producer price (P ($ tonne!) -2.148 0.501 -5.100 0.001***
Subsidy amount (Sub) ($ tonne™?) -2.143 0.503 -3.756 0.033"*

* kEk kkk
’ ’

significant at 10%, 5% and 1%, respectively.

In Table 1, according to the critical values of
MacKinnon (1996), all variables had a unit root in their
level values and were stationary at the first differences
I (1). All variables were stationary at the I (1) level
necessitates testing a  possible cointegration
relationship between them.

Cointegration Test

In the cointegration test, first of all, the lag length
should be determined. Schwarz information criterion
(SIC) was used to determine the most appropriate lag
length, and it was decided to 1 lag length (Table 2).

Table 2. Information criteria showing the optimal
number of lags

Cizelge 2. Optimum gecikme sayisini gosteren bilgi
kriterleri

The number of lags SIC
0 7.098
1 0.681%
2 0.923
3 1.381
4 2.030
5 2.421

SIC: Schwarz information criteria.

In order to select the cointegration model determined
for the one lag, five different models were created
according to whether the model contains a
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deterministic trend or not (Table 3). In the study, as
the most suitable cointegration model, the
cointegration equation with a constant and no trend,
which includes a linear deterministic trend, where the
Schwarz information criterion (SIC) value was the
lowest, was chosen.

When the trace statistics or Maximum eigenvalues are
more significant than the critical values, it is assumed
that there is cointegration between series. As a result
of the Johansen cointegration tests, it can be stated
that there was at least one cointegration relationship
between trout production (Q), sales price (P), and
subsidy amount (Sub).

A cointegration equation with a constant and a linear
deterministic trend was created, and the model results
were given below (Table 4).

Vector Error Correction Model (VECM)

According to the cointegration test result,a VECM was
created to determine the presence of causality and the
direction of causality among the variables of
production (Q), price (P), and subsidy (Sub). As a result
of the model's analysis, the normalized long-term
cointegration model emerged as follows.

LnQ =68.316 -7.189LnP + 0.042LnSub
(0.85) (0.08)

9

Eq. (9) reveals that the sales price (P) had a negative
effect, and the subsidy amount (Sub) had a positive
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effect on the production amount (Q) in the long run.
While the price (P) variable was statistically
significant, the subsidy (Sub) was not. The result of the
model can be interpreted as that the trout prices were
not satisfactory level for the producers. Therefore, the
prices reflected negatively on the production in the
long run. On the other hand, although the subsidies
(Sub) positively contributed to production, the

coefficient of its was estimated as statistically
insignificant (p>0.05). Due to this finding, it was not
interpreted.

The short-term results of VECM analysis were given
in Table 5. The ECT variable is the error correction
term and gives the correction speed of the short and
long-term deviations after a one period.

Table 3. The selection of the cointegration model determined as one lagged
Cizelge 3. Bir gecikmeli olarak belirlenen esbiitiinlesme modelinin secimi

Deterministic No Deterministic No

Linear Deterministic  Linear Deterministic

Quadratic

Data trend trend trend Trend Trend Deterministic Trend
Cointegration Eq. No constant Constant Constant Constant Constant
No trend No trend No trend Trend Trend
3£E trfle ;ir;l‘zfcfn()f Cointegration model and number according to SIC
0 1.324 1.324 1.267 1.267 1.370
1 1.217 1.206 1.099* 1.191 1.186
2 1.612 1.320 1.410 1.583 1.510
3 2.271 1.890 1.890 2.170 2.170
Table 4. The results of Johansen cointegration, trace, and maximum eigenvalue statistics
Cizelge 4. Johansen esbiitiinlesme, 1z ve maksimum ozdeger istatistiklerinin sonuglari
The number of cointegration Trace %5 Critical value Sig.
1" 42.516 29.797 0.001
27 16.705 15.495 0.033
3" 5.744 3.841 0.017
The number of cointegration Max. Eigen %5 Critical value Sig.
1" 25.811 21.132 0.010
2 10.961 14.265 0.156
3" 5.744 3.841 0.017
Table 5. The results of VECM model
Cizelge 6. VECM modelinin sonuglari
Error Correction Model A(Ln@) A(LnP) A(LnSub)
ECT¢1 0.007 -0.061 -0.468
(0.022) (0.029) (0.085)
[0.327P [-2.118]* [-5.517]
A(Ln@Q 1) 0.405 0.160 1.789
(0.1998) (0.256) (0.749)
[2.042]* [0.624] [2.389]*
A(LnPr1) 0.555 0.138 3.136
(0.215) (0.278) (0.812)
[2.581]* [0.481] [3.860]*
A(LnSubc1) -0.089 0.0469 -0.260
(0.048) (0.062) (0.182)
[-1.851] [0.754] [-1.427]
C 0.115 -0.057 0.0047
(0.038) (0.049) (0.143)
[3.043]** [-1.159] [0.033]
R2 0.441 0.296 0.613
F 5.154" 2.733 10.2777

a: Values in parentheses are the standard errors, b: Values in brackets are the z statistics

Kk kk o kkk

, 7, 7 significant at 10%, 5% and 1%, respectively.

In the study, VECM was performed with three
different models, where each variable was the
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separately dependent variable, and the coefficients of
each model's ECT variable were obtained. Except for
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the first model, the ECT coefficients were estimated to
be negative signed and statistically significant.
According to the result of VECM, where production
quantity (Q) was the dependent variable, deviations in
production amount increase rather than decrease with
the effects of the price (P) and subsidy (Sub) variables.
However, since this vresult was statistically
insignificant, it can be concluded that the Error
Correction Mechanism did not work.

According to the F test result, even if a causality
relationship was determined that the price (P) and
subsidy amount (Sub) variables may be the cause of
the deviations in production amount (Q), although the
model had a good fit, since the VECM was not
significant, it would be inconvenient to interpret this
relationship theoretically.

In the VECM model, where price (P) was the
dependent variable, the ECT coefficient was estimated
as negative and statistically significant. The result
showed that approximately 6% of a deviation in prices
(P) would correct after one period. However, the
coefficient was close to zero (0), indicating a relatively
low balancing speed. Since the F test result of the

Table 6. The residual tests of the VECM
Cizelge 6. VECM'nin artik testleri

model was also statistically insignificant, it indicated
that a causality relationship could not be established
between the deviations in production amount (Q) and
subsidy amount (Sub) and price (P) variability.

The F test result of the model in which subsidy amount
(Sub) was the dependent variable was statistically
significant. The ECT coefficient of the model was
negatively signed and statistically significant. The
ECT coefficient expresses that 46.8% of the long-term
deviations in subsidy amount (Sub) will correct after
one period. This result implies that the estimates that
producer price (P) and production quantity (Q) may be
the cause of changes in subsidy amount (Sub) will be
consistent.

When the results of each three models were evaluated
separately, it was seen that the lagged values of the
other variables affect the short-term variability in the
dependent variable. However, some of these effects
were statistically insignificant. The residual analysis
of the VECM model was tested by autocorrelation LM
test and White heteroscedasticity and shown in Table
6.

Lag length LM Statistics p value Heteroscedasticity (White x2) p value
1 9.456 0.396 98.904 0.127
In the residual analyses, to determine whether the
estimated VECM model's residuals were auto-related Granger Causality Test
or not, LM statistics showed that residuals were not Based on the VECM results, Wald Block
autocorrelated. To determine whether the residuals’ Exogeneity/Granger =~ Causality = Analysis  was
variance was constant for the whole sample, the White performed to determine the causality, and the

Heteroscedasticity test was conducted. In the result of
the analysis (x2=98.904; p=0.127>0.05), it was
determined that the residuals were homoscedasticity.

Table 7. Granger causality analysis results
Cizelge 7. Granger nedensellik analizi sonuglari

direction between variables and the results were given
in Table 7.

Excluded variable  Null Hypothesis (Ho)  Statistics (x2)  Sig. level Decision  Result

Dependent variable: ALn@)
A(LnP) Pdoesn’t cause ¢ 6.660 0.010 Ho rejected P cause @
A(LnSub) Sub doesn’t cause 3.426 0.064 Ho rejected  Sub cause @
As a whole 6.665 0.036 Ho rejected

Dependent variable: A(LnP)
A(LnQ) @) doesn’t cause P. 0.389 0.533 Ho accepted € doesn’t cause P.
A(LnSub) Sub doesn’t cause P. 0.5686 0.451 Ho accepted  Sub doesn’t cause P.
As a whole 1.694 0.428 Ho accepted

Dependent variable: A(LnSub)

A(Ln@) ¢ doesn’t cause Sub. 5.706 0.017  Horejected @ doesn’t cause Sub.
ALnP) Pdoesn’t cause Sub. 14.897 0.000 Ho rejected  Pdoesn’t cause Sub.
As a whole 14.983 0.000 Ho rejected

According to the results of the Granger Causality
Analysis, both producer price (P) and subsidy amount
(Sub) variables were estimated as a Granger cause of
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production amount (Q) variable. However, in the
VECM analysis where the production (Q) was the
dependent variable, it was stated that the judgment
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that the price (P) and subsidy (Sub) variables could be
the cause of the production (Q) would not be consistent,
since Error Correction Term (ECT) did not have
expected sign. Thus, the interpretation of the direction
of the result that producer price (P) and subsidy
amount (Sub) variables might be a Granger cause of
production amount (Q) variable was avoided.

The null hypothesis that trout production amount (Q)
and subsidy amount (Sub) could not be considered as
causes of price (P) variations was accepted. In this
case, it can be concluded that lagged values of
production quantities (Q) and unit subsidy amounts
(Sub) were not the cause of short-term deviations in-
unit trout prices (P). Since the F test result of the
model was insignificant in VECM, the justification of
the relationship's causality was not discussed.

Thirdly, in the Granger causality analysis, the null
hypothesis that the lagged values of the variables trout
production amount (Q) and price (P) were not the cause
of the deviations in the subsidy amount (Sub) amount
was rejected. It means that the production (Q) and
price (P) variables were the Granger cause of the
subsidy amount variable. The short-term VECM model
F test was significant; thus, it was concluded that the
changes in production amount (Q) and price (P)
positively affected the subsidy amounts (Sub). One per
cent increase in production amount (Q) and price (P)
increases the subsidy amount (Sub) by 1.79% and
3.14%, respectively.

DISCUSSION

Granger causality analysis has long been used in many
scientific studies to determine causality relationships
between economic variables. However, causality
analysis has a special place in measuring relations
between instruments, which have economic value.
When the studies in the literature were examined, it
was seen that the causality among macroeconomic
indicators such as exchange rate, inflation rate,
economic growth rate, imports and exports were
frequently studied (Aktas, 2009; Tath & Lebe, 2017;
Muzammil, 2020; Aluko & Adeyeye, 2020; Umutlu &
Bayrac, 2020). Nevertheless, studies examining the
causality relationships of agricultural sector variables
were more limited. Studies related to the agricultural
sector often focused on the causality relationship
among macro-level indicators such as fuel prices,
electricity consumption, exchange rates, agricultural
loans, agricultural products import, exports, and
economic growth rates (Oyetade et al., 2020; Ali et al.,
2020; Georgina et al., 2020; Matchaya, 2020; Orji et al.,
2020; Surathkal & Dey, 2020; Leitdo & Balogh, 2020).
Another critical issue related to the agricultural sector
is the relationship between agricultural subsidies and
production (Erdal & Erdal, 2008; Sibande et al., 2017;
Nikola et al., 2017; Arisoy, 2020; Othman et al., 2020).
These and similar studies focused on the relationship
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between public expenditures and the agricultural
production amount. Although the number of causality
studies carried out in the fisheries sector is quite
limited, price pass-throughs (Bayramoglu, 2019;
Thong et al., 2020), fish production amount, import-
export, and economic (Nguyen & Jolly, 2013;
Oyakhilomen & Zibah, 2013) growth rates according to
production methods have been frequently studied.
However, there were very few studies dealing with the
causality relation of price, subsidy, and production
amount based on species in the fishery sector. This
study examined the causality relationship between
trout production amount, trout sales price, and subsidy
amount to fill this gap in the literature. VECM and
Granger causality analyses were used to determine the
extent of causality.

In the study, it was determined that trout sales prices
have a negative effect on trout production in the long
term. The studies on the relationship between the
production amount and the price of agricultural
products indicate whether the causality relationship is
positive or negative and may differ according to
product groups. Xie and Wang (2017) stated that the
amount of grain production in China was affected by
grain prices and that the change in the price of grains
was the Granger cause of the change in grain
production. The authors argued a negative causality
between prices and production in the short run and a
positive causality in the long run. According to Zhan et
al. (2008), the increase in China's grain prices caused
farmers to increase their grain production. Okumus
(2012) emphasized that the previous year's price in the
market determines the cotton production amount. Sun
and Yu (1999) found that the grain purchase price
effect on the production amount is more significant
than retail prices. Wen et al. (2015) stated that prices
were affected by the amount of production, labour
prices, and inflation rates and national policies.

On the other hand, Qian et al. (2015) argued that the
production amount may not result from changes in
prices and that production may negatively affect
prices. Semerci et al. (2012) found no relationship
between the sales price of sunflower and the
production amount, which supports the suggestions of
Qian et al. (2015). Hiisniioglu (2018) stated that a 1%
increase in hazelnut production in the long term
reduces the hazelnut price by 1.62%. The positive or
negative relationship between production quantity and
price is not only limited to crop production but also
differences are observed in animal production.
According to Oztiirk and Baysan (2021), meat prices
were the reason for meat production, while according
to Celik (2018), there was a negative relationship
between milk production amounts and milk price in
the long term.

As can be seen, the causality relationship between the
production amount and prices of agricultural products
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may result differently depending on many factors. One
of these differences is the argument that the
production amount is not only be affected by domestic
prices. Sekhar (2003) argued that the international
agricultural product price cycle's impact on production
decisions was longer than the domestic agricultural
product price cycle. Bayramoglu and Yurtkur (2015)
implied that import pressure on Tirkiye’s agricultural
production and food prices. In countries with less
developed market infrastructure, agricultural and food
products are affected by exchange rates in the short
term and oil and international prices in the long term.
As a result, it can be inferred that producers can take
foreign prices as a reference instead of domestic prices
in their production decisions. Another issue is frequent
fluctuations in agricultural products' prices (Munir &
Esteban, 2011), and unstable prices are not taken as a
reference by producers making production planning.
Therefore, it can be concluded that a general causality
relationship cannot be established between the
amount of production and price in agricultural
products where price stability cannot be achieved and
that the direction of causality between the amount of
production and price should be evaluated separately
for each product. The research findings were
compatible with the studies in the literature. In the
research area, it can be concluded that the trout prices
are not realized at a satisfactory level for the trout
farms, and therefore the prices have negative effects
on the production in the long term.

The study determined that 46.8% of the long-term
deviations in the subsidy variable were corrected after
one period. It was also determined that the production
amount and the sales price were the Granger cause for
the support. In other words, the amount of production
and changes in price affected the amount of subsidy
positively. Many studies in the literature examined the
relationship between production quantity, product
price, and support amount. Demirdégen (2020)
emphasized that the primary approach of agricultural
support policies in Tiirkiye was to increase production,
and the number of studies investigating the effects of
supports was insufficient. Therefore, it can be deduced
from the study of Demirdégen (2020) that production
1s a reason for the changes in subsidies. However, it is
seen that the results of studies on this subject in the
literature differ. Ko¢ and Islek (2020) determined a
two-way causal relationship between agricultural
subsidies and agricultural production in China and
Turkiye, a one-way causal relationship from
agricultural support to agricultural production in
Brazil and Russia, and a causal relationship between
agricultural production and agricultural support in
South Africa.

Nevertheless, they found that there was no causal
relationship between these two variables in India.
Qian et al. (2015) stated a positive effect between
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cereals subsidies and grain prices in China and those
subsidies contribute to an increase in grain market
prices. Aktas et al. (2015) argued that market price
support and input support affected production, but this
support negatively affected production in developing
countries. Isik and Bilgin (2016) indicated that, in
general, agricultural supports positively affected
agricultural production, and the effect of market price
support on agricultural production was higher than
other agricultural supports. However, this finding also
indicates that not all agricultural subsidies have the
same positive effect on production. Erdal and Erdal
(2008) stated no causal relationship between cotton,
sunflower, and soybean production and support,
whereas there was a two-way relationship between
corn production and premium payment. Erdal et al.
(2019) determined that the amount of sunflower
production was not affected by the change in support.
Trendov et al. (2017), Yilmaz and Yasar (2020) stated
a positive relationship between the amount of meat
production and the price and a negative relationship
with the amount of support.

Similarly, Si (2015) stated that subsidies negatively
affect wheat production. On the other hand, Li (2011)
emphasized the supply-increasing and cost-increasing
features of agricultural subsidies. As seen in the
previous studies, the causal relationship between
agricultural subsidies, production amount, and
product prices may vary depending on the type of
subsidies and the nature of the products supported. In
general, there is an intense opinion that the supports
have positive effects on farmer incomes and economic
development (Terin et al., 2014; Shen, 2019;
Binuomote and Odeniyi, 2016; Yildiz, 2017; Othman et
al., 2020). In contrast, in some studies (Hossain, 2012;
Wang et al., 2012; Sasmaz & Ozel, 2019; Trendov et al.,
2017; Sakai et al., 2019), the positive effect of
agricultural supports is short-term, and the effects of
the supports have a negative effect on the production
amount and product prices due to the higher economic
and social costs in the long term. In common sense, it
is expected that the subsidies affect the production
amount and the product price. Nevertheless, research
findings suggest the opposite of this judgment. The
amount of fisheries subsidy in Tirkiye is a result of
changes in the price and production quantity. The
research findings support Trendov et al. (2017)'s
finding that agricultural subsidies were not
adequately planned for agricultural development in
developing and middle-income countries.

CONCLUSION

The basic approach of agricultural subsidy policies in
Tirkiye is to increase production amount. However, it
may not always be correct to expect an increase in
production only through subsidies. The research
findings concluded that the fishery subsidies are not
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the reason for the changes in trout production amount
in the long term in Turkiye. As the reason for this
consequence, it could be put forward that supplying
feeds, medicines, and vaccines used in fish farming
from abroad, the high volatility in exchange rates, and
export-oriented production eliminate the production
and price regulation effects of subsidies. Another
reason for this negativity is that although the fisheries
subsidy amount increased relatively over the years, it
has decreased in real terms. Thus, it can be inferred
that the subsidy policy for trout farming is inefficient
in Turkiye. The aquaculture subsidy policies in
Turkiye are executed for fulfilling rituals and political
purposes.

Finally, based on the research findings, to increase
trout production, the current subsidy policy should be
revised to improve the infrastructure and capacity of
aquaculture farms. For subsidy policies to achieve
their objectives, fishery subsidies amount should also
be increased in real terms.

Contribution of the Authors

Authors declares the contribution of the authors is
equal.

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

REFERENCES

Aktag, C. (2009). Analysis of causality between
exports, imports and economic growth in Turkey.
KOSBED (18)2, 35-417.

Aktas, E., Altiok, M., & Songur, M. (2015). Effects on
agricultural production in different countries
comparative analysis of agricultural support
policies. Anadolu University J. Social Science 154),
55-74. https://doi.org/10.18037/ausbd.08912

Ali, 1., Khan, 1., Ali, H., Baz, K., Zhang, Q., Khan, A.,
& Huo, X. (2020). The impact of agriculture trade
and exchange rate on economic growth of Pakistan:
An NARDL and asymmetric analysis approach.
Ciencia Rural 50(4), e20190005. https://doi.org/
10.1590/0103-8478cr20190005

Aluko, O.A., & Adeyeye, P.O., (2020). Imports and
economic growth in Africa: Testing for Granger
Causality in the frequency domain. The Journal of
International Trade & FEconomic Development
297), 850-864. https://doi.org/10.1080/09638199.
2020.1751870

Arisoy, H., (2020). Impact of agricultural supports on
competitiveness of  agricultural products.
Agricultural Feonomics 66(6),286-295.
https://doi.org/10.17221/416/2019-AGRICECON

Badurlar Oner, 1., (2008). Investigation of relationship
between house prices and macroeconomic variables
in Turkey. Anadolu University J. Social Science
81), 223-238.

660

Bayramoglu, A.T. & Yurtkur, A.XK. (2015).
International factors on food and agricultural price
determinations in Turkey. Anadolu University J.
Social Science 152), 63-73.

Bayramoglu, B. (2019). Price interactions between
wild and farmed products: Turkish Sea Bass and
Sea Bream markets. Aquaculture FEconomics &

Management 2%1), 111-132. https://doi.org/
10.1080/13657305.2018.1510997
Binuomote, S.0., & Odeniyi, K. A. (2016).

Investigating the effect of fertilizer subsidy on
agricultural production and its implication on food
security in Nigeria (1981-2012). Journal of
Economics and Sustainable Development 7(11),
137-153.

Bostock, J., Lane, A., Hough, C., & Yamamoto, K,
(2016). An assessment of the economic contribution
of EU aquaculture production and the influence of
policies for its sustainable development.
Aquaculture  International  24(3), 699-733.
https://doi.org/10.1007/s10499-016-9992-1

Celik, S., (2014). The determination of the long-term
relationship among number of cattle, milk
production and milk price: Periods of 1980 to 2013:
The Turkish case. Turkish Journal of Agricultural
Engineering Research 1(2), 196-202.

Cetintas, H., (2004). Analysis of causality between
exports, imports and economic growth in Turkey.
KOSBED (18): 35-47.

Cisneros-Montemayor, A.M., Sanjurjo, E., Munro,
G.R., Hernandez-Trejo, V., & Sumaila, U.R., (2016).
Strategies and rationale for fishery subsidy reform.
Marine Policy 69, 229-236. https://doi.org/10.1016/
j.marpol.2015.10.001

Demirdégen, A., (2020). Agricultural subsidies in
Turkey (Orap presentation). V. Uluslararas:
Anadolu Tarim, Gida, Cevre ve Biyoloji Kongresi
01-04 Ekim 2020, Cevrimigi.

Diaz, C.L., (2000). The application of European 'Right
to Know' laws to fishing subsidies: A technical
briefing report. The Foundation for International
Environmental Law and Development, UK.

Dickey, D.A., & Fuller, W.A., (1979). Distribution of
the estimators for autoregressive time series with a
unit root. Journal of the American Statistical
Association 74366a), 427-431. https:/doi.org/
10.1080/01621459.1979.10482531

Engle, R.F., & Granger, C.W.J., (1987). Cointegration
and error correction: representation, estimation,
and testing. Econometrica 55: 251-276.

Erdal, G., & Erdal, H., (2008). The effects of premium
payment in turkey agricultural supports system.
JAFAG 25(1), 41-51.

Erdal, G., Erdal, H., & Unli, T., (2019). Analysis of
premium system applied in Turkey and evaluation
from the producer aspect (sample of Kadirli). Proc.
4th Int. Symp. Innov. Appro. Soc. Hum. Adm. Sci.
(SETSCI'19), 48), 93-96.



KSU Tarim ve Doga Derg 26 (3), 650-663, 2023
KSU J. Agric Nat 26 (3), 650-663, 2023

Arastirma Makalesi

EU (Europe Union) 2020. The Common Fisheries
Policy (CFP). https://ec.europa.eu/fisheries/cfp_en
(accessed on 10 October 2020).

FAO 2016. Aquaculture Big numbers. FAO Fisheries
and  Aquaculture  Technical Paper: 601.
http://www.fao.org/3/a-16317e.pdf (accessed on 01
December 2020).

FAO 2017. Global Aquaculture Production 1950-2018.
http://www.fao.org/fishery/statistics/global-
aquaculture-production/query/en (accessed on 01
December 2020).

Georgina, A.A., Ololade, Y.M., Abosede, AA. &
Afolakemi, A.O., (2020). Agricultural credit, cocoa
exports and economic growth in Nigeria: An
empirical perspective. International Journal of
Academic Research in Economics and Management
Sciences 1X1),18-30.

Guillen, J., Asche, F., Carvalho, N., Polanco, J.M.F.,
Llorente, I., Nielsen, R., & Villasante, S., (2019).
Aquaculture subsidies in The European Union:
Evolution, impact and potential for growth. Marine
Policy 104,19-28. https://doi.org/10.1016/j.marpol.
2019.02.045

Hossain, M.S., (2012). Multivariate granger causality
between economic growth, electricity consumption,
exports and remittance for the panel of three
SAARC countries. Global Journal of Management
and Business Research 1X4), 41-54.

Hiisntioglu, N., (2018). The Relationship between
hazelnut production and prices in Turkey: ARDL
bounds testing approach. Social Sciences Research
Journal 7(4), 24-41.

Isigicok, E., (1994). Causality analysis in time series.
Uludag University Printing House, Bursa, 163 p.
Isik, H.B., & Bilgin, O., (2016). The effects of
agricultural support policies on agricultural
production: The case of Turkey (Oral presentation).
2nd Multidisciplinary Conference 02-04 October

2016, Madrid, Spain.

Jayne, T. S., Mason, N.M., Burke, W.J., & Ariga, J.,
(2018). Taking stock of africa’s second-generation
agricultural input subsidy programs. Food Policy
(75),1-14. https://doi.org/10.1016/j.foodpol.2018.01.
003

Johansen, S., (1988). Statistical analysis of
cointegration vectors. Journal of Economic
Dynamics and  Control 122-3), 231-254.

https://doi.org/10.1016/0165-1889(88)90041-3

Johansen, S., (1991). Estimation and hypothesis
testing of cointegration vectors in gaussian vector
autoregressive models. Econometrica 596), 1551~
1580. httpsi//doi.org/l0.2307/2938278

Koc, K., & Islek, H., (2020). Causality relationship
between agricultural support and agricultural
production in BRICS-T countries: Bootstrap
causality analysis. J Social Research and
Behavioral Sciences 6(12), 285-295.

661

Research Article
Kumar, R., Kumar, R.R., Stauvermann, P.J., &
Chakradhar, J., (2019). The effectiveness of

fisheries subsidies as a trade policy tool to achieving
sustainable development goals at the WTO. Marine
Policy (100), 132-140. https://doi.org/10.1016/
j.marpol.2018.11.034

Leitdao, N.C., & Balogh, J.M., (2020). The impact of
energy consumption and agricultural production on
carbon dioxide emissions in Portugal. AGRIS on-
line Papers in Economics and Informatics 1X1), 49-
59. http://dx.doi.org/10.7160/a01.2020.120105

Li, G., (2011). Analysis on increases in agricultural
product prices since 2003 in China. Chinese Rural
Economy (2), 11-21.

MacKinnon, J.G., (1996). Numerical distribution
functions for unit root and cointegration tests. ¢/
Applied Econometrics 11(6), 601-618.

MAF 2017. Aquaculture Supports. https://www.
tarimorman.gov.tr/Konular/Tarimsal-Destekler/
Hayvancilik-Desteklemeleri/Su-Urunler (accessed
on 10 September 2020).

MAF 2019. Fisheries Sector Policy Document 2019-
2023 Years. https://www.tarimorman.gov.tr/
TAGEM/Belgeler/yayin/ (Accessed on 11 September
2020).

Matchaya, G.C., (2020). Public spending on agriculture
in Southern Africa: Sectoral and intra-sectoral
impact and policy implications. J. Policy Model
426), 1228-1247. https://doi.org/10.1016/j.jpolmod.
2020.05.002

Menicou, M., Charalambides, M., & Vassiliou, V.,
(2010). A profit optimization decision support tool
for the offshore aquaculture industry. IFAC
Proceedings Volumes 4317), 166-171. https/
doi.org/10.3182/20100908-3-PT-3007.00032

Munir, J., & Esteban, T.Z., (2011). Pass-through of
international food prices to domestic inflation
during and after the great recession: Evidence from
a set of Latin American Economies. Revista
Desarrollo y Sociedad (67), 135-179. https://doi.org/
10.13043/dys.67.4

Muzammil, M., (2020). A Comparison of Agricultural,
Industrial and Services Sector Impact on Trade
Balance: A Case Study of Pakistan, MPRA Paper
No. 95750. httpsi//mpra.ub.uni-muenchen.de/
95750/4/MPRA_paper_95750.pdf (accessed on 10
September 2020)

Nash, C.E., Iwamoto, R.N., & Mahnken, C.V., (2000).
Aquaculture risk management and marine
mammal interactions in The Pacific Northwest.
Aquaculture 1833-4), 307-323. https://doi.org/
10.1016/S0044-8486(99)00300-2

Nguyen, G.V., Jolly, C.M., (2013). A cointegration
analysis of seafood import demand in Caribbean
countries. Applied Economics 456), 803-815.
https://doi.org/10.1080/00036846.2011.613771

Nikola, T.M., Kehinde, O., & Mile, P., (2017). Are
agricultural subsidies efficient tool for agricultural



KSU Tarim ve Doga Derg 26 (3), 650-663, 2023
KSU J. Agric Nat 26 (3), 650-663, 2023

Arastirma Makalesi
Research Article

sector of the Republic of Macedonia? Bulgarian
Journal of Agricultural Science 25(3), 363-369.

Okumus, M., (2012). Tarim Politikalar1 ve Zaman
Serileri Analizi: Tiirkiye'de Pamuk Fiyatlarina Bir
Uygulama (Tez No: 309865). [Yiiksek Lisans Tezi,
Adnan Menderes Universitesi Fen Bilimleri
Enstitiisi  Tarim Ekonomisi Anabilim Dalil.
Yiiksekogretim Kurulu Ulusal Tez Merkezi.

Orji, A., Ogbuabor, J.E., Anthony-Orji, O.1., Alisigwe,

J.N,, (2020). Agricultural financing and
agricultural output growth in developing
economies: Any causal linkage in Nigeria?

International Journal of Finance, Insurance and
Risk Management X(2), 34-43.

Othman, K., Omar, H., Fuad, H.A., Laidin, J., &
Ramli, I.M., (2020). The causal impact of
government support on the small strategic crop
Industry: Malaysia's experience. Asian Journal of
Agriculture and Development 10(1), 298-310.
https://doi.org/10.18488/journal.1005/2020.10.1/100
5.1.298.310

Oyakhilomen, O., & Zibah, R.G., (2013). Fishery
production and economic growth in Nigeria:
Pathway for sustainable economic development.
The Journal of Sustainable Development in Africa
15(2), 99-109.

Oyetade, 0.0., Asaleye, A., Popoola, O., & Lawal, A.,
(2020). Agricultural export and macroeconomic
factors in Nigeria: The bound test approach.
International Journal of Energy FKconomics and
Policy 1(2),165-169. https://doi.org/10.32479/ ijeep.
7148

Oztiirk, S., & Baysan, 1., (2021). The meat imports in
Turkey in the period of 2003-2017: A granger
causality analysis. Journal of Pamukkale
University Social Sciences Institute (42), 223-2317.

Qian, J., Ito, S., Zhao, Z., Mu, Y., & Hou, L., (2015).
Impact of agricultural subsidy policies on grain
prices in China. Journal of the Faculty of
Agriculture, Kyushu University 60(1), 273-279.
https://doi.org/10.5109/1526325

Sakai, Y., Yagi, N., & Sumaila, U.R., (2019). Fishery
subsidies: The interaction between science and
policy.  Fisheries Science  85(3), 439-447.
https://doi.org/10.1007/s12562-019-01306-2

Sasmaz, M., & Ozel, O., (2019). Tarim sektoriine
saglanan mali tegviklerin tarim sektori gelisimi
uzerindeki etkisi: Turkiye o6rnegi. Dumlupinar
Universitesi Sosyal Bilimler Dergisi (61), 50-65.

Sekhar, C.S.C., (2003). Volatility of agricultural prices-
an analysis of major international and domestic
markets. Working paper (No0.103). Indian Council
for Research on International Economic Relations
(ICRIER), New Delhi.

Semerci, A., Kaya, Y., Sahin, 1., & Citak, N., (2012).
The effect of subsidizing policy in oil crops
production over sunflower planted areas and

662

producer welfare in Turkey. Selcuk Journal of
Agriculture and Food Sciences 26(2), 55-62.

Sen, I., & Rad, F., (2016). Capacity, supply and price
evolutions in rainbow trout (Oncorhynchus mykiss,
Walbaum, 1792) farming in Turkey. Zurkish
Journal of Agricultural Economics 22X2), 1-8.

Shen, F., (2019). A summary of studies on the effects of
agricultural subsidy policies on rural economy (Oral
presentation). International Conference on Social
and Education Sciences, 07-10 October 2019,
Colorado.

Si, S., (2015). The effects of china's biofuel policies on
agricultural and ethanol markets. [Master Thesis,
University of California Office of Graduate Studies
Agricultural and Resource Economics].

Sibande, L., Bailey, A., & Davidova, S., (2017). The
impact of farm input subsidies on maize marketing
in Malawi. Food Policy 69, 190-206. https://doi.org/
10.1016/j.foodpol.2017.04.001

Sun, Y.F., Yu, H.P., (1999). Analysis on the causal
relationship and influence degree of China’s grain
production. Journal of Agrotech Fconomics 2, 37—
39.

Surathkal, P., & Dey, M.M., (2020). Import penetration
and price relationships: An empirical analysis of the
US catfish market. Aquaculture, Economics and
Management  24(2), 143-160. https://doi.org/
10.1080/13657305.2019.1699199

Tatli, H., & Lebe, F., (2017). Tiirkiye’de dogalgaz
tiketimi, sermaye ve istihdamin ekonomik
buytumeyle iligkisi: egbiitiinlesme ve nedensellik
analizi. Dokuz Eyliil Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi 3X1): 1-28.

Terin, M., Giiler, 1.0., Aksoy, & A. (2014). Causal
relationship between agricultural production and
agricultural credit use in Turkey. Journal of the
Institute of Science and Technology 41), 67-72.

Thong, N.T., Ankamah-Yeboah, I., Bronnmann, J.,
Nielsen, M., Roth, E., & Schulze-Ehlers, B., (2020).
Price transmission in the pangasius value chain
from Vietnam to Germany. Aquaculture Reports 16,
100266.https://doi.org/10.1016/j.aqrep.2019.100266

Trendov, N.M., Kehinde, O., & Mile, P., (2017). Are
agricultural subsidies efficient tool for agricultural
sector of the Republic of Macedonia? Bulgarian
Journal of Agricultural Science (3), 363-369.

Turkstat, (2018). Fisheries Statistics. https:/data.
tuik.gov.tr/ (accessed on 01 December 2020)

Umutlu, H., & Bayracg, H.N., (2020). The relationship
between economic growth and natural gas
consumption in Turkey: Granger causality analysis.
The Journal of Social Economic Research 20(40),
217-226.

Ustiindag, E., Aksungur, M., Dal, A., & Yilmaz, C.,
(2000). Structural analysis and determination of
productivity of aquaculture enterprises in The
Black Sea Region. Sakarya Printing House, Turkey.



KSU Tarim ve Doga Derg 26 (3), 650-663, 2023
KSU J. Agric Nat 26 (3), 650-663, 2023

Arastirma Makalesi

Wang, Z.W., Lei, T.Z., Yan, X.Y., Li, Y.L, He, X.F., &
Zhu, J.L., (2012). Assessment and utilization of
agricultural residue resources in Henan province,
China. BioResources 7A3), 3847-3861.

Wen, T., Wang, X.H., Yang, D., & Zhu, J., (2015). The
behavioral characteristics, benefit mechanism and
decision effect of farmers’ participation in
cooperative economic organization under the new
situation. Management World (7), 82-97.

Xie, H., & Wang. B., (2017). An empirical analysis of
the impact of agricultural product price fluctuations
on China’s grain yield. Sustainability X6), 906.
https://doi.org/10.3390/su9060906

663

Research Article
Yildiz, F., (2017). Tirkiye'de merkezi yonetim
biutcesinden  yapilan  tarimsal destekleme

6demelerinin tarimsal lretim tzerindeki etkisi:
2006—2016 donemi. Sayistay Dergisi (104), 45-63.

Yilmaz, E., & Yasar, E., (2020). The impact of livestock
supports in Turkey on domestic price of red meat.
Journal of Business Economics 82), 81-94.

Zhan, S.W., Feng, Z.C., & Xiao, W., (2008). Analysis of
the influence of grain price changes on the acreage
of grain. Journal of Inner Mongolia Normal
University 5, 54-58.



KSU Tarim ve Doga Derg 26 (3), 664-672, 2023 3 £
KSU J. Agric Nat 26 (3), 664-672, 2023 : ‘>
httpsi//doi.org/10.18016/ksutarimdoga.vi.1166338

Konya Ili Tarim Arazileri i¢in Kapitalizasyon Oran1 ve Deger Tespiti

Zuhal KARAKAYACI! ~

1Selguk Universitesi Ziraat Fakiiltesi Tarim Ekonomisi Bsliimii, Selguklu Konya
1 httpsi//orcid.org/0000-0003-2933-5608

P4 zuhalunal@selcuk.edu.tr

OZET

Ekonomik faaliyetlerde kullanilan tretim faktorlerinin temel unsuru
olan tarim arazileri bir yatirim araci olmasinin yani sira kirsal alanda
yasayan niifusa sosyal bir statii ve gli¢ kazandirmaktadir. Niifus artigina
bagli olarak tarim arazisine tarim dig1 talebin artmasi da Gnemini
artirmaktadir. Tarim arazisinin degerlemesi c¢esitli amagclar igin
gerekmekte olup, bilimsel yontemler g¢ercevesinde deger tespiti
objektiflik kriteri a¢isindan 6nem arz etmektedir. Calisma kapsaminda,
Konya ili 31 il¢esinde kapitalizasyon orani tespitine yonelik toplam 226
adet satisa konu olmus parsel ve Gelirlerin Kapitalizasyonu Yontemine
gore arazi degeri tespitine yonelik toplam 900 parsel verisi anket
yontemiyle elde edilmistir. Konya ilinde yapilan ¢alisma sonucunda
ilgelere gore degismekle birlikte kapitalizasyon orani sulu tarim arazisi
icin  %2.40-%6.80 araliginda, kuru tarim arazisi i¢in %3.25-%7.80
araliginda belirlenmistir. Ilgeler itibariyle arazinin Pazar degeri sulu
tarim arazisinde 9000 - 57000 b araliginda, kuru tarim arazisinde 2900 -
7400 b araliginda tespit edilmigtir. Arazinin Gelir Yontemine gore degeri
ise sulu tarim arazisinde 8287 — 49704 b arahiginda, kuru tarim
arazisinde 1258 — 11515 b araliginda saptanmagtir. Tarim arazilerinin
degeri bolgenin gelismigligine bagli olarak zamanla degisiklik
gostermekte olup, birgok amag i¢in ihtiya¢ duyulan arazi degeri ve
kapitalizasyon oraninin gincel olmasi gerekmektedir. Bu baglamda,
Turkiye tariminin en 6nemli potansiyellerinden biri olan Konya ilinin 31
ilgesinde sulu ve kuru tarim arazileri icin ayri ayri hesaplanan
kapitalizasyon oranlari ve arazi degerleri degerleme faaliyetlerine katka
saglayacaktir.

ABSTRACT

Farmlands, which are the basic elements of production factors used in
economic activities, are an investment tool, as well as giving the
population living in rural areas a social status and power. Depending on
the population growth, the increase in the non-agricultural demand for
farmland also increases its importance. The valuation of farmland is
required for various purposes, and valuation within the framework of
scientific methods is important in terms of objectivity criteria. In the
scope of this study, in 31 districts of Konya, 226 parcels subject to sale for
determination of capitalization rate and 900 parcels for the
determination of land value according to Income Capitalization method
were obtained by survey method. As a result of the study carried out in
Konya, capitalization rate was determined between 2.40%-6.80% for
irrigated lands and between 3.25%-7.80% for dry lands. Market value of
lands in terms of districts was determined between 9000 - 57000 b in
irrigated lands and between 2900 - 7400 b in dry lands. The income value
of lands was determined between 8287 - 49704 b in irrigated lands and
between 1258 - 11515 b in dry lands. The value of farmlands varies over
time depending on the development of the region, and the land value and
capitalization rate needed for many purposes must be up-to-date. In this
context, capitalization rates and land values calculated separately for
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irrigated and dry lands in 31 districts of Konya, one of the most important
potentials of Turkish agriculture, will contribute to the valuation

activities.
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GIRIS Gelirlerin  Kapitalizasyonu  Yonteminde tarim

Ekonomik sektorlerde faaliyetlerin yiritilebilmesi
i¢in gerekli olan arazi, yerylziinde sinirli miktarda,
geri kazanimi zor hatta ¢ogu zaman imkansiz olan
dogal kaynaklardan birisidir (Uskov & Shariapova
2020). Ayrica tarim arazileri kirsal niifus icin acil
durumlarda guvence, teminat degeri ve sosyal itibar
saglayan bir kaynak (Awasthi 2014) olmasi ve
dolayisiyla kirsal nifusun ¢ogunlugunun dogrudan
yada dolayl olarak araziye baglh (Ahmadzai & Akbay
2020) olmas1 arazilerde deger kavramini 6n plana

cikarmaktadir. Tarim arazilerinin degerlemesi
vergilendirme, kredilendirme, kamulastirma,
kentlesme gibi bircok faaliyette kullanilmanin yani
sira  arazl  plyasasi  olusumunun  ekonomik
mekanizmasi konumundadir (Zharikova &
Pashckhenko 2015). Bununla birlikte cevre kirliligi,
arazinin bulundugu konum itibariyle cevresel

gelismigligi gibi pozitif yada negatif digsalliklar tarim
arazilerinin degerinin belirlenmesi gerekliligini ortaya
koymaktadir.

Hizli bir sekilde artan dinya nitifusu beslenme
ihtiyacglarimi artirmakta ancak tarim arazisinin sinirh
olmasi, plansiz kullanigi hatta tarim digina ¢ikmasi
nedeniyle daralmasi1 stirdurtlebilir gida arz
giivencesini tehdit etmektedir. Tarimsal gelismiglige
sahip tlkelerde 2000-2018 yillar1 arasinda tarim
arazisinin; ABD’de  %2.07, Rusya'da %0.77,
Almanya’da %2.48, Hindistan’da %0.78, Tirkiye'de
%6.61, Hollanda’da %6.85, Yeni Zelanda’da ise %32.08
oranlarinda daraldig: belirlenmistir (FAO 2020). Buna
kargin son yillarda tlkelerin gelismiglik diizeyinin
artmasina bagl olarak yatirim arac¢larina olan talebin
de artmasina neden olmaktadir. Uretim faktorlerinin
en o6nemlisi olan tarim arazisi farkli amaglar i¢in
kullanilmakta olup, 6nemli bir yatirim araci olmasi
deger tespitini de gerekli hale getirmektedir.

Bir tasinmazin degerlemesinde uygulanabilecek
bir¢ok yontem kullanilmakla birlikte temelde 3 esas
yontem bulunmaktadir; Pazar degeri yontemi, gelir
yoéntemi ve maliyet yéntemidir (Linne ve ark. 20003
Kontrimas & Verikas 2011). Tarim arazilerinin pazar
degeri tarimsal getirilere dayali degerin {izerine

cikarak, tarim dis1 kullanimlarin 6ngoriilmesini
yansitmaktadir (Blank 2000). Gelir yénteminin
uygulanabilmesi i¢in degerleme kapsamindaki

taginmazin gelir getiren bir milk olmasi ve belirli bir
siire boyunca tasinmazin toplam gelirinin tahmin
edilebilmesi gerekmektedir (Ventolo & Williams 2005).
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arazisinin deger hesabinda kullanilan kapitalizasyon
orani, araziye yatirilmis sermayenin kullanilma hakk:
(Miilayim 2008) olarak tanimlanabilecegi gibi arazi
sahibinin araziden belli bir slre kullanmasi
karsiliginda elde edecegi sermayenin faizi olarak ta
tanimlanabilmektedir (Karakayaci 2011).
Kapitalizasyon orani hesaplanmasinda tarim arazisi
i¢cin giincel ve gergek satis degerleri kullanmilmakta
olup, bolgeden Dbolgeye ve bolgenin zamanla
gelismigligine gore farklilik gostermektedir. Zira tarim
arazisi degerinin zamanla artis gostermesinin nedeni
cesitli faktorlerin etkisiyle bolgede gelismigligin
artmasidir.

Tarim arazisi degeri gelecekteki tarimsal getiriler,
alternatif yatirim secenekleri ve makroekonomik
kogullar ile ilgili beklentiler dahil olmak tizere birgok
faktorin etkisine maruz kalmakta olup, tarimsal
uretim uygulamalarindaki farklhiliklar, kentlesme ve
yerel politikalar nedeniyle lokasyonlar arasinda
farkliiklar géstermektedir (Sherrick 2018). Kamu
faaliyetleri i¢in uygulanan degerleme calismalarinda
Gelirlerin Kapitalizasyonu Yonteminde kapitalizasyon
orani i¢in her bolge ve arazi i¢in tek oran kullanildig:
goriilmektedir. Bu oran bolgeden boélgeye, yoreden
yoreye ve zamanla farkliliklar gosteren bir orandir. Bu
nedenle, giincel ve degerlemenin yapildig1 yoreye ait
olmas1 degerlemenin objektif olmasi bakimindan son
derece Onemlidir. Turkiye’de farkli bolgelerde
kapitalizasyon orani tespitine yonelik c¢alismalar
yapilmistir. Denizli’de kuru araziler i¢in %5.83, sulu
araziler i¢in  %5.03 olarak tespit edilmigstir
(Giindogmus & Tasc1 2017). Agr1 ili merkez ilcelerinde
kuru araziler igin %5.70, sulu araziler igin %5.31
olarak belirlenmistir (Dagdemir ve ark. 2018). Bursa
ili Mustafakemalpasa ilgesi sulu tarim arazilerinde
%4.85, kuru tarim arazilerinde %5.75 hesaplanmistar.
Kahramanmarag 1ili Afgin-Elbistan Ovasi kuru
arazileri icin %5.21, sulu arazileri i¢in %5.76 tespit
edilmigtir (Akbay 2020). Izmir ili Yortanli baraj
bolgesinde sulu araziler i¢cin %4.13 olarak
hesaplanmistir (Serez ve ark. 2022). Calisma alani
olan Konya ilinde daha 6nce yapilan ¢alismalarda ise
Cumra ilcesi sulu tarim arazilerinde %5.20 (Oguz &
Unal 2004), Eregli ilcesi sulu tarim arazilerinde %6.02,
kuru tarim arazilerinde %7.00 (Karakayact & Oguz
2006) olarak belirlenmistir. Aym ilcelerin bu
calismada hesaplanan kapitalizasyon oranlarina
bakildiginda zamanla 6nemli oranda bir azalma
oldugu gorilmektedir. Bu durum, boélgelerin
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gelismiglikleri arttik¢a kapitalizasyon oranlarinda ve
arazi degerlerinde olumlu yénde degisimler oldugunu
gostermektedir. Bu nedenle, arazi degerlemesinin
objektiflik kriterini saglamak acisindan
kapitalizasyon oraninin her il ve ilge diizeyinde giincel
olarak belirlenmesi gerekmektedir. Calismada, ilgeler
itibariyle tarim arazileri i¢in kapitalizasyon orani ve
degerin degisecegi hipotezine dayali olarak, Konya
iline bagli 31 ilgede sulu ve kuru tarim arazileri igin
kapitalizasyon orani ve deger tespiti amaglanmigtir.

MATERYAL ve METOD

Calismanin ana materyalini, amaca uygun sekilde
calisma alan1 olan Konya iline bagh ilgelerde arazi
sahipleriyle Mayi1s-2021 tarihinde yiliz ylize yapilan
anketlerden elde edilen veriler olusturmaktadir.
Calismada kullanilan anket formlar1 igin Selguk
Universitesi Fen ve Miihendislik Bilimleri Bilimsel
Arastirma ve Yayin Etik Kurulu'ndan onay alinmigtir.
Degerlemesi yapilan parseller arastirmacinin Tarim
ve Orman Ilge Midirlikleri, Ziraat Odalar1 ile
gorismesi sonucu gayeli olarak ilgeyi temsil eden
koyler tarimsal ozellikler, ekolojik faktorler gibi
kriterlere gore belirlenmigtir. Ayrica belirlenen
koylerde gerceklesmis satiglarin alic1 veya satic ile
gorusilerek satig ve yetistiricilik bilgileri ve degeri
belirlenmek istenen parsellerin bilgileri 6nceden
hazirlanmis soru formlar ile alinmagtir.

Ornekleme Yoéntemi

Anket calismasi Konya iline bagh 31 ilgede yapilmigtir.
Calismada tarim arazilerinin degerlemesi i¢in
Gelirlerin Kapitalizasyonu Yontemi kullanilmis olup,
Kapitalizasyon oraninin tespiti ve deger tespiti i¢cin 2
ayr1 veri toplama yontemi izlenmigtir.

- Kapitalizasyon oraninin hesabi i¢in yakin tarihlerde
satisa konu olmus tarim arazilerinin gercgek
degerlerine ve rantlarina ihtiya¢ duyulmaktadir. Her
ilge i¢in gayeli olarak s6z konusu il¢eyi temsil edecek
ve satisa konu olan arazilerden veriler anket
yontemiyle toplanmigtir. Belirlenen satiglarin gercek
(ipotek vb. olmamali) ve giincel (son 6-8 ay) olmasina
dikkat edilmis olup, bazi ilcelerde gilincel satiglar
bulunamadigindan eski tarihli satis degerleri YI-UFE
yardimiyla guncellenmistir. Arazi satig fiyatlarn
ureticilerin beyanlarina gore alinmigtir. Her ilcede en
az 5 tane olmak iizere (toplam 212 anket) ilceyi sosyo-
ekonomik yap1 ve tarimsal Uretim gibi kriterler
agisindan temsil edebilecek parseller gayeli olarak
belirlenmigtir. Satisa konu olan arazilerin rantlar: ise
anketle elde edilen veriler yardimiyla hesaplanmigtir.

- Arazi degerinin hesaplanmasinda yillik ortalama net
gelir (rant) hesaplamasina ihtiya¢ bulunmaktadir.
Deger tespiti i¢cin gerekli rant hesaplamasinda her
ilceden en az 10 anket yapilarak en az 30 parselin
verisi (toplam 900 parsel) toplanmigtir.
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Analiz Yontemi

Gelirlerin kapitalizasyonu yontemi, bir araziden
gelecekte elde edilecek gelirler toplaminin bugiline
indirgenmesi ile hesaplanmaktadir. Gelecekte elde
edilecek gelirlerin hesaplanmasinda ge¢miste elde
edilmisg yillik net gelirler esas alinmaktadir. Gelirlerin
Kapitalizasyonu Yénteminde araziden elde edilen
yillik ortalama net gelir (rant) ve kapitalizasyon orani
kullamilmaktadir ve D= R/f formiilii (D: Arazi Degeri,
R: Yillik Ortalama Net Gelir, f: Kapitalizasyon Oran1)
kullanilmaktadir. Kapitalizasyon orani, arazinin ranti
ile satig degeri arasindaki orandir. Rant ayni kalmak
koguluyla, kapitalizasyon oranmi diistiikge arazinin
satis degeri yukselmektedir. Kapitalizasyon oraninin
bulunmasinda asagidaki formiil kullanilmaktadir
(Miilayim 2008).

f =R1+R2+R3+...+Rn/D1+D2+D3+...+Dn (1)

=i R/LEZ, D

R=Yillik ortalama net gelir, D=Gergek arazi satig
degeri, f=Kapitalizasyon orani

BULGULAR ve TARTISMA

Arastirma alani olan Konya ilinin 31 il¢esinde Yillik
Ortalama Net Gelirlerin hesaplanmas1 amaciyla
yaygin olarak uygulanan miinavebe sistemlerinde
bulunan triinlerin net gelirleri tespit edilmistir. Verim
ve cari fiyatin carpimiyla her urin ic¢in Gayrisafi
Uretim Degerleri (GSUD) ve iretim masraflar
hesaplanmis ve birbirinden c¢ikarilarak net gelirleri
bulunmustur. Yillik ortalama net gelirin belirlenmesi
icin munavebedeki urinlerin net gelirleri toplanarak
miinavebedeki tUrin sayisina bolinmustir. Bu
minavebe sistemlerinde bitin ilgelerde o6ncelikli
olarak bugday yetistirilmesi dikkat c¢ekmektedir.
Bunun diginda sulu tarim arazisinde seker pancari,
dane masir en fazla yetistirilen Griinlerken, kuru tarim
arazisinde bugdaymn yaninda arpanin c¢ogunlukla
yetistirildigi gorilmektedir. Nadas uygulamasinin da
yaygin oldugu gorilmektedir. Ayrica silajhik maisir,
aycicegi, fasulye (kuru ve taze), hashas, nohut,
mercimek, fig, patatesin yaygin olarak yetistirildigi de
belirlenmigtir. Arastirma alam olan 31 ilgede birden
fazla minavebe sistemi uygulandigi belirlenmig olup,
ornek olmasi i¢in ¢izelge 1’de sulu ve kuru araziler i¢in
en yaygin olarak gorilen miinavebe sistemlerine ait
yillik ortalama net gelirler verilmistir.

Aragtirma alanindaki tarim arazisinin deger
tespitinde sulu ve kuru tarim arazisi igin ayri ayri
yillik ortalama net gelir kapitalizasyon oranina
boélinerek, her ilge i¢in ortalama arazi degerleri
saptanmigtir. Gelirlerin Kapitalizasyonu Yontemine
gore deger tespitinde gerekli olan yillik ortalama net
gelirin (rant) hesaplanmasinda uzun yillara ait
ortalamalarin alinmasi uygun olacag1 halde,
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Turkiye’deki tarim igletmelerinde veri kaydi birden fazla arazi degeri belirlendiginden ilge
bulunmadigindan ulasilamamakta ve yaygin olan ortalamalar1 alinmigtir. Ilgelere gore sulu ve kuru
munavebe sistemleri dikkate alinmaktadir. Bu araziler i¢in kapitalizasyon oranlari ve degerleri

nedenle, il¢elerde birden fazla miinavebe sistemi
uygulandig1 tespit edildiginden ve buna baglh olarak

Cizelge 1. Ilceler itibariyle yillik ortalama net gelir
Table 1. Average annual net income by districts

cizelge 2'de verilmigtir.

) Yillik Ortalama

Tlgeler Miinavebe Sistemi Net Gelir (f/da)

Districts Rotation Annual Net Income

Sulu Kuru Sulu Kuru
Irrigated Dry Irrigated Dry
Ahirh S.Misir-Bugday-S.Pancar: Bugday-Arpa 1073.78 267.25
Akoren Nohut-Bugday-Fig Arpa-K. Mercimek-Bugday 545.63 302.77
Aksehir Bugday-Haghag-Arpa Hashag- Nadas-Arpa 887.39 495.56
Altinekin ~ Bugday-Y.Aycicegi-D.Misir Arpa-Bugday 717.62 301.37
Beysehir S.Misir-Arpa-S.Pancar: Bugday-Nohut-Arpa 1316.07 391.79
Bozkir Bugday-Patates-T.Fasulye Arpa-Nohut-Fig 572.94 201.40
Cihanbeyli S.Pancari-Bugday-D.Misir-Bugday Bugday-Nadas-Arpa 1066.83 234.95
Celtik D.Misir-Arpa-S.Pancari-Bugday Bugday-Bugday 834.26 275.37
Cumra Y.Aycicegi-D.Misir-Bugday- D.Misir Bugday-Arpa 1115.15 320.53
Derbent Bugday-K.Fasulye-Bugday-T.Fasulye Bugday-Nadas-Arpa 788.69 151.75
Derebucak Bugday-K.Fasulye-Bugday-T.Fasulye Bugday-Nadas-Arpa 908.52 177.24
Doganhisar S$.Pancari-Bugday-Hashas-Bugday Bugday-Hashas 948.41 628.46
Emirgazi Arpa- S.Misir-Bugday-Fig Arpa-Nadas-Bugday 632.98 192.44
Eregli Fig-Bugday-S.Misir-S.Pancar: Bugday-Arpa 898.63 263.02
Guneysinir D.Misir-Bugday-Kabak-Arpa Bugday-Nohut-Arpa 886.84 288.46
Bugday-K.Mercimek-Arpa-

Hadim Bugday-Patates-T.Fasulye K.Mercimek 570.82 261.55
Halkapinar S.Misir-Bugday-K.Fasulye Nohut- Bugday-Yulaf-Arpa 687.28 260.03
Huyuk Arpa-Bugday Nohut-Bugday-Arpa 579.59 350.66
Ilgin D.Misir-Bugday-S.Pancar Bugday-Arpa 922.01 213.04
Kadinhani Bugday- D.Misir-Y.Ayc¢icegi Bugday-Arpa-Bugday 1167.29 230.86
Karapinar S.Pancari-Bugday- D.Misir-S.Masir Arpa-Arpa 1091.68 262.96
Karatay S.Pancari-Bugday-Y.Aycicegi-Arpa Arpa-Arpa 1006.38 270.61
Kulu Bugday-Arpa Arpa-Nadas-Bugday 562.68 164.85
Meram Bugday-Arpa-D.Misir Arpa-Bugday 1144.22 235.67
Sarayoni  Bugday-D.Misir-Arpa Bugday-Nohut-Arpa 892.43 208.70
Selguklu Arpa-D.Misir-Bugday Bugday-Arpa 1000.74 273.97
Seydigsehir S.Misir-Bugday-S.Pancari-Bugday Hashags-Nadas-Bugday 1140.32 593.24
Tagkent Bugday-Nohut Bugday-Arpa 509.43 212.35
Tuzlukcu Bugday-S.Pancari-Arpa Arpa-Bugday 743.70 243.89
Yalihiiyuk Bugday-Arpa-T.Fasulye-Arpa Arpa-Bugday 859.51 268.87
Yunak S.Pancari-Bugday-Hashas-Arpa Bugday-Nadas-Arpa 956.20 213.02

Arasgtirma alani olan Konya ilinin 31 ilgesinde sulu ve
kuru tarim arazisi i¢in ayr1 ayr1 Kapitalizasyon Orani
belirlenmig olup, sulu tarim arazisi i¢cin %2.4 ile %6.8
arasinda, kuru tarim arazisi icin %3.3 ile %7.8
arasinda oldugu tespit edilmistir. Her iki arazi nevi
icin de en digiik oran Meram ilgesine ait olarak
belirlenirken, sulu tarim arazisinde en yiiksek oran
Doganhisar ilgesinde, kuru tarim arazisinde en yiiksek
oran Giineysinir ilgesinde saptanmagtar.

Kapitalizasyon orani1 hesaplamasinda kullanmak
uzere her ilgede sulu ve kuru tarim arazisi i¢in gergek
satig degerleri elde edilmig olup, bu sayede Konya
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ilinde sulu tarim arazisi i¢in ortalama Pazar degerinin
ilgelere gore 9000 ile 57000 t/da arasinda degistigi,
kuru tarim arazisi i¢in ise 2900 ile 7400 t/da arasinda
degistigi tespit edilmigtir. Sulu tarim arazisinde Pazar
degeri en yiiksek olan ilge Meram ilgesi iken, kuru
tarim arazisinde Sel¢uklu ilgesidir. Pazar degeri en
diisiik olan sulu tarim arazisi Tagkent’te, kuru tarim
arazisi Celtik’te gorilmugstir.

Konya ili 31 ilgesinde Gelirlerin Kapitalizasyonu
Yéntemine gore sulu tarim arazisi degerinin 8000 ile
50000 t/da arasinda oldugu, kuru tarim arazisinin ise
1200 ile 11500 b/da arasinda degistigi gézlenmisgtir.
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Cizelge 2. Iceler itibariyle kapitalizasyon orani ve arazi degeri
Table 2. Capitalization rate and land value by districts
Tigeler Kapitalizasyon Orani (%) Gelir Degeri (1/da) Pazar Degeri (b/da)
Districts Capitalization rate Income value Market value
Sulu Kuru Sulu Kuru Sulu Kuru
Irrigated Dry Irrigated Dry Irrigated Dry
Ahirh 6.50 7.70 17490.62 2570.91 15500 3250
Akoren 4.10 5.70 12247.32 3979.91 16500 3500
Aksehir 5.00 6.30 19156.60 8023.49 18800 5600
Altinekin 5.40 6.30 15429.91 3230.00 11800 4800
Beysehir 4.50 5.20 28053.26 5216.79 27500 6800
Bozkir 5.10 5.80 11381.76 2715.39 11000 4000
Cihanbeyli 5.20 6.20 18207.78 3789.52 22500 4550
Celtik 6.20 7.70 13836.13 1258.31 12700 2900
Cumra 4.40 5.30 26782.58 6324.53 21250 5800
Derbent 4.30 5.10 20386.67 2542.85 21800 4000
Derebucak 4.90 5.90 24438.84 2660.29 18600 4000
Doganhisar 6.80 7.40 14080.59 5171.89 13500 5000
Emirgazi 6.20 7,10 11524.68 2710.42 9200 3000
Eregli 3.70 4.90 26626.31 4565.09 27400 5100
Gineysinir 6.70 7.80 13835.52 2472.50 12500 4000
Hadim 4.80 5.60 11364.38 3651.79 9150 3000
Halkapinar 5.40 5.70 13504.63 4027.50 12000 4000
Huyuk 4.70 7.10 11609.13 4855.63 12000 5000
Ilgin 4.80 5.40 14398.96 3031.67 16100 4000
Kadinhani 4.80 5.30 22808.06 1900.19 23700 4350
Karapinar 5.50 6.60 16463.27 1956.52 19500 4010
Karatay 3.00 4.10 32170.22 7514.88 32800 5750
Kulu 3.40 4.70 16549.54 4166.31 20000 4850
Meram 2.40 3.25 49704.69 5573.85 57000 7250
Sarayoni 4.70 5.20 21869.58 2714.90 11750 3800
Selguklu 3.10 4.00 27547.96 6349.05 34400 7400
Seydigehir 4.30 5.90 29069.26 11514.97 32800 7130
Tagkent 5.90 6.50 8287.29 3178.77 9000 3350
Tuzlukcu 4.50 5.70 17192.48 4625.44 19300 3450
Yalihiiyiuk 5.30 6.90 16221.76 3934.06 14900 4150
Yunak 6.00 6.50 20973.39 4333.23 14900 5100

Sulu tarim arazisinde ortalama olarak en yiiksek arazi
degerinin Meram ilgesinde, en dusiik arazi degerinin
Tagkent ilgesinde oldugu belirlenmigtir. Kuru tarim
arazisinde en yiksek deger Seydisehir ilgesinde, en
disik deger Celtik ilcesinde belirlenmigtir. Bu
farklhiliklar y6rede uygulanan miunavebe sisteminin
net gelirlerine bagli olmakla birlikte, Kapitalizasyon
oranindaki farktan da kaynaklanmaktadir. Nitekim
bolgelerin gelismigligine gore de farkhihik gosteren
Kapitalizasyon orani arazinin Gelir Yontemine gore
degerini de etkilemektedir.

Aragtirma alanindaki tarim arazilerinin gelir degeri
ve pazar degeri karsilastirildiginda baz ilgelerde gelir
degerinin baz1 ilgelerde ise Pazar degerinin daha
yiksek oldugu dikkat ¢cekmektedir. Gelir degerinin
daha yiiksek olmasinin nedeni yillik ortalama net
geliri yiksek tutacak tiretim deseninin kullanilmas:
iken, Pazar degerinin daha yiiksek olmasinin nedeni

ise ilgenin gelismiglik diizeyine bagh olarak araziye
olan talebin yiiksek olmasindan kaynaklanmaktadir.
Aragtirma alani olan Konya ilinin tarim potansiyelinin
yiksek olmasi Gelir degerinin yiiksek olmasinda etkili
iken, aym1 zamanda en buyik yuzol¢gimiine sahip il
olmasina bagli olarak tarim dig1 amaclar nedeniyle
tarim arazilerine olan yogun talep te Pazar degerinin
yiksek olmasinda etkili gorilmektedir. Nitekim
benzer durum Cosar ve Engindeniz (2013) tarafindan
Izmirin Menemen ilcesinde yapilan c¢alismada da
tespit edilmistir. Oztiirk vd. (2017) tarafindan Izmir'in
farkl ilgelerinde yapilan ¢alismada bu durumun her
ilcede arazi degerini etkileyen faktorlerin farkl
olabileceginden kaynaklandigi vurgulanmigtir. Akbay
(2020) tarafindan yapilan calismada Gelir yéntemine
gére bulunan degerin arazi sahiplerinin arazilerine
bigtikleri degerden daha yiiksek ¢iktig1 belirlenmistir.
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Sekil 1. Konya ili ilgeleri sulu tarim arazisi igin Sekil 2. Konya ili ilgeleri kuru tarim arazisi ic¢in

kapitalizasyon orani

kapitalizasyon orani

Figure 1. Capitalization rate for irrigated agricultural Figure 2. Capitalization rate for dry agricultural land

land in Konya province districts

Sekil 1’de Konya ili sulu tarim arazisi i¢in hesaplanan
kapitalizasyon oraninin ilgeler itibariyle farkliliklar:
ortaya konulmaktadir. Konya ili sulu tarim arazisi i¢in
kapitalizasyon orani %2,40 ile %6,80 arasinda degisim
gostermektedir. Kapitalizasyon oran1 arazi degeri ile
ters orantili olup, arazi degeri yiksek olan il¢celerde
kapitalizasyon oraninin digsiik oldugu gézlenmektedir.
Ayrica arazinin Pazar degerini ilgelerin gelismiglikleri
etkilediginden, sosyo-ekonomik gelismisglikleri yuksek
olan il¢elerin de kapitalizasyon oraninin disik oldugu
goriilmektedir. Merkez 3 ilcenin (Karatay, Selcuklu,
Meram) haricinde en diisiik kapitalizasyon oranina
sahip ilgenin Kulu oldugu dikkat ¢cekmektedir. Bunun
nedeni; ilgenin Ankara sinirinda olmasi, genis araziye
ve yuzélgimine sahip olmasi, yurtdisinda yasayan
nifusun fazlaligindan dolayr gelismiglik diizeyinin
yiksek olmasidir. Kapitalizasyon orami dusiik olan
ilgelerin il merkezine uzak, gelismiglik dizeyi distik
ve kucuk olgekli ilgeler oldugu dikkat cekmektedir.
Sekil 2’de Konya ili kuru tarim arazisi i¢gin hesaplanan
kapitalizasyon oraninin ilgeler itibariyle farkliliklar:
ortaya konulmaktadir. Konya ili tarim arazisinin
%64t kuru tarim arazisi olup, biyik bir alam
kaplamaktadir. Konya ili kuru tarim arazisi igin
kapitalizasyon orani %3.25 ile %7.80 arasinda degisim
gostermektedir. Merkez ilgeleri  kapitalizasyon
oranlarinin en disiik olarak belirlenmesi sosyo-
ekonomik gelismiglik diizeyi ile dogru orantilidir.
Gelismiglik diizeyi yiiksek olan ilgelerde arazilere
kentlesmenin etkisiyle tarim disindan talebin de
yogun olmasi arazilerin Pazar degerinin yiliksek
olmasina etki ettiginden kapitalizasyon oranlarinin
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in Konya province districts

disiik olmasina neden olmaktadar.

Sekil 3’te Konya ili ilgelerindeki sulu tarim arazisinin
Pazar degeri karsilagtirmas: verilmektedir. I1deki sulu
tarim arazisinin dekara Pazar degeri 9000 b ile 57000
b arasinda degisim gostermektedir. Pazar degeri en
yiksek olan ilgenin Meram oldugu, Meram takiben
simir ilcelerin en yiksek degere sahip oldugu
goriilmektedir. En digiik Pazar degerine sahip sulu
tarim arazisinin Konya’nin giineyinde yer alan daglik
ilcelerde oldugu gozlenmektedir. Ilcelerde zamanla
meydana gelen gelismiglik farklhiliklarinin Pazar
degerine olumlu yonde etki ettigi bilinmektedir. Sekil
4’te Konya 1li ilgelerindeki kuru tarim arazisinin Pazar
degerleri verilmistir. Ildeki kuru tarim arazisinin
dekara Pazar degeri 2900 b ile 7400 b arasinda degisim
gostermektedir. Pazar degeri en yiiksek olan ilgelerin
Meram, Sel¢uklu, Seydisehir, Beysehir oldugu
gorilmektedir.

Sekil 5'te Konya ili sulu tarim arazisinin ilceler
itibariyle ortalama gelir degerleri verilmistir. Ildeki
sulu tarim arazisinin dekara Gelir Yontemine gore
degeri 8287 b ile 49704 b arasinda degisim
gostermektedir. Tarim arazisinin Gelir Yontemine
gore degerinde arazide uygulanan munavebe
sisteminden elde edilen net geliri ve yore i¢in gecerli
olan kapitalizasyon oran1 etkilidir. Gelismiglik
diizeyine bagh olarak kapitalizasyon orani en diigiik
ilce olan Meram’da Gelir Yontemine gore degerinin de
en yiiksek oldugu gézlenmistir. En diisiik degere sahip
olan ilgeler ise daghk alanlarin yogun oldugu, parsel
biytkliginin ki¢iik oldugu ve buna bagh olarak ta
Uriin deseninin disiik net gelire sahip oldugu
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ilgelerdir. Sekil 6’da Konya ili kuru tarim arazisinin
ilgeler 1itibariyle ortalama gelir degerleri ilgeler
arasindaki farkliliklar1 ortaya koymak amaciyla
verilmistir. Ildeki kuru tarim arazisinin dekara Gelir
Yontemine gore degeri 1258 b ile 11515 b arasinda
degisim gostermektedir. Kuru tarim arazisinde en

yiksek Gelir Yontemine gore degerine sahip ilgcenin
Seydigehir oldugu gorilmektedir. Ilgede uygulanan
rtin deseninin ytliksek verimli olmas1 degerin ytlksek
olmasinda etkili olmustur. Ilgede hashag tretiminin
son yillarda yayginlastirilmasi birim alandan elde
edilen net gelirin yiikselmesini etkilemistir.
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Figure 5. Income value of irrigated agricultural land Figure 6. Income value of dry agricultural land in

in Konya province districts

SONUC ve ONERILER

Ekonomik faaliyetlerin stirdiiriilebilmesi i¢in temel

Konya province districts

uretim faktéri olan tarim arazisi, ayni zamanda
onemli bir yatirnm aracidir. Bu nedenle, tarim

670



KSU Tarim ve Doga Derg 26 (3), 664-672, 2023
KSU J. Agric Nat 26 (3), 664-672, 2023

Arastirma Makalesi
Research Article

arazisinin deger tespiti kamusal ya da 6zel faaliyetler
icin  gerekli  olmaktadir. Tarim arazisinin
degerlemesinde amaca gore degismekle birlikte
Gelirlerin Kapitalizasyonu ve Pazar Yontemleri
kullanilabilmektedir. Tarim arazisinin Pazar degerine
bulundugu yérede meydana gelen sosyal ve ekonomik
gelismeler etki etmektedir. Bu gelismeler arazinin
Pazar degerini ve dolayisiyla Kapitalizasyon Oranini
ve arazinin Gelir Yontemine gére degerini de
etkilemektedir.

Tarim arazisi énemli bir yatirim araci oldugundan
degerlemesi de bliyiik 6nem arz etmektedir. Nitekim
mirasla paylasim, kredilendirme, kamulastirma,
toplulastirma gibi bir¢ok faaliyet igin tarim arazisinin
deger tespitine ihtiya¢ vardir. Bunun yanisira niifus
stirekli olarak artmakta ve buna bagh olarak gida
arzinl  saglamasiyla Dbirlikte kentlesmenin hiz
kazanmasi tarim arazisinin amag digi talebini ve buna
bagli olarak degerini artirmistir. Ayrica bolgelerin
giiniimiizde teknoloji ve bilgi cagina ayak uydurarak
devamh gelisim gostermeleri ve bélgesel
gelismigliklerin arazi degerine olan etkileri arazi
piyasalarinin dinamik kalmasina neden olmustur. Bu
baglamda arazi degerlerinin belirli silirelerde
giincellenmesi gereklilik arz etmektedir. Bu ¢alismada
Turkiye'nin tarim arazisi ve tarimsal uretim
potansiyeli en fazla illerinden biri olan Konya'nin
ilgelerindeki arazi degerleri ve kapitalizasyon oranlari
tespit edilerek degerleme bilimine ve uygulama
alanina 6nemli katki saglanmistir. Turkiye’de tarim
arazisi degerlerinin belirli periyotlarla tespitini ve
takibini saglayacak bir birime ihtiya¢ duyulmaktadar.
Arazi piyasasinin igleyigsini yoneten bir kurumun
yapilanmasi, Tirkiye’deki arazi yonetimi sisteminin
yurutilebilmesinde ve sorunlara ¢6ziim olmasinda
biuylk 6nem arz etmektedir. Boylelikle bilirkisiler
tarafindan  yapilan  degerleme c¢aligsmalarinda
objektifligin saglanamamasi sorununa da ¢ézum
getirilmis olacaktir.

TESEKKUR

Bu calisma TUBITAK 1002 Programi tarafindan
desteklenmis olan 220K242 numaral projeden
tiretilmis olup, desteklerinden dolayr TUBITAK’a
tesekkir ederim.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

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

Fisheries

In this study, which carried out on Sarincof Lake on 13 July 2021, 27
species from Rotifera, 6 from Cladocera, and 3 from Copepoda, belonging
to zooplankton groups were identified in a total of 36 species. Among the
identified species, Rotifers were the dominant group with a rate of 51 %.
This was followed by Copepoda 28.3 % and Cladocera 20.7 %,
respectively. The identified species are the first record for Sarincof Lake,
which is the subject of the study.

OZET
13 Temmuz 2021 tarihinde Sarincof Goéli'nde yapilan bu c¢alismada
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Yiiksek Dag Golii Sarincof ‘un (Camlihemsin, Rize, Tiirkiye) Zooplankton Faunasi

Su Uriinleri

zooplankton gruplarina ait Rotifera’dan 27, Cladocera’dan 6 ve Aragtirma Makalesi
Co'pepOQa’dan 3 olmak iigere toplam 36 tl"l'I' teshi.s edilmigtir. Teshis Makale Tarihcesi
edilen tiirler arasinda Rotiferler %51,0 oran ile dominant gruptur. Bunu Gelis Tarihi  : 14.03.2022
. L. . s Tarihi .03.
sirasiyla Copepoda %28,3 ve Cladocera %20,7 takip etmigtir. Teghis Kabul Tarihi  : 22.08.2022
edilen turler ¢galismaya konu olan Sarincof Goli i¢in ilk kayittir.
Anahtar Kelimeler
Alpin g6l
Rotifera
Cladocera
Copepoda
Kackar Daglar1
Atif Sekli: Giirbiizer, P., Altindag, A., Tekath, G., & Tekath, C (2023). Yiiksek Dag Goli Sarincof Géli'niin
(Camhihemsin, Rize, Tiirkiye) Zooplankton Faunasi. KSU Tarim ve Doga Derg 26 (3), 673-679. https://doi.org/
10.18016/ksutarimdoga.vi.1083850
To Cite : Giirbiizer, P., Altindag, A., Tekatli, G., & Tekatli, C (2023). Zoplankton Fauna of High Mountain Lake Sarincof
Lake (Camlihemsin, Rize, Turkey). KSU J. Agric Nat 263), 673-679. https://doi.org/10.18016/ ksutarimdoga.
vi.1083850
INTRODUCTION Regardless of its dimensions, the lake formed by the

The current glaciers, which are common in the Polar
Belts, are found in very small high mountain areas in
Turkey. However, it is known that Turkey was exposed
to a much larger area of glaciation in the Pleistocene
than today. Glacial erosion and accumulation patterns
were formed in the Pleistocene, especially in some
mountainous areas above 2000 m. There are troughs
formed as a result of glacial erosion. These are known
by the name of the cirque. The dimensions of the
cirques vary according to the thickness of the glacier
mass, the period of their stay, and the structural and
lithological features of the underlying formations.

filling of the said graben by water is of glacial origin.
Today, there are no glaciers around these lakes as in
the Pleistocene. Pleistocene glaciers have disappeared
in Turkey (Génencgil, 2016).

Zooplanktonic organisms are the main food source of
fish in freshwaters. They constitute the main food of
the young periods of demersal-fed creatures with many
fish species that provide their food from pelagic. In
addition, zooplankton species are also used to
determine water quality, trophic status of the lake, and
water pollution. Along with the importance of
zooplankton organisms, research has been started on
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Rotifera, Cladocera, and Copepoda, which make up an
important part of zooplankton (Saler et al., 2018).

Turkey has many lowland lakes of various sizes in
terms of inland waters, and both monitoring and
limnological studies have been carried out on these
lakes. However, due to difficulties experienced in
transportation, studies on the limnology of glacial and
tectonic origin lakes located on high mountains are
almost scarce. In Turkey, mostly systematic studies on
zooplanktonic organisms found in glacial lakes are
aimed at listing species and creating a database
(Ustaoglu et al., 2005, 2008; Aygen et al., 2009, 2012;
Yildiz, 2011; Mis & Ustaoglu, 2017; Giirbiizer, 2018).

The alpine regions and ecosystems belonging to this
region are either not affected at all or very little by
anthropogenics, especially due to harsh environmental
conditions. One of the Alpine regions that can provide
reference conditions and are quite suitable for
ecological studies is Alpine lakes, known as glacial
lakes. These lakes, which are of glacial origin,
originate from hydrogeological, hydromorphological,
and physical factors such as temperature and sunshine
duration. Therefore, the temperature changes in
alpine lakes cause phase changes in water. This
change in the lake provides both oxygen enrichment
and nutrient input by providing the circulation of the
lake’s water (Sommaruga, 2015). The living groups
that succeed in forming colonies despite the harsh
environmental conditions have become the focus of
research. One of the creatures that make up this
colonization is the zooplankton. There are zooplankton
eggs in dormancy in the benthic zone of alpine lakes,
which spend most of the year under ice cover (Caceres,
1997; Gyllstrom & Hansson, 2004).

Although the alpine regions are related to altitude, the
forest boundary is based on the determination of the
alpine zone (Pechlaner, 1971). The forest limit in
Southern Norway i1s 1250 m, while the Austrian Alps
is 1500 m. In Turkey, alpine meadows are observed
between 1900 m and 2800 m (Anonymous, 2021a).
There are 129 alpine zones over 3000 m in many
mountains (Kilin¢ & Karakaya, 1992; Kilin¢ & Kutbay,
2004). The highest peak of the Dogu Karadeniz
Mountains is Kackar Mountain (3932 m), and it has 6
glaciers on its slopes. The largest of them reaches up
to 2850 m and was named Kacgkar I glacier by Ering
(1949). The study area is located on the provincial
border of Rize and the forest border starts between
2000 and 2400 m. The upper part of the forest line
consists of subalpine and alpine meadows. The Alpine
region 1s covered with snow between November and
March. The highest peak of the Kagkar Mountains is
within the borders of the province, and there are 18
peaks with an altitude of over 3300 m (Abay, 2017).
Considering the difficulty of transportation and
working conditions to mountain lakes, little attention
has been paid to alpine regions in Turkey. The aim of
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this study, the Sarincof Lake located on Vercenik
mountain in the Kagkar mountain range, which has
not been found in any literature information before,
was selected (Figure 1) to eliminate this deficiency for
zooplankton research. Also, it is to investigate the
zooplankton fauna and community structure in the
alpine lakes of Turkey and to provide a resource for the
research of inter-population relations.

MATERIAL and METHOD

Kackar Mountains alpine border stretches from west
to east in 3 sections. Vercenik in the west, Kavran in
the middle, and Altinparmak mountains in the east
(Anonymous, 2021b). The subject of the study, Sarincof
Lake is located on Vergenik Mountain and has an
altitude of 2835 m. The lake, which can be reached by
a 6-hour walk from Cigek and Ortayayla, consists of
two lakes, one big and the other small. While no snow
mass was observed in the sampled lake, snow mass
was encountered on the north-facing slope of the other
small lake. The lake and the following stream play a
pivotal role in the formation of Firtina Creek by
flowing into Hemsgin Creek via Hacincur Creek
(Kackar Tourism Association, 2013). In this study,
which was carried out in Sarincof Lake in dJuly, 6
stations were selected to represent the zooplankton
fauna of the lake, and sampling was carried out. The
first of the lake samples was made horizontally and
vertically from the middle of the lake to the shores,
scanning the lake, and the second was made vertically
from the deepest point accessible for the analysis of
zooplankton individual numbers. Hydro-Bios Kiel
brand (mouth diameter 25 cm and pore opening 55 p)
and Hensen type plankton net with a collector at the
tip were used to collecting the zooplankton samples to
be diagnosed and counted. The collected samples were
placed in 250 ml plastic bottles and fixed by adding 37
% formaldehyde at a concentration of 4 %. After the
field studies, Leica brand DMIL model inverted
microscope was used for the initial identification of the
samples brought to Ankara University Science Faculty
Biology Department Algology Laboratory. Afterward,
photographs were taken wusing a Leica DMSL
microscope and a Leica DFC320 model camera system,
and species were identified.

Species were identified using a key to the world fauna
of Zooplankton (Ward & Whipple, 1945; Edmonson,
1959; Flossner, 1972; Kolisko, 1974; Harding & Smith,
1974; Koste, 1978; Dumont & Pansaert, 1983; Nogrady
& Pourriot, 1995; Segers, 1995; De Smet, 1996;
Smirnov, 1996; Benzie, 2005). Some physicochemical
parameters of the lake were measured during the
sampling. These parameters; electrical conductivity
(EQ), dissolved oxygen (DO), water temperature (T),
pH, salinity (S), and suspended solids (SS)
measurements were performed in situ with a HANNA
brand HI 9890 model multiparameter 31 devices. The
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coordinates and altitude information of the areas using a Garmin brand 60GSx model GPS device (Table
where the field study was carried out were obtained 1.

Sekil 1. Sarincof Goli'miin konumu ve érnek alinan istasyonlar
Figure 1. Location of Sarincof Lake and sampled stations

Cizelge 1. Calisma alaninin koordinat, ylkseklik ve alan bilgileri
Table 1. Coordinate, altitude, and area information of the study area

Station No )(Zoordmates v Altitude (m) - Area (m?)

1 40°46'26.39"N  40°55'60.00"E

2 40°46'24.31"N  40°56'2.06"E

3 40°46'21.99"N  40°56'4.86"E

- 2

4 40°4625.16'N_40°55'55.52'E_ 2000 m =57 m

5 40°46'22.69"N  40°55'54.86"E

6 40°46'19.37"N  40°55'55.93"E
RESULTS from Cladocera, and 3 from Copepoda, belonging to the
As a result of the study carried out on Sarincof Lake on zooplankton group, were identified. The list of

13 July 2021, a total of 36 species, 27 from Rotifera, 6 identified species is shown in Table 2.
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Cizelge 2. Calisma alanindaki zooplankton faunasi ve dagilimlar:
Table 2. The zooplankton fauna and distributions of the study area

Taxa

S.1 S.2 S.3 S4 S5 S.6

ROTIFERA

Cephalodella catellina (Miiller, 1786)
Cephalodella gibba (Ehrenberg, 1830)
Conochilus hippocrepis (Schrank, 1803)
Encentrum uncinatum (Milne, 1886)
FEuchlanis dilatata Ehrenberg, 1830
Filinia longiseta (Ehrenberg, 1834)
Keratella cochlearis (Gosse, 1851)
Keratella tecta (Gosse, 1851)

Lecane closterocerca (Schmarda, 1859)
Lecane flexilis (Gosse, 1886)

Lecane lunaris (Ehrenberg, 1832)
Lepadella acuminata (Ehrenberg, 1834)
Lepadella ovalis (Miiller, 1786)
Lepadella patella (Miiller, 1773)
Lepadella quadricarinata (Stenroos, 1898)
Monommata grandis Tessin, 1890
Notholca squamula (Miiller, 1786)
Philodina megalotrocha Ehrenberg, 1832
Polyarthra vulgaris Carlin, 1943
Synchaeta oblonga Ehrenberg, 1832
Synchaeta pectinata Ehrenberg, 1832
Trichocerca iernis (Gosse, 1887)
Trichocerca longiseta (Schrank, 1802)
Trichocerca relicta Donner, 1950
Trichocerca pusilla (Jennings, 1903)
Trichocerca similis (Wierzejski, 1893)
Trichotria tetractis (Ehrenberg, 1830)
DIPLOSTRACA

Alona guttata G.O. Sars, 1862

Alona affinis (Leydig, 1860)
Ceriodaphnia dubia Richard, 1894
Chydorus sphaericus (O. F. Miiller, 1776)
Bosmina longirostris (O. F. Miiller, 1785)
Moina micrura Kurz, 1875

COPEPODA

Arctodiaptomus aculitobatus acutilobatus (Sars G.0., 1903) *  *  **

*%

*% *
*% * *kk
*%
* *% *
*%
*
*
* *
*
*
*
*
* * * *
*
* *
* * *
*%
*%
*% *
*%
*
* * * * *
*
* *kk ok *kk khkk %
*% *
*
*k
* * *
*%kk % *kk

Canthocamptus staphylinus staphylinus (Jurine, 1820) *

Mesocyclops leuckarti leuckarti (Claus, 1857)

Barely found, * Sparsely found, ** Mostly found, *** Constantly found

As a result of the study, it was determined dominantly
by the Rotifera group (51.0 %), followed by Copepoda
(28.3 %) and Cladocera (20.7 %), (Table 3). Conochilus
hippocrepis from Rotifera, Ceriodaphnia dubia from
Cladocera, and Arctodiaptomus acutilobatus from
Copepoda were dominant in the lake. The species are
the first records for Sarincof Lake, which is the subject

Cizelge 3. Istasyonlara gore zooplankton bollugu (birey/L)

Table 3. Zooplankton abundance (ind/L) by stations

of the study.

Some physicochemical parameters were also measured
during sampling. Measurements were carried out at
all stations and the average of the measurements were
water temperature: 15.30 °C, EC: 130 (uS/cm), pH:
8.25, salinity: 0.05 ppt, suspended solids (SS), 60
mg/L, and DO: 3.81 mg/L.

Abundance (%) S.1 S.2 S.3 S.4 S.5 S.6
Rotifera 3.465 3.3 9.172 116.943 11.974 14.268
Cladocera - 3.6 6.878 18.344 16.764 6.115
Copepoda 1,732 1.2 9.172 61.911 4.789 22.420
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DISCUSSION

The rapid and sensitive response of lakes to climate
change and anthropogenic effects makes these
structures important for ecological research (Arnott et
al. 2006; Adrian et al. 2009). Alpine lakes, on the other
hand, have fragile and sensitive structures, therefore,
when their structures and compositions are well
analyzed, they create a suitable environment for
understanding the physical, chemical, and biological
changes that occur in the region (Williamson et al.
2008; Sommaruga, 2015). In this study, the
zooplankton fauna of Saringof Lake, which has not
been studied in the region before, has been studied and
a total of 36 species were identified. While examining
the studies of the other lakes in the region carried out,
5 species of Crustacea, Aygen et al. (2012), according
to Ozdemir Mis and Ustaoglu 2017, 18 species from the
Rotifera phylum show similarity. When we compare it
with the work of Giirbiizer (2018) in the region, 4
species from Rotifera and 1 species from Cladocera are
common. In Yildiz (2011)'s study on the Vercenik
Mountain Kapili1 Lakes, 11 species from Rotifera and 5
species from Crustacea are in common with this study.
Due to their structure, the number of species is less in
this region compared to the basin lakes. Aygen et al.
(2012), this result is not surprising since the
physicochemical properties of the lakes in the alpine
area are similar at a rate of 88%. With this study, 7
species (Conochilus hippocrepis, Encentrum
uncinatum, Monommata grandis, Philodina
megalotrocha, Trichocerca iernis, Trichocerca relicta,
and Trichocerca pusilla) were added to the zooplankton
fauna, which was previously carried out and registered
in this location.

Alpine lakes are ultraoligotrophic, therefore their
zooplankton community proportion per litre is very low
according to lowland lakes. Research carried out in
Mogan Lake (Altindag et al. 2007), the lowland lake in
Ankara Province, their finding about zooplankton
proportion is one million individuals per cubic meter.
Similar results were also seen in Halvorsen et al. 2004,
Baykal et al., 2006; Bozkurt, 2006; Bozkurt and Sagat,
2008; and Yuan and Pollard, 2018. Indeed, results
showed that zooplankton proportion is a maximum of
approximately 200.000 and a minimum of 5200
individuals per cubic meter.

In Turkey, mostly systematic studies have focused on
zooplanktonic organisms found in glacial lakes. Most
of the studies are focused on giving a species list and
creating a database. Ustaoglu et al. (2005) studied the
zooplankton fauna in the lakes at altitudes varying
between 1500 m and 2600 m in the Taurus Mountains
and recorded 116 zooplankton species. Among the
identified species, rotifers were determined as the
dominant group, as in this study. This result was
obtained by Aygen et al. (2009) and is also supported

677

in this study.

As expected, high mountain lakes have much less
abundance and diversity of zooplankton fauna than
basin lakes (Green, 1995). However, it has been
observed that the ratio of Rotifera/Cladocera/Copepoda
in some lakes are as similar as the basin lakes, while
the ratio of Cladocera and Copepoda is much higher
than Rotifera (Samraoui et al., 1998).

By creating quite strong pressure, zooplankton groups
can be effected by not only fish biomass but also other
planktonic groups and on prey and predator
populations (Vanni, 2002). In alpine lakes, which are
naturally fishless, prey pressure forces zooplankton
communities to become larger (Dodson, 1972). The
presence of a fish population in the lake puts pressure
on zooplankton groups, leading to a decrease in the
mass of the creature; its absence allows zooplankton
species to become larger in size (Giirbiizer, 2018). In
this study, the large bodied Cladocera group with
melanin pigmentation, found in other lakes in that
area, was expected to be encountered in Sarincof Lake
but more small-sized zooplankton species were
detected since the Red Spotted Trout population was
observed in the lake.

The fact that the alpine lakes can only be reached on
certain days of the year due to the harsh
environmental conditions has caused very limited
research. It will be a reference source for studies on
zooplankton groups belonging to alpine lakes located
at the upper forest border in Turkey.
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OZET Zootekni

Koyunculukta verimli émiir (VO) ve ayiklama orani (AO) isletme

ekonomisinde etkilidir. Bu ¢alismada Sakiz ve Tahirova igletmelerinde Aragtirma Makalesi
verimli Omir tahmin edilmis ve sitriden ayiklama nedenleri

belirlenmigtir. Calismada “Halk Elinde Kiuglikbas Hayvan Islahi Makale Tarihgesi

Ulkesel Projesi” kapsaminda Canakkale’de yuriitilen projelerin beger Gelig Tarihi  :21.04.2022

yillik verilerinden yararlanilmistir. Sakiz koyunlari ig¢in sirasiyla ilk Kabul Tarihi :29.09.2022
kuzulama yas1 619.6 gin ve kuzulama araligi 368.4 giin olurken,

Tahirova koyunlar1 ig¢in sirasiyla 490.2 gin ve 377 gin olarak Anahtar Kelimeler

belirlenmistir. Sakiz igletmelerinde ortalama AO %17.6, VO 5.68 yil,
omiir boyu dogum sayis1 (DS) 4.95 olarak bulunurken, Tahirova
isletmeleri i¢in aymi degerler %20.6, 4.85 yil ve 4.40 olarak
gerceklesmigtir. Bir ve iki yasinda ilk dogumunu yapan Sakiz genotipi

Strd 6mri

Ik kuzulama yasi
Kuzulama araligi
Yabani hayvan saldirisi

karsilagtirildiginda, ikinci ve Ttgiinci dogumlarinda siriide kalma
oranlar1 sirasiyla %76 ile %68 ve ile %77 %59 olarak bulunmustur
(P=0.9670; P=0.1234). Ayn1 degerler Tahirova genotipinde %79 ile %71
ve %73 ile %59 olarak gerceklesmistir (P=0.1455; P=0.0125). Zorunlu
aylklama nedenleri yashilik (%27), dis sorunlari (%25) ve meme
sorunlar1 (%19), istege bagli ayiklama nedenleri ise diigiik dol verimi
(%15), diisiik siit verimi (%11) ve davranig problemi (%3) seklinde
siralanmaktadir. Bir koyunun yabani hayvan saldiris1 nedeniyle 6lme
olasihigi Sakiz genotipinde Tahirova genotipine gore 3.54 kat daha
yiiksek iken (P=0.0493); siit verimi nedeniyle siiriiden cikarilma
olasihign %77 (P=0.0051) ve dél verim diisiikliigii nedeniyle %82
(P=0.0012), daha diisiiktiir. Sakiz koyunu isletmelerindeki diisitk AO
ancak tUretim maliyetlerinin diisik oldugu tretim sistemlerinde
gerceklegebilir. Ik dogumunu bir yasinda ve iki yasinda yapan
koyunlarin tiglincii dogumda siirtide kalma oranlar1 arasindaki farklilhik
Tahirova koyunu igletmelerinde ilk yasinda doguranlar lehine olmak
uzere daha belirgindir. Yabani hayvan saldirisi1 sonucu hayvan kayb1i
calismada dikkat ¢ceken diger bir noktay: olusturmustur.

Productive Life, Culling Rate, and Culling Reasons in Sakiz and Tahirova Sheep Farms of Canakkale
ABSTRACT

Productive life (PL) and culling rate (CR) affect farm economics in sheep
production. In this study, productive life was estimated via replacement
rates in Sakiz and Tahirova farms, and the reasons for replacements
were identified. Five-year data from the "Canakkale Sheep Breeding
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Project" for Sakiz and Tahirova breeds were used. In addition, the ieceivei f§1‘04‘§03§
reasons for replacement were determined through a questionnaire. GEEize o
While the first lambing age was 619.6 days and the lambing interval

. Keywords
was 368.4 days for Sakiz sheep, they were determined as 490.2 and Herd life

490.2 days for Tahirova sheep, respectively. Average CR, PL, and
number of lifetime births were 17.6%, 5.68 years, and 4.95 for Sakiz
farms and 20.6%, 4.85 years and 4.40 for Tahirova farms. Comparing
the Sakiz yearlings first lambing at the age of one or two years, the
retention ratio (RET) was 76% and 68%, as well as 77% and 59% for the
second and third births, respectively (P=0.9670; P=0.1234). The same
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values were 79%, 71% and 73%, compared to 59% in Tahirova genotype
(P=0.1455; P=0.0125). Reasons for compulsory culling from the herd are
given as aging (27%), dental problems (25%), and udder problems (19%),
while reasons for optional exclusions are low fertility (15%), low milk
yield (11%) and behavioral problems (3%). The probability of a sheep
death due to a wild animal attack was 3.54 times higher in the Sakiz
genotype than in the Tahirova genotype (P=0.0493); the probability of
being removed from the herd due to low milk yield is 77% (P=0.0051)
and low fertility is lower at 82% (P=0.0012). The low CR in Sakiz sheep
farms can only be realized in conditions where production costs are low.
The difference between the retention ratio at the third birth in the one-
year-old and two-year-old ewes is more pronounced in Tahirova sheep
farms, in favor of the first-year-old sheep. The loss of animals as a
result of wild animal attacks was another point that drew attention in

the study.
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GIRIS Erken geligen genotiplerin nispeten erken damizlikta

Koyunculukta en 6nemli kazang¢ kuzu iretiminden
saglanmaktadir (Snowder, 2002; SiiB ve ark., 2004).
Kuzu tretiminde verimli 6miir ve ayiklama oraninin
(AO) etkili oldugu bilinmektedir (Kern ve ark., 2010).
Sird 6mrii (SO) bir hayvanin dogumu ile baslayip
siriden ayrilmasina kadar gecen doénemi ifade
etmektedir. Verimli o6mir ise ilk kuzulama ile
stiriden c¢ikarilmasina kadar gecen siireyi kapsar.
Verimli 6mir ile damizlikta kalma siiresi benzer
anlamda kullamilmaktadir. Verimli émiir hayvanin
yasam boyunca gerceklestirdigi dogum veya
laktasyon sayis1 seklinde de oOlgiilebilmektedir
(Kumlu ve Akman, 1999; Garcia, 2001). Verimli 6miir
kendi i¢inde fonksiyonel 6miir ve gercek verimli 6mir
olmak tlzere iki  sgekilde tanimlanmaktadir.
Fonksiyonel verimli omrin temelinde hayvanin
hastaliklara diren¢ ve yiiksek adaptasyon yetenegi
gibi oOzellikler yatarken, gercek verimli omiur ise
uretkenligini  tamimlamaktadir. Sird  yOnetimi
kararlari  verimli  6mri  etkileyen  faktorler
arasindadir (Kern ve ark., 2010). Verimli 6émriin
artmasi siiri yenileme maliyetini azaltmaktadir.

Ayiklama istege bagh ve zorunlu olmak uzere ikiye
ayrilir. Digiik verimlilerin siiriiden uzaklagtirilmas:
yva da damizhik satig1 istege bagli o6lim, saghk
sorunlari ve sakathik gibi sebepler ise zorunlu
ayiklama nedenleridir (Beaudeau ve ark., 20083;
Faust, 2003; Kaygisiz ve ark., 2017). SO’niin uzamasi
ile zorunlu ayiklama orani azalir, buna kargin istege
bagh siiriiden cikarma orami artar (Dekkers, 1993;
Jairath ve ark., 1994; Boettcher ve ark., 1997). SO
ekonomik 6nemi sebebiyle islah parametresi olarak
kullanilmaktadir (Allaire & Gibson, 1992; Dekkers ve
ark., 1994; Pe'rez-Cabal & Alenda, 2003).
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kullanilmalar1 her ne kadar isletme acisindan bir
avantaj olsa da s6z konusu avantajin etkinligi tiretim
sistemi ile iligkilidir. Ote yandan yetistiricilerin,
erken damizlikta kullanilan koyunlarin émir boyu
performanslarinin  koétii  olacagina inanmalarina
karsin, bilimsel galigmalar tersini isaret etmektedir.
Jurado ve Jiménez (2013), ilk dogumunu 15 ayhk
yastan once yapan koyunlarin omur boyu dogum
sayisinin arttigini belirlemiglerdir. Thomsen ve ark.
(2021)da  benzer  sekilde, tokluyken ilkine
kuzulayanlarin ortalamada daha fazla sutten
kesilmig kuzu elde edildigini rapor etmiglerdir.

Koyunculukta ayiklama nedenlerinin siralamasinin
ulkelere gore, diger bir deyisle tiretim sistemlerine
gore degistigi bilimsel calismalarda gosterilmigtir.
Ornegin McLaren ve ark. (2020)na gére Norveg'te
ayiklama nedenlerinin basinda mastitis gelirken,
Irlanda’da yashlik, Birlesik Krallikta ise dis sorunlar:
en 6nemli ayiklama nedenleri olmustur.

Bu c¢alismanin amaci, Canakkale’de yetistiriciligi
yapilan Sakiz ve Tahirova koyunlarinda ayiklama
oranm ile baglantilh olarak igsletme diizeyinde verimli
6mriniin tahmin edilmesi ve ayiklama nedenlerinin
belirlenmesidir.

MATERYAL ve METOD
Materyal

Sakiz koyunu, Canakkale ilinin glineyinde yer alan
Ayvacik ilgesinde yaygin olarak yetistirilmektedir.
Uretim sistemi ekstansif yapida ve koyunlar yil boyu
dogal meradadir. Kiglar1 nispeten yagish gecen
bolgede yazlar sicak ve kuraktir. Ayvacik ilgesinin
meralari, s1g toprak yapist nedeniyle oldukca
verimsiz olmasinma karsin koyunlar yine de bu
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kogullardan  faydalanabilmektedir.  Yetistiricilik
olduk¢a dusiik girdili olarak gercgeklestirilmektedir.
Koyunlar yasama pay1 gereksinimlerinin tamamini
meradan karsilayabilmektedirler. Laktasyondaki
koyunlara yaklagik siit verim pay1 diizeyinde besleme
yapilmaktadir. Kuzulara 1-1.5 aylikken, analar
merada oldugu donemde yogun yem verilmektedir.
Agim doneminde, genellikle dane arpa olmak tizere
koyunlara ek yemleme uygulanmaktadir. Calismada
“Halk Elinde Kiiciikbag Hayvan Islah1 Ulkesel
Projesi” kapsaminda Canakkale’de yuriitiulen ve 2012
yilinda 3281 basg anag ile baglayan “Halk Elinde Sakiz
Koyunu Islah1” projesinin  bes yillik verileri
kullanilmigtir. Ilkine kuzulama yasi (IKY) ve
kuzulama aralign (KA) proje siiresince dogan ve 89
baba ile 1598 anadan olma 2061 koyuna ait veriler
tzerinden belirlenmigtir.

Canakkale Ezine ilgesinde ve Merkez ilgede
yetistiriciligi yaygin olan Tahirova irki koyunlar ile
stirdiirilen Uretim sistemleri yari ekstansif ve yari
entansif olarak tamimlanabilir. Tahirova koyunu
yetigtiriciligi, o6zellikle yem bitkisi yetistirmeye
elverigli verimli taban arazilerinin bulundugu
ovalarda yapilmaktadir (Ayag, 2014). Bu yérelerde
yetigtiricilerin 6nemli bir kismi1 yogun bir bitkisel
uretim faaliyeti de stirdirmektedirler. Tahirova
yetistiricileri, gebeligin son ayinda ek beslemeye
baglamaktadirlar. Laktasyon ve asim donemi
beslenmesinde yogun yemin yanm sira beslemede
ozellikle misir silaji kullanilmaktadir. Kuzulara ise
dogumu takiben analari meraya gittiginde kesif yem
verilmektedir. Kuzular ayrica, slutten kesim
sonrasinda ortalama bir ay gibi bir siire yogun olarak
beslenmektedirler. Calismada “Halk Elinde Kugiikbas

Hayvan Islah1 Ulkesel Projesi” kapsaminda
Canakkale’de yuritulen “Halk Elinde Tahirova
Koyunu Islahi” projesinin bes yillik verileri

kullamlmistir. Projeye 2013 yilinda 3645 bas anag ile
baglanmigtir. IKY ve KA 49 baba ile 1219 anadan
olma 1627 koyuna ait verilerden belirlenmigstir.

Projelerde dogum kayitlar: yetistiricilerce
tutulmaktadir. Dogum agirliklar1 yetistiricilerce
alinan kuzular ortalama 90 ginlik yasta proje
personelince tartilmaktadir. Siitten kesim agirlig:
olarak kabul edilen bu tartim sonuglarindan sonra
asim déneminde siirii kayitlar1 (kulak numaralari)
proje personelince gincellenmektedir. Elit stirtlerin
bazilarinda simif wusuli bazilarinda elde agim
yontemiyle ¢iftlestirmeler yapilarak babalar da
belirlenmektedir. Damizlik erkek ve disi kuzularin
secimi ilk yillarda siitten kesime kadar giinliik canh
agirhk artiglarinin diizeltilmis degerlerine ve dis
gorinis oOzelliklerine gore yapilmistir. Pedigrinin
yeterli geniglige ulastign noktadan itibaren ginlik
canh agirlik artiginin damizlik degeri kullanilmigtir.
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Istatistik Analizler

Verilerin hazirlanmasi ve én degerlendirilmesinde
MsExcel paket programindan yararlanilmigtir.
Canakkale’de yurutiillen projelere dahil edilen
isletmelerde kayit altina alinan koyunlarin yaglarim
“kayitlar  lzerinden”  tespit etmek mumkin
olmamaktadir. Ancak proje bagladiktan sonra dogan
ve damizlik olarak slriiye katilan disi kuzularin
yaglarimi tespit etmek mimkiin olabilmektedir.
Stirtide kalma orami (SKO = (Projeye ilk alinan
hayvanlardan her yil i¢in siiriide kalan hayvan sayisi
/ Projeye ilk alinan hayvanlar) x 100) her bir igletme
i¢cin projeye ilk alinan hayvanlardan her yil igin
stiride kalan sayinin proje baglangicinda tespit edilen
hayvanlara oranlanmasi ile bulunmustur. S6z konusu
oranin bir 6nceki yila gore farki ise ayiklama orani
(AO) olarak kabul edilmigtir. Isletmelerin ortalama
verimli omirleri (VO), AO’ya dayanilarak siiriideki
tiim koyunlarin degistigi kabul edilen (%100) siire

olarak  asagidaki formil yardimiyla tahmin
edilmigtir.

% 100

% AO

Siiriilerde ortalama tahmin edilen dogum sayis1 (DS),
VO ve ortalama kuzulama araligindan (yil olarak)
yararlanilarak belirlenmigtir.

VO
T KA
Ayrica Ayvacik, Bayrami¢ ve FEzine ilgelerinde
yukarida anilan projelerde yer alan 68 yetistiricinin
katilimiyla bir anket ¢aligmasi yapilmistir. Ankette
toplam koyun sayisi, bir yilda o6len koyun sayisi,
satilan koyun sayis1 ve satis nedeni ile ilk
kuzulamadan sonra siiriden ayiklama nedenleri ve
ayiklanan hayvan sayis1 sorulmustur.

DS

IIk dogumunu bir yasinda yapanlarin ikinci ve
ucincli dogumlarinda SKO degerleri 1ile ilk
dogumunu iki yasinda yapanlarin ikinci ve tg¢iunci
dogumlarinda SKO degerlerinin kargilagtirnlmasinda
ki-kare-testi kullanilmigtir.

Anket verilerinin istatistiksel analizlerinde
genellestirilmis esitlik kestirimi (GEE) yéntemi
kullanilmigtir. Post hoc analizlerde Wald ki-kare

analizinden yararlamilmistir. Degerlendirmelerde
faktor seviyelerine iligkin tahmin edilen regresyon
katsayillarn1  (b) yardimiyla hesaplanan  odds

oranlarindan (P=eb) faydalanilmistir (SAS, 2002).

BULGULAR

Sakiz koyunlarinin ve Tahirova koyunlarinin
isletmeler temelinde SKO'nun yonelimi Sekil 1’de ve
ortalama degisim Cizelge 1’de verilmigtir. 2017 yili
itibar1 ile 2013 yilinda mevcut Sakiz koyunlarinin
SKO igletmelere gore %74 ile %2 arasinda
degismektedir. Bu degisimin en disik oldugu
isletmede, ayiklama orami (AO) yillik %6.5 olarak
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gerceklesmigtir. AO yillara gére %0 ile %56 arasinda
degisen Sakiz igletmelerinde ortalama AO %17.6’dir.
Tahirova igletmelerinde 2018 yili itibar1 ile 2014
yilinda mevcut olan koyunlarin SKO %3 ile %36
arasinda degismektedir. Bu degisimin en disik
oldugu igletmede, yillik ortalama AO %16d1r.
Isletmelerde AO yillara gore azalmaktadir. Tahirova
isletmelerinde AO en dusik %2.8 ve en yluksek %59.6
arasinda tahmin edilmigtir. 2018 yil1 sonu itibari ile
yillik ortalama AO %20.6 olarak hesaplanmigtir.
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Sakiz koyunlarinda IKY ortalama 619.6 giin, KA
ortalama 368.4 giin olarak bulunmus, ortalama VO
5.68 yil olarak tahmin edilmigtir. Sakiz koyunlarinin
verimli Omurleri boyunca ortalama 4.95 dogum
sayisina (DS) ulastiklar1 tahmin edilmistir. Tahirova
koyunlarinda IKY ortalama 490.2 giin olarak
bulunmugtur. KA i¢in bulunan ortalama deger ise
377 gindir. Tahirova koyunlar1 icin VO 4.85 yil,
ortalama DS ise 4.40 olarak tahmin edilmistir.
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Sekil 1. Sakiz ve Tahirova anag¢ koyunlarinin igsletmeler temelinde stirtide kalma oranlar:
Figure 1. The retention ratio of Sakiz and Tahirova mature sheep based on farms

Cizelge 1. Ortalama ayiklama oranlar: ve igletmelere gore varyasyon katsayis1 (VK), %

Table 1. Average culling rate and coefficient of variation (CV) by farms, %

Isletmeler (Farms) Sakiz

Tahirova

Yil Ortalama VK Ortalama VK
Year Mean cv Mean 0%
2014 19.1 63.56 - -
2015 18.5 53.56 32.1 38.62
2016 17.3 63.58 18.7 39.19
2017 15.5 58.58 17.8 38.76
2018 - - 14.0 47.28
Ortalama (Mean) 17.6 60.28 20.6 53.30

Cizelge 2’de birinci ve ikinci yasinda ilk dogumunu
yapan toklularin ilkini takip eden dogum
donemlerinde SKO verilmigtir. Sakiz toklularinda bir
yasinda ilk dogumunu yapanlar ile iki yaginda ilk
dogumunu yapmis olanlarin ikinci dogumlarinda
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SKO swrasiyla %76 ile %77 olarak bulunmusgtur
(P=0.9670). Bu koyunlarin ii¢iincii dogumda SKO %68
ve %59 olarak gozlenmistir (P=0.1234). Sakiz
koyunlarinda ilkine doguran toklularin %241, ikinci
dogumdan sonra %81, Ug¢linci dogumdan sonra ise
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yine %81 suruden ayiklanirken, bunlarin %6071
dordiincii dogumlarini yapabilmektedirler. Tahirova
toklularinda ise bir yasinda ilk dogumunu yapan
koyunlar ile iki yaginda ilk dogum yapmis koyunlarin

ikinci dogumda SKO sirasiyla %79 ile %73 olarak
bulunmustur ~ (P=0.1455). Koyunlarin iigiincii
dogumda SKO %71 ve %59 olarak go6zlenmistir
(P=0.0125).

Cizelge 2. Birinci ve ikinci yaginda ilk dogumunu yapan toklularin ilkini takip eden dogum dénemlerinde siirtide

kalma oranlar: (SKO), %

Table 2. The retention ratio (RET) of hoggets following first lambing at the age of first and second years, %

Dogum sirast  Bir yasinda ilk dogumunu yapanlar  Iki yasinda ilk dogumunu yapanlar P
Parite First-lambing in their one age First-lambing in their two age

2 76 77 0.9670
Sakiz 3 68 59 0.1234

4 60 - -

2 79 73 0.1455
Tahirova 3 71 59 0.0125

4 58 -
Ayiklama Nedenleri hastaliklar, yabani hayvan saldirisi, yem vurmasi

Sakiz ve Tahirova igletmelerinde ergin mortalite
(6liim) nedenlerinin toplam mortalitedeki paylar
Sekil 2’ de, ayiklama nedenlerinin toplam ayiklama
nedenleri icerisindeki paylar1 i1se Sekil 3'de
verilmigtir. Buna  gére  suriulerde  mortalite
sebeplerinin basinda enterotoksemi ilk sirada, diger

(hayvanin kisa siire icerisinde yiiksek miktarda
karbonhidratca zengin yem tiiketmesi), dogum
sorunlari, meme sorunlari seklinde siralanirken,
bunlari yaglhilik, solunum yollar1 sorunlari, ishal ve
kazalar takip etmektedir.

Dogum Sorunu

. Yashlik Hastalik
Yabani Hayvan 7% 16%
0
Saldirisi
13%

Meme sorunlar:
10%

7

[ESEES S

t Enterotoksemi *Yem Vurmasi

= Yabani Hayvan Saldiris1 ~ Yaghlik

10% s Solunum yollar:
A . 5%
Kaza | @i ishal
5% ‘.::_::.' 5%
Yem Vurmas:
12% Enterotoksemi
17%
~ Hastalik 1 Meme sorunlari = Solunum yollar: . Ishal

"

Kaza = Dogum Sorunu

Sekil 2. Koyunlarda mortaliteye etkili nedenlerin dagilimi, %

Figure 2. Distribution of the reasons affecting mortality in sheep, %

Yetigtiriciler arasinda sirliye uyumlu davranig
gostermeyen hayvanlar “zararci, ziyanc1” olarak ifade
edilmektedir. Calismada, zorunlu ayiklama nedenleri
yaslilik (%27), dis sorunlar1 (%25) ve meme sorunlar:
(%19) seklinde siralanirken, istege bagl ayiklama
nedenleri diisiik d6l verimi (%15), diisiik siit verimi
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(%11) ve zararci (%3) seklinde siralanmaktadir (Sekil
3). Buna gére ayiklama nedenleri arasinda %71'inin
zorunlu, %29unun ise istege baglh ayiklama nedeni
oldugu ifade edilebilir.

Cizelge 3'de istatistiksel olarak analiz edilebilecek
veri yogunlugu bulunan baz ergin 6lim sebeplerinin
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birbirleriyle karsilagtirmas yapilmigtir. Bu sebeplerinin  birbirleriyle kiyaslanmasina iligkin
bakimdan o6zellikle hastaliklar 6ne c¢ikmaktadir. istatistiksel analizler O6zetlenmistir. Siit verim
Nitekim bir koyunun hastalik nedeniyle o6lme dugtkligi nedeniyle ayiklanma olasilhigi, yaslhihik
olasiligl, yabani hayvan saldiris1 sonucu O6lme nedeniyle ayiklanma olasihigindan %85, d6l verim
olasiligindan 4.29 kat daha yiiksek bulunmustur distkligi nedeniyle ayiklanma olasiligindan %92,
(P<0.05). meme sorunlari nedeniyle ayiklanma olasiligindan ise

Cizelge 4’de istatistiksel olarak analiz edilebilecek %77 daha dustktir.
veri yogunlugu bulunan ergin koyun satis (ayiklama)

Hastalik Diisiik siit verimi

0%
Dis sorunlar R L 15%
25% :

Diigtik dol verimi
11%

S : Zararcl
A R Ul ToTIentriiiiiie - 3%

Meme sorunlar:
19%

Yaghhk = «°
27%

» Diigtik stit verimi < Diigiik dol verimi = Zararct + Meme sorunlar: - Yaglilik = Dig sorunlar1 + Hastalik

Sekil 3. Koyun strilerinden ayiklamada etkili unsurlarin dagilimi, %
Figure 3. Distribution of factors in culling in sheep herds, %

Cizelge 3. Isletmelerde ergin koyun 6liim nedenlerine ait tahmin (b), standart hata (SH), giiven araliklari, odds
oranlar1 () (P<0.0001)

Table 3. Estimate (b), standard error (SE), confidence intervals, odds ratios () of the reasons of mature sheep
mortality (P<0.0001)

Oliim nedeni b SH Guiven araliklar P

Mortality reason b SE Confidence intervals '
Yem Vurmas1 (Overeating) -0.088 0.40 -0.86 0.70 0.92
Dogum Sorunlar1 (Birth problems) -0.342 0.42 -1.16 0.47 0.71
Meme Sorunlar1 (Udder problems) -0.342 0.42 -1.16 0.47 0.71
Hastalik (Disease) 1.46b 0.37 0.72 2.19 4.29
Yabani Hayvan Saldirisi (Wild animal attacks) 0.002 0.00 0.00 0.00 1.00

a-b: Ayni siitunda farkli harflerle gosterilen degerler arasindaki fark istatistiksel olarak énemlidir (P<0.05).
a-b: Values within a column with different superscripts differ significantly (P<0.05).

Cizelge 4. Isletmelerde ergin koyun satig (ayiklama) nedenlerine ait tahmin (b), standart hata (SH), giiven
araliklari, odds oranlar1 () (P<0.0001)

Table 4. Estimate (b), standard error (SE), confidence intervals, odds ratios (¥) of the reasons of mature sheep
sales (culling) (P<0.0001)

Satis nedeni b SH Guven Araliklar: P

Sales reason b SE Confidence intervals 4
Siit Verimi (Milk yield) -1.882b 0.43 -2.73 -1.03 0.15
D6l Verimi (Offspring yield) -2.48 0.44 -3.35 -1.63 0.08
Meme Sorunlar1 (Udder problems) -1.46b 0.44 -2.32 -0.61 0.23
Yash (Dis Sorunlar1) (OId age (Dental problems)) 0.00¢ 0.00 0.00 0.00 1.00

a-c: Ayni siitunda farkli harflerle gosterilen degerler arasindaki fark istatistiksel olarak snemlidir (P<0.05).
a-c: Values within a column with different superscripts differ significantly (P<0.05).
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Ilkine dogurmus bir koyunun siiriiden ¢ikma veya
6lim nedenleri karsilagtirildiginda hastaliklar 6n
plana gikmistir (Cizelge 5). Buna gére ilk dogumunu
yapmis bir koyunun herhangi bir hastalik sonucu
satilma veya Olme olasilign yabani hayvan saldirisi
sonucu telef olma olasihgindan 8.28 kat daha
yiiksektir (P<0.05). Yine ilk dogumunu yapmis bir
koyunun siit verimi yetersizligi nedeniyle siiriiden
c¢ikarilma olasiligi, yabani hayvan saldiris1 sonucu

telef olma olasilhigindan 6.92 kat daha yuksektir.
Ilkine kuzulamis bir koyunun meme sorunlar
nedeniyle ayiklanma olasiligi, yabani hayvan saldirisi
sonucu telef olma olasihigindan 2.41 kat daha
yiksektir. Dogum sorunlari sonucu ayiklanma
olasiligi ile yabani hayvan saldiris1 sonucu telef olma
olasilig1 arasinda ise istatistiksel bir farkin olmadig:
gbzlenmisgtir.

Cizelge 5. Igletmelerde ilkine kuzulayan koyunlarin siiriiden ¢ikma nedenlerine ait tahmin (b), standart hata
(SH), giiven araliklari, odds oranlar: () (P<0.0001)

Table 5. Estimate (b), standard error (SE), confidence intervals, odds ratios (@) of the reasons for leaving the
herd of the first lambing hoggets (P<0.0001)

Striden Cikarilma Nedeni b SH Guven Araliklar: P

Culling reasons of herds b SE Confidence intervals 4
Stit Verimi (Milk yield) 1.932 0.42 1.11 2.76 6.92
Dogum Sorunlar (Birth problems) -0.58P 0.55 -1.65 0.50 0.56
Meme Sorunlar1 (Udder problems) 0.88¢ 0.73 0.03 1.73 2.41
Hastalik (Disease) 2.11a 0.42 1.29 2.94 8.28
Yabani Hayvan Saldiris1 (Wild animal attacks) 0.00b 0.00 0.00 0.00 1.00

a-b: Aym1 siitunda farkl harflerle gésterilen degerler arasindaki fark istatistiksel olarak énemlidir (P<0.05).
a-b: Values within a column with different superscripts differ significantly at (P<0.05).

Cizelge 6. Isletmelerde irklara gére ergin koyun 6lim nedenine ait tahmin (b), standart hata (SH), giiven
araliklari, odds oranlar1 (¥) ve 6nem seviyeleri (P)

Table 6. Estimate (b), standard error (SE), confidence intervals, odds ratios (&) of the reasons of mortality of
mature sheep by genotypes (P)

o . Sakiz

Olim Nedent b SH Giiven Araliklar P P
Mortality reason b SE Confidence intervals 'd

Yem Vurmas1 (Overeating) -1.06 0.59 -2.21 0.09 0.35 0.0683
Dogum Sorunlar:1 (Birth problems) -0.09 0.64 -1.33 1.16 0.91 0.8881
Meme Sorunlar1 (Udder problems) -0.49 0.62 -1.71 0.74 0.62 0.4399
Hastalik (Disease) -0.08 0.51 -1.08 0.93 0.93 0.8804
Yabani Hayvan Saldirisi (Wild animal attacks) 1.26 0.70 -0.10 2.63 3.54 0.0493
Tahirova irkina iliskin b=0.00 ve W=1.00’dir.

b=0.00 and P=1.00 for Tahirova.

Cizelge 6’da c¢alismaya konu irklar, ergin mortalite sonucunda 6lme olasiligi Sakiz igletmelerinde
nedenleri bakimindan kiyaslanmistir. Buna gére yem Tahirova isletmelerine gére 3.54 kat daha yuksektir
vurmasi nedeniyle 6lme olasiligi Sakiz igletmelerinde (P=0.0493). Diger sebepler bakimindan 6lme
Tahirova igletmelerine goére %65 daha duguktir olasiliklarimin 1rklara gore degisimi istatistiksel

(P=0.0683). Buna karsin yabani hayvan saldirisi olarak 6nemli degildir.

Cizelge 7. Igletmelerde 1rklara gore ergin koyun satis (ayiklama) nedenine ait tahmin (b), standart hata (SH),
giiven araliklari, odds oranlar: (%) ve énem seviyeleri (P)

Table 7. Estimate (b), standard error (SE), confidence intervals, odds ratios () of the reasons of sales (culling) of
mature sheep by genotypes (P)

. Sakiz
Satis Nedeni b SH Guven Araliklar P P
Sales reason b SE  Confidence intervals 'd
Stit Verimi (]Wi]kyie]d) -1.47 0.55 -2.54 -0.40 0.23 0.0051
D&l Verimi (Offspring yield) -1.73 0.55 -2.82 -0.65 0.18 0.0012
Meme Sorunlar1 (Udder problems) -0.25 0.52 -1.26 0.77 0.78 0.6330
Yash (Dis Sorunlar1) (OId age (Dental problems)) -1.70 1.09 -3.84 0.44 0.18  0.0637

Tahirova irkina iliskin b=0.00 ve W=1.00’dir.
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b=0.00 and ¥=1.00 for Tahirova.

Cizelge 7’de ergin damizlik koyun satisi nedenlerinin
wklar arasindaki olasiliklari kiyaslanmigtir. Buna
gére sut verim distkliglii nedeniyle siiriden
cikarilma olasiligt Sakiz igletmelerinde Tahirova
igletmelerine gére %77 daha diisiiktiir (P=0.0051).
Benzer gekilde dol veriminde bu deger %82’dir
(P=0.0012). Meme sorunlari nedeniyle siiriiden
ayiklanma olasiligi bakimindan irklar arasinda bir
fark  yoktur (P=0.6330). Yashlik nedeniyle
(cogunlukla dis sorunlari nedeniyle) yine Tahirova
koyunlarinin ayiklanma olasiligt daha ylksektir
(P=0.0637).

TARTISMA ve SONUC

Canakkale’de agirlikli ekstansif Uretim sisteminde
yurutilen Sakiz koyunu igletmelerinde en dusiik
yillik ortalama AO %6,5 olarak gergeklesmigtir.
Koyun igletmelerinde en disiik ergin o6lim orani
yillik ortalama %2 kabul edilirse, %4.5 (%6.5 AO - %2
6lim oran1) oraninda bir siirii yenileme soz
konusudur ki muhtemelen bu oran sadece yaglanma
nedeniyle siiriden ¢ikan koyunlari kapsamaktadir.
Buradan bagka nedenlerle siiriden ayiklama
yapilmadigi anlami c¢kmaktadir. Bu dusik oran
elbette ekstrem bir durumdur. Nitekim verilerin elde
edildigi projedeki dogan disi kuzularin %20’sinin
damizlik olarak ayrilmasi 6ngoérilmustiir. Ancak bazi
yillar ve bazi igletmelerde yeterli nitelige sahip disi
kuzu bulunmadiginda istisna olarak %20nin de
altinda damizlik digi kuzu birakilmig olabilir. Ote
yandan bu durum buytk olasilikla baz1 igletmelerde
anac¢ varhiginda artisa neden olmustur. Zorunlu haller
disinda igletmeden hayvan ¢ikarilmamasi ancak
uretim maliyeti ¢ok dusiik sistemlerde mimkundir.
Materyalde tanimlandig: sekliyle Canakkale’de Sakiz
koyunu tretim sistemi ¢ogunlukla dogal kaynaklara
dayali bir sistemdir. Dogurmayan koyunlar ile disi
toklulara yem neredeyse hi¢ verilmemektedir.

Sakiz isletmelerinde AQO, yillara gore %0 ile %56
arasinda degismistir. Ortalama AO ise %17,6 olarak
bulunmustur. Bu ayiklama oraninin disiik oldugunu
ifade etmek gerekir (Rogers ve ark., 1988). Meraya
dayali iretim sisteminin verimsiz koyunlari dahi
maliyetsiz olarak besleyebilmesi nedeniyle disiik
sayilabilecek bir AO tolere edilebilmektedir. Ote
yvandan Sakiz yetistiricilerinin neredeyse tamamen
koyunculuga bagimli olmalarn ve igletmelerin
nispeten kiigiik olmasi gelirlerinin biyik kismini
kuzu satisgindan elde etmeleri nedeniyle damizhik
olarak az sayida kuzu ayirabilmektedirler. Ciftlik
hayvanlarinda wuzun bir verimli Omir igletme
ekonomisi agisindan olumlu olmakla birlikte genetik
ilerleme olumsuz olarak etkilenir. Ote yandan
genetik agidan belli bir diizeye gelmis olan bir 1slah
programinda surd Omrinin artirilmasi hedefler
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arasindadair.

Sakiz igletmelerine benzer gekilde Tahirova
isletmelerinde de 2014 yilindan 2018’e dogru doguran
koyunlarin igletmeler temelinde dogrusal bir azalma
gorilmektedir. 2018 yili itibar1 ile 2014 yilinda
mevcut koyunlarin SKO %36 ile %3 arasinda
degismektedir (Sekil 1). Bu degisimin en diisiik
oldugu igletmede, yillik ortalama AO %19.16’dir. Bu
igsletmede ergin koyun 6lim orami yillik ortalama %2
kabul edildiginde %17.4 oraninda bagka nedenlere
bagli bir ayiklama s6z konusudur. Tahirova
isletmelerinde de Sakiz igletmelerinde oldugu gibi
dogan disi kuzularin %20’si proje geregi damizhik
olarak ayrilmistir. Ancak Sakiz koyunu projesindeki
kadar olmasa da yine bazi yillar ve bazi igsletmelerde
yeterli nitelige sahip disi kuzu bulunmadiginda
istisna olarak daha az damizlik disi kuzu birakilmig
olabilir. 2014 ile 2018 yillari arasinda koyun
degisiminin en yuksek oldugu igsletmede, yillik
ortalama AOnin %32.3 ile oldukc¢a yiiksek oldugunu
ifade etmek gerekir. Tahirova igletmelerinde 2018 yili
sonu itibari ile yillik ortalama AO %20,6 olarak
gerceklesmistir. AO’min i1lk yil yiksek olmasinin
temel nedeni Halk Elinde Tahirova Islah
projesindeki ayiklama nedenlerinden dolay1 proje
hedeflerine uygun olmadigi distiniilen koyunlarin
hizla elden c¢ikartilarak nispeten yiiksek sayida
nitelikli damizlik disi kuzunun siirtilere katilmasidar.
Bu durumda kisa vadede ayiklama oraninin %20’nin
altinda kalmasi, daha sonra da %20 civarinda
sabitlenmesi beklenir.

Sakiz koyunlar: icin VO 5.68 yil Tahirova koyunlari
icin ise 4.85 yil olarak hesaplanmigtir. Konya ilinde
kiigiikbas hayvanlarin damizlikta kullanma stresi 3-
3.5 yil olarak rapor edilmistir (Direk ve ark., 2000).
Dorset ve Iran Lori-Bakhtiari koyunlar: i¢in tahmin
edilen siirii 6mrii sirasiyla 4.4 yil ve 4.87 yildir (Brash
ve ark., 1994; Vatankhah & Zamani, 2007). Kern ve
ark. (2010) ise etci tiplerde ayn degeri 5.18 yil olarak
hesaplamislardir. El Saied ve ark. (2006) sik
kuzulatma 1ile geleneksel kuzulatma sistemini
karsilagtirdiklar: ¢calismalarinda, siirii 6mrini 6,45
ve 5.66 yil olarak bildirmiglerdir. Goéruldigi gibi bu
calismaya konu Sakiz ve Tahirova koyunlarinin
ortalama verimli émiirlerinin iizerine IKY degerlerini
de koydugumuzda sirasiyla 7.38 yil (5.68 yil VO +
619.6 giin IKY) ve 6,19 (4.85 y11 VO + 490.2 giin IKY)
yil degerlerini bulunur ki bunlar anilan kaynaklarin
rapor ettikleri degerlerden oldukca yiliksektir. Buna
karsin  Tekel (2013)in  Giineydogu Anadolu
Bolgesinde yaptig: bir ¢alismada damizlikta kullanma
siiresi (6,6 y1l) Sakiz koyunlarinin degerinden diisiik
ancak Tahirova koyunlarinin degerinden daha
yiksektir.

VO, ilk kuzulama yag1 ve iki kuzulama arasi siire
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ozelliklerinden yararlanilarak Sakiz koyunlarinin
ortalama 4.95 dogum gerceklestirdikleri tahmin
edilmigtir. Tahirova koyunlar: i¢cin bu deger ortalama
4.4tir. Farkli kuzulatma sistemleri temelinde
literatiirde bu degerin 3.9 ile 5.1 arasinda degistigi
bildirilmistir (El-Saied ve ark., 2006).

Yilda bir dogum yapan Sakiz koyunlar: i¢in kuzulama
aralign (KA) 368.4 giin, Tahirova koyunlar i¢in 377.0
giin olarak bulunmustur. Ayni deger Ivesi koyunlary
icin 407.01 giin olarak rapor edilmistir (Haile ve ark.,
2019). Kasaplik kuzu iiretimi amach koyunculuk
sistemlerinde sik kuzulatma uygulamas: esastir. Bu
anlamda 6rnegin Biilbil ve ark. (2014) sik kuzulatma
sistemi uygulamasinda ilk 3 dogum i¢in kuzulama
araligin1 249 giin olarak bildirmiglerdir. Tekelye ve
ark. (1993) yine benzer bir sistemde kuzulama
araligimi 262 gin olarak rapor etmisglerdir. Menz
koyunlarinda kuzulama aralign 253 giin olarak
bildirilmistir (Mukasa-Mugerwa & Lahlou-Kassi,
1995). Casellas ve ark. (2019) Ripollesa koyunlarinda
kuzulama araligini 3 yasin altindaki hayvanlar igin
330 gun ve daha dugik, 3 ile 7 yasindaki hayvanlar
igin 201 ile 239 gln arasinda degistigini
bildirmiglerdir. = Turkiye’de yapilan ¢alismalar
kuzulama araliginin 280 giin ile 305 giin arasinda
degistigi seklindedir (Batmaz, 1996; Batmaz &
Baspinar, 1999; Baspmmar ve ark., 1999). KA icin
literatir bildirigleri genellikle kuzu tretimi amach
wklar i¢in verilmistir. Bu iwrklarda bircok sistemde
dogumlar daha sik olarak gerceklesmektedir.
Muhtemelen bu ¢alismaya konu her iki irkin da siit
verim yonli olmasi nedeniyle iki kuzulama arasi stre
literatiirde rapor edilenlerden daha uzundur.

Mukasa-Mugerwa ve ark. (1991) IKY icin 523 giin,
Kern ve ark. (2010) ise 532 giin bildirmislerdir.
Wilson (1989) Afrika koyun irklarinda IKY’nin 431 ile
713 giin arasinda degistigini rapor etmistir. Sezenler
ve ark. (2009) ilkine kizginhk gésterme yasim
Bandirma-I i¢in 317,73 giin, Bandirma—II genotipinde
bu 321.30 giin olarak rapor etmistir. Yine Sezenler ve
ark. (2014) Sakiz koyunlar icin ilk kizginhik gésterme
yasim 322.75 giin olarak bulmuslardir. Kaymake
(1984) bu degeri Ivesi icin 304.5 giin, Menemen
Kivircigr i¢in 301.2 giin, Tahirova igin 289.8 giin,
Sakiz i¢in 217 gun, Daglc icin 225.5 giin olarak
bildirmigtir. Bati Afrika ciice koyununda ilk
damizhikta kullanma yagi (IDKY) 286.2 giin iken
(Gonzales ve ark., 1980), Karagiil koyununda 116 giin
olarak bildirilmistir (Boshoff, 1984).

Bu calismada Sakiz koyunlari igin belirlenen IKY
ortalamasindan (619,6 giin) ortalama gebelik
siiresinin (150 giin) cikartilmasiyla tahmin edilen
IDKY 469.6 giindiir. Ayn1 deger Tahirova koyunlari
icin 340,2 giindiir. Gerek IKY gerekse IDKY
bakimindan yapilacak bir karsilastirmada, 6zellikle
Sakiz igletmelerinde literatiir degerlerinden daha
yiksek degerler belirlendigi gériilmektedir. Her ne
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kadar Tahirova koyunlarinin séz konusu degerleri
daha duslikse de yine bircok ¢alismada rapor edilen
degerlerden daha yiiksektir. Ozellikle Kaymake
(1984) tarafindan Tahirova i¢in bildirilen ilk kizginlik
gorulme yasina iligkin deger olduk¢a distuktir. Ancak
bu ¢aligmada s6z konusu 6zelligin tespit edilmedigi,
ote yandan Kaymake1 (1984) tarafindan rapor edilen
degerlerin halk elindeki degil, kamu c¢iftliginde
yetigtirilen hayvanlardan elde edildigi g6z oniinde
bulundurulmalidir. Nitekim Direk ve ark. (2000)
Konya ilinde koyunculuk igletmelerinde damizlikta
ilk kullanma yasini 510 ile 600 gin arasinda
bulurken, Gliney Anadolu Bolgesinde saha
kosullarinda yaptig1 calismada Tekel (2013) bu degeri
549 gun olarak bildirmektedir. Sakiz koyunlarinda
IDKY bakim besleme kogullarim iyilestirerek one
¢ekmek mimkiin olsa da bu ¢aligmaya konu verilerin
elde edildigi tiretim sistemi tamamen meraya dayali
olmasi, dolayisiyla ekonomik oOneminin gbze
carpmamasi nedeniyle 6nemsenmedigi sdylenebilir.

Bu calismaya gore bir koyunun siriide kalmas:
bakimindan ilk dogurdugu yas olduk¢a belirleyicidir
(Cizelge 2). Buna gore Sakiz isletmelerinde damizlik
olarak ayrilan disi toklularin %23.5’1, Tahirova
igletmelerinde ise %244 ikinci = dogumlarim
yapamadan suri dig1 kalmaktadirlar. Borg ve ark.
(2009) 2 ve 3 yash koyunlarin %20’sinin ayiklandigini
bildirmiglerdir. Kern ve ark. (2010) bir koyunun
stiriiden ayiklanma riskine iligkin varyasyonda en
buyuk paymn dogum sirasina ait oldugunu ve ilk
dogumunu yapanlarda s6z konusu riskin diger dogum
siralarina gore olduk¢a  yiksek  oldugunu
gostermislerdir. Benzer sekilde Abdelqader ve ark.
(2012) da Ivesi ve Najdi irklarinda ilk dogumunu
yapanlarin  ayiklanma riskinin diger dogum
siralarina gore yiiksek oldugunu rapor etmislerdir.

Ik dogumun ilk yasinda yapanlar ile ikinci yasinda
yapanlarin bir sonraki dogumda suriide kalma
oranlar1 Sakiz ve Tahirova koyunlarinda benzerdir.
Ancak bir yasinda ilk dogumlarim1i yapan Tahirova
toklularinin  Gg¢tinci  dogumda  siride kalma
oranlarinin ikinci yasinda ilk dogumunu yapan
hayvanlara g6re oOnemli derece yiiksek oldugu
goriilmektedir (Cizelge 2). Irklara iliskin ortalama
IKY degerlerinden Tahirova genotipinde ilk yasinda
dogum yapanlarin oraninin Sakiza gére daha yuksek
oldugu tahmin edilebilir. Muhtemelen Tahirova
genotipinde ilk dogumunu ikinci yasinda yapan
hayvanlar nispeten daha saglksiz geligsenlerdir. Bu
bakimdan bu hayvanlarin ayiklanma olasiliklar1 da
daha yiiksek olabilir. Ancak 6te yandan dg¢lnci
dogumlardaki suride kalma oranlar1 istatistiksel
olarak o6nemsiz de olsa Sakizda da benzer bir
durumun olmadigini séylemek miimkiin degildir.
Sekil 2’den de goriilebilecegi gibi, hayvan kayiplarina
iliskin  nedenler igerisinde en buyuk pay
enterotoksemiye aittir. Tirkiye koyunculugunda
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yaygin enterotoksemiye bagh élimler bu calismada
da en yiiksek paya sahiptir (Karakus & Akkol, 2013;
Ayvazoglu Demir ve ark., 2015; Giil ve Ornek, 2018).
Hayvan kayiplar1 konusunda 6zellikle yabani hayvan
saldirisinin  oranminin yiksekligi dikkat c¢ekicidir.
Turkiye’de kugukbas hayvancilikta zarar yapan
yabani hayvanlara iligkin bilinen tek bir g¢aligma
bulunmaktadir (Kalayli ve ark., 2015). Canakkale
iline y6nelik yapilan s6z konusu ¢alismanin bulgulari
konunun ciddiyetini ortaya koyar niteliktedir.

Sekil 3’e bakildiginda ayiklama nedenlerinin %71’inin
zorunlu, %29unun ise istege baglh oldugu ifade
edilebilir. Zorunlu ayiklama nedenlerinin azaltilmasi
siirii. émriiniin uzamasim saglayacaktir (Dekkers,
1993; Jairath ve ark., 1994; Boettcher ve ark., 1997).
Vatankhah ve Zamani (2007) tarafindan sunulan bir
calismada, koyunlarda striiden ayiklamanin %49.80
oraninda hastalik, %27.71 oraninda yashhk ve
%22.49 oraninda verim distuklugiinden
kaynaklandig: rapor edilmigtir. Buna karsin Annet ve
ark. (2011) ayiklama nedenlerini %40.8 {iireme
sorunlari, %22.7 meme sorunlari, %18.8 dis sorunlari,
%6.9 prolabsus, %4.0 kot kondisyon, %3.3 ayak-
bacak sorunlari, %2.9 abort, %0.4 analik kabiliyetinin
yetersizligi olarak siralamiglardir. McLaren ve ark.
(2020) Norvec'te ayiklama nedenlerini biiyiikten
kiigiige mastitis, meme sorunlari, yas ve kisirlik
olarak siralarken, Irlanda’da bu siralamanin yashlk,
nedeni bilinmeyen o6lim, zorunlu kesim, mastitis,
kotii.  kondisyon, meme problemleri seklinde
oldugunu; Birlesik Krallikta ise ayni siralamanin dis
sorunlari, yaslilik, kot kondisyon ve {ireme sorunlari
seklinde oldugunu rapor etmiglerdir. Bu c¢alismada
hayvan kayiplarina iliskin nedenlerin (zorunlu
ayiklama) birbirleriyle istatistiksel olarak
kargilagtirnlmasindan yalmizca hastalik sebebiyle
kaybin diger nedenlere gére anlamli derecede yuksek
oldugu goriillmektedir (Cizelge 3 ve 5).

Genel anlamda bu calismada ele alinan koyunculuk
isletmelerinde agirlikli yaghlik nedeniyle hayvanlarin
elden ckartildigi gorilmektedir (Cizelge 4).
Calismaya konu igletmeler nispeten girdi disuk
igsletmeler olduklari i¢in muhtemelen performansi

disiuk de olsa koyunlari stiriilerinde
tutabilmektedirler. Ote yandan buyuk olasilikla
igletmelerde  kayit sisteminin de olmamasi

performans takibini zorlagtirmaktadir. Diger birgok
calismada da oldugu gibi, meme sorunlar1 ayiklama
nedenleri igerisinde yaslhihiktan sonra en Onemli
nedenlerden birisidir (Annet ve ark., 2011; McLaren
ve ark., 2020).

Ayiklanma riskinin yiiksek oldugu ilk kuzulama
sonrasi ayiklanma nedenleri irdelendiginde,
hastaliklar ve yetersiz siit verimi nedeniyle stirtiden
cikarilma o©ne ¢ikarken bunlari meme sorunlari
izlemektedir (Cizelge 5). Ilk kuzulama sonrasi
ayiklama nedenlerini irdeleyen bir c¢aligmaya
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ulagilamamigtir. Gen¢ hayvanlarin hastalanma
risklerinin yagh hayvanlara gore gorece daha yliksek
oldugu Dbilinmektedir. Hayvanlarin stut verim
duzeylerine  iliskin ilk  bilgiye ancak ilk
dogumlarindan sonra ulagilabilmektedir.
Muhtemelen siit verimi yetersiz olanlar anlagildiktan
sonra elden gikartilmaktadirlar.

Sakiz igletmelerinde yabani hayvan saldirisi sonucu
hayvan kaybi olasilign Tahirova isletmelerine goére
3.54 kat daha yiiksektir (Cizelge 6). Buna karsin, her
ne kadar istatistiksel agidan ©Onemli olmasa da
(P=0.0683) yem vurmasi sonucu hayvan kayb1
olasihgni da  Sakiz igletmelerinde  Tahirova
igletmelerinde gore daha disiktiir. Yabani hayvan
saldiris1 sonucu hayvan kayb1 olasihiginin Sakiz
isletmelerinde daha ylksek olmasi tamamen uretim
sistemi ile iligkilidir. Zira Sakiz yetigtiriciliginin
yapildigr yore Dbitkisel Uretim acisindan uygun
olmadig: i¢in arazilerde koyunlar neredeyse yil boyu
disarida kalmaktadir (Karadas ve ark., 2014). Yam
sira bu suirtilerde ¢oban kopegi de
kullanilmamaktadir (Kalayli ve ark., 2015).

Satis nedeniyle stiriiden ¢ikartilma nedenlerinden
olan dusuk sut ve dol verimi nedeniyle ayiklanma
olasiliginin, Sakiz koyununda Tahirova koyununa
gore sirasiyla %77 ve %82 daha disik oldugu
gozlenmistir (Cizelge 7). Bu calismaya konu iki
isletme tipinde Sakiz igletmelerinin girdi disik,
meraya daha fazla bagli oldugundan (Karadas ve
ark., 2014) muhtemelen siit ve d6l verimleri 6ncelikli
ayiklama nedeni degildir. Diger yandan Tahirova
igletmeleri igin maliyetin daha o6nemli bir unsur
olmasindan kaynakli olarak bu igletmelerde bireysel
koyun verimleri 6ne citkmaktadar.

SONUC ve ONERILER

Calisma sonucunda, “Halk Elinde Kiigiikbas Hayvan
Islah1 Ulkesel Projesi” kapsaminda Canakkale ilinde
yurutiilen Sakiz ve Tahirova projelerinin verilerinden
ve s0z konusu projede takip edilen isletmelerde
yapilan anketten yararlanmilarak yurutilen bu
¢alisma konusu itibariyla Sakiz igletmelerinin AO
digik, VO ve DS degerlerinin Tahirova
isletmelerinden yiksek oldugu gozlenmigtir. Sakiz
isletmelerindeki belirgin disik AO dikkat cekicidir
ve ancak Uretim maliyetlerinin ¢ok diisik oldugu
uretim sistemlerinde bu durumun normal oldugu
soylenebilir. Tahirova koyunlarinin ilk kuzulama
yvaglarimin Sakiz koyunlarina goére daha dustk
olmasina karsin, kuzulama araliklarina iligkin
degerlerin benzer olmasindan kaynakli olarak VO ve
DS arasindaki iligki Tahirova koyunlarinda daha
yakin olmustur.

Ik dogumunu bir yasinda ve iki yasinda yapan
koyunlarin 6zellikle ti¢lincii dogumda stirtide kalma
oranlar1 bakimindan farklilik Tahirova igletmelerinde
daha belirgin olmak iizere ilk yasinda doguranlar
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lehinedir.

Ayiklanma nedenleri bakimindan literatir
bildiriglerinden farkli olarak enfeksiy6z hastaliklarin
basta gelen neden oldugu belirlenmistir. Ancak
ayiklanma nedenlerindeki siralamanin literatiirde de
degigebildigi dikkate alinmalidir. Muhtemelen bu
durum tUretim sistemleri 1ile iligkilidir. Ayrica
literatir bildiriglerinde rastlanmamigs olan yabani
hayvan saldiris1 sonucu hayvan kaybi c¢alismada
dikkat ceken noktayi olusturmustur.
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OZET

Bu galisma; Kilis kecilerinin siit verimi ile meme sarkikligi arasinda
herhangi bir iligki olup olmadiginin belirlenmesi igin yapilmistir.
Calisma, Kilis'in Polateli ilgesinde bir igletmede yetistirilen 73 bas Kilis
kegisi tizerinde yiratilmistir. Bu amacla kecilerden Meme Ust
Yiiksekligi (MUY), Sarni¢ Derinligi (SD), Meme Derinligi (MD), Meme
Baslar1 Aras1 Mesafe (MBAM), Meme Alt Yiiksekligi (MAY) ve Meme
Bas1 Yiiksekligi (MBY) gibi bazi meme 6lciileri alinmis ve kegilerin bir
giinliik siit verimleri (GSV) tespit edilmistir. Bu meme élgiilerine ait en
kiigik kareler ortalamalari sirasiyla; 47.66+0.36 cm, 21.35+0.58 cm,
15.53+0.47 cm, 21.59+0.57 cm, 26.31+0.59 cm ve 23.67+0.60 cm olarak
belirlenmigtir. GSV ise 687.09+32.37 g olarak hesaplanmistir. Ke¢inin
yas1 bu 6zelliklerden sadece MUY tizerine etkiliyken, dogum tipinin ise
MUY ve MD ézelliklerini etkiledigi belirlenmistir (P<0.05). Meme
Ol¢tileri ve bunlarin giinlik siit verimi ile iligkilerini ortaya koymak
amaciyla yapilan korelasyon analizi neticesinde GSV ile SD ve MD
arasinda pozitif yonli, GSV ile MAY ve MBY arasinda ise negatif yonla,
orta kuvvette ve 6nemli diizeyde korelasyonlar tespit edilmistir. GSV ile
SD ve MD arasindaki regresyon katsayilari sirasiyla 32.79+5.63 ve
40.31+6.69; GSV ile MAY ve MBY arasindaki regresyon katsayilar: ise
sirasiyla -24.56+6.36 ve -25.91+6.14 olarak hesaplanmigtir. MD ve SD
¢ok az olan hayvanlarn disik verimli, MAY ve MBY az olan
hayvanlarin ise ¢ok yiiksek verimli oldugu gorulmiistir. Bu yilizden,
memesi yere yakin olan hayvanlarin ayiklanmasi sit verimini
azaltabileceginden dikkatli olunmalidir.
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The Relationships Between Udder Sagging and Milk Productivity in Kilis Goats

ABSTRACT

This study was carried out in order to determine whether there was any
relationship between udder sagging and milk yield of Kilis goats, which
were raised by farmers in the Polateli district of Kilis. For this purpose,
of the 73 Kilis goats udder upper height (UUH), udder length up to the
teat (ULT), udder cistern depth (UCD), udder depth (UD), distance
between teats (DBT), udder bottom height (UBH), and teat height (TH),
daily milk yields (DMY) of determined goats were determined. The
mean squares of these udder measurements were determined as
47.66+0.36 cm, 23.99+0.36 cm, 21.35£0.58 cm, 15.53+£0.47 cm,
21.59+0.57 cm, 26.31+0.59 cm and 23.67+0.60 cm, respectively. The
daily milk yield was calculated as 687.09+32.37 g. It was determined
that the age of the goat was effective only on UUH, while the type of
birth affected both UUH and UD features. A correlation analysis was
performed to determine the relationship between udder measurements
and daily milk yield. It was found to have positive, moderately strong,
and significant correlations between DMY and UCD and UD, but it was
found to have negative corelations between DMY and UBH and TH. The
regression coefficients between DMY and UCD and UD were 32.79+5.63
and 40.31+6.69, respectively; the regression coefficients between DMY
and UBH and TH were -24.56+6.36 and -25.91+6.14, respectively. It
seemed that the goats with very low UD and UCD had very low milk
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yields, while the goats with low UBH and TH had more milk yields.
Therefore, caution should be exercised as the culling of goats whose

udders is near the ground may decrease milk yield.
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GIRIS ark., 2003, Atay ve ark., 2011). Siit hayvam

Keci yetistiriciliginde giinimiizde diigiik gelire sahip
ulkeler ile beraber orta ve yuksek gelir diizeyine
sahip tlkelerde elde edilen basarilara bagli olarak
son doénemlerde o6nemli gelismeler yasandigi
gorilmektedir. Turkiye’de kec¢i sayis1 2009 yilina
kadarki siiregte ciddi boyutlarda bir azalma géstermis
olup, kegi varligi 2009 yilinda 5 milyon basa kadar
gerilemis ve 2021 yilinda 12.341 milyon bag diizeyine
ulagmigtir (TUIK, 2021). Ke¢i mevcudunun yaklagik
%981n1 Turkiyenin biutin bolgelerinde yetigsen Kil
kecileri olusturmaktadir. Tirkiye'de Kil ve Tiftik
kecisinin yan sira sayilar1 daha az olmakla beraber
cogunlukla Bati Anadolu kiy1 seridinde Malta ve
melezleri 1le, Kilis ve c¢evresinde Kilis kecisi
melezlerinin yetistiriciligi yapilmaktadir (Kaymake:
ve Dellal, 2006). Tiirkiye'de keci yetistiriciligi ya
tarim igletmeleri icerisinde diger hayvanlarla birlikte
veya koy stiriileri, yaylacilik ya da gocer hayvancilik
stirtileri seklinde siirdirulmektedir. Son dénemlerde
ozellikle Bat1 Anadolu’da peynir tiretimi yapan veya
peynir Ureten mandiralara sit saglayan entansif
igletmeler de faaliyet gostermektedir (Kaymakci &
Taskin, 2006; Kaymakc1 & Engindeniz, 2010). Kirsal
kesimde g¢ogunlukla aile i¢i tiketimine yonelik
uretilen keci suti; peynir, tereyagi ve yogurt gibi keci
slitu Urlnlerinin tiketicilerin saghk agisindan uygun
gidalar tercih etmeye baglamalariyla birlikte aroma,
lezzet ve kalitesi ile kentsel alanda da her gecen giin
onemini daha da artirmis ve marketlerde de
satilmaya baslanmistir (Engindeniz &Ucar, 2014).

St tipi kegi yetistiriciliginde hayvanin meme saghg:
olduk¢ca oOnemlidir. Meme hastaliklari, sagmal
hayvanlarda siit veriminin dismesinin yani1 sira sut
kalitesini de onemli diizeyde azaltmaktadir. Kilis
kecilerinin meme yapis1 incelendiginde, memelerin
sarkik ve buna bagh olarak hijyenik olmayan agil ve
arazi kogullarinda yere yakin olmasi meme
hastaliklar1 yontinden bir risk faktorii olarak ortaya
citkmaktadir. Meme formu ve bazi meme olgiilerinin
tespit edilmesi 6zellikle sigir yetistiriciliginde de pek
¢ok arastirmaya konu olmug ve siit verimi ile bu
ozellikler arasindaki iligkiler incelenmistir. Bununla
beraber siit hayvani olarak degerlendirilebilecek
kegiler lizerinde meme formu, dokusal yapi ve siit
verimi Ozellikleriyle olan iligkiler tzerine sinirh
sayida arastirma séz konusudur (Kizilay, 1983;
Mavrogenis ve ark., 1989; Peris ve ark., 1999; Kor ve
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yetistiriciliginde meme hastaliklarinin basinda gelen
mastitisin (Lewter ve ark., 1984, Kiran & Koluman,
2018) kecilerde ineklere gore daha siddetli seyrettigi
ve hayvanin genel durumunun da bozuldugu
bildirilmektedir (Abu-Samra ve ark., 1988, Dogruer
ve ark., 2010). Bu hastaliga cesitli bakteriyel etkenler
neden olsa da hastaligin olusumunda hazirlayici
faktorlerin etkisi buyuktir. Bunlarin baglhcalar:;
diizenli ve iyi bir sagimin yapilamamasi, hijyenik
olmayan cevre, pis ahirlar, memelerin sarkik, gevsek
ve meme baslarinin ¢ok iri olmasi, meme kanallariin
dar ya da uclarinin kor olmasi ile polithelie gibi
anomalilerdir (East ve ark., 1978; Erdogan & Batu,
1980). Aym1 =zamanda kecilerin sert ve kirac
arazilerde yetigtirilmesiyle ilgili olarak memelerin
daha sik ve kolay yaralanmasi da kecilerde
mastitislerin olusumunda énemli rol oynar (Lewter ve
ark., 1984). Memelerin sarkik olmas1 mastitis riskini
artiran 6nemli faktorlerden birisidir. Kilis kecilerinin
de meme yapilari incelendiginde bu riskin 6nemli
oranda artacagi soylenebilir.

Stut tipi keci yetistiriciliginde gerek makineli sagima
uygunluk, gerekse de daha fazla siit verimi
bakimindan meme tipi 6nemli 6zelliklerden birisidir.
Makineli sagima uygun meme yapisinin sagimda
daha az zarar gormesi, sagimda isglci tasarrufu
saglamasinmin yam sira daha uzun sire damizlikta
kullanilabilme imkani tamimasi agisindan Onemli
avantajlar1 vardir. Siit verimiyle yiiksek korelasyona
sahip olan meme o6zelliklerinin  belirlenmesi
durumunda yuksek siit verimi, mastitise direncin
artirilmasi1 ve makineli sagima uygunluk acisindan
secim yapmak da miimkiin olacaktir (Aktas ve ark.,
2012). Bu calismada, Kilis ili Polateli ilcesinde
yetistirilen Kilis kecilerinin bazi meme 6lgiileri ile st
verimleri arasindaki iligkileri incelenmigtir.

MATERYAL ve METOD

Arastirma Kilis Ili Polateli Ilgesine bagli Belenézi
(Ravanda) koyiinde yetistiricilere ait 73 bas Kilis
kecgisi tizerinde yapilmigtir. Arastirma konusu Kilis
kecileri laktasyonun farkli evrelerinde ve farkh
yvaglara sahip olup, sagim iglemi hayvan sahipleri
tarafindan elle yapilmaktadir. Sagim isleminden 6nce
memelere herhangi bir temizleme iglemi
yvapilmamigtir. Sagilan siitler 1 g’a kadar hassas
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elektronik terazi ile tartilmistir.

Yontem

Uzerinde c¢ahgilan kegilerin  meme  6lgiilerinin

alinmas1 sagimdan 6nce serit metre ile yapilmigtir.
Calisma kapsaminda alinan meme 6lgiileri ve alinma
sekli asagida gosterilmistir (Sekil 1).

e a: Meme Baglari

Sekil 1. Memeye ait ol¢tiler
Figure 2. Udder measurements

Istatistik Analizler

Kilis kecilerinin meme o6zelliklerini tespit etmek
tuzere derlenen kayitlarla olusturulan ham veri seti
istatistiki analiz i¢in tasnif edilerek iglenmistir.
Ardindan incelenen 6zellikler i¢in bir istatistik model
olusturulmus ve veriler faktoriyel diizenleme
temelinde varyans analizine tabi tutulmustur.
Varyans analizinde GLM prosediirii benimsenerek
LSM (Least Squares Means) hesaplanmis ve alt grup
ortalamalarimin  karsilastirilmasinda ise Duncan
¢oklu kargilastirma testi kullanilmagtir.

Analizde benimsenen istatistiki model;

Yiik=u+ai+bjt+eijk

Modelde; Y herhangi bir kecinin herhangi bir
faktoriin herhangi bir alt seviyesindeki ele alinan
ozellik bakimindan degerini, p = populasyonun ele
alinan ozellik bakimindan beklenen ortalamasini, ai
kecinin yasini, bj ke¢inin dogurdugu oglagin
dogum seklini, e = normal, bagimsiz, sansa bagh
hatay1 temsil etmektedir (0,02). Istatistik analizlerde
SPSS 22.0 Paket programi kullanilmigtar.

BULGULAR ve TARTISMA

Meme Olgiileri

Kilis kecilerinin, meme &lgiillerine ve gilinlik sit
verimine etkili oldugu varsayilan yas ve dogum tipi
faktorlerine gore yapilan varyans analizi ve 6nemlilik
testi sonuclari, en kiigiik kareler ortalamalar1 ve

standart hatalar1 1ile alt gruplar arasi c¢oklu
kargilagtirma  testi sonuclari Cizelge 1T’de
sunulmustur.

Incelenen  igletmede  Kilis  kegilerinin = MUY
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N Arasindaki Mesafe
\ (MBAM) (DBT)

b: Meme Derinligi (MD)
(UD)
¢ Sarnic Derinligi (SD)
(UCD)
A-D: Meme Ust
Yiiksekligi (MUY)
(UUH)
e-Meme Alt Yiuksekligi
(MAY) (UBH)

- f-Meme Bag1 Yuksekligi
(MBY) (TH)

degerlerine ke¢i yast ve dogum tipinin, MD
degerlerine ise dogum tipinin Onemli duzeyde
(p<0.05) etkili oldugu, bu ézellikler disinda keci yas1
ve dogum tipinin istatistik anlamda etkisiz oldugu
belirlenmigtir.

Meme Ust Yiiksekligi (MUY): Calismada tespit edilen
MUY ortalamas: (47.66 cm) Aktas ve ark. (2012)’nin
Saanen melezi kegilerde bulduklar: 45.32 cm; Kor ve
ark. (2004)’nin Akkecilerde buldugu 45.78 cm; Ural
(2014)1n Maltiz x Saanen melezlerinde bildirdigi
44.82-45.82 cm ve Kaya (2005)nin Akkecilerde

bildirdigi  45.72-47.11 cm araliginda degisen
degerlerden yiiksektir. Cedden ve ark. (2002)nin
Akkecgiler tlzerinde yaptiklari c¢alismadan elde

ettikleri MUY degerleri ise genellikle bu arastirmada
elde edilen ortalamanin altinda iken, baz1 laktasyon
sirasindaki (3. ve 5. laktasyon) kecilerde 48-49 cm
MUY degerleri belirlemislerdir.

Sarni¢c Derinligi  (SD): SD degerleri yasla birlikte
azalma egilimi gostermistir. Ikiz doguran keciler tek
doguranlardan yaklagik 2 cm yiiksek degerler vermis
olmasina ragmen, farkhilik 6nemli ¢ikmamigtir. Bu
¢alismada SD olarak alinan 6lgii ortalamasi olan
21.35 cm degeri, benzer sekilde 6lgiim yapan Kiran ve
Koluman (2018) tarafindan Alpin ve Saanen
kecgilerinde tespit edilen sirasiyla; 20 ve 20.3 cm
degerlerinden yiiksek olmakla birlikte oldukca
yakindar.

Meme Derinligi (MD): MD degerleri yasla birlikte
azalma egilimi géstermigtir. Ikiz doguran kecilerin
MD degeri ile tek doguranlarin degeri arasindaki
farklilik 2.5 cm’yi bulmaktadir ve énemlidir (P<0.05).
MD ortalamas1 (15.53 cm) cesitli wrklarla calisma
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yapan arastirmacilarin bildirdikleri degerlerden
genel olarak yiksektir. MD degerini Akkecilerde
Cedden ve ark. (2002) 7.23-13 cm araliginda, Kor ve
ark. (2004) 13.97 cm, Keskin ve ark. (2005) 13.83 cm,
Kaya (2005) 12.55-14.97 cm araliginda, Ankara
kecilerinde Erol ve ark. (2017) 13.63 cm, Maltiz x
Saanen melezlerinde Ural (2014) 11.91-13.67 cm
araliginda, Hint yerli kecilerinde Upadyay ve ark.
(2014) 13.86 cm olarak bildirmislerdir. Kil

kecilerinde belirlenen MD degerleri ise bu arastirma
bulgusundan yiksek degerler olup, Simsek ve ark.
(2006), Atay ve ark. (2011) ve Elmaz ve ark. (2016)
sirasiyla; 16.84 cm, 18.66 cm ve 18 cm degerlerini
bildirmiglerdir. Akbas ve ark. (2019) ise Honamh
kecilerinde farkli doénemlerde olgtiikleri meme
derinliginin 19.7 ile 21.7 cm arasinda degistigini
bildirmiglerdir.

Cizelge 1. Kilis kegilerinde meme o6lgiilerine ve gunliuk st verimine ait degerler
Table 1 Values of udder measurements and daily milk yield in Kilis goats

UUH (cm) UCD (cm) UD (cm) DBT (cm) | UBH (cm) TH (cm) DMY (g)
Xt Sy Xt Sy Xt Sy Xt Sy Xt Sy Xt Sy Xt Sy
General 73 47.66+0.36 21.35+0.58 15.53+0.47 21.59+0.57 26.31+0.59 23.67+0.60 687.09+32.37
means
Ages * ns ns ns ns ns ns
2 26 48.81+0.582 22.32+0.92 15.58+0.75 22.39+0.91 26.49+0.93 23.67£0.95 | 691.97+£51.52
3 9 47.44+0.82 20 21.92+1.30 16.14+1.07 21.78+1.30 25.52+1.33 23.22+41.36 | 792.67+73.28
4 22 47.95+0.53 ab 21.48+0.85 15.75+0.70 21.86+0.85 26.47+0.86 23.73+0.88 | 702.62+47.78
5 16 46.45+0.60P 19.70+0.96 14.63+0.79 20.31+0.95 26.75+0.97 24.08+£1.00 | 561.11+53.87
Types of birth * ns * ns ns ns ns
1 58 46.87+0.35 20.30+0.55 14.27+0.45 20.59+0.55 26.57+0.56 23.87+0.57 624.77+30.83
2 15 48.46+0.64 22.41+1.02 16.78+0.84 22.59+1.01 26.05+1.04 23.48+1.06 749.41+£57.27

ns: no significant, *: P<0.05, a, b: Values within a row with different superscripts differ significantly at P<0.05.
udder upper height (UUH), udder cistern depth (UCD), udder depth (UD), the distance between teats (DBT), udder bottom

height (UBH) and teat height (TH), daily milk yields (DMY)

Meme Baslar1 Arasi Mesafe (MBAM):
baglarinin birbirlerine kargi konumlarini ya da
yerlesim gekli ve pozisyonunu Dbelirlemek igin
calismalarda genellikle meme baglar1 arasi1 agiblger
yardimiyla olgiilmekte ve aci1 olarak deger verilmekte
olup, mesafe olarak ol¢iip cm olarak deger bildiren
calisma daha az bulunmaktadir. Bu calismalarda
bildirilen degerler ise bu calismada tespit edilen
bulgudan (21.95 cm) oldukca diisiik degerlerdir.
Nitekim, bu deger Kil kecilerinde Atay ve ark. (2011)
tarafindan 7.48 cm, Elmaz ve ark. (2016) tarafindan
11.3 cm, Maltiz x Saanen melezlerinde Ural (2014)
tarafindan10.81-11.95 cm araliginda, Kilis kegilerinde
Tilki ve Keskin (2021) tarafindan farkli yas
gruplarinda 15.6-17.3 cm araliginda, Hint yerli
kecilerinde Upadyay ve ark. (2014) tarafindan 9.51
cm olarak tespit edilmistir. Akbas ve ark. (2019) ise
Honamli kecilerinde farkli donemlerde olgtiikleri
meme baglar1 arast mesafenin 13.9 ile 15.0 cm
arasinda degistigini bildirmisglerdir. Calismada
MBAM’nin bu kadar yiiksek belirlenmis olmasinin
nedeni Kilis kegilerinin memelerinin birbirinden
belirgin bigimde ayr1 loblar gseklinde olmas1 ve meme
baslarinin oldukca disa doniik olmasidir.

Meme Alt Yiiksekligi (MAY): MAY degerlerinde yas
ve dogan yavru sayisi bakimindan gruplar arasinda
da istatistik olarak bir farklilik yoktur ve degerler
birbirine oldukg¢a yakindir. Kilis kegilerinde meme
sarkikliginin en o6nemli gostergelerinden biri olan
MAY ortalamasi olarak tespit edilen 26.31 cm degeri
Turkiye’de farkli irklarla yapilmig c¢aligmalarda

Meme
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belirlenen MAY degerlerinin hemen hepsinden daha
dugtuktur. Nitekim, bu degerin Akkecilerde Kaya
(2005) tarafindan 30.25-31.36 cm araliginda, Kor ve
ark. (2004) tarafindan 30.37 cm, Keskin ve ark.
(2005) tarafindan 29.97 cm, Maltiz x Saanen
melezlerinde Ural (2014) tarafindan 31.03-32.15 cm
araliginda degistigi bildirilmigtir. Kil kecilerinde
34.96 cm gibi daha yiiksek deger (Atay ve ark., 2011)
bildirilirken, Saanen melezlerinde ise 38.38 c¢cm gibi
oldukca yiiksek bir deger olciilmiistiir (Aktas ve ark.,
2012). Cedden ve ark. (2002)min Akecilerde
bulduklar: degerler 30-31.75 cm arasinda degisirken,
sadece 6. laktasyonda bu arastirma bulgusundan bir
miktar  disik  (25.20 cm) MAY  degeri
gozlemlemislerdir. Olciilen MAY degeri bildirilen
ortalamalardan daha disiik olup, genel olarak Kilis
kecilerinin memelerinin Turkiye'de yetistirilen diger
kecilere gore en az 5 cm daha yere yakin oldugunu
soylemek mumkiindur.

Meme Basg1 Yiiksekligi (MBY): Bu 6zellikte de yas ve
dogan yavru sayis1 gruplari arasinda istatistik olarak
bir farklihk olmayip degerler birbirine oldukga
yakindir. Meme yaralanmalar1 ve mastitise yol
acabilmesi bakimindan 6nemli bir 6zellik olan meme
basinin yere yakinligini goésteren MBY ile ilgili
literatiirde ne yazikki cok fazla bulguya rastlamak
miimkiin olmamigtir. Bu 6l¢ii ile ilgili verilen degerler
de Dbirbirinden olduk¢a farkhidir. Nitekim, MBY
degerini Elmaz ve ark. (2016) Kil kecilerinde 32.1 cm,
Upadyay ve ark. (2014) Hint yerli koyunlarinda 19.09
cm olarak vermislerdir. Akbas ve ark. (2019) ise
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Honamli kecilerinde farkli doénemlerde olctikleri
meme basinin yerden yiiksekliginin 36.9 ile 38.2 cm
arasinda degistigini bildirmislerdir. Bunun muhtemel
sebebi kegi irklarinda meme baglarinin karakteristik
yapilar1 ve konumlar:1 olabilir. Zira, baz1 keci
wrklarinda meme basi meme lobunun yan tarafinda
disa  bakacak sgekilde konumlanirken, diger
bazilarinda ise meme basi meme lobunun devami
olarak yere dogru konumlanmaktadir.

Giinliik Siit Verimi (GSV)

GSV degerlerinin yasa bagh olarak 6nce artan sonra
azalan bir egilim i¢inde oldugu izlenmektedir. En
yiksek ve en diisiik ortalamaya sahip yas gruplari
arasinda yaklagitk 232 g farklihk bulunmasina
ragmen, farkliligin istatistik olarak anlamli olmamasi
modele dahil olan faktérler disinda daha buytk
varyasyona sebep olan kaynaklar olabilecegini
disundirmektedir. Aym sekilde, beklendigi gibi ikiz
doguran keciler lehine yaklagik 125 g ustunlik
bulunmasina ragmen gruplar arasinda istatistik
olarak bir farklihk yoktur. Ol¢iim yapilan siiriidde
tespit edilen giinliik siit verimlerinin ortalamas1 (687
g) Akkecilerde Keskin ve ark. (2005) tarafindan
bildirilen 624 g, Hint yerli kecilerinde Upadyay ve
ark. (2014) tarafindan bildirilen 657 g degerlerinden
yiksek olmakla birlikte, Kilis kecilerinde Tilki &
Keskin (2021) tarafindan bildirilen farkli yas
gruplarindaki 781-846 g GOSV degerlerine yakin,

Akkecilerde Kor ve ark. (2004) tarafindan bildirilen
1264 g ve Kaya (2005) tarafindan bildirilen 1174-2290
g araligindaki degerler ile Maltiz x Saanen
melezlerinde Ural (2014) tarafindan bildirilen 1710 g
degerinden oldukca diisiiktiir. Erol ve ark. (2017) ise
Ankara kegilerinde gunlik siit verim ortalamasini bu
arastirma bulgusundan olduk¢a disik olarak
bildirmiglerdir. Calisma bulgusu, Akkecilerde Cedden
ve ark. (2002) tarafindan bildirilen 208-1080 g
araliginda yer almaktadir. Ancak, kecilerde giinlik
ortalama siit veriminin laktasyonun ilerleyen
donemlerinde hizla distigi, calismada belirlenen
giinlik siit veriminin 6l¢imiin yapildig1 giine ait siit
verimi oldugu ve o anki meme durumu ile st verimi
arasindaki iligkiyi ortaya cikarma amacli alindig:
gozden uzak tutulmamalidir.

Korelasyon Analizi Sonuglar:

Kilis kecilerinin meme o6lgiilerinin birbirleriyle ve
GSV ile iligkileri yaninda meme sarkikligiyla
ilgilerini incelemek tizere yapilan korelasyon analizi
sonucunda hesaplanan Pearson korelasyon
katsayilar1 ve bunlara ait énemlilik seviyeleri Cizelge
2'de verilmistir. Incelenen siiriidde Kilis kegilerinin
meme Olgiileri ve GSV 6zellikleri arasinda hesaplanan
fenotipik ilgilerin hepsi 6nemli (P<0.05) veya cok
énemli (P<0.01) bulunmustur. Ancak, bunlardan
MUY ile diger meme &lciileri arasmndaki iligkiler
goreli olarak daha zayiftir (P<0.05).

Cizelge 2. Kilis kegilerinde meme 6lgiileri ve giinliik siit verimi arasi fenotipik korelasyon katsayilari
Table 2. The phenotypic correlation coefficients between udder measurements and daily milk yield in Kilis goats

(UUH) (UCD) (UD) (DBT) (UBH) (TH)
(UCD) 357"
(UD) 434 716™
(DBT) .349* 796 .693"™*
(UBH) .298" -.786™ -.445™ -.583**
(TH) .294* - 725 -.414™ -.635™ .936™
(DMY) .248" .568"* 581" .564* - 417 - 448"

*: P<0.05, **: P<0.01

udder upper height (UUH), udder cistern depth (UCD), udder depth (UD), the distance between teats (DBT), udder bottom

height (UBH) and teat height (TH), daily milk yields (DMY)

GSV'nin SD, MD ve MBAM ile birbirine yakin, pozitif
yonli ve orta kuvvette; MAY ile ve MBY ile yine orta
kuvvette, ancak negatif yonlii korelasyonlar1 s6z
konusudur. Buna goére, SD, MD ve MBAM olc¢uleri
arttikca GSV’nin olumlu etkilendigi ve arttigi, buna
karsilik MAY ve MBY o6lgileri arttikga GSV’nin
azaldig1 sonucunu ¢ikarmak miimkindir. Bu bulgu,
meme sarkikligi sorununu ortadan kaldirmak igin
govdeye yakin meme yoninde dusluntlecek bir
seleksiyon programinin ¢ok 6zenli planlanmasi
gerektigini ortaya koymaktadir.

Keskin ve ark. (2005)'nmin Akkecilerde hesapladiklar:
korelasyon katsayilar: bu arastirma bulgular ile aym
yonde olmakla birlikte GSV ile MD arasinda olan
(0.473) bu arastirma bulgusundan diisiik, MAY ile
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olan ise (-0.671) yiiksektir. Keskin ve ark. (2007)’nin
ayn1 oOzellikler i¢in bulduklari korelasyon katsayilari
da sirasiyla; 0.381 ve -0.618 olup, yukardaki verilen
katsayilara benzerdir. Atay ve Gokdal (2016) Kil
kecilerinde GSV ile MD ve MAY arasinda
belirledikleri iligkiler bu arastirma bulgusuyla ayni
yonde olmakla birlikte, iligkiler zayif olup, korelasyon
katsayilar1 oldukca kiiciiktiir (sirasiyla; 0.029 ve -
0.178). Tilki ve Keskin (2021), Kilis kecilerinde GOSV
ile MBAM arasindaki korelasyonu 0.39 olarak tespit
etmiglerdir. Upadhyay ve ark. (2014) Hint yerli
kecgilerinin giinlik ortalama siit verimi ile meme
derinligi arasinda pozitif ve yuksek bir korelasyon
(0.70), meme bag1 yiiksekligi arasinda ise negatif
fakat daha zayif bir korelasyon (-0.27) tespit
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etmiglerdir. Meme o6lgtleriyle siit verimi arasindaki
iligkileri inceleyen diger arastirmalar genellikle
Laktasyon Siit Verimini (LSV) esas almislardir.
Aktas ve ark. (2012) Saanen melezlerinde LSV ile
MUY ve MAY arasindaki korelasyon katsayilarini
0.041 ve -0.128 olarak vermiglerdir. LSV ile MD
arasindaki korelasyon katsayilar1 Ankara kecilerinde
0.584 (Erol ve ark., 2017), Kil kecilerinde 0.661
(Simgek ve ark., 2006) ve Maltiz x Saanen
melezlerinde 0.218 (Ural, 2014) olarak bildirilmistir.
Ural (2014) ayn1 zamanda LSV ile MUY ve MAY
arasindaki korelasyonlarin her ikisini de pozitif yonli
olarak (swrasiyla; 0.270 ve 0.202) hesaplamistir.
Benzer gekilde, siit verimi ile MBAM, SD, MD gibi
Olciler arasinda yiiksek korelasyonlar tespit eden
arastirmalar vardir (Capote ve ark., 2006). Bu
literatiir bildirislerinden ortak bir sonuca varmak pek
mimkin goézikmese de, bir Kilis melezi olan
Akkegilerde benzer korelasyonlarin hesaplanmisg
olmasi, 6zellikle GSV'nin MAY ile olan yluksek negatif
iligkisi bu arastirma bulgusuyla ilgili varilan yargiy1
destekledigi gibi, ayn1 zamanda meme sarkiklig: ile
ilgili sorunun Kilis kecisi melezlerine de yuksek
oranda yansidigini diisindiirmektedir.

Bu arastirmada tespit edilen durumu daha ayrintili
incelemek lizere, korelasyonlarin hesaplandigi
verilerin dagilimini incelenmis ve boylece memeyi
yukar1 kaldirmak yoniinde yapilacak seleksiyon veya
sarkik meme yo6niinde yapilacak ayiklamanin sit
verimine olas1 etkileri degerlendirilmistir. Incelenen
siride GSV’nin meme o6lgiilerine ve meme Ol¢ist
ortalamasi etrafinda érnek bir sapmaya (3 cm) gére
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dagilimlar1  incelendiginde asagidaki  sonuclar

cikarilabilir (Sekil 2).

Sarni¢ Derinligi ve Meme Derinligi yetersiz olan (SD
17 cm ve alti, MD 12 cm ve alt1) hayvanlar aym
zamanda en diisik GSV’'ne sahip hayvanlar olup bu
grupta genel ortalamanin Ustinde GSV’ne sahip
hayvan yok gibidir. Aymi zamanda, MD o6lgiistu
ortalamaya yaklastikca yiuksek GSV’ne sahip
hayvanlarin orami artmistir. Dolayisiyla, bu grup
aleyhine bir ayiklama digtnilebilir. SD ve MD c¢ok
fazla olan (SD 25 cm ve iistii, MD 19 cm ve iistil) ve
sarkik memeli denilebilecek hayvanlar ayn1 zamanda
¢ok yiiksek verimli hayvanlardir. Dolayisiyla, bu tip
hayvanlarin ayiklanmasinda ¢ok dikkatli olunmal,
belki u¢ degerde olan, hayvanlarin ayiklanmasiyla
yetinilmelidir. Bu sekilde, hem SD yetersiz, hem de
memesi sarkik u¢ degerlerdeki hayvanlarin
ayiklanmasiyla GSV de genel ortalama civarinda
korunabilecektir.

MD olgiileri ile SD olgiileri ortalamalari arasinda
belirgin bir farkliligin oldugu (yaklasitk 6 cm),
dolayisiyla Kilis kecilerinin meme yapilarinin belirgin
bir sekilde ayr1 bélimlerden olustugu gorilmustir.
Dolayisiyla, MD bakimindan  bu  bulgular
degerlendirildiginde; stiride MD o6lgiileri yiuksek olan
hayvanlarin bulunmasinin bir sakinca
olusturmayacagi, MD odlgiileri dusik hayvanlarin
ayiklanmasinin daha dogru bir yol olacagi ortaya
¢ikmaktadir.
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1900 = Dofirusal (Gimluk St Verimi (GSV)) hd
o ¢

1000 +H 1 ‘ ‘ Q
C ¢ 4
g 800 + ‘Q-wv—é—v —
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= 8 § ¢ | @
E 400 + -— ﬁ———— Q
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Sarni¢ Derinligi (SD) (UCD)

Sekil 2. Meme- olgiileri ile GSV arasindaki iligkileri gésteren dagilim grafigi.
Figure 2. Scatterplot showing the relationships between udder measurements and DMY.
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Sekil 2. Meme- dl¢iileri ile GSV arasindaki iligkileri gésteren dagilim grafigi (devam).
Figure 2. Scatterplot showing the relationships between udder measurements and DMY.

Memesi gévdeye yakin (MAY 26 cm ve iistii) ve meme
bas1 daha yukarda konumlanmig (MBY 24 cm ve
iistii) olup da genel ortalamanin altinda GSV’ne sahip
cok sayida hayvan oldugu gibi, memesi sarkik (MAY
26 cm ve alt1) olup ta GSV genel ortalamanin altinda
kalan c¢ok sayida hayvan bulunmaktadir. Ancak,
(MBY 24 cm ve alt1) olup ta (yere daha yakin) GSV
genel ortalamanin ustiinde olan hayvan sayisimin
daha ¢ok oldugu goriulmiistir. MAY ve MBY arttik¢a
genel ortalamanin tstinde GSV’ye sahip hayvan
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sayis1 azalmaktadir. Memesi yere ¢ok yakin (MAY 22
cm ve asagisi, MBY 24 cm ve alt1) hayvanlar aleyhine
yapilacak ayiklama her ne kadar yiiksek sit verimli
hayvanlarin da ayiklanmasi riskini barindirmakta ise
de, bu hayvanlar surinin daha az kismin
olusturmaktadir. Ayni sekilde, MAY ve MBY
ortalama degerinin Usti igin yapilacak seleksiyon da
diustik verimlilerin damizhiga alinma riskini daha
yiksek ihtimalle barindirmaktadir. Bu durumda,
memesi yere ¢ok yakin olanlarin (MAY 22 cm ve alt,
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MBY 20 cm ve alt1) ayiklanmasinin tercih edilmesi
daha akilc1 goziikmektedir. Boylece, GSV ortalama

1400

civarinda tutulabilecektir.
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Sekil 2. Meme- dl¢iileri ile GSV arasindaki iligkileri gésteren dagihm grafigi (devam)
Figure 2. Scatterplot showing the relationships between udder measurements and DMY.
Regresyon Analizi Sonuglar: MAY ve MBY olculeri arasindaki dogrusal
Kilis kecilerinde memenin sarkikligini ve yere ].regresyonlarm hepsi ¢ok éner_nlidir (P<0.001). GSV
yakinligini gosterebilecek bazi meme olciileriyle GSV ile SD ve MD arasindaki dogrusal regresyon

arasindaki korelasyon analizleri GSV ile 6zellikle SD
ve MD arasinda pozitif ve orta seviyede, MAY ve
MBY arasinda ise negatif ve orta seviyede onemli
iligkiler oldugunu ortaya c¢ikarmistir. S6z konusu
ozelliklerdeki  degisimin  GSVni ne  kadar
etkilediginin, bagka bir ifadeyle memenin yere olan
mesafesinin artmasi1 veya govdeye yaklagmasi
halinde GSV’nde ne kadarlik bir degisime yol actigini
tahmin edebilmek i¢in s6z konusu oOlgiiler igin
regresyon analizi yapilmis ve sonuglar1 Cizelge 3’te
verilmigtir.

Incelenen siiriide Gunlik Sit Verimi ile SD, MD,

katsayilar: sirasiyla; 32.794+5.63 ve 40.31+6.69 olarak
hesaplanmigtir. Buna gore, GSV'nin MD o6l¢iisiiniin
artmasindan SD 6l¢istiniin artmasina gore daha
fazla etkilendigi anlasilmaktadir. Bagka bir ifadeyle,
MD’nin 1 cm daha fazla olmasi GSV'nde yaklagik 40 g
artisa yol ag¢maktadir. Dolayisiyla, SD’nin artisi
memenin yere daha c¢ok yaklagsmasina sebep
oldugundan SD’nden ziyade MD oélglisit tzerine
yogunlagsmak ve artirilmasi yoniunde bir seleksiyon
programi yapmak siit verimini daha olumlu ydénde
etkileyebilir.

Cizelge 3. Bazi meme o6l¢iilerinin glinliik stit verimine olan regresyon katsayilari
Table 3. Regression coefficients of some udder measurements to daily milk yield

Significance Regression coefficient R2?
Udder sistern depth (UCD) ** (£=5.820; P=0.000) 32.79+5.63 0.323
Udder depth (UD) ** (t=6.023; P=0.000) 40.31+6.69 0.338
Udder bottom height (UBH) ** (t=-3.862; P=0.000) -24.56+6.36 0.174
Teat height (TH) ** (t=-4.223; P=0.000) -25.91+6.14 0.201

**. P<0.01

GSV ile MAY ve MBY arasindaki dogrusal regresyon
katsayilar1 birbirine yakin degerler olarak elde
edilmis olup, sirasiyla; -24.56+6.36 ve -25.91+6.14
olarak hesaplanmigtir. Bu degerlerin, regresyon
katsayilar1 negatif degerler olup, MAY ve MBY

SONUC ve ONERILER

25 g azalma beklenecegini gostermektedir (Cizelge 3).

Kilis kegilerinde memede yaralanma ve mastitise

Olctilerinin 1 cm artigsina karsihk GSV'nde yaklagik
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yakalanma riskini artiran en énemli problemlerden
biri olan meme sarkikligi ile siit verimi arasindaki
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iligkiler incelenmis ve sorunu c¢ézmek ic¢in yerden
daha yiksek meme yoninde distinilecek bir
seleksiyon programinin siit verimine olasi etkilerini
degerlendirilmistir. Memenin yere yakinligini
gosteren Olgliler ile siit verimi arasinda 6nemli ve
yiksek fenotipik korelasyonlar tespit edilmistir.
Sarkik memeli denilebilecek hayvanlar ayni zamanda
¢ok yiiksek verimli hayvanlardir. Dolayisiyla, bu tip
hayvanlarin ayiklanmasinda c¢ok dikkatli olunmal,
belki u¢ degerde olan, hayvanlarin ayiklanmasiyla
yetinilmelidir. Memesi yere c¢ok yakin hayvanlar
aleyhine yapilacak ayiklama her ne kadar yiksek siit
verimli  hayvanlarin da ayiklanmasi  riskini
barindirmakta ise de, bu hayvanlar populasyonun
daha az kismini tegkil etmektedir. Aksi takdirde,
disiik verimlilerin damizliga alinma riskini artirma
ihtimali daha fazla olacaktir. Bu durumda, memesi
yere c¢ok yakin olanlarin ayiklanmasinin tercih
edilmesi daha akilci goziikkmektedir. Aymi sekilde,
stiriide meme derinligi olgileri yiksek hayvanlarin
bulunmasinin bir sakinca olusturmayacagi, meme
derinligi ¢l¢uleri diisiik hayvanlarin ayiklanmasinin
daha dogru bir yol olacagi ortaya ¢ikmaktadar.
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ABSTRACT

This study was planned to determine the effects of sumac juice and
different application methods on the fattening and immune performance
of broiler chickens. The study started with 240 Ross 308 broiler chickens
at the age of 1 day. The trial model consisted of 6 groups in total, in the
3*2 interaction model, in which three different sumac levels were given
in two different ways. Each group was arranged to contain 4 replications,
and 10 broilers per replication. Birds were supplemented with three
different levels (0, 5, and 10 g/liter) of sumac both in drinking water and
via inhalation. This experiment lasted 42 days. Live weight and feed
consumption were determined on the 10th, 24th and 42nrd days. On the 32nd
day of the study, the chickens were vaccinated against infectious
bronchitis virus (IBV) and Newcastle disease virus (NDV) by adding them
to drinking water for an immunity test. During slaughter, blood samples
were taken for antibody titers, and hematological tests and lipid profiles
were performed. It was observed that the additive of sumac given by
drinking water or inhalation did not have a significant effect on the
growth performance of broilers. However, steam application significantly
reduced feed consumption and body weight gain. Sumac was not effective
in reducing the lipid profile, particularly cholesterol, in the serum of
broiler chickens. In addition, although the production of antibodies
against NDV and IBV in broilers was improved to some extent, the
antibody titer against IBV showed a significantly positive improvement
with inhalation administration.
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Etlik Piliglere Igme ve Inhalasyon Yoluyla Verilen Sumak Suyunun Performans ve Bagigiklik Tepkisi

Uzerine Etkisi

OZET

Bu ¢alisma, sumak suyunun farkli uygulama yollarinin etlik pili¢lerin
besi suresi ve bagisiklik performansina etkilerini belirlemek amaciyla
yapilmistir. Calisma kuluckahaneden alinan 1 gunlik 240 Ross 308 etlik
civeiv ile baglatilmigtir. Ug farkli sumak seviyesinin iki farkl gekilde
verildigi 3*2 interaksiyon modelinde deneme modeli toplam 6 gruptan
olusmustur. Her grup, 4 tekerrir ve her bir tekerrurde 10 pili¢ icerecek
sekilde diizenlenmigtir. Piliglere hem i¢gme suyu hem de inhalasyon
yoluyla ii¢ farkl seviyede (0, 5 ve 10 g/litre) sumak suyu verilmistir.
Calisma sitiresi 42 giin olmus ve deneme siiresince canh agirhik, agirhik
artigi, yem tiiketimi ve yem déniisiim oranini belirlemek igin 10, 24 ve
42. gunlerde canh agirliklar ve yem tiiketimleri 6l¢ilmustiur. Caligmanin
32. gtintinde tavuklar, bagisiklik testi i¢in igme suyu ile verme yontemi
ile Enfeksiyéz bronsit viriisii (IBV) ve Newcastle hastaligi viriisiine
(NDV) kars1 asilanmigtir. Kesim sirasinda antikor titreleri icin kan
ornekleri alinmigtir. Piliglerin kesiminden sonra hematolojik testler ve
lipid profili incelenmistir. Icme suyu veya inhalasyon yoluyla verilen
sumak suyu uygulamasinin etlik piliglerin biiyiime performansi tizerinde
onemli bir etkisinin olmadig1 gorilmiistiir. Bununla birlikte, buhar
uygulamasi, yem tiketimi ve canli agirhk artigini 6énemli o6l¢tide
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azaltmistir. Sumak, etlik piliclerin serumundaki lipid profilini, 6zellikle
kolesteroliu distirmede etkili olmamis ve piliglerin NDV ve IBV asisina
kars1 antikor Gretimi bir dereceye kadar gelistirilmis olsada, IBV'ye kars1
antikor titresi, inhalasyon uygulamasiyla 6nemli 6l¢tide pozitif bir

gelisme g6stermistir.

To Cite :

Rasheed, H.I., Yurtseven, S., & Beski, S.S.M. (2023) The effect of sumac juice given to broilers by drinking and

inhalation on performance and immunity response. KSU Tarim ve Doga Derg 26 (39, 702-710.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1113675

Atif Sekli:

Rasheed, H.I., Yurtseven, S., & Beski, S.S.M. (2023). Etlik Piliclere Icme ve Inhalasyon Yoluyla Verilen Sumak

Suyunun Performans ve Bagigikhk Tepkisi Uzerine Etkisi. KSU Tarim ve Doga Derg 26 (3), 702-710.
https://doi.org/10.18016/ksutarimdoga.vi.1113675

INTRODUCTION

In the broiler sector, a high level of settlement
frequency causes the risk of disease transmission. The
main problem of chicken farms is disease. In the last
two years, with the development of the Covid-19
epidemic in the world, herbal extracts that contribute
to the development of the immune system have become
the focus of attention. Since the infectious bronchitis
virus (IBV) is a member of the Gamma coronavirus
genus in the Coronaviridae family (Cook et al., 2012;
Khataby et al., 2020), the results may be a treatment
method in Covid-19. Like variants in the Covid 19
virus, many different IBV serotypes and genotypes are
common worldwide, and these serotypes are highly
under the influence of mutations (Fan et al., 2019).
Since cross protection between different serotypes
varies, some support mechanisms should be applied in
addition to the vaccine. Newcastle disease virus (NDV)
is an avian paramyxovirus type 1 virus belonging to
the family Paramyxoviridae and the genus Avulavirus
(Miller et al., 2010). IBV and NDV cause significant
losses in poultry, and like all other immune systems,
both innate and adaptive responses occur in the gut
against pathogenic microbes.

It has been stated that extracts of some aromatic
plants such as sumac significantly increase the
muscularis, mucosa, total intestinal length and serosa
in the intestinal environment. For example, Ghasemi
et al. (2014) stated that sumac supplementation in
poultry diets affected the crypt depth, villus height,
goblet cell number width and the entire epithelial layer
in the intestines.

Fruits of the sumac provide a broad range variety of
benefits for poultry productivity. Flavanols like
myricetin, quercetin and kaempferol can be found in
sumac fruits (Mehrdad et al., 2009). In addition, Ozcan
and Haciseferogullari, (2004) found different sorts of
organic acids in sumac including citric acid, malic acid,
phenolic acid, tartaric acids, anthocyanins, and
hydrolysable tannins. In broilers, low levels of sumac
supplementation (0.2-0.5 % of the nutrition) enhanced
feed conversion ratio, the shape of intestine and
plasma cholesterol, while increasing abdominal fat and
high-density lipoprotein (Golzadeh et al., 2012; Kheiri
et al., 2015). Furthermore, increased Newcastle
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disease titers and the replacement of E. coli in the
gastrointestinal tract by lactobacilli, have been noted
by Kheiri et al. (2015).

Therefore, this study aims to determine the effect of
drinking and inhalation of water and sumac plant juice
on yield performance and immunity in broilers.

MATERYAL and METHOD

Experimental design, bird management and setting of
steam application

This study was started with 240 Ross 308 broiler
chickens, aged 0 days, which were newly hatched. The
experiment was carried out at Duhok University
Faculty of Agriculture and Engineering Sciences farm
between 10 November 2020 to 22 December 2020. All
experimental procedures in the study were approved
and monitored by the Local Animal Experiments
Ethics Committee of Duhok University (Animal Ethics
Committee, Animal Research Authority and Approval
for Animal Experimentation Date: 18.07.2020
Decision Number: 2020/15112020).

In this study, broilers were fed a two-stage feed. They
were fed a starter ration for 1 to 24 days and a growth
ration for 25 to 42 days (Table 1). All rations are
formulated to meet the needs of Ross 308 broilers
(NRC, 1994). Three different ratios of sumac water (0,
5 and 10 g L'1) were added to the drinking water of the
chicks, and the same ratio was given by inhalation by
placing in the steam machine. In the study, three
different sumac levels were given in two different ways
in the 3*2 interaction model and a total of 6
experimental groups were formed. Each group was
divided into 4 replications and each replication
included 10 chicks. The room temperature gradually
adjusted to 35 °C on the first day and to 22 °C towards
the 42nd day, the end of the trial. During the
experiment, 18 hours of lighting was provided every
day, except for the first week, when 23 hours of
illumination was provided.

Preparation of sumac juice

Raw sumac seeds, which were obtained from local
markets, were kept overnight as 1 kg in a 15-liter
bucket. After the water in the bucket turned red, it
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started to be used in chickens. Sumac seeds (Rhus
coriaria) and its juices were analyzed, and its contents
are given in the table. The Association of Official
Analytical Chemists (AOAC) procedures were used in
the raw analyses (AOAC., 1990; Table 2). Analysis of
some phenolics in sumac juice were made using Triple
Quadrupole LC/MS/MS [LCMS-8030]. Shimadzu
LCMSMS-8030, Inertsil ODS 4 instruments and a 2
um, 2.1x50 mm column were used in the analysis.

Table 1. Ingredient and nutrient composition of the
starter and grower diets

Cizelge 1. Baslangig¢ ve biiytitme rasyonlarinin icerik
ve besin madde bilesimleri

Ingredients, % Starter Grower
Rasyon bilegenleri, %  Baslatma Biliyilitme
Wheat 59.70 65.50
Protein concentrate 5.80 4.00
Soybean meal 28.00 22.97
Vegetable o1l 2.70 4.00
Limestone 1.22 1.20
Dicalcium phosphate  0.90 0.90
DL-methionine 0.15 0.15
L-lysine 0.15 0.15
Enzyme* 0.20 0.20
Salt 0.30 0.25
Vitamin Premix** 0.80 0.60
Antifungal 0.08 0.08
Total 100.00 100.00

Analysed Composition % except energy
Hesaplanmis kimyasal bilesim % enerji harig

Energy, Kcal kg'! 3021.10 3147.74
Crude protein 23.37 21.18
Fat 3.80 5.12
Linoleic acid 1.73 2.40
Crude fiber 2.65 2.60
Methionine 0.73 0.63
Lysine 1.58 1.37
Tryptophan 0.32 0.30
Meth. + Cystine 0.96 0.82
Threonine 0.80 0.73
Arginine 1.44 1.30
Ca 1.15 1.02
Available P 0.62 0.55
Na 0.36 0.29
Cl 0.24 0.21

*! Enzyme; Enzim = Xylanase, Amylase, Protease and Phytase

**: Vitamin premix (kg diet), vitamin A: 12 000 IU, vitamin D3: 1
500 IU, vitamin E: 50 mg, vitamin K3: 5 mg, vitamin B1l: 3 mg,
vitamin B2: 6 mg, vitamin B6: 5 mg, vitamin B12: 0.03 mg, niacin:
25 mg.

Measurement of immune resistance

On the 32nd day of the study, the chickens were
vaccinated against Infectious bronchitis and
Newcastle by adding them to drinking water for
immunity test. Live vaccinates were used and the dose
was calculated according to the manufacture of vaccine
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(number of birds x age). After vaccination (35th day), it
was waited for 12 days for the formation of immune
antibodies and 5 chickens from each group were
slaughtered on the 42nd day. During slaughter, blood
samples were taken for antibody tests and other
analysis. After the harvesting of serum, the antibody
titers against IBV and NDV measured, at 42 d after
the regarding vaccine injection at day 32, by using
IBV-NDV specific hemagglutination inhibition (HI)
test for determining immune response (Cunningham,
1971).

Table 2. Chemical composition of local sumac (Rhus
coriaria)
Cizelge 2. Yerel sumagin (Rhus coriaria) kimyasal
bilesenleri
Some ingredients in sumac seed
Sumak tohumundaki bazi bilesenler

Fruit moisture, % 8.67
Ash, % 1.23
Protein, % 2.06
Total nitrogen (N), % 0.33
Phenolics in sumac juice (ppb)*

Sumak suyundaki fenolikler (ppb)
Catechinhyrate 954.32
Syringicacid 117.84
Resveratrol 157.25
Fumaric Acid 8538
Gallic Acid 91179
Caffeic 28.31
Hydoxycinamic 119.29
Hydroxyben 32.91
Salisilikasid 57.23
Phloridzindyhrate 137.94
Myricetin 63.9
Ellagicacid 25079.55
Quercetin 210.17
Luteolin 12.4

*: Analysis of some phenolics in sumac juice were done by
using a Triple Quadrupole LC/MS/MS [LCMS-8030]. In
addition, Shimadzu LCMSMS-8030 and Inertsil ODS 4 as
devices;2 pm,2.1x50mm column was used.

*: Sumak suyundaki bazi fenoliklerin analizi, Triple
Quadrupole LC/MS/MS [LCMS-8030] kullanilarak
yapilmistir. Ayrica Shimadzu LCMSMS-8030 ve Inertsil ODS 4
cithazlari olarak; 2um, 2.1x50mm kolon kullanilmigtir.

For this test, two-fold serial dilutions of Heat-
Inactivated Fetal Bovine Serum (at 56°C) were made
in U-bottom micro titer plates with phosphate-buffered
saline (PBS; 0.01 molL}; pH:7.4) for total antibody. A
fixed amount of virus was added to these special plates
and incubated at room temperature for 60 minutes.
Then, red blood cells were added, and readings were
made on the plates incubated for 30 minutes at 4 °C.
Clumping seen in the plates gave the
hemagglutination titer. The wviral titers were
determined by multiplying the titer read by the
dilution rates. The titer value has no units in the HI
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test.

Serum biochemical parameters

The blood taken from the jugular vein during slaughter
was taken into non-heparinized tubes (approximately
5 mL) and the serum was removed by centrifugation
for 15 minutes. Serum biochemical parameters were
evaluated by colorimetric and enzymatic methods
using the procedures in commercial kits (Randox
Laboratories, UK; Becket et al., 2009).

The activity of enzymes in the serum

Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) concentration in serum were
determined spectrophotometrically according to the
procedure described in the commercial kit used (Huang
et al., 2006; Biolabo, Maizy, France, 2022).

Statistical analysis of data

In the study, 6 groups were formed in the 3*2
interaction model in which 3 different sumac water
levels were given in two ways (drinking water and
steam). All data were analyzed using Minitab version
17.0 (Minitab, State College, PA, USA). The General
Linear Models for the main impact of sumac level in
water or as an inhalation, as well as their interactions.

RESULTS and DISCUSSION
Growth performance

When evaluated over the 42-day experimental period
(Table 3), it was seen that the application methods had
a significant effect on some performance values
(P<0.05), and that the sumac levels and sumac level
and the way of administration did not have an
interaction effect on these values (P>0.05). Feed
consumption decreased significantly in chickens that
received sumac water by inhalation as in the case of
drinking water. Body weight and weight gain were also
found to be significantly affect (P<0.05) by
administration methods. Body weight and weight gain
were significantly higher at broilers that received
sumac in drinking water compared to those received
sumac by inhalation. However, considering the
application methods in general, inhalation application
increased the humidity in the environment, probably
independently of the sumac additive. Therefore, feed
consumption decreased, and this resulted in a decrease
in live weight gain. Neither the level of sumac nor the
interaction of the experimental factors had mot any
significant impact on the weight gain and body weight
of broilers. Feed conversion ratio of 42-day old broilers
were not affected by the experimental factors and their
interaction (P>0.05).

Table 3. Impact of the level and the administration method of sumac on the some fattening performance of broiler

chicks at day 42 (Mean + SEM)

Cizelge 3. Sumak diizeyi ile uygulama yonteminin etlik civeivlerin 42 giinler arasi bazi besi performans degerlerine

etkisi (Mean + SEM)

AD Level g ! FL, g BW, ¢ WG, g FCR
Uygulama sekli Sumak seviyesi Yem tiiketimi, g Canli agirlik,g Agirhik kazanclg Yemden yararlanma
In water 0 4612.5+85.50 3147.5+135.50 3097.5+135.50 1.49+0.04
Jeme suyuna 5 4662.5+52.20 3170.0+£51.50 3115.0+49.90 1.49+0.02
10 4645.0+107.0 3115.0+£110.0 3062.5+108.0 1.51+0.02
Inhalation 0 4662.5+46.25 3100.0+80.30 3042.5+78.90 1.53+0.04
Buhar ile 5 4365.0+£108.5 3005.0+54.40 2952.5+52.65 1.47+0.07
10 4360.0+43.6 2850.0+55.25 2800.0+55.25 1.55+0.07
Level 0 4637.5+46.09 3123.6+73.75 3070.0+£73.61 1.51+0.06
Sumak seviyesi 5 4513.7+79.39 3087.5+46.77 3033.8+45.63 1.48+0.04
10 4502.5+76.17 2982.5+76.06 2931.3+75.17 1.53+0.05
AD Uygulama sekli Wate? 4640.0a£57.10  3144.22+£55.37 3091.7a+£54.88 1.49+0.06
Inhalation 4462.5"+44.73  2985.0"+45.86 2931.7v+44.82 1.52+0.06
AD 0.01 0.04 0.04 0.38
Level 0.19 0.27 0.27 0.22
AD X Level 0.07 0.47 0.50 0.51

a,b=Means in the same column not sharing the same superscripts are different significantly.
a,b=ayn1 siitunda ayni indislerle gésterilmeyen degerler arasindaki farkliliklar 6nemlidir.

AD=administration method.

FI= feed consumption, BW= body weight, WG= weight gain, FCR= feed conversion ratio; SEM= standard error of means.
FI =yem tiiketimi, BW: canli agirhik, WG: agirlik artisi, FCR: yem doniigsiim orani; SEM= ortalamalarin standart hatas.

Studies also showed that both the fruits of Rhus
coriaria and K. hirta possess strong antimicrobial and
antioxidant activities (Kossah et al., 2009; Bursal &
Kosal, 2011). However, most of the studies have used
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sumac as grain or extract. In our study, however, it
probably did not have an effect because diluted sumac
juice was used. Especially in steam application, this
dilution application caused less effect on growth
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performances.

Serum lipid profile

The serum lipid profile of chickens was not impacted
by the treatments except for the triglycerides which
were significantly higher in chickens that were inhaled
with sumac solution than those that were received it in
the drinking water (P<0.05; Table 4). Although not
significant, however the serum lipid profile including
(cholesterol, triglycerides, and HDL) slightly decreased
by rising levels of sumac. In the current study, the
hypo-lipidemic effect of sumac was more pronounced

when it was offered to the birds in the drinking water.

Sumac has the ability to lower LDL levels and total
cholesterol in both adolescents and adults
(Sabzghabaee et al., 2014; Asgary et al., 2018). These
polyphenols have been demonstrated to diminish
intestinal cholesterol absorbed and even boost bile acid
secretion by inhibiting reverse cholesterol transport
Choi et al. (2007). Sumac had no impact on the levels
of the remaining serum biochemical measures
(globulin, albumin, total protein, and albumin/globulin
ratio).

Table 4. Impact of the level and the administration method of sumac on the serum lipid profile of broiler chickens

(Mean + SEM)

Cizelge 4. Sumak diizeyi ile uygulama yonteminin etlik piliclerin serum Iipid profiline etkisi (Mean + SEM)

Level g L1 Chol2, mg dl? Trig3, mg dl?! ) )
AD! Suma]%’ seviyesi Ko]esteri] Trzi]isergjd HDL?, mg dI" LDL?, mg dl"
0 106.25+2.36 44.50+5.81 73.00+1.91 24.95+1.79
I]";HV]‘;&‘E‘E;MQ 5 107.75+5.72 41.00+6.75 74.25+3.49 95.95+1.43
10 109.25+9.31 34.00+3.98 77.25+6.78 25.25+2.92
Ihalati 0 119.75+3.94 57.75410.45  77.25+2.09 30.75+1.43
ga 2;?1‘;“ 5 112.75+1.84 59.25+16.85  78.00+3.24 23.25+1.03
10 109.75+5.99 59.25+11.1 69.00:4.56 29.00+2.48
Lovel 0 113.00+3.33 51.13+6.09 75.13+1.54 27.50+1.63
Sumak sevigesi 110.25+2.94 50.13+9.10 76.13+2.32 24.25+0.88
10 109.50+5.14 46.63+7.27 73.13+4.10 27.13+1.91
AD Water 107.75+3.39 39.830+3.22 74.83+2.43 24.92+1.13
Uygulama sekli  Inhalation 114.08+3.15 58.752+6.86 74.75+2.18 27.67+1.33
AD 0.17 0.03 0.98 0.10
Level 0.80 0.90 0.75 0.22
ADX Level 0.50 0.84 0.19 0.12

a,b = Means in the same column not sharing the same superscripts are different significantly.

a,b=ayni1 stitunda ayni indislerle gosterilmeyen degerler arasindaki farkliliklar 6nemlidir.

AD=administration method; AD=uygulama y6ntemi.2Chol=cholesterol, 3Trig=triglycerides, *HDL=high density lipoproteins,
SLDL=low density lipoproteins, SEM= standard error of means; SEM= ortalamalarin standart hatasi

Serum chemistry

In general, serum biochemistry was not affected by the
treatment. However, only the level of creatinine in the
serum was almost doubled in birds that were inhaled
with sumac solution than those that were received it in
the drinking water (P<0.05; Table 5). In some studies,
after treatment with sumac in diabetic rats, significant
weight loss was observed and there was a significant
decrease in blood sugar and lipid profile (Dogan &
Celic, 2015).

However, the interaction of the experimental factor
tended to increase the albumin to globulin in the serum
of chickens that were received the highest level of
sumac in their drinking water, but this increase was
not statistically significant (P>0.05).

In general, although there were a few differences in
some mean values, no significant effect of the
experimental groups and their interactions on the
enzymes studied in the serum of chickens was
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observed (P<0.05; Table 6). Although serum AST level
tended to increase at 5g L'l sumac level, this increase
was not found to be significant. Regardless of the
application method, ALT level increased slightly in
chickens given the highest level of sumac, but this
increase was not statistically significant. However, the
lower level of ALT was noticed in birds that received
the medium level (5 g L'!) of sumac. In addition, the
serum of birds given drinking water containing sumac
had higher lipase levels than those given inhaled
water.

This study showed that serum AST, ALT, amylase, and
alkaline phosphatase levels generally did not change
in all experimental groups. This corresponds to the
results of Cakmak et al. (2017) on serum content of
AST and ALT in broiler chickens fed with varying
levels of sumac. However, Shata (2017) stated that
increasing the amount of sumac in the diet of Japanese
quails reduces AST and ALT levels.
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Table 5. Impact of the level and the administration method of sumac on serum chemistry of broiler chickens (Mean
+ SEM)
Cizelge 5. Sumak diizeyinin ve uygulama yonteminin etlik piliclerin serum kimyasina etkisi (Mean + SEM)

Level g L1 Creatinine. me dl'L TP2, mg dI'! Albumin, Globulin,
AD? Sumak Kreatinin » g Toplam mg dI'? mg dl? A/G3
seviyesi protein Albumin Globlilin
I 0 0.05+0.01 3.09+0.12 1.12+0.04  1.95+0.10 0.57+0.02
n water 5 0.08+0.02 2.99+0.23 0.97+0.07  2.02+0.17 0.48+0.02
I¢me suyuna
10 0.04+0.09 2.91+0.17 1.10+0.14  1.80+0.04 0.60+0.06
. 0 0.08+0.01 3.24+0.20 1.17+0.11  2.07+£0.11 0.56+0.02
Inhalation
Bubar ile 5 0.13+0.05 2.97+0.14 1.05£0.02  1.92+0.11 0.54+0.01
10 0.09+0.02 3.13+0.08 1.02+0.02  2.12+0.08 0.48+0.01
Level 0 0.06+0.01 3.17+0.11 1.15+0.05 2.01+£0.07 0.57+0.01
Sumak seviyesi 5 0.11+0.03 2.98+0.13 1.01+0.03  1.97+0.09 0.51+0.01
10 0.06+0.01 3.02+0.09 1.06£0.06 1.96+0.07 0.56=+0.04
AD Water 0.05>+0.01 3.00+0.10 1.06+0.05 1.92+0.07 0.558+0.02
Uygulama sekli Inhalation 0.102+0.02 3.11+0.08 1.08+0.04  2.04£0.05 0.582+0.01
AD 0.04 0.41 0.81 0.22 0.38
Level 0.18 0.53 0.27 0.90 0.33
ADx Level 0.88 0.79 0.64 0.19 0.05

a,b=mean in the same column not sharing the same superscripts are different significantly.
a,b=ayn1 siitunda ayni indislerle gosterilmeyen degerler arasindaki farkliliklar 6nemlidir.

AD=administration method; AD=uygulama yontemi; 2TP= total protein; 3A/G=albumin/globulin ratio; albumin/globulin orani; SEM=standard
error of means; SEM=ortalamalarin standart hatasi

Table 6. Impact of the level and the administration method of sumac on the levels of some enzymes (UL) in the
serum of broiler chickens
Cizelge 6. Piliglerin kan serumundaki bazi enzimlerin (UL) diizeylerine sumak diizeyi ve uygulama yénteminin
etkisi (Mean + SEM)

Level g L1
AD! Sumak 2AST, U L1 SALT, UL 4ALP,UL1? Amilaz U L' Lipaz U L1
seviyesi
In water 0 403.25+54.0 10.252+0.94 1606.75+367.5 259.0+51.5 11.002b+0.91
Jeme suyuna 841.50a+188.0 7.752b+0.94 1246.25+£109.5 569.0+178.0 12.252+1.70
10 633.7520+57.5 9.252b+1.65 1862.00+542.0 675.0 +439.5 12.002+2.74
Inhalation 508.252v+63.8 7.752b+0.75 1696.50+514.5 356.5+81.3 12.2534+2.17
Buhar ile 396.25b+81.8 6.50+0.50 1673.25+503.0 454.0+87.15 8.252b+0.25
10 597.502b+183.0 10.00a+0.91  1311.50+158.0 346.0+£140.5 7.000+0.70
SEM 48.86 0.41 165.30 85.21 0.67
Level 0 455.750+43.75 9.00020+0.73  1651.63+293.9 307.75+48.22  11.62+1.12
Sumak 5 618.875+127.3 7.1255+0.54 1459.75+252.4 511.50+223.65 10.25+1.10
seviyesi 10 615.625+89.36 9.6252+0.88  1586.75+281.9 510.50+223.0  9.50+1.62
AD Water 626.16+81.96 9.08+0.71 1571.67+214.4 501.0+153.4 11.75+1.02
Uygulama 1 . 500.66+68.20 8.08+0.58 1560.42+228.6 385.5+57.51 9.16 +0.96
: nhalation
sekli
AD 0.21 0.24 0.97 0.50 0.07
Level 0.32 0.06 0.89 0.54 0.44
ADX Level 0.08 0.29 0.48 0.60 0.15

a,b= mean in the same column not sharing the same superscripts are different significantly.
a,b=ayni siitunda aym indislerle gésterilmeyen degerler arasindaki farkliliklar 6nemlidir.

AD=administration method;AD=uygulama yontemi.

2AST =aspartate aminotransferase; 3ALT=alanine aminotransferase; *ALP=alkaline phosphatase; SEM=standard error of
means; SEM=ortalamalarin standart hatasi

Antibody production against Newcastle disease (NDV)

and infectious bronchitis (IBV)

It was found that there was a significant effect of

administration methods

on antibody production

against IBV P<0.05), while the effect of sumac levels
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and the interaction between experimental factors was
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found to be non-significant (P>0.05; Table 7). Monavari
et al. (2007) found that the liquid extract of Rhus
coriaria showed significant antiviral activity against

Herpes Simplex Virus (HSV-1) and adenovirus type 5
at non-toxic doses.

Table 7. Impact of the level and the administration method of sumac on antibody production against infectious
bronchitis virus and Newcastle disease virus of broiler chickens (Mean + SEM)

Cizelge 7. Piliglerin Enfeksiyéz bronsit virtisii (IBV) ve Newcastle hastaligi virtisiine (NDV) kars: antikor
liretiminde sumac diizeyi ve uygulama yonteminin etkisi (Mean + SEM)

AD! Level g L1 Infectious Bronchitis Newcastle Disease
Sumak seviyesi Infeksiydz Brongit Tavuk vebasi
In water 0 877.75P+308.0 4550.50+963.5
Jeme suyuna 5 2014.502+582.5 6298.00+£1960.5
10 1091.00+357.5 6223.75+797.5
Inhalation 0 3373.50+547.5 8305.75+1993
. 5 2034.25+462.5 5607.50+1571.5
Buhar ile
10 2687.50+775.5 3914.50+569.5
Level 0 2125.63+555.6 6428.13+1250.3
Sumak seviesi 5 2024.38+345.3 5952.75+1174.1
10 1889.25+498.9 5069.13+631.2
AD Water 1327.755+270.8 5690.75+743.0
Uygulama sekli Inhalation 2698.422+358.9 5942.58+956.3
AD 0.01 0.83
Level 0.90 0.63
ADX Level 0.057 0.11

a,b = mean in the same column not sharing the same superscripts are different significantly.
a,b=ayni siitunda ayni indislerle gosterilmeyen degerler arasindaki farkliliklar 6nemlidir.

AD=administration method, SEM=standard error of means
AD=uygulama yéntemi, SEM=ortalamalarin standart hatas1

Since IBV is from the coronavirus family, it causes
damage to the lungs. Although not statistically
significant, there were some differences in the Duncan
tests. For example, the addition of sumac to the
drinking water improved the antibody profile against
IBV comparing to the control group, but this improve
was not statistically significant. It is likely that the
inhalation method would be expected to be more
effective against this virus, and at least a support
mechanism might have worked here. It was observed
that antibody production against NDV was not affected
by experimental factors and their interactions.
However, there was a trend in the production of
antibodies against NDV due to the increase in sumac
levels in drinking water. On the other hand, although
a decrease was observed in the titer values for NDV of
increasing sumac levels in the inhalation group, these
differences were not statistically significant.

In the present study, sumac level had no effect on
antibody production against IBV and NDV, however, it
showed that the method of administration of water
provided a significant improvement in antibody titer,
especially against IBV. This could be related to the
nature and the site of infection of these viruses. It's
well-known that IBV invade the respiratory system
more than any other parts of the body.

Although the method of administration was found to
be important in this study, an interaction trend was
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observed in terms of the way of administration with
sumac (P=0.057). The antimicrobial properties of
sumac were more pronounced when it was inhaled over
the birds. Especially in the production of antibodies
against IBV, the titers of sumac juice given by
inhalation tended to be higher (inhalation: 2698.4 vs.
drinking water: 1327.8). Therefore, decreasing the
production of antibodies could be attributed to the
direct interaction of sumac inhalation with the defense
mechanism of the respiratory system. This would
decrease the possibility of respiratory infections
without over stimulation of the immune system. As an
essential organ of the host mucosal immune system,
the gut has evolved to carry out two apparently
confounding tasks: nutrient absorption and pathogen
defense.

Since we did not find any significant changes in
intestinal characteristics, especially in intestinal
parents, it is not possible to make an explanation on
this subject. However, in this study, it was tried to find
the antibody level by vaccinating against non-sick
animals. Another possible explanation may be that
inhalation in vaccinated chickens helps to activate the
immune mechanism more quickly by stopping the viral
suppression in the lung. The S protein in IBV is a
glycoprotein and is responsible for binding of the virus
to the receptors of the host cell (Li, 2016). Therefore,
blocking the connection between a virus and host's
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receptors is an important strategy for inhibiting virus
infection.

The sites where IBV binds are mostly lung cells.
However, when looking at the methods of
administration in general, the environment created by
inhalation increased the humidity, which provides a
suitable environment for the reproduction of such
viruses, regardless of the treatment. These
corresponded to the results of Ahmadian et al. (2020)
who found that increasing the amount of sumac in
broiler diets greatly boosted antibody production
against NDV. However, Toghyani and Faghan, (2017)
found that dietary sumac powder had no influence on
NDV antibody production in broiler chicks.

CONCLUSION

The findings reported that the antibody production
against NDV and IBV of broiler chickens was improved
to some extent. In case of any disease threat in
chickens, higher doses may need to be tried for the
sumac effect to be more pronounced. However, in this
study, it was observed that the effect of inhaling water
vapor was more pronounced. In addition, according to
the findings obtained at the end of the study, it may be
recommended to try inhalations of the waters of other
medicinal plants such as sumac.
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